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Pee eile. «Pil. 626 | Liassic —conglo- } Holwell rer ee 

a 
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Motuusca (continued). 

Lamellibranchiata (continued). 

Pinna Sharpet. - Pl. ix. f.4 ....0050. 7 [158 
Placunopsis imbricata. P\. viii. f. 7 154 

subjurensis. Pl. ix. f. la, 16 155 
: i | 

Wee Gace. BE cst \ Uitenhage series|South Africa .. ... 4 i a 
COC ere OO Ssesssresseee : | 

Goldfussi. Pl. vii. f. 6......... | 159 
Dane) Le Vile 1.8, caeemcteserane: 159 

aoe VeENpMCOsa.. El. vil. f 8 ...6. J 159 

( Gasteropoda.) 

Acteonina Jenkinsiana .............- 154 

Ria a percep gts ere es Uitenhage series/South Africa ...... ee 

Alaria coronata. P).vii.f. 7  ..;.-. 152 
Susiformis.. Pl. xiv. f.25 ...] ( Brocastle ......... 542 

See aisle Rive f) 24...0..2e0000 | \Brocastle).2..02:: 542 
Amberleya alpina. PI. xvii. f. 7... | ; Holwell) ants... 544 
—— apicalis. Pl. xvi..f. 7-10 r|Lower Lias ...... 1 Brocastle......... 555 

wrandis..OPt xa. £16 oc.cc. oon | Brocastle......... 555 
BUR. we Pl xvic f 19) occesee 5! | Brocastle ......... 556 

Ampullaria (?) ignobilis..........0....... Uitenhage series|South Africa ...... 153 

Cerithium nodulosum. PI. xiv. f. 9 { A ie uclelandt | Shepton Mallet | 543 

pellucidum. Plxiv.f.1l....)| Brocastle......... 542 
pentacoste. Pl. xiv. f.13 ... | Brocastle......... 542 
planicostatum. Pl.xiv.f.10 | amen Ges 4 Brocastle... 2.2: 542 
spiratum. PI. xiv. f. 12...... | bowex Eias\------ Brocastle......... 543 
"SI ees Se oe 8 a AMET Soi5.8s ap: Serie 313 
WERTUCOSUM), Lis sdecsecsac: beck Hisher Southerndown...| 563 

Mhemmnitzia Africana) .s:.csees.¢.-0000c0: Uitenhage series |South Africa ...... 152 
Chiton radiatum. P|. xvi. f. 25, 26 \ ( Brocastle......... 543 
Delphinula nuda. P). xvii. f. 10... Holwell vostcaes - 543 

reflexilabrum. Pl. xvii. f.8,9 Holwell ......... 544 
meg cornucopia. PI. xvi. | Brocastle.......-. Br 

SAU Ua) ey Oe ae : 
fimbriatus. Pl. xvi. f.4,5...... Bower Vids)... 1 Brocastle......++. 552 

Fusus Jenynsii. Pl. xiv. f. 6,7...... Brocastle....=;.. 545 
Terquemt.. Pl. xiv. f8....:.:.. Brocastle......... 544 

Helix Dawsoni. PI. xv. f.1,2 ...... sare ou } 541 

Lingulella ferruginea. Fig. 1,2......... Lower Cambrian|St. Davids .........] 340 
Littorina cireularis. Pl.xiv.f.15, 16 \ ( Brocastle......... 545 

ovals. Plz xiv. £17, 18 «2... Brocastle......... 545 
Melania acuta. Pl. xiv. f. 20, 21... Brocastle......... 546 

Dunravenensis. Pl. xiv. f. 19 Dunraven ...... 546 
nodulo-carinata. Pl. xv. f.18 +|Lower Lias...... Southerndown...| 546 

Nerinea acuminata. P|. xiv. f. 22 Brocastle:.....s.0+s. 546 
Hlorneri. Pl. xvii. f. 12 ...... Holwell. .....s.a:. 547 

Charterhouse | 547 
—— Mendipensis ....00.......0008 ) Mine 
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MoLuusca (continued). 

Gasteropoda (continued). 

Nerinea rudis. Pl. xiv. f. 23 ...... \ ( Brocastles eee 547 
Neritina arenacea. PI. xv. f. 23, 24 Brocastle......... 525 

canalis: «Plexyad 2h. 22 Brocastle......... 525 
Hettangiensis. Pl. xv. f. 25, 26 }|Lower Lias ...... + Brocastle......... 525 

Neritopsis cancellatus. P\.xv. f. 20 Brocastle......... 548 
exiguiang (Pl eve t 9 es occeos Brocastley... ee 547 
lewis. Plsxvit BPA: isagcsuoe H | Holwell ......... 547 

Patella caperata. Pl. vii.] a, 10 ...../Uitenhage series./South Africa ...... 152 
OPROLG. | PL 2 SNAG AS oe. a egenes Sutton stone .../Sutton........... nae| GOne 

Phasianella Sharpe ..2......0+.0+-es-se. Uitenhage series.|South Africa ...... 153 
turbinata. Pl. xvii. f. 6 ...... \ ( Holwell zeae 550 

Planorbis Mendipensis. Pl. xv.f.10 i serene } 548 

Pleuratella prinia. Pl. xiv.f.1,2,3 Brocastles-ee-ee 549 
bar eae Buchi. PI. at Holwell 7am 550 

—— (Cryptenia) Brycei ............ Antrim (eee 313 

— Mendipensis. P). xvi. f. 24... { Cn ee \ 550 

Proserpina Lyelli. Pl. xv. f.3,4... Charterhouse M.| 549 
Pterocheiles primus. PI. xiv. f. 4,5 Brocastle......... 549 
Pyrula liassica. PI. xvi. f. 30 ...... -Brocastle......... 590 
Rimula elegans. P\.xv. f.16, 17... Brocastle........- 551 

liasina. Pl. xv. f. 14, 15...... Brocastle......... dol 
Solarium lunatum. Pl. xvii. f. 15... Holwell ......... 552 

pe ene. Bee Lower Lias...... Brocastle......... 552 

TY CCCt Eo XVot 28; 29.50. . Brocastle. epee 502 
Trochus apicalis. Pl. xvi. f. 20-22 Brocastle-........ 553 

Deslongchampsii. Pl. xvi.f.15 Brocastle yee 553 
2 Phze->Plxviet. 16,17 sone Brocastle......... 5d4 

eradabuss) “Ploxvil. £952 .0..20-0 Holwell) @epeceeee 553 
—— Holwellensis. Pl. vii. f.1,2... | Holwell =e 554 

Langanensis. Pl. xvi. f. 18... Langan ......... 593 
latilabrus (?). Pl. xvii. f. 11... Holwell’ aes 554 

Turbo Brocastellensis. Pl. xvi. 5bb 
Ce Oe See Brocastle.. ...... 

spams { Near Gains- 314 UEC OMT ean erase ceiotineicste sere { porouse | 

Eira waramionla a | Holwell... os 
reticulatus. Pl. xvi. f. 11, 12 \ Brocastle......... 556 

———— SLO WIANUS 0.1 --canvcnsecce=ssn0s,- Uitenhage series./South Africa ...... 153 
solidus OOP le xvil, fy LB icancede. “Holwell ......... 504 
bunuiduss, “PIT xcviewi. U4 vireccten 556 umiaus XV1 eee dee X . epee Ree eon 

Turritella Howsei. PI). xiv.f. 14 ... pr } 556 
: ine; 2geece 

Rubidgeana. Pl. viii. f. 6a,6...|Uitenhage series./South Africa ...... 152 
Valvata anomala. Pl. xv. f.7-9 ... = 

mea, Pl.xv.f.5,6 ..... 2 Te ligt es g VP SSGh Oe | PIS. Lower Lias ..... Charterhouse Mine 

Peet: ie gts MEL ee } DoF 

ane 
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Mo.uusca (continued. ) 

( Cephalopoda.) 

Ammonites subanceps. Pl. vii. f. 
EM DIOP at seh Ueeaok ealenceacesicnas es 

Beieniiies. Africana) Pl. vii. £ Uisenhage® 25... South Africa ...... 

NEAL O mts niciss tian seals Seis tis oiaicis 
CHOMP AUIS eee ce gee ca dees esos ein ee Lower Lias ...... Southerndown...... 

Hamites Africanus. Pl. vii. f.4a-4d. Uitenhage ...... South Africa ...... 

ANNULOSA. 

( Annelida.) 

Mae ee Saal Uitenhage series |South Africa ...... 

strangulata. Pl. xvi.f.32 ...... MERASD ish Saisithed aces iBrocastleys)e.ccse.+ 

( Crrripedia.) 

Pollicipes rhomboidalis. P\. xvi. f.31 [Sutton Stone ...|Shepton Mallet ...| 

( Crustacea.) 

Belmaurus regina: Pl.i. fol. .6.....sc00. Coal-measures...|Queen’s county... 
Bunodes limula, .Pl.i. f.4 ....0.... \ islerof Gisele:2.s.-: 
BMeRNS, Openculum., Pld. O [Pb yh ic lbactavadewcedtacetecsse- 

MEWAPeSs wl ke fe fv accssoascue \ Upper Silurian....New York ......... 
Exapinurus Schrenkii. Plif.6... Uslevot Ciisel nse. 
Hemiaspis limuloides. Pl.i. f.3 ... ) Leintwardine ...... 
Limulus, antenna of female. Pl.) ] 

DU epie ORME ne. uk erencinan scans ronnese es el) So Ta RE ea ts ae eal ald a 
, antenna of male. PI. ii. f. 5.. Riera sabe tala 

mS PeSCT eM leltvfe on russert | (Panay ge oe s 2) li) ssc ccwcreeasdexswass 
, first stage, underside. Pl.ii. f. 4 Pe en ie eR 
mopereuiumns | Pl tis figs. 50s. : | 
polyphemus (carapace). Pl. ) | ee ee ee ee ey 

HUeHeed by Zhe Nasateicitns same tnmoneena: | North America 
Prestwichia rotundata. Pl.i.f.2...... Coal-measures...|Coalbrook Dale .. 
Pseudoniscus aculeatus. Pl.i.f.5 ...;Upper Silurian...|Isle of CEsel......... 
EAGT OES AMC eMMaee Elmiit. 9) novia ns. se <cacagonsesascclessdecwardsvcncacdcoo dal 
MMO AAGeMM AS, oo el pis he LO as |e oc scewerewie caalteeenl Ss cle okWaettlocdeaacdees 

, associated thoracic plates. | 
TEi(eota. Tit aah ae ae a eo ee 

VERTEBRATA. 

(Pisces. ) 

PC EEASP N= DEACICSe 0 MNUGSY Mh: Qos sua ecuelh «sama cedoeinrsaise «cel aeeres ss Bes Sens ait le 

Page. 

539 
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VERTEBRATA (continued.) 

( Reptilia.) 

Cheirotherian footprint. PI. iii. f.1...|Keuper............ Daresbury ......... 56 
Euskelesaurns Brownii .......00.e000. Tracie? | Stormberg Mts., 4. 
OMOSHUTUS. ike our mov ete eS ora coek PIBSETC peat ere" South Africa... uy 
Telerpeton Elginense. Figs. A, E. ...|Devonian? ...... Elgin, . ..<eseescueeeee r 

(Mammalia.) 

ene HS) SD EES ei. nue Pleistocene ...... [Bngland catisnnneeon, oe 

MISCELLANEOUS. 

48 

Flint implements. Figs. 3-6......0.+++. Pleistocene ..... iareweiat ce |, 



GEOLOGICAL SOCIETY OF LONDON. 

ANNUAL GENERAL MEETING, FEB. 15, 1867. 

REPORT OF THE COUNCIL. 

Iy presenting their Annual Report to the Fellows of the Geological 
Society of London, the Council are rejoiced at being enabled to 
again congratulate them on the continued prosperity of the Society, 
and the sustained annual increase in its numbers. 

During the year 1866 the list has been swollen by the election 
of 55 new Fellows, one of whom, however, died previously to the 
date of his election; of these 48 had paid their fees up to the end 
of the year, making with 16 previously elected, who paid their fees 
last year, a total of 64 new Fellows. Against this increase must be 
placed the reduction in the number of the Society caused by the 
resignation of 6 Hgllows and the death of 25, some of whom died 
in former years, but whose deaths had not been ascertained until 
recently,— giving a net increase of 33 ordinary Fellows. 

Three Foreign Members and two Foreign Correspondents have 
been reported as deceased. 

Four Foreign Correspondents were elected in 1866, and one was 
placed on the list of Foreign Members, to fill the vacancies caused 
by the above-mentioned deaths. 

The total number of the Society at the close of 1865 was 1117; 
and at the close of 1866, 1149. 

The increase in the Society's Income, which was so noticeable in 
the Balance-sheet of 1865, has continued during the past year, 
although the actual excess of Income over Expenditure is not so 
great asin 1865, owing to the payment in 1866 of a considerable 
amount which properly belonged to the expenditure of the previous 
year. A large amount has also been spent on the new edition of 
the Greenough Map; the Expenditure on the Quarterly Journal has 
been unsually great; and the Library has profited by the excep- 
tionally large expenditure of nearly £170. But Scot Par 
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these unusual demands on the resources of the Society, the Income 
of the year has exceeded the Expenditure by £108 6s. 8d. 

The funded property of the Society remains the same as at the 
last Anniversary, namely £4560. 

The Council haye to announce the completion of Vol. XXII. of 
the Quarterly Journal, and the publication of the first part of 
Vol. XXIII. 

They have also to report the appointment of Mr. R. F. Heaton to 
the office of Clerk in the room of Mr. P. G. Ritchie. 

The Council have awarded the Wollaston Medal to George Poulett 
Scrope, Esq., M.P., F.R.S., in recognition of the highly important 
services he has rendered to Geology by his examination and pub- 
lished descriptions of the volcanic phenomena of Central France, 
and by his works on the subject of volcanic action generally 
throughout the world ; and the balance of the proceeds of the Wol- 
laston Fund to William Hellier Baily, Esq., F.L.S., F.G.8., to assist 
him in the preparation and publication of an Illustrated Catalogue 
of British Fossils. 

Report of the Library and Museum Committee, 1866-67. 

The Museum. 

The Society’s Museum has received but few accessions during the 
past year. The chief additions made to the Foreign Collection 
are:—A collection of rocks from Upper Egypt, presented by J. C. 
Hawkshaw, Hsq., F.G.S8.; and a number of Microscopic slides of 
Foraminiferous: and Pteropodous shells from the Miocene beds of 
Malta, presented by Capt. Spratt, C.B., F.R.S., F.G.S. 

Presentations to the British department of the Society’s collec- 
tions have been made by the Rev. O. Fisher, M.A., F.G.S., Dr. J. 
S. Bowerbank, F.R.S., F.G.S8., and John Lawson, Esq., the most 
important gift being the type specimen of Crioceras Bowerbanki, 
presented by Dr. Bowerbank. 

The fossils of the British Pliocene deposits have been remounted, 
named, and arranged in 24 drawers, which have been fitted with 
glass for the preservation of these more or less fragile specimens. 
The Committee recommend that all the fragile fossils be similarly _ 
protected, as they are cleaned and re-named, in order to preserve 
them from further injury. 

Great progress has been made since the last Anniversary in the 
naming and general arrangement of the Foreign collection; this 
work is still in hand, but it is expected that the naming of such 
remaining Foreign fossils as are more easily determinable will be 
completed in the course of the present year. This part of the Society’s 
collection is much superior to the British portion, and is more con- 
sulted ; and your Committee would therefore invite the attention of 
Fellows, Foreign Members, and Foreign Correspondents to our desi- 
derata, the supplying of which would aid in comparisons of British and 
continental species.” The Foreign Collection is chiefly deficient in 
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specimens illustrative of the fossils of the following formations :— 
Tertiary of the Vienna Basin, Middle Chalk, Aptian, Neocomian, Kim- 
meridge Clay, Upper and Lower Lias, Rheetic, the marine members 
of the Upper Trias, the Muschelkalk, and the Upper and Lower 
Silurian, especially the Primordial zone of Bohemia. 

Dr. Duncan has now named all the specimens of the fossil Madre- 
poraria in the Foreign Collection. 

The following table contains a summary of the work done in the 
Museum during the past year, in naming and arranging collections 
of fossils ;— 

Drawers. 
Hmeland 2 86) <> PWV OCEMS He's fat mie 6 24 
HS) Oa MUAY Oy sy.) shot wie ANGIE Ae ree. ekneeet i$ 3 
Mi agi pis. ay eres pe ons Miocene and Pliocene. . 9 
ICN NCE ee ie ae ee a IME OCONEE eh oe BEE A im cit 1 
Sinavand Arabia... Cretaceous «.-:....-- 2 
ANC Ae wittioid bees» Jurassic and Triassic .. 6 
Miscellaneous (Syria, Andes,New Zealand,&c.) 1 

46 

Tn pursuance of a special resolution and grant of the Council, two 
mahogany glass-top cases have been provided for the Collection of 
Elephants’ teeth named by the late Dr. Falconer, at a cost of £6 10s. 
They are placed in the window-recesses of the Lower Museum. 

In the opinion of the Committee the Society is under considerable 
obligations to Dr. Duncan for having completed the arrangement of 
the foreign Madreporaria; and they also consider that Mr. Tate has 
satisfactorily discharged his duties as Assistant in the Museum 
Department during the past year. 

The Committee beg to recommend that a standing Committee be 
appointed to superintend the Museum and to report to the Council 
from time to time. 

J. GWYN JEFFREYS. 
THOS. WILTSHIRE. 
ROBERT ETHERIDGE. 

The Labrary. 

The Council having adopted the recommendations made by the 
Committee at their last Annual Meeting (viz. that a larger sum 
should be expended annually in the purchase of books than had 
previously been voted for that purpose, and that a standing Library 
Committee should be appointed), additions of the value of £131 15s. 8d. 
have, during the pastyear, been made to the Library, exclusive of 
£44 7s. 2d. expended in binding and map-mounting. 

The chief works added to the Library by purchase are De 
Biainville’s ‘ Ostéographie,’ the Paleontological Memoirs of the 
Geological Survey of California, Ehrenberg’s ‘ Microgeologie,’ 
Geinitz’s ‘Die Steinkohlen Deutschland’s und anderer Lander 
Europa’s,’ Watelet’s ‘ Description des Plantes Fossiles du Bassin de 

| a 2 
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Paris,’ Russegger’s ‘ Reisen,’ the posthumous parts of Reeve’s ‘ Con- 
chologia Iconica,’ and a complete set of the volumes of the ‘ Annales 
des Sciences Naturelles’ (Zoologie). Among the presentations to the 
Library may be mentioned :—Professor Ramsay’s ‘ Geology of North 
Wales,’ presented by the Director-General of the Geological Survey ; 
a bound copy of the Maps and Plates to the original edition of Mr. 
Scrope’s ‘Geology and Volcanic Formations of Central France,’ 
with explanations, presented by the author; the first volume of the 
‘Geology of Asia Minor, by M. P. de Tchihatcheff, with the Pale- 
ontological portion by MM. D’Archiac, Fischer, and De Verneuil, 
presented by M. de Tchihatcheff. 

The Map-collection has not been enriched to stich an extent as in 
past years. However, some valuable additions have been made, 
among which may be mentioned :—‘ Carte géologique du département 
de la Seine,’ presented by the author, M. Delesse, For. Mem. G.S. ; 
Geological Maps of Southern Norway, by MM. T. Kjerulf and T. 
Dahll, F.G.S., presented by the authors; some sheets of the Geolo- 
gical Survey-map of Sweden, presented by Dr. A. Erdmann, and of 
the Netherlands, by the Minister for the Netherlands; numerous 
sheets of the Ordnance Survey-map of Great Britain and Ireland, 
presented by the Director-General, Col. Sir Henry James, F.G.S. 

Owing to the numerous additions made in the Library during the 
past few years, it was found necessary last year to erect new book- 
shelves, for which purpose the Council voted the sum of £14 10s.; 
and for want of available wall-space in the Library or Meeting- 
room, it has been found necessary to place them in the Tea-room. 

The Assistant-Secretary reports that he has been efficiently 
assisted by Mr. Horace Woodward, who has been very assiduous in 
the discharge of his duties, and has been of especial aid in the 
Library, and in preparing Diagrams for the Kvening-meetings, 

J. GWYN JEFFREYS. 
THOS. WILTSHIRE. 
ROBERT ETHERIDGE. 

Comparatwe Statement of the Number of the Society at the close of 
the years 1865 and 1866. 

: Dec. 31, 1865. Dec. 31, 1866. 
Compounders........ oe Od | Sates creeds 186 
Contributing Fellows... . SUL) be eeienee 429 
Non-contributing Fellows AGO ig Cseneae as 449 

1031 1064 
Honorary Members .... D.. 1a okt cen ese 3 
Foreign Members ..... ¢ ab 42 
Foreign Correspondents. . OO wancageaaee 40 

1117 1149 
oa SS 
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General Statement explanatory of the Alteration in the Number of Fel- 
lows, Honorary Members, &c. at the close of the years 1865 and 1866. 

Number of Compounders, Contributing and Non-con- 
tributing Fellows, December 31, 1865...... 1031 

Add Fellows elected during former years and paid 16 
eM OCIS ete cis ci tay. el, a ey Serene 

Add Fellows elected and paid in 1866............ 43 

1095 
Deduct Compounders deceased .........2..-2+--- 2 

Contributing Fellows deceased ............ 3 
Non-contributing Fellows deceased ........ 20 
Contributing Fellows resigned ...........-. 6 

— 31 

1064 
Number of Honorary Members, Foreign Members, 

and Foreign Correspondents, December | 86 
LED gee Ae ee Me ee er ne Oe 

Add Foreign Member elected in 1866............ iL 
Foreign Correspondents elected in 1866 ...... ea 

: on 
Deduct Foreign Members deceased ...........- 3 

Foreign Correspondent elected Foreign 1 
MMcualloe Gteren RG ecact, gia apse. oe 

Foreign Correspondents deceased ...... PEAS 
— 85 

1149 
DercrasED FELLOWS. a 

Compounders (2). 

George Rennie, Esq. | Dr. John Lee. 

Residents and other Contributing Fellows (3). 

F. A. Jesse, Esq. Alexander Bryson, Esq. 
Samuel Baines, Esq. 

Non-contributing Fellows (20). 

Henry Stephens, Esq. Rey. Dr. H. Robinson. 
Joseph Cox, Hsq. P. N. Johnson, Esq. 
J. W. Robberds, Esq. Rev. Dr. W. Whewell. 
Col. Wingfield. Capt. T. Hutton. 
Dr. J. 8. Harford. Rey. W. D. Longlands. 
Sir Charles Hastings. — G. W. Featherstonhaugh, Esq. 
Dr. W. Somerville. Charles Maclaren, Esq. 
Rev. J. D. Day. William Hopkins, Esq. 
A. G. Gray, Esq. Parkin Jeffcock, Esq. 
Col. T. 8. Heneken. | Prof. H. D. Rogers. 
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Foreign Members (3). 

Prof. Nils de Nordenskiold. Schor Casiano di Prado. 
Sign. Alberto Parolini. 

Foreign Correspondents (2). 

Marchese L. D. Pareto. | op, eDr€. T; Gaudin: 

Frttows ReEsieNn=p (6). 

Residents and other Contributing Fellows. 

Capt. James Vetch. J. K. Blackwell, Esq. 
G. J. Eustace, Esq. Prof, M. Faraday. 
Sidney Beisley, Esq. Hon. J. L. Warren. 

The following Persons were elected Fellows during the year 1866. 

January 10th.—Woomes Chunder Bonnerjee, Esq., 108 Denbigh 
Street, St. George’s Road, 8.W.; Charles Pannel, Esq., Torquay ; 
and Joseph Wright, Esq., 39 Duncan Street, Cork. 

24th.—James Mason, Esq., F.C.8., Brighton ; William Nevill, 
Esq., Langham Cottage, Godalming ; and Henry L. T. Von Uster, 
Esq., 3 Duke Street, Portland Place, W. 

February 7th.—Thomas Belt, Esq., Prince of Wales’s Mine, Dol- 
gelli; Thomas John Bewick, Esq., Haydon Bridge, Northumber- 
land; Thomas Forster Brown, Esq., H.M. Deputy Gaveller of the 
Forest of Dean, Coleford; John F.Campbell, Esq., Islay, and Niddry 
Lodge, Kensington, 8.W.; William Cory, Esq., 4 Gordon Place, 
W.; Anastasius Gowdas, M.D., Athens; Wilbam Frederick 
Cowell Stepney, Esq., 9 Bolton Street, Piccadilly, W.; and John 
Young, M.D., of the Geological Survey of Great Britain. 

—— 21st.—Wilham Henry Corfield, Esq., B.A., Fellow of Pem- 
broke College, Oxford, University College Hospital, Gower Street, 
W.C.; Henry Lee, Esq., The Waldrons, Croydon; Henry Skif- 
fington Poole, Esq., B.A., Cape Breton, Nova Scotia; Alexander 
Ramsay, jun., Esq., 45 Norland Square, Notting Hill, W.; Charles 
Pearce Serocold, Esq., Taplow Hill, and 24 Oxford Square, W.; 
George Suche, M.D., 77 Grosvenor Street, W.; and James Maurice 
Wilson, Esq., M.A., Fellow of St. John’s College, Cambridge, 
Rugby School. 

March 7th.—Edward Filliter, Esq., Leeds; Myles Kennedy, Esq., 
Hill House, Ulverston; and Lieut. Charles Warren, R.E., Brompton 
Barracks, Chatham. 

21st.—John Anderson, Esq., Hilbrook, Holywood, Belfast ; 
and the Rev. William Guest, Gothic House, Canonbury Park, N. 

April 25.—Henry Bolden, Esq., C.E., 12 Abingdon Street, West- 
minster, 8.W., William Brockbank, Esq., Manchester; William 
Henry Flower, Esq., F.R.S., Conservator of the Hunterian Mu- 
seum, Lincoln’s Inn Fields, W.C.; Robert John Lechmere Guppy, 
Esq., of. H.M. Civil Service, Trinidad ; John Jones, Esq., Brussels ; 
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. Philip Henry Lawrence, Esq., 6 Lincoln’s Inn Fields, W.C.; and 
George Pollock, Esq., Grosvenor Street, W. 

May 9th.—The Hon. John Abercromby, 21 Chapel Street, Belgrave 
Square, 8S.W.; Edward Davis, Esq., Marina Grande, near Lisbon ; 
and Edward St. John Fairman, Esq., 874 Via Santa Maria, Pisa. 

—— 23rd.—John Clarke Hawkshaw, Esq., B.A., C.E., Beverley, 
Yorkshire; and Lieut.-Col. Valentine Labrow, of the 19th Surrey 
Rifles, F.S.A., F.R.G.S., Club Chambers, 15 Regent Street, W. 

June 6th.—James Gale, Esq., F.C.S., 5 College Terrace, Belsize 
Park, St. John’s Wood, N.W.; William Gillespie, Esq., Torbane 
Hill, and 5 Queen Street, Edinburgh; and Edward Stringer 
Westhead, Esq., 6 Cambridge Street, Hyde Park, W. 

20th.—George Frederick Armstrong, Esq., B.A., C.E., Albion 
Place, Doncaster; William Armstrong, Esq., Wingate Grange 
Colliery, near Ferry Hill, Durham; John Harris, Esq., M.I.C.E., 
Woodside, near Darlington; and Robert Wigram, Esq., 47 Albe- 
marle Street, W. 

November 7th.—The Rey. W. Gover, Saltley College, Birmingham. 
December 5th.—C. J. H. Allen, Esq., F.Z.S., 4 Park Crescent, N.W.; 

Robert Etheridge, Jun., Esq., of the Geological Survey of Vic- 
toria, Australia ; Marshall Hall, Esq., 3 Cleveland Terrace, Hyde 
Park, W.; Alfred Gutteres Henriques, Esq., F.Z.8., Heath House, 
Reigate; Dr. James Murie, Prosector to the Zoological Society of 

_ London, 20 Regent’s Park Road, N.W.; and John W. Pike, Ksq., 
Mining Engineer, Mexico. 

19th.—Theodore Cooke, Esq., Principal of the Engineering 
College, Poonah; and John Starkie Gardner, Esq., Park House, 
St. John’s Wood, N.W. 

The following Person was elected a Foreign Member during the 
year 1866. 

March 7th.—Joseph Leidy, M.D., of Philadelphia. 

The following Persons were elected Foreign Correspondents during the 
year 1866. 

March 7th.—-Prof. J. P. Lesley, of Philadelphia; and Prof. August 
~ Emil Reuss, of Vienna. 
June 6th. Mi. Victor Raulin, of Paris; and Baron Achille de 

Zigno, of Padua. 

The following Donations to the Musrvum have been received since 
the last Anniversary. 

British Specimens. 

A piece of an Iron Water-pipe from Bath, containing a calcareous 
incrustation ; presented by John Lawson, Ksq., F.G.S. 

Slab of Kelloway Rock with Belemnites; specimen of Crioceras 
Bowerbanki;, presented by Dr. J. 8. Bowerbank, F.R.S., F.G.S. 
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Newer Pliocene Fossils from Suffolk; presented by the Rey. O. 
Fisher, M.A., F.G.S. 

Foreign Specumens. 

Siliceous incrustations from the Hot Springs of New Zealand; pre- 
sented by Miss Kinder, through Sir Charles Lyell, Bart., E.R. Ss 
E.G.S. 

Fourteen specimens of Rocks from various localities ; prea nes by 
W. T. Black, Esq. 

Mineral Oils and associated Rocks from the neighbourhood of Pisa; 
presented by E. St. J. Fairman, Esq., F.G.S. 

Nine Microscopic slides of fossil Foraminifera and Pteropoda from 
Malta; presented by Capt. Spratt, R.N., C.B., F.R.S., F.G-S. 

Specimens of Tertiary Sands and Marls from Auckland, New Zea- 
land; presented by Dr. 8. Stratford. 

Seven Rock-specimens from New South Wales; presented by W. 
Keene, Esq., F.G.S. 

Bones from the Caves and Miocene Deposits of Malta; presented by 
Dr. A. Leith Adams, F.G.S. 

A collection of Rocks from Upper Egypt; presented by J. C. 
Hawkshaw, Hsq., F.G.S. 

Maps, CHARTS, ETC., PRESENTED. 

Sveriges Geologiska Undersodkning. Nos. 14-18: 1865; presented by 
Dr. A. Erdmann. 

Der Krater von Santorin nach der Englischen Aufnahme u. Mitthei- 
lungen von Dr. Julius Schmidt, von A. Petermann; presented by 
Dr. Petermann. . 

Carta dell’ Etna (12 photographic maps); presented by Baron W. 
S. von Waltershausen, For. Mem. G.S. 

Karten und Profile zur Geologie der Halbinseln Kertsch und Taman, 
von H. Abich, 1866; presented by the author. 

Franz Foetterle’s Geologischer Atlas des Oesterreichischen Kaiser- 
staats. Lief. 1, 1866; presented by John Evans, Esq., F.R.S., 
Sec. G.S. 

Geological Survey-maps of Holland. Sheets 6, 10, 23; presented 
by His Excellency the Ambassador for the Netherlands. 

Nineteen Miscellaneous Charts, published by the Dépét de la 
Marine; presented by the Dépot de la Marine. 

Carte Géologique du département de la Seine, by M. Delesse (4 
sheets, with geological sections), 1865. ; 

Geological Survey of Great Britain and Ireland. Ireland. Explana- 
tions to accompany sheets Nos. 114, 122-125, 160, 161, 167, 168, 
171, 172, 176-179, 182, 183, 190, 191, 199, 200, 203-205; pre- 
sented by the Director-General of-the Geological Survey of the 
British Isles. 

_ Ordnance Survey of Great Britain. Maps, 6-inch scale :—Hampshire, 
Sheets 89-91, 93-100. Northumberland, Sheets 3, 4, 8-13, 18-25, 
28, 34, 38, 40-47, 49-71, 74, 75, 77, 83, 89. Forfarshire, Sheets 
19, 20, 24-39, 42. Perthshire, Sheets 94, 95, 98, 100, 104-107, 
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109-111, 114, 115, 116-118, 120, 122, 124, 125, 128, 130-132, 
135-137, 141-143. Perthshire and Clackmannanshire, Sheets 
123-126, 133, 134,139,140. Ordnance Survey of England. Maps, 
1-inch scale :—Sheets 102 (N.E., N.W., and 8.W.), 109 (8.E.), 110 
(S.E.). Ordnance Survey of Scotland. 1-inch scale :—Sheet 30. 
Ordnance [Survey of Ireland. 1-inch scale :—Sheets 20, 38, 49. 

. Presented by the Director-General of the Ordnance Survey. 
Geologisk kart over det Sondenfjeldske Norge, ved Theodor Kjerulf 

og Tellef Dahll, 1858-1865; presented by the authors. 
Carte Géologique de l’Asie Mineure, par P. de Tchihatcheff; pre- 

sented by the author. 

Photographs of Hot Springs in New Zealand; presented by the Rey. 
JT. Kinder, through Sir Charles Lyell, Bart., F.R.S., F.G.S. 

Two Water-colour pictures of Hot Springs in New Zealand; pre- 
sented by C. Heaphy, Esq., through Dr. 8. Stratford. 

Two Photographs of Machairodus neogeus from the Pampas, 
Buenos Ayres; presented by Sir R. I. Murchison, Bart., K.C.B., 
HOES. F.G.S. 

Photographs of ancient sculptures on Reindeer-horn from Caves in the 
Dordogne ; presented by the Marquis de Vibraye, For. Corr. G.S. 

Lithograph of Ammonites Brookii ; presented by Professor Tennant, 
E.G.8. 

Photographs of two species of Rhizostomites (R. admirandus and 
R. lithographicus, Hkl.) from the Lithographic Slate of Eichstadt ; 
presented by Dr. H. B. Geinitz, For. Mem. G.S. 

A Chart of the Genera of Fossil Crustacea, showing the range in 
time of the several orders, with recent types, arranged by J. W. 

_ Salter, F.G.S., and Henry Woodward, F.G.8., 1865; presented 
by J. W. Lowry, Esq. 

Three Lithographs of Pterygotus Anglicus from the Old Red Sandstone 
of Forfarshire ; presented by John Evans, Esq., F.R.S., Sec. G.S. 

The following Lists contain the Names of the Persons and Public 
Bodies from whom Donations to the Library and Museum haye been 
received since the last Anniversary, February 16, 1866. 

TI. List of Societies and Public Bodies from whom the Society has 
- received Donations of Books since the last Anniversary Meeting. 

Basel, Natural History Society of. | Bremen, Natural History Society 
Berlin. German Geological So- of. 

ciety. Breslau. Silesian Society for 
. Royal Prussian Academy. Fatherland Culture. 

Berwick. Northumberland and | Brussels. Royal Academy of 
- Durham Natural History So- Belgium. 

ciety. 
Bordeaux, Linnean Society of. Caen. Linnean Society of Nor- 
Boston, Natural History Society mandy. 

of,. Calcutta. Asiatic SocietyofBengal. 
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Calcutta. Great Trigonometrical 
Survey of India. 

California, Academy of Natural 
Sciences of. 

Cambridge (Mass.). American 
Philosophical Society. 

. American Academy 
of Arts and Sciences. 

Museum of Compa- 
rative Zoology. 

Carlsruhe, Natural History So- 
ciety of. 

Ceylon Branch of the Royal 
Asiatic Society, 

Chicago, Academy of Sciences of. 
Christiania, Royal Academy of. 

, University of. 

Dresden, Natural History Society 
of. 

, Royal Academy of. 
Dublin. Royal Irish Academy. 

, Royal Society of. 
Royal Geological Society 

of Ireland. 

Edinburgh, Geological Society of. 
, Royal Society of. 

Exeter. Devonshire Association. 

Freiberg. Royal Saxon Mining 
Academy. 

Geneva, Physical and Natural 
History Society of. 

Glasgow, Geological Society of. 

Halle, Society of Natural Sciences 
of. 

Heidelberg, Natural History So- 
ciety of. 

Lausanne. Vaudoise Society of 
Natural Sciences. 

Liége, Royal Society of Sciences 
of 

Liverpool. Lancashire and Che- 
shire Historic Society. 

London, Anthropological Society 
of. 

, Art Union of. 

British Association. 
Chemical Society. 
Geological Survey of 

Great Britain. 
Institute of Actuaries of 

Great Britain and Ireland. 
Institute of Civil Engi- 

neers. 
, Linnean Society of. 

——, Mendicity Society of. 
, Microscopical Society of. 

—. Paleeontographical Society. 
——., Photographic Society of. 

Ray Society. 
Royal Asiatic Society of 

Great Britain and Ireland. 
Royal Astronomical So- 

London. 

——EE 
e 

ciety. 
Royal College of Physi- 

clans. 
. Royal College of Surgeons. 

Royal Geographical So- 
Society. 

Royal Horticultural So- 
ciety. 
—. Royal Institution of Great 

Britain. 
—, Royal Society of. 

School of Mines. 
Science and Art Depart- 

ment of the Committee of 
Council on Education. 

Society of Arts. 
——., Zoological Society of. 

Manchester, Geological Society 
of. 

, Literary and Philosophical 
Society of. 

Melbourne. 
of Victoria. 

. Royal Society of Victoria. 
Milan, Royal Lombard Institute. 
Montreal, Natural History So- 

ciety of. 
Geological Survey of Ca- 

Geological Survey 

nada. 
Moscow, Imperial Academy of 

Naturalists of. 
| Munich, Royal Academy of, 
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Neuchatel, Society of Natural 
Sciences of. 

New York, Lyceum of Natural 
History of. 

Nova Scotian Institute. 

Offenbach, Natural History So- 
ciety of. 

Paris. Academy of Sciences. 
Dépot Général de la Ma- 

rine. 
Geological Society of 

France. 
School of Mines. 

Philadelphia, Academy of Na- 
tural Sciences of. 

American Philosophical 
Society. 

Plymouth Institution. 

St. Louis, Academy of Sciences 
of. 

St. Petersburg, Imperial Aca- 
demy of. 

, Mineralogical Society of. 

Shanghai. North China Branch 
of the Royal Asiatic Society. 

Southampton. Ordnance Sur- 
vey. 

Strasbourg, Society of Natural 
Sciences of. 

Stuttgart. Natural History So- 
ciety of Wurtemberg. 

Tasmania, Royal Society of. 
Teign Naturalists’ Field-club. 
Turin, Royal Academy of Science 

of. 

Vienna, Geological Institute of. 
, Imperial Academy of. 
, Zoologico-Botanical So- 

ciety of. 

Warwickshire Natural History 
and Archeological Society. 

Washington. Smithsonian Insti- 
tution. 

United States War De- 
partment. 

Il. List containing the names of the Persons from whom Donations 
to the Library and Museum have been received since the last 
Anniversary. 

Adams, Dr. A. L., F.G.S. 
Ansted, Prof. D. T., F.G.S. 
American Journal of Mining, 

Editor of the. 
American Journal of Science, 

Editor of the. 
Atheneum, Editor of the. 

Belt, T., Esq., F.G.S. 
Billings, E., Esq., F.G.S. 
Binney, E. W., Esq., F.G.S. 
Black, W. T., Esq. 
Blake, C. C., Esq., F.G.S. 
Bland, T., Esq., F.G.8. ° 
Blanford, H. F., Esq., F.G.8. 
Boult, J., Esq. 
Bowerbank, Dr. J. 8., F.G.S. 
Bristow, H. W., Esq., F.G.S. 
Brodie, Rev. P. B., F.G.S. 

Buckman, Prof. J., F.G.S. 
Burmeister, Dr. G. 

Canadian Journal, Editor of the. 
Caton, Hon. J. D. 
Chatel, M. V. 
Chemical News, Editor of the. 
Christy, the Executors of the 

late H., Esq., F.G.S. 
Cialdi, Sign. A. 
Clarke, Rev. W. B., F.G.S. 
Colliery Guardian, Editor of the. 
Croll, J., Esq. 

‘Dahl, T., Esq., F.G.S. 
Darwin, C., Esq., F.G.S. 
Daubrée, Prof., For.Corr.G.S. 
Davidson, T., Esq., F.G.S. 
Dawson, Dr. J. W., F.G.S. 
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Delesse, Prof. A., For.Mem.G.S. 
Deslongchamps, Prof. E. E. 
Doyne, W. T., Esq. 
Dresser, C. L., Esq. 
Duncan, Dr. P. M., Sec. G.S. 
Dupont, M. E. 

Egerton, Sir P. de M. G., Bart., 
F.G.S. 

Eichwald, Dr. E. von. 
Evans, J., Esq., Sec. G.S. 

Fairman, E. St. J,, Esq., F.G.S. 
Fisher, Rev: O., F.G.S. 
Foster, Dr. C. Le N., F.G.S. 
Francis, Dr. W., F.G.S. 
Franke, Herr J. F. A. 

Gastaldi, Sign. B., For.Corr.G.S. 
Gaudry, M. A. 
Geinitz, Dr. H.B., For.Mem.G.S. 
Gray, J., Esq. 
Gimbel, Herr Bergm., For.Corr. 

G.S. 

Hall, T. M., Esq., F.G:S. 
Hawkshaw, J. C., Esq., F.G.S. 
Heaphy, C., Esq. 
Hébert, Prof. E., For.Corr.G.8. 
Helmersen, Gen. G. von, For. 

Mem.G.S. 
Hochstetter, Dr. F. von. 
Honeyman, Rev. Dr. D., F.G.S. 
Hopkins, E. Esq., F.G.S. 
Humbert, M. A. 

Intellectual Observer, Editor of 
the. 

James, Col. Sir H., F.G.S. 
Jones, Prof. T. R., F.G.S. 
Journal of Natural and Eco- 

nomicScience, Palermo, Editor 
of the. 

Jukes, J. B., Esq., F.G.S. 

Karrer, Dr. F. 
Keene, W., Esq., F.G.S. 
Kinder, Miss. 
Kinder, Rev. T’. 
Kirkby, J. W., Esq. 

Kjerulf, Dr. T., For.Corr.G.s. 
Kner, Herr R. 
Kobell, Dr. F. von. 
Koenen, Baron A. von. 

Lartét, M. E., For.Mem.G.8. 
Lartét, M. L. 
Laube, Dr. G. C. 
Lawson, J., Esq., F.G.S. 
London Review, Editor of the. 
Longman and Co., Messrs. 
Lowry, J. W., Esq. 
Lyell, Sir C., Bart., F.G.S. 

Mackie, 8. J., Esq., F.G.8. 
Mallet, R., Esq., F.G.S. 
Marcou, M. J. 
Marsh, O. C., Esq., F.G.S. 
Martins, Dr. C., For.Corr.G.8. 
Mingaud, Dr. P. 
Montagna, Major C. 
Morlot, M. A., For.Corr.G.8. 
Murchison, SirR.I., Bart., F.G.8. 

Napier, C. O. G., Esq., F.G.S. 
Naumann, Dr. C. F., For.Mem. 

G.S 
Nicol, Prof. J., F.G.S. 

Packard, Dr. A. S., Jum. 
Page, D., Esq., F.G.S. 
——, T. Esq., F.G.S. 
Peacock, R. A., Esq. 
Pengelly, W., Esq., F.G.S. 
Pictét, Prof. F. J., For.Corr.G.S. 
Plant, J)., Eso, E7Giss 
Plomley, J., Esq. 
Pumpelly, R., Esq. 

Quarterly Journal of Science, 
Editors of the. 

Quetelet, M. A. 

Reader, Editor of the. 
Renevier, Prof. E. 
Reuss, Dr. A. E., For.Corr.G.S. 
Rico y Sinobas, Don Manuel. 

Schloenbach, Dr. U. 
Scrope, G. P., Esq., M.P., F.G.S. 
Searle, Dr. C. 
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Seebach, Baron K. von. Vibraye, Marquis de, For.Corr. 
Seeley, H., Esq., F.G.S. G.S. 
Sequenza, Sign. G. Virtue Brothers & Co., Messrs. 
hep A. R.C., Esq. 
Sexe, M.S. A. Walker, Lieut.-Col. J. T. 
Smyth, W. W. , Hisq., Pres. G. S. Waltershausen, Baron W. S. von. 
Spratt, Capt., TA. Ee G.S- War, Secretary of State for. 
Stalsberg, M. R. F. Whitaker, W., Esq., F.G.S. 
Stanley, W. F., Esq. Whitney, Prof. J. D. 
Steindachner, Dr. F. Winchell, Prof. A. 
Stratford, Dr. 8. Winkler, Dr. T. C. 
Studer, Prof. B., For.Mem.G.S. Woodward, the late Dr. S. P., 
Suess, Prof. E., For.Corr.G.8. F.GS. 

Woods, Rev. J. E. T., F.G.S. 
Tchihatcheff, M. P. de. Wynne, A. B., Esq., F.G-S. 
Tennant, Prof. J., F.G.8. 
Topley, W., Esq., F.G.S. Zeuschner, Herr L. 
Triibner & Co., Messrs. Zigno, Baron A. de, For.Corr.G.S. 

List of Pavers read since the last Anniversary Meeting, 

February 16th, 1866. 
1866. 
February 21st.—On the Tertiary Mollusca of Jamaica, by R. J. 

Lechmere Guppy, Esq.; communicated by Henry Woodward, 
Ksq., F.G.S. 

——_____—— On the Tertiary Echinoderms from the West Indies, 
by R. J. Lechmere Guppy, Esq.; communicated by H. M. Jenkins, 
EKsq., F.G.S. 

On Tertiary Brachiopoda from Trinidad, by R. J. 
Lechmere Guppy, Esq.; communicated by H. M. Jenkins, Esq., 
F.G.S. 

On the Affinities of Platysomus and Allied Ge- 
nera, by John Young, M.D., F.G:S. 

Note on the ‘Seales of Rhizodus, Owen, by John 
Young, M.D., F.G.8. 

March 7th.—Documents relating to the Formation of a New Island 
in the neighbourhood of the Kaimeni Islands, by St. Vincent Lloyd, 
Esq., A. Delenda, Esq., and M. Décigala. 

SSE On the Carboniferous Slate (or Devonian Rocks) of 
North Devon and South Ireland, by J. Beete Jukes, Esq., M.A., 
F.R.S., F.G.8. 

March 21st.—On the Fossil British Oxen.—Part I. Bos Urus, 
Cesar, by W. Boyd Dawkins, Esq., M.A., F.G.S. 

Further Documents relating to the Formation of a 
New Island in the Neighbourhood of the Kaimeni Islands, by 
Commander G. Tryon. 

Note on the Junction of the Thanet Sand and the 
Chalk, and of the Sandgate Beds and Kentish Rag, by T. M‘Kenny 
Hughes, Esq., B.A., F.G:S. 
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1866. 
March 21st. ae the “ Lower London Tertiaries” of Kent, by W. 

Whitaker, Esq., B.A., F.G.S. 
April 11th.—On_ the Brown Cannel or Petroleum Coal-seams at 

Colley Creek, Liverpool Plains, New South Wales, by Wiliam 
Keene, Esq., F.G.S. 

—__—___—— On the Occurrence and Geological Position of Oil-bear- 
ing Deposits in New South Wales, by the Rev. W. B. Clarke, 
M.A., F.G.8. 

Remarks on the Copper-mines of the State of Michi- 
gan, by H. Bauerman, Hsq., F.G.S. 

April 25th.—Additional Documents relating to the Volcanic Erup- 
tions at the Kaimeni Islands, by Commander Brine. 
a Report to the Eparch of Santorino on the Eruptions 

at the Kaimeni Islands, by M. Fouqué. 
Remarks upon the Interval of Time which has passed 

between the Formation of the Upper and Lower Valley-gravels of 
part of England and France, by A. Tylor, Esq., F.L.S8., F.G.S, 

May 9th.—On a New Species of Acanthodes from the Coal-shales of 
Longton, by Sir Philip de M. Grey Egerton, Bart., M.P., F.R.S.,F.G.S. 

A Sketch of the Gravels and Drift of the Fenland, by 
Harry Seeley, Esq., F.G.S. 

Additional Observations on the Geology of the Lake- 
country, by Prof. R. Harkness, F.R.S., F.G.S., and H. Nicholson, 
Esq.; with a Note on Two Species of Trilobites, by J. W. Salter, 
Esq., F.G.S. 

—___—_—_. On the Lower Silurian Rocks of the Isle of Man, by 
Prof. R. Harkness, F.R.S., F.G.8., and H. Nicholson, Esq. 

May 23rd.—Notes on the Geology of Mount Sinai, by the Rev. F. 
W. Holland; communicated by Sir R. I. Murchison, Bart., K.C.B., 
ER.S., F-G-S. 

On a New Genus of Phyllopodous Crustacea from the — 
Moffat Shales (Lower Silurian), Dumfriesshire, by Henry Wood- 
ward, Ksq., F.G.S. 

On the Oldest known British Crab (Paleinachus lon- 
gipes, Bell, sp.) from the Forest Marble of Malmesbury, Wilts, 
by Henry Woodward, Ksq., F.G.S. 

On the Species of the Genus Hryon, Desm., from the 
Lias and Oolite of England and Bavaria, by Henry Woodward, 
Esq., F.G.S. 

——S_ 

Notes relating to the Discovery of Primordial Fossils 
in the Lingula-flags in the neighbourhood of Tyddyngwladis 
Silver-lead Mine, by J. Plant, Esq., F.G.S. —. 

June 6th.—On the Metamorphic and Fossiliferous Rocks of the 
county of Galway, by Prof. R. Harkness, F.R.S., F.G.S. 

— On the Metamorphic Lower Silurian Rocks of Carrick, 
Ayrshire, by J. Geikie, Esq.; communicated by A. Geikie, Ksq., 
F.R.S., F.G.S. 

——__——_—— On a Cheirotherian Footprint from the base of the 
Keuper Sandstone of Daresbury, Cheshire, by Prof. W. C. Wil- 
liamson, F.R.S.; communicated by the Assistant-Secretary. 
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1866. 
June 6th.—A Description of some remarkable “‘ Heaves ” or Throws 

in Penhalls Mine, by J. W. Pike, Esq.; communicated by Dr. 
C. Le Neve Foster, F.G.S. 

June 20th.—On the Structure of the Red Crag, by 8. VY. Wood, 
' Esq., F.G.S. 
—_______— Note on Supposed Remains of the Crag on the North 

Downs, near Folkestone, by H. W. Bristow, Esq., F.R.S., F.G.S. 
On the Warp of Mr. Trimmer ; its age and probable 

connexion with the latest geological events and changes of climate, 
by the Rey. O. Fisher, M.A., F.G.S. 

oes On Faults in the Drift-gravel at Hitchin, Herts, by 
J. W. Salter, Esq., F.G.S. 

—_—____—_—— On some Flint Implements lately found in the Valley 
of the Little Ouse River, near Thetford, by J. W. Flower, Esq., 

we.G:S. 
—____——- On some evidences of the Antiquity of Man in Ecuador, 

by J. S. Wilson, Esq.; communicated by Sir R. I. Murchison, 
Bart., K..5., ¥.BS., F.G.S, 

—______ On the relations of the Tertiary Formations of the 
West Indies, by R. J. L. Guppy, Esq., F.G.S. 

On the discovery of new Gold-deposits in the district 
of Esmeraldas, Ecuador, by Lieut.-Colonel Neale. 

—_—_____ On bones of fossil Chelonians from the Ossiferous 
Caves and Fissures of Malta, by A. Leith Adams, M.B., F.G.S. 

—_________ On the discovery of remains of Halitherium in the 
Miocene beds of Malta, by A. Leith Adams, M.B., F.G.S. 

—__—_—_—— On the affinities of Chondrosteus, Ag., by John Young, 
M.D., F.G.8. 

——_____—_— On new Carboniferous genera of Crossopterygian 
Ganoids, by John Young, M.D., F.G.S. 

—_____— Qn supposed burrows of Worms in the Laurentian 
Rocks of Canada, by Dr. J. W. Dawson, F.G.S. 

November 7th.—On some remains of large Dinosaurian Reptiles 
from the Stormberg Mountains, South Africa, by Professor T. H. 
Huxley, LL.D., F.R.S., F.G.S. 

—________— Additional Notes on the grouping of the rocks of 
North Devon and West Somerset, by J. Beete Jukes, Esq., M.A., 
MES. WGS. 

November 21st.—On marine fossiliferous deposits of Secondary Age 
in New South Wales, by the Rev. W. B. Clarke, M.A., F.G.S. 

On the Madreporaria of the Infra-lias of South 
Wales, by P. Martin Duncan, M.B., F.GS. 

On certain points i in the structure of the Xiphosura, 
having reference to their relationship with the Hurypterida, by 
Henry Woodward, Esq., F.G.S. 

December 5th.—A description of some Echinodermata from the 
Cretaceous Rocks of Sinai, by P. Martin Duncan, M.B., Sec. G.S. 

—______—— Geological Description of the First Cataract, Upper 
Egypt, by J. C. Hawkshaw, Esq., B.A., E.G.8. 
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1866. 
December 5th.—On the Drift of the N oh of England, by J. Curry, 

. Esq.; communicated by the Assistant-Secretary. 
~ December 19th.—On a new specimen of Telerpeton Elginense, by Prof. 

diy Exley, LEDS ERs Giese 
On a section at Litcham affording evidence of Land- 

glaciation during the earlier part of the Glacial period in England, 
by Searles V. Wood, jun., Esq., F.G.S. 

On the evidence of a third Boulder-clay in Norfolk, 
by F. W. Harmer, Esq.; communicated by Searles V. Wood, jun., 
Ksq., F.G.S. 

1867. 
January 9th.—On the age of the Lower Brick-earths of the Thames 

Valley, by W. Boyd Dawkins, Esq., M.A., F.G.S. 
January 23rd.—On consolidated blocks in the Drift of Suffolk, by 

George Maw, Ksq., F.L.S., F.G.S. 
On Chemical ‘Analyses of variegated strata, by George 

Maw, Esq., F.L.S., F.G.S. 
February 6th.—On the Jurassic Fauna and Flora of South Africa, 

by sip Tate, Esq., F.G.S. 
Further remarks on the relation of the Chillesford 

Beds & the Norwich Crag, by the Rev. O. Fisher, M.A., F.G.S. 

After the Reports had been read, it was resolved,— 
That they be received and entered on the Minutes of the Meeting ; 

and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 

It was afterwards resolved,— 
1. That the thanks of the Society be given to Prof. T. H. Huxley 

and Prof. A. C. Ramsay, retiring from the office of Vice-President. 
2. That the thanks of the Society be given to W. J. Hamilton, 

Esq., Prof. T. H. Huxley, M. Auguste Laugel, Prof. John Morris, 
and Lieut.-Col. Strachey, retiring from the Council. 

After the Balloting-glasses had been duly closed, and the lists 
examined by the Scrutineers, the following gentlemen were declared 
to have been duly elected as the Officers and Council for the ensuing 
year :— 
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; PRESIDENT. ye 
Warington W. Smyth, Esq., M.A., F.R.S. 

VICE-PRESIDENTS. 

Sir P. de M. G. Egerton, Bart., M.P., F.R.S. 
Sir Charles Lyell, Bart., D.C.L., F.B.S. 
J. Carrick Moore, Esq., M.A., F.R.S. 
Sir R. I. Murchison, Bart., K.C.B., F.R.S. 

SECRETARIES. 

P. Martin Duncan, M.B., M.R.C.S. 
John Evans, Esq., F.R.S., F.S.A. 

FOREIGN SECRETARY. 

R. A. C. Godwin-Austen, Esq., F.R.S. 

TREASURER. 

Joseph: Prestwich, Esq., F.R.S. 

COUNCIL. 

Professor D. T. Ansted, M.A., 
F.R.S. 

H. W. Bristow, Esq., F.R.S. 
P. Martin Duncan, M.B., 

M.R.C.S. 
Sir P. de M. G. Egerton, Bart., 
APS FERS. 

Earlof Enniskillen, D.C.L.,F.RB.S. 
Robert Etheridge, Esq., F.R.S.E. 
John Evans, Esq., F.R.S., F.S.A. 
Dayid Forbes, Esq., F.R.S. 
R. A. C. Godwin-Austen, Esq., 

F.R.S. 
J. Gwyn Jeffreys, Esq., F.B.S. 
Professor T. Rupert Jones. 
Sir Charles Lyell, Bart., D.C.L., 

F.R.S. 

VOL. XXIII. 

Edward Meryon, M.D., M.R.C.S. 
John Carrick Moore, Esq., M.A., 

F.RS. 
Sir R. I. Murchison, Bart., K.C.B., 
BRS: 

Robert W. Mylne, Esq., F.R.S. 
Joseph Prestwich, Esq., F.R.S. 
Professor A. C. Ramsay, LL.D., 

E.R.S. 
Warington W.Smyth, Esq., M.A.,. 

F.RS. 
Capt. T. A. B. Spratt, R.N., C.B., 

F.R.S. 
Alfred Tylor, Esq., F.L.S. 
Rev. Thomas Wiltshire, M,A.,. 

F.R.A.S. 
Henry Woodward, Esq., F.Z.S. 
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LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGICAL SOCIETY OF LONDON; in 1867. 

Date of 
Election. 

1818, Professor G. C. Gmelin, Tiibingen. 
1819, Count A. Breunner, Vienna. 
1822. Count Vitaliano Borromeo, Milan. 

1827. Dy. H. von Dechen, Bonn. 
1828, M. Léonce Elie de Beaumont, Sec. Perpétuel de l’Instit. France, 

; For. Mem. R.8., Paris. 
1829, Dr. Ami Boué, Vaan 
1829, Dr. J. J. d’Omalius d’Halloy, Halloy, Belgium. 
1839, Dr. Ch. G. Ehrenberg, For. Mem. R.S., Berlin. 
1840. Professor Adolphe T. Brongniart, For, Mem. R.S., Paris. 
1840. Professor Gustav Rose, Berlin. 
1841. Dr. Louis Agassiz, For. Mem. R.S., Cambridge, Massachusetts. 
1841. Professor G. P. Deshayes, Paris. 
1844, William Burton Rogers, Esq., Boston, U.S. 
1844. M. Edouard de Verneuil, For. Mem. R.S.,; Paris. 
1847. M. le Vicomte B. Pherae, Paris. 

1848. James Hall, Esq., Albany, State of New York. 
1850. Professor Bernard Studer, Berne. 
1850. Herr Hermann von Meyer, Frankfort-on-Maine. 
1851, Professor James D, Dana, New Haven, Connecticut. 
1851. General G. von Helmersen, St. Petersburg. 
1851. Dr. W. K. von Haidinger, For. Mem. R.8., Vienna. 
1851, Professor Angelo Sismonda, Zuri. 
1853. Count Alexander von Keyserling, Dorpat. 
1853. Professor L. G. de Koninck, Liége, 
1854, M. Joachim Barrande, Prague. 
1854. Professor Karl Friedrich Naumann, Lezpsic. 
1856. Professor Robert W. Bunsen, For. Mem. R.S., Heidelberg. 
1857. Professor H. R. Goeppert, Breslau. 
1857. M. E. Lartét, Paris. 
1857. Professor H. B. Geinitz, Dresden. | 
1857. Dr. Hermann Abich, Tiflis, Georgia. 
1858. Herr Arn. Escher von der Linth, Zurich. | 
1859, Professor A. Delesse, Paris. 
1859. Dr. Ferdinand Roemer, Breslau. 
1860, Dr. H. Milne-Edwards, For. Mem, R.S., Paris. 
1861. Professor Gustav Bischof, Bonn. 
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1862. Baron Sartorius von Waltershausen, Gottingen. 
1862. Professor Pierre Merian, Basle. 
1864, Professor Paolo Savi, Pisa. 
1865. M. Jules Desnoyers, Paris. 
1866, Dr. Joseph Leidy, Philadelphia. 

LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, mw 1867. 

Date of 
Election. 

1863. Professor E. Beyrich, Berlin, 
1863. M. Boucher de Perthes, Abbeville. 
1863. Herr Bergmeister Credner, Gotha, 
1863. Professor Daubrée, Paris, 
1863. M. E. Desor, Neuchdtel. 

~1863. Professor Alphonse Favre, Geneva. 
1863. Signor B. Gastaldi, Turin. 
1863. M. Paul Gervais, Montpellier. 
1863. Herr Bergrath Giimbel, Munich. 
1863. Dr. Franz Ritter von Hauer, Vienna. 
1863. Professor E. Hébert, The Sorbonne, Paris. 
1863, Rev. Dr. O. Heer, Zurich. 
1863. Dr. Moritz Hornes, Vienna. 
1863. Dr. G. F. Jager, Stuttgart. 
1863. Dr. Kaup, Darmstadt. 
1863. Dr. Theodor Kjerulf, Christiania. 
1863. M. Nikolai von Kokscharow, S¢. Petersburg. 
1863. M. Lovén, Stockholm. 
1863. Lieut.-Gen. Count Alberto Ferrero della Marmora, Turin. 
1863. Count A. G. Marschall, Vienna. 
1863. Professor G. Meneghini, Pisa, 

- 1863. M. Morlot, Berne. 
1863. M. Henri Nyst, Brussels. 
1863. Professor F. J. Pictet, Geneva. 
1863. Signor Ponzi, Rome. 
1863. Professor Quenstedt, Tiibingen. 
1863. Professor F. Sandberger, Bavaria. 
1863. Signor Q. Sella, Turin. 
1863. Dr. F. Senft, Evsenach. 
1863. Dr. B. Shumard, St. Lows, Missouri. 
1863. Dr. Steenstrip, Copenhagen. 

. b2 



1865. 
1863. 
1864. 
1864. 
1865. 
1866. 
1866. 
1866. 
1866, 

Prof. E. Suess, Vienna. 
Marquis de Vibraye, Paris. 
M. J. Bosquet, Maestricht. 
Dr. Charles Martins, Montpellier. 
Dr. C. Nilsson, Stockholm. 
Prof. J. P. Lesley, Philadelphia. 
M. Victor Raulin, Parvs. 
Prof. August Emil Reuss. 
Baron Achille de Zigno. 

AWARDS OF THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OF THE “ DONATION-FUND 7” 

ESTABLISHED BY 

WILLIAM HYDE WOLLASTON, M.D., F.RS., F.G:S., &e., 

“To promote researches concerning the mineral structure of the earth, 
and to enable the Council of the Geological Society to reward those 

individuals of any country by whom such researches may hereafter be 
made,”—* such individual not being a Member of the Council.” 

1831. 
1835. 
1836. 

1837. 

1838. 
1839. 
1840. 
1841. 
1842. 

1843. 

1844. 
1845. 
1846, 
1847. 
1848. 
1849. 
1850. 
1851. 

Mr. William Smith. 
Dr. G. A. Mantell. 
M. L. Agassiz. 
j Capt. P. T. Cautley. 
Dr. H. Falconer. 
Professor R. Owen. 
Professor C. G. Ehrenberg. 
Professor A. H. Dumont. 
M. Adolphe T. Brongniart. 
Baron L. von Buch. 
es E. de Beaumont. 
M. P. A. Dufrénoy. 

The Rev. W. D. Conybeare. 
Professor John Phillips. 
Mr. William Lonsdale. 

Dr. Ami Boué. 

The Rey. Dr. W. Buckland. 
Mr. Joseph Prestwich, jun. 
Mr. William Hopkins. 
The Rey. Prof. A.Sedgwick. 

1852. 

1853 

1854. 
1855. 
1856. 
1857. 

1858. 

1859. 
1860. 
1861. 
1862. 

1863. 
1864. 
1865. 
1866, 
1867. 

Dr. W. H. Fitton. 

| M.leVicomte A.d’Archiae, 
' |M. E. de Verneuil. 

Dr. Richard Griffith. 

Sir H. T. De la Beche. 

Sir W. E. Logan. 
M. Joachim Barrande. 
Herr Hermann von Meyer. 

Mr. James Hall. 

Mr. Charles Darwin. 

My. Searles V. Wood. 

Prof. Dr. H. G. Bronn. 

Mr. Robert A. C. Godwin- 

Austen. 

Prof. Gustav Bischof. 

Sir R. I. Murchison. 

Mr. Thomas Davidson. 

Sir Charles Lyell. 
Mr. G. P. Scrope. 
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EstTiMatTes for 

INCOME EXPECTED. 

Due for Subscriptions on Quarterly Journal (con- 

Sidered £00d) ....seccccccsscececees Arcsin ceincdemanng 30 

Due for Authors’ Corrections ..ccccoccscssscsseees 25 

Due for Arrears (See Valuation-sheet) .......s.00. 300 

355 O O 

Ordinary Income. 

From Resident Fellows, &c., and Non-resi- 

dentsof 1859 Co 1861 ciscctccacwescecsseies Saadsoser esccee (20) OO 

Admission-fees (supposed) —......ee0esseeeee Rongnenopossace 250 0 

Compositions (supposed) ..e-e...-eeeee Facies etic ieeneclanemen . 300 0 O 

Dividends on Consols — ...ssecessssesesecceeeeeere sesiee res wen ceeeRe 141 12 8 

Sale of Transactions, Proceedings, Library-cata- 

logues, and Ormerod’s Index ....... SOQOUND CONC . 10 

Sale of Quarterly Journal ............0e008. adn000ede 150 

— 160 0 O 

Sale of Geological Map .......... Serestieioeseenncne Sioeintel aceite meee 100 0 O 

Due from Longman and Co. in June ............. sina'sc gaiiclevemenae 53 14 7 

Due from Stanford in June........ BREN COD eoD nobacdousedinaac enone . 1213 52 

Due from the Bequest-fund on account of moneys expended 

on Map, Library, and Museun ...... sapeuhasiciess conledees oeeeiiee 322 18 5 

Se, 

£2415 19 12 
——<—$<—<—<—$$<___—__— 

JOSEPH PRESTWICH, Treas. 
Feb. 4, 1867. 



the Year 1867. 

EXPENDITURE ESTIMATED. | 

fa. te, £8... 
General Expenditure : ; 

Taxes and Insurance .....cccscccoccsssee 100 0 0 
[5 DIRGAVO TET RR ope, Soares eter SAE come COL ONIG 

Furniture ....... See eee 20 0 0 
HEE. Ges sins's oeierala aratar siete Seo 5 2 sce ose" 36 0 0 
Tight <2 ..% wis pe Uhr ake eee patel teeta tere ar 30 0 0 
Miscellaneous Printing, including Abstracts -. 40 0 0 
Tea for Meetings ....-ccccecccccccrcccses 20 0 0 
Miscellaneous House-expenseS  ......++-e0- 80 0 0 

Stationery. cs cccccsccenscvececeuseccece 30 0 0 

386 0 0 

Salaries and Wages: 
Assistant-Secretary ..- 20.000 secccccccccces 230 0 0 

Clerk aud Accanmtant 20-22 ce sc. Seen an se 85 0 0 

Assistants in Museum and Library .......... 152 0 0 

RGECE fiw e ce ons s'e en's Seegee ar se ae ee Gv 90° O80 

Housemaid ......+eseee Pi cldewsinse cance ce) 40, 0 O 
Occasional Attendance ........seeeceeeeeee 12 0 0 
MANCCAks -cecsins aver cn nese veces ve Tuc rcs Oo Oo 

Ee ee 634 0 0 

MERE LC! «. eavaesetacesit nose: seat tea aes tc eet 1602 Oy O 
Museum.........000: pide debs ameeeescenee See sale wane sect beavesses “OO 

Diagrams at Meetings .......+2. Gaaeacon sdenaa vas Baseau pene Tauh ea sap cti Mie aah 
Miscellaneous Scientific Expenditure ........cccscsecseeeees saat IO OO 

Publications: Quarterly Journals ......... ssw OOO O © 
at EAMSACUIGIS/ Jacctocic caceusessese ee 5 0 0 

= Geological Map .......... Pecsecenna ot OO 

655 0 

1930 0 O 

Balance in favour of the Society......0..cs.csseasesssevccseccecsece 485 19 13 

£2415 19 12 



Income and Expenditure during the 

RECEIPTS. 
é ae s d. ££ Se 

Balance at Banker’s January 1, 1866............ co SOL As 
Balance in Clerk’s hands ditto wig aaa, oes é 2298 9 
Compositions, received (aie sence sere ee ee 435 15 
Arrears of Admission-fees ....... tse east s mnt Fag 94 10 
Arrears of Annual Contributions ...... SSeS 6 6c a 151 14 

Admission-fees, 1866 ........... Saeeremrerree 0S) 
Annual Contributions for 1866, viz.— eet 

Resident Fellows ......... £651 9 0 
Non-Resident Fellows 40 19 0 

—— ee 
Journal Compositions ..... Sia /oN aNogs chat. aie geese rei 6 0 
Dividends on Consols ........ Pane CR NIE 141 12 
Publications : 

Sale sob PransaGhonsicicre sates) cc <i o cleere(e, craters 2 al ae 
Sale of Journal, Vols. 1-6 .............0.. LASS 

.. TRE oan ae pe Ty ard 
a Vols VS—15) Scie crates -ielelal ota 29 46 
ss Vol ngewe eee te 115 6 
SA Molt AEA Ssic craicuieeiee ccce eens 1 5 6 
iA Nols 1G rc ete toes 1 c2uaG 
é, Nok 89. resin eee 211 0 
is Vol 200 So ene 2 Ai, 19-40 
oh Volar te Se eon . 47:14 6 
np Nols t2 2h ee siccrsmanecece Ol 4 0 
=c Ol Pay “saaonooe sLcteunin eo hoe TO 

——— 178 ll 
Longman and Co., Sale of Journal in 1865 ........ 48 12 
Stanford and Co., Sale of Geological Map in 1865.... 30 8 

Sale of Geological Map .....eeeseeeeecees 34 7 9 
Sale of Library-catalogues ........... seaeieress 0 2 0 
Sale of Ormeroa’s Index... c21.<1.0 se cles eee 012 0 

——._ 85 so 1 

Taylor and Francis, Advertisements in Jour., Vols.17-21 47 16 

We have compared the Books and 
Vouchers presented to us with these 
statements, and find them correct. 

THOS. WILTSHIRE, 

CnAOOrOk 

noo 

coo 

(Signed) J.J. BIGSBY, \ Auditors. £2781 11 10 

Feb, 4, 1867. 

* Due from Messrs. Longman and Co., in addition to the above, & 8. ws 

on Journal, Vol. 22, &C. os. ce cccecceccccccccccceces - 5314 7 

Due from Fellows for J ournal subscription, estimated scscccoe > oO HORE 

Due from Messrs. Stanford on Geological Map ....-++-ee++s - 1213 5§ 

Balance due from Bequest-fund on expenditure on Map, Library, 

and Museum COOH OETA HOHOLHOHG OLEH OHH LH LEHHHSECEH HHH EOP 322 18 5 



Year ending December 31st, 1866. 

EXPENDITURE. 

General Expenditure ;: £s. da. Bee Bons de 
UDR Ste eaec ecto taj cv ee eres oie a vie! ache! os Wisieceters be - 101 6 9 
Babe tSMTANC Ges tars dese) o.oia ve fal sip ie eles taleratels 9 6. 0 
INGER ORUIEMIENEG, “Bic ics.c’oevaeucie a0 is e.6-e ace Sc cuere 24 6 6 
House-repairs ...... eS aiiateevcls/ tote eieicine 214 0 
PU Me arene Nios con tee ievettare occ gal okern olay ole seseactevetay ers 30700, 0 
MVC Tb Ae: ore sjolaciwiciirs. tyavaicic 25s, n.e ah wis) wiaieisiae.e 29 11 6 
Miscellaneous House-expenses.......eeece 74..2..2 
SUMUDUEN gece ot eS h6 se o50s sc onegecooee SOpU a ul 
Miscellaneous Printing .........ceeceeeee 67 4 10 
REAM OE ICCHINUS) acre cielelelels oe ~/sfavalele'e eva! 19 3 4 
Diagrams for Meetings.........csseeeeee 3 220 

yas Vee 
Salaries and Wages: 

INGSISEANIE-SECLELALY <6.06.000 co 00 secs sews 230 0 0 
CUE e6 wie tie esate SE dete eae a lala ie oSasers 7613 4 
Library and Museum Assistants .........-. 146 0 0 
JEG W A? cS BO ARS ey ea ee a 95 0 0 
TEICTSNSTTG AES he ee ea Oe ee ee 40 0 0 
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PROCEEDINGS 

AT THE 

ANNUAL GENERAL MEETING, 

15TH FEBRUARY, 1867. 

AWARD OF THE WoLLASton MEDAL. 

Tuer Reports of the Council and of the Committees having been read, 
the President, Warineton W. Smytu, Esq., M.A., F.R.S., delivered 
the Wollaston Medal to G. Povturr Scropz, Esq., M.P., F.R.S., 
F.G.S., addressing him as follows :— 

Mr. Povurerr Scrorz,—With great pleasure I proceed to fulfil the 
duty which devolves upon me of presenting to you the Wollaston 
Medal, which has been awarded to you by the Council of the Society 
in recognition of the valuable services which you have conferred on 
Geological Science by your researches on the Geology of Central 
France, and by your published works on volcanic phenomena 
throughout the world. 

The extinct volcanos of the Auvergne-had long attracted the 
attention of French naturalists; and the identity of their character 
with that of now active volcanos was recognized by Guettard as early 
as 1751. Dolomieu had, before the end of the last century, noticed 
the important fact of the derivation of their materials from a region 
beneath the granite of the district, and Montlosier and others had 
done much to explore and describe them. But no thorough and 
satisfactory examination had been made until you collected, with 
the expenditure of much time and study, those materials which, 
although prepared for the press in 1822, were not published until 
1827. 

That work, the memoir on ‘The Geology of Central France, in- 
cluding the volcanic formations of Auvergne, the Velay, and the 
Vivarais,’ gave at length to the world an exhaustive and a beauti- 
fully illustrated essay on that interesting region; and I am happy 
to record my personal testimony, which will be endorsed by many 
of the Fellows of the Society, to the accuracy of your descriptions 
and the soundness of your conclusions. 

In your ‘Considerations on Volcanos,’ published in 1825, and in the 
new amplified edition of that work, entitled ‘ Volcanos, the Character 
of their Phenomena, their share in the Structure and Composition of 
the Surface of the Globe, and their Relation to its Internal Forces,’ you 
have supplied geologists with a most valuable collection of facts and 
deductions. And however much theoretical views may change with 
the advance of our science, I feel assured that your name will remain 
linked with the study of this important class of the oe which 
modify the surface of the earth. 
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Mr. Povtert Scrorz, on receiving the Medal, replied as follows :— 

Mr. Prestpent,—I cannot find words to express the mingled 
feelings with which I receive this honourable distinction. When a 
few days since I was told that it had been proposed to the Council, 
by yourself, Sir, I believe, that the Medal should be awarded to me, 
my first impression was surprise that I should be considered by any 
one worthy of an honour which only last year had been bestowed 
on my illustrious friend the author of the ‘ Principles of Geology,’ and 
two years before on the equally eminent author of Siluria. But 
when the announcement was officially made to me by you that the 
Council had been pleased by a unanimous vote to select me as the 
medallist of the year, all feelings were merged in one of gratitudé 
to yourself, Sir, and the other members who had taken so generous 

_and favourable a view of the poor services to Geology, in times long 
past, of an old associate who might well suppose that he had faded 
from the recollection of the younger generation of geologists. This 
last consideration, however, only makes me the more indebted to 
the Society, of which I have been so long an unworthy member, for 
this superabundant recognition of my early labours in the pursuit 
of our science. 

AWARD OF THE WoLLASToN DoNATION-FUND. 

The President then addressed Sir Roprricx I. Murcutson, Bart., 
K.C.B., &c., as follows :— 

Sir RopErick Murcutson,—In the absence of Mr. Baily, one of 
the geologists under your direction, who. is at present occupied by 
his duties in Ireland, I will request you to state to him that, in 
voting to him the balance of the proceeds of the Wollaston-fund, 
the Council felt that, by aiding him to prepare a series of plates of 
characteristic fossils of the British formations, they would assist in 
the publication of a work of great utility. The industry and know- 
ledge which Mr. Baily has manifested during many years of geologi- 
cal work are a sufficient guarantee for his judicious selection of the 
most suitable fossils, and for the fidelity of their representation ; and 
I am confident that his book, as an addition to Morris’s catalogue, 
will fill.a gap which has been much felt, especially by students and 
field geologists who are deprived of access to large libraries. 

Sir R. I. Murcuison, replied as follows :— 

Mr. Prestpent,—In receiving for Mr. Baily the award of aye 
Council, I must say that it has been made in strict adherence to the 
express ‘wishes of the eminent Wollaston himself; for by this act we 
help the recipient to complete a highly useful work on Paleontology 
on which he is engaged. I will only add that whilst my deserving 
friend Mr. Baily is rich in fossil lore, and, I may add, in children, he 
is, like too many men of science, poor in sovereigns; and hence the 
meeting will agree with me that this purse has been most justly 
bestowed, ! 
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_ THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 

Warineton W. Suyrtu, Ksea., F.R.S. 

It is now my painful task, before proceeding to other subjects, to 
lay before you a sketch of the life and work of the numerous emi- 
nent men whom, during the last year, death has removed from our 
ranks, 

_ Witiram Hopkins, M.A., LL.D., F.R.S., for many years a Fellow 
of the Society, and in 1851 and 1852 its President, died on the 13th 
October, 1866, in his seventy-third year. His early education was 
desultory, and his father objected to his leaving home for a public 
school ; but at the age of fourteen he read the first book of Euclid 
with the interest, he afterwards said, that other boys would have 
felt in an exciting fiction. He was, however, for the present to 
_apply to other pursuits, went to learn practical farming in Norfolk, 
and, being left a competency by his father, took an extensive farm in 
Suffolk. In this occupation, which lasted for some years, he was 
unsuccessful; and at length, collecting the remnant of his property, 
he entered himself at St. Peter’s College, Cambridge, at the mature 
age of thirty. And now his mathematical talent shone out: he took 
his degree in 1827 as 7th wrangler, and at once became remarkable 
as a private tutor. He was shortly afterward elected one of the 
Esquire Bedells of the University, and married the daughter of the 
late John Boys, M.D. The success of his tuition was extraordinary : 
for very many years a large proportion of those who came out as 
high Wranglers had read with Hopkins. 

On the value of this part of our deceased friend’s career I cannot 
do better than transcribe from a letter of condolence written to 
Mrs. Hopkins by a mathematician of great eminence, and kindly sent 
by that lady for my perusal :—<‘‘If I admired Mr. Hopkins at first 
with the grateful feelings of a pupil, in later years I have been able 
to estimate better what he did for Cambridge. When he began 
tuition the reading, I believe, was somewhat unsystematic and in a 
transition state, as portions of continental works were being infused 
into the older style of English educational mathematics. When 
Mr. Hopkins therefore had for so many years the guidance of those 
who soon became themselves the guides and examiners of their 
juniors, we can appreciate what we owe to him in the method in 
which subjects are treated now. But he had a higher merit yet, I 
_think—in his teaching us to read our subjects in such an honest, 
thorough way. He tried to raise us above the mercenary spirit of 
speculating on portions likely to tell in examinations, and led us to 
read for a more generous and honourable purpose. How effectually 
he thus brought his pupils to success in the Senate House I need not 
record; but in a moral point of view, in the formation of character, 
he was doing better for us than that—in holding before us higher 
purposes of study than the academic distinctions of the day. Thus 
his own noble spirit came out in his teaching, and could not fail to 
influence the pupils at his side,” 
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About the year 1833 he was first smitten with a love of geology, 
on meeting at Barmouth with Prof. Sedgwick, and making, hammer 
in hand, mountain excursions with that most captivating of geologi- 
cal companions in parts of North Wales. The study soon deeply 
interested the mind of Mr. Hopkins, and he extended his excur- 
sions in successive years to Scotland, Derbyshire, the Lakes, and 
the north of France. His chief desire was to place the physical 
portion of the science on a firmer basis, to free it from unverified 
views, and to support its theories upon clear mathematical de- 
monstrations. 

With this object in view he commenced a series of discussions, 
the results of which have been published in a long list of papers in 
the ‘Cambridge Philosophical Transactions,’ in those of the Royal 
Society, in the ‘ Reports of the British Association,’ and in our own 
Quarterly Journal. 

One of the earliest and most celebrated of Mr. Hopkins’s mathe- 
matical inquiries connected with geology was on the effects which 
an elevatory force acting from below would produce upon a portion 
of the earth’s crust. Certain definite directions of upward-acting 
force being assumed, the nature of the tension upon the up-raised 
but still unbroken strata was determined, and it was shown what 
would be the direction of the resulting fissures, afterwards known 
to us under the various aspects of faults, lodes, and trap-dykes. After 
dealing with the simple case of a single fissure, he, advanced to the 
consideration of a system of parallel fissures, which he concluded 
could not have been formed consecutively. Hence, although not re- 
quiring that the total elevation should have taken place at once, he 
stated that the whole of any disturbed district, characterized by a con= 
tinuous system of parallel dislocations, must have been elevated simul- 
taneously. After this, whatever tendency there might be to form a 
second system of fissures, it would be in a direction perpendicular to 
that already existing. 

About 1837 Mr. Hopkins applied himself to the very difficult al- 
though promising investigation of the varying effects of the sun’s 
and moon’s attraction (especially precession and nutation) according 
as the earth be supposed to be solid or to be formed of a fluid inte- 
rior surrounded by arigid shell. It was a fascinating attempt to ob- 
tain from astronomical facts that evidence respecting the deep interior 
of the earth which is denied to the test of our senses. He found 
that the precession and the lunar nutation would be the same in both 
cases, or that the difference would be inappreciable to observation, 
—and that the solar nutation would remain the same, unless the 
thickness of shell had a certain value, something less than a quarter 
the earth’s radius, in which case the nutation might become much 
greater than for the solid spheroid. In addition to these motions, 
the pole of the earth would have a small circular motion depending 
entirely on the internal fluidity, but which would for any, except the 
most inconsiderable thickness of the shell, be practicably inappreciable. 
.These views were brought before the Royal Society in 1839 and 
1840, and in 1847 were presented in a different form with additional 
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discussions in the admirable Report to the British Association on the 
Geological Theories of Elevation and Earthquakes. 

In the fourth volume of our Journal he applied his results on 
these subjects in a paper “ On the Elevation and Denudation of the 
District of the Lakes of Cumberland, and Westmoreland.” This was 
followed by a paper, in the seventh volume, “‘ On the Geological Struc- 
ture of the Wealden district, and of the Bas Boulonnais.” 

The Wollaston Palladium Medal was, in 1850, awarded to Mr. 
Hopkins, in recognition of the value of his researches on the appli- 
cation of mathematics and physics to geology. 

In 1851 he read a paper to the British Association “ On the Dis- 
tribution of Granitic Blocks from Ben Cruachan,” a subject which 
he enlarged upon before this Society (Quart. Journ. vol. viii. p. 28). 

In the years 1851 and 1852 he was President of our Society. 
His first Address was in great part on the Drift and the phenomena 
of its distribution, terminated by excellent observations on the theory 
of progression in organic nature, as well as in the inorganic matter 
of our planet. The second Address placed before us, in a clear and 
fairly stated aspect, M. Elie de Beaumont’s theory of the Elevation 
of Mountain-chains; and, by an elaborate examination into its con- 
formity with observed facts, he showed the imperfect evidence on 
which it depends, and the necessity for great caution and reserve in 
accepting it in any degree of generality approaching that which its 
author would assign to it. 

One of the most important physical treatises ever read before this 
Society was that by Mr. Hopkins in 1851, “On the Causes which 
may have produced Changes in the Earth’s Superficial Temperature.” 
Tn this treatise he considered, first, the influence of the earth’s inter- 
nal heat, and of the heat radiating from external bodies, on the earth’s 
superficial temperature ; and, secondly, the influence of various con- 
figurations of land and sea and of oceanic currents. The very small 
part (=), of a degree Fahrenheit) of the earth’s present superficial 
temperature which is due to internal heat proves how in future no 
appreciable change of climate can result from the refrigeration of the 
globe, and how, looking back into the past, we shall require an enor- 
mous period to account for even a very minute difference of mean 
temperature. Now mathematical investigation shows that this effect 
of the internal heat on the superficial temperature bears a constant 
ratio to the rate of increase which is observed in depth. Conse- 
quently, knowing this ratio at the present time, we can ascertain the 
rate at which the temperature must have increased in descending at 
any past geological epoch at which the effect of the earth’s internal 
heat was of any assigned amount. Thus when the superficial tem- 
perature was raised 1° F. by this means, or twenty times the present 
amount of this increment, the descending rate of increase must have 
been twenty times as great as at present, about 20°F. for every 
60 feet ; and if the superficial temperature were thus raised about 
10° F., the temperature at the depth of 60 feet would, according to 
the same law, exceed 200° F., and all but surface springs would be 
‘springs of boiling water. The incompatibility of such conditions 
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with organic life, and the improbability which seems to attach to 
the idea of any considerable increment of heat being derived from: 
external sources, inclined the inquirer to look to the changes of form 
of sea and land, and to oceanic currents, as the probable agents of 
those past variations in climate which geology has made known. 

- Mr. Hopkins was elected President of the British Association for 
1853, at the meeting in Hull, and gave an excellent philosophical 
address, devoted in great part to the rival views of progression and 
non-progression as applied to geological history. 

About this time Mr. Hopkins applied himself with much zeal to 
experiments bearing upon various physical questions, and in 1854 he 
gave an account of what he had done, in company with Messrs. Fair- 
bairn and Joule, to test the effect of pressure on the temperature of 
fusion of different substances. 

In 1857 he followed this up by a paper to the British Association 
on the Conductivity of various substances for Heat, showing how, if 
the increment of temperature observed in mines and wells be due to 
heat transmitted from a central nucleus, the rate ought to be very 
different in different formations. 

At the meeting of the Association in Leeds Mr. Hopkins was Pre- 
sident of the Geological Section, and delivered an Address dealing 
chiefly with cleavage and glaciers—subjects to which he had devoted 
much attention, and which had received a new impulse from the 
experiments of Tyndall and Sorby. 

Although still attending these meetings up to that of Bath in 1864, 
Mr. Hopkins was then evidently in declining health; and it was with 
a very painful feeling that his friends found he was soon afterwards 
retiring from the scientific circles of which he had long been an 
ornament. 

Those who had the advantage of ie private acquaintance will 
always remember the fine taste in art, the conversational power, and 
the high tone of feeling for which he was preeminent; whilst other 
members of the scientific world, who only knew him in his public 
capacity, have always highly appreciated his courteousness of manner, 
and the vigour and precision of thought which characterized his 
speeches and his writings. 

The Rey. Witt1am WueEwett, D.D., F.R.S., for a long series of 
years one of the most brilliant lights of the University of Cambridge, 
was taken from us in March last, at the age of seventy-two, after 
a few days suffering from the effects of a fall from his horse. Dr. 
Whewell had the merit of raising himself from a humble position in 
life by seconding with his industry and perseverance the efforts of 
friends, who enabled him to attend the Grammar School, Lancaster, 
his birthplace, and afterwards to enter at Trinity College, Cambridge, 
in 1812. His power, physical and mental, soon became apparent to 
his University compeers, and he was thought certain by his friends 
to take the highest places. But a very remarkable man, who died 
at an early age, Mr. Edward Jacob, was in the meanwhile working 
quietly at Caius College, and completely outstripped his antagonist 
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at the degree examinations, when Whewell, to his great chagrin, 
came out second Wrangler and second Smith’s prizeman. He at once, 
however, commenced a career of great usefulness to his college 
and the university at large. For a lengthened period he was one of 
the tutors of his college, associated with the late Dr. Peacock, Dean 
of Ely, and with Archdeacon Thorp, and during this time wrote a 
series of treatises and text-books on mechanics and other subjects of 
study required for the university examinations. An astonishing 
ability for work and a retentive memory made him conspicuous 
among the numerous eminent men, his cotemporaries, for the many- 
sidedness of his knowledge, and for the richness and interest of his 
conversation. But with a large proportion of the undergraduates, 
and with many of his equals in academical position, his acknow- 
ledged greatness was marred by an unfortunate brusqueness of man- 
ner and a want of respect to the feelings of other men, which he 
appears never to have fully mastered. 

After joining our Society in 1827, Mr. Whewell was in 1828 ap- 
pointed Professor of Mineralogy at Cambridge, a position which he 
held until the year 1832. In 1838 he accepted the Professorship of 
Casuistry, or Moral Philosophy, one of his favourite subjects; and this 
he retained until 1855. In 1841 he succeeded Dr. Wordsworth as 
Master of Trinity College, a dignified and responsible post which he 
adorned until his death. Actively engaged as he was for so long in 
the direction of the studies of the College and in the government of 
the University, his pen appears to have never lain idle. Besides 
the numerous works more especially devoted to academical subjects, 
he was the author of one of the Bridgewater Treatises, that on 
Astronomy, and of sundry Reports, for the British Association, on 
Tides and on the Mathematical Theories of Heat, Magnetism, and 

Electricity. Among the first to recognize the value of the revival of 
Gothic architecture, he published a suggestive and talented sketch, 
founded on his visits to the Continent, in ‘ Architectural Notes on 
Churches in France and Germany.’ In 1837 he brought out the 
result of a long course of study in the ‘ History of the Inductive 
Sciences,’ and in 1840 followed it up with the ‘ Philosophy of the 
Inductive Sciences, a work which, although in some points per- 
haps too hastily completed and requiring revision, must long stand 
as a remarkable monument of philosophical thought and varied 
learning. 

At the meetings of the British Association he took an active part, 
and in 1841 had the honour of being President of that body. In 
later years he published several books on topics nearly connected 
with his Professorship, viz. two volumes on ‘ Morality,’ a transla- 
tion of the ‘ Ethical Dialogues of Plato,’ a volume of Sermons, and 
a new edition of Sir James Mackintosh’s ‘ Introduction to Ethical 
Philosophy ;’ whilst the versatility of his genius was exemplified in 
his appearing as the author of ‘Specimens of English Hexameters,’ 
in association with Sir John Herschel and Archdeacon Hare. 

Mr. Whewell was President of this Society in 1838, a period of great 
briliancy in its annals, as witnessing some of the most remarkable 
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results of the investigations of Mr. Darwin in South America, of 
Cautley and Falconer in Bengal, and of Sedgwick and Murchison in 
Devonshire and Siluria, together with the interesting descriptive com- 
munications of Strickland and Hamilton on Asia Minor, of Malcolmson, 
Grant, and Maclelland on India, and the physical inquiries of William 
Hopkins and Robert Were Fox. In his Presidential Addresses he 
sought to draw a clear line of distinction between the descriptive 
portion of our science and geological dynamics, to the latter of 
which his. training, and probably his mental constitution, directed 
his taste. Especially was he inclined to dwell on the necessity of 
experimental data and of calculation. “‘ Of late years,” he said, “an 
opinion has taken root among us, that the dynamics of geology must 
invoke the aid of mathematical reasoning and calculation, as the 
dynamics of astronomy did at the turning-point of its splendid 
career. Nor can we hesitate to accept this opinion, and to look for- 
wards to the mathematical cultivation of physical geology as one of 
the destined stages of our progress towards truth. But we must re- 
member that, in order to pursue this path with advantage, we have 
in every instance two steps to make, each of which requires great 
sagacity, and may require much time and labour. These two steps 
are, to propose the proper problem and to solve it.” 

The interest with which he regarded our Society was manifold. 
«Tt had always been,” he wrote, “an object of his admiration and 
respect, not only from the importance and range of its scientific ob- 
jects, the wide and exact knowledge which it accumulates, the phi- 
losophical spirit which it calls into play, the boundless prospect of 
advance which it offers, but also for the manner in which its meet- 
ings and the intercourse of its members has ever been conducted ; ” 
—and, again, that as it had always been one of his most cherished 
occupations to trace the principles and laws by which the progress 
of human knowledge is regulated from age to age, he found it a per- 
manent and most instructive lesson to hae had brought familiarly 
under his notice, in a living form, the daily advance of a science so 
large and so varied as ours. 

Strongly attached as was Whewell to the long-established disci- 
pline of his University in classics and in pure and mixed mathema- 
tics, he was far from objecting to the introduction of other branches 
of knowledge, provided they were so treated as properly to conduce 
to mental culture. The rules of sound reasoning, he held, ought to 
govern every exposition of science, however popular; and no wish 
to avoid wearying or perplexing the reader can set aside the obliga- 
tion of the accurate use of terms and the paramount authority of 
logical connexion. Actuated by these views he applied himself to 

the modification of the studies as connected with the Cambridge 
Examinations, and aided materially -in the establishment of the 
Moral and Natural Sciences Tripos. 

Although he thus thoroughly appreciated the scope and bearings 
of geology, Dr. Whewell does not appear to have been himself an 
observer. His only communication to the Society was characteristic 
of the man. At a time, in 1847, when the power of waves of 
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translation was widely and sometimes loosely handled, he endea- 
voured to work out the solution of the problem of the distribution 
of the drift with Scandinavian boulders over the North German area. 
And although few may now be inclined to attach much importance 
to the investigation as really accounting for the facts, the paper sup- 
plies a good example of the application of weight and measure to a 
problem before rather indefinite, and of the clearness of head and 
logical method of the late Master of Trinity. 

Dr. Joun Leer, whose frequent appearance at the meetings of the 
Geological and many other scientific and literary societies will be re- 
membered by some of our Fellows, died in February last, at his resi- 
dence, Hartwell House near Aylesbury, at the advanced age of 
eighty-three. 

As John Fiott, he was educated at St. John’s College, Cambridge, 
and became, in 1806, fifth wrangler, afterwards, in 1816, taking the 
further degree of LL.D. The name of Lee was assumed, by royal 
license in 1815, for family reasons, and in 1827 he succeeded to the 
considerable properties of Sir George Lee, Bart., in Bedfordshire 
and Buckinghamshire. Dr. Lee had, as Travelling Bachelor from 
the University of Cambridge, commenced, on a journey to the Levant, 
the acquisition of various objects of natural history and archeology ; 
and his taste for collecting had fuller scope when he became the 
owner of Hartwell. In that fine old but somewhat neglected man- 
sion he was ever hospitably ready to show the motley contents of 
his museum, and, without-doors, to do the honours of his astro- 
nomical observatory and of the brick-pits and stone-quarries in his 
neighbourhood. 

Grorce Renviz, F.R.S., civil engineer, was born at Christchurch 
in Surrey in 1791, and died on the 30th of March (Good Friday), 
1866. He was the eldest son of John Rennie (civil engineer), and 
after entering the same profession in 1811 assisted his father in 
designing most of the great engineering works constructed under his 
supervision, such as Waterloo and Southwark bridges, the improve- 
ments of Plymouth, Portsmouth, and Chatham dockyards, Ply- 
mouth, Kingston, and Holyhead breakwaters, Lincolnshire drain- 
age works, &c. &e. 

In 1818 he was appointed inspector of machinery and clerk of 
the irons at the Royal Mint, then recently erected on Tower Hill. 
The knowledge here acquired enabled him afterwards to design and 
construct the more perfect machinery for the Calcutta and Bombay 
Mints. 

In 1821, John Rennie, his father, died, and left George and 
his brother John to complete the numerous works he had in 
hand before his death. The government dockyard at Sheer- 
ness, designed, but barely commenced, by his father, is due to 
the skill of George Rennie and his brother. The design was 
approved of in 1821, at an estimated cost of two and a half 
millions. This was by far the most complete and systematic dock- 

c2 
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yard in the kingdom, and constructed under great difficulties from 
the nature of the soil. Cast-iron dock-gates were here introduced, 
which led afterwards to the constructing of ten large iron dock- 
gates for Sevastopol, described in the Transactions of the Institute 
of Civil Engineers. Shortly before his father’s death George Rennie 
designed London Bridge, the boldest and one of the most beautiful 
stone bridges in existence. He equilibrated the arches during con- 
struction, and assisted materially in completing it; but his brother 
John was appointed engineer, in consequence of George Rennie hold- 
ing the appointment at the Mint. 

Another important work erected under the Rennies’ direction was 
the biscuit-machinery at Weovil, near Gosport; this was the first 
complete arrangement for making biscuit by machinery, The corn- 
and chocolate-mills of Deptford, as well as the more magnificent 
establishment called the Royal William victualling-yard at Ply- 
mouth, were also due to the skill of George Rennie; the latter was 
completed about 1835. 

In 1828, George Rennie wrote a paper for the Royal Society “ On 
Friction and Resistance of the Surfaces of Solids;” and the series 
of experiments were continued and communicated to the same 
Society in 1831, in a paper “On the Friction and Resistance of 
Fluids.” 

In 1832, having previously given up the appointment at the Mint, 
he completed the elegant stone bridge at Staines, made after his 
design. During hot weather certain openings were observed in the 
parapet of this bridge, which induced him to consider the question of 
the expansion of stone by heat, and resulted in his making experi- 
ments on the expansion of solid bodies by heat,-published in 1834. 

In the introduction of railways he played a most important part ; 
for after the bill for the Manchester and Liverpool railway had been 
thrown out, in consequence of numerous defects, the line proposed 
by Stevenson being very circuitous in order to avoid the Chat Moss, 
George Rennie was called in. He made new surveys in a more 
direct line, and straight over the widest part of the Chat Moss, 
which he accomplished by making the survey in frosty weather ; 
and instead of considering it to be an impossible matter to take 
railways over it, he estimated it to be about the easiest and cheapest 
part of the line, viz. £30,000 per four miles distance ; and the actual 
cost for this was only £27,719. In 1836 and 1837 George Rennie 
laid out the railway from Birmingham to Liverpool, to cross the 
Mersey by a magnificent viaduct at Runcorn. 

In Belgium he executed the Namur and Liége, and the Mons and 
Manage railways; and the beautiful bridge over the Meuse, of five 
arches of stone, is one of the works of good architectural taste con- 
structed by him. 

In 1834 he wrote a valuable paper for the British Association on 
the History, Principles, and Practice of Hydrostatics, Hydraulics, 
and Hydrodynamics. 

In 1836 George Rennie took up the mode of propelling ships 
with the screw propeller, and succeeded in establishing its merits. 
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Tn 1852 he introduced the mode of propulsion with two or double 
screws, now much adopted. 

The fine establishment for making muskets at Constantinople 
was carried out by him, and he was constantly engaged in the con- 
struction of a great variety of machinery, such as steam-engines on 
a large scale, dredging-machines, millworks, breweries, &c. &c. 

In 1850 he wrote a long report on the water-bearing properties 
of the Bagshot district, for the purpose of supplying London with 
water; in 1857 a paper to the Civil Engineers, on the history and 
method of making béton or concrete; in 1856, a report and project 
for improving the entrance of the river Mersey, read at the Chel- 
tenham meeting of the British Association. 

Besides actual works carried out, George Rennie was fond of making 
physical experiments on the different subjects he had to consider, 
the results of which he communicated to the societies of which he 
wasamember. His experiments on the strength of materials, three 
years before those of Morin, are most accurate, and led the way to a 
proper knowledge of the strain to which different bodies may be 
safely subjected. ‘They referred especially to the following sub- 
jects :—On resistance of fluids, on that of solid bodies in air and 
water ; on friction; on the expansion and contraction of iron and 
stone arches; on canal traction; on the resistance of trains; on 
the development of heat by water in motion; on the resistance 
of screw propellers at different depths in the water. By these 
and by many other experiments did George Rennie add to that 
kind of knowledge which is as indispensable for the practical apphi- 
cations of engineering as it is important to general science. 

Endeared as he was to a large circle of friends by his unassuming 
kindly spirit, no less than for his practical intelligence, a profound 
feeling of sorrow was caused by the announcement of the serious 
accident which, after many months’ illness, terminated in his 
death. 

Henry Darwin Rogers was born at Philadelphia in 1809, the 
third of four brothers, who have all distinguished themselves in 
physical science. At an early age he undertook professional duties 
in Pennsylvania, and soon afterwards entered upon the long series 
of elaborate surveys with which his name will remain associated. 
It was especially in working at the great State-exploration of 
Pennsylvania, in union with his brother, Prof. William Rogers, 
who was charged with a similar task for Virginia, that his indus- 
try and breadth of view were strongly manifested. The brothers 
were supported by the aid of a numerous corps of assistants, and, 
striding in the course of a few years over an area no less extensive 
than full of interesting detail, were able, in 1842, to announce to a 
meeting of the American Association of Geologists their conclusions 
on the structure of the Appalachian chain, and this in a manner so 
lucid and vigorous as not only to charm the hearers present, but to 
rivet the attention of geologists in all parts of the world. Those 
who have enjoyed the advantage of hearing Prof. Rogers at a meet- 
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ing of the British Association, or in our own rooms, or in general 
conversation, will long recollect the facility of expression and the: 
occasional bursts of eloquence which would animate his treatment 
of favourite topics. 

The great work of his life was the final Report on the Geology 
of Pennsylvania, a magnificent quarto filled with carefully col- 
lected details and illustrations of that great region, which em- 
braces a great part of the most important mineral wealth of the 
United States. For the purpose of more readily completing his 
maps and plates Mr. Rogers betook himself to Edinburgh, and 
there established an intimate acquaintance with many members of 
the Scottish literary community. In 1857 he was invited to accept 
the Professorship of Natural History and Geology at Glasgow, 
which honourable post he retained until his death in May last. . 

For several years before his fatal attack, Prof. Rogers had been 
in delicate health, but had nevertheless made several journeys to 
America, and had continued at intervals his scientific and literary 
pursuits. Whilst employed in his great survey he had contributed 
to the Proceedings of this Society a paper entitled ‘Some facts in 
the Geology of the Central and West Portions of North America.” 
A long series of Memoirs and Reports, published in the American 
scientific journals, have placed his name among the highest of the 
numerous excellent geologists who reflect credit on the United 
States. In 1856 he delivered a lecture at the Royal Institution, 
containing an admirable summary of the geology and physical geo- 
graphy of North America. In this address he dwelt specially on 
those great features which he had elaborated in his survey, the 
disturbance of the Palzozoic rocks of the Appalachian chain—“ a 
stupendous undulation, or wave-like pulsation, the strata being 
elevated into permanent anticlinal and synclinal flexures, remark- 
able for their wave-like parallelism, and for their steady declining 
gradation of curvature, when they are compared in any east and 
west section across the corrugated zone.” ‘To the westward of the 
Appalachian chain, where this structure is conspicuous, he pointed 
out that ‘the crust-waves flatten out, recede from each other, and 
vanish into general horizontality.’”’ Coupled with these leading 
features, he remarked that the total thickness of the Coal-measures 
steadily diminishes from some 3000 feet thick in Pennsylvania to 
1500 feet in the Illinois basin, and to not more than 1000 feet in 
the basins of Ohio and Missouri; and, similarly, the number of 
workable seams of coal dwindles from 25 on the Schuylkill to pro- 
bably 7 in Indiana and Illinois, and but 3 or 4 in Iowa and 
Missouri. And when we add to this the clearly established facts 
of the increasing amount of sea-deposits simultaneously with the 
decrease of land-derived materials eastward, and the diminishing 
effects of metamorphism in the same direction, from the fully bitu- 
minous coals of the Western States to the hard anthracites of the 
most disturbed region, it must be conceded that Professor Rogers con- 
tributed a noble quota to the unravelling of some of the grandest 
phenomena which geologists have been called upon to investigate. « 
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PrrctvaL Norton Jounson, F.R.S., assayer, metallurgist, and 
refiner, of Hatton Garden, died June Ist, 1866, aged 73. He 
was the eldest son of John Johnson, at one time the only com- 
mercial assayer in London; and after working with his father for 
some years, he established himself in Hatton Garden half a 
century ago. 

He rapidly rose to the highest eminence as an assayer and metal- 
lurgist, and his opinion was so much sought after that he could 
hardly get through the work which crowded upon him. 

The extreme accuracy of his assays (viz. in reporting the actual 
contents of gold and silver, which before had only been done 
approximately) soon caused them to be called in question, and to be 
refused by the buyers of bullion, the advantage in buying upon 
them being less than upon the ordinary assays. Upon this being 
represented to him by the merchants, he at once stated that he was 
willing, if required, to purchase all bars upon his own assays. And 
this was the origin of his taking up the refining-business, thus, as it 
were, compulsorily thrown upon him. In this he was so success- 
ful that it has ever since continued to be a very important branch 
of the Hatton Garden business, and the largest of its kind in the 
world. His ability in this (as in all other branches that he entered 
upon) was soon recognized publicly; and when the gold bars from 
the Brazilian “ Gongo Soco” mines, which came over in very large 
quantities, were refused at the Mint on account of brittleness, he 
was consulted on the matter, and undertook to refine and toughen 
them, in which he perfectly succeeded, and the whole of the Bra- 
zilian gold was from that time worked at Hatton Garden. 

It was in this gold that he discovered the existence of Palladium ; 
and having succeeded in its separation, he introduced it commer- 
cially, at once determining and making known the best uses to 
which it could be applied. At one time he was able to supply this 
metal at 14s. per oz.; it is now so scarce that it sometimes realizes 
ten guineas per ounce. 

When the Geological Society determined, in 1846, to employ this 
interesting and rare metal for the Wollaston medal, they applied to 
Mr. Johnson to supply it, and he generously responded by making 
it a pleasure, for many years, to present it gratuitously to the 
Society. 

After he had been in business some years, he visited Germany, 
and was much interested in the mining-operations of certain dis- 
tricts there, to which he gave special attention. It was at this 
time that he met with the compound alloy called ‘‘ German silver,” 
then in a very crude and imperfect state of manufacture. He 
brought over with him some of the substance, analyzed it, and upon 
the basis of his analysis commenced its manufacture, with much 
profit to himself. He was the first person in England who actually 
‘made it; and he carried on its manufacture and introduced it to gene- 
ral use, laying the foundation of the enormous business which has 
since arisen in this branch of metallurgy. 

At that time the rough Pottery Nickel was merely ground and 
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ignited with nitre, the resulting oxide washed and reduced, at the 
same time that the fusion of the alloying metals was effected. 

After a few years, owing to his many engagements and the 
pressure of what he considered his more legitimate work, he ceased 
to apply himself so diligently to the German-silver business, and it 
was then most energetically taken up by the Birmingham firm, 
Evans and Askin, who have ever since retained it almost exclu- 
sively in their hands. 

It was about this time that he was much engaged in mining- 
pursuits, and was consulted upon, and visited professionally, nearly 
all the mining-districts in England and Wales, as well as many 
important ones abroad. He was the first to introduce in Corn- 
wall the German shaking and washing table, with modifications 
of his own. Residing during a part of the year at Ward 
Cottage, beautifully situated on the banks of the Tamar, he was 
able to make frequent visits to the interesting although short- 
lived mines of the district of Callington, and to those of Calstock 
and Beer Alston. He will always be remembered throughout the 
mining-districts for his great kindness and consideration towards 
the miners, whose social condition it was his constant aim to 1m- 
prove. At great expense to himself he erected schools &c. in the 
neighbourhood of the mines, and took an active part in their super- 
vision. He also used his utmost endeavours to alleviate the toil of 
the miners in ascending and descending mines: with this view, as 
well as for the improvement of the ventilation, he, at the Tamar 
mines, made the experiment of a sloping gallery, which ran for a 
considerable distance under the river, by which means the miners 
could walk up and down without the use of ladders. 

Amongst his many minor chemical discoveries may be mentioned 
several pottery colours, amongst them the rose-pink, at a time 
when that colour was much wanted in the potteries, the manufac- 
ture of which he carried on for many years, at the same time as 
“oxide of uranium,” a valuable colour much used in glass-making, 
of which he always maintained the monopoly. 

Mr. Johnson alloyed, melted, and assayed the trial-plate of the 
Pyx, which is the criterion of the quality of the coin of this country, 
and which is still kept in the Lord Chancellor’s office. 

His greatest success, however, and that which has proved the 
most valuable to the progress of chemistry and manufacture gene- 
rally, was the treatment of platinum. To him undoubtedly belongs 
the credit of having been the first after Dr. Wollaston who success- 
fully refined and manufactured that metal upon a commercial scale, 
and introduced it for many of the valuable purposes to which it is 
specially adapted. The first large and perfect sheet of pure platinum 
ever produced was made by Mr. Johnson at 79 Hatton Garden ; and 
seeing the immense importance of this metal, he ever afterwards 
made it his speciality. 

As narrated by Percival Johnson, it is an interesting and perhaps 
not well-known fact that the discovery of the mode of refining 
and consolidating platinum was disputed with Dm» Wollaston by 
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Mr. Thomas Cock, a brother-in-law of Mr. Johnson’s, a gentleman 
of considerable private means, and an able although comparatively 
unknown amateur chemist and metallurgist*. It was in William 
Allen’s laboratories, Plough Court, that he first succeeded in work- 
ing the metal; and it was at Mr. Allen’s special request that he 
showed his experiments and their results to his friend Dr. Wol- 
laston, then visiting him. Dr. Wollaston adopted an almost identical 
process for the manufacture of platinum; and to him has generally 
been accorded the credit of having discovered it. 

Mr. Thomas Cock being much interested in the work at Hatton 
Garden, spent much of his time in the laboratories there. Mr. 
Johnson took up the platinum-manufacture, using Mr. Cock’s pro- 
cess up to the time of his retiring from business, and always 
remained the only platinum-refiner in England. 

His eminence as an analyst should also be noticed. So great 
was it, that the only other commercial assayers in London, though 
his rivals, used frequently to send him compounds or minerals of a 
difficult and complicated nature to report upon for them. 

Probably no man has attained in his day greater perfection in 
whatever he undertook, or was more looked up to for his opinion ; 
and few have worked with greater perseverance, or done more for 
the advancement of their profession. 

For several years prior to his death Mr. Johnson resided in a 
pretty cottage, which, with an estate, picturesquely overlooking the 
sea, he had purchased at Stoke Fleming, near Dartmouth. Al- 
though near the scene of his former mining-adventures, and still 
working in his well-appointed laboratory, he was repelled from 
further participation in the mines by the conduct of some of his 
associates. His withdrawal was felt as a serious loss both by the 
working class whom he had befriended, and by the owners and 
managers of mineral property, to whom he had rendered himself 
remarkable, amid so much of dishonest and careless speculation, by 
his intelligent and honourable conduct of affairs; nor is it too much 
to say that enterprise in our western mines would take a much 
higher position if more of its leaders emulated the manly tone and 
liberal uprightness of Percival Johnson. 

By the death of Cuartes Macraren, which took place in Septem- 
ber last, we have lost one of the veterans of geology, and a man 
who did much, in a persevering but unobtrusive way, to render the 
principles and aims of the science known to a large section of his 
countrymen. 

He was born in the village of Ormiston, in the county of Had- 
dington, on the 7th October, 1782, and at an early age, after some 
few years of parish schooling, was intended to be apprenticed to his 
uncle, a smith in a large way of business. But as his constitution 
proved to be delicate, he followed for a time the occupation of a 
clerk and book-keeper with some Edinburgh firms, and employed 
his spare hours in diligently acquiring a knowledge of Greek and 

* See Aikin’s ‘ Dictionary of Chemistry,’ 1807. 
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French, and afterwards of algebra. chemistry, and mineralogy. The 
great turning-point of his life was his becoming editor of the ‘Scots- 
man’ newspaper, which was launched in January 1817; and this 
responsible and laborious post he held for nearly thirty years. 
It would be here out of place to refer to the influence which was 
exerted by the bold and liberal tone of that paper; but it is im- 
portant to notice the leaven of scientific thought and inquiry which 
he so admirably infused into its pages. As early as 1824 he 
published a series of articles in which he upheld, contrary to the 
prevailing prejudice of the time, the feasibility of effecting rapid 
locomotion on railways. And, from a fair consideration of the 
mechanical conditions of the problem, he was bold enough to write, 
«We have spoken of vehicles travelling at twenty miles an hour, 
but we see no reason for thinking that, in the progress of improve- 
ment, a much higher velocity might not be found practicable ; and in 
twenty years hence a shopkeeper or mechanic, on the most ordinary 
occasion, may probably travel with a speed that would leave the 
fleetest courser behind.” 

His numerous scientific articles m the columns of the ‘Scotsman’ 
contained the result not only of a vast amount of reading and 
reflection, but of numerous excursions made in the vicinity of 
Edinburgh ; and in his ‘Geology of Fife and the Lothians’ he 
points out how the nature of his occupations obliged him to extend 
over a period of several years researches which he might otherwise 
have completed in a few months. 

From about 1830 he devoted especial attention to the Pentland 
Hills; and extending his observations by degrees over the entire 
tract, from the Ochils on the north to the Lammermoors on the 
south, he published in 1839 a volume which established his repu- 
tation as a minute observer as well as an ingenious speculator. 
Subsequently, when glacial theories attracted the interest of geolo- 
gists, and more recently when the questions on the antiquity of 
man came under discussion, he came boldly into the field, eager to 
note the real advance of the science, and to diffuse an appreciation 
of it among his large circle of readers. 

It is perhaps somewhat singular that alongside of these studies 
Mr. Maclaren retained a stent interest in ancient classical litera- 
ture. In 1822 he had ventured on a ‘ Dissertation on the Topo- 
graphy of the Plain of Troy ;’ and as soon as he was released from 
his pressing duties, he, in 1847, visited the localities for which he 
had so well prepared himself, and at length, in 1863, after much 
further research, published a work entitled ‘The Plain of Troy 
described, and the Identity of the [lium of Homer with the new 
Tlium of Strabo proved.’ Of this treatise Prof. Blackie wrote that 
it is “the book on the Plain of Troy,—-the book which every 
scholar now must read, and which is not likely to be superseded by 
any other book.” 

After enjoying, at his suburban residence of Moreland Cottage, 
years of hale and active old age, Mr. Maclaren was seized in August 
last by paralysis, which in fourteen days terminated fatally. 
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All his friends (and they were many) must long retain in their 
memory a vivid recollection of the bright, intelligent eye, the 
courteous manner, the quiet humour, and the generous feeling 
which characterized his conversation, and the charm which modesty 
added to his acknowledged great merits. 

Mr. Grorcr W. FratHerstonnHaveH.—The Society has lost one 
of its veteran Fellows in the person of Mr. G. W. Featherstonhaugh, 
who, having been born in 1780, was in his eighty-sixth year when 
he died, on the 27th of September last, at Havre, where he had 
been the British Consul since the year 1844. His friend Sir 
Roderick Murchison has, at my request, contributed the following 
sketch of his long and chequered life. 

«Mr. Featherstonhaugh was born in London, and, having received 
a good classical education, went to France during the short peace of 
Amiens in 1803. Thence he travelled to Italy and other countries. 
In 1807 he first visited the United States, and in 1808 he married a 
Miss Ducane, who brought him a good estate in that country, and by 
whom he had three children. In 1826 he visited Europe, and it 
was then that,in common with Dr. Buckland and many geologists, I 
made his acquaintance. Attending, with myself, the lectures of the 
Oxford Professor, then in the zenith of his brilliant career, Mr. 
Featherstonhaugh, who, when he came among us was already a 
good mineralogist and a great traveller, seized so rapidly upon all 
the then recent advances in our science through paleontological 
discoveries, that he brought out, when he returned to the United 
States in 1829, an excellent review of “ Geology and its Progress.” 
This article, which developed in a masterly and clear manner the 
rise and progress of our science, conveyed to the American public 
an accurate view of the true order of succession of those formations 
which were marked out by William Smith, Conybeare, and others 
and ably tabulated by De la Beche. Nor does he omit to do full 
justice to M‘Culloch and those who so well illustrated the power 
exercised by the eruption of rocks of igneous origin and the structure 
of such rocks. The review was also remarkable for the energy with 
which the writer criticised and reprobated the spurious efforts, of 
Mr. Granville Penn, Dr. Ure, and other writers of the day, to force 
all geology into a blind accordance with the Mosaic account of the 
Creation. Nor is it to be forgotten that he was about the first a 
who advocated the introduction of railways in America. 

“In the years 1834-35 Mr. Featherstonhaugh made journeys 
through some of the remotest settlements and outposts of the United 
States, whether to the frontier of Mexico through the wild territory 
of Arkansas, or to the north-eastern countries watered by the river 

Saint Peter. In these excursions he acted as a Geologist of the 
United States, and presented two Reports, with sections, in the 
years 1835 and 1836. The first of these was an examination of 
the elevated country between the Missouri and the Red River; the 
second a geological reconnoissance by Green Bay and Wisconsin to 
the Coteau de Prairie, Being at that time in constant corre- 
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spondence with myself, he became fully aware of the Silurian 
classification which I announced in 1835, and was one of the first 
to suggest its application to the formations of North America. 
During his long residence in the United States, Mr. Feather- 
stonhaugh, having lost his first wife, was married in 1831 to Miss 
Cater (a near relative of the eminent General Robert Lee), his 
present widow, by whom he leaves three children :—Harry, who 
served in the Artillery in India; Albany, now a Lieutenant in the 
Royal Engineers ; and Georgiana, an only daughter. 

«Tn 1839 he returned from America, with strong recommendations 
from Mr. Fox, the British Minister at Washington, and the Earl 
Durham, the Governor of Canada, and was appointed a Commissioner 
to determine the boundary between the United States and British 
North America. Having executed this arduous duty during the fol- 
lowing three years, associated with Alexander Baring, afterwards 
Lord Ashburton, and Colonel Mudge, R.E., he was rewarded in 
1844 by the Earl of Aberdeen by being appointed Her Majesty’s 
Consul at Havre. It was in that year that he published an account 
of one of his former travels, in two volumes, under the title of 
‘Excursion to the Slave States.’ These volumes, which, from the 
lively descriptions of the scenery and the inhabitants, whether 
American or Indian, had a considerable sale, are even now well 
worthy of perusal by geologists and mineralogists, from the accounts 
of natural phenomena which are interspersed. Seeing the success 
of these volumes, Mr. Featherstonhaugh subsequently, 7. ¢. in 1846, 
published two others, describing his north-eastern travels, entitled 
‘A Canoe Voyage up the Minnay Sotor, with an Account of the 
Lead- and Copper-deposits in Wisconsin, and of the Gold Region 
in the Cherokee Country.’ As both these works, made up from 
sketches of notes taken on the spot, delineate in a lively style 
the popular manners of the Anglo-Americans and settlers of that 
day, Mr. Featherstonhaugh was well aware that they would be ill 
received by the masses in the United States; for he spoke with 
freedom of the bad effects of universal suffrage and the government 
of an uncontrolled democracy. Though severely handled by the 
adulators of their great Republic, these works were applauded by 
many of its enlightened inhabitants, including his intimate friend 
Mr. Henry Clay, as beneficial criticisms on a country of which, 
though he honestly indicated its defects, the author had a lively 
admiration. 

‘¢ Tn the capacity of Consul at Havre, Mr. Featherstonhaugh earned 
the approbation of various Foreign Ministers under whom he served ; 
and it is not to be forgotten (the Ex-Royal Family of France now 
in England will, I know, never forget it) that it was entirely due 
to the timely sagacity, zeal, and devotion of our deceased Associate 
that King Louis Philippe and his Queen were brought out of a very 
critical position and landed on our shores. 

‘‘Tn conclusion, let me say that those who remember Mr. Feather- 
stonhaugh will dwell upon those genial social qualities and telling 
anecdotes which rendered him so agreeable and instructive a com- 
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panion. He was a Fellow of the Royal Society; and, as a proof of 
his love of our science, he has left behind him a very instructive 
collection of rocks and minerals, in addition to those numerous 
fossils of various parts of the world with which he enriched the 
Museums of England and America.” 

Mr. AtexanvER Bryson, of Edinburgh, was a remarkable example 
of what may be done in scientific pursuits carried on simultaneously 
with due attention to a daily business. He was born in October 
1816, and, after education at the High School, was apprenticed 
early to clock- and watch-making—a trade in which he continued 
to occupy himself until his death. Although much devoted to the 
other branches of science, he appears to have selected natural 
philosophy, mineralogy, and geology as his favourite pursuits, and 
on these subjects he has contributed a great number of papers to the 
Proceedings of various societies in the Scottish capital. In 1858 he 
was elected a Fellow of the Royal Society of Edinburgh, and he 
was an active Member, and at one time President, of the Royal 
Physical Society. 

A visit which he made to Iceland in 1862 bore good fruit in the 
thermometrical observations carefully conducted by him at the Great 
Geyser. In 1864 he became a Fellow of this Society. 

For many months before his death he appears to have been in 
delicate health; and its origin was ascribed to a severe cold caught 
whilst experimenting on the use of the electric ight for fishing. In 
the beginning of the winter he was seized by a bronchitic affection, 
which terminated fatally on the 7th of December last. 

Cut off in the prime of life by a terrible explosion of fire-damp, 
Mr. Parkin Jerrcock leaves a memory which claims our admiration 
for the brave and generous spirit with which he volunteered to face 
a menacing danger. He was born in 1829, the eldest son of 
Mr. John Jeffcock, of Cowley Manor, near Sheffield, and was 
educated first at Sunderland and afterwards at the College for Civil 
Engineers at Putney, then flourishing under the superintendence of 
Mr. Cowie. In 1850 he was articled to Mr. George Hunter, a 
colliery viewer, and, after the death of that gentleman, to our 
experienced associate Mr. J. T. Woodhouse, with whom he became 
a partner in 1857. The disastrous results of explosions which have 
taken place in collieries working the Barnsley bed of coal in South 
Yorkshire were the occasion of Mr. Woodhouse being called in to 
advise upon, and in some cases to exercise a superintendence over, the 
methods of working. Hence Mr. Jeffcock was brought into close 
and frequent contact with several of the pits in that district, which 
are but too well known for serious loss of life. On Wednesday the 12th 
of December last he received a telegram stating that an explosion 
had occurred at the Ardsley Oaks Colliery. He immediately set off 
for the place, and about 11 p.m. went down the pit, and worked all 
night, with bands of volunteers, to extricate the living and remove 
the dead victims of this most destructive of all such catastrophes. 
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With.unusual endurance and a determined resolution to meet the 
well-known dangers of such a position, Mr. Jeffcock laboured at the 
work of humanity until about nine the next morning, when a second 
explosion occurred, followed at ten by a third, of still more fearful 
violence. One man only escaped as by a miracle; Mr. Jeffcock and 
his brave comrades all perished. 

The death of James Sutra, F.R.S., of Jordan Hill, on the 17th of 
last month, has robbed our Society of one of its oldest veterans. 
Born at Glasgow, the 15th August 1782, and educated at the 
Grammar School and University of that city, he evinced at an early 
age a love of literature, of science, and of nautical adventure. He 
was fortunately possessed of the means and time requisite for 
indulging his tastes, and, making his first cruise in a yacht of his 
own in 1806, appears before many years were over to have paid 
attention to various points of archeology and natural history 
suggested to him in sailing about the west coast of Scotland. He 
became a Fellow of the Geological Society in 1836, and in that year 
read a paper on ‘“ Indications of Changes of Level in the West of 
Scotland,” the substance of which was amplified in a communication 
read in 1838 to the Wernerian Society. Following up Lyell’s 
account of the shells at Uddevalla in Sweden, and aided by a hint 
received from Dr. J. E. Gray in 1837, Mr. Smith was led to study 
the peculiarity of an Arctic facies appearing to characterize the 
fauna of the elevated marine beds of the Clyde; and in 1839 he 
brought before the Society a paper ‘“‘ On the Climate of the newer 
Pliocene Tertiary Period,” and another “On the Relative Ages of 
the Tertiary and Post-Tertiary deposits of the Basin of the Clyde.” 
In this latter year he took with him the then rising naturalist 
Edward Forbes, who afterwards wrote, of his cruise, that he felt 
proud to acknowledge that his “ first insight into ‘ Newer Phocene’ 
Geology was acquired through the instructions of that distinguished 
geologist Mr. Smith of Jordan Hill, when accompanying him in one 
of his arduous but delightful journeys of investigation in the Clyde 
district and north of Ireland.” Observations on changes of level 
at a more remote period were made.by Mr. Smith in the Madeira 
group of islands, and he obtained evidence that a Tertiary lime- 
stone has there been elevated to the height of 2500 feet, ‘‘ previous 
to the ejection of the overlying volcanic products” (Proc. Geol. 
Soc. vol. 11.). 

In 1845 he read a paper on “Scratched Boulders and Rocks of 
the Coal-field of Scotland,’ in which, whilst admitting the pro- 
bability of the former existence of glaciers and icebergs in Scottish 
latitudes, he nevertheless contended vigorously against adopting the 
extreme views of glacial action which had been promulgated by 
Agassiz. The subject was resumed in other communications at 
the meetings of April and May 1848, in which, although arguing 
against the view that the boulders in the 7%// had been furrowed and 
scratched by glaciers or icebergs, he was nevertheless willing to 
allow that ice must have assisted in the operation; and coupling 
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these appearances with subsidence of the land and the strong 
zoological evidence of a glacial climate, he suggested coast-ice as 
the probable agent. 

Mr. Smith was induced by illness in his family to visit southern 
chmates during several years; and his activity of mind and body 
nowhere failed to reap a harvest of facts and conclusions. Perhaps 
one of the most charming results of close observation and ingenious 
induction is his geological account of Gibraltar (Quart. Journ. Geol. 
Soc. 1844), in which he traces out the numerous movements of ele- 
vation and depression to which that extraordinary peninsula has 
been subjected since the formation of the massive limestone beds of 
which it is mainly composed. Another interesting paper was that 
“On Recent Depressions of the Land” (February 1847), illustrated 
particularly by fresh observations on the temple of Serapis, at 
Pozzuoli, and on the coasts of Brittany and Normandy. And still 
more important, although not so closely connected with our own 
science, was his accurate investigation of the circumstances of the 
locality of St. Paul’s shipwreck, which he published in 1848, under 
the title of ‘The Voyage and Shipwreck of St. Paul, with Disser- 
tations on the life and writings of St. Luke, and the Ships and 
Navigation of the Ancients. For a task of this kind our late 
associate was admirably adapted: a good classical education in > 
youth, supplemented by his love for natural science, might alone 
have been but of little avail; his acquaintance with the science of 
navigation and his practical experience as a yachtsman, enabled 
him to verify the places and thoroughly to test all the details of the 
narrative. 

In questions of education Mr. Smith played an important part, 
and, as President of the Andersonian University at Glasgow, and as 
the chief originator and supporter of the Museum of Natural History, 
he contributed much towards facilitating the career of students in 
his native town. His liberality of thought and tolerance of the 
opinions of others were coupled with a heartiness and joviality that 
smacked of his favourite element—the salt water; and it was in 
part to his love of sailing and open air that he ascribed the generally 
excellent health which he enjoyed to an advanced age. For no less 
than sixty years he had sailed his own yacht. In the spring of last 
year he was attacked by a slight stroke of paralysis, but bore up well, 
with his intellect unimpaired, until near the close of the year, when 
the more serious stroke occurred which terminated fatally. 

The Marquis Lorenzo Pareto, the scion of an old patrician 
family, was born in Genoa about the beginning of the present cen- 
tury. In early manhood he turned his attention to geological stu- 
dies ; and although during some portion of his life much occupied in 
the somewhat turbid tide of politics that affected his native city, 
he always returned to his favourite studies with genuine affection. 
His investigations were in great part limited to Liguria; but he 
varied his examinations of that beautiful province with excursions 
to other parts of Italy, and to the Islands of Pianosa, Giglio, Cor- 
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sica, &c. The earliest paper by Pareto of which I find mention was 
‘< Sopra i bacini terziari delle vicinanze di Genova,” in the ‘ Ann. des 
Sciences Naturelles’ for 1824. Many others, on the Apennines, Alps, 
on the Department of the Var, &c., were published in the ‘ Giornale — 
Ligustico” At the scientific congresses of Italy he was a constant 
attendant, and was no less than five times President and three 
times Vice-President of the Geological Section, before which several 
of his descriptive papers were read. His last printed geological 
work was the account of a section through the Apennines, given to 
the Geological Society of France in December 1861. 

The Marchese Pareto was a man of remarkable powers of me- 
mory, who wrote but little in proportion to what he knew; and his 
countrymen especially have to regret that many treasures of sound 
knowledge are buried with him. Industrious to a degree unusual 
in his southern clime, he laboured hard also at works of education 
and charity, and assisted greatly in the ordering of elementary schools, 
public libraries, and similar institutions, in which Genoa is un- 
equalled by any other Italian city. 

In 1864 he was attacked by pleurisy, but continued to lead a 
comparatively active life until a fit of apoplexy caused his death in 
1865. . 

In Dr. AtBert Opprt the geological world has prematurely lost a 
naturalist of extraordinary industry and of a rare devotion to a 
particular branch of his science. He was born in December 1831, 
at Hohenheim in Wirttemberg, received his first lessons in miner- 
alogy and geology at Stuttgart from Professor von Kurr, and on 
entering the University of Tubingen became a student under Quen- 
stedt. Although Oppel now took up a broad course of study in the 
whole range of the natural sciences, he soon evinced a special zeal 
and aptness in the examination and collection of fossils from the 
neighbouring localities of the Swabian Jura, and in 1852 obtained 
from the Philosophical Faculty of Tubingen the prize for a treatise 
on the Middle Lias of Swabia. 

After receiving the degree of Doctor in 1853, he in the next year 
commenced a series of journeys to study, in France, England, and 
Germany, the subject which he was now determined to make the 
study of his life, the Jura formation. 

An important turning-point in his career at this time seems to have 
been his becoming acquainted with D’Orbigny; for when his first great 
work saw the day, ‘On the Jura Formation of England, France, and 
South-western Germany,’ it was clear that he had left the camp of 
his old master, to take up with Quenstedt’s most determined scien- 
tific opponent, the French paleontologist. The various divisions and 
subdivisions, however lithologically different, were to be recognized 
in all countries by special guide-fossils ; and thus the closer the spe- 
cies could be defined, the more accurately would the strata be deter- 
mined. Six-and-thirty zones were in this manner to be identified 
by certain species, generally of Ammonites. 

Our former President, the late Gen. Portlock, in his Address for 
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1857, laid before us sound reasons for doubting the propriety of a 
minute classification founded on such an assumption; and Oppel 
himself appears, after long holding sternly to this view and all its 
consequences, to have passed through a remarkable ordeal on read- 
ing Darwin’s work on the origin of species. Inclined as he was, at 
first, to take his stand on the great importance of the most minute 
specific differences of which his accurate study made him a master, 
he was nevertheless won over by the philosophical conclusions of 
the great naturalist, and, as we are informed by his friend Von 
Hochstetter, became at length a thorough Darwinian. 

In 1858 he was appointed assistant to Wagner, conservator of 
the paleontological collection at Munich, and in 1861 succeeded 

him in that post, and became Professor of Paleontology. In this 
office he worked with untiring energy; he wrote papers on the 
Crustacea of the White Jura, on new Ammonites, and on the fossils 
collected by the Schlagintweits in the Himalaya, entered on the 
subject of Alpine geology, and described the Vils limestones, the 
Posidonomya-beds of the Alps, &e. Huis last work was the esta- 
blishment of a “ tithonian ” étage, founded upon numerous species of 
Ammonites, and comprising the boundary beds between the Jura 

- and the Chalk; and this was to be preliminary to a larger work, 
which, unfortunately, he did not live to complete. The Museum, 
which came to him in a somewhat neglected state, he worked at 
with indefatigable zeal, and by enriching it with the great Hohen- 
-egger Collection (from Teschen), of above 100,000 specimens, and 
with that of Oberndorfer, from Kelheim, raised it to the rank of one 
of the richest in Europe. 

In private as in public life Oppel was one of the most considerate 
and retirmg of men. At the Royal Academy of Sciences he could 
never be persuaded to speak; for he conceived that the gift was de- 
nied him to put into clear and popular language the substance 
and general results of his studies. He adhered, both in his teach- 
ing as professor and in his pursuits, to the simple, dry routine of 
steady work. Uncommunicative to general acquaintances, he was 
beloved among a small circle of friends and colleagues; and his 
appearance of failing health appears ,to have alarmed them in the 
autumn of 1865, when he attended the meeting of naturalists at 
Geneva. In the beginning of December he had the misfortune of 
losing his youngest child, and a few days after was attacked by 
typhoid fever, which carried him off on the 22nd of December. 

The death of Oppel aroused a deep feeling of sorrow at Munich, 
especially among the members of the Academy and the University, 
who all esteemed and loved their modest colleague. 

Dr. Nits von Norpensxi0xp died on the 21st of February, 1866, 
at Frugard, near Helsingfors, in the 73rd year of his age. He was 
a pupil of Berzelius, and at an early age practised himself in minera- 
logical and geological excursions to such good purpose that he 
was enabled in 1820 to publish an octavo volume at Stockholm on 
the mineralogy of Finland. He has since been well known through- 
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out Europe for the zeal with which he made his researches and 
collected minerals; and he enjoyed great facilities from the high 
official position with reference to the mines which he for many years 
held under the Russian Government. 

In Professor Adolf Nils von Nordenskiold, of Stockholm, our de- 
ceased Foreign Member has left a son devoted to the same pursuits. 

Dr. Cuartes Tuftopuite GaupiIn was born in August 1822, at 
Lausanne, and received his education at the schools and academy of 
that town. In 1845 he came over to England, and passed several 
years here as tutor in the family of Lord Shaftesbury. A serious 
illness in 1851 obliged him to return to his father’s home, and for a 
period of two years he devoted himself to a scientific examination of 
the neighbourhood. It was then that, in company with Dr. De la 
Harpe, he discovered the numerous Eocene animal remains, which 
Pictet afterwards described, and that he commenced the search for 
fossil plants near Lausanne and Vevey, which has been the means 
of bringing to notice so many new species. 

Two winters after this he passed in Italy, with Madame von R., 
and her son, working vigorously at his favourite subject ; and in the 
numerous contributions which he made from 1858 to 1862 to the. 
Swiss Natural History Society, he showed that in Tuscany there 
exist an Upper Miocene, a Pliocene, and a Quaternary flora, 

It was in consequence of a journey to England in 1860 that Ma- 
dame von R. purchased a house at Lausanne, and commissioned 
Gaudin to arrange in it collections to illustrate arts and manufac- 
tures. It was a task which closely occupied him for years, and 
which remains a fine monument of his persevering industry. 

Passing the winter of 1862 and 1863 at Palermo, he discovered 
in his excursions to the interior of Sicily a bed of Upper Miocene 
plants near Villafratre, and found a tooth of the dwarf elephant (£1. 
Melitensis), which he transmitted to Dr. Falconer. On the way 
home, at Naples, he was attacked by fever, which greatly reduced 
him, and it soon became apparent that his lungs were affected. Yet 
he was able in the next winter, at Mentone, to work at the geology 
of the district, and to bring out, with Professor Valliemont, a little 
work, entitled ‘ Menton, son climat, sa géologie, et ses grottes.’ But 
his disorder was constantly increasing, and he returned to his 
father’s house only to pine away. He died on the 7th January, 1866. 

Gaudin’s contributions to science are mostly published in the 
‘Denkschriften der Schweizer naturforschenden Gesellschaft’ and 
in the ‘ Bulletin de la Soc. Vaud. des Sciences Naturelles ;’ and they 
may be regarded as the work of an excellent man, whose disin- 
terested love of science is seldom equalled. He was elected a 
Foreign Correspondent of this Society in 1868. 

By the death of Seftor Don Castano pz Prapo our foreign list 
loses an able representative of the Spanish peninsula, and his coun- 
try has to mourn the sudden removal of one of the few among her 
sons who have known how to combine the constant routine func- 
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tions of official life with a true and persevering devotion to science. 
Born in the town of Santiago in August 1797, he studied in the 
University of that place the mathematical sciences for two years, 
and the natural sciences for two years more, which were barely com- 
pleted before he had the misfortune to become obnoxious to the In- 
quisition, and was imprisoned for fifteen months, without his ever 
learning the reason. After applying himself for some time, under 
his father, to architecture, he went to Madrid in 1821, and took up 
the subjects of mineralogy, physics, and chemistry. In 1829 he 
received an appointment under the Government, in connexion with 
which he visited and studied the mining-districts of Almaden, Li- 
nares, Adra, Rio Tinto, and Marbella; and for several years he filled 
the post of superintendent of the royal mines of Almaden and of 
Rio Tinto with a zeal and energy which excited the admiration of 
his contemporaries, and enabled him at the same time to contribute 
valuable geological intelligence with respect to the ancient forma- 
tions in which these remarkable repositories of ore occur. 

In 1849 De Prado was appointed to the commission for carrying 
out a geological survey of Spain, and during many years he laboured 
hard at the production of several geological maps and descriptive 
memoirs, among which may be cited especially the map and “ phy- 
sical and geological description ” of the province of Madrid, and 
also those of the Provinces of Segovia, Valladolid, and Palencia. 
The maps and notices of Zamora, Salamanca, and Leon he did not 
live to complete. Sundry other memoirs had proceeded from his 
pen, which were notable amid the general dearth of such writings 
in the Peninsula :—a ‘ Vindication of Geology,’ published in 1835; a 
‘ Discourse’ on the temperatures through which the earth has passed 
in the succession of geological periods; papers on Almaden and a 
part of the Sierra Morena, and on the existence of the Primordial 
fauna in the Cantabrian chain, several of which appeared in the 
‘ Bulletin’ of the Geological Society of France. For some years 
prior to his death he had also been the director in editing the 
‘ Revista Minera,’ a periodical of a scientific and industrial character, 
which has done much to relieve the literary blank which formerly 
existed on the subject of the mineral treasures of Spain. 

Don Casiano had for a long time been desirous of making a study 
of the Canary Islands. The near approach of the great International 
Exhibition of Paris roused in him a high degree of enthusiasm, and 
determined him to prepare a report on the old Hesperides. He 
laboured anxiously to arrange, as Inspector-General of Mines, that 
all his officials should duly contribute to make Spain assume the 
position to which he thought she was entitled, and, having issued 
his orders and laid his plans, left home in the spring of the year 
for the islands, which formed a part of his official district. It is 
said that he was too late in the season for arduous work, and that 
he was too unsparing of himself during his excursions. No sooner 
was he returned, about midsummer, to Madrid, than he was seized 
by an illness, which carried him off in a few hours. 

The value to his countrymen of an industrious, single-hearted 
d 2 
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adherent of science like Casiano de Prado can scarcely be appre- 
ciated except by those who have visited the Peninsula. Our asso- 
ciates Mr. Busk and the late Dr. Falconer, little more than two 
years ago, visited him at Madrid, and were impressed with his many 
excellent qualities. And it was only last year that my predecessor 
in this chair, in his annual address, gave an elaborate résumé of the 
chief writings of the Spanish geologist, and concluded with a refer- 
ence to the difficulties encountered by him in the isolation of his 
work, and with a quotation of his last words, so applicable to his 
approaching end:—‘“I always started from Madrid, with my knap- 
sack and hammer, cheerful and full of joy; on my return I never 
entered its gates without a vague feeling of sadness.” 

JacauEs Amand Evprs-DxsstonacHamps was born at Caen in 
Normandy on the 17th of January, 1794. His parents were very 
poor, and imposed upon themselves severe privations in order to 
ensure to their son a liberal education. The deep sense of duty with 
which he was imbued enabled him to conduct to a successful issue a 
series of brilliant studies, so that at a very early age he obtained his 
first medical degree in his native town. Unfortunately a relentless 
European war obliged him to become a soldier; but having already 
rendered himself conspicuous through his medical studies, at the age 
of eighteen he received the title of assistant-surgeon to the Imperial 
Navy, and was on the 28th of October 1812, appointed to the fri- 
gate ‘La Gloire.’ He was a most skilful operator. In November 
1815 he became Surgeon Assistant Major to the Military Hospital 
of Caen, but soon afterwards left the navy and went to Paris to 
take his degree of Doctor of Surgery. In May 1822 he was elected 
Surgeon to the Board of Relief of the town of Caen; and the number 
of poor that followed his funeral, as well as of the wealthier classes, 
is a proof of the high esteem in which his arduous services were 
held; indeed his noble mind was wholly bent on doing good and 
affording relief and encouragement to those who were in need 
of his aid or advice. 

During his sojourn in Paris, however, medicine was not his only 
study; for comparative anatomy, botany, and physiology had oc- 
cupied much of his attention ; and in these sciences he made himself 
eminently proficient, as well as in the art of drawing. At that 
period the gypsum-quarries of Montmartre were disclosing to the 
genius of Cuvier a multitude of extinct mammalian remains; and 
these wonderful discoveries had so forcibly struck the ardent young 
naturalist, that on his return to Caen he lost no time in exploring 
the quarries in its neighbourhood. Great indeed was his surprise 
to find them replete with fossil remains of all kinds; and the dis- 
covery of a specimen of Teleosaurus Cadomensis so elated him that 
from that time comparative anatomy and paleontology became one of 
the chief pursuits of his long and well-employed life. So important 
and varied were his researches and publications that he was univer- 
sally recognized as one of the most eminent paleontologists of his 
day. With Cuvier, E. Geoffroy St. Hilaire, Humboldt, and other 
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great masters of science he was upon the most intimate terms, and 
in constant correspondence. At Caen he met Lamouroux, and with 
him studied corals, and was one of the writers of the ‘ Encyclopédie 
Méthodique,’ as well as of the ‘ Dictionnaire des Sciences Naturelles ;’ 
he was likewise one of the principal founders of the Museum of 
Natural History of Caen, and of the Linnean Society of Normandy, 
which was established in 1823. He became Honorary Curator of 
that Museum, which he continually augmented by personal exer- 
tions; and the Transactions of the Linnean Society are enriched 
with many of his most important works. In 1825 he succeeded 
Lamouroux as Professor of Zoology to the Faculty of Sciences of 
Caen, and on the 22nd of October 1847 was named Dean of the 
said Faculty, which chairs he retained until the day of his death. 
No Professor could be more popular or more respected, and he in- 
spired his pupils with a true love of science. 

Honours of all kinds were heaped upon him; he was a Corre- 
sponding Member of the Institute of France and of numerous other 
academies and learned societies, an officer of the Legion of Honour, 
and a Medallist of St. Helena, and was in March 1858 elected a 
Foreign Member of the Geological Society of London. In 1861 he 
received a silver medal from the Minister of Public Instruction. In 
1863 a gold medal was presented to him as a reward for the first 
portion of his work on ‘ Teléosaurus.’ In 1864 another gold medal 
was awarded to him by the Academy of Sciences of Rouen. About 
two years ago M. Deslongchamps had the great misfortune to lose 
the sight of one of his eyes; and the other having become much im- 
paired, the calamity produced on his active mind a feeling of deep 
depression. On the 15th of November last he assisted at the in- 
augural opening of the Session of the Faculty of Sciences of Caen, 
where his worthy and distinguished son was occupying his chair as 
Professor of Zoology. Feeling his end fast approaching, his last 
few days were spent in dictating to his son what was still necessary 
in order to enable him to complete the great work on the Fossil 
Crocodilian remains of Normandy, upon which he had laboured 
during so many years. Remembering with satisfaction, and fre- 
quently on his death-bed recalling to his family the compliment 
paid to him by the Geological Society of London, he desired that 
his last great work should be dedicated to that Society. On the 
17th of January 1867 he expired, aged 73 years and one month. 
In him France has lost one of her most distinguished naturalists, 
and science one of her ablest votaries. 

In addressing you a twelvemonth ago, my predecessor in this chair 
placed before you an account of the general progress of geology, as 
indicated in a long array of publications, the contents of which, 
gathered with an industry worthy of all praise, he offered to the 
Society in so readable a form as to attract and interest all its Fel- 
lows. But if my esteemed friend thought it necessary to claim 
your indulgence for the selection of certain works from amid a vast 



liv PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

body of literature, much more must I, elevated somewhat unex- 
pectedly to the proud position of your President, crave your kind 
consideration in being allowed to select, as the subject of my address, 
only a comparatively limited district in the broad domain of our 
Science. 

We retain, happily, among us still, perhaps the most active of 
our number, eminent men who joined our Society in what we may 
term its second generation. In their younger days geological 
science, although rapidly increasing in its dimensions, was not yet 
too extensive to forbid its entire ambit from being surveyed and 
explored by a single mind. But the amazing advance of the science 
within the last fifty years has rendered it necessary more than ever 
to recognize the limited power of the human intellect. Not only 
does the descriptive portion of physical geology carry us into a 
multiplicity of details culled from all parts of the earth, but the 
subdivision into numerous branches, all of them increasing with the 
erowth of other conterminous sciences, has established the necessity, 
coupled with advantage to our progress, for working geologists to 
lay special stress on some particular portion of our subject. 

The crowd of works which annually issue from the press of all 
civilized countries precludes the possibility of referring to the whole 
of them, except as a mere list of little more than their titles, and 
renders it incumbent on a President to seek out amongst them either 
those which may appear to be the more important, or which treat of 
those particular subjects with which he may happen to be most 
familiar. 

In considering the nature and history of the rocks which form 
the crust of the globe, it appears to me that since Mr. Horner, a few 
years ago, gave a full summary of what had been recently done to 
elucidate the origin of the crystalline and metamorphic rocks, a 
number of works have appeared, some of them as contributions to 
our own Journal, others as independent treatises, which should 
excite more than a passing interest. Views of a very conflicting 
character have been brought forward: the Huttonian and Wer- 
nerlan controversy seems almost to be revived in a modified form ; 
and amid the results of observation and of experiment so many 
important facts have been elicited that I am induced to think it 
desirable to place before you, even if it be only as a reminder, 
some of the principal conclusions at which recent authors have 
arrived. 

On looking round at the facilities offered to study by the constant 
multiplication and improvement of geological maps, I think it 
behoves me first to say a few words on the advancement of those 
surveys in which we are most nearly interested. 

During the past year considerable progress in the field has been 
made by the Geological Survey of Great Britain. The mapping of 
the London Basin is now approaching completion, excepting on the 
north-east; and the last of the maps of the Wealden area, that of 
Kast Kent, is on the verge of being published. Five sheets of sec- 
tions across the Weald are also being engraved, which, being on a 
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true scale both vertically and longitudinally, may help to clear up 
the still vexed question of the denudation of the Weald. 

The mapping of the Lancashire Coal-field and adjoining areas is 
so far advanced that it is expected to be finished by the close of this 
year; and the coal-fields of Yorkshire, Newcastle, and Durham are 
also being mapped, and parts of them are already published. The 
Survey has also begun to make some progress in the exceedingly 
difficult country forming part of Westmoreland and Yorkshire near 
Kendal and Kirkby Lonsdale—a country complicated by great con- 
tortions of the Silurian strata, by numerous large faults, and by the 
concealment of the Silurian Old Red Sandstone and Carboniferous 
rocks by drift; and it is hoped that a beginning will soon be made 
to the issue of the geologically coloured maps of the district. 

A large tract of Ayrshire has also been surveyed, consisting of 
Silurian Old Red Sandstone and Carboniferous rocks; and the finished 
maps are now in the hands of the engravers. 

By way of showing the usefulness of these documents to the public 
I may mention that, in his Annual Report, Sir Roderick Murchison 
states that during the last ten years more than 36,000 maps and sec- 
tions of the Geological Survey of Great Britain have been sold, not in- 
cluding, of course, the large numbers given away to learned societies. 

The only memoir published by the Survey during last year is that 
on the Geology of North Wales, by Professor Ramsay. It commences 
in the lst and 2nd chapters with an historical account of the nomen- 
clature employed in regard to the formations of which the Silurian 
series of Britain consists, and sketches their extent and physical rela- 
tions all through Wales and Shropshire. The remainder of the 
descriptive geological portion of this volume is occupied with a minute 
analysis of the structure of the Silurian region of North Wales; and 
to render this as clear as possible, besides the coloured plates of a 
map and sections, ninety-nine woodcuts are introduced, mostly illus- 
trative of the physical relations of the rocks all over the country ; and 
it is thus intended that by reference to the book any one may find 
enough of illustrative matter to enable him to understand the geological 
structure of almost every hill and valley in North Wales occupied by 
Silurian rocks. A brief sketch of the surrounding later formations is 
also given. The relations to each other of the igneous and stratified 
rocks of this remarkable region are explained according to the views 
held by Professor Ramsay and his colleagues on the Survey, views in 
the main held by the late Sir Henry De la Beche. It is shown, in 
accordance with these views, by the help of numerous sections, that 
the felspathic rocks consist toa great extent of intrusive bosses, and of 
great sheets of lavaand of consolidated volcanicashes on two horizons— 
one at the base of the Bala beds (Llandeilo), and the other on the hori- 
zon of the Bala limestone. These have been disturbed and faulted, 
thrown into anticlinal and synclinal curves, and denuded on a vast 
scale, whence arises the present physical configuration of the country, 
the hard rocks generally forming hills and mountains, and the softer 
slaty beds being apt toliein valleys. Certain of thetermsthus employed 
involve an assumption as to the origin of the alleged volcanic sub- 
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stances, and some inquirers may dispute this nomenclature with 
respect to the Lower Silurian lavas and ashes ; but practically it was 
found by the author of the book, and by his colleagues Professor 
Jukes, Mr. Selwyn, and Mr. Aveline, that until this conclusion was 
arrived at the igneous rocks could not be reduced to any systematic 
order, whilst as soon as it was come to the whole seemed to be intelli- 
gible, and, instead of presenting further difficulties, the interstratified 
igneous masses rather aided in the mapping and a to explain 
the relations of all the parts to each other. 

The second partof the volume consistsof adescription by Mr. Salter of 
the fossils illustrative of the memoir, accompanied by numerous plates. 

On the progress of that ably conducted survey in Canada which 
has produced such good results, Sir William Logan informs me that 
the late investigations have been devoted, in the first place, to working 
out in more detail the structure of that region on the south side of the 
St. Lawrence in Eastern Canada which is occupied by the Quebec 
group. That group, instead of including the “ calciferous” and 
‘‘ chazy,”’ is now placed between them; and it has been found con- 
venient to separate it into a lower, a middle, and an upper division, 
the lower comprehending nearly all the fossils by which the horizon 
of the group is determined, and the middle containing all the mag- 
nesian rocks and metalliferous deposits which give the Lower Silurian 
formations an economic value. 

The geologists have also further followed out, on the westward of 
what was previously known, the distribution of the three great bands 
of limestone belonging to the Laurentian system, the upper band 
being that which holds Hozoon. 

It had been already notified to us through Dr. Dawson that frag- 
ments of Hozoon had been found preserved in carbonate of lime. Both 
the large and small canals were in this case filled with calespar. 
The specimens come from a micaceo-calcareous schist from the Lau- 
rentian of Madoc, where the rocks are not so much altered as they 
are in Grenville. This year one of the assistants, Mr. Vennor, in 
tracing this bed into Tudor, the next township to that of Madoc 
(which is north of Belleville, west of Kingston, Lake Ontario), has 
been so fortunate as to find a fossil whose white calcareous skeleton is 
preserved in a dark-coloured arenaceo-micaceous limestone, with 
minute grains of carbonaceous matter. The limit of the form is 
well preserved on one side; and although the minute structure is 
obscure, Dr. Dawson pronounces the fossil to be Hozoon Canadense. 
We may expect ere long to receive a further communication on this 
important subject from Sir William Logan himself. 

The study of the numerous questions which arise from a careful 
examination of rocks has been much facilitated by the recent pub- 
lication of several works treating specially of this branch of geology. 
Professor von Cotta’s well-known treatise has been translated by 
Mr. Lawrence, one of our Fellows*, with the advantage of correc- 
tions and additions by the author, which make it, in fact, the third 

* Rocks classified and described, by B. von Cotta: an English edition, by 
Philip Henry Lawrence, F.G:S. Longmans, 1866. 
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edition of the book. Containing as it does, to begin with, a full ac- 
count of the minerals which form the constituents of rocks, and then 
giving for the rocks themselves an elaborate description, with copious 
references to other works, and the synonyms in the German and 
French languages, it forms a very complete and condensed handbook 
for the student. The chapters on chemical analysis, on metamor- 
phism, and on igneous rocks, place within moderate compass and in 
a fair and unprejudiced light the results of the works of the numerous 
authors who, during the last twenty years, have so greatly added to 
our definite knowledge on these points. The classification and defini- 
tion of the various species of rock is a notably difficult matter, in 
which no writer has yet succeeded in giving general satisfaction. 
Cotta’s method will doubtless be objected to by many as starting 
with an hypothesis of origin which they may be indisposed to admit : 
the eruptive or igneous rocks, for example, are at once divided into 
Volcanic and Plutonic, a similar division applying to the basic rocks, 
or those poor in silica, and to the acidic rocks, or those rich in silica, 
the latter including, of course, granite and some varieties of gneiss. 
An arrangement, however, attempted on any other basis, such as com- 
position or antiquity, must always stumble on difficulties of more or 
less magnitude until our knowledge is much further advanced. Not 
the least useful adjunct of Mr. Lawrence’s translation is its very full © 
index of localities referred to in the text. 

Professor Zirkel, of Lemberg, has published during the past year, 
under the title of ‘ Lehrbuch der Petrographie,’ two volumes contain- 
ing a vast amount of information on the characters and occurrence of 
rocks. After a very full general introduction to the subject, he 
describes in succession all the simple crystalline rocks, or those sub- 
stances occurring in mass which consist of a single mineral species, 
—and afterwards the compound crystalline-granular rocks, ranged 
according to their containing primarily one or other of the various 
felspars, or belonging to a group which contains neither of them. This 
first, the original, or the protogenic class of Naumann, is followed by 
the clastic or fragmentary rocks (deuterogenic), derived from the 
others by mechanical action. A valuable feature of Zirkel’s work 
is, the abundant illustration of the peculiarities of each rock-sub- 
stance by examples taken from the best chemical and geological 
descriptive writers, with in each case an ample series of references 
to the literature of that portion of the subject. 

Highly valuable material on kindred matters has been brought 
together by our able associate, Professor Haughton, of Dublin, in his 
recent ‘Manual of Geology.’ This work, arranged in the form of fif- 
teen lectures, with sundry appendices, may be considered in the light 
of a series of condensed essays, which, however useful to students, 
offer abundant groundwork for study and reflection to the practised 
geologist. The author’s contributions to our Quarterly Journal have 
shown that his elaborate researches on the composition of rock-masses 
entitle him to speak with weight on the subject; and I feel that it ° 
would be very desirable to endeavour to correlate some of his conclu- 
sions with those of other inquirers. 



lviii PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

Another remarkable book of a general character which has been 
recently published is Mohr’s ‘Geschichte der Erde.’ The author 
takes up especially the chemical and physical side of the science, 
and, following the line of argument adopted by Bischof and Volger, 
extends it over sea and land, culling with thorough German in- 
dustry a rich store of examples from observers of all parts of the 
earth. But the spirit of his inquiry is eminently aggressive; and 
whilst attacking certain commonly received views and many points 
of doubtful acceptation, his self-sufficiency and flippant tone in 
dealing with some of the greatest names in science are to be 
regretted, and will certainly not strengthen his position. Nor will 
he, I believe, find those geologists who have reviewed the history 
of the progress of the sciences content to refer every question to 
the undisputed arbitrement of chemistry taken at a given point in 
its advancing career, or inclined pedantically to limit nature to 
the results we have been able to accomplish in our laboratories. 
The author’s own arguments for deriving the origin of our coals 
from seaweed, for making basalt from watery solutions, and for 
cavilling at all the recognized geological systems are alone suffi- 
cient to raise a host of opponents. 

To our distinguished Foreign Member and Wollaston Medallist, 
Professor Gustav Bischof, belongs in great part the merit of having 
first worked out, by investigations extending over many years, a 
variety of problems on the mode of formation of the crystalline 
minerals in rocks, showing especially the vast number of conver- 
sions from one mineral species to another which may be explained 
by the action of water. Most satisfactory were the experiments 
and examples by which he illustrated the chemical power possessed 
by rain-water penetrating downwards into the rocky crust, and 
the crystallization of almost every well-known species of mineral 
from watery solution. And even though we may not see in the 
same light his asserted analogies, or allow ourselves always to be 
converted by his arguments, we cannot but recognize the justice of 
the main current of his reasoning, and the occasion for the warmth 
of the diatribes in which he attacks supporters of opposite views. 
No doubt hypotheses of most unwarrantable boldness had been 
set up by those who saw igneous action in every little vein of quartz 
or gypsum; and beyond all question many of the phenomena, 
the causation of which was formerly supposed to need a high tem- 
perature, might be better accounted for by the less heroic but more 
time-consuming processes suggested by Bischof. Questioning as he 
has done, from the year 1843 onwards, many of the palpably rash 
assertions of the ultra-plutonists, he has himself been followed by 
a goodly array of scholars, several of them contributing material of 
the very best order to the general geological fabric, others dashing, 
a little eccentrically, beyond the limits of their master’s conclu- 
clusions, when these latter are fairly stated. for, after all, does 

not the Professor make very free with the statement of the 
opinions of authors who are more attached than himself to what 
he terms the Plutonic theory? and does he not sometimes fabricate 
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an enemy in buckram in order that he may conspicuously give him 
the coup de grace? He urges, for example*, the impossibility of 
an igneous rock causing by heat alone the production of crystalline 
minerals in the mass of an adjoining clay-slate, and cites various 
examples where not a single felspar crystal has been produced in a 
shale acted upon by fire for a great number of years. But here, 
and in many more instances, it would seem that he assumes the 
scene of action to have been at the very surface of the earth, 
whilst no educated geologist would dream of accounting for the 
erystalline alteration of rocks at their contact, except by introducing 
the condition, of which we so often have other ample evidences, 
of the deeply buried position of such rocks at the time of action. 
No one has more ably than Bischof proved the permeation of water 
through the minutest fissures and pores of rocks and minerals; and 
no one therefore better knows that every reasonable plutonist must 
necessarily infer that the stony masses, when sunk to a depth of thou- 
sands of feet beneath other strata or beneath the ocean, are more or 
less saturated with water. He objects, again, that suffiont and 
water vapours, in a number of instances cited, do not effect, as they 
ought to do by “the favourite hypothesis,” the conversion of sedi- 
mentary strata into crystalline rock. But to satisfy the conditions 
exacted by a fair version of plutonism, these vapours ought not to 
escape freely, as such, from fissures at the surface, but should be 
pent up and closed in so as to suffuse the whole mass of the mate- 
rials on which we imagine them to produce an effect. Bischof has 
been one of the foremosty, following Gehlen, Mitscherlich, and G. 
Rose, to show that many substances crystallize out of an amorphous 
mass without their component parts being previously thoroughly 
dissolved; and if this be the case at the surface and at the ordi- 
nary temperature, our author is surely not the man to doubt the 
increased general heat of a region some thousands of feet below the 
surface, nor the intenser chemical action which may be expected 
under such conditions of higher temperature. 

Some few geologists, carrying out the views of Bischof to an 
extent that would have almost satisfied Werner himself, occasion- 
ally reiterate the old objection that an igneous origin is incom- 
patible with the presence of water, either free in the rock or 
combined with other substances as hydrated minerals. The observer 
who has watched a volcano in full eruption, or even during its milder 
phases, is not, I believe, likely to run into this fallacy. If any 
one substance is erupted on a stupendous scale, it is surely water. 
The vast balling volumes of steam that come bursting up in quick 
succession through the seething lava of the crater tell at once of 
the great bodies of water which form a principal agent in the 
activity of the vent, and of the manner in which the melted stony 
matter below must be suffused with it in more or less notable 
proportions. The ingenious microscopical observations of Mr. Sorby 
show us how the minute pores of crystalline rocks may enclose it 

* Chem. and Phys. Geol. vol. iii. p. 71. 
Tt Lehrbuch d. chem. u. phys. Geol. (1st Germ. ed.) vol. ii. p. 332. 
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mechanically dispersed throughout their substance; and the re- 
searches of Daubrée, Deville, and others have proved how some of 
the silicated minerals composing the lavas retain for a length of 
time, and up to the moment of their solidification, large quantities 
of water, thus showing that it would remain a constituent of simi- 
lar rocks until they are relieved from superincumbent pressure by 
actually making their appearance at the surface, when they would 
be subjected only to the ordinary weight of the atmosphere. 

Among the foremost in applying the researches of chemical geo- 
logy to the elucidation of the structure of a vast tract equal in 
extent to many of our European kingdoms, Sir William Logan and 
Mr. Sterry Hunt have in Canada arrived at remarkable conclu- 
sions. The descriptive catalogue prepared by them for their un- 
rivalled collection of the rock-substances contributed by the Survey 
to the last International Exhibition, and the voluminous Report pub- 
lished in 1863, are fraught with facts and suggestions of great 
value. Among the eruptive rocks a large proportion occur with a 
character so like those of their European congeners, and under cir- 
cumstances so similar, that no doubt is felt by the writers as to their 
origin. The felspathic rocks described by them under the name of 
trachyte occur in large masses in the mountains of Brome and Shef- 
ford, and, as dykes of a clearly intrusive character, at Chambly and 
near Montreal. No uncertainty appears to exist as to the similar 
origin of the diorites of Yamaska, Mount Johnson, and Belceil and 
Rigaud Mountains. More interesting are the dolerites, part of 
them composed chiefly of black crystalline augite, sometimes almost 
to the exclusion of every other mineral. These rocks, especially 
abundant in the county of Grenville, are referred to three different 
periods of eruption—one during the Silurian epoch, one before it, 
and another after it. The newest of them is, however, said to be 
traversed by, and therefore to be more ancient than, the “ trachytes” 
of Montreal and Chambly. The dolerites are largely found, both in 
dykes and masses, in the mountains of Montarville, Rougemont, and 
Mount Royal. Occasionally, as in the former of these localities, 
varieties different in colour and texture are arranged in bands, 
‘¢ whose varying thickness and curving lines suggest the notion that 
they have been produced by the flow and the partial commingling 
of two semifluid masses.” The dolerites are thus attributed to a 
much earlier period than has been allowed to them by observers 
in European regions. That of Montarville is noticeable for the 
large size of its imbedded crystals of augite, and for its great pro- 
portion of olivine in yellowish-brown rounded crystalline masses, 
from one-tenth to half an inch in diameter. Its felspar is stated 
to have nearly the composition of labradorite. The similar rock 
from the other localities contains also olivine in places, and is di- 
stinetly seen to break through the Lower Silurian strata; and when 
it is alleged that fragments of that mineral and of augite are 
found in the dolomitic conglomerates near Montreal, we have 
what appears to be decided evidence of the intrusion of these 
rocks before the close of the Silurian period. This conglomerate, 
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however, is intersected by dykes of a finer-grained dolerite, which 
has a strong resemblance to the newer dolerite of Grenville, to 
which an exact date does not appear to have been assigned. 

The observations which are thus placed before us, and which assign 
so great an antiquity to the outburst of some of the augitic or pyro- 
xenic rocks, require us to receive with caution, or at all events to allow 
exceptions to, the views propounded by continental writers on the 
age of certain classes of igneous rocks. Mr. David Forbes has re- 
cently established* the true doleritic character of the so-called white- 
and-green rock of the Dudley coal-field—a destructive intruder, 
which must have made its entry, vertically and horizontally, after 
the consolidation of the Carboniferous strata; but there is no doubt 
that in a general way we have to look to still more recent periods for 
the chief evolution of substances so nearly akin to our modern lavas. 

Certain of the bolder writers of the continental schools make no 
sort of difficulty in ascribing an igneous origin to many of the 
crystalline limestones, and especially to those which in many coun- 
tries are inserted among the gnarled and contorted beds of gneiss 
and mica-schist. The Canadian surveyors have met with examples 
of this rock, appearing in a form so like that of true intrusion, 
filling lines of crack in the gneiss at right angles to the general 
direction of the strata, that they venture on an explanation differing 
but little from that of the most thorough plutonist. ‘ Many of 
those rocks,” they say, ‘“‘ which have hitherto been described as 
eruptive, are sediments, which, although altered and retaining but 
little evidence of their former condition, are still in the beds in 
which they were originally deposited. At the time of their che- 
mical metamorphism they were impregnated with water, and by 
the joint action of this and of an elevated temperature were 
evidently reduced to a more or less plastic mass. This in some 
cases is found to have been displaced and, having forced its way 
among disrupted strata, to have assumed the form of an intrusive 
rock, which, becoming consolidated under sufficient pressure, retains 
the same mineral character as its parent bed”7. The phenomena 
observed in some portions of the Laurentian system lead the 
authors to the conclusion that “the stratified crystalline limestone 
of that series was at one time plastic, and when in that condition 
was forced into the fissures of broken siliceous strata in the vicinity, 
thus taking the form of an eruptive rock.” 

Another of the crystalline masses which in many regions form an 
important constituent in the structure of the solid crust of the earth 
is ophite or serpentine, on which the authors of Canadian geology 
hold very decided opinions. They assert, indeed, that, although 
generally described by European geologists as intrusive, the ser- 
pentines of the Laurentian and some of the overlying formations are 
“‘ stratified rocks of sedimentary origin, although it is not impro- 
bable that serpentine may in certain cases, like limestone, assume 
the form of an eruptive rock.” 

It is noticeable that the serpentines of the Laurentian system 
* Brit. Assoc, Report, 1865. t Geology of Canada, p. 643. _ 
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are of unusually low specific gravity, and appear to contain no ores 
of nickel or chromium ; whilst those which belong to the altered Silu- 
rian rocks yield almost always a small percentage of nickel (rarely 
more than two or three thousandths of the mineral), and present in 
many instances deposits of chromic iron sufficiently extensive to be 
workable. The density of various examples of these latter serpen- 
tines is given at from 2-546 to 2-607. 
Without impugning the correctness of the conclusions ae drawn 

for Canada, and whilst admitting that in Hurope we may have 
interstratified masses of a very similar character, as in North An- 
glesey, and Glen Lochy in Perthshire, one must in passing enter a 
caution against adopting similar views too generally. 

Various, indeed, as the colours presented to the eye by this rock 
(serpentine) are the opinions offered to us by geologists and chemists 
upon its origin and history. Downright uncompromising igneous 
fusion has been the explanation most readily suggested to observers 
who, like the Italian and many of the French writers, are familiar 
with the intrusive and fragmentary appearance exhibited by this 
substance in Italy and the Levant*. The distortion and alteration 
of the Tertiary strata when in contact with it appear to favour their 
views; and some of the Italian geologists, in describing the strue- 
ture of Tuscany, even recognize several distinct epochs of serpen- 
tinous intrusion, all of them posterior to the Lower HKocene. 

The idea suggested many years ago by Breithaupt, that, in analogy 
with a pseudomorphous mineral which he had determined, it was 
probable that large masses of hornblende rock had been changed to 
serpentine, has borne fruit in an abundant crop of speculations. 
Thus H. Miller, G. Rose, Bischof, and others derive many of the 
serpentines of Saxony and Southern Germany from the metamor- 
phism of eklogite, of granulite, and of gabbro or euphotide. 
Tschermak looks upon that of Giimbelberg in Morayviay as pro- 
duced by the decomposition of a rock of anorthite and augite; and 
Bischof suggests that the celebrated serpentine mass of Snarum, in 
Norway, is the result of a transformation of a mass of olivine. In 
fact the chemical probability of hydrated silicate of magnesia being 
produced by various decompositions, and the tendency of these ophi- 
olitic rocks to appear geographically associated with diorite, gra- 
nulite, gabbro, chlorite-schists, and eklogite, seem to offer a premium 
to the ingenious for inventing an almost infinite series of possible 
combinations and permutations. In the curiously patterned stripes 
and anastomosing veins which so many varieties of serpentine pre- 
sent, and in the numerous minute crystallized minerals (garnet, mag- 
netite, chromic iron, &c.) which are disseminated in them, there 
appear to lie the materials for a history; and yet we may venture 
to express a doubt whether, when we see a mountain mass consist- 
ing at one end of serpentine and at the other of diorite, with a 
gradual passage in the intermediate part, we are obliged to con- 
clude that there has been historically an actual transition from the 

* Vide also Fiedler, ‘Reise in Griechenland,’ Leipzig, 1840, p. 482. 
+ Sitzsungsber. d. Wien. Akad. 1860, p. 1382. 
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one to the other since the mass has occupied its present position. 
Such a conclusion may still be questioned, even though the change 
be shown to be a natural one (by the occurrence of a pseudomorphous 
mineral), and be confirmed as a possibility by the results of laboratory 
experiment. 
Many of these suggested processes remove us after all by only one 

stage from the main question of the origin; for if we concede that 
the serpentine has been transmuted from a rock of labradorite and 
diallage (gabbro), or of anorthic felspar and hornblende (diorite), 
we pass back to compounds which are much more akin to the con- 
fessedly igneous rocks, and thus find it still more difficult to derive 
them from sedimentary strata. 

Our President in 1859, Prof. Phillips, referred in his Address to 
this vexed question as affecting the great unstratified mass of the 
Lizard, in Cornwall, and gave us the two opposite hypotheses, show- 
ing how the occurrence of the diallage rock with serpentine may be 

- made to chime in with both. But the argument in favour of the ser- 
pentine having been originally a stratified mass which has undergone 
metamorphism is vitiated by the incorrectness of the observations 
on which it is founded. It is true that on the south of the great 
body of the serpentine its junction with the hornblendic and mica- 
ceous slate is obscure; but on the north there are spots (not 
unnoticed by De la Beche), as at Pencarrock and Trenithen near 
St. Keverne, where the slaty strata are decidedly changed by the 
proximity of the serpentine*, and where they dip off from that rock. 
Moreover at Kennack Cove, on the south side, may be seen a bold 
example of the intrusion of a great vertical tongue of this rock, 
with lateral branches cutting into the black argillaceous slate. 
Similar, indeed, to the Italian, although on a smaller scale, we have 
here instances which allow no doubt that the material has been 
intruded in a plastic state into rocks with which it came into con- 
tact, leaving it open to us to believe either in simple fusion, like 
that of a deep-seated lava, or in that state of plasticity from other 
chemical action which is offered tous by the Canadian geologists as 
the more probable condition. . 

The gabbro or granitone (Crousa rock), which forms a fine element 
in this district, from St. Keverne to Coverack Cove, offers in its 
occurrence, as it appears to me, no support to the opinion of its 
chemical transformation into serpentine. 

Excluding from present consideration a few somewhat far- 
fetched theories, in which authors have carried to an extreme the 
liberty of removing by percolating water those elementary sub- 
stances which are not required and introducing those that are 
needed for the composition of serpentine, we observe that among 
those who demur to its igneous origin there are two very opposite 
views. The majority are satisfied to derive it from another and 

* On my recently showing fragments of nearly adjoining clay-slate to 
our associate Mr. David Forbes, F.R.S., a thoroughly experienced observer 
in such matters, he recognized at once the characters of a killas altered by the 
contact. 
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decidedly crystalline unstratified rock, in which the constituents 
are augite, or hornblende, and a felspar, whilst a few investigators, 
chiefly, however, for a special region, term it an ¢ndigenous rock, as 
having been altered in situ from a sea-borne sediment. 

At the risk of being tedious, I have dwelt on these variations 
of opinion touching the explanation of facts upon which we are 
most of us agreed, because the substances thus referred to have, 
in consequence of recent investigations, been invested with a 
special interest, and because it has been shown that they are 
connected with telluric and even cosmical phenomena on a nobler 
scale than had been anticipated, even by those geologists who had 
ascribed to them an active part in the elevation of mountain-chains. 

The grandest feat of geological science within the last few years 
is the astounding extension of the scale of geological time conse- 
quent on the discovery of the Hozoon Canadense ; and, pace the objec- 
tions of the few who still doubt the organic character of those 
remains, one of the most curious facts connected with them is their — 
almost universal preservation, wherever they have been found, in 
minerals of the augite and serpentine class, associated with carbo- 
nate of lime. The elaborate arguments of Messrs. King and Rowney 
(Quart. Journ. Geol. Soc. vol. xxii.) in favour of the mineral origin 
of “ Kozoonal ” structure had at one time a strong show of support 
in the fact that these appearances were always observed in serpen- 
tinous limestones (ophicalcite) only, whether in Canada, Connemara, 
Tyree, Bavaria (Dr. Gumbel), or Bohemia (Dr. von Hochstetter), 
notwithstanding great discrepancy in the age of some of the depo- 
sits. But the announcement made by Dr. Carpenter, in the Quart. 
Journ. Geol. Soc. for August last, of Dr. Dawson’s discovery of 
Eozoon preserved in carbonate of lime pure and simple, would appear 
to close the discussion. Its occurrence in strata of a metamor- 
phic character would incline, I believe, most geologists to conclude 
that these minerals had been formed by metamorphic action; and 
the undoubted evidence which we possess, that both chrysotile (a 
fibrous serpentine) and some varieties of augite or pyroxene have 
been in some cases crystallized out by the action of thermal waters, 
would countenance the supposition. But Prof. Sterry Hunt, who 
has so ably laid before us the results of his investigations on the 
Canadian minerals, has ventured on a bolder hypothesis. The soft 
portion, or sarcode, of the organisms has been replaced by one or 
other of the following silicates—a white pyroxene, a pale-green ser- 
pentine, and a dark-green alumino-magnesian mineral, allied to 
chlorite and pyrosklerite, and referred by him to loganite. The 
septa between the cells retain probably their original composition 
of carbonate of lime, which in some specimens is associated with 
carbonate of magnesia. Dr. Hunt infers, from the circumstances of 
their occurrence, that these silicates were directly deposited in waters 
in the midst of which the Hozoon was still growing, or had only 
recently perished, and that they penetrated, enclosed, and pre- 
served the calcareous structure precisely as carbonate of lime might 
have done. Not that these silicates are limited by the extent of the 
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organic structures ; for whilst large quantities of them are found at 
each of the localities of Grenville and Calumet, in masses which are 
entirely destitute of remains of Hozoon, and yet would seem to have 
been deposited at the same time, other portions appear to have had the 
organic structure obliterated by cleavage-planes due to the crystalliza- 
tion of the pyroxene. In the accompanying strata, we are informed, 
finely crystallized pyroxene, hornblende, phlogopite, apatite, and other 
minerals often occur. “These observations,” says Dr. Hunt, 
“‘ bring the formation of siliceous minerals face to face with life, and 
show that their generation was not incompatible with the contem- 
poraneous existence and the preservation of organic forms.” More- 
over they support a view previously put forward by him, that 
“ these silicated minerals have been formed, not by subsequent me- 
tamorphism in deeply buried sediments, but by reactions going on 
at the earth’s surface.” And in support of this position he has 
reminded us that, in recent as well as ancient deposits, the most 
delicate forms of organic structure have been in some instances pre- 
served by the infiltration of the mineral glauconite, so well known as 
the colouring-substance of the Greensand, and itself a hydrous com- 
bination of silica with sesqioxide and protoxide of iron, with alumina, 
and potash. Supposing that in the ooze at the bottom of the sea 
dissolved silica comes into contact with iron-oxide rendered soluble 
by organic matter, the resulting silicate deposits itself in the cavi- 
ties of shells and other vacant spaces. ‘A process,” Dr. Hunt 
suggests, “‘analogous to this, in its results, has filled the chambers 
and canals of the Laurentian Foraminifera with other silicates ; 
but, from the comparative rarity of impurities in the silicates, it 
would appear that they were deposited in clear water” *. 

Since Wohler (above twenty years ago) showed how apophyllite 
could, as a laboratory experiment, be dissolved in water, and be 
reproduced from the solution in erystals, abundant proofs have 
been given of the power of water, especially at an elevated tem- 
perature and if saturated with carbonic acid, to destroy many 
silicate minerals, and also, under varied conditions, to recom- 
pose a number of familiar species, particularly among the 
hydrated silicates. Even the extreme feebleness of the action 
which carbonic-acid water, and water under great pressurey, exer- 
cises upon many of these minerals, and most notably on silicates of 
magnesia, must not be allowed to blind us to the numerous examples 
which prove the efficacy of this agent. Such are :—the green-earth, 
lining the interior of amygdaloidal cavities; neolite, a hydrous 
silicate of magnesia, which is formed at the present day in one of the 
iron-mines of Arendal; and meerschaum, occasionally exhibiting the 
form of Heliw and several freshwater shells in the marl-beds of 

* Quart. Journ. Geol. Soc. 1864, p.71. These observations and opinions have 
been restated, in connexion with additional matter on the Eozoon, in the ‘ Report 
of the Geological Survey of Canada’ for 1866, of which the proofs have kindly 
been forwarded to me by Sir William Logan. 

See also the excellent paper on Glauconite, ‘by Haushofer, in Jour. fir prak. 
Chem. 1866, p. 361. 

tT Bischof, Chem. Geol. vol. i. pp. 3 and 31. 
VOL, XXIII. € 



lxvi PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

Vallecas, near Madrid, where there can be no doubt that the new 
mineral has been produced by silica, probably hydrated, brought 
into contact with carbonates of lime and magnesia held in solution 
in water by carbonic acid*. 

But in these instances, and in many of those pseudomorphous 
silicates for the investigation of which we owe so much to W. von 
Haidinger and Dr. Blum, where no doubt can exist that the con- 
stituent elements have been dissolved in water, almost all the 
evidence requires that very long periods of time should be taken 
into account; and their mode of formation is scarcely compatible 
with the speculation by which Dr. Sterry Hunt would derive them 
from deposits in clear sea-water contemporaneously, or almost so, 
with the growth of the earliest known forms of organic existence. 
Moreover the very fact described by him, of the occurrence in the 
associated beds of large and well-crystallized specimens of various 
minerals, seems to teach that a very gradual and long-continued 
action after the first deposition of the sedimentary material can 
alone account for the phenomena. 

Let it be granted, however, that, under certain conditions, watery 
solutions, aided probably by high temperature, have been instru- 
mental in the production of some varieties of the silicates of magnesia, 
lime, alumina, and iron, it is yet to be considered whether, im deal- 
ing with the great masses of crystallme rock in which the same 
minerals occur, we are not still justified in referring them to the same 
more deeply seated and extensive agency which in so many parts 
of the world is giving us the clearest proofs of the reaction of the 
interior upon the surface of the globe. 

Our Foreign Correspondent, M. Daubrée, already so distinguished 
for his researches on metamorphism, has recently published the 
results of his Synthetical Experiments on Meteorites, and has thus 
brought before us, from an entirely different point of view, an 
inquiry into the nature and origin of the silicated magnesian rocks 
and minerals. 

It should be premised that Patrin long ago (in 1809) directed 
attention to the identity of composition of the meteorites with the 
substances ejected from terrestrial volcanos; and more recently 
(in 1858) Von Reichenbach boldly sketched out some of the con- 
clusions now experimentally arrived at by Daubrée. Comparing 
the meteoric stones with dolerite, Reichenbach showed that the 
former contained very few substances which are not to be found in 
the latter, and that the mineral species which are met with in the 
meteorites occur, almost all of them, in the volcanic and plutonic 
rocks of the globe. Hence, he continues, we must infer that deep 
down under the volcanos there exist masses of the same material 
as the meteorites; and we may suspect that the interior of our earth 

* A discussion of this case, and an elaborate account of the occurrence of 
another hydrated silicate, that of zinc, which appears to have been deposited in 
certain caverns since the time of Hlephas primigenius, &c. will be found in the 
excellent ‘Notes on the Geology and Mineralogy of the Spanish Provinces of 
Santander and Madrid,’ by Dr. Sullivan and J. P. O’Reilly: Williams and 
Norgate, 1863. 
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has the same mineral composition as these bodies, or, indeed, may be 
nothing else than an aggregation of meteorites*. 

For the purpose of comparison with reference to the substances 
of which they are composed, the meteorites may be divided broadly 
into two great classes, the irons and the stones. The former admit of 
three subdivisions :—Ist, the metallic iron, without any stony ad- 
mixture; 2nd, the iron containing grains or globules of peridote 
(chrysolite or olivine) ; 3rd, iron associated with silicates, pyroxene, 
and peridote (as that of the Sierra de Chaco). 

The meteoric stones, on the other hand, for the most part contain 
native iron only in minute grains, disseminated in the midst of 
silicates, the bases of which are chiefly magnesia and protoxide of 
iron, bringing a large portion of them into the category of peridote. 
Others contain no native iron, but are formed chiefly of peridote 
(Chassigny), or of a less basic silicate (Bishopville, 1863)—or, again, 
of a granular compound of anorthite and pyroxene, like many of the 
lavas (Juvinas, Jonzac, and Stannern). 

M. Daubrée first describes his experiments on the imitation of the 
meteoric irons. ‘The most characteristic feature of these masses is 
the crystalline pattern (Widmanstatten’s figures) which is brought 
to view on a polished surface by the action of an acid. Simple 
fusion of the meteorite of Caille (Var) in a brasque of alumina (to 
avoid the contact of carbon, which would have combined with the 
iron), was insufficient to reproduce the appearance, although the 
resulting substance was certainly crystalline. Further experiments, 
in which soft iron was associated with some of the other substances 
that commonly accompany meteoric iron, such as nickel and proto- 
sulphide of iron and silicon, yielded a highly crystalline result, but 
not yet of the true character. If, however, to the soft iron was added 
phosphide of iron, in the proportion of from two to five or ten per cent., 
and, still better, if there was introduced at the same time nickel, and 
if a mass of as much as two kilogrammes in weight was operated on, 
there appeared, when the cooled lump was polished and etched, in the 
midst of dendritic patterns of great regularity, lines of a brilliant 
material dispersed in a reticulated form. 

A third mode of attempting the imitation was that of melting 
down certain terrestrial rock-substances, as peridote, lherzolite7, 
hypersthene, basalts, and melaphyres. By this means specimens of 
iron were obtained which, both in composition and structure, bore 
strong resemblance to many of the siderolites. Especially was this 
notable in the metal obtained from the lherzolite of Prades 
(Eastern Pyrenees). These artificial irons were then found, like 
the natural meteoric ones, to contain nickel, chromium, and phos- 
phide of iron, the latter in long needles, recalling the appearance of 
the natural patterns. 

Imitation of the Meteoric Stones.—Contrary to what might have 
been expected from the appearance of the black vitrified crust on the 

* Poggendorff’s ‘ Annalen,’ vol. ev. pp. 560-562. 
t Lherzolite (so called from Lherz, in the Pyrenees) is a rock composed of 

peridote, enstatite, and pyroxene (augite). 
e2 
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surface, the substance produced by the melting down of meteorites 
obtained from above thirty different falls, was in every case highly 
crystalline. Those of the common type present a group of metallic 

eranules, disseminated in a stony mixture of peridote (Mg?Si) and 

enstatite (Mg Si), the former generally on the surface as a thin crys- 
talline pellicle, the latter in the interior as long acicular crystals. 
A notable contrast was yielded by the aluminous meteorites, such as 
those of Juvinas, Jonzac, and Stannern, which produced, instead of 
a crystalline, a vitreous mass. 

But perhaps the more remarkable results were those obtained 
synthetically by melting down pieces of rock characterized by the 
minerals peridote and enstatite. For this purpose peridote (olivine), 
from the basalt of Langeac (Haute Loire), and lherzolite, from 
Vicdessos and Prades, were fused in earthen crucibles. They 
mclted easily and yielded crystalline substances, the latter especially 
closely resembling the original rock. The proportion of enstatite (the 
bisilicate of magnesia) was found to be increased by the addition of 
silica. 
When similar mineral substances were melted in presence of a 

reducing agent, the iron (which in the other case remained combined 
in the silicate) segregated itself in grains of various sizes, sepa- 
rable by the magnet. Thus a perfect analogy was established be- 
tween the above rocks and the meteorites, as well in their stony 
minerals as in the iron, which always contained nickel. . 

Furthermore some remarkable characters in the structure of 
the stony meteorites were found to have been imitated, especially 
the delicate parallel lines, attributable to cleavage, which are visible 
when a thin slice is examined under the microscope, and the glo- 
bular structure where the little spherules are sometimes smooth 
at the surface, at others drusy, or roughened with the points of 
minute projecting crystals, hke the meteorite of Sigena, November 
ie tae. 
When hydrogen was employed as the reducing agent the results 

were very similar, and the reaction would take ae at a tempera- 
ture not exceeding red heat. 

Again, another method of imitation, the reverse of the foregoing, 
was by oxidation. From silicide of iron, heated in a brasque of 
magnesia by the gas blowpipe, a substance was obtained extremely 
similar to the common type of meteorite. The iron was separated’ 
partly as native iron, partly as a silicate, forming peridote, some 
of it in the crystallized state. Further details of resemblance were 
attained by heating a mixture of silica, magnesia, nickeliferous iron, 
and phosphide and sulphide of iron. The stony gangue of the 
melted product: was-found to be free from the latter three substances ; 
and instead of the simple phosphide introduced in the experiment, 
there was observable the triple phosphide of iron, nickel, and mag- 
nesium, first noticed by Berzelius in meteoric irons. 

The preceding experiments suggest some important deductions on 
the condition of the planetary matter from which the meteorites have 
been diverted to our own globe. M. Daubrée makes no attempt to 
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enter the lists with Von Haidinger*, Baron Reichenbach, Prof. 
Lawrence Smith, and others, on the questions attending the entry of 
these bodies into our atmosphere, and the circumstances of their 
fall; but, considering that their surface alone is modified by these 
conditions, he infers that their interior mass remains the same as 
when it was wandering in space, and may to a great extent be taken 
as a sample of the material of the planetary bodies of which they are 
the fragments. 

Although the anhydrous silicates already so frequently named have 
evidently been formed at an elevated temperature, it would appear 
that such temperature was, at their origin, less high than that used 
in the experiments. The stony portion of the meteorites in their 
natural state is generally less perfectly crystalline than would be 
expected of a compound which the above experiments prove to be so 
ready, after full fusion, to form masses of a very pronounced crys- 
talline character. And, again, the irregular figure of the grains of 
iron disseminated in the stony matrix seems to point to the material 
having been consolidated at a temperature below that of the fusion 
of soft iron—a point of view which was confirmed by experiment. 

This temperature of original consolidation is a matter, of course, 
altogether foreign to that noted at the time of fall, and existed 
probably very long.anterior to the meteorites coming into contact with 
our atmosphere; and the presence in a few cases of volatile sub- 
stances in the mass proves, like a maximum thermo neter, the 
moderate temperature of the body before it was deflected from its 
regular course. 

Seeing how nearly the composition and structure of the meteorites 
are reproduced bythe two methods of experiment, M. Daubrée refers 
by their aid to the original mode of formation of the bodies from 
which these meteorites come. 

If they were produced from silicated minerals by reduction, in 
which carbon was the reducing agent, it may be objected that the 
iron could scarcely have remained in the metallic state; and if 
hydrogen be supposed to have been the reducing agent, water ought 
to have been formed at the surface, whence it appears more simple 
and reasonable to recur to the idea of an oxidizing process. Allow 
that silicon and the metals existed at one time in the meteorites, not 
combined with oxygen as they now mostly are, and this by reason 
either of too high a temperature to allow them to remain in combi- 
nation, or of too great a separation of their particles, then, as soon as, 
by their cooling down or by their condensation, the oxygen was able to 
act upon the other elements, it would at once combine freely with 
those for which it had most affinity, and if not sufficient in quantity to 
oxidize the whole, or not enabled to act long enough, would leave a 
metallic residue. In fact there would be produced the silicate of 
magnesia and iron, peridote or olivine, and granular portions of 
nickeliferous iron, and of sulphides and phosphides. of iron. These 
views, whilst applicable to a large proportion of the meteoric bodies, 
would require modifications for those rarer varieties which consist 

* See Haidinger, ‘ Phil. Mag.’ November and December 1861. 
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essentially of pyroxene and anorthite. Whilst the magnesian silicates 
crystallize so readily after simple fusion, these latter substances would 
only melt to vitreous and amorphous masses, and in order to become 
crystalline would have needed the presence of water. 

Analogies between Meteorites and Terrestrial Rocks.—Not only are 
the elementary substances contained in the meteorites all of them 
known in our own globe, but the most abundant in both cases are 
iron, silicon, and oxygen. The resemblance of the meteoric stones to 
our eruptive rocks is especially observable in the few examples of the 
aluminous class (Juvinas), which are parallelled by the lava formed 
of anorthite and pyroxene, as that from Thjorsa in Iceland, and in 
the great division of the magnesian stones which so closely resemble 
peridote and the compound rock lherzolite*. 

The most marked differences are, that, whilst protoxide of iron, 
whether combined with silica or with chromic acid, is a constituent 
in both cases, the magnetic oxide so common in our mundane rocks 
is, as a rule, absent from meteorites, whilst, on the other hand, the 
latter contain native iron, which is correspondingly wanting on the 
surface of the globe. Moreover the remarkable phosphide of iron 
and nickel so largely present in the meteoric irons is a compound 
not occurring in our rocks, where we may suppose it more or less re- 
presented by phosphates. 

The importance of the magnesian rocks of the peridote class is 
witnessed by the presence of that mineral in almost the whole series 
of the meteorites, and by the numerous phenomena which tell of its 
existence in the interior of the globe. The basalts and dolerites of 
many and distant countries have brought to the surface fragments 
of that mineral, often left angular and looking as if they had been 
broken by force from a deeply seated and preexistent mass. Peri- 
dote or olivine forms a large portion of certain other intrusive rocks, 
as the lherzolite and the considerable masses of the compound termed 
by Hochstetter, in New Zealand, dunitey; and to this we have to 
add the family tie that closely connects it with serpentine. 

No doubt it is still a disputed point whether the crystalline rains 
of olivine so commonly observable in basalt and in certain lavas 
have or have not been crystallized, a svtu, from the elements present 
in the general melted magma. Von Buch was the first to point out 
several remarkable instances where it would appear that this mineral 
had been carried off unmelted by the lava. In the island of Lancerote, 
the jagged ridges of lava near Tinguaton exhibit abundant masses of 
crystalline olivine, which, near the origin of eruption, are often as 
large as a man’s head, but become smaller and less noticeable 
where the lava-streams tail off towards Subacot. Similar project- 
ing lumps of olivine had been observed at Fuen Caliente in Palma, 
and in the Vivarais; and more recently, our medallist of to-day, 
Mr. Scrope, has drawn attention, in his work on Volcanos, to the 

* See Damour, ‘ Bull. Soe. Géol. de France,’ sér. 2. vol. xix. 
t This rock, formed of olivine and chromite, appears to be similar to the 

meteorite of Chassigny. 
t Von Buch, ‘Canarische Inseln,’ pp. 303-6. 
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significance of similar phenomena which he had observed in the Eifel 
and in the Vivarais. The ordinary lavas are, as we well know, far 
more easily fusible than this included mineral, and especially than 
those paler varieties constituting the true chrysolite, which contain 
a larger amount of magnesia in relation to the protoxide of iron. 
And although it is abundantly proved that crystallized minerals very 
closely comparable with olivine or peridote have been produced by 
direct fusion in some of our blast-furnace slags, it appears certain 
that in many of the streams of lava and of doleritic rock this mineral 
had formed a solidified mass before it was broken up and floated 
away by the less refractory material in which we find it imbedded. 

M. Daubrée proceeds to infer that, although comparatively re- 
stricted at the surface, rocks of the peridote class would at a cer- 
tain depth predominate; and seeing the nature of the samples 
which they appear to yield us from other parts of the planetary 
system, he would comprise them, with the serpentines, in a special 
division as the peridotic family, or cosmical rocks. 

A few distinguishing characters between these and other silicated 
rocks deserve to be noted :-— 

1. Peridote presents us with the most basic type known, whether 
in meteorites or in eruptive rocks, and must in this respect, and for 
its simplicity and definiteness, take precedence of the pyroxenic and 
other types, which have been proposed by Bunsen and Durocher. 

2. The facility with which both peridote and enstatite crystallize 
after simple fusion contrasts remarkably with the behaviour of the 
aluminous silicates, and especially the felspar group. 

3. The decided superiority in density of this type over that of the 
basalts, as of the latter over the granites &c., as seen by the follow- 
ing table of specific gravities :— 

Granta tows. Serb wx 2-64 to 2°76. 
Diabasex 4 oeaietn 2-66 to 2°88. 
Banalts | 3).S2ho0se0s ZO tpl 
Puistatibenc. a. 25 ss 3°308. 

Eherzolifernie tes Se: 3°25 to 3°33. 
Pernidote: < so- see ste 3°30 to 3°44. 

Hence it would seem probable that, in their origin, these different 
substances would have arranged themselves in the above order, 
and that the high density of peridote would explain the depth 
of its position, below the granitic covering, in the crust of the 
earth. 

Passing to the examination of serpentine, a rock analogous in re- 
spect of its silicate of magnesia, but differing from peridote and 
lherzolite in being hydrated, comparatively infusible, and without 
distinct crystallization, specimens from several localities (Snarum in 
Norway, Zoblitz in Saxony, Monte Ferrato in Tuscany, &c.) were 
melted down. The result was in every case a more or less clearly 
crystalline mixture of peridote and enstatite, the former being more 
abundant when additional magnesia was placed in the crucible. 
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The serpentine of Baldissero in Piedmont gave the most characteristic 
product—one, indeed, identical with that obtained from lherzolite* ; 
and although certain other silicates were formed, they are quite 
subordinate to the two above-named minerals. 

Sundry authors have already pointed out this relationship ; and it 
has been suggested that serpentine has been produced from peridote 
rock by the addition of some silica, and of water forming a hydrate. 
M. Daubrée suggests, however, that there is no occasion to conclude 
that such a change took place near the surface, for the serpen- 
tine may in many cases have been protruded, after acquiring at great 
depth the water which it still contains. The great readiness, too, 
with which the melted substance was transformed into less basic 
silicates, seems to account for the frequent association of these rocks 
with euphotide, with greenstones, &c. 

If we now compare the fused serpentines with the meteorites, it 
appears on experiment that when they have been melted in a lining 
of carbon, grains of iron get separated which prove to contain nickel. 
Moreover both old analyses and abundant observations tell us that 
in very many and distinct regions of the earth chromium, as chromate 
of iron, is constantly associated with serpentine, and scarcely ever 
absent from meteorites. And although serpentine, on account of its 
hydrated condition, seems less comparable with the meteorites than 
peridote and lherzolite, yet it is a curious exception that certain rare 
carbonaceous meteorites (those of Bokkeveld at the Cape, 1838, of 
Kaba in Hungary, 1857, and of Orgueil) contain a hydrous silicate, 
referred by Wohler to a variety akin to serpentine. 

Fortified by the striking analogies which arise from his laboratory 
experiments, M. Daubrée has ventured to speculate on the original 
constitution of the crust of the earth. After recalling to us the 
theory of Davy, that the metals of the earths and alkalies enclosed 
in the interior of the globe may produce the phenomena of volcanos 
by oxidation in contact with water, he refers to its application by 
geologists to the origin of the stony crust. Our lamented friend Sir 
Henry De la Bechet (“dont Vesprit savait embrasser toutes les 
grandes questions de la Géologie,” as Daubrée truly puts it) was one 
of the first to point out how that. crust 1s made up in great part of 
oxides of the metals which have the strongest avidity for oxygen, 
viz. potassium, sodium, calcium, magnesium, and aluminium, and 
how the very water of the ocean may be considered the result of the 
combustion of the hydrogen in the midst of the general oxidation. 

These hypothetical views appear to be supported by the synthe- 
tical experiments ; for we may conclude that the peridotic rocks of 
our globe had an origin analogous to that of the similar substances of 
the meteorites, and that in fact they are the most direct products of a 
scorification which took place at an enormously remote epoch. 

To explain the meaning of the term scorification, we are reminded 
that if a bath of impure iron be kept in fusion, in contact with the 

* The melted substance, as in the former experiments, would sometimes take 
up other material, and especially silica, from the sides of the crucible. 
+ Researches in Theoretical Geology, 1834, chap. 7. 
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air, the iron oxidizes, as well as certain other bodies associated with 
it, and especially silicon. This oxidation gives birth to a ferruginous 
silicate, which forms the upper part of the metallic bath. Itisa 
true liquid scoria, which by cooling may become pasty and then 
solid, and will present in the latter state a stony, crystalline structure, 
entirely different from the spongy, cellular substances which have 
been termed volcanic scoriz. Such is the metallurgical sense in which 
the scorification of the globe is intended to be understood. 

The materials thus affected to a considerable depth may, even at 
the present time, exhibit, according to their depth, masses in the 
three conditions above named—the solid, pasty, and fluid. 

Native iron, so generally a constituent of the meteorites, is want- 
ing, it is true, in our terrestrial rocks ; but the explanation is to be 
found in the complete union with oxygen to which that metal is 
prone. And, considering the comparatively small mass of the eruptive 
rocks open to our investigation, it seems probable that with increasing 
depth a corresponding difference of composition would appear. Thus, 
beneath the lavas of Iceland, analogous to the meteorite of Juvinas, 
and beneath our peridotic rocks, like that of Chassigny, it is likely 
that there occur masses of lherzolite rock in which native iron 
similar to that which occurs in the meteorites of the common type 
begins to appear, and that at still greater depths we should have 
types more and more rich in iron, of increasing density, until they 
would at length only be paralleled by the native iron. 

The occurrence of platinum tends to confirm these views. This 
metal, of extreme density, which ought upon such a supposition, 
until erupted, to occupy a very deep position, is commonly associated 
with native iron. And in the Ural it has been found encrusted with 
chromic iron, and eyen with fragments of serpentine, lending a new 
support to the idea of the existence at great depths of magnesian 
rocks of the peridote family. 

Lastly, it is observable that the meteorites never contain minerals 
sunilar to the material of our stratified rocks. Haidinger has lately 
observed*, “The minerals composing granite, gneiss, mica-schist, 
and others representing the most solid basis of the terrestrial crust 
are wanting in them; and, to name a particularly important species, 
they are totally destitute of pure silica or quartz” }. Various reasons 
may be assigned for this remarkable fact. It is very generally 
allowed that the crystallization of these minerals, and particularly 
of the felspar group, has not been accomplished by simple fusion, 
but has needed the aid of other agents, and especially of water. 
Hence it may be suggested, either that the meteorites which impinge 
on the surface of our earth are fragments of the internal parts of 
planetary bodies formed like our own globe, or that such planetary 
bodies are themselves deficient in quartziferous and acid silicates, 
and in stratified rocks. And we might further infer that they have 
not witnessed the cycle of events which in our own planet have in- 

* «On the original Formation of Aérolites,” Phil. Mag. 1861. 
Tt A single but notable exception is the occurrence, shown by Gustay Rose, of 

quartz in isolated crystals in the meteoric iron of Toluca. 
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troduced the cooperation of the ocean, and with it the production of 
granite, and afterwards of the stratified formations. 

In the work already referred to, by M. Friedrich Mohr*, a chapter 
is devoted to the “ Geology of the Heavens,” and an interesting sum- 
mary is given of the chief points of comparison of the meteorites with 
terrestrial rocks and minerals. But, although agreeing with other 
authors on the details of composition and on the phenomena of their 
occurrence, Mohr is entirely at issue with the opinions which have 
been above cited as to their origin. In their crystalline composition, 
in the mixture of different substances, and in the structure of several 
of them, he sees throughout the operation of watery solution. “The 
entire aspect of a meteorite,” according to him, “speaks against 
fusion ;” and as in the earlier portion of his work he has battled for 
the production by the wet way alone of all the silicates, even in- 
cluding olivine and augite, so in dealing with the meteoric silicates, 
he simply refers them to a similar origin. If, then, we lay suffi- 
cient stress on the very exceptional cases already quoted, in which 
carbonaceous matter has been shown to occur in meteorites, we 
might conclude, from the indication thus obtained of such carbo-hy- 
drogen minerals as ozokerite, idrialite, &c., that there must have ex- 
isted in the original cosmical body some such organisms as the plants 
of the earth, and, going a step further, that it was by their agency 
that the chemical reductions were effected of which we have evi- 
dence in the meteoric irons. So many, however, of Mohr’s dicta 
are flatly contradicted by the results of Daubrée’s experiments, that 
the impression which might have been produced in regard to some 
aspects of our science by so confident and clever a treatise as the 
‘Geschichte der Erde’ will at once be greatly modified. 

Thus, gentlemen, I have ventured to place before you some of the 
newest views on a limited branch of our science; and I trust that 
the selection of a single topic may be justified by the evidence which 
I have adduced of its fundamental importance, and of the connecting 
link which it appears to supply between the history of our own 
globe and that of other members of our solar system. It is not to be 
denied that the opinions of authors and experimenters who haye 
recently been at work on the subject are extremely divergent. But 
it appears to me for that very reason the more desirable to place side 
by side their opposite conclusions, and thus by degrees to eliminate 
whatever may be one-sided, ill-founded, or not adapted to the con- 
ditions of the problem. There must always remain in geology, by 
the side of much that can be determined as actual fact, a large 
domain in which speculation will have ample scope; and it is in 
this latter region more especially that we have need to exercise 
caution, readiness to deal fairly with new views, and a deference to 
other men’s opinions in the pursuit of that truth which it is the 
object of geologists to attain. 

* ‘Geschichte der Erde,’ Bonn, 1866. 
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The Rev. W. Gover, Saltley College, Birmingham, was elected a 
Fellow. 

The following communications were read :— 

1. On some Remarns of large Dinosavrian Reptizes from the Storu- 
BERG Mountains, Sourn Arrica. By Professor Huxtey, F.R.S., 
Wae:G.S. 

In a box of fossils sent to Sir R. I. Murchison, Bart., by Mr. Alfred 
Brown of Aliwal North, South Africa, and submitted to me for 
examination and determination, I found certain «fragmentary large 
reptilian bones, to which a very considerable interest attaches. 

The most important of these are two femora, a right and a 
left. The articular ends of both of these bones are wanting; and 
the shaft of the left is far less complete than that of the right, to 
which the following remarks more particularly apply. 

It is broken into four pieces; but these, when carefully fitted 
together, have a total length of 25:5 inches; and it may be safely 
assumed that the length of the entire femur exceeded 30 inches, as 
its distal extremity is only beginning to widen for the condyles. At 
20-5 inches from the proximal end, the transverse diameter of the 
shaft is 5:1 inches, the antero-posterior diameter 4:2 inches. The 
contour of the transverse section at this point is a transversely 
elongated oval, the posterior face being so much more flattened than 
the anterior as to make it almost semilunar. 
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Viewed sideways, the shaft of the bone is, for the greater part of 
its length, nearly straight, though its dorsal contour is a little convex. 
But towards the proximal end it becomes widened and flattened from 
above downwards, while, at the same time, its longitudinal contour 
becomes concave above and convex below. 

In its dorsal, or upper, aspect also, the greater part of the length of 
the shaft of the bone is nearly straight; but at nine inches from the 
proximal end it curves so as to have a convex outer and a concave 
inner contour. The latter curve takes a broad and gradual sweep. 
In consequence of the various curvatures and other changes of form 
which have been described, the broad and flattened proximal end 
of the femur is, as it were, twisted upon the more cylindroid shaft, 
the long axis of its section forming an acute angle with that of the 
shaft. 

The outer surface of the greater part of the shaft of the bone is 
somewhat flattened. Just where the proximal end begins to bend 
inwards, the junction of the outer and the upper faces rises into an 
obtuse ridge, nowhere more than an inch broad and as much high, 
which is continued for about four inches upon the outer or convex 
edge of the incurved proximal part of the bone, and ends, im an obtuse 
summit, at 5-75 inches from the proximal end. 

The surface of this outer trochanteric ridge is unbroken very 
nearly to its proximal end; so that if it were ever continued into a 
free process, this must have been comparatively short and slender. 

From its inner and under side the shaft of the femur gives off a 
very stout process, the greater part of which is broken away. Knough 
remains, however, to show that one of its faces had the same direc- 
tion as the tibial (or inner) face of the femur itself. 

The anterior end of the fractured surface, indicating the attach- 
ment of the base of this inner trochanter, 1s 18:5 inches distant from 
the proximal end, and the surface is about 8 inches long; so that its 
centre must have been situated on the proximal side of the middle 
of the length of the uninjured bone. A broad, but very shallow, 
depression marks the inner face of the femur above the base of this © 
rocess. 

P The various seétions presented by the ends of the fragments of the 
bone show that it contained a large and distinct medullary cavity, 
having a diameter of from two and a half to three inches. 

The peculiar form of this femur, with the characters and position 

of its trochanters, leave no doubt as to the Dinosaurian affinities of 
the animal to which it belonged. 

In size it must have corresponded with Megalosaurus and with 
moderately large Iguanodons. The largest femur of an Jguanodon 
with which I am acquainted is that marked No. 1 in the British 
Museum. It is 44:5 inches long, the middle of its shaft haying a 
transverse diameter of 8 inches. 

The Iguanodont femur in the British Museum figured by Pro- 
fessor Owen in his monograph upon that Reptile, published by the 
Paleontographical Society (pl. 15. fig. 1), is 33 imches long, the 
transverse diameter of the middle of the shaft*beimg 5 inches. 
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The most perfect femur of Megalosaurus Bucklandi in the same 
collection is 32 inches long, while the middle of the shaft is not more 
than 4 inches in diameter. The largest Megalosaurian femur in the 
British Museum could hardly have exceeded 33 inches in length 
when entire. 

The femur of Scelidosaurus is much smaller. Thus while the 
thigh-bone of the African Dinosaurian was probably nearly as long 
as that of Megalosaurus, it was absolutely, and a fortiorz relatively, 
stouter. 

On comparing the femora of Megalosaurus and Iguanodon, I find 
the following to be the chief differences between the two :— 

In Megalosaurus— 
a. The shaft is more slender and proportionally deeper from before 

backwards. 
6. The inner trochanter lies almost wholly in the proximal half of 

the bone, so that its central, most projecting, part is much nearer 
the proximal than the distal end of the bone. In Jguanodon 
the most projecting part of the inner trochanter is a sudden 
outgrowth from its distal end, which les altogether in the distal 
half of the bone. 

e. One face of the inner trochanter continues the direction of the 
tibial (or inner) face of the femur. In Jguanodon one face of 
the inner trochanter looks towards the dorsal side of the 
femur, or is at right angles with the tibial face of the shaft, 
and there is a fossa above the trochanter on the tibial face of 
the femur. 

d. The proximal end of the femur is curved, flattened, and twisted 
on its axis, so that the long axis of its transverse section makes 
an acute angle with that of the shaft of the bone. In I guano- 
don the proximal end is flattened, but almost straight and not 
twisted on its axis, whence the long axis of its transverse 
section coincides, or nearly so, with that of the shaft of the 
bone. 

e. The concavity of the upper face and convexity of the lower face 
of the proximal part of the femur is strongly marked. In 
Iguanodon both faces are almost flat. 

f. The inner contour of the proximal part of the femur makes a slow 
and gradual curve. In Jguanodon it makes a sharp, almost 
rectangular, bend. 

g. The great trochanter is comparatively short, not nearly reaching 
the proximal end of the bone. In Jguanodon it is long, slender, 
and its summit attains the level of the proximal end. 

h. There is but a shallow and wide excavation on the front face of 
the distal end of the femur. In Jguanodon there is a deep, 
sharply defined longitudinal furrow on this face, nearer the 
outer than the inner condyle. 

i. The isthmus uniting the inner and outer condyles is wide from 
before backwards. In [guanodon itis very narrow. 

k. The outer condyle has a peculiar posterior ridge-like process, 
which appears to be absent in Jguanodon. : 

B2 
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In the characters b, ¢, d, e, f, g, the femur of the African reptile 
approaches that of Megalosaurus more nearly than that of Iqguanodon ; 
but it differs from that of Megalosaurus in the proportional size and 
form of its trochanters, and in its much heavier proportions. 

An animal the thigh-bone of which approaches three feet in 
length, may be fitly said to have “ good legs,”” whence I propose the 
generic name of Huskelesaurus for this new African reptile, and the 
specific title of Brownz, after its very intelligent and energetic dis- 
coverer, who, in a letter dated the 18th of June, 1866, addressed to 
Sir R. I. Murchison, states that the thigh-bones now described (and 
the accompanying fossils numbered 1, 3, 4, 6, 9a, 9, 20a, 206, 21, and 
49 a, b, c, d, e) were obtained ‘“‘in the Stormberg range of moun- 
tains in the division of Aliwal North, and about thirty miles from’ 
the town of Aliwal North. The fossils were found in a compact 
freestone rock, which also contains other organic remains. The 
height of the mountains from the base is about 3500 feet, and 
about 9500 feet from the sea; the strata containing the fossils about 
1200 feet from the base.” 

These additional fossils, and No. 47, of which I can find no men- 
tion in the list sent by Mr. Brown, have the same aspect, and 
appear to have been imbedded in the same matrix as the femora. 
Nos. 9a, 9b, and 49a, 6, c, d, e are fragments of two very large flat 
bones, and 20a, 20b of a large metatarsal and metacarpal, which 
very probably belonged to Huskelesaurus. Nos. 4 and 21 are inde- 
terminable. 

No. 3 is a very interesting fossil, comprising nearly seven inches 
of the distal ends of a right tibia and fibula, with an astragalus in 
undisturbed position, though much mutilated. The width of the 
conjoined ends of the tibia and fibula is 7°8 inches, six inches being 
occupied by the tibia alone. The antero-posterior diameter of the 
tibia is 4:5 inches. The posterior surface presents a wide longitu- 
dinal groove; while the anterior appears somewhat trilobed, from the 
presence of two superficial longitudinal depressions. 'The astragalus 
is much damaged, but presents a general resemblance to that bone 
in Crocodilia and in Scelidosaurus, its proximal end exhibiting a 
concave surface, and its distal a convex pulley. . 

No. 47 is the proximal end of a tibia, which answers very well 
to the foregoing in size. Itis remarkable for the great size of its 
cnemial process, the inferior edge of which (so far as it is preserved) 
is rounded and concave, like the procnemial process in the Flamingo 
and the Albatros. These leg-bones would answer very well to the 
femur of Huskelesaurus. 

No. 1 is the broken articular end of a long bone of considerable size, 
as the transverse diameter of its condyles when entire could have 
fallen but little short of eight inches. At 7 inches from its extre- 
mity the shaft of the bone has a transverse diameter of 5°5 inches, 
an antero-posterior diameter of 6°6. The total length of the frag- 
ment is 10-75 inches. 

The measurements of this fragment correspond pretty nearly with 
those of the distal end of the 33-inch Jguanodon femur. The two 
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condyles are separated in front by a broad but well-marked groove, 
the outer boundary of which is formed by a prominent ridge, 
separating the front face of the bone from the flattened outer 
face, which is disposed at right angles to the front face. The 
outer condyle, in which this ridge ends, is narrower than the 
inner, and projects further forward, but to a less distance back- 
ward. A very deep groove separates it from the inner condyle. 
The posterior surface of this condyle forms a stout projecting ridge, 
which runs up the length of what remains of the shaft of the bone, 
gradually diminishing in height. The tibial, or inner, surface of the 
inner condyle slopes obliquely inwards and backwards, as in the 
femora of Iguanodon and Megalosaurus. 

I cannot identify this fragment with any part of a reptilian ske- 
leton but the distal end of a femur; and if this interpretation be 
correct, it must belong to some other animal than Huskelesaurus, so 
much of the commencement of the distal expansion of the femur of 
the latter reptile remaining as to suffice to prove that it could not 
have had the peculiar form presented by the present specimen. Pro- 
visionally, and while awaiting further materials, I shall apply the 
title of Orosaurus to the fossil reptile indicated by the femur. 
Of course, the existence of a second great Dinosaurian in the Storm- 
berg rocks renders it, for the present, impossible to assign the tibial 
fragments to the one genus or to the other. 

The Stormberg mountains form part of a long range which stretches 
north-eastward for several hundred miles, and takes the name of the 
Drakenberg on the north-west frontier of Natal. In Mr. Bain’s 
map and sections illustrative of the geology of South Africa, pub- 
lished in the seventh volume of the Transactions of this Society, this 
range of mountains is seen to be formed by the southern edge of a 
considerable thickness of horizontal strata, piled conformably above 
the Karoo-beds, which have yielded the Dicynodonts and so many 
other remarkable true reptiles and Labyrinthodonts. 

According to Mr. Bain, <<‘ these Stormberg beds,” as they might be 
called, contain reptilian and vegetable remains; but I know of no 
description of any of these except that given by Professor Owen of 
certain fossil remains, discovered by Messrs. Orpen in the Draken- 
berg, 250 miles from the Stormberg, which Professor Owen has called 
Massospondylus, Pachyspondylus, and Leptospondylus, and which he 
considers to ‘‘indicate three or more genera or species of large extinct 
carnivorous reptiles, combining in their vertebree and bones of the 
extremities both Crocodilian and Lacertian characters, with an indi- 
cation of a structure of the sacrum lke that in the Dinosauria. 
Their precise place in the Reptilian class cannot be determined until 
the cranial and dental characters are known”*. 

I have carefully examined these fossil bones, which appertained 
to animals of much smaller dimensions than Huskelesawrus, and, so 
far as they are comparable, differ from the latter. 

* Descriptive Catalogue of the fossil organic remains of Reptilia and Pisces 
contained in the Museum of the Royal College of Surgeons of England (1854). 
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The occurrence of Dinosaurian remains in the Stormberg rocks is, 
unfortunately, by no means decisive as to their geological relations. 
The Dinosaurian Plateosawrus has been discovered by Von Meyer in 
the Trias; and the affinities of the Thecodonts with the Dinosauria 
are so close that no one could be surprised at the occurrence of 
the latter reptiles in rocks of Permian age; while, on the other 
hand, they are continued through the Mesozoic formations to the 
Chalk. 

In the letter from which a passage has already been cited, Mr. 
Brown not only expresses the belief that he will be able to procure 
a full suite of remains of Huskelesaurus; but this energetic investi- 
gator of South African geology promises shortly to forward another 
highly interesting fossil, the account of which I subjoin in his own 
words :— 

“On the 24th of May last, being a holiday, I went into the 
country, as is my custom, and found, at a considerable distance from 
Aliwal, in an alluvial deposit forming the bed of an ancient valley, 
imbedded én sttu, an animal which, from proofs in my possession, I 
believe to be a representative animal, or at least the type of a genus, 
which inhabited a large extent of country. 

«¢ When I send this animal I will transmit a series of fragments 
of teeth (belonging to this type) gathered from many parts of the 
district, and accompany them with a paper, with an outline sketch 
of the localities by the aid of a camera lucida. 

“¢ | have made already five visits to the spot. ‘The following are 
the particulars :— 
“qa, The bones are completely mineralized, and very dense. 
“6, There are about nine ribs as yet, with their vertebral ends in 

good preservation. 
“‘¢, Cranium (of which there are many pieces) very elongated. 

Saurian. type? 
“d, Lower jaws, very short and remarkably thick; no traces of 

teeth. Mammalian type? 
““e, One large tooth in the upper jaw lying horizontally in the centre 

of the intermaxillary bone, and taking a curve after protru- 
ding from the muzzle. It is in such a peculiar position that 
I have seen nothing in nature or engravings resembling it. 

“< f. Twelve vertebre, with their tubercles and processes complete. 
“<g. Several large bones, which I cannot define at present. 
‘<h, One large bone belonging to the pelvis, possessing saurian 

characters.” 
Mr, Brown further remarks that the head must have been nearly 

as large as that of an ox, with lower jaws no longer than those of an 
average-sized dog. 

It is useless to speculate when the means of arriving at certain 
knowledge are so near at hand; but the description is certainly more 
suggestive of a Dicynodont reptile than of anything else. 
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2. Additional Notes on the Groveine of the Rocxs of Norra Devon 
and Wrst Somerset. By J. Beete Jukes, Esq., M.A., F.R.S., 
F.G.S. 

NovemBeER 21, 1866. 

The following communications were read :— 

1. On Marine Fossitirerovus Seconpary ForRMATIONS 7n AUSTRALIA, 
By the Rev. W. B. Crarxe, M.A., F.G.S. 

In Australia; until the year 1860, no deposits of Secondary age had 
been demonstrated, although Sir T. L. Mitchell, in 1846, during 
his exploration of tropical Australia, had collected Belemnites and 
a few other fossils, which are now known to belong to a Lower 
Secondary formation, such as occurs on the Maranoa River, in 
Queensland. 

During my own explorations in 1851-3, I had received a portion 
of an Ammonite found in the Clarence River District, in New South 
Wales ; and in 1859, Mr. Selwyn* obtained two supposed Cretaceous 
fossils from the drift-gravel in Victoria. 

But these were all the data that had been accumulated in Eastern 
Australia up to 1861, when my paper “On the position of certain 
plants in the Coal-bearing beds of Australia” was read before the 
Geological Societyt. But of Oolitic fossils no species had been 
found in New South Wales in 1860, nor to my knowledge in any part 
of Australia, as stated in my book on the Gold-fields; for I was then 
unaware even that Mr. Gregory had discovered any Secondary fossils 
in Western Australia, which fact I first became acquainted with in 
an editorial note appended to the paper cited. In Mr. Gregory’s 
papert, afterwards published, he mentions Cretaceous, but not 
Jurassic fossils. 

Shortly after this, my friend Mr. W. P. Gordon, who then lived 
at Wollumbilla, north of the Condamine River, was requested by me 
to examine his neighbourhood, and to send me any fossils he might 
discover, as I was led to suspect that if Secondary rocks existed 
anywhere in that region, ne would be within reach of them. Ina 
few months I received the collection which is mentioned in the 
Quarterly Journal of the Geological Society§$, under the title of 
“The Occurrence of Mesozoic and Permian Faune in Eastern 
Australia.” 

In that paper the fossils were mentioned as having been intended 
for the International Exhibition at London in 1862. An accident 
prevented their despatch in time for the Exhibition ; but they have 
since been placed in the hands of Mr. C. Moore, of Bath, F.G.S., for 
description. 

* Quart. Journ, Geol. Soe. vol. xvi. p. 148. 
+ Ibid. vol. xvii. pp. 359-362. t Lbzd. p. 480. 
§ Lbid, vol. xviii. p. 244. 
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If my first view of some of these fossils as belonging to the Cre- 
taceous epoch was incorrect (though the first view of Mr. Moore 
himself was the same), and if they belong to the very base of the 
Secondary formations, as has since been surmised, they become the 
first extensive collection of Lower Mesozoic age from a recognized 
locality, and are so far interesting. 

Disputing the opinion that they were the marine representatives 
of the Coal-beds of New South Wales, I was inclined to admit that 
they might still be the representatives of the Wianamatta beds over- 
lying the Hawkesbury rocks, which again overlie the Coal-beds ; 
but Sir Philip Egerton’s determination* of the Paleozoic character 
of the fishes in these upper beds proves that the Wollumbilla beds 
are far above them, and have nothing in common with the New 
South Wales Coal-seams. 

Baron de Zigno, in his paper} “ Sopra i deposite di piante eee 
del’? America Settentrionale, delle Indie e del? Australia, che aleunt 
Autori riferirono all’ epoca Oolitica” (in which, I am glad to see, he 
arrives at a more satisfactory conclusion than in his former writings), 
has fallen into a mistake as to the Wollumbilla beds being connected 
with beds (7000 miles to the westward) containing a Twmopteris, 
as reported by Professor M‘Coy. 

Mr. Gregory’s paper (1861) mentions, as a Cretaceous fossil, a 
Ventriculite in flint, and as “fossils of Secondary age” specimens 
of Trigonia and Ammonites from the Moresby Range, an Ammonite 
from Mount Albert, and a Pecten from the east of Wizard Peak. 
These localities in Western Australia are a kind of classic ground, 
as they were described (though not geologically) by the late Rear- 
Admiral King, and afterwards by Rear-Admiral Stokes. 

In 1862, a few fossils (probably from Mr. Gregory’s collection) 
were exhibited in London, including Trigonia costata. In the same 
year I received a letter from Mr. Moore, dated 24th September, in 
which he mentioned that he had found accidentally in Worcester- 
shire a collection of fossils sent from Western Australia by Mr. 
Clifton. Of these, between 50 and 60 species were made out, and 
30 of them were in a block not larger than a sheet of note-paper. 
Of Oolitic forms he discovered the following :— 

Ammonites (3 or 4 species). Nautilus sinuatus ? 
Avicula (several species). ae ? 
Astarte. 
Belemnites. Gatien Marshi. 
Chemnitzia. - Pecten (several species). 
Cuculleea (3 sp.). Pholas australis, Moore, MS. 
Hinnites. Rhynchonella variabilis. 
Lima proboscidea. Serpule. 
Lima. Trigonia costata. 
Lucina. Turbo. 

Besides these were Ammomtes radians (a true Upper Lias form); 

* Quart. Journ. Geol. Soc, vol. xx. p. 1 
tT Rivista periodica della I. R, Acad. di ‘Padova, vol, xii. 1863, p. 148. 
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and A. Moorit, Lycett, Myacites, and Pholadomya, considered Middle 
Lias, also occurred. The rockitself gave 56 per cent. of iron. This 
agrees very well with what Stokes says* of the abundance of iron 
diffused andin blocks about Moresby Range and Wizard Peak. Mr. 
Moore tells me that there is nothing in common between this col- 
lection and my Wollumbilla collection ; and if so, we have a distinc- 
tion of deposits ; and though not far separated in point of age, yet it 
is so far clear that the Western and the Eastern sides of Australia 
are not altogether identical in age, though the Carboniferous forma- 
tion below the Secondary rocks appears the same. Although Mr. 
Moore did not know whence the fossils came, I think they certainly 
came from the neighbourhood of the Moresby Range. I believe the 
list was published by the British Association, but I cannot now refer 
to the volume. 

In November, 1863, I received from the Honourable F. B. Barlee, 
F.R.G.S., Colonial Secretary of Western Australia, a case of fossils 
in a ferruginous matrix, containing— 

Avicula (of large size), Nucula, 
Astarte, Pecten (? vesicularis), 
Nautilus. Pholadomya. 

These came from about 15 miles north of Champion Bay, and pro- 
bably from near the Moresby Range. A subsequent parcel of fossils 
reached me in 1864, from the same neighbourhood, and among them 
I find the following :— 

Ammonites (4 species). Mytilus. 
Arca (3 species). Nautilus (2 species). 
Astarte. Nerinza. 
Avicula Miinsteri. Ostrea Marshi. 
Belemnites canaliculatus (2 specimens). | Ostrea (very small species). 
Cardium. } Pecten (4 species). 
Chemnitzia. Pholadomya. 
Dentalium. Rhynchonella (3 species), 
Lima (2 species). Serpula (2 species) 
Myacites (3 species). Trigonia (3 species). 

Taking the general aspect and association of these fossils, and the 
occurrence of such forms as Avicula Minsteri, Ostrea Marshi, and 
Ammonites Moorii, it is almost certain that the nearest representative 
of the formation is the Inferior Oolite. The Nautilus sinuatus and 
Trigonia costata lead to the same conclusion ; but another Nautilus 
in my collection appears to be new. It appears certain, at any rate, 
that the Moresby Range is the headquarters of the Jurassic forma- 
tions in Western Australia. 

There is no necessity to enter here on any discussion as to the 
palpable position of these rocks with respect to the highly altered 
deposits of sandstone to the northwards of them, though it would 
seem that the Trias is represented there. But I may properly add 

* Discoveries in Australia, vol. ii. p. 387. 
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that, although there are abundant fragments of wood mineralized 
by silica and iron in the deposits, no traces have been found of any 
plants which occur in the Wianamatta, Hawkesbury, or Newcastle 
beds of New South Wales. 

It was my intention to redeem my promise to the Geological 
Society, and send the results of further investigations along the 
Maranoa River. Circumstances have hindered this ; but I may now 
mention that I have ascertained that the Mesozoic formations extend 
over an enormous area in Tropical Eastern Australia, that from the 
eastward of Wollumbilla to the Maranoa, and thence to the Nive 
and Barcoo Rivers, and so to the Thomson, the Belyando, and the 
Flinders (from all which I have received collections), there are for- 
mations which appear to me to range from the Trias up to the Cre- 
taceous; and I anticipate hereafter a development of formations or 
groups almost as regular in succession as those in England. 

From the Barcoo I have fish-teeth imbedded in fossiliferous rocks 
not unlike those of Wollumbilla; and from the Branston Range on 
the Flinders I have Ammonites, Avicula, and a fragment of an Jno- 
ceramus, in a grey limestone highly metamorphosed, jointed, and 
full of calcareous spar, the joints producing a regular columnar 
structure. 

Belemnites of various species are common on the Nive, the Bel- 
yando, and the Amby Rivers, and at Bungeeworgorar, on Fitzroy 
Downs, Pentacrinites being beautifully developed in the calcareous 
grit of Mitchell Downs. All these last-mentioned places are in 
Queensland. 

I hope hereafter to be able to show distinctly the order of succes- 
sion in all the Australian deposits. My present object has been to 
give a brief réswmé of the discovery of Secondary formations in 
Australia up to the present year, and I must therefore conclude it 
with stating that it was announced at the beginning of 1865, in the 
Melbourne papers, that Professor M‘Coy had received from a student 
of the University an Jnoceramus, and a fragment of an Ammonite 
from Flinders, which he considered to be Cretaceous. 

I have not included the Unio (U. Daintreez) described by Professor 
M‘Coy from the Western part of Victoria, because it does not come 
under the head of Marine fossils; but I believe it to be the only 
fossil animal found in the so-called Oolitic deposits of that colony ; 
and of course it proves nothing as to comparison of them with the 
Wollumbilla or Moresby Range beds. 

PS. As a sequel to the above, and as almost necessary to the 
clear understanding of the perfect separation of beds with Glossopteris 
(which Professor M‘Coy so long maintained were Oolitic) from those 
above mentioned, I may perhaps be allowed to state that no Glos- 
sopteris has been found in Victoria, Queensland, Western Australia, 
or in New South Wales except in association with beds containing 
fossils of Paleozoic age, that at Stony Creek in the Hunter River- 
basin the Glossopteris-beds are covered by from 2000 to 3000 feet of 
strata full of Upper Paleeozoic fossils, that similar associations exist 
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in various other parts of that extensive basin (as proved by borings), 
and that Mr. Daintree, who was formerly on the Geological Survey 
of Victoria, but is now squatting on the Clarke River, in the Upper 
Kennedy district, has brought to me from the Bowen River Coal- 
field, fully 900 miles north of Stony Creek, the same species of 
shells and the same species of plants, occurring in the same order of 
superposition as at Stony Creek, proving that there is no anomaly 
in the positions I have assigned to the G'lossopteris, and that it goes 
down as low as the Upper Carboniferous at least. It will be inter- 
esting to geologists to know that this is now so thoroughly deter- 
mined that no doubt can remain in the mind of any honest contro- 
versialist. 

I append two extracts from letters from Mr. Daintree justifying 
my statement :— 

Bowen, Feb. 10, 1866. 

“In the Bowen River Coal-field your statement as to the 
Paleozoic age of the Newcastle beds is, so far as I could judge, 
entirely proven, since here we have Spirifers, &c., similar to those 
in Russell’s shaft* and the railway-section at Maitland overly- 
ing the coal-seams, Glossopteris being the most abundant fossil 
Fern.” 

After having gone to Melbourne and returned to Queensland, he 
writes as follows :— 

Brisbane, April 11, 1866. 

“YT send you a copy of what Professor M‘Coy addressed to me 
after an examination of the fossils I took him, viz. :— 

<¢¢ Your brown beds No. 2, are identical with the marine beds 
underlying the Coal of the Hunter +, the Productus brachytherus, 
Stenoporum ovatum, Pachydomus globosus, Allorisma curvatum, &c., 
fixing them. The Streptorhynchus is new, but of clearly Carboni- 
ferous type. I have no doubt of their being Upper Paleozoic. 

«<The plants are Phyllotheca australis, and Gllossopteris Brow- 
niana, forms related to which in Europe are only found in Mesozoic 
rocks.’ ” 

Mr. Daintree adds, “ These types are all above the Lower Coal- 
seams of the Bowen River.” 

The section Mr. Daintree described as clear and unmistakable, 
presenting beds distinctly lying over each other in regular order, 
and having below those already described others with Lepidoden- 
dron, just as, in New South Wales, the marine beds below the Stony- 
Creek Coal (which, as we have seen, is covered by marine beds, 
which are again covered at Newcastle by Coal-beds) are succeeded 

* See section by Rev. W. B. Clarke, Trans. R. Soc. Victoria, vol vi., and sec- 
tions of the Newcastle Basin, by Mr. Mackenzie and Mr. Clarke. 

t I, e. overlying the Stony Creek Coal-seams.—W.B.C. 
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by shales full of Lepidodendra, Sigillarie, and Ferns, which are also 
succeeded by limestones and other rocks full of marine fossils haying 
a Devonian or Lowest Carboniferous aspect. 
We thus perceive that in North Queensland as well as in New 

South Wales the succession is an alternation of plant- and animal- 
beds ranging through many thousand feet of strata resting on granites, 
porphyries, or slates, &c., of Lower Paleozoic age, and covered by 
the Secondary formations already alluded to, which have no connex- 
ion with the Coal-seams of New South Wales, and which do not, so 
far as is known, occur either there or in Victoria. 

2. On the Mapreporarta of the Inrra-Lias of Sourm Watzs. By 
P. Martin Duncan, M.B. Lond., Sec.G.S8. 

ConTENTS. 
. Introduction. 
. Description of the Brocastle and Ewenny deposits. 
. Remarks upon the Paleontology of the Sutton and Southerndown series. 
. The differences between the Liassic beds with Ammonites Bucklandi and 

Gryphea incurva and those of Brocastle, Ewenny, Sutton, and Southern- 
down. 

. Notice of the Madreporaria of other British strata of the Brocastle horizon 
and of the Ammonites Planorbis zone of Great Britain. The Madrepo- 
raria of the White Lias and Avicula contorta zone of Great Britain. 

. Notice of the strata in France and in the Duchy of Luxembourg which have 
the homotaxis of the Brocastle, Ewenny, Sutton, and Southerndown series. 

. The geological position of the Brocastle, Hwenny, Sutton, and Southerndown 
series. 

. General view of the distribution of the Madreporaria from the Keuper to the 
Ammonites Bucklandi beds in Great Britain, France, and Italy. 

. Conclusion. 

or H Co bo 

oo), O tS (Ker) 

1. Introduction.—Towards the end of 1865, Mr. Tawney sent me 
a collection of fossils from the Sutton stone in South Wales, and 
requested me to describe the species of Madreporaria contained 
in it. ‘This description appeared as an appendix to the elaborate 
communication “ On the western limits of the Rheetic beds in South 
Wales, and on the position of the Sutton stone,” by H. B. Tawney, 
Esq., F.G.S.* 

The species were but few in number, they were unlike any others 
from British Secondary rocks, and they presented rather a St. Cassian 
facies. 

Little could be determined, from their study, concerning the age of 
the Sutton stoner; and Mr. Tawney could only give a qualified 
opinion upon this subject after the examination of the Mollusca. 
Shortly after these communications were read, Mr. Charles Moore 
sent me a large collection of fossils from the Sutton stone and from 

* Quart. Journ. Geol. Soc. vol. xxii. p. 69. 
t For an admirable description of these rocks, see Mem. Geol. Survey, vol. i. 
54 p. 270, by Sir H. de la Beche. 
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some other Liassic beds which rest upon Carboniferous Limestone. 
During this autumn, the same indefatigable geologist went over the 
district described by Mr. Tawney, and on his return he forwarded 
me amagnificent collection of specimens from Sutton, Southerndown, 
Brocastle, Ewenny, Langan, Laleston, Cowbridge, and Shepton 
Mallet. He moreover gave me all the information he could obtain 
on the stratigraphical relations of the highly fossiliferous beds of 
those localities. It soon became evident that there was a very con- 
siderable number of new species of Madreporaria among the speci- 
mens*. 

The objects of this communication are, to introduce to Palzonto- 
logists a new British coral-fauna from deposits of Liassic age, which 
rest upon Carboniferous Limestone ; to correlate these beds with each 
other and with the Infra-Lias in Normandy, in the Céte d’Or, and 
in the Duchy of Luxembourg; to show the necessity of filling up 
the space which now exists in British classificatory geology between 
the zones of Ammonites Planorbis and of Ammonites Bucklandi, Gry- 
phea incurva, &c.; and to give an analysis of the species of Madre- 
poraria of the Infra-Lias. 

2. Description of the Brocastle and Hwenny Deposits.—Brocastle 
and Ewenny are localities a short distance south-west of Bridgend 
in Glamorganshire. Their fossiliferous deposits rest upon the Moun- 
tain-limestone, and fill up depressions on its surface. The beds have 
no stratigraphical succession ; but at Ewenny the Sutton stone was 
seen by Mr. Charles Moore beneath the fossiliferous deposit. The beds 
are more or less conglomeratic, they are limestones with much Dolo- 
mite in their composition, and the fossils weather out amongst crystals 
of selenite, cale-spar, galena, and occasionally of quartz. They con- 
tain, more or less, dark chert derived from Carboniferous Limestone ; 
and Paleozoic fossils are thus introduced. Hand specimens show a 
dull-grey cherty fracture or a light-brown semicrystalline lustre ; 
but the fossils weather out of a pale yellowish brown colour. Occa- 
sionally the limestone is darker ; but the fossils always appear of the 
same colour. Casts are frequent, and they are often filled with 
crystals. 

* As Mr. Charles Moore is describing the Mollusca, and Mr. Tate is studying 
the Gasteropoda from these localities, I shall notice only those Gasteropoda and 
Lamellibranchiata which are common to these beds and their continental equi- 
valents. I am under great obligations to Dr. Wright for sending me the typical 
specimens of the corals he has described from the zone of Ammonites Planorbis 
in England and in the island of Skye—and also to the Rev. P. B. Brodie for 
the loan of all his Lower-Lias Madreporaria, for sections which he has given 
me, and for much useful information. These gentlemen, in conjunction with 
Mrs. Strickland and Messrs. Tate, Burton, and Chamberlin, have given me 
many of the data by which I have been able to compare the coral-fauna of the 
Lias containing Ammonites Bucklandi &c. with that of the beds of which this 
communication more especially treats. My friend Mr. Charles Moore is the 
geologist to whom I am the most indebted. With a true love of science, he 
has furnished me with all the details I required concerning the fossiliferous beds 
which he has so carefully studied, although there is a difference in our opinions 
about their geological age ; and he has spared neither time nor trouble in his en- 
deayours to elucidate the truth. 
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The fossil remains in these old hollows in Mountain-limestone at 
the bottom of the Liassic sea are in incalculable multitudes; and on 
splitting blocks upon which they weather out in profusion, the frac- 
tured surfaces give indications of as many others. Some of the 
fossils are perfect even in their most delicate ornamentation ; others 
are worn, having been rolled; and myriads are in fragments. The 
smaller fossils stud the blocks, and consist for the most part of frag- 
ments of Madreporaria and Pentacrinites, of Cidaris spines.and plates, 
and of fragments of large and small Lamellibranchiata; and with 
these are mixed the shells of tiny Gasteropoda. The larger fossils 
consist of perfect spheres of Jsastreea globosa, Dunc. (and fragments 
of them), of blocks more or less gibbous of another Jsastrea, “of flat 
or dendroid pieces of Astrocenc, and of more or less fragmentary 
Thecosmilie and Montlivaltice ; and amidst these are more or less 
perfect Cerithia, Turritelle, large Pleurotomarie, Straparole, Neri- 
topsides, many rugged Ostrec, and more or less perfect Lame. ‘There 
are also Polyzoa and Serpule. All are mingled together, and here 
and there are some remanié species of Syringopora, Amplexus, 
Cyathophyllum and Lithostrotion. The profusion of perfect speci- 
mens of many species of Madreporaria is quite characteristic of the 
deposit. Considering that many of the fossils are found as casts, 
that others have suffered from a destructive fossilization, and that 
many kinds of stone enter into the composition of the deposit, it is 
very remarkable that so many species should be determinable from 
so many specimens. 

The most common fossils are Madreporaria ; and portions of some 
Astroceenian or other are found on every block. Specimens from 
Ewenny resemble those from Broeastle ; and it is evident that the 
beds are on the same geological horizon. . 

Brocastle may be considered a typical deposit; and in all proba- 
bility the remarks made upon it will apply to coralliferous beds near 
Cowbridge, which rest upon Mountain-limestone, and to a fossili- 
ferous bed near Laleston, where vast numbers of a Thecosmilia are 
found. But further information is required before several other 
Liassic deposits resting upon Carboniferous limestone can be asserted 
to be on the same horizon as Brocastle. 

The following is a list of the species of Madréponanies from the 
Brocastle beds, which have not been hitherto described :— 

Montlivaltia simplex, sp. nov.* Thecosmilia Walliz, sp. nov. 
Walliz, sp. nov. dentata, sp. nov. 
Brodiei, sp. nov. plana, sp. nov. 

-—— Murchisoniz, sp. nov. Isastreea globosa, sp. nov. 
pedunculata, sp. nov. Latimzandra denticulata, sp. nov. 
brevis, sp. nov. Cyathoceenia dendroidea, sp. nov. 

Thecosmilia irregularis, sp. nov. and costata, sp. nov. 
1 var. Astroceenia plana, sp. nov. 

Terquemi, sp. nov. dendroidea, sp. nov. 
affinis, sp. nov. minuta, sp. nov. 

* These species, having been drawn on stone and described for the Palxon- 
tographical Society, will be published in its volume for 1866. 
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Astroczenia reptans, sp. nov. Astrocenia costata, sp. nov. 
favoidea, sp. nov. —— gibbosa, sp. nov. 

—— spinigera, sp. nov. —— insignis, sp. nov. 
pedunculata, sp. nov. 

The following species were also found at Brocastle, but they have 
been previously described :— 

Septastrea excavata, de From. Thecosmilia Martini, de From. 
Isastrzea Sinemuriensis, d’ Or+., sp. Michelini, Tym. 
Montlivaltia polymorpha, Terquem et 

Prette. 

The annexed list includes the few species of Gasteropoda and 
bivalve Mollusca I have recognized in the Brocastle beds :— 

Cerithium acuticostatum, Tgm. Ostrea Liassica, Str. (O. multicostata, 
gratum, Tgm. Miinst.) 
Semele, d’ Ord. anomala, Tym. 

Turritella Zenkeni, Dunk., sp. Lima tuberculata, Tom. 
Dunkeri, Dunk., sp. compressa, Tym. 

Phasianella Morencyana, Piette. Cucullea Psilonoti, uci (C. Het- 
Neritopsis exigua, 7972. tangiensis, Tym.) 
Gervillia acuminata, Tgm. Cardita Heberti, Tom. 
Ostrea irregularis, Miinst. 

These lists contain a very remarkable assemblage of species ; and 
the number of Madreporaria is very striking when it is remembered 
how very few species of them have been found in any Liassic forma- 
tion. The species, as a whole, constitute a coral-fauna not hitherto 
recognized in Great Britain, and having a very decided distinction 
from that of the Lias containing Ammonites Bucklandi. The Gas- 
teropoda associated with the Madreporaria are noteworthy, because 
they are grouped with some of the species of corals in those conti- 
nental strata which appear to be the equivalents of the Brocastle 
beds. 

3. Remarks upon the Paleontology of the Sutton and Southern- 
down series.—The general characteristics of the Sutton and Southern- 
down series have been so ably described, that it is simply necessary 
to refer to Mr. Tawney’s essay for their relative position and litho- 
logical peculiarities. The Sutton stone, with its superimposed 
Southerndown beds, may be regarded as one Paleontological series. 
Like the Brocastle beds it rests on Carboniferous Limestone, and is 
conglomeratic at the base, where blocks of black chert containing 
Paleozoic corals of Carboniferous Limestone age are found. It is 
best seen on the coast; but there are quarries of it at Laleston which 
yield good fossils, and Mr. Charles Moore states that it may be seen 
beneath the Ewenny limestone. The Southerndown beds do not 
contain many Madreporaria, and their species are the same as those 
common in the Sutton stone. The uppermost beds of the Southern- 
down series are covered with the Lias containing Amimonites 
Bucklandi, A. Conybearii, Gryphea incurva, &e. 
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The following is a list of the specics of Madreporaria from the 
Sutton stone not hitherto described :— 

Montlivaltia pedunculata, sp. nov. Astrocenia gibbosa, sp. nov. 
parasitica, sp. nov. —--~ plana, sp. nov. 

Thecosmilia Suttonensis, sp. nov. parasitica, sp. nov. 
mirabilis, sp. nov. reptans, sp. nov. 

—— serialis, sp. nov. Elysastrzea Moorei, sp. nov. 
Cyathoceenia incrustans, sp. nov. 

The following species have been previously described from other 
strata :— 

Montlivaltia polymorpha, Tym. et Rhabdophyllia recondita, Lawbe. 
Piette. Elysastrea Fischeri, Laube. 

| Thecosmilia rugosa, Laube. 

The species Montlwaltia pedunculata, M. polymorpha, Astrocena 
gibbosa, A. plana, and A. reptans are common to the Sutton stone 
and to the Brocastle beds. The small T'hecosmilie have the same 
facies, but are specifically distinct from those of Brocastle ; and the 
Astrocemec are all very closely allied. The species named by Laube 
are Triassic; and all the rest differ from those found in the Lias 
with A. Buckland, but clearly belong to the same general horizon as 
those of Brocastle, and must be referred to the continental strata 
which will be noticed as being its equivalents. 

An analysis of the species of Mollusca described by Mr. Tawney, 
and an examination of some fossils he had not the opportunity of 
seeing, enable me to give the following list of species which had 
been already described from other strata:— 

SoUTHERNDOWN SERIES. 

Ammonites angulatus, Schl. | Littorina clathrata, Desh. 

Sutton SERIES. 

Lima exaltata, Tgm. Ostrea irregularis Miinst 
—— dentata, Tgm. Liassica, Strick. ; 
Cardinia regularis, 7g. Lima tuberculata, Tym. 

crassissima, Sow., sp. Myophoria postera, Quenst. 
Plicatula intusstriata, Hmm. Monotis decussata, Miinst. 
Pecten Valoniensis, Desh. Neritopsis exigua, Zgm. 

This small list has been introduced to demonstrate that the 
Mollusca and the Madreporaria belong to the same horizon elsewhere. 
There are in the Sutton and Brocastle beds several species of Mol- 
lusca which are known to exist in the Lias containing Ammonites 
Bucklandi 1. England or elsewhere. They will be considered 
shortly. 

4, The differences between the beds with Ammonites Bucklandi and 
Gryphea incurva and those of Brocastle, Hwenny, dc.—The Lower 
Lias with Ammonites Bucklandi, Pholadomya glabra, Lima gigantea, 
and Gryphea incurva rests conformably on the Southerndown beds, 
and no unconformity has been traced between it and any lower beds 
of presumed Liassic age in this district. Nothing, however, can be 
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more distinct than the lithological and paleontological characteristics 
of the Ammonites-Bucklandi beds and of those now under considera- 
tion. The lithological characters of the Brocastle beds have just been 
described; and Mr. Tawney may be thus quoted with respect to those of 
the other series. He remarks on the lithology of the Southerndown 
series, “‘ This series differs lithologically from the Sutton Stone in 
the beds being much harder and more irregularly bedded, and they 
are frequently subcrystalline and separated by thin arenaceous 
partings ; again, the fragments of black chert are more sparingly 
scattered. The Sutton-Stone beds differ much in texture: some are 
fine-grained white limestones; others are softer and very shelly; some 
are yellowish-white, and at the upper part are pale grey and be- 
come gradually harder. The conglomerate at the base consists of 
rolled pebbles of Carboniferous Limestone, very numerously imbedded, 
with occasional pieces of chert in a soft fossiliferous white matrix. 
The beds above the conglomerate contain shattered fragments of 
black chert’”’*. The differences in the lithological composition of the 
Brocastle, Southerndown, and Sutton beds are appreciable; but they 
have those common characteristics which separate them from the 
Lower Lias strata with Gryphea incurva. The Lima-beds, as these 
last are called, are earthy limestones, separated generally by argiila- 
ceous shales; they are not conglomeratic, and do not contain any 
fragments of black Carboniferous chert. 

The paleontological differences between the beds under considera- 
tion and those containing Ammonites Bucklandi (the Lima-beds) 
are very great. Not one species of the coral-fauna of Brocastle 
has as yet been found in any beds of the Aimimonites-Bucklundi zone 
in any part of Great Britain or elsewhere. The same holds good 
with regard to the Sutton Stone and the Southerndown beds. The 
small list of Mollusca which I have given from the Brocastle beds has 
not the facies of the fauna of the Ammonites-Bucklandi zone; the 
same is the case with regard to the Mollusca of the other beds. All 
these beds form part of the Liassic formation, and have therefore 
some speciesin common. The great bulk, however, of the Brocastle, 
Sutton, and Southerndown Mollusca are peculiar to a definite 
horizon, and but a few species pass upwards into those beds of whose 
lithological differences mention has already been made. Having 
thus shown how the beds under consideration differ lithologically 
and paleontologically from the beds composing the zone of Ammo- 
nites Bucklandi, I propose to notice shortly the Madreporaria of the 
other strata of the so-called Lower Lias of Great Britain. 

5. Notice of the Madreporaria of other British strata of the horizon 
of Brocastle and of the Ammonites-planorbis zone, ¢¢.— Whilst inves- 
tigating the Lias of the Isle of Skye, Dr. Wright found a coral-bed at 
Lussayt, consisting of great blocks of a species which he has named 
Isastrea Murchisoni. Dr. Wright considered this coral-bed to be 
very low in the Liassic series, and, from the presence of Cardinia 
concinna, Zieten, in the strata immediately bencath, he determined 

* Quart. Journ. Geol. Soc. yol. xxii. p. 74, t hid, vol. xiv. p. 39. 
VOL, XXIII,—~— -PART I, Cc 
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it to belong to his Planorbis-zone. The coral is very interesting 
from its peculiar calicinal gemmation, and is not allied, except gene- 
rically, with any known Jsastrwa. 'The Cardinia has a great vertical 
range; and had it not been for the accompanying Ostrea arietis, no 
very definite age could have been assigned to the coral-bed. This 
Ostrea renders it necessary that the Jsastrea Murchison: should be 
included in the zone of Ammonites angulatus, and shows that, like 
the Madreporaria from Brocastle, it existed before the fauna of the 
A, Buckland or Gryphea-incurva beds. 

Very lately numerous Madreporaria have been found in Lincoln- 
shire, at Marton near Gainsborough, in strata between the White 
Lias and the Gryphea-incurva beds*. The species are not the same 
as those of the Brocastle and Sutton series: one of them, Septastraa 
Fromenteli, Terquem et Piettet, is found in the zone of Ammonites 
planorbis of Volfsmuhl near Mondorf; and the others are Montli- 
valtie of the M. Haimeit type, and rather characteristic of the Lias 
below the zone of Gryphea imcurva. The commonest of these 
Montlivaltiec, M. papillata, Duncan, is also found in the Irish beds 
(Angulatus-zone) with M. Haimei, Chapuis et Dewalques. 

The Montlivaltie called by VM. de Fromentel M. tenwi-septa and 
M. granigera|| are found at Balderton, near Newark] ; they cannot 
be considered to be anything more than varieties of WM. Haimez, 
but they may be regarded as denoting a good coralliferous horizon. 
At Shepton Mallet, discoid Monétlivaliice of the M. Haimei type 
occur ; but the correct geological horizon of Balderton and the bed at 
Shepton requires elucidation. 

In the section given by Dr. Wright of the zone of Ammonites 
planorbis at Street**, the light-coloured marly clay on the top, with 
Saurian bones and Ammonites planorbis, is succeeded by a light- 
coloured limestone with Ammonites planorbis in moulds; and imme- 
diately beneath this is a yellow shale with the same Ammonite, 
Ichthyosaurus intermedius, and a coral. Dr. Wright has sent me the 
specimen; and it is not Jsastrwa Murchisom as is stated in his me- 
moir, but a species he has named Haimet, which does not belong to 
Lsastrea, but to Septastrea. 

At Binton there are said to be corals in the Guinea-bed, which 
is covered by a succession of clays and limestones with Modvola 
mmma, Pholidophorus Stricklandi, Ag., insect-remains, Ammo- 
mites Johnston, and Saurian remains; unfortunately I have not 
been able to obtain any specimens. The only Madreporarian of our 
Ammonites-planorbis zone is therefore Septastrea Haimer, Wright, 

* The Rev. T. Chamberlin, F.G.S., and F. M. Burton, Hsq., F.G.S., have afforded 
me information on these points, and have sent me the fossils for examination. 

+ Le Lias inférieur de lest dela France, p. 129. 
{t Mr. R. Tate, F.G.S., informs me that the strata contain the fossils of the 

Ammonites-angulatus zone. 
§ Mr. Tate has forwarded me specimens. 
|| Paléont. France. livy. 10. p. 112. 
¢| ‘The Rev. Mr. Chamberlin and Rey. P. B. Brodie have forwarded specimens 

of these forms. 
** Wright, Mon, Pal. Soc. vol. for 1868, p. 55. 
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sp. It is not to be found in the Sutton Stone, nor in the Southern- 
down or Brocastle beds, and it has not been discovered in any of the 
continental strata which are presumed to be the equivalents of the 
Ammonites-planorbis zone in Great Britain. 

There are three species of Montlivaltia in the White Lias, but 
they are indeterminable. 

The Avicula-coniorta beds at Beer Crowcomb were found by Mr. 
Moore to contain a Montlivaltia with five cycles, but nothing more 
could be made of it. As far as it is possible to judge, none of 
these Montivaltiic resemble those of the Sutton Stone or Brocastle 
beds. The succession of rocks from the Trias to the top of the Pla- 
norbis-series 1s complete ; and consequently, from stratigraphical and 
paleontological data, the coralliferous beds at Sutton and Brocastle 
cannot be intercalated amongst them. It is therefore necessary 
to determine the continental equivalents of the beds under con- 
sideration. 

6. Strata in France and in the Duchy of Luxembourg which have 
the homotaais of the Brocastle, Hwenny, Sutton, and Southerndown 
series.—In Normandy there is a considerable development of beds 
which rest more or less upon depressions in quartzite rocks and 
upon the Trias, and which are covered, conformably in some places, 
but unconformably in others, by the Lias with Gryphea incurva*. 
These beds occupy, in the east of the Cotentin, two small basins, 
which are separated by the ridge of the quartzite rocks of Monte- 
bourg; and they can be traced to rest conformably on the Trias, and 
partly on the granitic surface. The beds have been classified in 
three divisions by M. Deslongchamps. The lowest are sandstones 
and dolomites with impressions of plants; the fossils are few in 
number and are badly preserved; and Mytilus minutus occurs, with 
imperfect specimens of Avicula contorta. The middle are marls, 
with Mytilus minutus, Mytilus liassinus, Tqm., Ostrea anomala, 
Tqm., Diademopsis seriale. The upper beds (the Calcaire de 
Valogne), consist of two series: the lower contains Cardinia con- 
cmna, Cardinia regularis, Tqm., Lima Valoniensis, Defr., Pecten 
Valomensis, Defr., Ostrea anomala, Plicatula Baylet, Tqm., Hettangia 
securiforms, Tqm., Pleurotomaria cepa, Desl. 

The upper series has a lumachello with small Gasteropods at its 
base. The following is a list of the specific forms :— 

Neritina arenacea, Tq. Ostrea anomala, Tg7v. 
—— Hettangensis, Tgm. Septastreea excavata, de From. 
Turritella Dunkeri, Dunk., sp. Thecosmilia, sp. 

Zenkeni, Dunk., sp. Melania unicingulata, Tom. 
Cerithium acuticostatum, Tgm. -— usta, Zgm. 

Jobe, Tom. Ampullaria gracilis, Tgm. 
Phasianella nana, Tom. Hettangia securiformis, Tym. 

— Morencyana, Pietze. Cardinia copides, de Ryckh. 
Pheatula Baylei, Tgm. Montlivaltia, sp. 

The uppermost beds in the Calvados contain Cardinia copides ; 
and their upper surface is extremely hard, and more or less 

* Deslongchamps, Mem. Soc. Linnéenne de Normandie, vol. xiv., 1864. 
c 2 
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covered with sulphide of iron. The surface is much worn and per- 
forated, and is covered by alternations of clays and marls, which 
lie unconformably on it, and contain Gryphea imcurva, Nautilus 
striatus, and Lima gigantea. It will be noticed that Septrastreea exea- 
vata, one of the Brocastle Madreporaria, is grouped in Normandy 
with the Gasteropoda which are associated with the coral-fauna of 
the Brocastle beds. The 7’hecosmilia mentioned above has its repre- 
sentative species at Brocastle, and probably at Cowbridge. ‘The 
Calcaire de Valogne has the homotaxis of Brocastle to a certain 
extent. : 

In the Department of the Cote d’Or*, the highest member of the 
Infra-Lias differs lithologically from the Gryphea-limestone above 
it; this Foie de Veau, or the zone of Ammonites Moreanus, lying 
beneath the Gryphzea-limestone, has a varied mineralogical com- 
position. In some places there are calcareous marls with grains of 
quartz, or black marls, schistose and brittle, and compact nodular 
limestone. The yellow marls of the zone are generally unfossili- 
ferous ; but the blue argillaceous limestone contains many fossils, 
which weather out of a yellow colour. The following species of 
Madreporaria are found in the Foie de Veau :— 

Montlivaltia Sinemuriensis, d’ Ord. Isastraea Sinemuriensis, de /rom. 
Martini, de From. Stylastreea Sinemuriensis, de From. 

Thecosmilia Martini, de From. Martini, de From. 
Septastreea excavata, de From. Astrocenia ‘Sinemuriensis, @’ Ord., sp. 

The following section at Vic de Chassenay refers to the upper 
part of the Infra-Lias or the Foie de Veau :— 

Calcaire 4 Gryphées arquées. 

Yellow marls without fossils. 
( Littorina clathrata, Desh. 
Turritella Dunkeri, Dun&., sp. 

Deshayesi, Tm. 
. . Pleurotomaria Anglica, Sow. 1 : D Blue argillaceous limestone ..,..000 Cnelters Guisiemie len, 2 On. 

Lima gigantea (var. edule), d@’ Ord, ° 
Pecten Valoniensis, de Ir. 

\ Montlivaltia Sinemuriensis. 
Yellow unfossiliferous marls. 

Ammonites Moreanus, d@’ Ord. 
Littorina clathrata, Desh. 
Turritella Deshayesi, Tym. 
Cerithium Semele, D’ Ord. 

Blue-grey argillaceous limestone...{ cate ie Tym. 

Thecosmilia Martini, de From. 
Stylastreea Sinemuriensis, de From. 
— Martini, de From. 
( Astroceenia Sinemuriensis, D' Or0., sp. 

Unfossiliferous marl. ; 
ae 

* Martin, Pal. strat. de l’Infra-lias, &c., 1860, 
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LuUMACHELLO, 

In the Lumachello, or the zone of Ammonites Burqundie, a large 
coral, in the form of a cast, has been named Jsastrea basaltiformis. 
The arkose, or zone of Avicula contorta, beneath the Lumachello is 
uncoralliferous. By examining these lists the affinities between the 
faunze of Brocastle and the Sutton series, and of the upper zone of 
the Infra-Lias of the Cote d’Or, are readily seen. The similarity of 
the lithological conditions is also remarkable. 

In the duchy of Luxembourg the following succession of beds 
is seen * ;— 

2. Gres calcareux. 
3. Calcaire graso-bitumineux. 

An unconformability exists here. 
4, Crystalline grits, 
5. Coloured marls. 

1. Calcaire a Gryphées arquées. 
Lias ... 

Keuper 

The Grés caleareux immediately beneath the Calcaire 4 Gryphées 
arquées consist of three beds. The lowest is unfossiliferous; and the 
uppermost is either unfossiliferous or presents a bed full of Lima 
Fishert, or sands with lignites. The middle bed is highly fossili- 
ferous, and contains amongst others the following species :— 

Littorina clathrata. Cardita Heberti. 
Turritella Dunkeri. Gervillia acuminata. 
Turritella Zenkeni. Lima compressa. 
Phasianella nana. tuberculata. 
Cerithium gratum. Spondylus liassinus, Tym. (Plica- 

acuticostatum. tula intusstriata, £77.) 
Neritopsis exigua. Ostrea irregularis. 
Cardinia regularis. Isastreea Sinemuriensis. 

The limestone beneath, with Lima punctata and Ostrea leviuscula, 
Miunst., rests upon the bone-bed. 

The relation of this fauna to that of South Wales is very remark- 
able. , 

The Calcaire de Valogne, with the beds between it and the Trias 
or Granite, the Foie de Veau, the Lumachello beneath, and the 
Arkose above the Trias, the Grés calcareux of Luxembourg and 
Hettanges, with their associated bituminous limestones, lower marls, 
and bone-bed resting unconformably on the grits and marls of the 
Keuper, have much in common. They are lithologically distinct 
from the Trias beneath, and from the beds containing Gryphea in- 
curva above. The Calcaire de Valogne is unconformable with the 
Gryphea-limestone, and the bone-bed of Luxembourg is uncon- 
formable to the Keuper. The sequence of their beds is exact, and 
a great number of their species are identical. They have a peculiar 
fauna, and, as might be anticipated, some species which have a great 
range ; anda certain number pass upwards into the Gryphwa-incurva 
beds. ‘These species are sufficiently numerous to connect the strata 
as parts of one formation; but it is very evident that the fauna of 
the highest beds of these series have great mutual resemblances, 

* Terquem, Pal. de Hettange, 1855.. 
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and present a distinction, both in species and genera, from those 
considered characteristic of the superimposed beds containing Giry- 
phea meurva, &e. 

In the Brocastle conglomerate, and in the Southerndown and Sut- 
ton series, the lithological distinctions and specific resemblances of the 
French and Luxembourgian series are observable. The number of 
species common to all may be well seen in the following table :— 

Table of the Distribution of the Species. 

— n 
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© S N = fel) 
eae & dels 8|8 
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Septastraea excavata de From....... By * * * 
Montlivaltia polymorpha, Terg..,.| * | ... | x * 

pedunculata, Dune.  ...cc000. x x 
Isastrzea Sinemuriensis............ ei Nene * nas * 
Thecosmilia Martini, de From. ...| ... | ... | * x * ? 

Michelini. 
Astroceenia gibbosa, Dune. ......... ae ee eal 4 ee Sa al 
Cerithium acuticostatum, Zerg. ... ** %,. |. ae <a seeel ee 

STAC LLG. nan «ly ESR pone X % [ogee 
Semele, d’ Ord.......... Recast nl gate * sags Sa tee 

Turritella Dunkeri, Dunk., sp. ...| ... * | vee | CAC meas ) » ST 
Zenkeni, Dunk., sp... s..css00s Datars rH mene cok al eae % * 

Littorina clathrata, Desh......... Se NE ea We EAR x | x 
Phasianella Morencyana, Piette ...| ... x 
Neritopsis exigua, Terg. ........ eee easulle t x* 
Gervillia acuminata, Terg. ......... * x | % 
Ostrea irregularis, Miinster (O. 

liassica, Strickland) ........... SEL TREE Gece seis cose x | x | x 
multicostata, Miinst..........) * | * | x ties Saray 
amomala, Ler Geass inch occ: * x x 

Lima tuberculatata, Zerg. ......... * * * x * 
Cucullza Hettangiensis, Zerg. ...| ... * eg % 
Cardita Heberti, Zerg. ............ Leal * SS ae 
Enmoajexaltata, 207qoccessendecncss+uiss Se Peace idee ACs thee | Bees Sn 

dentata, Terg. ...... Gatien gee asst 5 ill oanvalcaserceleyetll ekeevall dad ciel h eeaetera ME 
Cardinia regularis, Terg. ............ Bee i shae: vlriatec ah, ieregial goku) oe me ae 
Plicatula intusstriata, Hm7......... % Berl hirer tahl ee * * * * 
Myophoria postera, Quenst. ...... * ua * 
Monotis decussata, Miinst. ......... * 
Cardinia, CONCINNA. 0. ..s00. esse ne: “is % | oo) ae ihe 

The Madreporaria, scanty in the lower strata of all the Liassie de- 
posits immediately above the Trias, become more common in the beds 
just below the Gryphzea-limestone. This isa feature in Great Britain 
as well as elsewhere ; and the coral-fauna of Sutton and Brocastle con- 
tains species in common with that of the Foie de Veau, the zone of 

+ Céte d’Or. 
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Ammonites angulatus in the east of France, and the Calcaire de 
Valogne, besides representative and allied species. It will have 
been noticed that the corals whose species are identical or common 
are accompanied in all these series by the same species of Gastero- 
poda and Bivalves. There is therefore a great general similarity of 
arrangement. 

7. The geological position of the Brocastle, Hwenny, Sutton, and 
Southerndown series—The similarity of arrangement noticed above 
justifies the correlation of the Brocastle conglomerate, the Ewenny 
Jimestone, and the Southerndown and Sutton series with the Calcaire 
de Valogne, the Foie de Veau, or the zone of Ammonites Moreanus, 
and the Grés caleareux. It is well known that these continental 
beds form the upper part of the Infra-Lias. Since the strata just 
mentioned are superimposed on the equivalents of the Ammonites- 
planorbis zone of England, the Welsh fossiliferous beds resting on 
Mountain-limestone must be higher in the geological scale than this 
zone. Situated, then, without any direct stratigraphical relation 
with any member of the Ammonites-planorbis zone, the Sutton, 
Southerndown, and Brocastle beds form part of one province, and 
are the representatives and equivalents, lithologically and paleeonto- 
logically, and in a positive as well as in a differential sense, of the 
beds included in the zones of Ammonites angulatus and A, Moreanus 
—the Hettangian. 

Dr. Wright* remarks upon the imperfection of the zone of Ammo- 
nites angulatus in England as follows:—‘ The zone of Ammonites 
angulatus, so far as it has been exposed, appears to be imperfectly 
developed in the British Isles; and from the difficulty experienced in 
separating its beds from the Bucklandi-series, they are grouped with 
the latter in my memoir.” He proceeds, ‘‘This zone was well 
exposed in the Harbury cutting near Warwick, although very few 
Mollusca besides Ammonites angulatus were obtained.” He notices 
the zone in Yorkshire, Gloucestershire, andin the north of Ire- 
land. 

The following scheme of the succession of strata in Great Britain 
between the Ammonites-Bucklandi zone, or the true Lower Lias, and 
the Keuper is probably consistent with truth :— 
Lower Lias.—A. Bucklandi, A. Conybearti, Gryphea incurva (type). 

Fossiliferous dolomitic limestones with a large fauna of 
Upper zone. Madreporaria, Gasteropoda, and Lamellibranchiata, 

—Brocastle, &c., Southerndown (Sutton). 
4 Astroczenia-beds = zone of 4. Moreanus and the Calcaire 

de Valogne, &c. Lincolnshire beds, zone of A. angulatus 
| hh (Wrig ight). 
4 ‘Wepiseens zone (Wright). 
| Middle zone. 1 Sptastrea Haimet=zone of A. Burgundie of the Cote 

u Or 
White Lias in part. 
White Lias in part. 

Lower zone. 4 Avicula-contorta beds. Rheetic (Moore.) 
Marls above the Keuper (Dawkins) 

{ 

Infra-Lias. 

\ 
Keuper. 

_ * Mon. Pal. Soc. for 1863. 
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It must be admitted that the terminology is somewhat objection- 
able; but most of the ablest paleontologists of Europe have agreed 
upon the term “ Infra-lias,” and we cannot do better, now that the 
upper member of this very natural subdivision occupies the position of 
a great and special coral-province, than accept it. Considering that 
the beds which now form the upper part of the Infra-lias in Wales 
are full of Madreporaria, they may well be termed the Astrocaenian 
beds, on account of the predominance of specimens of that genus. 

An objection may be raised, but cannot be maintained, against 
separating these beds from the true Lower Lias, on account of certain 
species being common to both. Doubtful specimens of Gryphoa 
mcurva are now and then met with in the Brocastle beds, and they 
have been recognized in the upper beds in some sections of the Foie 
de Veau. One specimen from Brocastle has the laminate fossiliza- 
tion of the species, and a trace of the lateral groove which pecu- 
liarizes typical Gryphea. 

Cerithium Semele ranges from the Avicula-contorta zone of France 
through the whole of the Infra-lias, and is found in the true Lower 
Tias. There is no doubt that Plcatula intusstriata ranges up- 
wards into the Lower Lias. The common Pentacrinite* of Ewenny 
and Brocastle is found alsoin the Lower Lias. It will of necessity be 
found that many species considered peculiar to, and characteristic of, 
strata in one locality have a greater range in others}. The relation 
of the bulk of the species of the Infra-lias and of those of the Lower 
Lias must be considered, and it is impossible to draw strict and 
artificial lines to serve the purposes of classificatory geology, since 
nature has always been progressing and has never stood still. 

The subdivision of the Infra-las forms part of the great Liassic 
formation, and does so because there are: species which connect and 
link together the successive beds; but the evidences of unconforma- 
bility, lithological differences, and of considerable but not perfect 
paleontological breaks do not permit the Infra-las to be classified 
with the zone of A. Bucklandit. 

* Pentacrinus tuberculatus, Mill. <A species also found in the Middle Liag 
is noticed as well. 

t Terquem et Piette and Martin have given very long lists of fossils from 
the various zones of the ‘“ Infra-lias ;” and a comparison of these tabulated lists 
shows in the most unequivocal manner that the same species may have a different 
vertical range in rocks not very distant, geographically speaking. Thus Monzl- 
valtia Haimei is found in the Ammonites-planorbis zone of Jamoigne, but has not 
been discovered lower than the highest beds of the 4.-angulatus zone in the east of 
England. Lima gigantea, Desh., and Nautilus striatus, Sow., will be found to 
have a very different range from that usually admitted by paleontologists, who 
make them distinctive of a special horizon in Great Britain. 

t Terquem et Piette, in their latest memoir, which is one of the most elabo- 
rate paleontological works ever produced, give the following results of their 
analysis of the species of the different zones they had examined (Le Lias in- 
férieur de lest de la France, 1865) :—The Planorbis-zone contained 67 species, 
of which 9 were special to the zone, and 58 passed upwards. ‘The zone of A. 
angulatus contained 325 species, of which 58 were noticed in the zone below, 
and two-thirds pass upwards into the zone of A. bisulcatus (A. Bucklandi). The 
authors state that this is the result of their own work; and they refer to the 
labours of other paleontologists to prove that the species “ réellement caracté- 
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8. Distribution of the Madreporaria from the Keuper to the Ammo- 
nites-Bucklandi beds.—Before the discovery of the Madreporaria of 
the Infra-lias of Wales, it might have been very correctly asserted that 
the coral-fauna of the strata between the Keuper and the zone of A. 
Bucklandi was poor in the extreme, and that it bore no relation, as 
regards the number of its species, to the associated molluscan fauna. 

The 26 new species found at Brocastle added to the 7 new species 
of the Sutton series form a large fauna special to the British Infra- 
lias. ‘To these must be added the 5 species common to the Brocastle 
beds and the zone of Ammonites Moreanus in the Cote @Or and its 
equivalent beds, and the interesting species, 38 in number, which 
give such a Triassic facies to part of the Sutton-Stone Madreporaria. 
Taken as a whole, the 40 species from these limited British beds are 
numerically more important than the Madreporaria of the British 
Upper Oolite; and no other Liassic strata yield forms sufficient for 
an approximative comparison. Although there are many species 

which are not common to the Brocastle and Sutton beds, still the 
facies of both collections are much alike, and the small Montlivaltie 
and Thecosmilice are closely allied. There is not a greater dif- 
ference between the two collections of species than might be ex- 
pected between those occupying the base and those of the higher 
parts of a very considerable and highly fossiliferous hLmestone. The 
Astrocenie are all closely allied ; and the Triassic species, alone, form 
a ground for asserting a difference. 
MM. d’Orbigny, Terquem, Pictte, and de Fromentel have named 

species from the strata between the Trias and the zone of Gryphwa 
incurva in France; and, as has been noticed, five of the species found 
in the upper part of the Infra-lias have been discovered in the Bro- 
castle conglomerate. 

The following are the species of the French Infra-lias :— 

Michelini, Tgm. et Pi. t 16. Astrocenia Sinemuriensis, d’ Ord., 
coronata, Tgm. et Pi. sp. ft 

. Septastraea Fromenteli, Tgm. et Pi.* | 17. -—— clavellata, Tgm. et Piette. 

All these French species are rare. 
Very probably Isastrea basaltiformis of the zone A. Burgundie in 

the Cote d’Or, the equivalent of the zone of A. planorbis, is closely 

1. Montlivaltia Sinemuriensis, d’Orb. | 10. Septastreea excavata, de From.t 
2. —— Martini, de From. 11. Isastreea basaltiformis, de rom. 
3. discoidea, Tgm. et Piette. 12. —— Condeana, Ch. e¢ Dew. 
4. Haimei, Ch. et Dew.* 13 Sinemuriensis, de From. t ~ 
5. polymorpha, Zgm. e¢ Pz. F 14. StylastrzeaSinemuriensis, de From. 
6. Thecosmilia Martini, de From. t 1s Martini, de From. 
i 
8. 
) 

ristiques ” of the zone of A. angulatus are very numerous. The zone of A. disul- 
catus contained 57 special forms and 177 species found in the beds below, 
addition to 140 which pass upwards. 

* In the A.-angulatus zone of England, but not in Glamorganshire. 
tT These species are also found in the South Wales (Glamorganshire) beds. 
t This species is hardly sufficiently diagnosed to distinguish it from the 

numerous Astroceenians of the Glamorganshire beds; like 4. Oppeli, Laube, it is 
too generic in its determination. I have therefore been obliged to remove these 
two species from the British list; but nevertheless 4. reptans, nobis, may turn 
out to be A. Sinemuriensis, d'Orb., sp.; and A. gibbosa, nobis, has much in com- 
mon with, but some structural distinctions of importance from, A. Oppel, Laube. 
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allied to Septastreea Haimei, Wright, sp., of Street ; for the genus may 
readily be mistaken in such a cast as that from which the species S. 
basaltiformis was determined. 

Our White Lias has produced three species of stunted Montlivaltie: 
not one of them is accurately determinable; but the outsides of the 
forms are rugged and ridged. 

As yet only one species has been found in the British Avicula- 
contorta zone, namely a Montlivaltia with five cycles of septa, but 
apparently indeterminable specifically ; and the Rheetic beds of France 
and the Duchy of Luxembourg have not yielded a single form. 

Avery different state of things occurs in Lombardy, where the coral- 
fauna of the formation of Azzarola almost rivals that of Brocastle in 
its number of species, but far surpasses it in the extent of its area*. 

Associated with a great molluscan fauna peculiar to the formation, 
and with many species of shells common to other strata, and situated 
low down in the Infra-Lias, is a very interesting series of Madrepo- 
rarla, which has a decidedly Infra-liassic facies and is not very de- 
ficient in Triassic types. 

The Madrepore-bed, as it is termed by Stoppani, is seen above the 
Azzarola beds with Cardium Rheticum, Myophoria inflata, Mytilus 
Psvionoti, Avicula contorta, Terebratula gregaria, &c. wherever the suc- 
cession of the rocks can be made out, either on the south-east slopes 
of the Alps, as on the Lake of Como, or on the north-west slopes 
to the south of the Lake of Geneva. The Madrepore bed is described, 
moreover, as occurring below and in the midst of the Azzarola beds, 
and as forming a dense layer of 8 or 10 yards in thickness. The 
prevailing species is a branching form called Rhabdophyllia Lango- 
bardica. M.Stoppani describes many species from this bed, and has 
had his types carefully drawn. Without any disrespect for his 
opinion, I have suppressed 12 of his species on account of their 
having been founded on casts of corals, whose generic determination 
even is hardly possible. It would appear that his genera Lepzconus 
amd Pyaidophyllum are described from casts of Monthvaltie and 
Thecosmilice, whose original hard parts have been dissolved away. 
Two of his species of Stylina are taken from casts ; and the figures of 
them greatly resemble the casts of Astrocenia gibbosa,which are com- 
mon enough in the Sutton Stone. <A Cyathophyllum he describes 
is clearly a fragment of a long Montlwaltia, and the Trochocyathus 
has none of the essential characteristics of the genus as established 
by its founder. The Rhabdophylliw, if they can be permitted 
to remain in that genus, are the most important species; they re- 
semble in their habit of growth many Thecosmilice, and form great 
masses of tangle, like Thecosmilia Martini of the Cote dOr and 
the Thecosmilie of Cowbridge and Brocastle. 

The following are the species selected from M. Stoppani’s studies :— 
Rhabdophyllia Sellee. Stylina Savi. 

Langobardica. Thamnastrea Batarree. 
— Menighini. Hscheri. 

Meriani. de Filippi. 
rectilamellosa (Winki.). Montlivaltia Gastaldi. 

* Stoppani, Monog. des. foss. de l Azzarola. 
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~ This coral-fauna is evidently on a lower geological horizon than 
that of the Sutton Stone and of Brocastle, but its species have the same 
general facies as those of the Infra-lias of England and France ; and 
the Thecosnulie and Montivaltie of the zone of Ammonites Moreanus 
and of the Welsh beds are the representatives of the branching and 
simple corals of the coral-zone of Lombardy. It is interesting to 
find that the Madreporaria abound at the base and at the upper part 
of the Infra-lassic series, that they do not appear to be associated 
with Ammonites, except rarely, and that as a whole the coral-fauna 
of the Infra-lias is more distinct from that of the true Lower Lias 
than the coral-fauna of any one of the Oolitic beds is from that of 
another. 

The species are numerous, and the specimens whence they were 
determined are, generally speaking, plentiful ; but they do not indi- 
cate such a vigorous growth as is now noticed in the tropics. The 
branching forms associated with solitary forms and small caliced 
compound Astreans denote a warm-temperate climate, and both 
deep water and a neighbouring shallow sea—that is to say, if the 
present coral-fauna can be reasonably compared with those of the 
past. 

The Madreporaria of the Infra-lias are distributed as species in 
the following manner :— 

Brocastle, Ewenny, Cowbridge, &¢., Sutton and Southerndown, . 
Marton, a peat ies Skye” lp api pes, ae 3 na att Se eg ee pare | 44 species. 

Ammonites-angulatus zone in France and Duchy of Luxembourg... 16 species. 
Ammonites-planorbis zone, England and France &¢.  w.ccsesecesesesees 4 species. 
mera medias cet aco. eked Joel sap edeud Ivdee ss swb Wed coseliccacveseeecs ones 3 species. 
RSM IMA RCI oe hen ge dea ct saan openings Soaservasassanesesadedes 10 species. 
EAMG EATLOFE DEAS (SEIS) .cseseces---esevceteeesescesaeuessesseresene: 1 species. 

Two of the species of the Ammonites-planorbis zone (Montlivaltia 
Haimei and its varieties, and Septastrea lromenteli) pass upwards and 
are found at Marton ; and five species from the foreign A.-angulatus 
zone aré found in South Wales. Three Triassic species ascend to 
the Sutton Stone. 

There would thus appear to be 39 species peculiar to the British 
Infra-lassic coral-fauna. 

9. Conclusion.—It would appear, from the facts and opinions sub- 
mitted in this communication, that the fossiliferous beds of Sutton, 
Southerndown, Brocastle, and Ewenny contain so many species of 
Madreporaria that they become important members of the series 
which, being placed between the Keuper and the Lias containing 
Ammonites Bucklandi, has been named the Infra-lias, that the 
Mollusca and certain well-known species of Madreporaria which are 
grouped together at Brocastle have similar relations to each other in 
the Calcaire de Valogne, in the zone of Ammonites Moreanus of the 
Cote d’Or, in the A.-angulatus zone of the east of France, and in the 
Gres de Luxembourg, and that the above-mentioned beds in Wales 
constituting a coralliferous horizon are the equivalents of the upper 
beds of the French and Luxembourgian Infra-lias; that the Madre- 
poraria of the zone of Ammonites planorbis in England and those of 
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the equivalent zone of A. Burgundiw in France are very few in 
number; that the Azzarola strata in Lombardy containing Avicula 
contorta have a great Madrepore-bed whose species, although differing 
from those of the higher members of the Infra-lias, possess the 
general facies of the fauna; and that the Madreporarian fauna of 
this period, although rich in individuals and species, does not appear 
to have been luxuriant. 

3. On some Pornts in the Srructure of the Xrpnosura, having 
reference to ther relationship with the Kuryrreripm. By Henry 
Woopwaxzp, Esq., F.G.8., F.Z.8., of the British Museum. 

[Puatezs I. & IT.] 

So long since as 1849 * Professor M‘Coy made the proposition to 
unite in one tribe of the order Entomostraca the recent and fossil 
Limulide and the extinct species of Pterygotus and Eurypterus. “The 
tribe Poecilopoda,” he observes, ‘‘ are to be distinguished from other 
Entomostraca by having crustaceous, didactyle, ambulatory tho- 
racic feet, as well as membranous, respiratory abdominal ones.” 
Professor M‘Coy divides the Peecilopoda into two divisions :—1. Li- 
muldse—Limulus; and 2. Kurypteride—Hurypterus, Pterygotus, and 
Belinurus. He subsequently furnished a restoration of Pterygotus 
problematicus, in illustration of his view of the anatomy of this 
ancient fossil remain‘. | 

It is not surprising that Professor M‘Coy should have failed to 
establish this order, since it was shown by Professor Huxley ¢ to 
be founded upon an erroneous interpretation of the fossil remains; 
nor can it be doubted that the arrangement was based on conjecture 
rather than upon any minute acquaintance with the anatomy of 
these extinct forms of Pterygotus and Hurypterus, then only known 
in England by extremely fragmentary remains. 

The researches, too, of Professor Huxley § into the anatomy and 
affinities of the genus Pterygotus (in 1859) do not favour M‘Coy’s 
view of their classification under a common order or tribe with Li- 
mulus, although he does admit that they possess several very im- 
portant points of structure in common with the latter. 

«The Peecilopoda” (7. e. Limulide), observes Professor Huxley §, 
‘are, I believe, the only Crustacea which possess antennary organs 
like those of Péerygotus, and, like them, have the gnathites converted 
into locomotive organs, want the appendages to the sixth abdominal 
somite, and present on some parts of the body a remotely similar 
sculpture. In this order, however, we find but a small labrum, a 
rudimentary metastoma, a very differently constructed body, and a 

* Ann. & Mag. Nat. Hist. 2nd ser. vol. iv. pp. 393, 394. 
tT Lyell’s Manual of Elementary Geology, 5th. edit. 1855, p. 40. fig. 543. 
t “On the Anatomy and Affinities of the genus Péerygotus,” Memoirs of the 

Geological Survey of Great Britain, Monograph I. (1859) p. 7. 
§ Op. cit. p. d4. 
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large number of appendages, both thoracic and abdominal—charac- 
ters which effectually preclude the association of the extinct Crus- 
tracea under discussion with this type.” 

Professor Huxley adds in a foot-note*, “If the abdominal 
somites of the Carboniferous Belinurus &e. were really free, they 
would present a certain approximation to the Pterygoti. Indeed 
the evidence that these Carboniferous Crustacea were true Peecilo- 
poda is to my mind anything but conclusive.” 

The later researches of Professor James Hall, State Geologist to 
the State of New York (U.5S.) f, into the structure and affinities of 
Hurypterus have led him to the conclusion that a close affinity exists 
between Hurypterus, Pterygotus, and Limulus; and he also cites the 
opinion of Professor Agassizt, “that the Hurypterz are closely re- 
lated to Limulus, belonging even to the same order.” ....... 
«He regards the antennal system as entirely absent. The organs 
of locomotion belong to the cephalic region; and while externally 
they perform the functions of feet, they are, at the base, organs of 
manducation. The central organ [ PI. II. fig. 8, a], indicated as a 
locomotive appendage [‘ operculum’ of Professor Huxley (see Med. 
Times & Gazette, 1857), Professor Agassiz regards as similar to the 
appendage attached to the membranaceous feet, behind the swimming- 
feet of Limulus | Pl. II. fig.7, a], and instead of being double, is anchy- 
losed as in young Lamulus”’ §. 

Professor Nieszkowsk1 || (in Russia) appears to have arrived, about 
the same time as Professor Hall (1859), at somewhat similar con- 
clusions, only that he has made out a series of three thoracic mem- 
branous plates all sculptured upon their surface. This could not be 
the case, however, had they overlapped each other as in the recent 
LIimulus; for surfaces that are covered by other overlying organs 
are destitute of ornamentation. 

Much later (2. ¢. in 1863) I made an examination of these forms, 
and, without being thoroughly acquainted with the foreign biblio- 
graphy of the subject, I arrived independently at the same con- 
clusion with Professors Agassiz and Hall. In 1864 and 1865 I 
continued my researches; and some of the results have already 
appeared in the Journal of this Society and elsewhere **. 

Having devoted some time to the, examination of the (so-called) 
fossil Limulidee of the Coal-measures, I think I shall be able to show 
that we have evidence of some, at least, of the intermediate forms 
that were absolutely needed in order to establish a relationship be- 

* Op. cit. p. 34. 
t Nat. Hist New York: Paleontology ee ne a p. 393. 
t Op. cit. p. 394. Op. ¢ 
| Archiv fir die Naturkunde Livonia, Esthonia ae Kurlands, Ist series, vol. 

ii, p. 299, pls. 1 & 2: Dorpat, 1859. 
€| See the Intellectual Observer for 1863 (vol. iv. p. 229). 
** See (a) Geol. Mag. vol. i. p.196, pl. x., and p.239. See also (8) Lyell’s 

Elements of Geology, 6th edit. (1865), p. 59 24, fig. 591. See also (¢) Quart. Journ. 
Geol. Soc. 1865, vol. xxi. p. 482, pls. xiii. & xiv, See also (d) British Association 
Reports, 1864-65, Bath and Birmingham. 
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tween the Limulide of to-day and the extinct Eurypteride of Paleo- 
zoic times. 

In Pterygotus, Eurypterus (see Pl. I. fig. 7, Hurypterus remipes), 
&e. the animal consists of a head, bearing a pair of minute larval 
eyes and a larger pair of subcentral or marginal compound ones, a 
pair of simple or chelate antenne (PI. II. fig. 9), furnished with 
gnathites in Hurypterus and Slimonia (Pl. II. fig. 10), three pairs of 
more or less slender spinous pedipalps, never chelate, and a pair of 
very broad and powerful swimming-feet (Pl. I. fig. 7, ¢), whose basal 
joints form powerful mandibles. In Stylonurus the two posterior 
pairs of appendages are converted into long and slender rowing- 
organs. 

Following this compound head are twelve free segments, only the 
first two (?) of which bear appendages (PI. II. fig. 8), the succeed- 
ing somites being apparently destitute of any. The twelve free 
segments are followed by a postanal plate or “telson,” broadly 
lanceolate or bilobed in Pterygotus and Slimonia, and ensiform in 
Kurypterus and Stylonurus (Pl. I. fig. 7,7). 

In LZamulus (P1. 11. figs. 1 & 2) the head is composed of a broad 
buckler having the larval and compound eyes upon its superior or 
convex surface, and the mouth, surrounded by six pairs of chelate 
appendages, placed beneath the head-shield (PI. II. fig.6). The 
first pair of appendages is placed in front of, and the four suc- 
ceeding pairs are posterior to the mouth. These latter are furnished 
with spinous gnathites, the most posterior pair serving as maavlla, 

Next follows the operculum or thoracic plate (Pl. II. fig. 7), which 
is attached to the posterior margin of the head, and bears upon its 
inner and upper surface the reproductive organs or ovaries (Pl. Il. 
fig. 7, 7). 
“The six anchylosed segments which compose the posterior portion 

of the body bear five lamellar appendages upon their under surface, 
similar in shape to the operculum, but more membranous; these 
support the gills, and are partially hidden beneath the operculum. 

The body terminates in a long ensiform “ telson,” or tail-spine. 
The anterior portion here spoken of as the head has always been 
regarded as representing the cephalothorax, and the posterior por- 
tion as the abdomen; this latter I propose to call the thorax (in 
part), and to give my reasons for so doing as we proceed. 

The great and apparent difference between Zamulus (PI. II. 
fies. 1 & 2) and Eurypterus (Pl. I. fig. 7) is, that in the latter one 
sees fourteen free segments or divisions, whilst in the former only 
three are visible. But if we examine Limulus attentively we can 
still trace in the posterior portion of its shell (PI. IT. figs.1 & 2) 
indications of segmentation, whilst the presence of thirteen paired 
appendages indicates the coalescence of numerous segments. 

The points of resemblance are :—the larval eye-spots; the adult 
subcentral eyes; the jaw-feet, serving as the sole locomotive organs, 
the basal joints in the posterior pair being especially fitted for 
manducation, and the posterior limbs for swimming; the analogous 
position of the opercular plate, covering, no doubt, in the fossil 
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Pterygotus, as in the recent Limulus, the reproductive organs, and 
succeeded, no doubt, in both, by similarly formed membranous ap- 
pendages bearing branchize. 

This latter point, I think, is established on the evidence of speci- 
mens both in the Museum of Practical Geology and in the British 
Museum, showing two opercular-shaped plates associated together 
(Pl. II. fig. 11) and evidently belonging to the same individual. 
One plate also exhibits two small rounded prominences, which, 
there can be little doubt, were ovarian openings. 

If the head in Limulus be composed of the cephalothorax, and 
the posterior portion be the abdomen, then it follows that the oper- 
cular plate is thoracic, and the succeeding branchial plates are abdo- 
minal, thus differing widely from the fossil forms, in which the 
head is simply the head, with one thoracic segment added to it 
bearing the opercular plate; the branchiz are thoracic, and the 
abdomen is entirely destitute of appendages. 

Let it be granted, however, that the head in Limulus represents 
the entire cephalothorax and the posterior portion the abdomen ; 
if specimens can be shown having a “ postabdominal” series of 
segments, I think it will be conceded by all carcinologists that in 
Limulus the abdomen is rudimentary, as is the case in Cyclops, 
Daphnia, Lernea, &c., and in the Brachyurous Decapods. 

In 1864 I exhibited at the Bath Meeting of the British Associa- 
tion a form which I named Hemiaspis (Pl. I. fig. 3; and Quart. 
Journ. Geol. Soc. 1865, vol. xxi. p. 490, pl. xiv. fig. 7,a,6)*. We 
have in Hemiaspis a limuloid crustacean, having a head-shield, six 
free and moveable segments forming the thorax, and three very nar- 
row, and apparently double, segments representing the abdomen, 
followed by a long and slender “ telson.” 

Since describing the above remarkable form, I have lately pro- 
cured a paper, published at Dorpat, by Dr. J. Nieszkowskit, by 
which I have become acquainted with two new forms from the 
Upper Silurian of the Island of Cisel, which must be added to the 
list of forms allied to Hemiaspis. They are named by Dr. Niesz- 
kowski Pseudomscus aculeatus (Pl. I. fig. 5) and Exapinurus Schrenkit 
(Elda fig. 6): 

Professor Eichwald has described another, which, no doubt, is 
related to this group of Crustacea, namely Bunodes lunula (PI. I. 
fig. 4). All these forms have three well-marked divisions to their 
bodies, of head, thorax, and abdomen; and all, save Bunodes, posses- 
sed a telson, or tail-spine, and free articulated thoracic somites. 

Haying been fayoured with the loan of the very beautiful series 
of Coal-measure Jimulz belonging to our Treasurer, J. Prestwich, 
Ksq., F.R.S., and also with a series from the Broseley Institute, and 

_ * T avail myself of this opportunity to correct an error in the description of 
Hemiaspis imuloides. The portion figured as 6 on the plate referred to, and 
described as the centre of the glabella, is in reality that of another species, the 
glabella in this species being nearly smooth, as in the figure given herewith, 
drawn from a specimen in the late Mr. H. Wyatt-Edgell’s collection. 

Tt Op. é loc. cit. pp. 380, 881; and p. 384, figs. 12-15, 
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a third suite from the collection of John Anstice, Esq., of Madeley 
Wood, Wellington, Salop, together with specimens from Mr. E. J. 
Hollier, of Dudley, and Mr. J. Farie, of Glasgow, I have, after 
careful study, concluded that they are divisible into two well-marked 
genera :— 

(a2) Those having moveable thoracic segments and anchylosed ab- 
dominal ones, to be included in the genus Belinurus, namely— 

1. Belinurus trilobitoides, Buckl. Coal-measures, Derry and 
Coalbrook Dale. 

2. —— regine, Baily (Pl. I. fig. 1). Coal-measures, Ireland. 
e arcuatus, Baily. Coal-measures, Ireland. 
4,? Dane, Meck & W. Coal-measures, Illinois, U.S. 

(b) Those in which the thoracic and abdominal segments are not 
divided and in which the former appear to be anchylosed, to be in- 
cluded in a new genus, for which I venture to propose, if Mr. 
Prestwich will allow me, the name of Prestwichia ; 1. e.:— 

1, Prestwichia anthrax, Prestw., sp. Coal-measures, Coalbrook 
Dale. 

2, -—— rotundata, Prestw., sp. (Pl. I. fig. 2). Coal-measures, 
Coalbrook Dale, 

In all these six species the body consists of a head-shield, five 
free, or anchylosed, thoracic segments, and three anchylosed abdo- 
minal ones. 

Here, then, we have an intermediate group between Zomulus 
proper, more nearly approaching Hemiaspis &c., but having the 
posterior (or abdominal) segments anchylosed together, and not 
freely articulated as they appear to have been in Hemiaspis and 
Pseuconiscus &c. Furthermore the six free thoracic segments are 
reduced to five in Belinurus (PL. I. fig. 2). 

In the recent Limulus we find thirteen paired appendages, repre- 
senting an equal number of somites, behind which there is seen one 
or more coalesced segments destitute of appendages, to the last of 
which the telson is articulated (see Pl. II. figs. 1 & 2, Abd.). 

I feel no doubt that this apodal posterior portion of the integu- 
ment in Limulus represents the abdomen, and corresponds with the 
three posterior coalesced segments forming that division in Beli- 
nurus (Pl. 1. fig. 1,A4d.). The fossil species well illustrate the gra- 
dual coalescence of the body-segments in this family. 

Belinurus regine, Baily (P11. fig. 1) (Ann. & Mag. Nat. Hist. 
3rd ser. (1863) vol. xi. p. 107, pl. 5), is one of the best illustrations 
of a Crustacean with free thoracic segments, and Prestwichia rotun- 
data (Pl.I. fig. 2) of one in which the segments are coalesced. 
All the group possess, in the trilobed aspect and general facies of the 
carapace, a strong resemblance to the Trilobite; but this resem- 
blance becomes still more striking when we observe their tripartite 
division into head, thorax, and abdomen. 

Nearly all writers agree in considering the last seven somites 
(counting the “telson” as the seventh) to be abdominal; the only 
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difference of opinion, then, is as to the anterior 14 segments—how 
many are cephalic and how many thoracic? 

Dr. Dana* considers the head and thorax in the Crustacea to be 
always blended in a cephalothorax ; but although this view is correct 
as regards the Decapoda, its applicability does not hold good in all 
the other orders of the elass. 

Professor Huxley considers that the division in the Podophthalmia 
is marked by the cervical fold and by the sudden change in the cha- 
racter of the appendages of the sixth and seventh somites, and an 
equally marked similarity between the latter and those of the eighth 
and ninth somites. 

According to this view, then, we shall have six cephalic, eight tho- 
racic, and six abdominal somites; for Professor Huxley views the telson 
as a median appendage, and not as atrue segment. I do not find, how- 
ever, that this view is generally adopted by other carcinologists. 

Assuming the old view of the Crustacean type to be correct, 7.¢. 
seven somites for the head, seven for the thorax, and seven for the 
-abdomen (counting the telson as a terminal segment, on which point 
there is no doubt some uncertainty, seeing that in imulus it is deve- 
loped subsequently, though this is not the case in the Decapoda), we 
shall find that the first thoracic somite is united to the cephalon in 
Limulus (bearing the operculum), that there are only five other ap- 
pendages to the thorax, making six with the operculum, and that 
there are no appendages to the abdomen. 

Of the appendages belonging to Belinurus, Prestwichia, Hemi- 
aspis, Pseudoniscus, Exapinurus, and Bunodes, I cannot speak with 
certainty, but can only infer, from the general similarity in their 
bodies of the first two genera to Zimulus, and of the last four to 
EHurypterus, that they were constructed upon those types. 

Turning from Limulus to Pterygotus, we find that Professor 
Agassiz regards the antennary system as altogether wanting (see 
ante, p.29); butin this we cannot but think heis mistaken. Profes- 
sor Huxley regards the chelate organs on the head of Pterygotus as the 
antenne; and this opinion agrees well with subsequent discoveries 
in the fossil forms on the one hand, and with the nature of these 
organs in the recent Zxmulus. The antennules undergo no sexual 
variation in the living King-crabs, it is invariably the antenne that 
are modified. (See Pl. II. fig. 5, antenna of male King-crab; fig. 6, 
antenna of female of same.) 

Assuming the antennules to be absent, and the first pair of organs 
after the eyes to be the antenne, we shall find the other organs to 
correspond most completely with Limulus, and that one thoracic 
segment is united to the head of Pterygotus, as in the former, and 
that it also bears the reproductive organs upon its coalesced mem- 
branous appendages. 

The branchie would, however, be fewer in Pterygotus than in 

mature condition of the latter. (See Pl. II. fig. 4.) 

* United States Exploring Expedition, 1852: Crustacea, vol. xiii. p. 21. 
+ ‘Lectures on the Crustacea,” Medical Times and Gazette, sae p. 507. 

VOL. XXIIT.—PART I. 
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In the development of the embryo of any of the Crustacea, 
whether before or after exclusion from the egg, the segments which 
form the body are developed in succession from before backwards ; so 
that when their evolution is checked, the posterior rather than the 
anterior rings are those that are wanting; and, in fact, it 1s gene- 
rally easy to see in those specimens of full-grown crustaceous 
animals whose bodies present fewer than 21 segments, that the 
anomaly is due to the absence of a certain number of the most pos- 
terior rings of the body. [See [elu Ee as on the development 
of Crustacea.}  - 

So long ago as 1838, Dr. Milne-Edwards* gave an account of an 
examination of the young of Limulus at the time of its extrusion 
from the egg. He found that, as regards the anterior portion of their 
bodies, they presented little difference from the adult; but the 
posterior portion had only three pairs of appendages; and the long 
styliform telson, so remarkable in the adult, did not exist at all. 
(See Pl. IL. figs. 3 & 4.] 

It is, then, I think, reasonable to assume that the absence of the 
normal number of segments in Limulus is due to the abortion or 
non-development of the hindmost abdominal somites rather than 
of those belonging to the other divisions of the body. 

As to the union of two dissimilar parts, so as to leave no indica- — 
tion of their blending, there are numerous eases m the Cyclopoidea, 
as well as in other orders. In Cyelops the ovarian segment is 
double, being formed by the coalescence of the last thoracic and the 
first abdominal somites. In Corycwus crassiusculus eight segments 
unite to form the head, as is the ease in Limulus—. e. seven cephahe 
and one thoracic somites. 

Taking the Eurypterida first, we find five genera and one sub- 
genus, having a head bearing seven paired appendages, and (adopt- 
ing Professor Huxley’s view, that the antennules or inner antenne 
are absent) representing eight segments (7. e. seven cephalic and one 
thoracic). Add to this the twelve free body-segments and the 
telson, and we have twenty-one, or the normal number of somites. 
With the exception of the two most anterior segments (which pro- 
bably had branchial appendages attached to their under surfaces, 
concealed beneath the opereulum or thoracic plate), all the free 
somites are destitute of limbs of any kind ; and in this respect they 
strongly resemble the larve of the Decapoda ae 

In Hemiaspis we have the body composed of a head, six thoracic 
and three abdominal somites, and a telson. 

In Ewapinurus and Pseudoniscus of a head, five thoracic and four 
abdominal somites, and a telson. 

In Belinurus, a head, five thoracic and three abdominal somites, 
and a telson. 

In Prestwichia, a head, five thoracic and three abdominal somites, 
and a telson. 

* “Sur le développement des Limules,” Société Philomathique, Nov. 10, 1838. 
t See Mr. C. Spence Bate ‘‘on the Development of ee bod Crustacea,” Phil. 

Trans. 1858, p. 589, pl. xl. figs. a & B. 
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In Limuli from Solenhofen and in the living Limuli, of a head 
composed of eight somites (one being thoracic), followed by five 
coalesced thoracic somites bearing branchie, and one or more 
coalesced abdominal ones, to which is articulated a long and pointed 
telson. 

In proposing to associate the Eurypterida and Xiphosura as two 
suborders of the Merostomata of Dana*, I do not for a moment 
overlook the fact that they form two very distinct although closely 
allied groups. 

Notwithstanding the great difference in the form of the body, 
concentrated and coalesced in Limulus, and elongated in Pterygotus, 
the Merostomata offer perhaps even less diversity of structure than 
do the Decapoda, the main feature in both being the same. Thus, 
in the Decapoda Brachyura (Crabs) we have the cephalothoracic 
segments concentrated in the highest degree, and the abdomen a 
mere rudiment. In the Decapoda Macrura (Lobsters), on the con- 
trary, the abdominal segments are not unfrequently more than twice 
the length of the cephalothorax, and bulky in proportion. 

Such forms as Hemiaspis, Pseudoniscus, &c. may very well repre- 
sent the Decapoda Anomura, being, like them, intermediate between 
the long-tailed Lobsters and the short-tailed Crabs. 

Few classes offer so remarkable an instance of longevity as the 
Crustacea, and few orders can be compared to the Xiphosura for 
persistency. The Jurassic forms appear to differ little, if at all, from 
those of our own day; and even those of the Carboniferous epoch 
were at once recognized as belonging to the same family. 

Had Limulus represented a higher type of Articulata, it is hardly 
conceivable that it could have existed so long, and apparently un- 
changed. But it seems to have been one of those eccentric groups 
that appear from time to time in the zoological series, which, branch- 
ing out into a by-way of its own, is checked from further onward 
progress; but being possessed of tenacity of life and great power 
of reproduction, it holds its ground whilst higher orders have been 
modified or swept away. 

This is one very strong argument, to my mind, in favour of the 
higher zoological position of Pterygotus—that, being extremely larval 
in its anatomy, it consequently possessed the capacity for further 
development, and so has been modified and disappeared, Hurypterus 
Scoulert of the Coal-measures being its latest representative. 

It is not uninteresting to notice the appearance of Scorpionide in 
the Coal-measures of Silesia, a form of Arachnida which to this day 
possesses a very remarkable resemblance to Pterygotus, both in its 
general shape and also in the arrangement of its organs. 

But in Scorpio the respiration is aérial (2. e. by trachez), whereas 
in Limulus and Pterygotus it was undoubtedly aquatic (z.e. by 
branchie). 

This would, however, be a perfectly parallel case to the change 

* See my ‘Monograph of the British Fossil Crustacea belonging to the order 
Merostoma,’ Part I., in the Monographs of the Paleontological Society, for 
1865. 1866. 

D2 
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which takes place in the respiratory organs of certain Amphibia, 
in which the branchiz become replaced by a lung. 

The following is a diagnosis of the 

Order MEROSTOMATA, Dana, 1852. 

Having the mouth furnished with mandibles and maxille, the ter- 
minations of which become walking- or swimming-feet and organs 
of prehension. 

I. Suborder Eurypreripa, Huxley, 1859. 

Crustacea with numerous free thoracico-abdominal segments, the 
first and second (?) of which bear one or more broad lamellar appen- 
dages upon their ventral surface, the remaining segments being 
devoid of appendages; the anterior rings united into a carapace 
bearing a pair of larval eyes (ocelli) near the centre, and a pair of 
large marginal or subcentral eyes; the mouth furnished with a 
broad postoral plate, or metastoma, and five pairs of moveable ap- 
pendages, the posterior of which form great swimming-feet; the 
telson, or terminal segment, extremely variable in form ; the integu- - 
ment characteristically sculptured. 

1, Ptery gots, ASassiy oo ccctntsctnanasencaee 16 species. 
2. Slimonia (Page), H. Woodw. ......... a ee 
3. Stylonurus (Page), H. Woodw. ...... alee 
4; BHurypterus, De Ways... o.ccce.decose Ze 

Subgenus Dolichopterus, Hall ...... 1 cs 
5. Adelophthalmus, Jordan ............... LS ae 
G: eBermodes BI GWNWa ooo. fensieen shoe cece 2 a 
(. -Arthropleurg, SOLAN SSscscceanes.-nec Be is 
Ss Hemiospis, El, WVOOd Wits... -1ese es oc tee GoLye 
9) Maeapuiurus, Nieszk 42.35. tse deste soe 1 a 

10. Pseudoniscus, Nieszk ...........-seaseeses 1 5 

62 

II. Suborder X1pHosura, Gronovan, 1764. 

Crustacea having the anterior segments welded together to form a 
broad convex buckler, upon the dorsal surface of which the com- 
pound eyes and ocelli are placed, the former subcentrally, the latter 
in the centre in front; the mouth furnished with a small labrum, a 
rudimentary metastoma, and six pairs of moveable appendages. 
Posterior segments of the body more or less free, and bearing upon 
their ventral surfaces a series of broad lamellar appendages; the 
telson or terminal segment ensiform, 

1. Belinurus (Konig), Baily  ............ 4 species. 
2. Prestwichid, Gens NOV. <gececesansceonns ie ae 
3. Limulus, Muller .....cscscosteesesssene 1D 5; 

21 

Of the Eurypterida, 49 species occur in the Upper Silurian, 18 in 
the Devonian, and 10 in the Carboniferous formation. Of the Xi- 
phosura, 6 occur in the Carboniferous, 1 in the Permian, 1 in the 
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Trias, 7 in the Oolitic, 1 (doubtful) in the Chalk, and 1 in the Ter- 
tiary; and there are 4 recent species. : 

They occur living in the East Indies, in Japan, and on the eas 
coast of North America—and fossil in North America, Great Britain 
and Ireland, Scandinavia, Russia, Poland, and Germany. 

EXPLANATION OF PLATES I. & I. 

Illustrative of the Structure of the Xiphosura and Eurypterida. 

PuateE I. 

Fig. 1. Belinurus regine*, Baily. Coal-measures, Queen’s County, Ireland. 
H.=Head ; Th.=Thorax; Ab.=Abdomen ; T.=Telson. 

2. Prestwichia (Limulus) rotundata, Prestw. sp. Coal-measures (Penny- 
stone ironstone), Coalbrook Dale. 

3. Hemiaspis limuloides, H. Woodw. Lower Ludlow shale, Leintwardine. 
(From the late Mr. H. Wyatt-Edgell’s collection.) 

4. Bunodes limula, Kichw. Upper Silurian, Isle of Cisel, Baltic. 
5. Pseudoniscus aculeatus, Nieszk. Upper Silurian, Isle of Césel, Baltic. 
6. Exapinurus Schrenkii, Nieszk. Upper Silurian. Isle of CHsel, Baltic. 

(Figs. 4-6 are copied from Dr. Nieszkowski’s paper in the Archiv fur 
die Naturk. Liy-, Esth., und Kurl.-erste Serie, zweiter Bd. tab. i. 
figs. 12, 13, & 15, pp. 878-3882. Dorpat, 1859.) 

7. Eurypterus remipes, Dekay. Upper Silurian, New York. (Copied 
from Hall’s ‘ Palzontology of New York,’ vol. iii. pl. lxxxiv. a. fig. 1.) 

Puate IL. 

Fig. 1. Carapace of Limulus polyphemus (recent). East coast of North America. 
Showing the larval and compound eyes. H.=Head; Th.=Thorax; 

' Ab.=Abdomen ; T.=Telson. 
2. Underside of same, showing indications of the coalesced thoracic and 

abdominal somites, and the processes for the attachment of the appen- 
dages. 

. The first stage of Limulus (young), dorsal aspect. 
. Underside of the same, enlarged (after Milne-Edwards). 
Club-shaped antenna of male Limulus. 
Chelate antenna of female Limulus. 

. Operculum of recent Iumulus. _r, reproductive apertures. 

. Operculum of Eurypterus (Hall). 

. Chelate antenna of Prerygotus. 

. Simple antenna of Slimonia. 

. Specimen from Lanarkshire in the British Museum collection (reduced to 
one-fourth), showing two thoracic plates of Siimonza associated together. 
D6 OMI Orp Oo —a 

DecEemBER 5, 1866. 

C. J. H. Allen, Esq., F.Z.S., 4 Park Crescent, N.W.; Henry 
Pitts Cassidy, Esq., Engineering College, Poona; Robert Etheridge, 
Jun., Esq., of the Geological Survey of Victoria, Australia ; Marshall 
Hall, Esq., 3 Cleaveland Terrace, Hyde Park, W.; Alfred Gutteres 
Henriques, Esq., F.Z.S., Stone Buildings, Lincoln’s Inn, W.C. ; Henry 
Lainson, Esq., Heath House, Reigate, Surrey; Dr. James Murie, 
20 Regent’s Park Road, N.W.; and John W. Pike, Esq., Mining 
Engineer, Mexico, were elected Fellows. 

* Ann. & Mag. Nat. Hist. 1863 (srd Series), vol. xi. p. 107, pl. v._ 
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The following communications were read :— 

1. A Descrierion of some Ecurnopurmata from the Creraczous 
Rocks of Suvar. By P. Martin Duncan, M.B. Lond., Sec. G.S. 

CoNnTENTSs. 

4. List of the species from South- 
eastern Arabia. 

1. Introduction. 
2. List of the species of Echinoder- 

mata. | 5. Remarks on the species, their per- 
3. List of the species already de- sistence and variability. 

scribed. 

1. Introduction.—The existence of Cretaceous rocks in the district 
of Sinai has been surmised for several years ; but hitherto the cor- 
rect geological denomination of the strata has not been ascertained. 
They have been simply termed Cretaceous ; and, owing to the scarcity 
of fossils, they have not been correlated with any of the Asiatic 
formations. 

An examination of the series of Echinodermata collected by the 
Rev. F. W. Holland, from the limestones of Wady Mokatteb and Wady 
Badera*, readily decides the geological age of the rocks, and enables 
them to be correlated with those red limestones in South-eastern 
Arabia whose fossils were described in a former communication *. 

Had these Sinaitic Echinodermata been in my possession during 
the preparation of that communication, their study would have made 
it much more complete ; but coming before my notice now, their ex- 
amination presents several tests in reference to the correctness of my 
conclusions. It is satisfactory that this examination should streng- 
then all those conclusions, and that it should determine the presence 
of the same zone of Echinodermal life in Southern India, on the 
Nerbudda, in South-eastern Arabia, Sinai, Egypt, Algiers, and in 
North-western Europe. Moreover the remarks made upon the varia- 
bility of the species described in the former communication receive 
additional strength, and the correctness of placing all the localities 
formerly noticed, with the Sinaitic chalk, in the Middle Cretaceous 
series, or in that which comprises the Cénomanien and Turonien 
stages, becomes apparent. 

The few Echinodermata described by Desor and d’Orbigny from 
Sinai appear to be peculiar to that region; but all those collected by 
Mr. Holland are well-known forms, and are characteristic of the 
typical Upper Greensand of France, England, and Ireland. 

The facies of the collection is that ‘of the South-eastern Arabian and 
Bagh series; so that nothing can be more complete than the correspon- 
dence of the united Asiatic Echinodermata with those of the zones of 
Pecten asper, Pygurus lampas, Scaphites cequalis, Ammonites navi- 
cularis and Ostrea columba in North-western Europe. 

2. List of the species of Echinodermata.—The following is the list — 
of the Echinodermata from Wady Mokatteb and Wady Badera. The 
localities and zones of the accompanying fossils, where they are found 
elsewhere, are also given :—_ 

* Quart. Journ. Geol. Soc. vol. xxii. p. 491, and note at the end of this 
aper. 
' Quart. Journ. Geol. Soc. vol. xxi. p. 349. 
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1. Pseudodiadema Riippelli, Desor. Egypt. 
2. Heterodiadema libycum, Ag. & Desor, sp. Egypt. Batna in Algiers; 

Martigues, France. Zone of Ostrea columba. Martigues, France, below the 
zone of Caprina adversa. 

3. Holectypus excisus, Desor, sp. Le Mans; Ile d’Aix. Zone of Turrilites cos- 
tatus and Pygurus lampas. 

4. Periaster elatus, d’Orb. Le Mans; Yvre l’Evéque. Zone of Ammonites 
navicularis, 
_ 9. Hemiaster gracilis, Cotteau. Yvre ’Evéque. Zone of Ammonites navicu- 
laris, 

6. Epiaster distinctus, d’Orb. South-east Arabia, with Hemiaster similis 
Cidaris cenomanensis and Pygaster truncatus. Ireland; Cornes and Villiers, 
France. Zone of Pecten asper (upper part). 

3. List of the species already described from Sinai :— 
1. Diplopodia Sinaica, Desor, sp. 
2. Claviaster cornutus, a’ Orb. 
3. Pedina Sinaica, Desor. 

4, Last of the species from South-eastern Arabia :— 
1. Cidaris cenomanensis, Cotteau. Yvrel’Evéque. Zone of Scaphites equalis. 
2. Pseudodiadema Roemeri, Desor. Hildesheim. 
3. Salenia scutigera, Gray. Warminster; Le Mans. Zone of Scaphites 

equalis. 
4. Holectypus cenomanensis, Guéranger. Texas; Le Mans. Zone of Pygurus 

dampas. 
5. Pygaster truncatus, Agassiz. North Ireland ; Condrécieux. Zone of Pecten 

asper. 
6. Epiaster distinctus, d’Orb. Simai; Ireland; Cornes. Zone of Pecten 

asper. 
7. Hemiaster similis*, d’Orb. Bagh; Le Mans. Zone of Ammonites navi- 

cularis. 
8. Cottaldia Carteri, nobis. 

Combining, then, the Sinaitic and south-east Arabian Echino- 
dermata, a fauna is produced which is eminently characteristic of 
the middle cretaceous horizon. 

5. Remarks on the species, their persistence and variability —The 
Holectypus from Sinai, formerly termed a Descoidea, is found in three 
forms. One cannot be distinguished from the type of H. ewcisus ; and 
the others are simple varieties, their size being the presumed varia- 
tion. 

Periaster elatus is found as a slight variety, and Epiaster distinctus 
also. 

The vertical range of Heterodiadema libycum is worthy of notice, 
because it resembles that of some of the South-east Arabian Echino- 
dermata. The species lasted during the Hippuritic chalk age, as 
well as during the antecedent Cénomanien. 

The comparative absence of species unknown in Europe is some- 
wha tremarkable ; and so is the presence of some of the rarer Echino- 
dermata of the well-searched French district of La Sarthe. It is 
very interesting to discover that the majority of these wide-wander- 
ing Echinodermata had a tendency to vary from their types, both in 
Europe and in Arabia, and that the rest were persistent in form. 

In conclusion, I must refer to the remarks upon the diffusion and 

* M. Hébert determines this species to be identical with H. Leymeri. 
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variability of the middle cretaceous Echinodermata made in my for- 
mer communication. 

Norr.—The Rev. H. Holland informs me that in the Wady Ba- 
dera the Echinodermata occurred in the bed of the Wady, having 
evidently been washed down from a bed of limestone which exists 
near the pass at its head. This pass is composed of variegated 
sandstone rocks resting upon gneiss. The sandstone occurs at a 
higher elevation than the limestone; but the exact position of the 
latter I did not remark. The Echinoderms from Wady Mokatteb 
were found in a small bed of limestone at the foot of Jebel Mokat- 
teb, which crops out beneath a sandstone. 

2. GrotoeicaL Description of the First Cararact, Upper Eeypr. 
By J. C. Hawxsuaw, Esq., F.G.S. 

[The publication of this paper is unavoidably deferred.] 

(Abstract.) 

At the First Cataract the Nile flows over crystalline rocks consisting 
principally of quartz, felspar, and hornblende, combined in various: 
proportions, and then appearing under the forms of syenite, green- 
stone, hornblende, and mica-schists, or else occurring in separate 
masses. In the bed of the river the surface of the harder portions, 
of these rocks is beautifully polished. The whole district is tra- 
versed by dykes of greenstone, of which the prevailing direction is 
E. and W. 

The crystalline rocks forming the bed of the river are overlain by 
a sandstone, sometimes coarse and gritty, and at other times fine- 
grained and compact. The prevailing colour is ight yellow; but in 
places it is dark-purple and even black, owing to the presence of 
iron. As yet no organic remains have been discovered in it. This 
sandstone rests on the uneven surface of the syenite, in slightly 
inclined strata dipping N.N.E. It is nowhere altered at its junc- 
tion with the syenite, nor is it anywhere penetrated by dykes. 

To the eastward of the First Cataract is a wide valley, commencing 
opposite the Island of Phil, and joining the Nile valley again about 
three miles below Assouan. Through this valley the Nile may have 
formerly flowed, as freshwater shells and deposits of Nile-mud are 
found at a considerable height above the present level of the river. 

To the westward of the First Cataract the crystalline rocks dis- 
appear below the sandstone, and the country is almost entirely 
covered with sand of a rich yellow colour, composed of fine rounded 
grains of quartz. , 

3. On the Drirt of the Norru of Enerann. By J. Curry, Esq. 

(Communicated by the Assistant-Secretary.) 

[ Abstract. ] 

Tue Drift under consideration is stated to occupy certain slopes 
from the following mountain-eminences, namely :—Skiddaw, Saddle- 
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back, Helvellyn, Fairfield, Harter Fell, and Shap Fell, situated in 
and bordering the Lake-district; and Tebay Fell, Langdale Fell, 
Wild Boar Fell, and Kaber Fell, ranging in a curve to the south end 
of the Stainmore ridge on the Pennine chain ; also the series of hills 
northward along this chain. 

The author gives a geological sketch of the district, and points 
out that the general prevailing direction in which the drift has been 
carried has been from the north-west to the south-east, though 
much modified by the configuration of the land. He also states that 
from the north-western part of the Cumbrian group of mountains it 
has been carried, in the one case, across the slopes of the western 
and southern sides of the Lake-district, thence southward along the 
western front of the hills ranging into Derbyshire, and in the other 
case along the route under consideration. On the commencing part 
of this route the principal rocks which have yielded materials for the 
Drift are the Skiddaw slates, the green slates and porpbyries, and 
the Carrock Fell and the Caldew granites. It is the waste from the 
granites, the green slates, and the porphyries which serves to iden- 
tify and characterize the Drift on the more distant parts of its course 
on the Pennine chain. The waste from the various rocks of this 
northern area appears in the direction of Berrier, Greystoke, and 
Penrith. Large boulders of them are met with in the railway-exca- 
vations between Penrith and Keswick, and they continue to the 
north-eastern flank of Great Dod. 

The Shap Fell granitic boulders are spread to the south-east of 
Wasdale Beck, and are probably continued in that direction across the 
country-side down to Tebay. Their occurrence continues for a mile 
or so to the east of Orton. Boulders of itlie on the western decli- 
vity from the Stainmore ridge. Among such may be noticed those 
at and near the following places, namely Kaber, Brough Sowerby, 
Church Brough, and Broughtown. ‘They occur sparingly on both 
sides of the Argill Beck. Down the eastern slope of the Pennine 
chain, near Mickleton, and southward over the mountain-ridge 
into Balderdale, pebbles of indurated Silurian rock are traceable 
among the superficial accumulations. Lower down the valley of the 
Tees, Shap Fell granite and green slates and porphyry occur. 

The author then offers some explanations to account for the absence 
of detritus from the Shap Fell granite over the sloping area of the 
south side of the Lune, ranging between Tebay Fell on the west, and 
Ravenstonedale Common on the east; and proceeds to notice the 
occurrence of Drift northward along the western slope of the Pennine 
chain. 

From the neighbourhood of Brough Sowerby and Broughtown, 
down the east side of the Eden, as far as Appleby and Murton, the 
superficial accumulations are of a local character, being chiefly de- 
rived from the Permian rocks and from those in the bold escarpment 
contiguously situated on the east. Some Shap Fell granitic boulders 
are met with between Appleby and Dufton, and others near the base 
of Dufton Pike. In the vicinity of Melmerby the Driftis of a mixed 
nature, and continues so along its range by Gamblesby, Renwick, 
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Croglin, and Newbiggin to Castle Carrock. The range of the Drift 
thus pointed out may be regarded as closely approximating its upper 
limit; but on the brow of the mountain, in the neighbourhood of 
Castle Carrock, the Drift-margin is a little above this place. 

From the neighbourhood of Castle Carrock, across the north end of 
the Pennine chain, the upper reach of the Drift corresponds pretty 
closely with the several collieries on the north side of the Ninety- 
fathom Dyke, but extends a little further to the south in the valleys 
of the Tyne, the Allen, and the Devil’s Water. On the Tyne valley 
itis found to occur about half a mile below Slaggyford ; in the Allen, 
some 24 miles above Allen Town; and in that of the Devil’s Water, a 
little below Lillswood. On passing somewhat direct from Midge- 
holme pit to Rose Hill, the Drift is seen to lie on the southern and 
northern sides of the mountain nearly up toits summit. To the west 
of a line between the last-mentioned places the drift-materials have 
much of a water-worn character. Small oval-shaped hills made up 
of these materials are very prevalent on this area, and more particu- 
larly so near the river Irthing. From the same line eastward to the 
Tyne the Drift occurs very abundantly. The tributaries on the west 
side of the Tyne, between Hartley Burn colliery and Haltwhistle, cut 
deep into it and expose some good sections. There is a very fine sec- 
tion directly down from this colliery, on the south-east side of the 
Blackburn, opposite Low Mill House. In the mass here presented are 
granites, green slates, porphyry, basalt, Mountain-limestone, shale, 
New Red sandstone, and some pieces of quartz. All these various 
rocks are confusedly mixed in a firm clay. The clay is of a 
reddish-brown colour and rather sandy below; but higher up it is 
more of a greyish blue and somewhat finer in texture. The granite 
occurs in small pieces, some of which are angular, and others rounded. 
The green slates, porphyry, and basalt are generally much rounded, 
and occur as pebbles and small boulders. There are some blocks of 
considerable size interspersed. The green slates and porphyry are 
very plentiful here. The blocks of Carboniferous Limestone are not 
much rounded, but are striated. The shale occurs in small thin 
pieces. Some of the fragments of New Red sandstone are angular, 
and others rather rounded. The clay appears to be more sandy as it 
increases in redness. 

About halfway between the Tyne and the Allen, from an elevation 
- corresponding with the top of the Coal-formation, the Drift spreads 
somewhat thinly down the side of the valley to the river. The drift- 
stones can be seen on the road down Plainmellar Common. Near 
Plainmellar are some granitic boulders, probably of the Criffle Fell 
granite. At Allen Town, on the east side of the water, the drift 
consists of a stiffish and rather blue clay, in some parts inclining to 
red, interspersed with angular sandstone very abundantly, and some 
Carboniferous Limestone, with a good deal of shale-fragments, also 
green slates and porphyry, and some portions of New Red sandstone. 
This heterogeneous mass has a thickness of 80 feet, and is overlain 
by sand and shingle, which probably averages 12 feet. A mile or 
so further up the Allen, but on the west side of the water, is another 
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good section, which shows a blue clay interspersed with angular 
fragments of sandstone of a local character, and numerous thin 
pieces of shale, also some blocks of limestone rather striated. Green 
slates, porphyry, and basalt are very rare. The thickness of this 
mass is 50 feet; and itis overlain by a deposit of sandstone-pebbles 9 
feet thick, above which is a stratum of water-washed sand 5 feet thick. 
This is again surmounted by shaly material 8 feet in thickness, thus 
making a face of section 72 feet in height. Again, to the east, at 
Langley, close to the turnpike road, the drift is exposed in a cutting 
of the Hexham and Allendale Railway. It is here of a dark-brown 
colour, with the usual kinds of pebbles and boulders. 

For the range of the elevation of the Drift between Devil’s Water 
and the river Wear, the following points will afford a tolerable idea 
—namely, the first on the ridge about a mile to the south-west of 
Slealey, the second a mile up the Stanhope and Tyne Railway from 
Waskerley, and the third on the summit of the road leading between 
Dean House and Witton-le-Wear. From the first of these points 
the outspreading area, stretching down to the Tyne, and bounded on 
each side by the Devil’s Water and the Derwent, is for the most 
part covered by Drift, in greater or smaller quantities. Fine water- 
worn sand prevails below Minister Acres. Green slates, porphyries, 
and basalt are generally disseminated among the arenaceous super- 
ficial accumulations of the adjacent country. A very considerable 
accumulation of Drift lies in the valley of the Tyne near Stocksfield, 
and can be seen with advantage on the east side of Stocksfield Burn, 

_where it is tolerably well exposed in section. The mass thickens 
from the Tyne across the valley to the southern bank against which it 
lodges. The Drift reaches up the valley of the Derwent a little above 
Blanchland, and up that of the Edmondbyers Burn.as far as Edmond- 
byers. On the ridge between this burn and Icehope Burn, it extends 
very little to the west of Muggleswick. 

From the second point the Drift covers much of the area down the 
south side of the Derwent. Above Waskerley, on that small area 
to the south-west side of the railway, it appears to be absent, but on 
the north-east side it occurs. It is here characterized by the 
scattered green slates, porphyries, &c. among the superficial accu- 
mulations. These scattered stones may be best seen on the old cart- 
road down the fell. The road continues down the declivity to 
Horseleyhope Mill, and thence by Castleside to Consett. It is on 
this road and adjoining parts that the various drift-stones can be 
advantageously observed. 

In the neighbourhood of Horseleyhope Mill the Drift occurs in 
much abundance, consisting of clay, local detritus, and detritus from 
rocks many of which are situated at a great distance. The clay is 
stiff and compact, and of a brownish colour, but varies from that to a 
bluish grey. It also varies in other properties, so as in some parts to 
become sandy. The local detritus occurs in larger proportion, and is 
evidently derived, in a great measure, from the Millstone-grit series. 
It consists chiefly of angular fragments of coarse sandstone, and small 
rather thin pieces of argillaceous strata. The former range from very 
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small sizes, through a gradation, to that of large angular blocks. The 
far-carried detritus comprises green slates, porphyry, and basalt, 
which occur in the form of pebbles, boulders, and some large blocks. 
The fragments of granite are only small and often angular. Among 
these various stones may be found the representatives of most of the 
rocks of the Lake-district. 

South of Horseleyhope Mill and Cold Rowley, the Drift occupies 
the flank and summit of the hill, and from the latter place it spreads 
down to the Derwent. On this declivity it is of a sandy character. 
From Consett eastward it prevails rather partially on the higher 
grounds until we come to Whickham, where it would seem to be more 
regular. Boulders of Shap Fell granite lie on the bank below Whick- 
ham. Carrock Fell granite also occurs in the valley of the Derwent, 
with others which are evidently from Scottish localities. From the 
third point down the hill-side to Witton-le- Wear, there is apparently 
an absence of Drift. ‘This may probably be the case on the slope to 
the Wear eastward. On the north side of the hill, from its summit 
to Dean House, it occurs in not a very marked character. Such it 
may likely continue to be on the declivity towards the river Browney. 
It is slightly traceable from the ridge south of Consett to near Lan- 
chester. Thence to Durham it is apparently not traceable. At this 
place much sand occurs. Among this there seems to be no granite 
or other stones to mark it as the true drift. These sandy accumu- 
lations at Durham, and those previously noticed, have evidently 
resulted from the denudation of the Millstone-grit. 

From Witton-le-Wear bridge, following the road by West Auck- 
land to near Staindrop, no indications of the Drift are met with. At 
and near this place a few stray boulders of Shap Fell granite occur. 
There are others in the neighbourhood of Barnard Castle. Thus 
from a little north of Staindrop to Barnard Castle may probably 
be near the range of the Drift-elevation on the north side of the 
Tees. But on the south side of the river, Shap Fell granite occurs at 
Lartington, and is likely to be found strewn down from here to 
Barnard Castle. Thence down the north side of the river to Dar- 
lington the miscellaneous character of the Drift prevails. Boulders 
of Shap Fell granite are observable near Winston. In the North 
Street at Darlington lies the well-known granite Shap Fell boulder. 
Others of the same kind occur at Cockerton. On the road between 
Cockerton and West Auckland there seems to be an absence of the 
true Drift. Granite from Shap Fell and green slate and porphyry 
from the Lake-district make up a part of the drift-materials on the 
Tees. From what has been previously stated respecting the Drift on 
the Stainmore ridge and on the eastern slope to Lartington, it will 
now appear obvious that it has been carried over the ridge and down 
to the mouth of the Tees. At one time it may have lain on the 
Staimore ridge in considerable quantity. From the Tees the erratic 
blocks of Shap Fell granite have found their way along the eastern 
declivity of the Pennine chain as far as the mouth of the Humber. 
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On some Furnt Imptements lately found wm the Vautny of the 
Littrz Ouse River, at Tuetrorp, Norrorx. By Joun Wicx- 
HAM Frower, Esq., F.G.S. 

In consequence of the recent discoveries of flint implements of the St. 
Acheul type at Hoxne on the river Waveney, and at Icklingham on 
the Larke, it seemed to me probable that they would also be found 
in the valley of the neighbouring river known as the Little Ouse— 
a stream which, rising at Lopham, in the marsh in which the 
Waveney has also its source, flows in a direction nearly parallel with 
the course of the Larke (distant about nine miles), and, running from 
Thetford to Brandon, falls into the Great Ouse between Ely and 
Lynn. 
eae the last two or three years I have frequently looked for 

these implements in the gravel-beds on the banks of this river ; but 
my search was for some time unsuccessful, having been. chiefly 
directed to the left bank, on which they very rarely occur. * About 
six months since, however, several of them were found in the gravel- 
pits on the right bank by a labourer who had gone from Icklingham 
to work at Thetford. They were taken by him to Mr. Henry Prigg 
of Bury St. Edmunds, who at once recognized their true character 
and their close resemblance to those found in the valley of the 
Somme. In December last Mr. John Evans and Mr. Prigg found 
amongst the gravel several other good specimens, both of the oval 
and pointed forms; and within the last three months I have been 
able to procure upwards of fifty others. Mr. Evans and Mr. Prest- 
wich have also obtained several; and Mr. Fitch, of Norwich, after 
spending some hours at the pits, procured a very good specimen, 
which the labourers dug up in his presence at the depth of fourteen 
feet. It would thus seem that this deposit is quite as productive as 
any hitherto examined, either in England or France. 

From the accompanying plan and section it will be seen that the 
river here flows through a wide and shallow valley, excavated in the 
Chalk and Boulder-clay. The hills on either side rise to the height 
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of about one hundred feet above the river-surface ; and, when mea- 
sured from the summit of Boulder-clay on the north to the Chalk- 

Fig. 1.—Geological Sketch Map of part of the Valley of the Little 
Ouse River. 

a, Ferruginous sands and coarse flint-gravel, 12 to 15 feet thick. 
6. Boulder-clay in blue and laminated strata, 25 to 30 feet thick. 

6b. Boulder-clay not laminated, 20 feet thick. 
e. Chalk. 

Fig. 2.—Section across the Little Ouse Valley at the second stanch 
between Thetford and Santon Downham. 
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summit on the south, the valley is from a mile to a mile and a half 
wide. On the south side, to the extent of three miles parallel with 
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the river, and at the distance of nearly a mile from it, the hills 
are in several places capped with coarse flint-gravel, resembling 
that in which the implements are found, and containing some large 
nodules. On the right bank of the river a terrace of siliceous and 
ferruginous sands, irregularly laminated, and containing layers of 
flint-gravel, is found resting upon the Chalk. This terrace commences 
about a quarter of a mile below the town; it extends along the 
course of the river for about a mile and a half, and is on the average 
about forty yards distant from the bank, and rises about eight or ten 
yards above it. The base of this bed, to the extent of four or five 
feet in thickness, is composed of large nodules of subangular flint, 
with some chalk-pebbles and calcareous sand; and it is in this coarse 
gravel, at a spot known as Red Hill, near the second stanch in the 
river below Thetford, that nearly all the flint implements have been 
found, usually at from twelve to fifteen feet below the surface, and 
within a foot or less of the chalk. Some specimens (like those at 
Fisherton described by Dr. Blackmore) were found in pot-holes in 
the chalk. On the left bank the terrace does not generally rise more 
than twenty feet above the river, and the gravel here is deposited 
much more irregularly. It is of a darker colour, showing no traces 
of lamination, and in some other particulars differs from that on the 
right bank, until the river reaches a small farm at Santon Downham. 
At this place the ferruginous sands and gravels of the right bank 
reappear, and in them at least one flint implement has been found. 

As regards the general form of the implements, most of them bear 
a close, and, indeed, almost perfect resemblance to those discovered 
in similar deposits in France and in other parts of England; and the 
accurate description which Mr. Evans has given of the St. Acheul 
specimens, in his paper read before the Antiquarian Society, will 
apply to nearly all of those found at Thetford. It would seem as if 
there were two predominating types, the ovoid and the pointed, ex- 
amples of both of which are given in the accompanying figures. As 
formerly it was said that the wood which would not make a shaft 
might serve for a bolt, so the stone which was not sufficient for a 
pointed implement was doubtless worked into an oval; and occa- 
sionally it would be found convenient to fashion those intermediate 
varieties which are often met with. 

There are one or two slight peculiarities in these implements, 
whether French or English, which seem to deserve notice, as they 
may tend to explain the uses to which they were put. Thus in 
several of those of the pointed form the point is seen to be slightly 
recurved ; and in many of them we find that a flat space or surface 
has been left or formed, exactly adapted to receive the thumb of the 
right hand, which, if it had been constantly pressed upon a sharp or 
rugged surface, would soon have become sore and inflamed. I have 
never shared the opinion that these things were either weapons of 
war or of the chase; and the peculiarities alluded to (coupled with 
the circumstance that the pointed end is almost always found to be 
broken and blunted) tend to support the belief that they were used 
as hand-spades or dibbles, perhaps for digging roots. 
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As regards its geological relations and position, this deposit seems 
closely to correspond with the flint-implement-bearing beds of 
Amiens, as these again agree with those of Fisherton, Milford Hill, 
the Reculvers, Bemerton, Hoxne, Icklngham, and Biddenham. At 
the Reculvers they repose upon the Thanet sands ; where the Boulder- 
clay is present, they rest in hollows or valleys of that formation ; 
where it is absent, they are found on the eroded surface of the Chalk. 
In one locality, lately discovered and not yet described, they are on 
the surface of the Gault ; and where there is neither Chalk nor Gault 
(as at Biddenham) they rest on the Oolite. In all cases the super- 
incumbent beds consist of flint-gravel and siliceous and calcareous 
sands, more or less mixed with Tertiary boulders, and usually covered 
by a capping of loess. At Hoxne these beds are more argillaceous. 

The close resemblance which these implements, and others like 
them discovered elsewhere in England, bear to those of the valley of 
the Somme, is a circumstance which cannot but have an important 
bearing upon all questions relating to their origin and history. The 
material from which they are made is in all the same, namely, chalk- 
flint—not, however, as it seems to me, as it 1s found zn situ, but flint- 
pebbles or nodules as found on the surface of the land or in the 
channels or banks of rivers. In almost every specimen a part of the 
original coating of the flint is left at the butt or round end, showing 
from its battered surface and from the discoloration of the flint 
beneath (sometimes extending to the depth of a quarter of an inch) 
that before the implement was shaped the stone from which it was 
wrought had been long exposed to atmospheric influences, and to 
various mechanical and chemical changes. 

In other important particulars the Thetford deposit agrees with 
those above alluded to—-namely, in the entire absence, as well of all 
other works of art, as of human remains, and in the presence of 
bones of the Elephant. A tradesman in Thetford has part of a 
molar of Hlephas primigenius, a fossil which has hitherto been inva- 
riably found with these objects. Mr. Evans has also seen bones of 
an ox and a horse’s tooth from Redhill; and I have obtained portions 
of an elephant’s tusk and a horse’s tooth from the same spot. No 
traces of land or freshwater shells have yet been observed. 

From these details it is evident that, so far as is known, the flint 
implements of the drift of France and England are the same in mate- 
rial, in design, and in workmanship—that the strata in which they 
occur are also alike in mineral character and condition, and in their 
geological order, and alike, also, as regards the presence of certain 
fossil remains, and the absence of others. 

From these correspondences some additional light, as well in an 
ethnological asin a geological point of view, will perhaps be thrown 
on the much-debated question of their origin. If we are not enabled 
to fix their date with any degree of precision, we may yet approach 
it more nearly than heretofore ; and thus these singular objects will 
be further removed from the category of casual and abnormal condi- 
tions, and approach to a distinct geological rank and order. 

Consistently with the analogies drawn from other phenomena, we 
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may reasonably conclude that deposits agreeing with each other in 
such various and minute particulars must be regarded as contempo- 
raneous ; and if so, it would seem to follow that, although now sepa- 
rated by an arm of the sea, they at some former period (like the chalk 
on which several of the beds rest) extended, but with certain in- 
tervals or breaks (which were afterwards in all probability much 
widened), over one continuous area, ranging, as far as at present 
explored, from the Somme, if not from the Seine, into Kent, Hants, 
Wilts, Norfolk, Suffolk, and Bedfordshire. Unless we adopt this 
view we must suppose that each of these several deposits, although 
of similar date and character, is to be ascribed to a separate and 
independent origin. Such an hypothesis is not to be regarded as 
impossible, but it seems far less probable, and far less consistent with 
the methods of reasoning usually adopted in dealing with such topics, 
than that which would ascribe all the deposits to one common 
agency. 

Another argument in support of the view here stated may be 
drawn from the close resemblance which is seen to exist in the form 
of the implements. We may reasonably assume from this that 
they were fashioned and used by men of the same race; and these 
must either have been inhabitants of one conterminous region, or if 
separated, as now, by an arm of the sea, then one of these nations 
must have had such intercourse with the other as would enable it to 
imitate thus closely the fashion of its implements. It seems, how- 
ever, highly improbable that a people altogether destitute of metals, 
and so ignorant of the arts of life as to be restricted to the use of 
such rude instruments, could have navigated even the narrow strait 
which divides us from the continent: they would have no means of 
constructing vessels for the passage, nor any desires to tempt them 
to incur its dangers. And upon this assumption, it would follow that 
before the severance of this island from the continent (of which there 
are several other well known indications) both countries were adapted 
for the habitation of men, and were, in fact, inhabited. 

I do not propose on this occasion to consider at any length the 
question of the mode of transport of these objects and their atten- 
dant gravels. -I shall only venture to indicate how far the opinions 
which have been held on that interesting and perplexing subject are 
borne out by the phenomena of this particular deposit and those in 
the immediate neighbourhood. 

In the very able paper which Mr. Prestwich read before the Royal 
Society, he inclines to the opinion that these gravel-terraces were 
brought into their present position by river-action; but as that 
opinion was advanced with some hesitation and with several quali- 
fications, it seems reasonable that the subject should be reconsidered, 
especially with reference to this and various other recent discoveries, 
as well in France as in England, by means of which our knowledge 
of the deposits, and of their relations to other strata, has been much 
increased. 

In the district now in question we find several deposits of imple- 
ments very near to each other, but in three different valleys—namely, 

EZ 
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Fig. 5.—Plint Implement from St. Acheul. 
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Fig. 6.—Flint Implement from Thetford. 

~ 

x 

\ 

SN 

— 

Hi = : SS Uy, 

M
Y
 

YW
, 



b4 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

at, Hoxne, Icklingham, and Thetford—these places being situated at 
the angles of an acute-angled triangle ; and if we suppose that the 
implements were indeed carried down by the streams near which 
they are found, we must conclude that not only these three rivers, 
but also the Somme, the Avon, the Great Ouse, and some others, in 
Picardy, in Hants, and in Kent, of the existence of which there are 
no longer the slightest traces—rivers, be it remembered, lying far 
apart from each other, and belonging to different. water-systems— 
were all during one and the same geological epoch flowing through 
countries in which these worked flints had been fabricated, and 
overflowing their banks and carrying away the implements in their 
course. 

With reference to this question it is alsoimportant to consider the 
position in which the implements are usually found. When they 
occur in profusion, as at St. Acheul and Thetford, and some other 

- places, they are seldom found in the overlying laminated sands and 
gravels, but are seen to rest immediately, or almost immediately, upon 
the Chalk or other subjacent rock. Had they been brought down 
by freshets or river-floods we should expect to find them im layers, 
indicating alternate periods of repose and disturbance ; whereas their 
actual position leads rather to the belief that they were all trans- 
ported at one and the same time, together with the drift-gravel and 
sand lying loose upon the surface, into the then existing hollows and 
valleys. The deposits thus formed would doubtless be acted upon, 
and partially broken up by succeeding floods, and their materials 
would be redistributed ; and it is to some such process that we may 
attribute the presence of these objects in the brick-earth and other 
overlying beds, in which they sometimes (although sparingly) 
occur, 

Several other considerations may be noticed which seem to mili- 
tate against the theory of river-transport as regards these beds. If, 
indeed, their formation is to be attributed to the rivers near which 
they are found, where did the people dwell who have left in so narrow 
a space such abundant traces of their existence? whence were de- 
rived those masses of sand and gravel in which the implements are 
imbedded ? and by what agencies were they carried to their present 
position? The Waveney runs nearly east, while the Ouse and the 
Larke go north-west, the two former taking their rise in a marsh 
within a few vards of each other, and then flowing in opposite direc- 
tions. It seems highly improbable that while one of these rivers 
was carrying the flint implements in one direction, two others, in 
the immediate neighbourhood, were taking them in the opposite 
direction, or that the population of the limited area drained by the 
Ouse should have been provided with such a profusion of imple- 
ments, as that several hundreds of them, in addition to a great 
number which, doubtless, have not been noticed, should be buried in 
a space the dimensions of which do not exceed three or four hundred 
square yards. 

But, further, the present rivers, even at their very highest floods, 
are quite inadequate in volume and velocity for the transport of the 
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masses of gravel which now are seen resting on their banks, or for 
the partial denudation of the adjacent hills. The Little Ouse is 
formed by the confluence of three small streams, which take their 
rise at a short distance from Thetford, and join each other just above 
the gravel-terrace in question. It appears, from the map lately 
published under the superintendence of this Society, that during the 
entire course of this river, for about forty miles, from its source to the 
outfall at Lynn, the fall is but fifteen feet—a little over four inches 
in the mile. At a short distance above the gravel-terrace the river 
is about three feet deep and fifty wide; while in order to fill the 
valley only to the height of the gravel a stream of about sixtyfold 
greater volume would be required, and this would very far transcend 
the capacity of the watershed. 

In the paper before referred to, Mr. Prestwich observes that it 
would be impossible for the present rivers, even during their greatest 
floods, to attain a height at all approaching to the high-level gravels, 
and suggests that from the melting of the snow, independently of 
any larger rainfall, the floods must formerly have been far greater, 
and have given to the river a torrential character, and that thus the 
ancient channels have been deepened. 

But, as applied to Thetford, the phenomena in question can hardly 
be accounted for on this supposition. Snows do not give forth tor- 
rents of water sufficient in volume and force for the transport of 
such deposits as are here exhibited, unless in regions (at least to 
some extent) mountainous; and it is impossible to find any moun- 
tainous, or indeed any high, land in the narrow watersheds of the 
Waveney and the Ouse; and to affirm that some such district once 
existed, which has now disappeared, leaving no traces of its exist- 
ence, would be a gratuitous assumption, remitting us to the region of 
pure conjecture. 

In conclusion, I would venture to suggest that this and kindred 
deposits may reasonably be accounted for without having recourse to 
the river theory, which is attended with so many difficulties. Here 
not only has all the Boulder-clay on one side of the vailey, and to 
the extent of three-quarters of a mile in breadth on the other, been 
carried away, together with large masses of the Chalk on which it 
once reposed, but vast masses of the flint-gravel which, doubtless, 
once covered the adjacent hills (and of which extensive traces still 
remain) have also been removed. It is clearly impossible to ascribe 
these results to the little gentle stream which finds its way in the 
valley below, or to any other flowing in the same-course; and if the 
formation of the valley, and the partial denudation of the hills which 
bound it, must be explained in some other way than by river- 
action, why should not the contents of the valley come into the same 
category, especially as they bear unmistakeable marks of violent 
transport. The same law that mduces water to find the lowest 
level operates upon all water-borne materials ; and if the excavation 
of these wide valleys, and the partial removal of the drift from the 
adjoining hills, may reasonably be attributed to the passage of some 
great body of water over the surface of the land, the sands and gravel 
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then upon that surface (and we know that there were surface-gravels 
before the implements were formed) would naturally be drifted into 
the then existing hollows; and eventually, as subaérial waters found 
their way into these valleys, whether filled up partially or entirely, 
they would, in the course of extended periods of time, form channels 
through their loose porous beds, and thus originate the existing 
rivers and streams. 

On a CuErrotHERiaN Footprint from the Base of the KnupER 
SanpsTonE of DarEsBury, CHESHIRE. By Prof. W. C. Witt1am- 
son, F.R.S. 

(Communicated by the Assistant-Secretary.) 

[Puare IIT.] 

THE specimen figured in Plate III. was found in the Lower Keuper, 
at Daresbury Quarry, near Weston Point, Cheshire, a district which 
is rich in Cheirotherian footprints. The specimen was discovered 
by Mr. J. Webster Kirkham, one of my old pupils at Owens Col- 
lege, who has become an indefatigable worker amongst the foot- 
prints of the Cheshire district. It is obviously a reptilian foot- 
print, but differs from all that I have hitherto seen in Great Britain 
in being distinctly that of a scaly animal. The form of the foot- 
print differs from that of the Common Cheirotherium, which is found 
associated with it, in being more quadrate, and in the separated 
toe being less recurved, as well as approaching nearer to the other 
toes. In its general form it reminds us strongly of the footprints 
found by Dr. King in the Carboniferous beds of Pennsylvania. This 
resemblance is further shown in the fact that the specimen only 
displays four toes, as is the case with the anterior foot of the Ame- 
rican specimens, though possibly the small projection on the left 
hand of the footprint opposite the thumb may be the base of a fifth 
toe, partly obliterated by another footprint of the same creature, 
which has been impressed upon it. 

The arrangement of the scales corresponds very closely with that 
seen in the foot of the Alligator. Many of them run across the 
foot in oblique lines, as is common amongst living Crocodiles, 
leaving no room for doubt that they represent true scales, and not 
irregular tubercles, such as are seen on the skin of some Batra- 
chians. The scales on the toes and at the anterior part of the foot 
are much smaller than those nearer the posterior region. 

I have not succeeded in ascertaining all the differences that existed 
between the fore and hind feet. The slab, of which the specimen 
figured is a fragment, is paddled over with similar footprints, as if 
the animal had been feeding on the spot; but one footprint has dis- 
turbed the outline of another to such an extent that no conti- 
nuous track can be traced. Nevertheless we have evidence that 
there were some differences. A little to the left of the more per- 
fect impression will be seen an imperfect one, with much larger 
and more oblong scales, especially under the heel. This difference 
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is So very similar to what is seen in the fore and hind feet of many 
Saurians, that I have no doubt respecting its signification. The 
perfect impression will be that of the fore foot, and the imperfect 
one that of the hind foot. In the larger slab are many examples 
of each of these impressions, showing that they really represent the 
two feet. I have seen no proof that they differed materially in size. 
Had the impression not exhibited the scaly structure, it would 
probably have been described as “ Cheirotherian,” but I do not 
believe that it belonged to a Batrachian animal. It is Saurian, if 
not Crocodilean, in every feature, and, as such, constitutes an in- 
teresting addition to the paleontology of the English Keuper. 

Accompanying this communication is Mr. Kirkham’s section of 
the district in which the Daresbury Quarry is situated, and also a 
figure of the specimen, taken from a photograph by Mr. Plant of 
the Salford Museum. 

EXPLANATION OF PLATE III. 

Fig. 1. Cheirotherian Footprint from the base of the Keuper sandstone of 
Daresbury, Cheshire. Natural size. 

Fig. 2. Section from Weston Point to Daresbury, Cheshire (about 6 miles) ; 
by J. W. Kirkham, Esq. @. Red Marl (Keuper); 6. Lower Keuper 
sandstone; c. Upper mottled sandstone (Bunter); d. Pebble-beds 
(Bunter); x Faults. The whole of the line of section is covered with 
Drift, which conceals the rocks beneath, except at the places mentioned 
in the seetion. 
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G. Hagemann.—Minerals associated with Cryolite in Greenland, 93. 
W. H. Niles and C.Wachsmuth.—Evidence of two distinct geological 

formations in the Burlington Limestone, 95. 
J. M. Safford—Geological position of Petroleum Reservoirs in 

Southern Kentucky and Tennessee, 104. 
C. T. Jackson.—Analyses of some minerals from the Emery-mine of 

Chester, 107. 
W. H. Brewer.—Age of the gold-bearing rocks of the Pacific coast, 

114, 
B. F. Shumard’s ‘ Catalogue of North-American Paleozoic Echino- 

dermata,’ noticed, 118. 
R. Owen.—Deposit of Rock-salt in Louisiana, 120, 
F. Roemer.—Spider from the Coal-formation, 123. 
B. F. Shumard.—Cretaceous strata of Texas, 123. 
Daubrée.—Meteorites, 124. 
W. P. Blake.—Minerals of California, 125. 
I. Lea.—Feldspars, 125. 
F. B. Meek.—A ffinities of the Bellerophontide, 126. 
Fossil Meduse, 133. 
H. A. Ward’s Collection of Fossils, 136. 
J. S. Newberry.—Age of the Coal-formation of China, 151. 
J. D. Dana.—Origin of some of the Earth’s Features, 205, 252. 
J. L. Smith New Meteoric Iron from the Colorado Territory, 218. 
B. Silliman.—Gay-Lussite from Nevada, 220. 
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American Journal of Science. Second Series. Vol. xlii. Nos. 124 

& 125 (continued). 
C. U.. Shepard.—Mineral Notices, 246. 
A. Rémond.—Geological notes on Northern Mexico, 261. 
G. Hagemann.—Crystallized Cryolite, 268. 
C. U. Shepard.—Paracolumbite and Corundophilite, 269. 
E. B. de Chancourtois.—Origin of the Diamond, 271. 

American Philosophical Society. Proceedings. Vol. x. No. 75. 1866. 

J. P. Lesley.—Records of Oil-borings, 227 (map). 
J. Hall.—Species of Spirifera, 246. 

Anthropological Review. Vol.iv. No. 14. July 1866. 

Atheneum Journal. Nos. 2019-2031. July to September 1866. 

Notices of Meetings of Scientific Societies, &c. 
Archeological Congress, 79, 147. 
British Association Meeting at Nottingham, 273, 306, 338. 
H. B. George’s ‘Oberland and its Glaciers,’ noticed, 327. 

Berlin. Monatsbericht der koniglich-preussischen Akademie der 
Wissenschaften zu Berlin. February to May 1866. 

G. Rose.—Ueber die regelmassigen Verwachsungen, die bei den 
Periklin genannten Abanderungen des Albits vorkommen, 53. 

Von Baer.— Ueber ein in der Nahe der Tasowschen Bucht gefundenes 
Mammuth, 203. 

Vom Rath.—Ueber ein Vorkommen des Augits als Fumarolenbildung, 
281. 

C. Bolton.—Zur Kenntniss der Fluorverbindungen des Urans, 299. 
Ehrenberg.—Weitere Aufschliisse tiber das an verschiedenen Stellen 

Berlins unter der Oberflache liegende machtige Lager von Infuso- 
rienkieselerde, 305. 

. Zeitschrift der deutschen geologischen Gesellschaft. Vol. xviii. 
Hefte 1 & 2. 1866. 

C. Rammelsberg.—Ueber das Buntkupfererz von Ramos in Mexico 
und die Constitution dieses Minerals uberhaupt, 19. 

——. Ueber den Castillit, ein neues Mineral aus Mexiko, 23. 
A. v. Koenen.—Ueber einige Aufschliisse im Diluvium sudlich und 

ostlich von Berlin, 25. 
C. Rammelsberg.—Ueber den Xonaltit, ein neues wasserhaltiges 

Kalksilikat, und den Bustamit aus Mexiko, 33. 
C. Schliiter.—Die Schichten des Teutoburger Waldes bei Altenbeken, 

30. 
H. Credner.—Geognostische Skizzen aus Virginia, 77. 
F. M. Stapffi—tUeber die Entstehung der Seeerze, 86 (plate). 
G. Berendt.—Marine Diluvial-Fauna in West-Preussen, 174. 
C. Rammelsberg.—Ueber die chemische Natur der Feldspathe, mit 

Rucksicht auf die neueren Vorstellungen in der Chemie, 200. 
L. Zeuschner.—Ueber die rothen und bunten Thone und die ihnen 

untergeordneten Glieder im stidwestlichen Polen, 232. 
C. Rammelsberg.—Ueber den Enargit aus Mexiko und einen neuen 

Fundort des Berthierits, 241. 
E. v. EKichwald.—Ueber die Neocomschichten Russlands, 245 (plate). 
A. Kunth.—Ueber die von Gerhard Rohlfs auf der Reise von Tripoli 

nach Ghadames im Mai und Juni 1865 gefundenen Versteinerungen, 
281 (plate). 
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Berlin. Zeitschrift der deutschen geologischen Gesellschaft. Vol. 
xvii. Hefte 1 & 2 (continued). 

A. y. Koenen.—Ueber das Alter der Tertiarschichten bei Biinde in 
Westphalen, 287. 

A. Sadebeck.—Ein Beitrag zur Kenntniss des baltischen Jura, 292. 
- Se sea das Vorkommen hohler Kalkgeschiebe in Bayern, 

K. v. Seebach.—Die Zoantharia perforata der paleozoischen Periode, 
304 (plate). 

H. Laspeyres.—Beitrage zur Kenntniss der vulkanischen Gesteine 
Niederrheins, 311. 

U. Schloenbach.—Ueber die Brachiopoden aus dem unteren Gault 
(Aptien) von Ahaus in Westphalen, 364. 

Boston Society of Natural History. Proceedings. pp.1-112. 1841- 
1843. 
Johnson.—Fossils from Pennsylvania, 43. 

—. ——. pp. 121-200. 1843-44. 

pp. 73-176. 1845-46. 

Bouvé.—Tertiary and Cretaceous fossils, 81. 
H. D. Rogers.—Occurrence of crystals of fluate of lime in Cannel 

Coal, 109. 
J. G. Norwood and D. D. Owen.—New fossil fish, 116. 
C. T. Jackson.—Analysis of lava from the Sandwich Islands, 120. 
H. D. Rogers.—Geology and mineralogy of Lake Superior, 124. 
A. Binnie.—Fossils from the strata on the Mississippi, 126. 
J. B. S. Jackson.—Dentition of Mastodon, 140. 
J. E. Teschemacher.—Vegetation of the Coal-period, 146. 
J. Hall.—On Castoroides Ohioensis, 167. 

—. ——. Vol.x. 1865-66. pp. 1-288. 

J. Hall.— Occurrence of an internal convoluted plate within the body 
of certain species of Crinoidea, 33. 

S. H. Scudder.—Tertiary fossils from Cuba, 47. 
C. T. Jackson.—Discovery of emery in Chester, 84. 
W. P. Blake.—Earthquake at San Francisco, 236. 
H. D. Rogers.—Pleistocene Glacial Climate of Europe, 241. 

——. Conditions and Doings as exhibited by the Annual Reports. 
1865. 

British Association for the Advancement of Science. Report of the 
Thirty-fifth Meeting, held at Birmingham in September 1865. 
1866. 

C. Lyell, J. Phillips, J. Lubbock, J. Evans, E. Vivian, and W. Pen- 
gelly.—Report on Kent’s Cavern, Devonshire, 16. 

P. de M. G. Egerton, T. H. Huxley, and W. Molyneux.— Distribution 
of the Organic Remains of the North Staffordshire Coal-field (2nd 
report), 42. 

A. Leith Adams.—Report on Mnaidra Cave, Malta, 257 (2 plates). 
J. Young.—Appendix to Report on the Vertebrate Remains from the 

North Staffordshire Coal-field, 317. 
H. Woodward.—Report on the Structure and Classification of the 

Fossil Crustacea, 320. 
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British Association for the Advancement of Science. Report, 1865 
(continued). 

R. I. Murchison.—Address to Section C., 42. 
P. B. Brodie.—Fossiliferous Beds of the New Red Sandstone in 

Warwickshire, 48. 
—. Section of Lower Lias at Harbury, 48. . 
——. New species of Corals in the Lias of Warwickshire, 49. 
——. Drift of Warwickshire, 49. 
J.W. Dawson.—Fossil plants of the Post-pliocene Deposits of Canada, 

50. 
—. Succession of Paleozoic Floras in North America, 50. 
H. von Dechen and F’. Romer.—Geological Map of the Rhenish 

Provinces and Westphalia, 51. 
D. Forbes.—Gold-bearing eruptive rocks of South America, 52. - 
——. Igneous Rocks of South Staffordshire, 53. 
W. Fox.—New Wealden Saurian named Polacanthus, 56. 
W.von Haidinger.—Progress of the Imperial Geological Institute of 

the Austrian Empire, 56. 
R. Harkness and H. Nicholson.—Additional observations on the 

Geology of the Lake-country, 57. 
Silurian Rocks of the Isle of Man, 58. 

. Metamorphic rocks and serpentine marbles of Connemara and 
Joyce’s Country, 59. 

H. B. Holl.—Pre-cambrian rocks of Central England, 59. 
F. W. Holland.—Geology of parts of the Sinaitic Peninsula, 62. 
J. Gwyn Jetfreys.—Occurrence of certain Fossil Shells in the Sea-bed 

adjoining the Channel Islands, 62. 
H.. Johnson.—Extent and duration of the South Staffordshire Coal- 

field, 63. 
C. Ketley.—Silurian rocks and fossils of Dudley, 63. 
E. Ray Lankester.— Cephalaspis and Pteraspis, 65. 
D. Mackintosh.—Atmospheric and Oceanic Denudation, 65. 
A. W. M‘Kay.—Red Sandstone of Nova Scotia, 66. 
G. Maw.—Permian beds of Clwyd, 67. 
——. Tertiary sands and clays in North Wales, 68. 
R. A. Peacock.—Steam as the active agent in EKarthquakes, 68. 
——. Recent movements of the land near France, 70. 
W. Pengelly.—Insulation of St. Michael’s Mount, 71. 
L. Percival.—Recent formation of Pyrites in a South Staffordshire 

Coal-pit, 71. 
J. Phillips.—Glacial striation, 71. 
W. Purton.—Geology of Coalbrook Dale, 72. 
F. Roemer.—Fossil spider from the Coal-measures of Upper Silesia, 

73. 
J. W. Salter.—Map of the Faults in the Gold District of Dolgelly, 73. 
A. Startin.— Drift of Exhall, 74. 
W.S. Symonds.—Ancient Drifts and Old River-beds of Siluria, 74. 
J. D. La Touche.—Nodules in the Limestone of Wenlock Edge, 76. 
EK. Whymper.—Structure of the Matterhorn, 76. 
W. M. Williams.—Glaciers of Llangollen, 77. 
W. M. Williams.—Vegetable deposits in the Aachensee, 78. 
H. Woodward.—New Crustacean from the Moffat Shales of Dum- 

friesshire, 78. 
. New Chart of Fossil Crustacea, 79. 

©; Ue eh abeage aaa of recent marine shells at Lilleshall, Salop, 
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Brussels. Bulletins de Académie Royale des Sciences, des Lettres, 
et des Beaux-Arts. 347° Année. 2™°Sér. Vol. xx. 1865. 

EK. Dupont.—Sur l’analogie d’un dépét de pierres et de boue produit 
par un orage, et du dépot a fragments de roches anguleux des 
cavernes de la Lesse, 250. 

Le Hon.—Eruption du Vésuve de 1631, 483. 
EK. Dupont.—KHssai d’une carte géologique des environs de Dinant, 

616. 
Van Beneden, N. Hauzeur, et Dupont.—Sur les fouilles de Chaleux, 

54. 
EK. Dupont.—Sur les fouilles scientifiques exécutées dans les cavernes 

de Furfooz, 244. 
Spring.—Sur les divers modes de formation des dépéts ossiféres dans 

les cavernes, 4 propos d’ossements découverts dans le rocher de 
Lives, prés de Namur, 417. 

Cornet et Briart.—Note sur la découverte, dans le Hainaut, en dessous 
de sables rapportés par Dumont au systéme landénien, d’un calcaire 
grossier avec faune tertiaire, 757. 

EK. Dupont.—Etude sur les cavernes des bords de la Lesse et de la 
Meuse explorées jusqu’au mois d’octobre 1865, 824. 

Malaise.—Sur quelques fossiles du massif silurien du Brabant, 871. 

———, ———, 3o™ Année. 27° Sér. Vol. xxi. 1866. 

Malaise.—Sur les silex ouvrés de Spiennes, 154. 
E. Dupont.—Etude sur le terrain quaternaire des vallées de la Meuse 

et de la Lesse dans le province de Namur, 366. 
Lisch.—Sur la période post-diluviale et sur le renne dans le Meck- 

lembourg, 136. 
Spring.—Sur une téte de castor trouvée 4 Donck (Limbourg), 139. 
Malaise.—Sur des corps organisés trouvés dans le terrain ardennais de 

Dumont, 566. 

. Mémoires de ?Académie Royale des Sciences, des Lettres, 
et des Beaux-Arts de Belgique. Vol. xxv. 1865, ~ 

P. J. Van Beneden.—Recherches sur les ossements provenant du crag 
d’Anvers (4 plates). 

Mémoires Couronnés et autres mémoires, publiés par l’Aca- 
démie Royale des Sciences, des Lettres, et des Beaux-Arts de Bel- 
gique. Vol. xvii. 1866. 

A. Perrey.—Note sur les tremblements de terre en 1864, avec supplé- 
ments pour les années antér-eures, de 1843 4 1868. 

Calcutta. Proceedings of the Asiatic Society of Bengal. Nos. 1-11, 
January to December, 1865. 

H. F. Blanford.—Origin of Species, 72. 
H. H. Godwin-Austen.—Geology of Buxa, 90. 
W. Theobald, jun.—Occurrence of Celts in British Burmah, 126. 
Ball.—Stone Implements found in Bengal, 127. 
L. Bowring.—Aerolites, 195. 

——. ——. Nos. 1-3, January to March, 1866. 
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Calcutta. Journal of the Asiatic Society of Bengal. Part LI. 
No. 1. 1866. | 

Part E. Nome S66. 
F. Stoliczka and H. F. Blanford.—Catalogue of the Specimens of 

Meteoric Stones and Meteoric Irons in the Museum of the Asiatic 
Society of Bengal, 43. 

t 

California. Proceedings of the Academy of Natural Sciences. Vol. 
ii. January 1865. 

Canadian Naturalist and Geologist. New Series. Vol.iu. No. 6. 
December 1865. 

E. Billings.—Silurian and Devonian Fossils, 405. 
——. New genera and species of Paleozoic fossils, 425. 
A. 8. Packard, jun.—Drift-phenomena of Labrador, 441. 
British Association Meeting at Birmingham, 409, 445. 

Carlsruhe. Verhandlungen des naturwissenschaftlichen Vereins in 
Carlsruhe. Hefte 1&2. 1864-66. 

F. Sandberger.—Zur Erlauterung der geologischen Karte der Umge- 
bung von Karlsruhe (Durlach), 20 (plate). 

Die Flora der oberen Steinkohlenformation im badischen 
Schwarzwalde, 30 (8 plates). 

C. Kreglinger.—Verzeichniss der lebenden Land- und Sitisswasser- 
Conchylien des Grossherzogthums Baden, 37. 

Chemical Society. Journal. Second Series. Vol. iv. Nos. 43-45. 
July to September 1866. 

Chicago Academy of Sciences. Proceedings. Vol.i. No.1. March 
1866. 

F. B. Meek.—A ffinities of the Bellerophontide, 9. 
and A. H. Worthen.—Descriptions of Paleeozoic Fossils from the 

Silurian, Devonian, and Carboniferous rocks of Illinois, &c., 11, 

Colliery Guardian. Vol. xu. Nos. 288-300. July to September 1866. 
Notices of Meetings of Geological Societies. 
E. H. Birkenhead.—Our stores of Coal, 7. 
American Coal, 9. 
Mineral Wealth of Michigan, 28. 
Does Coal exist near London ?, 63. 
G. C. Greenwell.—Heematite-mines of the Ulverstone District, 66. 
Coal-fields of Colorado, 83, 99. 
J. Richardson.—The Coal-field and Coal of South Wales, 84. 
Agassiz.—Formation of the Amazon Basin, 82. 
H. D. Rogers.—Ivon-ore in Pennsylvania, 100. 
British Association Meeting at Nottingham, 147, 171, 191. 
Hitchcock.—Geological Distribution of Petroleum in North America, 
oe 

Coal in California, 188. 

Dresden. Verhandlungen der kaiserlichen Leopoldino-Carolinischen 
deutschen Akademie der Naturforscher. Vol. xxxti. Part1l. 1865. 
Scheerer.—Beitrage zur Erklarung der Dolomit-Bildune. 
Goppert.—Ueber Aphyllostachys, eme neue fossile Pflanzengattung 

aus der Gruppe der Calamarien, sowie uber das Verhaltniss der 
fossilen Flora zu Darwin’s Transmutations-Theorie (2 plates). 
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Edinburgh Geological Society. Syllabus for the Session 1865-66. 

Geological Magazine. Vol. iti. Nos. 25-27. July to September 
1866. 

Miss Eyton.—Ancient Coast-line in North Wales, 289. 
T. G. Bonney.—Terraces of the Chalk Downs, 293. 
W. T. Nicholls.—“Sarsens,” or Erratic Blocks, found near South- 

ampton, 296 (plate). 
G. Busk.—Polyzoa of the London Clay, 298 (plate). 
H. Seeley.—Rock of the Cambridge Greensand, 302. 
E. Hull and A. H. Green’s ‘Geology of the Country around Stock- 

port, Macclesfield, Congleton, and Leek,’ noticed, 312. 
LL. Agassiz’s ‘Geological Sketches,’ noticed, 314. 
J. Kirk’s ‘The Age of Man Geologically considered,’ noticed, 315. 
Transactions of the Manchester Geological Society, noticed, 317. 
Geological Survey of the Austrian Empire, 318. 
G. H. Kinahan.—Ancient Sea-margins in Clare and Galway, 337. 
G. Maw.— Watersheds, 344. 
S. V. Wood, jun.—Structure of the East-Essex Valleys, 348 (map). 
QO. Fisher.— Disintegration of a Chalk Cliff, 354. 
ni eae the Zoantharia or Operculated Radiata, 356 

plate). 
Barrande’s ‘Silurian Rocks of Bohemia,’ noticed, 367. 
Contributions to the Geology of China, 369. 
Whitney’s ‘Geology of California,’ noticed, 370. 
D. Forbes.—Appearances of Gold in the Crust of the Earth, 385. 
D. Mackintosh.—Cliffs, gorges, and valleys of Wales, 387 (plate). 
S. V. Wood, jun.—Relation of the East Essex Gravel to the Struc- 

ture of the Weald Valley, 398. 
G. Lindstrém.—Operculated Radiata, 406. 
B. Cotta’s ‘ Classification of Rocks,’ noticed, 422. 
Notices of Memoirs, 307, 362, 414. 
Reports and Proceedings, 319, 371, 425. 
Correspondence, 331, 377, 430. 
Obituary, 335. 
Miscellaneous, 383, 432. 

Geological and Natural History Repertory. Vol.i. No.16. August 
1866. 

Proceedings of Societies, 265. 

Actuaries’ Institute. Journal. Vol. xiii. Part 2. No. 64. July 
1866. 

——. List of Members. 1866. 

Institution of Civil Engineers. Minutes of Proceedings. Vol. xxii. 
1862-63. 

J. C. Clutterbuck.—Perennial and Flood Waters of the Upper 
Thames, 336 (map). 

Vol. xxii. 1863-64. 

J. B. Redman.—East Coast between the Thames and Wash Estuaries, 
186 (plate). 

VOL. XXIII,—PART I, F 

———= 
e 
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Intellectual Observer. Vol.ix. Nos. 54-56. July to September 
1866. 

Cotta’s ‘ Rocks Classified and Described,’ noticed, 448. 
D. Mackintosh.—Ascent of Cader Idris, 27 (plate). 
H. M. Jenkins.—Hypothetical Continents, 88. 

Liége. Mémoires de la Société Royale des Sciences. Vol. xix. 
1866. 

——. —. Vol. xx. 1866. 

Linnean Society. Transactions. Vol. xxy. Part 2. 1865. 

——. list of Fellows, &c. 1865. 

London, Edinburgh, and Dublin Philosophical Magazine. Fourth 
Series. Vol. xxxii. Nos. 213-215. July to September 1866. 

D. D. Heath.—Problem of Sea-levels, 34. 
D. Forbes.—Mineralogy of South America, 135. 
F. W. Holland.—Geology of Mount Sinai, 152. 
H. Woodward.—New genus of Phyllopodous Crustacea, 153. 

The oldest known British Crab, 153, 
The genus Eryon, 158. 

. Plant.—Discovery of Primordial fossils in the Lingula-fiags, 153. 
. Harkness.—Metamorphic and fossiliferous rocks of Galway, 164. . 

. Geikie. —Metamorphic Lower Silurian Rocks of Carrick, Ayrshire, 
154. 
. C, Williamson.—Cheirotherian Footprint from the Keuper, 155. 

_W. Pike. —Dislocations in Penhalls Mine, 155. 
. Haughton.—Notes on Mineralogy, 220. 
. V. Wood.—Structure of the Red Crag, 230. 

. W. Bristow.—Crag of the North Downs, 231. 
. Fisher.—The Warp, 231. 

J. W. Salter.—Faults in the Drift-gravel at Hitchin, 252. 
J. W. Flower.—Flint Implements from Thetford, 232. 
J. S. Wilson.—Antiquity of Man in Hecuador, 239. 
R. J. L. Guppy.—Relations of the Tertiary Deposits of the West 

Indies, 232. 
Neale.—Discovery of new Gold-deposits in Ecuador, 233. 
A. Leith Adams.—Fossil Chelonians from Malta, 233. 
—. Halitherium from Malta, 234. 
J. Young.—Affinities of Chondrosteus, Ag., 234. 

New Carboniferous genera of Crossopterygian Ganoids, 234. 
J. W. Dawson.—Worm-burrows in the Laurentian Rocks, 234. 

London Review. Vol. xii. Nos. 314-326. July to September 
1866. 

Notices of Meetings of Scientific Societies, &c. 
Water-supply of London, 228. 
H. B. George’s ‘ Oberland and its Glaciers,’ noticed, 301. 

4 ster | 

HOmmmns 

Longman’s Notes on Books. Vol. ui. No. 46. August 31, 1866. 

Keller’s ‘Lake-dwellings of Switzerland,’ noticed, 109. 

Magazine of Anthropology. Vol.i. No.3. July 1866. 
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Manchester Geological Society. Transactions. Vol. v. Nos. 16 & 17. 
1864-66. 
G. C. Greenwell.—Heematite-mines in the Ulverstone District, 248. 
E. W. Binney.—Cannel Coal from West Hartley, 255. 
J. Warburton.—Best methods to produce Coal, 257. 
J. Plant.—Poole’s Cavern, Buxton, 269. 
——. Sea-beach in the Limestone Moors near Buxton, 272. 

Manchester. Memoirs of the Literary and Philosophical Society. 
Third Series. Vol. u. 1865. 

EK. W. Binney.—Additional observations on the Permian Beds of 
South Lancashire, 29. 

E. Hull.—New Red Sandstone and Permian Formations as Sources 
of Water-supply for Towns, 256. 

E, W. Binney.—F urther observations on the Carboniferous, Permian, 
and Triassic Strata of Cumberland and Dumfries, 345. 

EK. Hull.—Additional observations on the Drift- -deposits and more 
recent Gravels in the Neighbourhood of Manchester, 449. 

E. W. Binney.—Remarks on Mr. Hull’s Additional Observations on 
the Drift-deposits of Manchester, 462. 

——. Proceedings of the Literary and Philosophical Society. Vol. 
ii. 1862-64. 
H.W. Binney.—Recent marine shells near Mottram-in- Longdendale, 

——. Permian Formations in England, 35. 
—. Wooden Box in the Lower-level Gravel, 74. 
——. Carboniferous Permian Strata of Cumberland and Dumfries, 

162. 
—. Lancashire and Cheshire Drift, 241. 
R. D. Darbishire.-—Marine shells at High Levels in Caernarvonshire, 

UGE. 
HK. Hull.—New Red Sandstone and Permian Formations as Sources 

of Water for Towns, 32. 
New South Wales Coal-field, 38. 

——. Drift-deposits and gravels round Manchester, 212. 
T. H. Nevill—Report on Shells in the Montreal Deposit, 100. 
W. W. Platt.—Rock-salt from Middlesborough, 153. 
T. T. Wilkinson.—Burnley Coal-field, 31. 

Vol.iv. 1864-65. 

T. Alcock.—Remains of an Ichthyosaurus, 99. 
EK. W. Binney.—Remarks on Marine Shells found at Macclesfield, 43. 
——. Spores of Plants in Splint Coal, 45. 
——. Remains of the Elephant found in Derbyshire and Cheshire, 

49, 
—. Internal structure of Stigmaria, 87. 

Further observations on the Permian and Triassic Strata of 
Lancashire, 154. 

W. Brockbank.—Discovery of Mammoth at Waterhouses near Leek, 
46, 

—__, 

R. D. Darbishire.—Marine Shells found in Stratified Drift at Mac- 
clesfield, 41. 

Mendicity Society. 48th Report. 1866. 

Microscopical Society of London. Constitution and Laws. 1866. 
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Milan. Memorie del Reale Istituto Lombardo di Scienze e Lettere. 
Classe di Scienze Matematiche e Naturali. Vol. x. Fase. 2. 

. Rendiconti del Reale Istituto Lombardo di Scienze e Lettere. 
Classe di Scienze Matematiche e Naturali. Vol. u. Fase. 3-8. 
March to August 1865. 

. ——. Classe di Lettere e Scienze Morali e Politiche. Vol. i. 
Fase. 3-7. March to July 1865. 

Munich. Sitzungsberichte der konigl.-bayer. Akademie der Wissen- 
schaften. Vol.i. 1866. Heft 3. 

V. Kobell.—Pectolith und Osmelith, 296. 

New York. Annals of the Lyceum of Natural History. Vol. vii. 
Nos. 4-10. May 1865 to April 1866. 

R. P. Stevens.—Geology of New York Island, 108. 
C. A. Joy.—American Minerals, 120. 
S. Smith.—Post-Pleiocene deposit in Suffolk County, 149. 
S. C. H. Bailey —Mineralogy of New York Island, 185. 
A. A. Julien.—Geology of the Key of Sombrero, 251. 
C. H. Hitchcock.—New Reptilian Bird from the Trias of Massachu- 

setts, 301. 

Palermo. Giornale aR Scienze Naturali ed Economiche. Vol. i. 
Fasc. 3 & 4. 1866. 

G. G. Gemmellaro.—Sulla grotta di Carburanceli, nuova grotta ad 
ossami e ad armi di pietra dei dintorni della Grazia di Carini, 255 
(2 plates). 

G. Seguenza.—Intorno alla geologia di Rometta esaminata dal lato 
petrografico, stratigrafico e geogenico in rapporto all’ origine delle 
acque potabili di quel monte, 276 (plate). 

Paris. Bulletin de Ja Société Géologique de France. 2° Série. 
Vol. xxii. Feuilles 6-20. 1866. 

A. Locard.—Sur la présence de deux bone-beds dans le Mont-d’Or 
Lyonnais, 81. 

A. Meugy.—Sur Vage des lignites de Cimeyrols et des environs de 
Sarlat (Dordogne), 89 (plate). 

Gruner.—Sur une roche éruptive trappéenne de la période houillére, 
96 (plate). 

Ed. Hébert.—Sur le terrain nummulitique de l’Italie septentrionale 
et des Alpes, et sur Voligocéne d’Allemagne, 126. 

E. Dumortier.—Sur la position du bone-bed, 145. 
P. de Rouville.—Sur le gite ossifére de Montredon (Hérault), 148. 
L. Payras.—Sur les recherches faites dans les collines de Montredon 

(Hérault), 153. 
EK. Jourdy.—Etude sur Vétage séquanien aux environs de Dédl 

(Jura), 155. 
Th. Ebray.—Sur la structure des Alpes dauphinoises, 172. 
De Vignet.—Sur une coupe du calcaire du Briangonnais, 177 (plate). 
Marquis de Roys.—Sur Vargile plastique considérée comme assise 

eéologique, 183. 
Fouqué.—Sur l’inaltération de couches de houille en contact avec des 

roches éruptives, 190, 
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Paris. Bulletin de la Société Géologique de France. 2° Série. 
Vol. xxii. Feuilles 6—20 (continued). 

Edm. Pellat.—Sur les assises supérieures du terrain jurassique du 
Boulonnais, 193. 

Ed. Hébert.—Sur le terrain jurassique du Boulonnais, 216. 
G. de Saporta.—Sur les plantes fossiles des calcaires concrétionnés de 

Brognon (Coéte-d’Or), 253 (2 plates). 
N. de Mercey.—Sur un gisement du dévonien inférieur au col 

d’Aubisque (Basses-Pyrénées), 279. 
J. Marcou.—Sur le Dyas, 288. 
G. de Mortillet.—Sur plusieurs cranes anciens d’Italie étudiés par 

M. C. Vogt, 299. 
A. Boué.—Sur des échantillons de l’Hozoon trouvés 4 Krummau 

(Bohéme), 300. 
E. Jacquot.—Sur la prétendue existence du terrain houiller et de la 

houille dans les départements de 1’ Ariége et des Basses Pyrénées, 
301. 

L. Dieulafait.—Sur la formation infraliasique dans le midi de la 
Provence, 308. 

. Comptes Rendus des Séances de Académie des Sciences. 
Table de Matiéres du tome lxi, Juillet 4 Décembre 1865. 

Pelouze.—Sur l’aventurine a base de chrome, 613. 
Scoutetten.—Nouvelles recherches sur l'état électrique des eaux 

minérales, 119. 
De Paravey.—Les altérations des Eaux-Bonnes, 307. 
Maumené.—Sur l’origine des eaux minérales sulfureuses des Pyrénées, 

846. 
P. Girard.—Eaux minérales d’Atami au Japon, 988. 
Lemoyne.—Sur les sources thermales d’Atami, 988. 
D’Archiac.—Sur l’existence des restes organiques dans les roches 

laurentiennes du Canada, 192. 
Tournouer.—Sur le calcaire a astéries et sur ses rapports avec certains 

terrains tertiaires de l’Italie septentrionale, 197. 
Arthur.—Sur l'état primitif de la Terre et sur les divers systémes 

géologiques, 244. 
Hébert.—Sur le terrain nummulitique de I’'Italie septentrionale, 245. 
Nogués.—Sur les ophites des Pyrénées, 443. 
De la Hure.—Sur le mode de formation des pierres a écuelles et des 

puits naturels, 481. 
Pissis.—Sur les gisements de tripoli observés au Chili, 596. 
B. de Lom.—Sur quelques faits géologiques et minéralogiques nou- 

veaux, 945. 
Goppert.—Sur la flore fossile du terrain permien, 1167. 
Damour.—Sur la composition des haches en pierre trouvées dans les 

monuments celtiques et chez les sauvages, 315, 357. 
Jackson.—Sur les mines d’or et-d’argent de la Californie, 998. 
Caron.—Sur le présence du niobium dans un minerai d’étain de 

Montebras, 1064. 
De Vibraye.—Nouvel examen des silex de Pressigny-le-Grand, 105. 
E. Robert.—Sur la prétendue coexistence de ’homme avec les grandes 

espéces éteintes de Pachydermes, 218. 
Simonin.—Découverte a Vile d’Elbe, d’objets appartenant aux ages 

de pierre et de bronze, 303, 599. 
Milne-Edwards.—Sur une lame d'ivoire fossile portant des incisions 

qui paraissent constituer la représentation d’un éléphant, 809. 
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Paris. Comptes Rendus des Séances de Académie des Sciences. 
Table de Matiéres du tome 1x1. (continued). 

De Vibraye.—Sur la reproduction en bois de Renne d’une téte de 
Mammouth, et sur quelques fragments d’ivoire travaillé provenant 
des stations du Périgord, 399. 

Forest.—Sur ses découvertes des produits primitifs de l’industrie 
humaine dans Vile d’Elbe, 639. 

Lettre accompagnant l’envoi d’armes et d’ustensiles en pierre prove- 
nant d’anciens habitants de Vile de Java, 688. 

Husson.—Nouvelles observations concernant Vantiquité de Vhomme 
dans les environs de Toul, 1125. 

Serres.—Sur le squelette du Glyptodon clavipes, 457. 
Sur le Gilyptodon ornatus, 537, 635. 

Fouqué.—Sur l’éruption de l’Etna du 1* Février 1865, 210. 
Silvestri.—Sur la méme éruption, 212, 421, 564. 
Fouqué.—Sur les phénoménes éruptifs de l’Italie méridionale, 734. 
C. Ste.-Claire Deville.—Sur les émanations volcaniques des Champs 

Phlégréens, 760, 820. 

Photographic Journal. Vol. xi. Nos.171-173. July to September 
' 1866. | : 

Quarterly Journal of Microscopical Science. New Series. Vol. xiv. 
No. 22. July 1866. 

Quarterly Journal of Science. Vol. ii. No. 11. 1866. 

E. Hull.—New Ivron-fields of Great Britain, 323. 
W. B. Dawkins.—Habits and condition of the two earliest known 

races of men, 333 (plate). 
A. Geikie.—British Volcanic rocks.—Hints to Home Tourists, 351. 
rere Maps: their relation to Agriculture and Coal-supply, 

372. 
Chronicles of Science. 

Reader. Vol. vii. Nos. 185-196. July to September 1866. 

Notices of Meetings of Scientific Societies, &c. 
C. Engelhardt’s ‘Denmark in the Early Iron Age,’ noticed, 634. 
A. Murray’s ‘Geographical Distribution of Mammals,’ noticed, 664. 
The Glacial Submergence, 681. 
A. Murray.— The Origin of Species,’ 683. 
British Association Meeting at Nottingham, 764, 779, 796, 812, 828. 
Belgian Bone-caves, 778, 796, 812. 
Celts in Ireland, 796, 811. 
Origin of Man, 796. 

Revue des Cours Scientifiques. 3°Année. No. 29. July 16, 1866. 
From W. Whitaker, Esq., £.GS. 

Hébert.—Les oscillations de l’écorce terrestre pendant les périodes 
quaternaire et moderne, 29. 

Royal Astronomical Society. Memoirs. Vol. xxxiv. 1866. 

Royal Geographical Society. Proceedings. Vol.x. No.4. 1866. 
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Royal Geological Society of Ireland. Journal. Vol. i. Part 2. 
1865-66. 

J. B. Jukes.—Notes for a Comparison between the Rocks of the 
South-west of Ireland, and those of North Devon, and of Rhenish 
Prussia, 103. 

Further notes on the classification of the rocks of North 
Devon, 138. 

W. Harte.—Crumpled Granite-beds in the County of Donegal, 144. 
W. B. Brownrige.—Notes on Part of the Leinster Coal-field, 145. 
G. H. Kinahan.—Foliation in the Gneiss and Schist of Yar-Con- 

naught, 147 (plate). 
W. H. 8S. Westropp.—Trap-rock at Bray Head, Wicklow, 149. 
A. Carte.—Indented Bones of the Cervus megaceros found near 

Lough Gur, 151. 
W. Harte.—Occurrence of Kjokkenmoddings in the County of 

Donegal, 154 (plate). 

Royal Horticultural Society. Journal. New Series. Vol.i. Part 3. 
July 1866. 

——. Proceedings. New Series. Vol.i. Nos.5-7. June to July 
1866. 

Royal Society. Proceedings. Vol. xv. Nos. 85 & 86. 1866. 

S. Haughton.—Chemical and Mineralogical Composition of the 
Dhurmsalla Meteoric Stone, 214. 

St. Louis. Transactions of the Academy of Sciences. Vol. ii. No. 2. 
1866. 

Broadhead.—Coal-measures of Missouri, 311. 
Owen.—Quaternary Rock-salt deposit in Louisiana, 250. 
Parry.—Physiography of the Rocky Mountains, 272. 
Prout.—New Bryozoa from the Hamilton Group, 410. 
Shumard.—Oil-springs in Missouri, 263. 

Catalogue of North-American Paleozoic Echinodermata, 334. 
Swallow.—New varieties of Sprrifer, 408. 

Fossil Horse in Kansas, 418. 

St. Petersburg. Bulletin de Académie Impériale des Sciences. 
Woltrc 1S66. 

A. Goebel.—Sur le Carnallit de Maman, en Perse, et sur les causes 
de la couleur rouge de quelques sels naturels, 1. 

Sur le catalogue du Cabinet minéralogique de l’Académie, 
publié par Lomonossof, 26. 

F, J. Ruprecht.—Sur une algue d’eau douce, trouvée dans la marne 
au gouvernement de Viatka, 35. 

N. Kokcharof.—Sur le systéme crystallographique et les angles du 
Sylvanite, 192. : 

—. Résultats du mesurage de quelques crystaux, 231. 
C. Schmidt.—Les eaux salines sulfureuses de Stolypin, 315, 

——. Mémoires de l’Académie Impériale des Sciences. Vol. ix. 
1865. 
H. Abich.—KHinleitende Grundziige der Geologie der Halbinseln 

Kertsch und Taman. 

———, ———, Vol.x. Nos. 1&2. 1866. 
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Society of Arts. Journal. Vol.xiv. Nos. 711-723. July to Sep- 
tember 1866. 

Notices of Meetings of Scientific Societies, &c. 
Artesian Wells in Algeria, 672. 

Stuttgart. Wiurttembergische naturwissenschaftliche Jahreshefte. 
Vol. xxi. Hefte 2&3. 1865. 

Probst.—Hine Mittheilung tiber geognostische Karten, 274. 
Zech.—Die physikalischen Higenschaften der Krystalle, 227. 

Vol. xxi. Heft 1. 1866. 

Probst.—Geognostische Skizze der Umgebung von Biberach, 45. 

— 

Tasmania. Royal Society. Monthly Notices. Presented through 
J. Milligan, Esq., F.GS. 

C. Gould.—Geological structure of the north-east coast of Tasmania, 

S. H. Wintle.—Shaft sunk for coal at the Cascades, 67. 

——. ——. Report for 1865. 

Teign Naturalists’ Field Club. Report of Proceedings for the year 
1865, and List of Members. 1866. 

Vienna. Jahrbuch der k.-k. geologischen Reichsanstalt. Vol. xv. 
No. 4. October to December 1865. 

H. Wolf.—Bericht tiber die Wasserverhaltnisse der Umgebung der 
Stadt Teplitz, zum Zwecke einer entsprechenden Wasserversorgung 
von Teplitz, 403. 

L. Hertle. —ilienfeld-Bayerbach. Geologische Detailaufnahmen in 
den nordéstlichen Alpen des Erzherzogthums Oesterreich unter der 
Enns zwischen den Flussgebieten der Erlaf und der Schwarza, 451. 

Verhandlungen der k.-k. geologischen Reichsanstalt 1865. 

. Anzeiger der kaiserlichen Akademie der Wissenschaften. 
Nos. 14-19. 1866. 

Zepharovich.—Hine neue Calcitform von Pribram, 132. 
G. C. Laube.—Ueber die Gastropoden des braunen Jura von Balin, 

148. 
F., Unger.—Die fossile Flora von Kumi auf der Insel Eubéa, 154. 
—. Notiz ther fossile Holzer aus Abyssinien, 163. 

. Verhandlungen der k.-k. zoologisch-botanischen Gesellschaft. 
Vol. xv. 1865. 
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II, PERIODICALS PURCHASED FOR THE LIBRARY. 

Annals and Magazine of Natural History. Third Series. Vol. xyiii. 
Nos. 103-105. July to September 1866. 

J. F. Walker.—Fossils contained in a Lower Greensand Deposit of 
Phosphatic Nodules in Bedfordshire, 31. 

T. R. Jones and J. W. Kirkby.—Paleozoic Bivalyed Entomostraca. 
No. vil. Some Carboniferous Species, 32. 

H. Seeley.—New genera of fossil birds, 109. 
—. Fossils of the Carstone Formation, 111. 
A.C. Ramsay’s ‘ Geological Map of England and Wales,’ 3rd edition, 

noticed, 129. 
F, J. Pictet and A. Humbert.—Recent Researches on the Fossil 

Fishes of Mount Lebanon, 237. 

Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie, 
und Paliontologie. Jahrgang 1866. Hefte 4 & 5. 

F. Sandberger.—Ueber Olivinfels und die in demselben vorkom- 
menden Mineralien, 385. 

Burkart.—Ueber einige mexicanische Mineralien, 409 (plate). 
A. Stelzner.—Ueber den eigenthiimlichen Erhaltungszustand einiger 

fossiler Echiniden, 418. 
Mohr.—“ Die vulkanischen Erscheinungen in der Eifel und wher 

die Metamorphie der Gesteine durch erhdhte Temperatur,” von 
Ei: Mitscherlich, 423. 

L. Zeuschner.—Ueber das Alter der Grauwackenschiefer und der 
braunlichgrauen Kalksteine von Swientomarz bei Bodzentyn im 
Kielcer Uebergangs-Gebirge, 513. 

—. Ueber den Zechstein von Kajetandéw, zwischen Kielce und 
Suchnedidw, 520. 

C. Fuchs.—Die vulcanischen Erscheinungen im Jahre 1865, 523. __ 
B. v. Cotta.—Ueber G. Bischof’s Lehrbuch der chemischen und phy~ 

sikalischen Geologie, 537. 
A. Emmerling.—Ueber den Pseudonephrit, 558. 
C. W. Giimbel.—Comatula oder Belemnites in den Nummuliten- 

_ schichten des Kressenberges, 564. 
Letters; Notices of Books, Minerals, Geology, and Fossils. 

L’Institut. 17° Section. 34° Année. Nos. 1691-1702. 

—— 2°Section, 31° Année. Nos. 364-367. 

Paleeontographica: herausgegeben yon Dr. Wilh. Dunker. Vol. xii. 
Lief. 6. 

D. Brauns.—Nachtrag zu der Stratigraphie und Palaiontographie des 
suidéstlichen Theiles der Hilsmulde, 247 (plate). 

U. Schloenbach.—Beitrige zur Palaontologie des Jura und Kreide- 
Formation im nordwestlichen Deutschland, 267 (8 plates). 

A. Dohrn.—Eugereon Boeckingi, eine neue Insectenform aus dem 
Todtlegenden, 338 (plate). | 

——: herausgegeben yon Hermann von Meyer. Vol. xiv. Lief. 6. 
1866. 
R. Ludwig.—Corallen aus paliaolithischen Formationen, 215 (14 

plates). 
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Paleontographica: herausgegeben von Hermann yon Meyer. Vol. xv. 
Lief. 3. 1866. 

H. von Meyer.—Reptilien aus dem Kupfer-Sandstein des West- 
Uralischen Gouvernements Orenburg, 97 (7 plates). 

C. und L. von Heyden.—Kafer und Polypen aus der Braunkohle des 
Siebengebirges, 131 (2 plates). 

Dipteren-Larve aus dem Tertiar-Thon von Nieder-Florsheim 
in Rhein-Hessen, 152 (plate). 

III. GEOLOGICAL AND MISCELLANEOUS BOOKS. 

Names of Donors in Italics. 

Berdan. Account of Berdan’s Crushing and Amalgamating Machine 
1854. From W. Whitaker, Esq., F.GS. 

Blake, C. C. On certain “ Simious” Skulls, with especial reference 
to a Skull from Louth, in Ireland. 1866. 

Blanford, H. F. Pre-historic Man. No.1. On the early stone-age 
in Western Europe and India. 1866. 

Bowerbank, J.S. A Monograph of the British Epona Vol, ii. 
1866. From the Ray Society. 

Browell, HE. J. J., and J. W. Kirkby. On the chemical composition 
of various ede of the Magnesian Limestone and associated Per- 
mian rocks of Durham. 1866. 

Burmeister, G. Anales del Museo pe de Buenos Aires. Entrega 
Primera. 1864. 

Canada. Report of the Progress of the Geological Survey of Canada 
from its commencement to 1863. Atlas of Maps and Sections, 
with an introduction and appendix. 1865. rom the Director of 
the Geological Survey of Canada. 

Catalogue. Catalogue of the Library of the American Philosophical 
Society. PartII. 1866. From the American Philosophical Society. 

Catalogue of the Library of the Institution of Civil Engineers. 
2nd edition. Corrected to December 31, 1865. With an Appendix. 
1866. From the Institution of Civil Engineers. 

Conrad, T, A. Check List of the Invertebrate Fossils of North 
America.—EKocene and Oligocene. 1866. From the Smithsonian 
Institution. 

Daubré2. Météorites tombées le 30 mai 1866 sur le territoire de 
Sainte-Mesmin, département de Aube. 1866. 

Delesse et A. de Lapparent. Extraits de Geologie. 1864. 

Doyne, W. T. Second Report upon the River Waimakariri and the 
lower plains of Canterbury, New Zealand. 1865. 

Dupont, Z. Etude sur les fouilles scientifiques exécutées pendant 
Vhiver de 1865-1866 dans les cayernes des bords de la Lesse. 1866. 
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Dupont, E. ‘tude sur le terrain quaternaire des vallées de la Meuse 
et de la Lesse dans la province de Namur. 1866. 

Etude sur trois cavernes de la Lesse explorées pendant les 
mois de Mars et d’ Avril. 1866. 

Hébert, E. De la craie dans le nord du bassin de Paris. 1866. 

——. Les oscillations de l’écorce terrestre pendant les péricdes 
quaternaire et moderne. 1866. 

——. Notesur le Terrain Jurassique du Boulonnais. 1865. 

. Note sur le Terrain Nummulitique de l’Italie septentrionale 
et des Alpes. 1865. 

Jevons, W.8. The Coal Question; an inquiry concerning the pro- 
~ gress of the nation and the probable exhaustion of our Coal-mines. 

1865. From W. Whitaker, Esq., F.GS. 

Kirkby, J. W. On the Fossils of the Marl-slate and Lower Mag- 
nesian Limestone, Durham. No.2. 1866. 

Kner, R. Psalidostoma, eine neue Characinen-Gattung aus dem 
weissen Nil, 1864, 

Kobell, F. von. Die Urzeit der Erde. 1856. 

Lartet, E., and H. Christy. Reliquie Aquitanice; being contri- 
butions to the Archeology and Paleontology of Périgord and the 
adjoining provinces of Southern France. Part III. 1866. From 
the Executors of the late H. Christy, Esq., F.GN. 

Mallet, R. Address to the Institution of Civil Engineers of Ireland, | 
1866. j 

Marcou, J. Sur le Dyas. 1866. 

Marsh, O. C. Description of an ancient Sepulchral Mound near 
Newark, Ohio. 1866. 

Martins, C. Du retrait et de ablation des glaciers de la vallée de 
Chamonix. 1866. 

Mingaud, P. DeVErinus Alpinus—érine pourprée des Alpes. 1861. 

——. The Arbutus: its propagation and culture, and the econo- 
mical products obtained from it, considered with regard to food- 
supply in general. 1865. 

Murchison, R. I. Address at the Anniversary Meeting of the Royal 
Geographical Society. 1866. 

Murchison, R. I. Results of researches among the older rocks of 
the Scottish Highlands. 1858. From W. Whitaker, Esq., F.G.S. 



76 DONATIONS. 

Page,D. Geology and Modern Thought. Address to the Edinburgh 
Geological Society. 1866. From the Edinburgh Geological Society. 

Pictet, F. J., et A. Humbert. Nouvelles recherches sur les poissons 
fossiles du Mont Liban. 1866. 

Quetelet, A. Observations des Eu dunes Suet pendant 
Vannée 1863. 1866. : 

Report. Annual Report of the Board of Regents of the sit hint 
Institution, showing the operations, expenditures, and condition 
of the Institution for the year 1864. 1865. From the Smith- 
sonian Institution. - 

. Annual Report of the Trustees of the Museum of Comparative 
Zoology at Harvard College, in Cambridge, together with the 
Report of the Director, 1865. 1866. From the Museum of Com- 
parative Zoology, Cambridge. 

Reports on the Extent and Nature of the Materials available 
for the preparation of a medical and surgical history of the 
Rebellion.. 1865. From the United States War Department. 

Reports received from Her Majesty’s Secretaries of Embassy 
and Legation respecting Coal. With an Appendix. Jrom Sir 
P. de M. G. Egerton, Bart., M.P., F.GS. &e. 

Schlegel, H. Muséum d’Histoire Naturelle des Pays-Bas. 1866. 

School of Mines. Prospectuses for 1859-60, 1860-61, 1861-62, 
1865-66, 1866-67. From the Government School of Mines. 

Searle, C. Cholera: its Nature, Cause, and Treatment, a 
: scientifically, and practically explained. 1866. 

Shaler, N.S. List of the Brachiopoda from the Island of Anticosti, 
sent by the Museum of Comparative Zoology to different Insti- 
tutions in Exchange for other Specimens, with Annotations. 1866. 
From the Musewm of Comparative Zoology, Cambridge. 

-Steindachner, F. Ichthyologische Notizen. 1864. 

Ward, H. A. Notice of the Ward Cabinets: of Mineralogy and 
Geology, lately presented to the University of Rochester. 1863. 
From W. Whitaker, Hsq., F.GS. 

Winchell, A. Notes on Selandria Cerasi, Harris, as it occurs at 
Ann Arbor, Michigan. 1865. 

Zigno, A. de. Osservazioni sulle felci fossili dell’ Oolite ed enume- 
razione delle specie finora rinvenute nei varli piani di quella for- 
mazione, coll’ aggiunta dei sinonimi, della descrizione dei generi 
e delle specie nuove, e di un prospetto della loro distribuzione 
geografica. 1865, 
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Theodore Cooke, Esq., Principal of the Engineering College, 
Poonah; and John Starkie Gardner, Esq., Park House, St. John’s 
Wood, N.W., were elected Fellows. 

The following communications were read :— 

1. On a New Specimen of TeLtERPETON Exernense. By Professor 
Husiay, BLD. FR.S., F.G:S: 

I am indebted to my friend the Rey. Dr. Gordon, of Birnie by 
Elgin, for the opportunity of examining the very beautiful and 
important specimen of Telerpeton Elginense, of which I propose to 
give a description in the present paper. It is the property of Mr. 
James Grant, General Assembly Teacher, in Lossiemouth, Elgin, 
who has been good enough to entrust it to Dr. Gordon for trans- 
mission to me; and it was obtained from the well-known reptili- 
ferous beds of Lossiemouth, along with some highly interesting 
fragments of Stagonolepis and Hyperodapedon. 

The fine-grained sandstone in which the fossil has been imbedded 
is broken irregularly into five pieces; and the several bones are 
represented by sharp and well-defined casts, the original osseous 
substance haying disappeared, or being represented only by pulve- 
rulent bone-earth, or by oxide of iron. The body is curved towards 
the right side,.and the head and neck are bent dorsad in a plane 
different from that of the trunk. 

The length of the skull is 1-65 in., that of the vertebral column, 
VOL, XXI{1.—PART I. H 
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from the atlas to the anterior margin of the sacrum, is 4:5 in. 
From the front margin of the sacrum to the end of the undisturbed 
part of the tail is 2 inches. To this total of 8-15 in. it is proba- 
ble that 2 inches more, at least, must be added for the distal moiety 
of the tail, which would give the entire animal a length of not less 
than between ten and eleven inches. 

The fore limb had a length of not less than 24 inches, while 
the hind limb, when extended, must have measured fully 3 inches. 

Figs. A—~E.—Outline-sketches of parts of the Skeleton of Telerpeton 
Elginense, Mantell. (Natural size.) 

A. A side view of the skull. 
B. The anterior teeth of the upper and lower jaws. 
C. The left hind foot. 
D. The right scapula and coracoid. 
EH. The left half of the pelvis. 

The skull is broad, its occipital margin measuring 1‘5in. The 
cranium retains this width for about +half its length, and then 
rapidly narrows to the snout, with a contour which is at first con- 
vex, and then bcomes concave, until it terminates in the roundly 
truncated snout, which exhibits the remains of two cylindrical 
incisor teeth, placed side by side and close together (fig. A). 

The posterior margin of the skull is nearly straight, but presents 
an obtuse angle directed backwards in the middle line. ‘The pos- 
tero-lateral, or parietal, angles of the skull are produced directly 
outwards, instead of backwards, into short and broad processes, 
which become connected with the strongly curved squamo-jugal 
arcades, the inner faces of which were concave and directed some- 
what downwards. 
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The counterpart of the fragment which contains the greater part 
of the skull exhibits the impressions of part of the roof of the skull 
with the left orbit and left supratemporal fossa. It proves that the 
squamosal bone was large, thick, and slightly elongated posteriorly 
and externally, while its outer edge seems to have been undulated. 

There is no evidence that any postfrontal bone separated the 
temporal and the orbital fosse, the two forming one oval space 
about 0:7 in. long and 0-4 in. wide. The roof of the skull can be 
traced forwards, narrowing gradually for a distance of 0°65 in., and 
then seems to have suddenly contracted to form the interorbital 
region. Here, however, it is completely hidden by the matrix. 

In the prefrontal region it widens out again; and a curious, per- 
fectly separate, sandstone cast of the interior of this part of the 
skull has been formed. This cast is shaped somewhat like an ace 
of spades, with a truncated apex and a trilobed base, and presents a 
few traces of bony matter upon its upper surface. The rest of its 
exterior is stained, for the most part, of a reddish colour, as if by 
oxide of iron. 

The middle basal lobe presents a truncated, uncoloured surface, 
where it has broken off from the matrix which lies behind it. 
The anterior end is similarly fractured and unstained; and there 
are two oval, uncoloured elevated spaces on the under surface of 
the cast, which answer to the posterior nares. All the rest of the 
east has been enveloped in bone, which must have been furnished, 
at the sides, by the prefrontals and below by the vomers or the pala- 
tine bones. The impression of the upper surface of the vomers 
has left a strong median groove along the under surface of the cast. 
The surface of the matrix upon which this cast fits shows the 
remains of the oral faces of the facial bones, the bony matter itself 
appearing to be, for the most part, replaced by oxide of iron. 

Each of the teeth, already mentioned, which are implanted in 
the premaxille, is rather less than 0:1 in. wide, and rather more 
than 0-1 in. long. Their apices appear to have been rounded 
(fig. B). 

The maxille are strong, and send up a process behind the exter- 
nal nostril. The roots of several teeth, placed in a single series 
from before backwards, occupy the alveolar surface of the thick 
anterior moiety of each. The palatine bones meet, and appear to 
be completely united in the middle line, nor does any posterior 
palatine space appear to be left between them and the transverse 
and maxillary bones. The very imperfectly preserved bony matter 
which remains is dotted over with rows of red spots of oxide of 
iron, the arrangement of which forcibly reminds me of that of the 
palatine teeth in Hyperodapedon, though I cannot make sure that 
these spots really represent teeth. Posteriorly the palatine bones 
meet the pterygoids, which diverge and pass backwards, to become 
connected with the quadrate bones in the ordinary way. 

In the interspace between these the remains of the basi-sphenoid 
are visible. 

The quadrate bone, 0-7 in. long, is strong ; and its anterior aspect 
H 2 
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is convex forwards, and from above downwards. It consists of an 
outer and an inner lamella, which pass into one another along the 
ridge-like anterior convexity of the bone, and enclose a deep cavity 
posteriorly. The distal end of the bone was provided with a trans- 
versely elongated convex condyle. The angle of the ramus of the 
mandible, which is 1°35 in. long, projects not more than 0-15 in. 
behind its articular surface (fig. A). 

At the articular surface, the jaw is not more than 1-5 in. thick ; 
but in front of this point it rapidly rises, and, at 0°65 in. from the 
posterior extremity, forms a coronoid process, the summit of which 
is 0-4 in. distant from the lower edge of the ramus. It then de- 
clines in height, and, at 0:75 in. from the angular end, begins to 
bear teeth. Of these teeth the three posterior occupy a space of 
0-25 in., and each has a conical crown 0:1 in. high. Three teeth 
in the upper jaw, of similar size and form, interlock with them, the 
hindermost. maxillary tooth being posterior to the hindermost man- 
dibular tooth. The next two teeth, forwards, in the ramus of the 
mandible are somewhat smaller than those just mentioned; but the 
most anterior tooth of all is a curved tusk, twice as long as any of the 
others, and having its concave side outwards, its convex side in- 
wards and towards its fellow. These teeth bite behind the two long 
teeth lodged in the praemaxillee (fig. B). 

Three teeth j in the upper jaw answer to the foregoing; and the 
anterior of these passes externally to the mandibular tusk when the 
mouth is closed. Thus there appear to be six teeth below, and 
seven teeth above, on each side of the upper and lower jaws; but it 
is possible that additional posterior teeth may not be visible. 

I have carefully examined into the mode of implantation of those 
teeth, and I have been unable to satisfy myself that they are lodged 
in true alveoli. They appear to be anchylosed to the edges of the 
jaw-bones, as in many modern Lizards with a so-called “ acrodont” 
dentition. 

Each tooth contains a proportionally large pulp-cavity. 
The vertebral column is broken in the middle of the dorsal 

region, and it is not practicable to ascertain the number of vertebre 
with precision ; but it may be safely assumed that the cervicodorsal 
series contains not fewer than twenty, and not more than twenty-two 
vertebrae. There are certainly not more than two sacral vertebre. 
Eleven caudal vertebree, belonging to the proximal half of the tail, 
lie in undisturbed relation to one another. There were probably 
as many more in the broken-up part of the tail. 

The casts of these vertebree show that they had completely ossified 
centra, very slightly congave at each end; large neural canals, and 
stout neural arches, running out into broad oblique processes or 
zygapophyses. The spines were very low narrow crests. The trans- 
verse processes must have been represented by mere tubercles. 

Five long and slender vertebral ribs are visible on the right side 
of the anterior dorsal region, in connexion with a similar ndeener of 
anterior dorsal vertebre. The largest of these, though its distal end 
is not entire, measures 1:15 in. in length, but is nowhere more than 
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0-05in. broad. These ribs are somewhat expanded at their proximal 
ends, but show no traces of a division into distinct capitula and 
tubercula. 

On the left side the remains of several vertebral ribs, and a few 
slender grooves apparently produced by sternal ribs, are to be seen. 
The ribs of the four or five posterior dorsal vertebrae are exceedingly 
short ; but there appear to be no proper lumbar vertebra, in the 
sense of presacral vertebree with anchylosed or abortive ribs. 

The cast of the only sacral vertebra which is visible shows it to 
have been possessed of a stout lateral process, 0°16 in. long, and 
0-07 in. thick, which abutted against the ilium. 

The ilium occupies such a position as to hide any other sacral 
vertebra which may have existed: but there could not have been 
more than one additional vertebra in this region of the spine. The 
eleven anterior caudal vertebree occupy a space of 1:6 in., which 
gives rather more than 0-14 in. for the length of each vertebra. 
The anterior five or six possess slightly curved transverse processes, 
which taper to their extremities, and attain a length of 0°3 in. 

The neural spines and subvertebral bones of the caudal vertebree 
are not clearly exhibited. 

Three vertebre, following the tenth caudal, are represented by 
cylindroidal holes in the matrix, as much as 0°25 in. deep; and 
beside these lie imperfect impressions of yet two other elongated 
vertebral centres. 

The left shoulder-girdle is displayed on the upper surfaces of the 
first and second fragments, the line of breakage between which has 
in fact passed through this system of bones (fig. D). 

The scapula was 0:8 in. long; and the cast proves that its proxi- 

mal, or glenoidal, end was thick and prismatic, and slightly expanded 
anteriorly. Distally, or dorsally, it passes into a broad and flattened 
blade, not more than 0-2 in. wide, which is abruptly truncated at 
its vertebral end. 

The coracoid must have been a very stout bone, nearly 0-9 in. in 
antero-posterior, and 0°5 in. in transverse measurement. Of its 
three margins the internal presents a convex, the anterior and the 
posterior a concave curvature. It appears to have possessed a consider- 
able fenestra in the inner moiety of its anterior half. 

An obscure impression, leading to a triangular hole, which is the 
transverse section of a cavity at least 0-2 in. deep, in the matrix, 
I believe to represent the cast of a clavicle. There is a correspond- 
ing hole and cavity in the counterpart fragment of the fossil, 
whence I conclude that the clavicle must have been about half an 
inch long. . 

The impression of the head of the humerus lies in its natural 
relation to the scapula and coronoid. It was 0-4 in. wide, and had 
a strongly marked deltoid ridge, or outer tuberosity, which projected 
downwards. In the counterpart the rest of the cast of the humerus 
is preserved, and proves that bone to have had a length of about 
0-85 in. The middle of its shaft is not more than 0-2 in. wide, 
but its distal end expands to the width of the head. 
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The under surface of this fragment presented two holes in the 
position which the radius and ulna might well occupy; and on 
working away the matrix, I found that they led back into cavities 
which are the casts of these two bones. The narrower, answering 
to the ulna, is 0-6 in. long by 0:05 in. wide. The radial cavity is 
much broader, but its exact dimensions cannot be obtained. 

The forearm is disposed nearly at right angles to the arm. At 
its distal end four minute rounded carpal ossicles, disposed in two 
rows, are discernible. Then come four metacarpal bones, the longest 
of which is the second from the radial side, and measures 0-3 in. 
This is succeeded by a short hourglass-shaped phalanx, 0:15 in. 
long. The metacarpal on the radial side of the preceding is 0°25 in. 
long. ‘Those on the ulnar side seem to have been shorter and more 
slender. From some obscure indications of other phalanges I con- 
clude that the fore foot could not have been less than an inch long. 

The cast of the left half of the pelvic girdle is well displayed (fig. I). 
The ilium was 0°5 in. long, 0°28 in. wide at its truncated end, 
slightly convex forwards, and concave backwards, and its long 
axis was apparently almost perpendicular to that of the vertebral 
column. The ischium and pubis were strong bones, meeting with 
their fellows at the symphysis; and the anterior margin of the pubis 
is produced downwards and forwards into a strong process. The 
shape of the obturator foramen is not distinctly shown. ‘The casts 
of both of the femora are visible, and a part of the bony substance 
of the right femur is preserved. The bone is 1-1 in. long, and 
has a sigmoid curvature, the greater part of its anterior contour 
being concave, that of its posterior contour convex. There appears 
to have have been a prominent internal trochanter. The tibia and 
fibula are each 0°75 in. long; the former had a broad and expanded 
proximal end, and a comparatively narrow shaft, which widens 
again distally. 

The cast of the left foot (fig. C)is very perfect, but not quite easy of 
interpretation. The fibula of the left leg is undisturbed; but the 
tibia les obliquely across the fibula, with its femoral end on the 
outer, and its tarsal end on the inner side of the corresponding ends 
of the fibula. I conceive that while its tarsal end has remained in 
its proper position, the femoral end of the tibia has been dislocated ; 
and, in this case, the cast will exhibit a dorsal view of the foot, the 
outer side of which will be fibular, while its inner side will be tibial. 
A single bone, 0-3 in. wide, and deeper on its fibular than on its 
tibial side, articulates with the tibia and fibula, and represents the 
calcaneum and astragalus. Between this bone and the three middle 
metatarsals three small tarsal bones, forming a distal row, appear 
to have been interposed. The five metatarsal bones are perfectly 
represented by their casts. Each is subcylindrical, and wider at 
its articular ends than in the middle. The two outer are respec- 
tively 0-3 in. long, while the middle metatarsal is a very little 
longer. The two inner are each about 0-25 in. long, and the 
innermost is a somewhat stouter and thicker bone than the 
other. Of the digits the middle and the next outermost are 
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equal and longest, each having a length of 0°5in. Each exhibits, 
very distinctly, three hourglass-shaped phalanges and a terminal 
pointed and slightly curved ungual phalanx. A fifth phalanx 
appears to be interposed between the third and the ungual pha- 
langes, in the outermost of these two digits. The digit on the inner 
side of the middle one is 0°35 in. long, and contains only three 
phalanges, two constricted in the middle and articular at each end, 
and the third ungual. 

The innermost digit of all has a proximal phalanx 0-15 in. long, 
with both ends articular, and constricted in the middle. I think I 
can trace the impression of a second curved ungual phalanx lying 
across the next digit. 

The outermost digit is very extraordinary ; for it presents only 
two phalanges, one proximal, 0-27 in. in length, or as long as the 
proximal two phalanges of the longest digits, and a strong terminal 
ungual phalanx. This is so unlike the ordinary character of the fifth 

’ digit in Lacertilian Reptiles, that I was inclined at one time to 
think that the foot had been turned round, and presented its plantar 
‘instead of its dorsal aspect to the eye. But its connexion with the 
tibia and fibula, and the numerical relations of the phalanges of the 
other digits, are insuperable obstacles to the adoption of this view ; 
and I can only suppose that what I have termed the “inner” digit 
is the hallux, and that the two longest digits are the third and the 
fourth. 

From the description of the organization of Telerpeton Elginense 
which has now been given, it is obvious that this animal is one of 
the Reptila devoid of the slightest indication of affinity with the 
Amphibia. It is Saurian in all its characters ; and if we inquire to 
what division of the Sauria Yelerpeton belongs, there appears to me 
to be no doubt that it must be referred to the true Lacertilia, and 
among them to the suborder Kronocrania of Stannius, which con- 
tains all the modern Lizards—though I cannot make sure, from the 
present specimen, that it possessed a columella. 

It will probably be objected that the concave articular faces of 
the centra of the vertebree constitute an objection to this.view, recent 
Lacertilia usually having concavo-convex vertebral centres. But, 
though Meckel pointed out the circumstance forty years ago, it has 
not always been duly remembered that biconcave vertebral centres, 
much more deeply excavated than those of Telerpeton appear to have 
been, are to be met with among the existing Geckos*. } 

I have referred to the difficulty of ascertaining the precise mode 
of implantation of the teeth in Telerpeton. If, as I believe, this 
Lizard is not Thecodont but Acrodont, the only other important 

* See Meckel’s ‘System der vergleichenden Anatomie,’ Theil ii. Abth. 1. 
p- 427 (1824) :—“ Andere dagegen, namentlich Gecko, verhiltnissmissig doch 
nur eine geringe Anzahl, verhalten sich wie die Saugethiere oder noch richtiger 
den Fischen ahnlich ; indem der Korper vorn und hinten eine betrichtliche, 
mit einer Knorpelbandmasse angefillte, trichterformige Hoéhle hat, wodurch 
er aus zwei Kegeln zusammengesetzt erscheint.” 



84 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Dec. 19, 

character by which it differs from existing Lacertilia is the 
structure of the fifth digit of the hind foot, in which, however, it 
departs from all known Lacertilian reptiles, whether recent or 
fossil. 

It is most interesting to observe that Telerpeton presents not a 
single character approximating it towards the type of the Permian 
Protosauria, nor to the Triassic Rhynchosaurus and other (probably 
Triassic) African and Asiatic allies of that genus*, nor to the 
Mesozoic Dinosauria; still less can it be considered a ‘ gene- 
ralized” form, or as, in any sense, a less perfectly organized crea- 
ture than the Gecko, whose swift and noiseless run over walls and 
ceilings surprises the modern traveller in warmer climates than our 
owny. And whether the age of the deposit in which it occurs be 
Triassic or Devonian, Telerpeton is one of the most astonishing 
examples within my knowledge of a persistent type of animal or- 
ganization. 

2. On a Sxcrion at Lircuam affording evidence of Lanp-GLAcIATION’ 
during the earlier part of the GuactaL Prriop in Enexanp. By 
S. V. Woop, Jun., Esq., F.G.S. 

Tue structure of the Lower Drift, and the limited area to which 
it is confined, conspire to show that this country first encountered, 
and for a long period sustained, the glacial conditions while prin- 
cipally in the state of land; for not only do the limited super- 
ficial extent of the formation and its rapid attenuation in all di- 
rections, from its great development on the Cromer coast, necessi- 
tate an inference that only a small part of England was under 
water at the time of the deposition of the Lower Drift, but the great 
masses of chalk and chalky débris that were carried into the marine 
sediment require us to admit the presence, near at hand, of some 
terrestrial chalk-area from which these masses were detached ; and I 
imagine that it does not require any illustration here to satisfy 
geologists of the fact, so obvious from the appearance of the Cromer 
Cliffs, that much of the chalk of Norfolk was, at the time these 
masses were imbedded, occupied by a great glacier, from whose sea- 
ward termination they were carried and dropped into the marine 
sediment. 

In such a state of things we should naturally look for some 
evidences inland of the terrestrial glaciation which this structure 
involves. 

The beds in section on the Cromer Coast, forming the Lower 
Drift, although of so great a thickness there, alter, as I have else- 
where shown, both in their appearance and thickness inland. 

* The anterior tusk-like teeth are comparable to the anterior teeth of Rhyn- 
chosaurus and Dicynodon, only so far as these are comparable to the like teeth 
of many ‘existing Lizards, e.g. Uromdstrix and Hatteria. 

+ Dr. Mantell suggested that, should the lacertian relations of Telerpetom 
be established, it probably differed but little in its physiognomy and economy 
from the small existing terrestrial Lizards. 
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South-eastwards, in the direction of Norwich and the Yare Valley, 
the Lower Drift, or at least the upper or contorted part of it, passes 
into a fine brickearth, which exhibits no evidence of anything like 
terrestrial conditions ; but westwards and southwestwards, it rapidly 
assumes the condition of chalky loam, often very finely stratified or 
laminated. In both directions it attenuates to less than a tenth of 
the thickness which it possesses on the coast, and, in both, passes 
under the thick formation of the Middle-Drift sand, appearing only 
where the valleys cut down to it. 

Proceeding in the direction of Litcham, we lose sight of it alto- 
gether under the Middle Drift, that formation also eventually dis- 
appearing in this direction under the Upper Drift, or wide-spread 
Boulder-clay. 

On encountering the Lower Drift, in its form of chalky loam, 
again at Litcham town, we find that the Middle Drift has disap- 
peared in the interval, the Upper Drift resting directly on the lami- 
nated loam, as is the case also towards Weasenham and Swaftham, 
although a small tongue of it runs in again immediately on the 
south of Litcham. Fig. 1 shows the manner in which the Lower 
Drift recurs at Litcham town. 

Fig. 1.—Section of Litcham Hill. 
S. N. 

Litcham kiln. Clay-pit Moor. 

Ln Te paces a reat iy See 

a. Chalk. 6. Laminated chalky loam, forming the inland attenuated prolonga- 
tion of the Contorted Drift of the Cromer Coast (6 feet exposed under d). 
c. Upper Drift (Boulder-clay). d. Coarse Postglacial gravel, 5 feet. 

Now the condition of the Chalk over which this attenuated 
representative of the thick beds of the Cromer Coast occurs, is 
one of much interest, as it seems to afford clear indications of the 
passage over it of a glacier, and to connect itself with the phe- 
nomena of the transported chalk-masses of the coast. 

I should premise that over much of Norfolk, under the Drift-beds, 
and even, in some degree, under the Fluvio-marine Crag itself, the 
chalk presents an appearance quite dissimilar to that exhibited by 
it in the south of England (where it was protected during the 
Glacial period by its covering of Lower Tertiaries), and for some 15 
or 20 feet from its surface is in the impure condition which gives rise 
to the local term of “ Marl” given to it in Norfolk. This condition 
seems to indicate that a churning up of the surface of the chalk has 
been effected by some action which permitted it again to subside 
without any considerable intermixture of foreign ingredients ; and it 
is very dissimilar to anything we know to result, or can by geological 
phenomena gather to have resulted, from water-action. Now not 
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only is the condition of the upper 15 or 20 feet of the chalk in the 
section at Litcham, upon which the Lower Drift rests, such as this, but 
the state of the flint bands there indicates that great disturbance has 
taken place by a force acting downwards from the surface, and be- 
coming less powerful the deeper the section descends. This is best 
displayed in a part of the quarry where the Lower Drift has, by the 
postglacial denudation which gave rise to the gravel (d), been re- 
moved; but although such is the case, it is sufficiently clear from 
similar although less striking features in the adjoining quarry, 
where the Lower Drift occurs, that this force was exerted before 
that formation was spread over the chalk. By the section (fig. 2) it 
will be seen that, of the bands of flint, only the lowest is perfect in its 
continuity, the others having been ruptured by some force not exerted 
from below, and whose intensity diminished downwards; and that this 
lowest band, although not ruptured, indicates, by its upward curva- 
ture under the spot where the bands which overlie it are ruptured 
and destroyed, that it has sustained in a less degree that dragging 
towards the surface which has been powerful enough to shatter al- 
together the bands above it. In the body of the chalk also are galls 
or cavities filled with dark-brown clay. These galls are not sections 
cutting obliquely across pipes or potholes, which are so common 
where the chalk or other soft limestone strata have been subjected 
to the Postglacial denudation, and into which the bed immediately 
over them commonly descends, but are cavities filled with some ma- 
terial quite foreign to the present superincumbent strata. Pipes, or 
potholes, of the well-known kind do, in fact, occur in the adjoining 
quarry, and are of great dimensions, passing completely through the 
thin bed of Lower Drift exposed there, and thence through some 20 
feet of chalk. These, as is usual in similar cases, are filled with the 
gravel (d); but to them the galls of clay shown in the section have 
no relation. : 

Fig. 2.—Sectrion at Litcham Lime-kiln. 

a. Chalk with flint bands, becoming gradually more impure upwards, and the 
flints becoming detached and scattered in the upper part, about 20 feet. d. 
Coarse red Postglacial gravel. -++ Galls of dark-brown clay. 

N.B. The lines of shading indicating the chalk in the upper part of the section 
are not to be regarded as lines of stratification. 

Closely resembling the chalk in this section, are several of the 
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transported masses imbedded in the contorted Drift of the Cromer 
coast, especially that in which the limekiln is worked under Cromer 
Lighthouse,—galls of dark sand occurring in it there, as those of 
clay do here. 

To what precise action these galls are due, or what the clay is 
that fills them, it is difficult to say ; but the appearance of the section 
impresses me strongly with the conviction that we have here evi- 
dence of the passage of a glacier over the surface of the chalk,—the 
adhesion of the base of this glacier, in places, to the saturated 
chalk, caused by means of the intense congelation, having, during 
the glacier’s onward motion, dragged up the chalk until the cohesion 
of the chalk itself balanced the dragging action, and the mass parted. 
Connecting this section with the masses seen in the contorted portion 
of the Lower Drift on the coast-section, we seem to see the process 
under which these masses were dragged from their matrix, and 
carried onward to the sound into which the glacier disembogued. 
It is probably in the retirement of this glacier before the increasing 
warmth which ushered in the Middle-Drift period, that this thin 
bed of Lower Drift, which spreads over so much of Central and West- 
central Norfolk, had its origin, the streams of chalky silt which 

the grinding of the glacier over its bed produced having been spread 
out as the glacier receded *. 

In speaking of a glacier, [ do not refer to any such as those oc- 
curring in mountain-regions, but to one enveloping the whole sur- 
face of the country, as described by Dr. Sutherland, and now cover- 
ing the land around Baffin’s Bayt. The distribution of the three di- 
visions of the Drift seems to show that much of the centre and 
south-west of Norfolk was, during the Lower-Drift period, the seat 
of this capping glacier, and that its principal seaward termination 
was in the direction of Cromer, where the bulk of its moraine was 
spread out under the sea, the finer silt being carried south-eastwards 
to form the brickearth continuation of it which stretches as far as 
the northern border of East Suffolk, and that much of the seat of 
this glacier, from its more elevated position, remained above water 
during the whole Middle-Drift period, only passing under the sea 
when the great submergence of the Upper-Drift (¢ of fig. 1) or true 
Boulder-clay period set in. 

3. On the Existence of a Tutrp Bovutprer-Cray in Norrorx. 
By F. W. Hanmer, Esq. 

[Communicated by Searles V. Wood, Jun., Esq., F.G.S.] 

(Abridged.) 

Tue deposit which is the subject of this paper is shown in a pit near 
Trowse junction, a mile to the south of Norwich. It consists of a 

* In this view the inland bed (6 of sect. 1) would only represent the very 
uppermost part of the Contorted Drift of the coast, the rest of that Drift, as well 
as the subjacent Boulder Till, being represented by the glaciated land-surface. 

t+ Quart. Journ. Geol: Soe. vol. ix. p. 501. 
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stiff whitish clay, wholly unstratified, containing much chalk débris 
and occasional quartzose erratics. Its appearance is so like that 
of the Boulder-clay (No. 7 of figs. 2 & 3) which caps the high land 
on each side of the valley, that but for its position it could not be 
distinguished from it. It occurs at a slight elevation from the bot- 
tom of the valley, resting on the chalk, and is from 9 to 15 feet in 
thickness. In one part of the pit it is capped by laminated sands 
and clays, which since their deposition have been subjected to dis- 
turbance and denudation, as represented in the accompanying section. 

Fig. 1.—Section exhibited by the pit at Trowse Junction, being that 
nt in fig. 2. 

1. Chalk. ce. Laminated blue clay, passing up 
a. The clay. into 
6. Yellow sand, passing up into d. Yellow sand. 

e. Warp. 

In May 1866, Mr. Searles V. Wood, Jun., while examining the 
country for the purpose of tracing the extension of the Chillesford 
beds in this district, discovered a still more extensive development 
of what I believe to be the same deposit, about three miles further 
down the valley, near the Lunatic Asylum, and within a few hun- 
dred yards of the well-known Thorpe crag-pit. In this case there 
are no laminated beds overlying it, and the clay is of a somewhat 
darker colour; but in other respects it corresponds with that of the 
last section, resting as in that case on the chalk, and but shghtly 
elevated above the level of the River Yare. Not only is there here 
a large pit where the clay is exposed, but the turnpike road is cut 
through it for some distance. 

Figs. 2 and 3 will show the position of the deposit relatively to 
the other beds of the district. 

It will be observed that, in fig. 3, the Boulder-clay No. 7 is not 
represented as occurring on the north side of the valley, its place 
being supplied by the coarse plateau gravel No. 8. This gravel ex- 
tends for some miles over what is known as Mousehold Heath, a pla- 
teau to the north-east of Norwich, forming a sheet, in places, from 
15 to 20 feet in thickness. It has apparently been formed by the 
destruction of the Boulder-clay No.7. That the Boulder-clay No. 7 
formerly existed on this side of the valley is shown by the presence of 
outliers further to the east. One of these outliers (that at Strump- 
shaw) 1s overlain by the gravel No. 8. 

If these sections be correct, it will appear that the deposit treated 



‘roded 
sty) Jo yoolqns 

oy} 
‘Aepo-oprnog, 

*D 
“AoT[RA 

O.NET 
OTL} 

> 
‘joavts-AOT[VA 

°6 
JO 

S
a
p
 

oy} 
Y
A
 
p
o
o
r
 

“ATT 
Aq poyTyUopt 

‘spoq-orqqod 
W
I
M
 
spurg 

“p 

o
e
 

‘Toavus-nvoyerd 
FUP 

OsMBOH 
"g 

‘SARTO PLOJSOTTLYD 
OU} TFTA POO AA “ATL Aq] poyrpuopt 

‘SARTO PoYVULUUU'T 
“GE 

"poo MA. 
“pog-[[OUS 

PLOFSOT[LO 
OU 

U
T
M
 
poo AA 

“AYA, 4q 

“LNT JO y
t
 

todd 
oy} 

surog 
Y
o
n
g
 

pus 
YLOJtoN 

JO Avjo-oplnog, 
*f, 

poyrjyuopr 
puw 

‘opAuy, 
“OL 

C
I
A
L
 
JO Svap sodd 

oy} Surg 
‘poq-[[oYR"gG 

“POO AA 
“CUAL JO YFCL 

OTPPUAL 
OU} 

Sureatog 
‘spuUg 

“9 
‘BVIK) 

OULMVUL-OLANT)] 
OY} 

SULATIOAO 
SPURG"7G 

“LOUMLOAD 
JO FLIP 

pPoptOPUOO 
Ot[} YFLM 

POO MA 
“TAL 

Aq poyrjuopt 
‘PVA 

OULVUL-OLANT YT °G 

pur 
‘
u
n
g
 

‘p 
‘Aoy 

oy} 
Jo 

Avjo-toppnog, 
tomory 

oy, 
“YtvoyoMg, 

“G 
‘yyeyO 

“T 

E
 

awate i
 
S
e
 

e
e
 
S
e
e
s
 

:
 

=
,
 

a
n
 

: 
| 

i 
| 

o 
| 

purl 
Ysavypy 

f
e
 

a
4
 

\
 

‘q1d-Svt¢ 
5 

P
s
 

\
 

YOInwOg 
r
s
 

—
—
—
—
 

| 
be 

Cee 

: 
Bea 

4 
) 

_
 

is 
| 

F
 

i
 

“yyv9 
HL 

It 
| 

E 
- 3
0
g
,
 

ployosno 
pr 

f
A
 

*qoaunyo 
gud 

"ON 

F
l
 

UOJLOULBAGT 
-IBIQ, 

ALOATYT 
’ 

w 
.
 ws 

‘younoay 
m0jag 

hayynA 
W
D
A
 

OYp 
SOLID 

WOMVII—"E 
OTL 

' 

mi 
Nl 

4 
e
a
 

oa 
a: 

re 
et 

E
 

r
 

B 
a
 

e
e
 

a 
) 

© 
@ 
B
E
 

5 
A 

" 
REG 

EF 
ce 

| 
“* 

=
 

3
 

: 
: 

ip 
2 

ve) 

8
 

= 
ne 

‘yountonr 
an0gn 

L
a
n
 
W
D
A
 

IY) 
S80LOD 

W
O
N
 

—S 
‘SLi 



90 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Jan. 9, 

of in this paper is more recent, not only than the Boulder-clay No. 7, 
by the period required for the destruction of the latter and the sub- 
sequent formation of the great sheet of plateau-gravel No. 8, but 
than the gravel itself, by the time necessary for the erosion of a deep 
valley, at this point three quarters of a mile in width, and nearer 
Yarmouth much wider. 

That it is not the Boulder-clay No. 7 thrown down by a fault, 
and exposed by the erosion of the valley, is, I think, conclusively 
proved by the fact that, in both the cases I have mentioned, the de- 
posit rests directly on the chalk. 

At Bawburgh, on the contrary, five miles to the west of the Trowse 
pit, and eight miles from that at Thorpe, there are several exposures 
of Boulder-clay which occur in a precisely similar position in the 
same valley, but whose relative position to the chalk is not shown 
in the sections. I believe this clay is identical with that at Trowse 
and Thorpe ; but as its Junction with the chalk is not shown, it may 
be that it is there the Boulder-clay No. 7 faulted to a lower level, 
and underlain of course by the beds that intervene between it and 
the chalk along the sides of the valley. At Trowse and Thorpe 
there are no beds whatever between the chalk and the clay. 
A reference to fig. 3 will show that, while to the south of the 

River Yare, at Bramerton, nearly two miles distant from the pit, and 
obliquely across the valley, the Boulder-clay (No. 7) still remains, 

there is not a vestige of it left on the side of the river where the 
deposit in question occurs, the Boulder-clay having there been de- 
stroyed not merely before the valley was eroded, but before the great 
sheet of plateau-gravel of Mousehold Heath was deposited. The 
mass of the new deposit remaining at Thorpe is a quarter of a mile 
in length and 10 feet thick; consequently any hypothesis of its being 
due to a slip of a portion of bed No. 7 into the valley seems inadmis- 
sible without adopting the extreme supposition that it travelled 
across the valley from the Bramerton table-land. 

In the case of the Trowse pit (fig. 2) an outlier of the Boulder- 
clay (No. 7) still remains above the spot where it occurs; but here 
the finely laminated sands and clays overlying it, the stratification 
of which indicates an upheaval and denudation, are as strong an 
argument against its being referable to a slip as the non-occurrence 
of the Boulder-clay above it is in the other instance. 

JANUARY 9, 1867. 

George Clark, Esq., of Dowlais; James Eccles, Esq., Springwell 
House, Blackburn; William Harris, Esq., M.A., Osbourne Villas, 
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On the Acs of the Lower Bricx-nartus of the THawes VALLEY. 
By W. Boyp Dawxtns, Esq., M.A. (Oxon.), F.G.S. 

ConTEnNTS. 

1. Introduction. 5. Testacea. 
2. Literature. 6. Mammalia. 
3. Sections. a. List of species. 

a. Ilford. $B. Range of species. 
8. Grays Thurrock. y. Relation to Preeglacial 
y. Crayford. and Postglacial Fauna. 
0. Erith. 7. The Lower Brick-earth not 
e. Wickham. late Postpliocene. 

4. Inferences from Sections. 8. Summary. 

$ 1. Introduction —While engaged in accumulating materials for 
the definition of the range in space and time of the British Pleisto- 
cene Mammalia, I was forcibly struck by the peculiar character of 
those found in the Brick-earths and gravels of the lower part of the 
Thames Valley, as compared with those from low-level deposits in 
other parts of Britain which seem stratigraphically to be of the same 
date, and which oecupy the same horizon above the sea. I propose, 
therefore, to bring before the Society an analysis of my notes re- 
lating to the remains found on the north side of the Thames, at 
Ilford and Grays Thurrock in Essex, and on the south side at 
Crayford, Erith, and Wickham in Kent, together with some notices 
of the strata in which they occur. 

§ 2. Lnterature.—The first to call attention to these deposits was 
Professor Morris, who published a valuable paper on Grays Thur- 
rock, in 1836*, and extended his investigations in 18387 to the other 
localities under consideration. After a careful analysis of the evi- 
dence afforded by the mollusca, he inferred that “their connexion 
with the ancient beds of gravel was a subject requiring further 
elucidation,’ and abstained from drawing any conclusions about 
their exact age. Dr. Falconer, in 1857+, in his masterly treatise on 
the Mastodon and Elephant, recognized “the true Pliocene assem- 
blage of species” at Grays Thurrock and the lower beds at Brent- 
ford, and thence inferred that they were of an earlier age than any 
part of the Till or Boulder-clay. Mr. Prestwich, on the other hand, 
in 1864, considered the deposits at Ilford to belong to the Qua- 
ternary Low-level Gravels of the Thames Valley, and to be of “late 
Postpliocene age”§, while Mr. Searles Wood, jun., expressed in 
1866|| his conviction that the series at Ilford, Erith, and Wickham, 
which he terms the Lower Brick-earth, is “in age younger” than 
the Boulder-clay, and older than, as well as distinct from, those at 
Grays Thurrock. The discussion of these conflicting views we must 
defer until we can collect evidence both physical and paleeontolo- 
gical on the subject. 

* Mag. of Nat. Hist. (Loudon’s), 1836. 
+ Ann. & Mag. of Nat. Hist. 1838. 
£ Quart. Journ. Geol. Soe. vol. xiv. p. 83, 1858. 
§ Geological Magazine, vol. i. p. 245, 1864. 
|| Geological Magazine, vol. iii. pp. 59-61, 1866. 
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The most convenient term for the whole series is that used by 
Mr. Searles Wood, jun., “the Lower Brick-earths,” under which 
name they are described in this essay. 

§ 3. Sections: a. Ilford. The mammaliferous deposits at Iford 
consist of lenticular masses of stratified Brick-earth and fine river- 
gravels, and sands that are very variable in section. Those lying 
on the west side of the road from Ilford to Barking, immediately to 
the north of a rectangular entrenchment, probably of Roman date, 
that occupies the angle made by the junction of a small affluent 
with the river Roding, constitute the Uphall brickfields, elevated 
about 30 feet above the alluvium of the Thames. The pit in which 
the remarkable skull of Rhinoceros leptorhinus, Owen, was found by 
Mr. Antonio Brady in 1865, presented the following section (Fig. 1). 

Fig. 1.—Section at Uphall Pit, Ilford, south side. 

=X ~--~ Surface-soil, from 1 to 3 feet. 

EN Irregularly stratified brick-earth and gravel, 6 feet. 

252} --- Irregular layer of flint-gravel, 1 foot. 

=}|---- Fine red and grey sandy loam, 4 feet. 

2 ~~ Fine sands and chocolate-coloured brick-earths, 6 feet. 
EE SS 

<1... Yellow sand and gravel. 

The base of the pit (No. 1) consisted of yellow sand and gravel, 
composed of flint for the most part, but with a few pebbles of 
quartz, and containing shells of Anodon and Corbicula. It is the 
surface water-bearing stratum of the district, and rests on the 
London Clay. Immediately above this is a series (No. 2) of fine 
sands and chocolate-coloured Brick-earths containing layers of 
pebbles, clayey bands, and layers of shells, which are of the usual 
species and very abundant. From near the bottom of this, Mr. 
Brady obtained the very remarkable skull above mentioned, and 
a vast quantity of other remains, which will be enumerated in 
the tabulated lst of mammals from the Lower Brick-earths of 
the Thames Valley. There are numerous concretions also of car- 
bonate of lime, and specimens of Helix nemoralis. On this is super- 
imposed (No. 3) a fine red and grey sandy loam, with its stratified 
layers rippled, and containing large quantities of shells and bones. 
At its base is a layer of shells passing into a band of pebbles; 
and on this rested (the workmen informed me) the large head 
of the Mammoth that is preserved in the British Museum, having one » 
of its tusks still occupying the alveolus. Next to this comes an 
irregular layer of gravel (No. 4) composed of flint, both angular and 
waterworn, of pebbles derived directly from the Eocene beds and from 
the Chalk, and of quartz. This is covered unconformably by a bed of 
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clay (No. 5), Brick-earth, and gravel, irregularly stratified, with the 
layers highly contorted, and of such an irregular confused character 
that no recognized geological term will accurately express its nature. 
It is termed Loess* by Mr. Prestwich, and is the exact equivalent of 
the “Trail” described by the Rev. O. Fisher in the summer of 
1866+. It contains pebbles of quartz, sandstone of probably Car- 
boniferous as well as of Eocene age, chalk, and Lydian stone, with 
angular and waterworn flints. Large tabular flints and masses of 
greywethers (one of which weighed at least 26 pounds) occur in 
the lower part. There are also irregular layers of peroxide of 
manganese and of a ferruginous conglomerate. ‘There is one point 
deserving attention in this bed: the long axes of the pebbles are 
in the main vertical, instead of occupying the horizontal position of 
those which have been deposited by water. The surface-soil (No. 6) 
rests on the contorted surface of No. 5, occupying the hollows and 
varying from 1 to 3 feet in thickness: it is merely the ordinary 
rain-wash of the district. 

An examination of this section proves the threefold nature of 
the deposits. The fluviatile shells, as well as the regular stratification 
and the even sorting of the pebbles, show that the beds from 1 to 
3, and perhaps 4, have been the deposits of fresh water undisturbed 
by the presence of floating ice; No. 5, on the other hand, by the 
confusion of its bedding, the admixture of clay with sand and 
gravel, and the presence of pebbles of chalk and of large transported 
boulders of greywethers and of flint, is proved beyond all doubt to 
be of glacial origin—to have been carried down by the ice and de- 
posited, on its melting, upon the eroded top of the fluviatile deposits 
below. According to Mr. Prestwich, “it is formed of reconstructed 
London Clay and of gravel derived partly from the Boulder-clay.” 
This view may possibly be true (and its truth or falsehood does not . 
affect my argument); but a careful examination compels me to believe 
‘that there is no proof of the derivation of this glacial deposit from 
the wreck of the Boulder-clay, while on the other hand the clayey 
nature of the bed was probably owing to portions of the London 
Clay having been caught up by the ice in the higher grounds. The 
Boulder-clay itself to the north of Brentwood may have been com- 
posed precisely in the same manner. Whether or no this deposit 
be a true Boulder-clay is in my opinion altogether an open question. 
Its exact relation to the Boulder-clay to the north has not yet been 
proved, and we can only be certain that, whencesoever it came, it 
was transported by ice, and that it proves the climate under which it 
was deposited to have been much more severe than that under which 
the mammaliferous fluviatile gravels, free from ice-action, were 
formed. At the top of all is the result of the atmospheric wear and 
tear of the ground under temperate conditions of climate. 

The mammalian remains are found scattered throughout the beds 
2 and 3, more abundantly however in the layers in which the heads 
of Rhinoceros and Elephant occur. None of them presents any 

* Geological Magazine, vol. i. p. 245, 1864. 
Tt Quart. Journ. Geol. Soc. vol. xxii. a 553 et seq., 1866. 

VOL, XXIII.—PART I. a 
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traces of rolling, the most minute processes and the most delicate 
ridges being as perfect as in the day when they dropped from 
the decaying carcases swept down by the current. They are 
therefore in exactly the same position as when they originally 
dropped from the stranded or floating animal, and are not derived 
from any preexistent mammalian deposit—a very important fact 
in determining the paleontological age of the beds. 

Other pits have been opened in the same layer of Brick-earth in 
the neighbourhood of Ilford, and have afforded vast quantities of 
remains to the cabinets of collectors for the last fifty years. Most 
of them are now closed. The Mammalia which are in Dr. Cotton’s 
collection were obtained from one of these pits at a depth of 15 feet 
below the surface, or from the same horizon as the head of the Mam- 
moth indicated in my section (fig. 1). 

Fig. 2.—Section at Mr. Pearson’s Pit, Grays Thurrock. 

7 jase) --e------ Surface-soil, 3 feet. 

6 Bese = Soo SE “Trail,” from 8 to 4 feet. 

5 SS = = ——— False-bedded sands, and lenticular gravel-beds, 10 feet. 

| ------- Grey laminated clay, with seam of gravel, 4 feet. 

2=#\—----- Lenticular mass of shells. 

== oe Laminated grey and reddish clays, interstratified with sand and gravel, 
14 feet. 

- Sand and gravel, 10 feet. 

B. Grays Thurrock.—The Brick-earths at Grays Thurrock are 
situated on the north bank of the Thames, about 12 miles to the east 
of those at Ilford. The summit of the ground at Mr. Pearson’s por- 
tion of the large brickfield is about 40 feet above the level’of the 
alluvium, from which it is separated by alow bank of gravel; on the 
north side it abuts against the Thanet Sand ; and at the point where 
the section (fig. 2) is taken it rests directly on the chalk, oceupy- 
ing an area about one mile long and a quarter of a mile broad, between 
Grays and Little Thurrock. On the north side of Mr. Pearson’s pit 
the following section is presented :—Immediately on the top of the 
chalk is a deposit of sharp sand and gravel (No. 1), consisting of sub- 
angular and rounded flints, with a few pebbles of quartz, and contain- 
ing shells of Anodon, Corbicula, Unio, and other characteristic fossils, 
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among which Helix nemoralis is to be found. Resting conformably 
on this is a series of laminated grey and reddish clays (No. 2), inter- 
stratified with sand and fine seams of gravel, and containing vege- 
table impressions, with the usual shells and mammalian bones. The 
latter are comparatively rare. The colour-bands of Helivw nemoralis 
are almost as brilliant as in the snails now living in our hedgerows. 
At the top of this is a lenticular mass of shells (No. 3) of Unio picto- 
rum, Cyclas, Pisidium, Ancylus, &c., decreasing from a foot to a thin 
layer an inch in thickness, which passes in other parts of the pit 
into a thin band of pebbles. In its upper part is a thin layer of 
ferruginous gravel, composed of flint with a few pebbles of quartz. 
From this point Mr. Etheridge obtained a nearly perfect lower jaw 
of Elephas antiquus in 1864, which in company with him I saw in 
situ along with the antler of a Red deer and the skull of Bos primi- 
genius. It is the principal mammaliferous bed in the pit. As both 
valves of the fresh-water shells are preserved in apposition, it is 
evident that they lived on the spot where they are now found. A 
grey laminated clay (No. 4) rests conformably upon No. 3, con- 
taining a seam of gravel, composed of flint, with a few quartz pebbles, 
and covered also conformably by No. 5, a series of false-bedded sands, 
and lenticular gravel-beds without organic remains. Lying un- 
conformably on these is (No. 6) a sandy irregularly contorted layer, 
“the trail” of Mr. Fisher, containing angular and waterworn flints, 
large tabular masses of flint, and pebbles of quartz. Above this, 
again, is the rain-wash, composing a surface-soil of from 2 to 3 feet 
in thickness (No. 7). 

The threefold nature of the strata already noticed at Ilford is visible 
also here. The beds from one to five inclusive are undoubtedly 
the result of currents of fresh water free from gravel-laden ice, while 
No. 6, as shown by the irregular size of its pebbles, its tabular flints, 
its contortions, and its irregular deposition, owes its presence to ice 
in some form or other, and was not formed under the same conditions 
as the fluviatile beds below. Its sandy nature may be owing to the 
Thanet Sand (which forms the northern boundary of the brick-pit) 
having been caught up by the ice and deposited on its melting, just 
as the clayey nature of the trail at Ilford was probably owing to 
portions of the London Clay being in like manner transported. The 
rain-wash is the product of the disintegration of the deposits at a 
higher level under a temperate climate. To the south of this 
pit is another, near Little Thurrock, which is devoid of organic 
remains. 

None of the bones are rolled, or mutilated in any way; and all 
present the appearance of having been dropped directly from carcases 
swept down by some ancient river, in the exact positions in which 
they are now found. Among other curious remains of mammals are 
the coprolites of Hyena spelea, which, so far as I know, have not been 
discovered in any other river-deposit. 

y. Crayford. The next series of Brick- eats that comes be- 
fore our notice is that situated on the south side of the Thames, 
fully 6 miles in a straight line from Grays Thurrock; it occupies 

ES 
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the lower ground between Erith and Crayford, and constitutes an 
unbroken mass, which has been worked in many places. The two sec- 
tions I have chosen for this paper are from its southern end near Cray- 
ford and its northern at Erith, and afford a fair example of the rest. 
The first (fig. 3) is that of the northern side of Stoneham’s pit, half a 
mile to the north of Crayford, and marked Brickfields on the map. 
From it were obtained the wonderful collections of fossil mammals in 
the possession of Dr. Spurrell and Mr.Grantham. On the west side 
the Brick-earths abut directly on the Thanet Sand, which must have 
constituted the banks of the river in which the deposits were found. 
At the bottom of the pit is a thick bed (No. 1) of red and grey 
loam with concretions of carbonate of lime, on which rests an 
irregular layer of pebbles (No. 2) for the most part black and of 
Kocene age, with greywether pebbles and subangular flints derived 
directly from the chalk. No. 3 consists of a sandy-grey and 
reddish Brick~earth, the thinning away of which causes the layer of 
gravel above (No. 4), containing shells and mammalian remains, to 
coalesce with No. 2. No. 4 is composed of subangular and Eocene 
flints ; it contains calcareous concretions, and is in places ferruginous. 
On its top is the principal mammalian bed in the pit (No. 5), con- 
sisting of loamy chocolate-coloured Brick-earth, full of calcareous con- 
eretions and shells. Above this is 8 feet of fine stratified sands 
(No. 6), with an abundance of the usual freshwater shells. Resting 
unconformably on this is an irregular reddish-sandy contorted stratum 
(No. 7), full of large flints, both angular and waterworn, and of 
quartz pebbles. The confusion of its bedding is a remarkable surface- 
contrast to the horizontality of the beds below. Above this is the 
soil (No. 8). ; 

Fig. 3.—Section at Stoneham’s Pit, Crayford. 

Surface-soil, from 1 to 2 feet. 

~~ Irregular bed of reddish sand, with flints and quartz pebbles, 4 feet. 

Fine stratified sands, 8 feet. 

Loamy chocolate-coloured brick-earth, 5 feet. 

~~ Gravel, from lin. to 2 feet, 

Sandy grey and reddish brick-earth, 2 feet 6 inches. 
~~ Trregular layer of pebbles, from 1 to 2 feet. 

~ Red and grey loam, 10 feet, 

Thanet Sand. 

Chall. 

In this section also the threefold condition of the beds, indicative 
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of different circumstances of deposit, is observable. Its discrepancy 
with the admirable section given in 1838 by Professor Morris may 
be explained by the variability of the beds in the enormous pit. 
The top of the Brick-earth is about 50 feet above the alluvium of the 
Thames. 

6. Hrith. The second brick-pit is situated on the right-hand 
side of the road from Erith to Crayford, immediately after it has 
crossed the North Kent Railway, and about one mile from that at 
Crayford. It is peculiarly interesting as affording a section from 
the top of the Woolwich beds down to the Chalk, as well as proving 
that the Brick-earth rests on the edges of the Eocene strata, and in 
a hollow excavated in the Chalk. In the diagram (fig. 4) I have not 
attempted to give the horizontal distribution of the strata, but merely 
the vertical thickness. 

Fig. 4.-—Section at White’s Pit, Erith. 

Vertical scale jin. to a foot. Horizontal extent not represented. 

a. Chalk with flints. 6. Thanet Sand, with a layer of tabular flints at the base. 
ce. Woolwich sand. d. Stiff black clay. e. Lenticular mass of shells. 
Ff. Bed of black Hocene flints, with quartz pebbles. g. Surface-soil. 

At the base both of the Eocene beds and of the Brick-earths lies the 
Chalk with flints, nearly horizontal, and quarried to a depth of more 
than 100 feet (a of section A). Above this is the Thanet Sand with 
the usual layer of tabular flints at its base (6 of the same section), 
and with a dip of 10° to the N.N.W. It is overlain by the Woolwich 
sand, reddish-brown in colour (¢), containing a bed of stone, and in 
its upper part consisting of sandy and loamy layers with Septaria 
and many shells, on which rests conformably a stiff black clay with 
few shells (d). Above this is a lenticular mass of Eocene shells, 
very irregular (e), capped by a bed of black Hocene flints with 
a few quartz pebbles (f), at the top of which is the surface-soil (q). 
a and e¢ are peculiarly interesting as presenting the beds, zn situ, 
whence some of the materials of the “ Trail ” covering the Brick-earth 
were derived. 

At 50 paces to the south the gravel-series comes suddenly in, at 
section B, where 14 feet of regularly stratified sandy gravel, com- 
posed of Eocene flints, angular and waterworn flints, and quartz 
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pebbles, ferruginous in places and charged with peroxide of man- 
ganese (No.1), is overlain by a sharp sand containing Eocene 
pebbles (No. 2), and this again by a sandy loam (No. 3), in a trough 
of which is a layer (No. 4) of rearranged black clay from d of. 
section A; above is the surface-soil No. 5. These beds abut sharply 
on the Woolwich series, and rest on the Thanet sand. Section C, 
taken 71 paces further to the south, reproduces the beds 1 & 2 of 
the previous section covered unconformably by a mass of black clay 
(2) highly contorted and full of black Eocene pebbles. Still further 
to the south and close to the bridge crossing the tramway is section 
D, showing 5 feet of gravel of the same character as in B & C, 
covered conformably by regularly stratified sandy Brick-earth 
(No. 2), upon the eroded surface of which is a mass of clayey and 
gravelly “trail,” mixed up in a remarkable manner, and containing 
in its mass large numbers of comminuted Kocene shells derived from 
e, of section A. A large block of black clay with its angular shape 
preserved (shown by the thick horizontal lines in the section) was 
resting in the middle of this bed. Around it passed the highly 
contorted layers of ‘trail,’ and close to it was a mass of comminuted 
shells. It corresponds exactly with the black clay (d) of A. 
Section E, taken at the deepest point in the brick pit, shows a thick- 
ness of 65 feet of chocolate-coloured and grey loams, with sandy 
partings and horizontally bedded lenticular patches of gravel con- 
taining freshwater shells and mammalian bones, and covered 
by 4 feet of “trail” and one foot of surface soil. The section F, 
close to the highroad, shows a marked decrease in the thickness of 
the beds, the Brick-earths at its base bemg not much more than 12 
feet thick (No. 1), covered by a foot of false-bedded sand with shells 
(No. 2), above which is a layer of Brick-earth with calcareous nodules 
(No. 3). Upon this rests unconformably the “trail” (No. 4), full 
of Eocene shells, of its usual irregular structure, from 6 to 8 feet 
thick, and capped by the surface-soil (No. 5). 

The summit of the Brick-earth 1s about 45 feet above the level of 
the Thames alluvium. In this pit also we have the threefold nature 
of the deposit repeated as in the rest. We can not only see the 
stones and masses of Eocene shells and clay imbedded in the “ trail,” 
but we can also trace them to the béds from which they were torn. 
It is altogether impossible that an angular mass of clay could be 
transported more than 150 yards, preserving its angularity, and de- 
posited in such a matrix by any other agency than that of ice. It 
would in a short time have been destroyed by the wash of water 
under ordinary temperatures. ‘The horizontality of the beds below 
proves, as in the other cases, that the river which deposited them was 
not burdened with melting ice. 

e. Wickham. The last of the series of Brick-earths which form 
the subject of this essay is that about half a mile north of East 
Wickham Church, on the left side of the road leading from thence to 
Plumstead. It is extensively used in brickmaking. The section now 
exposed presents 50 feet of chocolate-coloured loams, devoid of shells 
and bones, but highly charged with snow-white crystals of carbonate 
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of lime, which form ramifications in every direction. The layer of 
sand and gravel, whence the remains in Dr. Spurrell’s collection, and 
in the museum of the Royal Artillery at Woolwich, were obtained, is 
now worked out. Mr. Flaxman Spurrell, however, who carefully 
worked at it some years ago, has informed me that it occurred near 
the bottom of the pit. In the upper part the Brick-earth passes into 
the tilth without any well-marked surface-soil, excepting that arising 
from its own atmospheric disintegration, and is at the present time 
being swept down into the valley below by the rain and frost. It 
is, indeed, undergoing a process of denudation such as none of the 
other sections present. Whether or no the absence of “trail” can 
be ascribed to this cause may perhaps be an open question; but on 
the whole I am inclined to believe that this pit afforded no exception 
to the rest, and that the “trail” has been removed by the same 
process that is going on now. 

The excess of carbonate of lime in the strata will probably account 
for the absence of the usual freshwater shells. The mammalia present 
no direct evidence as to the relation in point of time of this to the other 
Brick-earths, as they consist merely of the Urus, Bison, Horse, Mam- 
moth, and the tichorhine and leptorhine Rhinoceroses. As, however, 
it stands at about the same height above the level of the Thames 
alluvium (from 30 to 40 feet) as the rest, and as no remains of 
Reindeer have been found in it, I am inclined to agree with Professor 
Morris in classifying it with the rest. 

In Dr. Spurrell’s collection are two metacarpals of Bison from 
this pit, with the first phalanges in their natural position, which of 
course proves that the bones must have been held together by liga- 
ments at the time of deposit. 

On the opposite side of the valley is an admirable section of the 
silted-up bed of an affluent into the stream that once flowed through 
the valley. The Thanet Sand is cut down to the Chalk, and the 
hollow thus formed is filled with Brick-earth of the same nature as 
that just described. 

4. Inferences from Sections.—An examination of the above sections 
(Wickham excepted) proves that the beds which they each represent 
are of precisely the same geological date, whatever that may be. All 
of them exhibit the three conditions of deposit in the same order, 
namely :—First of all a comparatively temperate period, during which 
the water brought down sand and gravel, and was not burdened with 
ice-rafts. This is proved by the even bedding and the horizontality of 
the fluviatile beds, as well as by the regular sorting of the sands and 
gravels. Then, after an interval of uncertain duration, represented 
in all the sections by the erosion of the upper fluviatile beds, came 
a period of intense cold, in which stones, sand, clay, and, indeed, 
whatever came within the reach of the ice in the neighbourhood, 
was caught up and deposited in a most confused jumble on its 
melting; and, lastly, after this the rain-wash on the top of all indi- 
cates the obtaining of temperate conditions in the Thames Valley. 
The “trail,” totally devoid, so far as I know it, of organic remains, 
may be the ice-wash (if I may coin a term) of the neighbour- 
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hood, and the result of the melting of masses of ice formed in the 
winter in the higher grounds, and sliding down into the lower at 
the break-up of the frosts in the spring. This hypothesis would 
explain its unconformity to the beds on which it rests. The iden- 
tity of physical conditions, then, as well as the evidence afforded by 
the Tables of the fauna given below, proves that Mr. Searles Woad’s 
view, that the Grays Thurrock deposit is of later date than the rest, 
is altogether untenable, and that Professor Morris was right when, 
in 1838, he united them into one group. 

5. Testacea.—Let us now pass to the evidence afforded by 
the Testacea. The following list of shells, partly fluviatile and in 
part terrestrial, is made principally from my own notes taken in 

last of Testacea from the Lower Brick-earths. 
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each of the pits, partly from the valuable collections of Dr. Spur- 
rell, Mr. Grantham, Mr. Brady, and Dr. Cotton. The fluviatile 
shells were found in groups occupying, for the most part, in death 
the spots on which they had lived on the then bottom of the river. 
The land-shells were comparatively rare and scattered ahout, and 
probably were swept down by the floods in the same manner as the 
mammalian bones. All the species are now alive in Britain except 
Unio litoralis and Corbicula fluminalis, the former being now found 
in the rivers of Auvergne, and the latter ranging from the river Nile 
throughout the streams of thecentral plateauof Asia and the Himalayas 
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(having abounded at the bottom of the ancient lake which is now 
the fertile vale of Cashmere), as well as throughout the great plain of 
China, drained by the Hoangho and Yangtse Keang rivers*. Sir 
Charles Lyell states in ‘The Antiquity of Man’ (p. 225), that Hy- 
drobia marginata is also extinct in Britain. 

The range of the species through the different sections proves that 
the strata they represent were deposited under precisely the same 
conditions, and therefore probably at the same time. 

6. Mammaha. a. Last of Species. We have already seen that the 
identity of physical conditions and the distribution of the Testacea 
prove that the strata which form the subject of this paper are of the 
same geological date. The following Table of the mammalia found 

Fossil Mammalia of the Lower Brick-earths of the Thames Valley. 
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in each locality adds cumulative proof. None of the species have 
been accepted on hearsay, but are the result of the study of the col- 
lections in the possession of Drs. Cotton and Spurrell, Messrs. Gran- 
tham, Brady, and Wickham Flower (to whom I take this opportu- 
nity of returning my best thanks), and of those in the College of 
Surgeons and British Museums, and in the Museum of Practical 
Geology. ‘The list of animals given under the heading of Erith was 

* On the authority of Dr. Lamprey, Journ. of North China branch of the 
Royal Asiatic Society, No. 2, 1866. 
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derived partly from White’s Pit (fig.4), and partly from Slade’s Green, 
between the former and Crayford. 

The comparative abundance of the species from each of these 
localities is also worthy of note. Bos primigenius is abundant in all ; 
Elephas primigenius is most abundant at [ford, Erith, and Crayford ; 
while H. antiquus is comparatively rare. The latter species on 
the other hand is most frequently met with in the brick-pits of 
Grays Thurrock. 

Before, however, I pass on to the range of the mammalia found 
in these deposits, there remains a most important point to be dis- 
cussed. Were these animals found in different portions of the same 
section, the older forms in the lower, the newer in the upper parts? 
Such, indeed, was the hypothesis upon which Dr. Falconer strove to re- 
concile the association, at Brentford, of Pliocene species with animals 
clearly proved to have been of Postglacial age, in the journal of this 
Society * ; and such was the view he took of the mammalia found at 
Crayford. Knowing the value of the smallest of his hints, I have 
over and over again gone over the pit in company with Dr. Spurrell, 
and with Mr. Flaxman Spurrell, to find evidence for this view, and 
have come back each time more and more convinced that the mam- 
malian beds, 4&5 of fig. 3, are of the same age, and that the 
animals found in those beds were living in the Thames Valley at the 
time of their deposit. The evidence, indeed, of the association of 
species at Crayford is corroborated by that of the sections at Ilford 
and Grays Thurrock. ‘The proof of the tichorhine Rhinoceros being 
associated with the leptorhine and megarhine species, is to be found 
in the cabinets of Drs. Cotton and Spurrell, and of Mr. Grantham. 
For the proof that these three species have been rightly determined, 
I must refer to the monographs on their dentition in the Natural 
History Reviewy, and to that now in the hands of the Geological 
Society. 

2. Range of the species. The above list of mammalia enables us 
to draw some important inferences about the deposits whence they 
were derived. The interest centres more particularly on the genera 
which composed Baron Cuvier’s group of the Pachydermata, namely, 
Elephas and Rhinoceros. ‘The Carnivora are such as might have 
been derived from any Pleistocene cave- or river-deposit in Britain ; 
and, with one exception (the Cave-Bear), they still survive in some 
quarter of the world. Of the Ruminants, the great Urust probably 
survives in our larger breeds of domestic cattle, and the Aurochs or 
Bison still ranges through the temperate zones of North America, 
and lingers on in Europe in the Lithuanian forests, under the 
protection of the Russian government. Extinct in the high northern 
latitudes of Asia and America, it has left its bones, along with those 
of the Elk, Reindeer, Musk-sheep, and Mammoth, in the frozen 
loam that caps an ice cliff in Eschscholtz Bay§, to prove that it 

* Quart. Journ. Geol. Soc. vol. xiv. p. 83, 1857. t Vol. v. p. 399, 1865. 
t See paper by the author in Quart. Journ. Geol. Soc. vol. xxii. p. 891, 1866. 
§ Zool. H.M.S. ‘Herald ;’ and Beechey’s ‘ Voyage to the Pacific, Appendix by 

Dr. Buckland. 
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shared with those animals the northern shores of the American con- 
tinent. Of the Cervide, the Irish Elk is alone extinct, and, having 
begun to live in Preglacial times in the Norfolk forest-bed, and having 
sufficient elasticity of constitution to survive the cold of the Glacial 
period, ranged through the Postglacial division of the Pleistocene, 
and at last died out in the Prehistoric period, not without giving 
room for the suspicion that the hand of man was one of the causes of its 
extinction. The Red Deer and the Roe Deer, its contemporaries with a 
parallel range, have lived on to the present time in Britain, protected 
by the law, but dwarfed in stature from their banishment to the 
wilder and more inhospitable regions by the inroads of civilization 
on their ancient haunts. The three species of Elephant, all of them 
utterly extinct, have a very unequal range in both space and time. 
The Mammoth, Elephas primigenius, occurs in the Preglacial forest- 
bed of Norfolk, and, having been defended from the intense cold of the 
Glacial period by his clothing of hair and fur, is most abundant in the 
Postglacial deposits of France, Germany, and Britain, and in the 
frozen gravels of Russia in Europe and Asia,and of Eschscholtz Bay on 

- the shores of North America. Its remains are found in the Europeo- 
Asiatic continent north of a line passing through the Pyrenees, the 
Alps, the northern shores of the Caspian, Lake Baikal, Kamtschatka, 
and the Stanovoi Mountains. The discovery of the frozen carcase 
by a Tungusian hunter in Siberia in 1790, and the representation 
of it, graven by the Reindeer-folk in the caves of the Dordogne*, 
on a fragment of fossil ivory, prove that it was well defended 
against the cold ; and its association with the Lemmings at Salisbury, 
with the Musk-sheep at Freshfordy near Bath, and with the Rein- 
deer universally in the Postglacial deposits, proves that it was fitted 
for enduring a very low temperature. The Hlephas antiquust, found 
abundantly in the forest-bed of the Norfolk shore, and in some few 
deposits of unequivocally Postglacial age (as those of Lexden, Oxford, 
and Bedford), occurs in the Pliocene strata of France and Italy, andin 
the caverns on the shores of the Mediterranean, at Malaga, Gibraltar, 
Sicily, and Malta. It is, indeed, as remarkable for its southern as 
the former species is for its northern range. It appears to me to be 
a Phocene species that lived in great numbers in Britain while the 
Preeglacial deposit on the Norfolk shore was being formed, that 
was gradually supplanted by the Mammoth and driven southward 
by the lowering of the temperature. It occupied in Pleistocene 
times precisely the same climatal relation to the Mammoth as the 
Waipiti does now to the Reindeer in North America, the former 
being adapted for a mild or even hot climate, the latter being fitted 
to endure all the severity of an Arctic winter. As the climate 
gradually became colder, the former species would replace the latter 
in any given district ; as the climate became warmer it would yield 
to the latter. To some such oscillation of temperature I would 

* Revue Archéologique, 1866. 
t All the Mammalia cited from British localities have been examined by the 

author, and, for the most part, have not yet been put on record, 
~ See Dr. Falconer’s papers, Quart. Journ. Geol. Soc. vol. xiii. p. 807, 1857 ; 

vol. xxi. p. 253, 1860. 
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attribute the occurrence of the remains of these two species in the 
same deposits. The headquarters of the Hlephas antiquus, into 
which the Mammoth never penetrated, was in Pleistocene times 
Southern Kurope, bounded to the north by the Alps and the 
Pyrenees—just as that of the Mammoth, in which Elephas antiquus 
has never been discovered, is North Germany and the large wooded 
plains of Northern Russia. The debateable district, over which each 
of these species ranged according to the season, would, on this 
hypothesis, be the districts between these two areas, England and 
Central Europe, where their remains have been found commingled : 
the fact that the varying temperature in northern regions now 
regulates the migration of the herbivores, and causes a continual 
oscillation of animals* to and fro over a given area, lends great 
weight to these views. The third species of Elephant, Z. priscus, 
has only been determined by the late Dr. Falconer in three British 
localities—Grays Thurrock in Essex, an uncertain locality in the 
Thames valley, and in the forest-bed of the coast between Cromer 
and Lowestoft. It occurs also in Italy (in the Pliocene strata of the 
Romagna) and possibly in Central France. The Horse varies con- 
siderably in size; and to those who think themselves justified in 
ascribing the larger remains to the true Horse, and the smaller to 
the Zebra, Quagga, or Ass, there may seem reason for believing that 
two species or varieties of Hquus were living at the time the Lower 
Brick-earths of the Thames valley were being depositedy. The ex- 
amination, however, of a very large series of Equine remains from 
all parts of England, and from Pleistocene deposits in France and 
Germany, leads me to the conclusion that, in the days before Man’s 
influence in modifying the animals in contact with him was felt, there 
was considerable variation in the size of the Horse, dependent probably 
upon various conditions of life, food, habitat, and climate; and as these 
varieties constitute an unbroken series from animals of the largest 
to those of the smallest size, there being no difference of form, I 
see no reason for M. Puel’s+ and Professor Owen’s insertion of the 
Ass into the listof the Pleistocene mammalia. The range of the Hquus 
fossilis was coextensive with that of the Mammoth in the Pleis- 
tocene period; it is unknown in the Pliocene strata of France, Ger- 
many, and Italy; and its first appearance is in the Preglacial forest- 
bed of Norfolk. It cannot be differentiated specifically from the 
common Horse. 
We have already seen the unequal ranges of the three species of 

fossil Elephant ; the species of Rhinoceros found in the deposits 
under consideration afford an exact parallel. The stout-limbed 
massive tichorhine Rhinoceros, possessed of two horns, and with 
foldless skin, ranged throughout Pleistocene Europe and Asia, north 
of a line passing through the Alps, Pyrenees, the head of the 
Caspian, and Lake Baikal. This species did not cross, along with the 

* See “Introduction to British Pleistocene Mammalia,” Paleeont. Soe. vol. for 
1864, p. 46 ez seq. 
+ See Owen, article “Equus,” Foss. Mamm. 8vo, 1846. 
+ Bull. Soc. Géol. Fr, 2™ série, tom. ix. p. 244, 1854. 
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Mammoth, Behring’s Straits into America; nor in time did it range 
so far back as the latter animal, being absent from the forest-bed, 
and having the Brick-earths at Ilford, Crayford, and Wickham as its 
earliest resting-places. It was a northern form, ranging up to the 
highest latitudes, and, unlike any of the living species, had its body 
defended from the cold by a thick clothing of wool. The second, 
or the leptorhine, species is that determined first of all by Professor 
Owen* from Clacton, and is named from its supposed identity with 
the leptorhine species of Baron Cuvier from the Val d’Arno. As, 
however, the former is defined by Professor Owen as the “ Rhinoceros 
4 narines demi-cloisonnées,” and the latter by Baron Cuvier as 
«R. 4 narines non cloisonnées”’*, it is clear that these two species 
are not identical. In consequence of the conflict of evidence as to 
the existence of a bony nasal partition in the Italian skulls upon 
the drawings of which Baron Cuvier’s species was based, and because 
he has confounded together all the non-tichorhine species of Pleisto- 
cene Rhinoceros under the common name of leptorhine, I have pre- 
ferred to retain the name of R#.leptorhinus of Professor Owen, as having 
been used in Britain for a group of remains truly and accurately 
defined under that name in 1846, rather than adopt the name which 
the late Dr. Falconer applied to the same species, 2. hemitechus, by 
turning Professor Owen’s definition of Rhinoceros 4 narines demi-cloi- 
sonnées into a Greek specific namet. The leptorhine species of Owen 
ranges, in space, throughout England and Auvergne, and in time from 
the Thames-valley deposits to the epoch of the caverns of Gower, 
Wookey Hole, Kirkdale, and of the deposit of Bielbecks in Yorkshire. 
Unless that of Clacton turns out to be Preglacial, which is not yet 
proved to be the case, it has not been found in any strata formed an- 
terior to the great Glacialera. It was a slender-limbed animal, and, 
from its limited northern range, was probably not able to endure the 
same severity of climate as its tichorhine congener. The third spe- 
cies, or Rhinoceros megarhinus of De Christol§, which I was able to de- 
termine satisfactorily as occurring in Britain in 1865||, stands in the 
same relation to the tichorhine species as the Elephas priscus does to 
the Mammoth. Its headquarters are to be found in the Pliocene 
deposits of Italy, whence it ranges northwards across the Alps into the 
French Pliocene beds. I am indebted to the courtesy of the Rev. 
John Gunn for being able to determine its remains in the forest-bed 
of Cromer. In the Thames-valley deposits under consideration, it 
is comparatively abundant, especially so at Grays Thurrock. With 
the exception of the above localities, it is found nowhere else in 
Britain. I am inclined to view it as one of the links binding the 
Pleistocene period to the Pliocene. Like the leptorhine it was pos- 
sessed of two horns and was of slender build. It is differentiated 

* Op. cit. pp. 356-382. 
T Oss. Foss. tom. ii. p. 110. 4to. 1825. See Nat. Hist. Rev. vol. v. (1865), 

pp. 400-1. 
t The BR. leptorhinus of Dr. Falconer = the R. megarhinus of De Christol, 

and it is so used throughout his paper. 
§ Ann. Sc. Nat. 2d series, Zool., tom. iv. p. 42-112, 1865. 
|| Nat. Hist. Rev. vol. v. p. 403, 1865. 
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- from the latter by the enormous development of the nasal bones and 
the absence of the cloison or long partition between the nostrils. 

Of the Wild Boar there is nothing to be said, except that it ranges 
from the forest-bed of Norfolk up to the present day, and is pro- 
bably the lineal ancestor of that still alive in the wilder parts of 
Kurope. It was, however, comparatively rare in the Pleistocene 
period, occurring only in 4 out of 26 ossiferous caverns, and in 4 out 
of 35 stratified deposits, which constitute my Tables of distribution of 
British mammalia, which I hope shortly to publish in the works of 
the Paleontographical Society. 

The Hippopotamus major is to be placed in precisely the same 
category as the Hlephas antiquus—as a Pliocene species that passed 
northwards over the Alps into France, England, and Germany, into 
what must have been the area in which the Northern and Southern 
faunee met. Its occurrence in association with the remains of 
northern animals may be explained in the same way as that of 
Elephas antiquus, and 1s probably due to oscillation of climate—a view 
that Sir Charles Lyell has adopted in his 6th edition of ‘The 
Elements,’ in 1865. 

The last two species, the Beaver and the Water-Rat, present no 
points that are useful for my present purpose relative to the Brick- 
earths in question. 

y. Relation to Preglacial and Postglacial Faunas. Such is the 
brief epitome of the fossil species, and their range in space and 
time ; let us now pass to the consideration of the value of their 
evidence in stamping the relative age of the deposits in which 
they occur, as compared with the Preglacial forest-bed, the Post- 
glacial river-beds, and the ossiferous caverns which are probably of 
Postglacial age. The following Table is an abstract of the larger 
one bearing on this question, which was constructed after an exami- 
nation during more than five years of British and Irish collections of 
mammalia. 

A study of this Table enables us to draw important inferences as 
to the geological age of the Lower Brick-earths. Passing over all 
the species which are common to the 4 columns, and, therefore, of 
no classificatory value, the presence of Hlephas priscus and Rhino- 
ceros megarhinus indicates the affinity of the group to the Preglacial 
deposits of Norfolk and to theforeign Pliocene strata. The tichorhine 
and leptorhine Rhinoceroses, on the other hand, point towards deposits 
of clearly defined Postglacial age. It was probably this peculiar clash 
of evidence that led Dr. Falconer* to believe that the organic 
remains must represent two geological epochs, and especially because 
these animals had never before been found in association. For any 
other fact in corroboration of his hypothesis I have sought in vain. 
The beds under consideration are also as remarkable for the absence 
of some as for the presence of others of the Pleistocene mammals. 
The Preeglacial Trogonthere, Rhinoceros Etruscus, Elephas meridio- 
nalis, Sorex moschatus and Cervus dicranios are absent on the one 
hand, the entire group of Postglacial Arctic mammalia, the Glutton, 

* Op. cit. 



1867. ] DAWKINS—-LOWER BRICK-EARTHS. 107 

Table showing the relation of the Mammals of the Lower Brick -earths 
to the Preglacal and Postglacial Fauna. 
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Lemming, Marmot, Musk-sheep, Elk, and Reindeer, on the other. 
it may be objected that negative evidence has no place here, and 
that the absence of these animals from the river-deposits does not 
prove their non-existence in the district. When, however, we con- 
sider the vast stores of remains belonging to all the great classes of 
mammalia living at the time in Europe, and indicating the presence 
of twenty-four out of the fifty-three British Pleistocene species, the ab- 
sence of the whole northern Postglacial group, and of the four charac- 
teristicspecies of the forest-bed, is fairly entitled to weight in the de- 
termination of their relative age. The absence of the Reindeer is pe- 
culiarly valuable, from its great abundance in nearly all the Postglacial 
deposits. From these premisses one conclusion inevitably follows: 
—that the Lower Brick-earths of Crayford, Erith, Ilford, and Grays 
Thurrock, as affording remains of mammals in part peculiar to the 
forest-bed of Norfolk and the Pliocene deposits of France and Italy, in 
part to the Postglacial deposits of England, France, and Germany, 
occupy a middle point in time between the two, being more modern 
than the former and more ancient than the latter. 

7. The Lower Brick-earths not of late Postpliocene age. At 
this point in the argument we must pause to consider the view of 
the great authority on river-deposits, Mr. Prestwich. He stated, in 
1864*, that the Lower Brick-earths at Ilford, because they occupy a 
low level, are of late Postpliocene age,—an inference that is dia- 
metrically opposed by the mammalian evidence, and which if proved 
to be true would overthrow the Paleontological value of the labours 
of all the Tertiary mammalogists. ‘These seem to me insuperable 
obstacles to its adoption. If all the superficial deposits in the valley 
of the Thames have been left by its waters at different levels above 
the present stream, those levels will give the relative antiquity of the 
beds of loam, sand, or gravel, provided that the land has remained 
stationary. But if the land was elevated in one place and depressed 
in another, as we are bound to admit was the case throughout the 
Pleistocene period, then the evidence of level is of no importance, 
and the low-level deposits may in some cases be of the same 
antiquity as those at higher levels; or, if we suppose a valley with 
a river flowing through it to be depressed beneath the surface of the 
sea, the higher marine deposit may even be younger than the lower 
fluviatile one. A notable instance of this is to be found in the 
Boulder-clay overlying the mammaliferous bed on the Norfolk shore. 
Unless, therefore, in any particular case, there be no oscillations of 
level, and unless there be no interference by the sea with the 
cutting-down action of the river, relative height is no standard of 
age. No proof of either of these conditions necessary to the truth 
of Mr. Prestwich’s theory is to be found in the lower part of the 
Thames Valley. On the contrary, Preglacial Britain was depressed 
to a depth of 2000 feet in Scotland, according to Sir. Charles Lyellt. 
Thence the Glacial sea gradually shallowed until the line of the 
Thames Valley roughly marked its southern boundary. That this 
valley should not have shared in some degree in this depression is to 

* Op. cit. ~ Antiquity of Man. 
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me perfectly incredible. Whether or not the true Boulder-clay was 
ever deposited in the Thames Valley proper, is an open question ; but 
the fact that it lies in the basin of its affluent the Roding, as well as 
in those of the next two rivers to the north, the Blackwater and the 
Colne, would prove that the main features of the country were 
sketched out before the Boulder-clay period, and that it also was 
excavated in Preglacial times. 

Again (to test the truth of relative levels being any guide to 
antiquity in some instances), the mammal-bearing stratum of the 
Norfolk shore is proved by its fluviatile shells to have owed its origin 
to a river; it lies below high-water mark, at a slightly lower level 
than the Lower Brick-earths; and yet no one would venture to 
call it of late Postpliocene age for that reason, because the 
Boulder-clay happens to lie on its top. Were it not for this acci- 
dent, or had the Boulder-clay been lost by denudation, it would be 
precisely in the same category as those deposits. Under these cir- 
cumstances I cannot agree with Mr. Prestwich in considering them 
of late Postpliocene age, but believe that the evidence adduced in 
this paper is sufficient to relegate them to a higher antiquity than 
any river-deposits in Britain, the Forest-bed only being excepted. 

8. Summary of Evidence as to Age—lIn conclusion I will briefly 
recapitulate the inferences which the foregoing premisses seem to me 
to warrant. The direct relation of the Lower Brick-earths to the 
Boulder-clay being not absolutely proved, it is very probable that 
the “trail” may be its equivalent in point of time. The superposi- 
tion of the “ trail” over the Lower Brick-earths indicates a far lower 
temperature at the time of the accumulation of the former de- 
posit than at that of the latter. The mammals form a connecting 
link between the fauna of the Forest-bed and that of Postglacial 
times. The absence of the Arctic group of mammals implies also an 
absence of cold such as prevailed in the Glacial and Postglacial 
epochs, and adds to the probability of the beds in question being of 
an age anterior to the great refrigeration of our climate. For these 
reasons I would suggest the insertion of the Lower Brick-earths in 
the classified list of Pleistocene deposits as follows :— 

1. Forest-bed of Norfolk—climate temperate. 
2. Lower Brick-earths of Thames Valley—climate comparatively 

temperate. 
3. Glacial deposits—climate severe. 
4, Postglacial deposits—climate severe, but gradually becoming 

temperate. . 

JANUARY 23, 1867. 

The Rev. George Deane, B.A., B.Sc. (Lond.), Harrold, Bedford- 
shire ; Joseph Gledhill, Esq., F.M.S., King’s Cross, Halifax, York- 
shire ; and James Parker, Esq., of Oxford, were elected Fellows. 
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The following communications were read :— 

1. On the OccurRENce of ConsoLrpatTeD Buocks in the Drirt of 
Surrotk. By Gzorez Maw, Esq., F.L.S., F.G.S., &e. 

As a contribution to the evidence on the geological position of the 
blocks of saccharoid sandstone scattered on the surface of many 
parts of the chalk-districts, I beg to lay before the Society a brief 
account of the occurrence of similar blocks of large size in the Drift 
of Suffolk, both 7n situ and on the surface. In the chapter on “ Druid 
Sandstones” or ‘‘Sarsen Stones,” in Mr. Prestwich’s paper on the 
Woolwich and Reading Series (Quart. Journ. Geol. Soc. vol. x. p. 123), 
the original source of these remarkable blocks is assigned to the sand- 
beds of the Woolwich and Reading Series, but less from the direct 
evidence of their actual occurrence in situ than from the mineralogical - 
resemblance of the consolidated blocks to the Woolwich and Reading 
Sands, and from their geographical distribution pointing to a deriva- 
tion from the Lower Tertiaries. A case is also mentioned of the 
occurrence of such blocks in Drift, in which that author considers 
that they were derived from the Woolwich and Reading Sands. 

Blocks of saccharoid sandstone also occasionally occur in the Bag- 
shot Sands, from which they appear to have been consolidated. The 
blocks, of similar mineral character and structure, about to be de- 
scribed from the Quaternary Drift of Suffolk, are so placed as to 
render it certain that they were composed from the sands and gravels 
of the drift where they now lie; it would appear, therefore, that 
such masses are not limited to any particular deposit, but have been 
consolidated from most of the sandy formations resting on the Chalk. 

The accompanying diagram represents the section of a well sunk 
by Lady Middleton, at Crowfield-Street, near Coddenham, together 

Section from Chopping’s Hill Farm to Crowfield-Street, near 
Coddenham, Suffolk. 

(Horizontal distance condensed.) 
Well at Crowfield 

Street, 111 feet deep. 
SS 
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The well-section, 111 feet deep, included :— 
feet 

IS Loamy gravel 0 SULTACC.........000...2.-s0c-.cecrerotecnswrercecsncesecncess 4 
2. Boulder-clay, containing fragments of chalk, flints, chalk-fossils, and 
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3. Drift sands and gravels containing much chalk-detritus, and varying 
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The mouth of the well is, as nearly as I could ascertain, 200 feet 
above the sea-level, and the surface of chalk, near its bottom, just 
100 feet above the sea. This corresponds, within a very few feet, 
with the level of the chalk at its out-crop at various points in the 
neighbourhood, as at Chopping’s Hill Farm, the field adjoining 
Hemingstone Church, the Clayton Chalk-pit, &c. The thickness 
of the sand- and gravel-drift also appears to be tolerably uniform ; 
and as the general flat-topped level of the country at Crowfield- 
Street is maintained for many miles, with but very trifling variations, 
the section may be taken as typical of a large district in the south- 
east of Suffolk. 
In descending from this Hat plateau into one of the tributary 
valleys of the river Gipping, the out-crop of all the beds is exposed ; 
and at the gravel-pit adjacent to the Chopping’s Hill farm-house, 
nearly the whole thickness of the Drift is exhibited resting on the 
chalk. 

The consolidated masses occur at a tolerably uniform level, at 
about 18 feet below the Boulder-clay, and 25 feet above the Chalk. 
A few are to be seen exposed zm situ in the gravel-pit, also in the 
garden at the back of Chopping’s Hill farm-house, in the lane lead- 
ing up thence to Crowfield-Street, and in another small gravel-pit in 
a field to the south-east of the farm-house. A few may be seen lying 
about on the surface, also in the bed of a small streamlet between 
the Crowfield-Street Lane and the farm-yard. A considerable quan- 
tity of the stone has been employed in building at Chopping’s Hill 
Farm: indeed, from the absence of any other stone in the district, these 
consolidated blocks are eagerly sought after for building-purposes, and 
broken up as soon as exposed ; this will account for the small number 
to be seen on the surface compared with their frequency of occurrence 
in the Drift. This band of consolidated masses appears to be rather 
general throughout the Drift of the district, as in an exposure of the 
sand- and gravel-beds in the railway-cuttings between Westerfield and 
Bealings station, seven or eight miles to the south-east, similar masses 
of large size occur, though at a somewhat lower level than those near 
Coddenham. I should also mention the occurrence, on the surface of 
the Red Crag at Sutton, near Woodbridge, of a mass of very hard 
saccharoid sandstone exactly resembling in texture and appearance 
the “greywethers” of Wiltshire. It does not appear to be an 
erratic boulder, as there are no other transported materials in the 
neighbourhood ; and as it overlies the Crag, it seems probable that it 
is not older than the Coddenham drift. 

The blocks at Chopping’s Hill Farm vary in size, and are generally 
K 
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longer and broader than they are thick: one or two that I measured 
were six feet in length, containing from 80 to 90 cubic feet of stone, 
and must have weighed from four to five tons; others (which had 
been broken up) appeared to have been of much larger dimensions. 
The whole of the blocks showed a distinct bedding, which when in 
situ invariably ranged with the stratification of the drift; and I was 
therefore convinced that the consolidation had taken place where they 
occurred. One remarkable point was the isolation of each individual 
block ; for although the masses were placed at a general level, they 
did not appear to occur as a connected band. There was not even 
any gradation between the extreme compactness and hardness of the 
blocks and the loose drift forming a horizontal continuation of their 
strata, and out of which they were evidently composed. 

The power of consolidation did not seem to be related to any 
particular variety of the drift, as some of the blocks were composed 
wholly of sand, some entirely of pebble-beds and gravel, and a few 
of the thicker individuals included alternations of fine sands and 
pebble-beds in the same block, all alike remarkable for their extreme 
hardness. 

The general aspect of the blocks, although varying much in 
character and composition, strongly resembled the “‘ Greywethers” 
or “ Druid Sandstones” of Wilts and Berks. Some were quite sac- 
charoid in structure; and others could not be distinguished from 
compact millstone-grit, except by the presence of fragments of flint ; 
indeed, hand-specimens might be selected to match almost any of the 
sandstones and conglomerates of the Paleozoic rocks, which they 
more closely resemble than later formations. A few of the blocks con- 
tained comminuted chalk; and as these were invariably softer than the 
others, it occurred to me that they might be in a more incipient 
stage of concretion than the saccharoid blocks, which exhibit no 
trace of separate chalk particles. It1is possible that the finely divided 
chalk first formed the cementing medium, and that on its gradual 
dissolution the crystalline structure of the blocks has been slowly 
perfected through the agency of a small quantity of lime in solution. 
Some of the blocks are so extremely compact that the original sandy 
agglomeration seems to have given way to an inherent crystalline 
structure. ‘The water of the well sunk through the drift is strongly 
chalybeate, and throws down, on standing, a thick sediment of lime 
and iron; the drift-bed itself, therefore, supplies all the conditions 
necessary for its consolidation. 

On reaching the sand through the Boulder-clay in sinking the 
well, much “foul air” or carbonic-acid gas was given off; and from 
this cause the life of one of the well-sinkers was sacrificed. The 
discharge of gas, apparently from the chalk, still continues; and it 
may be distinctly heard bubbling up through the water, which stands 
at a level with the top of the chalk. Thesolvent power on lime and 
iron, of carbonic acid in solution, will readily account for the chaly- 
beate character of the water, and suggests an explanation of the 
means by which the drift was first cemented together: the commi- 
nuted chalk, which is largely intermixed with the sand and gravel, 
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would be gradually dissolved out by the carbonic acid, and the 
soluble carbonate of lime would form the cementing medium for 
the residue. 
When it is borne in mind that the soluble and insoluble conditions 

of carbonate of lime are easily interchangeable through different 
proportions of the acid, the cementing together of Drift containing 
calcareous matter, by springs charged with carbonic acid, is readily 
explained ; the only difficulty with respect to the blocks in the Cod- 
denham drift is the isolated and unequal way in which the process 
has acted. In such open porous gravels, water charged with carbonic 
acid would freely percolate through the entire mass; and it seems 
difficult to explain the consolidation taking place in well-defined un- 
connected patches, unless it results from the local discharge of car- 
bonic-acid gas at particular points. 

The whole of the concrete masses at Chopping’s Hill Farm were 
readily resolvable into sand and gravel by the action of hydrochloric 
acid, proving that they were held together by a calcareous cement. 

The block before referred to, resting on the Red Crag near Wood- 
bridge, contained no carbonate of lime, but a small quantity of lime 
in the form of silicate. The following is an analysis by Dr. 
Voelcker :— 

Analysis of Saccharoid Block resting on the Red Crag near 
Woodbridge. 

Mirmmesimata sb Abel OL, SULCALOs § sic soccccre. ae ofc «nice « csecccreroreleec 0-41 
Osaicles Gh APOMvanG JalUNAIM A. 9 boo Pc eek nic che oo sed cde ome 3°04 
SSL LSey @HaTaE ICSI MR SI HE sei val Oe Oe eee 96:55 

100-00 

A Sarsen Stone from Avebury, Wilts, contained a little free car- 
bonate of lime, but otherwise showed a composition somewhat simi- 
lar to that of the block from Woodbridge :— 

Analysis of Sarsen Stone from Avebury, Wiltshire. 

Oxides of iron and alumina......... 0-29 | soluble in dilute 
ele fe dhinmne ys oe etc eee ga 0-46 | hydrochloric acid. 
Alumina ) . “70 0:58 
nee } in a state of silicate ... | 0-56 

Reali ee eee yey 98-11 

100-00 

The composition of both of these stones indicates the presence of 
from two to three per cent. of silicate of lime and —, which 
appears to hold the siliceous particles together. 

It is probable, as in the case of the concrete masses at Chopping’s 
Hill Farm, that carbonate of lime was the original cementing 
material, aad that lime in solution in contact with he silica, and a 
small quantity of alumina, would form a thin coat of silicate of 
lime and alumina round each particle of sand, and agglomerate 
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them together into a saccharoid mass insoluble in hydrochloric 
acid. 

The beds of gravel including the blocks contain fragments of 
marine shells, as Zurritella, Cardium, Cyprina, &c., examples of 
which I obtained from a gravel-pit near Hemingstone Church. 

Unless it can be proved that the coast Boulder-clay of Norfolk is 
really older than that occupying the high ground of the eastern 
counties, the gravel containing the consolidated blocks would appear 
to be the lowest member of the Boulder-clay series in the east of 
England. 

2. Nores on some Cormicat ANALYSES of VARTEGATED STRATA. 
By GzroreE Maw, Esq., F.G.S., F.L.S., de. 

[The publication of this paper is deferred. | 

(Abstract.) 

Tue author gave the results of some analyses for the determination 
of iron in the light and dark parts of variegated slates, sandstones, 
and marls, the colour of which is due to oxide of iron, and in which 
the variegation appears to be disposed independently of mechanical 
arrangement. The analysis in each case exhibited the fact that the © 
lighter blotches, spots, and stripes contained a smaller proportion of 
the colouring oxide than the average mass, a proportion which implies 
an actual difference in the percentage of the metallic iron, and 
which could not be accounted for by any mere difference in the state 
of its combination. This shows an actual departure of a part of the 
colouring oxide out of the colourless patches, and a dispersive pro- 
cess which seemed to be the very reverse of the segregation of 
nodules of carbonate of lime and carbonate of iron out of a clayey 
matrix. Among the forms of variegation referred to were :—(1st) 
that resulting from the segregation of dark blotches out of a lighter 
matrix, the evenness of colour of which does not appear to have 
been materially affected by the withdrawal of a part of its colouring- 
matter; (2nd) that resulting from the segregation of dark blotches 
out of a lighter ground, each of which is concentrically surrounded 
by a distinct and well-defined zone lighter than the general ground ; 
(8rd) strata variegated with light blotches containing a smaller pro- 
portion of colouring-matter than the general ground, but not ar- 
ranged concentrically round a darker nucleus; (4th) the variegation 
of coloured strata with both light and dark blotches, containing 
respectively a smaller and larger proportion of the colouring oxide 
than the general ground, but which are not arranged, as in the 
second case, concentrically with each other. 
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GrotogicaL Description of the First Cataract, Upper Eeyrr. 
By Joun Crarke Hawxsuaw, Esq., B.A., F.G.S. 

(Read December 5, 1866 *.) 

[Puatez IV.] 

Tue following remarks are written with a view to describe the geo- 
logical features of the First Cataract, and to illustrate the locali- 
ties of the accompanying specimens‘, which, with the exception of a 

- few from the neighbourhood of Cairo and a few from other places, 
were collected by the author during a month’s stay on the Island of 
Sehayl, at the First Cataract of the Nile, near Assouan, Upper Egypt, 
in the spring of 1865. The accompanying map (PI. IV.) is for the 
most part taken from a survey of the district made during the author’s 
stay there, the river Nile being represented at a time when it was 
nearly at its lowest level. 

The First Cataract commences at the southern extremity of the 
Island of Hesseh, and includes the portion of the river extending 
thence to the Island of Elephantine opposite Assouan, a distance 
of about six miles: throughout this district the river is generally 
divided into two principal branches by the Islands of Hesseh, 
Sehayl, Soulujie, and Elephantine. One branch, that to the east- 
ward, flows at a higher level than the other or western branch; and 
the two communicate by some considerable streams and by innumer- 
able small ones until they unite for a time at the southern end of 
the Island of Sehayl, where the actual rapids cease. The difference 
of level between the two branches at the north of the Island of Hesseh 
is 10 feet ; and at this point an artificial cut was made by Mohammed 
Ali, the fall being distributed over a length of about 200 yards. 
The whole fall of the river from the south of the Island of Hesseh 
to the south of Sehayl, a distance of upwards of four miles, is 15 
feet at low Nile and 123 feet at high Nile. In no one of the rapids 
which form the so-called “Cataracts” of the Nile does the fall 
exceed 33 feet, which is spread over a length of 20 yards or more, 
with the exception of Mohammed Ali’s cut mentioned above. Many 

* For the other communications read at this Hvening-meeting, see p. 38. 
t+ Deposited in the Society’s Museum. 
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of the channels are of great depth, that to the west of Hesseh being 
more than 50 feet deep in some places, even close to the detached 
rocks which occur throughont the channel. 

At the First Cataract the Nile flows without exception over crys- 
talline rocks, consisting principally of quartz, felspar, hornblende, 
and mica combined in various proportions and then appearing under 
the forms of syenite, greenstone, hornblende- and mica-schists, or 
else occurring in separate masses. The whole district is traversed 
by dykes and smaller veins of quartz, felspar, and pitchstone. The 
more compact masses of these rocks, of which the surface is often 
beautifully polished (specimens 1 and 5), divide the river into nu- 
merous channels, the direction of many of them being determined 
by the line of the dykes, which, as a rule, have caused the rocks 
in immediate contact with them to be more destructible than 
the same in their unaltered condition; or else the material of the 
dykes themselves has yielded readily to the action of the water, 
spliting into small angular fragments along joints coated with brown ~ 
oxide of iron (specimens 31 to 38). As the direction of the dykes 
is generally east and west, those channels already mentioned as con- 
necting the two main divisions of the river, and which are at right 
angles to the usual north and south course of the Nile, will generally 
be found to be in the line of dykes. For instance, the channel to 
the south of the Island of Sehayl is along the line of a dyke 30 feet 
wide running east and west, and which may be traced for some 
distance into the Arabian desert. Again, the Island of Sehayl is 
nearly divided into two parts by a dyke parallel to the one above 
mentioned. 

The crystalline rocks forming the bed of the river are overlain, 
both on the eastern and western banks, by a sandstone of very 
variable consistency (specimen 106), some beds being coarse and 
gritty, others fine-grained and compact, containing but little lime, 
occasional crystals of sulphate of barium (specimen 92), the whole 
being generally strongly impregnated with iron, which gives it a red 
or dark-purple, and sometimes almost black colour (specimens 98 to 
106, 115). It seems to contain no vestige of organic remains, 
unless some of the nodules and concretions of ironstone (specimen 
112) can be regarded as indicative of such, as many of these 
appear at first sight to be the actual casts of shells. This sand- 
stone rests on the uneven surface of the syenite in slightly inclined 
strata dipping to the N.N.E. It is nowhere penetrated by dykes 
or altered by contact with the syenite, which is, however, often 
much decomposed at its junction with the sandstone, so that at places 
it is difficult to distinguish the one from the other. In the lower beds 
of sandstone rolled pebbles of quartz and chalcedony abound, some- 
times 6 or 8 inches in diameter. Opposite Assouan, on the western 
bank of the river, the syenite is seen underlying the sandstone; and 
as we ascend this bank it attains a gradually higher elevation until, 
opposite the southern extremity of the Island of Hesseh, it forms a 
plateau about 200 feet above the Nile, extending about a mile to the 
west of the river, when we again meet with the overlying sandstone 
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(specimen 112). The desert to the westward seems to consist entirely 
of low hills of sandstone, the intervening valleys being filled with sand 
of a rich yellow colour composed of rounded grains of quartz. 

The sandstone on the exposed sides of these hills yields easily to the 
action of the weather, presenting a branched and almost coralline 

appearance in situations exposed to the wind. 
Hesseh is the only island of the Cataract on which 
sandstone occurs; it is there seen capping a rocky 
eminence at the northern extremity of the island 
(see PI. IV.). 

On the eastern side of the Cataract the crystal- 
line rocks appear in the form of hornblende- and 
mica-schists, and at about four miles below As- 
souan are overlain by sandstone, which caps all 
the hills for many miles to the eastward, forming 
a layer often not more than a few feet thick on the 
top of the syenite. The latter appears in most of 
the hollows and valleys in bare coarse-grained 
bosses, rapidly decomposing and scaling off in layers, 
or else is covered with sand strewed with pebbles 
of quartz and chalcedony, these being derived from. 
the sandstone, which wastes quite as fast. 

To the eastward of the First Cataract there is a 
wide valley, which may be seen on the map, com- 

Level of High Nile. ‘Level of Low Nile 

Near Philee 
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7 mencing at Phile and joining the Nile valley 
t again about four miles below Assouan. As it has 

more than once been suggested that the course of 
the Nile was formerly along this valley, it may be 
of interest to state that the level of the highest 

tj 
tj} 

Section of the Valley eastward of the First Cataract. 

: \\ point of this valley (R on map) is 100 feet above 
2 ~ the level of high Nile at Philz ; the total length of 
E ~ the valley is 74 miles. At this point, R, a pit 
‘3 . 16 feet deep has been dug through a sandy deposit, 
3 ee containing branched concretions of lime. As rock 
BN in the form of hornblende-schist and greenstone 
Bi! N occurs on both sides of this valley, and at no great 
3 ii distance from the pit, this deposit of sand pro- 
S iL bably extends to no great depth, though we have 
Es seen that to the west of Hesseh the Nile flows 
5 a through a narrow channel of very great depth; 
Se the river is not, however, entirely confined to that 
ES channel. The section along this valley (of which 
ae an accurate one was taken) seems to favour the idea 
38 that the Nile did formerly flow through it ; for to 

the north of its summit the valley (see the section) 
is, for the last three miles and a half, below the level of high Nile at 
Philz, whilst the portion to the south is considerably above that level, 
and is covered with a considerable thickness of deposit from the Nile. 
Tt is in this part of the valley that the section of Nile deposit 30 
feet thick, described by Dr. Leith Adams, in a paper -printed in the 
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Society’s Quarterly Journal*, is exposed in the side of a dry water- 
course. And this is what we might expect to find; for a considerable 
deposit would take place over this portion of the valley on the 
river finding an outlet more to westward. 

The watercourse above mentioned must at times form the bed of 
a considerable torrent issuing from a narrow gorge running nearly 
N.E. and 8.W., the bottom of which is strewed with large rounded 
boulders of greenstone and syenite. The gorge is bounded on both 
sides by perpendicular cliffs traversed by dykes; and at the upper 
end, after the deluges of rain which occasionally, though rarely, 
occur, there would be a considerable fall of water, as a hollow of 
some depth shows the successive heights at which the water has 
stood until dried up by evaporation. 

The author walked about fourteen miles to the eastward of this 
gorge, and ascended what appeared to be the highest hill in the neigh- 
bourhood. The base of this hill consists of crystalline rocks, the 
upper 200 feet being coarse sandstone of a dark-purple colour 
(specimen 115), the height of the summit above the Nile at Assouan 
being about 1000 feet. 

Of the crystalline rocks at the First Cataract, the coarse-grained 
pink syenite, described by Professor Delesse in vol. vil., of the So- 
ciety’s Journal, is perhaps the most abundant variety. The rocks 
forming the eastern bank of the Cataract consist of this, as also do 
the higher portions of the Islands of Sehayl and Hesseh: in the 
latter place they are associated with hornblende-schists (specimen 
75) much contorted. In places they are vertical and horizontal 
within a few yards. 

In a quarry to the east of Assouan (D on map) this pink syenite 
may be seen and obtained in homogeneous masses of almost any size. 
A block said to be (for it is partially covered with rubbish) 95 feet 
x 12 feet x 12 feet, squared on three sides, and still attached to 
the rock on the fourth, may still be seen in this ancient quarry. 
The material of this block is the same as specimen 19 throughout 
the exposed part, with the exception of a few angular patches simi- 
lar to specimens 20 and 25. Near this spot (D on map) a mass of 
greenstone is quarried; it occurs with veins of quartz and felspar 
containing garnets (specimens 27 and 29). This coarse pink syenite 
varies much in durability. Among the ancient monuments of 
Egypt masses of it weighing many tons (as much as 800 tons in one 
case) may be seen unaffected by the action of the weather after an 
exposure of from 2000 to 3000 years. On the other hand, at the 
First Cataract we see on all sides signs of its perishable nature, in the 
rugged hills formed of rectangular blocks piled one on another not 
unlike rude masonry, or more often covered with huge boulders 
heaped one on another in the greatest confusion. These spherical 
masses weather by scaling off in thin concentric shells, as may be 
seen in a curious block on the Island of Hesseh. 

Associated with the coarse-grained syenite occur finer-grained 
varieties, sometimes in narrow veins, sometimes in large compact 

* Vol. xx. p. 15. 
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masses. Often the hornblende is nearly wanting. In a variety of 
the coarse-grained syenite, which occurs in large quantities, the 
hornblende is in such preponderance as to give a dark-green colour 
to the rock, relieved here and there by large flesh-coloured crystals 
of felspar. Near the northern end of the Island of Hesseh a great 
variety of specimens may be obtained from the débris remaining 
from the artificial cut before alluded to (specimens 41 to 53). The 
prevailing colour of the felspar in the neighbourhood of this cut is 
deep red; sometimes, however, it is much decomposed and chalky 
white (specimen 50). The dykes that intersect the cataracts are 
mostly of dark-green compact greenstone or felstone speckled with 
crystals of pink felspar—or sometimes rotten and decomposed, and 
traversed by detached veins of quartz and felspar, being then of 
a brown colour in places (specimens 31 to 38). In the neighbour- 
hood of the dykes the syenite 1s often separated into its component 
parts (specimens 1 and 5). 

Hornblende-schist occurs at the western side of the river, oppo- 
site the Island of Hesseh (point K on map), overlain by, and repo- 
sing on, pink syenite. 

Hornblende-schist forms a large portion of the Island of Hesseh ; 
a little occurs in the Island of Sehayl, and itis again met with in the 
large eastern valley before described. At the northern extremity of 
this valley the hornblende-schist or mica-schist is in places nearly 
vertical, and is overlain by sandstone. At the junction of the two, 
the sandstone contains pieces of schist and large angular fragments 
of quartz (specimen all). 

There is near this point a very conspicuous mass of white quartz, 
about 150 yards long by 50 yards wide, rising 30 feet above the 
schist, which is nearly vertical in its neighbourhood. 

In conclusion, I would call attention to the advantages offered 
by the locality I have endeavoured to describe for observing the 
different combinations of granitic and syenitic rocks and of their 
elements, and more especially the gradual transition from one variety 
of combination to another. _ Every variety of combination of these 
minerals, sometimes weatherworn and in all stages of decay, at 
other times having the surface polished as if by the hand of a lapi- 
dary, may be seen at low Nile over a few square miles of country, 
on the banks of the river and on the islands of the First Cataract. 
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I. TRANSACTIONS AND JOURNALS. 

Presented by the respective Societies and Editors. 

American Journal of Science. Second Series. Vol. xlii. No. 126. 
November 1866. 

EK. W. Hilgard.—Drift of the Western and Southern States, and its 
relation to the Glacier and Iceberg Theories, 343. 

C. U. Shepard.—New locality of Meteoric Iron in Cohahuila, Northern 
Mexico, 347. 

C. A. Goessmann.—Mineral Springs of Quondaga, New York, 368. 
J. D. Dana.—Possible identity of Turnerite with Monazite, 420. 
H. Wurtz.—On Grahamite, 420. 
C. T. Jackson.—Discovery of Corundum at the Emery-mine, Chester, 

Mass., 421. 
C. U. Shepard.—Note on the Minerals of the Emery-mine, 421. 
‘Wohler.—Laurite, a new Mineral, 422. 
Alleged discovery of an ancient human skull in California, 424. 
J. De Laski.—Post-tertiary shells from North Haven Isle, 426. 
R. Safely. Mastodon-remains at Cohoes, N.Y., 426. 

Annales des Mines. 6° Série. Vol. ix. Livraison 2. 1866. 

T. Kjerulf et T. Dahll—Sur les gites de fer de la cote sud-ouest de 
la Norvége, 269 (map). 

E, Jacquot.—Esquisse géologique de la Serrania de Cuenca (Espagne), 
391 (plate). 

Anthropological Review. Vol.iv. No. 15. 1866. 

Archives of Dentistry: a Record of Dental Knowledge, Medical, Sur- 
gical, Microscopical, Chemical, and Mechanical. Vol.i. 1865. 

Art-Union of London. Report for the year 1866. 

Thirtieth Annual Report of the Council, 1866. With List 
of Members. 
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Athenseum Journal. Nos. 2032-2044. October to December 1866. 

Notices of Meetings of Scientific Societies, &c. 
E. L. Garbett.—Geological Miracl-assumers, 436, 473, 577. 
A. Geikie—Greenwood on Kames, 442. 
J. Brent, jun.—Flint Implements from Herne Bay, 468. 
F. Keller.—Reindeer-age on the Lake of Constance, 500. 
The Stone-age, 502. 
G. Greenwood.—“ Geikie on Kames,”’ 505. 
C. Doughty’s ‘ Jéstedal-Bree Glaciers in Norway,’ noticed, 679. 
C. Maclaren’s ‘Geology of Fife and the Lothians,’ 2nd edition, noticed, 

679. 
Memoirs of the Geological Survey of India, noticed, 683. 

Berlin. Monatsbericht der koniglich-preussischen Akademie der 
Wissenschaften. June to August 1866. 

Hilgendorf.—Ueber Planorbis multiformis im Steinheimer Siisswas- 
serkalk, 474. 

Rammelsberg.—Ueber die phosphorige Saure und deren Salze, 537. 

Bordeaux. Actes de la Société Linnéenne. 3rd Series. Vol. xxv. 
1864. 

KE. Jacquot.—Description géologique des falaises de Biarritz, Bidart, 
Guétary, et Saint-Jean-de-Luz, 5. | 

C. des Moulins.—Le bassin hydrographique de Couzeau, 67 (plate). 
Tournouér.—Sur quelques affleurements des marnes nummulitiques 

de Bos-d’Arros, 245. 
Caudéran.—Note sur une formation d’eau douce au Vieux-Soulac 

(Gironde), 465. 

Bremen. Abhandlungen herausgegeben vom naturwissenschaftlichen 
Vereine. Vol.i. Heft 1. 1866. 

Breslau. Abhandlungen der Schlesischen Gesellschaft fiir vaterlin- 
dische Cultur. Abtheilung fir Naturwissenschaften und Medicin. 
1865-66. 

——. ——. Philosophisch-historische Abtheilung. 1866. 

. Dreiundyierzigster Jahres-Bericht der Schlesischen Gesell- 
schaft fiir vaterlindische Cultur. 1866. 

F. Romer.—Ueber Pseudomorphosen von Weissbleierz nach Hornblei 
von Ruda, 29. 

Ueber E. de Verneuil’s neue geologische Karte von Spanien, 30. 
Ueber die Fossilen Mollusken des Wiener Tertiir-Beckens, 

von Dr. M. Hornes, 30. 
eber die ersten beiden Sectionen der neuen geognostischen 

Karte von Oberschlesien, 31. | 
. Ueber ungewohnlich grosse Chabasit-Krystalle von Dembio 

bei Oppeln, 32. 
Ueber eine Sammlung der das Steinsalz-Vorkommen von 

Stassfurt in Sachsen begleitenden Mineralien, 32. 
Ueber eine bei Myslowitz im Schieferthon aufgefundene fossile 

Spinne, 33. 
Ueber das Alter des feuerfesten Thones yon Mirow und 

Poremba im Krakauer Gebiete, 34. 
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Breslau. Dreiundvierzigster Jahres-Bericht der Schlesischen Ge- 
sellschaft fur vaterlindische Cultur. 1866 (continued). 

EF. Romer.—Ueber die Auffindung von Versteinerungen in Quarziten 
bei Wiirbenthal im osterreichischen Schlesien, 34. 

Ueber die Auffindung von Graptolithen in silurischen Thon- 
schiefern bei Lauban, 37. 

Ueber eine Sammlung von Versteinerungen aus Diluyial- 
Geschieben, gesammelt in Kiesgruben bei Glogau, 38. 

. Ueber das Vorkommen von Cyanit bei Ziegenhals, 38. 
Websky.—Ueber das Auffinden einiger seltener Mineralgattungen in 

den Feldspath-Briichen bei Schreiberhau, 39. 
. Ueber das Vorkommen von krystallisirten Varietaten von 

Orthoclas, Albit und Quarz im Granit von Striegau, 41. 
Goppert.—Ueber die Flora der permischen Formation, 42. 

Ueber Urwalder Deutschlands, ins Besondere des Bohmer- 
waldes, 47. 

Ueber die Flora der Kreideformation, ins Besondere ther die 
von Schlesien, 51. 

F., Cohn.—Ueber organische Einschliisse im Carnallit von Stassfurt, 
54. : 

Caen. Bulletin de la Société Linnéenne de Normandie. Vol. x. 
1866. 

E. Eudes-Deslongchamps.—Sur la découverte d'une nouvelle espéce 
d’ Acteonina dans le lias moyen de May, 29. 

. Sur une série de roches et de fossiles recueillis aux environs 
de Martigues, 36. 

T. Ebray.—Sur la stratigraphie du systéme oolithique inférieur des 
environs de St. Rambert, 53. 

J.A. Eudes-Deslongchamps.—Sur une machoire inférieure de Teleo- 
saurus megistorhynchus, 81. 

Description d’une espéce inédite de Téléosaure des environs de 
Caen, le Teleosaurus Calvadosu, 193. 

Moriére.—Sur un fémur d’ichthyosaure et sur un pied de Calamintha 
Menthefolia, 361. 

Canadian Journal of Industry, Science, and Art. New Series. 
Vol. xi. No. 63. July 1866. 

Ceylon Branch of the Royal Asiatic Society. Journal. Vol. for 
1865-66. 

Chemical Society. Journal. Second Series. Vol.iv. Nos. 46—48. 
October to December 1866. 

Colliery Guardian. Vol. xi. Nos. 301-3138. October to December 
1866. 

Geological Discovery in California, 251. 
T. Wardle.—Ironstone of North Staffordshire, 272. 
J. Plant.—Sea-beach on the Limestone Moors near Buxton, 277. 
Coal-resources of China, 277. 
Analysis of a black spinelle, 333. 
Bismuth in New Zealand, 333. 
Lead in Victoria, 333. 
Manchester Geological Society, 421, 489. 
W. Molyneux.—The Hydrates of North Staffordshire, 422. 
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Colliery Guardian. Vol. xii. Nos. 301-313 (continued). 

W. W. Smyth.—Lectures on Mining, 426, 451, 487, 518. 
Supply of Coal, 445 (map). 
Geological Society of London, 451. 
Mines of Pennsylvania, 489. 
Bedlington.—Duration of the South Wales Coal-field, 519. 

Dresden. Festschrift zum hundertjihrigen Jubilium der konigl. 
Sachs. Bergakademie zu Freiberg. 1866. 

B. v. Cotta.—Die Steingruppe im Hofe der Bergakademie, 139. 
Richter.—Das Lothrohr und seine Anwendung bei chemischen, 

mineralogischen, und docimastischen Untersuchungen, 213. 

Sitzungsberichte der naturwissenschaftlichen Gesellschaft 
Isis. Jahrgang 1865. Nos. 7-12. July to December 1865. 

Geinitz.— Bestimmung eingesandte Gebirgsarten, Mineralien, und 
Versteinerungen aus der Sachsischen Oberlausitz, 80. 

Weber.—Ueber die Ergebnisse der Bohrungen nach Braunkohlen in 
Lucka, 83. 

——. ——. Jahrgang 1866. Nos.1-9. January to September 
1866. 

Geinitz.—Ueber von Hochstetter’s Geologie von Neu-Seeland, 16. 
H. Engelhardt.—Mineralogische Mittheilungen, 16. 
E. Zschau.—Ueber Mineralien von Lake Superior, 17. 
Geinitz.—Ueber Eozoon canadense, 18. 
R. Richter.—Ueber die Steinsalzlager von Stassfurt, 21. 
H. Engelhardt.—Ueber die Steinsalzlager von Stassfurt, 21. 
C. Bley.—Mineralogische Mittheilungen, 22. 
S. Scudder.—Ueber fossile Ephemerinen aus der Devonformation in 

New-Brunswick, 23. 
E. Schmorl.—Ueber Producte eines Haldenbrandes, 23. 
i. Zschau.—Ueber Mineralien aus Tyrol, 23. 
Geinitz.—Ueber Goppert’s Bearbeitung der Flora der Kreidefor- 

mation, 23. 
A. G. Lindig.—Ueber Smaragdkrystalle aus dem Kreidekalke von 

Muzo in Neugranada, 49. 
ge die neuesten vulcanischen Erscheinungen in Santo- 

rin, 49. 
K. Zschau.—Bemerkungen tiber Einschliisse des Glimmers, 49. 
J. Marcou.—Der Niagara nach 15 Jahren, 52. 
V. Pischke.—Ueber grosse Topaskrystalle, 64. 
A. G. Lindig.—Ueber gediegen Kupfer aus Bolivia, 64. 
Geinitz.—Nachtrag zu dem Verzeichnisse diluvialer Geschiebe bei 

Dresden, 65. 
Schneider.—Ueber die Geologie des Lébauer Berges, 65. 
Geinitz.—Hozoon im Urkalke von Maxen, 100. 
Engelhardt und Geinitz.—Ueber das Vorkommen der Eisenbliithe, 

100. 
Se en Basalt und Nephelindolerit des Lobauer Berges, 

101. 
Geinitz.—Ueber das Auftreten der Steinkohlenformation bei Nennt- 

mannsdorf, 101. 
Engelhardt.—Ueber Cupressinoxylon nodosum in der Braunkohle yon 

Quatitz, 102, 
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Dresden. Sitzungsberichte der naturwissenschaftlichen Gesellschaft 
Isis. Jahrgang 1866. Nos. 1-9 (continued). 

Stiibel—Ueber das Vorkommen yon Gneiss im Urkalke des Pente- 
likon, 102. 

E, Zschau.—Ueber den Hinfluss der Atmosphiarilien auf Gesteine, 102. 
Stiibel.— Unterbrechung in der Ausbildung eines Bergkrystalls, 102. 
Geinitz.— Ueber eine Goldstufe aus Neu-Schottland und den Albertit 

von New Brunswick, 103. 
Schneider.—Ueber verschlackte Basalte, 103. 
KE, Fischer.—Ueber verschlackte Gesteine bei Koschiitz, 103. 
Stiibel und E. Zschau.—Ueber Schmelzversuchen an Gesteinen, 103. 
Geinitz.— Ueber das Vorkommen des Rubidium und Cesium im 

Melaphyre von Norheim, 104. 
—. Ueber die fossile Flora der Steinkohlenformation in Nord- 

amerika, 104, 

——. Verzeichniss der Mitglieder der Gesellschaft Isis. 1866. 

Geological Magazine. Vol. ui. Nos. 28-30. October to December 
1866. 

J. Evans.—Flint-cores from the Indus, 433 (plate). 
W. Topley.—Physical Geography of East Yorkshire, 435. 
G. Maw.—Subaérial and Marine Denudation, 439. 
A. H. Church.—New Chalybeate in South Africa, 451. 
A. Cumbey.—Relative Antiquity of Stone and Metallic Weapons, 452. 
Keller’s ‘Lake Dwellings’ translated by J. E. Lee, noticed, 460. 
Lartet and Christy’s ‘ Reliquize Aquitanice,’ noticed, 462. 
Lowry’s Charts of Fossils, noticed, 464. 
Robinson’s ‘ Biblical Studies,’ noticed, 466. 
Jenkins’s ‘Hypothetical Continents,’ noticed, 467. 
F. WCoy.—Australian Trigonie, 481. 
O. Fisher.—Glacial Origin of Denudation, 483. 
H. A. Nicholson.—Fossils from the Graptolite shales of Dumfriesshire, 

488 (plate). 
G. H. Kinahan.—Rock-basin of Lough Corrib, 486 (2 plates). 
H. G. Seeley.—Gravel and Drift of the Fenlands, 495. 
J. A. Birds.—Bed of Chalk Flints near Spa, 501. 
Age of the Coal of China, 507. 
Medlicott’s Report on the Coal of Assam, noticed, 507. 
Our Coal-supplies, 507. 
J. Geikie.—Metamorphic Origin of certain Granitoid Rocks, 529. 
W. Carruthers.—Fossil Coniferous Fruits, 534 (2 plates). 
O. Fraas.—Pre-Historic Settlements in Southern Germany, 546. 
Memoirs of the Geological Survey, Vol. ili., noticed, 558. 
W. B. Clark.—Gold-reefs of Australia, 561. 
Le Hon’s ‘Homme Fossile,’ noticed, 563. 
Notices of Memoirs, 456, 503, 551. 
Reports and Proceedings of Societies, &c., 469, 508, 563. 
Correspondence, 473, 518, 570. 
Miscellaneous, 478, 526. 
Obituary Notices, 480, 528, 576. 

Geological and Natural History Repertory. Vol.i. No. 17. No- 
vember 1866. 

British Association Meeting at Nottingham, 301. 
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Glasgow. ‘Transactions of the Geological Society. Vol. u. Part 2. 
1866, 

EE. A. Wiinsch.—Occurrence of Fossil Trees imbedded in Trappean 
Ash in Arran, 97. 

J. Bennie.—Surface-Geology of Glasgow, 100. 
H. W. Crosskey.—Fossils from Windmill-Croft, 113. 
W. Cameron.—Auriferous Rocks and Drifts of Victoria, 117. 
H.W. Crosskey.—Relation between the Glacial Deposits of Scotland 

and Canada, 132. 
J. Croll_—The Reason why the Change of Climate in Canada since 

the Glacial Epoch has been less complete than in Scotland, 158. 
R. W. Skipsey.—Range and Occurrence of Anthracosia and other 

shells in the Coal-measures eastward of Glasgow, 141. 
J. Young.—Occurrence and Range of Lingula in the Carboniferous 

Series of the West of Scotland, 144. 
T. Davidson.—Description of Lingula Thomsonit, 149. 
A. Currie.—Occurrence of Coal-beds under the Traps of the Bowling 

Hills, 149. 
J. Bennie.—Discovery of the Remains of Bos longifrons and Bos pri- 

magentus in the Ancient Drift of the Clyde, 152. 
Geological Notes and Queries, 155. 

Halle. Zeitschrift fiir die gesammten Naturwissenschaften. Vol. 
xxvl. Nos.8&9. 1866. 

H. Burmeister.—Hinige Bemerkungen wher die im Museum zu Buenos 
Aires befindlichen Glyptodon-Arten, 138. 

C. Giebel.— Toxodon Burmeisteri, n. sp. von Buenos Aires, 134 (plate). 

Heidelberg. Verhandlungen des naturhistorisch-medizinischen Ver- 
ems.) Vol. iy. Part-3., 1866. 

Institute of Actuaries. Journal. Vol. xii. No.65. October 1866. 

Institution of Civil Engineers. Abstracts of Proceedings. Session 
1866-67. Nos. 1 & 2. 

——. Minutes of Proceedings. Vol. xxiv. 1865. 

Wollnexve 2 1366. 

G. R. Burnell.— Water-supply of Paris, 480. 

——_—_ 

Intellectual Observer. Vol.x. Nos. 57-59. October to December 

1866. 

S. P. Woodward.—Form, Growth, and Construction of Shells, 241 
(2 plates). 

Lausanne. Bulletin de la Société Vaudoise des Sciences Naturelles. 

Wol. ux. No. 54. 1866. 

E. Renevier.—Rapport du Conservateur de Géologie et Minéralogie 
au Musée cantonal, 92. 

Linnean Society. Journal. Zoology. Vol.ix. No, 34. 1866. 

Botany. Vol.ix, No. 38. 1866; 
VOL, XXIU,—PART I, e 
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London,. Edinburgh, and Dublin Philosophical Magazine. Fourth 
Series. Vol. xxxii. Nos. 216-218. October to December 1866. 
From Dr. W. Francis, F.G.S. 

S. Haughton.—Notes on Mineralogy, 260. 
Memoirs of the Geological Survey, Vol. iii., noticed, 306. 
R. Walker.—Ancient Shell-mounds at St. Andrews, 321 (plate). 
T. H. Huxley.—Dinosaurian Remains from the Stormberg Mountains, 

South Africa, 474. ; 
J. B. Jukes.—Grouping of the Rocks of North Devon, &c., 474. 

London Review. Vol. xiii. Nos. 327-339. October to December 

1866. 
New Carboniferous Reptile, 412. 

Magazine of Anthropology. Vol.i. No.4. October 1866. 

Manchester. Transactions of the Geological Society. Vol.vi. No.1. 
1866. 

Miners’ Association of Cornwall and Devonshire. Report of the 
Annual Meeting, held at Falmouth, September 17th, 1866. From 
Dr. C. Le Neve Foster, F.GS. 

C. Fox.—On Mining, 7. 
C. Le N. Foster.—Tin-producing district of Asia, 11. 
F. G. Davis.—Mines of Sardinia, 15. 
C. Le N. Foster.—On Rosewarne Mine, 26. 
S. Bawden.—Dislocations of Lodes and Strata, 29. 

Moscow. Bulletin de la Société Impériale des Naturalistes de 
Moscou. Vol. xxxviii. Part 4. 1865. 

Volxxxix, "Rartil. 1866: 

H. Trautschold.—Zur Fauna des Russischen Jura, 1 (4 plates). 
R. Hermann.— Untersuchungen iiber die Frage: Existirt die Norerde 

oder nicht ?, 25. 
Ueber Scheidung der Zirkonerde von Titansaure, 46. 

——. Ueber die Zusammensetzung des Tschewkinits, 57. 
——. Ueber den Ilmensiure-Gehalt des Columbits von Gronland, 65. 
——. Ueber Asperolith, ein neues Mineral, 68. 
A. v. Volborth.—Ueber Herrn v. Eichwald’s Beitrag zur niheren 

Kenntniss der Illaenen, 77. 
H. Trautschold.—Nachtrag zum Nomenclator palaeontologicus der 

Jurassischen Formation in Russland, 182. 
EK. v. Eichwald.—Die Rhytina borealis und der Homocrinus dipentas 

in der Lethaea Rossica, 138 (plate). 
G. v. Helmersen.—Ueber Herrn vy. Hichwald’s Bemerkungen zu den 

Geologischen Karten Russlands, 201. 

Northumberland and Durham Natural History Transactions. Vol. i. 
Part 2. 1866. 

J.W. Kirkby.—Fossils of the Marl-slate and Lower Magnesian Lime- . 
stone, 184. 

H. B, Brady.—Casts of Paleozoic Corals found amongst the Refuse 
of Alkali-works, 201. Fe 

K. J. J. Browell and J.W. Kirkby.—Chemical Composition of various 
beds of the Magnesian Limestone and associated Permian rocks 
of Durham, 204, oe arent 
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Offenbach am Main. Siebenter Bericht des Offenbacher Vereins fiir 
Naturkunde. 1866. 

T. Petersen.—Phosphorit von Diez in Nassau, 123. 
. Zar Kenntniss der Mineralien des Binnenthales, Kanton 

Wallis, Schweiz, 128. 

Paleeontographical Society. Monographs of British Fossils. Vol. xix., 
for the year 1865. 1866. 

T. R. Jones, W. K. Parker, and H. B. Brady.—A Monograph of the 
Foraminifera of the Crag. Part i. (4 plates). 

P. Martin Duncan.—A_ Monograph of the British Fossil Corals. 2nd 
Series. Part i. (10 plates). 

Henry Woodward.—A Monograph of the British Fossil Crustacea 
belonging to the Order Merestomata. Parti. (9 plates). 

Thomas Dayvidson.—A Monoeraph of the British Fossil Brachiopoda. 
Part vii. The Silurian Brachiopoda. No. 1. (12 plates). With 
Observations on the classification of the Silurian Rocks, by Sir 
R. I. Murchison, Bart. 

Paris. Bulletin de la Société Géologique de France. 2° Série. 
Vol. xxii. Feuilles 21-51. 1866. | 

A. Bioche et G. Fabre.—Sur des couches & coquilles marines 4 Argen- 
teuil (Seine-et-Cise), 321 (plate). 

Danglure.—Sur un gisement de silex travaillés a Vaudricourt (Pas- 
de-Calais), 344. 

Frignet.—Coup d’ceil sur la constitution miniére de la Californie et 
des Etats voisins, 347 (plate). 

Simonin.—Sur les mines d’étain de la Villeder (Morbihan), 371. 
Marcou.—Sur divers armes, outils et traces de Vhomme américain, 374. 

. Watelet.—Sur des silex taillés de la localité de Coeuvres, 379. 
De Mortillet.—Des haches en silex au point de vue de la détermi- 

nation des terrains, 381. 
Quaternaire du Champ de Mars, 4 Paris, 386. 

Daubrée.—Expériences synthétiques relatives aux météorites, 391. 
Garrigou.—Etude de l’étage turonien, du terrain crétacé supérieur, le 

long du versant nord de la chaine des Pyrénées, 419 (plate). 
Ch. Martins.—Du retrait et de ablation des glaciers de la vallée de 

Chamonix constatés dans l’automne de 1865, 454. 
Sur les traces et les terrains glaciaires aux environs de Bayeno, 

sur le lac Majeur, 445. 
Jardin.—Sur le surtarbrandur d’Islande, 456. 
Dieulafait—Sur les calcaires blancs cristallins au-dessus du Jura 
moyen en Provence.—Découverte du gault dans le département du 
Jar, 463. 

Lory et Vallet.—Carte géologique de la Maurienne et-de la Tarantaise, 
480 (plate). 

Coquand.—Sur la formation crétacée de Sicile, 497. 
Ebray.—Sur le métamorphisme et la rubéfaction du diluvium, 504. 
A. Gaudry.—Résumé des recherches sur les animaux fossiles de 

Pikermi, 509. 
Lory.—Sur le gisement de la. Terebratula diphya dans les calcaires de 

la Porte-de-France, 516, 
Oe des cavernes 4 ossements et A silex taillés du Dauphiné, 

L2 
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Paris. Bulletin de la Société Géologique de France. 2° Serie. 
Vol. xxiii. Feuilles 21-51 (continued). 

Goubert.—Nouveaux gisements de diluvium d’eau douce aux environs 
de Paris, 542. 

Leymerie.—Création d’un type nouveau pour le midi de la France 
(type rubien), 550. 

Damour.—Sur une hache en pierre de Vile d’Oualon (Océanie), 551. 
J. Marcou.—La faune primordiale dans le pays de Galles et la géologie 

californienne, 552. 2 
Coquand.—Modifications & apporter dans le classement de la craie 

inférieure, 560. 
Benoit.—Sur la grotte de Baume (Jura), 581 (plate). 
Martins.—Sur les roches éruptives du bassin houiller de Commentry, 

590. 
ii. Lartet.—Sur divers ossements fossiles de mammiferes trouvés dans 

le bassin de la Garonne, 592. 
Rusconi.—Découverte d’une ancienne station humaine dans la cam- 

pagne de Rome, 594. 
Nogués.—Sur les roches amphiboliques des Pyrénées, improprement 

appelées ophites, 595. 
Lory.—Sur les couches a poissons de Cirin et a Zamites Feneonis de 

Morestel, 612. 
Dumortier.—Sur les Ammonites du lias inférieur, 617. 
Bianconi.—Sur une période de la mer éocéne, 618. 
Lefort.—Note pour servir a l’histoire des poudingues, 639. 
Sauvage et Hamy.—Sur les terrains quaternaires du Boulonnais, 645. 
Bleicher.—Sur la géologie des environs de Rome, 645. 
Hamy.—Sur une nouvelle espéce d’Ischyodus, 654. 
Cornuel.—Description des cénes de pins trouvés dans les couches 

fluvio-lacustres de l’étage néocomien du bassin parisien, 658 (plate). 
Ed. Lartet.—Sur deux nouveaux Siréniens fossiles des terrains terti- 

aires du bassin de la Garonne, 673. (plate). 
Péron.—Sur la géologie des environs d’Aumale (Algérie), 686. 
Louis Lartet.—Recherches sur les variations de salure de la mer 

Morte, 719. 
Tournouér.—Observation relative a la découverte d’un nouveau Siré- 

nien fossile dans les environs de Sos, 760. 
Sur la découverte, par M. Combes, de débris de mammiféres 

fossiles dans les couches tertiaires du département de Lot-et- 
Garonne, 763. : 

N. de Mercey.—Sur la disposition de la craie entre la Béthune et la 
Bresle, 764. 

Tournouér.—Sur les terrains tertiaires de la vallée supérieure de la 
Sadne, 769, ‘ 

Photographic Journal. Nos. 174-176. October to December 1866. 

Plymouth Institution. Annual Report and Transactions. Vol. i. 
Part 1. 1865-66. 

Quarterly Journal of Microscopical Science. New Series. No. 24. 
October 1866. 

Quarterly Journal of Science. Vol. iii. No. 12. October 1866. 

Our Coal-supplies and our Prosperity, 459 (map). 
Chronicles of Science, 561. 
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Reader. Vol. vu. Nos. 197-209. October to December 1866. ~ 

Notices of Meetings of Scientific Societies, &e. 
G. H. K.—Celts in Ireland, 843, 877. 
British Association Meeting, 844, 860, 879. 
O.—Celts in Ireland, 859, 
J. Beddoe.—Celts in Ireland, 877. 
Agassiz.—Geological Sketches, 941. 
Darwin’s ‘ Origin of Species,’ 4th edit., noticed, 973. 

Royal College of Surgeons. Calendar. July 12, 1866. 

Royal Geographical Society. Proceedings. Vol. x. No. 6. 

Brine.—Visit to Santorin, 317. 
Fouqué.—Eruption at Santorin, 323. 

Royal Institution. Proceedings. Vol. iv. Part 8. 1866. 

D. T. Ansted.—Mud-volcanoes of the Crimea, 628. 

List of the Members, Officers, and Professors; with the 
Report of the Visitors, Statement of Accounts, and Lists of 
Lectures and Donations in 1865. 1866. 

——. Additions to the Library, from July 1865 to July 1866. 

Royal Irish Academy. Transactions. Vol. xxiv. Polite Literature. 
Part 3. 1866. 

—-. ——. Vol. xxiv. Antiquities. Parts 5-7. 1866, 

Vol. xxiv. Science. Part 5. 1866. 

S, Haughton.—Granites of Donegal, 213 (map). 

Royal Society. Proceedings. Vol. xv. No. 87. 1866. 

Royal Society of Edinburgh. Proceedings. Vol.v. No.68. 1866. 

W. Thomson.—“ Doctrine of Uniformity” in Geology briefly refuted, 
512. 

A. Geikie—Comparison of the Glaciation of the West of Scotland 
with that of Norway, 530. 

J. Geikie.—Buried Forests and Peat-mosses of Scotland, 635. 

———, Transactions. Vol. xxiv. Part 2. 1865-66. 

J. Geikie.—Buried Forests and Peat-mosses of Scotland, and the 
Changes of Climate which they indicate, 363. 

——— 
. 

Royal Society of Victoria. Transactions and Proceedings. Vol. vii. 
January 1865 to June 1866. 

T. Harrison.— Victoria as a Field for Geologists, 15. 
T. E. Rawlinson.—Probable Erosion of the Mountain-ranges of Gipps 

Land, 29. 
F. M‘Coy.—Discovery of Cretaceous Fossils in Australia, 49. 
T. Harrison.—Probable Astronomical Causes of the Contortions in 

Paleozoic Strata, and the prevailing Meridianal Strike of the Older 
Rocks of Victoria, 54. 

J. Bonwick.—Volcanic Rocks of Rome and Victoria compared149. 
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Society of Arts. Journal. Vol. xiv. Nos. 724-736. October to 
December 1866. 

Notices of Meetings of Scientific Societies, &c. 
Mineral productions of the United Kingdom, 709. 
Gold-mining in New South Wales, 34. 

_ Strasbourg. Mémoires de la Société des Sciences Naturelles. Vol. vi. 
Livraison 1. 1866. 

Vienna. Anzeiger der kaiserlichen Akademie der Wissenschaften. 
Jabrg. 1866. Nos. 20-28. 

J. Decigala.—Ueber die Ausgrabungen auf der Insel Therasia, 211. 
, Reuss.—Die fossile Fauna der Steinsalzablagerung von Wieliczka, 220. 

_ von Ettingshausen.—Ueber die fossile Flora des Tertiar-Beckens 
von Bilin, 230. 

Denkschriften der kaiserlichen Akademie der Wissenschaften. 
Vol. xxv. “Abthvar 1866: 

Unger.—Sylloge plantarum fossilium. Part iii., 1 (24 plates). 
von Httingshausen.—Die fossile Flora des mahrisch-schlesischen 

Dachschiefers, 77 (7 plates). 
Reuss.—Die Foraminiferen, Anthozoen und Bryozoen des deutschen 

Septarienthones. Hin Beitrag zur Fauna der mitteloligocinen 
Tertiarschichten, 117 (11 plates). ; 

Vol. xxy. Abth. ii. 1866. 

Laube.—Die Fauna der Schichten von St. Cassian. Hin Beitrag zur 
Palaontologie der alpinen Trias, 1 (10 plates). 

Zittel.—Die Bivalven der Gosaugebilde in den nordostlichen Alpen. 
Hin Beitrag zur Charakteristik der Kreideformation in Oesterreich. 
Part ii. Mit einem Anhange “ Die Brachiopoden der Gosaubildun- ~ 
gen,” von EK. Suess, 77 (17 plates). . 

Sitzungsberichte der kaiserlichen Akademie der Wissenschaf- 
ten. Abth.i. Vol. lu. Hefte 3-5. October to December 1865. 

von Haidinger.—Basaltsaulenformiger Dopplerit von Aussee, 281. 
Reuss.—Ueber die Foraminiferen, Anthozoen und Bryozoen des deut- 

schen Septarienthones, 283. 
Tschermak.—Ueber den Raibler Porphyr, 436. 
Reuss.—Die Foraminiferen und Ostracoden der Kreide am Kanara- 

See bei Kiistendsche, 445 (plate). 
Tschermak.—Ueber Porphyre aus der Gegend von Nowagora bei 

Krakau, 471. 
Kner.—Notiz tiber eine Meduse im Feuerstein, 480 (plate). 
Karrer.—Ueber das Auftreten von Foraminiferen in den 4lteren 

Schichten des Wiener Sandsteins, 492 (plate). 
Boué.—Ueber das Zusammentreffen fossiler Ueberbleibsel aus meh- 

reren Classen der organischen Natur, 580. 
epee yee Cephalopoden der unteren Trias der Alpen, 605 (8 

plates). 
Hornes.—Die geognostische Karte des ehemaligen Gebietes von 

Krakau mit dem siidlich angrenzenden Theile von Galizien von 
weiland Ludwig-Hohenegger, nach dessen Todezusammengestellt 
von Cornelius Fallaux, 641. 

von Kttingshausen,— Die fossile Flora des Tertiirbeckensvon Bilin, 648. 
von Hauer.—Choristoceras. Eine neue Cephalopodensippe aus den 

Késsener Schichten, 654 (plate), : 

——e 
? 



DONATIONS, 131 

Vienna. Sitzungsberichte der kaiserlichen Akademie der Wissen- 
schaften. Abth.ii. Vol. lu. Hefte 4&5. November and De- 
cember 1865. 

Abth.i. Vol. li. January to May 1866. 
von Hochstetter.—Ueber das Vorkommen yon Eozo6n im Irystallin- 

ischen Kalke von Krummau im siidlichen Béhmen, 14. 
zener. erie Fische der bituminésen Schiefer yon Raibl in Karnthen, 

2 (6 plates). 
Rows, —Die Bryozoen, Anthozoen und Spongiarien des braunen Jura 

von Balin bei Krakau, 229. 
Laube.—Die Bivalyen des braunen Jura yon Balin mit Beriicksich- 

tigung ihrer geognostischen Verbreitung in Frankreich, England, 
Schwaben und anderen Landern, 235. 

Die Echinodermen des braunen Jura yon Balin, 243. 
VY. Hauer.—Neue Cephalopoden aus den Gosaugebilden der Alpen, 

300 (2 plates). 
Boué.—Einige Bemerkungen iiber amerikanisch-mexikanische Geo- 

eraphie und Geologie, so wie iiber die sogenannte Centralkette der 
europaischen Tiirkei, 325. 

Tschermak.—Einige Pseudomorphosen, iy., 518. 
Laube.—Die Fauna der Schichten von St. Cassian. Part ii1., 558. 

—. ——. Abth.u. Vol. lm. January to May 1866. 

Abth.1i. Vol. liv. Heft 1. June 1866. 
Laube.—Die Gastropoden des braunen + ura von Balin, 81. 
Suess.—Untersuchungen tber den Charakter der ésterreichischen 

Tertiarablagerungen, 87 (2 plates). 
Steindachner.—Ueber die fossilen Fische des Amphisylenschiefers 

am Ober-Rhein, 150. 

Warwickshire Natural History and Archeological Society. Thirtieth 
Annual Report. April 1866. 

P. B. Brodie.—Geology of Warwick, Leamington, and its neighbour- 
hood, 10. 

Zoological Society. Proceedings for 1865. 
G. Busk.—Fossil Elephants of Malta, 510. 
W.S. Dallas.—Feathers of Dinornis robustus, Owen, 265. 
R. Owen.—Extinct Dinornithine Birds of New Zealand, 438. 
W. K. Parker.—Fossil Birds from the Zebbug Cave, Malta, 752. 

——. Transactions. Vol.v. Part 5. 1866. 
R. Owen,—On Dinor nis, Part 9., 339 (3 plates). 

—S 
. 

II. PERIODICALS PURCHASED FOR THE LIBRARY. 

Annales des Sciences Naturelles. 3°Série. Zoologie. Vol. xiii. 1850. 

D’Orbigny.—Sur la marche successive de ]’animalisation 4 la surface 
du olobe, 218, : 

Sur Vinstant apparition dans les figes du monde des ordres 
d’animaux, comparé au degre de perfection de l’ensemble de leurs 
organes, 228, 
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Annales des Sciences Naturelles, 3°Série. Zoologie. Vol. xiv. 1850. 

Dareste.—Sur la place que doit occuper dans la classification le poisson 
fossile décrit sous le nom de Blochius longirostris, 144. 

Marcel de Serres et Jean-Jean.—Des bréches osseuses et des cavernes 
& ossements réunis auprés de la métairie de Bourgade, 91. 

Vol xv. o18dl. 

Marcel de Serres et Jean-Jean.—Sur les bréches osseuses et les 
cavernes de Bourgade, 71. 

Sur la pétrification des coquilles, 376. 

ee, Wem, ee 

Vol. xvi. 1852. 
Marcel de Serres.—Sur la pétrification des coquilles dans le sein des 

mers actuelles, 53. 
Des causes de la plus grande taille des espéces anciennes com- 

parées aux races actuelles, 111. 

———— ————_—_ 

ee 
e 

eee 

oe ee Sey Volo ips 9 IS 

ee NV Olemixe aio: 

: : Vol. xx. 18538. With a general index to 
the 20 vols. of the Series. 
Gervais.—Sur le genre Hyenarctos, 229 (plate). 

——. 5°Série. Zoologie et Paléontologie. Vol.1. 1864. 

Baily.—Sur quelques Crustacés du terrain Carbonifére appartenant 
au genre Belinurus, 23 (plate). 

Hi. M.-Edwards et Lartet.—Sur la caverne de Bruniquel, 229. . 
A. M.-Hdwards.—Monographie des Crustacés fossiles de la famille 

des Cancériens, 31 (7 plates). 
Lartet et Christy.—Sur l’existence de l’Homme dans le centre de la 

France 4 une époque ou cette contrée était habitée par la Renne, 282. 

Vol.u. 1864. 

Bourgeois.—Sur les instruments en silex trouvés dans le département 
a’ Indre-et-Loire, 250. 

A. M.-Edwards.—Sur la famille des Chevrotains, 40 (11 plates). 
Lubbock,—Sur les Hommes des cavernes, 336. 

: ——. Vol.ii. 1865. 

A. M.-Edwards.—Sur lV’ Iva Edwardsit, 193. 
Monographie des Crustacés fossiles de la famille des Cancé- 

riens, 297 (9 plates). 
Gervais et Brinckmann.—Des Cavernes de Bize, 61. 
Van Beneden.—Sur V’existence de homme a l’époque ot: la Renne et 

le Castor habitaient la Belgique, 219. 

——, —_—_—., 

eet 

—. ——. ——. Vol.iv. 1865. 
Lartet.—Sur une lame d’ivoire fossile trouvée dans un gisement ossi- 

fére, 353. 
Spring.—Sur les divers modes de formation des dépéts auriféres dans 

les cavernes, 363. 
De Vibraye.—Sur la reproduction en bois de Renne d’une téte de 
Mammouth, provenant des stations du Périgord, 356, 

Ad 
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Annales des Sciences Naturelles. 5° Série. Zoologie et Paléonto- 
logie. Vol. vy. 1866. 
Baer.—Sur la découverte récente d’un Mammouth, 312. 
Brandt.—Sur les gravures trouvées récemment dans le Périgord et 

attribuées au Mamout, 280. . 

Vol. vi. Nos.1-5. July to November 1866. 
G. Clark.—Sur la découverte récente de débris du Dodo, a Vile 

Maurice, 19. 
Schlegel—Sur quelques espéces éteintes d’Oiseaux gigantesques des 

iles Mascareignes, 25. 
R. Owen.—Sur l’existence d’un grand Perroquet dont l’espéce est 

peut-étre éteinte. (Psettacus Mauritianus), 4 Vile Maurice, 88 (2 
plates). 

Annals and Magazine of Natural History. Third Series. Vol. xvi. 
_ Nos. 106-108. October to December 1866. 

H. Burmeister.—Glyptodon and its Allies, 299. 
Haeckel.—Fossil Medusze from Eichstadt, 544. 
F. M‘Coy.—New species of Fossil Volutes from the Tertiary Beds 

near Melbourne, 375. 
J. F. Walker.—Phosphatic Deposit in the Lower Greensand of Bed- 

fordshire, 381. 
Rt. Owen.—Upper Incisor of Nototherium Mitchellit, 475 (plate). 

lieonhard und Geinitz’s Neues Jahrbuch ftir Mineralogie, Geologie, 
und Paliontologie. Jahrgang 1866. Hefte 6 & 7. 

K. Zittel—Labrador-Diorit von Schriesheim bei Heidelberg, 641. 
Q. Prolss.—Beitrage zur Kenntniss der Trachyte, 647. 
C. W. C. Fuchs.—Die Laven des Vesuv, 667. 
B. Studer.—Zur Geologie der Berner Alpen, 688. 
F. Zirkel_—tUeber die microskopische Zusammensetzung und Structur 

der diessjahrigen Laven von Nea~-Kammeni bei Santorin, 769 (plate). 
L. Zeuschner.— Ueber die verschiedenen Formationen, auf denen sich 

der polnische Jura abgesetzt hat, 788. 
Letters; Notices of Books, Geology, and Fossils. 

LInstitut. 1° Section. 34° Année. Nos. 1703-1720. 

——.,. 2°Section. 31° Année. Nos. 368-370. 

Palzontographica: herausgegeben von Dr. Wilh. Dunker. Vol. xvi. 
lief. 1. November 1866. 

O. Speyer.—Die ober-oligocanen Tertiargebilde und deren Fauna im 
Furstenthum Lippe-Detmeld, 1 (5 plates). 

III. GEOLOGICAL AND MISCELLANEOUS BOOKS. 

Names of Donors in Italics. 

Ansted, D. T. Physical Geography. 1867. 

Baker, W. E. Memoir on the Fossil Remains presented by himself 
and Colonel Colvin to the Museum of Natural History at Ludlow. 
1850, From the late Dr. S. P. Woodward. ' 
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Belt, T. The Glacial Period in North America. 1866. 

Berkley, J. J. Paper on the Bhore Ghaut Incline of the Great 
Indian Peninsula Railway; with an Appendix, by A. A. West. 
1863. From W. Topley, Esq., F.G.S. 

Boult, J. Further Observations on the alleged Submarine Forests on 
the shores of Liverpool Bay and the River Mersey. 1866. 

Brodie, P. B. Remarks on three outliers of Lias in North Shrop- 
shire and South Cheshire, and their correlation with the main 
range. 1866. 

Chatel, V. Lettre relative aux silex taillés de main d’homme ou 
antéhistoriques, adressée 4 M. Boucher de Perthes. 1866. 

Craldi, A. Les Ports-Canaux. 1866. 

Sul Moto Ondoso del Mare e su le correnti di esso, special- 
mente su quelle littorali. 1866. 

Clarke, W. B. Catalogue of Specimens from the Wianamatta and 
Hawkesbury Rocks, overlying the productive Upper Coal-measures 
of New South Wales. 1866. 

——, On the Transmutation of Rocks in Australia. 1865. 

Coates, T. Statement of the plan for supplying London with water, 
proposed in the ‘Metropolitan Water-works bill [Henley-on- 
Thames and London aqueduct].” From the late Dr. S. P. Wood- 
ward. 

Darwin, C. On the Origin of Species by means of Natural Selection, 
or the preservation of favoured races in the struggle for life. 4th 
edition. 1866. 

Daubrée. Expériences syntheétiques relatives aux météorites. Rap- 
prochements auxquels ces experiences conduisent, tant pour la for- 
mation de ces corps planétaires que pour celle du globe terrestre. 
1866. 

Davidson, T. Notes on some Recent Brachiopoda dredged by the 
late Lucas Barrett off the North-east Coast of Jamaica. 1866. 

Deslongchamps, J. A. Eudes. Description d’une espéce inédite de 
Téléosaure des environs de Caen, le Veleosaurus Calvadosi. 1866. 

Sur une Suture insolite partageant en deux moitiés a peu 
pres égales le parictal gauche d’une téte humaine. 1866. 

Dresser, C. £. An examination of the report of Mr. Filler on the 
Leeds Water-works. 1866. 

Figuier, L. The World before the Deluge. New edition, revised by 
H. W. Bristow. 1867, From H. W. Bristow, Hsq., F.GS. 
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Franke, J. F. A. Schnee-Krystalle, beobachtet in Dresden 1845 
und 1846. 13860. 

frauenfeld, G. .v. Ueber die sogenannte Saigspin-See. 1862. 

Gemtz, H. B., und K. T. Liebe. Ueber ein Aequivalent der tako- 
nischen Schiefer Nordamerika’s in Deutschland und dessen geolo- 
gische Stellung. 1866. : 

Helmersen, G. von. Das Donezer Steinkohlengebirge und dessen 
industrielle Zukunft. 1866. 

Jones, T. R., and J. W. Kirkby. Notes on the Paleozoic Bivalved 
Entomostraca. No. vi. Some Carboniferous species. 1866. 

Laube, G. C. Die Fauna der Schichten yon St. Cassian. Abth. 3. 
1866. 

——. Die Gastropoden des braunen Jura von Balin. 1866. 

Mackie, S. J. An Illustrated Catalogue of British Fossil Sponges, 
accompanied by the original descriptions of the various families, 
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1. On some Suconpary Fossits from Sourm AFRICA. 
By Rar Tare, Hsq., A.L.S., F.G.8. 

[Pirates V.-IX. ] 
. 

ConrTENTs. 
T. Introduction. 

IT. Karoo Beds. 
a. Fossil Flora of the Karoo Beds. 
6. General Remarks on the Fossil Plants of the Karoo Beds. 
c. Synopsis of the Karoo Beds, by Professor T. Rupert Jones, F.G.S8. 

III. Uitenhage Series. 
a. Fossil Flora of the Geelhoutboom Series. 
6, General Remarks on the same. 
ce. Synopsis of the Uitenhage Series, by Prof. T. Rupert Jones, F.G.S. 
d. Description of some Jurassic Fossils from Uitenhage, South Africa. 
e. General Remarks on the Jurassic Fauna of South Africa. 

IY. Observations on the Secondary Strata of South Africa, and on their foreign 
equivalents, 

VY. Table of the Organic Remains of the Uitenhage Formation. 
a. Flora of the Wood-bed Series at Geelhoutboom. 
6, Fauna of the Uitenhage Formation. 

I. Intrropvucrion. 

As a large number of fossils from the Secondary rocks of South 
Africa remain undescribed in the Society’s Museum, it seems desi- 
rable that an account of them should be submitted to the Society, as 
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a sequel to the Monographs on Secondary Fossils from South Africa 
which have appeared in the Society’s Transactions and Quarterly 
Journal. 

This paper contains descriptions of the Plants of the Karoo beds, 
the Reptilian and Molluscan life of which has been made known by 
the labours of Professors Owen and Huxley, and the late Mr. 
Daniel Sharpe—of the vegetable remains from the phytiferous beds 
of Geelhoutboom, and of the fossils from the Jurassic strata of the 
Zwartkop and Sunday’s River (the last part being a Supplement to 
Mr. Daniel Sharpe’s “ Descriptions of Fossils from the Secondary 
Rocks of South Africa”). The study of the organic remains of the 
beds enumerated has enabled me to offer, in addition, some gene- 
ralizations on the affinities of each of the above-mentioned groups 
of Secondary strata developed in this region. 

II. Karoo Bens. 

a. Fossil Flora of the Karoo Beds. 

1. Grossopteris Browntana, Pl. VI. figs. 5a, 50, 7a, 70. 

The Society is in possession of several impressions of a Glosso- 
pteris, in a friable sandstone, obtained by Dr. W. G. Atherstone, F.G.S., 
from Heald Town, near Fort Beaufort, Eastern Province, South 
Africa,—and many others of the same form, in a dark shale, from 
Bloemkop *, collected by Mr. C. J. Powell, of Graaf Reinet, and 
presented by Dr. R. N. Rubidge, F.G.8.. There are also in the 
Collection some well-preserved specimens from Natal, that were col- 
lected and sent to England by Dr. P..C. Sutherland. These all 
agree, in the main, with Glossopteris Browmana. 

The following words employed by Sir C. Bunbury?, on comparing 
the Indian Gilossopteris with the common Australian G. Browmana, 
are applicable when the Glossopteris from Natal is compared with 
the G. Browniana :—“ I can find no satisfactory specific distinction ; 
the venation is essentially the same. We may, indeed, find African 
Specimens in which the meshes of the reticulation near the midrib 
are larger and broader than in the ordinary Australian plant, and 
others in which the veins are more strongly recurved; but in both 
the Indian and Australian plants I find so many shades of variation 
in these particulars that I cannot attach much importance to them.” 

The apex of the African plant is obtuse, like that of the Aus- 
tralian plant, and never acute asin the Indian. The frond is more 
attenuated below in the African fern; but there seems to be some 
degree of variation in this particular. It has a more firm and rigid 
appearance than the Indian and Australian forms. 

2, GLOSSOPTERIS SUTHERLANDI, spec. nov. Pl. VI. figs. 2a, 26. 

This species, dedicated to Dr. P. C. Sutherland, Surveyor-General 
of Natal, its discoverer, is associated with G'. Browniana in the coal- 

* Quart. Journ. Geol. Soc. vol. xv. p. 198; and vol. xvii. p. 329. 
t dtd. vol. xvii. p. 328. 
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deposits of Natal; the materials at my command consist of frag- 
ments of fronds, the distinctive characters of which may be thus 
stated :—Frond narrow, strap-shaped, with nearly parallel edges ; 
apex obtuse(?). Midrib narrow, continued to the apex. Lateral 
veins strong, slightly oblique, dichotomous, anastomosing and form- 
ing a lax network from the midrib to the margin. 

Locality, Natal (Dr. P. C. Sutherland). 

3. With the above-mentioned specimens from Bloemkop are some 
of an apparently, at first sight, second species of Glossopteris ; these 
do not exhibit fructification. Dr. Rubidge, however, has communi- 
cated a drawing (by Mr. M‘Kay) of a specimen of this species ob- 
tained by Mr. M‘Kay near East London: and I find that it pre- 
sents characters generically distinct from those of Glossopteris; for 
the position of the fructification is indicated by a few large elevated 
rings, arising from many veins, and somewhat regularly arranged in 
a row coincident with the margin, and not by numerous spots, small 
in size, supported by one vein, distributed over much of the surface 
of the frond. This new genus thus bears the same relation to Glos- 
sopteris, among fossil ferns, that Acrostichum does to Polypodium 
among living forms. 

I propose for this genus the name Rubidgea, in compliment to 
Dr. R. N. Rubidge, F.G.S. One species only is known, the charac- 
ters of which are as follows :— 

Rupipera Macxayi, gen. et spec. nov. Pl. V. fig. 8. 

Frond oblong, obovate, rounded and obtuse at the apex; secon- 
dary veins very slender, very much crowded, dichotomous, oblique. 
There is no indication of anastomosis of the veins. 

Locakities. Bloemkop, near the Sunday’s River, Graaf Reinet (Dr. 
Rubidge); East London, at the mouth of the Buffalo River (Mr. 
M‘Kay). 

4, Dicrroprreris ? sImpiEx, spec. noy. Pl. VI. fig. 6. 

The material at my command consists of a fragmentary specimen 
of a single frond, showing neither base nor apex. 

Frond simple, large, oblong, broad (?); venation arising from 
a prominent midrib, and forming a lax and regular network, com- 
posed of elongated subquadrangular areole. 

This species, in the form of its frond, approaches Gilossopteris : 
but its venation is more like that of Dictyopteris than of Glossopteris. 
The specimen is on a brownish-grey shale from Bloemkop (Graaf 
Reinet), and was presented by Dr. Rubidge; it was alluded to by 
Sir C. Bunbury in 1861 as “ consisting of mere fragments, with veins 
forming a lax and regular network, perhaps more like the venation 
of Dictyopteris than of Gilossopteris.” (Quart. Journ. Geol. Soc. 
vol. xvii. p. 329.) 

5. Specimens of flattened stems are not rare in the shales of 
Bloemkop ; they appear to belong to Phyllotheca (Pl. V. fig. 6); but 
as the materials are very imperfect, I refrain from attaching any 

mM 2 
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specific title. The shales with Phyllotheca are dark-grey, somewhat 
calcareous, and associated with a band of obscure Bivalves (Jridine ?). 

b. General Remarks on the Fossil Plants of the Karoo Beds. 
1. A marked feature in the ancient flora of the Karoo district is 

the paucity of specific forms (five in number), in proportion to the 
abundance of specimens (forty in the Collection). 

2. This flora presents close analogy with that of the Coal-forma- 
tion of Eastern Australia and the plant-bearing beds of Burdwan 
and Nagpur in India. The characteristic plant in each of these 
deposits and in the Karoo beds is a Glossopteris; and it seems that 
the Indian, Australian, and South-African plants are specifically 
identical. 

The association of the genera G'lossopteris, Phyllotheca, and Dic- 
tyopteris(?) affords some evidence of Mesozoic affinities in this 
fossil flora. 

3. From the very characteristic Jurassic flora presented by the 
Geelhoutboom shales and limestones (which, from the structure of 
the country, may be confidently regarded as being higher in the 
geological scale), the fora of the Karoo beds (which has no affinity 
with the former) cannot be regarded as contemporaneous with the 
Jurassic flora of Europe; but, as it possesses a Mesozoic facies, it 
may be considered to be of Triassic age. 

4, The nature of the flora conspires with the fauna to establish 
the lacustrine origin of the Karoo series. The following synopsis 
(by Prof. Rupert Jonzs) of these beds and their vertebrate and other 
fossils (as far as hitherto described) embraces the characteristics of 
this remarkable formation. . 

c. Synopsis of the Karoo Beds. 
The Karoo Beds*, as far as described by the late Mr. Bain, appear 

to comprise (beginning with the lowest) :— 
1. The Heca Beds. Hard blue shales (with Plant-remains re- 

sembling those of the still higher Beaufort Beds) alternating with 
variegated and rippled sandstones, and containing some thin layers 
of hard, blue, impure, nodular limestone. They are divisible into 
an Upper and a Lower series}, separated by, and lying conform- 
able with, the remarkable band of igneous rockt which extends 
across South Africa. In the lower portion of the Ecca Beds Mr. 
Bain noticed a band of vegetable remains 9 inches thick (at Eeca 
Heights). The fossil wood on the Pattates River, in the Great 
Karoo, belongs to the Keca Zone. 

2. The Koonap Beds. Sandstones and hard shales, with fossil 
trees at the Kleine Roggeveld. 

* Mr. Bain referred to these as the ‘Karoo Formations” in the Hast. Prov. 
Magaz. 1856, p. 19. 

t+ Dr. Rubidge seems to regard this lower band, underlying the great trap- 
breccia, as being probably a part of the Devonian series of strata. 

t On the flanks of the Zuurberg it is decidedly a dolerite, containing angular 
and rounded fragments of quartzite and granite. This trap-breccia and the 
Keca beds have participated in the foldings by which the quartzites and schists 
(Devonian) of the Zuurberg have been raised into a ridge. 
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3. The Beaufort Beds (Beaufort West and Fort Beaufort are 
both on this band). Greenish laminated sandstone, with shale, cal- 
careous bands*, and numerous hard nodular masses often containing 
Dicynodont remainst. Fossil wood is common ; and Dr. Gray found 
fossil Ferns near Cradock. The “ Fort-Beaufort Grit,” containing 
Glossopteris, Palewoniscus (?), Oudenodon Bainii, Owen, and Oud. 
prognathus, Owen, is a band of coarse sandstone towards the base of 
this zone. Small bivalves also have been found in zone No. 8, at 
Manzalan (on the Kat River), and near Graaf Reinet +; and Glos- 
sopteris and Dictyopterts come from Bloemkop, near the same place. 
A peculiar Fern (Rubidgea Mackayt, see above, p. 141) has been 
found in this zone by Mr. M‘Kay near the sea-level at East London 
(Buffalo River Mouth). Dicynodont remains are numerous in 
“No. 3,” near Fort Beaufort and the Mankazan Post; and from 
Blinkwater, in the same district, Mr. Bain got the remains of a 
large Reptile with 60 fluted and serrated teeth (his “ Blinkwater 
Monster” §). His ‘Gamkasaurus” (an immense reptile, as yet 
undescribed) also belongs to this zone in Beaufort West; also his 
“« Asterophyllites?”” and “ Lycopodium ?” of the Roggeveld||. Dz- 
cynodon lacerticeps, O., D. strigiceps, O., D. Bainir, O., and D. tigri- 
ceps, O., came from the same set of beds, at various localities, east: 
and west; and from the higher and more northern portion of the 
zone have been obtained :—Palewoniscus (Spitzkop and Styl Krantz) 
and other Fish-remains (Brak River); a Reptile having the cha- 
racters of the “ Bliinkwater Monster” 4, but smaller (Sneeubergen) ; 
Microphols Stown, Huxley, Dicynodon declivis, O., D. latirostris, O., 
D. verticalis, O., Oudenodon Grayu, O., Galesaurus planiceps, O., 
Cynochampsa lamarius, O., and a portion of an Encrinital Stem** 
from the Rhenosterberg; and Dicynodon Murrayit, Huxley, still 
further north, near Colesberg. The buff-coloured, soft, stratified 
sandstone of the Great Winterberg is described as equivalent to the 
Sneeuberg beds, as well as the Tarka beds with pisolitic iron-ore (?) 
and Dicynodons. Possibly, however, the higher portions of the 
series in the Sneeuberg and Winterberg Heights may be outliers, 
belonging to the next or Stormberg beds; if so, the Paleoniscus of 
Styl Krantz, and the Reptile with serrated teeth from the Sneeuberg, 
belong to the next series. 

4, The Stormberg Beds (Huxley+7+), or the white and yellowish 
sandstones, with grey and reddish shales, of the Stormberg and of 

* See Mr. Stow on the Rhenosterberg, Quart. Journ. Geol. Soc. vol. xv. p. 194. 
Tt Some at least of these nodular masses are penetrated by greenstone, nume- 

rous dykes and beds of which abound throughout the “‘ Karoo Series.” 
{ Iridine, &c., Transact. Geol. Soc. 2nd ser. vol. vii. p. 225. 
§ Eastern Prov. Monthly Mag. vol. i. pp. 9-11; Newspaper Letter (June 1861); 

and Geol. Trans. 2nd ser. vol. vii. p. 56. 
|| Trans. Geol. Soe. 2nd ser. vol. vii. p. 188 & p. 227. 
«| Letter in Newspaper (Fort-Beaufort Advocate, June 1861). 
** Tf not a derived fossil, washed in from the Devonian beds, this is inimical 

to the supposed lacustrine origin of the Karoo beds. 
tt Quart. Journ. Geol. Soc. vol. xxiii. p. 5. [I have lately found that Mr. 

Wyley has also used the same name. July.—T. R. J.] 
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Bloemfontein* succeed. These have :—silicified wood and coal or 
lignite; Dicynodon (D. testudiceps, Owen, from the River Modder) ; 
Euskelesaurus Brownti, Hux., and Orosaurus, Hux., from Aliwal 
North; and Cynochampsa laniarius (?), O., Massospondylus, O., Pa- 
chyspondylus, O., and Leptospondylus, O., from Harrismith, near the 
Drakenberg. . 

Zone No. 4 comes out on the Natal side of the Drakenberg, and 
possibly the lower zones also. Glossopteris, in a good state of pre- 
servation, together with fossil wood and bones, in a calcareous rock, 
have been collected by Dr. P. C. Sutherlandt from the upper strata 
of the Coal-series of Natal.—T. R. J. 

III. Urrennace Series. 

a. Fossil Flora of the Gieelhoutboom Beds (the “ Wood-bed Series ” of 
Atherstone). 

The plants from the Geelhoutboom series have been obtained by 
Dr. Atherstone and Dr. Rubidge at various dates; they have been 
derived from two kinds of deposit (forming part of the “ Wood- 
bed”) :— 

1. A soft grey sandy shale, and yellowish sandstone (the remains 
of the leaves are sometimes calcareous). 

2. A dull, compact, splintery, bluish-grey, argillaceous limestone, 
lying below the marly sandstone. Of this rock there are two layers 
(‘strata of ferns ” in Dr. Atherstone’s section {). 

No. 1. contains Paleozamia Morrisi, P. Rubidge:, Athrotaxites 
(sp.), Cycad stems, Sphenopteris Antipodum, Pecopteris Africana, 
and P. Rubidger. 

No. 2. contains Paleozamia recta, P. Africana, seeds and a por- 
tion of a cone belonging to Cycadaceous plants, and Pecopteris 
Atherstone. 

The following species are common :—Asplenites lobata and Cy- 
clopteris Jenkinsiana. 

Description of the Species. 

A. Cycadacee. 

1. Patmozamia (OTozAMITES) RECTA, spec.nov. PI. V. figs. 7a, 7b. 

Frond pinnate, elongated. Pinne alternate, lanceolate, tapering 
gradually to an acute apex, patent; base semicordate; veins distinct, 
forked, nearly parallel. 

The foliage of this species, so far as it is known, was exceedingly 
coriaceous ; many of the pinne are mined with serpentinous gal- 
leries, as by the larve of Insects. A frond of P. sccta in the Geolo- 
gical Society’s Museum measures 17 inches in length; its apex is 
wanting; but when entire, it must have exceeded 2 feet 6 inches. 

* These are described by Mr. A. Wyley in a Report (addressed to the Presi- 
dent of the Free State) on the ineffectual search for gold near this place: ‘ Bloem- 
fontein Gazette,’ January 1856. 

+ Quart. Journ. Geol. Soc. vol. xi. p. 466. 
t Provincial Magazine; vol. i. pp. 580, 581 (1857). 



«@ 

1867. ] TATE—SOUTH-AFRICAN FOSSILS. 145 

P. recta differs from P. gigas, Lindley and Hutton, in its linear lan- 
ceolate pinne, and approaches nearer to P. lanceolata, Leckenby, 
from which it is distinguished by its straight pinne, and by their 
proportionate length and breadth. The length of a pinna of P. recta 
is about six times the breadth. 

2, Patmozamra (Popozamires) Morrisr, spec. noy. Pl. V. fig. 4. 

Frond bipinnate (?); pinnz somewhat approximate, patent, ovate- 
lanceolate ; apex acute; base contracted. Length from 24 to 3} 
times the breadth ; venation obscured. 

This well-marked species is dedicated to Professor Johu Morris, 
F.G.S., who many years since paid attention to the fossil flora of 
South Africa. 

3. Patmozamia Rusipe#t, spec. noy. Pl. VY. figs. 3a, 30. 

Frond pinnate, rachis straight, broad; pinne alternate, long, 
slender, lanceolate, tapering gradually to an acute apex; base 
slightly contracted, and decurrent(?); veins about ten, prominent, 
parallel. 

The substance of the pinne was apparently thin; the plant being 
either succulent, or possessing a much less coriaceous cuticle than is 
found usually among Cycads allied to Zamia. 

Paleozamia Rubidge is related to Zamites lanceolatus, Lindley and 
Hutton; but the pinne are not so distant, and are more lanceolate. 

4, Patmozamta (vel PreropHyLivM) AFRICANA, spec. noy. Pl. Y. fig. 5. 
Frond ? Pinnee very long, lanceolate, tapering gradually ; 

apex ?; base ?; veins few (about six), prominent, par- 
allel. 

This species is founded on a portion of a frond, the full length of 
which is not seen, nor the insertion and termination of the pinne. 
The longest pinna, in its incompleteness, measures 53 inches. 

The long, slender, and nearly parallel-sided pinna is not referable 
to any other African Cycad, nor, as far as I know, to any Palao- 
zamia ; it may, however, prove to belong to the genus Pterophyllum ; 
in which case P. Africana finds an analogue in Pt. Morrisianum, 
Oldham, from the Coal-measures of Rajmahal, India; but it differs 
from the latter by its more slender form, and its fewer and coarser 
veins. The same characters would distinguish it from Podozamites 
longifolius, Emmons. 

B. Filtces. 

1. Prcoprerts ATHERSTONET, spec. nov. Pl. Y. figs. 2a, 2b. 

Frond possibly bi- or tripinnate; pinne long, pinnatifid, with 
close, alternate, decurrent segments, which are oblong and slightly 
oblique; medial vein nearly straight, prominent; secondary veins 
oblique, forked once near the midrib. 

This species is closely allied to P. Indica, Oldham and Morris, but 
is of a more robust habit; the pinnules are broader and blunter. 
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2. Pecoprerts RvuBIpeEI, spec. nov. Pl. V. figs. la, 10. 

Pinne long, pinnules attached to the rachis by their whole base 
and to each other, close, alternate, falcate, acute; median vein 
strong, prominent; secondary veins oblique, forked once near the 
midrib. 

The arched and acutely pointed pinnules serve to distinguish this 
species from P. Atherstoner. 

3. Prcopreris AFRICANA, spec. noy. Pl. VI. figs. la, 1b. 

Pinnee long; pinnules attached by a contracted base, distant, 
patent, elongate-oblong, blunt or subacute; medial vein strong ; 
secondary veins oblique and bifurcating, or simply forked. 

4, AsprenitEs LopaTa, Oldham, ‘ Palzontologia Indica,’ p. 52, pl. 28. 
fig. I, ple 29) pk 30, pl. 36. ties. 6.7 1860: 

This fern is the most abundant of the plants of the Geelhoutboom 
marls; it also occurs in a dark-grey subcrystalline limestone at - 
Geelhoutboom. : 

Of A. lobata, described from the coal-series of Rajmahal, India, 
the diagnosis is as follows :— 

‘«‘ Frond bipinnate ; pinne oblique, long, alternate; pinnules ovate, 
alternate, distant, contracted at the base, lobed; lobes obtuse, deep, - 
4 to 8 on each side; midrib stiff and proceeding to the end of the 
pinnule, secondary veins flexuous and divided once or twice (?); sori - 
oblong or oblong-triangular, very large.”—Oldham. 

The African specimens do not exhibit any traces of fructification. 

5, SPHENOPTERIS ANTIPODUM, spec. nov. Pl. VI. fig. 3. 

Frond bipinnate, with linear, long, acute, dentated, alternate 
segments, each of which has one vein: the primary pinne on slender 
stalks, elongated, oval. 

This species has great analogy to S. Fulgeri, Ettingshausen, from 
the Wealden at Deister, and from the Inferior Oolite in Yorkshire ; 
but its pimnules are not so membranous and laciniated as in that 
Species. 

6. CycLoprrris JENKINSIANA, spec. nov. PI. VI. fig. 4. 
Frond obovate-oblong, rounded and obtuse at the apex, somewhat 

attenuated below; the veins, which are numerous and delicate, 
are radiate, dichotomizing from the base. 

The length of the largest specimen is 43 inches, and the greatest; 
breadth 32 inches. 

‘< In the overlying sandstone they are often 5 or 6 inches long and 
3 inches broad” (Dr. W.G. Atherstone, MS.). The base is not pre- 
served, but was apparently simply attenuated. 

This species occurs both in the argillaceous limestones and in the 
laminated sandstones of Geelhoutboom. 

I have much pleasure in dedicating this species to my colleague, 
Mr. H. M. Jenkins, F.G.S., asa slight acknowledgment of the ser- 
vices he has rendered me in the issue of this paper. 
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7. In addition to the above-enumerated species there are asso- 
ciated with them portions of a Coniferous stem closely allied to 
Athrotaxites Indicus, Oldham, of the Rajmahal coal-series; parts of 
stems, presenting longitudinal tuberculated ridges, probably Cyca- 
daceous ; and ovules of Palcwozamia, and the under surface of the 

_ base of a cone, perhaps of the same. 

b. General Remarks on the Fossil Plants from Geelhoutboom. 

The plant-bearing beds of Geelhoutboom are (according to the 
observations of Bain and others) younger than the ‘Karoo Series,” 
or ‘“ Dicynodon strata,” the flora of which is described above 
(p. 140); but they are inferior in position to those strata on the 
Sunday’s River (the “Trigonia-beds”) that yield marine fossils of un- 
doubted Jurassicage. Accepting the conclusions arrived at respecting 
the age of the beds newer and older than the plant-bearing strata of 
Geelhoutboom, any evidence that an examination of these plants 
may afford as to the Jurassic aspect of this flora will be very valuable 
as a confirmation of its age, already inferred from the stratigraphical 
position of the beds themselves. That the flora does bear evidence 
of such a Jurassic relationship, I will proceed to point out. 

The specimens collected by Dr. Rubidge in 1845, at the Sunday’s 
River (Geelhoutboom), were examined by Prof. Morris*, who gave 
as his opinion that they “ are essentially ‘Secondary ’ in character, 
from the preponderance of the remains of Cycadew, and probably re- 
present a Triassic or a Jurassic flora.” The same plants were exhi- 
bited at the Ipswich Meeting of the British Association (1851), on 
which occasion Dr. Harvey stated that “the species of Pecopteris, 
Neuropteris, and Sphenopteris chiefly resemble those of the coal of 
Australia, whilst the presence of Zamia in abundance impresses an 
Oolitic aspect on the flora’’y. ; 

Though the collection of these plants has been greatly increased 
by the further liberality of Dr. Atherstone and Dr. Rubidge, yet the 
views advanced by Prof. Morris are still applicable ; but Dr. Harvey’s 
statement must be accepted with some limitation. 

The collection, though rich in individuals, is poor in species, and 
has yielded the following :— 

4 species of Palwozamia. 
1 is Athrotaxites, 
il a Cycloptercs. 
t a Sphenopteris. 
il AR Asplemites. 
3 8 Pecopteris. 

* British Assoc. Rep. 1851, Trans. Sect. p. 68. 
_ +t (Trans. Geol. Soc. 2nd ser. vol. vii. p. 227, note. There was for some time con- 

siderable doubt respecting the real localities of the Fossil Plants referred to in 
the foot-notes at p.185 & p. 227, vol. vii. Trans. Geol. Soc. 2nd ser. The same 
specimens are alluded to in these two notes. Most of them came from Geelhout- 
boom ; but some were from the Karoo Beds at Jackal’s Kop, on the eastern side 
of the Stormberg (Quart. Journ. Geol. Sec. vol. xii. p. 237); and these latter do 
not appear among those that ultimately came into the possession of the Society, 
and which Professor Morris examined,—T, R. J.] 
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_ The four species of Cycadaceous plants which constitute the bulk 
of the flora are founded on fronds. One of these belongs to 
the section Otozamites of the genus Palwozamia, species of which 
characterize Jurassic rocks, and are chiefly found in the Lias and 
Lower Oolites. They greatly resemble, though quite distinct, several 
species from the plant-bearing beds of the Yorkshire coast. 

The presence of Cycads in the “ Uitenhage Series” of South Africa 
is of interest when we regard the distribution of these vegetables in 
time. Hitherto plants with Cycadeous affinities, and belonging to 
the Jurassic epoch, have been met with only in the northern he- 
misphere. Their discovery in South Africa in beds of the same age 
that have yielded them in Europe, India, and North America de- 
monstrates the wide geographical range of the Order Cycadaces 
during Jurassic times—an order now somewhat limited to tropical 
and subtropical climes, and which has only continued to exist in 
one of these areas—namely that of South Africa. 

Of the four species of Pecopteris, one is not satisfactorily distinct 
from P. lobata of India; and two others are closely allied to P. Indica, 
also from the Jurassic plant-beds of the Rajmahal Hills. 

In reviewing the few species of this ancient flora of South Africa, 
one cannot fail to be struck by the paucity of species in proportion 
to the abundance of specimens; and though limited in numbers, 
as the distinct forms are, yet there can be no doubt of their Jurassic 
character, seeing that some of the species are comparable with certain 
others from the Jurassic series of England and India. Thus Paleo- 
zamua recta, P. Rubidget, Pecopteris Atherstone, P. Rubidga, and 
Sphenopteris antipodum represent, as it were, Paleozamia lanceo- 
lata, Zamites lanceolatus, Pecopteris Indica, and Sphenopteris Fulgert 
of the European and Indian Jurassic rocks; whilst Asplenites lobata 
is common to these Indian and African strata: and though with one 
exception they are distinct, yet on the whole the Jurassic Plants of 
South Africa recall those of Scarborough and the Rajmahal Hills. 

The following Table exhibits the affinities of some of the African 
species :— 

Localities where 
the species of | Age of the beds Species from Species analogous to g : . 

- . outh Africa or; in these lo- South Africa. those of South Africa. | 4.3, fonloetae calaweet 

occur. . 

Palzeozamia lanceolata, 
Paleeozamia recta ... LOCK OOY .., caasasar sees Scarborough ..|Inferior Oolite. 

P. gigas, Lindl. & Hutte. J 

IB Lennie leery Seencsnoe ae : peraen Scarborough ...|Inferior Oolite. 

Athrotaxites, sp....... pier iee lnene Rajmahal ...... Jurassic. 

Pecopteris Rubidgei f{|Pecopteris Indica, : 5 
P. Atherstonei os... { Oldham woes Rajmahal ...... Jurassic. 
a ers AS Ea elt il idan let diaeaeic OL Rajmahal ...... Jurassic. 

Sphenopteris antipo-|Sphenopteris Fulgeri, | |Germany......... Wealden. 
LOGIT oy HoCee ane car tnenode Httingsh, 6. cvrecscers Yorkshire ...... Inferior Oolite. 



1867. ] TATE—SOUTH-AFRICAN FOSSILS. 149 

c. Synopsis of the Urtenhage Serves. 

The Jurassic strata are well seen in the Uitenhage district, and 
may therefore with propriety be designated the “ Uitenhage Forma- 
tion” for convenience of reference. ‘They are exposed by the rivers 
traversing the several basins of these rocks in the Eastern Province, 
especially in the upper part of the Bushman River, and the lower 
parts of the Sunday’s, Koega, Zwartkop, and Gamtoos Rivers. The 
strata differ somewhat in the several basins. The following com- 
parative Table of this Uitenhage series has been compiled chiefly from 
Dr. W. G. Atherstone’s “‘ Lecture on the Geology of Uitenhage,” in 
the ‘ Eastern Province Monthly Magazine,’ vol. i., 1857. 

Zwartkop River. 
3. Yellowish sand (green- 

grained) and _ calcareous 
rock, with some bands made 
up of fossils (upwards of 
100 feet thick, Sense"), ‘ 

in. 
Disintegrated rock ... 12 0 
Hard ferruginous rock, 

very rich in fossils 
(Trigonia &c) ...... 16 

Sandstone .,...... cesevee 16 4 
Sandstone: fossils ... 16 
Sandstone .......ssces008 16 0 
Greyish sandstone 

(all the sandstones 
of this series are 
more or less glau- 
conite): fossils in 
its lowest beds ...... 60 0 

Trigonia band ..... Bete 
2. (d and c?. Lignite at 

Bethelsdorp, &c.). 
6. Fossiliferous dark fer- 

ruginous sandstone; (Os- 
trea &c.), in bands a few 
inches thick, 2, Re 
with saliferous shales an 
sandstones} (Atherstone). 

Friable grey sandstone 
(alternating with erie a8 
ous nodular bands, 1 foot 
thick), 20 feet. Greyish 
hard band, full of small 
Shells, mostly crushed, such 
as Dentalium, Turritella, 
Ostrea, Nucula, and As- 
tarte(?),with Cidaris spines: 
3 or 4 inches §. 

a. White and variegated 
sandstone || (in the upper 
part of the Zwartkop Ri- 
ver). The “ Zwartkop Sand- 
stone” of Atherstone. 

1. Quartzose pebbles, 
loosely packed in red clay 
and sand, 300 feet. The 
“ Enon Conglomerate,” Ath- 
erstone. Unconformable on 
quartzite and schist. 

Sunday's River. 
3. Greenish-grey, calcare- 

ous, sandy, green-grained, 
fossiliferous rock (some- 
times limestone, sometimes 
sandstone {). 

2. d. Light-brown sand- 
stone, with lignite, jet, am- 
ber, and large reptilian 
bones. c. Grey sandy beds, 
with upright trunks of coni- 
ferous trees, and leaves of 
Zamie and Ferns, and con- 
taining two blue argillo-cal- 
careous bands, rich with 
Ferns, also thin seams of 
lignite. 6. Thin oyster- 
bands, alternating with thin 
sandstones and saliferous 
shales, with gypsum. a. 
Hard grey and brown sand- 
stone. This part of the 
formation (2 a-d) is the 
“ Wood-bed series,” as seen 
at Geelhoutboom, where the 
Witwater joins theSunday’s 
River. 

1. The “ Enon Conglome- 
rate,” lying unconformably 
on old slates and schists. 

Bushman River. 

3. Red, purple, and yel- 
low marls and clays (130 
feet and more). 

2. Brown pebbly green- 
grained sandstone, ath 
numerous prostrate tree- 
trunks (some calcareous, 
some lignitic), drifted and 
bored by Gastrochena, and 
bones of great Reptiles, in- 
cluding one with teeth like 
those of the Iguanodon. 
This is the ‘“ Wood-bed 
series” of Atherstone, and 
is here perhaps 500 feet 
thick. 

1. The “ Enon Conglome- 
vate,’ unconformable on the 
old schists **. 

* Quart.j Journ.j Geol. Soc. vol. vii. Miscel. p. 121, a translation from the Nova Acta 
Acad. Carol.—Leop. vol. xxi. part 2. p. 439 ef seg. See also Trans. Geol. Soc. 2nd ser. vol. vii. 

dais j On the Koega River also. 
I This is the rock termed “Lowest Strata of the Zwartkop Crag” in the Trans. Geol. Soc. 

p. 201. 

2nd ser. vol. vii. p. 203. § Krauss, loc. cit. 
|| Also on the Gamtoos River. These strata, 2 a, of the upper part of the Zwartkop basin 

may be equivalent to a portion of 2 5 of the lower part of the river. 
{| See Trans. Geol. Soc. 2nd ser. vol. vii. p. 201. These beds (“No.3”) and their equivalents 

may be termed the “ Trigonia-beds.” 
** Mr. Bain’s section and remarks at p. 58, vol. vii. of Trans. Geol. Soc. 2nd ser., appear to 

poet also to this co 
ower Albany, north.of the Bushman River. 

lomerate, and some overlying portion of the “ Wood-bed series,” in 
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d. Description of some Fossils from the Jurassic Strata, or “ Uitenhage 
Formation,” on the Sunday’s and Zwartkop Rivers, South Africa. 

AMMONITES SUBANCEPS, spec. nov. PI. VII. figs. 3a, 36. 

Shell small, somewhat compressed, deeply umbilicated. Whorls 
4, narrow, depressed, inflated laterally by the development of the 
tuberculose coste. Last whorl ornamented with ten tubercules; 
ten coste arise from the inner margin of the whorl; these are 
directed slightly forward, and bifurcate or trifurecate from a salient 
pointed tubercle in the middle line of the whorl; the ribs proceed- 
ing from the tubercle are inflected forwards, and interrupted upon 
the middle of the back, terminating there in a slightly pointed 
tubercle, but are otherwise continuous with a similar bundle of ribs 
developed on the opposite side. Back convex, with a smooth, shal- 
low furrow in the middle. Mouth large, rounded. 

Dimensions. Diameter °75 inch; diameter of outer whorl -3 inch; 
thickness of outer whorl ‘3 inch. 

Observations.—It is doubtful whether this be not a mere variety 
of A. anceps, Reinecke, of the Middle Oolites. I have not been able 
to compare it with a specimen of its size, or a figure of a young shell 
of that species; it differs from A. anceps in the more compressed 
form, and in the ribs ending on the back in tubercles. The species 
bears much resemblance to A. Hookeri, Blanford, of the Jurassic 
beds of Niti, India. 

Loc. With Alara coronata in a greenish-grey sandy limestone 
on the Sunday’s River. 

Hamires AFRICANUS, sp. noy. Pl, VII. figs. 5 a-5d. 

Shell presenting an elliptical section, slightly compressed at the 
sides; the undulating, oblique, encircling ribs are acute, very regular, 
and separated by deep furrows. 

The five fragments in the Collection vary much in size, and con- 
sequently in the direction of their annular foldings. In the largest 
portion, which measures 1-7 inch in circumference, the uninter- 
rupted rib has a slight curvature on the ventral surface, rises with a 
gentle sweep, at an angle of 70°, to the back, forming there a slight 
tubercle, a little without the mesial line. In portions of less dia- 
meter, the ribs are not so oblique and acute. 

Obs.—This species has the lobes of its chamber-partitions ap- 
parently as in Hamites, and not as in Ancyloceras; but the cha- 
racter afforded by the septal lines is not always reliable, and the 
differences between these genera are of a doubtful nature; and 
though I refer the African form to the more characteristically Creta- 
ceous genus, yet I attach very little value to its presence as indica- 
tive of Cretaceous age, unless it be supported by more restricted 
‘enera, 
: Loc. In agreenish-grey sandy limestone at Prince Alfred’s Rest, 
and in a greenish sandy limestone at Sunday’s River Mouth 
(Rubidge). Dr. W. G. Atherstone, of Graham’s Town, who has also 
sent a specimen of this Hamite to England, says (in a letter, dated 
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June 16th, 1859), “ Ihave found the Hamites in the same formation 
with the Trigonias, not in distinct beds overlying them.” 

BELEMNITES APRICANTS, spec.noy. Pl. VII. figs.2a, 26. 

This Belemnite belongs to the section Canaliculati, species of 
which, though ranging from the Inferior Oolite to the Kimmeridge 
Clay, are eminently characteristic of the Lower Oolites. This species 
differs but slightly from B. Aucklandicus, concerning which Yon Hauer 
writes that “it resembles so much the well known and widely 
spread B. canaliculatus that it is almost impossible to give a sufficient 
diagnosis of it.” 

If B. sulcatus be distinct from B. canaliculatus, then the former is 
decidedly the analogue of the South-African and New-Zealand 
species; for in both B. Africanus and B. Aucklandicus the ventral 
groove does not extend to the point, a character that allies them to 
B. sulcatus and separates them from B. canaliculatus. They both, 
however, differ from B. sulcatus in being slightly compressed from 
back to front, presenting sectionally a subquadrate outline, as in 
B. canaliculatus, and not from side to side as in B. sulcatus. But, 
on the other hand, the external aspect of the two antipodean species 
is that of the last-mentioned species. 
A second extra-European species allied to B. Africanus is B. 

Grantianus, D’Orb.*, of the Oolites of Cutch, which Sowerby f re- 
ferred to B. canaliculatus, Schloth., but which was regarded as dis- 
tinct by the former author, who applied to it the specific name here 
adopted. This species has the form and the wide ventral groove of 
B. Africanus, but agrees with B. canaliculatus in haying the furrow 
continuous to the point. 

It does not appear, perhaps, allowable to admit of three species 
intermediate between the closely allied B. canaliculatus and B. sul- 
catus; yet I feel justified, from a careful comparison of specimens of 
all the species, in the course here pursued. 

- The relationships of these stand thus:—JB. Grantianus is a sub- 
species of, or is closely allied to, B. sulcatus. (The sulcation is 
broader and deeper than in the European B. sulcatus.) 

B. Africanus and B. Aucklandicus, the representative species of 
B. sulcatus, are allied, and pass, throug ch B. Grantianus, to B. canali- 
culatus. These species might, if allowable, be expressed thus :— 

B. antipodum, a. Aucklandicus. 
= _ B. Africanus. 

Belemnites Africanus is the only species that links the Jurassic 
fauna of South Africa to that of the Secondary rocks of New Zea- 
land, which Yon Hauer regards as either of Jurassic or of Lower 
Cretaceous age. They contain an Aucella, two Inocerami, and B. 
Aucklandicus, the only species comparable with a European form, 
the affinities of which have been pointed out; the genus Aucella is 
confined to the St. Cassian beds and the Oolites; and as a Triassic 

* Prodrome, vol. i. p. 327. t Trans, Geol. Soc. 2nd ser. vol. y. p. 329. 



152 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Feb. 6, 

fauna is well represented in New Zealand, there is presumptive 
evidence that the strata which in that island are superior to the 
latter are of Jurassic age. 

Loc. Sunday’s River Mouth (Rubidge). 

ALARIA CORONATA, Spec. nov. PI. VII. fig. 7. 

Shell fusiform, whorls 5 or 6, each with an .acute, undulate, 
spinous, mesial carina; the last whorl with 2 subordinate, obtuse 
carine, which are somewhat rugulose, not spinous; whorls with 
alternately large and small transverse rugulose strie, crossed by very 
fine oblique striations. , 
__ The wing and digitations are not preserved in this unique spe- 
cimen. 

Dimens. Length (excluding canal) 14 inch, breadth (without the 
wing) 1 inch. 

The genus Alaria *, eminently, but not exclusively, characteristic 
of the Jurassic rocks, contains no known species which can be con- 
founded with the present one. 

Loc. In light-grey sandy shell-rock on the Sunday’s River, 
associated with Ammonites subanceps. 

TuRRITELLA Rupipexnana, spec. nov. Pl. VIII. figs. 6 a, 66. 

Shell turreted, spire elongated ; whorls 8, angular; suture deeply 
impressed. Upper half of each whorl with two mesial carine, the 
superior carina tuberculate, the inferior one imperfectly so. Hach 
whorl is ornamented with about twenty elevated oblique ribs, which 
proceed from the suture to the tubercles of the upper carina, are 
continued longitudinally to the ill-defined tubercles of the lower 
carina, and are there lost. The lower half of the last whorl with 
three or more angular carine. 

Dimens, °*35 inch in length; breadth of last whorl .125 inch. 
Loc. Several specimens, collected by Dr. Rubidge in a very 

sandy shell-band, with Ostrea, Astarte, &c., at Bethelsdorp Salt-pan. 
These belong to the “ Lowest Strata of the Zwartkop Crag,” pro- 
bably a part of the “ Wood-bed series” (see p. 149). 

PATELLA CAPERATA, Spec.nov. Pl. VII. figs.la, 16. 

Shell interruptedly conical ; apex obtuse, excentric, and inclined 
to one side; the base is elliptical, and the periphery is irregular and 
slightly sinuated; ornamented by numerous radiating ribs, which 
are a little irregular in direction, and appear but as wrinklings of 
the surface, crossed by close-set lines of growth, conformable with 
the edge of the shell, adding to that appearance which I have 
sought to express by the specific title, caperata. 

* In a short paper published in ‘The Geological and Natural History Re- 
pertory,’ on the so-called Rostellarie of the British Cretaceous Rocks, I have 
referred three species to the genus Alaria; Zekeli and Stoliczka enumerate five 
species from the Gosau formation as belonging to this genus; and thus eight 
species have been recorded from beds of Cretaceous age. 
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Dimens. Length of longer diameter 2-8 millimetres; shorter dia- 
meter 2:1 mill.; height -9 mill. 

Loe. In a reddish shell-rock, Prince Alfred’s Rest? (Rubidge). 

CHEMNITZIA AFRICANA, Sp. NOV. 

Shell subulate, turreted; apex acute; whorls 9, very slightly 
constricted in their upper part; the longitudinal ribs, of which-there 
are about twenty in a volution, arise from tubercles; the ribs are 
depressed and smooth, and become broader inferiorly. Suture deeply 
impressed; aperture elliptical. 

Length 7 lines. 
This species is allied to Ch.(?) vetusta of the Great Oolite of England. 

_ Loc. The specimen, which is unique, was obtained from the 
Zwartkop River. 

Turso STOWIANUS, spec. nov. 

Shell turbinated, whorls convex; upper half of each whorl en- 
circled by six bluntly acute ribs, alternating with similar smaller 
ones; lower half with the same ornamentation. Aperture round. 
Axis imperforate. 

Dimens. Length 1-35 mill., breadth -46 mill. 
T. Stowianus is related to 7’. Bainiw, Sharpe. 
Loc. Two specimens were collected by Dr. Rubidge at Prince Al- 

fred’s Rest. 

AMPULLARIA ? IGNOBILIS, spec. Nov. 

«‘ Ampullaria?, undetermined,” Sharpe, Trans. Geol. Soc. 2nd ser. 
vol, vil. p. 203 & p. 282, pl. 28. fig. 21. 

Shell very minute, globular, apex subacute, spire very short, com- 
posed of 3 inflated whorls, last whorl almost enveloping the spire. 
Mouth oval. 

Loc. Lowest strata of the Zwartkop Crag. 

PHASIANELLA ? SHARPEI, spec. nov. 

«¢ Natica, undetermined,” Sharpe, Joc. cit. pl. 28. figs. 2, 3. 

Shell very minute, ovate, globose; spire short; whorls 3, narrow, 
convex ; last whorl large; aperture large and round. 

Loc. Lowest strata of the Zwartkop Crag; and Sunday’s River. 

Actmonina MoRRISIANA, spec. nov. 

“« Ampullaria ?, undetermined.” Sharpe, loc. cit. pl. 28. fig. 20. 

Shell very minute, ovate, cylindrical, apex acute; spire short, 
conical, composed of four cylindrical. whorls, the last of which occu- 
pies 1° of the whole length of the shell; aperture ovate-oblong, 
rounded in front, acute behind. 

The species is named in compliment to Prof. J. Morris, F.G.S. 
Loc. Lowest strata of the Zwartkop Crag. 
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AcCTHONINA SHARPEANA, Spec. Noy. 

“ Oylindrites ?, undetermined.” Sharpe, loc. cit. pl. 28, f. 24. 

Shell very minute, truncated, cylindrical; spire depressed, obso- 
lete; vertex large, fiattened; last whorl with somewhat inflated 
sides, base contracted, short; aperture elongated, moderately ex- 
panded towards the middle, subacute at the extremities. 

Loc. Associated with the above. 

ACTHONINA JENKINSIANA, Spec. noy. 

“* Acteon?, undetermined.” Sharpe, loc. cit. pl. 28. fig. 25. 

Shell minute, elliptical; apex acute; spire of four whorls, elon- 
gated, regularly conical ; aperture clongate, attenuated before and 
behind. 

Loc. Lowest strata of the Zwartkop Crag, and Sunday’s River. 

OsTREA_(Exogyra) JonEsrana, spec. noy. Pl. VIII. figs. 3 a—de. 

Shell ovately orbicular, depressed, the larger valve only known, 
with a large adhering surface, or simply attached by the small 
involute umbo. Attached valve with a few strong and somewhat 
rounded ribs, which indent the margin. 

Dimens. Length 1°57 mill., height 1-37. 
This species belongs to the section Hwogyra, and but for that 

might have been referred to Ostrea costata of the Lower Oolites of 
Europe. 

Loc. Salt-pans of Bethelsdorp, with Cidaris Africana (Ru- 
bidge). 

OsTREA IMBRICATA, Krauss, sp. 

The species Hxogyra imbricata, Krauss, was referred by Sharpe to 
the genus Gryphea; I have placed it in that of Ostrea, because 
the numerous specimens in the Society’s museum exhibit gradations 
from one to the other of the so-called genera; in fact this species 
affords a good illustration of the mere sectional value (which cannot 
at all times be employed) of the groups Exogyra and Gryphea. 

The gryphoid form of Ostrea imbricata is closely related to an 
undescribed species of Gryphea from the Oxford Clay of Weymouth. 

Loc. Sunday’s and Zwartkop Rivers. 

PLACUNOPSIS IMBRICATA, spec. noy. Pl. VIII. fig. 7. 

The unattached valve only is known; it is thin, ovate, oblique, 
and convex; the apex is acute and marginal; the dorsal margin of 
the valve is straight ; the surface has concentric imbricating lamelle, 
which towards the front of the valve occupy the ridges of the 
smooth undulations. 

Dimens, Length 2°45 mill., height 1-64 mill. 
The general aspect of this. species is that of Pl. semistriata, 

Bean, of the Cornbrash of Yorkshire; but the ornamentation of the 
shell of that species is very distinct. 

Loc. In a brick-red shell-rock. One specimen from Prince Al- 
fred’s Rest (Rubidge). 
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PLACUNOPSIS SUBJURENSIS, Spec. noy. Pl. IX. figs. la, 10. 

Shell orbicular, irregular, thin; free valve rather oblique, exceed- 
ingly gibbous; umbo submarginal, obtuse, and depressed; orna- 
mented by numerous, fine, regularly nodulous, waved costz, crossed 
by numerous delicate concentric strie, and a few well-marked lines 
of growth. 

Dimens. Length 1}inch. Height 14 inch. 
The species ae the | genus Placunopsis have such a general re- 

semblance one to another, both in form and bevamentatien being 
moreover necessarily more or less variable in shape, that it is often 
difficult to recognize constant distinctive characters. The present 
species has for its representative P. Jurensis of the Lower Oolites of 
Europe, and differs from it in its greater gibbosity and CLETRLES 
and in possessing regular knotted ribs, 

Loc. Collected by Dr. Rubidge in some abundance at the Zwart- 
kop River Heights, in a yellowish sandy shell-rock. 

PLACUNOPSIS UNDULATA, Spec. nov. Pl. IX. fig. 2 

Shell orbicular, thin, irregular, nearly equilateral; convex, gib- 
bous or depressed ; apex marginal, obtuse, and i deptcaeed ornamented 
by numerous concentric waved ruge. 

Dimens. Length 11 inch; height 8, of 8 an ih 
Loc. In yellowish- -grey limestone, Mouth of Sunday’s River (Ru- 

bidge); and four specimens adherent to a piece of mineralized wood 
(calcareous with glauconitic grains) perforated by Gastrochena domi- 
nicalis*, Sharpe. 

Prcren RusmeEanvs, spec. noy. Pl. VII. fig. 11. 

Shell inequivalve, ovately orbicular, convex, with nine or ten equal, 
large, elevated, subacute and distantly arranged cost ; the intervals 
are wide and ormamented with very fine concentric strive, which are 
continued over the aa Auricles large and unequal. 

Dimens. Height 55, of an inch ; breadth >f; of an inch. 
This Pecten presents the appearance, less the spinous processes, 

of P. subspimosus, Schloth., which ranges from the Inferior Oolite 
to the Coralline Oolite of Nattheim ; other slight differencescan be 
pointed out. 

Loc. Dr. Rubidge has found this Pecten to be one of the most 
frequently occurring shells, in a yellowish sandy shell-rock with 
greenish-grey patches here ‘and there, at Prince Alfred’s Rest. 

PECTEN PROJECTUS, spec. nov. Pl. IX. fig. 6, 

Shell oblique, ovately orbicular, moderately convex, equivalve ; 
remarkably inequilateral, the umbone being slightly curved ante- 
niorly and the anterior side projected forwards. Valves ornamented 
with closely arranged dichotomous lines curving outwards ; the in- 
terstitial spaces subpunctated. Auricles unequal, the anterior one 

* The specimen figured in Geol. Trans. 2nd ser. vol. vii. pl. 23. fig. 4a, is wood, 
and not “bone,” as stated at p. 198, op. cit.—T. RB. J. 

VOL. XXITI,L—PART I. N 



156 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Feb. 6, 

large and concentrically rugose ; the posterior one small, the stria- 
tions of the valve are continued upon it. 
ie Height { of an inch; breadth + of an inch. 
P. projectus is closely related. by its general outline and orna- 

sar ecie to P. lens, Sow., and P. arcuatus, Sow., of the Lower and 
Middle Oolites of Europe ; but the obliquity of the shell and the 
relatively excentric position of its apical portion are characters by 
which P. projectus is at once separated from them. 

P. projectus is allied in form to an undescribed species which I 
have collected in the upper beds of the Inferior Oolite at Cold Com- 
fort, near Cheltenham, and which I propose to call P. Tylora; the 
latter, however, is more depressed and smooth, except near the 
margin, where the shell is concentrically striated and crossed by 
radiating sharp indented lines. P. Tylori is a shell that has been 
Coed I believe, with P. cinctus, Sow., which belongs to the 
Lower Greensand aud not to the Inferior Oolite. 

Loc. Collected by Dr. Rubidge in a soft, yellowish-grey, sandy 
limestone at the AZwartkop River Heights, and at Prince Alfred’s 
Rest; in both localities it is frequent. 

Lima nu¢iucta, spec. nov. Pl. VII. figs. 5a, 50. 

“ Lima, sp. (undeterm.),” Sharpe, Trans. Geol. Soc. 2nd ser. vol. vil. 
p. 201 (1858). 

Shell oblong, transverse, slightly convex, ornamented with nume- 
rous acute ribs, the sides of which are longitudinally striated, two or 
three stronger striz occupy the central portion of the interspace ; 
under a magnifying glass the surface is seen to be covered with 
closely set, regular, transverse striations. 

Dimens. Height 2 of an inch, breadth 4 of an inch. 
L. neglecta belongs to a section of the genus exemplified by 

L. duplicata, Sow., in the Oolites, and L. parallela, Sow., in the 
Lower Greensand. 

Loc. In a grey, coarse-grained, sandy and a limestone, 
Sunday’s River (Atherstone). 

LIMA OBLIQUISSIMA, Spec. nov. Pl. IX. fig. 5. 

Shell elongated, depressed, very oblique, umbo acute; hinge-line 
obliquely truncating the shell; the whole surface ornamented with 
narrow waved. sulci, interspaces punctated. 

Dumens. —Height 1 inch; breadth 4 of an inch. 
In its elongated and oblique form, L. obliquissenva resembles 

several Jurassic Lime ; in the char acter of its sulcations it approxi- 
mates to L. rigidula, Phil. ; in its punctated surface it is allied to 
L. ovalis, Sow.; it is, however, characterized by the broad and flat 
ribs, and the narrow interstitial spaces, angularly waved and 
punctated. _.. 

Loc. In a yellow shell-rock from the Zwartkop River Sandee 
and with Fis BUSS undulata and fossil wood (Lubidge). 
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Myrtitvs Jonest, spec. nov. Pl. VIII. figs. 4a, 40. 

#2 Shell nearly triangular,smooth,shining; hinge-margin straight and 
long ; anterior margin elevated in its median portion ; umbo terminal, 
acute, depressed, ornamented with closely arranged, imbricating, 
concentric folds. 

Named in compliment to Prof. T. Rupert Jones, who has taken 
part in the elucidation of the geology of South Africa, and whose 
kind assistance I gratefully acknowledge. 

Dimens. Greatest length 1-9 millimetre; greatest breadth 1 
millimetre. 

Loc. In a greenish, coarse-grained sandstone with calcareous 
cement, Sunday’s River (Rubedge). 

Myrtizus Stowranus, spec. noy. Fl. IX. figs. 3a, 3b. [Subgenus Lz- 
thodonws. | 

Shell pod-shaped, cylindrical, elongated, rather depressed, um- 
bones small, contiguous, slightly inflated, anterior side narrow, pos- 
terior side wider and less compressed, upper and lower margins 
straight and nearly parallel; concentric plications few and delicate ; 
radiately striated. 

Loc. In a fine-grained, grey, sandy limestone, Sunday’s River 
(Atherstone and Rubidge). 

Myritvs Rusipezt, spec.noy. Pl. [X.fig.11. [Subgenus Modiola.] 

Shell transversely elongated, with a straight dorsal edge; anterior 
part narrow and curved; posterior tapering at the end, divided into 
two portions by a very obtuse angle; superior and posterior part 
with numerous oblique plications, which are continued to the keel, 
and numerous slender folds which are coincident with the plications, 
but on reaching the keel continue parallel to the ventral margin, 

Dicuss — > Total: length. 2. 2.6.1. 60s. 5°25 millimetres. 
Length of posterior side .. 5:18 33 
Height es SR ae eee 0-9 

This shell is very distinct in its ornamentation from Modiola 
Bain, Sharpe; but in that respect has a greater resemblance to 
Mytilus Sowerbyanus, D’Orb.; both, however, are straighter shells 
than WM. Rubidger. 

Loc. In the greenish sandy limestone of the Sunday’s River ; 
many specimens (Rubidge). 

Astarte PrncHiniAna, spec. nov. Pl. IX. figs. 7a, 7b. 

Shell small, ovately orbicular, depressed ; umbo acute, postmesial, 
but directed somewhat forwards; anterior side rounded, its upper 
margin slightly excavated; hinge-line straight and oblique; lunule 
small; ornamented by obtuse, closely arranged, regular rugs, which 
are slightly undulated on the anal side; the interstitial spaces very 
narrow.. 

Dimens. Height and lateral diameter equal, or about 1:45 
millimetre. 

w2 
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This species has considerable resemblance in form and orna- 
mentation to A. pumila, Sow., and A. excentrica, Morr. and Lycett, 
but differs in its larger size, greater obliquity and straightness of the 
cardinal line, and in the more excavated dorsal margin of the anterior 
side. This species is dedicated to Mr. Pinchin, a brother-geologist, 
from whom Dr. Rubidge has received much assistance in his re- 
searches, 

Loc. Ina grey sandy limestone, weathering yellowish, Sunday’s 
River (Zubidge). 

Astarte LoneLanpsiana, spec. nov. Pl. VIII. figs. 5a, 56. 

Shell obovate, slightly convex ; anterior side rounded, front curved, 
posterior side angularly truncated, hinge-line nearly straight or 
slightly arched; umbones depressed, obscure; lunule lanceolate ; 
ligamental pit narrow and deep, bounded by sharp edges that nearly 
approach each other. Valves nearly flat, ornamented with numerous 
subacute, equidistant, slightly elevated ridges of growth. 

Dimens. Length 3 inches, width 27 inches, thickness 2; length 
of anterior side 1 inch, of posterior 2 inches. 

Loc. The unique specimen was found by Mr. H. Longlands (to 
whom the species is dedicated) in a shelly band of the Zwartkop 
River limestone, October, 1859. 

Pinna SHARPEI, spec. nov. Pl. IX. fig. 4. 

A drawing* of a Pinna found by Mr. Pinchin is comparable with 
the figures of P. cancellata, Morris and Lycett, and P. Gallennei, 
D’Orb.; but as a description on such material must be incomplete, 
I merely reproduce the drawing, and propose the specific name of 
Sharpet, in memory of the late Mr. D. Sharpe, who described a former 
series of South-African fossil shells. 

Loc. Sunday’s River. 

TRIGoNIA CasstopPE, D’Orb. 

Shell ovately trigonal, longer than wide, depressed ; umbo anterior, 
prominent, acute, recurved; the anterior border is rounded; the 
posterior is truncated, with a large oblique flattened area, which is 
plicated by close-set, longitudinal, denticulated ribs; the dorsal sur- 
face has twenty large, smooth, gracefully curved costae, separated 
from the curved, smooth (?) keel by a transversely wrinkled narrow 
sulcus. | 

Dimens. Length 2 inches, width 14 inch, length of carina 12 
inch. 

This costated Zrigonia approaches closely the well-known TZ. 
costata, from which it is distinguished, however, by the greater 
length proportionate to the width of the shell; the front also is 
more curved, and the posterior area is less oblique. JZ. costata is 
represented in the Scindian Oolites by the varieties pulla and elon- 
gata, the former of which is closely related to 7. Cassiope. I un- 
hesitatingly refer the African shell to this European species, which 

* Made by Mr. Stow, and presented by him to the Geological Society. 
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occurs in the Great Oolite of Luc (Calvados), Vezelay (Yonne), 
Grange-Henry, near Nantua, France*, and is moderately abundant 
in the Cornbrash of Yorkshire 7. 

Loc. Zwartkop River (Mr. H. Longlands), The specimen is 
unique. 

TrrgontrA VAU, Sharpe (juvenis), et T. veNTRICOSA, Krauss, sp. (ywve- 
nis). Pl. VII. fig 

The character of the ornamentation clearly underwent a continuous 
change during life in these two species of Z’rzgoma (T. vau and TZ. 
ventricosa); I have therefore thought it necessary to figure these 
species in their earliest stage of growth. 

TriconrA Goiprussi, Ag. (juvenis). Pl. VII. fig. 6. 

Associated with the foregoing is the probably young shell of 7”. 
Goldfussi, Agassiz: certainly I should not be justified in assigning 
it another appellation; for the African shell is identical with figure 
184, plate v. of Morris and Lycett’s ‘Monograph of the Great Oolite 
Mollusca’ Hereafter, however, it may be found to be the young of 
a distinct species. 

Loc. In a yellowish sandy shell-rock (a mass of Bivalves with 
green and grey sand) on the Sunday’s River (Rubidge). 

Corputa? Rocxrana, spec. nov. Pl. VIII. fig. 8. 

Shell subglobular, smooth, shining; umbones large, obtuse, mesial, 
erect ; anterior side rounded; lunule large, concave; posterior side 
very short, with a well-marked oblique carina and a truncated pos- 
terior border; the surface has numerous, delicate, irregular folds of 
growth. 

Obs.—The above diagnosis is nearly word for word that of Corbula 
Agatha, D’Orb., as given by Lycett in his ‘Supplement to the Great 
Oolite Mollusca,’ p- 65. That species, however, is of minute size ; 
its posterior side has a jfaimtly marked carina, and its surface a few 
folds of growth. 

Dimens. Length 1:19 millimetre, breadth 1:04 millimetre. 
Loc. In a yellowish-grey sandstone with calcareous cement, 

Zwartkop River (Atherstone and Rubidge). 
Obs.—The dentition of Corbula? Rockiana is unknown; and the 

species may hereafter be found to belong to Lsocardia or to Cyprina ; 
but, on account of its close affinity to Corbula Agatha, I prefer to 
let it remain with that generic title. 

The species is dedicated to Major Rock, who, with Mr. Stow, col- 
lected and communicated several fossils from the Uitenhage Forma- 
tion, and whose name I take this opportunity of associating with 
South-African geology. 

_ * D’Orbigny, ‘ Prodrome,’ vol. i. p. 808 (1850). 
i Wee ‘Supplement to the Mollusca of the Great Oolite,’ Palaont. Soc. 

p.4 
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CRASSATELLA COMPLICATA, spec. noy. Pl. IX. fig. 8. 

Shell oblong, very much compressed, very inequivalve, the poste- 
rior side truncated ; anterior side rounded; ip smooth or crenulated ; 
lunule ill-defined; umbo subacute, ornamented with acute coste, 
which diverge from the umbo, the angles of the ribs succeeding each 
other in an oblique direction, a little anterior or posterior to the 
middle line of the valve; the set of coste directed towards the an- 
terior side are slightly reflected; the series directed towards the 
posterior side are straight, the superior coste of which form another 
group of diverging ribs; the angles of these are more acute and are 
directed from the umbo; a few straight costee occupy the remaining 
portion of the anal area, and denticulate the hinge-line, which is 
straight. 

Dimens :— f. 1*, 2. a 
Reneth (entire) 22... e S17 244 1:9 1:44 millims, 
Breadth are ren 197 48. 120 ew +? 

Length of posterior side.. 246 1:9 1:5 1:2 z 
The diverging ribs of this species connect it with C. Robinaldina, 

D’Orb.*, of his ‘‘ Néocomien inférieur” of the Parisian basin, and 
serve to distinguish it from all other species of the genus. C. 
complicata differs from its Kuropean representative in its straighter 
hinge-line, its truncated posterior side Gn C. Robinaldina the anal 
side is slightly acuminated), in its more arched anterior side, and in 
haying only about one-half the number of ribs. These two species 
present in their remarkable ornamentation a wide departure from the 
genus, the greater number of species of which have smooth shells ; 
in others they are concentrically furrowed. 

Species of the genus characterize tropical seas, and they are well 
represented in the Tertiary deposits in various parts of the northern 
hemisphere. During the Cretaceous epoch they appear to have been 
few in number, as not more than eight or nine are known ranging 
upwards from the lowest marine bed of that system. 

The restricted range of the genus Crassatella favours the supposi- 
tion that the Secondary fauna of Uitenhage may be of Cretaceous 
age; but the opinion that too much value must not be placed on an 
isolated case is confirmed by the discovery of a true Crassatella in 
the Inferior Oolite of Rodborough, near Stroud, England ; and though 
it be not of the type to which C. complicata belongs, yet the value of 
the genus as evidence of a Cretaceous facies is thereby lessened. 

Loc. Sunday’s River (Atherstone); and in a yellowish-grey sandy 
shell-rock at Prince Alfred’s Rest (Rubidge). 

CypricarpiA Nivenrana, spec. nov. Pl. VII. fig. 10. 

Shell elongated, subtrigonal; umbo placed anteriorly to the 
middle of the valve, rather elevated and subacute; anterior side 
rounded, its upper margin slightly excavated, its lower extremity 
pointed; the posterior side slopes obliquely downwards, and has an 

* Pal. Frang. Terr. Crét. vol. iii. p. 75, pl. 264, figs. 10-18. 
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imperfectly defined obtuse angle; it is ornamented with delicate, 
elevated, closely arranged and regular concentric ruge. 

This species is named after Mr, Niven, a fellow-worker with Dr. 
Rubidge in the geology of the Cape. 

Dimens. Length 5% of an inch, height 33 of an inch, length 
of posterior side $3 of an inch. 

Loc. In grey ‘sandy limestone, Sunday’s River. 

Cyprina Borcuernst, spec. noy. Pl. VIII. fig. 2. 

Shell ovate-oblong, transverse, inequilateral, somewhat inflated ; 
posterior side angulated, the margin truncated; anterior side rounded; 
front margin slightly arcuate : umbones large, oblique, slightly re- 
curved; ornamented by irregular-sized and. close-set lines of 
erowth coincident with the margin. [Named in memory of the late 
Mr. M. Borcherds, Civil Commissioner at Fort Beaufort, who warmly 
assisted the late Mr. A. G. Bain in his early researches in South- 
African Geology.| - 

Dimens. Length 4:1 millimeires, height 3-1 millimetres. 
Loc. Gwartkop River (Rubidge). 

Cucuttma (Macropoy) ArueErsronet, Sharpe, sp. 
Arca Atherstoni, Sharpe, Geol. Trans, 2nd ser. vol. vil. p. 196, 

pl. 22. fig. 10. 

If Cucullea and Arca be regarded as generically distinct, then the 
former name should be applied to this species, as I have determined 
by an examination of the type specimen that the hinge-teeth are 
longitudinal towards the margin. It belongs to the group Macrodon. 

CucuLL=As Kravssit, spec. nov. 
Cucullea ? poe Krauss (non Arca cancellata, Sow., nec 

Cucullea cancellata, Phillips). 

As the above-quoted specific name given by Krauss to an Arca- 
like shell is preoccupied, not only for Arca, but for Cucullea, I pro- 
pose the name “ Araussi” instead. 

Very perfect specimens collected by Dr. Rubidge on the Zwartkop 
and Sunday’s Rivers exhibit the hinge- characters of this species ; 
its position in Cucullea is incontestable. 

Arca (Cucuttms ?) Jonzsr, spec. nov. PL IX. fig. 9. 

Shell rhomboidal, convex ; umbones slightly anterior to the middle 
of the valve, large, depressed, and approximate. Anterior side short, 
its margin rounded; posterior side with an acute carina, posterior 
to which is a slightly concave surface; the inferior margin is nearly 
straight. Radiating costee flat, slightly nodulous; elevated upon the 
anterior and posterior portions of the valves; much larger, more 
distant, and acute upon the anterior side; decussated by numerous 
concentric lines and strie. 

Dimens. Height 1-2 millim.; length 1-8 millim. 
Loc. In a greenish-grey sandy marl, rather hard and very cal- 

careous; near the Bridge on the Zwartkop River. 
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CARDITA NUCULOIDES, spec. noy. Pl. VII. figs. 8 a-d. 

Shell quadrangular, subglobose, ornamented with fine, closely 
arranged, radiating lines interrupted by a few crenulated regular 
plications and fine concentric striz; umbones anterior, directed 
forwards, involute ; lunule small, flat. 

Dimens. Length -8 millimetre, height -58, thickness -73. 
Loc. Sunday’s River (fubidge). The matrix is a greenish coarse 

sandstone of quartzose and glauconitic grains with calcareous 
cement, 

BERENICHA ANTIPODUM, spec. nov. PI. VIII. figs. la, 10. 

Polyzoon encrusting, rampant, composed of a single layer of cells. 
Cells elongated, smooth, nearly cylindrical, but somewhat flattened, 
quincuncially disposed; terminal portions prominent. Peristomes 
circular, remote, and separated by about equal distances from one 
another. The bases of the cells subelliptical, of unequal sizes, irre- 
gularly arranged. 

Obs.—Berenicea antipodum is allied to B. striata, J. Haime, of 
the Lias of Valiére, in its elongated and distant cells, and in the 
great diameter of the peristome. The cells of the African species 
are smooth ; while in B. striata they are striated, and are less regu- 
larly disposed. 

B. antipodum is the only Polyzoon hitherto known in the Secon- 
dary rocks of South Africa. 

Loc.—In a yellowish shell-rock, with grey patches here and 
there, Prince Alfred’s Rest; encrusting Trigoma vau, and Placu- 
nopsis undulata, from the mouth of Sunday’s River ; collected by 
Dr. Rubidge. 

IsastrmA Ricuarpsont, M.-Edwards & J. Haime, var. nov. 
antipodum. 

Corallum massive, or somewhat gibbous; calices polygonal, very 
unequal in size, shallow, and separated by a moderately strong wall. 
Fossula distinct; no columella. Septa thin, unequal in size, and 
forming three cycles; the six primary cycles are much larger than 
the others, and become thicker near their inner edges; but some- 
times the secondary cycles are almost as much developed. 

Largest diameter of the ealices one and a half line. 
The African form of the species differs from the type only in the 

smaller size of the calices, thinner walls, and more gibbous state of 
the coral-mass. It is the first recorded fossil Coral from South 
Africa; one example only is known. 

Isastrea Richardson occurs in the Inferior Oolite of England, 
and resembles in its general aspect J. imitata and I. explanulata of 
the Great Oolite of the Anglo-Norman basin. 

Loc. Discovered by Mr. G. W. Stow in the Uitenhage formation 
_on the Zwartkop River. | 
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Srrputa(VERMILIA) Pincurnzana,spec.noy. Pl. [X.figs.10a,106,10¢. 
“ Serpula, sp. Large single tube” (Sharpe, Geol. Trans. /.c.p. 202). 

Tube round, partly attached by a slightly expanded surface ; 
rampant; free portion straight ; surface with transverse irregular pli- 
cations. The outer diameter of the free portion equals 84 millims. 

The unattached portion resembles the same part of the tube of 
Serpula quadristriata, and of S. volubilis of the Oolites; but in 
each of these the fixed part is convoluted. It has close affinity to 
Vermilia ampullacea and V. antiquata of the Cretaceous rocks, but 
differs from the former in being very perfectly round, and from the 
latter by the absence of annular rings. 

Loc. On Trigonia Herzogu, Sunday’s River (Bain and Ather- 
stone); Sunday’s River Mouth (Rubidge). 

SERPULA FILARIA, Goldfuss. 

Sunday’s River (Rubidge). 

SERPULA PLICATILIS, Goldfuss. 

Sunday’s River (Bain). 

CIDARIS PUSTULIFERA, spec. nov. Pl. VIII. figs. 9a, 90. 

The materials at my disposal, illustrative of this species, are 
many interambulacral plates, some with portions of the ambulacral 
areas, exhibiting the poriferous zones, and numerous primary spines. 

The ambulacral areas are narrow, with two rows of small granules ; 
poriferous zones narrow, pores circular, and the septum between the 
pores forming an elevated moniliform line. 

Interambulacral plate (fig. 9 b) large and thick; boss prominent, 
and its summit smooth; the areola is elliptical, around the margin 
of which are a great number of closely set, imbricating, scrobicular 
granules, which diminish in size towards the edge of the plate. 
Interambulacral polar plates (fig. 9 a) thin, the areole circular. 

Primary spines cylindrical; margin of acetabulum smooth ; head 
of spine with a prominent finely crenulated ridge; stem of spine 
cylindrical, covered with granules or spiny tubercles having a linear 
arrangement. 

Loc. Saltpans near Uitenhage (Rubidge). 
The species described above belongs to that type of the genus 

characterized by the smooth and uncrenulated bosses of the tuber= 
cles; species of this type exist at the present time, and are found 
in Tertiary and Cretaceous rocks; species of the type with cre- 
nulated bosses characterize Oolitic deposits. There are, however, 
some exceptions to these rules; and for the present the African 
species may be regarded as another exceptional example. 

F'UCOIDES CLAVATUS, Spec. nov. 
“ Fucoid? ”, d&rc., Sharpe, op. cit. p. 202. 

Frond cylindrical, dichotomous; branches one inch in length, 
nearly equal, clavate. 

Loc. ‘In grey sandy limestone, Sunday’s River. 
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The following Reptilian remains may be noticed among the fossils 
from Uitenhage. 

1. A small serrated Tooth resembling some belonging to Acan- 
THOPHOLIS (Huxley, Geol. Mag. vol. iv. p. 65, pl. 5. fig. 4). It was 
sent to the Geological Society several years ago by Dr. Atherstone. 
It is imbedded in a greyish sandstone (reddish in part) with cal- 
careous cement, and is from the “‘ Wood-bed Series.” 

2. A small and imperfect femur of a Lacertilian, from the Zwart- 
kop River Heights (Dr. Rubidge). 

e. General Remarks on the Fauna of the Uitenhage Formation. 

The collections of Jurassic fossils from South Africa acquired by 
the Society since the publication of Mr. Daniel Sharpe’s descriptions 
of Messrs. Bain and Atherstone’s specimens contain many new 
forms, and some few specifically identical with extra-African species. 
By the aid of these new materials, I have been enabled to arrive at 
a, nearer approximation as to the age of the beds which have yielded 
them. 

The donors to whom the Society is indebted for these valuable 
acquisitions are Dr. Rubidge, F.G.8., Messrs. Stow and Longlands, 
Major Rock, and Capt. Harvey. 

The earliest publication of any fossils of Secondary (Jurassic) age 
from the Cape of Good Hope was by Hausmann in 1837; the two 
species mentioned by him were subsequently figured and described 
by Goldfuss. Krauss increased this number by the addition of 
7 species. Mr. D. Sharpe added 22 species to those previously de- 
scribed; and the species added by the foregoing descriptions make 
up a total of 74 species for the Jurassic rocks of South Africa, 

Krauss proposed to place the beds yielding Trigona Hausmanni, 
Astarte Herzogii, &c. in the Cretaceous series; and the evidence 
afforded by the few species at his command warranted that arrange- 
ment, the 7rigonie having affinities with Post-jurassic species. But 
since then undoubted Cretaceous fossils have been discovered in 
Natal; and these have no affinity whatever with those found to the 
south in the Uitenhage district. The late D. Sharpe’s opinion, that 
the Secondary fossils from this part of South Africa were com- 
parable with those which are found in ‘ the middle and lower part 
of the Oolitic series, is much strengthened by the nature of the 
additional material. 

The great mass of the fossils are Bivalves, which constitute two- 
thirds of the entire fauna, as faras known. Cephalopods are repre- 
sented by six species; but individuals are rare ; the Gasteropoda are 
fairly represented. A Berencea, three Serpulw, a Cidaris, and a 
Coral are the only representatives (as far as our collection serves) of 
the several classes to which they respectively belong. 

The extreme rarity of the remains of Cephalopods, Polyzoa, Echi- 
nodermata, and Madreporaria calls to mind the conditions of life 
which prevailed during the deposition of the Great Oolite, and in a 
less degree of the Forest-marble and the Cornbrash, in this country. 
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The generic grouping is such as obtains in the Jurassic strata; and 
though no genus present in the Uitenhage series is exclusively of 
that age, yet the following point to such an age :—Belemmites (of the 
section Canaliculati), Acteonina, Neritopsis, Alaria, Pleuromya, Pla- 
cunopsis, Gervillia, and Isastrea. 

The genus Alaria is eminently, but not exclusively, characteristic 
of Jurassic rocks; eight species, however, have been recorded from 
beds of Cretaceous age. I have no knowledge of the genus Placu- 
nopsis having ever been identified from rocks newer than the Lower 
Oolites, though its occurrence in the Coal-measures of Illinois has 
lately been recorded by Messrs, Meek and Worthen: and though 
Isastrea ranges from the St. Cassian beds to the Tertiary, yet it is a 
good Jurassic genus. 

On the other hand, Hamites and Crassatella, which are repre- 
sented in the Uitenhage beds, may be thought to indicate Creta- 
ceous affinities; yet I attach very little value to their presence as 
indicative of Cretaceous age, unless they be supported by more re- 
stricted genera. Such a one apparently i is Crassatella, which hitherto 
has not been met with below the Lower Greensand; and its re- 
stricted range favours the supposition that the Secondary fauna of 
Uitenhage, or a part of it, is of Cretaceous age; but that too much 

_ value should not be placed on an isolated case receives confirmation 
in the newly ascertained occurrence of a Crassatella (C. oolitica) in 
the Inferior Oolite of England: the presence of the genus as marking 
a Cretaceous facies is materially lessened by this discovery. 

The Uitenhage fauna under notice does not contain a single genus 
unknown in the Jurassic Series. Krauss, it is true, created the 
genus Anoplomya on South-African shells; but it is clearly syno- 
nymous with Pleuromya. 

None of the fossils enumerated by the late D. Sharpe are identical 
with any known European species ; but amongst those subsequently 
added to our collection are two European forms, Trigonia Cassiope, 
D’Orb., and 7. Goldfussi, Agassiz. Serpula filaria and SN. plicatilis 
are the other European species. 

A very large number of the Jurassic Mollusca of South Africa have 
their representatives in the Oolites of Europe and the equivalent 
beds in India. The following Table exhibits those from Uitenhage 
which are analogous to Secondary species in other parts of the 
world. 
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From the above Table the following conclusion may be deduced :— 
That the fauna of the strata (Trigonia-beds) overlying the plant- 

bearing beds of Geelhoutboom presents a decided Oolitic facies ; and, 
though few species are common to these South-African strata and 
the European Oolites, yet from the large number of species in these 
strata at Uitenhage having analogues in the Lower and Middle 
Oolites, and the species in common pointing in the same direction, 
the fossil fauna of the Sunday’s River and Zwartkop River Limestones 
represents that of the Oolitic rocks of Kurope, and approximates to 
that of the Great Oolite. 

IY. Observations on the Secondary Strata of South Africa, and on 
their foregn equivalents, 

The Secondary strata now determined for South Africa are as 
follows :— 

Strata. Localities. Age. 

I. Limestones &c. with fossils 
(Quart. Journ. Geol. Soc.| | Umtafuna River, Natau*......... Cretaceous. 
VOL, xi, pp. 400 &e.)'...... 

ee 

II, UrrennAce FormMArTion. 

Pee lone ede nally | Bushman’s River, ALBANY ...... 
sandstones of UITENHAGE 
(with abundance of ma- Sunday's, Zwartkop, and Gam- rine fossils) toos Rivers, UITENHAGE......... 

Bushman’s River, ALBANY......... ; 
2. Meh cy took ted aes ; Zwartkop River, Jurassic, 

SaHties B Geelhoutboom on the Sunday’s 
2 eee neat hi River, UITENHAGE ............00- 

Bushman’s River, ALBANY......... 
Enon, Sunday’s River, ALEXAN- 

DVRIAS Maar O eNO I35. atic ten hich: 
Zwartkop River, Urrennacz...... 

III. Karoo Szrizs, Drakenberg Range, OrancE Ri- 
ver Free Srares and Naru. 

1. Stormberg Beds............ 4 Bloemfontein, ORANGERIVERF REE 
SABES laa ericdataste tases vans. 

| Stormberg Range, AtBErt &c. ... 
ok GRAAFREINET; Coxzs-| } Triassic. 

——— 

3. Enon Conglomerate ...... 
Ss 

De SSCAUTOEL ICUS shiec ski scene BERG; Crapock; Forr BrEav- 
HOLD RCM ae eeeu tia ak «Mao ee eueous 

By Koonap Beds....ssscrcasess WorceEstER; SoMERSET, &c. ...... j 
Worcester; ALBANY; VICTORIA 

Bra Rced Beds! jscieeierssovacev { &e ¢ d 4 

—* 

The study of the affinities of the fossils of Secondary age in South 
Africa has led me to consider the distribution of the lower members 
of the Mesozoic rocks over the surface of the earth, and the laws 
that apparently were in operation during their deposition. 

The Upper Trias presents, in the majority of the countries in 
which it has been carefully examined, a remarkable uniformity with 

* The names in capital letters are names of Provinces. 
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the European type. In the Niti Pass* and Spiti Valley (N. W. Hi- 
malayas), New Zealand+, Californiat, and New Caledonia §, Triassic 
rocks have yielded many of the characteristic marine fossils of the 
Upper Trias of Austria, where this formation is typically developed. 
In South Africa, rocks of this age present somewhat exceptional 
characters ; and if we regard the Keuper of Europe as indicating a 
condition of things approximating to fresh water or brackish water ||, 
the lacustrine deposits of the Karoo Desert will be analogous to it. 

The Jurassic series, which has its fullest development in Western 
and Central Europe, is reduced, in the Mediterranean basin, to beds 
representing the Lower and Middle Jurassic beds, from the Lias to 
the Oxford Clay inclusive; and in Russia the Jurassic rocks consti- 
tute but one formation. In extra-European countries, containing 
representatives of the Jurassic rocks, there is, as in Russia, no diyi- 
sion into formations as in Western Europe; and the fauna represents 
not that of one of these formations, but is equivalent to those of the 
various groups of rocks, recalling, however, on the whole, the forms 
of life prevalent in the Middle and Lower Oolites, as strikingly 
illustrated by the Jurassic fauna of Cutch, India, of that of the Niti 
Pass, of Thibet—in a less degree by that of New Zealand, and even 
that of Spiti; for though Dr. Stoliczka has endeavoured to establish a 
definite succession of strata analogous to several members of the 
European Juras, yet, in my opinion, he has failed to establish a true 
correlation ; for the fossils which in Europe belong to determinate 
stages in the geological scale are confusedly associated together in 
the various members of the Spiti equivalents of the Jurassic rocks. 
Trautschold divides the Jurassic rocks of Moscow into three zones ; 
but in each occur fossils of various Jurassic formations, rendering it 
impossible to pronounce on the equivalent of any one of them. This 
appears to be the case with the Spiti beds. The marine Jurassic 
strata of South Africa do not show any evidence of a departure from 
the conditions that determined the distribution of life in extra- 
European areas during Jurassic times. 

This remarkable world-wide distribution of the animal life of the 
Middle Jurassic rocks is paralleled by that of the associated vegetable 
remains§; for accompanying the Jurassic faunas of Cutch and 
Uitenhage are plants generically identical with those of the phyti- 
ferous beds of the Yorkshire coast, which occupy an horizon near 
to the base of the Lower Oolites, and contain the most complete flora 
of the Jurassic epoch. 

This relationship of the faunas and floras of extra- -European 

* Mem. Geol. Surv. India, vol. v. pt. 1. p. 35 e¢ seq. 
Tt Palaontologie von Neu-Seeland. 
{ Paleontology of California, vol. i. p. 19 e seg. 
§ Bull. Soc. Linn. Normandie, vol. vii. p. 332 ez seg. 
|| See remarks on the Lettenkohle of the Keuper and on the Triassic deposits 

of Virginia, Connecticut, &., in Prof. Rupert Jones’s ‘Monograph of the 
Fossil Hstheriz,’ Pal. Soc. 1862. 
€ The existence of Jurassic deposits on the east coast of Africa appears to be 

proved by the occurrence of Ammonites annularis, Rein., at Kisaludini, near 
Mombas, 4° §. lat. (Quart. Journ. Geol, Soe. vol. xv. part ii. p. 17, 1859). 
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Oolitic rocks to those of Kurope shows an affinity and a correspond- 
ence in the northern and southern hemispheres which does not exist 
in the now-living faunas and floras, and demonstrates the contem- 
poraneity of deposits having a wide geographical range; for, with 
but very few exceptions, the species in the several areas are distinct, 
whilst the majority of those in each of the several areas have ana- 
logous forms in the other areas; and they, as a whole, constitute but 
one type, approximating to that of the Lower and Middle Oolites. 
Is not the one formation in Cutch, in Uitenhage, and in Russia con- 
temporaneous with the whole Jurassic period of Murope? for in this 
latter area, where the greatest variation of physical conditions has 
prevailed, there is to be found the greatest diversity of life. Now, 
if the condition of homotaxis had been in operation, a greater com- 
munity of species between the faunas and floras of these outlyiug 
areas and those of the great centre of diffusion would have re- 
sulted. But little or no dispersion had taken place, as each of these 
provinces has its own fauna and flora, the amount of persistency of 
life in each corresponding to the uniformity of the forces which 
were in operation from the commencement to the close of the Jurassic 
epoch. Western Europe, having been the scene of great physical 
changes during this period, possesses a great variety of life, whereas 
South Africa during the same period of time witnessed few revolu- 
tions, and, as the forces tending to modify its life were compara- 
tively tranquil, its fauna and flora exhibit little diversity. 

I therefore would not regard the Oolites of South Africa as 
coeval with this or that formation, but maintain that they are the 
representations of the whole of the Jurassic rocks—or rather of the 
whole, less the Upper Oolites, simce no forms analogous to those of 
that period have been met with beyond the confines of Europe. 

It is also worthy of remark that the representative faunas of the 
European Cretaceous rocks, in the majority of the extra-European 
districts examined, exhibit a remarkable uniformity, and are ana- 
logous to the fauna of our Middle Cretaceous formations. 

VY. A Table of the Organe Remains of the Uitenhage Formation. 

a. Flora of the Wood-bed Series at Geelhoutboom. 

Order ConiFEr&. 
Athrotaxites Indicus?, Oldham. 

Order CycaDAcEsz. : 
1. Palzozamia (Otozamites) recta, Tate. 
2. Paleeozamia (Podozamites) Morrisii, Tate. 
3. Palszozamia Rubidgei, Tare. 
4, Paleozamia? Africana, Tate. 

Order Fixices. . 
. Pecopteris Atherstonei, Tae. 
. Pecopteris Rubidgei, Taze. 
. Pecopteris Africana, Tate. 
. Asplenites lobata, Oldham. 
. Sphenopteris antipodum, Tate. 
. Cyclopteris Jenkinsiana, Tate. Oop tonbr 
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b. Launa of the Uitenhage Formation. 
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Belemmnites Africanus, Tate... ooo ae ok as ae eel eee 
Hamites Africanus, Tate..........00- Sed: cue a il ees 
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+ These seem to belong to the “‘ Woodbed series” of the Sunday’s River ; 
and probably others of the same zone are included in this column. 
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Postscripr.—Since compiling the synoptical accounts of the Karoo 
and Uitenhage formation given at pages 142 & 149, Dr. Atherstone 
has kindly sent me the ‘ Notes of a Journey in two directions across 
the Colony, made in the years 1857-58, by Andrew Wyley, Esq.,’ 
Ato: Cape Town, 1859. This Report contains very valuable infor- 
mation on the lithology and geology of South Africa; and, as an 
Appendix, the author gives, in a tabular form, his views of the 
grouping of the several formations, with their approximate thick- 
nesses, as below. I premise, however, that Mr. Wyley’s reference 
of some of the divisions to the European New Red Sandstone and 
the Carboniferous groups is not at all in accordance with the views 
advanced in the foregoing Memoir. 

Mr. Wyley’s divisions of the Karoo Beds, with the included 
Trap-breccia, coincide with those suggested at pp. 142, 143; but 
his nomenclature appears to me less applicable than that proposed 
in this Memoir. 

tT These seem to belong to the ‘‘ Wood-bed series” of the Sunday’s River; and 
probably others of the same zone are included in this column. 

VOL. XXIII,— FART I. Oo 



Thick- 
ness in 

feet. 

Mr. Wyley’s 
Nomenclature. 

Mr. Wyley’s Description of the 
Beds. 

Marine clays and_ limestones 
near Oliphant’s Hoek. Lig- 
nite beds and clays, and Ti- 
gervley Sandstone of the Cape 
Flats. 

Sunday’s River Beds, with ma- 
rine shells, fossil wood, and 
land Plants; Koega Beds, 
Zwartkop Beds; Bushman 
River Beds. 

Enon Conglomerate, Bushman’s 
River Sandstones and Conglo- 
merates, Knysna Conglome- 
rate. 

Stormberg Beds; upper beds 
of the Sneeuwberg, Nieuwveld, 
and Roggeveld, &e. Distinct 

| tiers of sandstone, separated 
by shales: abundance of land 
Plants, beds of coal and gra- 
phite (altered coal); reptilian 
remains, but not abundant. 

1700 | Proper Reptilian or Dicynodon 
Beds; purple, greenish, and 
grey shales, with fewer sand- 
stone beds: Reptilian bones, 
Fish teeth, Plants. 

Brown sandstone and shales, 
greenish do.: with Plants 
pretty common, especially in 
the upper part of the scarp 
of the Kleine Roggeveld, Fish 
River, and at Fort Brown. 

Shales usually dark-grey, with 
few sandstone beds: Karoo 
plain; Fort Brown Flats; 
Ecca Shales: impressions of 
land Plants. 

Trappean conglomerate, or har- 
dened trap-ash, with numer- 
ous rounded and angular frag- 
ments of the older rocks, from 
the smallest grain to two. feet 
in diameter, conformable as a 
mass to the beds above and 
below; having a rude cleay- 
age nearly. at right angles to 
the general bedding. 

Lower KarooShales; dark shales, 
usually contorted, like the 
sandstone below them; of 
small thickness, though seen 
both at Pienaar’s Kloof and 
the Zuurberg. (Marine shells 
[?], Bazin.) 

Tertiary eeeteeoes 

Jurassic (Oolite)| 400? 

New Red Sand-| 300? 
stone. 

1800 

1500 

Coal-measures. 

Upper Ka- 
roo Shale. 

\ 
Trap-conglo- 

merate. to 

800 

Carbo- 
nifer- | Lower 
Sis Karoo 

sh al e 9 Shales. 

800 
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t latur 

Mr. Wyley’s Description of the oe a a 
Beds. Memoir. 

; Thick- 
Mr. Wyley’s nee i 
Nomenclature. feet 

—— 

Carboniferous 1000 Witteberg and Zuurberg, Gra- 
Limestone. ham’s Town and Winterhoek 

Sandstone. Sandstones of a 
white or yellowish colour, a 
few beds of red or yellow 
shales. Plants, Lepidoden- 
dron &e. 

( _ Upper 1100 | Dark-grey and brownish shales, 
; | Devonian. with fossils abundant, of a De- 
| vonian or Carboniferous Lime- 

stone type; beds of brown 
| rippled sandstone, with long- 

winged Spiriferi. 
| _ Lower 4000 | Table-mountain Sandstone, and 

Devonian. sandstones of the littoral range 
of mountains generally; grey 
sandstones, conglomeratic at 

pie base, reddish shaly below. 
Silurian .........,unknown| Slate and grits, usually of a 

greenish, grey, or brownish 
colour ; beds, as usually seen, 
vertical, or at high angles, 
broken through and altered 

, by granite. 
Metamorphic ...] ......... | Gneiss, granitic gneiss, and me- 

tamorphic schists, limestone, 
&c.; Namaqualand, Bushman- 
land, Kalihari Desert, and a 
great part of the interior. 

: Copper, iron, &e. 
Gramite j2:.9.545 sereseeee | Granite of ‘Table-mountain ; 

Cape, Paarl, Malmesbury, and 
George Districts, Namaqua- 
land, &c. (Minerals—schorl, 
garnet, kyanite, fluor-spar, &c.) 

Greenstone ...000| cecsesees Greenstone, syenitic greenstone, 
basaltic greenstone, amygda- 
loid, &c., occurring chiefly in 
beds and dykes in the ‘Middle’ 
and ‘Upper Coal-measures’and 
inthe gneiss. Minerals—cale- 
spar, sulphate of barytes (in 
one place only), asbestos, epi- 
dote, prehnite, agate, chal- 
cedony, &c, The crystalline 
felspar-trap, associated with 
the copper of Namaqualand, 
is more of a greenstone than 
granitic in character. A pecu- 
liar felspar-trap-conglomerate 
occurs in the Roggeveld Spitz. 

Old Red Sandstone 

0 2 
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EXPLANATION OF PLATES V.-IX. 

Illustrative of Fossils from South Africa. 

Puate V. * 

Pecopteris Rubidgei: a, portion of a frond, natural size; 6, pinnule 
magnified. 

. Pecopteris Atherstonei: a, portion of a frond, natural size; 6, pinnule, 
magnified. 

. Paleozamia Rubidgei: a, portion of a frond, natural size; 8, leaflet, 
magnified. 

. Paleozamia Morrisii: portion of a frond, natural size. 

. Paleozamia Africana: leaflet, natural size. 

. Phyllotheca, sp.: portion of stem, natural size. 
. Paleozamia ( Otozamites) recta : a, portion of a frond ; 8, leaflet magnified. 
. Rubidgea Mackayi: a frond, natural size. 

Puate VI. 

. Pecopteris Africana: a, portion of a frond, natural size; 6, pinnule 
magnified. 

. Glossopteris Sutherlandi: a, portion of a frond, natural size ; 6, magnified. 

. Sphenopteris antipodum: portion of a frond, natural size. 

. Cyclopteris Jenkinsiana: portion of a frond, natural size. 
Glossopteris Browniana: a, upper portion of a frond, natural size; 0, 

lower portion, natural size. 
. Dictyopteris? simplex: portion of a frond, natural size. 
. Glossopteris Browniana: a, portion of a broad frond, natural size; 6, 

portion of the same, magnified. 

Puate VII. 

. Patella caperata, natural size: a, side view; 4, view from above. 
. Belemnites Africanus, natural size: a, ventral aspect; 6, transverse 

aspect of the alveolar region. 
. Ammonites subanceps, natural size: a, view showing the back; 4, side 

V1ew 

. Hamites Africanus, natural size: a, lateral view, with a portion of the 
shell to exhibit the foliations; 0, lateral view of a portion of a 
shell of large diameter; c, ventral view of a small specimen; d, 
ventral view of specimen 8. 

. Lima neglecta: a, shell, twice the natural size; 6, a portion of the shell, 
magnified. 

. Trigonia Goldfusst, enlarged three times. 

. Alaria coronata, natural size. 
Cardita nuculoides: a. viewed from above: 0, from thefront; ¢, side view: 

all enlarged two times; d, portion of the shell, much magnified. 
. Trigonia ventricosa: young shell, twice the natural size. 
. Cypricardia Niveniana, natural size. 
. Pecten Rubidgeanus, twice the natural size. 

Puate VIII. 

Berenicea antipodum: a, natural size; 6, a portion highly magnified. 
. Cyprina Borcherdsi, natural size. 
. Ostrea (Exogyra) Jonesti: a, exterior of an attached valve; 6, interior 

of another specimen ; ¢, exterior of the same ; all slightly enlarged. 
Mytilus Jonesii: a, lateral view; 6, side view: natural size. 

. Astarte Longlandsiana: a, side view ; 6, dorsal aspect of the closed valves. 

. Turritella Rubidgeana: a, natural size; b, enlarged three times. 
. Placunopsis imbricata, natural size. 
. Corbula Rockiana, slightly enlarged. 
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PuateE IX. 
. Placunopsis subjurensis: a, umbonal aspect; 4, lateral aspect: natural 

size. 
. Placunopsis undulata, natural size. 
. Mytilus (Lithodomus) Stowianus: a, posterior moiety of the shell; 4, 

anterior of another specimen: both of the natural size. 
. Pinna Sharpei, natural size. 
Lima obliquissima, natural size. 

. Pecten projectus, natural size. 
. Astarte Pinchiniana: a, lateral aspect; 6, view of the dorsal region; 

natural size. 
. Crassatella complicata, natural size. 
. Arca Jonesiz, natural size. 
. Vermilia Pinchiniana: a, attached portion; 8, free portion; ¢, trans« 

verse section of the same: natural sizes. 
ll. Mytilus Rubidgei, natural size. 

Fig. 
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2. FurTHer Remarks upon the Retation of the CuittesrorD BrEps 
to the FiuviomMaRINE Crac. By the Rev. O. Fisnzr, M.A., 
EGS: 

(Abstract.) 

Te author dissents from the interpretation of two pit-sections, 
one on Aldringham Common, the other near Henham Park Farm, 
given by Mr. Searles Wood in his paper “On the Structure of the 
Red Crag.” Mr. Fisher admits that the former is at a higher 
level than the Thorpe Crag-pit, and the latter than the Wangford 
Crag; but he denies that the loam on Aldringham Common is 
Chiilesford clay, and is doubtful whether even that at Henham 
Park Farm belongs to that deposit. Granting, however, that the 
loam in the latter case is really Chillesford clay, the author states 
that it is probably carried under the Wangford Crag by a northern 
dip. Thus he considers that neither of these sections contains 
indisputable evidence of the superposition of the Chillesford clay to 
the Fluviomarine Crag. He also expresses a doubt of the crag at 
Bulchamp being a continuation of the Wangford bed, and states that 
it much more resembles the Mya-bed as seen at Yarn Hill. 

P.S. A subsequent examination of the neighbourhood of Norwich 
in April 1867, led the author to admit the identity of the Mya-bed 
with the Upper Crag of Mr. Taylor, as seen at Toft Monks and 
Bramerton ; and consequently to abandon such of his published 
opinions as are inconsistent with that conclusion.—O. F. 

Frsrvuary 20, 1867. 

The Right Hon. the Earl de Grey and Ripon, 1 Carlton Gardens, 
S.W.; Frank Clarkson, Esq., 27 Oakley-street, S.W.; James Dig- 
gens, Esq., Secretary to the Royal Albert Idiot Asylum ; and Joseph 
Lucas, Esq., of the Geological Survey of Great Britain, Museum, 
Jermyn-street, S.W., were elected Fellows :— 

The following communications were read :— 
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1. On the Brrrise Fosstn Oxen. Part II. Bos tonerrrons, Owen. 
By W. Boyp Dawxrns, Esq., M.A. (Oxon.), F.R.S., F.G.S. 

ConrTENTS. 

1. Introduction. 5, Range in space and time. 
2. Characters. 6. Relation to domestic races. 
3. Synonyms. 7. Conclusion. 
4, Measurements. 

1. LytrrRopvuctIion. 

In the first part of this essay I have’ traced the gigantic Urus from 
the earliest Pleistocene times through the Prehistoric period, at 
least as far down as the 12th century after Christ. Now I propose to 
pass on to the consideration of the small British Short-horn, the Bos 
longifrons of Professor Owen, which, had it not been inserted among 
the Pleistocene Mammals in the recognized text-book, would not 
now be brought before the notice of the Geological Society. The 
accurate definition of a species and its range in space and time is of 
the highest importance. “ Every form,” says Dr. Falconer, “ well 
ascertained becomes a powerful exponent, while ill-determined it is 
a fertile source of error.” The truth of this is proved by the pre- 
sent case. Professor Owen’s verdict has been accepted in England 
from the time of its publication in 1846; and Bos longifrons has 
been considered universally as much a Pleistocene Mammal as the 
Urus or Bison. Under these circumstances I feel bound to give my 
reasons for believing that the evidence in support of this conclusion 
is altogether insufficient, and that the name ought therefore to be 
struck out of all Pleistocene catalogues. 

2, CHARACTERS. 

Bos longifrons, as compared with B. wrus, is characterized by 
Professor Owen by its small size, by the different curvature of its 
small and short horns, by the smaller concavity, and often the flat- 
ness, of the forehead, and by the greater extent of the frontals 
beyond the orbits, before they join the nasal bones*. In addition 
to these there are other points of difference and agreement, considered 
by Dr. Riitimeyery and Professor Nilsson< of specific value, which 
have eluded my search on the comparison of a very large number of 
specimens. The small size and the single upward curvature of the 
horn-cores are the only two salient points that I can recognize, on 
placing its remains side by side with the Urus and the larger do- 
mestic Oxen; and even these vanish on its comparison with the 
smaller domestic breeds. A very large number of skulls from the 
Irish turbaries, in the museum of the Royal Dublin Society, show a 
marked gradation in size and form, and constitute an unbroken 
series, with the Bos frontosus § of Nilsson at one end, and the more 

* Brit, Foss. Mam. p. 508. 
+ Fauna der Pfahlbauten der Schweiz. 4to. Basel. 
£ “On the extinct and existing Bovine Animals of Scandinayia,” Annals and 

Mag. Nat. Hist. 2nd ser. vol. iv.1849, p. 351. 
§ Op. cit. p. 349. 
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common variety of Bos longifrons at the other. The truth of the 
great variability of the so-called species, first brought home to me 
in Dublin in 1864, is amply confirmed in all the other cases of a 
large quantity of the remains having been brought together for 
comparison, as in the British and Oxford Museums, and in that of 
the Royal College of Surgeons. In consequence of this I am unable 
to assign any characters of specific value to the animal. Specific 
distinctions, indeed, based on size of horn, or of frontal sinuses, are 
proved to be totally devoid of value by the history of the Galloway 
breed of polled cattle, for which I am indebted to the Right Hon. the 
Karl of Selkirk, F.R.S.* One hundred and fifty years ago that breed 
was possessed of horns ; but, owing to the greater market value of the 
few polled varieties among them, the latter were encouraged at the 
expense of the horned, until the whole breed became possessed of its 
present characters. The last trace of the horn in the breed is fur- 
nished by the Rev. W. Bingley, in 1809. ‘ Some few of the ani- 
mals,” he writes, “in every other respect polled, have two little 
useless horns from two to four inches long, which hang down loose, 
and are not, as in other cattle, inserted into the skull’. At the pre- 
sent day, in the purely bred Galloway beast, there is no trace of 
horn. Thus we have clear proof of the metamorphosis of a horned 
into a hornless breed, and, therefore, that even the possession of 
horns is not essentially characteristic of a given race of cattle. 

For full details of the osseous structure of Bos longifrons I must 
refer to those of the domestic Ox, Bos tawrus, in the various books of 
Natural History, instead of bringing irrelevant matter before the 
notice of the Society. 

3. SYNONYMS. 

The Bos longifrons of Owen is also termed the B. brachyceros, 
Owen, under which name the animal is known in France and Ger- 

ae * “ T have no distinct written record about the way the horns of the Galloway 
cattle were ‘bred out,’ as we cattle-breeders would say. ‘The breed, a hundred 
and fifty years ago, was not generally ‘ polled’ 2. e. without horns, though there 
were always a good many polled ones among them. Polled ones are found in 
every breed. My informant was an old man who died about thirty years ago, 
he being then near ninety. He was the son of the man who tended the cows for 
my grandfather, and had been employed among cattle all his life: in his old age, 
while still able to work, he tended my cows. His name was James Mc Kinnan, 
and he was a man whose recollections seemed always remarkably clear. He had 
been with cattle as far as Norfolk, to St. Faith’s fair. He told me that, in the 
days of his childhood, a Norfolk feeder, who bought many of the Galloway cattle, 
fancied those without horns, and would give 2s. 6d. or so more for a polled than 
for a horned beast. This set the fashion ; and the people began first to look for 
polled bulls and none other; then they preferred the polled cows, &e. &e. to 
breed from; and thus the change was effected in, I believe, from 50 to 60 years. 
The horns of the Galloway beasts were very ugly, drooping, and as thick at the 
point as at the root. I have myself seen one or two beasts with horns like that ; 
but now-a-days when horns appear, they are generally traced to some cross with 
an Irish brute. Those that are born polled, have a bump in the centre of the 
forehead, which is very hard and will break another bull’s skull for him.”—Ex- 
tract from a letter of the Earl of Selkirk, dated 6th March, 1867. 

+ Memoirs of British Quadrupeds, p. 418. 8vo. London. 
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many. This latter also was first proposed by Professor Owen in 
1830, and in consequence of the name haying been applied by Dr. 
Gray to an existing African species, was subsequently exchanged 
for the former. The Bos frontosus of Nilsson is proved by the series in 
Dublin, as stated above, to be a mere variety. All species, indeed, 
founded upon the greater or less development of the frontal sinuses, 
which is, in truth, the result of different age, sex, and habitat, must 
necessarily fall to the ground, whether they be Bears or Oxen. 

4, MEASUREMENTS. 

The detailed measurements of the teeth and long bones I must 
reserve for the Table at the end of Part III., for the sake of com- 
parison with those of the Urus and Bison. ‘The skulls present great 
variations in size; but all can be distinguished at a glance from the 
gigantic ones of the Urus, with which they are found in Britain and 
Germany. In the following Table a few measurements, in inches, 
are given of two skulls, the one dredged up from the alluvium of 
the Thames, near Purfleet, the other derived from the peat-bogs 
of Scania, and described by Professor Nilsson*. The small size of 
the head of Bos longifrons can be realized by comparing it with the 
corresponding table of skull-measurements of Urus in the Quart. 
Journ. Geol. Soc. vol. xxi. p. 395. 

Measurements of two Skulls of Bos longifrons. 
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The horn-cores present very considerable variations in size and 
form, dependent probably on different age and sex. ‘The first three 
measurements below are the maximum, mean, and minimum ones of 
upwards of forty-five horn-cores found at Richmond, Yorkshire, in a 
refuse-heap associated with the remains of Dog, Ursus arctos, Wild 
Boar, Horse, Red-deer, Fallow-deer, Sheep, and twovarieties of Goat f. 
The fourth I found within a Romano-British tomb at Hardham 3; the 

* Op. cit. p. 353. 
t See Quart. Journ. Geol. Soc. vol. xxi. p. 493. 
{ Sussex Archeol, Trans. vol. xvi. pp. 52-64. 
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next two are taken from Professor Nilsson’s valuable work, and the 
last two from the specimens in the British Museum. 

Measurements of Horn-cores. 
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The horns themselves are found in the peat-bogs of Ireland. Two 
in my possession, for which I am indebted to the Right Hon. the 
Earl of Enniskillen, F.R.S., have respectively a basal measurement 
of 10°5+ and 6:0 ere, onl are 15:0 and 8-0 inches long. The 
one is of a dark and the other of a light brown colour. Another 
instance, also, of the horn being preserved is afforded by a specimen 
dug up in an old channel of the Cam, near Waterbeach, and now in 
the Oxford Museum. It also is of a brown colour. Professor 
Nilsson estimates the length of the animal in Scania as 6 feet 
8 inches, exclusive of the tail*. Unfortunately there are no mate- 
rials for estimating its length and height in Britain. The size, 
however, of its bones proves it to have been the smallest of the Ox 
tribe. 

5. RANGE IN SPACE AND TIME. 

I must now pass to the consideration of the claims that the 
animal has to be inserted in the list of Pleistocene Mammals. 
Professor Owen writes that he found in the collection of the late 
Mr. John Brown, of Stanway, ‘‘ some indubitable specimens of the 
Bos longifrons from freshwater deposits which are rich in the re- 
mains of Elephas and Rhinoceros.” These consist of two skulls, the 
one from the ‘newer Pliocene deposits at Clacton,” and the other 
from W alton—two localities on the Essex shore, which have furnished 
vast stores of the remains of the extinct Pachyderms. His argu- 
ment is based on the supposition that all the fossil bones washed 
up by the sea at these two places are derived from the same beds, 
and are therefore of the same geological age. In the ‘ Introduction 
to the British Pleistocene Mammals,’ in 1865, I expressed my doubts 
about the soundness of this view, which have been amply confirmed by 
a visit to Walton in the autumn of 1866. The mammaliferous stratum 
hes at the bottom of the low cliffs between the high- and low-water 
mark; but this affords only a small percentage of the fossil remains. 
The great majority are left by the sea at low water, lying on a pla- 
teau of London Clay along with large Septaria, the wreck of the Red 
Crag, and waifs and strays of all kinds, and may have been washed 
out of deposits of two or three distinct ages. The condition of the re- 
mains I obtained with my own hands indicated at least two distinct 

* Op. cit. p. 802 



180 PROCEEDINGS OF THE GEOLOGICAL society. §[Feb, 20 

origins. Some but lately washed out of the grey clay were of a pale 
grey colour, nearly devoid of gelatine, and to a certain extent mine- 
ralized ; while others, light and porous, contained a large percentage 
of gelatine, and were of a reddish or sepia colour, which is inva- 
riably that assumed by remains imbedded in alluvial mud. The latter 
were probably derived from the alluvium hard by. Among them 
were a metacarpal of Goat or Sheep, and a small bovine humerus. 
A third class of remains were very heavy, stained black, and in- 
crusted with a pyritous deposit, termed “ pan,” closely resembling that 
in the fossils from the Preglacial Forest-bed of Norfolk. How far 
this latter condition may be owing to the presence of large quantities 
of peroxide of iron (derived from the Red Crag) in the mud in which 
they were lying, and whether it be a chemical result of the decom- 
position of organic remains in sea-water full of peroxide, are points 
on which I can hazard no opinion. The skull from Walton, pre- 
sented to the British Museum by Mr. Brown, of Stanway, and quoted 
by Professor Owen, is in precisely the same condition and of the same 
reddish colour as the bovine, caprine, and ovine remains above men- 
tioned, and therefore was probably derived from the same source, 
whatever that may have been. It is not only waterworn, but also 
contains a few pebbles of shingle in one of the horn-cores, which 
proves that it was most certainly washed up by the sea. Its mineral 
condition forbids its derivation from the grey clay, and it cannot be 
classed with the black remains; therefore it probably was washed 
out of the alluvium close by, which, throughout Western Europe, is 
full of the remains of the same animal. ‘The presence of the Sheep 
or Goat affords collateral proof of this, as neither of these animals has 
been found in any Pleistocene deposit up to the present day ; and both 
apparently passed into Europe after the disappearance of the Cave- 
Hyena, Cayve-Bear, and all the extinct mammals, the Irish Elk being 
excepted. They characterize the Prehistoric deposits of France, Ger- 
many, and Scandinavia. The skull in question is therefore in all 
probability also of Prehistoric age, but not of equal antiquity with 
the Hlephas antiquus, leptorhine Rhinoceros, and Hippopotamus 
major, cast up by the sea on the same shore. The argument that 
would prove that it was in this particular case coeval with those 
extinct animals, might also be applied to the other waifs and strays, 
sea-weed, bits of wood, shells and the like, left between high- and 
low-water mark. The skull of Bos longifrons, found at Clacton, pre- 
served also in the British Museum, falls into the same category as 
that of Walton. If, then, there is no direct evidence of the exact 
gisement of these skulls, the mere accident of their being associated 
with the remains of the extinct Mammals on the shore cannot be 
conclusive of their geological age; and therefore Professor Owen’s 
view, founded on this assumption, must fall. A third locality is 
cited in the ‘ British Fossil Mammals,’ of its occurrence with the Urus 
and Bison at Bricklehampton Bank, near Cropthorne, in Worcester- 
shire*. Unfortunately I have sought in vain for the remains on 
which the determination is based, as they, are neither named nor 

* Op. cit. p. 512. 
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the museum mentioned in which they are to be seen*. In the 
Hunterian Catalogue, Professor Owen has rightly ascribed the 
small bones from this locality to the Bison, the larger to the 
Urus; and they constitute a large and valuable series, affording 
a means of separating the former from the latter species. In 
no other museum can I find any other Bovine remains from this 
deposit. In the ‘ Life and Papers of H. E. Strickland’ 7, published 
by Sir W. Jardine in 1858, there is no mention of the Bes longifrons 
among the animals he found at Bricklehampton. The small sizes of 
the metacarpals and metatarsals of Bison, which closely resemble those 
of the British Shorthorn, may perhaps have caused Professor Owen, 
between the publication of the Hunterian Catalogue and that of the 
‘ British Fossil Mammals,’ to ascribe some of these to the latter animal. 
The horn-cores, which, in a disputed point, such as this, are alone to be 
relied upon, belong to the Bison; and therefore it is highly probable 
that the equivocal remains which, in the absence of horn-cores, might 
perhaps have been considered to be those of Bos longifrons, belong 
also to the former. Precisely the same argument applies to the Bos 
longifrons of Kirkdale ¢, which is proved by the horn-cores to be the 
small yariety of Bison—the Bison minor of Professor Owen. A fifth 
locality is given of its occurrence with the extinct Mammals, the 
gravel-pits of Kensington. In the absence, however, of direct proof 
that the remains of Bos longifrons were derived from the same undis- 
turbed gravel as the Mammoth, the fact that the disturbed soil round 
London is full of the bones of Bos longifrons, which was the principal 
food of the inhabitants of the metropolis of Roman Britain, would 
strongly suggest that those in question were found in the superficial 
soil, and not in the gravel below. A parallel instance at Peckham, 
on a very careful examination, I found to be explained in this man- 
ner. 

In the list of Mammals found at Fisherton §, Bos longifrons is 
quoted as having been found in association with the Lemming, 
Spermophilus, Marmot, Tichorhine Rhinoceros, and other charac- 
teristic Postglacial species ; but the remains ascribed to this animal 
and preserved in the Salisbury Museum, consisting of teeth and 
bones and not characteristic horn-cores, in truth belong to the smaller 
variety of Bison, B. minor of Professor Owen, which is very abun- 
dant in that locality. All the other cases quoted of its association 
with Pleistocene Mammals may be disposed of in the same way. 
The result of a careful examination of the mammalian remains in 
the collections of Great Britain and Ireland, is the discovery that 
there is no authentic evidence of the small Shorthorn having lived 
in Pleistocene times. It has never been found in Pleistocene de- 
posits in France, Germany, or elsewhere in Europe. For these rea- 

* Catalogue of Fossil Mammals, Nos. 1351-1393. 
t Op. cit. p. 96. Hippopotamus major, Canis, and the Urus were also found 

in the eval and clay of the section. 
t Op. cit. p. 513. 
§ Quart. Journ. Geol. Soc. vol. xx. p. 192, and Catalogue of Blackmore Mu- 

seum, Salisbury, 8vo. 
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sons, therefore, I would suggest that the name be struck out of the 
list of Pleistocene Mammalia. 

What, then, is its range in space and time? In the deposits that 
are termed Recent by Sir Charles Lyell, and which Mr. Sanford and 
myself have called Prehistoric, it is remarkably abundant. Through- 
out the temperate zone of Northern and Western Europe it ranged 
through the forests and plains in company with the Urus and the 
Bison. In Britain it was accompanied by the latter. It has left its 
bones in the lacustrine marls of Ireland, along with those of the 
Trish Elk and the Reindeer, and in the peat-bog of Hilgay, in Norfolk, 
with the Beaver. In the peaty mud near Newbury, in Berkshire, it is 
found along with the Wild Boar, Red Deer, Roe Deer, Wolf, Goat, 
Horse, Otter, Bear, Urus, and Water-rat. In the alluyia of rivers 
it is particularly abundant. Mr. Seeley, also, mentions its occurrence 
in the “older peat ” of the Fenland with the same animals, under 
the name of Bos frontosus. It is commonly associated with human 
remains of a date anterior to the arrival of the Saxons. Dr. Thur- 
nam’s late discoveries prove that the tumuli of Wilts are full of its 
bones; the refuse-heaps of early Keltic villages, such as that of 
Stanlake*, in Berkshire, are composed of its remains. Around Roman 
stations and cities it is more abundant than any other animal, as, for 
example, Uriconium, Londinium, and Camulodunum. I have found 
it even in the graves of the Britons who were interred at Hardham, 
near Pulborough, in Sussex, during the Roman occupationy. The 
horn-cores and broken bones were lying in the same oaken chest 
which contained the ashes of the dead, drinking-vessels, garments, 
and sandals. Examples might be multiplied to prove its existence 
in large herds in Britain during the Bronze- and Stone-periods, and 
that it was the animal that supplied the bronze-using Kelts and their 
Roman conquerors with beef. In Prehistoric caverns it is very 
abundant, as in that of Dowkabotham t, in Yorkshire, explored by 
Mr. Farrar, M.P., and in several in Somerset, explored by Mr. San- 
ford and myself. Its metacarpals, from a black superficial deposit 
in Kents Hole, I have detected in the Museums of Oxford and the 
Geological Society ; and had not the Rev. J. McEnery§ described the 
bed whence he obtained them, and had not their mineral condition 
been different from that of older remains found in the cave, it is 
very possible that they might have been quoted in confirmation of 
the view of the coexistence of the animal with Machairodus and 
other extinct Pleistocene Mammals found in a lower stratum. 

On the continent, as in Great Britain, it 1s found around the 
dwellings and in the tombs of the Bronze- and Stone-folk. No- 
where is there the least evidence of its having a higher antiquity 
than the Neolithic age of Sir John Lubbock. It has not yet even 
been proved to have been living in Europe at the time a people 

* Quart. Journ. Geol. Soc. vol. xxii. p. 479. 
ft Sussex Archzol. Trans. vol. xvi. 
+ The remains from this cavern are preserved in the Leeds Museum. 
§ ; nee Researches,’ by the Rey. J. Mc Enery, edited by E. Vivian, Esq. 

Ato. i : 



1867. ] BOYD DAWKINS—BOS LONGIFRONS. 183 

more closely allied to the Esquimaux* than to any other dwelt in 
Aquitaine, and still less in the inconceivably more remote Pleistocene 
age. 

6, RELATION TO DOMESTIC RACES. 

We have thus traced the animal through the Neolithic into the 
Bronze age, and thence into the period of the occupation of Britain 
by the Romans. Its relation to our domestic races of cattle still 
remains to be discussed. Professor Owen holds two contradictory 
Opinions + on this point. On the one hand, he believes that the 
Roman colonists imported into Britain their “already domesticated 
cattle,” and that our breeds are their descendants. The fact that 
Bos longifrons is the only Ox found in the refuse-heaps, in not one 
or two but all the camps, cities, villas, and cemeteries that bear the 
impress of Roman civilization in Britain is sufficient to refute this 
hypothesis, which is unsupported by evidence derived either from 
history or archeology. On the other hand, he admits the proba- 
bility that the Bos longifronst was “the species domesticated by 
the Aborigines of Britain before the Roman invasion.” That this 
animal was subject to man in the Neolithic and Bronze ages in 
Switzerland has been proved beyond all doubt by Dr. Riitimeyer §. 
Tn our own country, its numbers, as compared with those of the Red- 
deer and Roe-deer, in tumuli and Keltic villages, as, for example, in 
those cited above, in Wiltshire and Berkshire, prove that, probably in 
the Stone-age, and most certainly in the Bronze-age, it was kept in 
herds and slaughtered for man. When, therefore, the Romans con- 
quered Britain, there was no need of their importing cattle from Italy; 
for they found a breed used to the climate and to the half-wild life 
which, in a country for the most part uncleared, must have been their 

lot. During the Roman occupation the animal was the staple meat 
of the country. When the Roman Empire yielded to the Teutonic 
invaders, who had been kept at bay for centuries by its power, and 
the legions in Britain were recalled for the defence of Italy, the 
Saxons, in a conflict that lasted for nearly 150 years, drove out the 
Romanized Kelts, burnt their towns and their villas, and compelled 
them to retreat to Wales, Cornwall, and the highlands of Scotland, 
taking, as far as they could, their cattle along with them. ‘The fact 

* The evidence in fayour of their affinities with the Esquimaux is the follow- 
ing :—The identity of four of the harpoons, of fowling-spears, marrow-spoons, and 
scrapers; the habit of sculpturing animals on their implements; the absence of 
pottery ; the same method of crushing the bones of the animals slain in hunting, 
and their accumulation in one spot; the carelessness about the remains of their 
dead relatives ; the fact that the food consisted chiefly of Reindeer, varied with 
the flesh of other animals, such as the Musk-sheep; and especially the small 
stature, as proved in the people of the Dordogne Caverns by the small-handled 
dagger figured by MM. Lartet and Christy in the ‘ Revue Archéologique.’ . This 
combination of characters is found, so far as I know, among no other people on 
the face of the earth except the Hsquimaux; and therefore I cannot help be- 
lieving that this people in South Gaul occupies the same relation to the Esqui- 
maux, as the Musk-sheep and Reindeer, on which they lived, hold to those now 
living in the northern regions. 

Tt Op. cit. p. 500, { Op. cit. p. 514. 
§ Op. cit. 
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that we speak in a Teutonic and not a Romanic tongue proves how 
completely this depopulation of the more fertile provinces of Britain 
was effected. ‘Our forefathers,” writes Mr. Freeman *, “ appeared 
in the Isle of Britain purely as destroyers ; nowhere else in Western 
Europe were the existing men and the existing institutions so utterly 
swept away. The English wiped out everything Celtic and every- 
thing Roman as thoroughly as everything Roman was wiped out of 
Africa by the Saracen conquerors of Carthage. A more fearful blow 
never fell on any nation than the landing of the Angles and Saxons 
was to the Celt of Britain.” 

The authors of the ‘ Pictish Chronicle’ incidentally prove that the 
Saxons had expelled the Romanized Kelts from the Province of 
Valentia, that embraced the Lowlands of Scotland and part of 
Northumberland, when they state that the Highlanders of the 
seventh century, “descenderunt in Saxoniam.” In this ruthless 
destruction of Roman civilization in Britain lies the explanation of 
the affinities of the small Welsh and Scotch cattle to Bos longzfrons. 
They are in all probability the lineal descendants of those which the 
Romanized Kelts took with them in their retreat, and bear exactly the 
same relation to them as the modern Brit- Welsh does to the mixture of 
Keltic and Latin, which was the language of Roman Britain. During 
that war of nearly a century and a half, the variety seems to have 
died out in the parts of the country that were under Saxon rule; and 
Ihave sought in vain for any evidence of its reappearance from that 
time to the present. If I might hazard a guess at the immediate 
source whence our large cattle spring, I would suggest that the Low- 
lands between the mouth of the Rhine and Jutland, now famous 
for the large size of their cattle (such as those of Friesland), which 
was the ancient home of our Saxon ancestors, was also the place 
whence their cattle were imported. These larger cattle, as I have 
stated in my first essay, are, probably, derived from the Bos urus. 

7. Conciusion, 

The inferences to be drawn from the preceding pages are: ae 
that the Bos longifrons has not yet been proved to have existed 
before the Prehistoric age, in the Bone-caves and alluvia of which 
it is found abundantly ; and, secondly, that it is the ancestor of the 
small Highland and Welsh breeds. It is essentially the animal 
with which the Archzeologists have to deal; and its only claim for in- 
sertion in Geological Catalogues is the fact of its occurrence in the 
most modern of all the stratified deposits. 

* ‘History of the Norman Conquest of England, by E. R. Freeman, M.A., 
yol. i. p. 20. 8vo. Oxford, 1867. 
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2. On the Gzotoey of the Upper Parr of the Vauey of the Trten, 
DevonsHire. By G. Warerye Oruerop, Esq., M.A., F.GS. 

[The publication of this paper is unavoidably deferred. ] 

( Abstract.) 

Tue district noticed in this paper lies to the north of Bovey Tracey. 
The author describes the courses of the Teign and its feeders, and 
the strata traversed by those streams, namely, Granite and Carbo- 
niferous Limestone. Gravels are occasionally found, which the 
author regards as having been deposited before the reexcavation 
of the valley; and he shows that these had been transported by a 
current from north-west to south-east. From the absence of these 
gravels in the gorge of the Carboniferous rocks between Hunts Tor, 
near Chagford, and Clifford Bridge, he considers that that valley 
has been opened since the time when the boulders and gravels were 
deposited ; and he then shows that the stream from the valley of the 
Teign, prior to the opening of that valley, passed by Moreton Hamp- 
stead to Bovey Tracey. The paper contains notices of the minerals 
found in the district, and of the Granite veins in the Carboniferous 
rocks, 

3. Notes on the GEOLOGICAL FEATURES of MAvRITIUS. 

By Gurorez Crarx, Esq. 

[Communicated by the Assistant-Secretary. | 

(Abridged.) 

Mavririvs is well known to be of volcanic origin, as is also the 
neighbouring island of Réunion, where there exists a volcano in 
constant activity. There is this great difference between the two 
islands: Mauritius is surrounded by coral-reefs, which protect 
nearly the whole of its coast, and by their shelter form excellent 
harbours, while the coast of Réunion is exposed to the full force of 
the ocean. The action of the waves is so strong on its shores that 
not a particle of the basaltic sand which strews them presents an 
angle. Its beach exhibits nothing but a mass of pebbles, varying in 
size from a foot or more in diameter to particles almost imper- 
ceptible to the naked eye. 

The reefs of Mauritius support various islets, which have been 
generally regarded as forming an integral part of them, though 
rising to as much as thirty feet above the sea-level. 

Gabriel Islet, is partly basaltic and partly calcareous ; and it is on 
the latter that the late Dr. P. Ayres discovered the fossilized re- 
mains of a forest, of which he gave an account at the Meeting of the 
Royal Society of Arts and Sciences of Mauritius, in 1860. 

Egret Island stands on a calcareous bottom surrounded by sand 
between the reef and the shore, about a mile from the former and 

. 
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half that from the latter, with a depth of water varying from half 
a fathom to afathom. ‘This island, which rises to a height of about 
thirty feet, is formed of calcareous stone, having a western dip of 
about 30° and covered in many parts by coarse sandstone. ‘This is 
very uneven and is traversed in various directions by veins of much 
harder texture, which rise above the surrounding surface, forming 
sharp ridges intersecting each other at various angles. 

This island is nearly circular, and the outer part of its cireumfer- 
ence is hollowed by the action of the waves and currents, leaving a 
projecting ledge, forming a kind of penthouse, varying in width from 
six to fifteen feet, and generally thinnest on its outer part, On 
many spots this has broken off, and the fragments have fallen on 
the shore, where they remain. ‘These fractures have mostly been | 
caused by cylindrical holes which perforate the thickness of the 
ledge. The substance which caused these holes sometimes remains 
adherent either in the persistent or the detached portion; and in 
other spots the ledge remains entire, with the foreign body project- 
ing both above and below its surfaces. In the latter position, it is 
generally tapering at the lower end; and a portion of the same subz 
stance, of corresponding size, may be perceived at the bottom of the 
sea: this portion is sometimes worn to a level with the surrouuding 
surface by the action of the waves. 

The landward side of the island is destitute of the projecting 
ledge which marks the seaward border, and is rent into deep fissures 
in various spots. Adhering to the sides of these may be perceived 
considerable masses of the same material as that found in the 
holes mentioned, which seem to have formed portions of trees, of much 
larger dimensions than those which are found in the holes mentioned. 

The surface of the island is very unequal; and in many parts cy- 
lindrical holes are perceived which extend to the sea-level. The re- 
gularity of their form is very remarkable. Their diameter varies 
from 1 to 2 feet. 

On the surface, in the sandstone which covers the calcareous rock, 
are many fissures radiating from a hollow which appears to have 
been caused by the base of a tree, as the fissures have been by its 
roots. On other spots, numerous stumps are seen, gome of which are 
as much as three feet long, corresponding in diameter with those 
found on the ledge; and a much greater number of smaller size and 
height are scattered among them. ‘The former have the appearance 
of exogenous trees; and their form and colour, when viewed from a 
distance of from twenty to thirty yards, might easily cause them to be 
mistaken for wood. ‘The outer part is in most cases of the ashy grey 
seen on old dead bark. The interior is more or less hollowed, leay- 
ing an uneven border; and the inside is exactly of the colour of 
rotten wood, and is in every case perforated with numerous holes, 
bearing a resemblance to those produced by white ants, but of larger 
calibre. The same colour and riddled appearance is often seen on 
the outside of the stump, and always on the inside. The smaller 
stumps appear to have belonged to endogens of the Palm tribe ; andin 
many individuals the medullary substance has entirely disappeared, 
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leaving only the hard envelope, to which thin portions of the inside, 
bearing the same appearance as that of the wood of the supposed 
exogens, is seen adherent. These stumps are very near together in 
many places ; and numerous examples of the adherence of two stems 
are seen, as may often be witnessed in living trees in this island. 
Everything seems to indicate that a very thick forest, of trees of 
various sizes and kinds, once occupied this spot. Those trees which 
haye disappeared, leaving only the cavities they occupied, may have 
been of species less favourable to the process of fossilization than those 
which remain. In every case, the vegetable substance, how different 
soever in size and colour it may have been, has been replaced by car- 
bonate of lime. 

Pass Island, about two miles from Egret Island, is composed of 
the same calcareous rock as the latter, but is not covered by so 
thick a stratum of sandstone. No stumps remain on it; but some 
cavities show where trees have been; and a large prostrate trunk 
seems to indicate that one had been blown down and fossilized there ; 
this presents the same appearance as those of the other islands. 
Vast numbers of fossilized roots cover the surface of this island, being 
particularly numerous and apparent on the face of a cliff on the 
seaward side. No roots are found in Egret Island; and those found 
in the other islands are free from the perforations which pierce the 
trunks. Some of them appear to have rotted in great measure be- 
fore becoming fossilized, the bark alone remaining to indicate their 
size and shape. 

Vakois Island stands a few rods from Pass Island, with which it 
is connected by the reef. Its structure is the same as that of the 
others; but there is less sandstone upon it, and the calcareous rock 
is crossed by more numerous veins of carbonate of lime. There are 
two small caverns in it, formed by the unequal inclination of masses 
of stone, showing the same formation within as without. At the 
opening of one of these caverns is a large fossil stump, apparently of 
some tree of the fig family, and a great number of roots of the same, 
all of which appear sound. 

Booby Island, similarly situated with the last two, on the edge of 
the reef, is about six acres in area, and differs much from the others 
in having a considerable depression across the middle. It once con- 
tained many fossil stumps, imbedded in loose sea-sand, which covers 
the south end of it to a depth of from 10 to 15 feet. Most of those 
which remain appear to belong to some species of fig, to which their 
roots, which are very numerous, bear a striking resemblance. 

Fossil corals, of species now existing around it, imbedded in sand- 
stone, in which are included fragments of shells, are also found here; 
and under a mass of calcareous rock is a vein of carbonate of mag- 
nesia (?) ina moist state. There are several other small islands 
within a short distance of those mentioned, of similar formation and 
offering the same phenomena. One of these is called “Ile aux 
Fous,” and is situated on a projecting point of the reef, which ex- 

“poses it more than any of the others to the action of the surf. It 
is only about three rods square, and was once covered with a deeper 
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stratum of sandstone than any of the others. This has been hol- 
lowed by the waves in a remarkable manner, leaving channels and 
ridges so sharp as to render walking over it a task of some difficulty. 
In hollows sheltered by these ridges are some stumps of exogens, the 
tops of which are quite level, and their substance much more solid 
than that of those found elsewhere. Palms of large size appear to 
have stood very thickly here; but not a single stump projects above 
the surface, the force of the waves having washed them away, while 
the more solid stems of the exogens resisted its action. This island 
has no projecting border, nor have the others on the outer side. 

On the shore, immediately opposite two small islands of calcareous 
rock, called Monkey Island and Rat Island, is a mass of the same 
calcareous rock, about 400 yards in length, 50 in breadth, and 10 
in height, lying on a bed of clay. Separated from this by a little 
shallow bay about 50 yards wide, is another mass of the same rock, 
about 100 yards long, and of the same width as the other. ‘The 
line of separation between the limestone and the clay is clearly de- 
fined. It appears that formerly (but not at all within the remem- 
brance of the oldest inhabitant) the projection of the limestone over 
the clay, seaward, was much greater than at present; and many 
large masses, having lost their support, have fallen off, and are lying 
on the shore beneath, exhibiting a perfect correspondence in surface 
at the point of fracture. The whole of this mass is free from the 
sandstone covering, and exhibits no clear traces of having borne trees. 
Its substance is permeated in every direction by crystals of carbo- 
nate of lime, which, on the sea side, are covered with a pink in- 
erustation consisting of oxide of iron. At the base of the superin- 
cumbent mass is a bed of crystals of carbonate of lime, six or eight 
inches in thickness ; and stalactites of curious forms depend from its 
overhanging parts on the land side, where this mass abuts on a small 
plain of ferruginous clay, in which are elliptical boulders of basalt, 
which serve as nuclei to concentric layers of sand, hardened into 
stone by a large portion of oxide of iron. This spot is overflowed at 
high water ; and these nuclei project above the surrounding surface, 
showing a clear section of their several enclosures. 

- On various parts of the coast of Mauritius, masses of caleareous 
stone, such as are here mentioned, are seen lying on the sand, but 
always, I believe, in close proximity to the sea. Two such masses 
exist at “ Anse Bambou,” in Grand Port, and one at Turtle Bay, 
on the north-western side of the island; and an islet at the en- 
trance of the Grand Port, called “‘l’Ile des Roches,” is of the same 
formation. This last is exposed to the action of powerful currents 
on both sides, and has been considerably diminished in size within 
fifty years. 

Great masses of coral, some of forty or fifty tons’ weight, are seen 
on various spots on the shores of Grand Port, at a distance of a 
quarter of a mile from the sea, and at least fifty feet above its level. 
These are of a species not now found here in a living state. 

Near the Chamarel Falls, at Blackriver, at about 900 feet above- 
the sea, is a large quantity of old coral, of species still existing here ; 
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and not far from this spot is a mountain consisting in great part of a 
soft aluminous stone, of a greyish colour. A road cut along the side 
of this mountain exhibits in this stone a number of concentric rings 
from one to twenty feet in diameter, coloured with oxide of iron. 

The most extraordinary feature, perhaps, in the Geology of Mau- 
ritius. is a double-headed mountain adjoining the range which sepa- 
rates the districts of Grand Port and Flacq. This is about a thou- 
sand feet high, and the heads are rounded in a very remarkable 
manner. It consists entirely of hexagonal prisms, from one to five 
feet in diameter, composed of aluminous rock, of a light greenish 
grey, with minute black spots. It is so soft as to be easily cut with 
a chisel or saw. 

The facility with which this stone is wrought induced some 
persons to employ it for a time; but it is not suited for building- 
purposes, as it crumbles away very rapidly under the action of the 
atmosphere. 

In various parts on the coast of Grand Port may be seen masses 
of columnar basalt, the prisms of which vary in diameter from six to 
fifteen inches ; these have evidently been detached from the ‘‘ Lion ” 
Mountain, at the foot of which they lie. One such mass, of sixty or 
eighty tons’ weight, is to be seen on the side of a mountain at least 
two miles from any similar formation. 

In many places a mass of molten stone has been poured down on 
a bed of clay, itself overlying a stratum of stone. 

in the north-eastern part of the islandis a spot comprising an area 
of ten or twelve square miles, called “la Plaine des Roches.” This 
is covered almost entirely by a band of rock, generally becoming 
thinner towards the sea, where it is from six to ten inches in thick- 
ness. This stratum lies on a bed of loam of about equal thickness 
with itself. Its surface bears the appearance of water rippled by 
the wind. In many spots there occur spaces of some hundreds of 
square feet without a fissure, forming what are locally and aptly 
called “pavés.” In other spots conical mounds are observed, 
varying in size and height, which have evidently been formed by 
some upheaving force exerted in the centre, whence radiate cracks 
extending to the circumference. Such mounds are often seen in 
other parts of the country, but are nowhere so frequent as on this 
spot. They offer mest convenient stones for building, the upper and 
lower surfaces being parallel, and a little breaking at the edges 
being all that is required to prepare them to form symmetrical walls, 
They are largely employed in the wall skirting the railway. 

The fertile soil beneath this great extent of rock enables trees 
and grass to flourish wherever a fissure admits their seeds: and in 
some places cane-holes are broken through the overlying stone ; and 
the plantations made there thrive well in wet seasons. This part of 
the country offers numerous other proofs of the disturbance of the 
upper strata by subterranean forces. 

Oxide of iron in pisiform nodules occurs in many spots, and was 
thought of sufficient importance to cause the establishment of foun- 
dries by Governor Labourdonnais. These supplied a great portion 
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of the iron employed by him in ship-building ; but the rapid destruc- 
tion of wood necessary to keep up these works caused their speedy 
abandonment. A large quantity of scorie from these furnaces was 
found during the construction of the railway, and even some pigs 
of iron. Thin veins of hepatic iron-ore occur in many places. It is 
usually coloured scarlet on its under surface, and has been found by 
experiment to contain more than 70 per cent. of pure metal. 

In the northern part of the island, at a spot called “ Mapou,” 
and in one or two other places, is found a white soft earth locally 
termed ‘ boue blanche,” which supplies the cottars with both plaster 
and whitewash. It appears to be formed of a mass of decomposed 
madrepores, but possesses more consistence than would be expected 
from such a material. 

I now venture to put forth a conjecture as to the probable cause 
of the existence of the fossil-bearing islands, and the masses of cal- 
careous rock similar to that which forms them on the shores. 

As fossilization could not have taken place in the air, there must 
have been a subsidence of the land-bearing forests, carrying them 
below the water-line ; and during the period of their submersion a de- 
position of sand, which has since formed sandstone, took place. This, 
probably, only reached to a portion of the height of the trees, and 
that part which remained exposed to the air rotted away. Whether 
the perforations are the work of lithophagous or xylophagous mol- 
lusks I cannot pretend to say; but I think it probable that the 
latter were the agents, as I have seen wood in the sea hollowed in 
a manner much resembling that in which they are riddled. Petri- 
faction having taken place, upheaval followed. As the calcareous 
formation is of considerable antiquity, and is found at the extremities 
of the island and beyond its proper limits, it may have constituted 
part of an island larger than Mauritius itself, and of greater antiquity. 
I have ascertained by careful observation and examination, that the 
present extent and elevation of Mauritius have undergone no per- 
ceptible change since the first regular surveys, made upwards of a 
hundred years ago. 

In conclusion, I may observe that, on most parts of the coast, the 
land rises, immediately before reaching the sea, to a height of from 
6 to 20 feet. In the lower parts this rise is occasioned by sand 
dunes overlying basalt, and in others by basalt overlying sand. 
This appears to me to indicate that after a considerable deposit of 
volcanic matter, at a period long anterior to the formation of Mauri- 
tius as it now is, a second outpouring took place, over the spots 
where the basalt is on the surface, and: the fluid mass was partially 
arrested in its downward course by the sand-hills on the shore. The 
looseness of the heaps of scorie, which form the elevations mentioned, 
appears to favour this hypothesis. 
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Marca 6, 1867. 

Robert Henry Scott, Esq., M.A., Hon. Sec. R.G.S.L., Director of 
the Meteorological Department of the Board of Trade; and Elijah 

- Walton, Esq., 144 Kent-road, 8.H., were elected Fellows. 

The following communications were read :— 

1. On some SuA-WATER-LEVEL Marks on the Coast of SWEDEN. 
By the Right Hon. the Haru of Serxirg, F.R.S., F.G.S. 

Durine a short tour in Sweden in the summer of 1866 I had an 
opportunity of examining the sea-marks, which are supposed to 
show some change in the relative level of land and water, both in the 
Gulf of Bothnia and on the west coast among the islands off Gote- 
borg. The general belief among the people on the coast that the 
land is rising, or, as they term it, the water receding, adds a good 
deal to the difficulty of the inquiry, every one naturally wishing to 
show something to corroborate the general belief. 

The first marks I saw were two, both off the harbour of Gefle. 
On Tuesday, 3rd July, 1866, I went in a sailing-boat, with two 
puots and a young gentleman of the place, who spoke English well, 
and who volunteered to accompany me. We had a brisk wind from 
west and south-west, and made a quick run over to Lofgrund, 
which is one of the outer range of islets off the harbour, and is, I 
suppose, some twelve English miles from the town. I was at once 
shown the mark described by Sir Charles Lyell, which is said to 
have been cut. by one Rudberg, a pilot. I call it “« Rudberg’s mark.”’ 
It is a date, 1731, with a line under it; and two feet six inches (old 
Swedish measure) lower down there is another date, 1831, with 
another line under it; but the last figure is not very distinct, and 
may be a4; and when I saw it, the water was one foot below this 
lower line. It appears to me that the mark is not upon a rock, but 
upon a boulder-stone; and I should, though I feel much hesitation in 
differing from such an authority as Sir C. Lyell, have called it gneiss 
rather than mica-schist. My reasons for believing it to bea stone, not 
a rock are :—that all the rocks I saw in the neighbourhood, where I 
could distinctly see that they were rocks, were much more smoothed 
and rounded off at the top; and also that nearly every other stone 
I saw in the island was sandstone, or conglomerate, of a reddish or 
brown colour. I could see nothing that I could be sure was rock in 
situ in the Island of Lofgrund. The bay is rather on the north than 
the east side of the island, and the place where the mark is seems 
to me open to the Gulf of Bothnia. There can be no doubt, how- 
ever, that it is the same mark seen by Sir Charles Lyell: it is near 
the shore of the bay opposite to where the houses are; the place is a 
summer station for pilots and fishermen, and is uninhabited in winter, 
but is sometimes visited by parties coming over the ice. I was told 
that sometimes no open water is to be seen here at all, and that the 
ice becomes from five to eight feet thick; this I conceive must be 
by one sheet sliding over the top of another; it is said, too, to carry 
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about stones of several hundredweight frozen into the ice. The pilots 
said that the water was somewhat low in the harbour this day. I 
also found the marks of pitch oozing from the conglomerate, described 
by Sir Charles Lyell, on one or two large blocks that lie on the 
outer (or eastern) shore of the island. 

After spending an hour on the island, I sailed again for St. Olof’s 
Stone, in Edskosund. This is an enormous boulder, some forty or 
fifty feet high above the water; it les a few yards from the shore, 
which is covered with loose stones of no great size; it is of gneiss, 
I think; and at no great distance (say 50 to 100 yards) there are 
rocks in situ of the same, very much rounded by glacial action, but a 
good deal split, apparently by subsequent frost. A date (1820) is 
clearly seen upon it, on the side of the stone furthest from the shore 
near which it lies; but there is no horizontal line near the date. A 
little to the right of a person looking at it, and about two feet lower 
than the date, there is a horizontal line, which can be more easily 
felt than seen. This line, as near as I could measure (but the water 
was not quite still) was fifteen inches above the water. I could not 
find out whether this was the mark Sir Charles Lyell saw. The hori- 
zontal line is upon the most projecting part of the stone, which over- 
hangs below. 

On the 5th July I went to examine the mark on the Island of 
Graso, put there by a person of the name of Olof Flumen, who was 
superintendent of the pilots on the coast, and was, I believe, a 
Swedish naval officer. This I call Olof Flumen’s mark. The 
Island of Griisé is a long and not very broad island that runs along 
the coast, having a navigable channel within it. The north end of 
the island is some eight English miles from the town of Oregrund, 
which is nearly abreast of the middle of the island. The mark is 
some four miles to the southward of the town, and just about the 
place where the channel is narrowest and most encumbered with 
rocks and islands. It is on the perpendicular face of a small pre- 
cipice that looks rather as if it had been quarried (but I do not 
believe that it has been so); it is exactly as Sir Charles Lyell de- 
scribes it, and is on this day (5th July, 1866) about six inches (not 
more than seven certainly) above the level of the water, which was 
not quite still. Sir Charles Lyell, in 1834, saw it five inches above 
the water. Though there is no perceptible lunar tide here, there is 
a good deal of rise and fall of the water. I was told that about two 
years ago it rose two feet and a half in a few hours; a heavy gale 
followed, but not on the same day. Near Oregrund I saw a lagoon, 
which had a narrow channel about thirty yards long, that seemed to 
have been cleared out to let a small boat pass. On the 5th July the 
water was running znto the lagoon from the sea, on the 6th the 
current was running the other way—ain neither case strongly. This 
was all I observed connected with the sea-marks on the east coast 
of Sweden. 

On the west coast I examined four marks: the one furthest 
to the north is one put upon a rock by Sir Charles Lyell at the 
pilot-station at Gulholmen, about eighteen to twenty English miles 
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to the north of Marstrand. It is upon-a rock at the entrance of a 
small creek that runs up close to the village, and is to the south of 
the Post-house, as Sir Charles calls it, which is the only tolerable 
house in the village, and is also the Inn as well as the Steam-boat 
Agency. On the 18th July, 1866, the water-line belonging to the 
mark was just three inches above the surface of the water. The 
innkeeper, who showed me the mark, said that he considered the 
water at present rather high for the season; but the men of a sail- 
ing-boat, in which I returned to Marstrand, said, on the contrary, 
that they thought it rather low. The other three marks I saw were 
near Marstrand, though none were on the Island of Marstrand itself. 
The first I saw, which was the one furthest to the north, is on a rock 
just abreast of the northernmost part of the town. This mark is a 
row of four jumper-holes, each about an inch deep, and placed 
between 1 and 2 inches apart in a horizontal row, with the date 1821 
over them. I call it the Four-Holes Mark. I have since heard 
that it was put there by one Nils Brunskrona; there is an N.B. 
over it. On the 17th July, 1866, the water was just up at the hole; 
on the 19th it was six inches lower, as near as I could measure it; 
but, the rock not being perpendicular, it was difficult to measure 

' accurately. This mark is not mentioned at all by Sir Charles Lyell. 
The rock upon which this mark is placed is a hard gneiss rock, and 
as little like anything bituminous as any rock I ever saw; and yet 
it had the appearance of black pitch oozing from it. I thought at 
first that some recently pitched boat must have rubbed against it; 
but the pitch seemed too much ingrained for that. On looking 
closer, however, I saw that the rocks bore marks of fire, and I found 
afterwards that on May Day, or Midsummer, or some such festival, 
they were in the habit of burning a tar-barrel now and then on the 
top of this rock. The other two marks were put, as I was told, by 
a Captain Cronstadt, a Swedish engineer , officer (and I shall call 
them Captain Cronstad’s marks), in the year (A R) 1770, when taking 
levels with a view to cutting a canal, which, however, was never 
finished, and for which another is now substituted. The first I saw 
was on the island of Bakkaholm, close to the landing-place, and just 
facing the village of Marstrand; it is upon a very shelving rock, 
nearly flat, in fact, which made it difficult to measure; but the 
mark was, on the 19th July, seven inches perpendicular above the 
actual level of the water, and about fifteen above a place to which, 
from the appearance of the weed, it seems generally to retire in 
summer. This mark seems not to have been observed by Sir Charles 
Lyell. The last mark I saw was the one observed by Sir Charles 
Lyell, and is, if I am not mistaken in my estimate of the distance, 
an English mile from the town of Marstrand, on the island that 
faces the town at the opposite side of the harbour, called the Island 
of Koon. It is at the foot of a precipice some fifty feet high, I sup- 
pose, south-east of the town. ‘The letters are shaped in the way that 
he describes, owing to the way in which the gneiss is stratified, for the 
convenience of carving the letters on a material of uniform hard- 
ness and similar grain. Without his measurement I could never 
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have found the proper mark. I found a line just twenty-one inches 
below the cypher, and that line is now (19th July, 1866) just seven 
inches above the water-level. He gives it on 19th July, 1834, as 
being ten inches above the water; so that the water is actually three 
inches higher against the rock than when Sir Charles Lyell observed 
it. There is another line, apparently cut since, at the distance of 
nine inches above the old one; and there is another sixteen inches 
below it, and nine below the present water-level; and there is a 
date between them (1847); but I didnot hear who had put it there 
or cut these lines. I think the old line and the date must have 
been refreshed at the same time. The water must have been a 
good deal lower when this last line was cut than now (19th July, 
1866); for I can scarcely imagine a person cutting this mark under 
the water, nor can I divine an object for doing so. These are all 
the marks I saw. 

I heard a curious story at Marstrand a propos of change of level. 
There is an island called Steningson, on which stands a church 
called Norum. A hill not far off partly conceals the church from 
the top of another hill beyond; both hills are, and always have 
been, bare rocks at the top. It is said by some of the old people 
that half a century ago or more only the top of the spire was visible ; 
but now the roof of the church can be seen. The gentleman who, 
in reply to my inquiries, gave me the names of the places, and to 
whom the story was familiar, though he seemed inclined to laugh at 
it, hinted that the level of a man’s head above the ground was not 
the same at ten years old and at twenty. I could hear nothing of 
any earthquakes ever having been felt in this part of Sweden. 
Among some people in Sweden an idea prevails that while the 

north part of the country is rising from the sea, the south is sinking 
under it; butif I am not mistaken, the state of the water in the 
ditch of the citadel of Malmo contradicts this idea, as there seems 
to have been no serious change of level during the centuries this 
ditch has existed; if I am not misinformed, it was here that Hep- 
burn, Earl of Bothwell, ended his days in confinement. 

Though not immediately connected with the sea-marks, I may 
mention another very curious phenomenon that I saw at Marstrand. 
The rocks here are hard gneiss, and very much marked with those 
scratches generally attributed to glacial action. A number of round 
holes exist, like those sometimes worked by the water near water- 
falls, or by the waves on the sea-shore, and which are made, in fact, 
by loose stones moved by the current or the waves. They were of 
different sizes, from a foot and a half to above six feet in diameter. 
I could not ascertain the depth, as the bottom was full either of 
water or of earth and rubbish, which I had no means of removing ; 
but I saw one that was certainly over six feet deep. Were I to 
theorize about how the water that moved the stones that bored these 
holes was itself set in motion, I would suggest that the glaciers that 
may have made the scratches may have had holes analogous to 
those called ‘‘moulins,”’ I believe, in Switzerland, down which water 
falls with some force, and which I believe are always in the same 
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place, though the glacier moves forward bodily; but this is mere 
conjecture. 

I have now detailed all that I have seen of these marks, and what 
I heard from people on the spot. I would wish to leave the infer- 
ences to be drawn from these observations to others more com- 
petent to reason on these subjects; but if I am asked what I think 
of them myself, I must say that they prove nothing. The truth is 
that the daily and weekly alterations in the level of the water 
caused by changes of the wind, and sometimes, I believe, by winds 
not felt at the spot where the change of level takes place, are so 
very considerable that anything that may have taken place in 
thirty years is almost imperceptible in comparison. For instance, 
I was at Marstrand, and saw the water up to the four-holes mark 
on the 17th July, 1866; on the 18th I saw the water three inches 
below the mark Sir Charles Lyell cut at Gulholmen, which les only 
twenty miles to the northward; and on the 19th the water was six 
inches below the four-holes mark. Now, had I seen Sir Charles 
Lyell’s mark on the 17th it is quite possible that I might have seen 
the water exactly at his mark; and it is equally possible that on the 
19th I should have found it six inches lower. From this I infer 
that until the average level is more clearly ascertained, no inference 
can be drawn from these marks. When I first saw the marks at 
Gefle, especially Rudberg’s mark, I imagined that there was proof 
positive of the regular change of level; but there are considerable 
elements of uncertainty about them. The mark on St. Olof’s stone 
is so indistinct, that it can only be of use in connexion with other 
marks; and there are two circumstances connected with Rudberg’s 
mark that interfere materially with any certain inference from it. 
There is no written document I could hear of, to ascertain the fact 
that the original mark was not placed to mark some unusually high 
level of the water; indeed there is no clear evidence that I have 
met with that the horizontal line was cut at the water-level. Be- 
sides this, if I am right in my conjecture that it is a loose stone, 
and not a rock, may not that stone rest upon a shelving rock, up 
which the pressure of the ice from the Gulf of Bothnia may have 
moved it? If a stone, it is clearly too large to have been lifted 
from its place by being frozen into any modern ice-field; but the 
pressure of a mass of ice extending for many miles, coming in urged 
by astrong gale from the Gulf of Bothnia, may easily be conceived 
to have moved it a little way up an inclined plane. I merely men- 
tion these things as being sufficiently possible to throw a great 
amount of doubt over the inference to be drawn from the present 
position of this mark relatively to the level of the water. 

I think I saw fir and spruce-trees, near the east coast of Sweden, 
growing so little above the present level of the water that, had it 
been as much higher in 1731 as Rudberg’s mark would indicate, 
they must have begun to grow from under water, a thing of course 
impossible. But to ascertain this accurately I should have required 
a levelling instrument, as well as permission to cut the trees to find 
out their age. 
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Since writing the most of this, I have received from Sweden a 
translation of a report by Mr. G. Widell upon the marks at Mar- 
strand. I was happy to find that he had come to the same conclu- 
sion with myself as to the uncertainty of any inferences to be drawn 
at present from these marks. He mentions in this paper an appear- 
ance of a daily rise and fall of the water, which, if I understand 
him right, takes place at the same hour, and therefore cannot be a 
lunar tide, but must depend on a sort of land- and sea-breeze. I did 
not observe this, though it may have taken place. I may mention, 
at the same time, that I was under great obligations to that gentle- 
man, who is the Rector of the Academy at Marstrand, and kindly 
assisted me in looking for the marks. 

2. On a Post-Trrtiary Lientre, or Peat-Bep, in the District of 
Kintyre, Areyiisuire. By His Grace the Duke of Areyit, 
KOT, DiC ai HRS. EGS. 

[The publication of this paper is postponed. ] 

(Abstract. ) 

A section of the Peat-bed was seen in a bank cut through by a small 
stream near the village of Southend. The bank appears to belong 
to the *“‘ Old Coast Line,” which is so well-marked a feature around 
most parts of the west coast of Scotland. The Peat at the point de- 
scribed is 3 feet 9 inches thick ; above it is a bed of fine clay, from 
13 to 14 inches thick, containing hazel-nuts, followed by a bed of 
fine yellow sand 4 feet thick, which is succeeded by a bed of coarse 
gravel, with small boulders of the thickness of 14 feet. 

About 400 yards further up the stream there is a bed of fine black- 
blue clay with Mussel-shells. 

These beds appear to furnish evidence of some five or six different 
changes of level. (1) The Peat-bed was depressed under shallow 
and very muddy water, depositing the bed of fine clay ; (2) a further 
depression subjected this mud to an inroad of the sea, bringing 
with it the sand which overlies the clay; (3) a further depression, 
or possibly a partial elevation, exposing the same surface to some 
strong current or littoral action, brought down upon it the bed 
of coarse gravel; (4) all these beds were consolidated and re- 
elevated above the sea; (5) another depression enabled the sea 
to erode the valley of which the “ Old Coast Line ”’ forms the boun- 
dary, and in which this section is exposed. A long period seems to 
have followed, during which this Old Coast Line formed the coast of 
Scotland; and during that period the upper Mussel-bed seems to have 
been deposited. (6) A final elevation of the land determined the 
present coast-line, and left the old one as it now appears—subse- 
quently modified by atmospheric action, and cut through by streams. 
All these changes occurred during what, geologically, must be 
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called the existing period, as the vegetable remains in the Peat, and 
in the Clay, seem to be all referable to existing species. 

Marcu 20, 1867. 

James Danford Baldry, Esq., 2 Queen’s Square Place, Westminster, 
S.W.; and Coutts Trotter, Esq., 16 Cadogan Place, S.W., were 
elected Fellows. 

The following communications were read :— 

1. Rerort on Recent Discoveries of Gorp in New Brunswick. 
By W. 5S. Saea, Esq. 

[Communicated by the Rt. Hon. the Earl of Carnarvon. ] 

(Abstract. ) 

Mr. Sua gives in his report a detailed account of his explorations 
into the gold-bearing gravels of certain river-valleys in the counties 
Victoria, Northumberland, Carleton, and York, in Central New 
Brunswick. He has been enabled therefrom to draw the following 
inferences :—(1) That the gold in these alluvial deposits i$ derived 
from the quartz-veins penetrating the rock of the district; (2) that 
the gravel, which contains pebbles of all sizes, is derived from the 
disintegration of the rocks of the district; and (3) that, judging 
from the richness in gold of paying drift in California, it is probable 
that these auriferous gravels will pay also. 

2. On the Discovery of Coat on the Eastern Store of the ANDES. 
By W. Wueetweicut, Esq. 

[Communicated by Sir R. I. Murchison, Bart., K.C.B., F.R.S., &.] 

(Abstract. ) 

Iy this paper the author reports the occurrence of beds of Coal on 
the eastern slope of the Andes, between the cities of Cordova and 
San Juan, about 25 leagues east of the latter city. 

3. On the PRESENCE of the PurnBEcK Beps at Britt, in BuckineHam- 
SHIRE; and on the SurpERIon Estuarine Sanps there and at certain 
places in Ox¥ForDSHIRE and WixtsH1RzE. By the Rev. P. B. Broniz, 
M.A., F.G.S. 

Tur existence of the Purbeck beds at Brill* not having been yet accu- 
rately determined, it seems desirable to notify the fact of their oc- 
currence there between the estuarine sands (or Hastings sands) of 

* [Vide Mem. Geol. Survey, Explanation of Sheet 45, p. 47.—Enrr.] 
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Professor Phillips, and the Portland stone below. In a visit I lately 
paid to that well-known locality for Portland fossils, I saw there several 
masses lying about of a close-grained, concretionary, drab-coloured 
limestone, very different lithologically from the Portland Oolite, 
which attracted my attention. The average thickness of the blocks 
was from six to eight inches; and on the upper surface, which was 
coarser and somewhat sandy, I detected Cypris and abundance of 
fish-bones and scales, including two entire fish-jaws with teeth ; but 
I could not find any shells. The aspect of this limestone was so 
decidedly that of a freshwater deposit, and so similar to certain of 
the Purbeck strata which I have studied in Wilts and Dorset, that, 
without having discovered a single fossil, I should have felt satisfied 
that it was not of marine origin and was quite distinct from the 
Portland Oolite. It has a very irregular, splintery, and uneven frac- 
ture, and resembles the ‘‘ cap” of the Island of Portland, to which no 
doubt it may be referred, and forms a reduced equivalent. It seems 
also to resemble the lower and harder portion of the “ pendle” at one 
of the pits at Whitchurch, described by Dr. Fitton *, which contains 
bones and scales of fish. 

The stone had evidently been procured from the base of the estua- 
rine sands, though, unfortunately, the excavation had been so filled 
up that it was impossible to detect this undoubted remnant of the 
Purbeck formation im situ. However much reduced in bulk these 
freshwater strata are in this direction, it is interesting to know 
that they are not altogether absent here, as they had not been 
previously noticed either by Dr. Fitton or Professor Phillips £, 
and, although I have paid several visits to Brill, I never before 
was able to detect them. 

There is also a considerable development of the estuarine sands 
above the Purbeck beds, forming the summit of the hill. In the inter- 
calated ironstone bands which are usually associated with these sands, 
I found a small Paludina, coarsely but strongly ribbed, and appa- 
rently distinct from any figured and described by Professor Phillips. 
I have also obtained Paludina subangulata, Phill., and Cyrena 
media in the same sands at Wheatly and Horsepath, in Oxfordshire, 
and also Paludinw, many years ago, in the Vale of Wardour, in 
Wiltshire, there associated with Cyclas or Cyrena, and a portion 
of the carapace of a Tortoise, perhaps Zrionya. Whether these 
sands are really the equivalents of the Hastings Sand, or of the 
estuarine beds intercalated in the Lower Greensand, as suggested by 
Professor Phillips, it is certain that they contain definite species of 
freshwater or estuarine shells over a wide-spread area, and deserve 
a more careful examination in all the districts where they occur. 
The Uniones are so rare that I have never yet been fortunate enough 
to find one; but Paludine and fragments of Plants are not uncom- 
mon—and the latter occur at Brill and Wheatly, not only in the iron- 

* Trans. Geol. Soc. 2nd series, vol. iv. 
+ ‘“ Memoir on the strata below the Chalk.’ Trans. Geol. Soc. 2nd series, 

vol. 4. 
t Quarterly Journal of the Geological Society, August, 1858, 
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stone, but also in the more marly portion of the sands. On one side 
of the former hill these sands are let down, and appear at a much 
lower level ; for, as a rule, they cap the hill. In the Vale of Wardour 
they seem to have been mostly denuded; but blocks of ironstone 
derived from them are scattered about the fields in places, in the 
‘same way as the chalk-flints are, owing to the previous denudation 
of the chalk hills, 

-_—— - —__—_——— 

4, On the Lowzr Lras or Lras-ConeLomeErats of a part of GLAMoR- 
GANSHIRE. By Henry W. Bristow, F.R.S., F.G.S., of the Geolo- 
gical Survey of Great Britain. 

Own the 6th December, 1865, a paper was read before the Society, 
by Mr. E. B. Tawney, “‘On the Western Limits of the Rhetic Beds 
in South Wales, and on the position of the ‘Sutton Stone’ ’’*, 

The chief object of the above communication was (to quote the 
author’s own words), “ to discuss the ‘Sutton Stone’ as to its strati- 
graphical, lithological, and paleontological relations; to show from 
organic remains that its affinities were with the Triassic formation, 
and not with the Lias, as commonly supposed, and then to claim it 
as Rheetic, and in so doing to extend, for the first time in England, 
the range of Ammonites down into the Rheetic series”’ (p. 70). 

In order to render his views still more intelligible, the author 
reiterates (at p. 72 of his Memoir), “These beds I now claim as 
Rheetic, and would unquestionably separate from the Lias. As 
developed on the coast, they are between 80 and 90 feet in thick- 
ness: to the lower half of this the term ‘Sutton Series’ may apply ; 
and for the upper half I propose the name of ‘ Southerndown Series,’ 
as they are best seen in the fine cliff-exposure under the hamlet of 
Southerndown.” , 

In further elucidation of the views already expressed, the author 
gives two sections at p. 75—one a vertical section representing, in 
the lower part, 39 feet of the “Sutton Series” overlain by a thick- 
ness of 50 feet 9 inches of “ Southerndown Series,” which, again, is 
surmounted by acknowledged Lias, represented by the zone of 
Ammonites Bucklandi, the lowest part of that series. 

I have considered it necessary, thus fully, to remind the Society 
of the bearing of Mr. Tawney’s communication, in order that the 
remarks which I wish to bring before them, in reference to this very 
interesting series of deposits, may be more clearly understood. 

On resuming my duties in the field, in the course of the past 
summer, for the purpose of extending the survey of the Penarth or 
Rheetic series westward of the district where I had been compelled, 
by stress of weather, to abandon their examination at the close of 
the previous year, I was induced to give the preference to the 
locality treated of by Mr. Tawney, rather than to Watchett (where I 
had examined and measured the sections in detail, with my colleague, 
Mr. Etheridge, in order to map the strata in question), and while 

* Quart. Journ, Geol. Soc., vol. xxii. p. 69. 
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doing so to acquire a knowledge which might, possibly, assist me in 
surveying their westernmost extension, where I had already madea 
cursory examination of them two years previously, in company with 
the Director General of the Geological Survey. 

In tracing the coast-section from west to east, 2.¢e. from the 
River Ogmore to Dunraven Point, instead of the strata being divisi- 
ble into two separate and distinct series, as described by Mr. Tawney 
in his memoir, and represented in the engraved sections which ac- 
company it, there is, in my opinion, but one series; that is to say, . 
there is not a Sutton Series (seen at the cliff at Sutton), and another 
or Southerndown Series (seen in the cliffs under the hamlet of that 
name) intervening between the Sutton Stone and the acknowledged 
Lias; but the beds occupying the cliffs at Sutton pass, in their hori- 
zontal extension, into those forming the cliffs of Southerndown ; so 
that there is, in fact, but one series, by whatever name it may be 
called, the so-called Southerndown Series being merely the easterly 
prolongation and the representative of the Sutton Stone of Sutton. 

That this is the case becomes equally apparent on examining the 
coast-section from east to west, from Dunraven Point to Sutton. 
The error fallen into by Mr. Tawney has been caused, perhaps, by 
the exceptional and peculiar character of the stone exposed in the 
quarries at Sutton, where it is soft, white, and tufaceous, and assumes 
the texture of a freestone. Such a stone it is, in fact ; anda favour- 
able specimen of its excellent quality and appearance is displayed 
in the pulpit of the church at St. Brides Major, which is carved out 
of Sutton Stone. 

Within a very short distance of the houses east of Sutton, the 
stone becomes blue and hard, and assumes a closer texture; but 
beyond that point and up to the caves which have been worn out 
of the Carboniferous Limestone, upon the upturned edges of which 
it has been deposited, the Sutton Stone is again white and tufaceous: 
in an easterly direction from the caves it assumes a close texture, a 
blue or blue-grey colour, and becomes extremely hard and tough. 
Perhaps this change of character may, in some degree, be owing to 
the influence of the sea-water, which washes the base of the cliffs 
between the caves and Dunraven Point; while westward of the 
former the Carboniferous Limestone and Dolomitic Conglomerate 
form the cliffs, and the Sutton Stone at the quarries recedes from the 
shore, and is removed from the influence of the sea-water*. The 
effect produced upon the strata by the sea-water has been to silicify 
them, and to render them so hard that it is exceedingly difficult, 
and often next to impossible, to hammer the fossils out of the rock ; 
while the calcareous shells of the fossils themselves, between high- 
and low-water-mark, have sometimes been replaced by chalcedony 
somewhat resembling that form of it which has received the name 
of Beekite. 

But, irrespective of this supposed action of the sea-water, the strata 
themselves are naturally much impregnated with siliceous matter, 

* Tt there forms the southern slope of the hills and rising ground whichve ex- 
tend from the shore in a northerly direction. 
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not only mixed with them mechanically in the form of fragments 
of chert derived from the neighbouring Carboniferous Limestone, 
but as a contemporaneous deposit. One of the lower hard beds in 
the upper part of the series has an interrupted and irregular, but 
very persistent and marked, layer of black chert near its base. 

The whole of the beds up to the acknowledged Lias may be de- 
scribed as more or less conglomeratic, the uppermost 11 feet under 
Southerndown being notably so. And, as Mr. Tawney states (at 
p-. 74), this latter stone differs lithologically from that of Sutton 
in the beds being much harder and more irregularly [?regularly | 
bedded. 

The whole thickness of these conglomeratic beds, from the normal 
Lias down to the Carboniferous Limestone, is displayed in the cliffs 
on either side of the caves already mentioned. The annexed dia- 
gram * has been constructed from very careful measurements of the 
cliffs, bed by bed, and checked by measurements made at different 
times and at different points. The thickness of the beds varies 
slightly in different places, as is usually the case with deposits formed 
in an area that is undergoing slow depression ; and the lower part 
is especially irregular, conforming itself to, and filling the hollows 
and irregularities in, the denuded surface of Carboniferous Limestone, 
upon the upturned edges of which it has been deposited. After the 
cliff-section had been measured bed by bed, with the assistance of 
Mr. Gibbs, of the Geological Survey, I measured the vertical thick- 
ness of the beds, between the Carboniferous Limestone and the 
lowest thick bed, in one measure (at a spot about 3 an inch east- 
ward of the left-hand extremity of Mr. Tawney’s longitudinal section, 
fig. 2), and found it to be about 25 feet, certainly not more, if so 
much ; and this measurement was tested at the caves by means of 
another, with which the former closely agreed. 

This, according to my measurements, makes the total thickness 
of the conglomeratic beds (the Sutton and Southerndown series of 
Mr. Tawney) to be from 35 to 37 feet ; while Mr. Tawney represents 
the aggregate thickness of the same beds to be 89 feet 9 inches. 

From the high ground of Sutton the beds gradually decline east- 
ward, until at the caves they come to the base of the cliffs, a short 
distance beyond which they are partly concealed from observation 
in consequence of an undulation in the Carboniferous Limestone, 
until they reappear at Dunraven Point, where the latter is brought 
up by a fault. 

As the Sutton Stone reposes on the upturned edges of the Carbo- 
niferous Limestone, the irregularities and undulations of which it 
fills up, the thickness is somewhat variable in different places; and 
it is possible that the lower beds of Mr. Tawney’s vertical section, 
above and below the “‘ Conglomeratic band of chert,” which I believe 

* An attempt is made to show, in profile, the way in which the beds have 
been acted upon by the sea. The upper part of the section represents the lower 
part of the cliff under Southerndown—the remaining the subordinate portion 
of the series as displayed further west, down to the Carboniferous Limestone. 
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to be those exposed at the line of old quarries between Sutton and 
Craig-yr-eos, may come in thus. 

Whether this be the case, or not, will not affect my argument, 
the object of which is merely to prove that the beds between the 
Carboniferous Limestone and the common argillaceous Lias limestone 
and shale, which cover a large area between Sutton and Cowbridge 
(at Ewenny, Brocastle, Llangan, Pentre Meirig, and other places), form 
a part of the Liassic series, the difference in the lithological 
character being due to the prevalence of special conditions at the 
period of their deposition. 

Having satisfied myself, thus far, that the Sutton and Southern- 
down series of Mr. Tawney are stratigraphically part of one 
series, I directed my attention more particularly to the fossils ; and 
the result enables me to assert that the group of strata in question. 
is true Lias from top to bottom. 

The four commonest and most characteristic Lias fossils may be 
traced from the very lowest of the beds into their junction with the 
ordinary Lias; and when I state that Giryphea incurva, Ostrea 
Inassica, with Lima gigantea and Ammonites of large size, have been 
recognized in the rocks of this series, in place, I think that the 
Liassic age of these deposits may be regarded as fairly proved. 

It is true that these fossils are somewhat sparingly distributed in 
the coast-section, and that the rocks are so hard that, even with the 
help of so experienced a collector as Mr. Gibbs, the number of speci- 
mens procured is scanty. Still they are sufficient to prove the case. 
In a conglomeratic deposit of this nature it is to be expected that 
fossils should be but sparingly present ; and the Corals found in the 
Sutton Stone, especially between Sutton and West, partly consist of 
Paleozoic * species derived from the Carboniferous Limestone, which 
is there crowded with them, and out of which they have been 
washed during the denudation of the Carboniferous Limestone, 
which accompanied the deposition of the Sutton Stone. 

Although aware that exceptions will be made to the statement of 
the occurrence of Gryphea wmcurva and Ostrea Liassica in these 
beds, and that the fossils in question will be pronounced by some 
authorities, whom I hold in great respect, to be Gryphea irregularis 
and Ostrea wrreqularis, it is nevertheless my belief that the Gryphea 
of the beds in dispute, if not identical in form with Gryphea incurva, 
is yet the representative and only a variety of that shell, which oc- 
curs in such remarkable numbers in the Lias immediately above, the 
slight variation in their respective forms being a result of difference 
of conditions ; and similarly as regards the Ostrea. 

Probably, by means of a large collection of the shells in question, 
it might be possible to trace all the gradations between one form 
and the other. In fact it is stated by Dr. Duncan that “ doubtful 
specimens of Gryphea incurva are now and then met with in the 
Brocastle beds. * * * * One specimen from Brocastle has the 

* Dr. P. M. Duncan, Quart. Journ. Geol. Soc. vol. xxii. p. 89, 1865; also 
vol. xxiii. p. 13, 1866. 

‘VOL. XXIII.—PART I. Q 
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laminate fossilization of the species, and a trace of the lateral groove 
which peculiarizes typical Gryphea”*, 

Dr. Duncan has already expressed his opinion that the Sutton 
series 1s above the Rheetic beds, although he does not class it with 
the Lower Lias, but with what he terms Infra-Lias+. 

In his memoir, Mr. Tawney has given the figures and descriptions 
of twenty species of Mollusca, found by him in the Sutton Stone, all 
of which are stated to be new, and claimed as Rheetic species. 

This is a discovery of much interest; but at the same time it is 
scarcely necessary to remark that the occurrence of so many new 
forms of shells affords no evidence, one way or the other, as to the 
real age of the beds in which they are found. 

So far from proving the beds to be Rhetic, the argument that 
they are Liassic may be urged with greater force, because they come 
out of strata in which the most characteristic of Liassic shells occur, 
and are there associated with them. 

One of the great difficulties felt by Mr. Tawney in fixing the 
precise position of the Sutton beds in the geological scale, was the 
want “ of any section showing the position of the Avicula-contorta 
sandstones [or undoubted Rheetic beds] in relation to the Sutton and 
Southerndown Series” (p. 78). 

This difficulty is overcome by means of the sections displayed at 
the Stormy Cement Works, north of Llangan, and at St. Mary Hill 
Common. 

The section at the Stormy Cement Works, on the south side of the 
railway, rather less than two miles east of Pyle Station, shows about 
20 feet of ordinary Lias limestone and shale, resting upon 2 feet 
of a hard, siliceous, and shelly blue conglomerate, under which occur 
from 12 to 15 inches of pale argillaceous limestones, breaking with 
a smooth conchoidal fracture, and which I believe to represent the 
“White Lias” or uppermost member of the Rheetic series. 

The conglomerate of the Stormy Cement Works I take to be the 
attenuated representative of the conglomeratic Sutton Stone in its 
northerly extension, beyond which locality it probably extends 
beneath the ordinary Lias only a short distance before it altogether 
thins out. 

Near Llangan, round which locality the Sutton Stone spreads over 
a large area, it undoubtedly is based upon the sands and shales of 
true Rheetic age, as may be seen in the section descending from 
the high ground, east of the cross road leading from the old lead- 
works, in an easterly direction. There the higher ground, over which 
the main road runs from Pentre Meirig northwards, is composed of 
the Sutton beds, beneath which the Rhetic sands and shales crop 
out in the descent of the road to Cwrt, north of which they are cut 
off by a fault bringing in the Carboniferous Limestone. 

At St. Mary Hill Common the Sutton Stone has been worked at 
the south side of the Common, west of Termynydd. The beds are 
slightly conglomeratic, containing fragments of black chert, small 
pebbles of white quartz, and specks of galena, and dip at an angle 

* Ante, p. 24, t+ Ante, pp. 23 and 27. 
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of 25° in a direction 25° west of south. The true position of these 
beds between the ordinary Lias and the Carboniferous Limestone 
is very clearly shown to the north; and fossils are plentiful, Pinna, 
Modiola, Ostrea Liassica, Lima, and Pecten (? Suttonensis) being the 
common shells. 

The three sections I have briefly noticed prove the true posi- 
tion of the Sutton Stone relatively to the main mass of the Lias and 
the Rheetic series, and show that the conclusion “that the Sutton 
series was probably slightly anterior in age to the Avicula-contorta 
series ” (Tawney, loc. ct. p. 78) is untenable. 

It may not be out of place to remark here that the sand- 
stones quarried for building and grindstones, 14 mile north of 
Bridgend, on either side of the River Ogmore, are not situated at 
the base of the Keuper, as stated by Mr. Tawney, but are in the 
upper part of the Rheetic series, overlain by Lias crowded with the 
characteristic Ostrea Liassica. The sequence of the beds is clearly 
shown on the west side of the river at Angelton, where there is a 
large quarry by the roadside, whence the stone was procured for 
building the neighbouring County Asylum. 

The replacement by sandstones of the ordinary calcareous and 
muddy sediments of which the Rhetic Series is generally composed 
indicates here a coast-line and shallow water. Thisis borne out by 
the fact that it is in their most westerly extension in South Wales 
(between Bridgend and Pyle) that this substitution of siliceous for 
calcareous and argillaceous sediment has taken place ; and the Rhetic 
strata of the district now under notice represent the near-shore 
deposits of a formation which, on the continent of Europe (in the 
Rhetian Alps, in Lombardy, Germany, and France), assumes a far 
greater development than it does in this country. 

- Ata later date the Magnesian Conglomerates at the base of the 
lias indicate the shore- and shallow-water deposits of a country 
which is now part of South Wales, and which, in part, was being gra- 
dually submerged during the deposition of the Lias; so that the 
beds which rest on the irregular surface of the Carboniferous Lime- 
stone are not necessarily the oldest part of the Liassic series, but of 
different, though approximate, ages. 

Sir Henry De la Beche, in his masterly Essay * “ On the Formation. 
of the Rocks of South Wales and South-western England,” well 
deseribes the conditions under which these beds have been deposited, 
and speaks of them as “ a deposit, partly chemical, partly mechanical, 
formed during depression t—occasionally perhaps including low- 
lands behind the shingle-beaches, the deposit of the time mingling 
with the older rocks previously broken up on the surface by atmo- 
spheric influences, and not sufficiently exposed to rounding by 
attrition before they were enveloped by the matter of the new 
deposit.” He goes on to say that “in some localities we scarcely 

* Memoirs of the Geological Survey of Great Britain, 1856, vol. i. p. 270. 
T See also “On the Denudation of South Wales and the adjacent Counties of 

England,” by Andrew C. Ramsay, F.G.S., in the Memoirs of the Geological 
Survey, vol. i. p. 297. 

Q2 
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know where to draw the line between the Dolomitic and Lias Con- 
glomerates. We can easily conceive that one part of a mass of 
shingle and fragments may have been formed at the end of one 
epoch, and another part at the commencement of another, the same 
general physical causes for the production, accumulation, and 
consolidation of the gravel and fragments continuing in particular 
localities.” 

The occurrence of an ore of lead in the Sutton Stone is an in- 
teresting fact. This ore, Galena (sulphide of lead), is met with in 
the stone, sometimes in sufficient quantity to offer inducements to 
mining-enterprise—more especially at Llangan, where Works have 
been erected and a considerable amount of ore is said to have been 
obtained. 

The ore, in some instances, is associated with fossil plants, which 
it partly mineralizes; but its most common mode of occurrence is 
in strings or bunches, and sometimes disseminated through the 
stone. Lead-ore is noted by Sir Henry de la Beche as occurring 
in the Carboniferous Limestone of the district; and at St. Hilary 
the remains of old workings show that it was formerly worked to 
some extent in the Dolomitic Conglomerate. Hence the occurrence 
of Lead-ore in the Sutton Stone corroborates the theory of its deriva- 
tion from the denudation of Carboniferous Limestone and Dolomitic 
Conglomerate in which it originally existed, being carried down with 
the calcareous mud and débris of which the Sutton beds consist, 
and re-deposited with them in the ancient Liassic sea-bottom. 

Sir Henry De la Beche states that “at Candleston, a variety of 
Sutton Stone, with small cavities, often the casts of shells, is very 
plumbiferous, galena being distributed throughout it and even filling 
up the cavities left by the disappearance of the shells”*. 

In surveying the country between the river Ogmore and Cow- 
bridge, the area occupied by the Lias (including the so-called Sutton 
Stone) proved to be somewhat greater than was represented on the . 
existing geological maps,—a discrepancy easily to be accounted for 
by the strong resemblance borne by the lower beds of that series to 
the Carboniferous Limestone upon which they there generally repose. 
This striking similarity had been noticed by Sir Henry De la Beche, 
whoremarks that “at Merthyr-mawr, on the west bank of the Ogmore, 
the Lias so resembles the Carboniferous Limestone on which it rests, 
that when the curvatures of the latter bring portions of it into a 
nearly horizontal position, and this kind of Lias reposes upon it, it 
is only by a very strict search for organic remains that the difference 
can be found, especially as in some situations the Lias, from the 
presence of abundance of Pentacrinites, has the encrinal aspect of so 
much Carboniferous Limestone” 7. 

The object of this communication not being to describe the Sutton 
beds of South Wales in detail, but merely to define their true posi- 
tion in the geological scale, I will merely add, in conclusion, that 
in this district it will be found that, wherever the Lias rests upon 

* Memoirs of the Geological Survey, vol. i. p. 272. 
i Ibid, p. 272. 
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the Carboniferous Limestone or on the Dolomitic Conglomerate, the 
lowest beds of the first assume the abnormal conglomeratic structure 
characteristic of the Sutton Stone, indicating that the latter was 
deposited in a shallow sea the bordering land of which was formed 
of Carboniferous Limestone. 

With regard to the assignment of any special name to these beds, 
I think the term “ Infra-lias’’ which has been proposed by some 
authors, is both vague and misleading, and, to quote the words of 
Dr. Duncan, “it must be admitted that the terminology is somewhat 
objectionable”*. The term Lias Conglomerate, used by Sir Henry 
De la Beche, denoting structural character without reference to 
actual position in the geological scale, at the same time that it has 
the advantage of being precise and distinctive, is not open to any 
objection, and might therefore be adopted with propriety. 

5. On AswormaL Conpitions of Szconpary Deposits when con- 
NECTED with the SoMERSETSHIRE and South Waxes CoAL-BASINS ; 
and on the AcE of the Sutron and SouTHERNDOWN SERIES. By 
Cartes Moors, Esq., F.G.S. 

[The publication of this paper is unavoidably deferred. | 

(Abstract. ) 

Tue author first describes the geological constitution of the Mendip 
Hills, which, in his opinion, were upheaved by the intrusion of a 
basaltic dyke (now noticed for the first time) during the period of 
the Upper Trias. The Mendip chain proved an island barrier to the 
incursion of the deeper sea-deposits of the south, and on it lived the 
Microlestes and other terrestrial animals. Along the south side of 
this barrier shore-deposits were formed, the ‘“‘ Carboniferous Lime- 
stone” constituting the floor of the ocean at that time. 

He then institutes a comparison between the Rheetic and Liassic 
formations within and those without the Somersetshire coal-basin. 
The thickness of the beds, from the Trias to the Inferior Oolite, is 
stated to be, outside the coal-field, 3320 feet, whilst inside it is 
only 169 feet. These results were obtained from an examination of 
numerous sections, which are described in detail by the author. 

After considering the horizontal deposits beyond the Mendips, 
and the unconformable conditions within its coal-basin, the author 
discusses the abnormai conditions which are presented by deposits 
of the same age when they are intimately connected with the “ Car- 
boniferous Limestone.” In the Charterhouse Lead-mine a deposit 
of clay 12 feet in thickness, and containing Liassic shells, is stated 
to occur at a depth of 260 feet in the Carboniferous Limestone. 
Among the organic remains, three species of terrestrial shells, re- 

ferable to the genera Helix, Vertigo, and Proserpina, and a Chara- 
seed, were discovered. 

The author concludes by pointing out the peculiarities presented 

* Ante, p. 24, 
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by the Liassic strata in Glamorganshire, with special reference to the 
stratigraphical position of the Sutton Stone and the Congiomerates of 
Brocastle &c. 

Aprit 3, 1867. 

The Rey. John Edward Cross, M.A., F.R.A.S., Vicar of Appleby, 
Lincolnshire ; Elias Dorming, Esq., Mem. Inst. C.E., 41 John Dalton 
Street, Manchester; R. Bruce Foote, Esq., of the Geological Survey 
of India, Calcutta; the Rev. Charles Fraser, M.A., Christchurch, 
New Zealand; Lieut. Luard, R.E., Windsor ; John Noble, Esq., 51 
Westbourne Terrace, Hyde Park, W.; George Spencer Perceval, 
Esq., Severn House, Henbury, Bristol; Thomas Richards, Hsq., 
Mining Engineer, Bank House, Redruth, Cornwall; Charles Ricketts, 
M.D., 22 Argyle Street, Birkenhead; Wilfrid H. Hudleston, Esq., 
M.A., F.Z.8., J.P., Barrister-at-law, 21 Gloucester Place, Portman 
‘Square, W.; and Josiah Henry Trimellen, Esq., Mining Engineer, 
2 Calvert Terrace, Swansea, were elected Fellows. 

Professor Daubrée, of Paris, was elected a Foreign Member. 
Professor Bernhard von Cotta, of Freiberg, was elected a Foreign 

Correspondent. 

The following communications were read :— 

1. Remarks on the Drirr in a part of WARWICKSHIRE, and on the 
evidence of GLACIAL ACTION which it affords. By the Rev. P. B. 
Broprz, M.A., F.G.S. 

THERE are many points of great interest in the history of the Drift 
in Warwickshire, which it would be very desirable to have recorded, 
and which I hoped to have undertaken, but have not yet been able 
to accomplish ; in the meantime, a few notes upon the subject, though 
confined to a very small area in the county, may be of service. 

The later deposits of this kind are to be found along the valley 
of the Avon, and consist of the usual finer sands and gravels 
with mammalian remains; but I have not yet heard of any flint 
implements having been detected with them, though I do not think 
they have been so diligently searched after in the neighbourhood 
of Warwick, Stratford, and elsewhere in the county, as they have 
been in other places; and they may turn up at any time*. At 
Warwick and Leamington this gravel contains many rolled fragments 
of Liassic fossils, including the small corals (a species of Mont- 
livaltia) immediately derived from the Hippopodium-bed at Fenny 

** Since writing the above, I find that Dugdale mentions the occurrence of a 
flint implement in a field near Merivale, in Warwickshire; Mr. Bloxam, of 
Rugby, bas shown me a large flint instrument (a Celt) which was picked up also 
in a field near Moreton in the Marsh; and Mr. Tomes informs me that another 
‘implement was discovered in the low-level Drift near Stratford-on-Avon, but was 
-unfortunately lost. Mr. Cleminshaw, a student at Rugby, has lately detected 
some small flint implements in a fluviatile Drift of comparatively recent date 
on the banks of the river Avon, at Holbrook, associated with the bones of Deer, 
Ox, Bison, Water-Rat, Fox, &¢., and remains of Anodon, a large collection of 
which may be seen in the School Museum at Rugby. 
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Compton, and pieces of Permian wood; and when the Jephson gar- 
dens were being made at the latter town, several fine remains of 
Elephant, Rhinoceros, and other mammalia were obtained, some of 
which are now deposited in the Warwick Museum. I believe some 
land- and freshwater shells were also procured; but Iam not aware 
that any particular account has been given of them, or that any notice 
was taken of them at the time. Similar mammalian remains were 
found at Lawford, near Rugby, especially a fine jaw with teeth of Rhi- 
noceros tichorhinus, now in the Museum at Warwick, and were de- 
scribed by Dr. Buckland ; but the pits have been closed for some years. 

Of older date than the above, belonging probably to the glacial 
period *, is a very extensive deposit of Drift, of which, however, I can 
now describe only a very small portion in a district occupying the 
higher tableland on which are situated the villages of Hazeley, Hatton, 
Edstone, Remington, and Temple Balsall, from six to twelve miles 
north, north-west, and west of Warwick 7. Rounded pebbles and 
boulders of various sizes and diverse mineral composition are scattered 
in greater or less abundance over the whole of this tract. Occasion- 
ally large rounded boulders of sandstone and other rocks are met with, 
but in general the pebbles are of small size, consisting mostly of 
sandstones and quartz, large pieces of which sometimes occur ; and 
here and there a few square blocks of hard stone may be observed. 
Granite is comparatively rare. Flints are nowhere absent from 
this Drift, though much more abundant in some places than others, 
as, for instance, at Hazeley, Hatton, and Edstone, where they largely 
predominate, some being of large size and little rounded; but the 
most remarkable quantity, both as to size and number, is at Hazeley 
and Hatton, where masses of large unrolled flints occur, looking as 
fresh as if they had lately come from a chalk-pit, and some fields 
yield flints in abundance. The only conceivable means of conveyance 
for these must be icebergs, unless it be conceded that the Cretaceous 
formation had a much further extension to the north, spreading 
over a considerable portion of the midland counties—an idea which 
the very remarkable and considerable mass of Chalk and Green- 
sand which was observed in the Drift overlying the Lias at Campden, 
in Gloucestershire, might seem to favour. Small pieces of chalk are 
now and then, but more rarely, met with. One striking exception 
came under my notice in a small field at Rowington, where little 
bits of very hard chalk, rounded and scratched, are scattered over it 
so plentifuliy that they gave a white aspect to the land. Inter- 
spersed with them were flints, some Greensand with Pectens, a brown 
sandy stone with Ostrea, Great Oolite, Cornbrash, Forest Marble, and 
several square fragments of Lias, chert with shells from the Moun- 

' * It is possible that this Drift may be re-deposited glacial Drift, and, if so, 
would perhaps be ‘“ high-level Drift ;’ but I confess my impression, from the 
facts observed, is, that it is true glacial Drift, and therefore older. 
_ + It certainly extends as far as Birmingham on the north-west; for I have 
noticed Lower Silurian pebbles at Saltley, close to the town. It caps the Lias 
at Wainlode Cliff near Gloucester, and is widely spread over other portions 
reienicciaese (as at Grafton, &c., west “of Stratford), Worcestershire, and 

or Te. ; - 
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tain-limestone, ironstone, Carboniferous sandstone containing plants, 
grit, yellow magnesian limestone, rounded boulders of older rocks, 
including granite, and a large block of Syenite. This detritus was 
of all shapes, angular and rounded, the edges often being scratched 
and striated. The flints were little worn. The pieces of Oolite 
were flat and not rounded. I carefully searched the adjacent fields, 
but could detect no chalk in any of them, though there are flints ; 
and the only way to account for this limited and local distribution 
of broken fragments of chalk and other materials seems to be that 
an ice-block discharged its load at this spot. 

In no case, in the Drift hereabouts, have I seen so many traces of © 
fossiliferous rocks, which are seldom met with in this district. In 
a contiguous field there was a deposit of brown clay, not usual 
in this neighbourhood, in which were many large and small boul- 
ders intermixed with slightly abraded chalk-flints. The grayel-pits 
in the district average from six to eight feet in thickness, or more, 
in different places, and consist of the same materials, but with fewer 
flints, which are intermingled with sand. At one spot, but of limited 
extent, there is a thick accumulation of fine sand with few pebbles of 
any kind. ‘The gravel is finer and more sandy in some places than 
others. Where the Keuper comes close to the surface, as it often 
does, the superimposed Drift is of no great thickness. The gravel 
for the most part is made up of ancient metamorphic rocks, which 
probably were derived from the north, and is therefore usually 
termed “ Northern Drift ;” but although the fragments of the fossili- 
ferous rocks are few, those which I have met with seem to have 
travelled from various points of the compass ; for it is reasonable to 
suppose that icebergs were often borne in different directions by 
adverse currents. The larger flints in the greatest profusion in 
the tract referred to seem to occupy a line of no great breadth, 
running from the north for some miles, a little to the west of south, 
which would include the parishes of Hazeley, Hatton, and Wotton 
Wawen, with Edstone. The Lias outlier at Brown’s Wood, near 
Wotton Wawen, is covered with Northern Drift ; and a deep gravel- 
pit on the summit of the hill contains some very large boulders. 
For a long time I considered the abundant quartzose pebbles to be 
altogether unfossiliferous ; but owing to the improvement in pre- 
paring the materials for the road under the new Act, they are now 
broken up, and occasionally, though very rarely, a few fossils are to 
be met with. Among these I was much struck with the resemblance 
of some of the shells to some lately discovered by Mr. Vicary in the 
Lower Silurian pebbles of the New Red Sandstone at Budleigh Salter- 
ton, and described by Messrs. Salter and Vicary in their interesting 
paper in the 20th vol. of the Journal of the Geological Society *. 
Orthis reduxy is the most abundant fossil, usually occurring in groups 
as at Budleigh; Lingula Lesueuri, a few specimens, one full-grown, 
about the size of the largest from Devonshire; Zrachyderma serrata 

* Page 283, 
t Calymene Tristant and Orthis redux are found in the Lower Silurian 

quartz-rock at Caerhayes, in Cornwall. 
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not unfrequent; there are also Rhynchonella, sp.?, Spirifer anti- 
quissimus, Modiolopsis, sp. ?,and a Bivalve undeterminable. Litho- 
lologically, the pebbles are exactly like those from Budleigh, and were 
at once recognized, with the fossils, by Messrs. Salter, Woodward, and 
Vicary. Although at present the fossils are so few, others may in 
time be discovered; but at all events the presence of the above 
species in this district is very interesting; and it may not be unrea- 
sonable to conclude that the upper red marl and sands with the 
pebbles once capped the Keuper in Warwickshire, and the marl 
having been denuded the heavier materials were scattered about as 
we now find them, and that many of these reddish, white, and brown 
quartzose pebbles were so derived, and had a similar origin with those 
in Devonshire. 

Probably up to the Glacial epoch the Upper New Red marls ex- 
isted here in situ, and were for the most part denuded by the various 
oscillations and great changes of level which then took place; and 
the Lower Silurian pebbles contained in it were again rolled and 
scattered about over a more or less limited area, and intermingled 
with the other materials brought from a distance by the agency of 
ice. These pebbles, of course, must have been deposited in the 
New Red Sandstone itself, at a much more ancient period, during the 
formation of the red marls, coeval with the equivalent Triassic bed 
in Devonshire; and the inference would seem to be that this great 
Lower Silurian formation, which is now so largely developed in 
Normandy, and which has left only a remnant in Cornwall, formerly 
occupied a much larger area in the south-west, and may also have 
had more extensive ramifications towards the north-east. This is 
only another of the numerous examples of the almost total destruc- 
tion of an extensive formation—one of the broken links in the chain 
of geological evidence which we often look for in vain, but which, 
when found, is of much interest and importance. 

Dr. Buckland long ago showed that many of the boulders so pro- 
fusely scattered in the Northern Drift might be traced to their source 
in the higher beds of the Trias; but no doubt a great many, as I have 
suggested, came from other sources. In general the prevailing forma- 
tions 1n a given district have mainly helped to form the matter of the 
local drifts; but hereabouts the Keuper sandstone, though having 
been much denuded, is by no means abundantly distributed init; and 
the same remark applies to the Lias, which is very rarely met with: 
but this is less surprising, if most of the materials of which it is com- 
posed were brought by ice from a distance, whichis now generally 
conceded. Here and there, in the tract under review, some large, 
rounded, erratic boulders, and square, almost tabular blocks, may 
always be found, though at wide intervals. In a heap of stones by 
the roadside, evidently Drift picked off the fields, two miles south 
of Shipston-on-Stour, at the extreme northern end of the county, I 
noticed the following rocks :—large and small boulders of granite and 
greenstone, several varieties of sandstone, chert with fossils from the 
Mountain-limestone, a large fragment of a Lepidodendron in carbo- 
niferous sandstone, very hard chalk, and many flints, mostly of small 
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size, one of which was of special interest, as it bore the marks of 
glacial striz, long since noticed by Professor Henslow in the Drift in 
Norfolk and Suffolk. Large pieces of Lias, the prevailing formation 
in the neighbourhood, belonging to the Cardinia-bed, were abundant. 

These notes on the Drift over a very small area in the county of 
Warwick are very imperfect and incomplete ; but it would be impos- 
sible to go into the subject thoroughly, as it deserves, without a long 
and careful survey, which I could not undertake; in the meantime, 
however, these few remarks may be of service. 

The following list of some of the chief constituents of the drift 
above described, though by no means complete, will give some idea 
of its prevailing contents. 

Crystalline limestone, veined, dark-coloured, often black. 
Slaty dark limestone. 
oe some very coarse, forming the ordinary pudding-stone (not com- 

mon). 
Porphyry. 
Porphyritic greenstone. 
Greenstone and Trap. 
Volcanic grit. 
Hard black grit with much iron. 
Syenite, large square block. 
Hard siliceous grit, varying in colour and mineral composition (abundant). 
Crystalline and schistose slate. 
Pebbles of quartz, jasper and agate, numerous. 
Pebbles of sandstone of various mineral character, rarely containing fossils. 
Hard and soft chalk (the former predominates), containing Ananchytes 

much rolled, Inoceramus, Terebratula, and Sponges in flint. 
Greensand with Pecten, &e. 
Cornbrash with Avicula echinata. 
Forest-Marble, fossiliferous. 
Light-brown Oolitic limestone, like some of the Lincolnshire Oolites 

(Great Oolite?) with casts of shells—Gervillia, Pinna, Cardium, and 
Nerinea. 

Lias with Ostrea (O. Liassica) and Gryphea ineurva, much rolled. 
Soft yellow Magnesian limestone containing Arca striata, impression 

of flat valve of Strophalosia Morrisiana, Fenestella rotiformis, casts 
of Schizodus?, fragments of Pleurotomaria, interior of a chambered 
shell like a Nautilus, and a trace of carbonized woody tissue. For the 
determination of the above I am indebted to Mr. Woodward. 

Permian Wood, much rolled, frequent. 
Mountain-limestone with characteristic fossils, large Productus, Corals, &e. 
Chert with casts of Encrinital stems, Productus, Orthoceras, and other 

shells, &c., not uncommon. 
Yellow shelly limestone (probably Carboniferous) containing univalves, 

bivalves, and fish-palate (Deltodus), part of a Dithyrocaris, Millstone 
grit with Coal-plants. 

Lower Silurian fossils, in pebbles of siliceous sandstone :— 
( Orthis redux, Lingula Lesueurt. 
Spirifer antiquissemus (MS., Salter). 
Ehynchonella, sp.? 
Modiolopsis, sp.? (Salter). 

4 Bivalve undetermined. 
Trachyderma serrata. 
Trilobite, undetermined, in brown limestone, waterworn (TZrimeroce- 

\_phalus?); may be Devonian. 
Plants like Fucoids in siliceous sandstone pebbles, probably Lower 

Silurian. . 



1867.) BOYD DAWKINS—RHINOCEROS LEPTORHINUS, 213 

Age uncertain :— 
( White siliceous grit with cast of a Pecten. 
Fine yellow sandstone with casts of fossils. 
Hard yellow crystalline limestone with shells. 
Soft sandstone with Leptena &c. 

2. On the Duntition of RurnocERos LEPTORHINUS, Owen. 
By W. Boyp Dawxtns, Esq., M.A. Oxon., F.R.S., F.G.S. 

[PuatTE X. | 

ContvENTS. 

I. Introduction. 3. Milk Dentition. 
1. Rhinoceros Hehorhifins, Cuvier. | 4. Permanent Upper Dentition. 
2. Rhinoceros megarhinus, Christol.| 5. Permanent Lower Dentition. 

- 3. Rhinoceros Htruscus, Falconer. 6. Dental Formula. 
II, Rhinoceros leptorhinus. 7. Measurements. 

1. History of the name. 8. Range in Britain. 
2. Synonyms. 9. Living Representative Species. 

I. Inrropvuction. 

1. Rhinoceros tichorhinus.—The remains of the British Pleistocene 
species of Rhinoceros merit a most careful examination, from their 
numbers and wide distribution, and the fact that they afford evidence 
of four species of the genus having roamed through the forests and 
perished in the floods of that portion of the ancient continent which 
now forms the British Isles. Of these, the most commonly known 
and the most widely spread is the Rhinoceros tichorhinus of Cuvier, 
or “ Rhinocéros ad narines cloisonnées ;”’ it is characterized by the pos- 
‘session of an osseous septum, which completely insulates the one 
‘nostril from the other, and stands in direct relation to the develop- 
ment of a very large anterior horn, by the stoutness of its bones, and 
by certain dental and other peculiarities which it is unnecessary to 
mention in this place. The discovery of the carcass of this animal 
in 1771, preserved in the frozen sand of the Wilouji, a tributary of 
the Lena, proves that, unlike all the existing species of the genus, 
its hide was without folds, and thatit was fitted to endure a climate 
of considerable severity by its clothing of hair. The remains swept 
down by the Pleistocene floods, and stored away in the dens of the 
Pleistocene carnivora, prove that the animals of this species ranged 
in considerable numbers throughout the Europeo-Asiatic continent 
‘(Scandinavia being excepted), north of a line passing through the 
Pyrenees, the Alps, the Caspian Sea, and the Altai Mountains. 
From the drawing of a lower jaw found near Bologna, and described 
by Professor Monti in 1719 as the head of a Morse, Baron Cuvier 
-also would extend its range into Italy ; but the spatulate expansion 
of the symphyses anterior to the molar series, upon which his deter- 
‘mination is based, has since been proved to belong also to a species 
that occurs in vast abundance in Italy—the Rhinoceros megarhinus 
of M. de Christol*. With this equivocal exception, there is no 

* A comparison of the megarhine jaw discovered in Hérault and figured by 
M. Gervais in the Paléontologie Frangaise, pl. ii. fig. 8, with the figure of the 
jaw in question, Oss. Foss. tom. ii. pl. ix. fig. 10, shows the megarhine character 
of the latter. Since the above was written, M. Louis Caselli, the President of the 
Natural Science Section of the Society of the immaculate Conception, at Rome, 
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instance on record of the occurrence of the tichorhine species in 
Southern Europe; and it seems to have been the hardiest member 
of the genus, fitted to inhabit the country of the Reindeer, Bison, 
and Musk Sheep rather than the warmer climates of Southern 
Europe and Asia. 
The labours of Pallas*,Cuviert, and Professors Brandtt andOwen§, 

have made the tichorhine the most familiar of the fossil Rhinoceroses ; 
while the vast accumulation of organic remains in Wokey Hole 
Hyzna-den enabled me in 1863 || to define its dentition as compared 
with that of the three other species. 

2. RR. megarhinus.—Out of the confusion in which the non-ti- 
chorhine remains were involved throughout the Continent, M. de 
Christol in 1835 J rescued the Rhinoceros megarhinus, or great slen- 
der-limbed Rhinoceros with largely developed nasals, which Baron 
Cuvier had considered identical with the 2. leptorhinus of the Val 
d’Arno. The perfect skull found in a marine sand of Phocene age 
near Montpellier, and figured by the founder of the species, proves 
that it was not furnished with any trace of a “ cloison” or bony 
partition between the nostrils. The numerous bones and teeth in 
the British Museum from the river-deposits of Gray’s Thurrock in 
Essex enabled me in 1865 ** to determine the occurrence of the 
species in the lower part of the Thames valley; while a fine upper 
premolar in the collection of the Rev. J. Gunn, F.G.S., obtained 
at Cromer, proves that it inhabited the Eastern Counties while 
the Preglacial forest-bed was being formed. On the Continent its 
remains have been found:—in the Italian peninsula in vast abun- 
dance in the Val dArno; in France, in the departments of Mont- 
pellier, Hérault, and Gardt+; and in Germany, near Wurtemberg, 
where Professor Jigert+ describes it under the name of Ff. Kirchber- 
gensis. Thus the animal ranged through Germany and the east of 
England into France, and at least as far south as the Val d’Arno, 
its furthest northern range being the parallel of Norfolk. In the 
fact that it lived in the climate of Italy, while the Alps formed the 
southern limit of the tichorhine species, coupled with the range of 
the latter into the high northern latitudes, we may infer that it was 
specially adapted to the temperate zones of Europe. The mega- 
rhine species, indeed, probably bore the same geographical relation 
to the tichorhine as the Red deer does to the Reindeer. Of the two, 
the former was the older, and coexisted in Italy with the Pliocene 
Mastodon Arvernensis, in France with Mastodon brevirostris and 

has found R. tichorhinus in the high-level fluviatile beds at Rome, associated 
with flint implements of the ordinary palzolithic types, and remains of Mega- 
ceros, Cervus elaphus, Hyena spelea, and Ursus speleus,and many other species. 
(Correspondance de Rome, No. 455, 4 Mai, 1867.) 

* Nov. Comment. Petrop. tom. xiil. t Oss. Foss. tom. ii. pt. 1. 1825, 
+ Mém. Acad. St. Péters. 6° sér. tom. vii. 
§ British Fossil Mammals, 1846. 
|| Nat. Hist. Rev. 1863, xii. p. 525. q Ann. de Sc. Nat. 1835. 

** Nat. Hist. Rev. 1865, xix. p. 339. 
tt Gervais, Paléont. Frang. second edit. p. 91. 
{tt Ueber die fossilen Saugethiere welche in Wiirtemberg aufgefunden worden 

sind. Stuttgard, 1835. Folio, p. 179. 
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Halitherium Serresti, and in the Eastern Counties with Elephas meri- 
dionalis and E. priscus. 

3. . Htruscus.—The third British species of Rhinoceros is repre- 
sented by comparatively numerous remains derived from the Forest- 
bed of Norfolk and Suffolk, for some of which the late Dr. Falconer 
proposed the name Fhinoceros Etruscus. The name of this unfigured 
and undescribed species rests upon MS. notes attached to speci- 
mens in the British and Norwich Museums, and in the collections of 
the Rev. S. W. King, F.G.S., and the Rev. J. Gunn, F.G.S., and is 
retained, out of respect for the memory of so much knowledge buried 
in Dr. Falconer’s grave, for the assemblage of remains of Rhinoce- 
ros which belong to one and the same unpublished species. 

An examination of the plaster cast of the skull of Rhinoceros 
found in the Val d’Arno, and exhibited in the Exhibition of 1861, 
proves that the Etruscan Rhinoceros, unlike the tichorhine and me- 
garhine, had its nasals supported by a demi-cloison or osseous parti- 
tion, which sundered in part the one nostril from the other, and 
strengthened the basement of the anterior horn. The head was smaller 
and more slender than that of the other species. The upper molars 
are characterized by the lowness of their crowns, which strongly re- 
semble those of the milk-teeth of R. megarhinus; and the last true 
molar strongly resembles in general form that of the Miocene Acero- 
thervum incisivum of Dr. Kaup, in the possession of Sir Philip Egerton, 
Bart., F.R.S. I have met with the remains of this species in the 
collections of Messrs. Gunn and King, and in the British and Norwich 
Museums, The teeth in the collection of Mr. Fitch, of Norwich, 
ascribed by Professor Owen to RR. leptorhinus, belong to this animal. 
In Britain its remains have occurred only in the Forest-bed on the 
east coast. On the Continent they have been determined by Dr. 
Falconer from Malaga; and in the collection made by M. Bravard, 
from Perolles, and preserved in the British Museum, are two upper 
molars, labelled in the MS. Catalogue as tichorhine, which, beyond 
all doubt, belong to the Etruscan species, and correspond exactly in 
size, form, and sculpturing with specimens from the Cromer shore 
in the possession of the Rey. S. W. King, of Saxlingham. hino- 
ceros Etruscus, therefore, in Preglacial times ranged from the Eastern 
Counties, southwards through France, on the one hand across the 
Pyrenees as far as the Straits of Gibraltar, on the other across the 
Alps, at least as far down in the Italian peninsula as the Vale of 
Florence. Its range over South-western Europe may perhaps prove 
that it was fitted for a warmer climate than the tichorhine species, 
which it preceded in point of time. In common with the other fossil 
members of the Genus Rhinoceros found in Britain, it was bicorn, 
and possessed a dental formula of three premolars and three true 
molars in both jaws. The description of the species, so far as my 
materials allow, I hope to complete in a few months. 

II. RurnocrRros LEPTORHINUS, Owen*. 

1. Mistory of the name.—The fourth British species of Rhinoceros 
* Op. cit. p. 356. 
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is remarkable for the confusion in which it is involved from the fact 
ofits being entirely distinct from the R. leptorhinus of Baron Cuvier *. 
The latter is founded upon a drawing of the head found near the 
Monte Pulgnasco in the upper Val d’Arno by M. Cortesi in 1805, and 
preserved in the Museum at Milan. The original, Baron Cuvier never 
saw; but from the drawing made by M. Adolphe Brongniart he in- 
ferred that it exhibited no trace of the osseous partition between 
the nares, so characteristic in the tichorhine species; and he there- 
fore made it the type of the “ Rhinocéros 4 narines non-cloison- 
nées,” or F. leptorhinus. This determination was considered valid 
by the scientific men of Europe until, in 1835, M. de Christol, after 
having obtained very careful drawings of the same skull by MM. 
Gené and De la Marmora, came to the conclusion that the sketch 
published by Cuvier was incorrect, and accounted for the ab- 
sence of the cloison by the hypothesis that it had been broken 
away. A comparison of his figure (Annales des Sciences, 2™° série, 
t. iv. pl. ii. fig. 4) with that in the ‘Ossemens Fossiles’ (8rd edit. 
t. li. part i. pl. ix. fig. 7) proves the truth of these inferences, which, 
moreoyer, were indorsed in the year 1846 by the authority of Prof. 
Owen. On the other hand, Dr. Falconer incidentally mentions, _ 
in his masterly treatise on the Mastodon and Elephant7, that the skull 
in question is exactly as Baron Cuvier described it—without the 
cloison. This conflicting evidence may perhaps be explained by 
the presence of more than one skull of Rhinoceros in the same 
Museum from the same deposit. As, however, M. de Christol’s 
criticisms upon Baron Cuvier’s species have remained unchallenged 
up to the present time, and, considering also that the remains of 
the species without the cloison are very abundant in the upper Val 
d’Arno, the probability seems to me that M. de Christol is right in 
disallowing the validity of Baron Cuvier’s species, and that the skull 
which Dr. Falconer examined belongs to Rhinoceros megarhinus. 
To which of the fossil species the skull described by Cuvier may 
really belong, to the tichorhine, megarhine, Etruscan, or leptorhine 
of Professor Owen, is entirely a matter of conjecture. M. de 
Christol has succeeded only in demonstrating that it is not what it 
was supposed to be when it was constituted the type of the R. lep- 
torhinus or “R. ad narmes non clorsonnées.” For it Desmarest 
proposed the name of A. Cuvierit ; and Dr. Fischer§$ defined it speci- 
fically as “‘capite bicorni, dentibus primoribus nullis, septo narium 
nullo; naribus multo gracilioribus, ossibusque nasalibus tenuioribus 
quam in R. Africano.” 

In this confusion the non-tichorhine species of Pliocene age were 
left up to the year 1846. In that year Professor Owen, in his great 
work the ‘ British Fossil Mammals’ proposed the name of #. lepto- 
vhinus for portions of a skull, a lower jaw, and bones of Rhinoceros 
found in the freshwater deposits of Clacton, in Essex. A compari- 
son of the lower jaw with those from the Val d’Arno described by 

*” Op. cit. p. 71. - . + Quart. Journ. Geol. Soc. 1865, p. 285. - 
+ Mam. pp. 402, 632. 
§ Synopsis Mammalium, 8yo, Stuttgardiz (1829), p. 416. 
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Cuvier, led him to infer that the leptorhine of Essex was identical 
with that of Italy. Theskull presenting a partially ossified cloison, 
or bony partition between the nostrils, enabled him to amend Cu- 
vier’s definition of ‘R. 4 narines non cloisonnées” into “‘R, a narines 
demi-cloisonnées,” the name leptorhinus being retained because “ the 
nasal bones, notwithstanding their partial osseous supporting wall, are 
actually more slender than those of R. tichorhinus” *. The specific 
identity of the lower jaws found in Italy with that found in Essex 
is, indeed, open to considerable doubt ; but, since the species of Rhi- 
noceros found at Clacton is one which I have traced widely in the 
bone-caverns and river-deposits, and since its definition by Pro- 
fessor Owen has been amply verified by recent discoveries, there 
is every reason for the R, leptorhinus of Professor Owen being re- 
tained as a specific name. Its identity with the R, leptorhinus of 
Cuvier, from the conflicting evidence as to the presence of the cloison 
in the skull which he constituted his type, is altogether a matter of 
conjecture, 

2. Synonyms.—The Rhinoceros leptorhinus of Professor Owen is 
the equivalent of the species mentioned by Dr. Falconer in his account. 
of the Caves of Gower as R. hemitechus +, an undescribed and unde- 
fined species that owes its existence to the translation of Professor 
Owen’s definition ‘ 4 narines demi-cloisonnées’ into a Greek specific 
name. In central France it is probably identical with the A, meso- 
tropus and R. Velaunus of M. Aymardt, the R. Aymardi of M. 
Pomel§, and the ZR. leptorhinus (Du Puy) described by M. Gervais in 
his ‘ Paléontologie Frangaise ’||. 

The species is characterized by the possession of two horns, by the 
partial ossification of the septum, by the slenderness of the bones, 
and by certain peculiarities in the dentition, which I propose to de- 
seribe in the following pages. In regard to the partially ossified 
septum, it is intermediate between the tichorhine Rhinoceros, in 
which the ossification is complete, and the megarhine, in which, 
according to M. de Christol, there is no trace of a cloison. The de- 
velopment of this bony support for the nasals stands, as Cuyier re- 
marked of it in the tichorhine Rhinoceros {[,-in direct relation to the 
horn-development ; and therefore we may infer that also in respect 
of the size of its anterior horn it was intermediate between the two 
above-named species. 

The dentition of two out of the four British species of Pleistocene 
Rhinoceros, the tichorhine and megarhine, has already been de- 
scribed in the ‘ Natural History Review ’** ; that of the leptorhine of 
Professor Owen merits a more careful examination than the rest, 
because of its close resemblance to that of the megarhine, and the 
wider range of the species in Britain than of the latter. The terms 
and letters rendered necessary for its accurate description are those 

* Op. cit. p. 368. T Quart. Journ. Geol. Soc. xvi. p. 489. 
¢ Pictét, Pal. tom. i. p. 298, sec. ed. (1853). 
§ Cat. Méth. 78, 1859. | Sec. edit. (1859) p. 90. 
{ Op. cit. p. 68. ** No, XII. (1863). No, XIX, (1865). 
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used to denote homologous parts of the teeth of the tichorhine and 
megarhine species *. 

3. Milk Dentition—The Hyzna-den at Wokey Hole, which has 
afforded a vast quantity of the remains of the tichorhine Rhinoceros, 
has also yielded the best examples of the milk-teeth of the leptorhine 
species, in two fragments of an upper and lower molar. ‘Those in 
the Museums of Oxford and the Geological Society of London, from 
Kirkdale, are so badly preserved as to be unworthy of a detailed 
notice. The fragment of the upper milk-molar, consisting of the 
external lamina (fig. 1) of the second of the series occupying the 
right upper jaw, is remarkable for the stoutness of the pyramidal 
second costa (k 2), which stands out boldly above the plane of the 
rest of the lamina, and is defined basally by two well-marked folds. 
The therd costa (k 3), also pyramidal, but very faintly defined, occupies 
the posterior area (n); and between their apices is a small well-de- 
fined elevation on the exterior of the crown-summit, which is pro- 
bably a mere individual variation, as it occurs also in some of the 
corresponding teeth of the tichorhine Rhinoceros. As compared 
with the homologous tooth of the latter species, the leptorhine is 
characterized by its smoothness, its small size, and the faint defini- 
tion of its third costa; as compared with that of the megarhine, by 
the presence of the third costa, the stoutness of the second (k 2), but 
especially by its small size. The average basal measurement of the 
lamina of the second upper milk-molar is in the tichorhine 1-2 inch, 
in the megarhine 1°35 to 1-53, in the leptorhine 0-9 inch. 

The second fragment (fig. 2), consisting of the unworn germ of 
the third lower milk-molar, probably (from its condition) belonged to 
the same individual as the preceding. Its external lamina (1) is 
divided by a deep oblique groove (i) into two areas, of which 

* The following is the list of the terms and letters used to identify homolo- 
gous parts in the most complex of the fossil Rhinoceros teeth (those of R. técho- 
rhinus), and applicable to the teeth of all the species of the genus :— 

a=Anterior valley =“ Vallis anterior,’ Brandt,=“ Vallon oblique” in upper 
molars, Cuvier. 

6=Posterior valley=“ Vallis posterior,” Brandt,=“ Ecorchure au bord 
postérieur,” Cuvier, =“ Fossette postérieure,”’ Blainville. 

e= Accessory valley=“ Vallecula accessoria,” Brandt. 
d= Anterior collis=“ Collis anterior,’ Brandt, =“ Colline seconde,” of upper 

molars, Cuvier. 
e=Median collis=“‘ Collis medius,’ Brandt,=“‘La troisiéme colline” of 

upper molars, Cuvier. 
f=Posterior collis=“ Collis posterior,” Brandt,=‘ Le bord postérieur de la 

dent,’”’ Cuvier, Blainville. 
g=Anterior combing-plate, a small process of enamel springing from the 

external lamina and peculiar to R. tichorhinus among the fossil species. 
h=Posterior combing-plate, a small process of enamel thrown forward into 

the anterior valley. In the tichorhine species the union of g and h/ cuts off 
¢ from 6. 

7= Median groove on the external lamina. 
k=Coste =“ coste,” Brandt, on the external lamina. 
7=External lamina=“ Collis externus,” Brandt,=‘‘ Colline premiére qui 

suit exactement le bord,’’ Cuvier. 
m= Anterior area. 
n= Posterior area. 
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the anterior (m) bears two coste (k1 & & 2), faintly divided from 
each other by a broad shallow V-shaped depression, while the pos- 
terior (n), tumid basally, is sloped off abruptly from the base 
towards the crown-summit. The presence of the coste defines the 
tooth from the megarhine homologue, the tumidity of the posterior 
area (n) from the tichorhine. On the crown-surface the anterior 
valley (a) is more shallow than the posterior (6); and of the three 
colles, as in all the homologous teeth of the genus, the median (e) is 
the largest. The summit of the latter is flattened antero-posteriorly 
at its inner side ; and the transverse bridge of enamel that joins it from 
the external lamina is traversed by a notch ending in a cleft. The 
result of this arrangement would be, that in the slightly worn tooth 
the summit of the median collis (e) would exhibit a trefoil pattern, 
somewhat after the fashion of the teeth of the Pig and Hippopota- 
mus. The low crown, the smoothness of the enamel, and the small 
size differentiate the tooth from the corresponding one of the ticho- 
rhine species, while the latter characteristic affords an easy means of 
defining it from the closely allied megarhine form. 

4, Permanent Upper Dentition—The entire permanent series of 
the teeth of this species was obtained by the late Mr. John Brown, of 
Stanway, from the brickfields of Lexden, near Colchester, in associa- 
tion with remains of Hippopotamus major and wlephas antiquus, and 
are preserved in the British Museum. The upper-jaw teeth very 
closely resemble those of the megarhine Rhinoceros, but are distin- 
guished from them by the possession of the following characteristics: 
—by the rugosity of the enamel surface, by the development of a third 
costa (k 3) on the posterior area of premolars 3 and 4, by the con- 
cavity of the base of the eaternal lamina (1), and by the inner side 
of the collis not being sloped off so abruptly as in the former species. 
As compared with the tichorhine Rhinoceros, the absence of the 
anterior combing-plate (g), so persistent in the teeth of that animal, 
the height of the entrance of the anterior valley in Premolars 3 and 
4, the comparative smoothness and thinness of the enamel, the 
faintness of the coste on the eaternal lamina, the gradual slope of 
the collis on the inner side, and the great development of the guard, 
or stout ascending ridge of enamel on the anterior surface, are the 
salient points upon which a specific determination can be made. 
Besides these, also, the most noteworthy in the jaw under considera- 
tion are the stoutness of the guard in premolars 3 and 4, and the 
passage of a ridge across the entrance of their anterior valley 
(a). The posterior wall, also, or third collis bears a cusp, as in 
the tichorhine species; but it is faintly developed and is soon worn 
away. 

Figures 3 and 4 (Pl. X.), which I owe to the kindness of my friend 
Professor Phillips, F.R.S., of a right upper premolar 4, from the 
Crawley Rocks, near Swansea, show all the salient points of the 
Upper premolar dentition of the species; while fig. 5, of a second 
upper true molar from Peckham, is typical of the leptorhine upper 
true molars. We are indebted to Professor Owen for a figure of 
the leptorhine first upper true molar from Clacton, in ‘ British Fossil 

VOL, XXIII,—PART I, R 
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Mammals,’ p. 141, which does away with the necessity of figuring 
that tooth. 

The characters of the Lexden upper molars are found also in all 
those of the Rhinoceros of Kirkdale, In fig. 125 of the ‘ British 
Fossil Mammals’ there is a tooth from this locality figured as the 
deciduous upper molar of the tichorhine species. Examined, how- 
ever, by the light of other specimens discovered since that great 
work was written, the tooth in question, preserved in the British 
Museum, presents characters found only in the leptorhine species. 
The stoutness of the guard, the bevelling off of the inner sur- 
face of the anterior and middle colles, the absence of the ante- 
rior combing-plate, and, consequently, of the accessory valley, 
the large size of the posterior valley (4 of Figure) differentiate it 
from the tichorhine, and prove it to belong to the leptorhine Rhino- 
ceros. A comparison of the tooth with the figures given by Pro- 
fessor Brandt of the permanent teeth of R. tichorhinus, and with 
those of the deciduous dentition that I have published in the ‘ Na- 
tural History Review,’ proves conclusively that it is non-tichorhine 
in character. It corresponds in every respect with a right upper 
premolar (4) in the Oxford Museum from the same cavern. ‘The 
second right upper true molar, figured by Dr. Buckland in the ‘ Re- 
liquiee Diluvianee’ (pl. 7. fig. 3), also presents characters essentially 
leptorhine—namely, the excavation of the base of the eaternal lamina, 
the stoutness of the ascending guard, and the suppression of the 
anterior combing-plate, The tooth is very much worn; and the guard 
obliterated to such a degree that in the figure the section of it 
visible on the crown-surface presents merely a deep fold at the inner 
and anterior angle. The germ of a first premolar (Pm. 2), also from 
Kirkdale, and in the Oxford Museum, presents the peculiarity of the 
entrance of the anterior valley being completely blocked up, of the 
median collis being represented by a thin bridge of enamel crossing 
the crown-surface obliquely backwards from the inner to the outer 
side and insulating the anterior from the posterior valley. The 
latter, also, is larger than the former. All the remains of Rhinoce- 
ros from the Kirkdale Hysena-den that have passed through my 
2 belong, without exception, to the leptorhine species of Professor 
wen. 
A right upper premolar (4), from the Crawley Rock Cave near 

Swansea, in the Oxford Museum, presents the peculiarity of having 
the posterior combing-plate (h, fig. 4) divided into two, as in the 
corresponding tooth of the megarhine species from Hérault, figured 
by M. Gervais (Paléont. Fr. pl. 2. fig. 4). It is figured as illus- 
trating all the salient points in the upper dentition of the species, 
and not merely as a fine specimen of the last premolars. Upper 
leptorhine molars have also been found in two other bone-caverns in 
this country—in Gower, quoted by Dr. Falconer as belonging to R. 
henutechus, and in the cave on Durdham Down near Bristol, whence 
they were obtained by Mr. Stutchbury and deposited in the Bristol 
Museum. To the courtesy of Mr. William Sanders, F.R.S., I am 
indebted for their examination. They consist of the upper teeth of 
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the left side, with the exception of premolar 2. With the following 
exceptions they present all the characteristics of the series obtained 
from Lexden, above described. Premolar 3 presents a faint cusp at 
the entrance of the anterior valley (a) close to the cingulum. Pre- 
molar 4 has the posterior combing-plate (h) divided into three 
secondary folds, as in a corresponding tooth of the megarhine 
species, from the Forest-bed of Cromer, preserved in the collection of 
the Rey. J. Gunn, F.G.S. The first upper true molar also has a 
small cusp at the entrance of the anterior valley, and has the third 
collis divided from the second by a shallow notch, which, being worn 
away at an early period in the life of the adult, is not very often seen 
in the upper molars. 

In the river-deposits of the Thames valley a leptorhine premolar 
4 and molar 2 (fig. 5) were discovered in 1862, during the main- 
drainage works near Peckham, on the Surrey side of the Thames, and 
deposited in the British Museum. The matrix proves them to have 
been derived from a pale-grey clay, a point which is of considerable 
importance as marking the relative age of the leptorhine and ticho- 
rhine species in that particular locality. The premolar is remarkable 
for the development of two accessory combing-plates from the median 
collis, and their fusion, so that two accessory valleys are mapped off. 
The crown is uneven, and the third costa (k3) strongly marked. 
The third collis is notched and cuspless. The true molar differs from 
the ordinary type of leptorhine upper molars, and approximates to 
the megarhine, in the external lamina not being hollowed basally ; 
and were it not for the unequivocal evidence of the premolar 4 that 
belonged to the same jaw, it would be altogether a doubtful tooth. 
The Lower Brick-earths of Gray’s Thurrock in Essex have furnished 
a second instance of leptorhine remains being found in the valley of 
the Thames, in a first upper true molar that agrees in all essential 
points with that from Clacton, figured by Professor Owen (Foss. Mam. 
fig. 141). The most remarkable discovery, however, is that made 
by Mr. Antonio Brady, F.G.S., of a leptorhine skull and lower jaw 
at Ilford. The former is very nearly perfect, and exhibits the 
demi-cloison or partially ossified septum between the nares, and the 
entire upper molar series. It also satisfactorily settles the question 
of the upper dental formula, as no trace of the premolar 1 is to be 
found on either side. With the exception of the last upper true 
molar, the description of the teeth from Lexden applies to these also, 
the third collis in the leptorhine (M 3) taking the form of a small 
cusp on the posterior border of the tooth, while in this it takes the 
form of a ridge. This variation is found also in the coresponding 
molars of R. tichorhinus. A fragment of the skull of the leptorhine 
species obtained from the same locality, in the cabinet of Dr. Cotton, 
F.G.S., exhibits also the entire upper molar dentition. With the 
exception of premolar 2, the first of the series, all the teeth bear the 
third costa (k 3) faintly developed. Leptorhine upper molars have 
been yielded also by the brick-earth on the south side of the Thames, 
at Crayford in Kent, and are in the collections of Dr. Spurrill and 
Mr. Grantham, to whose courtesy I am indebted for their examina- 

R 2 
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tion. A last upper true molar, figured by Mr. Trimmer in the “ Philo- 
sophical Transactions’ for 18383, pl. ix., agrees exactly with the homo- 
logous leptorhine tooth from Lexden in the possession of the Rey. O. 
Fisher, F.G.S., and proves the occurrence of that species in the brick- 
fields of Brentford. It is quoted by Professor Morris*, on Professor 
Owen’s authority, as tichorhine, from which, however, it differs in 
all the points already enumerated. In the Museum at York I also 
found evidence of the #. leptorhinus of Owen among the remains 
found at Bielbecks Farm, near Market Weighton, described in the 
‘ Philosophical Magazine ’ for 1809. ‘The suppression of the anterior 
combing-plate, the large development of the guard, the pyramidal 
shape of the collis, and the presence of the third costa present a combi- 
nation of characters found in that speciesalone. From the same de- 
posit were obtained the remains of the Caye-lion, Wolf, Horse, Mam- 
moth, Bison, Urus, and Red Deer. 

5. Permanent Lower Dentition.—The upper molar series in all 
the species of Rhinoceros, both recent and fossil, presents character- 
istics which enable us to detect the species from the examination of 
a single isolated tooth. The lower molars, on the other hand, are 
so remarkably alike in all the species that this is frequently impos- 
sible. In this respect, however, the tichorhine can be differentiated 
from the megarhine Rhinoceros, as I have already shown in my 
essays on their dentition. The leptorhine lower molars differ from 
the tichorhine in all those points by which the megarhine are charac- 
terized. In both, the obliquity of the wear of the enamel on the 
outer side of the crown-surface, caused by the overlapping of the 
upper teeth, contrasts with the even wear of the corresponding part 
of the tichorhine molars. In both, the first premolar (Pm. 2) is 
trenchant, and the external lamina presents a smooth, horizontally 
convex surface with a faint apical depression. The anterior valley 
is faintly impressed, the posterior is extremely shallow. In pre- 
molars 3 and 4 the median groove traverses the base of the external 
lamina. The leptorhine lower molars can, however, be differentiated 
from the megarhine by the coarser enamel-sculpture, and especially 
by the flattening of the anterior area (m) of the external lamina. 
These characteristics are found in all the lower teeth of R. lepto- 
rhinus which have been derived from the bone-caverns of Kirkdale or 
Durdham Down, and in all those which have been found in associa- 
tion with upper teeth in river-deposits, as in those figured by Pro- 
fessor Owen from Clacton and Walton, in Essex (Foss. Mam. figs. 
12-136). Some non-tichorhine lower jaws, however, I am unable 
to assign with certainty to the leptorhine, megarhine, or Etruscan 
species. 

The differences which Professor Owen notes between the lower 
teeth of the leptorhine and tichorhine species do not apply to their 
permanent dentition,—the lower rami of the latter species from 
Lawford and Thame, in the Oxford Museum, containing the milk- 
series, while the lower rami of the former, with which they are 
compared, present us with the permanent. While fig. 186 (op. cit.) 

* Quart. Journ. Geol. Soc. vol. vi. p. 204, 
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is a most accurate figure of the leptorhine premolar 2, fig. 137 re- 
presents the first and second milk-molars, instead of the first and 
second premolars (Pm. 2 and 3) of the tichorhine Rhinoceros. In 
my essay on the latter species full evidence is given for this conclu- 
sion. In the lower jaw, figured by Professor Owen, from Clacton, 
the symphysis extends as far back as the middle of premolar 3. 
A remarkably fine lower jaw from Lexden, containing the entire 

permanent set of teeth, with the exception of premolar 2, belongs to 
the same individual as the upper teeth from that locality described 
above. 

The brickfields of Ilford, which have furnished the most perfect 
head of the leptorhine Rhinoceros, have yielded also numerous lower 
jaws belonging to the same species. One, in the possession of Mr. 
Antonio Brady, F.G.8., consisting of both rami, shows the spatulate 

_ termination of the jaw. On the rectangular area, anterior to the 
first premolars (premolars 2), formed by the horizontally flattened 
symphysial portions of the rami, are small depressions on the outer 
border, which probably are traces of embryonic incisors and canines. 
Several remarkably fine lower rami from the same locality are also 
in the collection of Dr. Cotton, F.G.S. 

6. Dental Formula.—Although we have no absolute evidence as 
to the number of the milk-teeth of 2. leptorhinus, the fact that in 
all the cases in which the milk-dentition of the genus Rhinoceros 
has been examined, it consists invariably of four teeth on either side 
of both jaws, leaves no room to doubt that this extinct species also 

possessed the same dental formula: aaa 
An examination of the entire dental series of the upper and 

lower jaws derived from the brick-earths of Lexden and Ilford prove 
that, like the tichorhine and Etruscan species, the permanent dental 
formula of the leptorhine was 

0. ©.0 Pm.2.3.4 M.1.2.3 
E0 0.0 Pm23.4 M123 

7. Measurements——The measurements taken at the base of the 
crown, in inches and tenths, are uniform with those of the preceding 
essays on the tichorhine and megarhine dentition. They are :— 

1. Antero-posterior, taken along the outside of the crown. 
2. Antero-transverse, taken across the anterior lobe of the tooth. 
3. Postero-transverse, taken across the posterior lobe of the tooth. 
A comparison of the ables of the leptorhine and megarhine 

measurements proves that the teeth of the former are, on the whole, 
smaller than those of the latter. 
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TABLE OF MEASUREMENTS. 

Permanent Upper Dentition. 

Locality. Tooth. 1 2. 3 

Tiexden (Brit Mus.) oo esisenc fs ss Pm. 2 5 
Pm. 3 D 
Pm, 4 

Or bo 

Texden (Rey. O. Fisher).......... 
comnwc 

(e2) 

++ 
Ilford (A. Brady, EVG.S.) .......: 

re OL Ovds Orr Co 
4 

Or Or 

Or G9 Or 00 Clacton (fig. 141 of Foss. Mam.) .. 
Grays Thurrock (Brit. Mus.)...... 
Peckham (Brit. Mus.) aes ne 4 

Or 

Durdham Down (Bristol Mus.).... 
OO CO Or Gt O19 O1 

bo Or C9 bo (eeen) a) 

WOW DOME OAIQHRwWSOS. DMHMHMWOODIE 

rj d Lb Phdt oth 

SSSPSSESESaSSeR SEES RS PS SSD ase nls veel Sel SO) pel gh re aS“) Uae Soe Salem DWHKARDBPOOAADNY OBWOW WWD HH Oe OB WNONP,NHPNYPNHNYNHNHNHoOWnWrHEhyyhyHeH ANTNSONWOSUAKONWAASBROSCHOGQHH DH aWEA DWN ENDED HDNPNYNO! PRR ObrHe DOD on gg Dn EE CODD en pt Op oo po WD pos bo bo Bielbecks Farm (York Mus.) ...... 

Permanent Lower Dentition. 

Locality. Tooth 1 2 3. 

Lexden (Brit. Mus. 387405)........ Pm. 3 fal. 0-82 0:82 
Pm. 4 13 0:9 0-94 
M.1 1-51 1:08 10 
M. 2 1:73 1:08 14 
M.3 1-61 1:05 1:08 

Iford (A. Brady, FG.) ......5,.) m2 0-99 0°75 0-75 
ee Pm. 3 1:24 0-88 0:98 
- Pm. 4 1-42 1:06 1:18 
ae M.3 1:85 1:26 1:26 

Clacton (Brit. Mus.) .... 2.2000 4% Pm. 2 1-08 06 0:79 
Pm, 3 13 0:8 1:05 
Pm. 4 1:48 1:0 1:21 

8. Range in Britain.—Of the four British species of Rhinoceros, 
the tichorhine is confined to the Postglacial deposits, and occurs in 
them throughout Britain, France, Germany, and Northern Russia. 
The megarhine, on the other hand, abundant in the Pliocene de- 
posits of the Val d’Arno and of central France, has a limited range in 
this country, being confined to the brick-earths and gravels which 
occupy the lower part of the Thames valley, and which, from their 
position beyond the edge of the Boulder-clay, are of equivocal age, 
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and to the Preglacial Forest-bed on the Norfolk Coast. The fauna, 
indeed, of the former is more Preglacial than Postglacial in character, 
and differs from that of any other British river-deposit. The discus- 
sion of the Etruscan species we must reserve for a future essay. The 
range of the fourth, or 2. leptorhinus of Professor Owen, is worthy 
of a most careful analysis, because of a current idea that it charac- 
terizes an epoch anterior to that of the Mammoth and tichorhine 
Rhinoceros. In the caverns of Gower*, ably described by Dr. 
Falconer, it is mentioned (under the name of AR. hemitochus) as 
being found in Minchin and Boscoe’s Holes in association with Hlephas 
antiquus, which latter species is particularly abundant in the Pho- 
cene deposits of Italy, and in Preglacial British deposits. In Kirk- 
dale Cavern, again, it occurred in association with Hlephas antiquus 
and Hippopotamus major ; and in the cave on Durdham Down the 
same three species were found associated by Mr. Stutchbury. Are 
we, then, to infer the Pleistocene deposits in which Rhinoceros 
leptorhimus occurs to be of higher antiquity than those from which 
it is absent? The evidence afforded by the association of organic 
remains in other localities seems to me incompatible with any such 
view. In the brick-earth at Ilford, for example, it is found in 
association with 

Felis spelza. 
Canis lupus. 
Ursus spelzus. 
Bos primigenius. 
Bison priscus. 
Cervus elaphus. 

Elephas antiquus. 
primigenius. 

Equus fossilis. 
Rhinoceros megarhinus. 
Castor Europzus. 
Arvicola amphibia. 

From the Hyzna-den of Wokey Hole I have also obtained the 
leptorhine Rhinoceros under circumstances that do not admit of 
doubt as to its being of the same relative age as the other animals 
found in the cave. It was associated with 

Homo. | Canis lupus 
Felis spelza. | vulpes. 
Hyzena spelza. Meles taxus. 
Ursus spelzus. Cervus elaphus. 

arctos. tarandus. 
Bison priscus. Elephas primigenius, 
Bos z Equus fossilis. 
Megaceros Hibernicus. Rhinoceros tichorhinus. 

In both these cases if is found side by side with nearly the whole 
of the species which characterize the British Pleistocene period— 
Elephas primigenius, Rhinoceros tichorhinus, the speleean Bear, Lion, 
and Hyena. In the first, the leptorhine carcasses were borne down 
by the floods along with those of the other animals, and covered up 
by the silt or brick-earth which those floods deposited at Ilford. In 
the second, a young individual of the species happened to fall a prey 
to the Hyzenas of Wokey Hole, and its remains have been preserved 
along with those of the other victims of different species that lived 
in the same Geological Epoch. A third instance of its occurrence, 

_ * Quart. Journ. Geol. Soe. vol. xvi. p. 489, 
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at Peckham, places its relative age beyond all doubt. For the par- 
ticulars of its “‘gisement” I am indebted to Mr. Davis, of the 
British Museum. In the construction of the sewer at Rye Lane, 
near Peckham, in 1862, the following strata were cut through :— 

Vegetable soil. 
3. Sandy gravel, 3 to 4 feet. 
2. Light banded clay, 10 to 12 feet. 
1. Peat, containing fragments of trees. 

The remains obtained from the light clay, and preserved in the 
British Museum, comprise the incisor and canine of Hippopotamus 
major, the humeri of Bos urus and Bison priscus, the antler of a 
Deer, and two teeth and a tibia of Rhinoceros leptorhinus. The 
matrix still adherent to the specimens proves conclusively that they 
were derived from the pale-grey clay (2). From the peat which 
underlies, and which therefore is older than, the clay, was obtained 
the fine series of teeth of Rhinoceros tichorhinus. The deep-black 
colour of these, places the fact of their having been imbedded in the 
peat beyond all doubt. ‘In this particular case, then, the remains of 
the tichorhine were deposited in the peat (1) before those of the 
leptorhine species in the clay (2). Had there been no other evidence 
of the date of the latter, this section might have been cited to prove 
that the leptorhine was of more modern date than the tichorhine 
Rhinoceros. Checked by other discoveries, it is a warning against 
too hasty generalizations. ‘The sum, indeed, of the evidence of the 
range of the species, both in space and time, is simply this :—While 
it 1s perfectly true that in several instances the species has been 
found associated with the Pliocene Hlephas antiquus and Hippopo- 
tamus major, aS in the caves of Kirkdale, Durdham Down, and 
Gower, and in the Lexden Brickfields, the most common and cha- 
racteristic Pleistocene mammals being absent, viz. the Mammoth 
and tichorhine Rhinoceros, its occurrence, in the Hyzena-den at 
Wokey and in the brick-earth of Crayford, with these latter two spe- 
cies forbids the hypothesis of its characterizing an epoch anterior to 
the spread of theseanimals over Britain. The “ gisement” of the re- 
mains of Rhinoceros at Peckham would prove that, in some particu- 
lar places, the leptorhine was imbedded in deposits of absolutely 
later date than the tichoihine species. At Brentford it is associated 
with Reindeer, and at Bielbecks with Cave-Lion and Mammoth. 
Whether or not, like the Hippopotamus major and Elephas antiquus, 
it lived in Pliocene times, and can be viewed as an animal that 
lingered on into the Pleistocene, is altogether an open question, as 
its correlation with the continental species is by no means satisfac- 
torily decided. ‘There is no proof of its having inhabited Preglacial 
Britain, as the remains from the Forest-bed on the Cromer shore in 
the collection of Mr. Fitch, of Norwich, ascribed by Professor Owen 
to &. leptorhinus, viewed by the light of other remains in the 
eabinets of the Rev. 8. W. King and the Rev. J. Gunn, belong to 
the new and undescribed Pliocene species the Rhinoceros Etruscus of 
Dr. Falconer. In a word, the localities in Britain in which Rhino- 
ceros leptorhinus has been found, and its association with other spe- 
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and tichorhine Rhinoceros, that it had an extended range from York- 
shire, through the eastern counties, into South Wales and the south- 
west of England, that it was very much inferior to those species in 
point of numbers, and, lastly, that it lived in the valley of the Thames 
along with R. megarhinus and Elephas priscus, and throughout its 
British range with Hippopotamus major. 

9. Living Representative Species——The living species that most 
closely resembles the extinct leptorhine is the bicorn Rhinoceros of 
Sumatra (2. Sumatranus). They agree in the suppression of the 
anterior combing-plate (g), so persistent in the tichorhine species, in 
the excavation of the base of the external lamina, in the presence of 
a third costa (k 3) in the upper premolar series, in the presence of 
a cusp on the third collis (f),1n the stoutness of the guard, and the 
pyramidal shape of the colles (d, ¢, f). They differ in that in the 
Sumatran species the posterior combing-plate (h) is suppressed, and 
the guard is feeble in the upper premolars. A reference to the 
analysis of the dental peculiarities of the other existing species of 
Rhinoceros in the article on the megarhine Rhinoceros obviates the 
necessity of its repetition in this place. The dentition of the 
tichorhine agrees with that of the leptorhine Rhinoceros remarkably 
in one point, that it is more specialized, or, in other words, more 
closely allied to that of living species than the megarhine,—a fact 
that seems to me to indicate that both came into being after the less 
specialized 2. megarhinus had existed for some time upon the earth. 

EXPLANATION OF PLATE X. 

Fig. 1. Right upper milk-molar 2, nat. size. Wokey Hole. 
2. Left lower milk-molar 3, nat. size. Wokey Hole. 

= \ Right upper premolar 4, nat. size. Crawley Rocks. 

5. Upper true molar 2, nat. size. Peckham. , 

3. On the Strata which form the Base of the LincotnsHirE Wotps. 
By Joun W. Jupp, Esq., F.G.S. 

ConTENTS. 

I. Introduction. ' ¢. Fossils of the Louth Red Chalk. 
II. The Hunstanton Limestone. | d, Other beds of Red Chalk. 

a. Outerop of the series in Lincoln- | IV. The beds below the Hunstanton 
shire. Limestone. 
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in Lincolnshire, | @. Fossils of the Tealby Series. 
TII. The beds above the Hunstanton f. The Lower Sand and Sandstone. 

Limestone. V. Faults, &e. 
a. General Remarks on the Chalk of | VI. Conclusion. 

Lincolnshire. | VII. Notes on some of the Fossils. 
b. The Louth Red Chalk. 



228 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. (Apr. 3, 

1. Lytrropvction. 

Tur the geology of Lincolnshire has been generally neglected is per- 
haps easily accounted for when we consider the difficulties of observa- 
tion in this district, arising from the absence of sea-cliffs, the paucity 
of good inland sections, either natural or artificial, and the enormous 
development of the superficial deposits. This neglect, however, is 
much to be regretted, as a careful study of the strata of this county, 
besides revealing many phenomena of great intrinsic interest, is cal- 
culated to afford much assistance in working out the mutual rela- 
tions of the remarkably different sections of Yorkshire and the 
south of England. It is in the hope of contributing some materials 
towards the solution of this important geological problem that the 
present paper has been prepared. 

The only previous notices of the district described in this essay, 
which I have been able to discover, are as follows :— 

A paper* written by Mr. Bogg, in the year 1816, at the suggestion 
of Dr. Buckland, gives a tolerably correct account of the succession 
of beds lying to the west of Louth. Unfortunately, however, the 
author, relying on mineralogical characters only, was betrayed into 
the mistake of supposing the highly bituminous, slaty, and shaly 
beds of the Bain valley to be part of the Coal-measures, and, like 
many others before and since his time, spent considerable sums in 
boring for beds of coal in Lincolnshire. 

In 1820 the district was examined by Professor Phillips +, who 
was then assisting William Smith to complete the Geological Map of 
England; and a few passing allusions to it oceur in the ‘ Geology of 
Yorkshire ’ (1829) +. 

In 1837 Messrs. W. H. Dikes and J. E. Lee published a short but 
very accurate account of the Geology of Nettleton Hill§. In this 
paper some of the extremely interesting features in the physical 
geology of this district are clearly described, and lists of the fossils 
from each of the beds are given. Mr. Lee also constructed a very 
excellent model of the country round the hill (including a space 4 
miles in length by 3 in width), founded on a great number of baro- 
metrical observations made by himself. 

Lastly, the second edition of Phillips’s Manual of Geology (1855) 
contains a short résumé of all that was then known on the subject]. 

The very few statements, referring to this district, which are scat- 
tered through various other geological papers are vague, and often. 
contradictory, from the want of recognition of an important fact (to 
cies, oblige me to conclude that it was coeval with the Mammoth 

* “Outlines of the Geology of the Lincolnshire Wolds,” Trans. Geol. Soc. 
Ist series, vol. i. p. 392. 

t+ Memoirs of William Smith. t Pages 44 &e. 
§ Mag. Nat. Hist. 2nd ser. vol. i. (1837) p . 561. I am indebted to Prof. 

Phillips for calling my attention to this very -absalske paper, which I had unfor- 
tunately overlooked. 

|| This model is in the Museum of the Literary and Philosophical Society of 
Hull. 

q° Vide op. a p. 302, 
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which special attention will be directed in the present communica- 
tion), namely, that there are several beds of red chalk in this county, 
in some localities of very similar lithological character, and only 
distinguishable by a careful examination of their fossil contents. 
Still further confusion has arisen, in other instances, from mistaking 
a series of limestones, ironstones, and clays which present in places a 
very marked oolitic structure, but which are of undoubted Neoco- 
mian age, for part of the Jurassic formation. 

In the attempt to unravel the somewhat complicated WG at of 
this district, the best clue is afforded by the remarkable beds for 
which Mr. Seeley has proposed the name of the “ Hunstanton Lime- 
stone”* ; and my first systematic efforts were directed to a careful 
mapping of the outcrop of this stratum across the county. Through- 
out the district now under consideration it serves as an excellent 
datum line, the relations of the other beds to which can usually be 
determined. Owing also to a combination of very pronounced litho- 
logical characters with a most distinct and characteristic assem- 
blage of fossils, it can be traced with comparative ease wherever 
the country is not too thickly covered with drift ; and although it is 
of no great thickness, its position between the Chalk and the Neoco- 
mian formations invests it with much interest. The following 
pages will be devoted to a description of the Hunstanton series as 
developed in Lincolnshire, with a more general account of the strata 
which lie respectively above and below that series. 

II. Tue Hunstanton Limestone. 

a. Outcrop of the series in Lincolnshire.—The only localities of 
these beds in this county, hitherto recorded, are South Ferribyrt, 
Louth, and Brinkhill§. It will be seen in the sequel that the red 
beds at the second of these places do not belong to the Hunstanton 
series, no outcrop of which occurs within five miles of that town. 

The section at Hunstanton is so well known, and has been so 
frequently described, that it will not be necessary for my present 
purpose to do more than call attention to one or two facts concern- 
ing it. The bed of red limestone is at this place 4 feet in thickness, 
and is divided by very distinct planes of stratification into three 
nearly equal courses. The lowest of these courses graduates into 
the “Carstone”’ beneath, while the upper one is separated by a 
variable seam of red clay from the “‘Sponge-bed,” a layer of hard 
white chalk, 15 to 18 inches thick, and full of the so-called “‘ Spongia 
paradoxwa ;”’ there is never any appearance of gradation in colour 
between the red and the white beds. 

The most south-easterly point in Lincolnshire at which I have 
succeeded in detecting this series of beds, is a pit in a field on 
the right-hand side of the road leading from Gunby to Welton- 

* Ann. & Mag. Nat. Hist. 3rd ser. vol. vii. p. 233. 
Tt Wiltshire, “On the Red Chalk of England,” Geologist, 1859, p . 267. 
{ Lbed. p. 268. Seeley, “ On the Red Limestone of Hunstanton,” yen & Mag. 

Nat. Hist. April 1861. 
§ Wiltshire, ‘On the Red Chalk,” where the uame is misprinted “ Brickhill.” 
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le-Marsh. This spot is distant, in a direct line, exactly 20 miles 
from the cliff-section at Hunstanton; and near it the Chalk strata 
sink under the great mass of Boulder-clay and other Drift which 
form the substratum of the Lincolnshire marsh. 

The succession of beds in this pit is as follows :— 

1. Chalk-rubble. 
2. Grey, somewhat arenaceous chalk, containing innume- 2 to 3 ft 

rable fragments Of Ln0CerQMi .....sceccscccsecssecnsseseees ’ 
(This bed exactly resembles that at Hunstanton, 

which Mr. Rose has identified with the Chalk-mar/*.) 
ppponse=bed cnn. deeds dave ie Sskidhe cate ds ag behead octane ae 1 ft. 6 in, 

Resembling in every respect the corresponding 
bed at Hunstanton, except that here it shades into a 
yellow colour at its lower half. 

AS MRed ela’ s..tab.acnewsaseransne te nevecemeneam ever ace mecsestae less than 1 inch. 
5. A course of light-coloured yellow and pink chalk, con- 

tite a very few specimens of Belemnites minimus, > 1 ft. 6 in. 
iil, 

6. Dark-red chalk, like that of Hunstanton, in courses,;with 
red-clay bands between them. Belemnites minimus, 
Mall. very abinnidanty. . soic seit wtears. avtsduacesttoeeat eae e 

The bottom of this bed is not seen in this pit. The 
dip of the beds is about 5° H., but increases near a 
fault which, running E. and W., throws down the 
beds on the S. about 3 feet. 

Less than half a mile west of this point, in a large chalk-pit on 
the road from Burgh-le-Marsh to Skendleby, occurs a second expo- 
sure of these beds. Here we have a considerable thickness of the 
white chalk exposed, containing fossils, among the most abundant 
of which are Discordea cylindrica, Lam., Holaster subglobosa, Leske, 
sp., Terebratula biplicata, Sow., var., T'. obesa, Sow., Rhynchonella 
Cuviert, D’Orb., Lnoceramus Curviert, Sow., Ammonites Mantelli, Sow., 
and teeth of Lamna. The lower part of the white chalk consists of 
dark-coloured sandy courses with innumerable fragments of IJno- 

ceramus. In these I found a specimen of Ammonites peramplus, 
Sow., 1 ft. 9 in. in diameter. They are succeeded by the sponge- 
bed, white in its upper part and yellow below, which is separated 
by a parting of red clay from two beds called by the workmen the 
‘‘ yellow course’ and the “ pink course.” These last are underlain 
by the “blood-red courses” full of the characteristic Hunstanton 
fossils, —Belemnites minimus, Mill., Terebratula biplicata, Sow., and 
fragments of large Inocerami being especially numerous. This pit 
does not pass through the red chalk. 

Above the village of Candlesby there are several pits in which 
the red chalk is seen, containing the characteristic Hunstanton 
fossils. The succession of beds in these pits agrees in every respect 
with that described in the last two sections. In making some lime- 
kilns here the red chalk was passed through, and the brown sands 
below exposed. At Welton mill, too, a well sunk to the depth of 
120 feet, through white and red chalk, also reached the sands. From 
information which I received concerning both these works, I con- 

* “On the Cretaceous Group in Norfolk,” Proc. Geol. Ass. 1862. 

She) 

3 ft. to bottom 
of pit. 
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clude that the thickness of the red beds at this place is from 12 to 
14 feet. 
A precisely similar succession of beds is seen in several chalk-pits 

near Grebby Mill. In the largest of these pits, the supposed repre- 
sentative of the “‘ chalk-marl” may be well studied ; for under the 
hard chalk (“blue courses” of the workmen) we have 5 feet of 
“‘ prey courses” almost made up of fragments of Jnocerami and 
other shells. Echini are very numerous, and Terebratula obesa, Sow., 
and Rhynchonella Cuviert, D’Orb., tolerably abundant. The Hun- 
stanton beds here present no new feature. There are also at this 
place several pits in the sand below the red chalk, which is seen to 
be coarse, and of a greenish or yellowish-brown colour, or ash- 
grey, with brown seams running horizontally through it. 

The red chalk is seen in a road-cutting by Grebby Hall, and can 
be easily traced to Skendleby, running round the sides of a valley 
formed by a tributary of the river Steeping. A well at Skendleby 
furnished the following section :— 

Peoria) Winkie CHAN <2 5 5.oc00 cauiiceres so0essoseroseeeedsvshveders 6 ft. 
emmeme el et Paks Bis Saks ad sab wan bho nah adem vegvioubederaxvasenebee 14 ft. 
3. Brown sands in which the springs arise. 

Along the hillsides north-westward from this place the outcrop of 
the red chalk can be easily traced, as it forms a ridge above the 
steep slopes of sand. 

Between Dalby and Langton there are two pits, which together 
furnish a most useful section of the beds of this district : in the one 
is seen the white and grey chalk, followed by the sponge-bed, the 
yellow and pink courses, and the upper beds of the dark-red chalk ; 
in the other we have the lower beds of the red chalk, with about 
30 feet of the sands below. The lowest course of the red chalk is 
here seen to be very argillaceous, and contains small shining black 
and brown pebbles, thus graduating into the sands below, exactly as 
at Hunstanton. 

Above Sutterby is a small pit of white chalk, in which the red 
beds are thrown up for a breadth of 9 feet by a double fault. 

On the slope of Harrington-hill, and in several openings above 
Brinkhill and Driby, the Hunstanton beds may be again seen and 
their fossils collected. North of these places, the Wolds are cut 
through by a stream flowing to the north-east and called the Withern 
Eau. The sides of the valley thus formed are so covered with super- 
ficial deposits that the position of the red chalk can be given only 
approximately ; indications of it, however, are seen near the hamlet 
of Ruckland, and all round the sides of the deep longitudinal and 
tributary valley which runs up to Oxcomb. Near South Ormsby we 
again recognize the Hunstanton beds by their marked lithological 
features and characteristic fossils, and can trace them thence round 
Holster Dale to Tetford Hill, where they are well seen in a road- 
section, with the sands below them. Aided by numerous openings, 
of greater or less extent, combined with the very marked surface- 
contour of the district, the extremely irregular line of the red chalk 
outcrop may be traced above Belchford and Scamblesby, and along 
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the whole eastern side of the Bain valley as far as the village of 
Biscathorpe. Along this line, and indeed wherever the sands are 
soft, the red chalk forms a steep escarpment; and the position of the 
various beds is very distinctly indicated: the white chalk forms 
sheep-walks or arableland; the red chalk is frequently covered with 
plantations ; and the sands below form rabbit-warrens. The pits on 
this line, where the succession of the beds of this series may be best 
studied and their fossils collected, are those at Red Hill Kiln, Pan 
Holes Lane, Nob Hill, and one on the slope of the hill above Don- 
nington. At the second-mentioned of these localities the whole 
series 1s seen at once, and its thickness can be measured ; inclusive 
of the sponge-bed, it is 14 feet, the dip of the beds being 3° E. 
Along the whole of this line the Hunstanton beds maintain a great. 
uniformity of lithological character, as well as of thickness. Hvery- 
where we find the top of the series formed by the sponge-bed, which 
graduates in colour into the yellow and pink courses; and these are 
followed by a number of courses, each 12 to 15 inches thick, of the 
nodular dark-red chalk, the lowest course graduating into the sand. 
The upper beds of the series contain Spongia paradoxica, Woodward, 
Terebratula byplicata, Sow., and large Jnocerami in great abundance, 
while Belemnites are comparatively scarce. 'The lower portion of the 
series, on the contrary, abounds with the different varieties of Be- 
lemnites minimus, Mill., while the first-mentioned fossils are of 
comparatively rare occurrence. 

The red chalk is seen running along both sides of the deep and 
narrow valley called Welsdale Bottom, which is cut through the 
Lower Chalk into the sands below, and ‘opens into the valley of the 
Bain at Gayton-le-Wold. 

The river Bain is formed by the junction of two small streams, 
one rising at Ludford, and the other near Kelstern ; and in the sides 
of the narrow and tortuous valleys formed by these streams, the red 
chalk can at short intervals be traced. 

The line of outcrop of the red chalk on the west of the thin 
valley is hidden by enormous masses of Drift, consisting principally 
of white chalk-rubble with flints; pits from 20 to 30 feet deep 
occur in this rubble, which is extensively dug for ime-burning. At 
the top of the valley, which runs by South Willingham, however, 
we again find the Hunstanton limestone, as also in a pit at the 
Heneage Arms Inn. In this district the red chalk is used for 
‘“‘marling”’ the land, and the pits dug in it for that purpose enable 
us to trace its outcrop along the brow of the Wolds, above North 
Willingham, Tealby, and Walesby, beyond which last place it makes 
a circuit round a valley formed by a tributary of the Ancholme, and 
runs in a very irregular line northwards, forming the boundary be- 
tween the smooth chalk hills and the rugged cliffs of clay, limestone, 
and ironstone. Thus it is seen above Nettleton (near which place 
it apparently attains its highest elevation in this county), and again 
in the lower part of the town of Caistor, beyond which it has been 
traced and mapped as far as Grasby. At this place the escarpment, 
of which the red chalk forms the summit, has declined very greatly 
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in height; and proceeding northward we find it so covered by a talus 
of chalk rubble that the outcrop of the Hunstanton series is for the 
most part hidden. Its presence, however, is sufficiently proved by 
the occurrence, in the lower part of the talus, of fragments of red 
chalk, sometimes in considerable quantities; these not unfrequently 
contain the characteristic fossils. A well dug near the church, at 
Barnetby-le-Wold, reached a bed of red chalk, which I have little 
doubt is part of the Hunstanton series, although in the very few 
fragments visible at the time of my visit I failed in my search for 
fossils. Where the talus is cut through by streams, the red chalk is 
brought to light; thus, in the sides of the valley in which Elsham is 
situated, there are several exposures of the beds, which are seen to 
have the usual characters. Between Elsham and Worlaby also the 
outcrop can be traced; and at the last-mentioned place we have a 
very good section. It cannot be ascertained if the sponge-bed be 
present here ; but the yellow and pink chalk is seen with the dark-red 
beds below, full of the usual fossils. This is the most northern point in 
Lincolnshire at which I have succeeded in detecting the Hunstanton 
series, the slopes of the Wolds to the north of this place being covered 
with thick masses of chalk-rubble. At South Ferriby I did not 
succeed in finding the Hunstanton beds; but in the Museum of this 
Society is the following note attached to some rock-specimens :— 
“Section at South Ferriby, near the Humber, Lincolnshire, W. L.” 
(William Lonsdale ?). 

«1. White chalk.” 
«2. Gritty chalk (specimen a).” 
«3. Red chalk (specimen 6).” 
‘4, Blue clay.” 

2. has the appearance of belonging to the “ sponge-bed.”’ 
3. contains several specimens of Belemnites minimus; it is not 

of a very deep colour, and probably came from one of the upper 
courses of the red Hunstanton limestone. 
Besides the main line of outcrop which has been thus minutely 

described, the same beds are seen in several outliers and inliers on 
either side of it, 

b. Outhers——On Cloven Hill and the hill to the west of Ormsby 
Wood, as also on Gaumer Hill, occur outliers of considerable size, 
composed of white chalk, with the Hunstanton limestone lying below 
it. On Cawkwell Hill, and perhaps also on the hill behind Tetford 
Parsonage, smaller ones, consisting only of the red beds, are seen. 
Many other hills in the neighbourhood of these might be thought 
from their forms to be capped by beds of solid chalk ; but on close 
examination their summits are seen to be composed ‘of a very re- 
markable drift, consisting of chalk-rubble with flints and sand, and 
enclosing great masses of white chalk, with large slabs eon the 
sponge-bed and the different red layers of the Hunstanton lime- 
stone. A sketch of a pit in this drift is given in fig. 1. 

e. Inhers.—To the north of the narrow valleys described a as being 
formed by the sources of the Bain, a number of small streams t take 
their rise on the eastern side of the ridge of hard chalk which forms 
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the watershed of this district, and flow in a north-easterly direction 
into the North Sea and the Humber. These streams have cut them- 
selves deep and narrow valleys quite through the chalk into the 
sands and stone below, forming a very peculiar and interesting fea- 
ture in the physical geography of this part of the county. The flat 
bottoms of these valleys are composed of the limestone-beds, usually 
thickly covered with alluvium: somewhat steep but low escarpments, 
composed of the Hunstanton series and the sands below it, run round 
the sides; while rounded chalk-hills rise, often to a great height, above. 
This interesting phenomenon of the occurrence of inliers of the Lower 
Cretaceous rocks in the midst of the chalk wolds, which has not, I 
believe, been described as occurring in any other part of this country, 
may be well seen in the deep valleys in which are situated the vil- 
lages of Stainton-le-Vale, Thoresway, Rothwell, and Caborn. 

Fig. 1.—WSection of Drift in a pit between Belchford and Scamblesby. 

d. General Remarks on the Hunstanton series in Lincolnshire.— 
From the above descriptions it will be seen that the Hunstanton 
series, as displayed in this county, presents a most remarkable 
similarity in lithological characters to those of the typical section 
of these beds at Hunstanton cliff. The chief points of difference are 
as follows :— 

1. The thickness of the series, which, including the sponge-bed, is 
in Norfolk little more than 5 feet, in Lincolnshire appears to be 
14 feet and upwards. 

2. While in Norfolk the white sponge-bed always forms a marked 
contrast in colour to the red beds below, in Lincolnshire there is 
always an almost perfect gradation in colour, the sponge-bed being 
yellow in its lower part, and the yellow and pink courses being in- 
terposed between it and the deep-red courses below. 

Thus it would appear that this series of rocks, which about twelve 
miles south of Hunstanton altogether thins out and disappears*, has 
already at that place become much contracted in thickness. The 

* Rose, ‘On the Cretaceous Group in Norfolk,” Proc, Geol. Assoc. 1862. 
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thickness of that portion of the Speeton section which I regard as 
belonging to the Hunstanton series is about 30 feet; and we have 
thus indications of a regular attenuation of these beds southwards, 
until they finally disappear near Lynn. 

e. Fossils of the Hunstanton series in Lincolnshire.—While these 
beds do not afford a great number of species, that of zndividuals is 
remarkably large. In the following list are the names of all the 
species I have observed during my survey of the line of outcrop. It 
will be seen to be smaller than the corresponding list from Hun- 
stanton; but it must be recollected how thoroughly the latter locality 
has been explored. With the exception of an Avicula? an Ostrea, 
and some specimens too obscure for description, the whole of the 
fossils in this list have been already recorded from Hunstanton. 

List of Fossils from the Hunstanton Series of Lincolnshire. 

Spongia paradoxica, Woodw. | Inoceramus Coquandianus, D’ Orb. 
Apiocrinites rugosus, D’ Ord. Crispii, Goldf. 
Cardiaster suborbicularis, Defr.,sp. tenuis, Mant. 
Serpula irregularis. Avicula or Lima (spec. nov. ?). 
Vermicularia elongata, Bean, MS. Belemnites minimus, W2//. 
Terebratula biplicata, Sow. Listeri. Mant. 

biplicata, var. Dutempleana, attenuatus, Sow. 
Dav. ultimus, D’ Orb. 

semiglobosa, Sow. Nautilus simplex, Sow. 
eapillata, D’ Arch. Jaws of Ichthyosaurus campylodon, 

Ostrea, sp. Carter. 
Exogyra, sp. 

The locality of this last fossil is somewhat doubtful; but it was 
certainly from either the sponge-bed or the lowest portion of the 
Chalk-marl. 

The presence of perforated shells in this as well as the Louth red 
chalk would appear to indicate the existence of Carnivorous Gaste- 
ropods, though no shells of them have been found. The guards of 
Belemnites minimus are not unfrequently found bored by mistake. 

Ill. Tue Bens apove THE Hunstanton Limestone. 

a. General Remarks on the Chalk of Lincolnshire.—The time has 
not yet come for separating the great mass of the chalk-formation 
in this county into zones characterized by their peculiar assem- 
blages of organic life. Indeed such a task has not been accom- 
plished in the case of the best-explored districts of the chalk, except 
in a very imperfect manner. On the other hand, every geologist 
who has examined this formation over any considerable area, must 
be convinced of the futility of basing any classification on mere 
lithological characters, such as the occurrence of layers of flint, or 
the modifications of the chemical and mineralogical characters of 
certain beds by the admixture of varying quantities of argillaceous, 
siliceous, or ferruginous matter with the always predominating cal- 
careous basis in these rocks. LTlustrations of this statement occur 
plentifully in the district at present under consideration: thus it is 
certain that the first appearance of layers of flint in ascending the 

VOL, XXJII.—PART I. s 
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chalk series in this county cannot be correlated with any particular 
paleontological zone; and in fact they descend to a much lower level 
in the series in the north than they do in the south of the county. 
Nor do these facts differ from what might be our previous anticipa- 
tions, when we reflect that many of the chemical and mineralogical 
characters of these beds must have been acquired, not at their ori- 
ginal deposition, but during their subsequent “metamorphism.” It 
may, however, be safely asserted that distinct zones of life are to be 
traced in the Lincolnshire chalk, and that, during the enormous 
period occupied by its deposition, the fauna of the district underwent 
numerous and important changes—changes which cannot, as in 
some cases, be accounted for on the ground of variation in physical 
conditions, as the remarkable uniformity of lithological characters in 
the whole series indicates a corresponding permanence in the condi- 
tions under which the beds were deposited. The work of identify- 
ing and accurately defining these zones, however, can only be 
attempted when extensive and carefully formed collections of the 
chalk fossils shall have been formed, which in Lincolnshire has been 
scarcely commenced. Under these circumstances, the remarks which 
I can offer upon these strata must necessarily be of a somewhat general 
and superficial nature ; and I shall in a great measure confine my 
attention on the present occasion to a description of the various beds 
of red chalk whieh occur in the series and which have been mistaken 

for the Hunstanton limestone, and to a determination of their true 
position on paleontological and stratigraphical evidence. 

Attention has already been called in the first part of this paper 
to the fact that in the southern part of this district we have, lying 
directly upon the Hunstanton series, beds of arenaceous chalk full of 
fragments of Jnocerami, and of precisely similar character and 
appearance with the beds at Hunstanton and other places in Norfolk, 
in which Mr. Rose has detected Turrilites tuberculatus, Sow., Pecten 
Beaveri, Sow., and Ostrea carinata, Lam., and which he has conse- 
quently described as Chalk-marl*. The same fossils occur in the 
equivalent bed in Lincolnshire. 

Above this stratum we have, as in west Morale a great thickness 
of hard chalk, destitute of flints, the different beds of which present 
considerable variation in chemical and physical characters. This 
stone, as in Norfolk, has been extensively employed as a building- 
material, and even for the purpose of sculpture. Thus a great part 
of Louth Abbey, erected in the twelfth century, is constructed of 
this material; and it is a noteworthy fact that, while some of the 
stones have decayed and fallen almost to powder, others have as 
sharp edges, and exhibit the tool-marks as perfectly, as if but yesterday 
brought from the quarry. Probably by exercising care in the selec- 
tion of particular beds, and in laying the blocks in their natural 
positions, this rock might still be made to furnish a very serviceable 
building-stone. 

These beds of hard chalk have suffered less from denudation than 
the superior and softer beds, and they rise into an almost continuous 

* “On the Cretaceous Group-in Norfolk,” Proc. Geol. Assoc. 1862. 
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ridge along the western side of the Wolds, constituting some of the 
highest points in the county. This ridge is the watershed for the 
greater part of East Lincolnshire, as its continuations are for Norfolk 
and the East Riding of Yorkshire. It is cut through, however, by 
the stream called the Withern Eau, and by the numerous large 
rivers which now unite to form the Wash. From this main ridge 
proceed a number of spurs, running in a north-easterly direction, 
with transverse valleys between, in which flow a number of streams 
that eventually empty themselves into the North Sea. These spurs 
or secondary ridges are divided by longitudinal valleys which are 
generally dry. The Wolds of Lincolnshire are much more covered 
with superficial deposits, sometimes of considerable depth, than the 
downs of the south of England, or even of Norfolk; hence the 
district of the chalk in this county does not present that uniformiy 
bare and arid appearance so characteristic of it in most parts; in 
fact, nearly the whole of it has now been brought under the plough, 
and with the most satisfactory results. 

Above the hard chalk which constitutes the primary ridge of the 
Lincolnshire Wolds, we have a great mass of chalk-beds, containing 
layers of nodules and large tabular masses of flint, as also scattered 
fiints of peculiar forms, which occur in considerable abundance, while 
Paramoudra are rare. The whole of these beds probably correspond 
to Woodward’s “medial chalk’*; for the peculiar fossils of the 
division, called by the same author “‘ Upper Chalk’ 7, have not been 
found in this county: and if such beds really exist here, they are 
probably entirely hidden by the extensive Pleistocene deposits 
which overlie the chalk in the eastern part of the county, in depths 
varying from a few feet only to upwards of 200, and which, being 
themselves covered with beds of peat and warp, constitute the very 
fertile district known as the Lincolnshire marsh. 

b. The Louth Red Chalé.—Mr. Seeley has described? a thin bed 
of red chalk as occurring in the midst of the hard white chalk of the 
Hunstanton cliff, but running only a very short distance. This bed 
is of a pale-pink colour, its upper and under surfaces being ill-defined ; 
and it appears to graduate vertically as well as horizontally into the 
white chalk which encloses it. Similar appearances, but often on a 
much larger scale, occur in different portions of the Lower Chalk of 
Lincolnshire, as I shall now proceed to show; and I have already 
suggested that probably part of the Speeton section should be con- 
sidered a similar instance. 

In the extensive chalk-pits about the town of Louth, as well as in 
several road-sections in the neighbourhood, is seen a thick and very 
conspicuous bed of red chalk, which is doubtless the one referred to 
by Mr. Wiltshire§ and Mr. Seeley || as belonging to the Hunstanton 
series. Neither ef these gentlemen, however, appears to have had 

* ss of Norfolk, p. 27. + bid. p. 25. 
“On the Hunstanton Red Rock,’ Quart. Journ. Geol. Soc. vol. xx. p. 329. 

: “Qn the Red chalk of England,” ‘ Geologist,’ 1859, p. 268. 
|| ““On the Red Limestone of Hunstanton,” Ann. & Mag. Nat. Hist., 3rd ser. 

vol. vi. p. 241. 
s2 
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any opportunity of examining the stratigraphical relations of the 
the bed, or of collecting its fossils; and the following facts will 
suffice to prove that such an identification is erroneous. 

1. The bed is always underlain by a great mass of the ordi- 
nary hard white chalk, the exact thickness of which cannot be 
exactly ascertained ; but it 1s certainly 40 feet, and probably much 
more. 

2. The sponge-bed does not occur at its upper surface, though 
at the outcrop of the true Hunstanton beds due west of Louth it is 
well seen and presents all the usual characters. 

3. By far the most important fact in connexion with this subject, 
however, is that, although I collected, with the greatest care, the 
fossils of the Louth bed, not one specimen of Belemnites minimus 
was found; and out of a list of twenty fossils occurring in the bed, 
only two, Terebratula biplicata, Sow., and Terebratulina gracilis, 
Schl., are common to it and the Hunstanton series; and both of these 
fossils have a very extended range in Lincolnshire. 

As this bed, unlike most of the other red beds in the chalk, can 
be traced over a considerable area, I shall distinguish it in the re- 
mainder of this paper by the name of the Louth Red Chalk. 

By the side of the deep valley formed by the river Lud, is to be 
seen a good section showing the hard white chalk with the red bed 
in its midst. The whole appears to lie in irregular courses, with thin 
clay partings; and in the coloured portion of the section, these are of 
the same pink tint as the chalk itself. This colour would be de- 
scribed in hand-specimens as a very pale pink; but viewed in the 
mass and at a distance, the rock appears to be of a much more intense 
colour, and is very conspicuous. The thickness of the bed is about 
5 feet; and it passes into the white chalk, both above and below, by 
insensible gradations. The red rock has the earthy fracture and the 
other physical characters of the adjoming white chalk, and displays 
no signs of a nodular character, except towards the middle, where 
there is a band of intensely hard nodules, breaking with a conchoidal 
fracture, and exhibiting a perfectly white interior; among these 
occur abundantly the remains of Echint. The whole series of beds 
is much broken up by a number of small faults; and the same phe- 
nomenon is exhibited in a greater or less degree in all the sections 
where this bed is seen, 

Rather more than a mile south-west of this place, in a large 
chalk-pit at Hallington, the same beds are seen ; and the red one can 
be traced at intervals between these two sections. Although the 
colour of the rock here is a little paler than at the last section, the 
bed forms a very conspicuous object in the chalk-pit, which is ona 
hillside, and it may be seen at the distance of several miles. The 
section differs in no essential particulars from that on the banks of 
the Lud; and the red bed contains the same fossils. 

In the large chalk-pit near the Louth Union the bed is very 
variable in colour, in some parts of a decided red. It is here 
underlain by a grey sandy chalk containing nodules, and a branching 
form like Spongia paradoaica, as also Pecten orbicularis, Sow., and 
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a large Terebratula. Ata depth of about 30 feet under the above- 
described red bed in this pit, a second coloured stratum was reached ; 
but strong springs of water arising at this point, the attempt to go 
down further was abandoned. From the pieces taken out at this 
place, it appeared to be of a mottled pink and white colour (like 
Castile soap), but I could detect no fossils in it. There were no 
signs of the sponge-bed; and I have but little doubt that this lower 
red bed is only a local one lying in the midst of the white chalk. 

In the very deep cuttings and chalk-pits on the London-road, we 
have a number of extensive sections afforded us. The succession of 
beds in these is as follows. (See diagram, fig. 3.) 

1. Soil. 
2. Rubbly chalk. 
3. Chalk with a few flints (very large sandpipes occur in it). 
4, White chalk without flints, upwards of 20 feet. 
5. Variegated band of Fuller’s earth ..................04. 12 to 15in, 
Geb sts Gwibe COU se 49). ase sees no ccegewessnwceata snide 2 feet. 

(A bed of very hard chalk, white above and tinted 
pink below.) 

Pea SCCONG a WinttOlCOUESE.” |... .aneaeaterten>-2c+oeese ese. ae 2 feet. 
(Similar to the bed above. ): 

Or Men Care as, Soe See sa son sec adontes teabeecs si tieenrelae’s de 5 to 6 feet. 
(Soft pink and red chalk with clay bands of the 

same colour.) 
Ue OLA WILE; COULSES tt dys Buateecems aca dadennscatscasa se 8 to 10 feet. 
OSE eneyeShONe™ sc ssescss sanascedacecse se caetle-me.ai- 10 feet. 
Me Hardinites Ustackly Challe?’ icccssantesensn0ceeeen vies to bottom. 

5. is a water-bearing bed; it is striped horizontally of various 
colours, green, pink, and purplish red, and is seen at the same level 
in all the pits at this part of the town. In its lower portion it 
becomes nodular, and graduates into the chalk. At the pit near the 
Union, it is only seen in one corner, and rapidly thins out. 

8. presents the usual characters. Terebratule and Hchini occur 
in it; a very large Micraster among the latter. 

9. contains several veins of pink clay, each about one inch thick. 
One of the pits in this neighbourhood was once dug to a much 

greater depth than at present ; and the workmen state that at some- 
thing over 30 feet below the red bed (8) another bed of a dark red 
colour, 5 to 6 feet thick, was met with. In this springs of water 
arose; and it would doubtless be the same bed as is seen in the 
bottom of the pit by the Union. This bed is stated by the workmen 
to have been underlain by 6 or 7 feet of white chalk, and that again 
by another dark-red nodular bed, also from 5 to 6 feet thick, under 
which the chalk was again white. : 

There are other places in the neighbourhood at which the Louth 
Red Chalk occurs, but they present no fresh features of interest ; the 
most northern point to which I have yet succeeded in tracing it is 
a chalk-pit near South Elkington. 

_ ©. Fossils of the Louth Red Chalk.—The following is a complete 
list of the fossils that I have found in this bed. Some of the shells 
are perforated. 
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Holaster subglobosa, Leske, sp. Terebratula biplicata, Sow. 
Micraster. ~—— obesa, Sow. 
Ananchytes. Terebratulina gracilis, Schl. 
Discoidea cylindrica, Lam. Rhynchonella Mantelliana, Sow. 
Discoidea subuculus, Bronn. Exogyra. 
Cidaris sceptrifera? (spines). Ostrea. 
Spines of several other species of Plicatula inflata, Sow. (?) 

Cidaris. Casts of several other bivalves. 
Serpula or Vermicularia. 

d. Other Beds of Red Chalk.—Besides the beds already described, 
there are a number of chalk-pits in Lincolnshire where layers of a 
more or less decided red colour are seen. These for the most part do 
not present any special points of interest. . 

In the deep chalk-pit at Tetford Hill, however, we have a pink bed 
which extends over a considerable area, like the Louth red chalk, of 
which bed it may possibly be a continuation, The sketch (fig. 2) 
shows the succession of beds in this pit. 

8.E. Fig. 2.—WSection of a Chalk-pit at Tetford Hill. Nw. 
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1. Soil. 
2. Chalk rubble. 
3. Soft white chalk in small pieces. 
4. Pale pink chalk similarly “shattered,” graduating into the 

white above and below............ pace Thickness = 5 to 6 feet. 
5: Soft -white chalk *\. . 0 Js 2es Lea a oan etaeeee cemeneeee s 2 feet. 
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In the midst of this occurs a course of hard undivided 
chalk, called by the workmen “ Pot chalk,” or “ Ringing 
chalk,” from its rmging under the hammer. 

10. Nodular chalk, in which the workmen have bored more 
than 30 feet. 

The only fossil I could find in the red bed was Terebratula obesa,Sow. 
The white beds contained many fossils. In the bed 7. a new and 

puzzling fossil (possibly a Hippurite) occurs. 



Fig. 3.—Comparative Sections of the Lower Chalk &c. of Yorkshire and 
Lincolnshire. 

Cliff-section, Speeton, Section in Louth, 
Yorkshire (Mr. Wiltshire). Lincolnshire. 

Miri Chatter Ss So. 8 
with Holaster subglobosus and Am- 
monites peramplus. 

Pale-pink Hard Chalk . 5 ft. 
with Terebratulina gracilis, Rhyn- 
chonella Mantelliana, Gryphea 
vesicularis, Holaster subglobosus, 
Discoidea cylindrica, spines of Ci- 
daris and Diadema, vertebre and 
teeth. 

Greenish-yellow Chalk . 40 ft. 
with numerous thin layers of 
Marl. Almost destitute of fossils 
except fragments of Inocerami. 
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Light-pink Chalk . . . 3ft. 
with fragments of Inocerami. : 

Greenish-yellow Chalk . 9ft. 
with Gryphea, Terebratula semi- | 
globosa, and Peltastes. 

White and Red Chalk, in thin = 
PANGS, Sate oko etal saat 

Very few fossils. 

Pale Red Chalk... . 7H. E 
Vermicularia umbonata numerous 
inupper part. Small Terebdratule 
and Inocerami in lower part. 

Greenish-white Chalk . 10 ft. [fi 
Few fossils, Terebratule and bones 
of Starfish. 

Red Chalk (Hunstanton Lime- 
stone) . « more than 30ft. 

Very fossiliferous, very large Te- 
rebratule in upper part, Belem- 
nites minimus very abundant, Pen- 
tacrinus and spines of Cidaris, &c. 

Lower beds becoming nodular and 
of a bluish cast, thus graduating 
into the clay below. 

Speeton Clay 

White Chalk without flints. 

Band of variegated Marl, greenish-, pink- 
ish-, and purplish-red, 12-15in. 

‘First White Course” (Pink below) 2 ft. 
S| “Second White Course” (Pink below) 2 ft. 
SS Pale Pink Chalk . . . . . 5to6ff. 
seme with Terebratulina gracilis, Terebratula 
== == obesa, Holaster subglobosa, Discoidea cylin- 
fein | drica, Rhynchonella mantelliana. Spines 

of Cidaris and other fossils. 
Soft White Chalk .. 8 to 10 ft. 

_| with marly bands one inch thick, some of 
them pink. 

“Hard Grey Stone” . . . . . 10ft. 
with Pecten orbicularis, var., Terebratula 
biplicata, Spongia paradoxica, &c. 

“Hard White Brackly Chalk,” 15 ft. 

Red Chalk, 5 to 6 ft. 

tari 3 White Chalk, 6 to 7 ft. 
Ulia 

i ei MY 
_—— 

Red Chalk, 5 to 6ft. 

White Chalk. 

it} White Chalk, grey below, with Ammo- 
aan nites peramplus, Terebratula obesa, T. 

biplicata, Rhynchonella Cuviert, Holaster 
subglobosa, Discoidea cylindrica, teeth of 
Lamna, &c. 

“ Sponge-Bed” with Spongia paradozica. 
“Yellow and Pink Courses.” 

Red Chalk (Hunstanton Limestone) 12ft. 

/ Courses with numerous black and brown 
pebbles, forming passage into sands below. 

Upper Ferruginous Sands. 
(unfossiliferous). 
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The same pink bed is seen in several other chalk-pits in the neigh- 
bourhood, ¢. g. one near Ruckland, and two others on the main road 
known as the High-street, between Tetford Hill and South Ormsby. 

Since my observations were made in Lincolnshire, I find that the 
Rev. Mr. Wiltshire has published* a very clear and detailed account 
of the magnificent section at Speeton; this section I have placed for 
comparison alongside of that from Louth. In both cases I regard 
the lowest only of the red beds as the Hunstanton limestone, and 
the others to be more or less local red beds intercalated in the 
lowest portion of the chalk. The remarkable agreement, however, 
in thickness, lithology, and fossils, of the uppermost of these beds in 
each series suggests (in spite of the distance of the sections) the 
possibility of their being parts of one widely spread stratum (see 
fig. 3). 

LV. Tue Bens BELOW THE Hunstanton LIMESTONE. 

a. Unconformity at the base of the Hunstanton Limestone.—The 
great physical break in the succession of strata, which has been so 
well described by Prof. Phillips as occurring between the Chalk and 
Speeton Clay of Yorkshire, is quite as strongly marked in Lincoln- 
shire. This want of conformity of the Hunstanton Limestone with 
the beds below is manifested in several ways. 

1. The strike of the Upper Cretaceous beds is not parallel with 
that of the Neocomian and Jurassic beds, the result of which is that 
in going northwards we find the latter overlapped and covered up 
by the former. Thus the sands which form the upper member of the 
Neocomian series, and which are probably 70 to 80 feet thick at their 
most southern exposures in this county, appear to thin out gradu- 
ally northwards, and finally disappear altogether near Caistor. The 
limestones and clays, which form the second member of the series, 
are in their turn similarly overlapped, no trace of them being seen 
north of Clixby, while the sands and sandstones forming the third 
member disappear in like manner near Elsham: North of this place 
the Hunstanton limestone is found lying successively on the different 
zones of the Kimmeridge Clay. On crossing the Humber, it is well 
known that the “ Red Chalk” is found lying in succession on each 
of the members of the Jurassic formation, but that near Grimstone, 
its strike becoming greatly altered, and running nearly at right 
angles to its former course, the various Oolites and Speeton beds re- 
appear from underneath it in reverse order. 

2. The thickness of the upper member of the Neocomian series 
increases in going eastwards as well as southwards. This I am 
enabled to prove by means of the curious inliers which have been 
already described as occurring in the midst of the Chalk Wolds. Thus 
in the valley of Thoresway the upper sands are more than 12 feet 
thick, while at the main line of outcrop in Nettleton Valley, a mile 
to the west, they have almost entirely disappeared}. Similarly, 

* See Wright’s Mon. Brit. Cret. Echin. p. 8, Mon. Pal. Soc. vol. xv. 
+ I find that this fact was noticed, but without any explanation of it being 

given, by Mr. Lee in 1837. 
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above Tealby these sands are much thinner than in the valley of 
Stainton, which les directly to the east. 

3. In places where the junction of the two series can be seen, the 
dip of the Hunstanton Limestone and other Upper Cretaceous beds is 
found to be different from that of the beds below. The most striking 
example of this, with which I am acquainted, is in the section above 
Langton-by-Spilsby, where the dip of the chalk and Hunstanton 
Limestone is 3° E., while that of the sands below it is 15° E. 

b. Succession of Beds.—The extensive series of rocks (sands, sand- 
stones, grits, limestones, clays, and ironstones) which are seen on the 
western side, and in the inliers of the Lincolnshire Wolds, fall natu- 
rally into the three main divisions, which, however, in different parts 
of the county are of very varying thickness and importance. There 
is perhaps no place where the whole of these members can be so 
well seen and studied as at the village of Tealby and the country 
immediately surrounding it; I have therefore ventured to suggest as 
a provisional name for the middle and most highly fossiliferous por- 
tion of the formation that of “‘ the Tealby series.”” The divisions, as 
seen in this district, are as follows :— 

(1) The Upper Ferruginous Sands, non-fossiliferous, about 20 feet thick. 
(2) The Tealby Series, consisting here of alternate beds of sandy clay and 

limestone, with an extensive and interesting suite of fossils, from 40 to 
50 feet thick. 

(3) The Lower Sand and Sandstone, with few fossils, from 80 to 40 feet thick 
(see section, fig. 4). 

Fig. 4.—Section from Willingham House to Binbrook. 
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a. White Chalk. d. Tealby series. 
6. Hunstanton series. e. Lower Sand and Sandstone. 
ce. Upper Ferruginous Sands. f. Blue Clay and Slaty beds. 

ce. The Upper Ferruginous Sands.—This is a bed of tolerably per- 
sistent character, consisting of coarse yellowish or greenish-brown, 
sometimes pebbly sand. Brown oxide of iron occurs, forming con- 
centric concretions and thin lamine lying between or cutting across 
the beds. As seen at the surface, it is frequently of a bright-red 
colour, which, however, is due to the washings from the red beds 
above, and is never observed in deep sections. At Thorpe-le-Vale, 
and several other places situated on the inliers of the Wolds, this bed 
may be well studied; but the best exposure with which I am ac- 
quainted is that in the pits above Langton Hall, already alluded to. 
The section as seen here is as follows :— 
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(1) Chalk-marl and Hunstanton Limestone. 
- (2) Mass of greenish brown, unstratified sands ...... beccas 10 feet. 

(3) Bright-yellow sand, with irregular laminz of peroxide 
of iron in the planes of stratification ......2).0..ss0.es ZO io 

The Tealby series is found about 30 feet below the bottom of this 
pit; hence the total thickness of these sands is here about 60 feet. 

Between Belchford and Tetford these sands yield an iron-ore of 
the kind known to workmen as “ cinder,” which may hereafter be 
found to be of commercial value. The manner in which these sands 
appear to thin out towards the north and west, owing to the uncon- 
formity between the Upper and Lower Cretaceous rocks, has been 
already explained. I have as yet altogether failed in my search for 
fossils in these beds. 

d. The Tealby Series.—This includes a great variety of rocks, the 
most persistent and characteristic being the sandy limestone pro- 
vincially known as “ greystone.” In a large pit above North Wil- 
lingham, we have the following section of these beds :— 

Lis Soil snehWsi ters tae ecnak sped slag anUhe Demo sl eae tee nes ome 2 feet. 
2. Sandy clay of a bluish-grey colour, containing an irre- 

cular bed of Sandy nmestome aonccnsenet > cocoate ee ae 45 
3. Three courses of sandy limestone with clay partings ... 3 ,, 
A Nandy Clay) cacccroepeccsonton ween atheen sat aces co suet ta weee 3 5 
By Hard blue damesbomem aas.cat seca ne ee aes oh oc one neat 23,, 
6. Sandy clay (to bottom of pit) ..... eeu e eae etes Semen Seer 3 ae 

The workmen bored 9 feet below the bottom of the pit without 
finding another bed of hard limestone. In the midst of the clay- 
bed (2) occurs a remarkable layer of fossils, consisting of numerous 
specimens of Pecten cinctus, Sow., mingled with Exogyra simuata, 
Sow., and numerous other fossils, among which Belemnites semi- 
canaliculatus, Blain., Ostrea frons, Park., Pecten orbicularis, Sow., 
and Rhynchonella parvirostris, Sow., are perhaps the most abundant. 
The specimens of Pecten cinctus, which are from 9 to 12 inches in 
diameter, are always found lying on their lowest or most convex 
side; and their upper valves, as well as the edges of their lower ones, 
are not unfrequently covered, to the thickness of 2 inches or even 
more, with a tangled mass composed of Serpule of several species. 
Other shells, as Haogyre, are frequently attached to these gigantic 
Pectens. The Haogyre also frequently occur of very large size, and 
with valves of great thickness; they are also often found growing 
together in great masses, just as the same species frequently occur at 
Shanklin, Isle of Wight. All these circumstances serve to indicate 
the extremely slow and tranquil conditions under which the beds in 
question were deposited. 

Above the village of Tealby, in the valley formed by the upper 
course of the River Rase*, are several pits, in which the gigantic 

* Near the upper waterfall in the gorge above Tealby occurs an interesting 
deposit of travertine; the course of the stream has been changed at this place, 
and in the old river-bed the deposit in question is seen; it is about 8 feet thick in 
its deepest part, but is of no great length. ‘The lower part of this deposit is white 
and crumbling, the upper light-brown and hard; it contains very numerous 
plant-remains, and also shells of terrestrial mollusca, among which I recogni 
Helicella nitida, Miull., and Succinea putris, Linn. 
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Pecten-bed and the several beds of limestone are well seen; large 
specimens of Ammonites and Ancyloceras occur here. Northward, 
at Walesby and Normanby-le-Wold, the limestones appear of great 
thickness, and predominate over the clays. Here too a still further 
modification is effected by the impregnation of some of the beds 
with oxide of iron, which renders them extremely valuable ironstones. 
The iron in these beds occurs in two states—namely, chemically 
combined with the rock, or as nodules of almost pure hydrated brown 
oxide of iron mechanically diffused through it. This brown oxide 
of iron sometimes forms minute spherical oolitic grains, exactly re- 
sembling those in the ironshot beds of the Inferior Oolite, at others 
irregular concretionary nodules up to the size of a hen’s egg. Many 
hundreds of tons of ironstone have already been sent from pits at 
Claxby, Acre House, and Hundon to the furnaces of Yorkshire ; and 
a great part of the land in this district has, I believe, been secured 
by ironmasters, with a view to the full development of these mineral 
treasures. At present the face of the cliff in which these iron- 
yielding beds are exposed, is in a great measure concealed by 
superficial deposits, while still greater confusion has been caused 
by landslips; but when mining operations shall have been com- 
menced we may hope to gain much valuable information, both 
on the stratigraphical position and the fossil contents of the various 
beds. ; 

Perhaps the best place for examining these beds is on the cliff 
below Acre House. The rocks here, consisting of alternations of 
limestones and clays (some of the latter being of a pinkish colour), 
all impregnated with oxide of iron, are very full of fossils. Besides 
the species mentioned as occurring at North Willingham, which 
are almost equally abundant here, we find Terebratula depressa, 
Lam. (several varieties), 7. hippopus, Rom., TJ. obtusa, Sow. T. 
sella, Sow., with Belemnites lateralis, Phil., and B. jaculum, Phil. 
The brow of Nettleton Hill is evidently formed of the beds of the 
Tealby series ; and numerous fossils may often be picked up on the 
surface of the ploughed fields. Further to the north, as we have 
already seen, these beds disappear under the Wolds. 

South of Tealby these beds are seen to great advantage in the pits 
about Sixhills, Hainton, and South Willingham, but they show indica- 
tions of diminishing in thickness as we gosouthwards. The country 
south of the last-mentioned village is much covered with masses of 
chalk-rubble, as before described. On the east of the river Bain, 
however, we again find these beds at several places, as above Scam- 
blesby and Brinkhill. In a bed of clay at the latter place, which 
contains the characteristic Tealby fossils, large quantities of iron- 
pyrites have been found at different times; this has long been locally 
celebrated as ‘Brinkhill gold.” In digging the foundations and 
well for the new hall at Langton, the Tealby series was passed 
through. It appears here to be only 10 or 12 feet thick, and to 
consist of yellow very sandy limestone and clay ; many of the cha- 
racteristic fossils of the series were found here. In Norfolk no trace 
of: the Tealby series has yet been found, the Carstone formation of 
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that county (appearing to represent the Upper Ferruginous Sand of 
Lincolnshire) lying directly on the Lower Sand and Sandstone. 

The limestones of the Tealby series are very variable in composi- 
tion, some being exceedingly arenaceous, and may indeed be described 
as sands cemented by calcareous matter, while others are extremely 
hard, crystalline, and blue-hearted. Large veins of calespar, and 
nodules of pyrites are in some places very abundant; at Bully Hill 
the fissures of the limestone contain considerable quantities of black 
oxide of manganese. The softer limestones are largely used for 
building-purposes, the harder as road-metal. 

The rocks of the Tealby series give rise to very marked features in 
the physical geography of this district; for, being cut through by 
the numerous streams flowing westward from the watershed, they 
form a number of prominent spurs standing at right angles to the 
chalk Wolds, the terraced appearance of which is in striking contrast 
with the smoothly rounded undulations of the latter. 

e. Fossils of the Tealby Series——The following list includes the 
most characteristic species; but, as there are a considerable number 
of forms awaiting description, it is by no means exhaustive. 

List of Fossils from the Tealby Series. 

Wood (rather abundant). 
Spongia paradoxica, Woodw., and 

allied forms. 
Scyphia clavellata, Rom. 
Spines of Crdaris. 
Serpula filiformis, Sow. 

antiquata, Sow. 
, Sp. 

Vermicularia Sowerbii, Manz. (rare). 
Terebratula faba, D’ Ord., not Sow. 

hippopus, Lom. 

—— hbiplicata, var. obtusa, Sow. 
sella, Sow. 

Rhynchonella parvirostris, Sow., sp. 
Gibbsiana, Sow., sp. 

Ostrea frons, Park. 
, Sp. 

Exogyra sinuata, Sow. 
Anovaia, sp. 
Perna Ricordeana ?, D’ Ord. 
Pecten cinctus, Sow. 

orbicularis, Sow. 
elongatus, Lam. 
(several other species). 

depressa, Lam. (many varieties). 

Lima (large species). 
Astarte substriata, Leym. 
Lucina crassa, Sow. 
Pleuromya, sp. 
Panopeea plicata, Sow., sp. 
Thetis Sowerbii, Rom. 
Trigonia aleeformis, Park. 
Numerous casts of large Trigonie and 

other bivalves. 
Pleurotomaria, sp. 
Solarium ornatum, Sow. ? 
Ammonites clypeiformis, D’ Ord. 

plicomphalus, Sow. 
(Several other species of Ammonites, 

probably new). 
Ancyloceras Duvalii, Levezlle, sp. 

Puzosianus, D’ Orb., sp. 
Crioceras ? Bowerbankii, Sow. 
Belemnites lateralis, Phz/. 

jaculum, Phi. 
semicanaliculatus, Blain. 
minimus ?, Mil. 

Vertebree and teeth of Ichthyosaurus. 
Vertebree of Plesiosaurus. 

f. The Lower Sand and Sandstone.—This division consists of a 
very variable mass of sands, in some places indurated into loose 
sandstones. In numerous localities along the lower slopes of the 
limestone hills every variety of these sands may be seen, from the 
finest white sand, fit for glass-house purposes, to coarse dark-brown 
conglomerates. In a large sand-pit some distance below the stone- 
pit (already described) at North Willingham, we have a section 20 
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or 30 feet deep, entirely in these 
sands. In the upper part we find 
white, ash-grey, and mottled sands ; 
in the lower part coarse brown 
sands, in places indurated into a 
stone like the “ Carstone” of Nor- 
folk. The only fossil which occurs 
in any abundance is a species of 
Pecten (P. elongatus?, Lam.), which, 
however, is very seldom found, 
except in fragments. 

North of the typical section, this 
series of beds appears to become 
much thinner; it can, however, be 
traced at various places, as at 
Searby, the Gallows Plantation, 
near Barnetby-le-Wold, and the 
sides of the valley in which Elsham 
is situated. The most conspicu- 
ous parts of the stratum at these 
places are the masses of hard green- 
ish sandstone and grit (often full 
of casts of Pectens), which are used 
for building. 

On going southwards, however, 
we find that as the limestones and 
clays of the Tealby series thin out, 
the sands and sandstones below 
become of greater thickness and 
importance, and spread over a 
much more considerable area. The 
formation here constitutes the mass 
of numerous ridges and _ isolated 
hills which are capped by the pecu- 

“PAOJOJ, ----------4-— Fait 

e. Neocomian beds (Sand and Sandstone). d. Hunstanton Limestone. f. Blue Clay and Slaty beds. 

Fig. 5. Section from Pulletby to near South Ormsby. 
: E liar drift already described, and are 
3 © characterized by their fantastic and 
£22 often picturesque outlines. The 
=A bottoms of the valleys between these 
s.g « Tidges and hills are formed by the 

blue clays, which lie below the 
beds I am describing, usually much 
covered with alluvium. See sec- 
tion, fig. 5. 

With the exception of the species 
of Pecten already mentioned, frag- 
ments of which occur in great 
numbers scattered through the 
sandstone, fossils are rare, and usu- 
ally confined to particular bands 
of nodules. Such bands are seen in 
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the pits at Holbeck and Winceby, whence I obtained the following 
fossils :—Ammonites, several species in the form of casts, Belemnites 
lateralis, Phil., B. minimus?, Lucina crassa, Sow., and several other 
bivalves. The most extensive suite of fossils from this part of the 
formation is from near Bolingbroke, immediately south of which 
place the beds in question are covered up by the alluvium of the fens. 
At this place, in addition to the whole of the fossils above men- 
tioned, Ammonites plicomphalus, Sow., Trochus? (large species), 
Pholadomya Martini?, Forbes, Thracia, sp., Pinna (large species), 
and some other forms, but all in the condition of casts, were found. 
This is the locality whence were obtained several of the species 
figured and described by Sowerby in the ‘ Mineral Conchology.’ 

The coarse sandstone of this series is the material of which nearly 
all the churches in this part of Lincolnshire are built; and its want 
of durability imparts to many of them, of no great antiquity, a very 
ruinous and dilapidated appearance. In the railway-cutting at 
Spilsby large irregular masses of intensely hard greenish-white grit 
are found, which show no trace of concretionary structure when first 
dug out, but which, on exposure to the air, soon become soft and of 
a dark-brown colour, and on being broken exhibit a great number of 
concentric layers disposed around a central nucleus. 

In many parts of the county, especially about Market Rasen, the 
district occupied by the Lower Sand and Sandstone formed at one 
time only extensive rabbit-warrens and fir-plantations, some of 
which still remain; but in many cases, by the judicious application 
to this sandy soil of blue clay dug from the beds below, it has been 
brought into a fit state for cultivation. 

The Lower Sand and Sandstone are throughout Lincolnshire under- 
lain by hard slaty and shaly beds with numerous compressed Ammo- 
mites and other fossils. These are highly bituminous and inflam- 
mable, and have hence been frequently supposed to form a part of 
the Coal-measures ; they constitute the upper member of that great 
mass of blue clays which, in this county, represents the whole of 
the Upper and Middle Jurassic formations. 

V. Fautts, &c. 

In the district described in the preceding pages faults, though 
small, are very numerous. The fault at Welton-le-Marsh and the 
double one at Sutterby have been already mentioned. The small 
outlier at Gaumer Hill is cut across by several small faults ranging 
N. and §., and in that above Ormsby Wood, the beds are inclined at a 
high angle. In Tetford Hill chalk-pit two faults are seen (fig. 2), each 
of about 7 feet throw ; and here the workmen have found at different 
times open fissures of considerable size: one of these is said to have 
been ‘large enough to admit a waggon and horses ;” and it was ex- 
plored for some distance by the workmen, until fear drove them back, 
without their having found its termination. In the pit at Nob Hill 
the beds of the Hunstanton series are seen to be broken up by several 
small faults; while in that north of Donnington-on-Bain they dip 8°E. 
In nearly all the pits about Louth small faults occur. In the pit above 
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South Willingham the Lower Chalk and Hunstanton beds dip 25° N., 
while in that at the Heneage Arms Inn they show great signs of 
disturbance, being in one part level, and in another dipping 28° N. 
Above the village of Searby the beds of Lower Chalk are actually con- 
torted ; and at Worlaby the Hunstanton series is cut across by a fault 
ranging N.and8., by which the red chalk is brought into juxtaposi- 
tion with the white. At this place, as also at Gaumer Hill, veins of 
crystallized calespar occur near the base of the white chalk. 

V1. Conciuston. 

Believing that a full discussion of the exact age of the several 
series of beds described in the foregoing paper would at the present 
time be premature, I propose to offer a few very general remarks 
only by way of recapitulation. 

With regard to the Hunstanton limestone, the observations of Mr. 
Seeley in a recent paper*, if not altogether conclusive, are at least 
exhaustive of the subject as far as the data at present go. We can 
scarcely be wrong in assigning this series, which is conformable with 
the Upper Cretaceous beds, but unconformable with the Neocomian, 
and which has a fauna so distinct from those of the beds above and 
below it, to the age of the Upper Greensand or Gault—or in sup- 
posing, as is perhaps more probable, that it represents both of these 
formations. 

That the Tealby series represents a part of the great Neocomian 
formation cannot be doubted; but the analogies of its fauna, like that 
of the Speeton clay, are to be sought for in the Neocomian of North- 
western Germany and South-eastern France, rather than in the Lower 
Greensand of the south of England. We have already shown that the 
stratigraphical relations of this formation are identical with those of 
the Speeton clay of Yorkshire; and a large proportion of the fossils of 
the Tealby series are also found in the Speeton clay. Thus the whole 
of the Belemnites, including at least two forms (B. lateralis and 
B.jaculum) found in no other British deposit, are common to the two 
formations. Similarly the very characteristic gigantic form of Pecten 
cinctus is found in a particular zone of the Speeton clay. It is a 
noteworthy fact that Ammonites are rare or absent in this particular 
zone of the Yorkshire deposit, but the species of Ancyloceras found 
agree with those of the Tealby series. On the other hand, a few 
species peculiar to the Tealby series and new to this country, as 
Ammonites clyperformis and Terebratula hippopus, appear to charac- 
terize the Middle Neocomian of the Continent, to which stage in the 
geological scale I venture to anticipate the Tealby series and the 
equivalent portion of the Speeton clay will be finally assigned. To 
these beds, therefore, the highest interest is attached, as the possible 
marine representative of the Wealden of the south of England, and as 
possessing a fauna now for the first time recognized in this country. 

The fossils of the Lower Sand and Sandstone, at present known, are 
so few and imperfect as to preclude us from offering even an opinion 

* Ann. & Mag. Nat. Hist. 3rd ser. vol. vii. p. 233 ef seg. 
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as to whether these beds are paleontologically separable from the 
Tealby series. 

Lastly, I have shown that, in Lincolnshire at least, the occur- 
rence of beds of a red colour in the Cretaceous series 1s by no means 
a unique phenomenon. The explanation of the reactions by which 
the colouring-matter in these cases, anhydrous peroxide of iron, has 
been produced, offers an interesting problem to the chemical geolo- 
gist—one which he can only hope to solve by combining extensive 
observation in the field with minute research in the laboratory. 
The explanation, when found, will probably embrace other cases of 
the occurrence of red limestone, such as those of Inferior Oolite age 
at Bredon Hill*, and those of Devonian age in Devonshire, with 
others which will doubtless occur to geologistst. Regretting that I 
am at present unable to carry out my design of supplementing the 
present paper by a series of careful analyses of the various red beds 
described in it, I add the following general observations, which may 
be of use to any one investigating the subject :—The ordinary white 
chalk of Lincolnshire, when exposed to a moderate degree of heat, as 
in the sides of lime-kilns, becomes pink or red; while the red chalk 
of Louth, as well as that of the Hunstanton series, makes a perfectly 
white lime; indeed the red beds are preferred by the lime-burners to 
the white ones. The explanation of these facts is probably as 
follows :—in the first case the small quantity of hydrous or brown 
peroxide of iron is dehydrated, and converted into the intensely 
colouring red oxide; perhaps also by a slow oxidizing process the 
minute grains of silicate of iron are decomposed: in the latter case 
an exactly opposite action takes place, the peroxide of iron is reduced 
(probably by carbonic oxide) to the state of protoxide, and, uniting 
with the silica, forms silicate of the protoxide of iron, which is pale- 
green, and of extremely feeble colouring-power. The existence of 
large quantities of silica in the Lower Chalk and Hunstanton beds is 
shown by the fact that, when used for lime-burning, great care is 
required to prevent the heat from rising to too high a degree, in 
which case the whole contents of the kiln would run together in 
consequence of the formation of fusible silicates. 

VII. Norss on some oF THE FossiIts. 

1. Pecren crncrus, Sow.=P. circularis, Goldf.=P. crassitesta, Rom. 

This species was originally described by Sowerby from two speci- 
mens, one of which was obtained from Lincolnshire, and the other 
from the drift of Suffolk; by him they were erroneously referred to 
the inferior Oolite, on account of the resemblance of their matrix to 
the “‘ironshot oolite” of that formation. Although both Mr. Lee 
and Prof. Phillips correctly quote this species, and Romer himself, 
in 1841 +, cancelled his own name in favour of that of Sowerby, other 
paleontologists have constantly applied the latter to two other quite 

* Strickland’s Collected Works, p. 81. 
+ It may be of interest to mention that beds of red limestone occur in the 

Oolite near Lincoln. t Verst. Nord. Kreid. Geb. p. 70. 
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distinct species, one from the Inferior Oolite, and the other from the 
Marlstone. Itis, however, avery characteristic Neocomian shell; and ° 
some of the Lincolnshire specimens are of extraordinary size. Dwarf 
specimens occur in the Lower Greensand of the south of England, and 
full-sized ones in a particular zone of the Speeton clay. The species 
is interesting as being the largest known Pecten, either recent or 
fossil. 

2. Lucrya crassa, Sow. 

The original specimen of this shell was obtained from the sand- 
stone at Bolingbroke. That figured from the Great Oolite, by Lycett 
and Morris, as a variety of this species is probably a distinct form ; 
in accordance with a well-established precedent, I would suggest 
that it should be called LZ. Morrisi. 

3. AMMONITES PLICOMPHALUS, Sow. 

This is another of the Bolingbroke shells sent to Sowerby by Mr. 
‘Weir, the historian, of Horncastle. The figured specimens are both 
somewhat obscure casts, but seem to agree with a species found in 
the Speeton clay. A number of Oolitic forms have at different times 
been erroneously referred to this species. 

4, BELEMNITES minimus, List., B. Listeri, Mant. et Phil., B. attenuatus, 
Sow., and B, ulttmus, D’Orb. 

The whole of these forms occur together in great numbers in the 
lower beds of the Hunstanton limestone. From a careful examina- 
tion of a great number of forms, I feel convinced that they can only 
be regarded as varieties of one species. 

Before concluding this paper, I am desirous of expressing my obliga- 
tions to Mr. Etheridge for much advice and assistance kindly afforded 
to me in drawing up the lists of fossils. To Prof. Huxley, also, I am 
indebted for the examination of the specimen of Ichthyosaurus. 

Aprit 17, 1867. 

John Francis Walker, Esq., B.A., F.C.S., of Sidney-Sussex Col- 
lege, Cambridge, was elected a Fellow. 

The following communication was read :— 

On the Puystcat Structure of Nortu Devon, and on the Patmonto- 
LogicaL VatvuE of the Dxrvontan Fosstzs. By Rosert Erue- 
RIDGE, Ksq., F.R.S., F.G.S., Paleontologist to the Geological Survey 
of Great Britain. 

[The publication of this paper is unavoidably deferred.] 

(Abstract. ) 

Tur Lower, Middle, and Upper groups of sandstones and shales of 
West Somerset and North Devon are described in this paper as oc- 
curring in a regular and unbroken succession from north to south— 

VOL, XXIII,—PART I, zt 
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namely, from the sandstones comprising the promontory of the Fore- 
land, at the base, to the grits and slates &c. overlying the Upper Old 
Red Sandstone of Pickwell Down to the south. The author has been 
unable to see any trace of a fault of sufficient magnitude to inyert 
the order of succession, or that would cause the rocks of the Foreland 
at Lynton to be upon the same horizon as those south of a line of 
high ground that passes across the county from Morte Bay on the 
west to Wiveliscombe on the east. 

The Foreland grits and sandstones are overlain by the Lower or 
Lynton slates, and form a group equal in time to the Lower Old 
Red Sandstone of other districts, but deposited under purely marine 
conditions. 

The author then shows that above the Lower or Lynton slates 
there is an extensively developed series of red, claret-coloured, and 
grey grits, from 1530 to 1800 feet thick; these form a natural and 
conformable base to the Middle Devonian or Ilfracombe group. The 
highest beds, containing Myalina and Natica, insensibly pass into 
the gritty and calcareous slates of Combe Martin, Ilfracombe, &e. ; 
this Middle group Mr. Etheridge unhesitatingly regards as the 
equivalent of the Torquay and Newton Bushel series of South 
Devon. 

Mr. Etheridge gives detailed Tables of the organic remains of the 
two groups (the Lower, or Lynton, and the Middle or Ilfracombe), 
and collates with them those species found in equivalent strata in 
Rhenish Prussia, Belgium, and France. He is inclined to believe 
that these two marine fossiliferous groups represent in time the 
unfossiliferous Old Red Sandstone (Dingle beds) of Kerry, and the 
Glengariff and Killarney Grits of the south-west of Ireland. 

The author then endeavours to prove that the Pickwell Down 
beds are the true Upper Old Red Sandstone only, not the whole of 
the formation, as was lately proposed. 

Arguments are also brought forward to show the probability of 
the Carboniferons slate (in part) and Coomhola grits being the equi- 
qualent of the English Upper Old Red Sandstone, or Upper Devo- 
nian, and that the North Devon beds only are to be regarded as the 
true type, to which the Irish must be compared, and not vice versa. 

Physical and paleontological evidence distinctly proves, the author 
states, that the whole of the slates and limestones of Lee, Ilfra- 
combe, and Combe Martin underlie the Morte Bay Red Sandstones. 

The author compares the whole of the Devonian fauna of Britain 
with that of the Rhine, Belgium, and France, by means of a series 
of Tables based upon the British types. These marine Devonian 
species are compared with those of the Old Red Sandstone proper, 
the Silurian, and the Carboniferous; and analyses are made of all the 
classes, orders, genera, and species, in relation to the groups of 
rocks in which they occur,—the result being the conclusion that the 
marine Devonian series, as a whole, constitutes: an important and 
definite system. 
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May 8, 1867. 

H. Cooper Rose, M.D., F.L.S., Hampstead, N.W., was elected a 
Fellow. 

The following communications were read :— 

1. On New Specimens of Kozoon. 
By Sir W. E. Logan, F.R.S., F.G.S. 

Stnce the subject of Laurentian fossils was placed before this 
Society in the papers of Dr. Dawson, Dr. Carpenter, Dr. T. Sterry 
Hunt, and myself in 1865, additional specimens of Hozoon have been 
obtained during the explorations of the Geological Survey of Canada. 
These, as in the case of the specimens first discovered, have been 
submitted to the examination of Dr. Dawson ; and it will be observed, 
from his remarks contained in the paper which is to follow, that 
one of them has afforded further, and what appears to him con- 
elusive, evidence of their organic character. The specimens and 
remarks have been submitted to Dr. Carpenter, who coincides with 
Dr. Dawson; and the object of what I have to say in connexion 
with these new specimens is merely to point out the localities in 
which they have been procured. 

The most important of these specimens was met with last summer 
by Mr. G. H. Vennor, one of the assistants on the Canadian Geological 
Survey, in the township of Tudor and county of Hastings, Canada 
West, about forty-five miles inland from the north shore of Lake 
Ontario, west of Kingston. It occurred on the surface of a layer, 

inches thick, of dark-grey micaceous limestone or cale-schist, near 
the middle of a great zone of similar rock, which is interstratified 
with beds of yellowish-brown sandstone, grey close-grained siliceous 
limestone, white coarsely granular limestone, and bands of dark- 
bluish compact limestone and black pyritiferous slates, to the whole 
of which Mr. Vennor gives a thickness of 2000 feet. Above this 
zone are reddish granitic gneiss, and a great thickness of green 
diorite-slates ; while beneath it are grey and pink dolomites, bluish 
and greyish mica-slates, grey siliceous whetstone-slate, with whitish 
brown-weathering dolomites, which often pass into coarse conglo- 
merates, enclosing a multitude of large well-rounded masses of 
gneiss, syenite, and quartzite; to which succeed whitish highly 
crystalline limestone, dark-green chlorite-slates, with workable beds 
of magnetic iron-ore, and at the base red orthoclase felspathic rocks. 
This series, according to Mr. Vennor’s section (which is appended), 
has a thickness of 2000 feet; but the possible occurrence of more 
numerous folds than have yet been detected may hereafter require a 
considerable reduction. 

These measures appear to be arranged in the form of a trough, to 
the eastward of which, and probably beneath them, there are rocks 
resembling those of Grenville, from which the former differ con- 
siderably in lithological character; and it is therefore supposed that 
the Hastings series may be somewhat higher in horizon than that of 

tT 2 
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Grenville. From the village of Madoc, the zone of limestone which 
has been particularly alluded to runs to the eastward on one side of 
the trough, in a nearly vertical position into Elzivir, and on the other 
side to the northward, through the township of Madoc into that of 
Tudor, partially and unconformably overlain in several places by 
horizontal beds of Lower Silurian limestone, but gradually spreading, 
from a diminution of the dip, from a breadth of half a mile to one 
of four miles. Where it thus spreads out in Tudor it becomes 
suddenly interrupted for a considerable part of its breadth by an 
isolated mass of anorthosite rock, rising about 150 feet above the 
general plain, and supposed to belong to the unconformable Upper 
Laurentian, thus showing that the specimens of Hozoon of this 
neighbourhood, like those previously discovered and described, be- 
long to the Lower Laurentian series. 

The Tudor limestone is comparatively unaltered ; and, in the spe- 
cimen obtained from it, the general form or skeleton of the fossil 
(consisting of white carbonate of lime) is imbedded in the limestone 
without the presence of serpentine or other silicate, the colour of 
the skeleton contrasting strongly with that of the rock. It does 
not sink deep into the rock, the form having probably been loose 
and much abraded on what is now the under part, before being 
entombed. On what was the surface of the bed, the furm presents 
a well-defined outline on one side; and in this and the arrangement 
of the septal layers it has a marked resemblance to the specimen 
first brought from the Calumet, eighty miles to the north-east, and 
figured in the ‘ Geology of Canada,’ p. 49 ; while all the forms from 
the Calumet, like that from Tudor, are isolated, imbedded specimens, 
unconnected apparently with any continuous reef, such as exists at 
Grenville and the Petite Nation. It will be seen, from Dr. Dawson’s 
paper, that the minute structure is present in the Tudor specimen, 
though somewhat obscure; but in respect to this, strong subsidiary 
evidence is derived from fragments of Hozoon detected by Dr. Daw- 
son in a specimen collected by myself from the same zone of lime- 
stone near the village of Madoc, in which the canal-system, much 
more distinctly displayed, is filled with carbonate of lime, as quoted 
from Dr. Dawson by Dr. Carpenter in the Journal of this Society for 
August 1866. 

In Dr. Dawson’s paper mention is made of specimens from Went- 
worth, and others from Long Lake. In both of these localities the 
rock yielding them belongs to the Grenyille seam, or uppermost of the 
three great bands of limestone heretofore described as interstratified 
in the Lower Laurentian series. That at Long Lake, situated about 
twenty-five miles north of Cote St. Pierre in the Petite-Nation Sig- 
niory, where the best of the previous specimens were obtained, is 
in the direct run of the limestone there ; and like it the Long-Lake 
rock is of a serpentinous character. The locality in Wentworth 
occurs on Lake Louisa, about sixteen miles north of east from that of 
the first Grenville specimens, from which Cote St. Pierre is about 
the same distance north of west, the lines measuring these distances 
running across several important undulations in the Grenville band 
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in both directions. The Wentworth specimens are imbedded in a 
portion of the Grenville band, which appears to have escaped any 
great alteration, and is free from serpentine, though a mixture of 
serpentine with white crystalline limestone occurs in the band 
within a mile of the spot. From this grey limestone, which has 
somewhat the aspect of a conglomerate, specimens have been ob- 
tained resembling some of the figures given by Gtimbel in his 
‘ Illustrations ’ of the forms met with by him in the Laurentian rocks 
of Bavaria. 

In decalcifying by means of a dilute acid some of the specimens 
from Cote St. Pierre, placed in his hands in 1864-1865, Dr. Car- 
penter found that the action of the acid was arrested at certain 
portions of the skeleton, presenting a yellowish-brown surface; and 
he showed me, two or three weeks ago, that in a specimen recently 
given him, from the same locality, considerable portions of the 
general form remained undissolved by such an acid. On partially 
reducing some of these portions to a powder, however, we imme- 
diately observed effervescence by the dilute acid; and strong acid 
produced it without bruising. There is little doubt that these por- 
tions of the skeleton are partially replaced by dolomite, as more 
recent fossils are often known to be, of which there is a noted in- 
stance in the Trenton limestone of Ottawa. But the circumstance 
is alluded to for the purpose of comparing these dolomitized por- 
tions of the skeleton with the specimens from Burgess, in which the 
replacement of the septal layers by dolomite appears to be the 
general condition. In such of these specimens as have been exa- 
mined the minute structure seems to be wholly, or almost wholly, 
destroyed; but it is probable that upon a further investigation of 
the locality some spots will be found to yield specimens in which 
the calcareous skeleton still exists unreplaced by dolomite ; and I 
may safely venture to predict that in such specimens the minute 
structure, in respect both to canals and tubuli, will be found as well 
preserved as in any of the specimens from Cote St. Pierre. 

It was the general form on weathered surfaces, and its strong 
resemblance to Stromatopora, which first attracted my attention to 
Hozoon; and the persistence of it in two distinct minerals, pyroxene 
and loganite, emboldened me, in 1857, to place before the Meeting 
of the American Association for the Advancement of Science speci- 
mens of it as probably a Laurentian fossil. After that, the form 
was found preserved in a third mineral, serpentine; and in one of 
the previous specimens it was then observed to pass continuously 
through two of the minerals, pyroxene and serpentine. Now we 
have it imbedded in limestone, just as most fossils are. In every 
case, with the exception of the Burgess specimens, the general form 
is composed of carbonate of lime; and we have good grounds for 
supposing it was originally so in the Burgess specimens also. If, 
therefore, with such evidence, and without the minute structure, I 
was, upon a calculation of chances, disposed to look upon the form 
as organic in 1857, much more must Iso regard it when the chances 
have been so much augmented by the subsequent accumulation of 
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evidence of the same kind, and the addition of the minute struc- 
ture, as described by Dr. Dawson, whose observations have been 
confirmed and added to by the highest British authority upon the 
class of animals to which the form has been referred, leaves on my 
mind no room whatever for doubt of its organic character. Objec- 
tions to it as an organism have been made by Professors King and 
Rowney; but these appear to me to be based upon the supposition 
that because some parts simulating organic structure are undoubtedly 
mere mineral arrangement, therefore all parts are mineral. Dr. 
Dawson has not proceeded upon the opposite supposition, that be- 
cause some parts are, in his opinion, undoubtedly organic, therefore 
all parts simulating organic structure are organic ; but he has care- 
fully distinguished between the mineral and organic arrangements. I 
‘am aware, from having supplied him with a vast number of specimens 
prepared for the microscope by the lapidary of the Canadian Survey, 
from a series of rocks of Silurian and Huronian, as well as Lauren- 
tian age, and from having followed the course of his investigation 
as it proceeded, that nearly all the points of objection of Messrs. 
King and Rowney passed in review before him prior to his coming 
to the conclusions which he has published; and his reply to these 
objections forms a part of the succeeding paper. 

APPENDIX. 

Ascending Section of Lawrentian Rocks in the County of Hastings, 
Canada West. By H.G. Vennor, Esq. 

1. Red felspathic strata, composed chiefly of red orthoclase, colourless 
quartz, and grey or greenish-grey hornblende, running in streaks in some 
places. The greater part of the mass is coarse-grained ; but there occur in 
it occasional interstratified bands of a pale flesh-red, which are finer in 
grain ; red hematite in streaks, and iron pyrites in crystals, are more or 
less scattered through the mass, which has a probable thickness consider- feet. 
mibly’ OWOE a sie s iiiss sanoes's wdugtssa hoes Sais Win cad sae he Ge «aed ngs an aeee ee ee rr 5000 

2. Dark-green chlorite slates, associated with masses of greenstone and 
actinolite-rock, probably in lenticular patches, and interstratified with 
occasional beds of magnetic iron-ore, of which the Seymour bed, thirty feet 
thick, is one. Bands of pale flesh-red felsite, or petrosilex, are of occasional 
occurrence in the mass; and garnets characterize some parts of the chlorite 
SALES acid «saad osoxeebes  cuaenddgeendubaschubeude adeyc dyate as auawacneauct aos 5 aan 200 

3. Whitish highly crystalline limestone, interstratified with three bands 
of tremolite, and with grey and pinkish dolomites, weathering drab or 
some shade of yellowish-grey, presenting beds of from fifteen to forty feet 

- in thickness. Where the limestone adjoins the greenstone of No. 2, the 
limestone becomes charged with grains of quartz, and more or less inter- 
stratified with bands of quartz and siliceous or micaceous slates. When 
the dolomite and greenstone adjoin, the dolomite presents thin layers or 
segregated veins, composed of calespar, bitter spar, and small crystals of 
hornblende, which are characterized occasionally by. the occurrence of 
copper-pyrites, and, on the eighteenth lot of the fifth concession of Madoe, 
by the presence of gold in considerable quantity, the three-inch belt in 
which it is enclosed being flanked on each side by soapstone, of which there 
are occasional beds in the upper part of the mass, some of them four feet 
GET: Sas Sicle Peelletasl wt Maeiete om (Sha ah adh ones ndeenecire na eee ea eee 2200 

4. Grey siliceous or fine micaceous slates, fit for whetstones, with an 
interstratified mass of yellowish white dolomite, weathering yellowish 
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brown, having a thickness of sixty feet, and separated into beds by thin 
layers of the mica-slates. The dolomite beds often pass into conglo- 
merates, enclosing a multitude of well-rounded masses of gneiss, syenite, feet. 
and quartzite, ranging in diameter from one to twelve inches ............... 400 

5. Bluish and greyish mica-slates, studded in some places with crystals 
of magnetic oxide of iron, and interstratified with an occasional band of 
RRRAEOAIS Ses ese, 825 32d oe Sobs cdi Sageasi aes deqecett ad veuafavabagase oat twee sudestbiehatenes 500 

6. Grey and pinkish dolomite, weathering brown ............cceccccseceeeee 100 
' 7. Grey micaceous limestone or calc-schist, interstratified with beds of 
yellowish-brown sandstone, grey impure limestone, white coarsely granular 
limestone, and bands of dark-bluish compact limestone and black pyriti- 
ferous slates. The cale-schist greatly predominates, and in Tudor it is cut 
by several N.W. & S.H. lodes, containing galena in considerable quantity, 
in a matrix of cale-spar and barytes. Near the middle of the mass, on the 
surface of a three-inch band of the cale-schist in Tudor, on the fifteenth 
lot of the Hastings road-range, east side, was obtained a fossil which 
Dr. Dawson, after careful examination, pronounces to be Hozoon Cana- 
Bs cet eR eget nr as ok ton saneh doe Sede aas Aonag 02 So faasdeanceelde aut aengev gage 2000 

8. Green diorite-slates, interstratified with beds of fibrous diorite hold- 
ing iron-pyrites, and with bands of mica-schist; somewhat below the 
middle of the mass there occurs a six-feet band of white, highly crystal- 
line limestone, in which is interstratified a bed of earthy graphite, with a 
thickness of a foot; and a three-feet bed of finely granular white iron- 
pyrites underlies the limestone. These diorite-slates graduate downwards 
into mica-slates, which are interstratified with frequent bands resembling 
Serpentine, and some of green and reddish coarse soapstone, which has 
been used for furnace-hearths. These mica-slates graduate into green 
massive hornblende-rock or amphibolite, the weathered surface of which 
in some places shows subradiating forms of hornblende. The amphibo- 
lite finally passes into diorite-slates, composed of the same green horn- 
blende, with a large admixture of albite. These four groups of rock occupy 
a breadth of 15,000 feet, standing in a vertical attitude on the east side of 
Elzivir ; and as there is reason to suppose that they fold over sharply on 
themselves, their volume is estimated at ..............cteccecececneedeccesestecnes 7500 

9. Reddish granitic gneiss, the total thickness of which has not been 
ascertained, but is for the present estimated at ...........csecesssosseseeeeeeees 2100 

20,000 

2. Notes on Fosstis recently obtained from the Laurentian Rocks of 
CanaDA, and on oBsEcTIONS to the ORGANIC NATURE of Eozoon. 
By J. W. Dawson, LL.D., F.R.S., F.G.S. With Norss by 
W. B. Carprnter, M.D., F.R.S. 

[Puates XI. & XIT.] 

ConTENTS. 

I. Specimen of Hozoon from Tudor, If. Specimens from Long Lake and 
Sail Wentworth. 

1. General Appearance. ; IIT. Specimens from Madoe. 
2. Microscopic Characters. IV. Objections to the Organic na- 
3. Concluding Remarks. ture of Hozoon. 

I. SercrwEen or EKozoon From Tupor, C. W. 

Tuts very interesting specimen, submitted to me for examination by 
Sir W. E. Logan, is, in my opinion, of great importance, as fur- 
nishing a conclusive answer to all those objections to the organic 
nature of Hozoon which have been founded on comparisons of its 
structures with the forms of fibrous, dendritic, or concretionary 
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minerals,—objections which, however plausible in the case of highly 
crystalline rocks, in which organic remains may be simulated by 
merely mineral appearances readily confounded with them, are 
wholly inapplicable to the present specimen. 

1. General Appearance.—The fossil is of a clavate form, six and a 
half inches in length, and about four inches broad. It is contained in 
a slab of dark-coloured, coarse, laminated limestone, holding sand, 
scales of mica, and minute grains and fibres of carbonaceous matter. 
The surface of the slab shows a weathered section of the fossil 
(PI. XI.); and the thickness remaining in the matrix is scarcely 
two lines, at least in the part exposed. The septa, or plates of the 
fossil, are in the state of white carbonate of lime, which shows their 
form and arrangement very distinctly, in contrast to the dark stone 
filling the chambers. The specimen lies flat in the plane of strati- 
fication, and has probably suffered some compression. Its septa are 
convex toward the broad end, and somewhat undulating. In some 
places they are continuous halfway across the specimen; in other 
places they divide and reunite at short distances. A few transverse 
plates, or connecting columns, are visible; and there are also a 
number of small veins or cracks passing nearly at right angles to 
the septa, and filled with carbonate of lime, similar in general ap- 
pearance to the septa themselves. 

On one side, the outline of the fossilis well preserved. The narrow 
end, which I regard as the basal portion, is rounded. The outline 
of the side first bends inward, and then outward, forming a graceful 
double curve, which extends along the greater part of the length. 
Above this is an abrupt projection, and then a sudden narrowing ; 
and in the middle of the narrow portion, a part has the chambers 
obliterated by a white patch of carbonate of lime, below which some 
of the septa are bent downward in the middle. This is probably 
an effect of mechanical injury, or of the interference of a cale- -spar 
vein. 

With the exception of the upper part above reeetred to, the septa 
are seen to curve downward rapidly toward the margin, and to 
coalesce into a lateral wall, which forms the defined edge or limit 
of the fossil, and in which there are some indications of lateral 
orifices opening into the chambers. It is worthy of remark that, in 
this respect, the present specimen corresponds exactly with that 
which was originally figured by Sir W. Logan in the ‘Geology of 
Canada,’ p. 49, and which is the only other specimen that exhibited 
the lateral limit of the form. 

On the side next the matrix, the septa terminate in blunt edges, 
and do not coalesce ; as if the organism had been attached by that 
surface, or had been broken before being imbedded. 

2. Microscopic Characters——Under the microscope, with a low 
power, the margins of the septa appear uneven, as if eroded or 
tending to an acervuline mode of growth; but occasionally the septa 
show a distinct and regular margin. For the most part merely 
traces of structure are presented, consisting of small parts of canals, 
filled with the dark colouring-matter of the limestone. In a few 
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places (Pl. XII. fig. 1), however, these appear as distinct bundles, 
similar to those in the Grenville specimens, but of fine texture. 

[In fig. 2 is represented a portion of the canal-system in a Grenville 
specimen, in which the canals, which are transparent in one side 
(being infiltrated with carbonate of lime only) are seen on the other 
to be partially filled with black matter, probably a carbonaceous 
residuum of the sarcode which they originally contained.—W.B.C. | 

In a few rare instances only, can I detect, with a higher power, 
in the margin of some of the septa, traces of the fine tubulation 
characteristic of the proper chamber-wall of Hozoon. For the most 
part this seems to have been obliterated by the infiltration of the 
tubuli with colourless carbonate of lime, similar to that of the 
skeleton. 

In comparing the structure of this specimen with that of those 
found elsewhere, it would appear that the chambers are more con- 
tinuous, and wider in proportion to the thickness of the septa, and 
that the canal-system is more delicate and indistinct than usual. In 
the two former respects the specimens from the Calumet and from 
Burgess approach that now under consideration more nearly than 
do those from Grenville and Petite Nation; but it would be easy, 
even in the latter, to find occasional instances of a proportion of 
parts similar to that in the present example. General form is of 
little value as a character in such organisms; and, so far as can 
be ascertained, this may have been the same in the present specimen 
and in that originally obtained from the Calumet, while in the spe- 
cimens from Grenville a massive and aggregative mode of growth 
seems to have obliterated all distinctness of individual shape. With- 
out additional specimens, and in the case of creatures so variable 
as the Foraminifera, it would be rash to decide whether the differ- 
ences above noticed are of specific value, or depend on age, variability, 
or state of preservation. For this reason I refer the specimen for 
the present to Hozoon Canadense, merely distinguishing it as the 
Tudor variety. 

From the state of preservation of the fossil, there are no crystalline 
structures present which can mislead any ordinarily skilful micro- 
scopist, except the minute veins of calcareous spar traversing the 
septa, and the cleavage-planes which have been developed in some 
portions of the latter. 

I would remark that, as it seemed desirable not to injure any 
more than was absolutely necessary a unique and very valuable 
specimen, my observations of the microscopic structure have been 
made on a few slices of small size,—and that, as the microscopic 
structures are nearly the same in kind with those of specimens 
figured in former papers, I have not thought it necessary to prepare 
numerous drawings of them; while the admirable photograph exe- 
cuted for Sir W. E. Logan by Mr. Norman illustrates sufficiently the 
general form and arrangement of parts (see Pl. X1.). 

3. Concluding Remarks.—In a letter to Dr. Carpenter, quoted by 
him in the ‘ Quarterly Journal of the Geological Society’ for August 
1866, p. 228, I referred to the occurrence of Hozoon preserved simply 
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in carbonate of lime. The specimens which enabled me to make 
that statement were obtained at Madoc, near Tudor, this region being 
one in which the Laurentian rocks of Canada appear to be less 
highly metamorphosed than is usual. The specimens from Madoc, 
however, were mere fragments, imbedded in the limestone, and in- 
capable of showing the general form. I may explain, in reference 
to this, that long practice in the examination of these limestones 
has enabled me to detect the smallest fragments of Hozoon when 
present, and that in this way I had ascertained the existence of this 
fossil in one of the limestones of Madoc before the discovery of the 
fine specimen now under consideration. 

I am disposed to regard the present specimen as a young indi- 
vidual, broken from its attachment and imbedded in a sandy calea- 
reous mud. Its discovery affords the hope that the comparatively 
unaltered sediments in which it has been preserved, and which also 
contain the worm-burrows described by me in the ‘ Quarterly Journal 
of the Geological Society’ for November*, will hereafter still more 
largely illustrate the Laurentian fauna. 

II. Spectmens FRom Lone LAKE AND WENTWORTH. 

Specimens from Long Lake, in the collection of the Geological 
Survey of Canada, exhibit white crystalline limestone with light-green 
compact or septariiform serpentine, and much resemble some of the 
serpentine-limestones of Grenville. Under the microscope the cal- 
careous matter presents a delicate areolated appearance, without 
lamination ; but it is not an example of acervuline Hozoon, but rather 
of fragments of such a structure, confusedly aggregated together, and 
having the interstices and cell-cavities filled with serpentine. I have 
not found in any of these fragments a canal-system similar to that 
of Hozoon Canadense, though there are casts of large stolons, and, 
under a high power, the calcareous matter shows in many places 
the peculiar granular or cellular appearance which is one of the 
characters of the supplemental skeleton of that species. In a few 
places a tubulated cell-wall is preserved, with structure similar to 
that of Hozoon Canadense. | 

Specimens of Laurentian limestone from Wentworth, in the collec- 
tion of the Geological Survey, exhibit many rounded siliceous bodies, 
some of which are apparently grains of sand, or small pebbles; but 
others, especially when freed from the calcareous matter by a dilute 
acid, appear as rounded bodies, with rough surfaces, either separate 
or aggregated in lines or groups, and having minute vermicular pro- 
cesses projecting from their surfaces (Pl. XII. fig.3). At first sight 
these suggest the idea of spicules; but I think it on the whole more 
likely that they are casts of cavities and tubes belonging to some cal- 
careous Foraminiferal organism which has disappeared. Similar 
bodies, found in the limestone of Bavaria, have been described by 

* Vol. xxii. p. 608. 
+ Luse the term “septariiform” to denote the curved appearance so often 

presented by the Laurentian serpentine. 
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Gumbel, who interprets them in the same way*. They may also 
be compared with the siliceous bodies mentioned in a former paper 
as occurring in the Loganite filling the chambers of specimens of 
Hozoon from Burgess. 

ITI. Sprcrwens From Mapoc. 

I have already referred to fragments of Hozoon occurring in the 
limestone at Madoc, one of which, found several years ago, I did 
not then venture to describe as a fossil. It projected from the sur- 
face of the limestone, being composed of a yellowish dolomite, and 
looking like a fragment of a thick shell. When sliced, it presents 
interiorly a crystalline dolomite, limited and separated from the 
enclosing rock by a thin wall having a granular or porous structure 
and excavated into rounded recesses in the manner of Hozoon. It 
lies obliquely to the bedding, and evidently represents a hollow 
flattened calcareous wall filled by infiltration. The limestone which 
afforded this form was near the beds holding the apparently worm- 
burrows described in the Society’s Journal for November, 1866. 

[A thin section of this body, carefully examined microscopically, 
presents numerous and very characteristic examples of the canal- 
system of Hozoon, exhibiting both the large widely branching 
systems of canals and the smaller and more penicillate tufts 
(Pl. XII. figs. 4,5) shown in the most perfect of the serpentinous 
specimens—but with this difference, that the canals, being filled 
with a material either identical with or very similar to that of the 
substance in which they are excavated, are so transparent as only to 
be brought into view by careful management of the light.—W.B.C.] 

TY. OssEctrons To tHE Organic NATURE oF Eozoon. 

The discovery of the specimen from Tudor, above described, may 
appear to render unnecessary any reference to the elaborate attempt 
made by Profs. King and Rowney to explain the structures of 
Kozoon by a comparison with the forms of fibrous and dendritic 
minerals +, more especially as Dr. Carpenter has already shown 
their inaccuracy in many important points. I think, however, that 
it may serve a useful purpose shortly to point out the more essential 
respects in which this comparison fails with regard to the Canadian 
specimens-—with the view of relieving the discussion from matters 
irrelevant to it, and of fixing more exactly the limits of erystalline 
and organic forms in the serpentine-limestones and similar rocks. 

The fundamental error of Messrs. King and Rowney arises from 
defective observation—in failing to distinguish, in the Canadian 
limestones themselves, between organic and crystalline forms. This 
is naturally followed by the identification of all these forms, whether 
mineral or organic, with a variety of purely crystalline arrangements 
occurring in other rocks, leading to their attaching the term 

* Proceedings of Royal Academy of Munich, 1866; Q.J.G.S. vol. xxii. pt. i. 
p- ee et seq. 

t Quart. Journ. Geol. Soe. vol. xxii. pt. i. p. 28. 
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<‘Kozoonal” to any rock which shows any of the characters, whether 
mineral or organic, thus arbitrarily attached to the Canadian Hozoon. 
This is obviously a process by which the structure of any fossil 
might be proved to be a mere lusus nature. 

A notable illustration of this is afforded by their regarding the 
veins of fibrous serpentine, or chrysotile, which occur in the Cana- 
dian specimens, as identical with the tubulated cell-wall of Hozoon 
—although they admit that these veins traverse all the structures 
indifferently and do not conform to the walls of the chambers. 
But any microscopist who possesses specimens of Hozoon containing 
these chrysotile veins may readily satisfy himself that, under a 
high power, they resolve themselves into prismatic crystals in imme- 
diate contact with each other ; whereas, under a similar power, the true 
cell-wall is seen to consist of slender, undulating, rounded threads of © 
serpentine, penetrating a matria of carbonate of lime. Under polarized 
light more especially, the difference is conspicuously apparent. It 
is true that, in many specimens and parts of specimens, the cell- 
wall of Hozoon is badly preserved and fails to show its structure; 
but in no instance does it present the appearance of chrysotile, or 
of any other fibrous mineral, when examined with care under suffi- 
ciently high powers. In my original examination of Sir William 
Logan’s specimens from Grenville and the Calumet, I did not detect 
the finely tubulated cell-wall, which is very imperfectly preserved in 
those specimens; but the veins of fibrous serpentine were well 
known tome; and when Dr. Carpenter discovered the tubulation of 
the cell-wall in the specimens from Petite Nation, I compared this 
structure with that of these veins, and satisfied myself of its dis- 
tinctness before acceding to his conclusions on this point. 

It would also appear that the radiating and sheaf-like bundles of 
crystals of tremolite, or similar prismatic minerals, which occur in 
the Canadian serpentines, and also abound in those of Connemara, 
have been confounded with the tubulation of Hozoon; but these 
crystals have no definite relation to the forms of that fossil, and 
often occur where these are entirely absent; and in any case they 
are distinguishable by their straight prismatic shape and their 
angular divergence from each other. Much use has also been made 
of the amorphous masses of opaque serpentinous matter which 
appear in some parts of the structure of Hozoon. These I regard as, 
in most cases, simply results of alteration or defective preservation, 
though they might also arise from the presence of foreign matters 
in the chambers, or from an incrustation of mineral matter before 
the final filling up of the cells. Generally their forms are purely 
inorganic; but in some cases they retain indications of the structures 
of Hozoon. 

With reference to the canal-system of Hozoon, no value can be 
attached to loose comparisons of a structure so definite with the 
forms of dendritic silver and the filaments of moss-agates; still less 
can any resemblance be established between the canal-system and 
vermicular crystals of mica. These occur abundantly in some ser- 
pentines from the Calumet, and might readily be mistaken for 
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organic forms; but their rhombic or hexagonal outline when scen 
in cross section, their transverse cleavage-planes, and their want of 
any definite arrangement or relation to any general organic form 
are sufficient to undeceive any practised observer. I have not seen 
specimens of the metaxite from Reichenstein referred to by Messrs. 
King and Rowney ; but it is evident, from the description and figure 
given of it, that, whether organic or otherwise, it is not similar to 
the canals of Hozoon Canadense. But all these and similar compa- 
risons are evidently worthless when it is considered that they have 
to account for definite, ramifying, cylindrical forms, penetrating a 
skeleton or matrix of limestone, which has itself a defmite arrange- 
ment and structure, and, further, when we find that these forms are 
represented by substances so diverse as serpentine, pyroxene, lime- 
stone, and carbonaceous matter. This is intelligible on the suppo- 
sition of tubes filled with foreign matters, but not on that of dendri- 
tic crystallization. 

Tf all specimens of Hozoon were of the acervuline character, the 
comparisons of the chamber-casts with concretionary granules might 
have some plausibility. But it is to be observed that the laminated 
arrangement is the typical one; and the study of the larger speci- 
mens, cut under the direction of Sir W. E. Logan, shows that these 
laminated forms must have grown on certain strata-planes before the 
deposition of the overlying beds, and that the beds are, in part, com- 
posed of the broken fragments of similar laminated structures. 
Further, much of the apparently acervuline Hozoon rock is composed 
of such broken fragments, the interstices between which should not 
be confounded with the chambers; while the fact that the serpen- 
tine fills such interstices as well as the chambers shows that its 
arrangement is not concretionary*. Again, these chambers are 
filled in different specimens with serpentine, pyroxene, loganite, cal- 
careous spar, chondrodite, or even with arenaceous limestone. It 
is also to be observed that the examination of a number of limestones, 
other than Canadian, by Messrs. King and Rowney, has obliged 
them to admit that the laminated forms in combination with the 
canal-system are “ essentially Canadian,” and that the only instances 
of structures clearly resembling the Canadian specimens are afforded 
by limestones Laurentian in age and in some of which (as, for in- 
stance, in those of Bavaria and Scandinavia) Carpenter and Giimbel 
have actually found the structure of Hozoon. The other serpentine- 
limestones examined (for example, that of Skye) are admitted to fail 
in essential points of structure; and the only serpentine believed to 
be of eruptive origin examined by them is confessedly destitute of 
all semblance of Hozoon. Similar results have been attained by the 
more careful researches of Prof. Giimbel, whose paper is well de- 
serving of study by all who have any doubts on this subject. 

In the above remarks I have not referred to the disputed case of 
the Connemara limestones; but I may state that I have not been able 

* I do not include here the “ septariiform ” structure referred to above, which 
is common in the Canadian serpentine and has no connexion with the forms of 
the chambers. 
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to satisfy myself of the occurrence of the structures of Hozoon in 
such specimens as I have had the opportunity to examine*. It is 
perhaps necessary to add that there exists in Canada abundance of 
Laurentian limestone which shows no indication of the structures of 
Hozoon. In some cases it is evident that such structures have not 
been present. In other cases they may have been obliterated by 
processes of crystallization. As in the case of other fossils, itis only 
in certain beds, and in certain parts of those beds, that well-charac- 
terized specimens can be found. I may also repeat here that in the 
original examination of Hozoon, in the spring of 1864, I was fur- 
nished by Sir W. E. Logan with specimens of all these limestones, 
and also with serpentine-limestones of Silurian age, and that, while 
all possible care was taken to compare these with the specimens of 
Eozoon, it was not thought necessary to publish notices of the erys- 
talline and concretionary forms observed, many of which were very 
curious and might afford materials for other papers of the nature 
of that criticised in the above remarks. 

[The examination of a large number of sections of a specimen 
of Hozoon recently placed in my hands by Sir William Logan, in 
which the canal-system is extraordinarily well preserved, enables 
me to supply a most unexpected confirmation of Dr. Dawson’s state- 
ments in regard to the occurrence of dendritic and other forms of 
this system, which cannot be accounted for by the intrusion of any 
foreign mineral; for many parts of the calcareous lamelle in 
these sections, which, when viewed by ordinary transmitted hght, 
appear quite homogeneous and structureless, are found, when the 
light is reduced by Collins’s “ graduating diaphragm,” to exhibit a 
most beautiful development of various forms of canal-system (often 
resembling those of Dr. Dawson’s Madoc specimen represented in 
Pl. XII. figs. 4, 5), which cross the cleavage-planes of the shell-sub- 
stance in every direction. Now these parts, when subjected to decal- 
cification, show no trace of canal-system; so that it is obvious, both 
from their optical and from their chemical reactions, that the sub- 
stance filling the canals must have been carbonate of lime, which 
has thus completely solidified the shell layer, having been de- 
posited in the canals previously excavated in its interior, just as 
erystalline carbonate of lime fills up the reticular spaces of the 
skeleton of Echinodermata fossilized in a calcareous matrix. This 
fact affords conclusive evidence of organic structure, since no con- 
eeivable process of crystallization could give origin to dendritic 
extensions of carbonate of lime disposed on exactly the same erys- 
talline system with the calcite which includes it, the two substances 
being mimeralogically homogeneous, and only structurally distin- 
euishable by the effect of their junction-surfaces on the course of 
faint rays of light transmitted through them.—W. B. C.] 

* Such Irish specimens of serpentine limestone as I have seen, appear much 
more highly crystalline than the beds in Canada which contain Hozoon. 
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EXPLANATION OF PLATES XI. and XII. 

Prats XI. 

Specimen of Hozoon Canadense, imbedded in a dark-coloured homogeneous lime- 
stone occurring in the Lower Laurentian series, at Tudor, Canada 
West; two-thirds the natural size. 

i Puate XII. 

Fig. 1. Section of one of the calcareous layers of the Tudor specimen (Plate XI.), 
showing canal-system imperfectly infiltrated with black (carbona- 
ceous ?) matter ; magnified 120 diameters. 

2. Section of the shelly layer of a specimen of Hozoon from Grenville, 
showing a minute form of canal-system partly injected with black 
matter, and partly with serpentine; magnified 120 diameters. 

3. Siliceous bodies (internal casts?) from a specimen of Hozoon from 
Wentworth ; magnified 50 diameters. 

4,5. Sections of a fragment of Hozoon from the Madoc limestone, showing 
various forms of canal-system filled with carbonate of lime; mag- 
fied 120 diameters. 

3. On SupaERiaAL Denvpation, and on Crirrs and EscarpMents of 
the Tertriany Strata. By W. Wuiraxer, Esq., B.A., F.GS. 

[This paper was withdrawn by permission of the President. ] 

(Abstract. ) 

From the fact that escarpments differ from cliffs in all their chief 
features, the author infers that the two could hardly result from 
the same action, but that, whilst the latter were made by the sea, the 
former seem to have been cut out by subaerial agents. 

The chief contrasts between the two kinds of ridges are :— 
(1) Escarpments always run along the strike. Cliffs rarely do 

So 
(2) The bottom of an escarpment is not at one level throughout, 

That of a sea-cliff is. 
(3) At the foot of an escarpment one does not find a beach or 

other trace of the action of the sea, but often such débris as would 
be left by a slow and quiet denuding agent. 

(4) Two escarpments facing the same way often run near and 
parallel to one another for many miles. Not so with cliffs. 

(5) The ridge of an escarpment is a nearly even line, and forms 
the highest ground of the neighbourhood. The top of a cliff is 
often very uneven and bordered by higher ground. 

From an examination of escarpments of the Chalk and of the 
Tertiary beds, it was shown that though at first sight they might 
seem like old lines of cliff, yet a little study would destroy the 
fancied likeness, and it would be found that they are quite unlike 
cliffs in the same beds; for though, from their winding outline, 
these ranges of hills might remind one of some irregular coast, 
caused by rocks of different hardness wearing away at different 
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rates, they have little in common with the far more even coast that 
is formed where there is but one kind of rock. 

It was then pointed out that along the present coast the sea is 
not the only force engaged in the work of destruction, but that it is 
largely helped by atmospheric agents (the latter acting from above 
downwards, to detach and hurl down masses of rock, which the 
former, acting horizontally below, pounds down and sweeps away) ; 
and it was inferred that the joint action of the two kinds of force 
had a far greater effect than either alone. 

In conclusion it was argued that as deposits of great thickness 
(such as the Wealden beds) had been made by rivers, it must be 
granted that (allowing for waste) still greater masses of rock had 
been destroyed by streams and by subaerial actions generally. The 
denuding power of the sea, however, was by no means denied; but 
it was allowed that as marine deposits much exceed in quantity 
those of freshwater origin, so the great denudations, the planings- 
down of vast tracts of which examples are given by unconformities, 
have been worked out by the action of the sea, but that, on the 
other hand, the far smaller denudations and comparatively trifling 
irregularities of the surface (our hills and valleys) have been worn 
out by the long-continued action of rain, rivers, and ice. 
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Correspondence, 37, 83, 132. 
Miscellaneous, 44, 93, 144. 
Obituary Notices, 46, 95, 140. , 

Geological and Natural History Repertory. Nos.21& 22. February 
and March 1867. 
Proceedings of Societies, 281. 
British Association, 341. 
Bibliographical Notices, 344. 
J.S. Wilson.—Deposits containing human relics on the Pacific Coast 

of Ecuador, 345. 

Hardwicke’s Bibliographical and General Index to Current Litera- 
ture. No.1. January 1867. 7 

Institute of Actuaries. Journal. Vol. xiii. Part iy. 1867. 

Institution of Civil Engineers. Abstracts of Proceedings. Session 
1866-67. Nos. 6-8. 

List of Members. January Ist, 1867. 

Intellectual Observer. Vol.x. Nos. 60-62. January to March 1867. 
S. P. Woodward.—F’orm, Growth, and Construction of Shells, 18. 
F. M. Lubbren.—Coal-mines of the United States, 34. 
Fossil Forest of Atanakerdluk, 61. 
The Mammoth and its Epoch, 70. 
Petroleum in Sicily, 80. 

Linnean Society. Journal. Vol. ix. Zoology. No. 35. 1867. 
K. T. Higgins.—Otolites of Fish, and their value as a test in verifying 

recent and fossil Species, 157. 

London, Edinburgh, and Dublin Philosophical Magazine. Fourth 
Series. Vol. xxxiil. No. 219. Supplementary Number. January 
1867: Krom Dr. W. Francis, £.G.S. ic. 

W. B. Clarke.—Marine fossiliferous deposits of Secondary Age in 
New South Wales, 544. 

P. M. Duncan.—Madreporaria of the Infra-lias of South Wales, 544, 
H. Woodward.—Structure of the Azphosura, 545, 
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London, Edinburgh, and Dublin Philesophical Magazine. Fourth 
Series. Vol. xxxill. Nos. 220-222. January to March 1867, 

P. M. Duncan.—Cretaceous Echinodermata from Sinai, 73. 
J. C. Hawkshaw.—Geology of the First Cataract, Upper Egypt, 74. 
J. Curry.—Drift of the North of England, 74. 
J. Croll.—Excentricity of the Earth’s Orbit, and its Physical Rela- 

tions to the Glacial Hpoch, 119. 
D. Forbes.—Mineralogy of South America, 131. 
T. H. Huxley.—New specimen of Telerpeton Elginense, 152. 
8. V. Wood, jun.—Section at Litcham, 153. 
FF, W. Harmer.—Evidence of a Third Boulder-clay in Norfolk, 153. 
D. D. Heath.—Dynamical Theory of Deep-sea Tides, and the Effect 

of Tidal Friction, 165. 
W. B. Dawkins—Age of the Lower Brick-earths of the Thames 

Valley, 233. 

London Review. Vol.xiv. Nos.340-352. January to March 1867. 

Longman’s Notes on Books. Vol. iii. No. 48. 1867. 

Manchester. ‘Transactions of the Geological Society. Vol.vi. Nos. 
2-4, 1866-67. 

J. Aitken.—Excursion to Bacup and Todmorden, 22, 67. 
E. W. Binney.—Upper Coal-measures of England and Scotland, 38. 

Montrose Natural History and Antiquarian Society. Report of the 
Directors, laid before the Annual General Meeting held on 
December 26, 1866. 1867. From Robert Barclay, Esq. 

Hi. Mitchell.—Geology of Montrose, 3 (3 plates). 

Munich. Sitzungsberichte der kénigl.~bayer. Akademie der Wissen- 
schaften. Vol.i. Heft 4. 1866. 

Vol. m Hells) 1866; 

Neuchatel. Bulletin de la Société des Sciences Naturelles. Vol. vii. 
2° Cahier. 1866. 

- Vouga.—Sur le terrain Quaternaire du plateau de Cortaillod, 250. 
H. Desor.—Sur l’Orographie comparée, 285. 

Nova Scotian Institute of Natural Science. Proceedings and Trans- 
actions. Vol.1. Part 4. 1865-66. 

J. M. Jones.—Geological Features of the Bermudas, 18. 
P. S. Hamilton.—Auriferous deposits of Nova Scotia, 43. 
H. How.—Economic Mineralogy of Nova Scotia, Part 3., 58. 
J. Morton.—Pitch-lake of Trinidad, 66. 
T. Belt.—Glacial period in North America, 91. 
D. Honeyman.—Geology of Antigonish, 105 (map). 

Paris. Bulletin de la Société Géologique de France. 2° Série. 
Vol. xxiy. Feuilles 1-8. 1866-67. 

L. Lartet.—Sur les gites bitumineux de la Judéeet de la Coelé-Syrie, 12. 
Hébert.—Sur Vage des grés du Platenberg, dans le Hartz, 32. 
G. de Saporta.—Sur des plantes fossiles de la craie & Belemmnites 

mucronatus de Haldem (Westphalie), 33. 
Faudel.—Sur la découverte d’ossements humains fossiles dans le lehm 

de la vallée du Rhin 4 Keuisheim (Haut-Rhin), 286. 
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Paris. Bulletin de la Société Géologique de France. 2° Série. 
Vol. xxiv. Feuilles 1-8 (continued). 

Matheron.—Lettre 4 M. de Rouville au sujet de ses observations sur 
la constitution eéologique des environs de Saint-Chinian, 44. 

L. Agassiz.—Quelques mots sur l’Amazone, 49. 
J. Marcou.—Sur de nouvelles mines d’or et Vargent découvertes dans 

V’Etat de Nevada, 50. 
Gervais.—Sur un nouveau gisement de Machairodus latidens * Baume 

(Jura), 52. 
J. Marcou.—Le terrain crétacé des environs de Sioux-City, etc., sur 

les bords du Missouri, 56 (plate). 
N. de Mercey.—Sur V’écrasement des matériaux sous-jacents ou re- 

. maniés & la base du limon de Picardie, 71. 
E. Dupont.—Le terrain quaternaire dans la province de Namur, 76. 
De Billy.—Sur les changements de volume en sens inverse des gla- 

ciers de Gorner et de Findelen, prés de Zermatt, 102. 
L. Agassiz.—Sur la géologie de la vallée de l’Amazone, 109. 
Marquis de Roys.—Sur les terrains tertiaires des environs de Montfort 
VAmaury (Seine-et-Oise), 111. 

G. de Saporta.—Sur la végétation du sud-est de la France a l’Epoque 
tertiaire, 117. 

Rusconi.—Sur une station humaine dans la campagne romaine, 122. 
Chevillard.—Trilobites du dévonien du mont de la Revenue, prés de 

Chagey (Haute-Sadne), 124. 
De Verneuil.—Liste des fossiles recueillis 4 Chagey (Haute-Sadne), 

127; 

Comptes Rendus des Séances de l’Académie des Sciences. 
Table de Maticres du tome lxii. January to June 1866. 

Bechamp.—Analyse de l’eau de Vergéze (source Dulimbert) et com- 
position des gaz qui se dégagent de la source des Bouillants, 1034. 

Sidot.—Recherches sur la cristallisation de quelques sulfures métal- 
liques, 999. . 

Bechamp.—Analyse de Veau sulfureuse des Fumades (source Thé- 
rese), L088. 

Mallard.—Gisements stanniféres du Limousin et de la Marche, 228. 
Simonin.—Sur V’ancienne exploitation des mines d’étain en Bretagne, 

346. 
Serres.—Sur une nouvelle espéce de Glyptodon (G. giganteus), 207. 
Gervais et Coquerel—Sur le Dronte, 4 propos d’os de cet oiseau 

récemment découverts 4 Vile Maurice, 924. 
A. Gaudry.—Sur les animaux fossiles de Attique, 29. 
——. Sur les animaux fossiles de Pikermi considérés au point de 

vue de l’étude des formes intermédiaires, 376. 
De Baer.—Sur un Mammouth récemment découvert dans le sol gelé 

de la Sibérie arctique, 867. 
B. de Lom.—Sur un gisement de fossiles situé dans le Haute-Loire, 454. 
Jontejean.—Des phénoménes diluviens, 45. 
Nogues.—Sur les ophites des Pyrénées, 144. 
Danton.—Sur les périodes par lesquelles a dt passer la terre dans sa 

formation, 151. 
Simonin.—Sur les placers auriféres des Cévennes, 1342. 
B. de Lom.—Sur des faits géologiques et minéralogiques nouveaux 

concernant divers gisements de phosphate de chaux, 343. 
Hébert.—De la Craie dans le nord du bassin de Paris, 1401. 
Lefort.—Note pour servir 4 l'histoire des poudingues, 1176. 
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Paris. Comptes Rendus des Séances de lAcadémie des Sciences. 
Table de Matieres du tome lxil. (continued). 

Husson.—Alluvions des environs de Toul par rapport 4 l’antiquité de 
Vespéce humaine, 1177. : 

Des Moulins.—Sur les cailloux roulés, 1191. 
pas a beniences synthétiques relatives aux météorites, 200, 

369, 660. 
Pisani.—Sur le sable granatifére de Pesaro dans les Marches, sur la 

thulite de Traversella en Piémont et la bustamite du Vicentin, 100. 
—. Sur une nouvelle espéce minérale du Cornouailles, la chene- 

vixite, 690. 
—. Sur la Gieseckite considérée comme une épigénie d’éleolithe, 

1324. 
B. de Lom.—Sur la roméine de Saint-Marcel en Piémont, 144, 
Friedel.—Sur l’adamine, nouvelle espéce minérale, 692. 
Des Cloizeaux.—Sur la forme cristalline et les propriétés optiques de 

Vadamine, 695. 
Weehler.—Sur un nouveau minéral de Bornéo, le laurite, 1059. 
Halphen.—Sur un diamant particulier a couleur variable, 1036. 
De Glas Sur la production naturelle et artificielle du dia- 

mant, 1407. 
Guérin.—Couteaux d’obsidienne d’Auveregne, 347, 
J. Marcou.—Marteaux en pierre des anciens Américains pour l’exploi- 

tation des mines de cuivre et d’argent natifs du lac Supérieur, 470. 
Richard.—Découverte d’un nouvel atelier d’instruments de lage de 

pierre, 1127, 
Husson.—Alluvions des environs de Toul considérées par rapport a 

Vantiquité de l’espéce humaine, 1178. 
L. Lartet.—Sur la salure des eaux de la mer Morte a différentes pro- 

fondeurs, ainsi que sur divers points de sa surface et sur les origines 
qu’on peut lui attribuer, 1333. 

Note sur les gites bitumineux de la Judée et de la Coelé-Syrie, 
et sur le mode d’arrivée de l’asphalte dans les eaux de la mer 
Morte, 1395. 

C. Ste.-Claire Deville—Sur le tremblement de terre ressenti au 
Mexique le 2 janvier, 1866, 397. 

P. Secchi.—Sur des tremblements de terre éprouvés & Spoletto, 773. 
Prost.—Sur les trépidations du sol observées & Nice, 910. 
Lenormant.—Sur les trembiements de terre des trois premiers mois 

de 1866 en Orient, 1092. 
Silvestri—Sur un tremblement de terre ressenti en Sicile le 26 mars 

1866, 1122. 
Nourrisson.—Sur deux secousses de tremblement de terre ressenties 

a Marseille le 19 mai 1866, 1127. 
Fouqué.—Sur les phénoménes chimiques des volcans, 616. 
F. Lenormant.—Sur l’apparition d’un nouvel ilot volcanique dans la 

rade de Santorin, 392. 
Sur l’éruption voleanique de Santorin, et les phénoménes qui 

Vont accompagnée dans le reste de la Gréce, 465. 
Ledoulx.—Sur les phénoménes volcaniques dont la rade de Santorin 

est aujourd’hui le théatre, G08, 748. 
Be ee la nouyelle éruption de Santorin, 796, 896, 904, 905, 

Delenda.—Sur la théorie des soulévements appliquée 4 V’apparition 
des deux ilots George 1" et Aphroéssa dans la baie de Santorin, 
941, 1394. 
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Paris. Comptes Rendus des Séances de l Académie des Sciences. 
Table des Matieres du tome Lxil. (continued). 
De Cigalla.—sSur les phénomeénes volcaniques de Santorin, 610, 942, 

996, 1081. 
Fouqué.—Exploration des principaux évents volcaniques de la Gréce, 

1121. 
P. Hypert.—Sur Vapparition d’un nouvel ilot entre la pointe de 

George et Aphroéssa, 1595. 
Terreil.— Analyse de la roche formant la nouvelle ile de Santorin, 1399. 
Pignant.—Sur l’éruption de Vésuve, 749. 
Silvestri Sur une récente éruption des salses boueuses de Paterno, 

646, 

Photographic Journal. Vol. xi. Nos.177-179. January to March 
1866. 

Presburg. Verhandlungen des Vereins fir Naturkunde. Vol. viii. 
1864-65. 

J. Bernath.— Bemerkungen tuber den Kalkstein von Csiklova, 69. 

: . Volvux. S66. 

Quarterly Journal of Microscopical Science. New Series. Vol. xv. 
No. 25. January 1867. 

Quarterly Journal of Science. Vol.iv. January 1867. 
Sir Charles Lyell and Modern Geology, 1 (portrait). 
C. Daubeny.—legnigenous Rocks near Montbrison, 19. 
A. R. Wallace.—Ice-marks in North Wales, 33. 
FE. Hull.—Future Water-supply of London, 51 (map). 
Chronicles of Science, 76. 

Royal Asiatic Society of Great Britain and Ireland. Journal. New 
Series. Vol. 1. Part 2. 1866. 

Royal College of Physicians. List of the Fellows, Members, Extra- 
Licentiates, and Licentiates. 1867. 

Royal Dublin Society. Journal. Vol.v. No. 35. 1866. 
Barry.—Submarine Earthquakes and Volcanos, 26. 

Royal Geographical Society. Proceedings. Vol. xi. No. 1. 

H. H. Godwin-Austen.—District of Lake Pangong, in Tibet, 32. 

Royal Horticultural Society. Journal. NewSeries. Vol.i. Part 4. 
January 1867. 

——. Proceedings. New Series. Vol. i. Nos. 6 & 7. August 
1866 to March 1867. 

Royal Irish Academy. Proceedings. Vol. ix. Part 4. 1867. 
S. Haughton.—Meteoric Stone, 336 (plate). 

——_, ‘Transactions. Vol. xxiv. Science. Parts7 &8. 1866-67. 

T. H. Huxley and E. P. Wright.—Fossil Vertebrata from the Jarrow 
Colliery, Kilkenny, 351 (5 plates). 
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Royal Society. Philosophical Transactions. Vol. 156. PartI. 1866. 
R. Owen.—Fossil Mammals of Australia.—Part I. Description of an 

almost entire Skull of the Thylacoleo carnifex, Owen, from a fresh- 
water deposit, Darling Downs, Queerisland, 73 (8 plates). 

——. Proceedings. Vol. xv. Nos. 88-90. 1867. 
J.J. Bigsby,—Brief Account of the ‘ Thesaurus Siluricus,’ with a few 

facts and inferences, 372. 

——. List of Fellows &. 30th November, 1866. 

Society of Arts. Journal. Vol. xy. Nos. 737-749. January to 
March 1867. 
‘Notices of Meetings of Scientific Societies, &c. 

Vienna. Anzeiger der kaiserlichen Akademie der Wissenschaften in 
Wien. Nos. 1-7. Jahrgang 1867. 
Reuss.—Ueber einige Bryozoen in dem deutschen Unteroligocan, 21. 
J. Schmidt.—Einer der Cratere des Mondes besteht nicht mehr, 39. 
Reuss.—Ueber Crustaceenreste der alpinen Trias, 50. 

Jahrbuch der kaiserlich-kéniglichen geologischen Reichs- 
anstalt. Vol. xvi. Nos. 2&3. April to September 1866. 

J. Cermak.—Die Umgebung von Deutsch-Proben an der Neutra mit 
dem Zjar- und Mala Magura-Gebirge, 135. 

B. von Winkler.—Die Eisenerze bei Gyalar in Siebenbiirgen, 143. 
V. Lipold.—Geologische Special-Aufnahmen der Umgegend yon 

Kirchberg und Frankenfels in Niederésterreich, 149, 
K. M. Paul.—Die ostliche Theil des Schemnitzer Trachytgebirges, 

vas 
J. Bockh.—Geologische Verhaltnisse der Umgebung yon Bujak, 

Ecseg, und Herencsény, 201. 
E. Windakiewicz.—Gold- und Silber-Bergbau zu Kremnitz in Un- 

garn, 217. 
G. Stache—Die geologischen Verhaltnisse der Umgebungen yon 

Waitzen in Ungarn, 277. 
A. Gesell_—Das Braunkohlenvorkommen bei Gran in Ungarn, 329, 
I. Moser.—Der abgetrocknete Boden des Neusiedler See’s, 338. 
M. Raczliewicz.—Die geologischen Verhaltnisse der Umgebung von 

Littaya, Sebechleb, Palast, und Celovce im Honter Comitate, 345. 
Andrian.—Das siidwestliche Ende des Schemnitz-Kremnitzer Tra- 

chytstockes, 555. 
Verhandlungen der k.-k. geologischen Reichsanstalt 1866. 

——. Verhandlungen der k.-k. geologischen Reichsanstalt. Nos. 
1-4, 1867. 

B. de Marny.—Jiingere Tertiirablagerungen im siidlichen Russland, 3, 
W. C. Giimbel.— Nullipora annulata, 3. 
V.y. Zepharovich.—F luorit aus der Gams bei Hieflau in Steiermark, 4, 
F, y. Hochstetter—Der Kohlen- und EHisenwerkscomplex Anina- 

Steierdorf im Banate, 5. 
E. Suess.—Die von Herrn Fr. Melling, k.-k. Verweser zu Eibiswald 

in Steiermark, der k.-k. geologischen Reichsanstalt als Geschenk 
iibergebene Sammlung fossiler Wirbelthierreste, 6. 

K. von Hauer.—Untersuchungen iiber die Feldspathe in den unga- 
risch-siebenbtirgischen Eruptivgesteinen, 10, 57, 81. 
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Vienna. Verhandlungen der k.-k. geologischen Reichsanstalt, Nos. 
1-4, 1867 (continued). 

V. Lipold.—Die Dacite und Rhyolithe im Erzrevier von Schemnitz 
in Ungarn, 16. 

F. Foetterle.-—Die Braunkohlenablagerungen im Egerer Tertiarbecken 
in Bohmen, 16. 

K. Peters.—Devonformation in der Umgebung von Graz, 25. 
M. v. Hantken.—Sarmatische Schichten in der Umgegend von Ofen, 

26. 
. _Die oligocene brackische Bildung von Sarisap bei Gran, 27. 

J. Nuchten.—Modell und Karte des Braunkohlenberghaues bei Glock- 
nitz, 28. 

E. Suess.—Der braune Jura in Siebenburgen, 28. 
G. a aus der Gegend von Reps in Siebenburgen, 

3 
Quarzporphyrit aus dem Val San Pellegrino, Siidtirol, 31. 

A. Fellner.— Untersuchung einiger bohmischer und ungarischer Dia- 
base, 31. 

F, i. von Vivenot.—Ueber die Zeolithe des bohmischen Mittelge- 
berges in dem Museum der k.-k. geologischen Reichsanstalt, 33. 

K. von Hauer.—Untersuchung des Trebendorfer Schachtwassers, 35. 
V. Lipold.—Vorlage der Karte wher die Erb- und wichtigeren Stollen 

und Laufe des Windschacht Schemnitz-Dillner Grubenbaues in 
Ungarn, 36. 

F. v. Hauer.—Das Vorkommen der fossilen Wirbelthierreste in der 
Braunkohle von Eibiswald, 36. 

HL. v. Meyer.—Arbeiten tiber fossile Saugethiere, 49. 
A. Pichler.—Beitrage zur Geognosie Tirols, 50. | 
T'schermak.—Die Melaphyre des Rothliegenden in Bohmen, 51. 
V. Lipold.—Bergbaue von Pila und Morasdolina in Nieder-Ungarn, 52. 
Fv. Hochstetter.—Palaontologische Tateln fir Unterrichtszwecke, 54. 
G. Mayr.—Ameisenabdriicke aus den Schichten von Raboboj, 55. 
K. v. Hauer.—Neus Vorkommen von Magnesit, 55. 
F, Foetterle-—Die Braunkohlenablagerung bei Lankowitz nichst 

Koflach in Steiermark, 61. 
T. Kjerulf—Olivinfels in Norwegen, 71. 
W. P. Schimper.—Uehber Culm- und Trias-Pflanzen, 72. 
J. Bersch.—Ueber die zu Gainfahren in Niederésterreich entdeckten 

Hohlenraéume, 73. 
Tschermak.—Augitandesit aus Ungarn, 74. 
J. R. v. Pusswald.—Das Erdbeben in Cephalonia, 75. 
EF. v. Hochstetter—Neue Funde von Moaresten und eines riesigen 

Wallfisch-Skelettes auf Neu-Seeland, 76. 
J. Nuchten.—Lagerungs- und Bergbau-Verhaltnisse des H. Dra- 

sche’schen Braunkohlen-Bergbaues im Seegraben nachst Leoben, 76. 
F. F. vy. Andrian.—Vorlage der Karte des Matragebirges und seiner 
Umgebung, 79. 

H. Wolf.—Die geologischen Verhaltnisse des Liptauer- und Thuréczer 
Comitates, 85. 

F, v. Hauer.—Prehnit von Comisa auf der Insel Lissa, und Eruptiy- 
gesteie aus Dalmatien, 89. 

Ziirich. Verhandlungen der Schweizerischen naturforschenden Ge- 
sellschaft. 1864. From Sir C. Lyell, Bart., F.G.S. se. 
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IT, PERIODICALS PURCHASED FOR THE LIBRARY. 

Annales des Sciences Naturelles. 5°Série. Zoologie et Paléontologie. 
Vol. yi. December 1866, 

Faudel.—Sur la découverte d’ossements humains dans le Lehm alpin 
de la vallée du Rhin, 4 Enguisheim, 361. 

Vol. vu. No.1. January 1867. 

A; Gaudry.—Etude sur la faune dont les restes ont été enfouis 
Pikermi, Attique, 32. 

Annals and Magazine of Natural History. Third Series. Vol. xix. 
Nos. 109-111. January to March 1867. 

W. B. Carpenter.—Perforate Structure of Spirifer cuspidatus, 29. 
P. B. Brodie.—Correlation of the Lower Lias at Barrow-on-Soar, in 

Leicestershire, with the same Strata in Warwickshire, Worcester- 
shire, and Gloucestershire; and on the occurrence of the remains 
of Insects at Barrow and in Yorkshire, 31. 

Leonhard und Geinitz’s Neues Jahrbuch fiir Mineralogie, Geologie, 
und Palaontologie. Jahrgang 1867. Heft 1. 

H. B. Geinitz.—Carbonformation und Dyas in Nebraska, 1. 
G. Wirtenberger.—Ueber die Zechstein-Formation, deren Erzfiih- 

rung und den unteren Buntsandstein bei Frankenberg in Kurhessen, 
10. 

L. Wiirtenberger.—Die Schichtenfolge des schwarzen und braunen 
Jura im Klettgau, 39. 

W. Benecke.— Ueber das Alter des Calcaire de la Porte-de-France, 60. 
A. Kenngott.—Ueber einige Erscheinungen, beobachtet am Natro- 
oy ee 
Letters ; Notices of Books, Minerals, Geology, and Fossils. 

L’Institut. I Section. 35° Année. Nos. 1722, 1727-1730. Ja- 
nuary and February 1867. 

II° Section. 31° Année. Nos. 371 & 372. November and 
December 1866. 

Paleontographica: herausgegeben von Hermann von Meyer. Vol. xv. 
Lief. 4. 

H. yon Meyer.—Die fossilen Reste des Genus Tapirus, 159 (8 plates). 
. Individuelle Abweichungen bei Testudo antequa und Emys 

Europea, 201 (8 plates). 

Ill. GEOLOGICAL AND MISCELLANEOUS BOOKS. 

Names of Donors in Italis. 

Abich, H. Zur Geologie des siiddstlichen Kaukasus. 1866. 

Barlow, H. C. Critical, historical, and philosophical contributions 
to the study of the Divina Commedia. 1864. 
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Bauernfeind, C. M. Die Bedeutung moderner Gradmessungen. 
1866. rom the Royal Academy of Munich. 

Billings, H. Catalogues of the Silurian Fossils of the Island of 
Anticosti, with descriptions of some new genera and species. 1866. 

Binney, E. W. On the Upper Coal-measures of England and 
Scotland. 1866. 

Browne, R. G. M. Astronomical Geology: a treatise respecting the 
causes to which the structural and superficial configuration of the 
Earth’s crust is attributable. 1865. 

Burmeister, G. Anales del Museo Publico de Buenos Aires, En- 
trega Tercera. 1866. 

Catalogue. A Catalogue of Minerals, Rocks, and Fossils, which 
have been collected in the colony by the Mining Department, 
Melbourne, Victoria. 1866. rom the Mining Department, Mel- 
bourne. 

Clark, A. R. Comparisons of the Standards of Length of England, 
France, Belgium, Prussia, Russia, India, Australia, made at the 
Ordnance Survey Office, Southampton, under the direction of Col. 
Sir H. James. 1866. rom the Rt. Hon. the Secretary of State 
for War. 

Oroll, J. On the excentricity of the Earth’s Orbit. 1866. 

On the excentricity of the Earth’s Orbit, and its physical 
relations to the glacial epoch. 1867. 

Dawson, J. W. . Comparisons of the Icebergs of Belle-Isle with the 
Glaciers of Mont Blanc, with reference to the Boulder-clay of 
Canada. 1866. 

The Evidence of Fossil Plants as to the climate of the Post- 
Pliocene period in Canada. 1866. 

Deslongchamps, H. H.-. Le Naturaliste. Discours prononcé a la 
séance solennelle de rentrée des facultés de droit, des sciences, des 
lettres, et de l’école préparatoire de Médecine et de Pharmacie. 
1866. 

Duncan, P. M. A Monograph of the British Fossil Corals. 2nd 
Series. Being a Supplement to the ‘ Monograph of British Fossil 
Corals,’ by MM. Milne-Edwards and Jules Haime. Part I. In- 
troduction ; Corals from the Tertiary Formations. 1866. 

Faudel. Note sur la découverte d’ossements fossiles humains dans 
le Lehm de la vallée du Rhin, a Eguisheim, prés Colmar (Haut- 
Rhin). Recherches chimiques sur les ossements trouvés dans le 
Lehm d’Eguisheim, par M. Scheurer-Kestner. 1867. 

Gaussoin, HE. Memoir on the Island of Nayassa (West Indies). 1866. 
With Atlas of Views, &c. 
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Geimtz, H. B. Carbonformation und Dyas in Nebraska. 1866, 

Gray, G. R. List of the Specimens of Birds in the collection of the 
British Museum. Part V. Galline. 1867. From the Trustees 
of the British Museum. 

Griffith, W. A History of Wales. 1867. 

Giimbel, C. W. Ueber neue Fundstellen von Gosauschichten und 
Vilser-Kalk bei Reichenhall. 1866. 
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Klias J. Beor, Esq., Mining Engineer, Swansea ; Harmer Edward 
Moore, Esq., C.E., 66 St. George’s-road, Belgravia, 8.W.; Henry 
Alleyne Nicholson, Esq., B.Sc., 18 Nicolson-street, Hdinburgh ; 
Henry Waugh, Esq., C.E., Gainsborough, Lincolnshire ; and the 
Rey. Francis Le Grix White, M.A., Croxton Parsonage, Eccleshall, 
Staffordshire, were elected Fellows. 

The following papers were read :— 

1. On the BonE-Caves near Crenpi, Zessue, and MELiima, in the 
Istanpof Matra. By Captain T. A. B. Spratt, R.N., C.B., F.R.S., 
F.G.S. 

CoNTENTSs. 

I. Introduction. IV. The Melliha Cavern. 
II. The Maghlak Bone-cave. V. General Conclusions. 

III. The Zebbug Ossiferous Cavern. 

I, Inrropvction. 

This paper was, for the most part, written several years ago, but 
its publication has been delayed with a view to its accompanying 
the description of the remains of the extinct animals found within 
the several caverns, and more particularly the detailed description of 
the Hlephas Melitensis (the Pigmy Elephant) by the late Dr. Hugh 
Falconer. His lamented and premature death causing a still further 
delay, it is now presented to the Society in anticipation of the im- 
mediate publication of Dr. Falconer’s prepared drawings and final 
notes upon the Little Elephant, with other posthumous papers, 
under the editorship of his friend Dr. Murchison, F.R.S.,—and 
also in anticipation of an elaborate paper upon the same subject, 
which is being prepared by Mr. G. Busk, F.R.S., to whom the bones 

VOL. XXIII.—PART I. x 
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were transferred at Dr. Falconer’s decease. The bones of birds have 
been described by Mr. W. K. Parker, F.R.S, &c.* 

Il. Tar Macuiak Bone-cave. 

The first of these bone-caves was discovered in the summer of 
1858, on the south coast of Malta, near the town of Crendi. That 
part of the coast, for a distance of about six miles on either side of 
the cavern, presents a line of almost precipitous cliffs or bold scarps, 
extending from Marsa Scirrocco Bay, at the south-eastern extremity 
of Malta, to the small bay Foum el Rieh, at the north-western extre- 
mity and the base of the Bengemma heights or plateau. 

These bold features terminate above in two distinct plateaux of 
nearly equal extent—the eastern plateau averaging a height of from 
300 to 350 feet above the sea, and the western averaging about 800 
feet and forming the summits of the before-named Bengemma heights. 

The strata constituting these two plateaux lie nearly horizontal, 
there being a slight dip to the eastward throughout ; and the origin 
of the plateaux is plainly due to the upper series of rather soft strata 
that rise up into the upper or western plateau having been en- 
tirely swept off from the lower and harder strata of ealeareous 
sandstones and compact limestone by an encroachment of the sea, 
when it must have long remained about that level. 

It was therefore the exposure of the harder stratum of limestone 
constituting the lowest of the series on the coast, near the village 
and well-known Pheenician ruin of Crendi, that led to the opening 
of a quarry there in 1858 for a durable stone suitable for the con- 
struction of the new naval dock, and, in the autumn of the same year, 
to the unexpected discovery of a bone-cave containing remains of 
the Hippopotamus and other animals. I therefore adopted the name 
of Crendi to distinguish the locality of the bone-cave and quarry, 
in my brief notice of the discovery laid before the Geological Society 
in 1859. 

The late Mr. Horner, in his Presidential Address to the Society 
in 1861, consequently adopted the name of Crendi also for this quarry 
and cavern in his notice of the interesting discovery. 

As Dr. Leith Adams, F.G.S., who arrived in Malta about two years 
subsequent to the first discovery of the cave, and whose more recent 
labours amongst its débris enabled him to procure similar remains, 
and to learn the history of the cavern both from the quarrymen and 
myself, adopted the local name of Maghlak, in a notice which he 
published respecting the cavern and its relics, in the Royal Dublin 
Society’s Journal + and in his Report to the British Association tf, 
geologists have in consequence a somewhat confused familiarity with 
both names ; it is therefore necessary for me to ‘point out that they 
both apply to the same quarry and cavern. 

At about the same level as the Crendi or Maghlak cavern, the 
erest cliffs overlooking the sea on both sides have indications of the 

* Trans. Zool. Soc. vol. vi. p. 119. 
iT voliave pr Ul. 
{ British Association Report, 1865, p. 259. 
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former existence of several other caverns more or less shallow and 
open, more particularly on the west side, as shown in the sketch 
(fig. 1). None, however, contain any stalagmitic floor, or present 
any indication of bone breccia; and although generally wider and 
higher than the Maghlak Cavern, none of them penetrated so far 
inwards, except one, of very great interest, lying about 100 yards 
on the east side, between the Maghlak quarry and the lowest of the 
Phoenician temples of Crendi above alluded to, which has been very 
recently opened by Dr. Adams (see sketch), and found by him to be 
of such importance, from the special character of the larger mam- 
malian remains, being those of Elephants* and not of Hippopo- 
tamus, as to have induced the British Association to grant to him 
the sum of £30 for its exploration; the results, as far as obtained, 
will therefore, I believe, form the subject of a Report by Dr. Adams. 

Having proceeded to the Maghlak Quarry soon after the discovery 
of the bone-cavern within it, in company with my friend, W. 
Medlycott, Esq., we were shown numerous large blocks of its stalag- 
mitic flooring, mingled with the talus of débris that had recently 
been ejected from the quarry, down the sea face of the scarp lying 
under it, and also upon a narrow natural terrace existing about half- 
way down. After some labour with our hammers amongst the blocks 
of bone-breccia found lying upon the talus, and upon this lower ter- 
race, we were enabled to procure from them a few perfect teeth, 
and some nearly perfect tusks of the Hippopotamus ; but from the 
extreme hardness of the stalagmitic bone-breccia, and the friable 
nature of the teeth, they in general crumble to chips under the 
heavy blow of the hammer necessary to fracture the hard matrix in 
which they are imbedded. The bones and teeth, however, were very 
numerous throughout these detached and fragmentary blocks, and 
showed that the remains of a large number of these animals were 
originally ‘accumulated in the cavern, but indiscriminately, and that 
they consisted chiefly of the smaller bones of this mammal. 

From close examination of the numerous fragments of bone- 
breccia, we were enabled to perceive that the flooring of the cavern 
consisted of two distinct layers of fossil bones. The lower, which 
must have been in some parts fully 3 and 4 feet thick, and com- 
posed of an indurated, brownish, stalagmitic clay, almost as hard as 
flint or jasper, contained in abundance well-rounded pebbles of the 
native rock, intermixed with the bones and teeth of the Hippopo- 
tamus; but these bones and teeth were not in general waterworn, 
as were the pebbles and shingle found with them ; and consequently 
they were introduced into the cavern after its shingle floor had been 
raised above the surf-action of a surrounding sea, which no doubt 
produced both the caverns, and also rounded the pebbles, since 
there is no evidence or good reason to infer that either this cavern 
or the neighbouring caves on nearly the same level require any local 
river to account for their origin and position. 

On comparing these teeth and tusks, immediately afterwards, Tae 
figures in Pictet’s ‘ Paléontologie,’ I was led to refer them to the 

* Geological Magazine, vol, ii. p, 490. 
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Hippopotamus, which conjecture was confirmed by Prof. Owen on the 
exhibition of the teeth in the Geological Society’s rooms in 1859; and 
moreover they were then identified by him as the same species as that 
found so abundantly in the bone-caves near Palermo and in other 
parts of Sicily, viz. H. Pentland:. These large mammalian remains 
were overlain by a bed of similar stalagmite of one foot or more in 
thickness, but without fossils, showing a period during which the 
Hippopotamus had become extinct; and this was succeeded by another 
stalagmitic bone-bed containing abundantly the bones and teeth of 
a Rodent, named Myoxus Melhitensis by Dr. Falconer. Besides the 
Rodent bones, there were also the bones of Birds. From the frag- 
ments of the flooring scattered with the débris under the quarry, 
this upper stalagmitic crust enclosing the Rodent and Bird remains 
was seen to have varied in thickness from 6 or 8 inches to a foot or 
more in some parts of the cavern. 

On ascending to the quarry to learn from the quarrymen more of 
the nature of the cavern when first discovered, we were informed 
that it did not extend inwards more than about 40 or 50 feet from 
the face of the cliff; and at about that distance from it, within the 
quarry, we were shown a portion of its stalagmitic flooring séill i 
situ, forming what appeared to have been the termination of a nar- 
row recess at the inner end of the cavern. This fragment of bone- 
breccia in situ exhibited the same arrangement as above described 
from the débris of fragments ejected from the quarry; that is, the 
Hippopotamus-remains were entirely confined to the lower stratum, 
and the Rodent and Bird-bones, with land shells of living species, 
to the upper; but it was composed at this part an situ of about a 
foot of thinly stratified stalagmitic layers, with red earth or clay 
between them, whence I swept up several handfuls of the fragments 
of Bird-bones, and of the teeth and bones of the Rodent Myowus | 
Melitensis, so named by Dr. Falconer, and described in‘a letter to me 
soon afterwards as a Dormouse of twice or thrice the size of the 
existing species. 

ILI. Tur Zespue Osstrrrous Cavern, 

Two years subsequent to the discovery of the bone-cave near 
Crendi, another of more startling interest was discoverd, in the 
centre of the island, near the large town of Zebbug. It was acci- 
dentally struck upon in sinking an excavation for a tank, upon the 
upper of the two terraces forming the garden of Signor Buttegieg, 
on the north side of the rocky valley separating the towns of Zebbug 
and Seggieni. The excavation for the tank had reached a depth of 
10 or 12 feet in the native rock, when the roof of the cavern was 
suddenly broken into, and it was found filled to the top with clay ; 
and as it was much narrower than the intended diameter of the 
tank, the excavation of the rock was continued down to the floor 
of the cavern, viz. about 5 feet lower, thus separating the outer 
portion of the cavern from its inner, as shown in the following 
eround-plan (fig. 2). 

The openings leading off from the tank on each side into the 
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extension of the cavern inwards and outwards were then walled up 
to complete the cementing of its sides, so as to enable it to retain 
water. 

In removing the loose soil and clay from the part of the cavern 
thus broken into (for it was full to the roof with yellow and grey 
sandy clay, without any stalactites, or stalagmitic floor, such as existed 
in the Hippopotamus-cavern of Maghlak), a quantity of fragments 
of bones and teeth of at least two species of Hlephas (one of ordinary 
size, but the more abundant being of a remarkable pigmy species), 
and other bones of extinct animals were found mingled with sub- 
angular and not waterworn fragments of the parent calcareous 
sandstone rock in which this fissure-like cavern ran, the bones and 
fragments being generally found lying upon the natural floor of 
the cavern. These had been thrown out confusedly together into 
an accumulated heap of soil and fragments near the mouth of the 
tank, and remained undisturbed at my visit. 

As on examining this heap of cave soil I procured a considerable 
number of fragments of the same Pigmy Elephant as I had seen in 
the Library Museum, and which had been presented a short time pre- 
viously by Signor Buttegieg, the proprietor of the garden, I was anxious 
to complete the exploration of the parts of the cavern that had been 
walled up ; and by the kind permission of the proprietor, and the as- 
sistance of his son, Padre Pietro, I had the cavern reopened on each 
side of the tank, and finally traced it inwards to a distance of 
about 75 feet. It was then traced for about 15 fect on the other 
side of the tank, to its original mouth opening out into the side of 
the valley, but which now lies completely under the soil and roots of 
the fruit-trees growing upon the lower terrace of the garden at 
about five or six feet only above the level of the rocky torrent-bed 
that meanders through the valley. The cavern, I found, ran nearly 
horizontally from the ravine, having one short branch, terminating 
in a small chamber as seen in the plan, and varied in height from 
41 to 54 feet, with a breadth varying from 13 to 23 feet, until it 
became contracted to a few inches only. 

The results of this exploration, and a subsequent resifting of the 
heap of soil when dry, some months after, by the express desire of 
the late Dr. Falconer, yielded not only many bones of the Pigmy 
Elephant, but also a complete set of the tusks and teeth of this 
singular extinct species, in every stage of growth, mingled with 
which were fragments of ivory, that had evidently formed part of 
the tusk of a much larger but ordinary-sized elephant; yet none of 
the teeth of the latter were found. 

All these fragments bore evidence, more or less marked, of fierce 
enawing by some carnivorous animal, apparently not larger than a 
jackal. But it became apparent to me during the examination of 
these fragments that they differed entirely fom the large mamma- 
lian remains from Crendi cavern, and that it in fact contained no 
remains of Hippopotamus. 

The necessity of keeping this point in view, and the importance 
of identifying its relics, as being distinct from those of the Crendi 
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cavern, became more and more evident as the exploration pro- 
gressed, since they had now become confused together in all local 
collections and in the local notices of these caverns, none of the 
writers having visited either cavern ; and thus all idea of their special 
characters, as being probably indicative of two distinct geological 
periods or conditions of the island, was lost sight of. 

Besides these relics of the Elephants, there were fragments of 
the large and small bones of aquatic birds, namely two gigantic 
Swans *, and of a Turtle, or Tortoise,—as also some few bones and 
jaws of the Myoxus Meltensis found in the Crendi cavern, and 
another species of Myowus, figured by Dr. Carte in the ‘Trans- 
actions’ of the Royal Dublin Society. 

TV. Tar Metra Cavern. 

In the Spring of 1862 I was again so fortunate as to find the 
vestiges of another bone-cave in Malta (namely, near the village of 
Melliha, at the north end of the island), a report of the existence of 
which had, however, been communicated to Lord Ducie and myself, 
five or six years previously, by Mr. St. John, then Deputy Inspector 
of Police ; but our efforts to find it at the time did not result success- 
fully, as the discovery was made more than 20 years previously, and 
but a few fragments of it had been seen by any one but the peasant 
who found it and utilized its débris in the walls and terraces he 
was constructing near the spot. But having in the early part of 
1862 accidentally seen in the collection of local fossils made by 
Signor Pace, of the Protestant College, a fragment of the tooth of a 
Hippopotamus, which he had himself recently found in a wall under 
the village of Melliha, I was induced to make further research and 
inquiry at the locality for the above-mentioned ossiferous breccia. 
Its position was at length shown to me, at about 200 yards to the 
north of the church or chapel of Melliha, and in front of a cavernous 
cliff that fringes the north crest of the hill there, at an elevation of 
about 300 feet above the sea, the old chapel itself bemmg partly 
formed within one of these shallow -caverns, which are all at about 
the same level as the Crendi caverns, and were, no doubt, originated 
by the same cause and at the same time, the present sea-shore under 
the Melliha caverns being only from 200 to 300 yards distant from 
them. Some of the caverns have been enlarged and utilized as 
stables; and others were converted into rock habitations, or tombs, 
by the ancient inhabitants of this part of Malta. 

The bone-breccia when originally discovered at Melliha was found 
lying at a distance of from 15 to 20 feet and more in front of 
one of these shallow caverns, thus showing that the roof of the 
cavern must have extended beyond its present limits at the time 
when the bones of the extinct Hippopotamus it contained were 
carried into it; also the breccia lying between two projecting 
angles of the cliff is likewise an indication of the fact of the 
former extension of the cavern beyond its present area, and of the 
ereat antiquity of the cavern breccia in a geological point of view. 

* Described by Mr. W. K. Parker, F.R.S., Trans. Zool. Soc. vol. vi. p. 111. 
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The previously disturbed parts of this bone-breccia I found mingled 
with the walls of the adjacent terraces, and procured from them 
two bushels of bone-fragments, amongst which were several perfect 
teeth, as well as many fragments of teeth and tusks of Hippopo- 
tamus, as at the Crendi Cavern, but of a smaller species. 

As a narrow space of about ten or twelve feet in length, and six 
or eight in breadth, existed between a terraced road recently made, 
leading to a cemetery, and the front of the part of the cavern that 
now remains, I dug down there to verify the information regarding 
the spot at which the ossiferous breccia was discovered, and was 
fortunate in finding a portion of the bone-breccia still in situ, which 
I broke up (more of it lies under the road), and found it also to 
contain fragments of bones and teeth of the same Hippopotamus as 
did the scattered fragments of the débris gathered from the adja- 
cent terraces and walls. No remains of the Hlephant were found 
here. Neither were any small bones, such as those of Rodents and 
Birds, found in it, or in any of the scattered fragments, as in the 
upper stalagmitic stratum of the Crendi cavern, and as was found 
also in the Zebbug cavern, commingled with the Elephant-bones ; 
but the bones of the Birds and small Myowus may have existed in 
the original condition of the floor of the Melliha cavern neverthe- 
less, although not contemporary with the Hippopotamus, since we 
have now but a fragmentary exhibition of it. 

V. GeneERAL Conclusions. 

_ The Melliha cavern, like the Crendi cavern, seemed, therefore, 
to have exclusively contained remains of Hippopotamus only; for 
not a single fragment of the tusk or tooth of either species of Ele- 
phant was found amongst the fragments of bone-breccia to indicate 
their contemporary existence with the Hippopotamus, although there 
were the remains of many individuals of the latter; and thus the 
time of the Melliha cavern seemed to have been associated exclu- 
sively with the remains of Hippopotamus of the lower stalagmitic 
stratum of the Crendi cavern, rather than with the Zebbug cavern, 
the remains in which were exclusively those of the Elephant; and 
therefore also the relics in the latter cavern are more probably linked 
with the Myowus and Bird bones, and existing land shells, forming 
the upper stalagmitic stratum of the Crendi cavern. 

It is remarkable that the lower part of the Crendi cavern, and 
the entire bone breccia (at present found) of the Melliha cavern, are 
characterized by the bones and teeth of the Hippopotamus only, and 
the Zebbug Cavern débris by only Elephant-teeth, tusks, and bones, 
to the exclusion of any remains of Hippopotamus. 

Therefore the upper stalagmitic layer of the Crendi cavern, con- 
taining existing land shells imbedded with the Rodent and Bird 
bones, seems to bring the latter, and the associated Pigmy Elephant 
of the Zebbug cavern, down to a period more recent than the Hippo- 
potamus—-in fact, to a distinct and later geological epoch ; for had 
these animals existed at the same time with the Hippopotamus, their 
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relics would have been found in some degree commingled in these 
caverns. 

This was a point I felt it especially necessary to notice when the 
remains of this remarkable little species of extinct Elephant were 
exhibited by the late Dr. Falconer and myself, in 1862, at the 
Cambridge Meeting of the British Association. 

It therefore opens out the following questions :—What were the 
times, and what were the special conditions of the locality favouring 
the existence of each large species of Mammalia? one being so dis- 
tinctly an amphibious animal, and moreover an animal peculiar to a 
freshwater condition not now in any way indicated by the existing 
climate and region; and the other an animal exclusively of the 
forest and land, and thus indicating the existence, at one time, of a 
very proximate, if not entire connexion of Malta with Europe and 
Africa, by land that must have existed to serve as a highway of 
migration between them, but which has since subsided beneath the 
‘Mediterranean. 

These submerged lands are really now indicated by the bank 
called the “Adventure Bank,” discovered by Admiral Smyth, be- 
tween Tunis and the north-west part of Sicily, as one, and no 
doubt the most important, highway of migration of these extinct 
animals, and also by another bank, which we found soon after the 
discovery of the Elephant Cavern of Zebbug, as a well-defined, but 
more deeply submerged, ridge, connecting the south-eastern end of 
Malta with Tripoli, and which I have named the “ Medina Bank,” 
after my ship, ‘ The Medina.’ 

So that if we were to have an upheaval of about 250 fathoms of 
the whole sea-bed of the Malta channel, we should have both these 
banks or ridges dry land, with the exception of a narrow channel 
through each, that would not be impassable to either animal at the 
seasonable times for migration ; and Malta would be connected with 
Sicily, and Sicily with Italy, but with a deep, steep-sided and 
enclosed sea lying between these upraised banks, viz. between 
Sicily, Malta, Tunis, and Tripoli, with the extinct volcanos of Linosa 
Island and Graham’s Shoal on either side of the basin, to show that 
its somewhat crater-like form, as it would then appear, from the 
abruptness of its sides, was really due to proximate volcanic up- 
heaval and downcast, and that this was a basin to account for the 
origin of which a glacial excavation is not necessary, as seems to 
be the creed of some geologists regarding the greater part of such 
deep depressions. 

And I am induced to add also, in respect to this supposed physical 
change in the relative positions of land and sea, that it most pro- 
bably existed at no very distant geological time, and that it bore a 
remarkable resemblance to the Sea of Marmora, with its Bosphorus 
and Dardanelles as straits connecting it with the Black Sea and 
Mediterranean. For there would now remain, with an uplift of 250 
fathoms of the entire Malta strait, a deep internal sea, nearly 200 
miles long and 60 broad, and from 50 to 500 fathoms deep, and with 

a narrow strait between the Adventure and Medina Banks, connect- 
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Fig. 3.—Chart showing the position of the Adventure and Medina 
Banks, connecting Sicily with Africa. 
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The figures denote the present depths in fathoms. The dotted line shows the 
parts of the Malta Channel that would be converted to dry land by an uplift of 
200 fathoms, and the narrow Straits that would remain through the Adventure 
and Medina Banks. The deepest water is indicated by the black portions, the 
banks by the dark tint, and the land by the light shading. 
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ing this basin with the east and west basins of the Mediterranean 
(see fig. 3). it 

The abundance of the remains of Hippopotamus that have been 
accumulated in the Malta caverns lying over the bold coastline of 
this island, as also in the caverns over the north shore of Sicily, 
and also in another at the level of the sea or, indeed, partially below 
its level, that was discovered by the late Dr. Falconer near Syracuse, 
seems therefore to point to the necessary existence of large areas of 
land and fresh water when these Hippopotami existed in great 
abundance, as well as of abundant vegetation and of forests at that 
time. The late Mr. Leonard Horner, when President of the Geolo- 
gical Society, in referring to my notice of the discovery of the Crendi 
cavern with such abundant remains of Hippopotamus, in his Address 
for the year 1861, consequently conceived that a large river must 
have flowed between Malta, Sicily, and Africa, at the time these 
creatures were so numerous ; and Dr. Leith Adams, in a subsequent 
notice of the Crendi cavern, adopts the same view, and thus con- 
siders that bold coast of Malta to represent the bank of an ancient 
river. 

But the same reasoning and conclusion, if sound for the south 
coast of Malta in explanation of the existe1ce there of Hippopo- 
tamus, must be likewise applied to the north coast of the island 
under the Melliha cave, and likewise to the whole of the north and 
east coast of Sicily opposite Palermo and Syracuse, where similar 
remains are found, but in much greater abundance; and therefore to 
suppose that a river meandered round all these coasts at one time, 
since the known caverns with Hippopotamus are all confined to the 
coast, involves the combination of many contingencies, for the main- 
tenance and confinement of such a river, not usually met with, and 
certainly not indicated by the geological facts and physical features 
in connexion with either of the localities. 

I therefore am induced to repeat what I have before advanced, 
that it seems, in my humble judgment, rather to point to a fresh- 
water, or perhaps brackish-water condition of the whole Mediter- 
ranean area at that time, especially as we find these ossiferous 
caverns mainly upon the margin of its steepest coast-line; and sin- 
gularly too they are mainly over the deepest parts of the sea at 
present surrounding these islands; and thus where an opposite bank 
for even an unusually wide river is in no way identifiable by any 
existing bank or submerged ridge within those deeps, viz. not 
within a distance of 60 miles directly opposite the Crendi Cavern, 
and with a depth of 500 fathoms between, at only 5 miles from the 
cavern. And opposite to the Sicily caverns we must cross to Sar- 
dinia and Greece for such a feature, there being from 50 to 1500 
fathoms between. ) 

The different elevations of these caves, from those at the sea-level 
(as the Syracuse cavern) to others at heights of from 300 to 600 feet 
above it, show the great and varied movements of the whole land that 
have occurred since the existence of these creatures—that is, both 
upeasts and downcasts of considerable amount. 
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Now, as Malta and Gozo were most probably elevated above the 
sea at the close of the Miocene period (since there is no indication of 
any purely marine deposit of a more recent time upon them anywhere), 
it is therefore very possible that the caverns formed by the long 
action of the sea upon the first upraised zones may contain the relics 
of animals of more than one, if not of each, subsequent geological 
period; and we may possibly with reason infer that there are 
some of them with animal remains characteristic of one era only, 
and others of another, according to their local convenience, at the 
several periods, for the resort of the associated animals of prey, and 
from their size and situation de. 

Thus we may have caverns that, although formed simultaneously 
and at the same level, may be found to contain now the debris of 
extinct animals of distinct geological times, precisely as seems to be 
indicated by the facts before noticed in reference to the distinct 
Mammalia that characterize the Hippopotamus-cavern near Crendi 
and the Elephant-caverns near Zebbug. 

Dr. Leith Adams and Captain Hutton have both communicated, 
through the Geological Magazine*, that they have found the remains 
of the Elephant in the scattered débris of subangular fragments and 
red earth which occur in fissures and hollows in various parts of 
the island of Malta, and which I believe to be due to a wave 
of translation rather than to river-floods, and to have resulted from 
a huge wave-stroke from the subsidence of neighbouring lands, or 
from a sudden subsidence of the greater part of Malta itself below 
the sea at a very recent geological period, but which subsidence was 
of too short a duration to produce a purely marine deposit—since no 
perfect marine shell is common to any of the debris, although entire 
land shells of existing species are very numerous. 

Therefore the Pigmy Elephant and its associates seem probably to 
have become extinct during the Post-Pliocene period, when the sub- 
sidence took place; for fragments of this drift deposit, or débris, are 
found on several parts of the low coast as well as in the interior. It 
closely resembles a drift-deposit that occurs along the whole of the 
lower part of the African coast, extending between Alexandria and 
Tripoli, in which marine and blown sands are mingled with beds of 
red earth, and sometimes small subangular fragments of the adjacent 
rocks, as well as entire land shells in the sandy or red earthy de- 
posits, just as occurs in the Malta drift-beds. It contains no entire 
marine shells, only small fragments of the harder marine species, 
showing that no tranquil condition of the waters existed for any 
time during the accumulation of this drift, but that it is clearly due 
to waves of translation that swept the adjacent plains and lower 
hills during sudden and brief submergences that have occurred on 
the African coast, at least three times on the Tripoli and Cyrene 
coasts and other places eastward towards Alexandria, as I have 
briefly shown in the Geological Appendix to ‘Travels in Crete,’ 
vol. ii. 

The most instructive of these beds of débris on the coast of Malta 
* Vol. 11. p. 488, and Vol. iii. p. 145. 
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is to be seen on the north side of the Bay of Melliha, where a bed of 
red vegetable soil from 4 to 5 feet thick, with subangular fragments 
ot the parent rock, exists in a sheltered part of the bay a little above 
the sea-level, and is overlain by irregular beds of red earthy sand 
and soft calcareous sandstone, that can be traced to have reached a 
height of nearly 50 feet, and much more in other parts. _ 

The sand, for the most part, seems to be an admixture of blown 
and drifted beach-sand, and to contain minute fragments of sea- 
shells, and the spines of sea-eggs, the most abundant of all living 
creatures in the shallows of the sea surrounding the island; and the 
only entire shells in this débris anywhere are land shells of existing 
species, which are common. 

The explanation of such an anomalous admixture of only minute 
fragments of the marine fauna as a general characteristic, but with 
entire land shells, although so much more fragile, can only be ac- 
counted for by regarding it as the result of a huge wave that sud- 
denly swept over the surface of the island, and was probably ac- 
companied by a short subsidence. For the dead land shells, 
through being filled with air when caught up by such a wave as it 
rushed over the surface of the land, would, by their consequent 
greater buoyancy than the fragments of bones and stones and sur- 
face débris caught up with them, have floated with the silt and 
lighter matter, and thus have been preserved and finally deposited 
entire with the more earthy débris, as we find here, and exactly as I 
found repeated in numerous places on the north coast of Africa, and 
without any indication of an associated tranquil layer or bed, or 
any entire marine shell to indicate a subsidence sufficiently long 
to have caused a return of the marine faunatoit. As in excavating 
the new and old naval docks at Malta the same beds of red vegetable 
earth and fragments of surface débris with land shells were found 
in caverns and crevices that were broken into at 20 feet and more 
below the present level of the sea, there seems reason to conclude 
that the island has not risen again quite to the level it reached pre- 
viously to this subsidence and wave-overflow from which I presume 
the débris to have mainly resulted. 

Now I am strong in the opinion that we must give waves of trans- 
lation their due power and effect in contemplating the origin of some 
high-level as well as low-level accumulations of similar débris, in 
which land shells and the bones of land animals alone exist in con- 
junction with small unworn fragments of the native rock. We have 
had many evidences in the historic and even recent times of waves 
of the sea having swept over lands adjacent to the coast to heights 
of 50 and 100 feet during earthquakes, and where sudden but com- 
paratively small uprisings or subsidences have occurred, as on the 
coast of Peru and Chili. 

I have previously shown the improbability of these Malta beds of 
débris having resulted from any ancient local river, independent of 
the absence of any rolled pebbles or gravel to indicate it in any 
manner—or even from land-floods, which, as they generally follow 
the low lands bordering rivers, would, I consider, have left some 

* 
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rolled material intermixed with the débris. Next, glacial action 
’ cannot have been their origin in Malta—first, from their containing 

no transported blocks of any size to require or indicate such a 
moving power, and, secondly, because glacial conditions are incon- 
sistent with the indications of a prolific land-fauna and vegetation 
that must have existed there, from the large quantity of the larger 
species of land shells (Helia &c.) that are found in it, independently 
of the Elephant-bones that are also confusedly intermingled in 
these beds of subangular fragments, sand, and red earth. There- 
fore I believe that a wave of translation was the true cause of these 
accumulations of land-shell drift-beds found in Malta and Africa, and 
such as my friend Mr. Busk, F.R.S., has stated to exist also at 
very high levels in Gibraltar; and I believe that they are generally 
the indications of sudden uprisings and subsidences of lands adjacent, 
or of the localities themselves, that have caused waves of translation 
and accumulation, when unaccompanied by any tranquil marine bed 
or marine shells, except such as have been confusedly swept up 
from an adjacent shore. And this general discussion of the question 
is probably not out of place here, from the general interest existing 
regarding such beds of débris and drift, and which glaciers, floods, 
and waves are each capable of producing, without doubt; but each 
have their special characters and influences, that require close study to 
solve, so that the great power and effect of a sea-wave accompanying 
sudden uprising and subsidences of broad or narrow areas of land may 
have their due acknowledgment in the past as in present times. 

2. On the Lower Litas of the Norru-zast of IRELAND. 
By Ratpx Tate, Esq., A.L.S., F.G.S. 

CoNTENTS. 
1. Introduction. 4. The zone of Ammonites angulatus. 
2. Section at Waterloo, Larne. 5. The zone of Ammonites Bucklandi. 
3. The zone of Ammonites planorbis. 6. The zone of Belemnites acutus. 

1. Introduction.—F rom a more extended survey of the Liassic strata 
in the province of Ulster during the summer of 1866 than I had pre- 
viously made, and from an examination of the fossils of the Lower 
Lias of that area, Iam constrained to make some slight modifications 
of my views on the correlation of the members of the Lias of 
Ireland, as given in a paper entitled “The Liassic strata in the 
neighbourhood of Belfast,” published in the Quarterly Journal of 
this Society*. 

In that paper I pointed out the occurrence of beds of Rheetic age, 
embracing the Avicula-contorta shales and the White Lias, and of 
beds of the age of the Lower Lias, which I had regarded as equiva- 
lent to the zone of Ammonites Bucklandi of the English Liassic series. 

I have examined every exposure of the Lias in the north-east of 
Ireland, and have no reason to take exception to Sir Richard 
Griffith’s mapping of this formation—that is, viewing the Rheetic 
series as a subformation of the Lias. But the principal portion of 

* Vol. xx. p. 103 (1864). 
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the Lias belongs to the Avicula-contorta series, which is invariably 
the underlying stratum to the Lower Lias; however, on the shores 
of Lough Mourne and Larne Lough, and on the coast at Ballintoy 
and Portrush, the base of the Lower Lias is not seen. And al- 
though the shales of the Avicula-contorta series are usually covered 
by the Lower Lias, yet, on the other hand, they are the last to dis- 
appear in the thinning-out of the strata between the New Red Sand- 
stone and the White Limestone, which takes place beyond Garrou 
Point, on the north-east*. 

With regard to the Lower Lias, I have several emendations to 
make—changes of slight importance when paleontology is a secon- 
dary consideration, but at the present of some value as exemplify- 
ing the persistency of faunas over a large area, and elucidating the 
nature of a zone. 

The Lower Lias in Ireland is capable of division into four mem- 
bers; the first, second, and third divisions I would correlate re- 
spectively with the zones of Ammonites planorbis, Ammonites angu- 
latus, and Ammonites Bucklandi, the three lowest groups of the 
Lower Lias in the Anglo-French and German basins. The fourth 
zone represents the beds of the Lower Lias which are superior to 
the zone of Ammonites Bucklandi. 

The first zone, that of Ammonites planorbis, is fairly developed, 
but is questionably separable from the second, that of Ammo- 
nites angulatus, which constitutes the greater mass of the Lower 
Lias, and is most frequently the only portion present. The third 
zone, that of Ammonites Buckland; is (paleeontologically) easily to be 
distinguished from the zone of Ammonites angulatus. 'The zone of 
Belemnites acutus, the fourth of the series, represents the Belemnite- 
beds of the Lower Lias of France, Germany, and England, and is 
the highest member of the Irish Lias which I have seen; it is litho- 
logically and paleeontologically well defined. 

2. Section at Waterloo, Larne.—This section is the key to the 
reading of the Liassic stratain Ireland; and I regret my inability to 
place on record a more detailed representation of this fine cliff- 
section than is here given. 

I may observe that at this locality the Avicula-contorta series is, 
as a whole, a mass of indurated grey or brown marls, some few beds 
of which are oolitic, and even pisolitic in structure}; there is here 
no line of demarcation between the beds with <Avicula contorta and 
the White Lias; but this may be seen elsewhere in Antrim. The base 
of this series is not seen; butas the cliff, known by the name of Bank 
Heads, 100 feet in height, is entirely composed of these beds, dipping 
at an angle of 27°, their thickness cannot be less than 50 feet, and, 
from other data, I compute the thickness of the Avicula-contorta 
series at about 120 feet. 

Superior to certain grey marls are :— 
1. A succession of whitish marls and black shales; these contain 

* The Avicula-contorta series reappears in the Tircreven Burn, on the north- 
west, and a little beyond Colin Glen, near Belfast, on the south-west of the 
Liassic area. + Quart. Journ. Geol. Soe. vol. xxi. p. 17 (1865). 
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no fossils, but the beds serve to establish a lithological transition 
from the Avicwla-contorta series to the Lower Lias. 

2. Black indurated shales with flattened specimens of Ammonites 
planorbis, and a few Mollusca, about 40 feetjin thickness. These 
shales represent the zone of Ammonites planorbis. 

3. An alternation of shelly subcrystalline limestones of a blackish 
or greyish colour, from 1 to 2 feet in thickness, and blue marly clays 
varying from 4 and 6 to 10 feet in thickness—the whole about 35 feet. 
The limestones are very fossiliferous, and the fauna is that which 
characterizes the zone of Ammonites angulatus. 

4. Compact blue argillaceous limestones, weathering white, charged 
with Gryphea incurva. 
A few feet only of this zone is exposed beneath the raised sea- 

beach near the Coast Guard Station. 
5. In the Museum of the Philosophical and Natural History Society 

at Belfast, there are a few fossils imbedded in a micaceous clay, 
obtained near Waterloo at low water. The fossils and clay are like 
those of Ballintoy, where the beds, hereafter to be described, are 
superior to those yielding Gryphea incurva, and are referable to the 
zone of Belemnites acutus. 

3. The Zone of Ammonites planorbis.—There are few sections which 
exhibit the series embraced from the top of the New Red Marls to 
the fossiliferous beds par excellence of the Lower Lias, as it is gene- 
rally masked and disturbed by sips. But in every known expo- 
sure, black shales with few fossils are interposed between the zone 
of Ammonites angulatus and the Avicula-contorta shales and marls. 
These black shales I refer to the zone of Ammonites planorbis, the 
lithology of which, in other parts of Europe, as in Ireland, partakes 
more of the nature of shale than of limestone. Its fauna is not cha- 
racteristic, and it is only when contrasted with that of the overlying 
zone that it is worthy of note; it comprises a few species of the 

~ Avicula-contorta series, possibly a few peculiar forms, and some spe- 
cles common to it and to the zone of Ammonites angulatus. If in the 
Avicula-contorta zone we have a foreshadowing of Liassic types of 
life, then the fauna of the Ammonites-planorbis zone is the dawning 
of the rich series called Hettangian. 

The “ Planorbis-beds”’ are readily recognized by their lithological 
characters and by the paucity of species; and I have determined 
their presence in the following localities :— 

(1.) Colin Glen, five miles south-west from Belfast—The beds 
Nos. 3 and 4 of this section *, which I had referred doubtfully to the 
Lower Lias, I would now place as the representatives of the bed No. 2 
of the Waterloo sectiont ; they consist of shales and shelly limestone, 
of an aggregate thickness of 21 feet 3 inches, which overlie White 
Lias, and are subordinate to beds of the Ammonites-angulatus zone. 

(2.) Whitehead.—Similar shaly beds to those at Colin Glen have 
been observed by my valued friend J. Anderson, Esq., F.G.S., in the 
undercliff of this locality, whence he has obtained Ammonites pla- 
norbis, Mytilus minutus, and Hemipedina. 

* Quart. Journ. Geol. Soc. vol. xx. p. 109 (1864). t Vide supra. 
VOL, XXIII,—PART I, 3 
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(3.) Glenarm.—Beds of the horizon of the Ammonites-planorbis 
zone are seen in the Little Deer Park, one mile south of Glenarm, 
where the following succession can be made out :— 

a. Black shales with a few bands of grey argillaceous sandstones, 
with Schizodus cloacinus, Avicula contorta, &e. 

b. Grey and yellow marly sandstones. 
c. Black, shelly, laminated sandstones, with Ostrea irregularis. 
d. Blue clay, with nodular and bedded shelly limestones containing 

Ammonites Johnstont. 

Beds 6 and ¢ represent the zone of Ammonites planorbis ; whilst 
the shales of series a are referable to the Avicula-contorta beds, 
which comprise a large moiety of the whole section, having a 
thickness of about 40 feet*. 

(4.) Garron Point.—Here the “ Planorbis-series ” is represented 
by stiff shales, with the characteristic Ammonite, interposed between 
the Avicula-contorta shales and the limestone and arenaceous beds 
of the zone of Ammonites angulatus with Cardinia ovalis. The Lias 
is very much reduced in thickness, and entirely disappears on ap- 
proaching the entrance to Glenariff Glen, to the west of this locality. 

(5.) Portrush.—The remarkable and isolated mass of Lias at this 
place, which has been the subject of much discussion, consists of 
porcellanous shales, being the extreme of alteration} of the soft 
shales of the “ Planorbis-zone” at Colin Glen and elsewhere, of 
which metamorphoses indurated shales of the same horizon at 
Waterloo are the first result. 

Oppelt, writing of the “Schichten des Ammonites angulatus,” 
states that ‘these beds appear to exist in the north of Ireland, and 
certainly on the coast at Portrush, from which locality I have seen 
in the collection of Professor John Morris an example of an 
undoubted Ammonites angulatus.’ Now the presence of a single 
specimen of this Ammonite is no evidence that the bed from which it 
was obtained belongs to the zone of Ammonites angulatus, as this 
species ranges up into the zone of Ammonites Turneri, whence I 
have obtained it, at Ashley, near Bristol. 

I take this opportunity to explain the meaning I attach to the 
term zone. The Lias can conveniently be subdivided into zones or 
stages, characterized by organic remains, and generally by lithological 
features, the former being more or less a consequence of the condi- 
tions which produced the latter; and thus the zones mark different 
conditions of sea-bottom and of life. Species of Ammonites being 
the most restricted in range of the common fossils of the Lias, and, 
moreover, easily identified, have been selected as indices to the zones ; 
but their presence alone does not warrant us in assigning this lime- 
stone to the zone of Ammonites angulatus, or that clay to that of 

* North of Glenarm, as at the Deer Park, the Avicula-contorta zone contains 
a limestone band with Cardiwm Rheticum, and a meagre representative of the 
bone-bed in the neighbourhood of Belfast. 
+ “The true Position of the Metamorphosed Lias was established by Bryce,” 

Portlock, Rep. on Geol. of Derry, p. 97 (1843). Vide Dr. Bryce’s paper. 
{ Juraformation, p. 384, 
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Ammonites Turner, as the case may be; for they may range through 
several zones. And the Ammonite which gives its name to a zone is 
but one of many which mark a determinate stage in the life-history of 
the formation. Hence the zone is a zoological one, and signifies an 
assemblage of species, and not the range of an Ammonite; and, 
whether you call it Lias a, Lias 3, &c., or the zones of Ammonites 
planorbis, Ammonites angulatus, &c., the succession of faunas in the 
Lower Lias still remains patent, and it is to these several faunas 
that the term ‘“‘ Ammonite-zone” is applied. 

I am of opinion that the Portrush rock belongs to the zone of 
Ammomites planorbis. The fossils are few in number, and are some- 
what indeterminable; and though I have carefully studied a large 
series collected by the late R. MacAdam, F.G.S., and have observed 
others in setu, yet I can only enumerate, from personal inspection, 
six species as composing the fauna of the Portrush Rock. Portlock 
cites 12 species from it: these are reduced by the elimination of 
synonyms to 10; and one is given doubtfully as from that rock; 4 of 
the 9 have come under my observation, leaving 5 on that geologist’s 
authority. 

The species are:—Ammonites angulatus! (very rare); A. John- 
stom! (very abundant); A.armatus?; Pecten vimineus!; Inma acute- 
costa!; L.rvustica?; Mytilus minimus! (common); Avicula nequvalvis; 
Pholadomya ventricosa ; Cardinia ovalis!; and Panopea elongata. 

Tas E of the Fosstts of the Zonu of AMMONITES PLANOBBIS. 

Special| Passing to, 
No. Species of the Zone. Localities. to the | superior 

zone. | zones. 

1 | Ammonites angulatus, Schloth.| Portrush ..........| ...0.. * 
2 armatus?, Sow. .......- Portrush Naa # 
3 dohnstoni, Sow. .....-.. eed Sie oe cenaaa * 

: ater.oo ; te ea 
: pianor his Seu Gareane.\i oii cizer: « * 
5 | Ostrea irregularis, Miinst. ....| Colin; Waterloo ....| ...... % 
G | Peeten calvus, Miumst.........| Waterloo ..........| seve % 
v sarmense fo2 2.2. .| Portrush... 2.006. b cc % 
8 | Lima acuticosta, Mist. . ee Waterloo; Poeeeish | ses *% 
9 MUSICA 6 2% Poe bose oe Portrush (Portlock)... * 

10 | Avicula inequivalvis ?, Sow. ..| Portrush (Portlock) ..| ...... x 
Il | Perna infraliassica, Quenst. ..| Waterloo ........++| seooee % 
12 | Gervillia acuminata, Tgm. ....| Waterloo ..... % 
13 | Mvtil 5% 5 Waterloo; Whitehead; 

gens Sunes, OU. Portrush; Colin Glen 
14 | Luema cardioides, Phil., sp. ..| Waterloo ........-+| .-.++ % 
15 | Cardinia ovalis, Stutchb.......}| Waterloo; Portrush.. a *% 
16 | Pholadomya ventricosa (J uy.).. Portrush (Portloch).. bata % 
17 | Panopeea elongata, Rom. ...... Portrush (Portlock)..| ...... % 

18 | Hemipedina Bechei, Wr..... | ie hae Sa | Ree % 

PP Oba: snpass at 13 

+ I have not included species 2 and 9 in this enumeration, as they are 
doubtfully determined. : 

¥ 
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The proportion of the number of species peculiar to the zone to 
those appearing in higher horizons is great compared with that 
observed in other districts: thus Terquem and Piette enumerate 67 
species belonging to this zone, only 9 of which are special to it, 
whilst 58 pass to superior horizons, and, moreover, 2 of the 9, 
though confined to the “ Planorbis-zone” in the east of France, 
are fossils of higher stages in other parts of Europe. Thus the 
zone of Ammonites planorbis is really wanting in paleontological 
characters ; even the Ammonite which gives its name to the set of 
beds is not peculiar to it, and the horizon is recognized, independently 
of its position and litholog gy, by the absence of certain forms rather 
than by an assemblage of species. 

4, The Zone of Ammonites angulatus.—That portion of the Lower 
Lias of Ireland which is undoubtedly the representative of the 
Infra-lias (true) of the Continent, comprises, as before stated, the 
greater mass of that formation. ‘The zone attains its greatest de- 
velopment, in thickness and in organic remains, on the east coast 
of Antrim (where itis exposed), on the eastern shore of Larne Lough, 
at Waterloo, Larne, at Glenarm, and at a few other localities. It 
consists at these places of a series of thinly bedded shelly lime- 
stones alternating with marls or clays, and at Waterloo is not less 
than 35 feet in thickness. This zone is represented in Colin Glen 
near Belfast by 1 foot of calcareous marl, the fossils of which, 
though not numerous, are those . which characterize the highly 
fossiliferous beds of the before-mentioned localities. 
‘In the north-west extremity of the Liassic area, as at Craig nal 

Gortmore, and in the Tircreven Burn, the rock is a calcareous grit. 
General Portlock, who obtained many fossils from this grit, stated* 
that they were wanting in the other localities. This is no longer 
true, as I have found all the species in the shelly limestones of 
Island Magee, Glenarm, &e. 

The fossils of the Ammonites-angulatus zone have been exten- 
sively collected, especially at Island Magee, where the beds occupy, 
at the base of the Cretaceous escarpment, a narrow strip of low ground 
extending for about a quarter of a mile along the east shore of Larne 
Lough, opposite to the hamlet of Magheramorne. The number of 
species obtained amounts to 98; the most characteristic of these, the 
majority of which may be collected by hundreds, are :— 

Ammonites Johnston, Sow. (A. intermedius, Portlock); Cerathiwn 
gratum, Terq.; C. Semele, D’Orb.; Turritella inornata, Terq. ; Pha- 
sianella Morencyana, Piette; Turbo subelegans, D’Orb.; Acteonina 
fragilis, Dunker, sp., Ostrea irregularis; Terquemia arietis, Quenst., 
sp.; Lima gigantea, Sow.; L. punctata, Sow.; L. Terquemi, Tate ; 
L. acuticosta, Munst.; ZL. Hettangiensis, Tqm.; Leda tenwistriata, 
Piette ; Asiarte consobrina, Chap. & Dew.; Cardinia ovalis, Stutch- 
bury; Unieardium (vel Lucina) cardioides, Phill., sp.; Cidaris Kd- 
wardst, Wr.; Pentacrinus Briareus, Mill.; Montlivaltia Haimei, 
Chap. & Dew.; and Serpula socialis, Goldf.+ 

Several of the species given in the above list of fossils are known 
* Loc. cit. p. 139. + For acomplete list of species see pp. 311-318. 
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in this country as good forms of the “ Bucklandi- or Lima-beds ;” 
but I cannot now regard them as a proof that the beds containing 
them belong to that series. I so placed this zone in my former 
paper ; this error arose from an imperfect knowledge of the fauna of 
the Ammonites-angulatus zone; but the thorough acquaintance 
which I now have of it enables me to rectify the mistake. 

The fauna viewed asa whole is Hettangian ; that is, it is identical 
with that of the Grés infraliasique de Hettange, with that of the 
zone of Ammonites Moreanus of the Cote d’Or, and that of beds 
which in other districts are known by local names, but all of which 
represent one stage in the vertical series of the Liassic deposits, and 
are inferior to the beds with Ammonites Bucklandi and Lima gigantea. 

5. The Zone of Ammonites Bucklandi.imAt Waterloo, Larne, com- 
pact blue limestones with thin shaly bands, and containing Gryphea 
incurva, overlie the shelly limestones of the ‘‘ Angulatus-zone ;” and 
the stratigraphical superiority of a series of beds charged with 
Gryphea at Glynn, two miles south of Larne, to the Angulatus- 
beds is incontestable. Again, beneath the “ Hibernian Greensand,” 
in the Tircreven Burn, Downhill, Londonderry, limestones and shales 
similar to those at Waterloo, and containing Giryphea, are to be seen 
resting on the calcareous grits peculiar to the north-west of the Liassic 
area, which I have referred to the zone of Ammonites angulatus. 

These beds, characterized by Gryphwa incurva, constitute a higher 
horizon than the shelly limestones of the ‘“‘ Angulatus-zone,” and are 
separable from them by lithological and paleeontological features. 

The Gryphea arcuata (G. incurva) is the ever-accompanying 
fossil to those characteristic of this zone ; it occurs in great profusion, 
and is in striking apposition to the Ostrea irreqgularis, one of the domi- 
nant forms of the ‘“‘ Angulatus-beds” below. Gryphea arcuata is 
unquestionably here and there a fossil of the zone of Ammonites an- 
gulatus, but is of rare occurrence. In England I record it as very 
rare in the “‘ Angulatus-zone” at Marton, Lincolnshire; Terquem 
quotes it as trés rare from the same horizon. 

If Mr. John Jones’s notion, that Ostrea irreqularis and Gryphea 
encurva are but different states of the same species, be true, then it 
favours, keeping in view the restricted range of these two forms, 
the supposition that the zones of Ammonites angulutus and A. Buck- 
landt are contemporanecus in the same region. The marked varia- 
tions of form of the aggregate species conveniently designated 
Ostrea gryphus, Linneus, thus would arise from difference in habitat, 
the subspecies O. wrregularis being the shore form, and O. arcuata 
(Gryphea incurva) representing that of the deeper water.. This 
may be correct; for the large Gasteropod fauna of the zone of Am- 
monites angulatus demonstrates that the beds of that series were 
deposited in comparatively shallow water, whilst those of the 
Ammontes-Bucklandi zone, with few Gasteropods and numerous 
Cephalopods, were accumulated in deeper seas. The more frequently 
occurring species are :— Ammonites Bucklandi, A. semicostatus, Ostrea 
(Gryphea) arcuata, Lucina ovalis, Cardinia Insteri, Plewrotomaria 
similis, Pentacrinus basaltiforinis, and Montlvaltia Haimer? 
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6. The Zone of Belemnites acutus.—In the small bay of Ballintoy, 
the base of the White Limestone is conglomeratic, and measures 
1 foot in thickness; it rests on black micaceous clays, with some 
calcareous nodules and numerous specimens of Belemnites acutus. 
The majority of the fossils, principally Ammonites enclosed in cal- 
careous nodules, which are offered for sale at the Giant’s Cause- 
way, are obtained during the winter on the shore at Ballintoy; 
these I have no doubt are derived from submerged beds of this zone. 

Tas of Fossris of the ZonzE of BELEMNITES ACUTUS. 

In lower |SP leg 
zones, | 10 tne 

zone. 

! Ammonites armatus ......|  s..0 * 
—— Bucklandi (juv.) .... % 

Ugnybearer vs. ee. cet (seam % 
elewansur is i.5 SEA SE RY dias * 
hastatus .sas0de00%-l ( a.kens x 

_-— leviusculus ........] ws... * 
POLLORMUIS soe veka guile, anmae * 
stiiattwltis. ssa. ss eel renee. * 
subradiatus: s2.2%5 6%) eietea * 

Belemnites acutus i. s%.0..| 0 as.ses * B. abbreviatus, Portlock. 
jemicilatus: = <2.%.5 iced, eat ees * 

Pleurotomaria similis .... me Na Trochus Anglicus, Portlock. 
Phasianella Pattersoni,n.sp.| ...... * 
Turritella peremcta ......)  sisee. % 

! Ostrea Maccullochi 2:...5|  ...40 x | Grypheea cymbium, Portlock. 
! Plicatula spmosa ..022552) sisese x 
! Lima acuticosta .......... SRT eet L. alternans, Portlock. 
! punctata............ * 
Mt Avea Soe EAs tte Ce arama ae * Cucullea cucullata, Portlock. 
Astarte consobrina........ SERGE RGB A. tetragona, Portlock. 

! Avicula insequivalvis ...... * 
! Leda tenuistriata ........ x 
! OBO Mea Gnas 4s waa Hees % 
Mytilus lamellosus, Tam...) ...... * 

bPecteatHehiliies arene eee news * 
! BGUBLIS 42 atest aa hs eee Aone x 
Hippopodium ponderosum | ...... * 
CandivivagNilsgomit get. scis foe Sad! ys kad x | Unio, Portlock. 

! Goniomya rhombifera ....| ...... x* 
Corbis P°ovalis Fh... 501% Gat x? 
Pholadomya longirostris ..| ...... * 

! VENDEICOSA 25 cly ook se * 
Panopeea elongata ........ x 
Sanguinolaria undulata....] ...... x | Waterloo (Belfast Museum). 
Terebratula obovata ......|  .....- * Possibly Waldheimia perfo- 

rata. 
! Waldheimia perforata .... ee ec Ballintoy (Belfast Museum). 
! Rhynchonella ranina......|  ....+. * | Coll. Mr. W. Gray. 
Montlivaltia Haimei? .... Hae Macias Belfast Museum. 

Clays of the same character are exposed at low water on the 
coast at Castle Cichester, Carrickfergus, and near the coast-guard 
station, Waterloo, Larne, both localities in the co. Antrim. 

There is no positive evidence of the superior position of these 
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micaceous clays to the “ Bucklandi-beds ;” for at Ballintoy no in- 
ferior zone is exposed, and at Castle Cichester no clear downward 
succession from the “‘ Belemnite-beds” can be made out; and I have 
yet to learn more of the clays at Waterloo, which, from their posi- 
tion and the dip of the underlying strata, undoubtedly repcse on 
the limestone with Giyphea incurva. The fossils of these clays are 
indicative of an horizon on the parallel of, or newer than, that of 
Ammonites Turnert, which elsewhere is the next higher zone to that 
of Ammonites Bucklandi. This is to be inferred from the presence 
of Belemnites alone, svhich ‘‘ are almost never absent from the sec- 
tion till we reach the zone of Ammonites Buckland. Only in the 
upper part of this zone have they been found” *. 

Though Belemnites acutus and B. pencillatus characterize in Eng- 
land the zones of Ammonites Turnert and A, obtusus, yet, from the 
fact of their association in Ireland with Hippopodium ponderosum 
and Ammonites armatus, belonging to the zone of A. raricostatus, 
and with other species ranging throughout the upper part of the 
Lower Lias, I cannot regard the clays conaining them as belonging to 
any one of the zones of the Lower Lias superior to the “ Bucklandi- 
beds.” 

3. On the FossitirErous DrvyreLopment of the Zone of Ammonites 
angulatus, Schloth., i Great Brrrary. By Rarpx Tare, Esq., 
A.LS., F.G.8. 

CoNTENTS. 

I. Introduction. IY. Liassic beds inferior to the Lime- 
II. Oceurrences of the Zone of Ammo- stones of the Ammonites-Buck- 

nites angulatus. landi Zone in the Bristol Dis- 
1. Ireland. trict. 
2. Marton, Lincolnshire. VY. The Zone of Ammonites angulatus 
3. Warwickshire. in Dorsetshire. 
4, North Gloucestershire. | VI. Table of British Fossils from the 
5. Brocastle, Glamorganshire. Zone of Ammonites angulatus. 

III. The Sutton Stone. | VII. Descriptions of new species. 

I. Intropucrion. 

THe beds comprised between the Avicula-contorta series and the 
limestones of the zone of Ammonites Bucklandi vel bisuleatus 
have been divided into two lithological horizons, the lower of which, 
that of Ammonites planorbis, presents no marked zoological facies 
when contrasted with the upper, that of 4A. aagulatus, which has 
a fauna exceeding in richness of species the remainder of the Lower 
lias. The term “ Infra-lias” has been given to this group of beds ; 
but as its applicability varies with the classificatory views of indi- 
vidual authors, it seems, therefore, inadmissible ; and, in my opinion, 
that of “‘ Hettangian,” as suggested by Prof. Reneviery, should be 
used instead. 

The classification of the members of the Lias would then stan 
thus :— 

* Phillips, “ Liassic Belemnites,” Mon. Pal. Soc. for 1864, p. 32: 1866. 
+ L'infralias des Alpes Vaudoises, Bull. Soc. Géol. de Fr. vol. xxi., 1864. 
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Formations. Groups. Zones. 
Upper Lias. 
Middle Lias. 

( A, raricostatus. 
Belemnite- A, oxynotus. 

beds. A, obtusus. 

Lower lias. LA. Lurnert. 
| Arietian. A. Bucklandi. 

ay : A, angulatus. 
\ Hettangian. A. planorbis. 

Avicula- “White Lias (sensu stricto). 
contorta Series. Avicula contorta. 

In England the Hettangian series contains a well-developed zone 
of Ammonites planorbis, whilst according to Dr. Wright* “ the zone 
of Ammonites angulatus, so far as it has been exposed, appears to 
be imperfectly developed in the British Isles ; and from the difficulty 
experienced in separating its beds from the Bucklandi-series, they 
were grouped with the latter in my memoir.” 

This difficulty I have been enabled to overcome; and the determi- 
nation of the zone of Ammonites angulatus with its characteristic fauna, 
in the localities hereafter to be mentioned, rests on lithological, strati- 
graphical, or paleontological evidence, or on a combination of two 
or all of these cndices to the age of the horizon in question. 

II. OccurRRENCES OF THE ZONE OF AMMONITES ANGULATUS. 

1. Ireland.—The development of this zone in the neighbourhoods of 
Larne, Belfast, Glenarm, and other places in the counties of Antrim 
and Londonderry has been pointed out in my previous paper f. 
The section at Waterloo, Larne, I would employ as typical for 
the rest of Great Britain; for there the fauna is rich and charac- 
teristic, the lithology is distinct, and the stratigraphical position 
well-defined. 

The fossils from the north-east of Ireland are given in column 1 
of the Table, pp. 311-313. 

2. Marton, near Gainsborough, Lincolnshire.—The paleontological 
evidence of the presence of this zone in the above locality, consists in 
a large collection of fossils made by Messrs. F. M. Burton, F.G.S., 
and H. Waugh, F.G.8., on the line of railway from Gainsborough to 
Lincoln. No continuous section is exposed; but the dull-blue earthy 
and shelly limestones yielding the organic remains are known to 
occupy a position intermediate between the marly clays and shales 
with Ammonites planorbis and the blue compact limestones of the 
“‘ Bucklandi series ;” whilst lithologically and paleontologically they 
present the closest analog gy to those of the zone o Ammonites an- 
gulatus of several localities in Antrim. 

The fossils from this locality are given in satan 2 of the Table. 
3. Warwickshire.—“ This zone was well exposed in the Harbury 

* British Fossil Echinodermata, vol. ii. p. 63 (Pal. Soc. 1868). 
t Ante, p. 302. 
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cutting of the Great Western Railway, near Warwick, although very 
few Mollusca besides Ammonites angulatus were obtained therefrom” 
(Wright*). One of the commonest species is Lima succincta, Schloth., 
a very characteristic fossil of the zone. 

4, North Gloucestershire.—Blocks of shaly limestones from Down 
Hatherly, Gloucester, forwarded to me by the Rev. P. B. Brodie, 
F.G.S., for examination of the Gasteropods exposed on their wea- 
thered surfaces, are referable from their fossil contents to the zone of 
Ammonites angulatus. These limestone blocks were obtained in 
drain-cuttings and the like, for no open section of the beds is to be 
met with; and they would appear to occupy a position beneath the 
‘“‘ Bucklandi-beds ” (which near Churchdown are seen dipping to the 
south-east), and above the Avicula-contorta series of Wainlode (which 
is in the line of dip, and to the north-west of Down Hatherly). 
Therefore, if the Avicula-contorta beds of Wainlode and the Lias 
resting on them dip uniformly to the south-east (there is no evidence 
of a transverse fault), the beds intermediate between them and the 
Bucklandi-limestones must occur between the outcrops of these two 
series. The position of Down Hatherly in relation to Churchdown 
and Wainlode favours the assumption that the blocks of limestone, 
incomparable with any known limestone of or above the “‘ Bucklandi- 
beds,” are derived from strata in place, having such an intermediate 
position—that is, of the horizon of Ammonites angulatus. 

5. Glamorganshire. Brocastle, §c., near Bridgend.—Not wishing 
to encroach on the legitimate domain of Mr. Charles Moore, I re- 
frain from entering into details regarding my views, which are the 
result of actual survey, of the relations between the remarkable de- 
posits of Brocastle, the ‘‘ Bucklandi-beds” at Bridgend, and the 
Sutton Stone. Dr. Duncany has already shown that the Madre- 
porarian fauna of these deposits is that which characterizes the zone 
of Ammonites angulatus in many parts of the Continent. My inde- 
pendent examination of the Mollusca, especially of the Gasteropods, 
which are numerous In species, has led me toa like conclusion. 

III. Tue Surton Sronz. 

Through the liberality of Dr. Milligan, my attention had been 
engaged with the organic contents of the Sutton Stone some 
time previously to the reading of Mr. Tawney’s paper on the Rhectic 
beds of South Walest; and subsequently I have visited Sutton 
with the special view of seeking further paleontological evi- 
dence of the age of that limestone, which I had regarded from 
its fossil contents and mineralogical characters as the direct equi- 
valent of, 2. e. deposited at the same time and under similar conditions 
as, the “Calcaire de Valogne,” which approximates to the zone of 
Ammonites angulatus. 

I am induced record to my observations on the fossils of the 
Sutton Stone in consequence of what I consider the erroneous deter- 
minations of Mr. Tawney; and it was simply with this view that I 

* Loe. cit. p. 64. 
tT Quart. Journ. Geol. Soc. vol. xxiii. p. 23. t Z0. vol. xxii. p. 69. 
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undertook a critical examination of the species, which I think have 
been too hastily regarded as differing from known forms. 

Mr. Tawney claims the Sutton Stone as Rhetic*, and believes it 
probable that the Sutton series was slightly anterior in time to the 
Avicula-contorta series. These inferences as to its age are based 
solely on the following paleontological premisses :— 

(1.) That Phcatula intusstriata is exclusively a Rheetic fossil. 
(2.) That the absence of the usual Liassic species of Ammonites is 

confirmatory of the Pre-liassic age of the beds. 
(3.) That many of the species have been noticed in the Rheetic beds 

on the Continent, or show strong affinities to the Upper Triassic fauna. 
That these premisses are faulty I will endeavour to prove. And, 

first, as to the statement that Plicatula intusstriata is “a shell 
acknowledged to be characteristic of the Rheetic series, and never, I 
believe, really found out of it” +. This shell is, in fact, quite as cha- 
racteristic of the lower part of the Lower Lias as it is of the Avicula- 
contorta series. In the east of France it occurs in the zones of 
Belemmnites acutus, Ammonites brsulcatus, and A. angulatus, in the 
last of which it is common at Charleville, Moselle. Dumortier 
states that it is one of the most characteristic fossils of the Ammo- 
nites-planorbis zone of the Bassin du Rhone. It occurs in Great 
Britain in other than the Avicula-contorta series, and in the Sutton 
Stone at Island Magee, co. Antrim, whence I have obtained it in 
the zone of Ammonites angulatus,—at High Lyme, Dorset, whence I 
have seen specimens in the collection of Mr. Bott, attached to 
Gryphea mceurva,—at Bridgend, specimens from which locality, ob- 
tained from the interpolated shales in the Bucklandi-series, I have 
examined in the collection of Dr. Milligan. 

Secondly, as to the absence of the usual Liassic Ammonites. This 
negative evidence is of no moment, inasmuch as Ammonites are few 
in number as regards species in the Hettangian series of beds. It is 
rare to find more than two or three species in one locality, though 
these are sometimes represented by numerous individuals ; but two 
species of Ammonites are recorded from the Sutton Stone which are 
allied to the “ Planorbes.” Thus this positive evidence, slight as it 
is, points rather to the probably Liassic age of the deposit. 

Thirdly, as to the Rheetic and Triassic affinities of the species. 
That the position assigned to the Sutton Stone is at variance with Mr. 
Tawney’s own paleontological determinations is patent to all, when 
the list of species from the Sutton Stone is compared with that of the 
species from undoubted Avicula-contorta beds as given by that 
author. The only species common to the beds in question are 
Myophoria postera, Monotis decussata, and Plcatula intusstriata, 
which last I have stated to pass up high in the Lower Lias. May 
there not be some mistake with the others, perhaps inadvertently 
ranked among the Sutton-stone fossilst? Thus, on the author’s own 
showing, the fauna of the Sutton Stone is not Rheetic; but a careful 
study of the fossils has led me to regard it as Liassic, and I offer the 

* foe. ett. p. 12. T WOOpo 78: 
+ The x opposite Gyrolepis Alberti, in the column headed Laleston, refers to 

Plicatula intusstriata, 
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following amended list of species, upon which I base my conclu- 
sions :— 

Last of Fossils of the Sutton Stone. 

Species of Mr. Tawney’s List. 

Ammonites Dunravenensis, Taw. 
28 Suttonensis, Taw. 

Pecten Etheridgei, Taw. 
Suttonensis, Taw. 

Lima tuberculata, Tym. 
— subduplicata, Taw. 
— Dunrayenensis, Taw. 

angusta, Taw. 
planicostata, Taw. 

Ostrea levis, Taw. 
Anomia socialis, Taw. 
Ostrea multicostata (Miinst.), Taw. 
Pinna insignis, Taw. 
Pinna? Ramsayi, Taw. 
Cardinia Suttonensis, Taw. 

ingens, Taw. 
Mytilus imbricatoradiatus, Taw. 
Cardita ? rhomboidalis, Taw. 
Astarte Duncani, Taw. 
Cyprina normalis, Taw. 
Phicatula intusstriata, Hm. 
Patella Suttonensis, Taw. 

To the above I have added :— 
Patella Milligani, Tate. 
Neritopsis exigua, Zgm. 
Dentalium tenue? Portlock. 

Species adopted. 

A. sp. indet. 
A. Johnstoni, Sow ? 
P. texuratus, Miinst. (juv.). 
P. Valoniensis, Defr. 
L. Terquemi, Tate. 
L. Hettangiensis, Tgm. ? (juv.). 
L. Valoniensis, Defr. 
(? L. exaltata, Zgm.) 
L. angusta, Taw. 
L. planicostata, Taw. 

| O. irregularis, Schloth. 
Terquemia arcitis, Quenst., sp. 
P. semistriata, Tgm. 
P. infraliasina, Quenst. 
C. regularis, Tgm. 
C. crassiuscula, Sow. 
Mytilus imbricato-radiatus, Taw. 
Astarte ? sp. 
Cardita, sp. 
Lucina, sp. 
Plicatula intusstriata, Em. 
Patella Hettangiensis, Zgm. 

Pleurotomaria nucleus, Tym. 
Trochus Andersoni, T'a‘e. 

The majority of the species of the above list occur in other parts 
of Great Britain, and are well-known fossils of the Continent; they 
incompletely represent the fauna of the beds beneath the zone of 
Ammomtes Bucklandi. 

Lithologically the Sutton-stone beds are somewhat exceptional as 
regards this country; but the development of dolomitic limestones 
at the base of the Lower Lias is by no means an unusual occur- 
rence in many parts of France &c. As a general rule, this litho- 
logical feature is presented by the base of the Lias when it rests on, 
or is in close proximity to, reefs of pre-Secondary age—as, for ex- 
ample, the “ Calcaire de Valogne,” the characteristic fossils of which 
are among the commonly occurring species in the Sutton Stone. The 
physical conditions under which these limestone beds were deposited 
were identical. The Calcaire de Valogne, however, overlies beds of 
the age of the zone of Avicula contorta, whilst the Sutton Stone rests 
directly on the Carboniferous Limestone. 

If the Calcaire de Valogne be identical with the Sutton Stone, the 
intermediate position of the latter between the Avicula-contorta 
series, and the zone of Am. Bucklandi is established, were any such 
proof required. 
My conclusions are :— 
(1.) That the Sutton Stone is not Rheetic, nor of pre-Rhetian age, 

is not only proved by its fossil contents, but also by the absence of 
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any similar stratum, or with a like series of fossils, between the Trias 
and the Avicula-contorta series, or forming a part thereof. 

(2.) That the Sutton Stone is a part of the Lower Lias, to which 
it was referred by Sir H. De la Beche. 

(3.) That the fossils of the Sutton Stone are those of the Hettan- 
gian fauna. 

(4.) That as the Sutton Stone and the Southerndown beds cannot 
be clearly referred by their organic remains, the one to the zone of 
Ammonites planorbis, the other to that of A. angulatus, it would be 
preferable to regard the two as the equivalents of the beds interme- 
diate between the White Lias and the Bucklandi-beds. 

(5.) That the Sutton Stone presents in many particulars a close 
analogy to certain beds erroneously called White Lias in the Bristol 
district. 

TV. Lrassic Bens INFERIOR TO THE LIMESTONES OF THE AMMONITES- 

BuckiaNDI ZONE IN THE Bristot District. 

In the neighbourhood of Bristol two well-marked horizons are 
known. These are the blue limestones of the “ Bucklandi-series ” 
and the “Cotham Marble” (the upper limit of the White Lias). 
It is true that the shaly beds containing Avicula cygnipes and 
Ostrea liassica at Horfield, which immediately underlie the Lima- 
beds, are referred to the zone of Ammonites planorbis; but I suspect 
that certain grey and greyish-white arenaceous limestones below 
these shales have been erroneously regarded as belonging to the 
White Lias; and as they very closely approximate to the Sutton- 
stone series, it would be well to define their characters. 

There appears to be no development of the zone of Ammonites 
angulatus in contra-distinction from that of A. planorbis in the neigh- 
bourhood of Bristol; but the Hettangian group is represented litho- 
logically by whitish and greyish limestones and shales containing 
a larger assemblage of species, the majority of which more especially 
belong to the zone of A. angulatus, than has hitherto been recorded 
from the zone of A. planorbis of this country. These species enable 
one very readily to define the base of the Lower Lias and the top of 
the White Lias. This zone is exposed at Cotham, Wall’s Court, 
Whitchurch, Pyle Hill, and Bedminster, at which last locality the 
limestones which overlie the bed with Naiadites acuminatus closely re- 
semble lithologically those of the Sutton series, and, moreover, contain 
one of the characteristic fossils (Lima Terquemz) of that deposit. 

The species of the following list, with the exception of Pholadomya 
prima, collected by myself at Wall’s Court, have been obtained by 
Mr. C. 0. Groom-Napier, F.G.S., at Cotham, ee The determi- 
nations are mine. 

Ammomtes Johnston, A. planorbis; Astarte consobrina ; Lnma 
exaltata, L. Hettangiensis, L. gigantea, L. punctata, L. succincta, L. 
tuberculata; Lucina cardioides ; Ostrea wrreqularis ; Terquemia arietis ; 
Pecten calvus, 2 species undetermined ; Perna infraliasina ; Pinna 
semistriata ; Pholadomya glabra, P. prima; Terebratula perforata ; 
Cidaris Edwards. 
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VY. Tue Zone ofr AMMONITES ANGULATUS IN DoRSETSHIRE. 

Mr. E. C. H. Day, F.G.S., has recognized the presence of the 
zone of A. angulatus at Charmouth, Dorsetshire. I have no infor- 
mation regarding it, further than that specimens in the Geological 
Survey Museum, among which are Terquemia arietis, Lima Terquemi, 
&c., collected by Mr. Day, are referred by him to that zone. 

I have no doubt that further research will establish the continuity 
of this well-marked horizon from North Gloucestershire to Lincoln- 
shire, and its extension into Yorkshire. Fossils that have been for- 
warded to me from Abbot’s Wood, Cracombe, and a few other places 
on the border country of the Lias and the New Red Sandstone, appear 
to be referable to this zone. 

VI. Last of Fosstts of the Zone of AMMONITES ANGULATUS. 

ie teas 
SPECIES, | 2 |S le8| 2 | 8 

3 | 8 As| 2 |z 
4) = | Ba | 2 | | 

Ammonites Johnstoni, Sow...!v.c¢. | e. a Pe: 
angulatus, Schloth. ...... | re we: 
semicostatus ? ............ sani | 

PEieHMTECS, BP. 222-222. -.-0.0~- ‘yr. 
Nautilus striatus, Sow.......... } «| | 

Malherbi, Ti............- el Ae | 
Actzonina fragilis, Dunk. ...|v.c. | 
Cerithium semele, D’ Grb...... Presb ert ee | 

gratum, Tqm. ee Cen | 
acuticostatum, Tym. ...| ... | w.| * | * 
Quinetteum, Piette ...... ane | * | * | 

Chemnitzia punctata, n. sp....| x 
LSE A USP eee eee | * 

Dentalium tenue, Portlock ...; c. | ..| * | ? | * | 
Neritopsis exigua, Tym. ......| ... |... | w. | © | * 
Patella Schmidti, Dunk. eee v.r 

Hettangiensis ............ lhess i fae | ie) ae 
Phasianella Morencyana, Piette y.c.| * * 
Pleurotomaria trocheata, cee Se the 
—-— Mosellana... 5 x 
Cryptenia expansa : ia | % |e | |? Young of P. Brycei. 

BeBe eae ob atian seston ceas x | Px | 
Hehetoeriwis ....t..--<.-2--| 22. | ¥ 5] | 

—— Brycei,n. sp. »+-.-....-. % | 

Turbo subelegans, Miinst.......;v.c.|V.c.| * | * 
liassicus, Martin .......- * 

Wereictht SeNReI 25260 .ascus-| 22, |i rsc | ¥ 
—— tenuicosta, Port. ......... oad Pere (are (mie 
—— crassilabrata, Tym. seo * 
= Dunkert,) 797: -:....-.-006) os. Ware) eels 

semiornata, Ti. ......... | * 
Tornatella inermis, Tgm.......) c. | * 
Turbo Burtoni, n. sp. ......... | senile ak 
Littorina semiornata, Miimst...! ... | r. 
Trochus Chapuisi, Tgm. & P..| ... * 
Arca (Cucullza) Hettangien- 

is;. Lite oceans area eeeetes Gayest px: 2 
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TABLE (continued). 

Biie 
_ — . 

SPECIES. g 8 j28! 48] 6 
patil St gees Pere Se 

Ala Pg] sé | 2 sa 

Anomia pellucida, Tgm....... a cee 
Astarte consobrina, Chap. § D.| vy. ¢. c 
Avicula Sinemuriensis, D’ Ord.| x 
—-— Dunkeri, 7gm............. peed ecahabrea er) ee 
Cardinia Listeri, Sow.......... * |yV.c. 
—— Ovalis, SCuUtGh. ...se0ceese: v.¢.|V.¢.| Vv. 
-—— Deshayesi, Tgm. ......... x | * 

amygdala, Ag. ........-..- x : 
Cardium Phillippianum, Dunk.) x 
Cardita Heberti, Zgm. ......... a Nala * % 
Ceromya gibbosa, H7h.......... % 
Gervillia acuminata ...........- ? 
GoniomyaSinemuriensis, Opp.| x 
Leda Heberti, Mart........ dene * 

Bronni, Andler............ Pee tee 
= tenuisiriata, Petite ,2...4\. Culi¥. ¥. 

Dewalquel........-+ Sudeces * 
Lima acuticosta, Mart.......... Cs UE VEIGS by eae ub aX 

succincta, Schloth. ...... x |v.r. 
—— gigantea, Sow. ............ coal a co 

Terquemi, Taze............ Go Wee be pees Be 
punctata, Sow. ....c..6..0 c. | ©, 
exaltata, LQMt. .te...ades<. * 

a= HettanPiensis.22.0.se.. es Peps or AC 
Myoconchascabra, Tgm.& Piette} c. | ... 
Mytilus Hillanus ..... Spine su ¥e€.| ¢. 
oe NOVAS Sees eecaaee uavadsas * 
2 = PIN ETEAMN UES etiociemae na aes * 
Lucina cardioides, Phil. ......|v.¢.|v.¢. 
IN wenls, Ma VIS ooo so cetc ee away are a} °X 

Woewalquel..-2.. a. se02 42-5 x 
Terquemia arietis, Quensted, 
MSP be sass cote ee are c. 

Ostrea irregularis .............. v.¢.| V. C. 
—— (Gryphea) arcuata...... he abn 
Pecten Hebli, D’Ord............| * % 

fextePatUS. ci .cess ese cess- * 
Pecten calvus, Goldf. .........| ec | 2% 
—__ fextorius, <GOldf. ©..06sce: * 
—— punctatissimus, Qwenst.| ... | v.c. 
Perna infraliasina, Quens?. ...| c¢. 
Pinna semistriata, Zgm. ......| ©. 
Plicatula Hettangiensis, Zgm.| r. 

intusstriata, H77.. ...s<e00e eid ae % 

Pleuromya Galathea, Ag....... ¥ |e. 
Pholadomya glabra, Ag. ......| * 

PEMA, AG. seceeeccss ics * 
Lingula Metensis, Tg. ...... * 
Terebratula perforata, Piette...) 
Rhynchonella costellata, P,...) * |... |... | * 
Discina Holdeni, n. sp.......... x . 
Pollicipes liasinus, Dunk. ...| * 
Serpula socialis, Goldf..........| 
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TABLE (continued). 

cele ah Bee 
oS SM fe ee = 

SpEctzs. a |= |2 2| 3 3 
® |..c eee eS 
= = as Pm 5 

Serpula olifex, Quenst.......... c. | | 
capitata, Phil, ........-.»- * 

Cidaris Edwardsi, W7..........|¥.C.| * 
Hemipedina Bechei, W7....... x 
Pentacrinus Briareus ......... v.c.| * | 
Ophioderma, sp. ...........5.-- x 
Montlivaltia Haimei............ Ek ae 

papillata, Dunk, ......... x |v.r. 
—=—— fibernia, Dunk. .....-05-| ¥* 
Septastrea Fromenteli .........| V.r.| V-I- 
Oppelosmiliagemmans, Duley v.r. 

[The list of corals given by Dr. Duncan from Brocastle is not included in 
this table. ] 

VII. Descriptions or New Spectzs, 

PLEUROTOMARIA (CRYPTMNIA) BRYCE, spec. nov. 

Shell subdiscoid, depressed; test thin. Whorls four, nearly flat 
or shghtly concave ; bluntly carmated ; upper surface of the whorls 
transyersely striated, base convex, smooth; callosity large, circum- 
scribed by a sulcus, slightly excavated near the columella-lip. 
Siphonal band narrow rather above than below the keel. Aperture 
subtriangular. 

P. Brycei is somewhat intermediate between P. cepa and P. ex- 
pansa; it is related to the latter by the concave and carinated 
whorls, by the band being above the keel, and by the large callus, 
but differs in its more regularly conoid form, without the ventricosity 
of the under surface, and by the absence of the raised border to the 
posterior suture. 

Locality. Island Magee, co, Antrim. Collected by W. Gray, 
Esq. 

The species is dedicated to Dr. Bryce, F.G.S., in remembrance of 
geological excursions made together in the North of Ireland, 

CrritHivum Tytort, spec. nov. 

Shell turreted, elongated, 10 whorls separated by a deep suture, 
concave and ornamented by about twenty very prominent curved 
ribs ; ribs and sulci smooth ; base slightly carinated, smooth or faintly 
radiated (resulting from the prolongation of the ribs of the last 
whorl) ; canal short. 

Dimensions. Length 6 millim., height of last whorl 1:5 m., breadth 
of last whorl 1°5 m. 

Affinities and Differences. By its ornamentation closely allied to 
C, Arduennense, Piette, and C. Henrict, Martin ; but the ribs in the 
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former are serrated ; the shell, however, is proportionately much 
longer ; from C. Henrict it differs in the relative proportions of all 
its parts, being only about half the length of that shell, and is pro- 
vided with ten whorls, while in C. Henrico there are only eight. 

Locality. In great abundance in the limestones of the zone of 
Ammonites angulatus, Island Magee, co. Antrim. 

Turso Burront, spec. nov. 

Shell heliciform, small, as broad as high; spire short, apex 
obtuse, composed of 4 smooth whorls, the last inflated and rounded ; 
aperture orbicular, umbilicus proportionately large; columella flat- 
tened. 

Var. carinatus, whorls obtusely carinated. 
Locality. Marton, near Gainsborough. Collected by Mr. Waugh, 

F.G.8. Zone of Ammonites angulatus. 
The species is named in compliment to F. M. Burton, Esq., F.G.S., 

whose collection of Lias fossils has materially increased the value of 
the present communication. 

Discina HoLpENI*, spec. noy. 

Orbicula reflexa, Tate, Q. J. G. S. vol xx. p. 110 (1864). 
Discina, sp., Terquem and Piette, Lias inf. de ’Kst de la France, 

t. xiv. f. 33, 34, p. 113 (1865). 

Shell small, regularly conical; base orbicular, the length and 
breadth in the proportion of about 5 to 4; summit central; test 
concentrically striated. Colour black to brownish-black ; yellowish- 
brown in the young shell. 

Dimensions of an average-sized specimen : 
millimetres. 

Wome WaT OLEL, |... sine a). hte ear eee de 4-5 
Shore alaMICLel ysl ie autos «is ce heen ee 3°6 
1S Rep 0 CNR aS Ir ER a AR ai aera 2°3 

This form is distinguished from the other Liassic species by its 
recularly conical form and central apex ; and it is readily separated 
from D. reflexa, Sow, by the latter character. 

Distribution. D. Holdent is somewhat common in the zone of 
‘ Ammonites angulatus” of Island Magee, co. Antrim, whence the 
type specimens. Usually attached to Cardinia ovalis and Astarte 
consobrina. Ihave collected the same species in the zone of “ Am- 
monites ibex,” at Cheltenham, and have seen numerous examples 
attached to Ammonites Henlayi, probably from the zone of “ Am. 
capricornus,” in the Collection of the Geological Survey. 

Mr. T. Davidson informs me that D. Holdent has been obtained 
by Mr. J. Wilson, F.G.S., from the lower has at Rugby. 

* In compliment to my esteemed friend J. 8. Holden, M.D., who assisted 
me in working out the geology of the east coast of Antrim. 

eee et 
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4. On the Raztic Beps near GAINSBOROUGH. 

By F. M. Burton, Esq., F.GS. 

At the Meeting of the British Association at Nottingham in 1866, 
I announced the discovery of the Rhetic beds at Lea (a village 
about two miles to the south of Gainsborough), which the lowering 
of the gradients of the Great Northern line from Gainsborough to 
Lincoln had laid bare. At the time this announcement was made, 
the cutting at Lea was only partially worked out. Now, however, 
that the line is in a more complete state, Iam enabled to give more 
accurate sectional and stratigraphical details than I could then. 

The following is a section of the various beds in the order in 
which they occur. 

Section of the Rheetic Beds at Lea, near Gainsborough. 

highly fossiliferous, with 
septarian nodules. 

7 | Hard fine-grained mica-| 4. contorta, teeth, scales; O 6 
ceous and highly pyri-| and coprolites. 
tous sandstone, the mica 
in some places in large 
loose scales. 

ee ee Lithol Organic Re Thiekn el. ology. rganic Remains. ekness. 

=> —eEEEEEuNB9nEaE9E9m9REooooo 

ft. in. 
| Mees. co. dn oe coe Fragments of White Lias, 

&e. 
20 | Black fissile shale....... .| Avicula contorta, Schizodus) 2 0 

cloacinus. 
19 | Dark-grey stone with veins) Pecten Valoniensis, A.con-| O 3 

of black fibrous gypsum.| orta, S. cloacinus, Mo- 
diola minima. 

18 | Black fissile shale, highly! 4A. contorta, S. cloacinus,; 3 O 
fossiliferous, with nests}; &e. 
of pyrites, veins of black 
fibrous gypsum, and sep- 
taria. 

Oe | ackrmnblysandstone: ol. . 22. Saecis<s techs os 55 ie aie 
16 | Black fissile shale........ A. contorta, S. cloacinus. eo 
Ea) Baek hichhy pyrmitons sand) cece eo Schs SP as's 5 se ces © OF | 

stone. 
ee eis ASS OF 2 CoS a foie ce tye aoieieiew wi te en cle oe ine 
CE ye EG Fe PN ee ee ee er 0 2 
12 | Black fissile shale........ A. contorta, S. cloacinus, &e. E46 
Bier ele SIMS LORS coo o0)Sa fos: sb a tia eins = es «es Ses 0 2 
10 | Black fissile pyritous shale} A. contorta, S. cloacinus, 0 4 
9 | Hard grey laminated mi-) Casts of A. contorta, Pul-| 1 & 

eaceous sandstone with) astra arenicola, Perna 
| pyrites. ?, M. minima, with 

teeth, "bones, coprolites, 
ripple-marks, and drift- 
Wo 

| 8 | Black fissile pyritous shale} J. contorta, S. cloacinus,&e.| 2 4 

| 
| 
| 

| Carried forward.... | 14 oh 
VOL. XXIIT.— PART fi. Z 
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TaBLE (continued). 

RA, Lithology. Organic remains. Thickness. 

ft. in. 
Brought forward ....| 14 43 

6 | Black fissile shale........ A. contorta &e. 2-0 
5 | Second bone-bed, loose in| Coprolites &c. QO O42 

texture. 
4 | Loose grey micaceous sand-| Bones, teeth, scales, and) O 4 

stone, highly fossilife-| coprolites, spines of Hy- 
rous. bodus and Nemacanthus, 

casts of M. minima, Pul- 
lastra arenicola, &e. 

3 Bone-bed imbedded in aj Coprolites, worn bones, O 1 
pyritous matrix ......} small pebbles, scales, and 

spines, portion of jaw 
of Lepidotus ( Giebeli?), 
teeth of Hybodus minor, 
H. plicatilis, Sargodon 
tomicus, Gyrolepis Al- 
berti, Acrodus minimus, 
Saurichthys apicalis, Ter- 
matosaurus Alberti, and 
Ichthyosaurus. 

2 | Black fissile shale with thin} 4.contorta, S.cloacinus,co-| 8 O 
veins of grey pyritous} prolites, &c. 
stone. 

1 | Loose grey micaceous sand-| A. contorta, portion of jaw} 1 O 
stone. of Pliosaurus?, bones, 

| teeth, and coprolites. 
oa 

2 \ Blue mar! of the Keuper. 

25 10 

The first traces of this Rheetic tract, for it can boast of only a very 
limited surface-area, occur a little beyond the third bridge, about a 
mile and a quarter from the new station at the south end of the 
town of Gainsborough, where the lowest bed of the series, No. 1 in 
the section, 1s seen resting unconformably, though with parallel 
stratification, on the blue marl of the Keuper beneath. This bed 

- consists of a rather loose micaceous sandstone of a greenish grey 
colour, containing a few specimens of Avicula contorta, with worn 
bones, teeth, and coprolites, and is (where not affected by the un- 
evenness of the underlying Triassic marl, the hollows of which it 
fills up) on the average about afoot in thickness. In one part, near 
the outcrop of this lowest bed, lying directly on the blue marl be- 
neath, I found part of the right ramus of the lower jaw of a large 
Saurian, probably that of Pliosaurus. 'This sandy bed, as a com- 
mencement of the Rhetic series, does not seem to be elsewhere of 
usual occurrence,—the lowest stratum below the bone-bed, in most 
other localities, being the well-known black shale, of a character 
more or less indurated, which at Garden Cliff, Wainlode, Coombe 
Hill, Penarth, and elsewhere, as described by Dr. Wright in vol. xvi. 
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of the Society’s Journal, and at Batheaston and Westbury, as de- 
scribed by Mr. Moore in 
vol. xvil. of the same pub- 
heation, forms the base. 
At Beer Crowcomb, how- 
ever, as described by the 
latter, we find a pale-blue 
stone, 1 foot 2 inches thick, 
with vegetable-like mark- 
ings, followed by blue shaly 
marl, given as the lowest 
bed of the series, which may 
be taken as the equivalent 
of the lowest Gainsborough 
bed; and perhaps at the 
well-known Aust Cliff lo- 
cality, where the bone-bed 
is described by Dr. Wright 
as lying abruptly on the 
Keuper, the stratum of pale 
arenaceous marl, 1 foot in 
thickness, which, though 
placed by him on the top 
of the Keuper, in tex- 
ture apparently resembles 
the lowest Rheetic bed of 
Gainsborough, may be an- 
other of its equivalents. 
This, however, I hazard 
only as a conjecture, and 
on the slight supposition 
that the fossilsof the Rheetic 
type, should it contain any, 
are so few as to have hi- 
therto escaped observation. 

20 Chains. 

10 i 
50 Feet. 

Strike, N. 20° E.—Dip, 8. 70° H.—1° 51’. 

Fig. 1.—Section of the Rhetic Beds near Gainsborough. 

Following the line in a a BT 
southerly or south-easterly Sitiae 
course towards Lincoln, gs os 
which coincides with the a ue 
direction of the dip, we eats ts: 
find in corresponding order 
the various beds of the 
series laid bare, the next of 
which, No. 2 in the section, 
consists of a stratum of 
black fissile shale, 8 feet in 
thickness, containing nests 
of pyrites, and having se- 
veral thin, non-continuous 
veins of grey pyritous stone imbedded in it. The main bulk of this 

Z 2 

Keuper Marls 
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deposit seems to be entirely wanting in fossil remains; but, after 
a minute search, it has yielded a few coprolites and specimens of 
Avicula contorta and Schizodus cloacinus lying close above the lowest 
bed No. 1, the presence of these bodies being indicated by layers of 
iron pyrites, with which mineral the entire series is thickly studded. 
This black shale is succeeded by the coprolite- or bone-bed (No. 3), 
a narrow band about an inch thick, entirely composed of worn bones, 
teeth of various kinds, scales and coprolites, imbedded in a hard 
cement of sulphuret of iron. Amongst the fossils found in this bed 
are a portion of the jaw of Lepidotus Giebelr, Alb. ?, teeth of Hybodus 
minor, H. plicatilis, Sargodon tomicus, Saurichthys apicahs, Acrodus 
nunimus, Gyroleprs Alberti, Termatosaurus Alberti, and Ichthyosaurus, 
with scales of Gyrolepis, spines, and other animal remains, for the 
naming of which, as well as of most of the other fossils mentioned 
in this paper, I am indebted to the kindness of Mr. R. Tate, F.G.S. 
The unbroken condition of the soft coprolite bodies in this deposit 
points, so far at least as the Gainsborough bed is concerned, to its 
formation in a moderately deep sea, or, more likely, in a quiet lagoon 
or semi-inland sea, where the attrition of the waves was not great; 
and the curious nature of the contents of the bed seems to de- 
note it as simply of fecal origin: nor is this view irreconcileable 
with the invariably fragmentary nature of the harder animal portions 
imbedded in it; for, mixed with the feces, would naturally be found 
the teeth, scales, and other insoluble fragments of the animals 
preyed upon: and the idea of its being simply a fecal deposit is 
borne out further by the occurrence, here and there in the bed, of 
small smooth pebbles, principally quartz, which in all probability 
the fishes of those days, like the cod and other fishes of our own, 
that take their food off the ground, had swallowed, either by chance 
or purposely (for the sake of the zoophytes and other substances 
incrusting them). Resting upon this bone-bed we find a stratum of 
loose grey micaceons sandstone (No. 4 in the section) about 4 inches 
thick, which is by far the most productive bed for fossils in the 
series, literally abounding in bones, teeth, scales, and coprolites, with 
spines of Hybodus and Nemacanthus, and casts of Modiola minima, 
Pullastra arenicola, and other well-known Rhetiec fossils. Above 
this richly fossiliferous bed lies another narrow band of animal 
débris, No. 5 in the same section, about 4 an inch thick, which 
may be regarded as a second bone-bed, similar to those found in 
various other localities. The remains in this band are chiefly copro- 
lites ; and, unlike those in the bone-bed below, they are not consoli- 
dated in a matrix of pyrites, but lie loose and free in a sandy coat- 
ing of a composition similar to that of the bed last described, though 
of a slightly darker colour. This second bone-bed is succeeded by 
another band of black shale (No. 6), 2 feet thick, containing Avicula 
contorta and other fossils, and that again by a rather hard fine- 
grained micaceous sandstone (No. 7), 6 inches in thickness, the mica 
in some parts lying in large loose scales. This bed is highly 
pyritous throughout, and contains a few teeth, scales, and coprolites, 
with abundance of Avicula contorta on its upper surface. Above 
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this comes another bed of black pyritous shale (No. 8), 2 feet 4 inches 
thick, containing immense numbers of compressed Avicula contorta, 
Schizodus cloacinus, and other fossils, and haying at wide intervals 
large, flat-shaped, concretionary nodules, of homogeneous texture 
throughout, imbedded in its mass. In the more fossiliferous parts 
this bed is very flaky, and separates easily; and the flakes, which 
may be split up into the thinnest slices, seem to be composed of 
nothing but dead organisms, of which the shells of Schizodus cloa- 
cmmus form the bulk. 

These last-mentioned shales are capped by a band of very hard, 
compact, laminated, micaceous sandstone (No. 9), 1 foot 5 inches 
thick, of a light-grey colour, containing numerous casts of Avicula 
contorta, Pullastra arenicola, Modiola minima, and Perna, sp., with 
teeth, bones, coprolites, and drift-wood. This band forms by far 
the most important of the stone-beds, and has been used largely 
for the roadways round the new station at Gainsborough. The 
fossils in it have not uncommonly a bright pyritous covering, ren- 
dering them very distinct and clear in the surrounding matrix of 
grey. The markings on this stone-bed are most singular, many of 
the slabs presenting apparently traces of the mollusks and annelids 
that crawled over and burrowed in them, with smooth wave-ridges 
and hollows, the latter filled with shells and fish-remains, just as may 
now be seen on any sandy shore which the retreating tide has laid 
bare. This is followed again by a bed of shale (No. 10), 4 inches 
thick, similar in composition to the other shaly strata, containing 
Avicula contorta and Schizodus cloacinus in great numbers, above 
which comes another narrow band of rather dark sandy stone (No. 11 
in the section), 2 inches thick. Then another bed of fissile shale 
(No. 12), 1 foot 6 inches thick, containing the same fossils as before ; 
above which is another band of stone (No. 13), similar to No. 11, 
2 inches thick, and above it shale, as before, 1 foot thick (No. 14). 
Then comes a remarkable narrow band of highly pyritous stone 
(No. 15), } an inch thick, apparently unfossiliferous ; and succeeding 
it is another bed of shale (No. 16) 1 foot 6 inches thick, similar to 
all the preceding. Then a band of stone (No. 17), 2 inches thick, 
much broken, resembling in this respect the beds of rubble found at 
the top of Oolite cliffs. This band, which, so far as I have observed, 
is wanting in fossils, is followed by another bed of shale (No. 18), 
3 feet thick, contaiming, hke No. 8, immense numbers of compressed 
Avicula contorta and Schizodus cloacinus, with here and there non- 
continuous veins of black fibrous gypsum running horizontally 
through the mass, and having near its surface large oval-shaped 
nodules of septaria, differing from those in No. 8 (which are of solid 
and homogeneous texture throughout) in being partly hollow, and 
having their interstices filled with small crystals of carbonate of lime. 
It is worthy of remark that, where these septaria occur, the black 
shales directly beneath them dip for a certain distance, and are 
rounded and compressed by their weight, while the stone-bed 
above bulges out in a dome-shaped mass, apparently showing that 
the concretionary action to which these bodies owed their growth 
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was at work at the time the shales in which they are imbedded 
were deposited, and before the overlying stratum was formed. Above 
this bed of shale we have a thin band of dark-grey stone (No. 19), 
varying from 1 inch to 3 inches in thickness, containing Pecten 
Valonensis, Avicula contorta, Schizodus cloacinus, Modiola minima, 
and what appear to be worm-tracks, or casts of the traces of 
crawling mollusks or crustaceans. This stone band, the only one in 
the series where (owing to the indefatigable researches of my friend 
Mr. Waugh, of the Great Northern staff, to whom I owe the accurate 
diagrams accompanying this paper) I have met with the well-known 
Pecten Valomensis, so common in other similar localities, les just 
above the septarian nodules in the shales below, sometimes reclining 
on them; and where these bodies occur, the stone assumes, as just 
stated, a dome-shaped curve, being thinnest on the raised summit of 
the nodules, and thickest in the intervening spaces, while, resting 
on the stone, in the hollows between the swellings caused by the 
septaria, lie veins of black fibrous gypsum similar to those described 
in the shale-bed (No. 18) below. Next in order comes another 
bed of black fissile shale (No. 20) from 1 foot to 3 feet thick, similar in 
character to all the others, and forming the highest bed of the series 
in this locality, all above it being, as far as the railway-cutting 
extends, denuded and worn down by the drift, which, at a distance 
of about 90 yards above Lea-bridge, suddenly cuts clean through all 

the intervening beds down to the main stone band (No. 9), crushing 
and distorting the various strata, and making the smooth slippery 
surfaces of the shales appear as if they had been polished*. At 
this point also the strata from beneath rise again, and the grey 
Keuper marl becomes visible at the base of the cutting, showing the 
form of the Rheetic beds in this locality to be that of a shallow 
synclinal basin. ‘That higher beds of the series existed in these 
parts is evident from the clean-fractured uneven fragments of 
White Lias which are found in the overlying drift, containing Mya- 
cites musculoides, Cardium Rheticum, and other fossils, with the old 
perforated tubes of boring mollusks, the latter pointing, as Mr. 
Moore, in his paper already cited, observes, to a quiet period of de- 
position, when such delicate operations could take effect. One of 
the most remarkable characteristics of the Gainsborough beds is the 
presence of the immense quantity of iron pyrites found in the dif- 
ferent strata, all of them, whether shale or stone, being literally 
filled with this mineral. In the shale it occurs as a simple cube, or 
number of cubes, and in the stone as a bright metallic layer or 
streak ; and so filled is the entire series with this substance, that I 
have seen, after heavy rains, the sides of the cutting in places stained 
yellow, as if with rust, completely effacing the lines of bedding. 
How far the surface-limits of this Rheetic tract extend it is not easy 
to ascertain with exactness; judging, however, from the contour of the 
surrounding land, an estimate of its size and position may, I think, 

* Since this paper was read, I have discovered, in the old undisturbed parts of 
the cutting, traces of strata 77 s¢¢z belonging to the Rheetic series higher than 
those described. 
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with some degree of probability be made out; and I have endea- 
youred in the accompanying map, taken from the Ordnance Survey, 
to define them. To the east of the Triassic escarpment, extending 
from the Rheetic cutting at Lea northwards towards Gainsborough, 
the land lies in a gentle slope, rising again, though very slightly, at 
a distance of less than a mile on the average, with an outcrop or 
Liassic clays; and in the hollow between these ridges, judging from 

Fig. 2.—Sketch Map showing the extent of the Rhetic Beds 
near Gainsborough. 
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the direction of the dip, and the general trend of the land, it ap- 
peared to me likely that the Rhetic beds would be found on the 
surface ; and hearing that a well had been dug in the line of this 
depression, near a farm-house marked on the map, about 3 miles 
north of the Lea-beds, I examined the earth thrown up, and found, 
as I anticipated, the various stones and shales of the Rhetic zone, 
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undiminished to all appearance in size and thickness, the main 
stone band and the other prominent strata, with their accompanying 
fossils and stock of pyrites, seeming all to be present as at Lea. 
Taking the entire depression between the Keuper and Lias outcrops, 

and presuming it to be occupied with the Rheetic beds, as in all pro- 
bability it is, we get an area of from 3 to 4 miles long, and from 4 
a mile to 2 miles broad, as the surface-extent of this northern de- 
posit; butwhatever its size may actually be now, there can be no doubt 
that it once formed part of the north-western boundary of a vast 
Rhetic sea, which extended, it may be, from Norway*, across the 
German Ocean, to Ireland, and southwards down the continent of 
Europe, and which, save in such patches as these, has long since 
been swept off the earth’s surface, or buried beneath more modern 
deposits ; and it is from such considerations, and the light the dis- 
covery. of these outlying strata casts on what would otherwise be 
vague and obscure, that the interest and value of their examination 
mainly depend. 

JuNE 5, 1867. 

SPECIAL GENERAL MEETING. 

The following addition to the Bye-laws was proposed by Mr. 8. 
R. Pattison, seconded by Mr. J. W. Flower, and adopted by ballot, 
with one dissentient :— 

Section XIX. 5. The Society shall not and may not make any 
dividend, gift, division, or bonus in money, unto or between any 
of its members. 

ORDINARY GENERAL MEETING. 

Augustus Wollaston Franks, Esq., F.R.S., F.S.A., Keeper of 
Antiquities, British Museum, W.C., was elected a Fellow. 

The following communications were read :— 

1. The Ars and the Himatayas: a GrotogicaL ComPaARIson. 
By Henry B. Mepuicorr, Esq., A.B., F.G.S. 

The publication of this paper is postponed. ] P pap pen 

(Abstract. ) 

CuRRENT opinions on Alpine geology are first fully discussed by 
the author, especially as regards the abnormal nature of the actual 
boundary of the Molasse with the rocks of the higher Alps, including 
the explanation usually given of this phenomenon, and of the con- 
tortion of the inner zone of Molasse—namely, the direct upheaval of 
the main mountain-mass. Mr. Medlicott then describes some of the 

* The probable existence of the Rhetic beds on the Island of Bornholm, and 
in the province of Schoonen, is indicated on Dittmar’s map showing the distri- 
bution of the formation; but at present there is no fossil-evidence to prove with 
certainty the age of the beds in question. 
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sections exposed on the south flank of the Himalayas, and suggests 
a parallelism between them and those exhibited in the Alps. The 
clays, sands, and conglomerates of the Sivaliks are very like those of 
the Molasse; and in both regions the coarser deposits prevail 
towards the top. In the Himalayas also the younger Tertiary de- 
posits almost invariably dip towards the mountain-range which they 
fringe,—the plane of contact inclining in the same direction, and 
thus producing actual, though not parallel, superposition of the older 
rocks, All the arguments which have been used to prove pro- 
digious faulting in the case of the Alps would therefore, the author 
states, be quite as applicable to that of the Himalayas. But, as 
regards the latter range, Mr. Medlicott brings forward evidence 
which appears to him sufficient to prove that the present contact 
of the Sivalik formation with the mountains is the original one, 
modified only by pressure, without relative vertical displacement ; 
and that the sinking of the mountain-mass is the proximate cause 
of the contortions of the Tertiary strata. He then endeavours to 
show that this explanation is equally applicable to the Alps, espe- 
cially as it seems also to account for collateral phenomena which 
appear difficult of explanation consistently with the ordinary hypo- 
thesis; and he concludes by discussing the current theories of the 
formation of lake-basins, in relation to the more immediate subject 
of his paper. 

2. On some strixine Instances of the Terminat Curvature of Suaty 
Lamina in West Somerset. By D, Macxrntosu, Esq., F.G.S. 

ConrTENTS, 

1. Introduction. 4. Transportation of Blocks. 
2. Sections in a Quarry near Wivelis- 5. Apparent Reversal of Dip near 

combe. Gupworthy. 
3. Terminal Curvature of Laminz 6. Concluding Remarks. 

near Raleigh’s Cross. 

1. Introduction.— During the last two years I have been making a 
series of observations in the West of England and in Wales, with the 
hope of being able to throw some fresh light on the relative nature 
and extent of oceanic and atmospheric denudation, and on the origin 
of superficial accumulations. In some parts of Siluria, during the 
spring of last year, I supposed I had met with a proof of tranquil 
marine deposition in horizontally arranged chips of slate resting on 
the edges of highly inclined lamin, until I found that I had been 
looking on a continuation of these edges in a curved-back position, 
instead of seeing the curvature in profile. 

In the autumn of 1866 I noticed several instances of the above 
phenomenon, which have not yet been described by geologists *. On 
the nearly level floor of one of the valleys which indent the southern 
slope of the eastern part of the Quantock range of hills, I found the 

* For an instance near Ashburton, noticed by Mr. Godwin-Austen, see Trans. 
Geol. Soc. 2nd series, part ii. vol. vi. p. 437. 
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laminee of the Devonian (Carboniferous?) slate very regularly and 
distinctly bent or curved backwards, or towards the south. The idea 
of a more powerful agency than rain or frost then seemed to suggest 
itself; but it was not until I had examined more extensive sections 
further to the west, on the east Exmoor hills, that I became con- 
vinced of the necessity of having recourse to a more uniformly 
efficient cause than even the most exaggerated form of what is com- 
monly called atmospheric action. The object of this paper, how- 
ever, is not so much to theorize on the precise nature of this cause, 
as to state several important facts. 

2. Sections in a Quarry near Wweliscombe.—In a quarry about a 
mile and a half from Wiveliscombe several very instructive sections 
of the terminal curving-back of laminz are exposed. ‘The slates 
(which have a southerly. dip) appear to be very flexible; and this 
may be partly the reason why they have been so little broken. But 
the wonderful continuity of the curvature here exhibited must, I 
think, be partly due to an extreme uniformity in the movement. 
The bed of curved slates (represented in the figure), on the western 

Sections of curved lamine near Wiweliscombe. 
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side of the entrance to the quarry, is from three to four feet thick. 
The line of demarcation between the commencement of the curving 
back and the undisturbed mass of slates below is remarkably distinct 
and straight on looking along the strike of the cleavage; but on 
looking at nearly right angles to the strike, the surface formed by 
the edges of the lamine beneath, though equally distinctly marked, 
is very uneven, as if the once superincumbent moving agent had 
exerted considerable inequality of pressure, so as to give rise to 
irregular grooves and ridges. The upper surface of the bed of curved 
laminze, which is very uniform, is overlain by a layer, nearly two 
feet thick, of reddish loam, containing fragments of quartz &e. On 
the opposite side of the entrance to the quarry the curving back for 
some distance is on a nearly level plane. Here the bed of displaced 
lamine is from two to three feet thick. It exhibits a double cur- 
vature, approaching the shape of the letter 8. Over it there is a 
layer of about two feet of loam, with many quartz fragments, chiefly 
angular, but occasionally a little rounded. 

3. Terminal Curvature of Lamune near Ralegh’s Cross.—There 
are several facts connected with the foregoing sections which ob- 
ylously point to a powerful and uniformly operating cause; but the 
belief in such a cause becomes irresistible as one surveys the nume- 
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rous sections exposed in the mineral-railway-cuttings near Raleigh’s 
Cross, on the summit of Brendon Hill. Here the bending and 
curving back of the slates is seen to prevail over a large area, with 
a uniform direction nearly §.S.E.* The lamine in many places are 
much broken, and shattered to a considerable depth; but still the 
line of separation between the bent masses and the slates in situ 
can generally be traced. The most important fact in connexion 
with these sections is this :—the bending and curving-back over ex- 
tensive areas has taken place on perfectly level ground, with a depres- 
sion instead of an elevation on the side whence the movement must 
have come. There are, indeed, instances in which the curving-back 
has been forced up a slight acclivity. I could find no indications 
on the northern slope of Brendon Hilly of the movement under 
notice; and should this prove true with regard to all the northern 
slopes of the Great Exmoor tableland, it will clearly point to a 
wide-spread agency operating in a southerly direction, and affecting 
only the summit-levels or southern declivities. At the same time 
the possible discovery of local variations, or even reversions, in the 
direction of curvature, would prove nothing further than a deflection 
of the course of the moving agent. 

4, Transportation of Blocks.—The cause of the displacement of 
slaty laminz on Brendon Hill (or a subsequently operating cause) 
must have been capable of driving forward or carrying large blocks 
of quartz to considerable distances from their native veinst. Many 
of these were pointed out to me in the cuttings by Mr. Morgan 
Morgans (Captain of the mines), not only near the surface but im- 
bedded at depths of from three to five feet, in the more shattered 
parts of the curved-back lamin. Overlying and intermixed with 
the slaty débris and transported fragments, there is a considerable 
thickness of reddish loam §. 

5. Apparent Reversal of Dip near Gupworthy.—tIn the neighbour- 
hood of Gupworthy, about three miles from Raleigh’s Cross, a hori- 
zontal adit was excavated some years ago, in search of copper. It 
passes through a rich iron- “ lode,” which at the time was apparently 
overlooked. This tunnel reveals a section of the uniform curving- 
back of lamin on a very gigantic scale, the vertical extent of 
curvature amounting to at least twenty feet. The direction of the 
curvature, as elsewhere in this locality, is about south-south-east. 

* During these visits I had not the means of very accurately determining the 
dip of the slaty cleavage or the precise direction of curving-back of the lamin 
in different sections. 

+ On the sides of the very steep railway-incline to the north of Raleigh’s 
Cross, the edges of the slates in many places come within a few inches of tlie 
surface, and exhibit no sign of disintegration. 

¢ These veins run along one side of the “ lodes” of iron-ore, and often pre- 
sent a considerable thickness. 

§ That the descent of matter by atmospheric action could never have given rise 
to a great part of the angular detritus, with its loamy matrix, which forms so 
general a covering of the earth’s surface, was long ago clearly shown by Sir 
Roderick I. Murchison. See chapter on Drift in ‘ Silurian System,’ and more 
especially a paper on the “ Flint Drift” of the South-east of England, Quart. 
Journ. Geol. Soc. vol. vii. p. 349. 
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Any one not prepared to find a curving-back on such a scale, might 
easily mistake the superficial dip for the real dip. I confess I was 
at first disposed to look on the dip as the result of a fault in the 
adjacent valley, or as a part of a denuded or truncated anticlinal 
fold; but further inspection convinced me that it was only an ex- 
ageerated continuation of the general curving-back above described; 
and this conclusion was corroborated by Mr. Morgans, who is familiar, 
from daily experience, with the internal structure of the district. 

6. Concluding Remarks.—I think all will admit that the sections 
to which attention has been directed present indications of a cause 
to which the term “ stupendous” may be justly applied. Was ita 
southerly progression of a crust of land-ice filling up the basin of 
the Bristol Channel, and levelling the area between the Black 
Mountains of Wales and the Exmoor tableland? Was it a grounded 
iceberg ? or floating ice in any other form*? Was it a swift 
oceanic current exerting a pressure on the underlying slates by 
means of a forcible drifting forward of detritus? Or was it a still 
more violent rush of waters caused by a sudden upheaval or de- 
pression of the land +? 

PostscRipt.—Since writing the above, I have seen other instances 
of the curving-back of slaty lamine. Within half a mile of Union 
Street, Plymouth, in a cutting of the Exeter and South Devon Rail- 
way, the edges of the slates are slightly but uniformly curved on 
nearly level ground, in a southerly direction, or in the direction of the 
cleavage-dip. On the left-hand side of the road leading from Torquay 
to Bishopstowe and St. Mary’s Church, and at no great distance from 
the Torquay Post Office, an artificial excavation (April 15th, 1867) 
reveals an instance of terminal curvature on a rather extensive 
scale; and here, as in West Somerset, the line of demarcation be- 
tween the undisturbed slate and the regular bed of curved lamine 
is very distinctly marked. The direction, as in all the other in- 
stances, is southerly, or nearly so, and the ground in that direction 
is only very slightly inclined. I believe that in most parts of Devon, 
West Somerset, and Cornwall, if not in other districts, where the 
slates are ficaible, and where the cleavage-lamine dip at a consider- 
able angle to the south, or where they are vertical with an approxi- 
mately east and west strike, similar appearances might be disco- 
vered, irrespective of the outline or inclination of the ground. It is 
not difficult to conceive how the uniform curving-back would only 
occur where the lamine leaned towards the moving agent (or at 
least did not lean away from it), so as to offer a certain degree of 
resistance to itsaction. In other places the planing-off of the edges 

* See a notice of supposed ice-marks on the Mendip Hills by the author, in 
the ‘Geological Magazine,’ vol. iii. p. 574. 

+ The Rev. Maxwell H. Close, in a very elaborate paper on the “ Glaciation 
of Ireland,” read before the Royal Geological Society of Ireland, March 14, 1866, 
and just published, has expressed his belief that the ‘ broken ‘and bent over” 
edges of mica slate, in a quarry near Innishowen, cannot be explained by the 
‘weight of the hill,” but are the result of a flow of land-ice. (See Journ. Roy. 
Geol. Soc. Ireland, vol. i. part 3. p. 207.) 
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of the lamine would either leave them cleanly cut, or very irregularly 
shattered. The edges of the strata of the limestone hills of South- 
east Devon, where they have not been left as cliffs or rocky projec- 
tions, have either been planed down to a level surface, or smoothly 
rounded off, the solid rock being often covered with only two or three 
inches of loam or vegetable soil (excepting in fissures, grooves, re- 
cesses, or valleys), as may be seen in the quarries near Torquay, and 
on the line of railway between Newton and Totnes. 

Whatever theory of denudation one may previously have enter- 
tained, on coming to contemplate such phenomena it is sometimes 
difficult to resist the impression that a great weight of solid matter, 
powerfully propelled in a southerly direction, must have curved 
back the slaty lamine, and, with an almost geometrical exactness, 
rounded the forms of the limestone and other eminences of the 
South-west of England. But so far as South-east Devon is con- 
cerned, the mode of occurrence of perfectly preserved lithodomous 
perforations up to at least 240 feet above mean tide, as discovered by 
Mr. Pengelly, and lately examined by myself, clearly shows that the 
sea has been the last modifying agent to which the land has been 
subjected *. 

June 19, 1867. 
William T. Lewis, Esq., Aberdare, South Wales, was elected a 

Fellow. 

The following communications were read :— 

1. On CycLopHYLLUM, a new genus of the CYATHOPHYLLIDE, with 
remarks on the genus AuLopHYLLUM. By P. Martin Duncan, M.B. 
Lond., Sec.G.S., and James THomson, Esq., V.-P. Geol. Soc., 
Glasgow. 

[Puate XIII. ] 

ConTENTS. 
Introduction. 

. Description of the genus Cyclophyllum and its species. 
. Description of the species of Aulophyllum. 
. The geological position of the Corals. 

1. Introduction.—A very fine series of specimens of the Palzeozoic 
corals usually classified under the genus Aulophyllum +, Milne-Ed- 
wards and Jules Haime, has been submitted by us to careful examina- 
tion. Numerous sections of the specimens have been made, and espe- 
cial attention has been given to the anatomy of weathered fossils of 
the genus. Our examination has resulted in the determination that 
the corals called Aulophyllum fungites t and Aulophyllum Bowerbanki 
cannot remain in the genus Aulophyllum as established and defined 
by Milne-Edwards and Jules Haime. Numerous specimens were 
examined which had their calices perfect; and these gave evidences 
of a columella, whose structure was revealed both by transverse and 
longitudinal sections. One form, however, had no columella; and 

* See a paper by the author in Geol. Mag: vol. iv. p. 296 (1867). 
+ Brit. Foss. Corals, Introd. p. lxx (1850). 
t Hist. Nat. des Corall. vol. ii. p. 406. 

GO ho 
pp» 
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the space which ought to have been filled by it was noticed to be 
occupied by tabula. This was clearly an Aulophyllum, but it differed 
from Aulophyllum fungites and A. Bowerbanki as described by Milne- 
Edwards and Jules Haime. 

We propose to form a new genus which will admit the species 
with a columella. Thus Aulophyllum fungites will become Cyclo- 
phyllum fungites, Fleming, sp., and A. Bowerbanki will be called 
Cyclophyllum Bowerbanki, Edw. and Haime, sp. The new form 
will be named Aulophyllum Edwardsi, Dunc. and Thomson. 

M‘Coy suspected that the Aulophyllum of Edwards and Haime 
had a columella, but he mistook the general anatomy of the calicular 
structures: he named the genus Clisiophyllum, or rather did not 
separate it from Chisiophyllum. The genus Clisiophyllum has a 
lamellar columella, and the larger septa are continued over the 
central space of the calice. The Aulophyllum of Edwards and Haime 
was determined from imperfect specimens of two species whose calices 
were wanting. A circle of small septa, surmounting a central 
columnar mass which was separated from the inner ends of the large 
external or true septa, was considered very characteristic. The 
absence of the columella and the paucity of tabule were considered 
generic. 

Our specimens prove that the species included in Aulophyllum 
by Edwards and Haime had deep calices, and laminate septa spring- 
ing from the epithecal wall externally, some reaching far towards 
the circle of smaller septa, and others passing but a short distance 
in the same direction ; that the small circle of septa bounded a very 
complicated and more or less essential columella, and that the 
endotheca was developed in an extraordinary manner. 

2. Description of the genus Cyclophyllum and its species :— 

CYcLOPHYLLUM, gen. noy. 

The corallum is simple, tall, cornute, or more or less cylindrical. 
The wall is very thin and is formed of epithecee. The calice is deep, 
and its margin sharp; there is a central projection at the bottom of the 
fossa, separated from the ends of the larger septa by a deep groove. 
This central mass consists of an endothecal covering, with numerous 
septa attached to it internally, and coalescing to form some large 
septa, which ramify over the central depression which represents the 
top of the columella. 

The columella is essential, and is made up of laminze which arise 
from the base of the corallum, and from the dissepiments which 
unite them. The endotheca is largely developed and the septa are 
very numerous. ‘There is a fossula with three small septa in it, and 
a process of the endotheca of the central mass projects into it. 

1. Cycropuyrtum Bowrrsanxr. Pl. XIII. figs. 1-3. 

Aulophyllum Bowerbanki, Edwards and Haime *. 

The corallum is long and subcylindrical. The central mass is 
very prominent at the bottom of the deep fossa, and it is separated 
from the ends of the septa which arise from the wall by a fold of 

* Brit. Foss. Corals, Pal. Soc. p. 189. 
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endotheca which forms a groove; one portion of the endotheca 
surrounds the central mass and sends a process into the fossula, and 
the other is reflected between the septa. 

The septa which arise from the wall are alternately long and 
short, the shorter being attached to the longer by a very regular 
endotheca, which is vesicular in longitudinal sections. The septa 
are not exsert, and do not project much in the calice ; but in transverse 
sections they are seen to end at the groove, to be rarely quite straight, 
and to form a fossula by three of them being rudimentary. The 
septa are about 140 in number in a corallum 1,4, inch in diameter. 
The small septa of the central mass are about 144 in number, and 
they unite to form about 40 large septa. The endotheca between the 
large septa is curved, and between the small and other septa of the 
central mass it is very vesicular. The endotheca of the columella 
is very delicate and vesicular. The height of the corallum is several 
inches. 

2. CycLopHyLtum FuneITEs. Pl. XIII. figs. 4-8. 

Turbinolia fungites, Fleming. 
Aulophyllum fungites, Edwards and Haime. 

The corallum is cylindro-conical, curved, and cornute, and marked 
with circular enlargements ; the calice is wide and deep, and presents 
a central projection, which has an encircling endotheca, many small 
and a few large septa. The columella is essential; and the lamella 
are close, irregular, and joined by much endotheca. 

The septa springing from the wall are alternately large and small ; 
there is a fossula, and the endotheca is greatly developed. There 
are about 120 septa; and the central mass has about 80 small septa. 
The height of the corallum is several inches. 

The shape of the corallites is very constant, and is the great specific 
distinction. 

The foldings of the endotheca to form the lining of the interseptal 
spaces of the central mass are very distinctive of the genus. This 
central structure distinguishes the genus from all others, except 
Aulophyllum, in which the mass is less prominent and the columellary 
space in it is filled up with delicate and close tabule. 

3. Description of the species of Aulophyllum :— 

AULOPHYLLUM EpwarpstI, spec. nov. Pl. XIII. fig. 8. 

The corallum is cylindro-conical and cornute in shape. The 
calice is wide, not very deep, and the central mass is not very pro- 
minent. The septa of the wall are alternately long and short, very 
numerous, probably 160 in number. The columellary space, encircled 
by the septa of the central mass, is occupied by very close tabule. 
Height of the corallum 1 inch. Locality, Bathgate. 

4. The geological position of the Corals—In all the localities 
where these corals have been found, namely at Brockley, Lesmaha- 
gow, Dunlop, Beith, and Bathgate, there are many fossils associated 
with them. Amongst the corals there are :~— 
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Heterophylliz. Syringopora ramulosa. 
Lithostrotion junceum. Clisiophyllum, several species. 

fasciculatum. Cyathophyllum, several species. 

And the following Brachiopoda :— 
Productus semireticulatus. Spirifer lineatus, 

longispinus. | Athyris Roysii. 
— punctatus. ambigua. 

fimbriatus. Rhynchonella pleurodon. 
Spirifer bisulcatus. Terebratula hastata. 

glaber. 

The coralliferous beds are a few feet above the lowest lhmestone 
beds of the Carboniferous series. At Brockley the corals occur in 
an arenaceous shale overlying the lowest beds of limestone. At 
Dunlop they are found in a calcareous band of shale intercalated 
between the thin beds which overlie the lowest bed. At Bathgate, 
where they abound, and where their perfection of preservation is 
remarkable, they are not only found in the intercalated shales, or 
partings of the thin beds so characteristic of this part of the Scottish 
Carboniferous series, but also in a limestone, 2 feet thick, which 
overlies the main or under bed. 

The perfection of most of the details of the Bathgate specimens 
would indicate that they had not been rolled, but had been en- 
tombed where they grew—in deep water, with the Brachiopoda. 

EXPLANATION OF PLATE XIII. 

Figs. 1-3. Cyclophyllum Bowerbanki, Edwards and Haime, sp.:—1. Calice, 
natural size; 2. Central mass, natural size; 3. Columella, magnified. 

Figs. 4-8. Cyclophyllum fungites, Fleming, sp, :—4. Central mass, natural size ; 
5. The base, natural size; 6. Transverse section, magnified ; 7. Longi- 
tudinal section, magnified; 8. Transverse section of septa showing the 
epitheca, highly magnified. ; 

Fig. 9. Aulophyllum Edwardst, Duncan and Thomson, longitudinal section, 
magnified. 

2. On the Discovery of a New PutmonateE Motivsx [Zonites 
(Conulus*) priscus, Cpr.)] am the Coat-FrorMATION of Nova 
Scotia. By J. W. Dawson, LL.D., F.BS., F.G.8. With a 
Description of the Spucres; by Partie P. Carpenrer, M.D. 

Tue little shell to which the following description refers was found 
last summer in the course of excavations made under my direction 
in the bed in Subdivision VIII. of the Joggins Section, between coals 
no. 87 and no. 38 of Logan’s sectional list, already referred to in pre- 
vious papers t as containing great numbers of shells of Pupa vetusta. 
This bed is 1217 feet below that in which Pupa vetusta was origin- 
ally discovered in trunks of erect Sigillariz, and about 42 feet below 

* Conulus, Fitz., 1833 (= Trochiscus, Held., 1837, non Sly. ; =Petasia, Beck, 
1837 ;= Perforatella, Schlit.), is a subgenus of Zonites, Montf. (non Leach, 
Gray), according to Messrs. Adams, ‘Genera of Recent Shells,’ vol. ii. p. 116, and 
their follower Chenu, ‘ Manual de Conch. et de Paléont.’, vol. i. p. 422. Those 
who do not care to enter into the modern divisions of the land-shells, may quote 
the species as a Zonites—or even, speaking loosely, as a Helix. 

t+ Quart. Journ. Geol. Soc., Feb. 1862, and May 1866, p. 121. 
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coal no. 37 *, or nearly in the middle of the band of reddish and 
grey sandstones and shales intervening between coals no. 37 and 
no. 38. Its immediate associations are as follows, in descending 
order :— 

ft. in 

Hard reddish shale with ironstone nodules ...... 4 0 
Pupa-bed, a variable layer, in some places of grey 

indurated clay, with a tendency to concretionary 
structure, in other parts laminated and carbo- 
naceous with remains of plants.,............ 0 3 

Dhalesmottleds aremaceous, 7. . cutee of cs oe sw Ome 
Sandstone, hard calcareous, light chocolate, wea- 

(CNGTETOL LCOS YE a ee A Ce 1 ay 
Sliale- chocolate-anud mottled: . 02... .%%..5.. 5% ts) 
(SHBERY SANTIS A CONE) SM OU 8 Gen a aaah se irae ee 0 6 
hale; chocolate and mottled.¢. 72s... .6....... 5 0 

14 1 

In digging into the bed, I found that the shells of Pupa are irre- 
gularly disposed in nests, and are in some spots very abundant, 
especially in the argillaceous and nodular parts, while in other 
places, and especially in the more carbonaceous portions, none were 
found. In the last-mentioned parts of the bed, there are numerous 
obscure vegetable remains, especially leaves of Cordaites, leaflets of 
Sphenopteris, and Trigonocarpa, apparently of the same species (7. 
sigillarie) found with Pups in the original repository in the erect 
Sigillariz. The appearances were such as to confirm the impression, 
stated in a previous paper, that the land-shells were drifted along 
with vegetable matter by some quiet stream, and deposited on the 
muddy bottom of shallow water. 

One object in excavating the bed was to ascertain if any other 
species of land-animal than Pupa vetusta could be obtained from it ; 
and in the first instance the result appeared purely negative, except 
in the presence of minute fragments of bone, and of what might have 
been the chitinous integument of insects. On a more careful ex- 
amination of the large quantity of fragments of Pupa obtained, I 
was able to select a few small specimens, all of them more or less 
crushed, which seemed to differ materially from the young of Pupa 
vetusta in form and surface-markings. On submitting these to Dr. 
Philip P. Carpenter he at once recognized their distinctness from 
Pupa vetusta, and has kindly furnished me with the following de- 
scription and note on the affinities of the species. 

Zonites (Conulus) priscus, Cpr. 

“C. t. parva, tenuissima, parum elevaté; nucleo minimo; an- 
fractibus iv., subplanatis, omnino tenuissime rugoso-striolatis, in- 
terdum rugulis incrementi magis conspicuis, suturis parum impressis ; 
circa peripheriam angustata, vix subangulaté; basi concava, ut 

* Incorrectly stated as 12 feet in the paper last mentioned. 
VOL. XXIII.—PART I. 2A 
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supra striolata, umbilico majore ; apertura subovali, satis regulariter 
excavata; labro simplici. Long. cire. 1 poll., div. cire. 130°. 

‘¢ Hab. In stratis carboniferis Acadia, Dawson.’ 

Zorates (Conulus) priscus, Carpenter. 

a. Natural size. | e. Fragment of Zonites (Conulus) pris- 
6. Magnified. 
ec. Portion of surface highly magnified. 
d. Portion of the surface of Pupa 

vetusta, highly magnified. 

cus, showing lip ; the dotted lines 
indicate a portion of the columella 
(crushed) and the umbilicus. 

‘« A few specimens only of this shell were found, in company with 
numerous individuals of Pupa vetusta, Dawson, from which species 
it differs in form, sculpture, nuclear whirl, and texture. Pupa 
vetusta closely resembles the living race of small Pupz, and seems to 
have been (for its size) solid, and coarsely sculptured parallel to the 
axis. The present species has a different colour, though in the same 
matrix, and seems to have been an extremely thin shell, of a horny 
(though not glossy) texture, like the British Heliw (Conulus) fusca 
and similar species. The markings consist of rather irregular 
striole with occasional coarser ridges of growth, somewhat slanting 
toward the periphery, which is rather flattened though not angular. 
The base is concave, similarly sculptured, and gradually curving into 
arather large umbilicus. At least such is the inference from the only 
portion that has been cleared from the matrix. The nuclear part in 
this shell is much smaller than in Pupa vetusta. In the Pupa the 
first whirl is large and swollen, the next suddenly assumes the 
normal cylindrical form ; and it is not until the end of the third whirl 
that the normal sculpture is developed. In the present species the 
growth, form, texture, and sculpture of the shell appear nearly uni- 
form from the beginning. 
“Tt is difficult to state exactly what was the original shape, as 

even in the most pérfect specimen the body-whirl is broken; but it 
was probably like Paryphanta Caffra, Fér., on an extremely small 
seale. It might possibly rank with Hygromia, or, with the living 
American species minuscula and exigua, under Pseudohyalina, Morse. 
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It is, however, until better specimens attest its true relationships, 
placed with fusca in the group Conulus, which (according to Messrs. 
Adams, Gen. i. p. 116) is a subgenus of Zonites. 

«‘ It is probable that there is a third species among the fragments 
which have been found; presenting a shape more resembling the 
Hf, conulus, and other trochiform snails. It would be premature, 
however, to venture on a description until more perfect specimens 
have been obtained.” 

3. On some Tracks of Preraspis(?) im the Upper LupLow SANnDsToNE. 
By J. W. Satrer, Esq., F.G.S., A.L.S. 

Tue Society has always received with patience communications 
tending to explain those surface-markings on our beds of rock which 
may be referred to the movements of animals. In many cases, 
indeed, these are the only proofs left us of the existence of certain 
types; while in others the remains of the animals themselves have 
been discovered after we had learned to guess at their nature from 
the impressions they had left behind them. 

There is an obyious reason for the more certain preservation of 
the track than of the animal which made it, when such imprints have 
been made upon the sea-shore ; for the impressions have generally 
been made between tide-marks, their preservation being due to the 
covering up of the imprinted layer by another upon the return of the 
tide. It is certain, then, that this portion of the stratum must, in 
general, be unfit for the preservation of the animal itself, even if it 
were not expecting too much’to find it dead where we have the best 
proof of its having been alive and in the enjoyment of its functions. 
The wash of the tide, throwing up as it does dead shells, and hard 
parts of the crust of jointed_animals, is very destructive even of these; 
and the majority of waifs upon the shore are decomposed and 
destroyed by the atmosphere soon after they are thrown beyond the 
reach of ordinary tides, and before there is a chance of sufficient sedi- 
ment being accumulated to resist the next incursion of the waves. 
In deeper water the relics are abundant, but the tracks are, of ne- 
cessity, rare. 

We may take for an instance the fine cliff of Caradoc or Bala 
sandstones, which is so well known, at Aberystwith. Here ripple- 
marks and tracks and trails are copious enough, but not a fossil has 
been detected. The Coal-measure cliffs at Waterwinch near Tenby 
furnish another example. In the Lingula-fiags, too, we find whole 
surfaces scored by the Hymenocaris, without a fragment of the artist 
who engraved them; and every collector of fossils knows that he 
need not, as a rule, expect to find good fossils where tracks abound. 

The Downton or Upper Ludlow sandstones of Kington, on the 
borders of Herefordshire, are unquestionably a shallow-water, and 
in part a shore deposit. The irregular silty character of the bed 
itself, the disjointed fragments of crustaceans and fish, the numerous 
vegetable fragments, the scarcity of shells (for even Lingule are 
rare), attest this. And we know from other evidence that the close 

2a2 
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of the Silurian epoch was, in Britain, marked by the silting up of 
shallow seas, to form land-locked estuaries for the deposit of the Old 
Red Sandstone. 

Even the characteristic tide-wash-mark (if I may coin a triple 
term) is present; and fig. 1 shows as good an instance of this shore- 
character as can be seen on the paving-flags of Forfarshire, or, still 
nearer, on those of the Yorkshire Coal-measures. 

And on these surfaces Mr. R. Banks, of Ridgbourne, found (I am 
ashamed to say how many years back) the beautiful impressions on 
the two slabs upon the table, for which I am much indebted to him. 
To my mind these slabs show all but conclusive evidence of the 
tracks of Ludlow fishes, two (if not three) species of which have been 
described by Prof. Huxley and myself in a former volume of the 
Journal*, from this locality. My reasons for believing the tracks to 
be the work of Pteraspid fish + are partly drawn from the character 
of the imprints themselves, and partly from the fact that, except the 
large Pterygotus, which occurs in the same bed, no creature of size 
or weight enough to make these imprints is known, either from King- 
ton or elsewhere in the Downton Sandstone. Of course the argu- 
ment from negative evidence will be stronger with some than with 
others. But if (for the purpose of inquiry) it be admitted that our 
choice is narrowed to the kinds of animals known to have existed at 
the period, I should have no hesitation whatever in rejecting the 
crustaceans and mollusks, and deciding for the fish ; and Pteraspis and 
its allies are the only fishes known to exist in Upper Ludlow Rocks, 
except the small Dogfishes or Sharks (if indeed they were so, for 
we do not know their teeth, and they may have been Acanthodians) 
which are found in the Ludlow bone-bed. At Kington, though I did 
find the bone-bed by its peculiar shells, I cannot remember that it 
showed any traces of fish. But fin-spines of fishes do occur in 
plenty in these flaggy sandstones; and the reasonable inference would 
be that they may have belonged to Pteraspid fish, unless it can be 
shown that such fishes could not have had defensive spines to their 
fins. 

I will describe the slabs first, of which I have only two:—Fig. 1 
represents the smaller, about 18 inches square by + of an inch thick, 
and shows traces of three tracks made by a larger individual than 
those which have left traces on No. 2 (see fig. 2). The latter is a 
much thicker slab, with many tracks (confused for the most part) 
over a'space a foot square. It has two contiguous layers imprinted by 
them (a and (3), separated by only a thin layer of sandstone; while 
a third or upper layer (y) is free from markings, so far as it 1s seen. 
The tracks on this larger slab can, I think, best be interpreted by 
reference to the smaller and more perfect one. But with this help 
thev enable us to observe some characters not plainly visible on No. 1. 

Fig. 1 shows three undulating lines of imprints, neither parallel 

* Quart. Journ. Geol. Soe. vol. xii. p. 100. 
+ A fine slab of markings, probably due to Cephalaspis, exists, or did exist a 

few years back, in the great Jermyn Street Collection. It is from the Cornstone 
beds of the Old Red. A still finer one is in the Worcester Museum. 
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from the shore, twice obstructed by the forward wash of the surf, 
which stranded it again. The tracks A and B are exactly similar, 
except that one is deeper than the other, and the imprints are at 
unequal distances ; and they have every appearance of being made 
by the same individual. But the difference in depth of the three 
tracks shows clearly the direction to have been from A to A*, or the 
reverse; and it will be observed that this line of direction is trans- 
verse, but a little oblique also, to that of the linear imprints them- 
selves. 

The more confused slab (fig. 2) shows none of these points so 
strongly ; but is easy of interpretation by the help of the more per- 
fect one; and the evidence of the two together is conclusive on one 
point—namely, that the successive imprints were made in solitary 
lines, and are not the results of a track of any animal with nu- 

' merous appendages. 
Our attention is therefore limited to the possible nature of the 

organ or organs which could produce a transverse (slightly oblique) 
bilobed or double impression at each stroke, at intervals of about an 
inch. 

The most perfect of these imprints are 3 of an inch long, not quite 
4 of an inch broad, and about a line deep in their strongest im- 
pression. They are slightly curved, deepest forward on the inner 
side of the curve, and sloping behind. I take the direction of the 
track to be from A to A*. 

Each imprint is double; and on slab 1 the longer and shallower 
lobe is on the right, the deeper and shorter lobe on the left; and 
behind this shorter lobe, at a distance varying from one to two lines, 
is a shallow pit, in the same direction as the main imprint, and a 
little wider than long. These supplementary imprints are wanting 
behind most of the shallower main impressions. 

Between the two lobes of the imprint the sand is always more or 
less pinched up, as if the action had been (and I believe it was so) 
from without inwards. It is as if a pair of rude blunt forceps had 
been used, whose arms were occasionally of unequal length. Some- 
times, as at w in fig. 2, the points of the forceps have not met 
closely, one being a little behind the other. This character, however, 
is rare, though seen on both slabs; while the appearance of a 
pinching action is visible on most of the imprints in each case. 

In one, or possibly two instances (y, fig. 2), there is a short return 
stroke, as if the forceps, after meeting near the centre, where the 
deepest indent is made, had escaped in a somewhat different direction. 
In this case the lobes or strokes are equal, and there is no supple- 
mentary impression. More commonly still, two short punctures in 
the sand, a line or two apart, are equal in strength; and in these 
instances, again, no supplementary indentation has been made. 

Lastly, on the larger slab are several examples in which the sand 
has been heaped up on one side or the other, or even between the 
imprints when the stroke has not closed, as if the instrument on 
leaving the surface had driven the sand forcibly outwards. 

Single indentations occur ;. but. the double ones are so much more 
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instruments were driven first inwards so as nearly to meet, and then 
opened suddenly outwards with various degrees of force. The stroke 
was, if I interpret the direction of the tracks rightly, a little back- 
ward as well as inward in each case, and the return stroke also 
backward. 

The evidence, then, as far as I understand it, is, that one pair of 
organs placed near each other, and acting in a direction transverse 
to the progress of the animal, were the means by which the creature 
was propelled through the shallow water. Also that a posterior lobe 
or supplementary organ, shorter than the other, touched ground in 
the deeper imprints ; but as it occurs only behind the deeper ones, 
which happen in this case to be on the left side, the inference is that 
there were a pair of such shorter organs immediately behind the 
longer pair. 

Such an arrangement excludes, of course, the gigantic crustaceans 
described by Prof. Huxley and myself*, and now being so thoroughly 
examined by Mr. Henry Woodward. The Pterygoti are indeed plen- 
tifully found in the Kington Sandstones. Perhaps the largest of 
them all, at least the P. gigas, rivals the great Forfarshire species 
in size, and must certainly be 6 or 7 feet in length, as I at first sup— 
posed. But the struggles of such an animal in the shallows would 
leave, not a bilobed imprint, at times unequal-sided, but a number 

- of impressions, arranged along a central line. Such are shown in 
Prof. Owen’s illustration of the Protichnites of Canada, which that 
distinguished naturalist refers without much hesitation to large 
Limuloid or Eurypteroid Crustacea. In that view I thoroughly 
agree with him, and believe we have yet to discover the ancestor of 
all the Pterygoti in the Potsdam Sandstone. 

That we may eliminate all the contemporary crustaceans from con- 
sideration, | may mention that I have myself described tracks of the 
Phyllopod Crustacea found in Lingula-flag and Silurian rocks, and 
made with double or triple forked caudal extremities (Quart. Journ. 
Geol. Soc. vol. x. p. 211, vol. xvii. p. 347). Such impressions have 
nothing in common with these. They were made in the opposite 
direction to that of these imprints, namely, fore and aft, in the line of 
the track itself. 

But if we turn to the abnormal Ludlow fishes, Pteraspis (the 
earliest known of these) is common enough in the Kington Sand- 
stones, as Mr. Banks’s researches first proved to ust. These seem 
to give a clue to the impressions before us. If such fish, evi- 
dently fond of shallows, were endowed with stiff defences to their 
pectoral or ventral fins, they might produce with them somewhat 
such a pair of combined strokes as would lift the animal forward or 
backward. The slight obliquity of the stroke is not against the 
supposition ; for the motion of a fish’s fin is not quite in a direct line, 
but more like that of a screw propeller. 

That Pteraspis had such stiff defences I do not know. But a not 
very distant ally among these abnormal cuirassed fishes aie 

* Monograph of Prerygotus and Eurypterus, Mem. Geol. Survey, 1859. 
t Quart. Journ. Geol. Soc. vol. xii. p. 93. 
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had very decided bony crutches as a modification of its pectoral fins ; 
and therefore I think we need not reject such a supposition too 
hastily in the case of Pteraspis. We have not yet been able to refer 
all the bony defences (Onchus, as they are called) which abound in 
the Ludlow bone-bed, the Downton Sandstone, and the fish-beds of 
the Old Red, to Placoid fish; and we may yet be led by these few 
tracks on sandstone to look out for such adjuncts to the fore limbs 
of Cephalaspidee. 

At least, all I can say is, that if Pteraspis had not such a bony 
erutch, I do not see how he could make such an impression on the 
sand; and if my impression is not a correct one, I cannot offer a 
better, nor suggest what aquatic or amphibious creature could pos- 
sibly produce successive impressions of the form and direction I have 
shown to occur in these, unless it were Pteraspis, or the Acanthodian 
or Squaloid fishes before mentioned. 

And now comes a very interesting point in proof that these im- 
prints were made by fishes. If the water were not quite deep 
enough to float the animal (and that it was not, in the case of track 
A A*, is certain), then the stroke made by the leaning side must ne- 
cessarily be shorter and somewhat deeper, and the fin itself behind 
the defence would touch the ground. In proof that these imprints 
(fig. 1) are the records of a struggle to attain the water, I need 
only refer to the specimens (which are placed in the Society’s 
museum), where, on the back of slab 1, the weight of the instru- 
ments has been such as to indent the sand for more than half an 
inch, and to penetrate into a layer below, which is, of course, not 
seen in this specimen. 

I owe the recognition of this circumstance to Prof. R. Owen, 
whose acumen in determining track-markings is almost an instinct; 
and to whom I showed the slab, telling him that I had come to the 
conclusion it was made by a fish (Pteraspis), and could be made by 
nothing else. His reply was very characteristic; for, turning up the 
back of the slab, which I had neglected to do, he at once pointed 
out the depth of the two impressions, which must have been made 
when the creature was struggling on the shore; and though he did 
not hastily adopt my conclusion, he at least convinced me that, if the 
track was made by a fish, it was a fish out of water. 

4. On a NEW LINGULELLA from the RED LoweR CAMBRIAN ROCKS of 
St. Davins. By J. W. Sarzer, Esq., A.LS., F.G.S., and H. 
Hicxs, Esq. 

Fossrzs in the red Cambrian rocks are so rare, that no apology seems 
due for introducing a single small specimen, lately gathered, after 
great research, by one of the authors of this paper. The search has 
been systematically pursued since 1862, when the first fossil of the 
Menevian group was described by Mr. Salter from this neighbour- 
hood; and the labour has chiefly fallen upon Mr. Hicks, who resides 
at St. Davids. He has literally not left a stone unturned to find the 
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true place of Oldhamia, and, if possible, of the mythical Paleopyge, 
in these old red rocks. He has been rewarded, during the search, by 
many additions to the Menevian fossils, found at successively lower 
and lower horizons, in the grey rocks which form the passage from 
the Lower to the Upper Cambrians. But, until quite lately, not a 
vestige had occurred to him in the actual red rocks themselves. 

The fossil is but a small one, a line and a half long; but it is 
unquestionably a Lingulella, and apparently of the same species as 
one very common in the lowermost of the layers which have yielded 
Paradoaides, and the fossils of which will be described in our next 
memoir. With the Paradowides Hickswi, Salter (the species for- 
merly published in Siluria, 2nd edit., as P. Forchammeri?), several 
species of shells, Brachiopod and Pteropod, oceur—and among them 
a Lingulella, of which figures and a description are appended, and 
which appears to be the same as that now found 200 feet lower 
in the red Cambrian slates. 

LINGULELLA FERRUGINEA, Salter, spec. nov. Fig. 1. 

Length fully 23 lines. Form ovate-oblong, the front rather obtuse, 
but not straight-edged; the sides nearly parallel; the obtusely 
pointed beak includes an angle of about 75°. Generally convex, 
especially down the median area; the sides bevelled obliquely ; the 
surface concentrically and very finely striated ; the inner surface rather 
coarsely sulcate concentrically, indicating close ridges or sharp waves 
of growth upon the outer surface (not visible in our specimens). 
The inner surface (and probably the outer) shows radiating lines 
(rather coarse ones) over the median area, but not on the sides. 

The pedicle-groove is so wide and pyramidal as to open at an 
angle of 40°; and its edges are so strongly pronounced as to give the 
appearance of hinge-plates. A short median ridge divides this area, 
and extends but a very short distance. A specimen, apparently of 
the shorter valve, has also a median line, but fainter and longer. 
This is uncertain, the specimen being much crushed. 

Loc. Lowest strata of the black flags in the Menevian group, Pen- 
y-pleidiau, St. Davids. 

Figs. 1-3.—Lingulella ferruginea, Salter. 

Fig. 1. Lingulella ferruginea, Salter. Natural size. 
2. L. ferruginea, var. ovalis, Hicks. Natural size. 
3. The same, magnified. . 
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Var. a. ovatts, Hicks. Figs. 2 & 3. 

Shell ovate, 14 line long: front edge rounded, not obtuse. 
Loc. Red Rocks of the Menevian group, near St. Davids. 
Except the shape of the front edge of this small shell, which is 

rounded off, and not squared at all, this variety is not to be dis- 
tinguished from the other. 

We give this variety a distinct varietal name, as it is important to 
distinguish all marked forms. When there isa difference in geological 
position, as well as some peculiarity in the form, it is wiser to dis- 
tinguish, at least as a variety, any important specimen. Until it 
shall have been clearly proved, by intermediate forms, to belong to 
the self-same species, there can be no reason for allowing a theo- 
retical opinion of descent with modification to influence us, as 
naturalists, in determining the nomenclature of a fossil or recent 
shell. And the contrary proceeding would throw all our useful 
binomial or trinomial appellations into oblivion ; while it would not 
advance by one iota the real study of the group to which the fossil 
belongs. 

That Lingulella ferruginea, var. ovalis, may have been the pro- 
genitor of the more ordinary variety, which is found in rather newer 
beds, is probable. That both may be only steps in the series by 
which we at last reach, through several Lower Lingula-flag species, 
the characteristic Lingulella Davisti and L. lepis of the Ffestiniog 
and Tremadoc groups, is also possible, if not highly probable. But 
we have no proof of it. Still less have we any proof that Lingulella 
‘merges into Lingula, or this into Obolella, or the last into Discina, 
&c., or that any or all of them had some common ancestor of whose 
nature we know nothing. 

I only intend by these remarks to show the importance of still 
adhering, in our nomenclature, to old and well-established rules. 
Whatever may be our theory as to the derivation of species, it 
behoves us, as descriptive naturalists, to keep our minds free from 
the delightful fetters of theory, while we strictly and truly describe 
the medals of creation as they are shown to us. 

I think my friend Mr. Davidson, in whose acumen and talent I 
have profound confidence, has of late years set us a bad example in 
this particular. He merges Lingulella in Iingula (though one has a 
pedicle-groove, and the other has not), and Trematis in Discina 
(though one has a marginal foramen and a radiated surface, and the 
other a closed foramen, and a horny concentrically ribbed shell). 

I may mention, while speaking of fossils from the Lower Cam- 
brian rocks, which I regard as a portion of the great Menevian group, 
that Mr. Alfred Marston, of Ludlow, has within the last few years 
found other portions of the so-called Paleopyge, or some allied crus- 
tacean form. ‘They are in the truly rich museum in Jermyn Street. 
He has also lately sent me word that my small Arenicolites are 
not the only tenants of the Longmynd. A large worm-tube, com- 
parable to the Histvoderma of the Wicklow rocks, has been found in 
the Longmynd by him.—J. W.S8. 
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5. OBSERVATIONS on CERTAIN Pornts in the Drntition of Fossit 
Bears, which appear to afford good Diacnostic CusaRacteErs, and 
on the Retation of U. priscus, Goldf., to U. rurox. By GuorcE 
Busk, Esq., F.R.S., F.G.S. 

[The publication of this paper is unavoidably deferred. | 

(Abstract. ) 

AFTER noticing the difficulties which attend the study of the bones 
of the skeleton generally in fossil Bears, and the somewhat confused 
and contradictory opinions as to the distinction of species which 
have arisen in consequence, Mr. Busk states that his object in the 
present communication is merely to call attention to some points 
in the dentition which seem to afford more certain and more readily 
ascertainable characters than can at present be drawn from the 
bones, and which, at any rate in the absence of other evidence, are 
a sufficiently sure guide in the distinction of species. 

The characters derived from the teeth depend— 
1. On their dimensions, absolute and relative. 
2. On their form. 

It is not necessary, however, to consider all the teeth. The 
canines vary too much even within the limits of one species to be of 
much utility ; and, with certain exceptions, the differences exhibited 
in the molars are not sufficiently marked to allow of their being 
employed. 

The teeth upon which reliance is to be placed are the upper and 
lower fourth premolars, and the last molar in each jaw; and the 
distinctive characters of these teeth in U. speleus, U. priscus, U. 
ferox, and U. arctos are pointed out by the author. 

It is also endeavoured to be shown thatin the size, proportions, 
and form of the teeth no essential differences can be perceived 
between U. priscus and U. ferow; and the opinion is expressed 
that, so far as cranial and dental characters are concerned, those two 
species are at present indistinguishable. 

———- = 

6. Notes on the Guotoey of the Province of Canrersury, N. Z., 
principally in reference to the deposits of the GuactaL Evocu at the 
western base of the SournerN Aups. By Juxius Haast, Ph.D., 
F.GS8., &e. 

ConTENTS. 
TI. Introduction. 

II. Geological Structure of the Southern Alps. 
TII. Moraine-accumulations of the Postpliocene or Glacial Epoch. 

I. Inrropvuction. 

In a paper laid before the Society at its Meeting of the 7th Decem- 
ber, 1866, I offered a résumé of my views on the causes by which the 
glaciation of the Southern Island of New Zealand had been produced 
in Postpliocene times, giving at the same time a short description of 
the deposits of that interesting epoch, by which the slopes and valleys 
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on the eastern side of the dividing range are almost everywhere 
covered. 

The western side of that important mountain-chain, called pro- 
perly the Southern Alps, in this Province, was then not known to 
me; but I had the satisfaction of visiting that part of the country 
last year, and of finding that the physical features confirmed in 
many respects my former deductions, based upon my researches on 
the opposite slopes. 
My notes on such an important subject would not be complete 

did I not lay before the Society a short description of that interest- 
ing region, where, perhaps more than anywhere else, the deposits 
of the Glacial (or here perhaps better named glacier) epoch are de- 
veloped on such a huge scale that even the morainic accumulations 
on the eastern side sink into insignificance when compared to those 
of the opposite slopes. Moreover any addition to the knowledge of 
the Postpliocene beds in the southern hemisphere, deposited by 
glacial or glacier action, and of the changes wrought by them in 
the physical aspect of the country, will not be unwelcome to those 
who are occupied in unravelling the nature of the deposits of the same 
epoch in Europe and North America. All beds observed by me 
hitherto are of subaerial glacier-origin ; and I have met with no de- 
posits which might lead to the conclusion that they have been thrown 
down from icebergs. As they form, as far as I have examined them 
along the coast, bald and often vertical cliffs, sometimes several 
hundred feet high, the arrangement of these beds, thrown down 
along and in front of the Postpliocene glaciers, can be well studied. 

At the same time the character of the blocks of rocks which we 
find imbedded in the smaller débris, gravel, and silt, gives us an 
excellent insight into the working of these glaciers, and shows, more 
than any reasoning by induction can do, the great triturating power 
of huge ice-masses on the slopes and in the valleys of Alpine chains, 
as well as the enormous power of ridge-making which they possess. 

II. Grotogrcan StRUCTURE OF THE SOUTHERN ALPS. 

Before entering into a description of the beds under review, I 
shall offer a few notes on the geology of the Southern Alps in this 
Province. 

The Southern Alps proper form the eastern wing of a huge anti- 
clinal arrangement, of which the western portion has been greatly 
destroyed, and submerged below the Pacific ocean. The axis of this 
anticlinal consists of granites, which do not appear, however, in this 
section, but which, more to the north, in the western part of the 
Nelson Province, are still partly in existence, and are certainly of 
early Secondary if not of Paleozoic age. 

Younger granites of Secondary age appear in low wooded hills at 
the western base of the central chain proper. They support on their 
flanks semimetamorphic beds, mostly silky slates. In some localities 
the latter seem to overlie unconformably the gneiss-granites—the 
western base of the Southern Alps; in others they appear to owe 
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their present position to faults or upheaval. The eastern side of the 
anticlinal forms a succession of huge folds, dipping throughout at a 
very high angle, but so much destroyed that at present the syn- 
clinals form generally the summits of the mountains, whilst the 
anticlinals of the folds appear now on both sides of the broad and 
deep valleys between. | 

These strata consist of dioritic sandstones, clay-slates, indurated 
shales, and aphanitic conglomerate or breccia beds, which follow each 
other in endless succession, and have a thickness of at least 25,000 
feet. ‘They appear to have been deposited during the gradual de- 
pression of the sea-bottom, whereby they obtained such an enormous 
thickness. 

It is evident from the character and position of the beds in ques- 
tion, that the rivers entering the Paleozoic ocean came from the 
high land situated to the east of the present Southern Alps, and 
that this land consisted of gneissic schists, quartzites, felstones, and 
true clay-slates, as well as of dioritic sandstones, and other rocks 
similar to those under consideration. 

I have, in some instances, although rarely, met with small rolled 
pebbles of granite, syenite, and porphyry. The conglomerate and 
brecciated beds of the Southern Alps invariably thin out towards the 
west. 

I may here observe that I have obtained from the Chatham Islands 
specimens of fine-grained gneissic schists resembling closely the 
lower series of our Alpine beds. 

It is remarkable that limestone rocks occur very rarely, as I found 
only a few beds of dark calcareous flagstones. J ossils are also ex- 
ceedingly scarce: as far as I have searched, over hundreds of square 
miles of these rocks, I have found only a few minute bodies resembling 
Tentaculites, a few fragmentary remains like Serpulites, some im- 
pressions of Fucoids, and one single specimen of indurated shale 
with the tracks of Annelides. It is difficult to conceive that such a 
paucity of animal and vegetable life in the Paleozoic seas should 
have existed during the formation of these huge sedimentary strata, 
or that the necessary conditions for the preservation of its fauna or 
flora were so seldom offered. 

The very summit of the central chain, as for instance Mount Cook, 
consists, as before observed, of these sedimentary rocks, except in 
some few localities, where its S.W. and N.E. direction is somewhat 
altered by westerly bends, and the underlying newer fine-grained 
gneissic schists, felstones, quartzites, and contorted clay-slates make 
their appearance; the latter by their hardness have generally re- 
sisted the disintegrating agencies much better than any rocks in the 
Southern Alps. 

Below them, again, advancing towards the west, we meet with silky 
clay-slates, changing soon into micaceous and chloritic schists, which 
are succeeded by true mica-schists, gneiss, and gneiss-granite, form- 
ing the western base of the Southern Alps, and invariably dipping 
at a very high angle towards the east. To these two latter series* 
the auriferous rocks in this province are confined. 
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On the eastern side of the Southern Alps, and unconformably over- 
lying the older Paleozoic strata, occur two fossiliferous beds, of which 
one occurs in the Clent hills, the other being situated ten miles north 
of it, on the western slope of Mount Potts, of which the Mount Guy 
range is a continuation. 

The latter, which I named the Spirifer-beds, are, according to 
Prof. M‘Coy, of Melbourne, either Upper Devonian or Lower Carboni- 
ferous. They are situated near the junction of the main branches 
forming the river Rangitata, and consist of indurated shales, clay- 
slates, and coarse sandstones. One of the commonest fossils is Spz- 
rifer lineatus, M‘Coy, which occurs in great masses; besides it, 
some other Spirifers are represented, as, for instance, S. dwodecum- 
costatus and latus,—also the genera Productus, Orthis, Murchisonia, 
and some others. 

The Clent-hill beds consist mostly of shales and conglomerates, 
the latter made up of pebbles of plutonic, metamorphic, and trappean 
rocks, of every possible variety, many of which have disappeared 
from the surface of New Zealand. In fact, a complete Museum of 
the former crust of the earth is here presented to us. In the shales 
of these beds numerous beautiful impressions of plants occur, mostly 
ferns and belonging to the genera Pecopteris, Sphenopteris, Camp- - 
topteris, and Teniopteris; a few of them are identical with Austra- 
lian forms, as for instance the Teniopteris Daintreei, M‘Coy, to which 
that distinguished paleontologist assigns a Jurassic age. 

The Southern Alps proper are bounded on their eastern side by a 
belt of old Tertiary volcanic rocks, quartzose trachytes, and pearl- 
stones, which have without doubt risen in a semifluid state in longi- 
tudinal fissures; they form generally dome-shaped mountains, some 
of them 4000 to 5000*feet high ; but nowhere is the least sign of a 
crater or lava-stream discernible. | 

The trachyte zone surrounds Banks peninsula as the segment of a 
circle, distant from it about 50 miles, in a direction east and west, 
but only approaching the seashore, north and south, at a distance of 
100 miles. 

Thus the great foldings of the Southern Alps proper are bounded on 
both sides by igneous rocks, which circumstance may account in some 
degree for the steepness of the folds throughout the whole region. 
At the same time the difference of age and composition of these igneous 
zones on both sides, the granites on the western and the trachytes 
on the eastern flanks, may lead us to conclude that the great anti- 
clinal and synclinal arrangements did not take place simultaneously, 
but that its western portion was formed when, at the beginning 
of the Tertiary period, deep-seated disturbances began to occur 
on its eastern side, by which the strata were brought into their 
present position. Longitudinal fissures were at the same time opened, 
through which the volcanic rocks made their appearance. 

On these, the oldest voleanic rocks in the Province, repose our 
Tertiary series, beginning with extensive agglomeratic and tufaceous 
deposits, made up from the disintegration and destruction of trachyte 
rocks, followed by argillaceous beds and sands, with lignite-seams 
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often of good quality (Browncoal). They are again overlain by thick- 
bedded calcareo-arenaceous strata, called by Dr. Hector the Oamaru 
series, and are broken through by newer volcanic rocks, mostly 
dolerites, sometimes forming large sheets, and with palagonite 
tufas associated with them. These are again covered by sands, clays, 
&c., and some small beds of shell-limestone, probably of Pliocene age. 
These Tertiary rocks appear either on the slopes of the lower range, 
on the eastern or western side of the Southern Alps, or they form 
small isolated hills in front. Otherwise they are mostly concealed 
by the great Pliocene alluvium forming the Canterbury plains on 
the eastern side, through which the present watercourses have eut 
deep channels on the higher or western portion, whilst near the sea 
they have covered them by recent deposits, of which I have given 
a description with sections in my Report on the formation of the 
Canterbury plains. 

It is often in the deep gorges where the rivers leave the mountains 
that the Tertiary rocks are well exposed. 

Banks peninsula is a volcanic system of ‘some complication. The 
two larger harbours, Port Victoria and Port Akaroa, are true Cal- 
deras formed by doleritic rocks, consisting of lava-streams and agglo- 
-meratic and tufaceous beds derived from them, of the succession and 
structure of which the railway-tunnel between Lyttleton and Christ- 
church, crossing the Caldera-wall of the former, offers an excellent 
and very instructive section. Between these two Calderas a large 
volcanic cone, now partly destroyed, has been raised by trachy-dolo- 
ritic and andesitic lavas, while the last centres of eruption are 
apparently two islands in the middle of the two older Calderas, con- 
sisting of a number of basaltic lava-streams having a columnar struc- 
ture. On the western side of the peninsula we meet a large zone of 
quartzose trachytes, which seem to have made their appearance after 
the doleritic and before the andesitic lavas. 

I shall return to this interesting subject after the railway-tunnel 
has been completed. 

III. MopainE-ACCUMULATIONS OF THE PosTPLIOCENE OR GLACIAL 

Epocu. 

T have not as yet alluded to the extensive morainic accumulations 
found on both sides of the Southern Alps, as I wish to call especial 
attention to them in treating of them separately. The eastern 
glacier-beds are extensive, and reach to a much greater distance 
from the summit of the central chain than those of the opposite side, 
but they do not descend to such a low position. 

Owing to the remarkable steepness of the western slopes of the 
Southern Alps, these Postpliocene accumulations reach the sea-level, 
for more than fifty miles covering the country uniformly with their 
stupendous masses. 

This is quite in accordance with the relative position of the pre- 
sent glaciers on both sides, of which I shall give an example. 
The great Tasman glacier, the largest in New Zealand, about 16 
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miles long, and, near its terminal end, still 1$ mile broad, descends 
only to 2772 feet, whilst the opposite and smaller, Francis Joseph 
glacier, descends to 708 feet above the level of the sea, its fore- 
ground being formed by a luxuriant vegetation, amongst which ar- 
borescent ferns, pine, and fuchsia trees are conspicuous. 

Before proceeding to describe the morainic accumulations under 
review, it will perhaps be well if I give in a few words a descrip- 
tion of the configuration of the west coast of this province, princi- 
pally in reference to the direction of the central chain; and to do 
this more effectually, I have appended a small sketch map of that 
country, in which I have distinguished in general lines between the 
existing glaciers and snow-fields, and the extent of the morainic 
accumulations of our great ice-epoch. 

The Southern Alps approach nearest to the sea at the point where 
they attain their highest mean elevation—namely, in Mount Cook, 
and in the lofty snow-clad peaks adjoining it, north and south. Con- 
tinuing to follow them in their north-east direction they verysoon be- 
comelower, andatthe same timerecedetowards the centre of the island. 
Thus, if we draw a line at right angles to the direction of the coast, 
Mount Tasman is only fifteen miles distant from the Pacific ocean, 
whilst Mount Kaimatan, where the principal sources of the Waima- 
kariri are situated, is fifteen miles further inland, or thirty miles 
from it. As the greatest glaciers descend from the principal moun- 
tain-system, or Southern Alps proper, between the sources of the 
Rakaia and Waitaki (east coast) and of the Whataroa and Makawiha 
(west coast), we find that during the glacier-epoch also the ice 
masses extended here furthest on both sides, of which circumstance, 
for the east coast, I have already had the pleasure of laying the prin- 
cipal facts before the Society. 

On the west coast, near the northern boundary of the Province, 
we find the morainic beds descend in the Teramakau to 227 feet 
above the sea-level, forming lakes Brunner and Poerua, ten miles 
from the coast; in the valley of the Hokitika river, at the head of 
which the central chain assumes much more gigantic dimensions 
than at the head of the former river, they reach to an altitude of 
150 feet at a distance of six miles from the mouth of the river. 
But as soon as the Mikonuhi is crossed, it 1s seen that the Post- 
pliocene glaciers were of such an enormous size that they not only 
reached the sea, but must have advanced into it, until their termina- 
tion was carried off in the form of icebergs. 

The morainic accumulations south of the Mikonuhi cover the 
lower country, as far as I have travelled along the coast, for fifty 
miles; but intelligent travellers, who have followed the coast-line 
still further south, have informed me that for more than forty or 
fifty miles they still continue to form the low hills bounding the sea. 

An examination of these remarkable deposits convinced me at 
once that, as before stated, they form only the lower portion of a 
huge sheet of morainic accumulation which covers the whole lower 
western region in that zone, and that they are the lateral, central, 
and, in some instances, the terminal moraines of huge glaciers which 
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descended from the Southern Alps in Postpliocene times. The pre- 
sent rivers have invariably excavated their courses in them; and the 
swell of the ocean, having a northerly direction, has connected the 
more advanced portions together by forming a dam of sands, behind 
which estuaries and lagoons of greater or less extent have been 
formed, washing the western foot of those morainic accumulations 
which have not advanced so far. The headlands are those portions 
of the moraines in which the greatest number of large blocks are 
enclosed; in fact they correspond generally with the central and 
lateral moraines. 

At the same time a partial destruction of these headlands has 
offered the means for their further protection by raising at their 
base huge masses of rocks, which extend into the sea for a consider- 
able distance, and against which the waves break furiously but in- 
effectually ; whilst the softer beds between them, which have not 
this protecting talus, are, if not constantly, at least during the fre- 
quent gales along this coast, quite unprotected from the fury of the 
waves, and are much less able to withstand their destructive power. 

Some of the imbedded blocks are of enormous size, often larger 
than the celebrated Pierre-a-bot in the Jura. One of the most 
striking examples is the large block lying in front of the centre of 
the Baldhead moraine, to which it owes, without doubt, in some 
degree its preservation. ‘This block, which consists of contorted 
clay-slate with layers of quartz, is from 30 to 40 feet in diameter, 
and covered on its summit with a luxuriant vegetation. 

It is instructive to observe the manner in which the huge blocks, 
when washed from the cliffs, or fallen from above when any por- 
tion of the latter has been undermined by the waves, are soon buried, 
in many places, in the marine sand which the southerly swell brings 
incessantly along with it. These blocks, if not too large, will very 
often sink considerably during one tide, the sand below and around 
them being washed away, whilst another tide covers them up en- 
tirely with sand left behind. Thus it will often happen that their 
angles remain quite sharp after their burial in the sand, and are 
thus preserved from further abrasion. But the upper portions of 
many of the larger blocks remain uncovered, and are thus ex- 
posed to the fury of the waves for a considerable time; but, owing to 
their extreme hardness, their angles become less rounded than might 
have been expected. Of course there are many blocks which have 
not only their edges worn off, but present that perfectly smooth 
appearance so peculiar to rocks lying in the tidal way. 

These recent marine accumulations, in which former glacier-de- 
posits are imbedded in marine sands with marine mollusks and 
other exuvie, lead me to offer the following observations sug- 
gested by a contemplation of this phenomenon. 

There is no doubt that, at least in some portions of the west coast, 
the land is sinking rapidly, a conclusion repeatedly forced upon me 
in passing the remains of forests now standing below high-water- 
mark. Should this western side sink about 800 feet more by further 
geological changes, by far the greater portion of these moraines 
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would be destroyed, the large blocks would become imbedded in true 
marine sands, with shells of mollusks now inhabiting our western 
shores, either entire or in broken pieces, bones of cetaceans, fishes, 
and remains of plants occurring between. 

The land rising again, the drainage-channels cut through the 
marine deposits, would offer sections of a very curious structure ; 
and there is no doubt that in many instances the conclusion arrived 
at would be, that these extensive beds were of glacial origin, de- 
posited by icebergs, and that the fossil flora and fauna imbedded in 
them belonged to a much colder climate than that which existed in 
reality when these beds were deposited. 

It struck me at the same time that many beds in the northern 
hemisphere which are called glacial, are probably similar beds re- 
arranged; and that many apparent difficulties will disappear if such 
a process is taken into consideration. Furthermore may we not 
assume that at least some of these beds in older formations, in 
which similar rounded and sharp-edged blocks are associated toge- 
ther, have a similar origin ? 

In any case the formation of these recent marine beds from the 
destruction of Postpliocene accumulations is highly suggestive to 
the physical geologist; and deductions drawn from such obserya- 
tions may claim some consideration at the hands of those who are 
attempting to account for the various characteristic features of the 
glacial beds in the northern hemisphere. 

If we examine the structure of the large moraines under consi- 
deration, and the lithological character of the rocks imbedded in the 
débris, some important facts are revealed to us, to which I beg to 
draw your special attention. : 

In my short explanation of the structure of the Southern Alps, I 
have pointed out that their very summit consists of dioritic sand- 
stones, cherts, &c., and that towards the west they are imme- 
diately underlain by the newer gneissic schists, below which follow 
mica-schists &c., until the gneiss-granites which form the base of 
the Southern Alps are reached. 

This peculiarly regular succession of the strata according to age 
and metamorphic change, from east to west, assists us, when we 
examine the débris of which the huge Postpliocene moraines con- 
sist, to obtain a clear conception of the extent, breadth, and other 
conditions of the huge glaciers to which they owe their existence. 
Thus we observe, as there is no débris of truly metamorphic rocks 
amongst the component parts of these enormous deposits, but only 
diorite-sandstones, felstones, true clay-slates, and other similar rocks 
which form the summit of the central Alps of the present day, that 
the height of land was the same in the glacial epoch as it is now. 
In fact, the present huge glaciers on the eastern slopes of the central 
chain are covered with débris of the same lithological character as 
that of which the Postpliocene moraines along the west coast are 
composed. The total absence of true mica- and chlorite-schists, 
gneiss, and gneissic granite, which form the western foot of the 
ranges under consideration, as well as of the granite and sericite- 
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slates which constitute the isolated low wooded cones or ridges 
rising at present above the morainic accumulations, suggests at once 
that the whole country was uniformly covered with one continuous 
sheet of ice, grinding and planing down the whole lower region in a 
remarkable degree. And, if we go further, may we not assume 
that the enormous triturating power by which the auriferous beds 
were ground down to nearly their present outline, may in some 
degree account for the presence of the fine dust-like gold found in 
large quantities along the shores of that coast for several hundreds 
of miles ? 

The older alluvial beds, lying, in several instances, upon these 
morainic accumulations, show convincingly, when their contents are 
examined, that at the time they were deposited a great change in 
the relative position of the Alpine glaciers had taken place. 

Although many rolled boulders from the very summit of the cen- 
tral chain may still be collected amongst them, derived either from 
the younger moraines of the smaller glaciers, or from the older 
moraines through which their outlet had cut a passage, we find that 
the metamorphic schists and gneiss-granite of the Southern Alps 
proper, and the newer granites and syenites of the hills in front, 
are also well represented. Such a total change in the nature of the 
beds proves convincingly that the glaciers have not only retreated 
considerably, but have now formed distinct channels on the lower 
slopes of our Alps, the streams issuing from them being able to bring 
down the débris from the granite bosses in front. 

These Postpliocene river-beds, of such distinct lithological cha- 
racter, mostly repose upon, or occur near the moraines. But 
there is one instance, in Boldhead, which at first sight seems to in- 
dicate that at least one oscillation occurred during the glacier-epoch, 
during which the Boldhead glacier must have retreated so consider- 
ably as to bring the lower metamorphic and hypogene rocks within 
the denuding action of its outlet. These interesting fluviatile de- 
posits consist of beds of sedimentary and semimetamorphic rocks, 
which form the morainic accumulations of well-rounded boulders of 
granite, gneiss, and metamorphic schists, which, during the great 
glaciation of the country, were covered uniformly by a sheet of ice. 
In fact, these Postpliocene fiuviatile beds cannot be distinguished 
from the present river-beds of the same region, except by the some- 
what larger size of their blocks of stone. 

At first sight it thus appears that such a considerable change has 
taken place during the glacial epoch that the Boldhead glacier could 
retreat at least ten miles, so as to uncover the coast-ranges, which, 
although in that neighbourhood from 3000 to 4000 feet high, have 
the peculiar rounded forms of true roches-moutonnées. But as signs 
of such enormous oscillations are nowhere else discernible, a second 
explanation may be more correct—namely that the alluvial river- 
beds were deposited by the river Mikonui, which enters the sea a 
few miles north, during a slight oscillation of the Boldhead glacier. 
There occur also in Boldhead, and in some other cliffs further south, 
very large deposits, consisting of the finest glacier-mud, which are 
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often stratified in such thin layers that many hundreds of them go 
to the inch, and which were without doubt formed in lakes amongst 
huge ice-masses. 

In ascending from the level of the sea to the slopes of the Southern 
Alps there are many sections in the banks of the river which show 
well the gradual retreat of the Postpliocene glaciers ; in some other 
localities, on the other hand, there is ample evidence offered to us that 
there has been an advance of the glaciers during more recent times, 
since the broad river-beds were formed. Thus, to give only one 
instance, three miles from the present terminal face of the Francis 
Joseph glacier, we meet a moraine curving across the shingle-bed of 
the Waiau river, which is here more than a mile wide, and by which 
this newer moraine has been destroyed in many spots, through which 
its structure has become visible. An examination of these beds 
reveals the important fact that the channel of the Francis Joseph 
glacier was cut deeply into the ranges during their deposition, 
as we find many blocks of truly metamorphic rocks mixed up with 
those derived from the summit of the Southern Alps. Finally, I 
beg to point out that glacier-lakes are not altogether missing on the 
western side of the Southern Alps proper: a few of them, like lakes 
Brunner and Kanieri, are dammed up by enormous morainic accu- 
mulations ; others, from the descriptions given to me by trustworthy 
miners, appear to be true rock basins, some of which I hope to visit 
in the course of next autumn. 

ee eee 

7. On the CuEemicat Gxrotoey of the Matvern Hits. 
By the Rev. J. H. Tuts, F.G.S., M.A. 

In the year 1861, I commenced an examination of the rocks com- 
posing the Malvern Hills; and the results of the analyses of some 
of the eruptive rocks, taken from various parts of the chain, were 
published in the Edinburgh New Philosophical Journal, vol. xv. pp. 
1-7. Since then, a minute and accurate description of the structure 
of these hills has been given by my friend Dr. Harvey B. Holl (Quart. 
Journ. Geol, Soc. vol. xxi. p. 72), to which I shall have to refer, in 
the course of this paper, for a more particular account of the physical 
geology of the district under investigation. I have also had the 
advantage of visiting the hills with him, and, with his assistance, I 
have been able to make many valuable additions to my collection of 
specimens of the various rocks for analysis. 

In the present communication I propose to examine the rocks with 
a view to the discovery of the sources from which they have been 
derived, and the chemico-physical processes which have resulted in 
their development, confining myself more especially to the consider- 
ation of those which appear to be, wholly or in part, the products of 
eruptive action, whether they occur as intrusive masses, lava-flows, 
or beds of ash mechanically deposited. Those of which the mate- 
rials were originally furnished by the decomposition and disintegra- 
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tion of other rocks, and the nature of the metamorphic influences to 
which they have been subsequently exposed, I hope to investigate in 
another paper. 

I. Lava and Volcanic Ash overflowing, or interstratified with, the 
Black Shale. Holl, op. cit. pp. 90, 91; Professor Phillips, 
Mem. Geol. Survey, vol. 11. pt. 1. pp. 55, 56, “ Interposed 
Traps.” 

I have already shown the composition of many of these rocks* ; 
it is therefore only necessary to notice a few which I have since 
analyzed, with some calcareous rock possessing similar characters, 
from the Herefordshire Beacon. 
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I. Lava forming a thick bed north of Coal Hill: contains horn- 
blende and felspar ; indistinctly crystallized. 

II. From a narrow band of smooth rock, from one to two inches 
thick, of a blue colour, resembling indurated shale; associated with 
the lava-flow at Keys End Hill. 

* Hd. New Philosophical Journal, Joc. cit. 
t The oxides of copper and manganese, especially the latter, are generally 

present in the Malvern rocks, though often in such small quantities as to make 
their separation unnecessary. Where the quantities have not been specified, the 
oxide of copper was weighed with the oxide of iron, and the oxide of manganese 
with the magnesia. 
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III. Calcareous lava, with imperfectly crystallized hornblende, 
and minute red felspar crystals ; from the valley of the White-leaved 
Oak. 

IV. Another fragment of the same rock. The rock after being 
finely pulverized, was digested with distilled water acidulated with 
25 per cent. of glacial acetic acid; and the soluble and insoluble 
portions were separately analyzed. 

a. The portion dissolved. 
b. The portion undissolved. 
C. The composition of the undissolved portion. 

V. Lava, from a boss in a small plantation south of the Eastnor 
Road; contains hornblende; the felspar is not crystallized; G=2-739. 

VI. From the interior of a loose spherical fragment of the same 
rock. A confused mixture of hornblende and felspar indistinctly 
crystallized, and with a little cale-spar. 

VII. From the same fragment, nearer the surface. 
VIII. Lava from the footpath from Fowlett’s farm to the valley 

of the White-leaved Oak, in contact with the black shales, which are 
there bleached by it ; unerystallized ; contains hydrated peroxide of 
iron in vesicular cavities ; partly decomposed. 

IX. Porous ash, of a light-brown colour, east of Coal Hill. 
X. Thin bed of calcareous ash, interstratified with shale, east of 

Coal Hill. 
XI. Another thin calcareous bed from the same place. The car- 

bonates were dissolved out by placing the pounded rock in cold dis- 
tilled water and adding hydrochloric acid, drop by drop, as long as 
effervescence continued. a. The portion dissolved. 6. The residue. 
C. The composition of the undissolved portion. 

XII. Another thin calcareous bed, from the same place. 
XIII. Grey ash, west of Coal Hill. 
XIV. Calcareous lava from a boss north-east of Bronsill Castle. 

B. Another fragment of the same rock. 
a. The portion soluble in cold dilute hydrochloric acid. 6. The 

residue. C. The composition of the undissolved portion. 
XY. Calcareous lava, south of the British Camp, Herefordshire 

Beacon, and south-east of the cave. a. Portion dissolved by cold 
dilute hydrochloric acid. 6. The residue. OC. Composition of the 
undissolved portion. G=2-701. 

As the two rocks last mentioned contain crevices and vesicular 
cavities, which were filled by calc-spar, the proportion of carbonates 
varies in different fragments of the same rock. In one of the small 
bosses under Bronsill Castle, carbonate of lime filled a cavity formed 
by the decomposition of a crystal of augite ; and in other cavities it 
was associated with zeolite, which may have been formed by the de- 
composition of labradorite. In such cases the cale-spar is clearly 
the result of infiltration and decomposition. But in those now under 
consideration, XIV., XV., and in the calcareous lava in the valley of 
the White-leaved Oak, III., IV., the carbonate of lime was dissemi- 
nated through the entire substance of the rock, and was more abun- 
dant in the hard unaltered parts of it than where it was decomposed. 



1867. | TIMINS—-MALVERN HILLS. 390 

The atomic proportion of the silica to the bases was also found to 
be nearly the same in the rocks containing the carbonates as in 
other rocks in the vicinity from which they were absent. It would 
therefore appear that the presence of the carbonate of lime cannot 
there be altogether the result of decomposition or infiltration. Dr. 
Holl has observed that these calcareous rocks do not represent the 
mass, but occur as beds, usually at the top or bottom of the lava 
beds. They would therefore have been formed at the commence- 
ment, or at the close, of the period of volcanic activity, when its force 
was least energetic, and the temperature probably lowest. Now the 
thermal waters of spent volcanoes are often found to be charged with 
carbonate of lime. The observations of Scacchi on the emanation- 
products of Vesuvius have also shown that eruptions of lava are ac- 
companied by other substances than its ordinary constituents. Car- 
bonate of lime, as is well known, retains its carbonic acid, even with 
access of atmospheric air, at a dull-red heat, and at afar higher tem- 
perature when fused with the carbonate or sulphate of soda, or with 
chloride of calcium. The emanation of carbonate of lime with vol- 
canic matter towards the close of an eruption is therefore probable ; 
and as the lava-flows in the black shales proceeded from numerous 
outbursts of limited extent and duration, the intimate dissemination 
of carbonate of lime in some portions of the rock at the period of its 
eruption may thus be accounted for. 

Of the thin beds interstratified with the shales, one only, IX., has 
the composition of volcanic ash. The others, X., XITI., have that of 
the shales with which they are associated, with the occasional addi- 
tion of carbonates, XI., XII. These, together with the associated 
beds of shale, were probably derived from the decomposition of lavas 
of the Black-shale period. 

Il. Hruptiwe Rocks of the Hollybush Sandstone. Holl, 1. ¢. pp. 87, 
88. Phillips, J. ¢. 52, 53. 

The appearance of many of these rocks is such as to justify the 
term “ felspathic traps” by which Professor Phillips has designated 
them. But in those which I have examined I have never found the 
atomic proportion of the silica to the bases to exceed 2: 1. 
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XVI. Light-coloured felspathic rock, west of Ragged Stone Hill. 
XVII. From the same place, of a darker colour. 
XVIII. Similar rock, of a light colour, from the north side of a small 

quarry, near an oak tree, 8.S.E. of Fowlett’s Farm ; decomposed. 
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XIX. From a “dyke” in the Hollybush Sandstone at the south- 
west base of Midsummer Hill: dark-coloured. 

XX. From the same; light-coloured, magnetic. 
Both these specimens have the appearance of porphyritic lava. 

Hornblende, imperfectly crystallized, occurs more abundantly in XX. 
There are also a few minute red crystals resembling orthoclase. 
There is some magnetic oxide of iron disseminated through both 
rocks; but in the darker portion the greater part of the free oxide 
of iron is the protoxide: in the lighter portion, which is of a reddish 
colour, the magnetic oxide predominates. 
A mass of felstone on the north side of the east cone of Ragged Stone 

Hill has the same constitution as these rocks; but it differs in its 
physical characters and mode of occurrence. It was probably formed 
by a mechanical deposition of the products of volcanic action. With 
the analysis of this rock I give one of a fragment from the summit 
of Ben Nevis, which in composition closely corresponds with it and 
with the eruptive rocks of the Hollybush period. 
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XXI. Felstone, from the north side of the summit of the east 
cone of Ragged Stone Hill. G=2°614. 

XXII. Dark-coloured rock, weathering white, from the summit 
of Ben Nevis. 

The Hollybush Sandstone includes some thin beds, apparently 
formed by the deposition of felspathic ash. One of these may be 
observed on the east side of the quarry, at the south-west base of 
Midsummer Hill, east of the eruptive rock, XIX. XX. It is, in part, 
of the structure of sandstone, and in part felspathic, with traces of 
epidote. ‘These thin beds differ from those forming larger masses of 
a later date, in being composed of a rock which is nearly a trisilicate. 
Its composition is similar to that of portions of a lava-bed near Cas- 
tle Morton Common, and to that of some grey sandstone on the hill 
overlooking Little Malvern. 
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XXIII. Fine-grained greyish rock, of the structure of sandstone 
with occasional thin lines of epidote, from a band in the Hollybush 
Sandstone, on the east side of the eruptive rock, quarried on the 
south-west side of Midsummer Hill: passing into felspar. 

XXIV. Felspathic portion of the same rock. 
XXYV. Lava-bed, west of Castle Morton Common. Matrix of a 

bluish colour ; cavities filled with epidote. G=2-617. This rock, in 
its external characters, resembles the amygdaloidal greenstone of 
Caer Caradoc, and that from the top of Lawley, Staffordshire, 
XXVI. Greyish sandstone. From the hill overlooking Little Mal- 

vern. 
III. Shales. 

Shales and schists do not properly belong to the subject of this 
paper; but some of them approximate so nearly in composition to 
the beds of volcanic ash with which they are associated that it is 
necessary to notice them. I therefore give here the result of the 
analysis of the different kinds of shale found in the south and south- 
west part of the chain. 
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XXVII. Yellow shale, east of Coal Hill. 
XXVIII. From the upper part of the bed of shale numbered 3 

in Dr. Holl’s section across the northern extremity of Coal Hill, loc. 
cit. p. 89. 
XXIX. From the lower part of the same bed. 
XXX. Blue shale immediately above the lava boss, V. VI. VII., 

south of the Eastnor Road, interstratified with black shales. The 
divisional surfaces in the plane of the bedding are stained by hy- 
drated peroxide of iron. 
XXXI. Black shale from the field near Fowlett’s Farm. G=2-455. 
XXXII. Part of the same beds, in contact with lava, VIII., by 

which it has become bleached. G=2-448. 
XXXII. Smooth metamorphic schist, in thin beds, with steatitic 

surface, interposed with rock at the north side of the quarry to the 
south of the West Ragged Stone. 
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XXXIV. Metamorphic shale from beds near the entrance of the 
same quarry. a. Carbonates removed by diluted cold hydrochloric 
acid; 6. The undissolved residue ; C. Composition of the residue. 
XXXV. Irregular metamorphic schistose rock from the south 

slope of the West Ragged Stone. 
Of these, XX VII. to XXX. have less silica and more alumina than 

clay-slates of primary strata, and they differ more in structure than 
in composition from the beds of volcanic ash with which they are 
interstratified. 

The black shales, XX XI.and XXXITI., have a composition nearly 
resembling that of the thin bands of trachytic ash in the Hollybush 
sandstone, XXIII. and XXIV., and of the lava-beds west of Castle 
Morton Common, XXV. Their structure only is different, being 
such as would result from the deposition of their particles in a 
minute state of subdivision in still water containing organic matter. 
The others, XX XIII. to XXXYV., resemble the lavas erupted after the 
deposition of the Black Shales, and were probably derived from 
the mechanical deposition of volcanic matters ejected during the 
eruptions. 

IV. Bedded Traps, Lavas, and Felstones of the Herefordshire Beacon, 
South and South-east of the British Camp. Holl, loc. cit. pp. 92, 
93; Phillips, loc. cot. pp. 30, 31. 

1. Trappean rocks, mechanically deposited, form the mass in which 
the cave is excavated, and occur in various parts of the east buttress. 

2. Rocks of similar characters, but higher specific gravity, are 
found over trap-dykes near the footpath south of the cave, and on 
the east of the ridge on which it stands; they contain much lime, 
and in parts have the yellowish-green colour of massive epidote. 
They appear to be older than those last-mentioned, some of which, 
towards the east, contain included fragments of them. 

3. Red rock, containing a few small quadrangular crystals of 
felspar, occasional fragments of rock resembling altered shale, and 
epidote, apparently formed by the mixture of volcanic ash with’ 
water, and subsequently modified in structure by intrusive rocks 
with which it is in contact. 

4. Beds of bluish trisilicated lava, containing epidote in cavities, 
as in XXV. 
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XXXVI. Bedded trappean rock, cave. G=2-826—2-852. 
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XXXVII. Bedded rock, south of the cave, near the footpath ; con- 
tains a few grains of olivine, and a little quartz in cavities. Parts 
of this rock resemble the matrix of the lava of the Capo di Bove, 
near Rome. In its chemical composition it nearly corresponds with 
that which Bunsen gives for the “Normal augite” of Iceland. Not- 
withstanding its occurrence in regular beds, its mineralogical cha- 
racter and its chemical composition make it probable that it has 
Jlowed over the surface. G=2-923. 

XXXVIII. Bedded trappean rock, east of the ridge north of the 
cave. It contains a few minute angular fragments of silica. 
G—3-101. 

XXXIX. Over Castle Morton Common. Red rock, including a 
few fragments of altered shale, minute quadrangular crystals of 
felspar, and epidote, near a trap-dyke. Its chemical composition is 
similar to that of some recent lava from Efrahvols, Iceland, analyzed 
by Genth. 

5. Sandstones more or less altered, consisting of trappean ash, in- 
timately mixed with grains of quartz and felspar derived from the 
disintegration of older rocks. These may be well observed on the 
north of the ridge on which the cave is situated, where they are 
associated with beds of trappean ash (XXXVIII.), of which they 
are partly composed, and into which they appear to pass. In other 
places the quartzose and trappean fragments are more or less segre- 
gated; so that in the same specimen one analysis will show nearly 
all to be silica, a second nearly all trap, and a third a uniform 
mixture of the two. Sometimes the quartz grains are so distinct as 
to give the altered rock the appearance of quartzite, but are, not- 
withstanding, intimately mixed with the basic elements of the trap. 
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XL. | 70°36 |13:07 | 4:76 | 0:15 | 518] 1:96 | 2:30 | 2-22 

XL. Altered sandstone. Near the ridge north of the cave; not 
far from XXXVIII. G=2:637. 

6. To the eastward of the trappean sandstones, commencing from 
fifty to a hundred yards below them, are the compact-bedded fel- 
stones of the large eastern buttress, the “ fine-grained felspathic 
trap” of Professor Phillips. The chemical composition of all these 
rocks, so far as I have ascertained it, corresponds with that of the 
“‘ felstones”’ contemporaneous with the ‘‘ Cambro-Silurian ”’ rocks of 
Wicklow, Wexford, Waterford, Kerry, and Caernarvon, as deter- 
mined by Professor Haughton; but they have less alkali, and pro- 
portionally more lime. They also resemble those rocks in some of 
their physical characters, and in their association with beds of 
‘‘oreenstone ash.” Lower down, towards the east, near the base 
of the large buttress, the rock is a petrosilex, of which the composi- 
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tion, excepting as regards the relative proportions of lime and 
alkali, resembles that which Bunsen has assigned to the “ normal 
trachyte” of Iceland. Some trap in contact with it (LXXVL. infra) 
was quite unaltered ; and the two rocks were easily separated from 
each other, leaving smooth even surfaces. The felstone must there- 
fore have been indurated before the eruption of the trap. But some 
dark rock, having the external character of altered shale, appeared 
to have become partly combined with the felstone. Its constitution, 
near the place of contact, was intermediate between the felstone 
and trap. The two rocks must have been together in a plastic state, 
and subsequently metamorphosed ; or the petrosilex must have been 
in a state of fusion when brought into contact with the other rock. 
There is, however, no evidence in favour of the conclusion that the 
petrosiliceous rock was intrusive. 
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XLI. Felstone or petrosilex, nearly white, from the large east 
buttress, near the base. 3 

XLII. Rock resembling metamorphic shale, containing a little 
red felspar of no distinct crystallization, in contact with XLI. In 
composition it differs from the shales in the vicinity in containing a 
larger proportion of alkaline earths. The fragment analyzed con- 
tained one per cent. of hydrofluoric acid. 
XLII. Felstone from the same place, resembling XLI., but of a 

pink colour. G=2-695. 
XLIV. Felstone, near the ridge south of the British camp. 
XLY. Porcellanite, north-east of the cave. G=2:7304. 
XLVI. Greyish rock, associated with, and passing into felstone : 

of similar composition, excepting that it contains more water. 
Dr. Holl ascribes the altered condition of these rocks to the in- 

trusion of the trap-dykes by which they are extensively invaded*. 
There is certainly an apparent transition from shale to felstone or 
porcellanite, similar to that which Mr. J. Geikiet has noticed in the 
gradual changes which the Lower Silurian greywackes and shales of 
Carrick undergo during their passage into crystalline and pseudo- 
igneous rocks. 

* Loe. cit. p. 93. 
t+ Quart. Journ. Geol. Soc. vol. xxii. p. 513, &e. 
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XLVII. Shale from the east side of the lane between the Here- 
fordshire Beacon and the offstanding hill overlooking Little Malvern, 
near the east base of the large buttress. G—=2-690. 

XLVIII. Black shale from the low ridge east of the Hereford- 
shire Beacon, near the keeper’s lodge. The Black Shales of this 
district are distinguished from the Black Shales near the Hollybush 
Sandstone by their higher specific gravity, caused by a larger propor- 
tion of metallic oxides and alkaline earths. G=2:644—2-649. 

XLIX. Altered shale near the top of the narrow ridge forming a 
slight curve over the keeper’s lodge. G=2:632—2°658. 

L. Felstone, near XLIX. G=2°643. 
The result of the above analyses leaves no reason to doubt that the 

metamorphic rock XLIX. has been formed by the alteration of a 
shale similar to those in its vicinity. If the felstone (L.) had a 
similar origin, its silicification must have been caused, not by the 
direct action of an eruptive rock, but through a chemical change 
produced by mineral waters, introducing silica and removing a por- 
tion of the alkali. 

V. Felstones North of the Herefordshire Beacon. 

Highly metamorphosed sandstones, frequently with alternating 
beds of shale, and occasionally associated with conglomerates, occur 
at intervals, from the Camp Hill to the End Hill; of these I propose 
to consider the composition, probable age, and correlation to other 
rocks, in a future communication. 

Felstones of a somewhat similar character to those of the Here- 
fordshire Beacon are found, sometimes in rather large masses, east 
of Wind’s Point. And in the large quarry west of the Wych Hill, I 
found some rock of nearly the same composition, of the colour of 
fine white brick, regularly bedded with a dark-greenish rock, like 
the bedded traps of the Herefordshire Beacon, passing into the meta- 
morphic diorite. 
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LI. Pink felstone, forming tabular beds, east of Wind’s Point. 
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LIT. Light-reddish-white rock, becoming grey when the oxide of 
iron was reduced in the furnace, bedded with cryptocrystalline 
trappean rock and metamorphic diorite, west of the Wych Hill. 

LIII. Dark-green trappean rock, with no distinct crystallization, 
bedded with the rock last described. 

VI. Quartzo-Felspathic Veins. 

These have been described by Professor Phillips under the desig- 
nation of “ crystallized felsparite ” (op. cit. pp. 42, 43). 

These rocks are of two distinct types, characterized by the atomic 
amount of the silica. In some the ratio of the oxygen of the silica 
to that of the bases is 5:1, their constitution thus resembling that of 
the series of felstones above described. In others this ratio is 4: 1. 

In the large quarry west of the Wych Hill, a loose mass, re- 
sembling decomposed granite, was extensively penetrated by veins, 
some of which crossed each other like veins in mud-cracks. In the 
plane to which they were perpendicular was a thin layer, which, on 
being removed, separated into small fragments, of which the sides 
closely fitted each other. Their upper surfaces were smooth, and 
coated with peroxide of iron; underneath they were rough and 
irregular. In one of these (LIV.), analyzed entire, the ratio of the 
silica to the bases was 5:1. In the veins of this type, the quartz 
is often segregated in rather large masses. In those in which the 
ratio is 4: 1 the quartz is more commonly found as in granite (LY.), 
or in a fine granular mixture of quartz and felspar (LYVI.). 
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LIV. Quartzo-felspathic rock west of Wych Hill. 
LY. Fine-grained vein in granite, west of St. Anne’s Well, chiefly 

quartz and orthoclase (Holl, loc. crt. p. 81). 
LVI. Vein composed of grains of orthoclase and quartz, with a 

few plates of potash-mica, in a fine-grained mixture of quartz, mica, 
and felspar on the south side of the large quarry at North Malvern. 
Ge_-2- 602: 

In LY. and LVI. the atomic proportion of the silica to the bases 
is as 4:1. 

VIL. Trisilicated Felspathic Veins. 

These were well exposed in the excavation of the railway-tunnel. 
Many of the rocks there met with were altered sedimentary deposits. 
These were penetrated, for a distance of 160 yards, by a hard green- 
stone rock, similar to the trap-dykes found in the South Hill and 
elsewhere ; and at no great distance from it were masses of felspar, 
in parts highly crystallized. The composition of the mass of this 
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rock was nearly that of a trisilicate, becoming in places more basic. 
In the more crystallized portions there was some brilliant black 
mica, which I found by analysis to be lepidomelane. 

VIII. Felspathico-Hornblendic Rocks. 

These rocks, in which hornblende predominates, have been de- 
scribed by Professor Phillips* as “ mottled syenite,” and by Dr. 
Holly as “diorite.” They occur in all the hills, excepting the 
Ragged Stone. Their origin is probably similar to that of the bedded 
traps, lavas, and volcanic ash-beds south and south-west of the 
chain ; and, like them, they appear to be partly intrusive and partly 
sedimentary ; but being of much earlier age, and having undergone 
more extensive metamorphosis, resulting in a more complete crystal- 
lization, their mineralogical character is different. They are often 
distinctly stratified; granular beds alternate with others of larger 
crystalline structure; the “ diorite”’ passes, abruptly or gradually, 
into a suberystalline rock; and lines, marking the bedding, may be 
traced continuously from one to the other. The hornblende and 
felspar are sometimes extensively segregated, and in other places 
they form a confused aggregation of indistinct crystals. Quartz is 
an occasional constituent. They are associated with other rocks, of 
metamorphic character, in connexion with which they will have to 
be further considered. 

The following analyses show the composition of these rocks, and 
its resemblance to that of the trap-dykes and lava-beds throughout 
the chain :— 
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LVII. Fine-grained bed in diorite, on the east slope of the North 
Hill. Small crystals of hornblende, white uncrystallized felspar 
disseminated, and a little pyrites.5 G=2-990. 

LVIII. Another bed interstratified with the last-mentioned, more 
largely crystallized. Hornblende and white felspar. 

LIX. Diorite, south of the large quarry at North Malvern, re- 
sembling, in its external characters, the Labrador hornblende-rock 
found about fifty miles north of Cuff Harbour. Black hornblende, 
quartz, and pink and pinkish white felspar, of which the cleavage 
resembles orthoclase, but the chemical constitution is more nearly 
that of andesme. G=2-894. About three-fourths of the portion 
analyzed consisted of felspar. 

* Op. cit. p. 41. + Op. cit. p. 83. 
VOL, XXIII.—PART I. 2 C 
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LX. Diorite from Swinyard Hill, containing hornblende, white 
felspar, and silvery mica. The more micaceous and felspathic por- 
tion of the rock was analyzed. G=2:933—3-076. 

LXI. Diorite, Key’s End Hill, containing greenish hornblende, 
red felspar, and a little silvery mica. 

IX. Intruswe Traps. 

The trap-dykes have been fully described in Dr. Holl’s paper, and 
their position has been most accurately marked on the map which 
accompanies it. The following Table shows their chemical compo- 
sition, together with that of some other rocks, XCV.-_XCVIL., which 
may probably be regarded as contemporaneous with them, from Wales 
and from the Charnwood-Forest district, and the more recent traps 
forming small dykes erupted, after the deposition of the Old Red 
Sandstone, at Brock Hill and Bartestree, XCIII., XCIV. The series 
commences with those at the south end of the Malvern chain :— 

(ab) 

S Cy SH SS S : a 
A elles wai sca O ks 6 |S§5 | 88 

8) so 2b lee ae) 3 |e eee 
aa ae RH | hHO1OS A a og | Mo 
mM < o) oe) = 4 = es 

LXIL. | 50-26 | 15-69 | 18-93 | Trace.| Trace.| 591 | 3°53 | 2:77 | 7-91 
XG OOO 2a glEG Sr ASA G snes eles 2°20 | 4:21 | 2:47 | 8:36 
TXODV S| AS ale O San ula a ieee seal yee 12:04 | 6:03 | 4:34 | 1-47 
BOW a bee lieyrey tan el Ae i area aaa len eerie 6:37 | 3:20 | 1:32 | 6-73 
EXCVA | VAS 26 eam SOI. eee ee 9-22 | 6°85 | 2:83 | 9-56 
XV | 44e OVO D4 eS ey ae 0:20 | 11-44] 697 | 3:28 | 3-61 
XGV Mele AG Sn el arom aligehOanleeenee 0-40 | 10°55 | 5°71 | 1-60 | 5-29 

Te XX. 4090 WG bo! TA GON ee seckleee cen: 6-83 | 895 | 5:41 | 7-86 
TXXe WAS AS IOS OO Bae). e 0:20 | 7:52 |) 489 | 1:76 | 7-99 
XOX Te 46:05 13-44 Vos Ml ese ateeee ae 6-81 | 549 | 143 | 6-70 
LXXII. | 46:96 | 16:12 | 12°89 | 0-75 |......... 9-66 | 813 | 2:80 | 2-69 
PXXTS W444. 13889) 13°70 seen 0°80 | 16:12 | 5:30 | 3:21 | 9-45 
TAROT 2 542864 Sa G4 ee caee 0-70 | 4:02 | 2°84 | 1-71 | 6-11 
XV VA GOs O70 se Orit ete ee 0:40 | 665 | 7:49 | 2:72 | 6-24 
LXXVI. | 41:34 | 19:65 | 15-13 | Trace. | Trace.| 10°35 | 6:09 | 4:70 | 2-74 
LXXVII. | 46°94 | 14-26 |14-:11 | 0:20 |......: ..| 18°82 | 6:23 | 2:43 | 92-01 
LXXVIII. | 48-45 |29:13 | 5:25 |} 0-40 | 0:20 | 4:34) 1:64 | 3-48 | 7-11 
EOD AS TOM DOM OG gree akon Wee 9°35 | 5:81 | 2:37 | 7-05 
XOXOXO A ODO LOS aie serene ea 1387) (3°75) |e Tle 
LXXXI. | 47°33 | 15°67 | 15-01.) Trace.| 0°25 | 9:10 | 5°31 | 2:26 | 5-07 
LXXXII. | 51:70 | 16-96 | 12°67 |......... Trace.| 6:51.| 418 | 1:73 | 6:30 
LXXXIII. | 60°73 | 22°55 | 2:60 | Trace.| 0°30 | 6:01 | 0°56 | 1-40 | 5-85 
LXXXIV. | 48-94 | 16-67 | 15-46 | Trace. |......... 9:07 | 461 | 2:52 | 2-73 
BX Vs 15002) 108-5354 03 Me eee ee: 415 | 4:90 | 458 | 5-79 
LXXXVI. | 47°32 |16-55 | 16°56 |......... 0:10 | 848 | 471 | 2:87 | 3:41 
LXXXVII. | 53:28 | 16-61 | 14-06 |......... 0:30 | 405 | 8:57 | 2-56 | 5:57 
LXXXVIII. | 44°83 | 18-39 | 13°74 | 0-40 }......... 776 | 5:39 | 2:82 | 667 
LXXXIx. | 51-47 | 16-79 | 14-82 | Trace.| Trace.| 6°65 | 3:56 | 1-43 | 5-28 

XC | ATT | NG 228 TAOA ee ieee 8:05 | 3:52 | 1:65 | 7°85 
MOM 1.51652 15:04) 18215 je n.xe. 0:70 | 611 | 3°83 | 1:83 | 7-82 
DOM a) DA Dor o:O9 | PE ORB Geo tonclcs|eoadens es 745 | 430] 1:12 | 561 
oO LE CAL See ZA MEMO | Sie baacl satuloceee 246 | O71.) 43a eee 
OMe Oa! toroe y LI BO Wosasccns 0°75 | 9:25" (5:46) |e 3:09 
SG ole Goer la lO sD Sil een. 0°35 10:50) "6:20 eee 3°49 

XOIV] 4 4Gwil6:6B WS 17 Wee. 090 | 5838 | 7:11 | 5:21 | 5:69 
XOV 4 W446 Fles:55. 16:76" 0:50 |......... 12:04 | 361 | 1°65 | 5-18 
XOVE. WiH4390) 18°39 1 10:30) 0°60 |.....250. 715) 3:92 | 3:46 1 eye 
XOVIL, | Olam MeNOs 64417) 0°70. 1.0.2. 202) 572 | 31381 5:20 1 Tieso 



1867.] TIMINS—MALVERN HILLS. 305 

LXII. Trap near the summit of the West Peak of the Ragged 
Stone, dark bluish-grey uncrystallized epidote in the interstices. 
G=2-862. 

LXIII. Trap from the same place, higher up, consisting of horn- 
blende imperfectly crystallized, and some brown felspar of no distinct 
cleavage. 

LXIYV. Trap from a small dyke near the south end of Midsummer 
Hill, greyish black, cryptocrystalline, contains pyrites. G=2-9368. 

LXY. Trap from a large dyke, Midsummer Hill. A confused 
mixture of hornblende and a reddish felspar indistinctly crystallized. 

LXVI. Trap from a dyke crossing Swinyard Hill, greenish black, 
imperfectly crystallized; hornblende, felspar, and pyrites. G= 
2:979-3:198. 

LXVII. Trap from a dyke north of the Cave, Herefordshire 
Beacon, from the east slope of the ridge, thirty or forty yards down 
into the ravine dividing the eastern buttresses of the Beacon from 
east to west. Hornblende; felspar partly of a waxy and partly of 
a vitreous lustre, allied to Labradorite; traces of epidote and 
hematite. G=2°855. 

LXVIII. From a mass of trap immediately south of the cave, on 
the west side of the ridge. The fragment analyzed was taken from 
the part of it which is in the wood; it contains hornblende, labra- 
dorite, glassy felspar, and garnet. Some parts of this mass of trap 
contain, in addition to the above, hypersthene, some free quartz and 
massive felspar, which, when freed from the protoxide of iron by 
which it is stained, is greyish white. G=2-952. ‘The specific 
gravity of a portion taken higher up, near the footpath, =2-912. 

LXIX. From trap immediately below the cave, to the west of it ; 
the specimen is from the narrow footpath passing under it. Soft, 
greenish black, no distinct crystallization, contains a little hematite. 

LXX. From the east slope of the buttresses of the Herefordshire 
Beacon, south of the deep ravine which divides the buttresses from 
east to west, and overlooking a farmhouse at the extreme end of 
Castle Morton Common. MHornblende, and brown and red felspar of 
no distinct cleavage. 

LXXI. From the same place. Both these specimens were taken 
from a large irregular mass of crystalline rock, which in parts con- 
tains epidote, massive and crystallized. The intrusive character of 
the entire mass is doubtful. Some parts of the rock resemble the 
‘“‘diorites” of the North Hill. It is possible that other substances 
may have become included in the eruptive rock, and metamorphosed 
with it. This specimen contains hornblende, labradorite, a little 
glassy felspar, epidote, and hematite. G=2-827-2-931, increased 
by the local addition of epidote to 3-043-3-058, and in one spot to 
3°292. 

LXXII. Greenish-black trap from a linear dyke on the east side 
of a hill, near a tree, and north of the ravine above mentioned. 
G=2:849-2:864. 

LXXIII. Greyish-black trap, containing small crystals of horn- 
| PH, Ala 
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blende. From a small dyke, of which only a width of a few feet is 
exposed on the ridge running east and west, about fifty yards west 
of the trap-mass next mentioned. 
LXXIV. From an irregular mass, a quarter of a mile from the 

cave, and to the north-east of it. It contains hornblende, yellowish 
red orthoclase, and felspar with the iridescent appearance of labra- 
dorite. G=2:935. 

LXXYV. Trap hear the base of the large east buttress. Uncrys- 
tallized, separates into rhomboidal fragments with smooth surfaces, 
which are stained red in places by anhydrous peroxide of iron. 
G=2°816. 
LXXVI. From the same place, in immediate contact with bedded 

petrosiliceous rock. No distinct crystals. G=2:956. 
LXXVII. Trap south of the ravine below Wind’s Point, north- 

east of the keeper’s lodge. Greenish black; hornblende, greenish 
felspar, and a little hematite. G=2-939. 

LXXVIII. Felspathic portion of the rock last mentioned. Dull 
green to greenish yellow, waxy or greasy lustre, softer than felspar, 
contains water, analogous to labradorite. A green mineral of a 
similar character is common in the trap-dykes throughout the chain, 
especially in those of the Herefordshire Beacon. The labradorite 
in basalt has a similar character. It-could not be entirely separated 
from the augitic parts of the rock. 
LXXIX. Smooth amygdaloidal trap or lava, containing epidote 

in vesicular cavities, from the offstanding hill overlooking Little 
Malvern. 
LXXX. Another rock from the same place, and of similar cha- 

racter, except that the vesicular cavities were filled with carbo- 
nate of lime, which was removed by diluted acid before the analysis 
of the rock. 

LXXXIJ. Trap from the round eminence, midway between the 
Wych Cutting and the Worcestershire Beacon. A confused mixture 
of hornblende and felspar, the former predominating, and iron 
pyrites. G=2-994, diminishing near the border to 2-905. 
 LXXXII. Crystalline trap from a dyke crossing the summit of 
the Worcestershire Beacon in a north-western and south-eastern 
direction, Hornblende and yellowish brown felspar. G=2-949. 

LXXXITII. Felspathic portion of the trap last mentioned, sepa- 
rated by pounding and washing the rock. Its entire substance was 
penetrated by the hornblende, with which it was so intimately com- 
bined that separation from it, even in the smallest fragments, was 
extremely difficult. This felspar is partly massive and partly crys- 
tallized. The angles were too small for measurement; but the 
cleavage resembles that of orthoclase. The chemical composition of 
the portion analyzed does not correspond with the theoretical for- 
mula of orthoclase, and is nearer that of andesine. 
LXXXIY. Trap from the north-west base of the Worcestershire 

Beacon, south of the small stream, part of the same mass as LXX XII. 
Not distinctly crystallized; hornblende and a little white felspar and 
pyrites, G=2-981, 
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LXXXY. Fragment from the border of the same rock, light, 
porous, variegated, no crystallization. This border-rock has evi- 
dently been altered. Parts of it are stained red by peroxide of iron 
separated from the mass, occasionally forming plates of hematite, 
which, being soluble in hydrochloric acid, are probably not due to 
igneous action. They may have been produced, by double decom- 
position, from chloride of iron and water, the hydrogen of the 
water combining with the chlorine, and its oxygen with the pro- 
toxide of iron, causing its peroxidation. In the harder portions of 
the dyke, a few yards further into the mass than LXXXIV., the 
oxide of iron has been reduced, and separated as pyrites. 
LXXXVI. From a trap-dyke at the south-west base of Summer 

Hill. Greyish black, imperfectly crystallized, contains pyrites. 
G=2-873. Near the border, with lines of epidote, G=2-861; and 
with peroxide of iron, G=2-887. 
LXXXVII. Near the border of a trap-dyke penetrating the rock 

on the south side of the large quarry at West Malvern. Parts of it 
are of a red colour, caused by anhydrous peroxide of iron; the rest 
is grey, reddish grey, and blackish grey; it contains felspar of a 
reddish colour, not distinctly crystallized. G=2-789-2°821. 
LXXXVIIT. From the middle trap-dyke in the terminal hill 

between North and West Malvern. Hornblende, some felspar of a 
pearly lustre, and a little glassy felspar, not distinctly crystallized. 
G=2:955. In small veins, G=2-903. 
LXXXIX. Crystalline trap from the east side of North Hill. 

Hornblende and yellowish felspar of no distinct cleavage. 
XC. Greyish black trap from the south slope of the North Hill, 

not far from the border of a dyke. G=2-989. In the more crystal- 
line parts of the same dyke, nearer the centre, G=2°913. 

XCI. From the more central portion of the large trap-mass over- 
looking Holly Mount. Hornblende crystals, of which a few are 
acicular, and brownish uncrystallized felspar. G=2-912. 

XCII. Part of the same mass, nearer the border. Greyish black ; 
no distinct crystallization. G=2:942. At an intermediate portion 
of the same mass, G=2-932. 

XCIII. Dyke at Bartestree, altering the Old Red Sandstone, 
described by Professor Phillips, loc. cit. p. 180. G=2-776. 

a. Portion soluble in cold distilled water slightly acidulated with 
hydrochloric acid. 

b. The undissolved residue. 
C. Composition of the undissolved portion. 
XCIV. Dyke altering the Old Red Sandstone, Brock Hill, Shelsey 

Beauchamp. Phillips, loc. cit. p. 156. Hornblende was the predo- 
minant mineral in the specimen analyzed. 

XCY. Trap from a dyke near Glynrhonwy, containing white fel- 
spar, hornblende, and pyrites. 

XCVI. Trap traversing Mount Sorel granite. Greyish black; un- 
crystallized ; contains pyrites. 

XCVII. Red felspathic trap, three quarters of a mile south of 
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Quorndon; fine-grained, slightly vesicular, with a little carbonate 
of lime disseminated, and in cavities. 

For the five last named, as well as for many characteristic speci- 
mens of the Malvern dykes, I am indebted to Dr. Holl. 

General Conclusions. 

1. In the intrusive trap-rocks, the ratio of the oxygen of the 
silica to that of all the bases taken together varies progressively 
from 5:4 to nearly 2:1. The middle term, representing the mean 
composition of the trap-rocks, is 3: 2, which is the proportion assigned 
by Bunsen to “ augitic” rock of normal composition. It should, 
however, be observed that the bases are not entirely combined with 
the silica, but are, in various degrees in different rocks, united with 
other acids, or deposited as free oxides in the capillary interstices of 
the rock. This is easily proved by digesting the pounded rock in 
diluted acetic acid, which dissolves out a portion of the bases with- 
out decomposing the silicates. There are also sulphates, bisulphu- 
rets, fluorides, arseniates, and carbonates. Sulphate of baryta 
occurs in cavities and fissures, and as a cementing substance; it has 
clearly been precipitated from a state of solution, and, being itself 
insoluble, it must have been formed by the decomposition of carbo- 
nate or silicate of baryta by soluble sulphates. Bisulphurets abound, 
generally as pyrites; arseniates south-west of the Midsummer Hill 
and in the Ragged Stone ; fluorides in the trap-dykes and lava-beds, 
most abundantly in those of recent formation, as the bosses in the 
field near Fowlett’s farm. Carbonates are constituents of some of the 
rocks at the south end of the chain. Protoxide, peroxide, and mag- 
netic oxide of iron are disseminated throughout the substance of the 
intrusive rocks in various proportions. The proportion of the oxygen 
of the silica to that of the bases actually combined with tt, is there- 
fore much nearer that of a bisilicate than it would appear to be from 
the above analyses. 

2. The relative proportions of the several bases vary considerably 
in different rocks, and often characterize particular localities. Mag- 
nesia abounds in the lava-beds and dykes, and in the voleanic ash of 
the Hollybush-sandstone and Black-shale periods, in one or two 
dykes of the Herefordshire Beacon, and in the Brock Hill dyke. 
The other traps, including the Bartestree dyke, though of the same 
age as that at Brock Hill, have more lime than magnesia. Lime 
and iron both abound in some of the dykes of the Herefordshire 
Beacon, and at Glynrhonwy ; lime only in others—in the dyke at the 
south end of Midsummer Hill, and at Bartestree; alkalies in the 
Ragged Stone and at Quorndon, and in some of the Herefordshire 
Beacon. I have determined the alkalies as difference, but I ascer- 
tained, from separate experiments, that there was more potash than 
soda inthe eruptive rocks associated with the Hollybush Sandstones, 
and that in most of the other rocks examined for the determination 
of the relative amounts of the two alkalies, soda was the most 
abundant. 

3. The chemical composition of the eruptive rocks does not vary 
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according to their age. Many of the “ diorites,” which are the 
oldest, are more basic than some of the volcanic beds, which are the 
most recent, some of the Lower Cambrian than others of the Upper 
Cambrian period. There is as much variety in the atomic amount 
of the silica in rocks of the same age and place, as in rocks of dif- 
ferent ages or from distant localities, and as much resemblance 
between some of the trap-dykes and the products of ancient and 
modern eruptions of Hecla and Vesuvius as that which they bear to 
contemporaneous dykes in their vicinity. 

4, The atomic proportion of the silica to the bases appears to 
be highest in the largest masses of trap, such as those of the North 
Hill (XCI., XCII., LXXXIX., XC.), the Worcestershire Beacon 
(LXXXITL., LXXXIV.), the large irregular mass in the east buttress 
of the Herefordshire Beacon (LX XIV.), and the great dyke of Mid- 
summer Hill (LX V.),—and lowest in the smallest masses, as shown 
in some of the dykes of the Herefordshire Beacon(LXXIII., LXXVI., 
LXIX.)and in the dyke traversing Swinyard Hill(LXVI.). But this 
law, though very general, is not invariable; for in the trap of the 
middle terminal Hill (LXXXVIII.), which is rather a large mass, 
the oxygen quotient is about 0-7, and the specific gravity 0-955. 

5. In the same masses of trap there is an appreciable increase in 
the silica towards their centres, as may be seen by comparing the 
central portion of the trap in the large dyke over Hollymount (XCI.), 
which is nearly a bisilicate, with the outer portion (XCII.), and 
similarly, in the North Hill, LXXXIX. with XC., and, in the Wor- 
eestershire Beacon, LX XXII. with LXXXIV. It must, however, 
be observed that at the extreme border of a dyke, if there be not 
sufficient pressure exerted by the contiguous rocks to make it dense 
and impervious to water, soluble bases have been removed, and the 
relative amount of silica thereby increased (LXXXYV., LXXXVIL.). 

The increase of the silica towards the central parts is not the 
effect of a liquation in the fluid mass; for its atomic proportion 
would then be as much below the average in the exterior portions as 
it is above it in the interior; whereas no parts of the larger masses 
contain more base than is usually found throughout the trap-dykes 
of the chain. 

From these facts I infer that the primary source of all the trap- 
rocks in the Malvern Hills was nearly a bisilicate, which, during 
the various processes by which it has been brought to the surface, 
has become united more or less with other substances, assimilating 
metallic oxides, lime, magnesia, or alkalies, according as one or others 
might be locally prevalent, just as, in modern times, the lava of 
Vesuvius takes up soda, and that of Etna lime. When these basic ele- 
ments have been deposited in the rock as free oxides, or have become 
united with other acids than the silicic, they may be separated more 
or less completely from the silicate, as shown in Analyses XIV., XV., 
LXXX., XCIII. When they have become united in various proportions 
with the silica, they have caused a diminution in the atomic amount 
of the silicate of the erupted rock. In none of the traps which I 
have examined has all the base been saturated by the silica; but 
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this has not been owing to an insufficient quantity of the acid ; for 
in the “ diorites,’’ in which the silica is in the same atomic propor- 
tion as in the traps, the combination of the bases with the silica is 
complete. In the smaller dykes, the extraneous elements have 
formed a larger proportion of the erupted rock than in the larger 
masses; and in these last the original bisilicate has been most 
alloyed in that part of the molten rock which must have come 
first to the surface. As other portions rose in a plastic state 
and formed successive layers, forcing the earlier portions out, by 
distention, from the centre, the central portions have become less 
and less affected by the assimilation of foreign matters; and so they 
approximate nearer to the composition of the bisilicated mass from 
which I have supposed them to have been previously derived. 

6. In all the rocks of the Malvern chain, known or supposed to 
be products of eruptive action, the atomic proportion of the silica to 
the bases varies according to a common law. In the traps and 
augitic lavas, the ratio of the oxygen of the silica to that of all the 
bases chemically combined with it is never greater than 2:1, nor 
less than 3:2. In those which I have described as trachytic rocks, 
this ratio is never more than 3:1, nor less than 5:2. In the 
granitic veins it is not more than 4:1, nor less than 7:2; and 
in some quartzo-felspathic and petrosiliceous rocks it is not greater 
than 5:1, nor less than 9:2. The eruptive rocks may thus be pri- 
marily referred to four sources, in which silica was combined with 
bases according to a regular arithmetical progression, which may be 
expressed by the numbers 2, 3, 4, 5, other elementary substances, 
acid and basic, being united according to their several elective 
affinities. But when such of these as were decomposable by heat 
were exposed to a high temperature in foci from which they were 
eventually ejected, many bases were necessarily separated by the 
evolution of their acids in a gaseous form. And as silicic acid will 
combine with bases in a great variety of proportions, and its power 
ef forming such combinations was increased by the same circum- 
stances under which that of other acids was destroyed, the silica 
appropriated to itself a larger proportion of base than that with 
which it was at first united. But the extent of this alteration was 
in all cases limited; and its maximum amount may be expressed 
arithmetically by the proportions 3, 5, 7,9 to 2. And enough of 
the original silicate still remains, especially in the central parts of 
the largest masses, to enable us to refer them to one or other of the 
four well-defined classes into which they are naturally divided, and 
to show that they were formed by the combination of the silica with 
bases according to the usual law of multiple proportions, its quan- 
tities in different compounds bearing a very simple relation to each 
other—a combination which could only have taken place with such 
regularity where the various elements were in such a state of atomic 
division, and possessed such perfect freedom of motion, and such 
complete exemption from all disturbing forces, that the action of 
chemical affinity was entirely unrestrained.. 
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8. On the Retative Distrisution of Fosstis throughout the Norra 
Devon Serres. By Townsenp M. Hatt, Esq., F.G.S. 

ConTENTS. 
1. Introduction. 
2. Subdivision of the North Devon Rocks. 
3. Table of the Distribution of species throughout the various Fossiliferous 

Groups. 
4. Note on the species of Lingula of Sloly Quarry. 

1. IntrRopwcrion. 

Atmost all observers since the time of Messrs. Weaver and Williams, 
in 1837 and 1838, have shown that the slates, shales, and sandstones 
which constitute a large portion of the north of Devon differ so 
much in their lithological and mineralogical structure as to render 
it necessary to subdivide them into several successive zones or groups. 
In the ‘ Paleozoic Fossils of Cornwall, Devon, and West Somerset,’ 
Prof. Phillips pomted out, by means of a synoptical table, the rela- 
tive occurrence of fossils throughout these different subdivisions of 
the North Deyon series, which he named the Lynton, Combe Martin, 
and Pilton groups respectively, each of these three fossiliferous 
beds being separated from each other by a considerable thickness 
of grits and shales, which have hitherto proved destitute of or- 
ganic remains. More than a quarter of a century, however, has 
now elapsed since Prof. Phillips’s work was published; and since 
that date not only have many new fossil-localities been observed, 

- but so great a change has taken place in the system of nomenclature 
as to render it at present anything but easy for the geologist to 
identify the names of some of the species, or to ascertain in which 
group they oceur. Thus the Leptena caperata of Phillips was 
placed a few years later in the genus Strophalosia, and the name of 
the species has since been altered into productoides, so that in — 
Strophalosia productoides of the present day no trace whatever of 
the original name can now be recognized. Again, many fossils, 
especially the Brachiopoda, which, from imperfect material, were 
supposed to constitute new species, and to require, therefore, a dis- 
tinctive name, have lately been considerably reduced in number ; 
and so great a diminution has been effected by Mr. Davidson, that 
Spirifera disjuncta is now made to include the following North Devon 
varieties, to which separate names had formerly been applied :— 
S. Barumensis, S. calcarata, S. distans, S. extensa, S. gigantea, 
S. grandeva (?), S. pratensis, S. Vernewilw, and several others. In 
the other classes of fossils the same reduction of species may eventually 
be made. Several of the so-called species of Cucullea are probably 
synonyms; and some of the crinoidal stems which abound in 
the North Devon rocks are so doubtful as to render their specific 
determination a matter of extreme difficulty. 

Tn order to insure as much accuracy as possible in the determina- 
tion of my type specimens, I availed myself last autumn of the kind 
assistance of Robert Etheridge, Esq., F.G.S., Palecontologist to the 
Geological Survey, when, during the course of a visit to North Devon, 
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he examined my collection, and verified the greater number of the 
species which I had obtained during the last ten or twelve years. The 
Brachiopoda had previously been examined by Mr. Davidson, who 
figured several of the most remarkable in his Devonian Monograph. 
I am further indebted to Mr. Etheridge for his kindness in adding to 
my list the name of the author by whom each species was originally 
named. 

2. SuBDIVISION oF THE Nortu Devon Rocks. 

The series of slates and sandstones to which the present paper 
will be confined is bounded on the north by the Bristol Channel, 
and on the south by the great trough of Carboniferous grits, which 
extends far into the middle of the county. The beds of slate and 
shale which divide this true Carboniferous deposit from the Devonian 
can scarcely yet be assigned with certainty to either of these forma- 
tions; and to avoid, therefore, the confusion which would arise by 
classing these intermediate beds with either of the other well-defined 
rocks, I shall still continue to use the term “ North Devonian,” which 
I have before applied* to the entire series which lies north of the 
town of Barnstaple. 

From the Foreland on the north to Barnstaple on the south the 
rocks have an almost uniform dip to the south, usually at a high 
angle; and in such a wide series, presenting to all appearance an un- 
broken succession, it is especially important to be able to show that 
throughout the whole of this area there exists a marked difference 
in the distribution of species, both as regards variety of genera and 
abundance of individuals, thus justifying the conclusions which 
had been formed by previous observers, who had based their sub- 
divisions of the North Devon system rather on the lithological 
structure of the beds than on the evidence of the fossils contained 
in them. 

The accompanying sketch map is intended to show the relative 
position and extent of the North Devon beds. 

In ascending order there are :— 
Ist. The unfossiliferous grits of the Foreland, which rise out of the 

Bristol Channel, and to all appearance form the lowest member of the 
series. 

2nd. Lynton beds, consisting of hard grits, shales, and sandstones, 
intersected with occasional bands of calcareous and ferruginous 
matter. These beds contain a few species of fossils, principally 
Orthis arcuatat, Spirifers, and Crinoids, all of which, from the 
extreme hardness of the stone, can only be obtained in the shape of 
impressions and imperfect casts. At Woodabay and Lynton the 
best sections may be seen. 

3rd. Martinhoe bed. Unfossiliferous grits and shales. 
4th. Ilfracombe group. A series of silvery slates and shales, 

containing several thick bands of limestone, which, on being either 
polished or exposed to the action of the air, show the outlines of 

* Geology of North Devon, p. 7. 
t This species probably includes also the Orthis longisulcata of Phillips. 
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numerous fossils. The limestone bands are worked extensively 
at Combe Martin, Haggington, and near the town of Ilfracombe, 
where two species of Cyathophyllum are common, and several 
species of Brachiopoda are also found in a most imperfect state of 
preservation. 

5th. Morthoe group. This wide group has hitherto yielded no 
trace of any fossil. Its northern or lower portion consists of slates 
which do not materially differ from those of the Ilfracombe group, 
except that the characteristic limestone bands are wanting. The 
upper beds of the group are composed of micaceous sandstones and 
conglomerates, nearly all of which are stained a deep-red colour, 
from the iron-ore with which this southern portion of the series 
abounds. 

6th. Cucullea-zone. This bed formed the lower part of the 
Pilton group of Prof. Phillips, and has been called by both Messrs. 
Salter* and Jukesf the ‘“‘Marwood” bed. ‘This local designation is 
not, however, altogether an advantageous one, and in some cases it 
is productive of confusion between this group and that which suc- 
ceeds it, since in the extensive parish of Marwood numerous quarries 
are worked in the slates of the Pilton beds; and hence it follows 
that many of the fossils found at Marwood do not occur in what 
Messrs. Salter and Jukes call the Marwood bedst. As these sand- 
stones are in some places a perfect congeries of shells of the genus 
Cucullewa, it may perhaps be better to follow the example of some of 
the German geologists, who frequently name a bed after its predo- 
minant or characteristic fossil§. 

The following are the best fossil-localities in the Cucullazea-bed :— 
(1) Baggy Point, where the width of the bed is well seen, as the Pro- 
montory of Baggy is due to the extreme hardness of the sandstone, 
the component particles of which are united in places with a ferru- 
ginous cement, and which has therefore greater power to resist the 
action of the waves than the soft slates lying on either side of it. A 
thin vein of greenish or olive-coloured shale is situated on the south 
side of the sandstone, and separates it from the slates of the Pilton 
group. (2) Sloly Quarry, where there are several beds of olive shale, 
full of two small species of Lingula. They are intercalated with 
the sandstone, and are not confined to its southern boundary as 
appears to be the case at Baggy Point. In this quarry the sand- 

* Quart. Journ. Geol. Soc. vol. xix. p. 479. + Ibid. vol. xxii. p. 347. 
¢ Mr. Davidson, in his monograph of Devonian Brachiopoda, mentions the 

occurrence of the following species at Marwood (as these specimens were from 
my Collection, I take this opportunity of saying that, although they were found 
at Marwood, they did not occur in the Cucullza-sandstone, but in the Pilton 
slates) :— 

Chonetes Hardrensis. Orthis interlineata. 
Productus prelongus. Productus scabriculus. 
Rhynchonella laticosta. Rhynchonella pleurodon. 
Spirifera Urii. Strophomena analoga. 
Terebratula sacculus. 

§ A recent British example of this system of nomenclature may also be found 
in the “ Avicula-contorta”’ zone of the Rhetic formation. 



1867. | HALL—NORTH DEVON FOSSILS. 375 

stone contains Cucullea in abundance, and the shales yield large 
numbers of plant-stems. 

7th. Pilton beds. Slates of a purplish or greyish tint. Several 
rolls and contortions, which materially diminish their apparent thick- 
ness, may be observed near Braunton, at Pilton, and near Goodleigh 
Church. 

Throughout nearly every part this bed contains fossils in abund- 
‘ance, especially Brachiopods, crinoidal stems, and a small crustacean 
(Phacops latifrons). Thin intermittent bands of limestone are com- 
mon, traversing the slate; they also are highly fossiliferous, but de- 
compose rapidly on exposure to the action of the weather. 

The following quarries, situated in the Pilton beds, are amongst 
the best localities for fossils :— 

Top Orchard. 
Pilland. 
Frankmarsh. 
Bradiford (ceased to be worked). 
Goodleigh (ceased to be worked). 
Croyde Bay*. 
Braunton. 

Parish of Pilton 

3. TABLE OF THE DISTRIBUTION OF SPECIES THROUGHOUT THE VARIOUS 

FossILIFERous GROUPS. 

In the following Table I have endeavoured, by selecting those 
quarries situated at some distance from each other, but which are 
worked in the same group, to show the relative distribution of certain 
species. The occurrence of each fossil which has come under my 
own personal observation is marked with an asterisk, thus (*), whilst 
those which I have inserted upon the authority of other writers are 
distinguished by a small cross (7). 

* Croyde Bay, which is close to Baggy Point, is situated in the slates of 
Pilton, and lies south of the Cucullza-bed. Before these two groups were 
divided, these localities were looked upon as almost synonymous; and hence we 
find that in the ‘ Paleozoic Fossils’ several species are described as occurring 
at Baggy which were found in the slates and limestones of the Pilton groups 
in the adjoining cliffs of Croyde Bay. As most of these fossils are expressly 
stated by Prof. Phillips to have been found in limestone, I have put them in my 
list as occurring at Croyde, since they clearly could not have been found amongst 
the sandstones of the Cucullza-bed, which form, as has been before mentioned, 
the Point of Baggy. 
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Table showing the Relative Distribution of Species throughout the Four 
Fossiliferous Groups of North Devont. 

. Cucul- | Ilfracombe |Lynton 
Eaters eres lea-bds.| group. | beds. 

| 8 = 
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& |. Fs = aie etre 
Sais /e)s dfslgls/2)/8 |S b 

ale ESS isiseisle El ele |4| 
Subkingdom CCELENTERATA. |£/8/5/2/8/a/5/2/8/6 (©) 8 | Sle |S |= ort fom | Sy s/o ]/a 

Class Acrinozoa. Pa | fo JO J HO IAB IFS fa) | SIE la 

Amplexus tortuosus, Phillips ............ aaa cell ae 
Cheetetes tumidus, Phillips ............... carla eelagets| aaltace |etom Bode 
Cyathophyllum cespitosum, Goldfuss...|...|... feel Bah alee sa |eeels clea ea 

Olstontuma LOnsd Glew eee seas cede alee lee Rey relies ae is oleae ee 
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Favosites fibrosa, Lonsdale ............... eae iced ee lemeliteel cael Seale sa {s'sef eis.) apn ean 

polymorpha, Blainville ............ veseondec face] % [ees]eoe] 3 |. lewelaee] P bp | oF t 
Fistulipora cribrosa, Goldfuss .......;. t 
Petraia\ celtica, Lonsdale 2......s...000.-0-|.-- mig pee tel PE lematase 

pluriradialis, Phillips o.3.c sees Ate lee ete Ba) nal eal sales | alae oa Pea tee 
Pleurodictyum problematicum, Goldf..|...|...|...]...J..-[eo sealer 
Stromatopora concentrica, Lonsdale ...|... pal eee eee cel tice oe wa boots ag ea oka 

Subkingdom MOLLUSCA. 

Province I. Moxuuscorpa. 

Class I. Potyzoa. 

Cerioporayisp. ? maedh. Aerie ee oslo Eel Sea cel cel) eee he cpa) aN ae 
BVACIIS, WELLS ¥ x. Bon. Go menen ot anes iHiglGe bases el taal aeelar al ap 
Buia, PRU UpS Were nesses te eeaclees we] |X 

Fenestella antiqua, Goldfuss ........... xlelsele]epef adolf. * + | 
artliniticay PRS (en eeeng. 3.5 sc.ice CP ae eso cole see alle Paioaascc| cs, | SF 
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Athyris concentrica, Von Buch ......... oo ee cal al Rall had al ee + 
decussata, Sowerby ........cesccceene st atealbee 2 lit 
indentatay Sowerby .2..cc1..c.cesnee ng 
OblompawSowenby s jasc: 2 eee ie 
planosuleata, Phillips..........0...0|..- ee el eee ee i 

Atrypa desquamata, Sowerby ............|.-. roe eels dline tag lon % 
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t Seven or eight of the species included in this list, like Orthis calear or Spirifera 
rudis, are so doubtful that a note of interrogation is appended to their names. 
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* TABLE (continued). 
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TABLE (continued.) 
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Summary. 

: Genera. Species. 
ALCEIMOZOA Se Eh Mic ine ee 8 12 
Poly 20a teie he we tee 4 9 
iBrachiopodag se ae. ee 20 45 and 6 varieties. 
Conebitera tka el 13 32 
Gasteropodaiy: 2 6. 5.8 3. 6 14 
Nucleobranchiata........ 2 4 
Peropoda \ ek ee cw vada. 1 ih 
Cephalopoda..2:........ 3 9 
Echinodermata ........ C 12 
Annelida, 7.5 acs taken vo vet 2 2 
Crustacea. Wa nee eek il 2 
PISCes Ae Spl intial wack ee HL il 
EL WONG Se aed hee eh ek Na 10 10 or more 

otal. Vacances 78 153 

4. Nore on THE SpeEcrgs oF LINGULA FROM SLOLY QUARRY. 

The small Zingula which is found in such abundance at Sloly 
Quarry was named by Mr. Salter Z. mola*, and in the Catalogue of 

* Quart. Journ. Geol. Soc. vol. xix. p. 480. 
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Fossils in the Museum of Practical Geology it is called L. hybrida. 
Mr. Davidson, in his Monograph of the Devonian Brachiopoda, 
refers it to the Carboniferous species LZ. squamiformis, and remarks 
that “it is difficult to obtain specimens preserving their natural 
shape, almost every example being deformed or put out of shape 
from the effects of pressure or cleavage.” Lingula squamiformis is 
described as “longitudinally oblong, one-third or less longer than 
wide; valves slightly convex, with their external surface covered 
with numerous fine concentric strie or lines of growth. Usual 
dimensions 9 lines in length by 5 in width.”” Taking this as the 
specific character of the shell, we find at Sloly that, besides Lingula 
squamiformis, there is also another Zingula, which must be either a 
new species or, at least, a well-defined variety. A comparison of a 
great number of specimens shows that the breadth of this shell is 
equal to its length, or nearly so. Dimensions 5 lines in length by 
5 in width; valves convex, and generally marked with two lines of 
growth. Numerous fine intermediate striz cover the surface of the 
valves, and give them a peculiar laminated appearance. Should 
this Zingula prove to be a new species, the name L. circularis might 
be appropriate, since it differs so materially from the other Lingule in 
haying a form which is nearly orbicular. Ishould perhaps add that 
the difference in shape from L. squamzformis could scarcely be due 
to distortion, effected by either cleavage or pressure; and I have 
observed that when several individuals of these two species occur on 
the same slab of slate, they in every case have retained their inde- 
pendent and characteristic form. 

- 

9. On the Gzotoey of the Princess Istanps in the Sea of Mar- 
mora. By W. R. Swan, Esq. 

(Communicated by Sir R. I. Murchison, Bart., K.C.B., F.R.S., F.G.S., &e.) 

[The publication of this paper is unavoidably deferred.) 

(Abstract.) 

Mr. Swan points out the existence of a considerable mass of Devo- 
nian strata, partly fossiliferous, in several of these islands, of an age 
different from that of the beds of the Bosphorus, which latter he has 
shown in a former paper to belong to the lowest of the Devonian 
series of the Rhine. The presence of the remains of fish in the 
above strata, and of an ancient coral-reef in one of these islands 
(Andiroyitho), is also noticed. 

The rocks which form the remaining portions of these islands are 
(1) Trachytic, of younger age than the Devonian strata, and (2) 
Trappean, more recent than the Trachytic. The quartz-rocks, of 
which some of the islands are largely, and others entirely composed, 
are altered sandstones of Devonian age. 
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10. The Sutpuur-sprines of Norturrn Formosa. 
By Curuzsert Cottinewoop, M.B., F.LS. 

[Communicated by Dr. J. D. Hooker, F.R.S., F.G.S.] 

I watery had an opportunity afforded me, by a cruise in H.M.S 
‘Serpent,’ Commander Bullock, of visiting the remarkable sulphur- 
springs in the neighbourhood of Tamsuy, in the north-east part of 
the island of Formosa. These springs are situated among the hills 
about equidistant from Tamsuy (or Hoowei) and Mangka, the capital 
of the Tamsuy district, and are highly interesting from a geolo- 
gical point of view, indicating as they do the existence of volcanic 
action near the surface in these regions—a circumstance which we 
might have been led to expect from the frequent occurrence of 
earthquakes. 

The sulphur-springs which I am about to describe are not the only 
spring's of the kind in those parts; others are indicated at no great 
distance. The road to them runs through a beautiful and highly 
cultivated district. Besides numerous paddy-fields situated upon 
the hillsides, and ingeniously irrigated by a series of platforms, 
down which the water flows from one to the other after the manner 
of the cascades of St. Cloud, a remarkable feature 1s an immense 
pineapple-plantation of many acres in extent; so that the verdure 
of these hills leaves one unprepared for the fact of subterranean 
heat finding a vent in such close proximity. 

About halfway up the ascent we cross a stream having the cha- 
racter of a mountain-torrent, the stones at the bottom of which are 
covered with a deep-green deposit, very copious in the quieter and 
more sheltered spots ; and upon dipping one’s hand into this stream, 
the temperature is found to be too high to allow it to remain there. 
At this point it was about 130°; but higher up it could be seen 
steaming, notwithstanding the tropical heat of the day. 

This stream does not appear to flow directly from the sulphur- 
springs above, but probably from some subterranean source con- 
nected with them. The channel leading down directly from the 
springs is quite dry, though it bears evidences of having been, com- 
paratively recently, the theatre of similar exhalations. The rocks 
over the opposite side of this ravine are lofty, and crop out boldly, 
striking south-east, and dipping down to the north-east in the 
direction of the springs. At this spot they have a bleached ap- 
pearance, visible from a distance, precisely similar to that exhi- 
bited at the active springs. They bear, however, at this present 
moment, no other sign of their past activity; but, on a near ap- 
proach to them, a very perceptible odour of sulphuretted hydrogen 
is smelt, and the rocks themselves appear to have their surface dis- 
integrated by the action of the steam. 

A short distance above this spot we reach a cul-de-sac in the 
hills, bounded on the right by bold bare rocks, having the litho- 
logical characters of a coarse calcareous grit, and dipping about 15° 
to the north-east. This is the spot occupied by the present active 
sulphur-springs, and is of small extent, embracing not more than 
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two acres of ground, whose desolation forms a very striking con- 
trast to the verdure on nearly three sides of it. This spot is per- 
fectly barren, and is filled up with low hillocks of friable rocks, 
loose stones, and débris, haying the character of a moraine ; it is inter- 
spersed at irregular intervals with shallow pits or depressions con- 
taining mud and sand, and sometimes foul muddy water. From 
cracks and fissures in these depressions arose clouds of steam ; and 
yellow patches of sulphur were visible from a distance. 

At the time of my visit, in the middle of June 1866, there were 
seven or eight springs in a more or less active condition, from which 
clouds of superheated steam arose, either by a small round hole or 
narrow fissure, or by several such apertures. The rushing steam 
produced a loud noise, like that accompanying the blowing off of 
steam from a boiler; and above the fissures was a quantity of sub- 
limated sulphur, adhering to the rock in acicular crystals, forming, 
about the most active spring, a bright-yellow patch which was 
visible from a considerable distance. It was no easy matter to 
reach the sublimed sulphur; for, on a close approach to the spot, a 
jet of hot steam made it necessary to withdraw, and warned us that 
a nearer approach was dangerous. I managed however, with the 
aid of a stick, to procure some from the crevices, on and around 
which it was deposited. Most of the springs were dry; but one 
rose through muddy water, which bubbled up in a series of rapid 
explosions, carrying the boiling water, sand, and mud 5 or 6 feet 
high, and splashing it all around. 

It is evident that the degree of activity of these springs is very 
_ variable, and that at the time of my visit they were in a compara- 
tively quiescent state. The jets of steam were isolated, and a com- 
paratively small portion of the two acres at which I estimated the 
area of grey barrenness was in an active condition. Numerous 
pits, which had evidently at some period sent forth their jets of 
steam, were perfectly quiet: and stones coated with sulphur scat- 
tered among them showed their occasional activity. Moreover the 
edge of the level, where it began to descend down the ravine before 
mentioned, was covered with a thick crust, which had evidently 
been at one time in a semifluid state, and had slowly flowed, a 
viscous mass, over the edge, and now had the appearance of dried 
asphalt. This was doubtless the remains of mud through which the 
sulphur rose, such as we saw in some comparatively small pools, but 
which at one time had been in sufficient quantity to rise above the 
general depression and run over the edge into the ravine. 

The sulphur appeared in all cases to be deposited in a perfectly 
pure sublimed form; nor was there any smell to be detected in the 
active springs themselves. The steam is laden with the element in 
a dissolved condition, and deposits it in pure crystals upon any sub- 
stance with which it comes in contact. The effects produced upon 
the calcareous rocks were in all cases due to the disintegrating and 
bleaching power of steam; and the smell of sulphuretted hydrogen 

_ was most perceptible in a spot where the rocks had been disinte- 
grated, but where there was no sign of present activity. 
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It has been supposed that the locality is very fatal to animal life, 
from the presence of sulphurous vapours—that it is a sort of Avernus, 
destroying birds and insects which pass in its neighbourhood ; but 
I cannot endorse this view. I myself observed birds and insects 
flying over it with ease and impunity, nor was any noxious smell 
perceptible. Any ill effects could be produced only by the direct 
action of the steam, with which the.swlphur could have little or 
nothing to do; and if any corroboration of this were required, it 
need only be mentioned that the patch occupied by the sulphur- 
springs is immediately surrounded by the brightest verdure, and a 
stream of clear water runs along its edge and alone separates it from 
paddy-fields in the most green and healthy condition. 

At the present time no attempt is made to obtain sulphur from 
this prolific source. Although it can be obtained at the rate of 
45 cents per picul of 133 lbs. (about 2s. per cwt.), the Chinese go- 
vernment stupidly and obstinately forbid its being worked. Still 
sulphur has been largely obtained from these springs on the sly, or 
by means of a bribe, and it yet remains for European enterprise to 
open up so important and probably almost inexhaustible a source of 
this valuable material. 

11. On the Guotoey of Benewazt, Barbary; and an Account of the 
SUBSIDENCES im zts Vicrnity. By G. B. Sracey, Esq. 

[Communicated by the President. | 

Tue town of Benghazi is built on a sandy foundation with a super- 
stratum of clay. It is protected from the sea by a reef of sandstone 
rocks, now only 2 or 3 feet above the level of the water. 

Inside the reef, the water reaches nearly to the clay cliffs, on 
which, during the winter gales, it has a very destructive effect. 

Fifty years since, according to the testimony of natives, horse-races 
were held inside the reef, where now the water. is in some places 
5 feet deep; and, according to a European inhabitant, only a small 
strip of water existed there twenty-five years ago. 

On the reef, remains of buildings are to be seen under ae and 
at Juliana Point the sea has made a breach, forming an island of 
the point, between which and the mainland the water is very shallow. 

Hamilton, in his ‘Travels in North Africa,’ mentions that the 
land has sunk, and supposes a sudden catastrophe; but, from the above 
and other evidence, I imagine that the land is sinking regularly, and 
comparatively quickly. 

Small hills of sandstone exist to the north-east and south-east of 
the town, and are quarried for the stones of which the town is 
built. 

The fundamental rock of the country is a Tertiae limestone, mm 
which several interesting subsidences have occurred, some of which 
(the “Gardens of the Hesperides ” of Beechey) are cultivated ; others, 
more extensive, are filled with brackish water, and contain a large 
eel and another fish of small size. 
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The following is a brief description of a few of the lakes which I 
have examined. 

“ Howa Bugedah” is about one-third of a mile in circumference, 
W.S.W. slope to water; rocks perpendicular E.S.E. toS.W. Great- 
est height of sides about 30 feet. Depth of water round the edges 
11 feet N., 10 feet S., 15 feet E., from 13 to 14 feet W.; small cave 
on the south-east side. 

“ Howa Mumlood,” 150 yards to the eastward of the above, is 
about half a mile in circumference ; N.E. slope to water; sides per- 
pendicular N.E. to S.E., about 30 feet high; depth of water 6 feet 
N., 9 feet W. Onthe south-east the rocks are much rent and slipped 
towards the water, leaving small chasms. 

“ Howa Mingernat,” about 200 yards further east, is about one 
mile in circumference. The sides have more of a slope inwards, and 
are much more weathered than the others. On the south-east side 
is a small bay, the water of which is milk-coloured, being probably 
shallow and charged with carbonate of lime. The rocks slope 
downwards on the N.N.E. side, where it joins by a shallow channel 
another lake, bearing the same name. Sides perpendicular, cracked, 
and fallen in on the E.and N.E. About a quarter of a mile in cir- 
cumference. 

“< Howa Buhowsh,” about 300 yards north-west of the latter, has 
an island in the middle, separated from the north-west side by only 
shallow water. On the south-east side the rocks are much split 
and detached. Small caves in the fissures. 

In “ Howa Mumlood” on the N.N.W. side, a thin layer of coarse 
sandstone contains angular pieces of a black foreign rock, small 
pieces of bone, and a flint with a polished under surface, appear- 
ing as if it had been ground to a point. These materials were appa- 
rently washed in through a fissure, as the layer is not continuous. 

Besides the above, many smaller subsidences have occurred; in 
fact, the face of the country may be said to be dotted with them. 

The causes of these subsidences may probably be explained by 
examining a series of caverns containing fresh water and called 
“the Lethe,” of which the accompanying section may give a suffi- 
ciently correct idea. 

Section of “ the Lethe” Caverns. 
FE. EE, —>-- - ---—--- ------------+----- ----------- 

tehfyedy oP 

Llu 

The slope in this case leads by a low entrance into a cavern, which 
leads by a narrow passage into another, where a huge block projects 
from the water. This leads again into another cave by a low en- 
trance, and this may lead to others; but the rocks were so near 
the water that I was unable to proceed further with the boat. Sta- 
lactites hang from the roof. . 

The caves are probably reservoirs of the rain-water which runs 
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down the declivity in winter; this being out of the influence of the 
sun, but little evaporation would take place. 

In the above case, we-must suppose a cavern to have existed ata; 
the roof having fallen in has left a series of caverns exposed. 

If we imagine this to have occurred on a larger scale, we have, I 
think, the true cause of the larger subsidences, all of which haye, at 
one part or another, a slope to the water similar to the above. 

The whole country must be cavernous ; and the brackishness of the 
water of the lakes may be due to a connexion. with the sea. 

“ Howa Bullowsh” may have been formed by two subsidences. 
Of the fossils collected, I have only been able to identify Echino- 

dermata, 3 sp., Ostrea, 2 sp., Coral, 2 sp., a Pecten, a worm in the 
form of a Helix, and, on the surface, Cardium edule. 

—. 

12. Report on the Ex1stENcE of a large CoAu-FIELD in the PROVINCE 
of St. CatHERINE’s, Brazizn. By Epwarp TxHornton, Esq. 

[Communicated by the Rt. Hon. the Secretary of State for Foreign Affairs. | 

Tux Tubaraé basin is situated in the southern extremity of the pro- 
vince of Sta. Caterina, lat. 283°S., long. 54° to 6° W. of Rio de Janeiro, 
and 48° 14’ to 48° 44! W. of Greenwich, distant about forty-five miles 
north-west of the seaport of Laguna, and intersected by the river 
Tubaraé and its tributaries, which stream is navigated by small 
vessels for about twenty-five miles. 

The existence of coal in this district has for some years been an 
established fact; and the Belgian traveller, Van de Lede, in 1842, 
visited and reported upon the small seams which were exposed to 
view on the route from Laguna to Lages; but from 1861 to 1863 a 
practical exploration was carried out by the Viscount Barbacena (who 
engaged Mr. James Johnson, an experienced Lancashire coal-viewer, 
and the engineers Messrs. Borell and Klap), which resulted in his 
purchase of a tract of land containing the best seams, and his acqui- 
sition of a concession of mineral rights in the valley of the Tubaraé 
from the Imperial Government, dependent upon the formation of a 
railway and the opening of the mines. 

The exploration, by driving several levels and sinking pits over an 
area of about twelve miles, proved the existence of a series of Coal- 
beds at nine different levels, underlying a sandstone formation, in 
almost horizontal strata of different qualities, and of thickness varying 
from 14 to 10 feet, all more elevated than the waters of the adjacent 
streams. 

The longest adit was driven 78 feet through coal, which proved 
similar to that exposed in two other outcrops three miles distant from | 
each other, showing, under a solid roof of grey sandstone,— 

ft. me 
A Dovop Cova 30, 2ck (os 8 ee O8 Eae ea a ed 8 
Back MBAS ae ta eg cee cle oid Gb eeu an ck Save 34 
Cate A eee ered eee a aate a dinaigen sips same danee - 
Strong ScHisty ee seee a. cmc cegad aseae' sive Aiea ans eee Abaya 
Cone ee eae Menor Once Bee fe ok ese yu co eee 1z 
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ft. in 
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Grey Schist full of vegetable impressions ............... 1 4 
Peneryes ned 3240065157 Rll eee OR a2 
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making 10 feet 3 inches of Coal of good quality, the main seam being 
extremely hard and, like Cannel Coal, igniting readily ; it is also of 
great heat-producing capacity, but leaves more ash than the best 
English coals. 

An analysis of samples from two seams, made by Professor Thomas 
Richardson in London, exhibited the following results :— 

Sample No. 1. No. 2. 

Mixed Carbon <..).--<-200ne00- 7°67 35°42 
Gaseous matter ..........00+-. 18-33 21-10 
1:5) AS Se es ee ee 44-00 43-48 

The calorific power as follows :— 
No. 1. No. 2. 
9-07 8°82. 

These figures give the number of pounds of water which 1 lb. of 
coal can evaporate from the boiling-point. The best English steam- 
coals evaporate as much as 12°50 lbs. 

To the immediate fruition of so valuable a property the present 
obstacle is the want of means of transport, which by survey has been 
ascertained to be obtainable by a tramway of thirty-seven miles from 
the centre of the Coal-field to a navigable part of the river Tubaraé, 
where ships of 600 tons burden might take cargoes. 

13. On the Sources of the MatErtats composing the WuitEe Crays of 
the Lower TErtTrIaRies. By Grorce Maw, Esq., F.G.S., F.LS., &e. 

In examining some light-coloured deposits that occur between the 
Boulder-clay drift and the Carboniferous Limestone of North Wales, 
an account of which has recently appeared in the Geological Maga- 
zine*, I was led to the conclusion that some of the beds of very white 
and pure clays occurring in “pockets” in the limestone could not 
have been derived from the mere mechanical degradation of any 
previously existing materials ; and an analysis showed that they con- 
sist of silica and alumina in nearly similar proportions to the silica 
and alumina in the limestone, and, therefore, that they were pro- 
bably left behind after its calcareous matter had been removed by 
watery dissolution. 

The Tertiary formations of Hampshire, Dorsetshire, the Isle of 
Wight and Devonshire, contain vast deposits of similar white clays ; 
and I beg to lay before the Society a few facts bearing on the proba- 
bility of their haying had an analogous origin by the dissolution 
of the calcareous portion of the chalk. 

* Vol. iv. pp. 241 and 299. 
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The white clays of North Wales are contained in pockets in the 
limestone, and could have had no other origin than by the gradual 
dissolution of the latter, the cavities being complete culs de sac to 
which a mere mechanical abrading power could gain no approach ; 
and the fact that vast quantities of redeposited lime, as tufa, occur 
in the neighbourhood of the pockets proves an extensive removal of 
the limestone by watery dissolution. That asimilar process has been 
going on with the chalk (distinct from the mere mechanical effects of 
rain-wash) is a fact that all geological observers have been made 
familiar with, both from the surface of the chalk being pitted with 
sand-galls and sand-pipes, and the frequent occurrence of tufa in the 
chalk districts; such deposits, however, represent but a very small 
proportion of the carbonate of lime that has been removed by solu- 
tion, as the greater part would be carried to the sea before it could 
be redeposited ; and, as has been shown by Mr. Sorby, lime in 
solution can be absorbed and redeposited into the substance of the 
chalk itself. 

All chalk contains both silica and alumina, which could not be re- 
moved in solution ; and I beg to submit the following analyses of 
chalk and white Tertiary clays, in proof that the clays may have 
been composed from the insoluble matter in the chalk. 

Many of the Tertiary white clays of Devonshire and Dorsetshire 
are almost chemically pure silicate of alumina, or impalpable silica ; 
and it seems impossible to account for their accumulation, almost 
entirely free from foreign admixture, as the result of the mere 
mechanical degradation of previously existing beds. 

However effective the separating-power of water may be in sorting 
and dividing coarse from fine matter, its mechanical operation could 
not isolate silicate of alumina from other materials of similar specific 
gravity. 

Another point to be noticed is the peculiarly fine state of subdi- 
vision of the white Tertiary clays, an impalpable condition which 
distinguishes them from nearly all other argillaceous deposits. 

Many of the Coal-measure clays are extremely fine and pure ; but 
their state of subdivision (for they invariably contain some propor- 
tion of coarse particles) clearly indicates a detrital origin. The bulk 
of the matter composing the white Tertiary clays, however, is quite 
impalpable, though sandy particles may be occasionally associated 
with them. 

In testing the state of division of the Bovey Tracey and Wareham 
clays, I found that, after mixing them with water to the consistency 
of cream, and passing them through fine silk lawn, containing 10,000 
perforations to the square inch, no appreciable quantity of coarse 
matter remained behind from most of the examples, not even to the 
weight of a grain out of several pounds of clay. I can state, from 
the result of a number of experiments on clays and marls of various 
ages and formations, that such a state of subdivision is peculiar to 
these Tertiary clays. 

Mr. Sorby has demonstrated that from 90 to 95 per cent. of the 
mass of the chalk consists of the cases of Foraminifera and com- 
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minuted shells; and I would submit whether (if the Tertiary clays 
have been derived from the chalk) the state of impalpable subdivision 
of the silica and alumina may not result from their having been 
wrapped up in organic association with the carbonate of lime com- 
posing these shells. 

A comparison between the following analyses of chalk indiscri- 
minately collected from various sources, and the composition of the 
white Tertiary clays of Devon and Dorset, will, I think, strongly 
support the probability of the derivation of the clays from the 
chalk. 

a. b. 

Finely divided silica soluble in caustic potash. 0:26 16:710 
Insoluble siliceous matter (fine clay) ............ oe 6:090 
Oxides of sronvand. alumiia..:..<....2.s0se00ess>-0 2°86 0-780 
HOMME eee tee enee sarc. testes ders costo Ms cee bane 52°33 40°757 
DVIPS es ian Saiors ete c dace gee seddawodelysovte eu 031 0:825 
Potash and soda ...... SORE CARE eee, Seat Traces. ‘Traces. 
HOS PINGEIG ACI or 1 Ate esacecwneseesccarensor:cseee: Traces. 0-242 
SME NURTC ACI ces lass wachessas so kue Soowten teeta oe Traces. 1-546 
@arbonic acid’ and’ 1Oss .......0..<s.-+s0cer0ceeeim ae 44-24 33°050 

100-00 100-000 

a. Analysis of Chalk from Gloucestershire, by Dr. Voelcker. 
6. Analysis of Chalk-marl or ‘“‘ Malm” from Wiltshire, by Dr. Voelcker. 

The following analyses are taken from the article by Prof. Thomas 
Way and Mr. J. M. Payne “On the Chemical and Agricultural 
Characters of the Chalk Formation,” published in the 12th volume 
of the Journal of the Royal Agricultural Society of England, 1851. 

Soluble in dilute acids :— C. d. 
Sucre acid: (siliGa)):...25.3chavectwsaves vancere 2°16 2-11 
War POMie acl. 2222 5055 .s2he3 i sacs cosmensas ees 29°96 36°73 
RS hp HmAIG ACEC Se) Section vcs sees toled’s nen s'est 0-21 0-06 
SUG CLOG, eG: 0) (0 | nea re 0-21 0:05 
OAM OHIO! i <-steecnaenacacdawe dei enasaeescoeees 0-08 0-04 
TL AELYS S988 Ue ie tee eae nee 41°52 49°16 
PAO MESON. cotsiet oie eaenn ee WANE. oeRCes . 0-30 1-18 
TROIS 10 ene ee ee ee 0:26 0-11 
SOLAR sem eee ee oa Ue erenidan Sawin so yendt 1:64 1:36 
Protoxide and peroxide of iron ........... 2-20 Te 
JSUNSLIEV ENG y= Sere ROE ere a eee In O11 786d 0:20 92°74 > 

Insoluble in acids :-— 
LISTS) pps ng Se eae ae een nee RR a if 0-22 
HBOS Taare: epee eee niacls vat sid sedan sieniewe at's Trace. Trace. 
TESS) a 0 Soe ane ane On Re ac eae 0°32 0:15 
OU eee nee la cites ue iacas shoes 0:07 0-05 
Alumina and a little oxide of iron......... 2:57 1:42 
Silicic avid andisand) 2.200 coc asec aes 16°68 21:35 542 7:26 

100-00 100-00 

c. Analysis of the Grey Marl or “ Malm” (No. 7) by Prof. Way. 
d. Analysis of Chalk-marl (No. 8) by Prof. Way. 
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e. if 
Clay and sand insoluble in acids ...... 2:04. 0-66* 
Silicic acid soluble in acids ............ A trace. 
Carbonic acide. 20r ke, ae ace eaeee 42°14 42°98 
Nulphurietacids >; Sess ecss, naar. Aa 0-31 A trace. 
Phosphoric acid 2.2 cc ie. eee nec toneon 0:07 0:08 
Chietings Gs) ee eo os Nos aeaae ee — —_ 
AUTON fos eh tate acral SNE Ie a 54:37 55:24 
Mae eSIO.< . sata boven codaceaee ooans secnae O25" - O10 
Botan. oe seer ie ok eee Poe eae 0:08 0:06 
Ody peices ee ty ee Re hee eee 0-19 0°14 
Oxide of iron and alumina ............ 0°55 0-74 

100-00 100-00 
e. Analysis of Lower Chalk (No. 9), by Prof. Way. 

9: 
1-46* 

41:48 

0:04 

55°72 
0-06 
017 
0:02 
1-05 

100-00 

[June 19, 

h. 
0:87* 

42°57 
0:09 

f. Analysis of lower portion of Chalk with Flints, North Hants (No. 10), by 
Prof. Way. 

g. Analysis of the Upper (soft, white, or free) Chalk, Odiham, North Hants 
(No. 11), by Prof. Way. 

h. Second Analysisof the Upper (soft, white, orfree) Chalk, Odiham, North Hants 
(No. 12), about halfa mile north of where (g) was obtained, by Prof. Way. 

The seven following analyses of white clays from the Tertiary 
beds of Devon and Dorset are given for comparison with the in- 
soluble constituents of the chalks and chalk-marls which would be 
left after the removal of the carbonate of lime and other more or 
ess soluble matter by watery dissolution. 

Soluble in hydrochloric acid :-— 
Moisture and water of combination.................. 
Osmdetotarone ee en ee Le a7 eae 

AM rian ehs es eso ee Nee ck ae ie es eae 

Percee 

seeeee 

51:88 
0°86 72-04 

27:96 

100-00 

i. Analysis of White Pipe-clay from Newton Abbot, Bovey Tracey Lignite- 
deposit, by Dr. Voelcker. 

For the following analyses I am indebted to Mr. Charles D. Blake, 
of Newton Abbot :— 

VE k. Ee 
Silica west wore 67°5 47:0 60:0 
‘Aimina, see.e ee 22 29-0 48-0 34:0 
Oxide of iron . 1-0 1h355 2-5 
Magnesia ......... 15 2:0 = 
Potash ares. se == — 2:0 
Water and waste 1:0 1 1 

100-0 100-0 100-0 

mM. 
63:0 
32°0 
30 
1-0 

1-0 
1000 

j. Analysis of “China Ball Clay,” Bovey Tracey Lignite-deposit, from the 
clay-works of Messrs. Watts, Blake, Bearne & Co. of Newton Abbot. 

* Sand and siliceous matter. 
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k. Analysis of “Blue Clay,” Bovey Tracey Lignite-deposit, from the clay- 
works of Messrs. Watts, Blake, Bearne & Co., Newton Abbot. 

7, Analysis of ‘‘ Blue Clay,”’ Dorsetshire, Lower Bagshot. 
m. Analysis of “ Brown Clay,” Dorsetshire, Lower Bagshot. 

The following are taken from the Catalogue of Rock Specimens in 
the Museum of Practical Geology (8rd edit. p. 167) :— 

n. 0. 
ri Gre NR eR <p ev tain aah wR Se oN 65-49 72:23 
Atlumaiiniaiee|s cheng Malik. ahaa 2) 21:28 23°25 
Oxides:-of irom sess ee eee 1:26 2°54 
Alkalies and alkaline earths ......... 725 1:78 
Sulplateyotdlinie ev.) a eaiese ee aces 4°72 
SORE): wig ABA Mamcc ten ad RRR oe eee + 0-20 

100-00 100-00 

nm. Analysis of ‘White Pipe-clay” (Lower Bagshot), Branksea Island, Dor- 
setshire, by Prof. Way. . 

o. Analysis of “ Black Clay’’ (Lower Bagshot), Branksea Island, Dorsetshire, 
by Prof. Way. 

Mr. Charles D. Blake, of Newton Abbot, referring to the clays of 
the Bovey Tracey lignite-deposit, says :—‘‘Speaking generally; I may 
state that our mines produce clays containing silica and alumina in 
every proportion, between 95 per cent. of silica (maximum) down 
to 50 per cent. of silica (minimum), and from 50 per cent. of alumina 
(maximum), down to 4 per cent. of alumina (minimum); also that 
some of our clays are nearly pure silicates of alumina, containing 
no free silica, whereas others contain as much as 70 per cent. of free 
silica. 

These variations in the composition of both the white Tertiary 
clays, as well as of the chalks, would render a comparison between 
individual examples of little value; but by comparing, as follows, 
the average composition of a number of clays, with the average 
proportion of silica and alumina contained in the series of chalk 
examples before described, a fair means of comparison may be 
arrived at. 

(p) Average composition of clays 2, 7, k, l, m,n, and 0 :— 

SSullieetra ee secre crates as amie omicieises had SRS ore Gears 8 61-01 
sAMlTATING See Alen Gacame seinctncantes cee, Shee Racal ae 32°06 
xa Oso WoO es. eee vac ee Reels soe elise a vaca a 1°76 
LE FETOGSTEV 5 tn BEBE Gai ci APie ayaa a ee ane 0-76 
Lime, sulphuric acid, alkalies, loss, water, &.... 441 

100-00 

Let us now see how far this composition agrees with that of the in- 
soluble residue that would remain after the carbonate of lime and 
other soluble constituents of the chalk have been deducted as 
removable by water charged with carbonic acid. Nearly the whole 
of the silica and alumina, the peroxide of iron, and part of the 
magnesia would remain behind, and a portion of the magnesia would 
be removed with the carbonate of lime: as the soluble and insoluble 
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forms of the iron and magnesia are not distinguished in the analyses, 
the whole of them are included in the following average composition 
of the insoluble matter in the chalk. 

The whole of the eight analyses (namely, five of chalk and three 
of chalk-marl) give the following result :— 

(9) Alanine, ald ae OI: see see ewse ree 21°13 
Miapmesia ool. nvsen arnt ns cinnethe anteaar mente 4:63 
RSiieba 924 jn.e salsain eu Reaches suit conan ema meee 74:24 

100-00 

and taking the five specimens of chalk by themselves, omitting the 
three chalk-marls, 

(7) Almmainavanid ILO: Wise. er ocaess see anv deas 53°75 
ETS OCRVE We eee re ABP EMS AB CHER ican rOcer ss 8°95 
SMNCar 225.0. ycteih en nade Gdn note cease 37°30 

100-00 

As the iron and alumina are not given separately in all the analyses, 
it has been necessary to state them together in these averages ; but 
it must be borne in mind that a part of the iron and magnesia 
must be deducted (as being soluble in carbonic-acid water) in com- 
paring them with the composition of the clays; when this is done 
it will be found that there is a remarkable resemblance. The 
average of the five chalks and three chalk-marls gives somewhat 
more silica than the average of the clays, and the five chalks taken 
separately somewhat less. 

It must be observed that the chalk-marls contain a great propor- 
tion of silica, which affects the general average rather dispropor- 
tionately, as the three examples of chalk-marls to the five of 
chalk would be greater than the actual mass of the marl in com- 
parison with the actual mass of the chalk. The whole series of 
eight analyses averaged with the analyses of the five chalks taken 
separately (which would represent the marl in proportion to the 
chalk as 3 to 10) would be a fairer comparison. This mode of esti- 
mating gives— 

(s) Tron and alumina........... sak os ane 3744 
Magnesia hi) ce ie een aeeneeecenee 6°79 
Silvea i a eee Gea eee aaa 55°77 

100:00 

which, after deducting a portion of the iron and magnesia as solu- 
ble, gives a result closely corresponding with the average composi- 
tion of the clays (p)—namely, in round numbers, 60 per cent. of silica, 
30 per cent. of alumina, with a little iron, magnesia, &c. When it 
is considered how extremely the individual examples of both clays 
and chalks vary, so close a correspondence, on an average of a small 
number indiscriminately selected, is remarkable. 

The supposed Derwation of the White Tertiary Clays from 
Granite.—Messrs. Pengelly and Heer, at p. 9 of their Memoir “On 
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the Lignite-formation of Bovey Tracey,” published in the Philo- 
sophical Transactions, make reference to the probable derivation of 
the deposit from the degradation of the Dartmoor granite. This 
inference seems to be due more to the geographical proximity of the 
granite to the clays of the Lignite-formation than to any more certain 
evidence. 

The present areal outline of the deposit, and the surface-contour of 
the country, may perhaps give the Lignite-formation a more local 
aspect than it really possesses; and the occurrence of beds of similar 
physical character and age, far removed from the source of granitic 
materials, would seem to throw doubt on the suggested local origin 
from the granite of Dartmoor. 

Furthermore the present geographical limits of the deposit may 
have scarcely any relation to its original extension. It is inter- 
sected by considerable faults ; and the beds are occasionally disposed 
at high angles, which have no relation to the present surface-con- 
tour ; and it seems probable that they may be but a remnant of the 
original formation, which has been protected from denudation in 
the Bovey Valley. 

At the time of the deposition of the white Tertiary clays the 
chalk must have more completely covered the older formations 
than at present, and shrouded them over from being sources of 
supply for the Tertiary deposits; and the geographical distribution 
of the white Tertiary clays, which are either superimposed on, 
or in close proximity to the chalk, suggests a derivation from it 
rather than from the granitic rocks; indeed nothing resembling 
the Tertiary clays in physical aspect occurs far removed from the 
chalk, except the white clays before referred to, forming isolated 
deposits on the Mountain-limestone ; and these appear to be the re- 
sult of local subaérial dissolution analogous to the process suggested 
for the derivation of the white Tertiary clays from the chalk. 

Another point to be noticed is, that Kaolin (the result of the 
decomposition of felspar) is perfectly implastic, a feature opposed to 
the character of the white Tertiary clays, the chemical composition 
of which favours a derivation from the chalk rather than from 
the decomposition of the felspar of granite ; and, furthermore, felspar 
would not provide the proportion of alumina to silica found in the 
clays*. 

* The inference that might be drawn from this must, however, be received 
with some caution, as Kaolin, which has certainly been derived from felspathic 
rocks, almost invariably contains a larger proportion of alumina to silica than 
that existing in the felspar of the parent mineral. The loss of a part of the 
silica seems difficult to account for, as, on the decomposition of the felspar, 
both the silica and alumina would be expected to remain associated in a state 
of impalpable subdivision not capable of mechanical separation. It may, how- 
ever, be explained on one of the two following hypotheses. (1) The silica may 
have been partly segregated into crystalline concretions, and removed in the 
separation of the granitic quartz from the fine Kaolin; or, which seems to be 
more probable, (2) it may have entered into a soluble combination with the 
alkali of the felspar, and in this condition have been washed out, leaving the 
alumina with a smaller proportion of silica than that associated with it as 
felspar. 
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In taking the average compositions of ten examples of felspar, L 
find that 66-2 per cent. consists of silica, 21 per cent. of alumina, 
and 12°8 of alkalies &c.; or, leaving out the alkalies, in 100 parts of 
the sum of the silica and alumina, 75:86 would be silica, and 
24-14 alumina—in round numbers, 3 of silica to 1 of alumina. But 
in the plastic clays, taking 100 to represent the sum of the silica 
and alumina, 65°59 would be silica, and 34:41 alumina, or less than 
two parts of silica to one of alumina, a proportion that agrees very 
closely with that of the silica and alumina in the average com- 
position of a number of examples of chalk. 

14. On the Srructure of the PosteLactaL Deposits of the Soutu- 
East of Enetann*. By Searzes V. Woop, Jun., Esq., F.G.S. 

SomE years ago I entered upon an examination of the Glacial and 
Postglacial deposits of the East of England, and began to map the 
general distribution of the beds upon the small Index Map of the 
Ordnance Survey (10 miles to the inch), and, simultaneously with 
that, during a regular geological survey, on the ordinary inch to the 
mile Ordnance sheets 1 and 2. 

I was induced to select the latter sheets for this purpose, princi- 
pally because they comprised that part of England where the most 
important members of the Glacial and Postglacial series approached 
nearest to each other, and therefore the part likely to throw the 
greatest light on their Yelative structure—and in some measure 
because my place of residence afforded facilities for the task. 

This survey, when I had made some progress, led me to believe 
that the entire valley-system of the East of England originated in 
centres of arc-like or curvilinear disturbance, which immediately 
preceded the elevation of the bed of the sea from which was deposited 
the wide-spread deposit of Boulder-clay forming the latest of the 
Glacial beds of the South of England. My view is that, these dis- 
turbances having given an impress to the surface, the denudation 
accompanying and ensuing upon the elevation of the sea-bed, by 
wearing more deeply the impress thus imparted, made it more 
conspicuous in the parts where this denudation was most prolonged. 
I found also that the rectilinear upheaval along the Wealden line of 
disturbance appeared to have been a subsequent event to this curvi- 
linear denudation, and that generally these rectilinear disturbances 
had occurred long after those which accompanied the first elevation of 
a part of the Glacial sea; so that, while a part of the valley-sys- 
tem was due solely to the action of the first of these agencies, the 
rest (and more especially the part of England lying south and south- 
west of London) had originated from the combined action of the 
two. I very briefly, and in some respects imperfectly, called atten- 

* The portion of England to which these observations apply is that lying 
east of a line drawn from the south-western extremity of the Wash to the valley 
of the Severn, near Bristol, and thence south to the English Channel. 
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tion to this structure in a paper published in the Philosophical Ma- 
gazine*, 

The completion of this survey has not only confirmed me in this 
opinion, but has led also to some results bearing upon the geogra- 
phical conditions under which the Thames gravel was accumulated, 
and upon those which succeeded its deposition. These results have 
removed from my mind much of the perplexity besetting the Post- 
glacial structure of the portion of England embraced in this paper. 

In order to place in an intelligible form the evidence upon which 
these results are founded, carefully prepared copies of both the small- 
scale examination mapping, and of the large-scale survey made on 
sheets 1 and 2 are necessary, as well as copious sections illustrative 
of both. These being beyond the scope of a communication to the 
Society, the only plan that has occurred to me by which the views 
at which I have arrived and the evidence upon which they are based 
could be recorded was to embody them in a manuscript memoir and 
essay, with maps of the surveys I had made, to offer it to the 
Library of the Geological Society, where it might be available for 
the examination of those who thought the subject worthy of an 
investigation, and to lay a brief epitome of the principal results 
before the Society. This course I have adopted. 

Sheet 1, thus coloured geologically, shows that the Boulder-clay 
of the Essex heights (which is the formation I have elsewhere had 
occasion to describe as the Upper Drift, but which it will be more 
convenient, by the way of contradistinction to the Postglacial 
series, to call the Upper Glacial) exhibits no trace whatever 
in this part of having formed their southern edge by original 
deposition, but the reverse. In all respects it presents the same 
pelagic features as it does along its northern margin, where it is cut off 
by denudation through central Lincolnshire, Huntingdon, Northamp- 
ton, and Leicestershire—and along its south-western margin in Buck- 
inghamshire, where it is similarly cut off by denudation. Even in 
the detached tracts occurring through South and Central Lincoln- 
shire, and as far away as the small outliers north of Gainsborough, 
the material of the deposit is so identical with that on the brow 
of the Thames valley, that a basket of clay taken from either 
extremity of this area could not be distinguished, although these 
extremities are 140 miles apart. Therefore its abrupt termination 
on the northern brow of the Thames valley, with the Tertiary 
beds of this part complete beneath it, is to be ascribed to denudation 
only. The position of the Upper Glacial clay relatively to the 
Middle-drift formation (which, for a similar reason to that before 
given, it will be more distinctive to call the “‘ Middle Glacial”) is 
one of overlap; and this, as well as the position of both relatively 
to the valley of the Thames, will be best shown by the following 
diagrams illustrating the structure within Ordnance sheet No. 1. 

Fig. 1 shows the period when the Middle Glacial sea had, after 
depositing its sediments, eaten its way by coast-erosion between 
either islands or promontories formed of the upper part of the Lon- 

* 4th series, vol. xxvii. pp. 180-190. . 
VOL. XXIII.—PART I. ZE 
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don Clay capped by the Lower Bagshot sand and Bagshot pebble- 
beds, and when, in the indentations and inlets so eroded, a thick- 
ness considerably less than the mass of this formation further to the 
north, in Norfolk, Suffolk, and north Essex, had been accumulated. 

Figs. 1-3.—Diagram Sections showing the relations of the Middle 
and Upper Glacial deposits to the Valley of the Thames. 

4/ : H 
a } al 1 

4 =e whecatgtseacanes eee ie Fig. ie secs comme 7 ELESESTITTEE ST cp 

C3 

rm, 
SY 
s +S, 

alt vow = Y ee 

Oe nea eee ee —— SS SaaS Se = St —S 
North side ofthe Valley of the North side of the Valley of the 
Thames valley. Chelmer. Thames valley. Chelmer. 

1. Chalk. 5. Middle Glacial beds. 
2. Lower London Tertiaries. 6. Upper Glacial clay, occasional patches 
3. London clay. of shingly gravel. The horizontal 
4. Lower Bagshot sand. lines indicate the sea-level of each 
4'. Bagshot pebbles. successive stage. 

Fig. 2 shows the commencement of the submergence which, with 
a total change in the sediment, introduced the Upper Glacial forma~- 
tion (or Boulder-clay). During this incipient submergence, and 
after the change of sediment had occurred, the coast-erosion car- 
ried the shore back from the points marked a, at which it stood 
at the close of the Middle Glacial formation, to the point marked 
b; the new deposit of Boulder-clay was spread over the interval, 
being underlain here and there only by a feeble bed of shingly 
gravel (6), very distinguishable from the thick sands and gravels 
of the Middle Glacial period, and marked in figs. 2 and 3. Fig. 3 
shows the stage when complete submergence had been ettected, and 
a thickness of Upper Glacial clay spread over the entire area. As 
this deposit, where it has most escaped denudation, still retains a _ 
thickness of 160 feet, as in Cambridgeshire and Huntingdonshire, 
and presents so uniform a character of slow and steady accumulation 
by the outspread of water-borne clay-sediment, accompanied by the 
dropping of chalk-débris from ice, there is but little room to doubt 
its having spread over the counties of Surrey and Kent, as well as 
Essex, in great thickness, although, from its attenuation by denu- 
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dation towards the north brow of the Thames valley, a much less 
thickness than 160 feet remains in that part. 

Although these diagrams, in strictness, relate to the Glacial struc- 
ture, it is essential to the realization of the Postglacial structure, 
which has resulted from the denndation commencing at the elevation 
of the Upper Glacial clay, that the position of this clay along the 
northern brow of the Thames valley should be clearly defined. 

It is from this great deposit of Upper Glacial clay, the result of a 
wide-spread submergence, that the valley of the Thames is cut down 
at Grays to a depth (measured by the strata denuded in the process) 
of 600 feet. Owing to the upcast imparted to the beds during the 
denudation of this 600 feet, the brow occupied by the Glacial clay 
stands at a height of from 250 to 350 feet only above the Thames river. 
The manner in which the valley is, on its north side, cut down from 
the Glacial clay, is indicated by the strong lines in fig. 3; and actual 
sections drawn to the longitudinal scale of the Ordnance map will 
be found in the manuscript memoir before referred to, taken in various 
directions through Sheet 1, illustrative of all the features displayed 
by the above diagrams. While the northern side of the Thames is 
occupied by a slope which is cut down from the Glacial clay, in the 
manner shown by the strong lines, for a distance of 40 miles east of 
London (without reckoning sinuosities), we do not anywhere on the 
south side, or over the counties of Kent, Surrey, and Sussex*, en- 
counter the faintest trace of the Glacial clay, although we have in 
that area all elevations from the sea-level up to 800 feet+. 

The extensive deposit known as the Thames gravel occupies, but 
in a complex way, the trough thus cut down from the Glacial clay 
along that part of the Thames valley, east of London, which is west 
of Fobbing in Essex—a point 13 miles west of the Thames’ mouth 
at Shoeburyness: and while in this part the gravel rests against the 
denuded surface represented by the strong lines of fig. 3, on the north 
side of the rwer only, that arm of it which stretches up the Lea 
valley for more than 15 miles has the Glacial clay on both sides of it, 
the trough containing the gravel being there cut in a simple way 
through the Glacial clay. The following diagram sections (figs. 4 
and 5) illustrate the position of the Thames gravel in either case. 

Numerous actual sections corroborative of these diagram sections 
throughout Sheet 1 will be found in the memoir referred to. 

The position occupied by the Upper Glacial clay along the north 
side of the Thames appears to me due to the circumstance of its 
haying formed the southern edge and emerged portion of the 

* Nowhere over the south or south-east of England, indeed ; but I have, in 
a paper in the Geological Magazine, called attention to the probability that a 
search over the highest Tertiary beds of Surrey and Hampshire might, perhaps, 
yield traces of it. 
+ It is important to observe that the depressions in which the Glacial beds 

are shown, in figs. 1, 2, and 3, to have been deposited have no relation to 
our present valleys, except that, where in a few instances (as in that of the 
Roding about Navestock) the present valleys happen to pass such a depression, 
they appear (but for a very short distance usually) to have the Glacial beds rest- 
ing within their brows, 5. § 

Z E od 
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Upper Glacial sea-bed, the detached portions, or outliers, of the 
deposit of that sea which occur on the west of the Lea valley 
having, at that time, formed islands detached from the mainland,— 
represented by the main mass of the upraised sea-bed. As the 
emergence and denudation proceeded, these islands became, with 
the outliers of the Bagshot Sand at Hampstead and Harrow (this 
sand, by reason of the structure shown in figs. 1-3, forming a 
common deposit with the Glacial clay for the first action of the 
denudation), the eminences of land up which stretched an inlet from 
the main sea that was afterwards occupied by the Thames gravel. 
We have, therefore, on the east of London, so far as this part of the 
structure extends, the simple case of an early Postglacial sea- 
margin, with the land breaking off into detached islands represented 
by outliers of the Glacial beds; and this feature becomes readily 
appreciable by the eye when the delineation of the Glacial beds in the 
Index Map accompanying the memoir is examined. 

Precisely similar features are exhibited by the delineation of the 
south-western extremity of the Glacial beds in the counties of Buck- 
ingham and Northampton; and, in order to collate the features of 
this part with those exhibited in Essex, I annex a section drawn 
from the lip of the Glacial beds near Buckingham to the valley of 
the Cherwell* (fig. 6). « 

Here we have the denudation, which in this direction cuts off the 
Glacial beds, descending through successive deposits of Oolite and 
Lias, which rise up (like the Chalk and Lower Cretaceous beds in fig. 
4) as the denudation descends through them. If a local geological 
map of this neighbourhood, given in the memoir, be examined, it is 
apparent that the denudation, which in fig. 6 is shown across the 
plateau-country, commenced in the Upper Glacial clay and descended 
westward along the valley of the Ouse to that of the Cherwell, form- 
ing both those valleys by the gradual westerly recession of the sea. 
The troughs through which the rivers Ouse and Cherwell run in 
these parts both expand, from the westerly direction of the denuda- 
tion, in the opposite direction to the present course of those rivers, 
and are beautifully defined by the map-colours of the formations 
(from the Glacial beds to the Lower Lias) which have been exposed 
in their turn by the denudation in its descent. So entirely inde- 
pendent of the denudation of these troughs are the rivers which 
traverse them, that, in the case of the one now partly occupied by 
the upper waters of the Ouse, although its denudation is uniformly 
in a western direction, the present drainage through it runs in two 
contrary directions—one part east into the Ouse, and the other in 
the direction of the denudation. This latter part, however, by falling 
into the Cherwell eventually, like the rest of the drainage originating 

* The Section of the valley at Buckingham, given in the Memoir of the Geo- 
logical Survey in explanation of Sheet 45, appears to me to be quite at variance 
with the actual structure of it. So far from there being any evidence of the 
existence of an actual valley in this part prior to the Glacial period, the mode 
in which the valley of the Ouse is cut through the Glacial beds shows the ae 
to have been wholly formed since the deposition of the Glacial clay. . 
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in the trough, runs to the sea in the opposite direction to that re- 
presented by the denudation of the trough in which it takes its rise. 
In this respect the Ouse and Cherwell resemble streams that, like 
the latter, are tributaries of the Thames, such as the Evenlode and 
the Darent; they also resemble the Tove, a tributary of the Ouse. 
All these rivers run through valleys whose denudation the Post- 
glacial structure shows to have descended from the Glacial clay in 
the reverse direction to that followed by the courses of the streams 
themselves. The present levels of the different parts of these troughs 
have greatly changed, even znter se, since the time when the denu- 
dation formed them. . 

We have thus identical features exhibited by the earlier part of the 
Postglacial denudation along the southerly edge of the Glacial beds 
in Essex and along their south-westerly edge in Buckinghamshire. 

Thus arises the presumption that the extensively denuded south 
and south-west portions of the area referred to in the head of this 
paper have acquired their present condition from a denudation which 
commenced with the elevation of the tracts now occupied by the 
Glacial beds, and which at the outset wholly destroyed them to the 
southward of their present limits, as well as extensively in a north- 
erly direction. ee 

As a general motes the denudation increases as we recede 
from the Glacial beds—whether it be in the southerly direction from 
the counties of Essex, Middlesex, Hertford, Bedford, Buckingham, 
and Northampton or in the northerly direction from the counties 
of Leicester, Northampton, Huntingdon, Cambridge and West Suf- 
folk, and Norfolk, in which, with the exception of one or two small 
outliers, such as that near Grantham, and the central Lincolnshire 
tract, they are destroyed for a great distance towards York. 

In the Index Map accompanying the memoir I have shaded in with 
great care and minuteness all the principal hill-contours from the 
sheets of the Ordnance Trigonometrical Survey, and marked upon it. 
in strong red lines, such of the ares of denudation (to which I called 
attention in 1864) as affect the area now under consideration. These 
ares may be seen to present a striking feature; and as they do not 
depend upon any authority less than that of the National Trigono- 
metrical Survey from which they are reduced, they cannot be regarded 
as any fanciful emanation from me. All that I have done is to call 
attention to them, to place them in a form readily accessible to the 
eye, and to show the position occupied by the Glacial beds in re- 
ference to them. These arcs of denudation, by becoming more 
deeply scored out to the south and south-west, concur with the 
structure displayed by the Glacial beds to which I have been ad- 
verting, in indicating the augmentation of the Postglacial denuda- 
tion in those directions. The arcs, which in all their repetitions 
preserve a remarkable concentricity, belong to two series—one having 
the centre a little east of Canterbury, and the other about Brook- 
point in the Isle of Wight. Those of the first series in every out- 
ward repetition, except close to the centre in Kent, cut through the 
Glacial beds in some part of their sweep; and this the large-scale 
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Survey-sheet, No. 1, by comprising parts of four out of the eight 
conspicuous arcs of the series, affords the means of minutely testing. 
The outermost (and consequently the largest), extending from Bath 
to Stamford, and taking in the western scarp of the Cotteswolds, only 
cuts through the Glacial beds near Market Harborough, the structure 
and delineation on the map of the Glacial beds south and west of that 
place showing their denudation in this direction. Those arcs which 
cut through the Glacial beds in Essex, and of which the large Survey- 
map affords easy means of testing, embrace the cross valleys indenting 
the northern scarp of the Weald, such as those through which the 
Medway and Darent fiow in part of their courses, being the direction 
in which fig. 4 shows the denudation to increase from. the lip of 
the Glacial beds in this part. It would be useless to attempt to de- 
scribe these arcs further, as their delineation on the map must be seen 
and studied for their importance to be realized; but their structure, 
wherever they cut through the Glacial beds, shows them to have 
formed troughs occupied by arms of the Postglacial sea, which has 
deepened them by denudation. The general grouping of the Glacial 
beds in relation to them, and the south-westerly increment of denu- 
dation which those beds display, indicate, as it appears to me, that 
the progressive scarping of the arcs in this direction has been due 
to the prolongation of the denudation there. 

Several sections, in illustration of the structure of these ares in 
various parts, will be found in the memoir; but I will only trespass 
upon the Society with three—two of them illustrating the structure, 
in different parts, of the outermost are but one of the Kentish series, 
which I select as being the most suitable to show the part played by 
denudation in their creation, and the third illustrating the structure 
of a part of one of the innermost arcs of the series (being one that 
traverses the surveyed Ordnance sheets accompanying the memoir). 

Fig. 7, which intersects the outermost but one of the Kentish 
series of arcs, does so at a part where the trough of denudation giving 
rise to the arc enters the body of the chalk, disconnecting itself from 
the outcrop of the Gault. It is evident that in this part, which is as 
well defined as any part of the arc, the structure giving rise to the 
are-crest is one of denudation, and not in any way due to the out- 
crop of the base of the chalk; and it is equally evident that the 
scarp of the chalk which occurs above Royston is not due to at- 
mospheric denudation, but to the erosion of a trough several miles 
wide, which is cut down on both sides from the Chalk and Upper 
Glacial clay into the Gault. 

Fig. 8, on the other hand, exhibits the arc formed by the scarp 
of the chalk where no portion of that formation extends to the 
opposite side of the trough. Although the general lie of the beds 
seems antagonistic to an assumption that the elevation of the arc- 
crest is due to the Postglacial disturbances yet it is evident that 
there has been in this part an excessive denudation, first over the 
crest of the arc, and subsequently in the trough, which latter denu- 
dation has excavated the great vale of Aylesbury. Probably at the 
incidence of the Upper Glacial clay by general submergence the 
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edge of the chalk in this part formed lofty ground, which after sub- 
mergence received this deposit on its summit at a higher level than 
the parts forming the extremities of the section, which at the outset 
of the Postglacial denudation were swept away; the denudation 
eroding the vale of Aylesbury succeeded to this. 

The section, fig. 9, displays a structure that is constant along 
are 3 for about six miles on the north side of the Chelmer, and again 
for three or four miles on the south side of that river, for which dis- 
tances the Glacial clay lying on the western slope of the arc forms a 
narrow strip extending along the flank of the arc-crest. Were it not 
for this feature and the fact that, as the arc declines in altitude, 
the Middle Glacial series becomes continuous over the crest (the 
denudation of the crest being proportional to the extent of its ele- 
vation), { should be disposed to doubt that the hill was formed 
principally from the rolling character of the movements giving rise 
to the surface-impress, from which the arc-structure has arisen, 
as I conceive, by the denudation ensuing upon it. - 

The part traversed by this section, being a portion of the general 
tract of Glacial beds whose southern lip stretches along the heights 
of the north side of the Thames, is one which, having emerged at the 
earliest part of the Postglacial period, has been subjected to no 
denudation save that which it underwent in its elevation. The dis- 
trict traversed by the sections, figs. 7 & 8, on the other hand, not only 
underwent this denudation, but was, in the part formed by the vale of 
Aylesbury, subjected, as before observed, to a further denudation 
produced by the arm of the Postglacial sea which stretched up, 
and wore out, that vale. Now, if we suppose the part traversed by 
the next section, fig. 9, to have been subjected to this subsequent 
denudation, so as to have scored out the trough in the mode indicated 
by the dotted line, we seem to get a section identical in structure 
with fig. 8. I infer, in the cases of all these arcs, that there was 
an inequality of level at the commencement of theGlacial-clay period, 
but that this was exaggerated by the disturbances causing the arc- 
structure, and the line of it deeply defined by the Postglacial denu- 
dation. One thing seems clear to me from the general structure of 
the area—namely, that the arc-like or curvilinear form taken by the 
scarp is wholly due to the direction taken by the Postglacial denu- 
dation induced, as it seems, by the disturbances that put an end to 
the deposition of the Upper Glacial clay. 

If the Index Map of the memoir be examined, it will be seen that 
the deeply denuded troughs intersected by Sections 7 and 8 are divided 
from each other by an isthmus at Hitchin, where the two prin- 
cipal tracts of Glacial beds approach close to each other, and where, 
by the cessation of the denudation, it is to be inferred that these 
two tracts were at a very early part of the Postglacial period joined 
to each other. Now both the trough intersected by Section 7, and 
that intersected by Section 8, rapidly expand as they recede from the 
Hitchin isthmus, each opening out into the main Postglacial sea— 
the former into that indicated by the extensively denuded tract before 
mentioned as extending from the northern lip of the Glacial beds 
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through the counties of Leicester, Huntingdon, Cambridge, and west 
Suffolk and Norfolk, towards Yorkshire, and the latter into the Post- 
glacial sea indicated by the denuded country stretching over the 
south of England. 

Although the denudation of these troughs evidently succeeded 
that of the arc-crests, which took place during the first emergence 
of the tracts, it nevertheless appears to have occupied only the early 
part of the Postglacial period ; for it is into the sea-margin formed 
by the arc shown in fig. 8, and at a point about 30 miles 
south-west of the place where this section intersects it, that the 
lower terrace or fluviatile portion of the great Postglacial deposit of 
Thames gravel had, as I regard the case, its western outlet; and 
the structure of this gravel indicates that it belongs to an early part 
of the Postglacial period. 

The position of this gravel (the most extensive of the Postglacial 
series) and that of its allied formations, the East Essex gravel and 
the gravel of the Canterbury heights, is difficult of explanation 
without the assistance of the map accompanying this memoir. The 
three gravels, I contend, are the deposits of a series of channels 
penetrating the southern margin of so much of the emerged land of 
the period as lay to the east of the arm of the Postglacial sea, 
which is represented by the trough shown im fig. 8. The largest 
of these channels, that occupied by the Thames gravel, opened out 
into the western sea around Reading*, between which place and 
Maidenhead it followed the narrow and tortuous course now occu- 
pied by the Thames river. From Maidenhead it expanded until it 
opened southwards to the sea then occupying the Chalk country of 
Surrey, at the part now represented by its high terrace of gravel on 
Richmond and Wimbledon hills, converting the Tertiary beds of 
northern Hampshire into an island. From Wimbledon the channel 
was again continued by London towards Gravesend, sending in its 
way a large arm up the Leavalley. East of Gravesend it was barred 
in from the East Essex gravel by a ridge of lofty land, now cut 
through by the Thames river, but which, prior to the introduction of 
that river, was continuous along the east of Essex and north of Kent 
as far as Rochester. Between Dartford Heath and this dividing 
ridge it again opened out to the sea occupying the Chalk country. 
The next channel, that occupied by the East Essex gravel, being 
divided in this way from the other, is marked by that gravel which 
ranges along the east side of Essex for upwards of 20 miles, crosses 
the Thames mouth at right angles, and occupies the western slope of 
the Medway valley between the Nore and Rochester, opening out to 
the sea of the Chalk country about the latter place. This sheet is cut 
through at right angles by the mouths of the rivers Thames, Crouch, 
and Blackwater. At each place where the Thames gravel opens 

* The sea to which the main sheet of the Thames gravel opened seems to have 
been the latest part of that which denuded the arc-crest,—the sea denuding the 
trough being that into which the lower terrace of the Thames gravel (produced 
by the elevation and cutting down of the main gravel sheet) appears to have 
been discharged west of Reading. - 
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out to the sea, represented by the Chalk country, and also where the 
East Essex gravel opens to it, the gravel is denuded from a lofty 
brow in the direction of the Chalk country, as I willshow. One other 
channel (which not improbably may have been connected with that 
of the East Essex gravel through the area between Kent and Essex 
now occupied by the North Sea) occupied the London Clay and Lower 
Tertiary country lying north and east of Canterbury, opening to 
the sea over the Chalk country of Kent about this place. Of the 
deposits of these three channels, the Western or Thames channel, and 
the Eastern or Canterbury channel, have been the most broken up 
and denuded; the intermediate channel of the East Essex gravel 
has been but little disturbed except at its embouchure, where the 
gravel is cut down some 150 feet to the Chalk country. It would oc- 
cupy too much space to show in any detail the mode in which this has 
taken place; but that of the break-up of the Thames sheet in 
the channel-mouth, between Dartford Heath and the East Essex 
dividing ridge, will be found to be copiously illustrated by sections 
in the memoir ; and sections illustrative of the break-up and terrace- 
creation in the other channel-openings are given there also. I will 
therefore confine myself here to three simple sections in illustration 
of the structure at the channel-openings. 

The first section, fig. 10, gives the denudation at the opening of 
the Thames gravel channel around Richmond and Wimbledon. In 
this section we have the gravel very sharply denuded towards the 
Chalk country, the Tertiary beds and the Chalk towards the Wealden 
area coming up with a considerable dip, which increases as the Chalk 
country is approached. ‘This dip (of course immensely exaggerated 
in the compass of the section) indicates the sharp nature of the 
Wealden upthrow, which succeeded the denudation of the gravel, but 
which was preceded, as I have to show, by an intermediate period 
occupied by the formation, in the broken-up beds of the channel- 
troughs, of a series of fluviatile openings in which accumulated the 
gravels and brick-earths of the lower terraces, grouped in the sur- 
veyed sheets under the symbols #5 anda 5’. By varying the line of 
section a little, and carrying it from Wimbledon Hill to Croydon, 
we should see the denuded Tertiary beds that lie below the brow of 
gravel exactly in the same position as in fig. 10, but overspread 
by the flat sheet of the Wandle gravel, which, as shown on the 
Geological Survey Sheet No. 8, expands from the Thames towards 
the Chalk country like a broad river, terminating abruptly, as the 
chalk comes up, with a square end against that formation. This 
represents one of the fluviatile outlets into which the channel- 
openings shrank as the sea receded towards the Weald. In the 
neighbourhood of the section, however, we find no trace of any 
other gravel than that on the brow, and may therefore infer that 
the denudation exhibited by it represents simply the recession of 
the sea towards the Weald. This shows the London clay denuded 
with the gravel, consistently with the position assumed at the com- 
mencement of this paper—namely, that the upthrow and denudation 
of the Weald followed the deposition of the Thames gravel, which had 
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followed the denudation of the Glacial clay which, with the London 
clay beneath it, had extended over the Wealden area. 

The section previously given (fig. 5) illustrative of the position of 
the Glacial clay along the north side of the Thames may be made to 
serve, imperfectly, to show the denudation and upcast which fol- 
lowed the recession of the sea from this part towards the Weald, 
along the opening lying between Dartford Heath and the East Essex 
dividing ridge, as well as the formation of the fluviatile outlets (now 
represented by the Grays and Darent and Cray valley-deposits) that 
followed its recession. This embouchure of the channel is conspicu- 
ously marked by the denudation of the Tertiary beds in that part, and 
by the position which the remnants of the gravel occupy in reference 
to them, an arm of the chalk running up in this part into the centre 
of the eastern Thames area. It is only necessary to place my sur- 
veyed sheet, No. 1, in its order next to Sheet 6, already surveyed 
and published by the Geological Survey, to render this readily per- 
ceptible to the eye, an island, represented by Swanscomb Hill 
(round the flanks of which, at an elevation of about 100 feet, the 
gravel now clings, as it were), having occupied the centre of this 
embouchure. 

The next section, fig. 11, gives the denudation at the embouchure 
of the East Essex channel by Rochester, and shows that gravel cut 
down from a lofty brow to the Chalk by the recession of the sea 
towards the Weald,—the London clay being cut off with it in the 
same way as.itis with the Thames gravel in fig. 10, and con- 
sistently with the age claimed for this gravel—of priority to the 
Wealden upthrow and denudation. 

The gravel of the Canterbury heights is denuded in a two- 
fold direction—one towards the Chalk country of the Wealden 
scarp, and the other towards the Chalk country of the Isle of 
Thanet. The former presents no feature essentially different from 
that exhibited by figs. 10 and 11; and the denudation in the latter 
direction is well displayed in the coast-section east of Herne Bay, and 
may be seen in the section of the Lower Tertiary beds of that dis- 
trict given in Mr. Prestwich’s Memoir on the Thanet Sands in the 
8th volume of the Quarterly Journal of the Society (p. 264). 

A section through the dividing ridge separating the Thames gravel 
trough from that of Kast Essex having been given by me in a com- 
munication to the Geological Magazine *, I do not think it necessary 
to give it here. The erosion of the valleys of the Thames mouth and 
Crouch river through this ridge, having taken place at a very recent 
date, is connected with another peculiar structure to which I have 
presently to allude; but first, as to the break-up of the Thames 
gravel in the body of its trough, and the formation of the fluviatile 
‘(or « 5) portion of it. 

The valleys which are cut through the Thames gravel, and which 
have arisen from the denudation accompanying the rectilinear dis- 
turbances shattering that gravel and elevating the Chalk country, 

_ * Vol. ii. p. 348. In that section a small outlier of Bagshot Sand should 
shave been shown on the top of Round Hill. 
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exhibit no connexion with the curvilinear or arc-disturbances before 
referred to, but associate themselves in more than one way with 
those upcasts of similar character which have accompanied the 
elevation of other Chalk districts, such as the Hog’s Back and Ports- 
down Hill. There is, however, evidence, in the position occupied 
by the Thames gravel on the south of the Thames, that a line of recti- 
linear disturbance, although long subsequent to the formation of the 
original valleys in this part by the arc-disturbances and by denuda- 
tion, preceded the introduction of that gravel and brought up the Lower 
Tertiary beds between Woolwich and Erith along a straight east-and- 
west line, against which the gravel-waters on their south shore rested. 
It seems to have been the oscillations to which these preliminary dis- 
turbances gave rise that, in the Thames-gravel channel at least, intro- 
duced the waters from which that formation was deposited, because 
we have evidence, in the presence of a fluviatile formation beneath the 
Thames gravel, much more limited in extent than the latter, that the 
trough had in this part been evacuated by the sea, and then reoccu- 
pied by it during a partial submergence which introduced the gravel- 
waters far above the northern edge of the previous fluviatile deposit. 
The underlying fiuviatile deposit is a brick-earth, which has in some 
parts, with the gravel, been elevated into high terraces, and in other 
parts left, also with the gravel, but little disturbed. As Mr. Daw- 
kins has asserted, in his late paper upon the Brick-earths of the 
Thames valley, that there is no distinction between this deposit and 
that of Grays, which belongs to the newer fluviatile series, or that 
occupying a lower terrace than the Thames gravel and formed 
after its break-up, I subjoin a section in proof of the contrary, 
the point involving the important question whether or not much 
of the Thames gravel was introduced over a Postglacial land-sur- 
face. On the south side of Dartford Heath this oldest brick-earth 
(x 4') may be seen coming out inland from under the gravel, the two 
in superposition being exposed in the subway of Hulsewood House, 
while by Hill House, near the 101-feet altitude-mark on the west 
of Dartford, and upwards of 80 feet above the Cray and Darent 
gravels, I saw 12 feet of the deposit pierced to the chalk. 

This oldest brick-earth (# 4’), by reason of its great and unequal 
thickness, descends at Erith nearly to the river, towards which it 
occupies the same apparent position as the Grays bed; but along the 
line of the section fig. 12 (as well as along other lines of section 
given in the memoir) it is cut down by a very sharp denudation, 
some 50 or 60 feet, to the gravels of the Cray and Darent and of 
the lower terrace, which have an extensive spread on either side of 
Grays, and underlie the lower portion of the brick-earth of that place, 
being worked in the fields after the brick-earth has been removed. 

The organic remains yielded by the two brick-earths being appa- 
rently that upon which Mr. Dawkins has based his opinion (for he 
has given no structural sections in support of it), may not differ; 
but the physical evidence indicates their separation by an interval 
adequate to the deposition of a slowly formed gravel of far-travelled 
material 20 feet thick, and of a brick-earth (from 6 to 8 feet thick) 
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into which it passes upwards (distinguished in the memoir as a4!!!*), 
as well as to the break-up and denudation of both of these. The 
same underlying brick-earth (x 4') also distinctly passes under the 
main sheet of the gravel (w 4") at Ilford Station, forming a slight 
synclinal, of which the two brick-pits of that place are the ex- 
tremities. 

The disturbances that broke up and elevated the Thames gravel, 
although giving rise to terraces, present no feature indicative of the 
uniform elevation of a valley by the general rise of the country, such 
as has been described to us by Mr. Prestwich in the case of the 
Somme. The elevations, on the contrary, have been altogether 
dislocatory and partial, the gravel being elevated on one side of the 
principal rectilinear throw as much as 116 feet above the present 
sea-level, and thrown down to almost as great a depth below the 
Plumstead and Erith marshes. Moreover the chief portion of that 
arm of the gravel which extends up the Lea valley, and also that 
portion of the main mass lying between Stratford and Purfleet, 
have been thrown eaclusively on one side of the present valley, owing 
to the unequal elevation. A previous section, fig. 5, affords an 
instance of this in the Lea valley; and the section last given, fig. 13, 
indicates the position occupied by the main mass of the gravel be- 
tween Stratford and Purfleet, as well as the way in which it has 
been affected by the faulting of the Lower Tertiary deposits. 

In the memoir I have endeavoured to show the process by which, 
as it appears to me, the gravel has been placed in this position, and 
the grounds upon which it seems probable that a part, at least, of the 
gravel. beneath the Thames and Lea marshes may be the same as that 
of the lower terraces (or w 5 series), although it occupies no terrace, 
nor possesses any feature to distinguish it. The position of the gravel 
on the west and north of Woolwich indicates that it has been affected 

by apart of the disturbances that have imparted so great a local 
elevation to the Tertiary beds of that district; and it is from this part 
that a cross line of dislocation appears to start northwards, which has 
thrown the gravel in one part of the Lea valley exclusively on the 
west side of the river, as shown in fig. 5, and elevated it to very 
considerable heights. The line of dislocation referred to passes at 
Tottenham out of the gravel altogether; so that, just there, the 
lower-terrace (or 5) deposits, instead of resting against elevated 
terraces capped by the main sheet (or x 4") gravel on both sides, 
have this on one side only, the opposite being formed by the London 
Clay of the original valley ; but as the line of dislocation falls within 
the main sheet, that deposit forms terraces on either side of the 
lower or fluviatile series. So far as I am aware, that part of the 
Thames gravel of which portions have been elevated into high ter- 
races, has not, either in that elevated position, or in the lower posi- 
tion in which the local character of the disturbances have left the 
greater part of it, yielded any organic remains whatever. It is from 

* The symbols used here are those adopted in the memoir, a series of patchy 
gravels marking the denudation which, succeeding the Glacial clay, preceded the 
Thames gravel being grouped under the symbols v1, «2, and x3. 
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the fluviatile beds of the underlying brick-earth (# 4’), or of the 
newer (or #95) series succeeding the principal or inlet gravel, that 
the molluscan and mammalian remains brought to notice from time 
to time have been obtained. 

It would carry me beyond the compass of this paper to examine 
the way in which the beds of the series # 5 have been followed by 
the denudation of the Weald; but all will, I think, admit that, if it 
be evident that both the marine (or v4) portion and the fluviatile 
(#5) portion of the Thames gravel had no connexion with the present 
river Thames, or with what is now the North Sea, but was dis- 
charged towards the Chalk country, then the excavation of the Weald 
valley, and the formation of the beds within it, must be of posterior 
date. In proof of that sequence I invite those who are sceptical 
upon the point to study the structure and position of the gravel 
relatively to the trough containing it, and to submit the mapping and 
structure of it shown in my memoir and survey to a rigorous and 
exhaustive examination, and to point out in what way the struc- 
ture and position of the gravel can have any connexion with the 
river Thames or with its valley as it opens to the North Sea. 

A section (fig. 14) drawn across the eastern embouchure of the 
Thames-gravel channel, the embouchure of the channel of the East 
Essex sheet, and that of the channel of the Canterbury-heights gravel, 
as the three originally opened to the sea of the south, together with 
the same section, as it now appears from the break-up and denuda- 
tion, may assist in rendering the views discussed more intelligible*. 

In the memoir I have endeavoured, by pursuing the denudation 
from stage to stage, and by connecting with it the various detached 
beds of Postglacial gravel occurring in the area, to trace the man- 
ner in which it has progressed subsequently to the break-up of the 
Thames gravel; and in doing so I have been led to the conclusion 
that the gravels in which the flint implements have, up to this time, 
been found, belong to a stage at least as much newer than the 
Thames beds as these are newer than the Glacial clay +, notwith- 
standing that these gravels, in Bedfordshire and west Norfolk, hap- 
pen to occur in troughs cut down from the Glacial beds, and that to 
a small depth only, when compared with the trough containing the 
Thames beds. In the south of England, as, for instance, at Salisbury, 
these implement-gravels occupy that position which, in following 
the denudation from its commencement in the Upper Glacial clay 
through the Thames-gravel series into the Chalk country, indicates 
that they are divided from the latest part of the Glacial period by the 
interval occupied in the denudation of the Tertiary beds and the 
Chalk down to the Lower Cretaceous formations ; for, although these 

* T am indebted to Mr. Whitaker, of the Geological Survey (who has mapped 
the part of sheet 3 in which the eastern portion of this section occurs), for de- 
tails made use of in that portion of it. 

+ Of course, I only refer to the implement-gravels yet made known ; hereafter 
it may be discovered that man was coeval with some earlier gravel-period ; but 
at present none of the beds belonging to the earlier part of the Postglacial period 
have yielded flint implements. 

VOLs XXIII.—PARI I. 2F 
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gravels occur on the Chalk and other formations, it is only from 
fluyiatile occupation of them,—the sea, the recession of which it is 
that I trace, having at this time ceased to occupy any portion of the 
Chalk country, and receded to the inlets represented by the bottom 
of the Weald valley in the south, by the Oolitic portions of the great 
valleys of denudation in western Wiltshire, and by the Lower Lias 
valleys of the eastern and western flanks of the Cotteswolds. It is 
to the gradual reversal of the country, produced by the continuous 
elevation which took place in the south and south-west (as the 
denudation proceeded in those directions), and which on the east coast 
brought part of the earliest emerged land, represented by the Glacial 
beds, again to the sea-level, that the apparently close relationship in 
position borne by the implement-gravels to these beds in Bedfordshire 
and west Suffolk is, as I contend, due. It is only necessary to ob- 
serve, on the small-scale map of the memoir, the manner in which 
the Ouse valley between Buckingham and the entry of the river 
upon the Fen-country has been denuded through the Glacial beds, 
and in which it opens out at either extremity to the early Post- 
glacial sea, to perceive that the denudation of this valley is quite 
independent of the river which occupies it—although in places, as 
at Bedford, a small amount of denudation has been effected by 
the river when, during the implement-gravel accumulation, it stood 
at a higher level relatively to the country than it now does, and 
when changes of level, insignificant In comparison with those I 
have been tracing, took place. It will, I think, be found that the 
sequence of the gravels, as interpreted by their position relatively 
to the progress of the denudation, in the manner shown in the 
memoir, is quite in accordance with the evidence afforded by 
their organic remains, as far as this has yet been made known, and 
especially with the disappearance from this country of certain forms 
of mollusca, such as the Corbicula fluviatilis ; and, from the late 
communication of Mr. Dawkins to the Society, this sequence appears 
to be equally in accordance with the evidence afforded by the mam- 
malian remains ; for, although I am compelled to dissent from the 
geological views of that gentleman inasmuch as he supposes the beds 
of the Thames valley to be synchronous with, or even older than the 
Upper Glacial clay), yet his analysis of the mammalian remains 
afforded by these beds, when compared with those yielded by the 
implement-gravels, affords evidence of an older facies. Being un- 
aware of that fact until long after I had been led to an opinion of the 
newer age of the implement-gravels by the study of the denudation, 
I welcome this concurrence of testimony more than if, by being pre- 
viously aware of it, I had been influenced by it in seeking the ex- 
planation of the Postglacial structure. 

The extensive reversal of the drainage throughout the area is one 
of the principal features which the progress of the denudation exhi- 
bits; and the fact that this is traceable in the valleys of rivers that 
are affluents of the Thames, and in the western valley of the Ouse, 
becomes important on account of the special features exhibited by 
the former at its eastern extremity, to which I am about to allude, 

282 
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and. of the position occupied by the implement-gravels in the latter, 
to which I have just referred. The case of the Thames river is, that 
east of London it has been introduced at a recent period over a Post- 
glacial land-surface, represented by a forest which grew upon the 
gravels of the series x4 and #5. The forest-bed is a peat almost 
exclusively composed of the twigs and leaves of trees, in which the 
tree-trunks generally le flatin immense numbers. At the base of the 
peat, however, I have observed stools in one or two instances rooted 
into the gravel. This was in the southern outfall sewer, about 20 
feet below the level of the present high-water mark. There is clear 
evidence, in the universal occurrence of this bed under the marshes 
between the mouth of the Lea and Erith, that the entire bottom of 
the Thames valley in this part was occupied by the forest, so that. 
the Thames could obtain no access to the North Sea but by passing 
over it: and this 1s whatit has done; for the marsh-clay, which repre- 
sents the deposit of the Thames before embankment, has covered 
the forest for a thickness of from 3 to 8 feet, and towards the upper 
valley of the Lea has overlapped it, so as to rest on the gravel near 
Tottenham, while the channel into which, by embankment, the 
river has been confined, cuts through it, so that the peat and the trees 
come out at low water on either bank. Nothing of the sort, how- 
ever, occurs in the valley of the Thames-mouth, which, at a period 
apparently very closely coinciding with the introduction of the river, 
was cut through the dividing ridge of the Thames and EHast-Essex 
gravel-troughs. The Thames river thus occupies a position imply- 
ing that relation only to the gravels associated with it which London 
itself bears—namely, one of introduction at a late period; and 
it can hardly be unreasonable therefore to associate its origin with 
that reversal which all the other features of the Postglacial period 
conspire, as I contend, to prove. 

It will be found, on an examination of the region occupied by the 
valley of the Thames-mouth and its allied valley of the Crouch river, 
that a structure exists there which is very anomalous at first sight, 
but which, if the views I have put forward and endeavoured to sub- 
stantiate in the memoir are well founded, is altogether in harmony 
with the other features displayed by the Thames river. We have 
in it the evidence of a very recent and local depression and elevation, 
by which the excavation of the valleys of the Crouch and Thames- 
mouth, and the redenudation of the south side of the valley of the 
Blackwater estuary, have been effected. The block of land thus locally 
depressed and elevated extends from the south side of the Black- 
water mouth to the Medway; and I think also that the north coast 
of Kent has more or less partaken of the same movement. The rede- 
nudation of the south side of the Blackwater estuary-valley, and the 
excavation of the valleys of the Crouch and Thames-mouth, have 
been unaccompanied by even the feeblest trace of either gravel or 
brick-earth ; and as there is not a valley, whose denudation we trace 
to any part of the Postglacial period, as old as, or older than, the im- 
plement-gravels, but yields some deposit of this sort, however insig- 
nificant, we are naturally led to assign the excavation of the Thames- 
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mouth and allied valleys to a period so recent as to be posterior to 
all gravel or brick-earth accumulations. It is impossible to make the 
structure exhibited by this group of valleys intelligible without the 
assistance of the map and sections given in the memoir; but the fol- 
lowing section at Maldon indicates that the Blackwater there occu- 
pies a line of Postglacial dislocation, on the south of which an eleva- 
tion accompanied by denudation has taken place, from which the 
north side has escaped. 

Fig. 15.—Seetion across the valley of the Blackwater at Maldon. 
8. 2 
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Line of dislocation and of the River. 

1. London Clay. 2. Middle Glacial Gravel. 3. Upper Glacial Clay. 

This dislocation is so continuous along the estuary, that at its 
eastern extremity, at Bradwell, the Postglacial or valley-formed East- 
Essex gravel is at a level as high as, and even higher than, the Glacal 
beds on the opposite side of the estuary; albeit that this gravel is coeval 
with and intimately allied to that of the Thames, which, as I have 
shown, rests in a trough cut down (in one part at least) to a depth 
of 600 feet from the Glacial beds. Properly to apprehend this 
anomalous position it is Indispensable that the grouping of the beds 
should be studied on the map. 

In concludiug this partial epitome of the structure examined in the 
manuscript memoir, I am anxious to call attention to two things: 
one is that the Postglacial structure of the area examined appears 
to me to be at variance with any general period of high- and low-level 
gravels, the extensive disturbances prevailing during the Post- 
glacial denudation having, according to my views, placed the gravels 
at all elevations quite irrespective of their age, The other is that, 
if these views are well founded, the valleys within the area thus 
examined must have been wholly formed since the Upper Glacial clay*. 
Whatever may be the opinions of geologists as to the disputed beds 
of Lenham and Paddlesworth, few, I apprehend, would deny that the 
principal part of the denudation which has swept so much of the Ter- 
tiary strata off the south of England, be the period of it whenit may, 
has been common also to the north of France. It is important there- 
fore to ascertain what has been the point corresponding to the northern 
brow of the Thames valley from which the denudation of France has 
descended. Some time since‘, I called attention to an identity which 

* One or two exceptions only exist to this general proposition, and where 
preglacial depressions are recognizable as existing valleys. One of these is the 
long dry valley through which the railway runs from Welwyn to Hitchin. 

+ Ann. and Mag. of Nat. Hist., 1864, 3rd ser. vol. xiii. p. 185 ef segg. 
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appeared to me to subsist between the Loess of the Belgian Plateau 
and the Upper Glacial clay of England, and between the Sables de 
Campine (which the Loess overlies and overlaps southwards) and the 
Middle Glacial sands of England. Mr. Prestwich regards the Loess 
as the equivalent of the brick-earths of the Thames, of the Somme, 
and of the Seine*; and he observes that, although the valleys of 
Belgium are cut down from and through the Loess, this deposit is 
in places shut in by higher valleys. Now that feature, so far from 
being one of distinction, is one of identity, between it and the Upper 
Glacial clay; for although, strictly speaking, every valley in the 
neighbourhood of the Glacial clay is cut down from it, or through it, 
or into it, yet this clay has been extensively bedded against the sides 
of anterior depressions and erosions, of which the area of the Lower 
Bagshot sands of Essex, as illustrated in the diagrams figs. 1-3 
affords an instance. My knowledge of the structure of the Loess is 
not derived from personal examination, but from the description of 
others, such as M. d’Archiac, and principally from a study of the 
admirable geological mapt of Belgium of the late M. Dumont. To 
one familiar with geological mapping the latter appears to convey 
a more perfect idea of the structure than any description; and from 
it we see that a great denudation has descended from the brow which 
the Loess occupies on the north of the Meuse, in the same way as we see 
that the Postglacial denudation has descended from the brow occupied 
by the Glacial clay on the north of the Thames ; but while this clay 
does not cross the Thames, the Loess has a few outliers on the south 
of the Meuse, just as occurs with the Glacial clay on the west of the 
Lea. As the Post-glacial denudation of England must to some ex- 
tent be involved with that of France, these points of coincidence 
deserve, I think, to be noticed in this place. 

Norts. 

In his paper, in the present volume of the Journal (p. 109), Mr. Dawkins states 
that the true Boulder-clay lies in the basin of the Roding, as weli as in those of 
the Blackwater and Colne. As such a statement, going to the root of the whole 
question of the Glacial and Postglacial structure of the South-east of England, 
should be made only upon clear evidence, I applied to Mr. Dawkins to know where 
such evidence could be found. In reply, in the case of the Roding, he refers in 
proof to the Boulder-clay of Navestock. Now, if my Survey-map and the sections 
traversing this deposit be referred to, it will be seen that this valley happens at one 
part to traverse one of those depressions whose structure is illustrated in the 
diagrams figs. 1-3, which to one not familiar with the whole area would convey 
an illusory impression of the Boulder-clay resting within the brow of the valley. 

* Phil. Trans. 1864. According to my views the deposits of the Seine and 
Somme, like the gravels of Salisbury, belong to a much later part of the Post- 
glacial period than the beds of the Thames valley. . 

t+ From this map it would appear that, if we substitute the Loess for the 
Upper Glacial clay, and the Sables de Campine for the Middle Glacial, the 
diagrams figs. 1-3, would represent as far as these beds are concerned, their 
position on the north of the Meuse, and the way in which the valley now occu- 
pied by that river is cut down from them,—the subjacent deposits, as well as 
the structure they have acquired from the Post-glacial denudation, being of 
course quite different from anything in the Thames region. 
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Nothing, however, is clearer from the whole map than that the valley itself had 
no existence whatever at the period of the Glacial clay. In the case of the 
Blackwater, Mr. Dawkins refers me to the Boulder-clay of Ingatestone, Butts- 
bury, and Mountnessing. These places are more than ten miles from the nearest 
edge of the Blackwater valley ! and they form the heights out of which the valley 
of the Wid, a tributary of the Chelmer, is cut. They are shown in my Survey- 
map to occur in a country affected by the structure shown in figs. 1-3. Had the 
Boulder-clay shown in the centre of the section fig. 9, however, been referred to, 
there would have been some colour for the assertion ; but I trust that the structure 
shown in that section has been sufficiently explained to prove that the Glacial 
clay in the trough of arc 3 does not owe its position to any Preglacial existence 
of the Blackwater valley, which for a few miles of its course has incorporated 
into itself a part of arc 3, just as does the Roding, for some two miles, at 
Navyestock incorporate a part of one of the depressions illustrated by figs. 1-3. 
In the case of the Colne valley, Mr. Dawkins tells me that the Boulder-clay 
“occupies a very large area in it, and can be seen in the valley near Colchester, 
immediately opposite Lexden.” ‘To this, all that I need say is, that I can find 
nothing of the sort there. The valley of the Colne (which is free from all com- 
plexity of structure) is, opposite Lexden, and near Colchester, occupied in its 
base by the London clay, the sides being formed by the Middle Glacial gravel, 
while the Boulder-clay occupies the more distant plateau-country, this valley being 
simply excavated in a plateau of Upper and Middle Glacial deposits. 

Having for several years made it a special object to examine the structure of 
these valleys, I do not hesitate to affirm in the most unqualified manner that not 
only these three river-valleys, but every other in the south-east of England to 
which the Upper and Middle Glacial deposits occur sufficiently near to afford 
positive evidence upon the question, have been formed subsequently to the 
Upper Glacial clay. The exceptions alluded to in a previous note (page 415) 
refer not to river-valleys, but only to some dry depressions. But while that is 
so, it is of the utmost importance to bear in mind that there are Boulder- 
clays in the Hast of England of true valley or Postglacial origin, and depo- 
sited after the excavation of the valleys through the Upper Glacial clay. Of 
this, one instance affecting the Yare valley is given by Mr. Harmer, in the 23rd 
volume of the Journal; and he informs me that he has found the same thing 
in the valleys of the Gipping, in Suffolk, and Tese and Chet, in Norfolk; and I 
hope, in conjunction with another Fellow of the Society, shortly to lay before it 
evidence of a similar Postglacial or valley Boulder-clay spreading over hundreds 
of square miles and wrapping the denuded edges of the Upper Glacial clay like 
a cloth. 
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A memoir on “The Bovey deposit,’ by J. H. Key, Esq., was read 
before the Geological Society of London, on November 20th, 18617 ; 
and a memoir “ On the Lignite and Clays of Bovey Tracey, Devon- 
shire,” by W. Pengelly, Esq., was read before the Royal Society 
November 21st, 1861+. The district noticed in the following pages 
consists of the portions of the valleys of the River Teign and its 
feeders, that lie north of that described in these papers. 

The Teign is formed for the most part by the North and South 
Teigns, the Walla Brook, Easter Brook, and Bovey River. 

The South Teign rises near Fernworthy, about 1400 feet above 
the sea level §, and joins the North Teign at Leigh Bridge. 

The North Teign rises on Dartmoor, about 1600 feet above the sea- 
level, near the upper end of a valley that is crossed at its western 
extremity by the Hast Dart; and near the Tolmen, 1192 feet above 
the sea, it receives the Walla Brook, which brings the drainage of 
an extensive granitic district to the north. Both these streams, near 
and at their junction, run in artificial courses, walled at the side 
with blocks of granite, and cut through a rising bank, the diversion 
having probably been made by tin-streamers to drain the broad level 
that occupies a hollow of the hills at this point. From this place 
the North Teign runs in a narrow gorge to a level in an opening of 
the hills at Gidley Park, where it receives the Blackatton Water, 
which brings the drainage of a district containing, in the distant 
part near Throwleigh, the edge of the Carboniferous beds; but no 

* For the other communications read at this Evening- meeting see p. 176. 
+ Quart. Journ. Geol. Soc. vol. xvii. p. 9. 
{ Phil. Trans. 1862, p. 1019. 
g The elevations, except when otherwise stated, are from barometrical mea- 

surements taken by myself, and must be regarded as merely approximate. 
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fragments from that formation have been noticed by me along its 
course. 

The point of the hill between the North and Seuth Teigns, at their 
junction at Leigh Bridge, faces up stream, and is covered by large 
masses of granite piled on each other ; near this place, on a spur from 
the hill on the right of the Teign, is the Puckie Stone, a transported 
block of granite about 26 feet long, 8 feet 8 inches wide, varying in 
height from 8 to 10 feet, rounded at the ends and angles, and hay- 
ing on the top a rock-basin ; it rests on other transported blocks, and 
is broken obliquely across the centre. 

On the right, a short distance below Chagford, the Teign is joined 
by Week Brook, having Yellum on its left bank; Bughead is on the 
ridge between this and a parallel valley which extends from the Teign 
at Whiddon Park to the range, near Moreton Hampstead, that di- 
vides the watershed of the Teign and the Bovey Brook. The course 
of the Teign and the feeders that have been mentioned, with the 
exception of a small area on the upper part of one of the branches 
of Blackatton water, is entirely over granite; and the gravels found, 
both in these streams and in the tin-grounds, as well as the “ con- 
tour” or surface gravels, and those considered to have been deposited 
before the reexcavation of these valleys, and here called ‘‘ Old Gravel,” 
down to the place where the Easter Brook joins the Teign near Do- 
gamarsh Bridge, are composed of granite or granitoid rocks. 

The upper part of the valley of the Easter Brook, and the summit 
of the greater part of the high ground to the left of that valley, are 
composed of Carboniferous rocks; and near Parford a vein of por- 
phyry is seen; and the gravels in the streams and tin-grounds are 
of granite and Carboniferous rocks, a few fragments of porphyry 
occurring with them in the lower part of the valley. The “Old 
Gravel” is of granite or granitoid rock. After the junction of the 
Easter Brook and the Teign, fragments of Carboniferous rocks are 
mixed with those of granite, both in the river-gravel and in the 
tin-grounds. The next parallel and adjacent valley to the north, 
that of the Silkhouse Brook and Drewsteignton, is in Carboniferous 
there found. The Teign leaves the granite for the Carboniferous 
strata at a gorge between Hunt’s Tor and Whiddon Park, and runs 
over that formation by Finglebridge (where it receives the Silkhouse 
Brook), Clifford Bridge, and Dunsford Bridge to Chudleigh Bridge, 
near which place it enters on the Miocene beds of the Bovey Clay. 

The Bovey Brook flows over the granite until it enters on the 
Carboniferous rocks near Letford Bridge, where it receives the Wray 
Brook, which also down to that place has flowed over the granite ; 
near Bovey Tracey the joint stream enters on the Bovey Clay. 

The granite of the Dartmoor district is stated by Sir Henry De 
la Beche* to be of more recent date than the Carboniferous rocks; and 
Mr. Vicary and Mr. Pengelly have shown the existence of pebbles 
of granite in the New Red Sandstone at North Tawton, Sampford 

* Report on the Geology of Cornwall, Devon, &c., p. 116. 
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Courtenay, and Haldon*. The granite in the district to which this 
paper relates is for the most part coarse and large-grained, and con- 
tains a great proportion of schorl, which occurs both disseminated 
in the rock and in distinct nodules and veins. The schorl varies 
very much in character, and rubellite has been found near Chag- 
ford. The examination of fifty-three veins near Chagford showed 
that thirty-nine ranged in directions from between N. and E. by N. 
to between 8. and W. by 8. No mines are worked on the granite 
near Chagford ; but several lodes of tin are known to exist there. 
Veins of porphyry can be seen by the side of the road from Sandy 
Park to Parford, and near the stack-yard at Forder near Whiddon 
Park. 

The Carboniferous beds lying to the north of the Dartmoor gra- 
nite are broken up by frequent dislocations, and are occasionally 
contorted; the amount of dip is very variable, the direction being 
northerly. The minerals gradually cease as we proceed in an easterly 
direction ; thus, of the principal minerals there found, it is believed 
that “lead” and “bismuth” do not exist to the east of Ivy Tor; 
“copper,” “garnet,” and “actinolite” not to the east of Manor 
Mine at Ramsleigh, and axinite not to the east of a dyke of ‘“ fel- 
spathic trap” near Stone Cross, to the west of Drewsteignton. A 
vein of manganese was worked to the south of this dyke; and is also 
found near the village of Drewsteignton. With these exceptions, 
none of the above minerals are known to the east of the dyke, until 
lead and manganese are again met with in the close vicinity of 
greenstone dykes, near Christow. Beds of limestone have been 
worked for many years at South Tawton and Drewsteignton. The 
only fossil animal remains found are those of the Posidoma, which 
are met with at South Tawton and Drewsteignton. At Drewsteignton 
and Dunsford, Calamites and a few other vegetable remains occur. 
Quartz, felspar, lime, and baryta are found in many various forms 
along the whole north edge of Dartmoor. The portion of the Car- 
boniferous beds lying to the north of the granite, to the east of Stone 
Cross, appears to be free from intruded trap dykes. Veins of granite 
or elvan occur occasionally in the Carboniferous beds; at the gorge 
of the Teign, by Hunt’s Tor and Whiddon Park, they are numerous ; 
and, since the communication of a paper thereon to this Society rt, 
other veins have been found in the same vicinity. The newly dis- 
covered veins at Hunt’s Tor are very extensive; and being at the 
summit of the Tor a natural horizontal section is seen; in the 18- 
feet-wide vein at Sharpy Tor a vertical section is exposed; and 
these two places afford good situations for study. The veins just 
noticed vary in thickness from a hair’s breadth to 18 feet; the elvan 
or granite in the thin veins is highly crystalline and compact; the 
felspar crystals in the central part of the wide veins are large, and 
diminish in size towards the sides; distinct crystals of schorl occa- 
sionally occur, forming small dotted lines in the elvan near the side 
of the vein, and sometimes crystals of schorl project nearly an inch 

* Report of Devon Association for 1862, p. 52. 
t+ Quart. Journ. Geol. Soc. vol. xv. p. 191. 
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in length into the vein at right angles to the side. Fragments from 
the adjoining Carboniferous beds are imbedded in the elvan; these 
are sometimes not quite detached from the native rock, and for the 
most part retain the angles; in the larger veins the edges are occa- 
sionally rounded, as if the mass had undergone attrition ; but the rock 
does not appear to have undergone any change. Continuous partings 
occasionally pass through both the elvan vein and the adjacent rock, 
and such a parting has been found filled with a thin vein of schorl. 
The elvan veins occasionally cut the quartz veins of the Carboniferous 
beds. 

No traces of undoubted glacial action have been seen in this dis- 
trict. In examining the gravels a frequent cause of error exists in 
the great similarity between the disintegrated, or partially decayed 
portions of granite rock wm situ, and the slightly moved angular 
fragments that form the contour or surface-gravel; and as a general 
rule no bed can be regarded as a “ granite gravel” which does not 
contain fragments that have been evidently rolled or transported. 
Again, the rounded form of blocks of granite is no evidence of their 
haying been transported, as the gradual decay of the rock not un- 
frequently exposes its spheroidal structure, and a rounded mass is 
seen which at first sight has the appearance of a rolled block. As 
the gravels lying at the bottom of the valleys near Dartmoor have, 
it is believed, been all disturbed in the process of streaming for tin, 
no deductions have been drawn from them. In the gravels that will 
be noticed, no animal and, with the exception of the trunks of trees 
found in one instance in the “‘ contour gravel,” novegetable remains 
have been found. 

Certain small detached patches of gravel, composed of fragments 
of transported rocks, occur on the Carboniferous beds and granite ; 
these have been regarded as the remains of beds deposited before 
the reexcavation of the valleys, and are here called the “ Old Gra- 
vels.” Proceeding down the valley of the Teign, these “ Old Gravels ” 
may be noticed at the following places:—By the road-side above 
Gidley Castle, about 900 feet above the sea-level, angular and 
rolled blocks, of various descriptions of granite and granitoid rocks, 
are exposed in a cutting, and are partly formed into a conglomerate 
by a bedof clay. Near the bridge in Gidley Park, on the hill-side on 
the left bank of the river, about 680 feet above the sea-level, there is 
a deposit formed of fine granite or granitoid gravel mixed with rolled 
and angular fragments of transported granite and elvan, the deposit 
being occasionally in lamine, and the bed exposed about 25 feet 
in thickness. Beds of gravel are seen in the section in the river- 
bank near this place; but it is uncertain whether these are part of 
the last-named bed. On the left or western side of the valley of the 
Week Brook, near Yellum (Elm of the Ordnance Survey), about 700 
feet above the sea-level, a bed of “Old Gravel” composed of rolled 
and angular blocks of various kinds of granite, quartz rocks, angular 
vein-stuff, and schorl is seen; and near Bughead (815 feet above the 
sea-level) similar transported fragments, overlying a bed of disinte- 
grated granite in situ, existed in a cutting by the side of the high- 
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way; and similar gravels were exposed in the neighbourhood near 
Slancombe. On the hill east of Whiddon Park, in a field north-west 
of Uppercot Farm, and by the side of the highway east of the same, 
about 840 feet above the sea-level, there are deposits of angular 
and rolled fragments of granite, schorl, and black siliceous vein-stuff; 
and on the opposite side of the Teign, against the western side of 
Hunt’s Tor, there are considerable deposits of the same character con- 
taining large blocks of granite. The subjacent rock at all the above 
localities is granite. 

On the northern side ‘of the valley of Easter Brook, between Shil- 
stone Farm (by Bradmere Pool) and the Drewsteignton and Oke- 
hampton Road, about 850 feet above the sea-level, the “ Old Gravels ” 
are seen in a bed, about five feet in thickness, overlying the Carbo- 
niferous rocks and probably also the adjoining granite. They consist 
of fragments of rolled and angular granitic and schorlaceous rocks ; 
near the surface a very few fragments of transported Carboniferous 
rocks occur; and it is questionable whether the last are part of the 
“Qld” or of the “contour” gravel: probably they are of the later 
deposit. At a quarry near Sandsgate (about 750 feet above the sea- 
level) half a mile south-west of Bradmere Pool, a gravel, probably 
the ‘‘ Old Gravel,” is deposited on the surface of the granite rock, 
partly in fine lamine, which dip at an angle of about 5° N.N.W., 
showing the direction in which the granite has been elevated since 
the deposition of the gravel. Near this spot and in the adjoining 
Rushford Woods, and skirting the Teign to the gorge at Hunt’s Tor, 
many boulders occur, mostly of granite, but occasionally of Car- 
boniferous rock ; of these the largest is a granite block in Rushford 
wood, about 30 feet long, 16 feet high, and of irregular width, weigh- 
ing about 200 tons. 

Bradmere Pool (70 feet deep) is the site of an old tin-stream 
work, flooded by the closing of the adit about seventy years ago; and 
other tin-grounds have been worked in its vicinity. The gravel in 
the tin-grounds on the upper part of the Easter Brook consists of 
fragments of Carboniferous and granitic rocks ; and in the lower part 
fragments of porphyritic rocks also occur. 

At Hunt’s Tor, about 660 feet above the sea, and 200 above the 
Teign, the Old granitic Gravels are exposed on the westerly side, 
and extend nearly to the summit of the Tor, and consist, it is be- 
lieved, entirely of granitic rock ; fragments of porphyritic and Car- 
boniferous rocks, similar to those found in the contour-gravels and 
in tin-grounds near Parford, to the west, have not been detected 
there. The eastern side of Hunt’s Tor is granite, save where it joins 
Piddleton Down, where it is formed of Carboniferous rocks traversed 
by elvan veins; and the slope on this side is almost entirely covered 
by fragments of Carboniferous rocks. The width of the gorge from 
the summit of Hunt’s Tor to the point in Whiddon Park, nearly on 
the same level, where the granite and Carboniferous rocks are in con- 
tact, is about 290 yards. On the side of the hills sloping down to 
the left bank of the Teign, between Hunt’s Tor and the turn to 
Clifford Bridge, granite is not seen, either as gravel or as transported 
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blocks, save where such lie near the injected veins from which they 
are derived. To the right of the Teign, the line of boundary between 
the granite and the Carboniferous rocks passes to the south of Cran- 
brook Farm and a short distance to the south of the boundary as marked 
on the Geological-Survey map. A few remains of ‘‘ Old Gravel” and 
numerous transported blocks of granite are seen on the side of the 
hill forming the eastern side of the valley, extending from Whiddon 
Park towards Moreton; and blocks of granite lie on the high ground 
to the east of the summit in Whiddon Park and Moreton Woods, and 
are scattered on the slope towards the Teign, being more numerous at 
the top of the hill than near the river; and these blocks on the hill- 
side soon cease entirely. To the east of Cranbrook Castle (1110 feet 
above the sea-level) near Cranbrook Farm, and near Wooston Castle, 
large transported blocks of granite and Carboniferous rock overlie the 
Carboniferous beds; between Wooston Castle and Clifford Bridge the 
transported blocks are of Carboniferous rock. Near the cross roads 
on the left bank above Clifford Bridge, on the road to Fulford, and by 
the side of the road to Dunsford, gravel again occurs, at the first place 
formed entirely of small fragments of Carboniferous rock, mostly 
angular, and occasionally cemented together by oxide of iron in which 
small fragments of mica exist—at the second place formed of angular 
fragments of Carboniferous rock of rather large size, and a single 
block of hard granite (not elvan), which was 14 inches long and 
5 inches thick, and had been much rolled. These beds are from about 
20 to 50 feet above the Teign (which is there about 300 feet above the 
sea-level), and probably belong to the “ Old Gravel.” As the present 
gravel of the bed of the Teign contains near this spot a proportion of 
about fifteen fragments of granite to eighty-five of Carboniferous rock, 
it is evident that these gravels are not derived from that source. 
Between Clifford Bridge and Uppercot quarry, near Chudleigh, I have 
not found traces of gravels overlying the Carboniferous rocks ; and in 
that quarry there is a deposit composed of chalk-flints, rolled quartz, 
Greensand, iron from the Greensand, rolled black siliceous pebbles, 
and small black specks which appear to be particles of schorl; at 
Waddon Barton quarry, in the same vicinity, a similar gravel is men- 
tioned by Sir H. De la Beche*, and at Rydon quarry, near Kingsteign- 
ton, gravel composed of similar rocks is found deposited against the 
face of an ancient cliff or escarpment. Near Chudleigh Bridge the 
Miocene beds of the Bovey Clay commence. 

Along the Wray Brook and Bovey River the hills are for the most 
part so covered with herbage and wood that sections are not often 
obtainable. A cutting in the “Sentry” at Moreton Hampstead, 
about 80 feet from the Wray Brook (660 feet above the sea-level), 
gives a section of fine gravel with felspar, schorl, and quartz in thin 
laminee lying nearly horizontally ; this is probably “ Old Gravel,” 
though the point is not certain. Along the upper part of the Bovey 
Brook and its feeders no “ Old Gravel” has been noticed. On the 
left bank of the Hayne River, about a mile to the south-east of Ma- 
naton, at the foot of the Riddy Hill, granite is seen im situ, and 

* Report, p. 410.’ 
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this is overlain by ‘Old Gravel” consisting of sand, rolled granite 
in balls, angular fragments of many varieties of granite, rolled schorl, 
fragments of veins of schorl, and coarse granitoid rocks, but contain- 
ing no Carboniferous rock, nor elvan of the character that will be 
mentioned hereafter. Overlying this bed and near the top of the 
hill there is a gravel composed for the most part of angular frag- 
ments of Carboniferous rock, and a smaller proportion of a hard light 
elvan: no granite of any description was found in this upper gravel ; 
but rolled blocks of granite, some of large size, lie over it, and cover 
the hill-side. The construction of the Newton and Moreton Hamp- 
stead Railway has exposed many sections; these are through granite 
as far as Rudge, near Lustleigh, where the Carboniferous beds crop 
out, traversed by veins of a light-coloured speckled elvan ; and simi- 
lar veins occur lower down at Knowle. An elvan similar to this is 
found in the gravels that will be noticed as occurring to the south 
of this point, but I have not seen it to the north. The first point on 
the Carboniferous rocks at which the gravels are noticed is Yeo 
cutting ; this is through hard Carboniferous rock crossed by a dyke of 
greenstone, and the beds are overlain by a gravel composed of elvan 
and small fragments of granite and Carboniferous rocks. Yeo Bridge 
cutting is through the Carboniferous beds, which are overlain by a 
similar gravel 4 feet in thickness, covered by a bed about 25 feet in 
thickness formed of soil, small angular fragments of Carboniferous 
rock, and a very small proportion of granite, but not containing any 
fragments of elvan. The Hole’s Wood cuttings, Nos. 10, 9, and 7, 
are very similar. In No.9 the cutting is through the Carboniferous 
rocks, which are overlain by gravel composed for the most part of 
angular fragments of Carboniferous rocks; a considerable part of the 
remainder consists of fragments of light-coloured elvan, and a small 
portion of rolled granite. In these three cuttings large masses of the 
elvan, rounded at the angles, lie at the base of the gravel on the 
Carboniferous rock: one block, in cutting No. 7, measured 4 ft. 8 in. 
long, 3 ft. wide, and 4 ft. thick; and on this point these three cut- 
tings differ from the Yeo sections. This gravel is covered by a 
contour-gravel composed mostly of fragments of angular Carbonife- 
rous rocks and granite. At No. 8 cutting the gravel is different 
from that at 7 and 9 cuttings ; it lies upon the Carboniferous rocks, 
and is composed of a small proportion of elvan and Carboniferous 
rocks, both in small fragments, felspar in various stages of decay, 
down to kaolin, schorl, rolled quartz pebbles (occasionally of large 
size), black siliceous stones, and rolled stones formed of a conglome- 
rate-breccia composed of angular and rolled quartz, schorl, felspar, 
and rolled and angular Carboniferous rock, all in small fragments. 
The contents of this breccia vary both in their size and relative pro- 
portion ; they are occasionally cemented together by an ochreous 
matter, and lime has not been detected. This breccia has not been 
seen at any other place along the line, but has been found in detached 
blocks between the line and Plumley, near a spot at which occasion- 
ally large flints are dug up (Plumley is on the granite). At the 
northerly end of this cutting, facing up the valley towards the north- 
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west, portions of the trunks of two trees were found in upright posi- 
tions, buried in the superficial contour-gravel, which, similar in its 
nature to that at the last-named cuttings, rose about 2 feet above their 
tops and lay beneath them. The largest portion was 5 feet in length, 
and 6 feet 6 inches in girth; the wood was sound, and the bark was on 
in places; the log consisted of the lower part of the butt of the tree 
with the upper part of the roots, but the top had become worn or de- 
cayed so as to forma point. The cuttings noticed are carried through 
spurs projecting from the hill-side ; and the lowest gravel at different 
cuttings (save that in cutting No. 8) is so similar that these outliers 
are doubtless the remaining portions of a once continuous bed; and 
the same contonr-gravel seems to have been deposited over the whole 
of that hill-side. These lower gravels, except that in No. 8 cutting, 
have been regarded as “ Old Gravels.” To the south of No. 6 cut- 
ting, the Bovey Brook and the Railway enter upon the Miocene beds 
of the Bovey Clay. 

Tin-streaming has been carried on along the valleys of the Bovey 
and its feeders; a miner’s pick was found in granite-gravel (which 
previously had been regarded as undisturbed) 5 feet below the sur- 
face, when the contractors were excavating for the foundations of the 
viaduct at Steward’s Hill, about three-quarters of a mile to the south 
of Moreton. At Wray Barton, near the same place, an iron hook (so 
soft when found that it could be cut by a knife) was dug up amongst 
granite-gravel. On the surface, along the district of the Bovey River 
and its feeders, though almost confined within the area of the gra- 
nite, transported blocks of granite occur in great profusion. 

The position of these gravels shows in some degree the direction 
of the currents at the time when their deposition took place. Thus in 
the valley of the Silkhouse Brook, in the Carboniferous rocks to the 
north of the hills forming the left side of the granitic valleys of the 
Easter Brook and the Teign, no traces of transported granite in any 
form occur; whilst in the eastern parts of the last-named valleys, to 
the south of that line of hills, both transported blocks of granite and 
Carboniferous rock appear; and at Stone Farm, near the summit of the 
ridge, the edges of the beds of shaly Carboniferous rock are deflected, 
or washed down, in a southerly direction. On the Carboniferous 
beds to the east of the granite, transported blocks of granite and 
Carboniferous rocks are found; and, as seen on the Newton and 
Moreton Hampstead Railway, fragments of granite lie on the Car- 
boniferous beds, and the adjoining hill-side, having been transported 

-in a southerly or south-easterly direction. To these examples of the 
existence of a general current in a south-easterly direction, the gra- 
vel formed of elvan and Carboniferous rock at Riddy Hill is one 
exception: the nearest Carboniferous rocks to that place in a north- 
erly direction are at Hunt’s Tor, distant about six miles; and had this 
gravel been derived thence, fragments would probably have been 
deposited in the intervening country; such, however, is not the case ; 
and as the fragments are angular and the rock soft, it is probable 
that they were derived from the Carboniferous beds to the south- 
west, on the opposite side of the valley. The substitution, at No. 8 
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cutting, of gravel of a different character from that found in the ad- 
joining cuttings, which had doubtless been there denuded, points to 
the existence of a temporary variation in the current. 

The question as to the manner in which these valleys were formed 
will not be entered upon, save as to the portion of the valley of the 
Teign between Hunt’s Tor and Clifford Bridge. The sides of the 
valley of the Teign and its tributaries above Hunt’s Tor are for the 
most part studded thickly with the remains of beds of gravel of dif- 
ferent ages, and with boulders which reach up to the summits of many 
of the hills; and this is the case on the westerly side of Hunt’s Tor, and 
along the line of hills extending thence to the south by Whiddon 
Park. Granite boulders extend for about three miles along the 
high ground at the summit of the hills, to the right of the Teign, 
below Whiddon Park, overlying both the granite and Carboniferous 
rocks; they occur also on the hill-side, on the right of the valley 
only, for a short distance below Whiddon Park. On the left 
side no granite boulders occur; and no granitic or other gravel has 
been noticed on either side of the river between Whiddon Park and 
Hunt’s Tor and the crook of the Teign near Clifford Bridge. At 
the last-named place gravels composed almost entirely of Carbonife- 
rous rock occur ; and the gravels between that point and Chudleigh 
Bridge differ entirely from those above Hunt’s Tor. Had the nar- 
row valley of the Teign that now exists between Hunt’s Tor and 
Clifford Bridge been open at the time when the gravels and boulders 
were deposited against the western side of that Tor, the current that 
transported them would doubtless have caused a continuation of the 
deposit for at least a short distance down the valley over the Carbo- 
niferous rocks, in a manner similar to that which has taken place 
near Bovey Tracey; but here, although there are many nooks where 
the gravel would probably have been preserved, there are not any 
traces of such a deposit having taken place; it is therefore suggested — 
that the gorge between Hunt’s Tor and Clifford Bridge was not then 
open, and that a disruption of the Carboniferous rocks has taken 
place since the gravels were deposited. <A fault of 100 feet, men- 
tioned by Mr. Pengelly as existing in the Lower Miocene beds at 
Bovey Tracey*, shows that down to a comparatively recent geological 
period disruptions have taken place in a neighbouring part of Devon. 

The last point for consideration is the direction in which the stream 
or current would have passed from the hollow lying to the west of 
Hunt’s Tor, if an opening had not existed between that Tor and Clifford 
Bridge. There probably has not been much alteration in the rela- 
tive elevations of the different ranges of high ground that now form 
the boundaries of the valleys of the Teign and Bovey. The lowest 
‘hollow on the high ground that forms the southern boundary of 
the watershed of the Teign, between Dartmoor and the west end 
of the low ridge which divides that stream and Bovey Brook, near 
Moreton Hampstead, is at Bughead (815 feet above the sea-level) ; 
the lowest on the high ground that forms a similar boundary on the 
north and east to the easterly end of the same low ridge (not 

* Phil. Trans. 1862, p. 1082. 
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including the present opening at Hunt’s Tor) is 789 feet above 
the sea-level, and is on the Carboniferous rocks to the south-west 
of Drewsteignton, where no traces of granite boulders exist. The 
ground gradually falls from Dartmoor to this place, and then, rising 
rapidly, forms the hills at Piddleton (869 feet) to the east of 
Hunt’s Tor, Cranbrook Castle (1110 feet), and the range extending 
by the east of Moreton to the Wray Brook. ‘The height of the ridge 
dividing the watersheds near Moreton at the easterly end, as taken 
by the barometer, is 722 feet, and at the westerly end, as shown by 
the levels of the Chagford Extension Railway, is 719 feet above the 
sea-level; and until the opening of the gorge by Hunt’s Tor, the over- 
flow from the hollow, now Chagford Valley, would have passed down 
Wray Brook to Bovey Tracey. Mr. Pengelly remarks* that the clays 
and sands of the Bovey deposit were carried from Dartmoor by currents 
from between west and north-west; a stream passing in the way 
now suggested would be in accordance with that opinion. But had 
the valley been open between Hunt’s Tor and Clifford Bridge a 
northerly stream would have flowed into the hollow now containing 
the Bovey beds ; and Mr. Pengelly shows that such a current did not 
exist until the deposition of “The Head;” and between the true Bovey 
deposit and that bed a great chronological interval occurs. 

* Phil. Trans. 1862, p. 1080. 
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Péninsule ibérique, séparent la formation carbonifére des dépdts 
jurassiques, 132. 

A. Gaudry.—Sur les instruments humains et les ossements d’ani- 
maux trouvés par MM. Martin et Reboux dans le terrain quater- 
naire de Paris, 147. 

E. Goubert.—Note sur le calcaire de Provins, 154. 
J. Delanotie.—De l’existence de deux loess distincts dans le nord de 

la France, 160. 
T. Ebray.—Sur le terrain d’éboulement sur les pentes, et sur une 

nouvelle explication de l’anomalie de Petit-Cceur, 172. 
H. Tombeck.—Note sur l’étage portlandien de la Haute-Marne et son 

parallélisme avec celui du Boulonnais, 187. 
P. Matheron.—Note sur les dépéts tertiaires du Médoc et des envi- 

rons de Blaye, etc., 197. 
A. de Lapparent.—Note sur la géologie du pays de Bray, 228 (plate). 
Thomas.—Note sur une machoire inférieure de Rhinocéros de l’éocéne 

supérieur du Tarn, 235 (plate). 
I. Garrigou.—Considérations générales sur l’étude des eaux miné- 

rales.—Géologie de la station thermale d’Ax (Ariége), 245 (plate). 

——. Société Géologique de France. List of Members. 1866. 

Philadelphia. Journal of the Academy of Natural Sciences, New 
Seriess © Vol: vin Bante soo. 
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Philadelphia. Proceedings of the Academy of Natural Sciences. 
1866. fe 

I. Lea.—Some members of the Feldspar Family, 110. 
FE’. B. Meek and A. H. Worthen.—Paleeontology of Illinois and other 

Western States, 251. 
Hi. D. Cope.—Gigantic extinct Dinosaur from the Cretaceous green- 

sand of New Jersey, 279. 
i. L. Berthoud.—Hot springs of Soda Creek, 342. 

Photographic Journal. Vol. xii. Nos. 180-182. April to June 
1867. 

Quarterly Journal of Microscopical Science. New Series. Vol. xv. 
No. 26, April 1867. 

Quarterly Journal of Science. Vol. iv. No. 14. April 1867. 

_ Chronicles of Science, 216. 

Royal Geographical Society. Proceedings. Vol. xi. No. 2. 1867. 

Royal Institution of Great Britain. Proceedings. Vol. v. Part 1. 
1867. 

Royal Society. Proceedings. Vol. xv. Nos. 91-93. 1867. 

P. Martin Duncan.—On the gencra Hetcrophyllia, Battersbyia, Paleo- 
cyclus, and Asterosmilra, 469. 

W. B. Carpenter.—Structure and Affinities of Zezoon Canadense, 503. 
W. Boyd Dawkins.— Ovibos moschatus, 516, 

Society of Arts. Journal. Vol. xv. Nos. 750-762. April to June 
1867. 

Notices of Meetings of Scientific Societies, &c. 
J. B. Denton.— Water-supply of the Metropolis, 466. 

Teigen Naturalists’ Field-club. Report of the Proceedings for the 
year 1866, and List of Members. 1867. From G. W. Ormerod, 
Esq., E.GS. &¢. 

Vienna. Anzeiger der kaiserlichen Akademie der Wissenschaften. 
Jahrgang 1867. Nos. 8-15. 

I, Karrer.—Gesammelte Beitriige zur Foraminiferenfauna in Oester- 
reich, 62. 

C. F. vy. Ettingshausen.—Fossile Flora des Tertiarbeckens von Bilin, 
62. 

. Sitzungsberichte der kaiserliichen Akademie der Wissenschaf- 
ten. Vol. liv. Erste Abtheilung. Hefte2 & 3. 1866-67. 

E. Suess.—Untersuchungen tiber den Charalter der dsterreichischen 
Tertidrablagerungen, 218. 

y. Zepharovich.—Mineralogische Mittheilungen, 273 (plate). 
Unger.—Notiz tiber fossile Holzer aus Abyssinien, 289 (plate). 
Kner.—Die fossilen Fische der Asphaltschiefer von Seefeld in Tirol, 

303 (6 plates). 
Tschermak,—Ueber den Silberkies, 342 (plate). 



DONATIONS, 437 

Vienna. Sitzungsberichte der kaiserlichen Akademie der Wissen- 
schaftea. Vol. liv. Zweite Abtheilung. Hefte 1-4. 1866-67. 

Oser, Reim, und Weselsky.—Analyse des Wassers und der Gase des 
artesischen Brunnens am Wien-Raaber Bahnhofe, 29. 

Hein.—Analyse eines Meteoriten aus Dacca in Bengalen, 558. 

Verhandlungen der k.-k. zoologisch-botanischen Gesellschaft. 
Vol. xvi, 1866, 

Verhandlungen der k.-k. geologischen Reichsanstalt. Nos. 
5-9, 1867. 

H. v. Meyer.—Fossile Zihne yon Grund und Gamlitz, 97, 
F, Posepny.—Zur Hntstehung der Quarzlager, 98. 

Verespataker Hrzrevier, 99. 
E. Weiss.—Notizen aus Ragusa und Cattaro, 102. 
A. Patera.—Fallung des Kupfers aus Cementwassern auf galvanischem 

Weege, 102, 192. 
A. Fellner.—Diabas-Analysen, 102, 104. 
Lipold.—Goldbergbau von Kénigsberg, 105. 
H. Wolf.—Artesischer Brunnen in Salzburg, 109. 
J. Kleindienst.—Ffossilien von Hibiswald, 110. 
A. v. Webern.—Fossile Pflanzen und Conchylien von Liescha und 

Siele, 110. 
B. de Marny.—Dioptas und rother Turmalin, 111. 
W. Klein.—Ammoniten-Schaustiick von Swinitza, 111. 
V. Lipold.—Hauerit, 111. 
W. Helmhacker.—Mineralien der Rossitz-Oslawner Steinkohlenfor- 

mation, 113. 
F. Reitz.—Untersuchung der ungarischen Braunkohlenlager, 113. 
W. Zsigmondy.—Brunnenbonrung in Harkany, 114. 
F, Karrer.—Beitrage zur Foraminiferen-Fauna von Oesterreich, 115. 
F. Foetterle-——Geologische Karte der Umgebung von Rima-Szom- 

bath, 117. 
K. v. Hauer.—Analysen von Feldspathen aus den ungarisch-sieben- 

biirgischen Eruptivgesteinen, 118. 
V, Lipold.—Die Erzlagerstaétten von Pukanz und Rudain in Ungarn, 

121. . 
D. Stur.—Die Flora der jimgeren Neogenschichten im Wiener und 

ungarischen Becken, 122. 
K. Zittel—Arbeiten in dem palaeontologischen Museum in Miinchen, 

133. 
H.v. Clesius.—Kohlenvorkommen in der Umgebung von Voloska, 133. 
F, Posepny.—Schichtung des Steinsalzes, 154. 

Schwefelvorkommen am Kiliman in Siebenburgen, 155. 
vy. Hingenau.—Die Erzlagerstatten von Mies in Bohmen, 137. 
G. Tschermak.—Krystallinischer Baryt von Sievering, 139. 
F, vy. Hauer.—Das Skelet der Hahanassa Collint yon Hainburg, 140. 
G. Stache.—Geologische Verhaltnisse des Sandsteines von Hainburg, 

141. 
K. vy. Hauer.— Untersuchungen iiber die Feldspathe in den ungarisch- 

siebenburgischen Eruptivgesteinen, 144, 161. 
V. Lipold—V orkommen alterer Sedimentgesteine in den Schemnitzer 

Gruben, 147. 
A. y. Miko.—Analysen yon Kapniker Rést-Salzen, 151. 
W. Schlonbach.—Geologische Untersuchungen in den Siidtiroler und 

Venetianer Alpen, 158. 
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Vienna. Verhandlungen der k.-k. geologischen Reichsanstalt. Nos. 
5-8, 1867 (continued). 

K. Peters.—Das Halitherium-Skelet von Hainburg, 159. 
——. Mastodonzahn von Koflach, 159. 
H. v. Klesius.—Felstrichter bei Puzi in Istrien, 159, 
G. Tschermak.—Die Verbreitung des Olivin in den Felsarten, 160. 
J. Nuchten.—Die Bergbau- und Flotzverhaltnisse yon Grunbach am 

Schneeberg, 163. 
v. Andrian.—Die Bergbauverhaltnisse der Matra, 167. 
A. Fellner.—Analytische Untersuchung des Nephelinsyenites yon 

Ditro, 169. 
J. G. Ellenberger.—Das Petroleum-Terrain Westgaliziens, 183. 
F, Posepny.—Alter der karpathischen Salinen, 185. 
F. v. Hauer.—Die Lagerungsverhaltnisse der Gosauschichten bei 

Griinbach, 184. 
K. v. Mojsisovich.—Der Jura von Stramberg, 187. 
KE. Suess.—Geologisches Profil der Hisenbahnstrecke von Botzen bis 

Innsbruck, 188. 
T. Fuchs.—Kocen- Versteinerungen aus der Umgebung von Kiew, 192. 
V. Lipold.—EHisensteinvorkommen im Sausalgebirge bei Leibnitz in 

Steiermark, 194, 
H. Wolf.—Die geologischen Verhaltnisse der grossen ungarischen 

Ebene, 196. 

IT, PERIODICALS PURCHASED FOR THE LIBRARY. 

Annals and Magazine of Natural History. Third Series. Vol. xix. 
Nos. 112-114. April to June 1867. 

G. de Saporta—Temperature of Geological Periods, from indications 
derived from the observation of Fossil Plants, 263, 340. 

J. J. Bigsby.—‘ Thesaurus Siluricus,’ 289. 
F. M‘Coy.—Occurrence of Ichthyosaurus and Plestosawrus in Anstralia, 

305. 

LInstitut. I Section. 35° Année. Nos. 1731-1742. March to 
May, 1867. 

——. IlI° Section. 32° Année. Nos. 373 & 374. January and 
February 1867. 

Neues Jahrbuch fiir Mineralogie, Geologie, und Paliontologie. Hefte 
2 & 3, 1867. 

G. Werner.— Ueber die Bedeutung der Krystallflachen-Umrisse und 
ihre Beziehungen zu den Symmetrie-Verhaltnissen der Krystall- 
Systeme, 129. 

F, A. Fallou.—Ueber den Loss, besonders tiber sein Vorkommen im 
Konigreich Sachsen, 1453. 

K. T. Liebe.—Naheres iiber das Jodblei aus Atakama, 159. 
G. Jenzsch.—Ueber den Granat als wesentlichen Gemengtheil des 

Gneisses und der Gneissite des sachsischen Erzgebirges, 165. 
I’, Sandberger.—Nachtragliche Bemerkungen zu seiner Abhandlung 

tiber Olivinfels, 171. 
Schafhautl—Weitere Beitrage zur naheren Kenntniss der bayer- 

ischen Alpen, 257 (2 plates). 



DONATIONS. -439 

Neues Jahrbuch fiir Mineralogie, Geologic, und Paliontologie. Hefte 
2 & 3, 1867 (continued). 
H, B. Geinitz.—Beitriige zur alteren Flora und Fauna, 273 (plate). 
H. Fleck.—Ueber die chemischen Vorgiinge im Fossilien-Bildungs- 

Processe, 291. 
A. Kenngott.—Ueber die alkalische Reaction einiger Minerale, 302. 
R. Blum.—Bunter Sandstein in Formen yon Kalkspath, 320. 
C. Fuchs.—Die vulcanischen Erscheinungen im Jahre 1866, 325. 
Letters; Notices of Books, Minerals, Geology, and Fossils. 

Paleontographica: herausgegeben yon Dr. Wilh. Dunker. Vol. xvi. 
Lief. 2. March 1867. 
A. von Koenen.—Das marine Mitteloligocin Norddeutschlands und 

seine Mollusken-Fauna. Theil 1:—Geognostische Beschreibung 
und palaontologische Beschreibung des Gastropoden, 53 (8 plates). 

Paris. Journal de Conchyliologie. Vol. i. 1850. 

: Volju L85l. 

D’Orbigny.—Notice sur le genre Heteroceras, 217 (plate). 
Notice sur le genre Zerebrirostra, 222 (plate). 

Vokuun 1s52: 

A. d’Orbigny.—Notice monographique sur le genre Hamulina, 207 
(4 plates). 

G. de Loriéres.—Instruction sur la recherche des coquilles fossiles, 
311. 

H. Coquand.—Sur les coquilles fossiles de la province de Constantine, 
418 (2 plates). 

Wola Viee, Sivas 

De Koninck.—Sur le genre Davidsonia, 89. 
J. Acosta.—Sur quelques coquilles fossiles, recueillies dans les mon- 

tagnes de la Nouvelle-Grenade, 208 (plate). 
Baudon.—Sur les coquilles fossiles de St. Félix, Oise, 521 (plate). 
D’Orbigny.— Description du genre Hypotrema, 452 (plate). 
H. Coquand.—Description d’espéces nouvelles de coquilles fossiles du 

musée de Besancon, 459 (plate). 

2° Serie. Vol. 1. 1856. 
Baudon.—Description de coquilles fossiles nouvelles, 92 (plate). 
C. Mayer.—Description de coquilles fossiles des terrains tertiaires du 

midi de la Russie, 95, 301, 359 (2 plates). 
Noulet.—Sur les Helix Cocquit et Tournalit, 185 (plate). 
G. P. Deshayes.—Sur un nouveau genre de Lrmacien fossile, 283 (plate). 
Bayle.—Sun une nouvelle espéce du genre Chama, 365 (plate). 

Sur le Radiohtes angulosus, 370 (plate). 

NVoletits 2 1857; 

C. Mayer.—Description de coquilles fossiles des terrains tertiaires de 
la Russie, 57. 

Description de coquilles nouvelles des étages supérieurs des 
terrains tertiaires, 176, 376 (plate). 

GOSS wa Vol. iit 1858. 

C. Mayer.—Description des coquilles fossiles des tages supérieurs 
des terrains tertiaires, 73, 187, 293,587, 

ny 

—_—— 
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Paris. Journal de Conchyliologie. 2° Série. Vol. iy. 1860. 
C. Mayer.—Description de coquilles fossiles des étages supérieurs des 

terrains tertiaires, 213, 421 (plate). 
J. Seguenza.—Du genre Verticordia, 286 (plate). 
C. Mayer.—Description d’un genre nouveau de Protopodes, 308. 
G. P. Deshayes.— Description d’une nouvelle espéce d’Isocarde fossile 

des terrains secondaires de la Sarthe, 327 (plate). 
Description d’espéces fossiles nouvelles, 381 (plate). 

oe perie. Voli Veer. 
C. Mayer.—Description de coquilles fossiles des terrains tertiaires 

inférieurs, 52 (plate). 
H. Hébert.—Sur les Zrigonies clavellées de VOxford-clay et du Coral- 

rag, 178 (2 plates). 
FE. Goubert.—Sur le gisement de Glos, 187, 
Zittel et Goubert.—Description des fossiles du Coral-rag de Glos, 192 

(2 plates). 
H. es ee d’Hélicéens fossiles des environs de Censtan- 

tine, Algérie, 356. | 
C. Mayer.—Description de coquilles fossiles des terrains tertiaires 

supérieurs, 308 (plate). 
EK. Goubert.—Rectification d’un nom d’espéce (Alytilus tenuis), 373. 

: Voli, 4662, 
P. de Ryckholt.—Déductions paléontologiques appliquées a la con- 

chyliologie de notre époque, 28. 
Michaud.—Description des coquilles fossiles des environs de Haute- 

rive (Dréme), 58 (2 plates). 
P, Rambur.—Diagnose d’un Concholepas fossile des faluns de Tou- 

raine, 86. 
J. Joba.—Note sur un terrain tertiaire des environs de Constantine, 150. 
H. Crosse.—Description de Mollusques terrestres du gisement de 

Condiat-Aty et d’Ain-el-Hadj-Baba, 152. 
P, Rambur.—Description de coquilles fossiles des faluns de la Tou- 

raine, 172 (plate). 
H. Crosse.—Description d’un Clanculus nouveau des sables moyens 

d’Anvers, 182 (plate). 
P. de Ryckholt.—Description de deux Tuniciers carboniféres et d’un 

nouveau genre de la famille des Chitonide, 255. 
C. Mayer.—Description de coquilles fossiles des terrains tertiaires 

supérieurs, 261 (plate). 
Munier-Chalmas.— Description d’une nouvelle Scesserella, 591 (plate). 

Vol ui. 1863. 
C. Mayer.—Description de coquilles fossiles des terrains tertiaires 

inférieurs, 91 (plate). 
Liste des Bélemnites des terrains jurassiques et diagnoses des 

espéces nouvelles, 181. 
De Raincourt et Munier-Chalmas.—Description d’un nouveau geme 

et de nouvelles espéces fossiles du bassin de Paris et de Biarritz, 
194 (2 plates). | 

Munier-Chalmas.—Description d’un nouveau genre du Kimmerid¢e- 
clay, 288 (plate). 

———— 
° 

eee 

Vol.iv. 1864. 

Munier-Chalmas.—Description d’un nouveau genre moromyaire du 
terrain jurassique, 71 (plate). 

— 
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Paris. Journal de Conchyliologie. 3° Série. Vol. iv. 1864. 
C. Mayer.—Diagnoses de deux Bélemnites nouvelles, 75. 
——. Description des coquilles des terrains tertiaires supérieurs, 160, - 

168, 350 (3 plates). 
P. Fischer.—Sur le genre Pernostrea, 362 (plate). 

Vol. vy. 1865. 

J. Seguenza.—Description d’un Pedicularza fossile, 58 (plate). 
P. Fischer.—Sur une espéce nouvelle du genre Pernostrea, 61. 
G. P. Deshayes.—Sur le genre Trochotoma, et description d’une espéce 

nouvelle des sables de Bordeaux, 230 (plate). 
C. Mayer.—Description de coquilles fossiles des terrains jurassiques, 

317 (2 plates). 
O, Semper.—Du genre Mathilda, 328 (plate). 

Description de deux espéces fossiles appartenant aux genres 
Scaliola et Microstelma, 432 (plate). 

Sur une espéce du genre Limopsis, 486 (plate). 

Vol. vi. 1866. 
Paulucci.—Description d’un Murer fossile du terrain tertiaire sub- 

apennin de la vallée de l’Elsa (Toscane), 64 (2 plates). 
C. Mayer.—Description de coquilles fossiles des terrains tertiaires 

supérieurs, 67, 1/2 (2 plates). 
O. Semper.—Sur la nomenclature de quelques espéces fossiles des 

terrains tertiaires, 276. 
C. Mayer.—Diagnoses de Bélemnites nouvelles, 358. 

Vol. vu. Nos. £ G& 2, “1867. 

ooo 

—_— 

Ill. GEOLOGICAL AND MISCELLANEOUS BOOKS. 

Names of Donors in Italics. 

Agassiz, I. Convyersagées Scientificas sobre o Amazonas feitas na 
sala do externato do collegio de Pedro II. 1866. 

Bakewell, F. C. A Dynamical Theory of the Figure of the Earth ; 
proving the poles to be elongated. 1867. 

Barrande, J. Céphalopodes Siluriens de la Bohéme. Introduction. 
1867. 

Systéme Silurien du Centre de la Bohéme. 1*e Partie: 
Recherches Paléontologiques. Vol. 11. Texte. Classe des Mollus- 
ques. Ordre des Céphalopodes. 1867. 

Bischof, G. Die Gestalt der Erde und der Meeresfliche. 1867. 

Blackwell, J. K. Report on the Oaks Colliery Explosion, with 
Minutes of the evidence taken at the Coroner’s Inquest, and two 
plans of the Oaks Pit. 1867. 

Brancaleone, S. Biografia di Carlo Gemmellare. 1866. 

Brandt, F.v. Ueber den vermeintlichen Unterschied des caucasis- 
chen Bison, “Zubr,” cder sogenannten Auerochsen yom lithauischen 
(Bos bison seu Bonasus). 1866, 
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Brandt, J. F. Bericht tiber eine Arbeit unter dem Titel: “ Zoogra- 
phische und paliontologische Beitrige.” 1866. 

Einige Worte zur Ergiinzung meiner Mittheilungen uber die 
Naturgeschichte des Mammuth. 1866. 

Zoogeographische und paleontologische Beitrage. 1867. 

Briart, A., et F. L. Cornet. Description minéralogique et strati- 
graphique de l’étage inférieur du Terrain Crétacé du Hainaut 
(systeme Aachénien de Dumont); suivie de la description des 
végétaux fossiles de cet étage, par M. HE. Coémans. 1867. 

Brodie, P. B. On the Correlation of the Lower Lias at Barrow-on- 
Soar, in Leicestershire, with the same strata in Warwickshire, 
Worcestershire, and Gloucestershire; and on the occurrence of the 
remains of Insects at Barrow and in Yorkshire. 1867. 

—. On the fossiliferous beds in the New Red Sandstone (the 
Upper and Lower Keuper) in Warwickshire. 1865. 

Brown, A. B. On the Geology of Gibraltar, with especial reference 
to the recently explored caves and bone-breccia. 1867. 

Brown, H. ‘The Drainage of Our Towns: a suggestion for the 
disposal of the Sewage. 1867. 

Brusina, 8. Contribuzione pella Fauna dei Molluschi Dalmati. 1866. 
From the Royal Zoologico-Botanical Socety of Vienna. 

Canada. Esquisse géologiqgue du Canada suivie d’un catalogue 
descriptif de la collection de cartes et coupes géologiques, livres 
imprimés, roches, fossiles et minéraux économiques enyoyée a 
PExposition universelle de 1867. 1867. From Sir W. £. Logan, 

——. Geological Survey of Canada. Report of Progress, 1863 to 
1866. From Sir W. EL. Logan, F.GS. 

Reports of Dr. T. Sterry Hunt and Mr. A. Michel on the 
Gold-region of the County of Hastings. 1867. rom Sir W. £. 
Logan, F.GWS. 

Clarke, W. B. Remarks on the sedimentary formations of New 
South Wales. 1867. 

Cloquet. Sur des silex taillés. 1866. 

Da Costa, P. Gasteropodes dos depositos terciarios de Portugal. 
1° Caderno. 1866. 

D' Aoust, V. Coup d’eil général sur la topographie et la géologie 
du Mexique et de l’Amérique centrale. 1865. 

Histoire des Kaiménis ou iles voleaniques nouvelles du golfe 
de Santorin dans l’Archipel de la Gréce, 1866, 



DONATIONS. 443 

D’ Aoust, V. Phénomeénes géologiques observés dans la tranchée de 
larue de Rome. 1864. 

Sur les salures différentes et les différents degrés de salure 
de certains lacs du Mexique. 1865. 

——. Sur une faune pyrénéenne nouvelle des lignites miocénes 
d’Orignac; sur les ophites du pont de Pouzac et des environs de 
Bagnéres-de-Bigorre ; sur les phénomenes de diffusion moléculaire 
auxquels paraissent dus les quartz spongiaires des mémes localités. 
1865. 

Daubeny, C. Christianity and Rationalism in their relations to 
Natural Science: being a protest against certain principles advo- 
eated in Mr. Lecky’s ‘ History of the Rise and Influence of the 
Spirit of Rationalism in Europe.’ 1867. 

Davbrée. Expériences sur les décompositions chimiques provoquées 
par les actions mécaniques dans divers minéraux tels que le feld- 
spath. 1867. 

Delesse et De Lapparent. Revue de Géologie (Vol. iv.) pour les 
années 1864 et 1865. 1866. 

Furman, E. St. J. Geology and Agriculture. 1867. 

“Flint Jack.” History of Edward Simpson. 1867. From J. Wyatt, 
Esq., F.GS. 

Gaudry, A. Animaux Fossiles et Géologie de Attique. Livr. 16. 
1867. 

George, C. Description of an improved double Sextant. 1867. From 
the Registrar of the Institution of Hydronomical and Nautical 
Engineers. 

Gibb, Sir G. D. Essential points of difference between the Larynx 
of the Negro and that of the White Man. 1865. 

Gray, J. E. Synopsis of the Species of Starfish in the British 
Museum. 1866. 

Grewingk, C. Ueber Hoplocrinus dipentas und Baerocrinus Ungerni. 
1867. 

Helmersen, G. de. Des Gisements de Charbon de Terre en Russie. 
1866. 

Ueber die geologischen und physikalischen Verhaltnisse St. 
Petersburgs. 1865. 

Hohenegger, L. Ueber eine geognostische Karte des ehemaligen 
Gebietes von Krakau mit. bales siidlich angrenzenden Theile von 
Galizien. 1866. 4 

VOL. XX1IT:—=PARE f. psa | 
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India. Annual Report of the Geological Survey of India, and of the 
Museum of Geology, Calcutta. 1865-66. From Dr. T. Oldham, 
JH GSE ete. 

. Catalogue of the Meteorites in the Museum of the Geological 
Survey of India. 1866. From Dr. T. Oldham, F.G.S. 

Catalogue of the organic remains belonging to the Cepha- 
lopoda in the Museum of the Geological Survey of India. From 
Dr. T. Oldham, F.G.S. 

——. Memoirs of the Geological Survey of India. Vol. v. Part 3: 
A. B. Wynne, on the Geology of the Island of Bombay. Vol. v. 
Part 4: T. W. H. Hughes, on the structure of the Jherria Coal- 
field; F. Stoliczka, Geological observations in Western Tibet. 
1866. From Dr. T. Oldham, F.G.N. 

Paleontologia Indica. Vol.iii. Nos. 10-13. 1867. The 
Fossil Cephalopoda of the Cretaceous Rocks of Southern India 
(Ammonitide). By F. Stoliczka. From Dr. T. Oldham, F.G.S. 

Jeffcock, J. T. Memoir of Parkin Jeffcock, Civil and Mining Engi- 
neer. 1867, 

Jeffreys, J. G. Report on dredging among the Hebrides. 1866. 

Kaufmann, F. J. Der Pilatus, geologisch untersucht und beschrie- 
ben. 1867. 

Kuhiberg, A. Die Insel Pargas (Ahlén); chemisch-geognostisch 
untersucht. 1867. 

Lang, F., und LZ. Rutimeyer. Die fossilen Schildkroten von Solo- 
thurn. 1866. 

Lartet, E., and H. Christy. Reliquize Aquitanice; being contri- 
butions to the Archeology and Paleontology of Périgord and the 
adjoining provinces of Southern France. Part IV. March 1867. 
From the Executors of the late H. Christy, Esq., L.GS. 

Laube, G. C. Die Bivalven des braunen Jura von Balin. 1867. 

——. Die Echinodermen des braunen Jura von Balin. 1867. 

Lea, I. Check List of the Shells of North America. Unionide. 1867. 

Observations on the genus Unio, together with descriptions 
of new species in the family Unionidae, and descriptions of new 
species of the Melandae, Limneide, Paludinide, and Helicide. 
Vol:xi. 1867. 

Tables of the rectification of Mr. T. A. Conrad’s ‘ Synopsis 
of the family of Naiades of North America.’ 1866. . 

Leichhardt, L. Notes on the Geology of New South Wales and 
Queensland, made in 1842-43; edited by the Rev. W. B. Clarke, 
F.G.S. fc. 1866. 
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Lemberg, J. Chemische Untersuchung eines unterdevonischen Pro- 
fils an der Bergstrasse in Dorpat. 1866. 
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I. Inrropuctrion. 

My attention has for some time been directed to the peculiar physi- 
cal conditions under which many of the Secondary rocks have been 
deposited on the southern edge and in the interior of the Somerset- 
shire Coal-basin, and to the remarkable evidences of unconform- 
ability everywhere present. My observations have also been ex- 
tended into South Wales, where to a considerable extent the same 
phenomena prevail. Within the last two years I have on several 
occasions accompanied friends to the interesting coast-sections of 
Sutton and Southerndown, which have lately been the subject of a 
paper by Mr. Tawney, when I have pointed out that, instead of re- 
presenting, as they are supposed by him to do, beds older than the 
Rheetic and probably on the. horizon of the St. Cassian or Muschel- 
kalk deposits, they are only abnormal conditions of the Liassie rocks 
which are so familiar to us in many parts of England and on the 
continent. 

Elaborate physical descriptions of some parts of the districts I 
shall have to notice have already been given by Messrs. Buckland 
and Conybeare, in the Geological Transactions *, under the title of 
‘‘ Observations on the South-western Coal-district of England,” and 
more recently by the late Sir Henry De la Beche, in a paper con- 
tained in the Memoirs of the Geological Survey, “On the Formation 
of the Rocks of South Wales and the South-west of England.” I 
shall hereafter have to refer to some interesting points not discussed 
in these Memoirs. 

* 2nd series, vol. i. part 2. 
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IL. Toe Menpie Hits. 

This range of hills, which gives so marked a physical character, 
and has helped so much to modify the geology of the county of 
Somerset, commences near Frome, and passes, almost uninter- 
ruptedly, thence to Weston-super-Mare on the Bristol Channel. 
The connexion of the Mendip Hills with rocks of the same age on 
the southern flanks of the South Wales Coal-basin may be traced 
by the exposures of Carboniferous Limestone in the islands of the 
Steep and Flat Holmes of the Bristol Channel, and of these again 
with small exposures of the same beds on the opposite coast. The 
continuity of the Mendip Hills with the latter is therefore pretty 
clearly indicated ; and it is not improbable that their elevation may 
have been contemporaneous and due to the same physical cause. 
Although on the South Wales coast Secondary rocks prevail, there is 
probably but little doubt that they only lie unconformably upon the 
Carboniferous Limestone and the Old Red Sandstone not far beneath. 

Measuring in a direct line from Oldford in a north-westerly direc- 
tion to Weston-super-Mare, the length of the Mendips may be esti- 
mated at about thirty-five miles. 

1. Old Red Sandstone.—Just north of the town of Frome, the Old 
Red Sandstone may be seen emerging from beneath the Inferior 
Oolite in a narrow strip nearly a mile in length, at Spring Garden, 
and haying on its southern slope a thin band of Carboniferous Lime- 
stone. The Old Red Sandstone is next seen at Little Elm, whence 

_it continues in the Mendips for some miles, and is the oldest stra- 
tified formation in this chain of hills. It has its largest develop- 
ment north-east of the town of Shepton Mallet, and again at North 
Hill and Blackdown ; and in the Bristol district it is found on the 
Leigh and Weston Down. . 

2. The Carboniferous Limestone.—A mile west of the Carboniferous 
Limestone previously mentioned, this formation appears in several 
pretty combes, one leading from Frome by way of the Vallis to Elm 
and Mells, in the Murder Combe, and in a narrow wooded defile 
known as the Whatley Combe, in which are situated the ruins of 
Nunney Castle. Towards the southern end of this are the quarries 
of Holwell, the fissures in which have yielded so large a series of 
Rhetic organic remains. Resting upon the Old Red Sandstone, 
which usually forms the more elevated portion of the Mendip range, 
the Carboniferous Limestone is seen to continue almost uninter- 
ruptedly to the Bristol Channel, and thence along the southern por- 
tion of the South Wales Coal-field. 

3. Basaltic Dyke.—There is abundant evidence throughout the 
whole of this district that the upheaval and disturbance of the beds 
forming the Mendip Hills were caused by volcanic action ; but indi- 
cations at the surface of the presence of intrusive rocks had never been 
observed, probably owing to the gradual rise of their northern slope, 
their well-cultivated surface, and the general encroachment of Secon- 
dary deposits along their flanks. Hitherto the Old Red Sandstone has 
been considered the central axis of the Mendips; but I have now the 
satisfaction of announcing that during last summer (1866) I detected 

212 
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evidences of the mighty agent 
which, ages since, caused the ele- 
vation of the many thousands of 
feet of stratified rocks which are 
comprised in the Old Red Sand- 
stone, the Carboniferous Lime- 
stone, and the Coal-measures of 
the Mendips. This is visible in 
a basaltic dyke of considerable 
thickness emerging from beneath 
the Old Red Sandstone at Kast 
End near Stoke Lane, and also 
under the Ridgeway, which forms 
the most elevated part of this line 
of hills. 
My attention was directed to 

the spot by the report that some 
peculiar minerals occurred there. 
The dyke was not, however, visi- 
ble at the surface, and I had to 
remove the turf at different points, 
immediately under which it ap- 
peared in a deep-green-coloured 
basalt, all the minutest cracks and 
fissures of which were permeated . 
by manganese, giving its outer 
surface a dark purple tinge. 
From the general physical cha- 
racter of the Mendips, it is not 
improbable that the dyke is co- 
extensive with the range. East 
and west of a line of which Stoke 
Lane forms nearly the centre, for 
a distance of seven miles there is 
an uninterrupted anticlinal. The 
direction of the dyke from East 
End towards Frome is evidently 
south of Leigh-on-Mendip, and 
between that village and Down- 
head, and thence to Little Elm, 
a distance of about four miles. 
‘It then probably passes through, 
and has modified, the Carbonife- 
rous limestone of the valleys 
west of Frome, and has left its 
last physical evidences at Oldford, 
a mile north-east of that town, 
where the Old Red Sandstone is 
greatly contorted, and disappears 
in that direction under the Ful- 
ler’s Earth. 

Old Red Sandstone. Shale. 

* Trap-dyke. 4 k. 

e. New Red Sandstone. h, Carboniferous Limestone. f. Coal-measures. 

Fig. 1.—Section across the Mendip Hills. 

g. Millstone-grit. 

a. Inferior Oolite. b. Lower Lias. c. White Lias. d. Rhetic beds. 
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Passing to the western side of the dyke from Stoke Lane, the Old 
Red Sandstone again forms the most elevated portions of the Mendip 
Hills by way of Pen Hill, North Hill, near Priddy, and Blackdown— 
in which direction, as a general rule, all the older rocks have a north 
and south dip, which would necessarily be the case throughout that 
range if their uplifting had been the result of any volcanic force 
exerted from beneath the Old Red Sandstone. 
A north and south section across the Nettlebridge valley shows 

that, by the protrusion of the dyke, rocks of enormous thickness, com- 
prising those from the Old Red Sandstone to the Coal-measures, have 
been carried bodily forward in a northerly direction for a great dis- 
tance, and are not only left standing vertically, but are in some in- 
stances folded over upon themselves. In consequence of this there 
is the extraordinary physical phenomenon of a band of Carboniferous 
Limestone, one-third of a mile in length, at Luckington, which appears 
to have been carried away from the Mendip Hills, a mile and a half 
to the south, wnder which reversed Coal-measures are being worked ; 
and that which formed the floor of the bed is now found to be its 
roof. 

4, Date of Upheaval.—lt will be important, as far as possible, to 
determine the relative time when the mighty agent to which I 
have alluded produced such physical changes in the districts under 
notice. This is to be arrived at in the first place by an examination 
of the rocks that have been subjected to its elevatory force, and next 
of those which have been subsequently deposited. A section of the 
Mendips from north to south at once shows that the only rocks which 
have been operated upon in this way are the Old Red Sandstone, the 
Carboniferous Limestone, and the Coal-measures. These have pro- 
bably an aggregate thickness of 20,000 feet. Although there are 
local disturbances in deposits more recent than the Coal-measures, 
they are due in great part to subsequent oscillations ; and it may be 
seen that the Secondary deposits, although presenting remarkable 
evidences of unconformability when they reach the flanks of the 
Mendips and come in contact with their older uplifted rocks, are in 
general horizontal and undisturbed. Many of the Secondary rocks 
will be shown to be absent within the Coal-basin, or, if present, to 
be very feebly represented ; and we thus arrive at the conclusion that 
the elevation of the Mendips and their South Wales continuation 
may be assigned to a time not far removed from the deposition of 
the upper beds of the Trias or New Red Sandstone. 

Haying arrived at an approximate date respecting the upheaval of 
the great mass of the Mendip chain, it will be desirable to ascertain 
what evidence the later Secondary rocks afford on this head, and how 
they have been modified thereby. From a consideration of this 
point, 1 am unable to agree with that eminent physical geologist, 
Professor Ramsay, in his opinion that rocks to the thickness of a 
mile have been denuded from the summit of the Mendips, and from 
the districts surrounding the South Wales Coal-basin. In this case 
we should expect to find the denuded rocks entirely absent frow 
the district ; but it can be shown that many of the Secondary rocks 
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which are supposed to have been removed are really represented, both 
around the edge and within the borders of the Coal-basin, though 
under conditions most remarkable and abnormal when compared with 
their typical development asuninterrupted deep-sea deposits elsewhere. 

It is my belief that since the deposition of the Coal-measures the 
Mendips, although they have been subject to oscillations of level, 
have seldom been entirely submerged—that they formed a Carboni- 
ferous island, which for many ages proved a barrier to the incursion 
of the deeper-sea deposits which were taking place to the south, and 
in which were being accumulated the materials composing many of 
the Secondary rocks. 

Some partsof this island were the home of the MWicrolestes and 
other Mammalia, and also of the Sceldosaurus (a large land rep- 
tile discovered by myself near Shepton Mallet), which lived during 
the Rheetic period. Along the southern flanks of this ancient island, 
we shall find evidences of a shallow-sea or shore deposit, and within 
the Coal-basin itself such interruptions and thinning out of im- 
portant geological formations as could only have occurred by the 
interposition of a barrier like that I have referred to. Its opera- 
tion seems to have been like that of a recent atoll, letting in only 
here. and there, or receiving on its coast-line, peculiar lithological 
deposits, and as a consequence possessing also paleontological differ- 
ences, rendering it difficult to collate them with contemporaneous 
deposits, which were at the same time being laid down under ordi- 
nary conditions in a deeper ocean. 

5. Denudation.—From what has been said it must not be in- 
ferred that there are no evidences of denudation ; on the contrary, 
when we examine the more depressed eastern end of the Mendips, 
in the Vallis, and in the Whatley and other combes near Frome, we 
have abundant evidence of its operation. Throughout the whole of 
this district the Carboniferous Limestone is highly inelined ; and it 
follows that at the time of its upheaval it must have presented its 
ragged edges to the surface, often no doubt running up into con- 
siderable peaks; but the denuding action of more recent seas seems 
to have continued a sufficient time, and to have been powerful 
enough, to remove these inequalities; accordingly the upper sur- 
faces of the edges of these upturned limestones may now be seen 
perfectly horizontal over a considerable area. The material so re- 
moved has served to form the various conglomerates of the district. 
From the evidence thus afforded, and also from the peculiar way 
in which Carboniferous Limestone fossils are found, both in the 
Mendips and South Wales, mixed with Secondary organic remains, 
we arrive at the conclusion that the Carboniferous Limestone has, 
in certain areas under consideration, formed the floor of the Secon- 
dary ocean over an enormously extended period, within which were 
deposited elsewhere all the beds between the Oolites and the Trias, 
and possibly even dating back to periods still more remote. 

6. System of Secondary veins.—This view is also strengthened by 
the fact that every vein, fissure, or depression in the Carboniferous 
Limestone has received either horizontal deposits or infillings of 
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Rheetic, Liassic, or Oolitic age. Parallel veins, analogous to the mineral 
veins of other districts, traverse the Mendips in a direction east and 
west, from one end to the other, and are occasionally intersected by 
others from north to south. They appear to pass downwards through 
the whole thickness of the Carboniferous Limestone, and have been 
proved at Charter House to a depth of 260 feet. In general they 
are of Liassic age; but the mineralogical and paleontological variety 
they present show that they were not formed contemporaneously. 
Probably they were for a long time open to the Liassic seas, and 
must in many instances have received their contents very gradually ; 
a Liassic fauna not only inhabited the ocean above, but lived within 
the Carboniferous Limestone walls of the open fissures, and the 
remains of Gasteropoda and other organisms may still be seen at- 
tached thereto. As we are able to arrive at the age of horizontal 
strata by the fauna they enclose, so are we able to indicate in 
many cases the probable relative age of mineral and other veins by 
the same paleontological law. 

So numerous are these fissures in the Mendips, ‘and so much of 
what appears Carboniferous Limestone is really of Liassic date, that 
the geological character can only be expressed on the Ordnance Map 
by drawing parallel lines of Lias throughout their length. 

7. Age of the Conglomerates.—In the south-west of England and in 
Wales the Permian series, which in the north is found resting upon 
the Coal-measures, appears to be entirely wanting; and within the 
centre of the southern division of the basin, conglomerates, probably 
of Dolomitic age, lie unconformably upon the latter. These are found 
to vary from 3 to 60 feet in thickness. There is a large develop- 
ment of this conglomerate at Stratton-on-the-Fosse, where it comes 
in contact with the exposed edges of the Coal-measures, and 
again at Mells, whence a narrow belt passes beyond the village of 
Elm, skirting the limestones to Vallis. Conglomerates are also 
found continuously along the limestone escarpments, filling up the 
inequalities of the surface on both the north and south flanks of 
the southern portion of the Mendips. It is very difficult to obtain 
sections showing the age and relative stratified positions of many of 
these conglomerates; and few, if any, organic remains of a locality 
so disturbed as were the probably local coast-lines on which these 
pebbly deposits were laid down can be expected to have been pre- 
served. Although it may be difficult of absolute proof, I have reason 
to believe that these conglomerates were accumulated at different 
geological periods. Those which rest unconformably upon the Coal- 
measures in the basin north of the Mendips are undoubtedly the 
oldest in the district, and probably represent the true Dolomitic 
period, as do many of the patches along this chain of hills. But the 
Rhetic period is not only represented by horizontal conglomerates, 
but also in the vertical fissures of the limestones, by material which 
would, under ordinary conditions and without the presence of organic 
remains, pass for unquestionable Dolomitic conglomerates. The Car- 
boniferous Limestone of Durdham Down, near Bristol, is traversed 
by numerous fissures similar to those already alluded to as occurring 
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in the Mendips, from several of which I have also obtained organic 
remains. . The conglomerate of Durdham Down, in which the reptile 
Thecodontosaurus was found, was first supposed to be of Permian 
age, but is now assigned to the Dolomitic conglomerate. It is not 
my intention in this paper to enter into a consideration of the 
Rheetic fauna; but from the fact that reptilian remains of the same 
genera are found in a conglomerate which is lithologically identical 
with that at Holwell, and deposited under the same circumstances, 
I have been led to infer that the Durdham Down deposits will have 
to be removed from the more ancient Dolomitic to the more recent 
Rheetic period. At Croscombe, near Shepton Mallet, some mining- 
operations have been carried on for the discovery of manganese and 
iron. Ina gallery driven through the conglomerates at this place 
they were found to enclose numerous masses of blue and variegated 
marls, which I was unable to distinguish from the Upper Keuper 
marls. One of the veins at this spot shows distinct traces of ecar- 
bonate of copper. 

Conglomerates of Liassic age assist to fill many of the Carbonife- 
rous-limestone veins previously referred to. They may be found 
also resting on the limestone in the Frome Road at Holwell, and 
again in the line of the turnpike-road at Cranmore, near Shepton 

Mallet. The most remarkable evidence, however, of the conglome- 
ratic character of the coast-line of the Liassic sea when bounded by 
the Carboniferous Limestone, will be shown whem I refer to beds 
contemporaneous with the Lias of Shepton Mallet, at Sutton and 
Southerndown in South Wales, where there are conglomerates far 
exceeding in thickness any with which I am acquainted, even 
amongst the thickly massed Dolomitic deposits. The base of the 
Inferior Oolite, again, where it is unconformable to the Carboniferous 
Limestone is often a siliceous conglomerate; but, in this instance 
there is not the same difficulty in arriving at its exact position. 

III. Srratrrrep Rocks svuBsequent to THE Menpip UpHnavat. 

As a general rule, it may be observed that, with the New Red Sand- 
stone, deposits commence which have not been affected by the ele- 
vation of the Mendips, since, when these are compared with the 
older beds in that range, or with the Coal-measures in the basin, 
they will be found horizontal and lying against or upon the up- 
turned edges of the latter. 

It will be my endeavour to show (in proof of my position that 
the Mendips and their continuation in South Wales have to a great 
extent proved a barrier to the incursion of the Secondary seas within 
its northern borders) that, even drawing a line east and west so far 
north as Bath, most of the beds between the Coal-measures and the 
Oolites, where they can be examined, have been laid down either 
under abnormal or unconformable conditions; the latter fact will 
fully account for the reasons why, in the southern portion of the 
Somersetshire Coal-field, coal-shafts have been commenced, and coal 
has been soon won even through the Inferior Oolite. 

I propese now to give examples of beds on certain geological 
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horizons where they occur as deep-water deposits south of the Men- 
dips and therefore beyond their influence, and those of the same age 
which either rest upon or are in contact with the Carboniferous 
Limestone, and then their representatives within the Coal-basin. 

1. The Trias. a. South of the Mendips.—The best districts for a 
study of the upper members of this group in the West of England 
are along the numerous escarpments bounding the moorlands of 
Wedmore south-west of the Mendips, along the whole line of the 
Polden Hills to Bridgewater, and again from Compton Dundon by 
way of Somerton, Langport, and Hatch Beauchamp towards Taun- 
ton. Throughout the greater part of these districts the Lower Lias 
occupies the tableland, the Rhetic beds coming in immediately 
beneath and skirting the edge of the escarpments. The beds of the 
Keuper are also seen in narrow belts leading down to the base of 
the escarpments. As these beds are usually, if not entirely, on the 
same horizon as the variegated marls, and represent them (the highest 
member of the Triassic series), nothing could be known from any 
superficial examination regarding their general thickness, or the 
probability there might be of an extension of workable Coal-mea- 
sures in this direction beneath them. As this point is one of so 
much importance, and is now receiving general attention from the 
scientific world, it is fortunate that the following section of the 
upper members of the Trias in this direction has been preserved. 
We are indebted for it to the late Earl of Ilchester, on whose 
lands at Compton Dundon an attempt to discover Coal was made in 
the year 1815, the work being under the direction of the late Mr. 
William Smith. The section and the notes appended thereto were 
then recorded by the latter gentleman. 

Section of Strata bored through at Compton Dundon in 1815. 

Beds in the escarpment :— yds. ft. 
Lias (Rheetic clays) 
Clay stone 
Plaster 
Clay 
ee ee ee ry 

eee ee re ry 

Top of the pit. 
DEEL e2E EE WES oe 5 ee Pee eee ee eee 56 2 
Alabaster, 4 feet. 
ed-earte maxed with gypsum, tO .....202. 22... .cce0s. ese shee 69 0 
aes iael tenes ea FS SE ED ES a ve Sn 2 
Light-grey marl, 3 ft. 6 in. 
Eo EEE CR EE nea eee 110 23 
Blue rock, 6 in. 
Sie RPE WARN IRITERY G9 995 Sec ev lecc ss ron cte-daeccensen-meeeee 134 0 
Blue clunch, 9 ft. 
SS cag tines bar epee ee he a See Sea st ack 144 0 
Very hard blue clunch, 3 ft. 
EI Cah ae ee Bg Sol bec aan ene sine 150 0O 
Softer blue clunch, 3 ft. 
Red earth, to 0 
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Brown rock, hard, 4 ft. 6 in. yds. ft. 
Red ‘eartia, 60..sodssivsnccctanporeceia bl pote ee aac tren REP ee et at ete 157 O 
Sandy brown rock, 2 ft. 
Red earthy to... cus scecss. st aeek cn ta eee ee eee 160 O 
Blue-clunchs toc a eee eee 165 O 
Dark-redghard marly to) <2230040.-. So ee ee ee 173 O 

The Keuper escarpment at Compton Dundon is very abrupt ; and 
the pit was commenced at its base. The beds marked “ Lias” at the 
top of the section are the blue clays of the Rheetic series. It is thus 
shown that the boring was continued to a depth of 519 feet, to which 
is to be added 90 feet for the marls above, giving a total thickness 
of 609 feet. There is every reason for believing that down to the 
base of the gypseous beds, and probably in the whole of the strata 
given in this section, only the Keuper is represented ; and the thick- 
ness of the Lower New Red Sandstone and anything that may be 
below can only be conjectured. 

b. Triassic Beds within the Coal-basin.—In general the actual 
junction of the New Red Sandstone with the Carboniferous Limestone, 
either north or south of the Mendips, is rarely seen, either from its 
being covered by the Lias, or from a belt of conglomerate intervening. 
Within the Coal-basin this formation occupies a considerable super- 
ficial area, its greatest being at Chew Stoke, south of Dundry, whence 
it continues for some distance to the west, surmounted by occasional 
low platforms of Rhetic and Liassic beds. As compared with the 
New Red Sandstone outside the Mendips its thickness is insignificant. 
The greatest depth it appears anywhere to have attained is at the 
Tyning Pit, near Radstock, about the centre of the Coal-measures of 
the district. It is here 167 feet, and the conglomerate below 19 
feet. At Norton Hill Pit in the same district the New Red Marls 
are reduced to 118 feet; but the conglomerates are 54 feet, on the 
whole slightly thicker than in the former working. 

c. Batheaston Section.—Another attempt for coal was also eae by 
Mr. William Smith, at Batheaston, in the year 1812, of which I 
possess a section preserved from that time. This has been given in 
«Conybeare and Phillips’s Geology of England and Wales,” p. 262. 
In this the beds are divided into 

ft. in. 
Upper Marls (embracing Middle and Lower Lias) ............ 210 O 
True Lias beds, including White Lias 10 ft., ................0008- 47 6 
Dower: Mars’ (0.500. tos dtnacsce: te uecnamenseae re tigceeee ctecenene rte tae 20 0 

Immediately following the last deposit, which belongs to the 
Rheetic, series, the New Red Sandstone was included in a thickness of 
30 feet, and the conglomerate in one of 24 feet. It will thus be seen 
that within this part of the Somersetshire Coal-basin the Triassic 
rocks are reduced to a little over 50 feet, whilst south of the Mendips, 
and where only partially proved, they attain a thickness of 609 feet. 

Notwithstanding the view expressed by Mr. Tawney with reference 
to the Sutton beds, of which I shall hereafter speak, I am of opi- 
nion that up to this time there is no evidence in this country of the 
presence of the St. Cassian and other strata found in the Austrian 
Alps, which, being supposed to be the marine equivalents of the fresh- 
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or brackish-water deposits of the Upper Trias, I might have hoped 
to find somewhere on so extended a coast-line as that under 
consideration. 

2. The Rhetic Beds.—Since the publication of my paper on the 
«Zones of the Lower Lias and the Avicula-contorta Zone,” in the 
Journal of the Geological Society in 1861, much attention both in 
this country and on the continent has been given to the Rhetic 
formation, and many valuable memoirs have appeared almost simul- 
taneously. At this time it is not my intention to give descriptions 
of the numerous Rhetic fossils I have added to the lists since the 
above publication, which I hope soon to do. I rather desire to 
describe some admirable typical sections which several new railway- 
cuttings have opened up, and to notice also the mode of their occur- 
rence in the Radstock and other districts, and in South Wales. The 
sections previously known, and where they can still be studied, are at 
Kast Cliff and Westbury on the Severn, Watchet, Pyle Hill, Uphill, 
Saltford, Beer Crowcombe, Shepton Mallet, and Long Sutton in 
Somersetshire, and at Penarth Cliffs in South Wales. Additional 
sections are now open at Patchway, on the South Wales Union Rail- 
way, at Hatch Beauchamp, on the Chard and Taunton Railway, 
and at Willsbridge and Newbridge Hill, on the Bath and Mangots- 
field line. 

Since, in these sections, the beds of the Lower Lias are in every 
instance found reposing upon the Rheetic series, it will be more con- 
venient, especially as I shall have to point out frequent evidences 
of their unconformability, and of the absence of some members of the 
Lower Lias, to consider the two formations together; and this will 
also the better enable me to correlate the South Wales sections with 
them. 

One of the most desirable points in connexion with geological in- 
vestigation is to give attention to the passage-beds between the esta- 
blished series of formations—to endeavour to find how they lead one 
into the other, and how the succession of organic life may have been 
modified thereby. In order to arrive at any satisfactory conclusions 
on these subjects, it will be manifest that such formations must be 
studied, not where they are in abnormal conditions (as is gene- 
rally the case where they come in contact with older unconform- 
able deposits), but where there certainly is an unbroken and unin- 
terrupted passage from the one into the other; and fortunately there 
are such sections. These I shall now give, and with them, as 
typical, afterwards compare their equivalents elsewhere. 

The horizon of the Rhetic beds commences above the Upper 
Keuper marls with grey or bluish sandstones or marlstones. Although 
varying in thickness, they are present in every section with which I 
am acquainted; and as they contain Rheetic fish and other remains 
at Watchet, Shepton, Willsbridge, &c., they form a distinct base- 
jine for the formation; and above are included all the beds to the 
uppermost ‘“ White Lias” (‘Sun Bed” of William Smith). They 
may therefore be divided into two groups—the Avicula-contorta and 
Bone-bed shales, and the “ White Lias.’”’ Although there are local 
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differences when various sections of these beds are compared, still 
their persistency over a wide area in the South-west of England is 
remarkable; and though the Lias above and the Keuper marls be- 
neath, particularly within the Coal-basin, are repeatedly found 
unconformable from the absence of some of their members, the 
Rheetic beds are always present. 

In a former paper I gave the Beer Crowcombe sections, and 
others near Langport, as typical, and these may still be considered 
correct; but I was under the disadvantage of having to trace the 
succession of beds in several quarries. I propose now to give an 
important section in the railway-cutting at Queen Camel, in which 
there is a succession of 260 beds, having a thickness of 375 feet, 
every one of which may be studied, and where at one view is seen 
the passage upwards of the Keuper, Rheetic, and Liassic beds. The 
passage between Rheetic and Lias beds seems here less broken than in 
many other sections; but, in this case as in every other, the peculiar 
lithological distinction in the two deposits can be immediately recog- 
nized, and you may at once place your hand upon the uppermost 
Rheetic ‘‘ Sun Bed.” This distinction is generally so strongly marked 
that any geologist, even if travelling by express train, may rea- 
dily detect the junction of the Rheetic with the Liassic beds in the 
railway-cutting at Saltford, near Bath. The “ White Lias”’ extends 
uninterruptedly from Lyme Regis through Somersetshire, however 
unconformable may be the beds immediately resting upon it; but it 
thins out or entirely disappears in North Gloucestershire and beyond ; 
and it is noteworthy that continental geologists have not yet recog- 
nized its presence in any of their sections*. 

The Rheetic beds appear to have been deposited under peculiar 
oceanic conditions, and in general must have been accumulated very 
slowly. The blue marls of the Avicula-contorta series at their base 
are usually most persistent, and are crowded with testacea. But at 
times the Bone-bed is entirely absent as a separate zone; and the 
vertebrate remains it yields are then either distributed throughout 
the other beds, or are found in little nests or pockets therem. The 
Aust section affords the best horizontal illustration of the Bone-bed, 
which is there a nodular stone of some thickness, the accumulation 
of which indicates a period of rest, or a lapse of time within which 
the organisms it encloses must have been living. Again, the Avicula- 
contorta limestone, or the “ Flinty Bed” of my Beer Crowecombe sec- 

* Since the above remark was made, I have seen M. Jules Martin’s “ Paléon- 
tologie Stratigraphique de l’Infralias,” in which he remarks that M. Hug. 
Dumortier had found in the Departments of the Rhone and Ardéche, between 
the Gryphza-limestone and the Trias, two distinct mineralogical zones, the upper 
composed of a whitish limestone with grains of clear quartz with Cardine and, 
lower down, Littorina clathrata, Desh. 'The lower zone, he remarks, is composed 
of compact limestones in a very fine paste, almost “ lithographique,” of a clear grey 
tint, and often presents a multitude of round holes, which M. Leymerie attributes 
to perforating shells, these being known under these name of the choin bdtard; and 
he adds that they represent the common zone of Littorina clathrata. 'This de- 
scription so completely accords with the lithological character of the Rheetic 
‘‘ White Lias” that I can readily suppose they are identical, in which case the 
Rheetic Avtcula-contorta beds would probably be found immediately below. 
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tion, is only typical at that place and at Hatch. This bed is there 
about a foot in thickness ; and in no other locality have its fossils been 
so perfectly preserved ; it is frequently very thin or entirely absent. 

As we pass upwards into the “ White Lias” group, we reach a 
series of dense close-grained limestones, often light-blue at their 
base and cream-coloured in their higher members. Although a few 
of the testacea are common to the lower beds, and a few from the 
«< White Lias” pass again into the true Lower Lias, still the paleeonto- 
logical change which occurs with these deposits is most remarkable. 
Tn the Avicula-contorta zone and the Bone-bed just below are the re- 
mains of Mammalia, land and marine Reptilia, and Fishes of many 
genera and species; but, although I have examined almost every 
known quarry of “ White Lias” between Bath and Lyme, I have 
never obtained the slightest evidence of the presence of any verte- 
brate remains, or of any Cephalopoda throughout them. Often 
through considerable districts the “ White Lias” will be found al- 
most unfossiliferous, whilst in other localities the testacea will as 
individuals be very numerous, although few in genera. Some phy- 
sical change in the character of the ocean must have occurred when 
these beds were being deposited, in order to account for the entire 
absence or extinction of the vertebrata, which must have teemed in 
the previous seas, throughout so wide an area. Since we had in the 
Avicula-contorta beds below a change from the fresh- or brackish- 
water deposits of the Keuper, we have probably a recurrence to the 
former conditions with the “ White Lias,”’ and therefore the destruc- 
tion of all the marine vertebrata. The barrier thus interposed has, 
I believe, not allowed a single species of Rhetic vertebrata to 
pass into the Lower Lias; for hitherto, although some genera pass on, 
I have never, of this family, found any species common to both. 

a. Succession of Keuper, Rhetic, and Inassic Beds at Camel Mill Rail- 
way-cutting, in ascending order. 

Keuper. if. in. : ft. in. 
Ae Groy Mariska 00. 22i...... 14 6 Brought forward ...... 82 0 
2. Ditto with Strontian ...... 6 6 OriGrrey rane 05) 20a 8 
3. Bed of Strontian ......... 6 10. Bluish sandstone ......... i ea 
4. Grey marls with well-de- Diy Nica bs catet tes pkey eee NY 5 

fined layers of Sulphate 12. Soft yellow sandstone ... 2 O 
Gkeprontian’ .....0e..-2 32 0 13. Blue shales, with Cardium 

5. Thinly laminated grey Rheticum, Avicula con- 
PORTE ie oO Skee. ok LO torta, Axinus, &e. &e. 24 6 

6. Grey marl passing into 14. Stone, Pecten Valoniensis 3 
SL Eta RR ee, Sas Sa ee 23 6 15. Blue clay with ditto ...... 2 

q; Greyertardny. 0.0.00... 2 6 | 16. Stone with ditto ............ 3 
ge layer cee ee OY 2 

80 6 18. Stone, Avicula contorta,&e. 124 
Rhetic. 1 EAE eee oe pn 1 

8. Grey sandstone with Acro- DG OHONG Nee Ree M er 8) 38 Sat 1 
dus-teeth, Lepidotus- leg OMAY tore sn cee! Keser a 13 
scales, &e., and casts of 22. Stone, Pecten Valoniensis, 
Axinus and othershells 1 6 oo aes pe i ae ade eas 22 

Carried forward ...... 82 0 Carried forward ...... 112 03 
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ft. in 
Brought forward...... 112 04% 

De; Olay, City caackuaeusce te se 2 
2A. Stone, ditto........0..c. cee. 4 
25) Bluevelay ie ene ess-laecnnens 1 
26. Stone ere Ge gee eres 
Di. layin ecwun sad den). -ouaseeeents 03 
2S SLOMGr i cases econ. qonaeae 4 
2orBlnetclay ce tease eaaan 2 3 
30. Thin layer with fish-scales 

MOM OAR eskaeees 2 
31. Close-grained bluish-grey 

SEONG) se hese stad sae sat 6 
32. Bluish-grey marl ......... 2 6 
33. Bluish concretionary stone 9 
o4° Grey anatl p20 ote 3 

. White Lias stone 
4 Ditto 

. Shale 

. Ditto 

. Rubbly marl 

. White Lias 
: Stone 

« WVihite dias 22 koe 
. Marl 
White Dilasi...2 ccteescceeens 
. Ditto ' 

Marl 

. Marl 
 Wilanten\ilasicene seen tees 
. Marl 
, White GF, Kopp nee te AP 

: Marl yids ide at © OHS Se Meo aye 
. White en 

. Marl not uncovered, about 10 0O 

— bo le) ho 

White Lias. 
eeeorscgge 

bol 
@ecececscecteresesest er gee 

eceeee SOBs crecessiseeroce 

eeesrescserccreversesoesene 

Coeeerecsssseeresrsesooe 

ble 
eceeces erect oan 

ecco ercecoesseto ee 

eeccescccseccserses eo eeea 

eccreoeset eee eS eed 
wo 

woo eeeeeseooresceoseseoteone 

eee ee er PCO BOGee sr oeere% e008 

eerocesecsccccssse ee OCoge 

Sees eocese eset esesescrese 

bole OCC e reese POS OOK Fee oeeeeD 

Coccerecescesesesssesace 

Cece eeSObrecoaet oS oeececen 

erecacecces eo ®OSeescescce 

eeecooseeceeso.ecoecs 

Pee ee 

tol Or 

eecceseaneses esses egeres 

S o = () bt 

NNW ROK RON TOR RORN EH NOW WNW RADON KHADODOH DAT 

Carried forward 146 83 

ft) an 
Brought forward...... 146 8% 

fo: Ditto eae be 7 
76. Ditto, “Block Bed” oes 1a 
Tis Nar: See 4 
78. White Lias, “Sun Bed” ‘of 

ther Bath districnene 1 4 
Lower or Blue Lias. 

(79. Laminated marl, no 
fossils .. 4 

80. Bottom “Blue beds, ” 
Insect- limestone: 
very finely lamin- 
ated, with Insects 

| and Modiola mi- 
NING ccc eeetas 54 

81. Marl) 22 eee 2k 
o 82. Insect-limestone...... 6 
cS | 83. Indurated laminated 
pQ marl with nume- 
=I rous Lryon Wilm- 
2 COCCTISUS ©; saan eerie 2 
& | 84. Insect-limestone...... 64 
= 4 85. Marl with Hryon ... 5 
© | 86. Dense laminated 
= stone"... ie seomenmee 9 
3 | 87. Marl, Lepidotus- 
8 scale 3 
ZN tstek Close-grained Insect- 

aan limestone called 
“ Hat and Cap” 8 
in: to=.. eee 4 

89. Marl, Lepidotus- 
scales, vegetable 

| and Coprolite-like 
markings ..... 2 

hae “Cap” Insect-lime- 
stone), (.aeee 5 

(91. Marl ae 2 
92. Coarse- -grained lime- 

stone with Ostrea 
liassica, abundant 10 

| 93. Marl . : 2 
a 94. Teeseien? 2 Tea 
cel) Ostrea, ‘Gees 6 
co |- 95. Ditto, ditto sige 6 
= | 06. Marl 2 ).c. eee 1 
5 | 97. Firestone es 8 
3 GRUDGE ve.ntcces cea 5 
RecN OOn DIO! veces, «coon eeee 24 
8 ee DIGO a2 sco ccon ce 74 
5 101. Ditto, Ammonites 
=| | planorbis 4 
& | 102. Ditto... ; Fy 

103. Marl with lananeed 
shells, Cidaris Kd- 
wardsit, Modiola, 
minima, small Li- 

\ ma, Avicula ...... 6 

Carried forward...... 160 34 
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105. 

131. 

132. 
133. 

MOORE—ABNORMAL SECONDARY DEPOSITS. 

Brought forward...... 160 
. “Sandrock” Avicula de- 

cussata, Cardinia, Mo- 
diola, Ostrea liassica... 

Marl, Lima gigantea, 
LE EO 

. “Sandrock”’ Ostrea ari- 
etis, O. liassica, Lima 
gigantea, L. duplicata, 
Astarte, Myacites, Avi- 
cula decussata abun- 
dant, Pecten 

. Marl, O. Lassica, Pecten, 
OCIS ae ae 

. “Sandrock,” A. planor- 
bis, Lima duplicata, 
SOL sublevis 

« Sandrock,” A. planor- 
bis, abundant : O. lias- 
sica, Penfacrinites aS 

- Blue Marl, Am. John- 
stoni, A. planorbis, Os- 
EP tg Be Sea 

. “Slippery Bed,” Ammo- 
nites, Modiola, Astarte, 
fish-scales .......0....008 

EES TS aa ae 
. “Slippery Bed,” ditto... 
. Marl, ditto 
. “Sandrock,” ditto 
. Marl, ditto 
. *Sandrock,” ditto 
. Marl, ditto 
. ‘*Sandrock,” ditto 
. Blue marl, ditto ......... 
. “Sandrock,” ditto 
. Blue marl, ditto 
. Stone, Ammonites John- 

aecteeece 

stoni, Lima gigantea... 
. Blue marl, ditto ......... 
. Stone, ditto 
. Blue clay, comminuted 

eeerereestesece 

- Stone, with ferruginous 
Pipes 

. Sandy marl, numerous 
Entomostraca, Forami- 
TROT I. CURL 2 Ew cc ona. sc 

- Stone, Unicardium, Lima 
GUANA ...... -.0 202... 000 

Marl, fucoidal yee 
MONS, 56 «5h aces 

Stone.. A 
Marl, Entomostraca, Fora- 
mint ifera, Lima duplicata 

3 

1 

(orW@p) 

on) 

bol hol 

tole 

0 

rf 

6 
31 

8 

Carried forward...... 184 

. Blue clay 

. Stone, Lima gigantea Cs 
: Clay, ditto, Ostrea liassica 
. Septarian bed, Nautilus, 

. Stone, 

. Clay 

Brought forward...... 184 
. Stone, Lima Hermann, 

1 DL. gigantea — 5. .senes00:s 
be bOHIO Ge a 
. Blue clay, Pecten sub- 

levis &e. Pesce seeeresese 

Gryphea incurva, Os- 
UPEM OES. tecncundudaste ace 

. Blue clay .. 

. Septarian bed, Gryphea 
ncurva, ian gigantea, 
Ostrea ee eeevecses 

. Blue clay, Ostrea, &e. ... 
. Stone, Myacites, Ostrea 
. Clay, Ammonites planor- 

GIS ELE Se 
Fish-bone, Car- 

dinia, Astarte, Myacites 

Ser hesese see tStserresese 

: Stone, Gath oon cose aioe 
. Ditto, ditto 
. Blue clay,Lima gigantea, 

WG OLTEES 2 Sac oe Se costo 
. Stone, Nautilus, Pecten 

sublevis 

. Clay, Ostrea, Echini, &e. 
. Stone, ditto 
Play) CTO: <. .<csacasaaeeant 
. Stone, ditto 
BP Ma ate eo esc ass)s 
SROODGL 35 oe caciescsas eee! Oe 

Peete eet ses eset Ph oetsne 

2) Blne: clay. 5.0 scs5t tee 
SSO NG «seen petteisealanns orcas 

Sos Te A See a Ne 

fA ya Bas SN ee 
Bb BSbOIC cc. cet Sts 

463 

or E 

— 

Or orc bo co bo OS bo © oe 

mo He if oe : 

a) 

ace 

_— 

bo 

oo 

— fumed 

See ie pec eae ene rime Se OS SOI (oo) Pom VorI Oo 

boy bay 

= 

235 3 
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ft. in. ft. in. 
Brought forward ... 235 3 Brought forward ...... 277 «25 

UO: Stone’. eee nee hee 5 22). Marly so eeioet: eee 1 10 
180. “Clay: csk sal. cae 6 222) Stonews: 2a 24 
Sis: ‘Stoneaceteeseec sea ceee 4 225. Marl 50) see eee i ee 6) 
182. Claygate stereos a ceecenece 1. 10). |. 224. ‘Shonen 2st) cesarean 4 
TSS: Stone. awe ree i 225. Marlo. clone 24 
USA Clays. epcmascseecinnccetee Sety) 226. Stoness..descehse eee 5 
TSoy Stroma ss since pc eciondanae ee 4i.| 227. Marlen. .22eeee see 9 
LSB. Clay, c since eceomracee, 4 228. Stone 22 ss:ccckee ee eee eee 13 
187. Stone 6 229, Marl ...:.22333 eee 8 
ISB" Clans Anse eee cee i)! 230. Stones. i... -eeee 6 
189. Stone, Ammonites pla- Ql. Marl ...3: incss.cee eee 1 O 

PLORDIS ie TIN Teas as 6 232. Stone 202: .0sccatene eee 6 
1905 Clayise tanta eRe sokee 2 0 238; Marl .0.sccis. oe eee 16 
TOIL. Stome.d ewe sseeeoeencee 6 234: Stomewi.cicc..- eee 3 
192. Clay 2 235. Blue marl ..2..:sean-eee 11. 0 
OS: Stones. cicecserias tances 9 236: Stone s., .3:...ne eee 64 
194" Blucvelay i. 2 ..20ed. dake. B JAY | 28%. Mar) coli.2cosncdeeeeeeee vi 
195: Stone ree ewe cs TL | 238. Stoweriy ed. .sa. one 9 
196. -Bluerclay, ..2ceeee- crete: 2.4 | 239. Blue marl... eis eee 78 
TOR Stone. a595. eee chee 5 240. Stone... ho ince eee 6 
198. | Clayancs:.c ia eo 3 D241. Mawlidisin..cletcn< eee 3 0 
1992 Stome wes, =. Sacer aes At |, 242. Stome®, cies see eee 3 
200: Wlue clay. csekeeciaee 1 4 243. Marl? i. .:3: 0a eee ses 
201. Stone, Ammonites pla- 244. Stonenitih. .1ctoeaeceeneeeese 10 

norbis,and Gryphea in- 245, Marly 92. i.e, eee 2 6 
curva more abundant... 4 IAG. Stone .....<sactes Soe 6 
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Carried forward ...... 277 24 known. 

In this important section we have a clear passage upwards, with- 
out any break, from the upper beds of the Keuper, though the Rhe- 
tic and White Lias series into the Lower Lias. The ‘“‘ White Lias” 
is here almost identical in thickness with the section (given in my 
former paper) at Steven’s Hill, Long Sutton, about four miles distant ; 
but whilst the limestone beds are thicker, there has been a corre- 
sponding decrease in the intervening beds of marl. There are large 
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quarries near the railway-cutting in which the “ White Lias” with 
the succeeding deposits can be well studied. 

b. Organic Remains in Rhetic White Lias.—The organic contents of 
the “‘ White Lias,” considering the large area of its development, are 
comparatively few generically, and, being usually in casts, are difficult 
to determine specifically. It yields but two corals, a Montlwaltia, 
and Thecosmilia Michelini?; and it is worthy of remark that Pecten 
Pollux (Suttonensis, Taw.), in a dwarf form, appears in it for the 
first time, and in some localities is not uncommon. 

Montlivaltia, sp. Axinus concentricus. 
Thecosmilia Michelini ? elongatus. 
Cidaris Edwardsii. Cardium Rheticum. 
Cythere liassica. Lucina ? 
Avicula decussata. Modiola minima. 
Lima. Myacites striato-granulata. 
Ostrea intusstriata. Pholadomya. 

liassica. Pteromya Crowcombei. 
Plicatula acuminata. Unicardium cardioides. 
Pecten Pollux. Chemnitzia, sp., casts. 

. Sp. Solarium, sp., casts. 
Arca. Turritella?, sp., casts. 

ce. The Insect and Crustacean Beds.—It is of importance to recognize 
this series of beds, Nos. 79 to 91, in the Camel section. With them we 
have again another very peculiar and interesting lithological and zoo- 
logical change in the conditions of the period. Whilst the “ White 
Lias”’ immediately beneath is throughout a concretionary deposit, 
without lamination, with a cessation of the conditions necessary to 
its formation, other beds succeed, which cover a very wide area, are 
most finely laminated, and thereby indicate very slow deposition. In 
this change we have another alternation from probably brackish- 
water deposits into those which are evidently marine, although of 
estuarine origin. My friend the Rev. P. B. Brodie, F.G.S., in his 
‘ History of Fossil Insects,’ as long back as 1845, pointed out the 
position in Warwickshire and Gloucestershire of certain ‘‘ Insect- 
limestones ;” and I am pleased to recognize their presence in the 
above beds, occupying the same geological horizon. 

The numerous testacea which occasionally crowded the waters of 
the “White Lias” are almost wholly wanting in these beds; but 
rarely a few dwarfish Modiola minima are found therein. I have 
before remarked on the absence of Vertebrata and Cephalopoda in 
the ‘“‘ White Lias.” The latter are still wanting in the Insect-lime- 
stone ; for although Mr. Brodie alludes to the presence of Aptychus 
(the operculum of the Ammonite), in beds of Insect-limestone in 
some of his sections, I have no doubt that they are to be referred to 
a higher Insect-limestone, in which Ammonites planorbis occurs 
abundantly. This is the case in Liassic beds passing under the 
name of the “ Black rock” (Nos. 31 to 36 of the section I gave 
in the Society’s Journal for 1861, p. 485) at Beer Crowcombe. The 
vertebrata, in these Insect-limestones, come in very gradually, and 
are represented by a few scattered scales of Lepidotus. 

Although my examination of these beds was somewhat hurried, 
I obtained specimens of Coleoptera and Orthoptera at Camel, and 
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on the same horizon at Keinton Mandeville, four miles to the north- 
west. Next to the interest attaching to insect-life in these beds 
is the wonderful number of its Crustacea. I lately found on the 
railway at Pyle Hill, near Bristol, a block of stone which had come 
down from the top of that cutting; and, although only a foot 
square, it contained a colony of fifteen specimens, which my friend 
Mr. Woodward (see Geol. Journ. vel. xxii. p. 498) thinks belong to 
Eryon Wilmcotensis. At Wilmcote, near Stratford-on-Avon, this 
species comes from the “ Bottom Block Bed” of the Lower Lias; 
at Pyle Hill also, from one of the basement beds*, and again at 
Camel it is found under similar circumstances, and apparently in as 
great abundance, as several specimens are to be observed in the same 
block. The persistency of similar conditions over so wide an area is 
of much interest. ‘The quarrymen informed me that they had found 
vertebree of either Plestosaurus or Ichthyosaurus in these beds; but 
none came under my notice. 

The beds 88 and 90 are called “‘ Hat and Cap” by the quarrymen. 
Occasionally they contain concretions ; and when these occur, the thin 
lamine of the beds accommodate themselves to them, and often pass 
up in conical peaks to the upper surface of the superimposed limestone. 
When quarried, these flake off and form a rude “hat or cap,” with 
which the boys occasionally adorn themselves. 

The true passage from the Rhetic beds into the Lower Lias is 
through these beds; and wherever they are absent, to that extent 
there will be unconformability. 

d. The Saurian and Ostrea Beds.—T he “ Firestones.””—The next 
noticeable series of beds in the Camel-Hiull section are the “ Fire- 
stones,’ which are all composed of a dense coarse-grained blue lime- 
stone, lying very closely one upon another. ‘These were included in 
my Beer Crowcombe sections under the “‘Saurian Zone,” from the 
fact that they are the chief depository of the numerous Plesiosawrt 
and Ichthyosaurt of this period. It is from the “ Firestones ” that all 
the best paving-stones come, and they yield blocks of considerable 
superficial area. These limestones are worked at intervals in the 
south-west of England over hundreds of square miles, and, as pre- 
viously shown by myself, they are found to be generally uniform in 
thickness over very wide districts, and the separate beds are often 
distinguished by the same names. From certain conditions, possibly 
their deposition in a shallower sea, or their encroachment on ancient 
coast-lines, the saurian contents of these beds may not continue. 
This is the case with their equivalents in South Wales, although in 
the district under notice, and in Gloucestershire and Warwickshire, 
the presence of saurians is so constant. In their absence this horizon 
is then to be recognized by the wonderful profusion of the Ostrea 
liassica, which in many instances literally cover the surfaces of the 
beds. This shell is also an abundant one in the “ White Lias” 
below, and passes far upwards, although it occurs more sparingly in 
the higher members. 

* The exact position of this bed will be seen on reference to the Bedminster 
section. 
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On the upper surfaces of the Firestone may be noticed species of 
Cidaris, fragments of Lima and Pecten, with casts of Mya, Cardinia, 
Arca, Cardium, Modiola minima, and a few fish-scales. The first 
notice of Ammonites planorbis was in bed No. 101, almost at the base 
of the Liassic series ; and itis not improbable that it may be detected 
still lower. 

é. The Ammonites-planorbis and Sandrock Beds.—Above the 
“‘ Firestones ” we reach a very thick series of beds which are always 
separated by intervening marl beds of greater or less thickness, the 
marls prevailing more especially in the upper members. The lower 
beds of this series at Camel Hill pass under the name of “ Sandrock,” 
though they are, like all the others, true limestones. The organic 
remains, although individually abundant, are still of comparatively 
few species in this district. Inthe beds 104 and 106 we find abun- 
dance of Avicula decussata, and on the same horizon also, at Hatch, 
a species which has hitherto been supposed to characterize the 
“‘ White Lias,” and in the latter bed Ostrea arietis (multicostata), so 
abundant in the Sutton Stone of South Wales. I shall hereafter 
show that this species passes high up into the beds of theBath district. 
The marls 129 and 135 are full of Entomostraca (of two new species, 
Normania mundula, Jones MS., and Cytherella aspera, Jones MS.), 
and more rarely Foraminifera (of the genera Marginulina, Cristel- 
laria, Frondicularia, and Trochammina). It is important to observe 
that Ammonites planorbis passes, from the bed previously men- 
tioned, almost, if not entirely, through the Camel Hillsection. I was 
unable to examine the uppermost beds for it. With it occur, in bed 
209, Ammonites Johnstont and A. angulatus. With these are also 
Lima gigantea, L. Hermanni, and Nautilus intermedius. In bed 
144 I observed the first Gryphea incurva, which throughout the 
section is very rare, but is most abundant in No. 201, where it is 
associated with A. planorbis. Liassic Belemnites have hitherto been 
found only in the Bucklandi-beds; and not a trace of this family 
was seen at Camel. 

I at first expected to find in a section of such thickness nearly 
all the Liassic series represented; but only its lower members are 
here exposed. The Bucklandi-beds which succeed are found at 
Evercreech, Alford, and other places around ; but reference will more 
especially be made to these in the Bath district. At Alford I 
found part of an Ichthyosaurus platyodon, which is in the possession 
of the Rev. J. G. Thring, of Alford House. Taking into consideration 
the large development of the lower series as seen at Camel, the ab- 
sence of the higher members, the dip of the beds, and the fact that 
the upper mar!s are in some places shown to be upwards of 100 feet 
in thickness, I am of opinion that the lower Lias in this part of 
England must have attained a thickness of from 600 to 800 feet. 

f. Beer Crowcombe and Hatch Sections——When I described the 
sections at Beer, in this Journal, vol xvii. p. 485, it was stated 
that the passage of the Rheetic beds upwards was not shown, and 
that the numerous Rheetic fossils there found were obtained from 
blocks that had been brought out of a canal tunnel. Within the last 
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year an admirable section has been opened on the Taunton and Chard 
Railway at Hatch, which is on the edge of the same escarpment, 
but about two miles distant from Beer, in which the Keuper, Rheetic, 
and Liassic beds are again continuous. 

On proceeding by road from Taunton to Hatch, the Keuper Sand- 
stones are exposed about midway at Ruishton, and have yielded teeth 
of Labyrinthodon, serrated teeth of Belodon?, Acrodus Keuperinus, 
&e., with Hstheria minutia in the more indurated marls. These beds 
are no doubt the equivalents of those yielding the same remains in 
Worcestershire and elsewhere. 

Section of Keuper at Ruishton. ft. in. 
Bluish-ereen marke. eee eee dciabes Caunas«goseeees tenes eee 2 0 
‘Brownishomarl «.g.04tae. passe eucoe cena oneeicetee eaten eee ae eee 3 
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Grey amar oii yasl sancees eadenes eae tee = ae Suceuenolue austen eee eae 6 
ved) maar Ls ies vs eee etd #. ANG UN em ch vA ae tee dade ask eee 9 
Alternate bands of red and, grey marl.........02...<0+.+0sseceesesenns 9 
(Red “naire ia a. Mec science ne Pactee etna tea cba wide ae chee dette eee 1 2 
IB liuishsereen Maar 7 ess. cremsne via caer sue clones eee «cis eke ke eee ee re 8 
Gritty conglomerate, with occasional sandy bands and interme- 

diate layers of marl, with fish, reptile, and batrachian remains 1 2 
Saridstome Byte) conies ce MEA acid de cstemuniesce Sout nd cas oo Cap aee eee neem 2 
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Thin bands jltemmarl 0c. a. saalcass cec cidarccesunccees senate eee 4 0 
ed marl with thinibands of erey 0.2 (.se.c0sh<scdeny- sce eee eee 6 0 

The above beds in their passage towards Hatch were seen, in 
shafts sunk on the line of railway, to be subordinate to gypseous 
marls, which were observed passing under the Rhetic and Liassic 
escarpment to the south-east. At Watchet, Aust, and Penarth, the 
Rheetic beds are seen to lie almost immediately upon these gypseous 
marls; but at Hatch there are clearly interposed a series of beds not 
only more varied in their general lithological character, but more 
regularly stratified than are the higher members of the Keuper gene- 
rally. Although it may be suspected, it is very difficult to prove 
unconformability with these beds, owing to the almost entire absence 
of organisms through a great part of the series, and the similar litho- 
logical character they present. If we may assume that the gypseous 
beds at the bottom at Hatch, and those at the above places, are on 
the same horizon (which, from their mineralogical character, seems 
very probable), the beds which succeed in the Hatch cutting would 
be absent, and the Rhetic beds in those places would be uncon- 
formable. 

Section of Keuper, Rheetic, and Liassic Beds at Hatch Beauchamp. 
Keuper.— ? ft. in. 

Gypseous marls, thickness unknown. Succession of seventy- 
five regularly stratified beds of grey, green, blue, and red 
marls and marlstones (a few beds honeycombed), without 
any trace of organisms, having an aggregate thickness of ... 70 0O 
which then pass into the following more argillaceous beds :— 
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As the above have hitherto yielded no fossils, I am disposed to class 
them with the Keuper. They appear to graduate insensibly into the 
Rheetic beds which follow :— 

Rhetic. ft. 
Various beds of grey and brownish marl, with fish-remains ... 8 
Grey oolitic stone with fish-bones, and teeth of Hybodus and 
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The Lower or Blue Lias immediately follows; but as I have for- 
merly given sections on the same horizon at Beer, they need not be 
repeated here. There are in this cutting 62 distinct beds above the 
“ White Lias,” having a thickness of about 60 feet. I have had 
therefore again in this section the advantage of an uninterrupted 
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study of the upper beds of the Keuper, the whole of the Rheetic 
series, and the lower marls of the blue or Lower Lias, presenting in 
the whole about 186 beds, and attaining an aggregate thickness of 
180 feet. The Insect and Crustacean beds are wanting at Hatch. 
As the Lias passes towards the station it becomes very much con- 
torted, and the beds are in the greatest confusion. The organic re- 
mains are very similar to those at Camel, the only additions being 
Ostrea wntusstriata in the bottom bed, and Pholadomya ambiqua some 
way up. Ostrea hassica is abundant throughout the series, but Am- 
monites planorbis is less frequent than at Camel. About 10 feet 
above the White Lias, Avicula decussata 1s abundant in a bed of 
laminated blue marl. 

The only observations necessary to make in addition to those in 
my former paper on the Beer Crowcombe sections are, that Am- 
momtes planorbis has a wider range in them than was then indicated, 
and that I have found Pecten Pollux at the top of the series at this 
place. 

Having given the above sections showing the normal condition of 
the succession of these rocks outside the Mendips and beyond their 
influence, I shall proceed to consider the same formations within the 
Coal-basin—reserving for future notice an important section at Shep- 
ton Mallet, with which it is my purpose to correlate the Sutton beds. 

3. Rhetic and Liassic Formations within the Coal-Basin.—Although 
it will be shown, as has already been done with the Keuper, that 
the Liassic beds above the Rheetic series present very interesting 
points of comparison with those noticed south of the Mendips, an 
exception to the general unconformability of these groups must be 
made in favour of the Rheetic series within the Coal-basin. How- 
ever varied or unconformable may be the formations which the Rheetic 
beds separate, the constant and uniform presence of the latter in 
the midst of so much that is unconformable is most remarkable. 
One reason in favour of my proposal in a former paper to include 
the ‘‘ White Lias”’ in the Rheetic series, is to be found in the fact 
that the Avicula-contorta beds and the ‘“‘ White Lias”’ in this county 
invariably go together; and allusion has already been made to the 
continuity of these deposits over large areas in other districts. I 
believe it is correct to say that there is scarcely an exception within 
the Coal-basin south of Bath (and the same observation might apply 
beyond it) to the rule that where the Liassic beds are quarried, 
the ‘“‘ White Lias’”’ may be fond beneath. Whatever may be the 
beds above, invariably William Smith’s “Sun Bed” (the top bed 
of the “‘ White Lias”) presents a uniform horizontal platform; and 
although these uppermost Rheetic beds are occasionally cut through 
by the subsequent formation of the valleys of the district in which 
they occur, their regularity and condition forbid the supposition that 
they have been subject to any important denuding agencies, which 
might have been expected had the thinning out, or the absence, of 
the Liassic rocks above them been due to denudation. 

Within this area organic remains in the “ White Lias” are very 
rare; and the general character of the deposit is such as we might 
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expect to find in a lagoon, or inland sea, in which the beds were being 
very tranquilly deposited. The Avicula-contorta beds at the base of 
the “ White Lias” are not usually exposed; but sections of these 
will be given in describing the railway-cuttings near Bath. Amongst 
the many localities in this district where the “‘ White Lias” can be 
studied, may be mentioned Radstock, Camerton, Farringdon Gurney, 
Paulton, Norton, Willsbridge, Nettlebridge, Saltford, Beech, Bedmin- 
ster, and a very peculiar deposit at Broadfield Down, near Bristol. 

I now propose giving some of the most interesting sections in 
the Coal-field north of the Mendips; and though I have no special 
faith in precise Ammonite or other zones of life, to which I refer 
below, yet for the sake of establishing comparisons with the divi- 
sions of other geologists, and the more readily to realize the uncon- 
formable conditions of the beds in the district, I give the following 
horizons based upon the supposed range of Cephalopoda therein. 

Upper f 1. Ammonites Jurensis. 
Lias. A. communis. 

. A. spinatus. 

Middle | = < margaritatus, 
Lias. . A. capricornus. 

2. 
3 
4 
5 
6. A. ibex. 
7. A. Jamesoni. 
8. A. raricostatus. 
9 
0 
1 
2 
3 
4 

=~, _——— 

. A. oxynotus. 

. A. obtusus. 
. A. Turneri. 
. A. Bucklandi. 
. A. angulatus (A. cateauus, Desh., A. Moreanus, D’O7?.). 
. A. planorbis (A. Hagenovii, Dum., A. psilonotus, Quenst.). 

Lower 

Lias. 

\ fe et ts 

a. Section of Keuper, Rhetic, Lower Lias, Middle and Upper Laas, 
and Oolitic Beds at Camerton. 

Inferior Oolite 6. Inferior Oolite in roadway leading from Tunley ft. in. 
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Upper Lias ...... 5. Uncovered beds embracing Upper Lias, about... 40 
Middle Lias...... 4, Irregular beds of marlstone and clay ............ 2 
Am. raricostatus...... (e. Nodular stone, with A. raricostatus ............ 
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| c. Blue limestone with fish-scales, Aptychus, and 

AMMONATES SCEMACOSLATUS ...000..everseceercenses 
Foraminifera-zone... | 6. Blue clay with Foraminifera..................... 8 
Spirifer-bank ......... | a. Indurated marl, “ Spirifer-bank” of Quenstedt. 
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In this truly interesting section are embraced within 100 feet all 
the beds between the Keuper and the Upper Ragstones of the Infe- 
rior Oolite. 

The Keuper (1).—Red marls of this formation are exhibited in the 
roadway leading from Camerton to Radford, but do not call for any 
special observation. 

Rhetic Beds (2).—The basement marls of this formation rest im- 
mediately upon the above. The superimposed Avicula-contorta clays, 
not being open, are estimated from sinkings made for neighbouring 
coal-shafts. . 

The White Lias (2 a) throughout the whole of this district varies 
very little in thickness, and has always present its uppermost charac- 
teristic ‘“‘Sun-bed.” Its general characters being so uniform, the 
former notice I have given of it at Camel and Hatch will suffice. 
In this district it is usually very unfossiliferous. 

The Lower Inas (3).—The moment we pass the above horizon 
the most interesting evidences of unconformability are everywhere 
found. Between the “Sun Bed” and the “corn-grit”’ in this 
series we ought to find the two lower zones of Ammonites pla- 
norbis and A. angulatus. As the “ Grey Lias” beds in this section 
are undoubtedly on the same horizon as the Ammonites-Bucklands 
beds, it is at once seen that the lower members of the Lias are here 
altog ether wanting. Not only are the basement Insect-beds absent, 
but ‘the whole of the 186 beds given at Camel, above the White Lias, 
are unrepresented. In a section at the Wells Way Quarry, at Rad- 
stock, the beds on this horizon are about forty in number. At this 
place the thin bed of marl between the corn-grit and the White Lias 
has its thin laminz accommodated to the undulated surface of the 
latter, and contains scattered remains of Liassic fishes. Wherever 
the Lower Lias is worked, for miles around, it is always in beds 
having the same geological horizon as the Camerton Grey Lias; and 
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such is also the case at Twerton, Weston, Saltford, Keynsham, and 
other sections near Bath. It should be here noticed that, although 
Ammonites angulatus and A. Bucklandi are supposed to represent 
two distinct horizons, these sections are seen to have those shells in 
common ; and often the former species will be found the prevailing 
one, and attaining very large dimensions. 

The species found in the Camerton Gray Lias include :— 

Ammonites Bucklandi. Avicula inzquivalvis. 
Conybeari. Pinna. 
angulatus. Pholadomya ambigua. 
Turneri. Rhynchonella variabilis. 

Nautilus striatus. Terebratula numismalis. 
Ostrea liassica. punctata. 
Gryphea incurva. Spirifera Walcottii. 
Pecten subleevis. Cidaris Edwardsii. 
Lima gigantea. Pentacrinus tuberculatus. 

Hermanni. Ophioderma. 
duplicata. Serpula strangulata. 

Plicatula sarcinula. Belemnites acutus. 

The Spirifer-bank (a).—-Lying upon the above beds we find an 
indurated brownish marl characterized by the enormous number of 
the Spirifera Walcottu it contains, some of which attain considerable 
size for this genus, and are in a good state of preservation. Profes- 
sor Quenstedt has, in his ‘ Der Jura’ recognized the presence of this 
zone in Germany on the same horizon; and it is interesting to ob- 
serve that, though it is but 6 inches in thickness, its continuity has 
extended so far. The bed is of a somewhat conglomeratic character, 
and contains numerous casts of Pholadomya ambiqua, Myacites, Ger- 
vila, and Ammonites semicostatus. 

The Foraminifera-zone (b).—This deposit, which is a laminated 
blue clay of 8 feet in thickness, may be truly so denominated, since 
I have found therein, for the first time in the Lias, not less than 
twenty-eight species of these beautiful little shells. They will be 
figured and described by my friend Mr. Brady, F.G.S., in the pub- 
lications of the Paleontographical Society. Although at the top of 
the Lower Lias, many of the species are common to so-called Infra- 
liassic beds ; with them are associated Plicatula spinosa, many En- 
tomostraca, Pentacrinites, and fish-scales. 

Dentalina communis, D’ Ord. 
—— interrupta, D’ Ord. 

obliqua, Linn. 
obliquestriata, Reuss. 

— ovicula, D’ Orb. 
pauperata, D’ Orb. 

Cristellaria cultrata, Mont. 
erepidula, F. & M. 
costata, D’ Orb. 
rotula, Lamk. 

Frondicularia complanata, D’ Orb. 
striatula, Reuss. 

Involutina liassica, Jones. 
Lingulina carinata, D’ Orb. 

Marginulina raphanus, Linz. 
lituus, D’ Orb. 

Nodosaria fascia, Linn. 
paucicostata, Rom. 
radicula, Linn. 
raphanus, Linn. 
raphanistrum, Linn. 

Planularia Bronni, Rom. 
cornucopie, 0. sp. 
longa, Cornuel. 

Trochammina incerta, P. & J. 
Vaginulina legumen, Linn. 

leevigata, Rom. 
striata, D’ Orb. 

A blue limestone (c) with a laminated fracture, weathering yellow 
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externally, and somewhat resembling the Upper-Lias fish-bed, 
contains scattered remains of fishes, the Aptychus, and Ammonites 
semrcostatus. 

Ammonites-raricostatus Zone (d, e).-This Ammonite is abundant 
in a band of nodular stone (¢) at the top, and by its presence usually 
distinguishes the line of separation between the Lower and the Middle 
Las. 

The Middle Inas (4).—In the Camerton and other sections of the 
district the passage is at once from the Ammonites-raricostatus zone 
into thickly bedded Marlstone containing a most abundant and varied 
series of organic remains. In the section which is at this time being 
worked at Camerton, the Foraminifera-clay is the highest member ; 
but in a continuation of the beds, in a field adjoining, the other strata 
are present. The Marlstone is here seen to consist of irregular beds 
about 2 feet thick, immediately under the surface; but in Old Pit 
Quarry at Radstock, at Paulton, and in other sections, it occasionally 
attains a thickness of 15 feet. The bottom of the Marlstone at 
Radstock is conglomeratic, and contains Ammonites raricostatus and 
other shells, which appear to have been removed from the lower zones. 
In these marlstones a very prevailing shell is Gryphea Maccul- 
lochit; they also contain abundance of Brachiopoda, amongst which 
are Terebratula punctata, T. Waterhousu, T. numismalis, Rhyncho- 
nella ramosa, R. furcillata, &c. When these were figured from this 
zone at Radstock by my friend Mr. Davidson, the distinction between 
the different horizons in this district was not known; and these 
shells were supposed to be from the Lower instead of the Middle 
Lias. 

Upper Lias and Inferior Oolite (5, 6).—No section of the Upper Lias 
is uncovered in this district, and, wherever present, it appears to be 
thin. From the Camerton quarry to the roadway under Tunley the 
position of the Inferior Oolite is seen. As the latter appears to be 
the equivalent of the Upper Ragstones of the Cotteswold Hills, there 
is with these formations a similar thinning out, such as I have 
intimated in the case of the Lower Lias, and all the beds from 
the base of the Middle Lias to the higher portion of the Inferior 
Oolite in the Cotteswolds, are embraced within a thickness of about 
50 feet. 

I might give many sections showing the same general cha- 
racters ; but one other, and that not the least remarkable, must 
suffice. At Paulton there are several quarries in which the White 
Lias and the Lima-beds above, with the Spirifer-bank and other 
zones are present, as in the Camerton section. Near Paulton is a 
roadside quarry in which the Lower Lias is still more feebly repre- 
sented. 

6. Section in Munger Road Quarry. 
ft. in. 

Middle Lias. Various beds of rubbly marlstone ........ 6 O 
( Grey sandy bed with Leptena rostrata, Fo- 

Lowen 4 raminifera, Belemnites clavatus, B. acutus, 
: &e : : - 2a 
| Stone with Ammonites raricostatus........ OM Gr = 
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ft. in. 
Grey sand with Spirifer Walcottii, Gryphea 

Lower Lias. incurva, &c., Belemnites clavatus, B.acutus, 
Saat the, 5) atane te eae o tua 0 Dc Ree aT a cee 0 6 

ee } Various beds asat Camerton, &........... 10 O 

At this place there is the interesting phenomenonof only three beds, 
18 inches in thickness, occurring between the Rheetic and Middle- 
Lias formations, and representing the great thickness of interposed 
beds elsewhere. As the thick-bedded marlstone, in every other sec- 
tion near, immediately succeeds the stone with Ammonites raricos- 
tatus, 1 am rather uncertain whether to classify the upper grey sand- 
bed with the Middle or the Lower Lias, or whether, from its having 
organic remains in common with both, it should not be regarded as 
a passage-bed. It is one of much paleontological interest, from the 
fact of my recognizing in it the genus Leptena, and thus linking this 
Paleozoic genus in this county with the five species I have already 
discovered in the Upper Lias of Ilminster. My esteemed friend 
Dr. Deslongchamps, of Caen, whose valuable memoirs have added 
so much to our knowledge of the Secondary rocks of the south of 
France, has already discovered this species at Fontaine-étoupe-Four, 
in Normandy, and has described it under the name of Leptena 
rostrata. It is stated by that author that it occurs exclusively in 
the Argiope-bed of that locality ; but although, when I describe the 
Whatley section, it will be found in this association there, such is 
not, as far as my knowledge goes, the case at Munger. I believe that 
M. Deslongchamps’s specimens have been collected from fossiliferous 
pockets of Liassic age redeposited on Silurian rocks ; and if so, their 
geological horizon can be better fixed at Munger. Of the Belemnites 
associated with them, B. clavatus has been found in the Middle Lias, 
but B. acutus has hitherto been regarded as a Lower-Lias species. 
The four genera of Foraminifera given below are Middle-Lias forms ; 
but these organisms are known to have a very wide range. The 
Starfishes are represented by a beautiful little Tropidaster pectina- 
tus, Forbes, with its rays perfect, and only about a line in breadth. 

The two lower beds undoubtedly belong to the Lower Lias; and if 
the upper is not considered to belong to this group, the horizon of 
Leptena rostrata must be fixed at the base of the Middle Lias. As 
in France, it is accompanied by L. Bouchardii, hitherto found only in 
the Upper-Lias Leptena-clays of Ilminster. The Munger beds are 
in great part composed of the disjointed ossicles of Pentacrinites. 

Last of Organic Remains from Munger. 

Cristellaria rotula, Lam. Serpula. 
lituus. Crustacea, claws of. 

Lingulina tenera, Born. Entomostraca. 
Nodosaria Zippei, Rém. Discina (fragments). 
Cidaris. Leptzna Bouchardii, Dav. 
Ophioderma (joints). rostrata, Dest. 
Pentacrinus. Rhynchonella furcillata. 
Tropidaster pectinatus, Yorbes. Spirifera verrucosa (S. rostrata ?). 
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Terebratula punctata. Pecten. 
Thecidium Bouchardii. Plicatula spinosa, Sow. 

, Sp. Astarte, sp. 
Avicula. Trochus epulus, Szo/. 
Gryphza incurva, Sow. Turbo. 
Lima, sp. Belemnites acutus. 

, 8p. clavatus. 

Teeth of fishes, with Encrinital stems derived from the Carboniferous Lime- 
stone. 

The organic remains from the Middle and Upper Lias, numbering 
about 580 species, have been noticed by me in a Memoir “ On the 
Middle and Upper Lias of the Scuth-west of England,” in the Pro- 
ceedings of the Somersetshire Archeological and Natural History 
Society for 1865-66. 

4. Relatwe Thickness of Secondary Beds within and beyond the 
Somersetshire Coal-basin.—Having already referred to the thinning 
out and comparative insignificance of the Triassic beds within the 
coal-basin, as compared with their representatives beyond, we are 
enabled by the sections that have been given to realize the same fact 
with regard to the formations above. The Lower Lias, which is 
estimated at 700 feet, is at Munger reduced to 18 inches. The 
Middle and Upper Lias on the Dorsetshire coast is described by Mr. 
Day as 500 feet thick *. The latter, though thin in Somersetshire, is 
known to attain a very considerable thickness in Yorkshire. Above 
the Upper Lias there is again a great hiatus in the Oolitic series, no 
beds below the Upper Ragstones of Gloucestershire having been 
observed in any sections in the districts around Bath, the beds thus 
wanting, judging from the estimate of Dr. Wright in the Cleeve 
Hill} section, being 170 feet thick. 

Comparing the greatest thickness of the Seas beds without 
the coal-basin with the greatest reduction above the Coal-measures 
within it, we arrive at the following remarkable result :— 

Without Within 
Coal-basin. Coal-basin. 

t. 

Miriascie beds c.nfle EOE eae ie e000 50 
Rhgetie: beds fac 4 Moya rch ee ieee 50 50 
MO Wet, Eas. oh csoasie oid hic Goes Mee ae ae Eee 700 2 
Maddie and aU pper dilasie oe. entail ei 500 42 
Interior Oolite (5.252. ses ee caus eee ee es 170 25 

3420 169 

5. Whatley Lias and Fontaine-étoupe-Four.—The intimate rela- 
tions, both stratigraphical and paleontological, which exist between 
the Upper- Lias Lepteena-beds of Ilminster and those of Curcy, May, 
and Fontaine-étoupe-Four, in Normandy, are very remarkable. At 
Ilminster these Lepteena-beds are only 18 inches in thickness, and 
are overlain by the Saurian and Fish-bed with its numerous beautiful 

* «On the Middle and Upper Lias of the Dorsetshire Coast,” by E. C. H. Day, 
Esq., F.G.S., Quart. Journ. Geol. Soc. vol. xix. p. 279. 

+ “Additional Notes on Cleeve Hill Section,” by T. Wright, M.D., F.B.S., 
F.G.S., Proceedings of the Cotteswold Naturalists’ Field-club, 1865. 
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Teleosaurus temporalis, Ichthyosauri, Fishes, Crustaceans, and Insects. 
Although so thin, these beds are most previsely repeated in many of 
the Normandy sections ; and not only does the thin line of the Sau- 
rian and Fish-bed yield its Teleosauri, Ichthyosauri and fishes, 
though generally not so perfect as are my examples from Lminster, 
but the Leptzna-clays have yielded all the small though interesting 
series of Brachiopoda which have made this zone celebrated. Whilst 
at Ilminster and in Gloucestershire, where the same beds are found, 
they form part of an uninterrupted series of Liassic deposits, resting 
upon the Middle Lias marlstone, which is the upper member of that 
formation, and therefore always on the same stratigraphical horizon, 
at Curcy, May, and Fontaine-étoupe-Four they are found unconform- 
able, in little depressions or basins on the edge of an extended series 
of Silurian rocks. M. Deslongchamps, in his ‘“‘ Mémoire sur la Couche 
a Lepteena du Lias,” 1859, states that these more ancient beds belong 
to the Caradoc sandstone, and that they extend from Caen towards the 
south, by way of Bretteville-sur-Laize as far as Verson, toMay, Fer- 
guerols, Fontaine-étoupe-Four, &c. In some instances he states that 
the organic remains are assembled on the rugged edges of the upturned 
Silurian rocks, in which case they are found in great profusion. Al- 
though I was quite satisfied of the parallelism of the deposits of Curcy 
and May with those of Ilminster, though found under such dissi- 
milar conditions, M. Deslongchamps subsequently described a fauna 
from Fontaine-étoupe-Four, which he considered to be of the age of 
the Middle Lias, containing the genera Argiope and Suessia, together 
with Spirifera Davidson and other interesting forms never re- 
cognized in England, and which I, knowing, as I supposed, almost 
every locality where they were likely to be found, almost despaired 
of ever obtaining in this country. 

During a late visit to the Rev. J.S. H. Horner, of Mells, near 
Frome, the possessor of one of the most varied and interesting geolo- 
gical districts in this country (some parts of which I shall hereafter 
notice), that gentleman was driving me to the Microlestes quarry at 
Holwell, of which he is the proprietor, when, near Whatley, on 
crossing one of the pretty Carboniferous-limestone ravines which 
traverse this district, we passed a little section of almost vertical 
Carboniferous limestone, which extended for a few yards under the 
embankment of the roadway. On looking back I noticed a thin 
horizontal deposit of greyish-looking clay above it. Returning for 
its examination I was pleased to find that the thin band in imme- 
diate contact with the limestone was almost made up of organic 
remains, evidently pertaining to the horizon of the Middle Lias, 
although we were many miles from any recorded development of this 
formation. J soon removed all I could reach of the deposit, and 
in my examination had the satisfaction of realizing, as one new 
genus or species after another presented itself, that I had at last 
obtained the fauna of Fontaine-étoupe-Four in England; and so pre- 
cisely does this fauna correspond with the descriptions of M. Des- 
longchamps, that a simple translation of his Memoir would almost 
suffice for its description. 
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Fig. 2.—Section of Lias and Carboniferous Limestone at Whatley. 
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| a. Grey laminated micaceous marl, without organisms.. 1 2 

C. Carboniferous Limestone, exposed ..............-.. oO 

The Carboniferous Limestone, which, though almost vertical, is 
seen to have been worn down to a very horizontal surface, is only 
open in this section for a few yards in length. 

The uppermost deposit (¢) is much hidden by the vegetable growth 
of the embankment, and must be as late as the Oolite, since it con- 
tains blocks of that age, having many imperfect casts of Echinoder- 
mata, with Lima gibbosa and Lithodom:. This is evidently a drifted 
deposit, and has mixed up with it many blocks of sulphate of barytes. 
The Oolite in this immediate neighbourhood, whenever it comes in 
contact with the Carboniferous Limestone, puts on very peculiar mine- 
ralogical conditions, its under surface being at times an iron-ore, 
whilst at others it 1s very porous and full of cavities, the matrix 
being composed of sulphate of barytes. On the opposite side of the 
roadway an oolitic rock is visible, which probably belongs to the 
Fuller’s earth, as the clays of this formation come in immediately 
above it. 

B. The Lias, 2 feet in thickness, which is intermediate between 
the Carboniferous Limestone and the Inferior Oolite, may be divided 
into two parts :—the first (2) is composed of a bluish or grey la- 
minated micaceous marl; but after careful search I have hitherto 
been unable to detect any fossils in it. 

6. The bed which follows is seen to rest immediately on the Car- 
boniferous Limestone. In its upper part the fossils are rare, but, as 
it reaches the limestone, they become more abundant, and the base- 
ment is seen to be almost entirely composed of Brachiopoda, Echini, 
Pentacrinites, &e., which are held together by a somewhat friable 
calcareous matrix. Occasionally, on the Carboniferous Limestone, its 
base is converted into a thin indurated limestone, which is difficult 
to separate from the older rock. 

That this remarkable representative of the Fontaine-¢toupe-Four 
Lias is very local, there cannot be a doubt ; for immediately below 
the section I have given there is a large Carboniferous-limestone 
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quarry, on the upper surface of which I had hoped to find its con- 
tinuation, but no trace of it was present. The hollows at the top 
were filled with Oolitic débris, and with the sulphate of barytes 
before mentioned. 

In an examination of the fossils contained in this peculiar deposit, 
resting as it does on a floor of Paleozoic rock, and on a coast-line 
along which subsequent formations may have been subject to de- 
nudation, it would not have been singular to have found an ad- 
mixture of the organic remains of several periods; but beyond a 
small Spiifer, and a few stems of Encrinites of Carboniferous- 
limestone age, this is not the case. It may, therefore, be safely 
inferred that the Whatley deposit represents a special horizon in 
time, which I think will have to be placed at the junctien of the 
Lower and the Middle Lias, or between the Spirifer-bank and the 
Gryphea-cymbiwm beds of the Camerton section ; and the discovery 
of Leptena rostrata and other remains common to the two sections 
helps to support this conclusion. 

The organic contents of the Whatley deposit show by their con- 
dition that they were not immediately covered by other deposits. 
The Spirifers and the Bivalves are usually in single valves, and the 
Echini and Pentacrinites are dismembered. This has given rise to 
many interesting instances of parasitic attachment; for instance, 
on the interior of a Spurifera Deslongchampsic, there is attached a 
Plicatula spinosa, and to this again a Vhecidiwm Bouchardii, and 
Bryozoa of the genera Berenicia and Neuropora. 

Of the Vertebrata I have obtained from Whatley several small 
striated teeth, which appear to have belonged to a very small 
Ichthyosaurus. Of fish-remains there are present the teeth of 
Hybodus and several other genera; a single dermal spine or scale 
probably represents the Razade, and there are also several de- 
pressed spinous-looking bones or teeth not unlike Sphenonchus. I 
have found teeth of the same species of Hybodus in some of the 
deposit from May given me by my friend Mr. Davidson; and the 
same species occur also in the Leptzena-bed at Camerton. 

The Cephalopoda, with the exception of Belemnites clavatus and 
B. acutus, are very rare. I have found a fragment only of a 
Nautilus and a Rhyncholites similar to one figured by M. Deslong- 
champs. 

The Brachiopoda, on the contrary, are very abundant, and pre- 
sent a variety of forms new to this country. Amongst these are 
several species referred, with some doubt, to Argiope. Whatever it 
may be, I have previously found the same genus at Dundry, and 
described it as Spirifera oolitica; and the same species passes up into 
the great Oolite. Of this genus I have two, if not three, species 
from Whatley, Argiope? Suessii, E. Des., and A.? Perieri, E. Des., 
the latter being very abundant. Leptena rostrata, previously 
noticed at Camerton, again occurs, and associated, as before, with 
L. Bouchard. With the Rhynchonella furcillata, which is plen- 
tiful, we have two new forms—R. egretta, Des., and R. fallax, 
Des. Spirifera, again, affords two, if not three, new species. These 
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are S. oxygona, Des., and S. Deslongchampsii, Dav. The latter 
very beautiful shell is particularly abundant, though it never 
occurs with its valves united, and not often m very good condition. 
Theadium Bouchardu, the commonest Brachiopod in the Inferior 
Oolite of Dundry, is equally plentiful in the Whatley Lias, and 
reaches a good size for this genus. 7’. Moore, Dav., T. granulosum, 
Moore, and 7’. rusticum, Moore, occur with it, but are rare. 

The Bryozoa yield two genera—Berenicea and Neuropora. 
The Echinodermata, of which the bed is in great part composed, 

yield the new genera Ootylederma and Plicatocrinus of Deslong- 
champs, with several other genera. 

The following list contains a goodly series for so abnormal a 
deposit :— 

Organec Remains from Whatley. 

Argiope Suessii, #. Des. Cotylederma vasculum, Des. 
—— liassina, H. Des. Ophioderma, joints of. 
—— Perieri, #. Des. Plicatocrinus Mayalis, Des. 
Crania Gumberti, 1. Des. Avicula inzequivalvis, Sow. 
Lepizena rostrata, HL. Des. , sp. 
—— Bouchardii, Dav. Gryphea depressa, Phillips. 
—— Davidsonii. incurva ? 
Rhynchonella furcillata, Theo. Lima punctata. 

egretta, H. Des. Deslongchampsii, Stol. 
—— fallax,-H. Des. — Haueri, Sfol. 
Spirifera Walcottii, Sow. , sp. 

oxygona, LH. Des. , Sp. 
—— Deslongchampsii, Dav. Ostrea ocreata, HE. Des. 
Suessia imbricata, Desh. monoptera, L. Des. 
Terebratula punctata, Sow. Pecten textorius, Schloth. 
Terebratulina Deslongchampsii, Dav. , Sp. 
Thecidium Bouchardi, Dav. , 8p. 

granulosum, Moore. , Sp: 
rusticum, Moore. Plicatula spinosa. 

Cidaris Edwardsui, spines, &c. Astarte, spec. nov. 
, Sp,, Spines. Chiton (Peltarion) bilobatus, Des. 

——, sp., spines. Trochus epulus, SZol. 
Pentacrinus robustus, Wright. , Sp. 

tuberculatus, A/Ud. Turbo, sp. 
, Sp. Belemnites acutus, M7il. 

Berenicea Archiaci, Hazme. clavatus. 
Neuropora Haimii, £. Desh. Nautilus, fragment. 

, 0. Sp, Rhyncholites, 
Serpula, sp. Hybodus, teeth of. 

Psp: Raia, scale or spine. 
, Sp. Sphenonchus. 

Apiocrinus Amalthei, Quenst. Ichthyosaurus, teeth of. 
Cotylederma fistulosa. 

6. Mells Middle Lias ond Coal.—In all the sections in which I 
have recognized the Middle Lias in this district, the beds are those 
containing Giryphea cymbium, or G. Maccullochu, and are there- 
fore the very bottom of this formation, resting immediately upon 
the Lower Lias. The Middle Lias of Ilminster, which is the 
equivalent of that in Gloucestershire, and of the ironstones of York- 
shire, is a much higher zone, and is well known by its Pecten equi- 
valvis, Ammonites margaritatus, A. spinatus, &c. The nearest point 
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at which this bed had been recognized was at Batcombe, near 
Bruton, eight or nine miles to the south. 

A coal-shaft has lately been sunk at Holwell Farm, near Mells, on 
the property of the Rev. J. 8S. H. Horner, commencing in beds which 
are mapped as Inferior Oolite. Immediately to the south, at Mells, 
are Dolomitic Conglomerates of great thickness, which rest upon or 
against the Carboniferous Limestone of the Mendip range. Almost 
close to the pit are the Carboniferous limestones at Vobster, enclosed 
on the south and south-west by nearly vertical Coal-measures. From 
the “ old men’s ” workings around, it was expected that coal would 
soon be reached ; but before this the very interesting and unexpected 
section given Pa was passed through. 

After passing through 18 feet of rubbly sandstone and clay, which 
graduated into a micaceous marl, the miners reached a rock which 
was described as dense and unstratified, and one with which they 
were quite unfamiliar. On specimens being sent me, I at once re- 
cognized, by its lithological structure alone, the presence of the 
marlstone, which was confirmed by the abundance of its characteristic 
fossils. Amongst these were Ammonites spinatus, Pholadomya am- 
bigua, Belemnites paxillosus, and a Montlivattia, the first coral found 
in the Marlstone of this district. In the blue marl above I found 
a perfect example of Ophioderma Egertont, fine examples of which 
occur in a similar micaceous marl on the Dorsetshire coast. 

Section of a Coal-shaft at Mells. 
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TV. AsnormMAL Seconpary DEposits UPON THE CARBONIFEROUS 

LIMESTONE, 

The description I have given of the horizontal stratified deposits 
beyond the Mendips, and of their unconformable conditions within its 
coal-basin, will better enable us to understand the very interesting 
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and abnormal conditions which deposits of the same age present 
when they are more immediately in connexion with the Carboni- 
ferous Limestone. When this is the case, they are found either rest- 
ing immediately upon the limestone, filling up any basins or irregu- 
larities in its surface (when there have been any opportunities), 
passing down into its fissures, or lying against the southern outer 
edge of what there is every reason to suppose was the ancient 
Rheetic and Liassic coast-line presented by the Mendips at these and 
subsequent periods. 

1. Marston Road Section.—Just above the hamlet of Holwell, in the 
direction of Marston, a small roadside section of about 10 feet in 
depth by about 30 yards in length, on the extreme south-eastera 
exposure of the Carboniferous Limestone, affords the first indication 
in this direction of the peculiar connexion of the Secondary with the 
Paleozoic rocks. At this spot large quarries of Carboniferous Lime- 
stone in the valley below are to be observed; and so precisely similar 
in its lithological aspect is most of the stone in this section, that, 
without an examination for its organic remains, it would readily be 
supposed to be of Carboniferous-limestone age. In this very small 

section, however, four geological formations are represented—namely, 
the Carboniferous, the Rheetic, the Lias, and the Inferior Oolite. 

In the lower portion of the quarry there is a capping of horizontal 
Inferior Oolite 2 feet in thickness, rather dense and conglomeratic 
at its base, but containing many organic remains of that age. How- 
ever altered may be the condition of the beds below this formation, 
the Oolitic rocks in this district, although they may be thinly repre- 
sented and unconformable, are usually horizontal, and but little 
altered in character. 

Immediately below the Oolite occurs a very dense unstra- 
tified deposit of Liassic age, in part composed of the disjointed ossicles 
of Pentacrinites, the matrix being a variegated yellow, pink, or 
brown limestone. The presence of Gryphea incurva, Belemnites, 
Spirifera Walcottii, S. Munsterii (S. lata, Martin), Terebratula 
punctata, T. Waterhouse: (T. retusa, Martin), with Rhynchonella 
furcillata, R. variabilis and R. subvariabilis, sufficiently attest its 
Liassic origin. It is, however, difficult to determine with certainty 
the precise stratigraphical horizon to which to assign’ it; but as 
most of the above species are found in or above the Leptzna-bed of 
the Camerton section, I am led to believe that the date of the deposit 
is about that of the passage of the Lower into the Middle Lias, and 
that it would therefore be on the horizon of the Fontaine-étoupe-Four 
beds, and of the Hierlatz-Schichten, which belief is strengthened 
by the presence of Pecten verticillus, P. Roller, and P. palosus, all 
species from Hierlatz, whilst others, common to both, will be referred 

to from Liassic veins in the quarries below. A . 
The Rheetic deposits are. represented in the western end of this 

section by a friable marl, about 10 inches thick, in which occur 
teeth of Acrodus, Sargodon, &c., and vertebrae of Lepidotus, whilst 

“in the floor of the quarry the Carboniferous Limestone is seen. 

“To add to this remarkable variety, a mineral vcin, 8 feet in thick- 
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ness, has been left standing towards the roadway, and has met the 
base of the Inferior Oolite; and there are also two caverns in the 
Liassic limestone which have not been explored. 

Similar conglomerates are found fringing the Carboniferous Lime- 
stone towards Hast Cranmore, in the direction of Shepton Mallet. 

Holwell is at the southern end of the Nunney and Whatley combs, 
where, in this part, the Carboniferous Limestone has its greatest 
breadth—about half a mile. The ravine continues from Cloford to 
near Egford Bridge, the Inferior Oolite and Fullers’ Earth, which 
form the tablelands on each side, encroaching upon the limestone, 
and narrowing its superficial breadth in this direction. At Egford 
Bridge, although the line of the valley can still be traced, the lime- 
stones are cut off superficially by a covering of these Oolitic beds. 
Their south-eastern exposure is about 5 miles in length. 

On looking down upon the hamlet of Holwell, its various-coloured 
limestones give a very picturesque effect; and I have no doubt that 
the first conclusion drawn would be that everything there was Car- 
boniferous Limestone; but a closer examination would show this to 
be an error. 

Passing downwards from the quarry previously mentioned, we 
find, north of the road and parallel with it, a face of limestone-rock 
30 feet in height by 120 feet in length, which lithologically has all 
the aspect of Carboniferous Limestone, but in which may be detected 
on close examination Spirifera Walcott, spines of Cidaris, and 
other remains of Liassic age.- Just below we obtain a key to the 
solution of the difficulties attending the interpretation of the section, 
which the facts just mentioned might otherwise have afforded. 

2. Holwell Carboniferous Limestone and LInassic Dykes.—A road- 
way leads into the western face of two quarry-sections, extend- 
ing for a length of 428 feet, all of which, again, would at first 
sight readily pass for Carboniferous Limestone. On looking at the 
general contour of the first quarry, which has a length of about 
230 feet, it may be noticed that the quarrymen do not work it re- 
gularly, but rather follow certain blocks or vertical courses of stone 
into the hill, leaving irregular projecting vertical abutments, which 
are not touched until they are found to be in the way; and the 
reason they assign for this is, that the limestone is of different quali- 
ties, and their object is to extract the best. The ragged-looking 
dykes thus left projecting from the face of the quarry may be traced 
to the top, which is here without any capping of Secondary rock. 
In most instances they thicken as they pass down, and one which 
may be from 10 to 15 feet in breadth 30 feet below the surface of 
the quarry, may be scarcely traceable, or divided into thin cracks 
or fissures at the surface, through which in great part the infilling 
has taken place. 

An examination of this supposed Carboniferous-limestone quarry 
shows that at least one-fourth of it is of Liassic age. The curious 
phenomena here observed, and especially the thickening of the 
dykes of more recent age downwards, are somewhat difficult to account 
for. An analogous state of things might arise, could we suppose 
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Fig. 3.—Section at Holwell showing Liassic veins in stratified Carboniferous Limestone. 
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that the Carboniferous Limestone at this 
point formed the wave-washed cliff of the 
Liassic sea, and that its caverns were 
subsequently filled by Liassic deposits. A 
longitudinal section at their junction 
would then show similar conditions; but 
we cannot strictly adopt this idea, from 
the fact that the same phenomena prevail 
throughout the whole line of the Car- 
boniferous Limestone, and that the veins 
are continued to unascertained depths. 
The section now described was as it ap- 

peared on the visit of the Members of the 
British Association in 1863; but every 
subsequent working alters its precise fea- 
tures, though its general character re- 
mains the same. 

1. Immediately to the south-east, and 
parallel to the Marston road, may be 
seen a vertical face of limestone contain- 
ing Spirifera Walcotivi, S. Munsteria, 
Echina, &c., unquestionably of Liassic age. 
This appears to be a continuation of the 
long face of similar limestone noticed 
higher up the road. On entering the 
quarry, this limestone is seen to pass 
down as a vertical dyke, partly covered 
by vegetation on the south, but which 
appears to be about 6 feet thick. It is 
composed of a wavy, thinly laminated, 
yellow or bluish material, occasionally 
conglomeratic, and somewhat resembling 
marble. It has on its north side 

2. A breadth of 10 feet of regularly 
bedded Carboniferous Limestone, showing 
a considerable inclination to the south, 
where it is cut off by the above. 

3. A nearly vertical vein, the sides of 
which are composed of red, chocolate, or 
variegated impure limestone, sometimes 
with a central fissure stained with oxide 
of iron, or containing ironstone, at others 
filled with crystallized carbonate of lime, 
9 inches. 

4, A thin band of Carboniferous Lime- 
stone with organic remains, giving the 
appearance of a vertical vein of that lime- 
stone, 1 foot 3 inches. _ . 

5. Dyke of conglomeratic Lias, passing 
to the top, with occasional patches of 
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greenish crystalline rock of the same age; 2 feet 6 inches. On the 
north side of this there has been subsequently let in a band of clay 
with black siliceous pebbles and Rhetic bone-bed débris. 

6. Breadth of inclined Carboniferous Limestone, 15 feet. 
7. Irregular bedof clay with Carboniferous Limestone and siliceous 

pebbles, and fish and other remains of Rheetic age. 
8. Carboniferous Limestone, 21 feet. 
9. Vein of spar, occasionally enclosing Liassic stones, mottled or 

stained with oxide of iron, 6 inches. 
10. Carboniferous Limestone, 3 feet. 
11. Vertical vein of Lias, very various in colour (cream-coloured, 

yellow, pink, green, or blue), showing by its occasional thinly lami- 
nated structure that it was in fact very slowly deposited. This en- 
closes angular fragments of Carboniferous Limestone. In this vein 
may be found occasional nests of Rhetic remains mixed with Rhyn- 
chonella variabilis, Terebratula punctata, and Delphinula nuda, Moore, 
and a crustacean claw of Liassic age. At the base of the quarry it 
attains a thickness of 13 feet. 

12. Carboniferous Limestone, 30 feet. 
13. Liassic infilling, having on the south a thin vein of carbonate 

of iron, 3 inches, next a band of deep-red and yellow conglomerate, 1 
foot, succeeded by crystallized carbonate of lime 2 feet, and Liassic 
conglomerate 6 feet: 9 feet 3 inches. 

14. Carboniferous Limestone, 33 feet. 
15. Irregular Liassic infilling, with thin veins of ironstone, 3 feet. 
16. Carboniferous Limestone, 8 feet. 
17. Vein of carbonate of lime, 1 foot. 
18. Carboniferous Limestone, 6 feet. 
19. Vein of carbonate of lime, 3 inches. 
20. Carboniferous Limestone, 34 feet. 
21. Vein of carbonate of lime, 5 inches. 
22. Carboniferous Limestone, 12 feet. 
23. Liassic vein, variegated or red from oxide of iron, 2 feet, 

haying in the centre a vein of spar showing traces of galena. This 
is followed by another vertical band of yellower limestone, having 
on its weathered sides multitudes of Pentacrinite stems, the infilling at 
this point being almost made up of them. On theside of this dyke, 
30 feet below the surface, I noticed a nest of beautiful univalves 
mixed up with the Pentacrinites ; and I was fortunate enough to cut 
out the block containing them, which, although only five inches 
square, contains forty-four specimens belonging to ten genera, some 
of the species being identical with forms from the Hierlatz-Schichten, 
noticed by Dr. Ferdinand Stoliczka, and with others from Fontaine- 
étoupe-Four. 

24. Vein of crystalline carbonate of hme, 4 feet 4 inches. 
25. Liassic stone, 2 feet 6 inches. 
26. Vein of ferruginous stone, Liassic, 10 inches. 
27. Carboniferous Limestone, 33 feet. 

-28. Vein of carbonate of lime &c., 1 foot. 
29. Carboniferous Limestone, 14 feet. 
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30. Liassic vein, 2 feet. 
31. Carboniferous Limestone, 18 feet. 
32. Rocks not exposed, 50 feet. 
These are again continued in an adjoining quarry for a length of 

450 feet, with a repetition of the vertical infilling, though not of so 
decided a character. 

Looking across the little stream which runs at the base of the above 
sections, a finely arched or anticlinal mass of Carboniferous Lime- 
stone may be seen, the upper beds having been worked back, leaving 
a wall of crescent-shaped thickly bedded limestone. On the inclined 
face of a bed of limestone beneath this wall the members of the 
British Association assembled. Immediately below them was a thick 
Liassic dyke composed of yellow or pink limestone, or changing into 
the various materials of which our mineral veins are composed. This 
uppermost dyke can be seen to pass completely through the length 
of the quarry, and isin some places left standing above the Carboni- 
ferous Limestone by the quarrymen. As it crosses to the southern 
end, itsvertical face is well exposed, it having been there left stand- 
ing against the edges of the Carboniferous Limestone, beyond which 
it is lost in its passage between two masses of that formation. 
About the centre of the inclined floor of the quarry another vein 
joins the above at almost a right angle, and cuts off another mass of 
Carboniferous Limestone; whilst, apparently joining the first vein at 
the north of the quarry, another appears, taking a somewhat irregular 
course in an easterly direction, and again subdividing the limestone 
into sections. Where the working has ceased on the south, another 
dyke of considerable thickness is present, which appears to have 
passed across from the quarry on the opposite side of the stream ; it 
is throughout of a deep-red colour, and yields some good samples of 
hematite iron-ore. 

The following organic remains have been obtained from the Mar- 
ston-road Liassic conglomerates, and from the Liassic dykes in the 
Holwell section. 

List of Fossils from Holwell. 

Cidaris Edwardsii. 
Pollicipes. 
Claw of Crustacean. 
Pentacrinites basaliformis. 
Crania. 
Discina (fragments). 
Rhynchonella concinna, Sow. 

rimosa, Zeten. 
variabilis, Sch/oth. 
subvariabilis, Dav. 

Spirifera Walcotti, Sow. 
Miunsteri (S. lata, Martin). 

Terebratula. Waterhousei, Dav. (T. 
retusa, Martin)... 

punctata, Sow. 
Avicula inzequivalvis, Sow. 

nuda, Moore. 
Tnoceramus. 

Grypheea incurva, Sow. 
Lima scrobiculata, S7o/. 
—— densicosta, Quenst. 

Deslongchampsii, S¢o/. 
Ostrea ocreata, Des/. 
Pecten sublevis ? 

verticillus, Szo/. 
Rollei, Szo/. 
palosus, Szo/. 

| Placunopsis. 
Plicatula sarcinula. 
Opis triangularis, Moore. 
Delphinula reflexilabrum, Horn. 
-—— nuda, Moere. 
Rotella macrostoma, Sfo/. 
Nerinza Hornerii, Moore. 
Phasianella turbinata, Szo/. 
Neritopsis laevis, Sto. 



MOORE—ABNORMAL SECONDARY DEPOSITS, 487 

Solarium lunatum, Moore. . Turbo solidus, Moore. 
Trochus Holwellensis, Moore. | ——, sp. 

latilabrus, Sto. | Amberleya Alpina, Sfo/., sp. 
gradatus, Moore. Fish-teeth and scales. 

Pleurotomaria Buchi, Desi. Belemnites, fragments. 
Turbo Orion, D’ Orb. Corals derived from the Carb. Limest. 

nodulo-carinatus, Moore. 

3. The Microlestes Quarry.—Passing again into the Shepton-Mallet 
road, from the section just noticed, several fine sections of Carbo- 
niferous Limestone may be studied. The first reached on the left 
is that from which I obtained so wonderful a harvest of Rheetic 
remains,—to which I propose to devote a special paper. The vein 
whence they came could then be traced taking an irregular east 
and west direction, and was probably a continuation of one of those 
described in the large section below. The limestone has since been 
worked back, and its position almost obliterated. Several other 
small veins may be noticed in this quarry, generally filled with a 
dense yellow or pinkish conglomerate, with occasional traces of 
Rheetic remains. Further up the road, on the same side, are other 
openings in which similar phenomena occur; but these we need not 
particularize. 

Just above the Microlestes Quarry, on the opposite side, is, how- 
ever, a remarkably fine section belonging to the Earl of Cork and 
Orrery, which deserves notice, and is the last I shall allude to at 
Holwell. 

On entering this quarry a very long section is seen, the floor of 
which is formed of Carboniferous Limestone dipping rapidly to the 
south. The north side of the middle part of the quarry is formed of 
a high wall of Carboniferous Limestone. At the eastern end of this 
may be observed the face of a dyke of Iias, four feet wide, which in 
its passage westwards has been left standing as unprofitable material 
by the quarrymen, being chiefly composed of carbonate of lime. A 
section of the vein itself at this point shows that, within the hme- 

stone walls of the vein, there have been deposited vertical layers of 
crystalline carbonate of lime, and then, occupying the centre of the 
vein, an inner deposit of Lias, from which were obtained Gryphea 
meurva, Rhynchonella furcillata, Belemnites, Avicula, &c., Liassic or- 
ganisms showing themselves abundantly on its weathered sides. At 
the western end this vein thickens to ten feet, and is there cut off 
by a north and south vein with indications of iron-ore, beyond which 
it can be traced in other workings to a considerable distance. At 
the southern entrance to the quarry another very thick dyke of Lias 
is present, against which a mass of thick-bedded Carboniferous 
Limestone has been left standing. When the material of these 
dykes is composed of limestone, which often happens, it so accommo- 
dates itself to the angular irregularities of the older rock as to ap- 
pear, when worked back upon, to be only a continuation of the 
same, the bedding seemingly passing from one into the other, and a 
careful examination is needed to distinguish the difference. When 
standing on the floor of this large section it is difficult to realize that, 
with the Carboniferous Limestone beneath your feet and everywhere 
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around you, you are really between two parallel vertical dykes of a 
much later age, which are probably continued through many miles 
of the Mendip district. 

Returning to Holwell, and following the valley in its northern 
direction to Nunney, the Carboniferous Limestone is worked near 
the Castle, and again a large dyke of Liassic age traverses it from 
east to west and passes under the Inferior Oolite immediately beyond. 
Towards Eggford the Carboniferous limestones are rather more con- 
tinuous than 1s shown in the Ordnance Map, as they may be traced on 
the eastern side of the Whatley road under the Oolite. An outcrop of 
Carboniferous Limestone in a pasture-field under the roadway shows 
that it is entirely an oolitic limestone of a much coarser kind than is 
usually seen; and the rock is much mineralized, occasionally contain- 
ing galena. Resting on the limestone are traces of the Liassic deposit 
noticed at Whatley. In a field above, a small shaft was sunk down 
to stratified beds of Inferior Oolite, when, resting on the latter beds, 
a rubbly deposit of sulphate of barytes, calamine, with a mixture of 
galena was passed through, of about a foot in thickness, these minerals 
being unquestionably of Oolitic age. 

4, Sections in the Vallis.—Crossing the turnpike at Eggford, a 
roadway at once leads into the Vallis; and a short way on may be 
observed a fine exposure of Carboniferous Limestone, the Fullers’ 
Earth in this direction encroaching upon it. On the southern side the 
stone first seen is the end of a.vein with a tendency to underlie to the 
south ; it rested against the outcrop of the Carboniferous Limestone 
before the quarry was worked back from this point. It is composed 
of different layers of variegated honeycombed limestone. Following 
this band towards the face of the quarry, there rests upon it thickly 
bedded masses of Inferior Oolite, containing abundance of Luma pec- 
tiniformis, Lima gibbosa, Echini, &c. In the southern corner and 
leading up to the top of the quarry, the Inferior Oolite is laid down 
upon the ancient Carboniferous-limestone sea-bottom, and has so 
accommodated itself to any inequalities in its surface as to make it ex- 
ceedingly difficult to determine where the one formation begins or the 
other ends. So intimately united are these unconformable deposits 
that the same hand specimen may show portions of each, with Litho- 
domi, of Oolitic or any intervening age, still retained in their burrows 
in the surface of the Carboniferous Limestone*. In this valley, as 
in all the others described, there can be little doubt that these lime- 
stones formed the sea-bottom during a greatly extended period. In 
the face of this section are several irregular vertical fissures leading 
down from the top, the first one being filled with a ferruginous or ochre- 
ous sand. This dyke thickens towards the bottom of the quarry, but, 
before reaching it, is apparently cut off by the limestone; it then for 
a short distance takes the plane of the bedding and again passes down 
vertically: at this point it is divided in the centre by a siliceous band 
1 foot thick, each side of which is composed of a ferruginous deposit 

* This had been previously noticed by Sir Henry de la Beche, in his valuable 
Memoir on the ‘ Formation of Rocks in South Wales and South-western Eng- 
Jand,” p. 290. 
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with traces of galena. North of this another vein leads down about a 
foot in thickness, almost wholly filled with sulphate of barytes. There 
are no organic remains to test the age of either of the above. The 
northern end of the quarry, like the south, is bounded by a dyke of 
considerable thickness, the sides of which are composed of vertical 
seams or beds of limestone, within which are cavities with crystal- 
line carbonate of lime, barytes, or patches of ferruginous sand, with 
occasional evidences of galena. ‘The sides of this fissure afford traces 
of organic remains ; and there is no doubt itis contemporary with those 
at Holwell, and of Liassic age. The surface of the Carboniferous 
Limestone above this vein is covered for a short distance with stra- 
tified Inferior Oolite. 

Following the valley to the north, the sides are now clothed with 
wood for a considerable distance, and no doubt cover up interesting 
physical phenomena. Towards Hapsford the first quarry reached is 
again bounded by a vertical Liassic infilling, 2 feet in thickness, 
following which the Carboniferous Limestones are much contorted. 
From an examination of the beds above the limestone, I have evi- 
dence of the presence of horizontal deposits of Rhetic age. A thin 
bed of a waterworn pebbly conglomerate, which will be found con- 
tinuous and of greater thickness in succeeding sections, makes its 
appearance, resting for a short distance immediately on the Carboni- 
ferous Limestone. In the southern corner this gives place to an 
altered limestone, which, though scarcely distinguishable from the 
Carboniferous Limestone, is probably Liassic. In a trough which 
reaches down to the Rheetic deposit, encroaching also on the Lias, 
and partly covering it, we then have regularly stratified beds of In- 
ferior Oolite, 8 feet in thickness On examining the face of the lime- 
stone below these unconformable beds, we find, a few yards from the 
first vein at the south, several smaller veins of only two or three 
inches each in thickness, composed at the sides of a light-yellow 
stone, with veins of spar within, affording a well-marked distinction 
from the darker Carboniferous Limestone. These are followed, about 
seven feet beyond, by a vein of 6 inches, which passing upwards 
meets the former under the Lias, and may therefore be referred to 
that age. Fifteen feet of limestone succeed, and then a series of 
ferruginous-looking disturbed fissures, 2 feet; next, limestone, 27 
feet, and then a small vein of vertically laminated yellow limestone; 
Carboniferous Limestone, 24 feet, divided by a small vein with 
pockets of hematite iron ore ; limestone, 90 ft., on the top of which 
rests Rheetic conglomerate, and then a contorted vein of 18 in., 
which passes upwards and meets the base of the conglomerate. 

An unopened piece of ground of 80 feet leads to another opening, 
in which the extraordinary variety presented by these sections is 
again manifested. The quarrymen appear to cease their work- 
ings on meeting the unprofitable material composing the fissures 
when they are of any thickness; and here once more the quarry 
is bounded on the south by a vein, 4 ft., composed entirely of 
carbonate of lime, which is seen to pass upwards through the 
Rhetic beds, and meets the base of the Inferior Oolite, and 
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may therefore, though we have no direct evidence on this point, 
be as young as that formation. I have already referred to this 
quarry in the Society’s Journal, vol. xvii. p. 497; and it has 
also been given by Professor Jones in his Monograph on “ Fossil 
Kstheria,” p. 73, in the Palzontographical Society’s Monographs 
for 1862. The limestone has been worked to a depth of about 
15 feet, and has a dip of 35° N. W., which is much increased in 
sections adjoining. The surface of the limestone is quite horizontal, 
and has a capping of Rheetic blue clay, 4 inches thick, noticed for 
the first time in this district, containing numerous Avicula contorta, 
Ostrea intusstriata, Chiton, Pollicipes Rheticus, and reptilian and fish- 
remains of true Rhetic age. The conglomerate noticed in the last 
section has been continued in this direction, but has increased to 
2 feet thick; and mixed up with its rounded siliceous pebbles 
occasional fish-teeth and scales are found. Another bed of blue 
clay, 4 inches, with but few organisms, succeeds, and then another 
bed of conglomerate, 4 inches. This conglomerate is less dense 
than the former, and contains fewer pebbles. In the cream-coloured 
matrix which encloses them, the little crustacean Estheria minuta 
is occasionally found. Above succeeds a grey clay with thin lme- 
stone bands and nodules, within the lamine of which are little nests 
containing many Hstherie, associated with plants and wings of Cara- 
bide. Above this 1s stratified Inferior Oolite, 12 feet, with conglo- 
merate at its base. Corals of Carboniferous-limestone age are found, 
not only in the Rheetic conglomerate but in the Inferior Oolite, in 
close proximity to the Lthynchonella spinosa. 

Several small openings immediately following, in which are two or 
three Liassic dykes, lead to the last section I shall give, close to 
Hapsford, in which*is found a considerable change in the Rheetic 
deposits. 

Section at Hapsford Mills. 
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sgiB line Claiy, pawbline p46; 255 0k, ce becick mathe ude tence ekg Sects ee e 

0 
0 

Sirabined.compelomenabe. jsp. secon encase sacar eas cece eee 0 
UB. ¢ Lo. teense He ge arse re Wali soe eatact rec ee eae er eee eee 0 

0 
0 
1 
0 

1.0 tats 
= 

mone lomerate tly: esa res he CARR ess ieee en eee 
Gay: “a4 oe biases uals cece ek hee tek 8 as eee Re te 

=, Bed.oficonglomierate: ty.z 4. sheen dagete: Best dase eeslegwenae ence ee 
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10: Blue marl with flattened pebbles © 22... 222.20. 12 0--seseeeec nen 
11. Irregular conglomerates surrounded by blue pebbly marls 3 
12. Series of thinly laminated grey marls without any trace of 
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14. Stone in lower corner, lithologically like “‘ White Lias,” but 

without any trace of organic remains, about ...... Sees 2 
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In this section organic remains of Rheetic age are abundant. Some 
blocks of the conglomerate contain many examples of Avicula con- 
torta and Ostrea intusstriata, with Cardinia, and also a large Discina 
—probably D. Townshendi ; but it is unfortunately generally crushed. 
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Ostrea fimbriata, Moore, is especially plentiful, and affords fine 
examples. As the shell is nearly always attached to the upper 
surface of the conglomerates, it is evident that the beds in this 
quarry have been accumulated at intervals, and less rapidly than 
might be supposed with a series of conglomerates. It is matter of 
regret that the thin laminated marls, No. 12, have not yielded any 
fossils, as they appear so suited for the preservation of any delicate 
organisms, such as Estheria, Plants, or Insects. The stone, No. 14, 
only occupies the lower corner of the section, and is lithologically so 
like the White Lias in its fracture, and the stratigraphical position 
in which it should be found above the Avicula-contorta beds, that I 
cannot help referring it to that horizon, though it is unknown 
for some miles. The Rheetic beds have no superficial development in 
a northerly direction beyond, but pass at once under Inferior Oolite, 
which is seen in the Hapsford road, and which, in the Radstock rail- 
way, attains an exposed thickness of 30 feet. At its base in this 
district this formation is at times highly siliceous and conglomeratic. 

5. Gurney Slade Inassic Dykes.—My previous observations have 
had reference to the entire south-eastern breadth of the Mendip Car- 
boniferous Limestone. That the Liassic infilings pass completely 
through the Mendips from east to west there cannot be a doubt, as 
they are to be recognized at points widely asunder. They occur 
again at Gurney Slade, about nine miles from the sections I have 
just been describing. At this place there is a large quarry on the 
right of the roadway leading from Old Down to Gurney Slade, where, 
in the middle of the Carboniferous Limestone, the quarrymen have 
left a large Liassic dyke standing up like a wall, and dividing the 
quarry into two parts. It is about 4 feet broad by 121in height, and 
is, like those of Holwell, made up of vertical bands of stone, often in- 
termingled with veins or pockets of excellent hematite iron-ore, and 
presenting all the attendant characteristics of a mineral vein. An 
examination of the sides of the deposit, particularly on the northern 
side, reveals the presence of a number of Pentaciinites, Rhynchonella 
variabilis, and other Liassic fossils. 

Proceeding again another eight miles west of Gurney Slade, the 
same phenomena are present in the midst of the old Roman lead- 
workings of Charter House, and on the most elevated tableland of 
the Mendips. 

6. Charter House Liassic Lead Mine.—The mineral districts com- 
prised in this part of the Mendips and Priddy were extensively 
worked during the Roman occupation ; and the great industry they 
manifested is shown by the enormous quantity of refuse slags and 
slimes left by them in some of itsvalleys. Owing to their imperfect 
mode of working, about 123 per cent. of lead remains, which is now 
being extracted by several companies. In general, the lead-ores of 
the district “prove” near the surface; and so well and completely 
did the Romans appear to have exhausted the veins, that little has 
subsequently been worked profitably. I paid a visit to a shaft 
which had been sunk as an experiment by one of the companies, but 
which had lately ceased working, at Charter House Warren. It is 
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situated to the north-west of the highest Carboniferous-limestone 
platform of the Mendips. A mile to the north, the Old Red Sand- 
stone, surrounded by the Carboniferous-limestone shales, is present, 
the Carboniferous Limestone itself, both on its north and south 
flanks, being fringed by Dolomitic Conglomerate, beyond which the 
New Red Sandstone succeeds. 

The nearest horizontal deposit of Liassic age to the north is at 
Nempnett, 24 miles distant, which yields Pecten Pollux and Lima 
tuberculata. Two miles to the east, above Harptree, a Carboniferous- 
limestone basin is filled with a siliceousLiassic deposit, in which are 
an abundance of Lima gigantea and Pecten Pollux, whilst to the south- 
west this formation is six miles removed. 

In examining some blocks of conglomerate brought out of the 
above workings, I detected part of a Cidaris Edwardsu, and was 
thus induced to give a closer attention to it than I otherwise in- 
tended.. The shaft was then covered up; but near it was a small 
heap of blue clay in which I found Rhynchonella variabilis and 
fragments of other shells, evidently of Liassic age. I was in- 
formed by one of the miners that this clay had been brought from 
the lowest part of the mine, before it had ceased working. To prove 
the correctness of this statement, and learning that the ladders had 
been left in, I induced the manager of the adjoining works to un- 
cover the shaft that I might go down for its examination,—a work, 
from the state of the shaft, not unattended with some danger. On 
descending I examined several of the upper galleries, and found 
the materials therein chiefly composed of crystalline carbonate of 
lime, giving place occasionally to sulphate of barytes, conglomerate, 
and thin bands of vertical limestone, with all the ordinary features of 
a mineral vein. From the end of one of the galleries, at a depth of 
about 90 feet, I secured some samples of what appeared to be a 
sandy deposit, but which, when washed, was found to be almost 
entirely composed of the dismembered joints of Hncrinites, chiefly (if 
not wholly) of Carboniferous-limestone age, and with occasional 
small pebbles of hematite iron-ore. 

Proceeding to the bottom of the shaft, at a depth of 270 feet, I 
had the pleasure of reaching the object of my search, and there 
found a deposit of deep-blue or greenish clay, 12 feet thick, giving 
the appearance of having in places been deposited in thin horizontal 
layers, and therefore slowly, whilst at other spots 1t presented a more 
conglomeratic character, and contained drift wood, pebbles, &c. Owing 
to the difficulties attending the undertaking, and its satisfactory issue, 
I never returned to daylight with greater satisfaction than on this 
occasion. Having arranged for the removal of a quantity of the clay 
to Bath, it was there subjected to a long examination, and resulted 
in my obtaining a fauna in great part new to this country. 

Although certain that the deposit belonged to the Lower Lias, I was 
then unable to determine with any precision the exact horizon it 
would occupy when compared with any of the known stratified beds. 
There can be little doubt that the Liassic seas at this period occu- 
pied the profound depths of the Carboniferous-lmestone fissures, 
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within which the organic remains were probably living, contempo- 
raneously with the deposition of Liassic beds at other points. The de- 
licacy and perfect condition of the fossils show that their presence 
is not due to the denudation and the redisposition of previously ex- 
isting beds within the fissures. 
We may deem it a most interesting fact, and one most difficult to 

account for by those who still advocate the Plutonic origin of mineral 
veins, that from this one locality there have been obtained at least 115 
species of fossils below the Mendip horizon for workable minerals. 

A few of these in the vein above, and also in the clay at the base, 
are,as might be expected, derived from the Carboniferous Limestone ; 
but these species are readily distinguished from those of Liassic age, 
and are not more than twenty in number; they consist chiefly of 
different species of Bryozoa and Corals, with three species of Brachio- 
poda, viz. Terebratula hastata, Orthis Michelini, and Atrypa. 

I found, therefore, under these peculiar circumstances, about 
ninety-five species of Lower Liassic organisms—a larger fauna than 
had to this time been obtained from any stratified bed of that age, 
or, I might almost say, from the whole Liassic formation in this 
county. Although the veins are chiefly productive in their upper 
portions, the blue clay in which these remains are found is mineral- 
ized, and contains almost 7 per cent. of galena. The wood in it is 
converted into jet, and its cells filled occasionally with that mineral. 

On perusing the following list, and comparing its general fauna, 
it will be seen that many of the species are identical with those from 
Brocastle in South Wales; and these, again, with others from the 
Sutton Stone, to be hereafter noticed; whilst both those localities 
will be found to have species in common to the so-called Infralias 
of the Cote d’Or, Valogne, Luxembourg, and Hettange. 

By an accident, several species of Foraminifera, in addition to the 
twelve given in the list, were lost. Theae are intimately con- 
nected with those from the Foraminifera-zonset the top of the Lower 
Lias at Camerton. Eleven species of Entomostraca are included in 
the list; and for their examination I am indebted to my friend 
Professor Jones, F.G.S., who, however, assures me that the known 
forms belong to species occurring in the Carboniferous rocks, some 
having been found also in the Permian; and that the new species 
have their allies in the same deposits. The Brachiopoda are of 
nine genera, several of them being specifically identical with forms 
from the Upper Lias and Inferior Oolite. Leaving out the minute 
Gasteropoda, which appear to unite this deposit with the conti- 
nental beds, the general facies of the former would connect it with 
the wpper portion of the Lower Lias; and the presence of Belemnites 
acutus, which hitherto has not been found lower than the upper 
part of the Ammonites-Bucklandi beds, would strengthen this con- 
clusion. Several small casts of Ammonites were found with them, but 
cannot be recognized specifically. 

7. Terrestrial and Freshwater Fauna.—Both paleontologically and 
as bearing upon my view of the former physical condition of the Men- 
dip Hills, the recognition for the first time of a terrestrial fauna will 
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be considered of some interest. From the Tertiary beds downwards, 
until the discovery by Dr. Dawson (see Lyell’s ‘ Elements of Geology,’ 
Gth ed. p. 508) of a species of Pupa in the coal-beds of Nova Scotia, 
no evidence had been obtained of any terrestrial Mollusca, and there 
still remains this -wide interval to be filled up. In this I have 
much pleasure in assisting, by recording the presence of three gen- 
era of land-shells at the bottom of the Mendip Mine, in the deposit 
above noticed. These are Vertigo, Proserpima, and Helix. Ihave 
the honour to propose for them the specific names Vertigo Murchi- 
soni, Proserpina Lyelli, and Helix Dawson. A single seed-vessel 
of Chara, which unfortunately is not in good condition, indicates 
the presence of aquatic plants; and the occurrence of the genera 
Valvata and Planorbis establish the presence of terrestrial streams, 
and their communication with the Mendip fissures. 

List of Organic Remains from Charter-House Lead-Mine, 270 feet 
from the surface. 

Chara liassina, Moore. 
Drift-wood, Jet. 
Cristellaria rotula, Lamk. 

costata, D’ Orb. 
Dentalina communis, D’ Orb. 

obliqua, Linn. 
obliquestriata, [ezss. 

Frondicularia striatula, Rezss. 
Involutina hassica, Jones. 

» Sp. 
Marginulina lituus, D’ Ord. 
Nodosaria raphanistrum, Linz. 

radicula, Linn. 
paucicostata, Reuss. 

Planularia Bronni, Roem. 
Pentacrinites, joints of. 
Cidaris Edwardsii. 
Echinodermata, several species. 
Ophioderma, joints of. 
Serpula, sp. 
Pollicipes rhomboidalis, Moore. 
Crustacea, claws of. 
Bairdia plebeia, Reuss. 

brevis, Jones & Kirkby. 
Cythere bilobata, Miinsz. 
—— fabulina, Jones §& Kirkby. 
—— intermedia, Miins?. 
—— ambigua, Jones, MS. 
— xqualis, Jones, MS. 
—— spinifera, Jones, MS. 

Thraso, Jones, MS. 
Kirkbya plicata, Jones & Kirkby. 
Moorea tenuis, Jones, MS. 
Bryozoa, sp. 
Argiope. 
Crania. 
Lingula. 
Rhynchonella variabilis, Schloth. 
Terebratula punctata, Sow. 
Spirifer, fragments, several sp. 

Thecidium Moorei, Dav. 
triangularis, D’ Ord. 

Zellania Davidsoni, Moore. 
Laboucherei, Moore. 

Lima, sp. 
Plicatula spinosa, Sow. 
Astarte, sp. 
Cardinia multicostata. 
Cuculleea. 
Leda Heberti, Martin, non Titei. 
Nucula, sp. 
Opis, sp. 
Cerithium gratum, Terg. 

rotundatum. 
paludinare, Zerg. 
Semele, D’ Ord. 

Chiton. 
Fissurella. 
Helix Dawsoni, Moore. 
Melania alternata, Zerg. 
Nerina Mendipensis, Moore. 
Orthostoma frumentum, Zerg. 

triticum, Zerg. 
Planorbis Mendipensis, Moore. 
Pleurotomaria expansa, Sow. 
— Mendipensis, Moore. 
Proserpina Lyelli, Moore. 
Straparollus tricarinatus, Marv. 

Oppel, Marz. 
Solarium lenticulare, Terg. 
Trochus nitidus, Terg. 

edulus ? Szo/. 
sp,. 

Turbo, sp. 
, Sp. 
Piettei, Martin. 
aranus, Martin. 

— Martini, Zerg. 
tumidus, Moore. 

Turritella Humberti, Martin. 
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Turritella Howsei, Moore. Derived from the CARBONIFEROUS 
Valvata anomala, Moore. | LIMESTONE. 

pygmea, Moore. | Terebratula hastata, Sow. 
Vertigo Murchisoni, Moore. | Orthis Michelini, Koz. 
Ammonites, 2 sp. | Atrypa, sp. 
Belemnites acutus, M7//. | Spirorbis. 
Fish-remains abundant,includingteeth | Serpulz. 

of Acrodus, Hybodus, Lepidotus, &c., | Encrinites. 
representing about ten species. | Bryozoa, various species, 

Ichthyosaurus, tooth of. | Corals, several species. 
| Echinodermata, 

- V. [Tue Bata District. 

Having described the peculiar conditions under which the Secon- 
dary rocks are found south of Bath, I shall proceed to show, as I 
have before stated, that their unconformability is generally still con- 
tinued in this direction. 

The eastern edge of the Somersetshire coal-field no doubt passes 
close to, if not immediately under Bath, the continuation of the 
Carboniferous Limestone in this direction having been proved in the 
trial for coal at Batheaston. Small exposures of the same limestone 
occur at Grammar Rock, under Lansdowne, and at Wick and Cod- 
rington, clearly marking its eastern outline. The city of Bath is 
surrounded by Oolitic beds, except to the west, where they give 
place, in the valley towards Bristol, to Liassic, Rheetic, and Triassic 
beds, and to the Coal-measures. A series of north and south faults, 
which probably intersect the coal-basin, have brought up these older 
deposits, and given them, close to Bath, an inclination to the east. 
The surface of the Bath basin is covered with Postpliocene drift, 
containing abundant traces of extinct mammalia. Wherever these 
are passed through, they are found to le on the upper blue marls 
of the Lower Lias, which present long lines of furrows, channelled 
out either by glacial action or the effects of Postpliocene erosion. 
The Rheetic and Liassic beds are continued through the western 
opening to Twerton, Weston, Saltford, Willsbridge, Keynsham, and 
Bristol. The chief section in which the Rheetic beds have been 
exposed was at Saltford ; but there at present only the Upper ‘‘ White 
Lias” portion is seen. At all these places, excepting Keynsham 
and near Bristol, the horizon of Lower Lias worked is the Am- 
monites-Bucklandi series, which usually rest unconformably upon 
the White Lias, and there are therefore absent from the greater 
part of the Bath district the zones of the Insect and Crustacean 
beds, the Ostrea-, and the Ammonites-planorbis beds of the sections 
at Camel and Beer Crowcombe*. 

1. Pinch’s Well—A section of the beds below Bath, to the west, 
was made under the following circumstances, which are recorded by 
Mr. Armstrong, C.E. (‘ On the Tapping and Closing of a Hot Spring,” 

* In the railway-cutting now in course of excavation at Newbridge Hill, 
thin representatives of the Ostrea-beds are present immediately above the 
Rhetic series, but are almost immediately overlain by others containing 
Ammonites angulatus and A. Bucklandi. ; 
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1838) :—At a brewery in Kingsmead Street a well was sunk for 
an additional supply of cold water; but, in more ways than one, 
the proprietor got into hot water. A well 60 feet deep was first 
sunk, which was bored an additional 19 feet, and afterwards con- 
tinued 91 feet more, making in the whole 170 feet. Very little 
water was found at 60 feet; and there was little increase until the 
boring had reached 79 feet, when the well-sinkers found a spring 
which yielded 50 hogsheads per day at 80° of heat; in the second 
operation they had no sensible increase, until they had reached the 
depth above stated. They had bored about a foot into the “ red 
ground,” and on leaving work left their rods in the hole. Next day 
they found the water running over the top of the well at 99°. On 
the rods being removed the water continued to discharge 114 im- 
perial gallons per minute.” At this well the hot-spring was tapped 
which supplied the baths 250 yards distant, the water in which very 
sensibly diminished, both in quantity and in temperature. The en- 
gineering operation to stop the spring and restore it to its original 
course was one of much difficulty. 

The beds passed through show most clearly their succession under 
this part of the city,— fo in. 

1. Black marl (Upper blue marls of the Lower Lias) ......... 50 0 
2. Thin beds of blue Lias, succeeded by blue Lias nearly solid 40 0O 
3 {Thin t TIRAS Soe peel steep sched ume ne Be Bas ge eda Ears eee 40 0 

>| hin beds of White Inas and clay, =... 2..:.225-5-..0 es tseee 16 0 
AN ery winite Clay ike. ci css ts <cre-deanswice ee cnn e ce ene ce eee 12 0 
5 Very black sulphurousiclay 2 .4....05002<.caeee- oe toe ee eee 1 ag! 

6. Dark-red soil where the water rises .4........0:cebeecneseneues LO 

170 0 

There can be no doubt from the above that the Bath hot water was 
tapped at the junction of the Keuper and Rhetic beds, and that 
it reaches its present springs from a westerly direction. The dark- 
red soil represents the Keuper Marls. The black sulphurous clay, 
and probably the “‘ very white clay” above, belong to the Rhetic 
Avicula-contorta series. . The White Lias tells its own tale; and the 
nearly solid and other beds of the Lias above belong to the Ammonites- 
Bucklandi and A.-angulatus beds, which we find coming to the sur- 
face at Locksbrook and Weston beyond. When the coal-shaft was 
sunk in 1815 at Batheaston, 23 miles north-west of Bath, a con- 
siderable body of tepid chalybeate water was reached at the same 
point, which is flowing in considerable quantities from the shaft to 
this day. It is said (but with what truth I know not) that the 
Bath springs were affected by the continuous pumping operations 
that were then carried on. Although the waters may have been 
reached at the junction of these horizontal beds, their source is likely 
to be more deeply seated, amidst older disturbed rocks, which are 
probably to be found not far below the Bath basin. _ . 

It is worthy of remark that in the wells connected with the baths 
there is a regular but slow accumulation of quartzose sand, amongst 
which may often be found hazel-nuts and many seeds, beautifully 
electrotyped with iron pyrites, and also Liassic and Oolitic organisms, 
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and fragments of bones of extinct mammalia of the Postpliocene 
period, which must have been brought away from the gravels by the 
water in its passage through them to the surface. 

2. The Ammonites-Bucklandi Beds.—The Ammonites-Bucklandi 
beds of the Bath sections are about forty in number, but vary in 
thickness in almost every quarry. ‘The upper beds are usually 
brown; but they are followed below by a series of irregular beds, 
with clay partings of a deep-blue colour, all of which have evidently 
in their times been eroded by water. These rest on the “ White 
Lias,” which is invariably present, but, owing to the interposed 
beds just mentioned, is not often reached. It is seldom that any 
section exceeds 25 feet in depth. The beds at Weston are most 
largely worked, and afford an abundance of the organic remains of 
this horizon, the list being given below. The Bath and Mangots- 
field Railway passes through the middle of the Weston quarries, and 

- has opened up their succession from the Ammonites-Bucklandi beds 
through the “‘ White Lias” and Avicula-contorta beds to the Upper 
Marls of the Keuper. 

The section in the Saltford Railway-cutting affords a fine exposure 
of these beds. This section was carefully prepared by my friend 
William Sanders, Esq., F.R.S., and has been given by Dr. Wright in 
his paper “On the zone of Avicula contorta, and the Lower Lias of 
the South of England,” in the Society’s Journal, vol. xvi. p. 399. 
In this section the Ammonites-Bucklandi beds, with associated <A. 
angulatus, Lima gigantea, Ostrea arietis, and an abundance of 
Gryphea incurva, are seen resting immediately upon the Rheetic 
White Lias. 

The lithological distinction between the thick-bedded cream- 
coloured “‘Sun-bed” of the White Lias and the unconformable 
Ammonites-Bucklandi beds is so marked as to be perceptible to any 
geologist, however rapidly he may be passing by train through the 
cutting, at its eastern end. 

In the Weston quarries a bed called the “ Gutter Bed” shows in 
its weathered edges many of the Gasteropoda of the Cote d’Or sec- 
tions. This bed is close below the “ Red Bed” in the same quarries, 
containing an abundance of Ammonites Bucklandi, above which also 
the same Gasteropods pass. A thin but very persistent bed of in- 
durated marl occurs at the top of all the sections, which will be 
again referred to in describing the section at Keynsham. 

List of Organie Remains from Weston, Bath. 
Plante, sp. Spirifera Walcottii. Lima duplicata. 
Foraminifera, sp. Terebratula punctata. Ostrea arietis (O. multi- 
Montlivaltia Sinemurien- strangulata, Martin.| _costata, Terq.). 

sis, D’ Orb. Anomia irregularis, Terg. | intusstriata. 
Echinodermata, sp. pellucida, Zerg. liassica. 
Serpula. Avicula inzquivalvis. irregularis. 

infraliasina, Martin. | Pecten Pollux, D’ Ord. 
Acie 

Normania mundula,Jozes. | Inoceramus. 
Cytherella aspera, Jones. | Lima gigantea. Plicatula Hettangiensis, 
Rhynchonella variabilis. Hermanni. Terg. 

Cythere. Gryphea incurva. | 

VOL. XXIII.—PART I. 2M 
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Arca pulla, Zerg. ' | Cerithium Semele, D’ Orb, | Turritella Humberti, Wrz. 
Astarte, sp. trinodulosum, Mar-| Ammonites angulatus. 
Cardinia Listeri(C. Eveni, tin. —— Bucklandi. 

Terq.). —— Collenoti, Martin. Conybeari. 
Cardita multicostata ? —— gratum?, Zerg. —— Turneri. 
Pinna folium. Chemnitzia polita, Martin. | ——,sp., young, as at Bro- 

semistriata, Zerg. Dentalium. castle. 
Cucullea similis, Zerg. Littorina clathrata. Nautilus lineatus, Sow. 
Modiola producta, Zerg. | Melania abbreviata, Terg. intermedius, Sow. 
Myacites. Pleurotomaria Anglica, | Rhyncholites. 

, Sp. Sow. Geoteuthis, hooks of: 
Nucula, sp. expansa, Sow, Acrodus, teeth of. 
Pholadomya ambigua, trochotoma: Hybodus, teeth and spines. 

Sow. ——-, sp. Leptolepis. 
Unicardium cardioides. Trochus Piettei, Martin. | Ichthyosaurus, bones of. 

, Sp. Turbo liassicus?, Martin. | Plesiosaurus, bones of. 

38. Willsbridge Section of Lower Lias, Rhietic, and Keuper Forma= 
tions, and Coal-Measures.—The Mangotsfield Railway, after passing 
through the sections at Weston just mentioned, continues on the 
Keuper Marls until it crosses the River Avon, at Saltford, where it 
again intersects the Ammonites-Bucklandi beds. It then soon turns 
to the north, and at Willsbridge, before it enters the coal-district, 
reveals the following most interesting combination of rocks of dif- 
ferent geological eras, within a distance of less than 100 feet :— 

1. Lower Lias. ft. in. 
Series of 25 beds of Lias, with intervening beds of marl, 

occupying the centre of a small trough containing Lima 
gigantea, Nautilus, &e. Ge. viscseeev ees ssaeina Soeaness tageueantae 8 10 

2, Rhetic Series. 
a. \Winite Wias © cecksteaabcacaaessscha set ess saa vacseaseaepes pee temeeeeee O 52 

Ditto Pe ee ee eee ee ee ee oe ed O 74 

Ditto adh eb aids WETCET LAT TTL Eee eee ee 0 10 
Shale . yajatey aie Sralnaife «) vitre/B/elmlelele stele elefeie; Sinreiaie nie Cuneo oo Soa och Iacocca sO 0 3 

White Lias ........ re ee er 0 43 
Ditto afafatalcraiaiaiclefelstelereieletvelelere sfotelatoletehelstaleialetareleleielatelsleretaicistalatatatataleiet 0 

DUO badness eeed stab ows cauesas ses ce tee eee eee 0 
5 
2 

Ditto, various rubbly beds, with Arca, Axinus, Pteromya, 
Modiola, and Avicula decussata on the surfaces of the beds 0 9 

b, Laminated light-blue clay, with Hstherta minuta, Cythere 
iaassved, AUVICUld MECUSSATE; SlCr: vo45 cic cts cht och ican eee eene 4 0 

e. Occasional bands of conglomeratic stone, with fish-scales 
&e., occasionally passing into ‘‘ Landscape-stone” ...... iv 

d. Light-grey conchoidal Marlstone, sometimes passing into 
layers of indurated Marlstone, full of comminuted shells, 
and often yielding good examples of Cardium Rheticum, 
Pecten Valoniensis, Axinus concentricus, and Cardita, 
WIth Plamt-likO Impressions «2. .tzscc.:s+.- sees asecber sss: thes 6G 

é. Blue laminated clay, crowded with Rheetic shells............ 6 O 
J. Black laminated slaty clay, with numerous large coprolites, 

bones of Plesiosaurus rugosus, fish-scales, teeth, and 
Disciia Townshend’ .axeescawaeryeviai0s Westies ova cososevcssact 4 0 

g. Conchoidal lght-blue mal .ctissiivics:savsiees.cce.ecsseh ates div @ 
3. Keuwper. 

Variegated red and blue marls, with Sulphate of Strontia 
passing into regularly bedded New Red Sandstones, with- 
QUE OVBAMISHIE tis... sc0cessesns sh eexeennss baum eae UNee ais about 25 0 

4, Coal-Measures: 
Thickly bedded Pennant rock, deeply coloured by iron. 
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The Lias in this curious section is most regularly bedded, and is 
seen by reference to the diagram to occupy the centre of a small 

trough, into which its beds are 
compressed, with the Rheetic White 
Lias asregularly underlyingit. The 
Avicula-contorta series below was 
largely opened; and I have never 
had the pleasure of seeing any 
other section to be compared with 

= Mi) Ee <= it. The Keuper Marls and rocks 
32 Shh || S of the New Red Sandstone were 
3 aS, WN Fa met with at the southern end of 

BEE) RON \ 32 the cutting; and all were abruptly FEE TIN \ & = cutoff at a short distance to the 
BE (ISXX SV Z&_)sonorth by the Pennant rocks of the 
a INAS 42  Coal-measures, through which the 

UY Wy) E orailway is afterwards continuous 
2 NW Ve -@ to Mangotsfield. 

= \ WaT A Se a Although the present conforma- 
o AHH eGs SOs : . 
2 j Ele S28 tion of these beds is due to sub- 
COWS AL th Ss. sequent ‘disturbance, the peculiar 
“NM Uy ay} oo es thickening of the Avicula-contorta 

series below the White Lias to the 
south would lead me to suppose 
that they must have been deposited 
on an uneven sea-bottom. 

At the base of the Lias in this 
cutting there are thin representa- 
tives of the Ostrea-liassica beds, 
but without any trace of the In- 
sect and Crustacean beds as in the 
section at Camel (p. 462). The 
‘¢ White Lias ” which follows is re- 
duced to a few beds of less than 
four feet in thickness. 

The surface of the laminated 
clay (26) is often entirely covered 
by Cythere lassica, the specimens 

Hig. 4.—Section of the Willsbridge Railway -cutting. 

Avicula-contorta series). 

2. Rheetic Beds (White Lias and - 

= being generally so uniformly ar- 
ranged lengthwise as to show the 

= direction of the current of the 
Rig water by which they were last 
fs washed. 

ad 
a 

a 

aa 

> > 

=. 
Se 

Large coprolites in the bed 2 f 
—s led me to look carefully for rep- 

; iH tilian remains; and although it 
d Ki was not so rich as was expected, 

\Y . . 
N I obtained from it scattered ver- 
\ tebrae and a large humerus of J’/e- 

siosaurus rugosus?; and this bed is noteworthy also from my being 
2m 2 
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able to fix it as the horizon of the large Discina Townshendi, David- 
son, of which I secured two specimens. 

No separate bone-bed occurred in this section. Rheetic bones and 
teeth were either distributed throughout the strata or were found 
washed into any little depressions in them. 

In most of the sections to which reference has been made within 
the coal-basin, the lower beds of the Lias, included in the zones of 
the Insect-limestones, the Ostrea-beds, and the still higher ones of 
Ammonites planorbis and Ammonites angulatus as a distinct horizon, 
are wanting; and everywhere the Ammonites-Bucklandi beds, with 
Ammonites angulatus associated, repose immediately on the Rheetic 
White Lias. 

One of the most important zoological features incident upon the 
very thinly represented and unconformable conditions of the Lias 
within the coal-basin is the paucity of Saurian remains within the 
area; and the same observation applies to the Liassic beds in con - 
nexion with the South Wales Carboniferous Limestones. In no part 
of the latter district have I yet found a single Saurian bone; and 
their absence south of Bath is most marked, notwithstanding that 
at Lyme and other localities they are so abundant in the Ammo- 
nites-Buckland: beds. They appear more plentiful from Bath to 
the western edge of the coal-basin, but even there are usually met 
with only as scattered bones; and I have no hesitation in saying 
that, outside the coal-basin, more reptilian remains would be found 
In one year in a single quarry than in all the Liassic workings put 
together within the basin south of Bath. 

4, Sections near Bristol—The quarries of Bedminster Down are at 
the western edge of the Somersetshire coal-basin ; and it is interest- 
ing to observe that with them we have a return to the ordinary con- 
ditions, and to the succession from the Keuper Marls upwards, of 
the lower typical beds of Camel and Beer, although they are not so 
thickly represented. 

Section at Bedminster. 

Rhetic White Lias. ft. in. ft; Wt. 
1. Thin layers of light-blue - (1A. Mavl ~.0 8) soci se aceon 038 

stone and marl, ex- 12. Ostrea-bed 1M: ieee 0 2 
es ae a ee 20 LES SU ROPTARS Bacumear ess ae0- 0 2 

2. Rubbly White Lias, with LA PD UGCO™ cceanda sa eeence ae 0 4 
very numerous shells 2 0 LS aN hel RAP 03 

23 Nain asl caked ee at 02 | « | 16. Ostrea-bed ............... 0 45 
A, Wihibe Tuas 1a .sheb. 02 |B | 17. Marl we 02 
TMNT cheeks. Amide Wa 01 5, | IS., Ostrea-bed, 2... 2. ssa 02 

Gr Wibite Witas Ace ese. 03 2 ’ 19. Ditto ess eseereeeees 02 
Marist eit A Ml Ort | 20. Miah ce nts aceon O01 

8) White faas..:.20..0.0 Qiaz | © | 21. Ostrea-bed 2...) tees 03 
© Vales ss ke ee 03 22. Marl tase Ort 

23. Ostrea-bed. ....ssssn00-at8 0 3 
Lower Lias. 24. Marl - ees eee 06 

10. Insect and Crustacean 20. Ostrea-bed. <, vou. .aseee Q) 22 
BODES econ ot lin, to 08 26. "Ditto: ¢. cee eee 03 



ft. in ft. in 
2 oR aes ee 06 GS ROWE: omceraieapeanb anskeAnaane 05 
28. Stone, with numerous Lima OO MR rere eee omer sac 03 

gigantea, Ostrea multi- 40, Stone in thin lamine, with 
costata, Lima tuberculata 0 7 Ammonites planorbis and 

<1 ul 2S ea ees 08 WIRES 252. Binet 07 
SUNDER So 5 oi3.-5 2-5 hanes acne 07 41. Laminated clay ............ 13 
3l. Marl, numerous Entomos- OSS 4s 1 ee Se eared 08 

perme es ahs SS DAR Sy Pe Cha eek - an eencaees one 0 2 
25-3 a ee ee 07 Aa Wesipuiee Fite. hs too ae 03 
pete WEEE. Das pe wan saan ~odetcenige 02 ze 0 geen, Mere eee age 04 
pa ora hadnt Ot oan 03 SUS (1 (ae ee ny a 06 
Et LE: Eas hie ieee 04 47. Rubbly stone and clay to 
Seam IDET OES Sala gape eee 3s anc 03 1) On 0 a iain iat eee Re alae 30 
i a ae 038 

In the road under the Waterworks the variegated Marls of the 
Keuper are visible. Above, near the works, a trench had been cut 
across the outcrop of the White Lias with the Insect and Crustacean 
bed, No. 10, and the Ostrea-beds succeeding. On the top of this 
were drifted blocks, in which were at once to be recognized Pecten 
Pollux, and Lima tuberculata, characteristic bivalves of the Sutton 
Stone, which I subsequently found in situ in bed No. 28 of the above 
section. 

The bed No. 40 is made up of thin lamine, dark-coloured within, 
but weathering white from exposure. It is an Insect-limestone, 
with crustacean remains, and contains Ammonites planorbis. I felt 
certain before examining this bed that it was the equivalent of the 
“ Black Rock,” No. 31, of the Ammonites-planorbis beds in Horni- 
brook’s Quarry, Beer Crowcombe (see p. 485, vol. xvii. Quart. Journ. 
Geol. Soc.), and that the bed of clay above, No. 49, was the “ Hook- 
stone Clay,” No. 37, of the same section. The presence of Ammo- 
nites planorbis at once confirmed this view. In the paper just quoted 
I remarked on the extraordinary uniformity the Lower Lias presents 
over very wide areas where uninterruptedly deposited, of which ex- 
amples were then given; but I did not expect to find illustrations of 
this fact at Bedminster. However, on referring to the Beer section, 
and reckoning the beds of the Lower Lias upwards above the White 
Lias in both places, the A. planorbis beds are No. 31 in both the sec- 
tions ; and we therefore find beds that are forty miles apart in a direct 
line, and separately of but a few inches in thickness, occupying the 
same horizon, and though differing from those both above and below, 
of precisely the same lithological character, and with the same pecu- 
har organic remains. 

It is impossible to have a more striking contrast than is here 
presented between the uniformity of succession from Bedminster 
through the whole of the West of England, and the unconformable 
and abnormal conditions previously described, when the strata have 
been deposited under other circumstances. 

All the Bedminster Lias is below the Ammonites-Bucklandi series. 
There is no doubt the lower beds in the above section will repay a 
careful examination. In the marl No 31, I found Avicula decussata 
and Discina Davidsonit, Moore, which will be shown to occur also 
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at Shepton and SO ETN, and the valves of a species of 
sae 

5. Sections at Keynsham and Stout’s Hill—There can be no ques- 
tion that the quarries of Keynsham are on the horizon of the Am- 
monites-Bucklandi beds; but, notwithstanding, it will be seen that, 
with those of Stout’s Hill inthe same district, they afford an im- 
portant key to the determination of the age not only of the fauna 

' from the Charter House Mine, but also of that from Brocastle and 
Sutton in South Wales, and, as a consequence, of that also of the 
beds of Valogne, the Cote d’Or, and other continental localities, 

At a coal-wharf on the banks of the river Avon, between Keyn- 
sham and Stout’s Hill, there is a quarry in which the basement 
Liassic beds are present, and in which the lower horizons of the 
Camel section are repeated, viz. :— x 

1. White-Lias, at the base, but not fully uncoyerad (Insect and Crustacean 
beds wanting). 

2. Ostrea-beds. Wighteen beds of stone and marl, crowded with the charac- 
teristic Ostrea lassica and with Mya, sp., Cardium Philippianum, Terq., Cypri- 
cardia Bron, Martin, Cardinia exiqua, Terq., and Myacites: 3 ft. 6 in 

3. Seventeen more nodular beds of stone and clay, about 5 ft. thick, con- 
taining Ammonites planorbis, A. angulatws, A. Johnstoni, Nautilus, Pinna, 
Unicardium cardioides, Astarte psilonoti, Quenst., Pecten Pollux, and Lima 
tuberculata. 

4, Thick grey clays, about 6 ft. (divided by several bands of septaria), con- 
taining multitudes of Hchini and bones of Plestosaurus rugosus, Owen. 

‘The beds in this section dip very rapidly in the direction of the 
Ammonites-Bucklandi quarries at Keynsham and pass under them, 
though the intermediate beds are not shown. 

In the uppermost portion of the A.-Bucklandi series there is a 
thin band, from two to three inches thick, composed of a brown, 
indurated, laminated marl, interposed between the limestones, 
over the area of Bath, Weston, Twerton, Saltford, and Keynsham ; 
it shows an interruption in the ordinary Liassic deposits, and 
indicates a precise horizon at the top of the series throughout the 
district. In this thin bed are many plants, including Araucarites, 
with remains of Hybodus, Acrodus, Lepidotus, and the heads and 
tails of Leptolepis, the body having perished. <Avicula inequvalvis 
is particularly abundant, associated with Ostrea ocreata, Desl., and 
Ostrea lrassica (O. ciel Terg.); and it is the only horizon in 
which I have found Anomia pellucida, Terq. (p. 25. fig. 5); the 
fig. 5a of that author is also found in this bed, but is apparently a 
Plicatula. Had the Hybodus-spine figured by M. Terquem, pl. 12. 
fig. 3, of the “ Infralias of Hettange,” been placed in my hands for 
a determination of its horizon, I should at once have referred it to 
this bed, as these species are found therein at Keynsham. 

But the most important point remains to be noticed. This thin 
bed is interposed between thick-bedded limestones; and below it in 
particular are found the fine examples of Ammonites Bueklandi 
yielded by this locality, and a great profusion of Gryphea incurva. 
In the ragged and weathered edges of the beds which enclose this 
band of marl are to be found, in ‘great part, the fauna described by 
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MM. Martin and Terquem, from the sections of the Céte d’Or and 
the Grés calcareux of Luxembourg and Hettange. The same Mol- 
lusca continue upwards in thinner beds of stone, interposed be- 
tween beds of clay, but they do not weather out so perfectly, On 
the surfaces of the latter beds are many examples of Jnvolutina 
hassica, Jones, which are also frequent in the Mendip mine, and 
more rarely at Brocastle, and again at Stout’s Hill. . 

Returning again to the Ayonside wharf section, and crossing several 
steep fields above this quarry, Stout’s Hill is reached, A large field 
has, in former times, been completely quarried; but there only re- 
mains a very small section open, exhibiting beds 4 or 5 feet in thick- 
ness. Scattered over the surface of the field are many specimens of 
Gryphea incurva, and occasional fragments of Ammonites angulatus, 
A. Bucklandi, and A. Conybeart. Under the hedge, on the western 
boundary of this field through its greater length, the Lias may be 
seen, and there will be again found, as the following list will suffi- 
ciently show, nearly all the ‘‘ Infralias” species of the continent. 
With them are present many Gryphea imceurva, and examples of 
Ammonites Bucklandi, A. Conybeari, and A. angulatus; and, as 
though no doubt should hereafter arise respecting this fauna, the little 
Gasteropoda and other remains are to be seen by thousands within 
the chambers of the Ammonites themselves. Specimens of Ostrea 
intusstriata are attached to some of the Grypheew of this place, From 
the clays of Keynsham I have obtained a microscopic or young form 
of Montlivaltia, and from Stout’s Hill an example of Thecosmilia 
Michelini, the first example I haye recognized out of South Wales*. 

The beds of the Lower Lias above the Ammonites-Bucklandi series 
in this part of England are very thin and seldom exposed, and soon 
pass under the marls of the Middle Lias. 

Iast of Organic Remains from Stout's Hill and Keynsham. 

Cristellaria rotula, Lamk. Crustacean claw. 
costata, D’ Orb. Cythere. 

—— cultrata, Mont. Cytherella aspera, Jones. 
Dentalina communis, D’ Orb, Normania mundula, Jones. 

obliqua, Linn. Neuropora, sp. 
obliquestriata, Feazss. Stomatopora, sp. ° 

Invyolutina liassica, Jones. | Lingula. 
Frondicularia striatula, Reuss. | Rhynchonella variabilis. 

- Marginulina lituus, D’ Ord, Terebratula punctata (T. strangulata, 
Nodosaria raphanus, Linn. Terq.). 
—— radicula, Linn. Thecidium triangulare. 
Planularia Bronni, Rocz. Spirifera Walcottii, Sow. 
Trochammina incerta, P. & J. Zellania obesa, Moore. 
Thecosmilia Michelini. Avicula inzequivalvis. 
Montlivaltia, microscopic. —— Alfredi, Terg. 
Echinodermata, sp. Gryphea incurva, Sow. 
Serpula, sp. . Avicula Dunkeri, Zerg. 

strangulata, Terg. Anomia pellucida, Terg. 
Encrinite stems. irregularis, Zerg. 

* Since the above was written, I have found under the Carboniferous Lime- 
stone escarpment, a little east of Hast Cranmore, blocks of Lower Lias, with 
Thecosmilia Michelint and other corals, associated with Gryphea incurva. 
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Lima dentata, Zerg. 
—— Hermanni, Volk. 
—— gigantea, Sow. 
—— Hettangiensis, Terg. 

duplicata, Sow. 
——, sp. 
—— tuberculata, Tergq. 
Ostrea intusstriata, Hm. 
—— liassica. 
—— irregularis. 
—— arletis, Quenst. 
Pecten sublevis. 
—-— equiplicatus, Zerg. 
—— Pollux, D’ Orb. 
Pinna semistriata, Terg. 
Phiecatula? pellucida, Zerg. 
Arca Collenoti, Martin. 

pulla, Zerg. 
Cardinia, sp. 
Astarte, sp. 

, sp. 
—— psilonoti, Quenst. 
—— irregularis, Zerg. 
Cardinia exigua, Zerg. 
Cardita multicostata. 
Cardium Terquemi, Martin. 

Philippianum, Terg. 
—-— Heberti, Terg. 
Cucullexa Hettangiensis, Terg. 
Cypricardia Bronni, Martin. 
Leda Heberti, Martin, non Titet. 
Modiola minima, Sow. (Mytilus rusti- 

cus, Terq.). 
ya. 

Myacites. 
Nucula, sp. 
Pholadomya Heberti, Zerg. 
Saxicava Sinemuriensis, Martin. 
—— arenicola, Terg. 
Tancredia securiformis, Terg. 
Unicardium cardioides, Phil. 
Actzon Sinemuriensis, Martin. 
Cerithium gratum ? 

Semele, D’ Ord. 
Henrici, Zerg. 
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Cerithium acuticostatum, Terg. 
paludinare, Zerg. 

——- Collenoti, Martin. 
—— trinodulosum, Martin. 
Chemnitzia polita, Zerg. 
Melania abbreviata, Terg. 
Orthostoma oryza, Zerg. 
—— triticum, Terg. 
—-—, sp. 
Pleurotomaria Hettangiensis, Zerg. 
-—— concava, Martin. 
—— nucleus, Zerg. 

, Sp. 
expansa, Sow. 

Purpurina(Turbo)tricarinata, Martin. 
Turritella Humberti, Martin. 
—— Jenkeni, Terg. 
Phasianella liassica, Terg. 
Solarium lenticulare, Terg. 
Straparollus tricarinatus, Zerg. 

, Sp. 
Trochus tubicola, Terg. 

, Sp. 
===, 30: 
Turbo Piettei, Martin. 
—— costellatus, Zerg. 
—— gemmatus, Terg. 
-—-— liassicus, Martin. 
—— nanus, Martin. 
——, several species. 
Ammonites Bucklandi. 

Conybeari. 
angulatus. 

— planorbis. 
—-—, young. 
——, do. 
Belemnites acutus. 
Nautilus intermedius, Sow. 
Hybodus, spines and teeth. 
Acrodus, teeth. 
Lepidotus. 
Spinal bone as at Whatley. 
Ichthyosaurus. 
Plesiosaurus rugosus ? 
Araucarites peregrinus. 

6. Bhetic White Lias and Carboniferous Limestone at Broadfield 
Down.—This section has been referred to by H. B. Tawney, Esq., 
F.G.S., in his paper “On the Western Limit of the Rhectic Beds, and 
on the Position of the Sutton Stone.” In the Carboniferous Lime- 
stone platform of Broadfield Down, there is a basin about a mile in 
length, the deposit in which, in the older geological maps, was 
coloured as alluvial, but which has lately been recognized as of 
Rheetic age. The following beds are present :— 

ft. 1 
Stome oovesce- ce. BREN ES Re a ROL OE ed 0 6 
See eA ER mE RR Ssida ucieaa aes dc 0 WO see Pacers i 20 
SEE ERPS Re Lid? ER BGR 1c cai idion, GREE ip ol 
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ft. in. 
PEE seit eared as adidas nalbuaa2e'e. manele seb eigets See b 8 

ele a apntnar enue ces diane pve Hap ecraee Kaeo 0 10 
Bete eee Aeeiet ancien ncaa orca tchiooasacebaeae see 2 3 

=) agstone.and. rubbly beds)... .seces:scsdeatevseosce aed 
Conglomerates, thickness unknown. “a 

18 0 

In all the sections of White Lias that have been previously noticed, 
the lithological character ef the beds is precisely alike; for, in all, 
the beds have been deposited under ordinary conditions; but no 
sooner do they meet the Carboniferous Limestone, and are uncon- 
formable, than their texture is entirely changed, and they become 
thickly bedded and: conglomeratic. The abundance of Modiola 
nmunima and other remains shows clearly that this deposit belongs 
to the White Lias; but its texture is so precisely like the Sutton 
stone that it might readily be mistaken for that rock. Like the 
Sutton stone it is very durable, and may be raised in blocks of 
many tons weight, and, were there facilities for its transit, might 
be largely used. At the base of the quarry there are thick con- 
glomerates with Ostrea intusstriata, the thicknesses of which are 
unknown, and in which galena is found, as at Sutton. A Thecos- 
milia in casts is rather plentiful at this place. 

7. Section near Shepton Mallet.—As the Liassic beds of Shepton 
Mallet are of much interest, and will have an important bearing on 
the correct determination of the age of the Sutton-stone series, I give 
them in detail. They have been deposited on the southern slopes 
of the Carboniferous Limestone of the Mendips, and in some in- 
stances rest unconformably upon it. I shall first give their passage 
from the Keuper upwards along the line of the railway from Shep- 
ton to Wells. The beds dip gradually to the east, passing under the 
Middle and Upper Lias and Inferior Oolite at Doulting. 

Section in a Railway-cutting West of Shepton. 
ft. in. 

Mie MARIE ARE BAAN © 5 fo o0 faccicscus fhd- dawk ade tows So ae wstan esd sos aact dds 0 0 
Rhetic beds: light-blue sandy stone and marl-beds ................cc00eeeeeee 8.9 

SN ON ores ans cop ants ociaai Io chao wh vce oniw ensenmn Sou Peininn ae Pe 
SN eae hws naas ins aaaincnamecpss anaes ak Saaesues ou caine. cla detnss saeeens CS 
MET URGE fete nmi acyamavalsvonsnsjesesssbeee sau doiad siecunaedretine asses Eng 
ee ee trite ae eo eeeee dean ato daes ks severe sddcedbhs madurcccceieatetn'dhe 0 8 
koe Pentis.of clay and sian) i562 meaceds.capidssh davdape eit es kes 
Dense black clay, full of Rheetic shells and metacarpal bones of 
Pee YRS aes ia ip Bah ak oda <naciirnvcncannce wane sh 12 0 

we ll be Lagat Be eee PRA Ne Ae J ie eae SOD 
nee LS se an Be RO Oe en 3 0 

White Lias: eighteen beds of a bluish-grey colour...............ecceeceeeeeeeee 8 0 
fifteen beds, ERTIES 2G 521 pet Op Oe ee ee 6 0 

Lower Lias :— 
1. Blue clay, with numerous Ostrea intusstriata, Ostrea liassica, &e. .... O 4 
2. Gritty blue limestone, with Ostrea liassicd .......10..cccccepecseveeccesenes 0 3 
Meee eee, on en i ee a ee 0 4 
A STN i, SE en taie AACMer rey Me ce he dik 5 «8G o ni ok weedecaee saw env 0 2 
The EG i otra age ee eee is ee che. ccs vaisxidierodasneive-sevte- Gas 
6. Rubbly stone, with Terebratula punctata, Rhynchonella variabilis, 

Lima gigantea, Ammonites planorbis, A. Johnstoni, Pecten Pollua, 
LA TUG OU BA. hin DOA idtvnabeveutevveesssvasereces: 0 6 
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ft. in 
7. Blue clay, with nodular stone and Pentacrinites.....cccccsssosseeveoscases Le 
S. Mellow iStOMe | by is oanmeisinassiesrip ches eednenepeseeamnene acm eaten anette: ae ame meee 0 6 
O. ubbly stone «si ywsry voce eseshor=iey sucess tess ental merge ane te eee eee REee O° % 

10. Clay, with Lema giganted, abundant. ...2.2s1eceh sie sene meee tenet a 0 
TL. Some © .cosicekaraapes ve ca cusice asain awa se boe det ob pb el elapp aap eee enon ae aenme amen 0 3 
LD. Clay, sseciniie heise Ss tnieicie cee na Sula sists pee sais ebro ayacta a eet eee 0 4 
15. Stone, with Ammonites angulatus........ bis ebeyd esis sansegbonl (oucee Geers 
14. Yellow marl, sith Pentacrimibes ..1,.:sssc.sssisss seers oo smsenere: an eeeeeee We} 
LDS BLOM) suitecw sods ess hlyaieestagaoss cert Vortoaee sss tenis: sh etn 0 4 
16. Rubbly beds, Ammonites Buckland, Ge. SC. ....ccccsceeseseeesessensenees 6 O 

The succession from the Keuper through the Rheetic clays and 
‘‘ White Lias” is admirably shown on the line of railway, the 
Rheetic series being crowded with its characteristic fossils. Weneed 
only refer to the discovery, for the first time, of two metacarpal 
bones of a large land reptile, allied to Scelidosaurus, from the Avi- 
cula-contorta shales, a genus which has hitherto been recognized 
only in the upper portion of the Lower Lias. 

On comparing the Liassic beds with the Camel section, it will be 
at once apparent that the lower members are absent, and the upper 
at this point but feebly represented. Close down upon the Rheetic 
beds we find Ammonites planorbis, with Pecten Pollux, and Lima 
tuberculata of the Sutton stone, associated with Brachiopoda hitherto 
found only in the Ammonites-Bucklandi beds. As we pass along 
the section towards Shepton, the group of beds No. 16 comes in, 
These beds are composed of a greyish, sandy, irregularly bedded 
limestone, and are full of organic remains, amongst which are 
Ammomtes Bucklandi, A. Conybeari, A. angulatus, Nautilus stria- 
tus, and Spiifera Walcottu, the fauna at once indicating that they 
belong to the A.-Bucklandi series. The railway continues upon 
them until the Shepton station is reached, where the beds can be 
again seen; and as the stone has been used throughout for the bal- 
last of the line the organic remains of this stage can be well © 
studied. On this horizon we have unquestionably many of the 
Sutton-stone and Southerndown fossils. Amongst these we find the 
large Cerithiwm so abundant at Southerndown, which at Shepton 
retains its shell, and which I propose to name C. nodulosum. A 
small flat Montlwvaltia is remarkably plentiful on the line of rail- 
Way, a’ many as a dozen examples occurring in a hand specimen. 
Independently of the general fauna, several curious coincidences con- 
nect the Ammonites-Bucklandi beds of Shepton with the Southern- 
down series. Washed into the Sutton and Southerndown beds are 
many blocks of dark siliceous stone, to which are frequently attached 
Ostrea intusstriata ; and the same occurs, though more rarely, at 
Shepton. Again, on the inside of a Nautilus striatus, and in the 
chamber of a Cerithiwm nodulosum, Moore, from the Shepton rail- 
way-cutting, small individuals of Discina Davidsoni, Moore, attached 
themselves, which are not unlike D. Sandersi, Moore, of the Upper 
Lias. In the hollow chamber of the phragmocone of a very large 
Belemnite, from Southerndown, the same little Discina occurs ! 

A. close examination of the matrix of the Ammonites-Bucklandi 
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beds, which is generally very dense, shows that it may be almost 
denominated a Foraminiferal Reef. It is almost entirely composed 
of minute organisms; and four or five genera of Foraminifera may 
be detected within a square inch, and also Entomostraca, The for- 
mer include Jnvolutina, Dentalina, Cristellaria, Nodosaria, Planu- 
lina, &c. The number of species cannot be arrived at, as they are 
generally broken across. 

It may be noticed that along the railway-section no beds are 
present which have the lithological character of the Sutton stone ; 
and, except that the upper ones are rather more arenaceous, and are 
more closely bedded, they are in the usual condition of the Lias ; but 
as they meet the Carboniferous Limestone the Sutton-stone charac- 
ter appears. 

Looking across from the railway towards the Mendips, a large 
quarry of Carboniferous Limestone may be observed at Windsor 
Hill, In passing through the town in this direction, in about a 
mile, a roadside-section of considerable interest is reached, which 
has been noticed by Sir Henry de la Beche in his memoir on the 
‘¢ Formation of the Rocks of South Wales and South West of Eng- 
land,” p. 278*. The town of Shepton Mallet is cut across by several 
ravines; and there is little doubt that the Carboniferous Limestone 
is not far below the surface, aud that it again formed the sea-bottom 
of this district during the Liassic period. 

The road to Windsor Hill passes up a small ravine on the south 
of the Mendips; and a short way out of the town we reach a series 
of thickly bedded Liassic rocks, without any clay partings, extend- 
ing for a length of 96 feet, the beds dipping south towards the 
town. ‘This portion of the section is cut off by a fissure contain- 
ing crystalline carbonate of lime, 1 foot wide, from a continuation 
of the same beds (but dipping at a less angle), 84 feet.in length. 
Another vein of 1 ft. 4 in. separates this block from more thickly 
bedded rocks, which are nearly horizontal, 114 feet in length. A 
wall of 42 feet succeeds, which has probably been built against dis- 
turbed and broken rocks, and covers the connexion of the latter 
beds with another vein 2 feet thick, which at this point separates 
the Lias from a section of Carboniferous Limestone, which extends 
for a distance of 120 feet, and which is seen to be continuous in 
thick-bedded limestones on the opposite side towards Cowl Street. 
At the upper end of this Carboniferous Limestone there rests im- 
mediately upon it several thin beds of conglomerate, 1 foot in 
thickness, belonging to the Rheetic bone-bed, and perfectly identical 
with the conglomerate I have before noticed at Hapsford Mills. 
It is composed of rounded pebbles, mixed with which are many 
Rheetic teeth and bones. The littoral character of this deposit may 
be seen when it is mentioned that, in a block a few inches square, 
I have a fine vertebra of Plesiosaurus rugosus (?), teeth of Acrodus, 
Avicula contorta, and abundance of bones, and Carboniferous-Lime- 
stone, Encrinites, 

* Mem. Geol. Survey, vol. i. 
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Fig. 5.—Section at Shepton Mallet. 

a. Lower Lias. ce. Veins of Lias. 
6, Rhetic Conglomerate. d. Carboniferous Limestone. 

The beds in this section in ascending order are as follows :— 
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The stone at Sutton, in South Wales, is of two kinds :—the Bas- 
tard Sutton stone at the base, which is a very coarse conglomerate, 
and in which alone the corals of that place are found; and finer- 

grained whiter limestones above, which are without corals, and with 
but few univalves as compared with the beds below. In litholo- 
gical character the above section at Shepton is perfectly identical 
with the finer-grained or true “ Sutton Stone ;” and so far as their 
organic contents are concerned, it is impossible to recognize any 
distinction. ‘There is the same abundance of Pecten Pollux, Iima 
gigantea and all the other characteristic shells of the same horizon, 
and, in this instance, in association, as at the railway section, with 
Ammonites Bucklandi and a still higher Liassic form, A. odtusus ? 
The same Discina Davidsoni, Moore, mentioned before, again occurs 
attached to the shells from these beds; and I have also found 
Pollicipes, identical with one which is abundant in the upper beds at 
Langan. 

Crossing Cowl Street from this roadside-section, and taking a 
pathway up the hill through a field to the waterworks, blocks of 
stone may be seen containing abundance of Zima duplicata and 
Ostrea liassica. The waterworks reservoir is not far below the 
Carboniferous Limestone quarry of Windsor Hill, and where the 
lower beds of Lias would be expected to meet that formation; and 
we here find the bastard or lower Sutton stone represented by thick 
crystalline limestones containing in abundance the cherty and other 
ebbles, as at Sutton and Southerndown ; and:so alike are the de- 

posits that it is impossible to distinguish between them; and again 
are repeated, excepting the corals, the organic remains of the Sut- 
ton stone, Montlivaltie being the only corals found at Shepton. 

Owing to the different character of the matrix of the stone at 
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Windsor Hill and at Sutton, the shells have often lost their outer 
structure ; for which reason care is needed in the determination of 
species. Nearly all the Mollusca quoted by Mr. Tawney from the 
Sutton series are present, and others in addition ; but, unfortunately, 
from that gentleman having missed the key to the interpretation of 
the age of the beds, and from the altered appearance of the shells, 
many of them are only varieties of species that have already been 
described. 

Last of Fossils from Windsor Hill. 
Montlivaltia. 
Pollicipes rhomboidalis, Moore. 
Cythere mundula, Jones. 
Discina Davidsoni, Moore. 
Avicula decussata. 
Hinnites, sp. 
Tima gigantea (L. Dunravenensis Taw., L. Fischeri, Terg., lu. exaltata, Terg.). 

tuberculata, Terg. 
duplicata (L. subduplicata, Taw., L. Hettangiensis, 7'erq.). 
sp. 
Hermanni, Voltz. 

Ostrea liassica (Anomia socialis, Taw., Ostrea levis, Taw.). 
arietis, Quenst. (O. multicostata, Terg.). 
intusstriata. 

Pecten Etheridgii, Taw. 
Pollux, D’ Ord. (P. Suttonensis, Taw.). 
subleevis, Phillips. 

Pinna semistriata, Terg. (P. insignis, Taw.). 
, Sp. 

Cardinia, casts, several species. 
Modiola Hillana, Sow. 

producta, Terg. 
Melania abbreviata, Terg. 
Turritella Jenkeni, Terg. 
Trochotoma, sp. 
Ammonites Bucklandi. 
—— obtusus? 

Conybeari. 

Inst of Organie Remains from the Shepton Mallet Railway-section, 
Ammonites-planorbis Beds. 

Ammonites planorbis. Ostrea liassica. 
Johnstoni. Pholadomya ambigua. 

Terebratula punctata, Sow. (T. stran- | Unicardium cardioides. 
gulata, Terq.) Normania mundula, Jones. 

Rhynchonella variabilis. Cytherella aspera, Jones. 
Lima gigantea, Sow. Dentalina. 

tuberculata, Terg. Trochammina incerta. 
-Pecten Pollux, D’ Ord. Nodosaria. 

sublevis, Phil. 

Ammonites-Bucklandi Beds. 

Ammonites Bucklandi, Sow. Dentalina, several sp. 
— Conybeari, Sow. Cristellaria, sg 

angulatis, Phi. Nodosaria, ne 
Johnstoni ? Planulina, “3 

Nautilus striatus. Montlivaltia, 
Tnyolutina liassica, Jones, Echini, sp. 
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Ophioderma, joints. 
Pentacrinites. 
Serpula. 
Entomostraca, sp. 
Discina Davidsoni, Moore. 
Terebratula punctata,(strangulata 7'e7g. ) 
Rhynchonella variabilis. 
Spirifera Walcottii, Sow. 
Avicula decussata. 
Gryphea incurva, Sow. 
Lima gigantea, Sow. 

tuberculata, Terg. 
duplicata. 
aS: . 

Ostrea intusstriata, on chert pebble. 
—--— arietis. 
—— liassica. 

irregularis. 
Spondylus hassicus, Terg. 
Pecten Pollux, D’ Ord. 
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Pecten sublevis. 
Pinna semistriata, Terg. 
Plecatula Hettangiensis, Terg. 
Cardinia Listeri. 
—— elongata. 
Modiola, casts of. 

producta, Terg. 
Myacites. 
Pholadomya ambigua. 
Unicardium cardioides. 
Cerithium nodulosum, Moore. 

paludinare, Terg. 
, Sp. 

Turritella Deshayesu, Terg. 
Littorina clathrata, Desh, 
Melania (Pterocera) dubia, Terg. 
Pleurotomaria densa, Terg. 

Hettangiensis, Terg. 
—— expansa, Sow. 
Solarium lenticulare, Terg. 

8. Value of Zones of Zoological Life—Before passing to a consi- 
deration of the Secondary rocks of South Wales, it may be desirable 
to say a few words on the value to be attached to precise zones of 
zoological life. Although it is exceedingly convenient to the geo- 
logist to be able to refer certain fauna to horizons such as those 
known as Ammonite-zones, of which, as far as possible, I have 
availed myself, still, with our increased knowledge of the range of 
specific forms, such limits may prove arbitrary and may mislead. In 
the same district, or even at wide intervals, as is the case with the 
Upper Lias of Ilminster and of May in Normandy, or Whatley and 
Fontaine-étoupe-Four, where beds have been deposited under the 
same physical conditions, we may expect, as a general rule, to 
find identical species, or even, after a considerable interval in time, 
when favourable conditions occurred, to find their recurrence; but 
when the beds have been otherwise deposited, it would not be sur- 
prising if this law failed. JI have previously shown such recur- 
rence with some of the Brachiopoda, and it is also the case with 
many of the Foraminifera. 

Avicula decussata has hitherto been considered to belong only to 
the Rhetic “ White Lias;” but we now find this species to occur 
in the Lower Lias of Hatch, Camel, and Bedminster, and in the 
Ammonites-Bucklandi beds of Shepton. Ostrea intusstriata was 
also supposed to be confined to the Rheetic beds; but it is abundant 
at Sutton, passes through the Liassic beds of Bridgend é&c., and is 
found with the Ammonites Bucklandi at Shepton and Bath. From 
the latter quarries I have it attached to the interior of Gryphaa 
incurua, and also to the exterior of a large Ammonites angulatus from 
the same beds, to which there are not less than 114 attached 
specimens. Ostrea liassica is abundant in the ‘“‘ White Lias,” but 
has its greatest development in the Ostrea-beds of the Lower Lias, 
and then passes upwards, though more sparingly, into some of the 
higher beds. 

The same may be shown of the range of many of the Ammonites, 
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A. angulatus, to which has been accorded a special horizon be- 
tween the zone of A. planorbis and that of A. Bucklandi, is really the 
prevailing shell in the latter around Bath, where it sometimes 
reaches a great size. In a garden near the railway station at 
Keynsham, there is a specimen which attains 5 feet 10 inches in 
circumference, and 2 feet in diameter. This species is quite common 
at Southerndown, where also, in a garden leading down to the cliffs, 
is a very large specimen; and in its young form it may be seen to 
pass up into the very highest beds at Bridgend, where it is found 
associated with A. semicostatus and A. Sauzianus. A. Bechet, from 
the base of the Middle Lias, passes through that formation, whilst 
A. radians, A. variabilis, and A. Moorei of the Upper Lias, the dis- 
covery of which in the sands of the Inferior Oolite suggested the 
removal of the latter beds to the Lias, are with other species found 
as low down as the Marlstone of the Middle Lias. 

Pecten Pollux occurs as a dwarf form in the Rhetic White 
Lias, and passes uninterruptedly in association with Ostrea arietis 
(O. multicostata, Terq.), Plicatula acuminata, and other Sutton and 
“ Infralias” species through all the Lower Lias to the A.-Bucklandt 
beds; and I know of no single locality, on whatever horizon, where 
more or less frequently these species are not to be found. Not only is 
this so, but the general “Infralias’” fauna passes up into the A.= 
Bucklandi beds at Bath and Keynsham, the limit to their discovery in 
the very highest beds at these places being evidently determined by 
the denser character of the matrix, which prevents their weathering 
out. The “ Infralias”’ fauna will be found again in the highest beds 
at Southerndown and Bridgend, accompanied by Gryphea incurva. 
The latter shell is to be found abundantly with the Coral-fauna of 
Brocastle, through the Sutton and the greater part of the Bridgend 
section, and is shown in the Camel section to have been contempo- 
raneous with Ammonites planorbis. 

These passages might be multiplied; but they are sufficient to 
show that although in a special locality we may arrive at correct con- 
clusions regarding the range of genera and species, yet where a 
wider area is considered, and especially should the beds in which 
the fossils are found have been deposited under different circum- 
stances, they will not be found correct. 

VI. Tue Sours Wates Disrricr. 

Haying pointed out the peculiar characters of the Secondary de- 
posits connected with the Mendips and the Somersetshire coal-basin, 
I now proceed to a consideration of similar phenomena on the southern 
edge of the coal-basin of South Wales. 

It has before been stated that the upheaval of the Old Red 
Sandstone and Carboniferous beds of South Wales was probably 
contemporaneous with that of those of the Mendips, cf which they 
form a natural continuation; and such being the case, it might be 
expected that in association with them similar abnormal conditions 
would be observed. 

I have not given a critical examination to the whole district, 
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having chiefly confined my attention to the South Wales coast, where 
the beds of the Sutton and Southerndown series occur—in connexion 
with the age of which I am compelled to differ from the conclusions 
arrived at by Mr. Tawney, who has suggested their being of Rheetic 
or even of St. Cassian age. 

1. Penarth Rhetie and Lnassie Section.—The most important sec- 
tion showing the Rheetic series is that of Penarth Head. In general 
this formation is more feebly represented in Wales than in most of 
the Somersetshire deposits ; this is more especially the case with the 
‘* White Lias,” which, though so constant in the latter county, is 
frequently scarcely recognizable in the Welsh sections. 

At the base of the Penarth section are thickly bedded gypseous 
red marls of the Keuper, above which the Avicula-contorta beds 
come in, but, from the difficulty of getting access to them, are not so 
readily to be studied as the Rheetic sections given at Camel, Shepton 
Mallet, and Hatch. The “ White Lias” seen opposite the Docks, 
instead of being composed of thickly bedded limestones, is repre- 
sented by grey shales about 30 feet thick, and contain only two 
beds of 3 inches of White Lias stone. In the limestone quarry 
above, west of the cliff, a fine section of the Lower Lias series may 
be seen, at the base of which occur about twenty beds, which 
represent the Ostrea and “ Firestone” divisions of Camel, and in the 
upper of which are numerous Ostrea liassica, Plicatula acuminata, 
and Lima gigantea. These are succeeded by thirty-six other beds, 
with Ammonites planorbis, Lima gigantea, L. duplicata, L. tubercu- 
lata, and Pecten Pollux. 

In this section the Liassic beds have been deposited beyond the 
Carboniferous Limestone coast-line, and, haying their usual sequence 
through Keuper and Rheetic formations, are undistinguishable from 
the Somersetshire beds; and it is not improbable that the same unitor- 
mity previously noticed might on close examination be pointed out. 

2. Bridgend Lassie Sections.— A reference to the Geological 
Survey Map shows an almost uninterrupted development of the 
Lower Lias on the South Wales coast, from Penarth to Sutton and 
Southerndown; and there is in this direction the last westerly 
extension of this formation. ‘The coal-basin on the south-east is 
bounded by continuous Old Red Sandstone and Carboniferous Lime- 
stone. As these rocks come to the south of the basin, they are 
much broken, and present numerous basins in which New Red 
Sandstone, Conglomerates, and Liassic Beds have been enclosed, and 
there is again repeated the phenomenon, noticed on the Mendip coast- 
line, of later beds deposited on a sea-bottom of Carboniferous Lime- 
stone. One of these may be seen in what may be termed the 
Bridgend and Brocastle basin. A few miles to the north the long- 
extended escarpment of the uplifted Coal-mcasures, to the base of 
which the above Secondary rocks reach, may be observed. The Lias 
within this basin is cut off from its larger development towards the 
coast, except by a narrow neck of that formation passing between 
projecting ranges of Carboniferous Limestone between Brocastle and 
Ewenny. The Lias from this point inclines slightly towards the 
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centre of the basin at Bridgend, in which its greatest thickness 
(of stratified beds) is manifest. After giving the Bridgend section 
I propose to consider the Lias in its junction with the Carboni- 
ferous limestone. 

In the valley west of Bridgend the Keuper Sandstones are largely 
worked, but their succession upwards into the Lias is not well ex- 
posed. At the iron-works close to the west end of the Bridgend 
Quarry a well, lately sunk for water, passed through about 90 feet 
of blue and red marls, which, from the account given of them, pro- 
bably represented the upper Keuper beds. The beds dip rapidly to 
the south-east; and between the well and the iron-works, on a 
higher horizon, is a deep pit, which is now being filled with quarry- 
-refuse, and contains water, most likely sunk through the Rhetic 
beds. Above this the sides were covered for about 25 feet. Dark- 
brown or grey nodulated limestones are then seen, about eight feet 
thick, succeeded by about twenty beds, some of them containing 
numerous cherty or flinty layers and nodules, which are also to be 
found in most of the Liassic sections of the district. The fossils are 
not numerous; but there occurred Pinna semistriata, Pentacrinites, 
and several specimens of Gryphcea incurva, which I left, as they in- 
dicate the presence of the latter shell low down in the Liassic series 
of this district. In the adjoining quarry the following important sec- 
tion occurs taken from the west end in ascending order. The term 
“clod”’ isused by the quarrymen for intervening beds of clay or marl. 

Section at Bridgend. 
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- Owing to the peculiar conditions under which the beds in this 
section have been deposited, I find it almost impossible to establish 
any precise horizons in order to compare it with other Liassic districts. 
It is to be observed that the Gryphcea incurva passes almost through 
the whole series, that Ammonites Conybeari occurs very low down, 
and A. Bucklandi about the middle of the section, whilst towards the 
top are numerous A. Sauzianus and A. semicostatus, which indicate 
the higher members of this series. The Ostrea-beds, so well marked 
at the base of the Lias in other sections, are not so here. From the 
paleontological evidence I should therefore incline to the opinion 
that the greater part of this section represents the Ammonites- Buck- 
landi beds, and passes into the still higher members at the top. 

Mr. Tawney, in his paper (p. 79) states that the upper beds belong 
to the Middle Lias ; but this is an error, as everything in this section 
belongs to the Lower Lias, no Middle Lias having yet been recog-. 
nized in Wales. 

Since the above was written, I have had an opportunity of com- 
paring the fauna of the upper beds at Bridgend with that described 
by MM. Martin and Terquem from the continental « Infralias” beds. 
Below are given the species I have obtained from beds in which are 
Ammonites Sauzianus and A. semicostatus, though no doubt the list 
may be increased. I was scarcely prepared for the interesting fact 
that the faune are evidently identical; but such is the case, so far 
as my series of fossils is concerned. 
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Ammonites Sauzianus, D’ Ord. Ampullaria angulata, Des/. 
semicostatus, Young and Bird. Alaria. 
angulatus, Sch/ot. Cerithium Henrici, Martin. 

——, sp., young. Semele, D’ Ord. 
Belemnites acutus. —— Dumortieri, Martin. 
Gryphza incurva, abundant. 
Rhynchonella variabilis. 
Lima gigantea. 

Sinemuriensis, Martin. 
acuticostatum, Terg. 
paludinea, Terg. 

, Sp. gratum? Terg. 
Pecten. porulosum, Zerg. 
Arca pulla, Terg. ——, sp. 
Astarte. Dentalina, sp. 
Cardinia scapha, Zerg. (C. elongata, | Littorina clathrata, Terg. 

Dunk.). Orthostoma averna, Terg. 
, Several sp. Tornatella Buvignieri, Zerg. 

C. sublamellosa, Martin. Pleurotomaria concava, Martin. 
Cardita tetragona, Zerg. Turritella Humberti, Martin. 
Cucullza Hettangiensis, Terg. Jenkeni, Zerg. 
Leda Heberti, Martin. Turbo triplicatus, Martin. 
Lithodomus. == sp. 
Nucula, sp. , Sp. 
Acton angulifer, Martin. Turritella Deshayesii, Terguem. 

3. Cowbridge Section.—Before describing the Brocastle and Sutton 
sections, it may be desirable to say a few words with reference to 
others which have yielded some species of the coral-fauna I 
have placed in the hands of Dr. Duncan for description, and more 
especially as some of the sections yield fixed horizons, which will 
enable me to determine their positions in the Liassic series. From 
Brocastle along the line of the Golden Mile to Cowbridge the Lias 
abuts against the Carboniferous Limestone, and is usually conglome- 
ratic and much mineralized. Immediately opposite the railway- 
station at Cowbridge a quarry is being worked, in which there are 
compact beds of crystalline Lias of a thickness of 30 feet, its depth 
below being unknown. The lower beds of this section thicken and 
contain many layers or nodules of flint, alternating with the lime- 
stone. The larger fossils are chiefly in these bands, and, though 
numerous, are very friable and in bad condition; amongst them are 
Plicatula acuminata, Ostrea intusstriata, Pecten Pollux, Ostrea lassica, 
Sow., Lima gigantea, Cardinia, Astarte, &c. Close to this quarry is 
another, in which the beds are rather higher as well as thinner and 
more rubbly. One of these is in great part composed of specimens 
of Thecosmilia Michelini, Terq. and Piette, which stand out thickly 
from the abraded surface of the bed. Like the Shepton Ammonites- 
Bucklandi beds, the matrix appears almost wholly composed of organ- 
isms ; for in polished specimens of this bed the interspaces between 
the corals contain numbers of Entomostraca &c. This bed also con- 
tains attached Ostrea intusstriata, Km., and Neritopsis exiqua, Terq. 
In a roadside quarry near Cowbridge we again find Pecten Pollux. 
From the lithological look of the Cowbridge Lias it would readily 
pass for Carboniferous Limestone; I have found no Ammonites 
in it, and it is difficult to assign for this section its precise hori- 
zon. ‘There is a general absence of the coral-fauna of Sutton and 
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Brocastle ; and altogether Iam disposed to place these beds below 
those sections. 

4, Llanbethian Quarries.—In the quarries at Llanbethian, about 
a mile south-west of Cowbridge, the Ostrea liassica beds are present, 
and show that here there are present the lower horizons of the 
Camel section. In the upper bed of this quarry this determination 
is also confirmed by the presence, for the first time in this neigh- 
bourhood, of Ammonites planorbis, associated with Neritopsis exiqua, 
Terq., and Melania. The beds are, in ascending order :— 

Section at Llanbethian Quarry. 
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Twenty beds of about 10 feet, which could not be traced, then 
succeed ; and above these, in the western corner of the quarry, the 
highest contains many Ammonites planorbis with Neritopsis eaigua, 
Melania, &e.. 
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Last of Organic remains from Llanbethian. 

In the lowest beds. | Thecosmilia Michelini, Terg. 
Hin nites, sp. Arca pulla, Terg. 
Pecten Pollux, D'Oro. | Astarte cingulatza. 
Plicatula acuminata. Cardita Heberti. 
Lima gigantea. Cardinia Listeri, Stwtch. 
Lima tuberculata. » Sp- 
Pinna semistriata, Zerg. (P. insignis, | Cucullza similis, Terg. 

Taw.). Hettangiensis, Zerg. 
Plicatula Hettangiensis, Terg. Modiola minima. 
Modiola producta, Terg. Ostrea liassica. 
Ostrea intusstriata. In the Ammonites-planorbis beds. 

In the Ostrea-beds. Ammonites planorbis. 
Hemipedina Bowerbankii, Wright. Pecten Pollux, D'Oro. 
Ampullaria carinata, Terg. Lima tuberculata, Zerg. 
Melania (Pterocera) dubia, Zerg. gigantea, Taw. 

turbinata. Ostrea arietis, Quenst. 
abbreviata. Pinna semistriata, Terg. 

Turritella Dunkeri, Zerg. Ampullaria planulata, Zerg. 
Jenkeni, Terg. Melania (Pterocera) dubia, Zerg. 

Turbo rotundatus, sp., Zerg. Neritopsis exigua, Terg. 
Montlivaltia. 

In this, as in all other sections in which the Ostrea-beds are found, 
those shells occur in myriads, and the beds generally present the 
same Liassic character; but in some loose thin blocks from this 
horizon on the Llantrissant railway the bed is conglomeratic and 
contains a multitude of greenish chert pebbles in a grey matrix, and 
assumes the character of the Sutton Stone. 

5. Laleston Quarry.—The Ostrea-beds are also well exposed in 
the sections mentioned by Mr. Tawney at Laleston and at the Stormy 
Cement Works. At the base of the former section that gentleman 
notices a bed similar in character to the Sutton Stone, and having 
between it and the Ostrea-beds some indurated marls containing 
Monotis decussata. As this quarry is not worked, it is difficult to 
examine the lower beds or to compute their thickness. The only 
block I could get out contained an abundance of Lima gigantea, 
Ostrea intusstriata, and O.liassica, There are also sections of small 
univalves, casts of Cardinia, and Monotis decussata. The bed is 
also crowded with a coral, of which sections in the fracture only can 
be seen, the Sutton-stone species and those of Brocastle being 
absent. The indurated marls resting on this are one foot thick, and 
would be of much interest could they be worked, as they contain 
most perfectly preserved impressions of plants, together with Ento- 
mostraca and Monotis decussata in abundance. Mr. Tawney has in- 
ferred from the presence of this shell that the lower beds are below 
the Rheetic series; but my discovery of it in higher zones, as it 
occurs also in the bed under notice, shows that it may mislead. 
From the presence of Ostrea liassica, I believe this bed must be 
classed with the others on that horizon, and that it will be found to 
occupy a lower position in the Liassic series than the beds of Sutton, 
Southerndown, and Brocastle. 

From Dr. Pritchard’s quarry in the same village I obtained a 
slab from the Ostrea-beds containing four of the most beautiful 
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specimens I had ever seen of the Hemipedina Bowerbankii, Wright, 
showing all their spines in position. Thecosmilia Michelini, Terq. 
and Piette, is in great abundance in this quarry, and is found on the 
same horizon as at Llanbethian ; its position is therefore satisfactorily 
fixed in these sections at the base of the Liassic series ; and its disco- 
very at Stout’s Hill shows that it continued upwards to the horizon 
of Ammonites Bucklandi. 

6. Stormy Quarry.—At the Stormy Cement-works the Keuper 
marls have been exposed in excavating the cement-stone. When 
compared with the West of England section, the Rhetic beds at 
this spot are very insignificant. A single bed of black marl con- 
taining Pecten Valoniensis and other Rheetic shells succeeds the 
variegated marls, and upon this a dark limestone 4 inches, and 
next a bed (in texture very similar to the “‘ White Lias”) 2 feet 
thick. The Ostrea-beds then follow, and are almost made up of 
Ostrea liassica and its varieties. Above these succeed rubbly lime- 
stones with Ammonites planorbis, and with Pecten Pollux, Lima 
tuberculata, and Ostrea arietis in the same block with Lima gigantea. 
The latter beds are identical in their general character with the 
lower horizon of the South-west of England; and we may safely 
assume that at Stormy, Laleston, Llanbethian, and, perhaps, at Cow- 
bridge the basement beds of the Lower Lias are present. 

7. Section at Hwenney.—Directly at the back of the Brocastle 
quarry a roadway leads to Ewenney. The Carboniferous Limestone 
forms its floor. In some small openings along the line, the coralli- 
ferous conglomerate can be occasionally seen resting upon it. In 
passing down the hill towards Ewenney the limestones are disturbed, 
and large veins filled with crystalline carbonate of lime and conglo- 
merate cross the road. Not far below, the Lias in the Ewenney 
quarries may be seen regularly bedded, and abutting against and 
filling a forked space in the Carboniferous Limestone. With the ex-: 
ception of Astrocenia dendroidea, Dunc., and A. reptans, Dunc., the 
interesting fauna of Brocastle is entirely wanting. The upper beds 
of Lias at Ewenney are about 10 feet in thickness, divided by beds 
of marl, in which are present Pollicipes rhomboidalis, Moore, found 
also at Langan and Shepton. The beds, however, are encrinital, like 
those which adjoin the conglomerate at Brocastle; but the same is 
also the case with the Ammonites-Bucklandi beds at Southerndown. 
The Lias in the Ewenney quarry is much fissured, and a lead-vein 
passes through it. At the base of the quarry at the time of my visit 
the men were extracting stone identical with the upper or finer 
quality of the Sutton Stone, and they volunteered the remark that 
it was identical. It is slightly conglomeratic, and contains minute 
chert pebbles. Shells in it are very rare, the only one I noticed 
being a small example of Pecten Pollux. 

The beds putting on the lithology of the Sutton Stone are here 
es two in number, each of 20 inches in thickness; and it is curious 
to observe, as illustr anime the local character of the Sutton Stone, that 
those immediately below return to the ordinary dense and thinly 
bedded character of those above. 
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8. Section at Brocastle,—On taking the road from Bridgend to 
Cowbridge, numerous small Liassic sections are passed, in which Am- 
monites Sauzianus and other remains show that they represent the 
higher members of the Bridgend section. After passing these quar- 
ries and finding them all of the same general character, it was my 
intention to proceed direct to Cowbridge; but when midway, at 
Brocastle, at the mouth of the Liassic inlet previously indicated, I 
observed a limekiln some way up an arable field, on the right of the 
roadway, and thinking the beds there might occupy a different horizon - 
I determined to give them an examination. Instead of a Liassie, it 
proved to be a Carboniferous Limestone quarry, very full of encri- 
nital and other remains of that age. A shallow cartway from the 
field led into the northern face of the limestone. On leaving the 
quarry, a thin deposit of conglomerate, resting on the limestone 
immediately under the soil, attracted my attention, and was at once 
seen to contain many beautiful corals and univalves, the age of which 
could not then be recognized, but the Liassic character of which sub- 
sequent examinations revealed. 

The section itself, given below, rendered at first but little assist- 
ance in determining the age of the deposit. 

Fig. 6.—Séection at Brocastle. 

a. Lower Tuas. c. Carboniferous Limestone. 
6. Conglomerate. d. Lead-vein. 

d. A vertical fissure about 3 feet wide, formerly sunk about 50 feet in depth 
for lead-ore. 

c. Eastern face of nearly horizontal Carboniferous Limestone, 12 feet thick, 
leading in from the field to the quarry. 

6. Capping of Liassic conglomerate, accommodating itself to the edges of 
the beds or to the surface of the Carboniferous Limestone when it formed the 
base of the Liassic sea, averaging about 1 foot in thickness. 

a. Dense irregularly bedded Pentacrinital Liassic limestones with Rhyncho- 
nella variabilis and corals, exposed for about 5 feet in height, but the thickness 
of which is unknown, dipping slightly towards the centre of the Bridgend basin, 
abutting against and gradually passing into the conglomerate. 

The very interesting fossiliferous deposit, No. 3, is in part com- 
posed of angular blocks of Carboniferous Limestone, united by a very 
dense variegated yellow, grey, or bluish Liassic limestone, and en- 
closing also small pockets of Carboniferous Limestone sand, with 
organic remains of that age, and into which colonies of Liassic Litho- 
domi have penetrated. 

The bivalves of this deposit are usually so surrounded by its dense 
matrix as to be difficult of extraction, and for this reason are as yet 
but imperfectly represented in my collection. Some of the corals, 
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however, and the Gasteropoda especially, have attached themselves 
to the honeycombed or ragged edges of the bed, or have passed down 
and are found united to the sides of any veins or fissures in the Car- 
boniferous limestone itself. The organic remains are very varied, and 
when the above is the case are often in the most beautiful condition. 

The peculiar character of the deposit, and the fact that few if any 
of its organisms had previously been found in any stratified beds in 
this country, rendered it exceedingly difficult to arrive at a satis- 
‘factory determination of its precise age, though the presence of one 
or two somewhat imperfect specimens of Giryphea incurva at once 
pointed it out as belonging to the horizon of that shell. By an exa- 
mination of some of the smaller genera and species, however, a partial 
key to their recognition was obtained, some of them being found 
identical with those in the Liassic deposit at the bottom of the 
Charter House Lead-mine, and with others in the Sutton Stone, and, 
again, with species in the Lias of Bridgend and Bath. 

A close examination of the weathered surfaces of the Brocastle 
deposit shows that it is to some extent composed of sponges, their 
spicules being readily detected. Of this family there are at least two 
genera, some of the spicules we have been able to detach showing 
them to be triradiate and calcareous and allied to the recent Gran- 
tia of Fleming. 

Foraminifera are exceedingly rare: a single specimen of Involu- 
tina lassica, Jones, and a Planularia are all yet seen. 

The Zoophyta have afforded a most remarkable harvest. A few 
years ago, on the publication of the Monograph on Oolitic and Liassic 
Corals by MM. Milne-Edwards and Jules Haime, I possessed two 
out of three of the then known corals of the Lias; and it has been 
meanwhile considered quite fortunate to have increased that number 
by some six or eight species. From this single locality I have 
been able to furnish Dr. Duncan, in whose hands they are placed by 
the Paleontographical Society for description, with not jess than 
thirty-one species; and to these many will be added from other 
localities. 

The Echinodermata, which appear to have been abundant, are 
chiefly represented by dismembered joints of Pentacrinites and by 
detached spines and plates of Kchint. Of the latter there are two 
or three genera, and part of the test of what appears to be a Cridaris 
Edwardsii, the same species being present in the Charter House 
Mine. 

The Articulata at Brocastle are species of Serpule, which are 
common. Although I have hitherto been unable to detect Cirri- 
pedia, this family, which is now recorded for the first time from the 
English Lias, is common at Langan, and at Ewenney, close to Bro- 
castle; and the same species is found at Charter House and in the 
equivalent of the Sutton Stone at Shepton-Mallet—though from the 
latter place I have but one example. 

The Crustacea are to this time entirely confined to Entomostraca, 
for the notes on which I am indebted to Professor Rupert Jones, 
F.G.S. In the whole, six species are present at Brocastle, two of 
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these, Moorea obtusa, Jones, and Cythere curva, being new and 
peculiar to the deposit. The others are considered to be of Car- 
boniferousLimestone species. Two of these, Cythere fabulina and 
Buirdia plebeia, not only occur in the Charter House Mine, but I 
have found them also in the Allenhead and other lead-mines of the 
North of England. 

I have before expressed my belief in the recurrence of generic 
and specific forms under favourable circumstances after long in- 
tervals; and such I believe to be the case with the above. A de- 
rived and redeposited shell usually presents a condition which a 
practised eye readily detects when compared with the later fauna 
with which it may be associated. In this instance they have been 
washed out by myself from the soft matrix of the Liassic blocks, are 
not in the least abraded, the other remains found with them being, 
except in yery rare instances, undoubtedly Liassic. 

Circumstances which were so favourable to the life of the Zoo- 
phyta might have been considered equally so to the Bryozoa; but 
examples are very rare, and appear confined to what I suppose to 
be two species of Neuropora? 

The Brachiopoda as a family are also very feebly represented ; 
I have hitherto detected only the genera Rhynchonella, Terebratula, 
Theeidium, Crania, and Zellana. Of the first I possess from Bro- 
castle but two specimens of R. variabilis, one of them being from 
the Pentacrinital limestone; the Terebratule are two very young 
specimens of 7’. punctata? The Thecidide, on the contrary, are very 
abundant and may be seen in almost every block; these are of three 
species, namely 7’. Moorei, Day., T. rusticum, Moore, and 7’. trian- 
gulare, D’Orb. The two former species I have found in the Charter 
House Mine and in the Ammonites-Bucklandi beds of the Lower 
lias. The Zellanie at Brocastle are also not uncommon ; and though 
they present considerable variety in their form, I am unable to 
distinguish them from Z. Davidsonii, Moore, of the Inferior Oolite. 
We have therefore again, with the latter shells, a recurrence of 
specific forms, through the Lower Lias into and through the Mid- 
dle and Upper Lias, and, with the latter shell, even into the Inferior 
Oolite. It is curious to observe that, though the latter genus has 
so extended a range, and is so wide-spread, no other author appears 
to have yet recognized it. 

The Lameliibranchiata to thisime have yielded forty-nine species, 
without including some doubtful and fragmentary forms; and no 
doubt the list may be still increased. In general, however, they 
are imperfect, and in single valves, and are most commonly, either 
wholly or in part, enclosed in the matrix, from which they cannot 
easily be extricated. Gryphwa incurva is one of the most abundant 
bivalves at Brocastle. 

Unlike the former shells, those of the Gasteropoda are usually in 
a most beautiful state of preservation, and retain to a considerable 
extent their ornamentation. Itis rarely that they can be recognized 
in the matrix of the stone itself in this section; they are, rather, 
usually attached to its outer surface, or to the hollows presented by 
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the conglomeratic character of the bed; and if anything could be 
decided regarding the comparative age of remains found in the same 
section and in the same deposit, I should say they were slightly 
younger than some of the bivalves with which they are associated ; 
and the same remark would apply to some of the corals which 
stand out as they originally grew on the Carboniferous-Limestone 
coast-line of the Liassic sea. Little or no denudation could subse- 
quently have taken place; nor were any deposits ever laid down 
above them, as the hollows and open veins to the sides of which 
some of these remains are still attached sufficiently attest. The 
Gasteropoda, for a single locality, are wonderfully varied, simce not 
less than eighty-two species have been recognized. 

Two new genera are present, for which I propose the names of 
Pterocheilos (P. primus, Moore) and Pleuratella (P. prima, Moore); 
the latter appears to be allied to Delphinula, and may constitute 
a subgenus of it. 

The shells of the class Cephalopoda unfortunately afford but little 
assistance in determining the more exact age of the Brocastle de- 
posit, as we have recognized in it only two small Ammonites, both of 
which are young forms. It is, however, clear that they do not belong 
to species low in the Liassic series. Both, are of smooth exterior, and 
without ornament; the same forms occur both at Southerndown and 
in the higher beds of Bridgend, and appear identical with the young 
of the A. semicostatus, 

From this most truly interesting Brocastle deposit it has been my 
good fortune to recognize in the whole not less than 198 species, 
which are given below. 

Inst of Organic Remains from Brocastle. 

Ammonites. Latimzeandra denticulata, Dune. 
Nautilus. Cyathoceenia dendroidea, Dune. 
Grantia antiqua, Moore. costata, Dune. 
Spongia. Astroceenia plana, Dune. 
Involutina liassica, Jones. Kutorgiana, Jones. 
Planularia, sp. curva, Jones, MS. 
Montlivaltia simplex, Dune. dendroidea, Dune. 

Wallis, Dunc. —— minuta, Dune. 
Brodiei, Dune. reptans, Dune. 

— Murchisonix, Dune. favoidea, Dune. 
— pedunculata, Dune. spinigera, Dune. 

brevis, Dune. —— pedunculata, Dune. 
Thecosmiliairregularis, Dunc.,and 1 var. costata, Dune. 

Terquemi, Dune. —— gibbosa, Dune. 
affinis, Dune. insignis, Dune. 
Walliz, Dune. Neuropora mamumillata. 
dentata, Dunc. , Sp. 
plana, Dune. Cidaris Edwardsii. 
Martini, H. de From. Echinus, sp. 
Michelini, Terg. Ophioderma, joints of. 

Septastreea excavata (De From.). Pentacrinus tuberculatus, M77. 
Tsastreea Sinemuriensis (D’ O7b., sp.). , Sp. 
Isastreea globosa, Dune. Serpula socialis, Goldf. 
Montlivaltia polymorpha, Zerg. e¢ , several spp. 

Piette. Bairdia plebeia, Reuss. 
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Moorea obesa, Jones, MS. 
Cythere fabulina?, J. & K. 

Kutorziana, Jones. 
evrva, Jones, MS. 

Crania liassica, Moore. 
Rhynchonella variabilis, Scloth. 
Terebratula punctata, Zerg. 
Thecidium Moorei, Dav. 

rusticum, Moore. 
triangularis, D’ Ord. 

Zellania Davidsoni, Moore. 
Anomia irregularis, Zerg. 
Avicula Dunkeri, Terg. 

Buvignieri, Terg. 
— infraliassina, Martin. 
— Alfredi, Terg. 

Deshayesi, Terg. 
Gryphza incurva, Sow. 

depressa, Phil. 
Gervillia acuminata, Terg. 
Isodonta Engelhardti, Terg. 
Lima tuberculata, Terg. 

ameena, Terg. 
— gigantea, Sow. 

dentata. 
ap: 

Ostrea arietis, Quenst. 
liassica. 
irregularis. 

— intusstriata, Emi. 
Pecten Pollux, D’ Ord. 

subleevis. 
, Sp. 
, Sp. 

Placunopsis. 
Plicatula Hettangiensis. 
—— Bay'ei, Terg. 
Arca pulla, Zerg. 

Sinemuriensis, Martin. 
Astarte exigua, Tergq. 

cingulata, Zerg. 
Cardinia elongata, Dunk. 

Morrisi, Zerg. 
Listeri. 

, several species. 
Cardita Heberti, Martin. 

tetragona, Terg. 
Cardium Terquemi, Martin. 
Cucullzea asimilis, Zerg. 

Hettangiensis, Terg. 
Cypricardia, sp. 

inclusa, Zerg. 
Gastrochzna liassica, T'erg. 
Lithodomus arenicola, Zerg. 
Mytilus liassinus, Terg. 
—— lamellosus, Terg. 

arenicola, Terg. 
—— Simoni, Terg. 

Sinemuriensis, Jerg. 
Pholadomya arenicola, Terg. 
Saxicava Bronni, Martin. 
Tancredia securiformis, Terg. 

Alaria rudis, Moore. 
Alaria fusiformis, Moore. 
Amberleya grandis, Moore 

apicalis, Moore. 
Ampullaria planulata, Terg. 
Cerithium acuticostatum, Terg. 

gratum, Terg. 
J obee. | 
pellucidum, Moore. 
pentacostatum, Moore, 

—— planicostatum, Moore. 
paludinare, Terg. 

—— pupa, Martin. 
Semele, D’ Ord. 
spiratum, Moore. 
Sinemuriensis, Martin. 

Chemnitzia Oppeli, Martin. 
polita, Martin. 

Chiton radiatus, Moore. 
Dentalium, sp. 
Discohelix cornucopix, Moore. 

fimbriatus, Moore. 
Fusus Becketti, Moore. 

Jenynsi, Moore. 
Terquemi, Moore. 

Hinnites lassicus, Zerg. 
, Sp. 

Littorina circularis, Moore. 
ovalis, Moore. 

Melania acuta, Moore. 
abbreviata, Terg. 

—— (Pterocera) dubia, Terg. 
usta, Zerg. 

Nerinxa acuminata, Moore. 
rudis, Moore. 

Neritina arenacea, Terg. 
canalis, Zerg. 
Hettangiensis, Terg. 

Neritopsis cancellata, Moore. 
exigua, Terg. 

Orthostoma avena, Terg. 
frumentum, Zerg. 
oryza, Moore. 

Patella Dunkeri, Zerg. 
ornata, Moore. 
Schmidti, Zerg. 

Phasianella liasina, Terg. 
nana, Terg. 
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Pleurotomaria Mendipensis, Moore. 
Henrici, Martin. 
lens, Terg. 
rotelliformis, Dunk. 

Pleuratella prima, Moore. 
Pterocheilos primus, Moore. 
Pyrula liassica, Moore. 
Rimula elegans, Moore, 

hassina, Terg. 
Solarium liassicum, Moore. 
—-— lenticulare, Terg. 
Straparollus Oppeli, Martin. 
Trochotoma Brocastellensis, Moore. 

Lycettii, Moore. 
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Trochus Deslongchampsii, Moore. Turbo reticulatus, Moore. 
Hlize, Moore. turritus, Moore. 
nitidus, Zerg. —— tumidus, Moore. 

Turbo apicalis, Moore. — Piettei, Martin. 
Brocastellensis, Moore. Tornatella Buvignieri, Terg. 
costellatus, Zerg. secale, Terg. 
gemmatus, Terg. Turritella Howsei, Moore. 
striatus, Moore. —— Humberti, Martin. 

9. The Sutton Stone and the Southerndown Series.—The .coast- 
section which has been given by Mr. Tawney, in the Society’s 
Journal, vol. xxi. p. 75, faithfully represents the general character 
of the rocks between Sutton and Dunraven. The vertical section, 
however, which only represents the beds as they appear on the 
coast-line, fails to convey the great aggregate thickness of the beds 
of the district. This section gives a thickness of 110 feet; but, 
including the beds which come in on the Down, above the edge of 
the cliffs, I think the whole cannot be estimated at less than 250 feet. 
An inspection of the cliff-section east of Dunraven will assist in 
arriving at this conclusion, as there may be seen at this point at 
least 300 regularly stratified beds, with intervening marls between 
each, above the sea-level. My section of the Sutton beds, which 
was prepared before the publication of Mr. Tawney’s paper, does not 
materially differ from that given by him. I need only give the 
lower or Sutton-stone beds in detail. 

Various closely bedded conglomeratic or granular hard greyish ft. in. 
limestones, cherty, or in great part composed of flattened 
pebbles of Carboniferous Limestone, giving the stone the 
appearance of a pea-grit, estimated at their western outcrop. 200 0 

Granular and closely bedded limestones resting on the Sutton 
Stone, containing Gryphea incurva at their base, with Am- 
monites angulatus, Lima gigantea, L. duplicata, &e. ......... 25 0 

Sutton Stones conelomenratey sce. 20-22 6-ececee sane eee see eee eee 0 9 
Sutton Stene, conelomerate sess. 5. cacbessccenes cease <- saeacee ses Evao 
NiitLomMASLOMe gis Aomeconig Bsaelee Nesens ne weet dace ccine e eee Cree Rte ees dee 
Sutton Stone, conglonmerates si ccese.c-ceoce-sscs0-cetescsseeecuseee 0 8 
Sutton Some fia aetaenceelsoseseonseekns sje tcsep ec e ooecteaase cae meee 16 
Sutton Stone, coarse conglomerate. ...........0.....ccte-sseneceeeree- a6 
NUbLOM! ISHOne steams leathamescecsee <1. oe quectmmtw sees an: Ometeeone 25 
ime volcom lonmeraveeets .t.carectas salami selene neil else! fe aa eee 0.4 
Sutton’ Stome ssussc.. cided aienecte sce: sea ceeerwas <coseiecceche me eeeene iad 
ine’ of conglomerate aasaemssmeacercew es oss earacoe ce sae tene aeeeen ee 0 2 
SubtomStome sp cad se. rceceeubitll sh does ua dona sesisenect etek eee 3 0 
DUbLOM SCONE |. eees se OER Ee oie eaiee Pelosi wisest Meine eiee: kireeatee ae TQ 
Bastard Sutton Stone, coarse conglomerate ..................e00e- 0 8 
Bastard Sutton Stone, coarse conglomerate ...............6..00065- 1I@ 
Bastard Sutton Stone, coarse conglomerate ............ee0seseeeeee 22 

* * * * * * * x x 
Carboniferous Limestone. 

It has been proposed by Mr. Tawney to divide the series into, — 
1. The Sutton Stone. 
2. The Southerndown series. 

3. The Ammonites-Bucklandi beds, divided from the former by the zone of 
Ostrea liassica. 

1. The Sutton series has been considered by that gentleman to be 
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slightly anterior in age to the Rhetic Avicula-contorta beds, from 
the absence of that shell in them, and the presence of others, which 
he considers may represent the Muschelkalk, though he would in- 
clude them in the Rhetic period. Before the publication of his 
paper, when applied to by Dr. Duncan for my collection of corals 
from this locality, I expressed my opinion that all these beds were 
of the age of the Lower Lias, though deposited under very abnormal 
conditions. 

A reference to the Camel, Shepton, and other sections, where the 
succession from the Keuper through the Rheetic and Liassic beds 
occurs, will show that where there is undoubted uniformity of depo- 
sition the absence of any representative of the Sutton Stone is un- 
questionable. A consideration of the Table of organic remains and 
their range, given by Mr. Tawney, shows a most marked distinction 
between the paleontology of the Sutton Stone and that of the Rheetic 
beds. The latter occur in many places in the district ; and had the 
Sutton Stone belonged to this period, paleontological evidence would 
not have been wanting; but the only fossils quoted as common to 
the two horizons are Myophoria postera, Monotis decussata, Plicatula 
intusstriata, and scales of Gyrolepis Alberti. The latter, after what 
I have said of the Frome district, may readily be supposed to be 
derived. The two former are not characteristic, as I have shown 
them to have a wide range in the Lias ; and, from the great difficulty 
attending a determination of some of the Sutton-stone shells, it is 
possible that the Myophoria may not belong to that genus, which 
has never been found above the Rhetic series. These facts, I think, 
are sufficient to show that a different horizon must be sought for 
the Sutton and Southerndown series. 

2. It is also proposed by Mr. Tawney to separate the Southern- 
down group from the Lias, leaving the Liassic Ammonites-Buck- 
landi beds unconformable above them ; but their position must follow 
as a consequence upon any determination arrived at for the Sutton 
Stone. 

The beds under consideration appear to have been deposited in a 
basin of Carboniferous Limestone, and are cut off abruptly by that 
formation on the north, from Sutton to Dunraven; and between these 
places they have an ayerage breadth of about halfa mile. On follow- 
ing the southern edge of the limestone to Brocastle, that village may 
be seen in the centre of anarrow neck of Lias, on which the Carboni- 
ferous Limestones of the Golden Mile and Ewenney encroach ; this 
narrow Liassic belt connects the latter formation on the south with 
that within the basin of Langan and Bridgend, before referred to. 

In the Sutton section I have indicated a break between the 
Carboniferous Limestone and the lowest Sutton Stone, in order to 
point out that, assuming the Liassic age of the latter, there is evidence 
of the presence of a Liassic fauna before the deposition of any of the 
stratified Liassic beds ; and it will be shown that between these 
points must also be interposed a great thickness of Liassic conglo- 
merates, which may have been accumulated contemporaneously with 
Liassic beds elsewhere. 
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I have already shown that the interesting fauna of Brocastle 
is derived from a thin band of conglomerate resting immediately 
upon the Carboniferous Limestone, and that, wherever any fissure 
in the limestone occurred, a Liassic fauna, as was also the case in 
the Mendip Hills, occupied it. The same phenomena prevail at 
Sutton. The Carboniferous Limestone below the Sutton Stone has 
been washed by the Liassic seas; and corals and shells, some of 
them identical with those of Brocastle, are attached to the surface 
of the limestone, and have also passed down into its fissures, and 
are with difficulty removed from its more ancient matrix. At the 
Sutton quarries the conglomerate I propose hereafter to inter- 
calate is not seen, the Sutton Stone resting there immediately upon 
the Carboniferous Limestone. 

a. Local Deposition of the Sutton Stone.—In the railway-section at 
Shepton, p. 505, no Liassic beds are present which indicate a condi- 
tion of sea-bottom like that presented by the Sutton Stone; but 
when the former are followed to the edge of the Carboniferous 
Limestone, they assume identical lithological characters. It is not 
necessary that the beds thus changed should always be on the same 
geological horizon ; for it has been shown that at Ewenney a Sutton- 
stone condition is interposed between granular Liassic limestones, 
and that probably at Laleston a Sutton Stone older than that at 
Sutton isfound. At Broadfield Down, near Bristol, the Rhzetic White 
Lias is changed into a Sutton Stone; and at Harptree the Lima-beds 
are also metamorphosed, though they are more siliceous than the 
above. I believe that an examination of the Southerndown coast-line 
will show that there also the Sutton Stone is only an abnormal (and 
probably a shore-) deposit, accumulated on ledges, or in bays or 
basins of Carboniferous Limestone, and that it dies out, giving place 
to thinner and more regularly bedded Liassic limestone. 

The coast-section from Sutton, in the direction of Dunraven, can 
be seen only at low water; and care must be taken in its examina- 
tion. On descending from the Sutton quarry down the face of the 
ragged Carboniferous Limestone to the beach, a cavern (which I 
propose to call No. 1) is reached, of which the Sutton Stone forms the 
arch, the Carboniferous Limestone occupying its sides and floor. 
A few yards beyond, cavern No. 2 is seen, where the Sutton Stone is 
thrown down by a fault, and is found resting upon a base of conglome- 
rate which is not to be recognized in the quarries, and which appears 
to have filled a basin or break in the Carboniferous Limestone. It is 
composed of large pebbles of quartz, chert, and limestone in a dense 
blue or grey matrix, differing from the Sutton Stone above, and, un- 
like it, is not bedded. 

As my examination was necessarily very hurried, I am unable 
to give distances ; but still further the Sutton Stone again forms the 
crowns of the arches of caverns 3 and 4, and also the sides, the 
darker conglomerate just mentioned being at its base, all above 
belonging to the true Sutton Stone, which here becomes very much 
thicker. It is next seen resting once more upon the Carboniferous 
Limestone, becomes much thinner, accommodating itself to the irre- 
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gularities of the limestone, and passing down any fissures observable 
therein. At caverns 5 and 6 the Carboniferous Limestone still 
forms the sides, at the latter becoming red and regularly bedded, 
with a gradual dip seaward. The Sutton Stone is here reduced 
to one-half its former thickness. At cavern No. 7 the limestone 
becomes much inclined, and the whole of the Sutton series is 
included in four or five thick beds. 

The beds included by Mr. Tawney in the Southerndown series 
have now assumed considerable thickness; but the Sutton Stone is 
still thinner, and rests upon almost vertical Carboniferous Limestone. 
At caverns 8 and 9 the beds are faulted and thrown down, and the 
Sutton Stone again becomes thicker. From this point the beds 
again rise and are somewhat horizontal towards Dunraven. It may 
now be observed that the lower beds of Lias have gradually 
changed in colour and in structure, becoming a dull olive, and in 
texture almost hike Carboniferous Limestone. Instead of a deposit 
like the Sutton Stone, the beds have become less conglomeratic, and 
only thin bands or patches of conglomerate have been washed in here 
and there, resting upon the surfaces of the beds, which soon again 
pass into their ordinary conditions; and hence to Dunraven the 
Sutton Stone is no more seen. My view of its local deposition is 
strengthened by the coast-section given by Mr. Tawney, in which it is 
seen that the Sutton Stone should again have come to the surface 
under Southerndown: but this is not the case; and in the very 
lowest beds at this point that the tides at low water would allow us to 
reach, Gryphxa incurva, Pholadomya, Rhynchonella variabilis, Ostrea, 
and other evidences of Liassic life were found. 

b. Organic Remains from the Sutton Stone.—High up in the vertical 
section given by Mr. Tawney, and immediately under the Ammo- 
nites-Bucklandi beds, that gentleman has indicated a zone of Ostrea 
liassica. I have shown the special horizon of this shell at Camel 
and Bedminster, and also at Stormy, Laleston, and Llanbethian, near 
Sutton, where it is found below the Ammonites-planorbis beds and 
at the base of the Liassic series ; its presence therefore on the horizon 
thus pointed out would necessarily place all the beds on which it 
reposes, supposing it to occupy the same position as in the above 
sections, below the Liassic series. ‘This shell is abundant in the 
Sutton Stone, and passes upwards; but I was unable to recognize 
it as occupying a special horizon like that indicated in the above 
sections. 

Before the deposition of the Sutton Stone, the species of corals 
found therein had attached themselves to the floor of Carboniferous 
Limestone or toits fissures; and under the same circumstances eleven 
species of Mollusca which recur in the Sutton Stone have been found. 
In addition to these, there are two (Pleurotomaria obliqua, Terq., 
and Trochus sinistrorsus, Desh.) which I have not yet recognized 
elsewhere. In the very mineralized matrix of the vein-stuff under 
the Sutton Stone, Entomostraca are to be recognized. 

The species from the Sutton Stone are not so numerous as might 
have been expected when the very fossiliferous nature of the bed was 
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first seen. Owing to the character of the matrix many are in bad 
condition, and, from the outer shell-structure haying perished, difficult 
to recognize specifically. In consequence of this, some of Mr. 
Tawney’s species represent known Liassic forms, whilst others have 
been previously described from the Lower Lias, or “ Infralias ” 
beds of the Continent *. 

In addition to the 15 species of corals described by Dr. Duncan, 7 
of which are special to it, 1 have recognized 35 other species in 
the Sutton Stone, which, with the 2 hitherto obtained only in the 
fissures below, make a list of 52 species. 

Inst of Organic Remains from the Sutton Stone. 
Ammonites angulatus. 
Cerithium, sp. 
Neritopsis exigua. 
Phasianella (Pteroceras) dubia, Terg. 

usta, Zerg. 
Patella Dunkeri, Terg. 

ornata, Moore. 
Turbo Juliani, Zerg. 
Trochus. 
Cardinia Moreana, Martin (C. ingens, Taw.). 

AD: 
Cardita tetragona, Zerg. (Astarte Duncani, Taw.). 

rhomboidalis, Taw. 
Cypricardia Winwoodii, Moore. 
Astarte cingulata, Zerg. 
Lithodomus, casts. 
Mytilus, sp., cast. 
Modiola, sp. 
Pinna insignis, Zaw. (P. semistriata, Terg.). 
Lima gigantea, Sow. (L. exaltata, Terg.;-L. compressa, Zerg. ; Li. Fis- 

cheri, Ze7q.). Hig 
Dunravenensis, Jaw... . 

—— duplicata (LL. Hettangiensis, Zerq.). 
tuberculata, Zerg. 
dentata, Zerg. (Li. subduplicata, Zaw.; L. planicostata, Taw.). 

Pecten Pollux, D’ Ord. (P. Suttonensis, Zaw.). 
Etheridgii, Taw. 

Ostrea intusstriata, Linn. (Spondylus liassicus, Zerg.). 
Plicatula acuminata, Terg. § Piette. 
Ostrea liassica (O. arcuata, Lamk.; O. anomala, Terg.). 

arietis, Mumnst. (multicostata, Terg.). 
irregularis (Anomia socialis. Zaw.). 

Gryphea incurva (Ostrea levis, Zaw.). 
Serpulz. Entomostraca. Acrodus-tooth, derived. Fish-palate, fragment. 

* Immediately after the reading of Mr. Tawney’s paper I communicated my 
views on the age of the Sutton and Southerndown series to my geological friends 
in London, and I then informed Mr. Bristow that they were of Liassic age. He 
has since surveyed them and made sections for the Geological Survey. Ina 
short paper read. with my own and published in the last Number of the Society’s 
Journal, I was pleased to find him in entire accordance with myself respecting 
their age. At this time Mr. Tate had an opportunity of inspecting the large 
collection I forwarded with the Sutton and Brocastle Corals to Dr. Duncan—his 
views then being that they belonged to the Ammonites-planorbis series; and I 
informed him they belonged to still higher horizons. Since my paper was read, 
he has given one on the ‘ Fossiliferous Development of the Ammonites-angula- 
tus zone,” in which there will be seen a repetition of many of the points in my 
paper, and a general agreement with its views. 
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A comparison of the foregoing list with that of Brocastle will 
show that there are only 18 species common to the two localities, 
although at Brocastle there are in the whole nearly 200. Five of 
the above are corals. This very marked distinction is sufficient to 
show that the deposits must occupy different horizons. 

At Sutton as well as at Brocastle the organic remains are most 
abundant where the Liassic deposits come in more immediate contact 
with the Carboniferous Limestone. Thus the corals at Sutton are 
chiefly found at the base of the series, and with some of the other 
remains become rare or entirely absent in the higher portion of the 
series. 

An examination of the great thickness of the beds above the Sutton 
Stone proper will show the peculiar conglomeratic and lithological 
characters they present at their outcrop, to which allusion has been 
made. ‘This condition disappears in their passage to the east. The 
stone is very dense and intractable, and the organisms very difficult 
to extract. From immediately above the Sutton Stone I obtained 
the following :— 

Ammonites angulatus, rather abun- Ostrea liassica. 
dant. Pholadomya ambigua. 

Grypheea incurva, rather abundant. Pecten dispar ? 
Cypricardia, sp. Phasianella. 
Cardita multicostata. Cerithium nodulosum, Moore. 
Lima gigantea. Trochus. 

duplicata. Thecosmilia Michelini. 
Ostrea arietis. 

Following the coast-line from Sutton, under the Southerndown 
cliffs, the presence of multitudes of Gryphea incurva, at about high- 
water-mark, sufficiently attests the Liassic age of the beds in this 
direction. Beneath them are very peculiar, gritty, thickly bedded 
limestones, on the top of which, though rarely, and in the beds 
below them seaward, Liassic remains are still found. 

On the Dunraven side, above the gritty beds just referred to, are 
some very ragged or cavernous beds, from which were obtained the 
following :— 

Ammonites angulatus. Pecten Thiollieri ?, Martin. 
Belemnites acutus. Plicatula Hettangiensis, 
Gryphea incurva. Cardita multicostata. 
Lima gigantea. Melania crassilabrata, Zerg. 

duplicata. Dunravenensis, Moore. 
Astarte, small. Littorina clathrata, Desh. 
Cardinia, sp. Turritella Deshayesii, Zerg. 
Modiola producta, Terg. Pleurotomaria, cast. 
Gervillia ? Elysastreea Moorei, Duncan. 

The Llysastrea Mooret is found also under the Sutton Stone. 
Below the beds with the above remains, to the east, is a very fine 
Liassic section, at the base of which, at low water, great numbers of 
Montlwaltie may be noticed on the waterworn surfaces of the beds, 
and also sections of large Cerithiade. The Lias in this direction 
has fewer fossils than towards Southerndown and Sutton. 

c. The Ammonites-Bucklandi beds.—Leading down to the beach 
. 202 
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from Southerndown the beds are seen to belong to this group. On 
the edge of the cliff on the Down, towards Sutton, there is a small 
section, where the higher members given in Mr. 'Tawney’s diagram 
may also be examined. Those last mentioned are a Pentacrinital 
limestone precisely hke that upon the horizon of the coralliferous 
conglomerate at Brocastle. Gryphea mcurva, as in the beds below, 
abound in it, associated with Ammonites angulatus, A. Bucklandi, 
A. Conybeari, and A. semicostatus, with Belemmtes acutus and the 
phragmacone of a Belemnite of great size, previously mentioned 
as containing Discona Davidsoni in its chamber, identical with those 
found in the chambers of the Nautilus and Cerithvwm nodulosum at 
Shepton. On the weathered surface of these beds the shells stand 
out in considerable variety ; for, although collected from a small area, 
they have yielded about fifty species. [xcept traces of Montlwaltia, 
the coral-fauna is here wanting. A comparison of the others with 
those of Sutton and Brocastle shows that they are more immediately 
allied to the latter than the former, and manifests the great prepon- 
derance of an “Infralas fauna,” again associated with Gryphea 
incurva and Ammonites from a supposed higher horizon. 

In a wall on the Down above this section, I found a block of 
reddish slightly conglomeratic limestone, in its matrix not unlike 
Dolomitic conglomerate, which is evidently very fossiliferous. I 
obtained from it the only specimen yet found of Neritina Hettan- 
guensis, Terq.; and in the same block were fragments of fish-re- 
mains. J have been unable to find the locality whence it came. 
The following are from the beds at the top of the cliff :— 

List of Organe Remains from the Ammonites-Bucklandi beds. 

Lucina arenicola, Terg. 
Modiola minima, Sow. 
Mytilus Sinemuriensis, Martin. 

Cidaris, spines &e. 
Ophioderma, joints &e. 
Pentacrinites tuberculatus, M77. 
Serpula strangulata, Terg. Nucula. 

, Sp. Cerithium Semele, Martin. 
Discina Davidsoni, Moore. —— verrucosum. 
Rhynchonella variabilis. ——, n. sp. 
Avicula Buvignieri, Terg. gratum, Jerg. 
Gervillia acuminata, Terg. Dentalium. 
Grypheza incurva, Sow. 
Lima gigantea, Sow. 

duplicata, Sow. 
Hermanni, Sow. 

Ostrea irregularis. 
Pecten subleevis. 
Pinna semistriata, Terg. 
Arca pulla. 
Astarte cingulata, Terg. 
——-, Sp. 

teas similis, Terg. 
Cardinia elongata. 
——, sp. 
Cardita (sulcata) Heberti, Terg. 
Cypricardia compressa, Zerg. 
-—— tenera, erg. 
Tancredia. 

Pieurotomaria Mosellanus? Terg. 
Turritella Humberti, Martin. 

Dunkeri, Terg. 
Jenkeni, Trg. 

Melania Theodori, Mardin. 
nodulo-carinata, Moore. 

Turbo liassicus, Martin. 
Ammonites angulatus. 
— Johnstoni. 
— Bucklandi. 

Conybeari. 
—— semicostatus. 
Belemnites acutus. 

elongatus ? 
Drift wood. 

Neritina Hettangiensis, Terg. 
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10. Langan Lead-mine, Sutton Stone, and Conglomerates.—It has 
been stated that there are thick conglomerates interposed between 
the Sutton Stone and the Carboniferous Limestone. Though not 
visible in the Sutton quarries, it has been pointed out that they are 
present under the Sutton Stone, when the base of the cliff section is 
examined at low water, though no evidence of their thickness can 
thus be arrived at. Under the Sutton stone at Dunraven they are 
also to be recognized. The Lias at Langan is deposited in a deep 
basin in great part surrounded by Carboniferous Limestone. The 
lead-mine at this place, mentioned by Mr. Tawney, is about a mile 
and a half north-east of Brocastle, and considerably below the hori- 
zon of its coralliferous conglomerates. 
" The sinking was commenced in a Liassic vein ; and as the “‘country ”’ 
had to be removed, by which the miners mean the stratified or other 
deposits on each side of the vein, these were proved to the bottom 
of the shaft. At the surface were regularly bedded, but finely con- 
glomeratic, dense limestones with thin intervening beds of marl. 
Although fossils are plentiful on their weathered edges, but few could 
be extracted. In the marls, Pollicipes rhomboidalis, Moore, and Pen- 
tacrinites are frequent. Following the above limestones, the Sutton 
Stone was passed through, from which were obtained Patella Dun- 
keri, Terq., and Pecten Pollux, Taw. 

Immediately below the Sutton Stone unstratified conglomerates 
were found, and passed through to the depth of 150 feet, and still 
continued when the mine was abandoned. No organic remains could 
be detected in them. All these conglomerates are therefore clearly 
interposed between the Sutton Stone and the Carboniferous Lime- 
stone, which no doubt forms the bottom of the basin at Langan*. 
In the stratified beds above the Sutton Stone, there are many species 
of Cardinia and Pentacrinus ; and I also obtained the following :— 

Ammonites angulatus. Orthostoma avyena, Terg. 
Lepidotus-scales. Pleurotomaria lens, Tergq. 
Pollicipes rhomboidalis, Moore. Turbo rotundatus, Terg. 
Entomostraca, 2 spp. Trochus Juliani, Terg. 
Astarte irregularis, Terg. Langanensis, Moore. 
Ostrea arietis. Trochotoma clypeus, Terg. 
Anomia irregularis, Terg. Astroceenia gibbosa, Martin. 
Cardita tetragona, Terg. Thecosmilia Michelini, Terg. 

11. Inadmissibility of the term “ Infralias.”—For a considerable 
time all the beds at the base of the Lower Lias, below the ‘‘ White 
Lias,” including the bone-bed and the Avicula-contorta series, were 
oscillating between a classification by some authors with the Keuper 
and by others with the Liassic series. The indefinite term “ Infra- 
lias” was then introduced, and has begun to be recognized im 
geological nomenclature. In my paper on the “ Zones of the Lower 
Lias, &c.,” I pointed out the marked distinction these beds pre- 
sented from the Keuper at their base on the one hand, and the Liassic 
beds above, and proposed that, including the “ White Lias,” they 

* As these conglomerates both at Sutton and Langan follow immediately 
below the Sutton Stone and graduate into it, there appears little doubt that 
they must be assigned to the Liassic period. 
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should be recognized as the ‘“ Rheetic Series,” the propriety of which, 
when the ver tebrate remains from the latter beds are described, will 
be more clearly seen. 

M. Jules Martin, in his ‘ Paléontologie Stratigraphique de I’ Infra- 
lias de la Cote-d’Or, recognizes the above term, and also M. Terquem 
for beds in Luxembourg and Hettange, and M. Deslongchamps for 
those of the “ calcaire de Valogne.” 

Dr. Duncan follows them when he notices the Corals and other 
remains with which I have supplied him in his “ Madreporaria of 
the Infralias of South Wales.” Commencing the Lower Lias with 
the beds containing Ammonites Bucklandi and Gryphea imcurva, 
between these and the Keuper three zones are proposed for the 
Infralias,—the upper including the coralliferous deposits of Brocastle 
&c., in South Wales, and also the horizon of Ammonites angulatus. 
The second includes the zone of Ammonites planorbis and the “‘ White 
Lias” in part (Wright); whilst in the lower zone he gives the “ White 
Lias’’ in part (Moore), and the other beds to the Keuper,—all of 
which I propose to include in the Rheetic series. My proposal 
always was to include the whole of the “White Lias” with the 
latter. They are a compact mass of limestones, as a reference to 
my sections will show, with the same lithological and paleontological 
conditions throughout ; and as there is no possibility of separating 
them into horizons, they must all be classed together; and I think 
I have shown sufficient reason, when describing the Camel and 
other sections, why my classification is to be preferred. I do not 
agree with Dr. Duncan’s horizons for the South Wales coralliferous 
deposits, since those of Laleston, Cowbridge, and Llanbethian are 
in the Ostrea-beds and below the Ammonites-planorbis zone, whilst 
that of Brocastle, from its containing an abundance of Gir; ypheea m- 
curva, must, I think, be placed above the horizon to which he has 
assigned its 
It is very certain, from the descriptions given by the above authors 

of the several continental “ Infralias” deposits, that the beds are 
very feebly represented when compared with the Lower Lias of this 
country. In the district of the Cote-d’Or, they are deposited un- 
conformably upon, or within the influence of, a granitic coast-line, 
and not only is there much unconformability, but the beds are much 
mineralized and metamorphosed, those of Nolay and Thorte being 
sufficiently ferruginous for the manufacture of iron, whilst galena, 
manganese, and other minerals are at times present. The greatest 
thickness described by M. Martin at Pouillery for the “ Infralias,” 
including the Rheetic beds, is but 10 feet, many of the sections being 
still thinner. 

M. Terquem, in his description of the beds of Hettange and Luxem- 
bourg, also points out the presence of much unconformability. In 
the direction of Loevelage to d’Arlon, the “ Infralias” beds are 
wanting, and the Gryphea incurva or Ammonites-Bucklandi beds 
repose upon the Keuper; and he also states that in the Moselle, though 
not in Luxembourg, the “ Infralias ” begins with the bone-bed, from 
which it appears that, though so persistent in this country, the Rheetic 
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beds are wanting in some of the above districts. The Liassic beds 
of Hettange are calculated by the above author at 25 to 30 metres; 
but in Luxembourg, in which they are in a basin-shaped depression, 
they are thicker. 

M. Deslongchamps, when speaking of the “ Calcaire de Valogne,” 
again refers to the Infralias. Like its equivalent deposits at Sutton, 
the beds are mostly unconformable, and are stated by that author to 
be deposited in two small basins of Silurian strata, in which they 
have a thickness of about 20 metres. The above basins have been 
partly occupied by Triassic strata ; but towards Picauville where they 
pass beyond the basin, they rest immediately upon the granite. 

It is thus clearly shown, not only that the Lower-Lias deposits 
meet or repose upon an ancient coast-line in South Wales and 
Somersetshire, but that precisely similar conditions prevail in the 
continental districts just referred to, and that throughout their entire 
length they are much metamorphosed and unconformable, whilst 
at the same time, where the deposits are beyond the influence of 
these interrupting conditions, they assume the normal characters of 
the Liassic beds, and attain great thickness. 

It is under these circumstances that our continental friends have 
adopted the division ‘‘ Infralias ”’ for the beds between the horizon 
of Gryphea incurva and the Keuper. ‘To this arrangement I think 
there are many objections, which will justify me in still retaining the 
old landmarks for the Liassic series. ‘The proposed division is based 
upon deposits which are local and abnormal (and must therefore 
necessarily be more or less arbitrary), instead of upon such sections 
as those of Camel and Beer, in which there are types of the ordinary 
succession and the general condition of the formation over a widely 
extended area in the South-west of Efigland; and the result of the 
adoption of their proposed ciassification would be that we should 
probably have to remove three-fourths of the English Liassic series 
from the Lower Lias to that of the “ Infralias.” 

Not only will there be many physical difficulties, but the paleon- 
tological conclusions upon which this division is based do not hold 
good with the more extensive development of the Lias in this country, 
where the series from above the “‘ White Lias”’ are seen to be parts 
of a connected whole. 

The proposed division of the “ Infralias” from the Lower Lias 
has been suggested by the above-mentioned authors from the fact that 
with them the Gryphée arquée (Gryphea incurva) is not seen to 
commence with their “Infralias” fauna, and also that in these lower 
beds they have a special fauna which does not apparently pass up 
into those containing this shell. On the contrary, at Sutton and 
Southerndown, and at Bridgend, the shell is found abundantly with 
their “ Infralias” fauna, whilst at Brocastle, where that fauna is the 
most varied, Gryphea incurva is the commonest bivalve, and I cannot 
have collected less than fifty examples within a space of two or three 
yards. It isfound also at Willsbridge and throughout the Bath dis- 
trict; and at the same time a very large percentage of the whole 
fauna is in actual association with Ammonites Conybeari, A. angu- 



536 PROCLEDINGS OF THE GEOLOGICAL SOCIETY. 

latus, and A. Bucklandi, and in part also even with A. Sauzianus 
and A. semicostatus. 

M. Martin, in his Table of the “ Infralias”’ deposits, gives, in the 
whole, 213 species, including those of the Rhetic Beds, which I have 
not classed with the Lias. Of these, 176 are found on the horizon of 
the Ammonites angulatus (A. Moreanus), only 45 of which in the 
districts he notices pass into beds with Gryphca incurva. In this 
country nearly the whole fauna is in association with that shell: I 
recognize 69 more of the continental species in association with that 
shell, making 114 in the whole. Many other species have not yet 
been found common to both; but, as far as they have been recognized, 
nearly the whole of the continental fauna of the “ Infralias” are 
in association with Gryphea wmcurva and are found also in the 
chambers of Ammonites Buckland. 

In Dr. Duncan’s paper ‘On the ‘ Infralias’ Corals,” he has in- 
ferred that the Brocastle, Ewenny, and other deposits have no strati- 
graphical succession, and that most of the sections from which I 
obtained the coral-fauna are on the same horizon; but in this I am 
compelled to differ from him. Where the beds are removed from the 
metamorphosing influence of the Carboniferous Limestone, their 
correlation with the Camel section is quite clear, and their horizons 
can generally be recognized. Thus at Stormy is seen the passage 
from the Keuper into the Rheetic beds, and from these again into the 
Ostrea-beds, with the Ammonites planorbis still higher. The same 
horizon is clearly defined in the Church quarry at Laleston, though 
here the Sutton-Stone mineralogical character 1s assumed by the 
beds at the base of the quarry, instead of on the higher horizon at 
Sutton. In Dr. Pritchard’s quarry at Laleston, the Ostrea-series 
is present, quite as regularly*bedded as at Camel. ‘The same occurs 
also at Llanbethian, where above the Ostrea-beds those with A. 
planorbis occur. The above represent the beds of the Camel section 
to the A.-planorbis zone. The only corals to this point are Thecos- 
milia Michelini, a flat Montlivaltia, and very fragmentary evidences 
of Astrocenia. Gryphcea incurva has not yet appeared; and its 
presence so abundantly on the horizons of Sutton, Brocastle, &c. 
would imply that they are still higher in the Liassic series. 

Next I should be disposed to place the Sutton Stone proper, and 
its equivalent at Windsor Hill, Shepton, in which occur A. Cony- 
beart and A. Buckland; whilst above this, if not parallel with it, 
the normal conditions of the latter beds appear. 

Mere lithology is of no value in comparing these peculiar deposits ; 
nor is the presence or absence of certain species always a safe guide ; 
for although, from the general facies of the fauna as well as from 
their lithological similarity, the horizons of the Sutton and Shepton 
beds are seen to be the same, yet not a single Sutton coral is present 
in the latter, and a species of Montlivaltia, which does not occur at 
Sutton, takes their place. 

Although there are certain species of corals and mollusca common 
to Sutton and Brocastle, my view is that the latter are on a higher, 
and probably the highest horizon of any Liassic deposits in the dis- 
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trict, since many of the Brocastle fossils appear only in the Ammo- 
nites-Bucklandi zone at Southerndown, or in the upper beds at 
Bridgend, with A. semicostatus and Sauzianus. The great abundance 
of Gryphea incurva, both at Brocastle and at Southerndown, will at 
least remove these deposits from the so-called ‘ Infralias.” 

VII. Concivstion. 

From the peculiar character of the deposits of which I have treated, 
their study has been attended with much labour and difficulty, and 
has afforded occupation for several years. Mr. Godwin-Austen, in 
his elaborate theoretical paper on the extension of the Coal-measures 
under the South-eastern counties, alluded to the probable presence 
of an old land-area, of which Frome might occupy the central axis. 
In confirmation of his view, I am enabled to point not only to the 
axis of elevation in the basaltic dyke of Kastend, beyond Frome, on 
the Mendips, but also to produce Mammalia, Reptilia, and terrestrial 
Mollusca which were the inhabitants of this area within Rheetic and 
Liassic times, and from these and other physical reasons to infer that 
possibly the Mendips have seldom, or perhaps never, been again 
entirely submerged, or, if so, that it has been during the latter period. 
It has been shown that the barrier they have thus interposed has 
to a great extent modified the physical features of the whole line of 
country, from Frome through a great part of South Wales, and shut 
out the Secondary deposits from the Coal-basin, within which uncon- 
formability very generally prevails, and that the Secondary beds are 
very insignificant when compared with their equivalent deposits 
beyond. The mineral veins of the district show most conclusively 
that the Carboniferous Limestone must for a very long-extended 
period have been within the inflnence of the Liassic seas, and that 
from the latter have been derived most, if not all, of their mineral 
treasures, whether iron, or lead, or calamine; and it will have been 
seen that whenever the edges of the Lias have met the Carboniferous 
Limestone, or have been deposited within any of its basins, an 
altered mineralogical character is always present, which beds on the 
same horizon lose when beyond its influence. The correct succession 
from the Keuper, through the Rhetic, to the Liassic beds, and the 
precise divisions of the latter, have been pointed out, as well as the 
palecontological and lithological break indicated by the Rheetic White 
Lias, from which deposit the entire absence of Vertebrata and Cepha- 
lopoda has been shown, as well as its probable littoral character. 
In connexion with the Sutton Stone, it will have been seen that its 
peculiar lithology is only local, and that these beds are truly Liassic, 
whilst many of the shells it contains pass into the higher members 
of the Liassic series. Many points of paleontological interest will 
have been noticed, especially the wonderfully rich fauna of Brocastle, 
from which, including the corals, I have obtained nearly 200 species. 
The curious fossiliferous deposit in the Mendip mine has revealed 
the presence of a Liassic fauna, of a date prior to the deposition of 
the minerals therein, which is evidently contemporaneous with that 
of Brocastle and the Ammonites-Bucklandi beds of Bath. For the 
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first time in this country there will have been recognized the inter- 
esting fauna of Fontaine-étoupe-Four, and to some extent that of 
the Hierlatz beds. Exception has been taken to an “ Infraliag”’ 
division ; and its inapplicability to the larger and more complete 
development of those beds in this country has been pointed out. 

Lastly, in connexion with his investigations, the author will have 
indicated a most varied and interesting fauna, including the Corals 
described by Dr. Duncan, and the beautiful Gasteropoda of Brocastle, 
the new Brachiopoda of Whatley, and the numerous microscopic 
Foraminifera with which the Liassic beds were at times crowded. 

The list which will be given, with perhaps the exception of some 
from Holwell, Whatley, and Munger, is entirely confined to species 
from the Lower Lias. It does not profess to be complete, but con- 
tains only such as have been referred to in this paper; and yet these 
amount to not less than 429 species, and are in great part new to 
the fauna of this country. ; 

The fauna of the Middle and Upper Lias have been shown by the 
author, in the ‘ Proceedings of the Somersetshire Archeological and 
Natural History Society’ for 1865-66, to number 580 species; so 
that the whole Liassic series yields about 1000 species. 

VIII. Descriprrons oF THE SPECIES. 

1. CHARA LIASSICA, Spec. NOY. 

A single seed-vessel of this freshwater plant is associated with the 
Liassic remains from the Charterhouse mine. It is not in the best 
condition, from having been slightly abraded ; but by a close exami- 
nation with the lens the spiral striations on its surface can be 
detected. When connected with the terrestrial and fluviatile re- 
mains to be hereafter noticed, its presence affords additional evi- 
dence of a Mendip land-area, and of a connexion subsisting between 
its streams and the Carboniferous limestone fissures before the depo- 
sition of the minerals therein. No remains of Chara having been 
found below Purbeck strata, this will be the oldest known example. 

2, GRANTIA ANTIQUA, spec. nov. Pl. XVI. figs. 33, 84, 

Spicules triradiate, calcareous, of different lengths, springing at 
varying angles from a central calcareous base. 

In some instances I have obtained the triradiate spicules entire, 
and free from the matrix. The presence of these Amorphozoa may 
be detected in almost every block in the Liassic conglomerate of 
Brocastle, though they are to be recognized generally in straight, 
detached, or single spicules. They are in such numbers as to show 
that they have added materially to the composition of the Liassic 
rocks in some of the South Wales sections. They may be detected 
abundantly not only at Brocastle, but on the weathered surfaces of 
the Liassic rocks at Cowbridge, Southerndown, and Shepton Mallet. 

The genus is In existence as a British marine form, and has been 
found fossil in the Red Crag of Walton. Dr. Johnston, in his ‘ History 
of British Sponges,’ remarks that the species of G'rantia are properly 
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littoral, growing between tide-marks or in shallow water within the 
lowestebb. This also appears to have been strictly the case with this 
ancient representative of the genus, as it is found at Brocastle and 
other places immediately skirting the Carboniferous Limestone coast- 
line, or in shallow basins along its margin washed by the Liassic 
seas. It is interesting to be able to connect this recent genus with 
one of so remote an age, and at the same time to be able to realize 
its growth under similar physical and zoological conditions. 

3. SERPULA STRANGULATA, Terq. Pl. XVI. fig. 32. 

Shell thick, elongated, curved, ornamented by numerous raised, 
sharp, and regular annular rings, in the concave interspaces between 
which are fine encircling strie. 

M. Terquem mentions that this species is found in the lower beds 
of the Lias at Zetrich, and also in the Middle Lias of the Moselle. 
In like manner I possess it from the Lower Lias of Bridgend, 
Stout’s Hill, and Southerndown, in some blocks of which are many 
examples, and also from the Middle Lias of Camerton, where it is 
not uncommon. 

4, PoLLicIPES RHOMBOIDALIS, spec. noy. Pl. XVI. fig. 31. 

Scutum thick, convex, rhomboidal or subquadrate; under and 
basal margin slightly rounded, divided by an obtuse carina, crossed 
by strongly marked lines of growth; surface with fine longitudinal 
strize ; inner surface concave, with corresponding lines of growth 
and longitudinal strie. The carina elongated, triangular, with 
raised rounded parallel ridges. 

Many fragmentary specimens of this species occur in the clays 
intervening between the beds of Lias at Ewenny and at Langan. 
The figured specimen is from the Sutton Stone of Shepton Mallet. 
I have already described a species from the Rhetic beds; and the 
genus is now recognized for the first time in the English Lias. 

5. BELEMNITES ELONGATUS ?, Mill. 

This genus is represented in the Lower Lias at Southerndown by 
a very large phragmacone, the chambers of which measure 23 inches 
in diameter. At first I was disposed to consider it an Orthoceras, 
and that the Discina which occupies the centre of one of the chambers 
had passed into it through the siphuncular orifice. To settle this 
point I had sections prepared; but having been unable to detect the 
presence of the siphuncle, it will be safer to consider that it belongs to 
Belemnites, though no Belemnite of such large proportions has before 
been found so low down. Belemnites acutus occurs rarely in the 
same section. 

G, CRANIA LIASSICA, spec. nov. 

Shell rather small, subquadrate, concave, with a rather elevated 
obtuse vertex , shell-structure smooth ; surface with a very irregular 

wrinkled aspect. 
Fragments of this little Crania are not uncommon; but I have 
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only one moderately perfect, showing the exterior, which is from the 
Brocastle Liassic conglomerate. It occurs also (but fragmentary) in 
the Charterhouse Liassic mine, and in the Lower Lias at Stout’s 
Hill. 

7. Discina Davipsoni, spec. nov. Pl. XVI. fig. 29. 

Shell small, rather elongate, ovate, conical ; vertex much eleyated, 
almost central ; anterior margin and sides rounded ; posterior margin 
rather truncated ; surface of the shell covered by very fine concentric 
lines. 

In general form this shell is not unlike D. Sandersii, Moore, from 
the Upper-Lias Lepteena- and fish-beds ; but the encircling strize are 
much finer. This species is widespread, and evidently not uncom- 
mon. It is usually found attached to the interiors of dead shells. 
In this way I have it in the body-whorl of a large Cerithium nodu- 
losum, Moore, from the Ammonztes-Bucklandi beds of Shepton Mallet, 
and also attached to the internal chambers of several Nautili, their 
casts having been retained on the inner stony matrix. It occurs also 
in the metamorphosed bed on shells at Windsor Hill. Another in- 
stance is in the phragmacone of a very large Belemnite at Southern- 
down, where its concave side occupies the centre of the chamber, 
giving it at first sight the appearance of the siphuncle of an Ortho- 
ceras. ‘The only free specimen, though not perfect, is from the 
Lower Lias of Bedminster Down. 

It is named after my friend T. Davidson, Esq., F.R.S., whose 
noble work on the Brachiopoda does him so much honour. 

8. ZELLANIA OBESA, Spec. noy. Pl. XVI. fig. 28. 

Shell minute, longitudinally ovate, much inflated; margin rounded; 
deltidium triangular, widely gaping, and encroaching, as is usual with 
this genus, on both valves; surface smooth. . 

Only one example of this shell has been found. Its very oval and 
inflated character distinguishes it from the other three Liassic species 
I have described. But for its very wide deltidium it might have 
been mistaken for a species of Entomostraca. 

Locality. The Lower Lias of Stout’s Hill. 

9. AVICULA NUDA, spec. nov. Pl. XVII. fig. 19. 

Shell quadrate, oblique; umbones much raised, anterior, and 
curving over the hinge-line; anterior side most convex ; posterior 
side angulated from the umbo towards a rounded posterior and vyen- 
tral margin; surface smooth, with faint, irregular, concentric lines 
of growth ; hinge-line shorter than the shell. 

From a Liassic conglomerate resting immediately upon Carbonife- 
rous limestone on the Marston road at Holwell, which appears to 
represent an horizon at the junction of the Lower with the Middle 
Lias, and of the age of the Hierlatz beds. I have some difficulty 
in separating this shell from the Avicula guadrata of Dr. von Dittmar, 
from the Alpine Upper Trias of Hallstadt. 
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10. Cypricarpra Winwoopt, spec.noy. Pl. XVI. fig. 27. 

Shell ovately oblong, moderately convex, smooth, inequilateral ; 
umbones anterior; anterior side rounded towards the ventral margin, 
posterior side produced, angular; a well-defined rib or carina passes 
from the umbones to the posterior ventral margin, beyond which 
there is an angulated area. 

It is named after my friend the Rey. H. H. Winwood, F.G.8., the 
Hon. Sec. of the Bath Naturalists’ Club. 

Locality. The Sutton Stone of Sutton. 

11. Opis TRIANGULARIS, sp. nov. Pl. XVII. fig. 20. 

Shell small, subtrigonal, thick, much longer than wide; umbones 
prominent and but slightly curved outwardly, terminal; an obtuse 
carina from the umbones passes to the posterior ventral margin, 
which is produced, and divides the dorsal surface from a very angu- 
lated area ; surface covered with numerous straight lines of growth, 
which, on crossing the carina, pass obliquely to the anterior margin ; 
anterior side slightly rounded ; lunule not exposed. 

It is from the Liassic conglomerate of Holwell; from the Hierlatz 
beds on the same horizon Dr. Stoliczka has described the Opis 
clathrata, from which this species is to be distinguished by its more 
triangular form. 

12. Lina Dustonecuampsit, Stol. Pl. XVII. fig. 21. 

Shell convex; broader than long, transversely oval; ventral 
margin and sides regularly rounded; surface with faint concentric 
lines of growth and very fine longitudinal strie, which are most 
distinct on the younger shells. In certain conditions of the test it 
also possesses fine punctations. 

It occurs in the Liassic conglomerate of Holwell, and also in the 
thin bed of Lias at Whatley, in both cases immediately upon Carbo- 
niferous Limestone. It has been found in the Hierlatz beds by Dr. 
Stoliczka, and at Fontaine-ctoupe-four by M. Deslongchamps. It 
does not attain the size of Z. gigantea, and is generally much more 
oval transversely than that shell. 

13. Liwa pEnsicosta, Quenst. Pl. XVII. figs. 23, 24. 

Shell rather small, convex, obliquely ovate; anterior side and 
margin rounded; posterior side extended, round; auricles small, 
nearly equal; lunule small; surface with longitudinal coste. 

Locality. The Liassic conglomerate of Holwell. It occurs also on 
the Hierlatz. 

The following species also occur with the above at Holwell ; but, 
_ owing to the density of the matrix, none haye yet been obtained in 
very good condition :— 

Pecten palosus, Stol. Pl. XVII. fig. 27. 
Pecten Roller, Stol. Pl. XVII. fig. 25. 
Pecten verticillus, Stol. Pl. XVII. fig. 26. 
Lama scrobiculata, Stol. Pl. XVII. fig. 22. 
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14, Atarra RupDIs, spec. nov. Pl. XIV. fig. 24. 

Shell turreted, fusiform ; whorls 5-6, convex, obtusely carinated 
on the middle portion, rather flat below and angulated above; 
suture indistinct ; last whorl extended; aperture oblong. 

The surface of the only example I possess appears smooth; but 
probably it had originally fine transverse strisz, which may have 
been abraded. ‘The outer lip is concealed, so that it cannot be seen 
whether it possessed digitations. For this reason it is, with a little 
hesitation, placed in this genus. 

Loc. The coralliferous Liassic conglomerate of Brocastle. 

15. ALARIA FUSIFORMIS, spec. nov. Pl. XIV. fig. 25. 

Shell fusiform, small; spire elevated; whorls 5—6, convex, an- 
gulated and divided by a deep suture; towards the base of the 
whorls are two distinct, shghtly nodulated carine; surface orna- 
mented by faint longitudinal strive ; canal short, straight. On the 
back of the body-whorl are three more-elevated carine ; but, as the 
lip and mouth of the shell are not exposed, the character of the digi- 
tations are unknown. 

It is from the coralliferous conglomerate of Brocastle, the lowest 
bed in which this genus has yet been recognized. 

16. CrrirHiuM PENTACOST#, spec. nov. Pl. XIV. fig. 18. 

Shell rather small, pyramidal; whorls short; longitudinal coste 
seven in number, straight, strongly marked and elevated, and con- 
tinuing to the base of the shell; whorls but slowly increasing, and 
crossed by encircling strie; mouth small, rounded; lip folded; no 
canal. 

This shell is not uncommon, though not often perfect. It is from 
the Liassic conglomerate of Brocastle. 

17. CERITHIUM PLANICOsTatuM, spec. noy. Pl. XIV. fig. 10. 

Shell conical, regularly tapering; apex subacute; whorls 8, 
flattened, or slightly convex, and separated by a shght suture. In 
its younger stage the whorls are most convex and possess a slight 
carina on the middle, which becomes obsolete on the lower ones. 
The surface is ornamented by numerous, close-set, depressed, curved, 
longitudinal coste; base flattened, with faint striz; aperture not 
well exposed. 

Of this pretty species I possess but one example. It approaches 
nearest the C. Henrict of M. Martin, but may readily be distinguished 
from that species by its less convex yolutions, its more angulated or 
flattened base, and by its finer and more numerous coste. 

Loc. The coralliferous Liassic conglomerate of Brocastle. 

18. CeRirHiuM PELLUCIDUM, spec. nov. Pl. XIV. fig. 11. 

Shell thin, small, cylindrical, rather pellucid; whorls slowly in- 
creasing, smooth, narrow and convex, divided by a rounded suture, 
which is bounded by an encircling depressed striation ; aperture not 
exposed. 
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1 possess but one example of this shell, which wants one or two of 
the upper chambers. 

Loc. The coralliferous Liassic conglomerate of Brocastle. 

19. CEeRITHIUM NoDULOSUM, spec. nov. Pl. XIV. fig. 9. 
Shell very large; spire turreted and much elongated, convex, 

angulated; whorls spirally coiled, elongated; the upper portions 
regularly angulated towards a well-marked concave suture. Towards 
the base of the volutions there occurs a single row of very prominent 
and rather widely separated nodulations; aperture longitudinally 
ovate. 

Of this fine species I possess only one example showing the test; 
but this is lost on the lower whorl, and several of the upper ones are 
wanting. My specimen consists of five whorls, which measure 4 
inches in length; and it is probable the shell must have been about 
5 inches long when perfect. 

It is from the Lias with Ammonites Bucklandi and A. angulatus at 
Shepton Mallet, and is represented, at Southerndown, Sutton, and 
Dunraven, by the large sections of its shells, which are there seen on 
the surfaces of the beds. 

The outer chamber of my specimen contains a Discina Davidsoni, 
Moore. 

20. Curiraium sprratum, Moore. PI. XIV. fig. 12. 

Shell spiral, narrow and very elongate; apex acute; possessing 
14-15 very slowly increasing volutions, which are divided by a 
small angulated encircling suture; the surface of the whorls orna- 
mented by close spiral striae, which are crossed by six or seven 
raised oblique longitudinal coste. Aperture rather ovate. 

This pretty species does not appear to attain any considerable 
size, and, though it is not uncommon, it is rarely found quite perfect. 

Locality. The coralliferous conglomerate of Brocastle. 

21. Curron RaDIATUM, spec. nov. Pl. XVI. figs. 25, 26. 

Shell elliptical or transversely oval, flattened ; dorsal surface con- 
vex, smooth, possessing a central, broadly grooved, slightly raised 
apex, with lateral depressed areas; anterior convex, divided into 
two areas by a curved or folding line, the surface presenting radi- 
ations passing from beneath the umbo. 

I possess four examples of this shell, only one of which is in 
good condition. J have previously found this genus in the Middle 
and Upper Lias, and also in the Rhetic beds, this being the first 
instance in which it has been recognized in the Lower Lias. Al- 
though comparatively rare, the genus has now been found in every 
geological stage down to.the Lower Silurian. The same species also 
occurs in the Liassic lead-mine of Charter House and the Lower Lias 
of Bedminster, the figured specimen being from the coralliferous con- 
glomerate of Brocastle. 

22, DELPHINULA NUDA, spec. noy. Pl. XVII. fig. 10. 

Shell turbinated; spire elevated; volutions five, oblique, much 
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rounded ‘or convex, and slightly angulated on their upper margins. 
Surface of the shell smooth and without ornamentation ; mouth only 
partly exposed, exhibiting on its inner margin a thick reflected lip. 
I have hitherto found only a single specimen, which is from the 
Liassic vein in the Carboniferous Limestone at Holwell. 

23. DELPHINULA REFLEXILABRUM, Horne. PI. XVII. figs. 8, 9. 

Shell small, discoidal, truncate; spire depressed; apex obtuse ; 
body-whorl smooth, slightly depressed on the under surface, very 
rounded and convex on the margin; aperture very large, circular, 
and surrounded by a very wide reflected lip. Umbilicus and base 
not exposed. 

This shell appears to have some affinity to Rotella macrostoma, 
Stol., which that author states to be common on the Hierlatz, but 
which he separates from the above, from its not possessing the 
reflected lip, which, in our specimen, acquires nearly one-third of 
the width of the last whorl. 

Loc. The Liassic vein in the Carboniferous Limestone at Holwell. 

24, AMBERLEYA ALPINUS. Pl. XVII. fig. 7. 

Eucyclus alpinus, Stoliczka. 

Shell turreted; of 4-5 rounded volutions, which are divided by 
a deep angular suture. Hach whorl possesses three or four tuber- 
culated carinz, and in the basal angle another somewhat smoother. 
The base of the body-whorl has many encircling strie. The mouth 
is large, somewhat square; outer lip thin, but thickening at the base, 
where it is slightly reflected. My examples of this shell are not in 
good condition, though sufficiently so to mark the species. The 
figure is a restoration after Dr. Stoliczka’s. 

Loc. The Liassic vein in the Carboniferous Limestone at Holwell. 

25. Fusus Turevemi, spec. nov. Pl. XIY. fig. 8. 

Pteroceras? Terq. 

Shell rather small, fusiform; spire produced; volutions 6-7, 
angulated ; surface ornamented with fine concentric strie, which 
continue to the base of the columella, and with elevated costz 
which cross the angulated base of the whorls; aperture longitudinally 
ovate; columella extended, slightly folded, with narrow canal. 

M. Terquem, in his account of the geology of Luxembourg and 
Hettange, has referred this shell with some doubt to Pteroceras, but 
states his example to have been imperfect. 

As my specimens show the columella, and are otherwise complete, 
there can be no doubt that they belong to fusus, though the genus 
has not been recognized so low. I name it in honour of M. Terquem, 
whose work on the Lower Lias has greatly assisted me in gaining 
my knowledge of the paleontology of that formation. 

Loc. The coralliferous conglomerate of Brocastle, where it is not 
uncommon, though rarely perfect. 
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26. Fusus Jenynsu, spec. nov. Pl. XIV. figs. 6, 7. 

Shell elongate, fusiform; whorls 7-8, angulated, bounded on the 
lower margin by an elevated obtusely nodulated carina; angulated 
surface of the whorls covered by very close encircling striz, which 
are decussated by equally faint lines, giving the shell, by aid of the 
lens, a finely reticulated aspect; columella moderately extended, lip 
thick, and at the base rather folded over the canal; mouth rather 
small, ovate. 

This shell is one of the commonest Gasteropods at Brocastle, 
whence I have examples of all ages. It does not appear to have 
attained any considerable size, my largest specimen being about half 
an inch in length. It is named after the Rev. Leonard Jenyns, 
F.G.S., the President of the Bath Naturalists’ Club, and an earnest 
worker in natural science. 

27. Het1x Dawson, spec. nov. Pl. XV. figs. 1, 2. 

Shell small; spire but slightly elevated, with about four appa- 
rently small convex volutions divided by a slight sulcus, 

The base of the shell is slightly crushed, but it is seen to be flat- 
tened and to possess a deep and rounded umbilicus with a rounded 
aperture. The somewhat imperfect condition of this shell, of which 
I have but one specimen, renders it rather difficult to determine 
it with precision ; but its generic determination is facilitated by its 
being found in association in the same deposit with the land and 
freshwater genera I have previously enumerated. 

It is from the Charter-House Liassic lead-mine, and is named after 
Dr. Dawson, the discoverer of a still older land-shell in the Coal- 
measures of Nova Scotia. 

28. Hyprosia, sp. 

This genus is represented in the Charter-House Liassic mine, by a 
single somewhat imperfect specimen, to which, being of young age, 
T have not considered it desirable to give a specific determination, a 
course the less to be regretted from my possessing examples from the 
mines of other districts, which will be noticed on another occasion. 

29. Lirrortna ovALis, spec. nov. Pl. XIV. figs. 17, 18. 

Shell thick, ovate, convex; spire rather short; volutions 4-5, 
the body-whorl being convex, longitudinally ovate, and inflated. 
The body-whorl has numerous regular, obtuse, encircling striz, 
which continue on the base, but which are less distinct on the 
upper whorls; these are decussated by close, rather curved, longi- 
tudinal striz. 

Loc. The coralliferous conglomerate of Brocastle, whence I have 
obtained two specimens. 

30. Lirrorina crrcuLaRIs, spec. nov. Pl. XIV. figs. 15, 16. 

Shell small, turbinated ; spire acuminated ; yolutions 4-5, convex, 
and divided by the suture ; whorls ornamented by regular encircling 
striz, about nine in number on the last whorl, which are followed 
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by others on a slightly angular or rounded base. Between the striz 
are very fine longitudinal lines. Aperture large, rather ovate; lip 
slightly extended at the base, and folding over a small umbilicus. 

Loc. The Liassic coralliferous conglomerate of Brocastle, where it 
is not uncommon. 

31. Menanta acuta, spec. nov. Pl. XIV. figs. 20, 21. 

Shell turreted; spire extended; apex acute; volutions 5-6, the 
upper convex, the body-whorl rather inflated and extended, slightly 
angulated, and with an obtuse carina; sutures distinct. On the 
surface are depressed transverse strie. Aperture longitudinally ovate, 
with a broad shallow sinus. 

I possess several examples of this species from the Brocastle con- 
glomerate, where it is associated with M. abbreviata and M. usta, 
described by M. Terquem, from the Lower Lias. 

32. Metanta DUNRAVENENSIS, spec. nov. Pl. XIV. fig. 19. 

Shell elongated, turreted ; whorls 6-7; spire elevated, acute, with 
an acute apex; volutions convex, rather spirally winding, aperture 
longitudinally ovate. 

This shell occurs very abundantly in the raggy beds I have re- 
ferred to under the cliff at Dunraven; but generally they only show 
sections of the chambers, or have their surfaces much abraded. For 
this reason the character of the test is rather uncertain; but I 
think the shell was ornamented with rather fine encircling striz. 
I have noticed imperfect examples of the same shell in the Lias of 
Bridgend, at Shepton, and near Bath. Imperfect specimens and 
casts associated with it lead me to suppose that there are several 
other species. 

33. MELANIA NODULO-CARINATA, Spec. nov. Pl. XV. fig. 18. 

Shell large; spire pyramidal; whorls broad, rather convex or 
angulated, the base surrounded by a line of large nodulations (about 
twenty in number) on the circumference of each whorl ; base roundly 
obtuse; inner lip thick, folded, and slightly sinuous ; aperture large, 
but not fully exposed. 

Of this fine shell I possess but one specimen, in which only the 
lower whorl is complete, above which there is only a section of the 
chambers. On the underside, where it has not been abraded, the 
shell appears to have a finely waved or striated character. The 
transverse diameter of the whorls is much greater than their length ; 
a small portion of the apex is wanting ; but the shell must have been 
about four inches in length. 

Loc. The Lower Lias, with Gryphea incurva &e., at the top of the 
Southerndown Cliff. 

34, NERINmHA ACUMINATA, spec. nov. Pl. XIV. fig. 22. 

Shell small, elongated, cylindrical; whorls rather long and sepa- 
rated by a concave sinus; centre of the whorls most convex and 
ornamented with longitudinal coste, and with very fine encircling 
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strie. At the base of the whorls is a transverse, rather elevated, 
smooth rib. Aperture longer than wide, ovate ; columella with slight 
fold ; canal short. 

This pretty little species is not uncommon, though rarely found 
perfect. It is from the Liassic conglomerate of Brocastle. 

35. Nerinza Horneri, spec. nov. Pl. XVII. fig. 12. 

Shell conical, composed of six convex, rapidly increasing whorls ; 
spire rather depressed ; aperture rhomboidal; columella thick, with 
two folds upon its inner margin; no umbilicus. 

The surface of the volutions is ornamented with numerous en- 
circling nodulated cost, which continue to the base of the shell in 
the interspaces, between which are numerous perpendicular striez. 

This pretty shell in its general contour is more depressed than is 
usual with Verinwa. Several specimens of it are attached to the 
fossiliferous Liassic block extracted from the vein at the base of the 
Carboniferous Limestone quarry at Holwell, the matrix in which 
represents in this country the horizon of the Hierlatz beds. 

36. Nerrivza MENDIPENSIS, spec. nov. 

Shell small, cylindrical; upper part of the whorls flattened, rather 
convex towards their base. 

This shell is not perfect, and is otherwise in bad condition, but 
it is sufficiently distinct to be separated from WV. acuminata of 
Brocastle. As this is the only specimen of the genus which I pos- 
sess from the Charter-House lead-mine, I notice it chiefly to record 
its presence at that place. 

37. NERINZA RUDIS, spec. nov. Pl. XIV. fig. 23. 

Shell turreted, cylindrical; whorls flattened, with a small but 
well-marked suture and with encircling but faint striz, which are 
continued on the base; aperture large and longitudinally ovate ; 
columella with a short canal. 

I possess two examples of this shell, neither of which has the 
test well preserved, and the apex of one is concealed whilst the 
other is imperfect. 

They are from the coralliferous conglomerate of Brocastle, and 
are, with a little hesitation, referred to this genus. 

38. Neriroprsis tzvis, Stol. Pl. XVII. figs. 3, 4. 

Shell small, depressed; whorls convex, rapidly increasing, and 
ornamented with very fine encircling strie ; aperture quite circular, 
and large in proportion to the shell; outer lip thin, but thickening 
towards the base. One example of this shell is in my possession, 
attached to the block from the Liassic vein in the Carboniferous Lime- 
stone at Holwell. It is stated by Dr. Stoliczka to be rare in the 
Hierlatz. 

39. Neriropsis exieua, Terg. Pl. XV. fig. 19. 

Shell moderately large, thick, neritiform, ovately globose; spire 
2P2 
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small; volutions four ; upper part of the last whorl flattened, crossed 
by large, rounded, oblique coste, which continue on the margin of 
the whorl to its base. 

The coste are crossed by transverse, rounded striz, which, on the 
convex margin of the large whorl, are about thirty in number, 
becoming closer at the base. Aperture large, subquadrate. Speci- 
mens of this genus are abundant in the Brocastle Liassic conglo- 
merate, but they present so much variety, probably owing to age 
and the condition of the test, that it is with much difficulty I can 
arrive at specific distinctions. Examples in their young state, with 
the exception of a few longitudinal coste, are quite smooth, whilst 
others are highly ornamented. 

40. NERITOPSIS CANCELLATUS, spec. nov. Pl. XV. fig. 20. 

Shell ovately globose; spire small; apex rather acute; whorls 
four; upper area of the whorls angulated, and crossed by acute 
longitudinal coste, which, on the side of the body-whorl, are 
decussated by coarse encircling striz, which become nodulated at 
their junction. Aperture rather ovate. 

This species is more globose than WV. exigua, and by its less nu- 
merous and coarser coste may readily be distinguished from it. 

Loc. The coralliferous conglomerate of Brocastle. 

4]. PavTeLia onNnaTA, spec. nov. Pl. XV. fig. 13. 

- Shell rather small, ovate, conical; apex acute, slightly anterior 
to the centre; anterior and posterior margins rounded; sides 
flattened and more compressed; surface ornamented by rather 
widely separated, somewhat irregular radiating ribs, which are less 
prominent on the sides; these are decussated by numerous fine 
lines of growth, which, where they cross the ribs, particularly 
towards the margin, give them a nodulated appearance. 

- This pretty species is found in the coralliferous conglomerate of 
Brocastle and in the Sutton Stone at Sutton. At Brocastle it is 
accompanied by P. Schmidti, Terq., and at Sutton by that shell and 
P. Dunkeri, Terq. This species is rare, and does not attain the size 
of those mentioned. Owing to an accident to a perfect example, Iam 
unable to give a better figure. 

42. Pranorsis Menprpensis, spec. nov. Pl. XV. fig. 10. 

Shell minute, discoidal, depressed; spire obtuse; volutions 
nearly horizontal, inereasing rather rapidly, divided by a canalicu- 
lated suture, and slightly angulated. 

I possess but one specimen of this shell, which is from the base 
of the Charter-House Liassic lead-mine, and is found in association 
with the other terrestrial and marine remains which I have shown 
to have been introduced therein, It is obvious that the ancient 
freshwater species, for the first time discovered, owe their presence 
in the mineral veins to the connexion of the latter with freshwater 
streams or lakes of the Liassic period. In the Charter-House mine 
individual specimens are very rare. I shall, on another occasion, 
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show that their presence under such circumstances is not an isolated 
case, and that in some other districts freshwater remains occur 
abundantly in some of our mineral veins. 

43. Proserpina LYELL, spec. noy. Pl. XV. figs. 3, 4. 

Shell small, smooth, discoidal, depressed: spire rather depressed ; 
volutions about four; the upper whorls rather convex, the body- 
whorl flattened and more rapidly increasing; margin obtusely an- 
gulated; base slightly convex ; umbilicus large, deep, and rounded ; 
aperture large, circular; peristome rather thick, the inner margin 
of the outer lip with three oblique projecting teeth. 

Owing to a fragment of some foreign substance covering a part 
of the mouth of the shell towards the umbilicus, it is not completely 
exposed. 

Of this very interesting terrestrial shell I have discovered but a 
single specimen. 

PTEROCHEILOS, gen. nov. 

44, PreRocHEILOS PRIMUS, spec. noy. Pl. XIV. figs. 4, 5. 

Shell very thick, small, general contour angulated or rhomboidal; 
spire short, depressed, and angulated; surface of the shell smooth; 
whorls 4-5; the body-whorl centrally carinated, dividing its upper 
surface from a very angulated base. The carina terminates in a 
small, triangular, wing-like boss or projection on the centre of the 
outer lip. Aperture round; peristome thick, circular, and entire, 
bounded towards the columella by a slightly raised rim; eolumella 
very thick, folded, subumbilicated, greatly extending beyond the 
peristome, and possessing a wide but shallow sulcus towards its base. 
Of this very peculiar shell, for which I propose the above generic de- 

signation, I possess butasingle specimen. It is from the Brocastle 
Liassie conglomerate, and is associated with the numerous species 
of corals from my collection, described by Dr. Duncan, and the many 
other beautiful gasteropods for which this deposit is so remarkable. 

PLEURATELLA, gen. nov. 

45. PLEURATELLA PRIMA, spec. nov. Pl. XIV. figs. 1, 2, & 3. 

Shell rather small, thick, rotelliform, discoidal; spire much de- 
pressed; apex subacute; volutions 4-5, increasing rapidly and 
encircling ; surface of the shell quite smooth and without ornamen- 
tation; margin of the whorls convex; aperture very large, rounded 
or slightly ovate; outer lip crescent-shaped, thinnest in the centre, 
but thickening as it passes down and meets the base of the colu- 
mella: columella short, thick, terminating below in a folding or 
incurved boss, in the centre of which there is a distinct sulcus or 
excavation. 

The upper surface of this shell so much resembles some of the ro- 
telliform species of Pleurotomaria that it might readily be mistaken, 
were its base concealed, for that genus. I possess five examples 
of this shell, four of which are from Brocastle, the other from the 



500 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

Charter-House lead-mine. They probably represent several species ; 
but my material is not sufficiently complete for distinctive com- 
parisons. In one example the shell is slightly angulated, with a 
more acute apex than the above, and possesses a slight carina on 
the upper whorl, which becomes obsolete as it increases in size. 

46. PHASIANELLA TURBINATA, Stol. Pl. XVII. fig. 6. 

Shell conical, moderately elongate; volutions six, which are 
slightly convex in the centre of the whorl, but slightly flattened or 
angulated in their upper portions ; surface of the shell smooth, with- 
out ornamentation. 
My example does not show the mouth, which Dr. Stoliczka 

states is elongated and pointed towards the lip, the inner portion 
of which is thin. It has been found on the Hierlatz, and more 
rarely on the Gratzalp. 

Locality. The Liassic vein in the Carboniferous Limestone of 
Holwell. 

47, PrevRoToMARIA MzEnDIPENSIS, spec. nov. Pl. XVI. fig. 24. 

Shell small, turbinated, convex; apex subacute, whorls four, 
sutures distinct. 

Just under the suture, above the body-whorl, are two rather close 
raised strize, below which succeeds a concave encircling depression 
or canal; following this the rounded margin of the whorl is also 
finely striated; base rather convex or angular. ‘The strie are 
costated by equally fine equidistant lines, which give the shell, 
under the lens, a very pretty reticulated appearance. 

It was obtained from the Charter-House Liassic lead-mine. 

48. Prevrotomaria Bucur, Deslongchamps. Pl. XVII. figs. 13, 14. 

Shell small, discoidal; apex depressed; volutions rather convex ; 
upper surface of whorls flattened or slightly angulated towards the 
suture, and ornamented by numerous cost, beyond which are en— 
circling striz, which are continued on the rounded margin of the 
larger whorl and on the base, where they surround a deep um- 
bilicus, the strie being decussated by finer striz longitudinally ; 
aperture round*. 

It is from one of the Liassic veins in the Carboniferous Limestone 
at Holwell. It has been found by M. Deslongchamps at Fontaine- 
étoupe-four; and Dr. Stoliczka mentions its occurrence on the 
Hierlatz and in the Lias of Schwaben. I am not acquainted with 
M. Deslongchamps’s figure; my example is rather more depressed 
than that given by Dr. Stoliczka. 

49, Pyrua tiasstca, spec. nov. Pl. XVI. fig. 30. 

Shell small, inflated, globose; spire depressed; the body-whorl 
much enlarged; columella extended, tapering. The surface of the 

* Tn the figure prominence is given to what I believe is an accidental slit or 
fracture of the fissural band, and which otherwise would connect this shell 
with Seéssurella. 
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large whorl possesses distant, longitudinal, curved coste; and by 
aid of the lens concentric striae may be recognized; aperture not 
exposed. 

One of the peculiarities of the Liassic deposit at Brocastle, whence 
this shell comes, is, that many of the genera have hitherto not been 
found so low down; and in this instance we have a genus that has 
not been recognized below the Greensand, and is still to be sought 
for in the intervening strata. 

50. Riwvza trasina. Pl. XY. figs. 14, 15. 

Emargimula liasima. Tergq. 

Shell rather small, oblique; apex posterior, curved; surface with 
numerous raised, longitudinal, radiating ribs,.decussated by finer 
transverse lines; interspaces with numerous punctations; foramen 
near the anterior margin. 

There appears to be little doubt that the species is that figured as 
Emarginula by M. Terquem, who states he possessed only a cast, and 
that imperfect. Numerous examples in my possession show, from 
the position of the foramen, that the species must be referred to 
Rimula. 

It is rather plentiful, and usually attached to the coralliferous 
blocks in the Liassic conglomerate at Brocastle. The Pileopsis nuda, 
Terq., probably belongs to the same genus. 

51. RiwvuLa ELEGANS, spec. nov. Pl. XV. figs. 16, 17. 

Shell rather small, conical, ovate; apex posterior; sides rather 
flattened and acute, ornamented by numerous, close-set, regular, 
longitudinal striz, which are crossed by numerous other transverse 
strie. 

This shell is readily separated from R. liassina by its finer and 
less-produced striz, and by its generally compressed or longitu- 
dinally ovate form. 

It is also from the coralliferous conglomerate of Brocastle, and 
more rare than the former species. 

52. DiscoHELIx cornucoPIH, spec. nov. Pl. XVI. figs. 1, 2, 3. 

Shell discoidal; spire depressed, concave ; volutions 5-6; upper 
margin of each whorl bounded by a depressed, transverse, rounded 
rib, which, on the outer margin of the larger whorl, passes into a 
very extended carina or encircling wing. The underside of this 
winged area is angulated or convex, and is separated from a very 
large and deep umbilicus by two carine, within which is a rounded 
furrow or canal; sides of the umbilicus angulated. The winged area, 
the carine, and the umbilicus are covered with longitudinal strie, 
giving the under surface a very ornate appearance. Aperture 
roundly ovate; inner lip reflected. These shells are left-handed. 
In one or two specimens the larger whorl has a tendency to leave 
its usual plane and to become somewhat oblique. The chambered 
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portion of the shell occupies only about one-half the dimensions of 
its dorsal surface. 

Locality. The Liassic coralliferous conglomerate of Brocastle. 

03. DiscoHELIx FIMBRIATUS, spec. nov. Pl. XVI. figs. 4, 5. 

‘Shell discoidal, depressed ; whorls 5-6, on the same plane, or but 
slightly raised, moderately convex. Surface of the shell covered by 
very close, regular, encircling striae, which cross irregular, flattened 
costz, or lines of growth, giving a wavy appearance to its ornamen- 
tation. The coste terminate on the inner margin of the whorl in 
very depressed nodules, and on its outer margin in an elevated 
nodulated carina, which extends far beyond the chambered portion 
of the shell—the carina sometimes occupying about a third of the 
diameter of the shell. The back is angulated and retreating towards 
the umbilicus, and is covered, like the upper surface, with regular 
strie, but which are waved as they approach the carina. Umbilicus 
deep, very large; aperture not exposed. 

Of this very pretty and remarkable shell I possess but one ex- 
ample showing the upper surface and the back, and a second giving 
a section of the chamber. 

They are from the Brocastle conglomerate. 

o4, SoLARIUM LUNATUM, spec. nov. Pl. XVII. fig. 15. . 

Shell small, discoidal; whorls four, the upper convex, rounded, 
and slightly raised; surface ornamented by regular curved lines, 
which are bounded on the side of the body-whorl by a sinus, which 
becomes obsolete in its younger condition; beneath the sinus is an 
acute encircling carina; underside not exposed. 

Of this pretty shell there are two examples attached to the block 
extracted from the Liassic vein at Holwell. 

55. TrocHotoMA BRocasTELLENSIS, spec. nov. Pl. XV. fig. 29. 

Shell turbinated, concave; apex obtuse; whorls five, having on 
their surfaces depressed transverse strie; base of the whorls 
bounded by an encircling rib, on which are three close-set striz, 
immediately beneath which is a slight sinus. The whorls are an- 
gulated (the upper portion of the body-whorl most so), and are 
ornamented by curved or oblique, depressed costa. 

This species is rare, as I possess only one other imperfect ex- 
ample. The base of the shell is surrounded by the matrix. 

It is from the Liassic conglomerate of Brocastle, and the largest 
species yet obtained from that locality. 

56. TrocHoroma Lycerrtir, spec. nov. Pl. XV. figs. 27, 28. 

Shell discoidal, depressed; spire flattened; apex rather acute; 
whorls five, with numerous encircling striz, those in the centre and 
at the base of each volution being most elevated ; the upper margin 
of the whorls flattened or angular, with irregular curved or almost 
obsolete lines of growth. The basal margin of the shell is sur- 
rounded by a raised rim composed of three or four slightly nodulated 
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striz. Base of the shell and umbilicus deeply excavated and sur- 
rounded by very distinct encircling strie. 

From the Brocastle Liassic conglomerate, where it is rare. It is 
named after my friend Dr. Lycett, to whose researches we are in- 
debted for the separation of this genus from the Plewrotomarice. 

57. Trocuus apicatis, spec. nov. Pl. XVI. figs. 20, 21, 22. 

Shell pyramidal, regularly tapering; apex acute ; volutions eight, 
narrow, very closely encircling; base of the volutions carinated ; 
suture almost obsolete; surface smooth. The bottom of the shell 
is smooth, discoidal, rather concave ; aperture very narrow, trans- 
verse; outer lip curved and folding round a truncated columella, 
which terminates in a central boss. 

Of this species, which does not appear to attain a large size, I 
possess four examples from the Brocastle Liassic conglomerate. 

58. TrocHts eRADATUS, spec. nov. Pl. XVII. fig. 5. 

Shell conical, thick; apex rather obtuse; volutions 4-5, slightly 
convex, and separated by a very slight concave suture; whorls very 
slowly increasing ; surface smooth. 

At first this shell looks not unlike the 7’. aciculus, Horn., often 
found on the Hierlatz; but it does not possess the distinct encircling 
suture between the whorls of that species, which also possesses a 
more acute spire. 

This shell is not uncommon, as portions of several are to be de- 
tected, partly concealed by the matrix, in the block from the Liassic 
infilling in the Carboniferous-limestone quarry at Holwell. 

59. Trocuus DestonecHaMpsit, spec. nov. Pl. XVI. fig. 15. 

Shell turbinated, trochiform ; apex subacute; whorls 5, step-like, 
the upper flattened, the surface of the body-whorl more angulated, 
and surrounded on its margin by two very produced rounded carine, 
which are slightly nodulated towards the aperture, between which 
there is a very distinct and deep transverse canal; aperture sub- 
quadrate. The surface of the shell possesses very close angulated 
strie. 

The species is rare. I possess three examples, all of which are 
from the Brocastle Liassic conglomerate. It is named after my 
friend M. Deslongchamps, whose investigations have added much to 
our knowledge of Liassic Gasteropoda. 

60. Trocuus Laneanensis, spec. nov. Pl. XVI. fig. 18. 

Shell rather small, discoidal, depressed ; apex rather acute ; volu- 
tions 4-5, rather convex. 

On the angulated margin of the shell are two depressed transverse 
carine, between which is a flattened or slightly concave area. The 
volutions have very fine concentric or transverse strie. Aperture 
subquadrate. 
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This little shell is rare, and has only been found in the Lower Lias 
of Langan. It is readily distinguished from TY. Deslongchampsw 
by its more convex volutions and its more obtuse carinee, which 
become obsolete on the upper whorls. The beds of Langan, whence 
it comes, are on the same horizon as those of Southerndown. 

61. Trocuus HotwetteEnsis, spec. nov. Pl. XVII. figs. 1, 2. 

Shell turreted, conical; apex acute; spire extended, composed of 
ten angulated volutions ; surface of the whorls ornamented by ele- 
vated oblique coste, which are largest at the base of each whorl, 
and are continued upwards on its angulated surface; the coste are 
decussated by three encircling strie, which give the former a slightly 
nodulated character. The coste at the base of each whorl are ex- 
panded, forming a carina over the succeeding whorl, the edge being 
fringed by prominent bosses from the termination of the coste. 
Aperture not exposed. 

This pretty species is very rare. I possess but two specimens, 
which are from the Liassic vein in Carboniferous Limestone at Hol- 
well. 

62. TRocuvs LaTizaBrus? Stol. Pl. XVII. fig. 11. 

Shell turbinated, inflated, depressed; volutions 4—5, conical, sepa- 
rated by a slight sulcation, the body-whorl increasing rapidly and 
much enlarged. The upper whorls are covered by encircling striz, 
which by aid of the lens are seen to be very finely granulated. On 
the body-whorl of the only example I possess the strize become 
almost obsolete. The base and mouth are not visible; the former 
is stated by Dr. Stoliczka to possess spiral furrows, and the inner 
portion of the lip to be a little thickened. 

Loc. The Liassic vein in the Carboniferous Limestone at Holwell. 

63. Trocuus Exizm, Moore. Pl. XVI. figs. 16, 17. 

Shell conical; spire elevated; whorls six, rather convex ; sutures 
slightly angulated ; surface ornamented by four or five regular 
transverse strie, which are decussated by faint longitudinal striez, 
giving the shell a generally reticulated appearance; base discoidal, 
slightly convex; aperture oblique, small; columella small, slightly 
folded. 

It is from the Liassic conglomerate of Brocastle. 

64. TuRBo soxipus, spec. nov. Pl. XVII. fig. 18. 

Shell conical, rather thick; volutions 5; base of the whorls some- 
what acute, above which they are angulated to the suture. Surface 
of the shell smooth, with very faint curved lines of growth on the 
last whorl. Aperture not exposed. 

This shell is from the Liassic fissure in the Carboniferous Lime- 
stone at Holwell. 
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65. Turso BrocasTELLensis, spec, nov. Pl. XVI. 13a, 136. 

Shell small, turbinated, discoidal; apex obtuse; volutions 4-5; 
upper portion of the whorls flattened, below which the body whorl 
is convex or slightly angulated. Surface encircled by numerous 
regular striz, very finely costated longitudinally. Aperture rounded ; 
base not exposed. 

From the coralliferous conglomerate of Brocastle, where it is rather 
rare. 

66. AMBERLEYA APICALIS, spec. nov. Pl. XVI. figs. 7, 8, 9, 10. 

Shell turreted, fusiform, elongated; spire tapering; apex very 
acute; volutions 9-10, angulated, their surfaces ornamented by 
three encircling nodulated carinz, the tubercles on the first and 
second being tooth-like and depressed, the latter, which occupies 
the centre of the whorl, being most elevated; the third is formed of 
small rounded tubercles immediately at the base of the whorl, just 
above and slightly projecting beyond the suture; springing from the 
tubercles are very fine reflected bifurcating strie ; aperture length- 
ened, ovate. 

The figures 9, 10 appear to be younger forms of this species, in 
which state the nodulations on the carine are very prominent and 
almost spinose, and, like some others of the group ranged under 
Amberleya, possess mouths less longitudinally ovate than in the more 
adult specimens. 

Of this pretty species I possess several examples from the Liassic 
coralliferous conglomerate of Brocastle; but, like most other shells 
of any size, they are partly concealed by the matrix. 

67. AMBERLEYA GRANDIS, spec. noy. Pl. XVI. fig. 6. 

Shell pyramidal; spire extended, composed of 6-7 deep, convex, 
regularly increasing volutions ; surface richly ornamented with seven 
or eight transverse nodular strie, the three lowest being most ele- 
vated; crossing the transverse strie and between their channelled 
interspaces are numerous faint longitudinal strie, which give the 
surface a somewhat crenulated aspect. The whorls are winding, 
and separated by a deep suture. Aperture not visible. 
We possess three examples of this shell on the same block, but 

they are partly concealed by the matrix, or imperfect. They are 
from the Brocastle Liassic conglomerate. 

68. TurBo NopULO-caRrInaTA, Spec. nov. Pl. XVII. figs. 16, 17. 

Shell rather small, turreted ; apex acute ; spire produced; whorls 
5, convexly angulated, and separated by a well-marked angular 
suture. The middle of the upper whorls is crossed by two de- 
pressed nodulated carine, which increase in number on the body- 
whorl; they are decussated by numerous oblique longitudinal strie, 
which give the shell a very ornate appearance. 
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It is rare,and found hitherto only on the surface of the block 
extracted from the Liassic fissure in the Carboniferous Limestone of 
Holwell. 

69. TuRBO RETICULATUS, spec. nov. Pl. XVI. figs. 11, 12. 

Shell turbinated; spire rather elevated; apex acute; whorls 
4-5, convex, the lower rather inflated, and ornamented by promi- 
nent transverse striations, which are decussated by others longitu- 
dinally, giving the surface a reticulated aspect. Sutures distinct. 

This is a very pretty species; but in the only example I have, 
the lower part of the body-whorl is concealed. 

From the coralliferous conglomerate of Brocastle. 

70. TurBo Tumipus, spec. nov. Pl. XVI. fig. 14. 

Shell turbinated, rather small, convex; spire and apex obtuse; 
whorls 4, with very fine transverse strie ; the body-whorl inflated 
and convex. 

Several examples of this shell occur in the Brocastle conglomerate ; 
and I have a specimen from the Charter-house lead-mine, 270 feet 
from the surfaee. 

71. AMBERLEYA TURRITA, spec. nov. PI. III. fig. 19. 

Shell small, turreted; spire elevated; apex acute; volutions 5, 
divided by a deep angulated suture. In the centre of each whorl 
there is an elevated carina with rather distant but regular nodula- 
tions, above which is an angulated area with longitudinal coste. 
At the base of the whorl there is a small encircling finely nodu- 
lated rib. Columella extended; aperture large, rather ovate. 

From the Brocastle conglomerate, which has yielded only one 
specimen. 

72. Turritetta Howstr, spec. nov. Pl. XIV. fig. 14. 

Shell small, turreted, elongated; apex acute, volutions 9-10, 
spiral, slowly increasing, divided by a distinct angulated encircling 
suture; surface ornamented with faint transverse strie. Aperture 
roundly ovate. 

I possess two examples of this shell, both of which are rather 
abraded. They are from the Charter-house lead-mine, and belong 
to the Lower Lias. 

73. VALVATA ANOMALA, spec. nov. Pl. XV. figs. 7, 8, 9. 

Shell small; apex slightly raised, volutions narrow, convex, 
thickening towards the aperture, and divided by a rounded or slightly 
angulated suture; aperture rather ovate ; lip slightly reflected over 
a circular deep umbilicus. 

This shell is from the Liassic deposit at the bottom of the Charter- 
house mine, and belongs to the age of the Lower lias. At present 
the species is represented by a single specimen. 
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I give below another species; and I possessed a more turbi- 
nated, trochoidal form, which.was unfortunately lost. I possess 
numerous specimens of the same genus from some of the Yorkshire 
Carboniferous- Limestone-mines; we therefore have the interesting 
fact of the appearance of this freshwater genus in Liassic times, and 
probably in the Yorkshire mines much earlier, and its apparent 
absence until the deposition of the Crag and the fluviatile deposits 
above, which connect it with living species. 

74. VaALVATA PyemmA, spec. noy. Pl. XV. figs. 5, 6. 
Shell small, discoidal, depressed; whorls almost on the same 

plane, or slightly raised at the apex, rounded, and separated by a 
round suture; aperture rounded, umbilicus large, shallow. 

This shell is very small, and I possess but one specimen of the 
species. It also is from the Charter-house mine, and of Liassic age. 
It is to be distinguished from V. anomala by its more depressed form, 
and by its more circular aperture. 

75. Vert1¢éo Murcuison#, spec.noy. Pl. XV. figs. 11, 12. 

Shell very small, thick, cylindrical; apex obtuse; 4-5 narrow, 
spirally winding, convex volutions, separated by a winding suture ; 
surface with very faint longitudinal strie; aperture reversed, longi- 
tudinally ovate, rather narrow ; peristome continuous. 

Of this terrestrial genus I possess two examples, both haying been 
obtained 270 feet from the surface in the Liassic deposit in the 
Charter-House mine. They are associated with the marine and fluvia- 
tile genera previously enumerated; and their presence is no doubt 
due to their having been carried into the Carboniferous-Limestone 
fissures by the action of water derived from a terrestrial area. The 
genus is represented in the present day by about twelve species, my 
examples being the first evidence of its previous existence. 

Table of Species and Localities. 

| aio ; 
3 | — ain Ss 

ea ea @| |e 
ro) = BS 

gle is\| ele 
ARISE Pee ae 

aiSlalsl$is|Sla|S\e/sSleiels a2) 8 (2 |8 8 |S) 8) 2/2 /8 (ela) B | & 
S213) 9S (2/8 / 312 /8 is (8/ 8] § 
3 \'3} | L SISSIES @ le 
CA RAANARAOAaEE CF 

Chara linssies, ATOGre .....-..ccecccceucev-|es: Rees 1 | 
Araucarites peregrinus, Sternd. ......... 114) ie A a mam a i 
Goran satiety DIOP oe as choices volves oor |+0.| «oc leca}ave fons 1 
MBOUP Uy SPE i raceiet tee ec vax cater sts seratelauths o.fane Ele tovcheealt & 
Cristellaria eastais 2) OFGi5 os icck as dasel Bitecslonclc.lovelesc|vesleoc] L | LJaccleselecch J 
> CREP, Si we IE oe ch aber dent omten eal eae loos TPA Ie vntocnlecelo«lacols-lests|a cli 
<< CUTER, IMO Bate ddeakis tab cune ak sumed Woe leeels cs |oveliscx tase CR Bes 1 Sst Sy AS 1 
= AUEIS Tn aya oak nit <bdiael oper Scxeees cea rte tock teddy ofa i hw: 



558 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

Sis = 
ae} 72 . s 

en is g) |S 
e/8(S6| | leas 

elas (Sidls Bie l2| | 12 
gq |2/oO}s S Sins]! x Sh HES|| | ee 

alSlaldlS/e/Sia| BS) a/SiS|8ieie 
SES ASS sla Sigielslgie 
SSlola lara O1° |S |S = 

SISAIAIN 2 SAIS Bie |S l= 
Dentalina communis, D’ Ord. ............ Des esl as Pati ee TOS ee 1 
— interrupta, D’ Orb. .........ce eee eee Bar| ga Fa kesh A ee [es eee 1 
AM Obhigual dana, Aah ee Foe IN teal es al | tains Sa 
—— OvACul a HI OnDiy S.cckastcastacese sees eae: sella elotiens sale me Bele oiioon (se - 1 
— obliquestriata, Rewss. .........+ ewer iaiar| sels alee ales Be Mal i lhe 1 
— pauperata, D'Orb. ...............00 wedliccleaelesslecels esl eos! Aeelicg| eet oes eel ee 1 
Frondicularia complanata, Mont. ...... ipelagal|secllos tile OMe oe fn ally 1 
== Striatula, ess... cticce eng ccassueves wont Sle By eel «3| 1) Ieee eae 
Involutina liassica, JOM€S,.....cscccccccccclece|eseleee [eee Jee -) Le Tala eee 

SUS OMed a Mest ionte citicticl neal uieaciat sumunlactal ae eRelees pall. 
Taaeuties carinata, D’ Orb. vastewoans veecc|eec|sea|=alfece|ecaletys teeele ts) tae eam Ae ta 1 
YT s)0( 5) Pe OLY le a aM Serine a a coved Epc deeel cole valeaslacels dellnoe lee eee eae ae ae 1 
Maxoimullina lips; a) Obie en e.s teal |ese|-24| 06 eat os} Ly ales ae 
— raplanus, L400. . ciiilecsleesesuse dense sce |seelees sisifa ad fac] ~tel ant} acct reel gee ee eee 1 
Nodosaria fascise,J20700., -... cesses scencealeaeloo<|+2|-s)one| ae 2) mc] eer| ae eee 1 
<> PAUCICOSALA,UIOT2: widened sda scececer |aeclece|oaseee|s:clens|ea lees 1 eh sla 1 
SPA CUL ae LEN ssen Sos dem ok tae oes On calor cals cel teal coal etaleaelbae Li ices 1 
== Papp amis) $2277. eens secs sects sents alee eile eel aealetal| sabi eb Azsal Lileea aie 1 
—— TApPhaniste UM, M0770 Js ecu ccel-layeeece sel pe-|+-e]ecelons|sse|nealpalene Lijncaliees aaa 1 
— Zippei, Fol. ........... Ga dalsleg Gene oyamenie Nh ae eee alee wisi aS hele oe eae pel ie! 
Planularia ssrOmMni, VLC ees soccaced ec lee ecclces Peale eeal aan ee a Mei | 
—— COTMUCOPIES, W.SP. sesscecscdcssec emer es|clee|= so |erec|aae| oe eel leet tee] ete eee i 
—— longa, ‘Cornel ...0.sisc.jsseeccuceses eel sco sles [hoe bie |nelal tase ae ea 1 
et ISP «bebe tee vache Sig bedonen SO048F Baaubsa|coojepeleos| (sda [ae ee lcel al 
Trochammina, incerta, PP. 67K osu. -.caoc Li! -e|sc-|eerls Te ie ol ge ae LT ilggaleee il 
Vaginulina legumen, L772. ............cee[eee|oee[eee{eeefe ee] ocbee el ceed ancl egal teeter ees 1 
—— lpyigata, ROM, s. .o0.cecns- a, seceealess|e=s|ree]es-|ess\eeelsee|eee] ss] eee Reel Reem 1 
—— striata: ORB Vil bier enema kes oc ten alte to ad Lene e alee lhe avi 
Astroccenia costata, Duncan ............ sc Alege ately sls eres ees if 
— dendroidea, Dun............ Naa een adel Beal aeolenl eel eeeetes 1 
AVOLC CA IIUI a sect wacnepees os nace comes BF (See roa ardlocn dae ks oe 1 
— gibbosa, Dun. .........005. sapere “Boia Se HS ee 1 
= MAU, Is an ceomsmrensues deamtamecns virial rae, ate abot laste ease lee 1 
— plana, Dun. .........008. shaiibettoeisci apie siete lala oatalieae Soh ll 
— pedunculata, Dun. ........ccececeee eens gel Bale [aid eal aaaltnare 1 
—= spimigera, DU! .b..eds acer couche dese’ JoAnne ball 
—= LEPtans, LOU. 1... dne<csoceem vendor cies u  Bleve AT ali eye eal eee ve aA 
—= parasitica, Duis visi otencsesesseendawoulee tose] 
Cyathoccenia dendroidea, Dun. ......... Male all 
=— Costata,, IW) ns dee cdaw endo ete Seale ocle pele 
=— merustans, U2... ccnene er svocessesat. alias al 
Elysastreea Moorei, Dun............0.0000 si ese a a iB 1 
EUS MEI IUCUOE seWwedeewes teem ee atee eens foal 

| Isastreea globosa, Dwn....... cece cceeeeeee Seta Bai 
— Sinemuriensis, De From. ............[...|.0. call 
Latimzeandra denticulata, Dun. .........|...).. Bub 
Montlivaltia brevis, Dun.  .........ceecs.Jecelece [ee Salil 
pee MSROUUE MIDI: eee mama Meson diceOs islet sate Beetles Aa | 
— Murchisoniz, Dwn. . Oe eae diesel) w| 
— polymorpha, Terg. §+ Piette fl T A ka ace ae Belt 
— pedunculata, Dun. ......seeceeseeceeeeefeee Bee (lle lees ieee nes Soil! 



MOORE——ABNORMAL 

Montlivaltia parasitica, Dun. ............]. 
SaUMMLON, W207: sin vccacosewcescaenaisanss se 
EUMUNDI, sale acdianmaoenteeec dos otcees 
— Sinemuriensis, D’ O70..........00.0s-00. 

POCO eee eeser es See Fees es OOBessreesesesseoeses SP 
Rabdophyllia recondita, Laube .........].. 
Septastraa excavata, De Froit..., es. .ece0| +0 
Thecosmilia affinis, Du. ....ccesecsccecees 
=—CEIbAtea. LUI ass ssestedcnvnnacannses eee 
— irregularis, Dun. . 
— Michelini, Zerg. GP ition hanes: . 
— Martini, De From. 
— plana, “Li, Ee SE 
= TITADIIS: PIU: sos ceusseccsaseces ee 
ERD RUT WINN I0o8 = chon neice sedaseh dodsaa cebu 
SMES) DI |. csinwaacdssccsd Covededenss 
aa Terquemi, Dun. COC oes re eeesesPSOrssees erlees 

SEU OSA, LiAUGE ..c6cecco.cesssecerccronene 
— Suttonensis, Dun. ....... 
Apiocrinus Amalthei, Quenst. .. 
Cidaris Edwardsii Hs ae A Ae 
Cotylederma fistulosa .......00..-sesesessefecs[eee]oes 
— vasculum, Desh, ei aatowe: 
MMRMEIS SIDS raccaeieeinci. tani biecitewesvisiesse sl 
Hemipedina Bowerbankii, Wright... 
pls Ora, BP. sac). ces<ceas cea cnaeawessxss 
Pentacrinus tuberculatus, Will. ......... 
SOUR, VY TQ oh aan. sdednenastercensedelic's|a ue |= a) 4 ce|secloxin)aa<|aemlnnelwwfaes |i ae 1 
Plicatocrinus Mayalis, Desh. 
Tropidaster pectinatus, Forbes 
Serpula strangulata, Zerg. ...........-seeleos|--|-+-|00 
Be URIS aay chivas nc Sip cn tudes dseeoed <8 Seales 

Pollicipes rhomboidalis, Moore ......... paehie law 
Bardia, plebeia, SOMES 5. cc cet cscs ceacee|ea-fsce|ose]e 
— brevis, Jones & Kirkby .........0.00- - ales 
Cythere bilobata, Mins?. ............00000. Seale jal verlvas 
— equalis, Jones, MS... 
— spinifera, Jones, 1 Tee tag a We Nae en Oe We Pee 
— fabulina ?, Jones § Kirkby setostocahe: seals Resales 
— Kutorgiana, SOREST ING. cde cna ensue |i 
— curva, Jones, MS..........csccesceeeeess- 
=> ANPELEMCCIA, PICUISL, <5: Sececscsescdencess|enelene|os+feweleve|s 
IUPUI STAG COTES, WINS, 5.00 tes vac sieg sueves|pos|uciefowolevsfareleac|eas|eae 
— PDTASO, SOMES | ¥, choc sstesstesses + ee 
Cytherella aspera, Jones ........0ssceeeee- 
Kirkbya plicata) JO€S |, 2.0.5. see sedesamonfooe| 2.|eox| «ual 
Moorea tenuis, Jones prs ey (ee) Bae 
— obesa, Jones, MS.......sceccecccccscceces 
Normania mundula, Jones .......scsss00s 
Eryon Wilmcotensis, Woodw..........+:. 

SECONDARY DEPOSITS. 

6/8 

H|SIS\E Sia 
SlSlS islglg (tis 

diajers eles]. | aie /s 7 SiS |S/ge3 
8/SiSs| sINISlSlole}2 
elelslolt/olxH|sig/S 
OH IQA IN 1A (IA |S a 

1 

a waeeloeel[tee 

ee ee he eres ey 

eeelees| **] coalesce 

a ae ae ee a ee a ee 

eerleoe 

PH ps 

eonleerlece 

ts 5 

terlees [te tlsowleewleweloee 

Ce re Oe ee es ee re 

t]eerleesloee 

ro 
fe 

& 
= 
ES 
2) - 
fla] B 
O| Ola 
S/EIS 
DQ | 

SEE 

559 

ge]. 
£15 
® | 0 

AE 
oy = 

— ed 

— et 



560 - PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

HE : r3 |S. ae Se 
lake] | 2 5B] .|/+ 

B/S/s18|.| |Site 
siBlPSERISFRRG lela. 

@1H/ 6 |2/S |S | 80) S |= ss |S] eS | S| 
Si2/2] sMI$iSis/s|S/e2 SlSlals 
SlSiS(Sl (ole lalSiShlisotisis 
[Aa IAIN [a2 9 1 (0 [a I EIS 

Scaphens “specs MOV... ccs cases scene neater Be foe fe ise el ae) Ben er fol. 1 
Coleopterarsp? d.4.cco0 eantosen athe 1 
Orthopteras Spe a4 eset sone seees ese oe 1 
Berenicia Archiaei; Fade « ccscacesestte|seeltehteclbeclace|sss|seeleeslees eee eae 1 
Neuropora| Hain, Dest..:2..0...0---.20.+: veo] tea] ive ene] vec)e ot] es" | aunties] eee ee ] 
ip | iS} eceoce 5 eesteseree® COcccseetSSeeeses cee 208 008 CO ee eee eee ee ee ee ee ee ey . 1 

== marmimaillilata: $2.2) vase stanclece tha ee woeeer Pees eal Pee need seal gee il 
math nae evens Sacstousieaiece samee piatteedce eee ocelot oecennt = Saleen a Saree eae 
SLOLAALOPOLAL Ss Waerecce nasesew ace teak eae Br ne) eee ar eae tice) aoe io-als 1 
Argyope liassina, H. Dest. ......+..+000.. 220|obel asaianal ca eeciloas|iaeei Sale 
——KPERIERL oh MESIAL, cceele ra seateceae eae Paaleatilene 
——=FSMESSCL, ci. DESI. Bek Boi on ate cael teeetet eal Melee 
Crania Gumberti, H. Desl. -.....c0c.-00... Sale alaee 
= MASSICA: |. 21s thease neselisee eee mats es ec 
Discina Davidsonii, Moore ...........008 ea liatee OU pe el Pees Be ere 1 
Leptena rostrata, E. Desl. ....cccee..0.2-|ee-[eos aio e0s [coe {eee secleeele 
=—PBouchardit Wai cateeaededeseauscceecehlereleee seabac}edele Ne eee 
= David SOM, OUCH, t)..bectediasccstececel ool ese Pee a a Jicl sc en Ne 

De 0 I0TaaSat ep 5) 5 cemeecocdendosoacechosuonsecarcoa|ocu||=sc sole elds 
Rhynchonella concinna, Sow. ............ ad 
— egretta, Dest. paeas 
EE aller Wes! ta, ve ts so lerstueersidseslci oben 
aS BAA, aia ee be teaba deal 4 
——sPIMMOSA, ZVEL) Bee eetecdsn cneuceras seinees eee see oe eel cic - 
——Wwarlabilis. ScRlotin .escs-ccasneeeeewerse| Leleaehie 1 
== SUDVAEIADIIG, PGs 1.c.ace rece seseseee a abo leddbecdeadbecelaselcseleeclerd ealeee 
Spirifera Walcottii, Sow. .........sseseeues BPE rs A ae el 4) 14 e 
— oxygona, Des. ..........06 FO or ey ial rie Salsa sfetardess bes eee 
== MIWEMStERIT Vas ceect sleds seo ceeeecssen'cleaslnaclens ell stole, ce etme al, ane 
— Deslongchampsii, Dav. ...s1.sscccecee[ecefecefivefesdee. [rea] on] Seo taal eee 
== VELPUCOSAY hoe octtccnataenans veeen ces tamed acaleecleenhaaale fos. |S ee 
SILESIA [2] Ose Shgagebaneenes 200 cogdeeecudedscnoo5 abollana [col bool lec \s22)clsne) eee 
Terebratula punciata, Sow. ......cs6...+0e/eee|eee|ooofeee Ldscchve L} dL eae 
== Waterhouse: GUS er ccacneesan aocs tee se lee eeeleetlaeel aes |oent ane ect Se 
Terebratulina Deslongchampsii, Dav....|...}...J...].0.[e.ofeeefeee]oee Shae 
Thecidium Bouchardi, Davi ~cescearscce|oot-||ou|si sacs aae|se-|eerleeelece| tee eee eee 
— granulosum, Moore ...secsseceecsesceeee|soelene BA Balada ae Belieos\ooc|esailoon jo>> 
=~ W@OLEI LGU i an senerecienmeen te siaee ral ici eral see Jdaletaleceteve le |e 
=== TUStICUIN LOOre berere teense eeecne acer: lah, ae 
— triangularis, D’ Orb. ...cccsscceceeeee|oeefonelees Be ete) ans fe Oa aL 
Zellania Davidsonii, Moore ......0+.seeee[eee[eeefees peste sss. dent der 
Be Papoucheres, WGOne aotewcvesiacsss sue weel ene ise speed Se |e] 
NO WES) MVOGEE sa anasiietioeigas ens ictieletemaiernisil “et Rie} 

Anomia irregularis, Teg. sse.sceeecseeee|eeefeee 
— pellucida, Terg. 3c 
Avicula Alfredi, Terd. Pleated al). lee 
— Buvignieri, Terg.........ceecee--seessseeeleee|eeefecs 
— Dunkeri, Terg......ccccsovsecseeseecocceelecelece|aos 
— Deshayesil........cs..cccneececeeecsceeeeee/ees aalses 
== Gecussata, (GOlOpe accscseicesie<te ocasn'ee a: i ery eee 

eeeleecleee|eosi{ecele> 

eeleeeleesioes 

eooleee 

eeelece|seci eee 

fat et et ed 

‘ = 

—a 



MOORE—-ABNORMAL SECONDARY DEPOSITS, 

Southerndown, do. Bridgend. A.-Bucklandi, do. Brocastle. Sutton Stone. Do., Shepton. Charter-House. Stout’s Hill. 

Avicula inzequivalvis, Sow. ............... Pe ceee [bre fees 1 

Weston, Saltford. Holwell. 

— | Whatley. + | Camerton. — | Munger 1 
— infraliassina, Martin ......0ccccceseeesfeee{ecs[es lune | ame [oscilla | eRe ee 1 
EIR S ALOQT Ch cc docu cuaceccckcods cco tlewalaeshie By Se Ta ES ete ae ee 
soa: RTGS HERO StL CINE SE Oe Mae SICA OP Spier | A EM (ie (at SS | Ne a 
Bervillin acumimata, Zerg. 0.22 ois.2.l--olees|-0-[oeclee- ae tal 
Crby ised IMCUTVA, SOW. ..6.. 6 veces reson 1S Re 1 
ee PRCRSH EMU LUDS oe cnc co.c Son ancaceek|nas fants “colon lacals eofess|e sofa NEN 
PIAA POI dts ofp sido sigs 6 enone vistie ese oh] a 0% eye oe a se 
MIMS CUS CLIN enn ess deaidedsc ee fotecot|Seelacetuacles-|eaclevnfoas 
Tnoceramus, sp...........+- F Hopsoecpesueeere oa| poe Sanfewnewalon.|aeafejan|o a= 
Tsodonta Pnrelhardti, Zerg. - ......62-2..|.--[on-|oes|es0lscaleoee[aee 
Timmig piganten, Sod. ...06.. sce... esos ceees AR a OF a 
Sen TG. cect anwamasceats soisisctess eee |saclsee(ancdvstlgec|oefces 
MEARNS ee, Sabin ty Sehn osacidnor scvé tassel ertvive|ssn|c acl eae bath ey 

jae 

a 

PROM SCH AMISH) SCO. acc cack decesas|acoteasle~-[see[neaton>|vasfens Beh Br 
SEMIS | Hs CIUCTISH. Ses sc cetot science tcstecs|eas|vectesclecates- age ea Be) FR ea 1 
SE MPEM MCAD, foc sch weve ciecventes eens sacs Dechert key bat Le lealies 

561 

—_ — 

1/1 

eM ITS AGT Re Os gee eae te RO doe (arc erade eof ceclnies| cole lt atiags Waal ces 1 
== AOVIMAMI, (POUL. oo... .ccvccrssevec sees a Uo Ge CALE a i ea ee 
== TAO UAMSIOMS, | LOLG: iiowasacwes svar sne\nechess[ons|-e=|-cofsn' eauleballten 
Pee CET AONE ABA CP UELISEs, «VE Se vnidaic dv ocias Sob[sesloncle cale'ealwecteoele sale as .rllteeea ASE 1 
— tuberculata, Zerg. .........cc0csscseees tg ean ee 
UCR AEH SOLUS oe oo cls yale con's nis oo bc} sacle elecelos|see]sec[orelaa<[nes 1 ea 1 
Ostrea arietis, Quest. ...ccc..sccccesavces: fig On iad 
a —AMMGATPIAG, Lest hve ces sncacsveses sc: (Fa 
aA MREDOCNATAS, « duovaeciiorscs ai eodeels cepts si ilo 
eee REACT at w claciat dcncuwiaseuee keudeeh dew oi ‘RV i el 
See NEAT, SPIES: aisle tdaeaeh> = davesccciedss|enslens|s ou hos ctenstoxebe ua paeetion ke 
Ee MIMNEMT EERIE N.Y macseceion vice soa cavs hasGke lo clon alaccl aol emelioe kt oe lana icertbtrdhe aus haves 1 
Beceem cemmiplicatys, LErqe is. cxscessane0s|scfeasleos|eee|soales 
Pe RMOSUN, Ol. ve.1-<sressebeasesse vac de. el ccl ci cael sce allem 1 
ee MAS, LTO Os. Lenin svasavt vn seauosees s 1 ee a : WP eh 
IMP VIS, Fel. vascorswuvebidsece sve ses 1p WS 2a 

1 
1 a! 

ee aelel 
Weal UB See el 

eee Soll oh a i hee. De EMS ua 1 
Se PBB ETIOD EL, 1G. con cscescsscdaressverass]o02|-0% ht 
eR IITTULS, MCI be ace Coks Sc cu dacuvesale- cals antes ctewahewalex : 
SM TONIION Ts IFTUI. |. caniasew cnnccerosvocleselsustexclesstere 1 
MMM VCUSS, LMOOTE cis ccneaxacvenraileas|eseloen| ssi |esefacofebiieeels © ofeambyenbase 1 

Se M OVO vetzacionne rst n0de cds sdedes elas SPOUT aret oal bea laas tewobvestiees [aeeiee 1 
— Pe ITO SIE Sotitsenaceisaiaerhia ses oncvastnotes | ssa feerlancha silts laae|nas ais 

eI EOUTNIS LERU) pckcccacads oodcpdevetescfece fer Pen late) noe tees Lebo: 
SROMMISIIADA, LPG. cudverecurvescciceecceda| ses dR TS GG) Rl ae 
Plicatula Hettangiensis, Terg............. UG Ran Sis aa bY diet 
eo LCUUITUUN PRUE atc acini aah ee eesti sdivitie daa] ani 1h ig ig! 
se TCM, oP ORGS ck des cb oRacahes wilsavies| dels on uetspadbav tas |p oxfeartue'e 
=== SINGOSH,! SOUL) wairwassteasneuk sists oss ocialene|eon Cahie sale cobesre lots] fae 1 
AMC, CRA ako, eed et acest tate sitect tos loviclsccloeal sc. Palo 
eas SERVIER) LC Gs «wre Mveuinnh vi sated cate enya Caal ie esc ac cmc Piiee [ou 
Sponudylus lisssiews; L079. J. 6k. cc nvacde|ees|eec|. oc] eae I 

pd 

oe ed 

VOL. XXIII.—PART I. 

1 



562 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

| Camel. | Laleston. 

Area Collenott, Marta .vi.8ci.saccdecee 
= DUllat Derg ec 2e ek Mya bin besontehaeaaaee = | 
— Sinemuriensis, Martin  ..........000. soles 
Astarte cingulata, Terg: ...ccccesse sec ce = 
== OM OUG, PLORQE te vic teacacaninanaentedse et sola 
=— (acuta, OGHE §. ott data. heoecuaseccecteanal tes ont 
— psilomoti, Qwest: -2......é500.sscwsonee|ooelec: 
El tremularis.) Hergi evs casasap cv oueeben tcceulas lane 
Cardinia elongata, Stutch. ........-.00c0.[eeefee. 
— exigua, Terg. : Soo eideonce 
2 =A FORTE SORU: see spetitace senoeelceeacestee Senko 
ea Miorist: EUG eS oc. 4. bees culgmane scone al teal cee 
— Mignreama, MMamtigih iercncncetaneadlsselncalee. 
— sublamellosus, Martin............000..- eb nie 
Carditatetragoma; Leng. svajecena- 8 odetes|oeelee: 
— Plebertiy 2ergi--c.8 castes teu cewensses tp 
Cardimumitichert, henge 15-64. s8. codecs s 
== Phillppianum, Pers: .ceccccssecseleses|s2+ (20: 
— Merquenni, Mord jc. i ep cccst.nelenecca|e- sles: 
Cucullea Hettangiensis, Terg.............|... 
= SITING AL CPOE vase Seaetie an wawias anak ean 
Cypricardia Bronni, Martin .........|...)... 
COM PLES; LCF. eiedeescmccoss wee seal aeel ee 

== Winwood! Moore) o. bite cctescasteadilacnce- 

| Sutton Stone. | Do., Shepton. | 4.-Bucklandi, do. 

eecles 

eeeleeeleseleee 

eoeleoeleccler 

eeeleeeleaele 

eeeleesleee 

Gastrochena liasina, Terg. ..............- ooH auelio 
Meda) Elebertit: Mart2 osiesarwsee ceasaweoteedtee: 
Lithodomus arenicola?, Terg.............|...[... 
Buema arenicola, Aergi x. pisecssteeesse\. floes 
Modiola producta, Terq. ..........c0se00.- iF 
=p TNINTINIAL SOW 58 he waedoashies dosesebenecs 1 
a= PbillamatsSors Meike led. bck ieocdes steed ce doc: om 
Mytilus,arenicola, Zeng. .....2.00c0%s0p<o-|.0.|..- =peloe 
—Jlamellogus, Ler, .. see. teacsessatebevd| ee |o.s Hee acinar 

Mya, P Ep ihe hcAN TREN Soa tent ond pian ere a 

=f ei ambigta, SOW. .02.seccdrcheanfut-[ors oe 
——arenaced, Lr... 0.ccc<pecuessceesenscesefucs [ors Som 
Saxicava Sinemuriensis, Martin ..ccccccdec des. Ra 
= PI CGIA ACTOR ts csisopenidecc the senate sofet fees fe 
eer Epos inating UV ALTIOn leat pre cece OSE OEE merece FAB Fee <2 
Tancredia securiformis, Zerg. .........)...|... cee 

eorleerlece 

eesleoe lees 

eoeleeelens 

weelewelecelon 

eeeleenlewelee 

= WENGL, Oren ss cppese sspaeatos= se eps'e o025|205 0%; Be 

— = 

sleeelece 

eeeleweleaele 

| Southerndown, do. | Bridgend. | Brocastle. | Charter-House. 
Stout’s Hill. 

— ee a a 

eeeleeetone 

a 

— 

eeclecsleoe 

Pk fe pe ek Jet 

sfeeelewclene 

Oe eee es ey 

— 

fel fel fed fe ed. 

| Weston, Saltford. | Holwell. | Whatley. | Camerton. | Munger 

ft 

a 



MOORE——ABNORMAL SECONDARY DEPOSITS. 563 

iis ; 

Sel lal 
s/aislE] | [8] |S 

° cisi\a 
ASlBI8 |S he] sts lé ae 
S/O lela ls f(A] sia] eS] x 6 |S) ShS|o|a|\ala Ars/2leio 

O/n|S/2\S|S isis ls islels|s| & 

ESI) SISIE/ 3/818 (8 ieisiai8 
SIS BANG Ols elise ise 

Unicardium cardioides, Phil. ............ he i The 
Acton anigulifer, Martin ........00s-se0)eofene|er fons Aeclueatal 
——Simemuriensis, MATIN. .......cccrccsee|ecelersfecslecsless Pe ae sea} 
PRT ANIGUS VIGOTE Sahanwasiinendaactaantmadlasalanc| ys ctaosles es] 1 
FRE OTANI | FOOT Goe! cick buns ae vice see se rcrcd acalasc|eer|socfaccleselees i 
Amberleya Alpinus, Stol.......1.....ceseesfeesfoes PE 185 |e abeen BM classe 
be CHLIG: IVMGOTE. dug csieananisssivesise 4s scefsnelane| ee s[es]see Spalleeal a! 
EMMONS LUECORC sie bs cenn wclen ies aneldapatinnleel|ses|eos|nse boxers late 1 
FTN ROOTS 5 Ac bade maine eyes’ cgaicietinealswadlemnleentesatlene enaieein re | 
Ampullaria carinata, Lergé .......5.0semeles 1 
Se UMN, LOL Q. Ssccwaiuwennod ood ghee ne sere NOG ae onal Geko oe 1 
OMIM MICS 65 5-8 sacnaaeewsie 205 sistiomafncdlone|eeslaes|y ss Haat 
Cerithium pouticostum, 227... 0.06.5. sscleee|ocless|ecelane Pell, Na ecteT 
EC IETAO DL GATTO 2h icin as wale st cnn sincinelacalave|res|ess] a0 Pol pealeae| ashes 
PPP EMMMOTIIONT, LMAGTZN ociacxsssceveterciacuselane|sneleeslewslens allel! 
SELECT) MRO od Ant snainwate Veneta ebnsdlesaloarlene|eesfelas ed Uh eae ee 1 
mos EDTIRLNE AU Oe i ee es ee eed ie ee Dori vest LL Laon eT 
ATS aA CEO Peehacanisicisaninziniass4ey asiocdlrind|sosltecfas| vant eel.ss 1 
= NOGGMOSUIM, LHOOTE .ocacaseoriececcsensedeasaless|eoe Sele 
SS UCTONNTG I OORE sila scriecien eB ea voice tlced|snaiaratae [meals s|oes 1 
SM MICORC, IMOOTE | 0.505; clso- cea ctceellantians|erctssalaael 22a 1 
— planicostatiim, Moore ..........0.seenee|nes|nncfereloes[eaters|ecs 1 
RE! CTO baecianveniineereesinant|ans|ans|rnr pees ees ee 1 (SRI 
SOLOS, HCTGL. «.dicinacvevcn coer sdecied|antlaselonn|acslaoe {1 
SPI ON LUI fy esicns meister ss 2c.slss aud cionndlandloite|onalaos[acspeele es 1 
SAMS UATE NL PAA, 8 os2 Bia sores aihne send dasvicianticac|ass|Awslaacteee {es temolhee 
TID OTP: se he cscs taas daieals vat cist ond oad uaeleantee lees A Dah Vel Mes liath led 
MEME MM COTE A acijasasinsiclena vvphiuad|ains}cns|einolsss|picfe's| pas 1 
——- SIMEMUPICNSIS, MATH 6 ciciesecvecincesleasfaaciors[eesloccdees|oe. uM ee | 
——IMOMUMasuM, Mar G70. oe vesccceccncecesteasleacleordeos [ace aie had | yale lel 
EMEC OSI Cede sskaddna ys shies cpcameaatlactiarsiswrtes sess 1 
Chemmnitzia Oppeli, Mardin ...0...c.sceceslacs[ecelonsfoos[oce]ess|eoe 1 
ANGLED, EU CUM ain snes ceav¥eeae sss sainéantlace|aes elses \aaaleee lasalmeatewal lute 
CHIE GT TG bABUM, DIESE.” ocn5.-ncteriesdes ctleetiaaalowelacelass sas JAR MWREG « cla suleysi eras if 
— radiatum, Moore Bea boneh uate cit cvedan anliaeblinaatenel Maal eaclee ai a 
Delphinula nuda, Moore .........0cccscces{ecsfees De darateoat Fer ee Merl a6: ee heed (1 
— reflexilabrum, Horne .........ccceeccesfecslee: clive a ates sabe ale- socal dec lta [Reet 1 
MU MGPEN ME SIP Ye ahs ire sana ercieses saseansloas|ans valves LE P| Deer ot 
TSI SOW yNS, MOE in... ensiesscosarveslees|ers ex letalneelapalacrs| a 
See MM IIOMON. 9 MAOOTE NL sp oih)¢ vend steer eos aeaasladt|aaaless ailhalwee Neetu 
IS MOB WSO, GORE 02k. c hansen bap cicecclant(esstar Pe bel ee gee oe | 
ES CUE ODN ODA Getta tes ghoci ton cteodes doe shinct| dell enslnre Fe Al aoe ae amg 
Mi PoOrMae CIRCUATIB, MMGOTE « .. d..s.-rsinnad|assleas|aaa|es-lase|*>=[es- 1 
Mand MO CU aM tal Ass neni ss ceiloedlgnilepatusslees|essiaee 1 
= UMD doh eee raitiac sap aockivsseacd|vedlacs|poolacs ES lecabeet te ell 
Moelatiia soutg, MMOGTE + oh. ccsposiuiton yk sodlmac|saclees|sc-[oee]e?>[e0e 1 
— abbreviate; TAGs. cos. om vcsnesenosersacedlens PS tes ieee al pass Tales eG 
= CHASPULRDRA LAO ni rcevtsralestds inenedlandlvecldae|esslens 1 
— dubia {Pterocera), Terg.............000{0+- Ol UM se ee ee 1 
— nodulo- rele: (a, /'01 aa | P| ee A 1 
— Dunravenensis, Moore  .,,..-ccereeseclecslorlyesluccly>o| 2 

2a2 



064 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

S 3S rd 
ine)|i Te : q 

AR 6 |a\s 
JSISIS(Sldl|oiee@| |_le¢ 
si@lomlSelele lal -slalsle 

alSlelalS|/e|clalSlal/sielelelo 
C145 /2)S8 SS Slee |SlES] e| & 

Brelele lee SiS iSie Sle lela 
SIFBISNeAS SSE ESS 

Melania Dunravenensis, Moore .........]...|.-- wea st eee A oat a 1 
= "Bheodori, Wart? ic cae cstcues vacualecmtore on il 
SUSta,ELOnOd fence sade eR sce deme A | 1 
Nerinea acuminata, WVGOTEis. co aaese cercheoe anne: altel 
=— Oren WOOne nie ene Morte cneeene lance ea ateeeelt #3 
— Mendipensis, Moore ..... fei oa ane ecdleeelccales tcl eee oe eee 1 
PUGS, MVOOTOR . Bhan Londra seule stamens ale 
Neritimajarenacea, Geng. pac. -ecs.c eee -leeoltaae valk Al 
——- Camahis, LCG: 2n. 5k eee Pee dae swk terval extaleis Sr ieleelecateee al 
— Hettangiensis, TUG ROPED Seren one raeeicse lea clot: ere oe aed to 
Neritopsisiexipua, Teng. <0... che. 000-6 Ups, ealall 
— cancellatus, Moore ............0008 Sess eet ae zd agli 
a HleeWaSs SHOLS Lym eok sent cee nase nee eined lias Coal cul ace eel eacleniale atl 
Orthotomal avena, Meg.) sic: cc cuser sere |eratee- aaa ee ca al 
So iiiiaaveraynpeiny SLAs Boe coke node ereysoce|oa2 lone Csaba eee eee 1j}1 
— oryza, Terg. SF eRe Ae 4 Neate aeclie ne slat ate cedar Oe hail ell ne oe Te eat 
=—/ ELI CUI, £ VERY sachet sear ecaeneeations secre es hee Pua Aa Oe ateree [eee eter etet 
5 S]Dhos seb caseaaoonoods eieiefetere artis teres see ictesalloteett nt See halide] eat aie oe cra I 
Patella ornata, Moore od Se ROE Lived dina wicreedlienetalenee TS elt! 
7 Dumont, Ler Gass cmotanlccsesea)omes stole cers Pack rey alla 
= WEMMICt, Derg. ta merscssewsnsavenese realeedlae pt Nec eal ek 
asian ella Wieasina,. Geng: osc eccestw ences tees Ege Te ee | 
== Lum bomb COL seek ane etn ce metarcea eed ree us | eae Sill 
Sey LIRIIE IECIUEN Caeea oe snde ahead Gor nok’ s606 |e ods : sip il 
Planorbis Mendipensis, Moore .........|...|... es satal 
Proserpina Lyelli, Moore............. Siyarcea kaa eae a cles age 
Pterocheilos primus, Moore........+.....-|e-.|.+- ee aly 
Pleuratella primus: Moone ~.n...20.--6 0«35\-ee hos slyeap all 
Pleurotomaria concava, Martin .. ......|...|..- 4 ae 
—— amelica,, SO. « deseuiytaeeenweonnemee ct | eae apie Irae Boge PR ae |e 8 5 hha 1 
= ONPANISA, SOU: oe cach eRe Reese eee Seal eel Galt la ee alneR ace Ls) eee ae 1 
— Mendipensis, Moore ...... Te el eee ate lnsd eelveditnee slall 
— densa, Terg. ...... PACE SER oan ne EP sete | 
le hhaMGICTISIS, CR Gra ae eke eemetee nee oan ee Sale| 
= ABU OSI bk Te uted ohn tev at era eoda wattage kee) aaleene ne lentes a! 
= Mozellanus, erg) 0 sassseenetse Soe once ah oaley atl feccel nelle 1 
—— DNC] CUS) eRCOS va cetera: acentacatee cee ete ced lteoel icon ace alie el call Se eae tee if 
= Hllenmoequal, C20. tifa eee sialaitestc teh a remel daS| see gale reel eee | pee aL 1 
— Henrici, Martin .............. Ute dates [ace bere ere | ees nee pealtee 
— lens, Terg. cn aaeeeeeane Brcteraricle s cinvcrmettalawvalleser eafdcalaeedieaslierer il 
— rotelliformis, DUE: sth ecctuatecesnana ees Bae alee Mle ol ctor 1 
— trocheata, Terg. ..-c0.scscereeee soto eaten foe Selec lee tinea ts ealteeat ame 1 
Purpurina tricarinata, Martin .....)..)... : eee nee 
Pyrula liassica, Moore v.sccesssees aeseicisicetal ns tee z papel 
Rimula elegans, Moore ......... Be ec eres e be fete ‘ shih 
—SVINASIAA, PLELG.: wiccinisteptjscneeass oes suspects eaters we! 
—, SP....00. Pasa aon setae Mond det eg ste cletmafecet ss aL 
Solarium puma eGMOTIN, PPOOTE: © Aiea dase nsecanra| ocho Reale ial MPR ss: 
— lenticulare, Tera, Poenanine sawkines 4 seopkcl nasi aaalhee Bie Pena 1/1 
Discohelix cornucopiz, Moore............|...J...[...f.. Aa 
— fimbriatus, Moore ] eeoeeesseeeaserees a ele weleweleae Bel hes eorlees 



Straparollus Oppeli, Martin ...... 

MOORE——ABNORMAL SECONDARY DEPOSITS, 

| Southerndown, do. | Bridgend. 

— | Brocastle. 

Weston, Saltford. | Do., Shepton. | A.-Bucklandi, do. 
Charter-House. Stout’s Hill. Laleston. 

| Sutton Stone. | Camel. 

— tricarinatus, Terg. .....0....2.2-.secsee{eeefene|oes|eee[eee]eeefeoe [eee 
Trochotoma Brocastellensis, Moore.. ae es alam ae 1 
— Liycettii, Moore.............ccceceesseceee]ee TEES es FRR Ri Wr 1 
Trochus apicalis, Moore ................0J++-|-0--+ cp a we hs 1 
— Deslongchampsii, Moore.......0....02.)ee|ee-fee-fece|eeeleeefeee 1 
MRS EMI. 5 aon ot ad ncc MRED bat ompiodda|-=<|~oc4---fooefno-|e nobis 2epooo. «fice 
PREG, IMOOTE. 66. 2 sadn oceae Sos'sceee=|~s-fae-[o* [oon|ese|eeafess|aae]ocs]ee. 
== CTO 7 Seen eee penne) Bee bree Phe) eed Gr 1 
— Tanganensis, Moore...............0.-s00|---[ee-[--[eoef- cond 
ae, Sg Bee ee es Beem Pree, eee Boas One eae Bea Ge 1 
see DT a a ey ee) ee ae ee ee ee Rees eee ee ee 
— Elize, Moore ........ Rete RT Seen) ore Cee Le eee | 1 

Holwell. Whatley. 

eee, MMGOPE onan sccm nan eavdec|-*=|one|--]-02|<0+|-4-|2-|<2-|-.-|..-|-o= 1 

a=: LTE EET C277 en eee ee eee ol Eos (ee ey oe Be oa ee 
SIMIMEPOISIS. <2 sc-2.c22)20zelessteces ae el oad i 
OL LYP LUTE] Ce Se oe eee ty eae oes A el oe ee Oe ee 
oe DEES 20 ae en Oe il aees ot, |e i i 1 
— Brocastellensis, Moore.......... Pee eS ok OR ee isle 
— costellatus, Terg. Pee ra ee = a) em OM te Oe) Oa Ee oe Rice. 
ss DPT SG eee eee ciel mee Oe Ones ers Oe Beam Deo | 3 ae 
ao USES 27 Se er cea es Pe Oem Be | he BOE) Ee 

— tubicola, Terg......... pe a eee Oe Poe Led oom bad aes Ree Be | Sl ae 1 

| 

—s— a 

——moduio-carinaias, Moore.........-<t-se)---|---|-«-]---|-+-|-+-|---|<--|-0-]e0s]oe. 1 
= EE 27 SS ee te Pe) Ye ed | PO Pa 

sa To 2 ee OS Pee aoe =e Pee eG Me hee oe 

ae 1 

pe MEET PNT oa 5 a. 5, ge aae oles aly oc piss soaks sbavelan’ a a - 1 

SSS | Co = ee ae ream OO | Pe Pee | a 
pe CSE ERIE 255: sown cee ceeaw seals 2 lanulcs -Peacloe-fecnle- 
-—triplicatus, Mardin ........-c00<0sssc00-|+--[n0-|2--[a--]-0-]>0- 1 
ae ESTER (rR a Access vee 8 OS ae Ae Ge a 8 aS i 
sen ae GE ee ae a Se nC fem 1 
Tornatella Buvignieri, Terg. ............|-+-|+--J--|-+-[--+[-- Eb 
I gE Re a tiga shrank hans Uhcogolne wbcinpafa «A intel Sa 1 
RE PI OTS © ooo oso ceennnc deonade nose] xov|sea]s> beer 1 
— Deshayesi, Terg. ..... pasties eee Seo amet ome (Sa PUD 
— Howsei, Moore .........: ~ SS eee real Wags Sag PA Me ders ES, 1}1 
SET et UE) es hae a a | ee ce em es S| 
ee ie ee ney eee eee a AP Dee Bee Phe? fie 1 
toribe II BOTE ios sisces cans fe c-|eaclen-lensfacs}eos{einele»- 1 
Sp EW I nee! Seed Ae el Oe Be Re Be a 1 
Vertigo Murchisonz, Moore.................-J.--|---|---[---|---[---[--- ike. 
Ammonites planorbis, Sow. ............... + A'S C0 ae res Re FN NON I | 
a ARESTEE seg gids a in gaa > 1 Se A | 
— EAE sogicssSds Gawd ickenwons serieae> I MS Fg eB 
Sc ie, Seer is ol oe ee ee oe! 
— Cenybeart, Sous satis sn aceve, svcthhers{i. fae 3 eo 
— Saazinnws, IF Oris sce fs occ ede selec hyo Ae acl eae Ett 
— = SEIEOORUMAIS 2. 28 sends Uonwicup's ann cWiphmeutoeelecte av tis tows ee att 

fmt ek ed 

see leee 

| Camerton, 

Or (oop) Or 

| Munger. 



Ammonites, young form .................. eae alemalaaale 
Belemnites acutus, Mill. .........cceecsees AOL ee ee spell 
oa eleva? 3.4 ok. Sau stucnts sncemetancamespraeias 1d bldg etA idl be «lela re ee -esilesk | euler 
— elongatus?, Mill..........s.ccsceeevaeeee Assisi eon cael 
IN GUIS eSbrisbUs. SOWsee .cteecteceeeers: Ue Perel eee ifr |i Leesa 
Siler TaSOMDEH (SOM), yyeneossSoaceunoscco- De cic al alleen lea ces ep ee -scited,| deal ale 
2 = PVOUMGAS Is: sb pdvinntemebinsee's pilose boc: Soe Gate elles valle eelok 
Geoteuthige nia. tae..kiaecw seiiciiassemae samba belie heed es leptelcns saree ae ciclo al 
Fish-remains of many speciesS............ 
Ichthyosaurus platyodon...............06- 
Plesiosaurus rugosus ........ rmaiortiate tel , 

SE 00 SUD OUR G9 DO 

me cbr 

PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

| Camel. | Laleston. | Sutton Stone. | Do., Shepton. | A.-Bucklandt, do. 

+ | Southerndown, do. me | Bridgend. 

| Holwell. | Whatley. | Camerton. | Munger. 
a ] Broeastle. 

+ | Charter-House. He | Stout’s Hill. | Weston, Saltford. 

pt 

en jy 

EXPLANATION OF PLATES XIV.-XVIL. 

(Illustrative of Fossils from the Lower Lias.) 

Puate XIV. 

. Pleuratella prima, spec. nov.: front view, enlarged. 
back view, enlarged. 

: upper surface, enlarged. 
. Pterocheilos primus, spec. nov.: front view. 

: back view. 
Fusus Jenynsii, spec. noy.: back view. 

: front view. 
_-—— Terquemi, spec. nov.: front view. 

. Cerithium nodulosum, spec. nov.: natural size. 
planicostatum, spec. noy.; front view. 
pellucidum, spec. nov. 

. —— spiratum, spec. nov.: front view. 
pentacoste, spec. nov.: front view. 

. Turritella Howsei, spec. nov.: front view. 

. Littorina circularis, spec. nov.; front view. 
: back view. 

ovalis, spec. noy.: back view. , 
: front view. 

. Melania Dunravenensis, spec. nov.: front view. 
acuta, spec. nov.: front view. 

: back view. 
. Nerinea acuminata, spec. nov.: front view. 

rudis, spec. nov.: back view. 
. Alaria rudis, spec. noy.: front view. 

Susiformis, spec. noy.: back view. 

PLATE XV. 

. Helix Dawsoni, spec. nov.: upper surface, enlarged. 
: profile, enlarged. 

much enlarged. 
—— ——: upper surface, much enlarged. 

. Proserpina Lyelli, spec. novy.: base, showing aperture and teeth on lip, 
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go Langanensis, spec. nov.: upper view. 
. Amberleya turrita, spec. nov. 
. Trochus apicalis, spec. nov. 

MOORE—ABNORMAL SECONDARY DEPOSITS. 

Valvata pygmea, spec. noy.; upper surface. 
: under surface. 

anomala, spec. nov.: upper surface. 
: profile. 
: under surface. 

——— 

. Planorbis Mendipensis, spec. nov.: upper surface. 

. Vertigo Murchisonie, spec. nov.: front view. 
: back view. 

. Patella ornata, spec. nov. 

. Rimula liasina, Terq.: upper surface. 
: side view. 

. —— elegans, spec. nov.: upper surface. 
: side view. 

. Melania nodulo-carinata, spec. novy.: back view. 

. Neritopsis exigua, Terq.: back view. 
cancellatus, spec. nov.: back view. 

. Neritina canalis, Terq., front view. 
: back view. 

arenacea, Terq.: front view. 
: back view. 

Hettangiensis, Terg.: front view. 
: back view. 

. Trochotoma Lycettii, spec, noy.: front view. 
——-: base view. 

. — Brocastellensis, spec. nov.: back view. 

Piatz XVI. 

Discohelix cornucopia, spec. nov.: upper surface. 
: base, showing umbilicus, aperture, and winged area. 
: section of chambers. 

— finbriatus, spec. noy.: upper surface. 
: view of back. 

. Amberleya grandis, spec. nov.: back view. 
— apicalis, spec. noy.: front view. 

: back view. 
—— ——-: front view of young age, enlarged. 

: back view of young age, enlarged. 
. Turbo reticulatus, spec. novy.: back view. 

—:; top view. 
Brocastellensis, spec. nov.: top view. 

. — tumidus, spec. noy.: top view. 
. Trochus Deslongchampsii, spec. nov.: back view. 

Marie, spec. noy.: front view. 
: back view. 

: view of base. 
— : back view. 

. Cerithium verrucosum, Terq.: front view. 

. Pleurotomaria Mendipensis, spec. nov.: back view. 

. Chiton radiatum, spec. novy.: dorsal surface. 
+ under side. 

. Cypricardia Winwoodii, spec. noy.: dorsal surface. 

. Zellania obesa, spec. nov. 
. Discina Davidsoni, spec. nov.: upper surface. 
. Pyrula liassica: back view. 
. Pollicipes rhomboidalis, under side. 
. Serpula strangulata, Terq. 
. Grantia antiqua, spec. nov. 

or “I 
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Puate XVII. 

(The species figured in this plate have all been obtained from Holwell.) 

Hig. 1. 
é 

Trochus Holwellensis, spec. noy.: back view. 
: base, enlarged. 

. Neritopsis levis, Stol.: front view. 
: top view. 

Trochus gradatus, spec. noy.: enlarged. 
. Phasianella turbinata, Stol.: back view. 
. Amberleya alpina, Stol.: front view. 
. Delphinula reflexilabrum, Horne: front view. 

: top view. 
nuda, spec. noy.: back view. 

. Trochus latilabrus?, Stol.: back view. 

. Nerinea Horneri, spec. noy.: front view. 
. Pleurotomaria Buchi, Desl.: front view. 

: surface view. 
15. Solarium lunatum, spec. nov.: top view. 
16. Turbo nodulo-carinatus, spec. nov.: back view. 

: front view. 
solidus, spec. nov.: front view. 

19. Avicula nuda, spec. nov. 
20. Opis triangularis, spec. nov.: dorsal surface. 
21. Lima Deslongchampsi, Stol. 

scrobiculata, Stol. 
densicostata, Quenst. 
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D5. Pecten Rollei, Stol. 
verticillus, Stol. 
palosus, Stol. 

2. On the Puysicat Structure of Wxst Somerset and Norra Devon, 
and on the PaLmonToLoeiIcaL VALuE of the Devonian Fossits. By 
Ropert Etuerres, Esq., F.G.S., F.R.S.E., Paleeontologist to the 
Geological Survey of Great Britain. 

ConTENTS. 

I: Introduction. 
IJ. History and Literature. 
III. Structure and Succession of the 

Rocks of West Somerset. 
1. Cannington Park Limestone. 

1V. Structure and Succession of the 
Rocks of North Devon. 

A. Lower Devonian Group. 
1. Porlock to Lynton. 
2. Foreland, east of the River 

2. The Quantock Hills. 
3. Dunster, Minehead, and Port- 

lock Areas. 
4, Dunster to Dulverton. 
5. Valley of the Barle and west 

of Dulverton. 
6. South of Dulverton. 
7. Dulverton to Wiveliscombe. 
8. Dunster to Brendon Hills and 

Nettlecombe. 
9. Withycombe by Dunster. 

10. Goldsoncot. 
11. Higher Roadwater, Trap Hole, 

Lod Huish. 

Lynn. 
3. Woodabay and MHeddon’s 

Mouth. 
4. Conclusions relative to the 

Lower Devonian Series of 
West Somerset and the Lynton 
area. 

. Middle Devonian Group. 
1. Heddon’s Mouth to Barn- 

staple. 
2 Ilfracombe to Baggy Point 
.vié Morte Bay, Little Hang- 
man Hill, and West Challa- 
combe to Ilfracombe. 



i 

i 

RE ae 

De Wilde , lith: 

FOSSILS FROM THE LIAS OF HOLWELI att hd 





ETHERIDGE—-DEVONIAN ROCKS AND FOSSILS. 569 

3. Helesborough. South Devon, and West So- 
4. Ilfracombe District. merset. 
5. Lee and Morte Bay. 6. Agreement of Foreign Devo- 
6. Conclusions relative to the nian species with the British 

Middle Devonian or Ilfra- Middle and Upper Series in 
combe Group of West Somerset North and South Devon. 
and North Devon. 7. Analysis of the British and 

VY. Palzontological Value of the Or- Foreign Devonian Brachio- 
ganic Remains found in the poda. 
Devonian Groups. 8. British Devonian and Car- 

1. Chronological Equivalents of boniferous Brachiopoda. 
the Old Red Sandstone of | VI. Stratigraphical Value of the Spe- 
Hereford, Scotland, &c. cies comprising the Devonian 

2. Lower Devonian Fossils of Fauna. 
West Somerset and North 1. Amorphozoa. 
Devon. 2. Cceelenterata. 

3. Fossils of the Middle Devo- 3. Crustacea. 
nian or Ilfracombe Group. 4. Cephalopoda. 

4, Species common to the Middle 5. Brachiopoda. 
Devonian Rocks of North 6. Other Classes. 
and South Devon. VII. Stratigraphical considerations on 

5. Species common to the Middle the Devonian Fossils. 
Devonians of North Devon, 

I, Intrropvction. 

Ir seems almost superfluous that another paper should be written 
upon the structure and succession of the Rocks of ‘« West Somerset 
and North Devon;” but of late their position or place in the 
geological series has been questioned in an able paper by Pro- 
fessor Jukes*, in which he endeavoured to prove that the entire’ 
series of slates, sandstones, and limestones of the North Devon and 
West Somerset area belong partly to the Old Red Sandstone and 
partly to the Carboniferous rocks, rather than to the so-called Devo- 
nian Group, to which they have hitherto been considered to belong. 
In other words, Professor Jukes has propounded views as to the re- 
lative succession and physical structure of North Devon diametrically 
opposed to those held by most geologists, and based upon the investi- 
gations of Sir Roderick Murchison and Professor Sedgwick, Professor 
John Phillips, De La Beche, Weaver, and others; and he distinctly 
states that they have “all misunderstood the structure of the 
country,” and this arising chiefly from their having been previously 
unacquainted with the structure and succession of the lower mem- 
bers of the Carboniferous group of rocks, and with the upper series of 
the Old Red Sandstone, as shown in the South of Ireland (the Lvish 
Old Red Sandstone). 

Professor Jukes also disputes the reality of the “ time ”’ succession 
(not the apparent) of the rock-groups of North Devon, 2. ¢. those 
grits, slates, and sandstones which occur (in the Lynton area) from 
Lynton or the Foreland, on the north, to the base of the Pickwell 
Down or Morte sandstones, on the south, or more extendedly to 
Barnstaple, which is the extreme southern part of the North Devon 

* Quart. Journ. Geol. Soc. vol. xxii. p. 321. August 1866. 
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group under examination. This area is occupied by varied rock 
masses (three well-defined groups), consisting at the base of red 
sandstone and slates with gritty and subcalcareous bands, which form 
the Lynton or Lower Devonian series; succeeding these are red 
sandstones and slates, well-defined calcareous masses, and bands of 
limestone, which constitute the Middle Devonian or Ilfracombe 
group; these are surmounted by a thick zone of red sandstones (the 
Upper Old Red), which are again overlain by a great series of slaty 
subcrystalline arenaceous limestones and shales, brown sandstones 
and grits, which constitute (with the red sandstones below) the Upper 
Old Red Sandstone or Upper Devonian Series, partly the equivalents 
of those beds which occur in the Cork district, and termed by the 
Trish geologists Carboniferous Slate, Coomhola Grits, and Old Red 
Sandstone. It will be my object to endeavour to show that this 
succession in North Devon and West Somerset is one unbroken and 
continuous series, existing in both districts, and proved by physical 
as well as paleontological data. It will also be my endeavour 
to prove that the hypothetical fault which Professor Jukes has 
stated to range from Morte Bay on the west to Wiveliscombe and the 
Quantock Hills on the east has no existence through the centre of 

North Devon,—and also to show that there is no evidence of a 
concealed anticlinal (of the nature demanded) with a northern in- 
version, through the agency of which, and the concealed fault with 
a supposed northerly downthrow of some 4000 or 5000 feet, we are 
asked to believe that the Lynton sandstones, grits, and slates, and the 
Middle or Ilfracombe Series in the north part of the county, are 
upon the same general horizon as those (similar, not identical) rock- 
masses comprising the structure of Baggy Point, Marwood, Sloly, 
Croyde, Braunton, Pilton, &c., on the south, and above the Pickwell 
Sandstones. From these views I entirely dissent on the grounds 
above stated; and a careful examination of the West Somerset and 
North Devon areas during the past autumn (1866) now enables me 
to lay before the Society the results of that investigation. 

Il. History anp LITERATURE. 

It is necessary to my purpose that a condensed history of the 
literature of the Devonian Rocks, with their groupings &c., should 
be understood, and that our British series, with their continental 
equivalents and their correlation generally, should be paralleled; we 
shall thus be enabled to trace the history of the question, and aided 
in coordinating the views held by those geologists and paleontologists 
who have, both in this country and on the Continent, since the 
year 1837, adopted the nomenclature proposed by Murchison and 
Sedgwick in their elaborate memoir upon “the Physical Structure 

of North Devon and the Rhenish Provinces”*, in which they en- 
deavoured to assign a position and sequence to those slates, sand- 
stones, and limestones which are so conspicuously and extensively 
developed in North and South Devon and Cornwall. Their views 

* Geol. Trans. vol. v. 1840; and Proceedings, vol. iii. 1839, 
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were ably substantiated by Mr. Lonsdale, by his careful investiga- 
tion of the fossils, to which he assigned an intermediate and distinct 
position (to the corals, &c.), showing, with the authors of that memoir, 
that the stratified rock-masses of that extensive area and their 
fossil contents hold a position, physically and paleontologically, 
between the great mass of the Silurian deposits, already definitely 
determined, and those of the Carboniferous series succeeding them, 
which are developed on a grand and extensive scale in the culm- 
trough that occupies the region between Barnstaple, in North Devon, 
on the north, and Brocastle and Petherwin, in North Cornwall, on 
the south. 

1836. Sedgwick and Murchison.—These authors, in a communi- 
cation to the British Association*, were the first to accurately de- 
termine the place of the carbonaceous deposits of North and Central 
Devon, which had previously been classed with the lowest portions 
of the Grauwacke; they described the structure of the county in 
ascending order, and divided the whole series into five groups; they, 
however, then misunderstood the group of rocks that repose upon the 
Morte slates and sandstones in North Devon, referring the Upper 
Devonian or Barnstaple series to the Silurian system, and placing 
the Carboniferous upon them, which in stratigraphical succession was 
correct, the underlying group being referred to a wrong age. In 
1839 this error was corrected. 

1837. Williams, Rev. D., F.G.S.t—A section accompanies this 
paper, giving the author’s views of the general succession of the 
rock-masses of West Somerset and North Devon, in which he 
places the Cannington-Park Limestone at the base, and below the 
Foreland and Dunkery sandstones, and Lynton slates; he divides 
the rocks into nine groups in ascending order—the carbonaceous 
strata and their flora being erroneously placed below the Old Red 
Sandstone and the Carboniferous Limestone. 

1837. Austen—R. Godwin-Austen, Esq., in a masterly paper 
“On the Geology of the South-east of Devonshire’’§, discussed the 
structure of the rock-masses of that area generally, and, after de- 
scribing the succession of the Tertiary deposits and Secondary forma- 
tions, also noticed the culmiferous or Carboniferous series, its position 
and succession, and then remarked upon the Transition System 
(then so called), believing that the culm-measures rested unconform- 
ably upon them. He divided this series into five groups, also no- 
ticing the igneous and trap rocks. 

1838. Weaver.—Thomas Weaver, Esq., communicated to the Geo- 
logical Society an important paper on the “ Geological Relations of 
North Devon” ||, in which he describes the structure of that area, 
from Bideford, on the south, to the Foreland, east of Lynton, on the 

* Report, 1836. 
t+ “On some fossil wood, &c., low down in the Grauwacke of Devon, &c.” 
¢t Ido not purpose commenting upon the views held by any of the older 

authors in this notice of the History of the Devonian Rocks. 
§ Proc. Geol. Soc. vol. ii. 1833-38, p. 584. 
|| Proc. Geol. Soc. 1838, vol. ii. p. 589. 
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north, and employed a nomenclature derived from those localities 
where the strata were best developed or exhibited, in ascending 
order, from the Foreland to the culmiferous beds south of Barnstaple ; 
he believed the whole series to be connected and to pass from one to 
the other, showing one general sequence with a southern dip. The 
term ‘transition’ was adopted by him for the rocks subsequently 
called ‘‘ Devonian.” This paper was a valuable contribution to the 
then state of our knowledge upon this area. 
1838. Austen.—Mr. Godwin- Austen, in another paper, “ On the 
origin of the Limestones of Devonshire”’*, clearly showed their origin 
to be due to the laws of organic life, and drew comparisons between 
them and the modern coral-reefs. The localities and facts mentioned 
are important as bearing upon the question of the Middle Devonian 
limestone. 

1839. Wilkams.—The Rev. D. Williams communicated to the 
Geological Society his paper upon the “Transition or Grauwacke 
System as exposed in the Counties of Somerset, Devon, and Corn- 

wall” +. This was also avaluable paper, and a correction of former 
views held by him. The upper members of the North Devon Rocks 
are the only series commented upon, the lower rocks being reserved 
for a subsequent notice. 

1839. Sedgwick and Murchison.—*< Classification of the Older 
Rocks of Devon and Cornwall” +. The rocks of North Devon and 
Cornwall are described in this paper in descending order in four 
groups; and a nomenclature is proposed differing from that for- 
merly propounded at the meeting of the British Association held at 
Bristol in 1836. They held that the succession of the rocks in North 
Devon was complete and conformable, from the carbonaceous series 
to those of Baggy and Marwood, which succeed them, and thence to 
the Ilfracombe and Lynton beds below; and they associated the 
Quantock series with the oldest or Lynton slates and sandstones. The 
authors showed the same succession for South Devon and North 
Cornwall; they also proposed to substitute the term ‘‘ Devonian ” 
for “ Old Red Sandstone,” as suggested by Mr. Lonsdale, after his 
examination of the fossil contents of the slates and limestones of 
South Devon. 

1839. Austen.—“ On the structure of South Devon.” This paper 
was supplementary to the memoir read in 1837 (Proc. Geol. Soe. 
vol. ui. p. 584), and in it the author showed the general relations of 
the various bands of slates, limestones, and sandstones in South 
Devon. Six important considerations and conclusions are here 
given; and Mr. Austin then considered that the carbonaceous 
rocks of Central Devon formed no part of the older deposits named 
therein. 

1839. Williams, Rev. D.—< On the Great Graywacke System, as 
is comprised in the Group of West Somerset, Devon and Cornwall.” 
The author wrote this paper as a supplement to his former com- 
munication in 1839 (Proc. Geol. Soe. vol. ii. 1839, p. 115). In it. 

* Proc. Geol. Soc. 1838, vol. ii. p. 669. + Ibid. vol. i. 1839, p. 115. 
+ Ibid. vol. iii. 1839, p. 121. 
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he corrects certain errors, and gives much valuable research bearing 
upon the succession of the whole series in West Somerset and Devon. 
In the history of the Devonian controversy it is important, but 
needs no special comment here. The author, however, states his 
opinion that ten consecutive series occur in and occupy the whole 
country from Cannington Park and the Quantock Hills in West 
Somerset to the Land’s End in Cornwall. (Proceed. Geol. Soe. vol. i. 
1839, pp. 158-162.) 

1839. De La Beche.—‘ Report on the Geology of Cornwall, 
Devon, and West Somerset’*. In this important memoir the author 
discusses the above three areas in all their aspects, still retaining 
the term “‘ Greywacke”’ for the whole of those rocks below the carbo- 
naceous deposits. In the 5th chapter (pp. 127-155) these two 
groups receive important notice, and the views and opinions of 
continental authors, both physical and paleontological, are given as 
bearing upon the relation of the two systems. Accompanying, or as 
part of, this work, appeared in the year 1841 Prof. Phillips’s ‘ Pa- 
leeozoic fossils of Devon, Cornwall, and West Somerset,’ being a de- 
scription of all the then known organic remains of the Devonian 
rocks, to be noticed hereafter. 

1840. Sedgwick and Murchison.—< On the Physical Structure of 
Devonshire, &c.”’+. In this elaborate paper, which at the time 
exhausted the subject, the five regions into which the authors divided 
Devonshire are graphically and clearly described, their views upon 
the geological structure of which was received then, and cannot now 
be controverted. The chapters descriptive of the succession of the 
deposits in North Devon between the north coast and the culmi- 
ferous series, and of those between Dartmoor and the south coast 
in South Devon, should be read and consulted by all who would seek 
to understand the physical structure of Devon. The second part of 
their paper, ‘“ On the Classification of the older stratified Rocks of 
Devonshire and Cornwall, &c.”$, contains much information upon 
the organic remains, and their distribution through the divisions 
therein proposed. 

1840. Lonsdale.-—“<On the Age of the Limestones of South 
Devon” §. This paper was intended to show again that the author 
was the first to infer from zoological evidence that the Limestones 
of South Devon would prove to be of the age of the Old Red Sand- 
stone. It is a complete résumé and summary of the opinions pre- 
viously entertained respecting the age of the limestones which are 
associated with the slates, &c., of Devon and Cornwall. The older 
authors had placed these Limestones in the Primary-transition or 
Greywacke and Carboniferous series, though Mr. Prideaux had pre- 
viously assigned them in part (or in mineral characters) to the Old 

* Published by order of the Lords Commissioners of Her Majesty’s Treasury, 
1839. 

+ Trans. Geol. Soc. 2nd series, vol. y. p. 633. 
t Ibid. p. 688. 
§ Proc. Geol. Soc. 1840, vol. iii. p. 281. Trans. Geol. Soc. 2nd series, vol. v. 

p. 721, &e. 
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Red Sandstone* ; and Prof. Phillipst would not confidently place 
them in a definite position in consequence of the resemblance of 
their fossils to many of the species occurring in the Mountain-lime- 
stone. ‘The labours of other authors are commented upon in this 
paper, and comparisons are made with other systems f. 

1841. Phillips.—“ Figures and Descriptions of the Paleozoic 
Fossils of Cornwall, Devon, and West Somerset.”§ This volume 
accompanies Sir H. De la Beche’s Report, and contains accurate 
descriptions and figures of all the species of Devonian fossils then 
known; and when we consider the fragmentary nature and unsatis- 
factory condition of the fossils that occur in these slates and lme- 
stones, and the materials out of which Professor Phillips compiled 

_ his work, it is one of the highest classical value, which we must ever 
apply as our standard of reference. The divisions and sequence 
therein adopted require little or no change at my hands, and have 
been fully confirmed by recent investigations. 

1842. Sedgwick and Murchison ||.—“< On the Distribution and 
Classification of the Older or Paleozoic Rocks of North Germany and 
Belgium, &c.”; accompanied by a description of the Fossil Mollusea, 
&e., by Viscount d’Archiac and M. E. de Verneuil. The Carboni- 
ferous rocks of Westphalia, as well as the Devonian limestones and 
shales of Mettmann, Elberfeldt, Hagen, and Iserlohn, and the calea- 
ceous rocks of Pfaffrath, Refrath, &c., on the right bank of the 
Rhine, are elaborately described in the first part of this paper. The 
second part contains an explanation of the structure of the country 
on the left bank of that river, comprising the rocks of the Eifel and the 
older rocks of the Moselle and the Rhine, with the formation of the 
Hundsrick and the Taunus. Part the third embraces descriptions of 
the Devonian rocks which constitute the Thuringerwald, Upper Fran- 
conia, and the Fichtelgebirge, and descriptions of Hof, Elbersreuth 
and Gerolsgriin, de. 

In this important memoir the authors with much detail describe. 
the whole of the Devonian deposits, occupying a large portion of the 
Rhenish province and Belgium. It is followed by a long and im- 
portant memoir by Viscount d’Archiac and M. Edouard de Verneuil 
descriptive of the organic remains which occur in the rock-masses, 
commencing with a general survey of the fauna of the Paleozoic 
rocks known at that date. Pp. 336-410 are occupied by carefully 
detailed descriptions and notices relative to the species and their 
distribution through the Lower, Middle, and Upper divisions of the 
Devonian rocks; and the paper is concluded by a table showing the 
ranges, and giving other important information relating to the 
British and Rhenish fossils. 

* Trans. Plymouth Instit. pp. 36-45, 1828, 1830. 
t Encyclop. Metropolitana, 1836. : 
¢ This paper by Mr. Lonsdale contains a complete list of authors and their 

opinions, extending from the time of Woodward in 1729 to those of Sedgwick 
and Murchison in 1839. 

§ Published by order of the Lords Commissioners of Her Majesty’s Treasury. 
| Geol. Trans. 2nd series, vol. vi. 1842. (Paper read May 13th and 27th, 1840.) 
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1846. De la Beche.—< On the Formation of the Rocks of South 
Wales and South-western England, &c.”’* This remarkable memoir 
enters fully into the question of the structure and succession of the 
Devonian rocks of the West of England ; pages 65 to 105 are devoted, 
with others, to their consideration. It is too long for more than 
mere notice, and is replete with important matter. The author refers 
to the labours of those who have investigated the structure of North 
and South Devon, especially Mr. Godwin-Austen, from whose re- 
searches, and those of Prof. Phillips, the materials are largely drawn. 

1848. Peach, C. W.—< On the Fossiliferous Strata of part of the 
South-east Coast of Cornwall” +. This paper has reference to sup- 
posed fish-remains in the region mentioned, and is the first notice of 
ichthyic remains in the Devonian rocks; Onchus, and an Asterolepis 
are stated to occur at Lentivet Bay and Pencarra. Many im- 
portant facts are communicated in this notice. 

1848. Pattison, S. R.—*‘ On an insulated patch of Devonian strata 
in the parish of St. Stephen by Launceston”. Notice of the Yealm- 
bridge flagstones and other rocks, with fossils from the Upper Devo- 
nian beds, with a list of the few species found. 

1850. Pattison, S. R.—“ On the Petherwyn Beds” §. This paper 
contains a concise, but clear, description of the strata at Petherwyn, 
their economical uses, relation to other deposits, and a copious list 
of organic remains, compiled chiefly from Prof. Phillips’s ‘ Paleo- 
zoic Fossils of Devon and Cornwall,’ 1841. Mr. Pattison here men- 
tions the coarse unfossiliferous sandstones that underlie the Upper 
Devonian rocks in North Cornwall. I believe them to be the equi- 
valents of the Pickwell Down sandstones in North Devon. 

1850. Pengelly.—<On the Ichthyolites of East Cornwall” ||. An 
important communication upon these obscure, yet valuable, remains 
at Looe Island and Harbour, St. Veep, &c. Subsequent research has 
revealed other and better specimens of the genus Onchus, &c., which 
are now in the possession of Mr. Pengelly. 

1851. Sedgwick.—< On the Slate Rocks of Devon and Corn- 
wall” 4. This paper is of great value, especially so as relating to 
Cornwall, the slates of which are correlated with those of Devon. 
The position of the Petherwyn and Baggy Point, Marwood, and Barn- 
staple beds are noticed here, and also the overlying Posidonia-shales 
and limestones, with the succeeding Culm-measures. The results of 
much physical research are given in this memoir. 

1853. Sharpe, D.—*« Review of the Classification of the Paleozoic 
Formations, &c. &c.” **, Much important matter is contained in this 
paper, in which are compared the equivalent strata of Belgium &c. ; 
reasons are given by the author for considering that much of the 
so-called Devonian should be classed with the Carboniferous (or 

* Mem. Geol. Surv. of Great Britain, 1846. Vol. i. 
t Royal Geol. Soc. Cornwall, 35th Annual Report, p. 57, 1848. 
t Royal Geol. Soc. Cornwall, 35th Ann. Rep. p. 63. 
§ Royal Geol. Soc. Cornwall, Ann. Rep. 1850, p. 132. 
|| Royal Geol. Soc. Cornwall, Ann. Rep. 1850, p. 116. 
§ Quart. Journ. Geol. Soc. vol. viii. pp. 1-19. 1852. 

** Quart. Journ. Geol. Soe. vol. ix. p. 18, 
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systéme Condrusien of Dumont); and the South Devonian Limestone, 
with peculiar modifications, is made to succeed the Old Red Sand- 
stone, or Rhenane series, and the Old Red Sandstone to overlie the 
Ilfracombe or calcareous group of North and South Devon. 

1853. Godwin-Austen.— On the series of Upper Paleozoic groups 
in the Boulonnais.”” This remarkable district 1s ably deciphered by 
Mr. Austen. The author divides the series into two divisions—(1) 
the limestones above and below the Cove, and (2) the Yellow Sand- 
stone group; he subdivides the two into seven series, showing 
succession of beds and conditions indicated. A note accompanies this 
paper from Mr. D. Sharpe (p. 246), containing a list of the organic 
remains; this note is of much value, though I cannot agree with 
the author’s conclusion relative to the position of the Petherwyn 
beds, or fossils. 

1854. Siluria, Murchison, Sir R.—Noticed under the third edi- 
tion, in 1859. 

1855. Jukes and Salter.— Notes on the Classification of the De- 
vonian and Carboniferous Rocks of the South of Ireland” *. 

1855. Murchison and Morris.—‘ On the Paleozoic and their 
associated Rocks of the Thiiringerwald and the Harz.” In the 
first part of this memoir reference is repeatedly made to the De- 
vonian series of Thiirmgerwald. The Upper Devonian, “ Younger 
Greywacke” of Credner and Richter, consists of the Upper Devonian 
and Lower Carboniferous, united by these authors into one subgroup, 
which appears to constitute one physical mass covering over, or 
abutting against, the Lower Silurian rocks. 

In part u. the Devonian Rocks of the Harz, as well as on the 
Rhine, are shown to be composed chiefly of the Spirifer- or 
Coblentzian sandstone and slates, which contain the same charac- 
teristic fossils as the rocks of the same age in Devonshire. The 
deductions bearing upon the distribution and condition of the Devo- 
nian series throughout the communication should be consulted, as 
they are additional to, and confirmatory of, the views propounded 
by Sedgwick and Murchison in 1842. 

1856. Godwin-Austen.—*< On the possible Extension of the Coal- 
Measures beneath the South-eastern part of England.” Speculative 
as this paper is, and necessarily must be, the generalizations and 
philosophical and suggestive views put forward by the author are 
of the highest and most important order; they relate to the Devo- 
nian as well as to the Carboniferous Rocks and their distribution. 
The lacustrine condition of the Old Red Sandstone and the area 
occupied by that formation are discussed, and the physical con- 
ditions of the old land-surface, &c., are carefully noticed. Those 
details in the paper bearing upon the condition of England and 
Europe during the deposition of the Old Red Sandstone, Carboni- 
ferous Limestone, and the growth of coal, are important, and com- 
mand the attention of all the physicists. 

1859. Murchison, Sir R.—‘Siluria’ >. The third edition (in- 

* Dublin Geol. Joarn. vol. vii. June, 1855. 
t+ History of the oldest Fossiliferous Rocks, and their Foundations, &. 1859. 
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cluding the ‘ Silurian System’) of this elaborate work, descriptive of 
the Silurian deposits of the world, embraces much information, if 
not the most complete réswmé known of the Devonian and Old Red 
Sandstone systems, leaving, for the purposes of generalization, little 
to bedone. Pp. 269 to 292 are descriptive of the Old Red Sandstone 
of England, Wales, and Scotland ; they are succeeded at p. 292 by a 
masterly description of the Devonian Rocks in Devon and Cornwall, 
and Ireland; pp. 405 to 410 are devoted to the Devonian rocks of 
Saxony &c.,and pp.417 to 471, inclusive, to those of the Rhenish Pro- 
vinces, Belgium, France, America, and Spain. The literature of the 
Devonian question is here nearly exhausted. 

1860. Pengelly.—‘ On the Chronological and Geographical Dis- 
tribution of the Devonian Fossils of Devon and Cornwall” *. Im- 
portant tables accompany this paper, as well as a résumé of the views 
held by earlier authors ; and Mr. Pengelly in the latter part of his 
communication discusses the relations existing between the Silu- 
rian and Devonian, and between the Devonian and Carboniferous 
species. 

1861. Pengelly.—< On the Devonian Age of the World” +, the 
substance of six lectures delivered at the Royal Institution, in which 
much valuable matter is brought together relative to the whole 
Devonian question. The distribution of groups and species is de- 
tailed, &c.t, and elaborated into a commentary upon their peculiari- 
ties, forming a digest of the subject. 

1862. Pengelly.—‘ On the Geological and Chronological Distri- 
bution of the Devonian Fossils of Devon and Cornwall”’§. This is 
a more detailed account of the distribution of the Devonian fossils 
than that given in the ‘ Brit. Assoc. Report,’ Oxford, 1860 ; numerous 
tables, showing relative and absolute distribution, and the value of 
the several species, as well as calculated deductions, and data for 
Future labours yet, upon the Devonian fauna of Devon and Cornwall. 
These two papers should be consulted by all students of Devonian 
geology 

1863. Salter, J. W.—“< On the Upper Old Red Sandstone and 
Upper Devonian Rocks ” ||.—An important communication upon the 
Upper Old Red Sandstone and Upper Devonian beds, in which the 
author clearly establishes the value of this division. He describes 
the South Pembrokeshire Old Red Sandstone generally, especially 
those beds at Drinkim Bay in Caldy Island, where it is shown, 
as in the Avon section at Bristol, that the Old Red is defi- 
nitely distinct from the overlying Lower Limestone Shales in every 
particular, especially so in the total absence of fossils. The author, 
however, notices a bed of Serpule some fifty feet down in the Old 
Red Sandstone, which perhaps is the only marine form known in this 

* Brit. Assoc. Report, 1860. 
+ Six Lectures delivered at the Royal Institution, in May and June 1861. 
{ Published in the ‘ Geologist,’ vol. iv. p. 332. 
§ Geologist, vol. v. p. 10; and Brit. Assoc. Report, Oxford, 1860; also Royal 

Geol. Soc. Cornwall, Report 1860, p. 888. Earlier notice. 
|| Quart. Journ. Geol. Soc. vol. xix, 1863. 
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upper part of the series. North Devon is then described, so far 
as concerns the area south of Pickwell Down, which region is occu- 
pied by the Upper Old Red and Devonian rocks; these are com- 
pared with the South Wales beds. The Petherwin and Land-lake 
series are carefully noted, and their position below the Marwood, 
Pilton, and Barnstaple group established. Mr. Salter then notices 
the Old Red Sandstone of Somersetshire, Gloucestershire, and Shrop- 
shire, adding important matter relative to the South of Ireland, as 
regards the Carboniferous slate and the Coomhola series. The “ Fo- 
reign Equivalents” of the Upper Devonian, with the results of his 
investigations, conclude this paper. 

1864, Jukes.—“* Memoirs of the Geological Survey of Ireland. 
Explanations of sheets 187, 192, 195, 196, 199, &c., with Paleon- 
tological Notes by W. H. Baily, F.G.S., &c.” It is unnecessary to 
do more than mention that in the concise description of the country 
to which these “‘ Explanations ” refer, much valuable matter is con- 
tained relative to the Old Red Sandstone and Carboniferous beds of 
the South of Ireland; and in them (especially the memoirs upon sheets 
no. 187, 195, and 196 of those above enumerated) are embodied 
the views held by Prof. Jukes relative to the two formations, which 
are reproduced in his paper upon North Devon and Rhenish 
Prussia *, and also in his paper on the same subject in the Quar- 
terly Journal of the Geological Society +. 
1865. Kelly.—* Remarks on the Doctrine of Characteristic Fos- 

sils’ +. The Table given in this paper, showing the distribution of 
the Pilton, Petherwin, and Newton-Bushel species, apart from theo- 
retical views, and from the determinations of the Devonian and Car- 
boniferous species, and as part of the literature of the Devonian 
series, may be consulted: its value must be determined by the reader, 
after careful and critical examination. 

1865. Jukes.—< Notes for a Comparison between the Rocks of the 
South-West of Ireland and those of North Devon, and of Rhenish 
Prussia in the neighbourhood of Coblentz’”’§. This paper is a résumé 
of the two previously noticed, to which is added an account of the 
author’s researches in Rhenish Prussia, chiefly in the neighbour- 
hood of Coblentz. The South-Irish beds are briefly described here, 
followed by a statement of Professor Jukes’s idea of the contempo- 
raneity of the Carboniferous Slate and Carboniferous Limestone. 
North Devon is then cursorily noticed, especially Baggy, Croyde, 
Braunton, and Pilton. The Middle or Ilfracombe beds receive a 
passing notice only. Comparative lists of fossils from Ireland and 
North Devon are given from different localities ||, followed by those 

* Notes for a comparison between the rocks of the South-West of Ireland 
and those of North Devon, and of Rhenish Prussia in the neighbourhood of 

lentz. 
ne “ On the Carboniferous Slate (or Devonian rocks) and the Old Red Sand- 
stone of South Ireland and North Devon” (Quart. Journ. Geol. Soc. Aug. 1866, 
vol. xxii. p. 321). 

{ Journ. of the Royal Geol. Soc. Ireland, 1865, vol. i. pt. 1. new ser. 
Loe. cit. 
; I differ much from Prof. Jukes relative to the distribution of the species. 
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of the Carboniferous Slate. The Coblentzian beds are noticed, with 
Prof. Jukes’s views upon them. 

1865. Pengelly.—< On the Co-relation of the Slates and Lime- 
stones of Devon and Cornwall with the Old Red Sandstones of Corn- 
wall” *. This paper refers particularly to the evidence of the fossil 
fishes in the Devonian strata, and is an endeavour to co-ordinate 
the Old Red and Devonian rocks. 

1865. Hall, T. M—<The Geology of North Devon”t. In 
this lecture on the “Geology of the country around Barnstaple, 
Bideford, Ilfracombe, Lynton, and Clovelly,” &c., the author pro- 
poses a new nomenclature for the North Devonian rocks, which he 
divides into seven series— the Moreland Group, Lynton Zone, Mar- 
tinhoe beds, Ilfracombe Group, Marwood Zone, and Pilton beds.” 
Whatever local value may be attached to these divisions, they, with 
his descriptions, clearly express their succession and position below 
the Carbonaceous series south of Barnstaple. 

1866. Jukes.— On the Carboniferous Slate (or Devonian Rocks) 
and the Old Red Sandstone of South Ireland and North Devon” f. 
The Introduction to this paper contains the sum of the differences that 
exist between Mr. Jukes and the older authors upon the physical 
structure of North Devon and West Somerset; and in it he endea- 
vours to remove from the British rocks the Devonian series, as a 
system, altogether §. The author gives physical and paleontological 
reasons for his conclusions. The second part is devoted to the 
structure of South Ireland, as derived from his experience in that 
region ; part the third to the geological structure of North Devon 
and West Somerset, in which are elaborated the distinctive views 
held by the author, and the reasons he assigns for his change of 

- nomenclature, and the difference in the conclusions arrived at by 
him, as compared with those of other writers. . 

1867. Jukes.—“ Additional Notes on the Grouping of the Rocks 
of North Devon and West Somerset, with a Map and Section ’’||. 
This pamphlet, so far as regards the subject matter, is intended to 
supply the deficiency in the author’s communication to this Society 
in 1866, relative to the more complete examination of the series of 
rocks below the Upper Old Red Sandstone of Pickwell, Devon; con- 
sequently the Wiveliscombe, Dulverton, Combe Martin, Dunster, 
Minehead, and Quantock region are partly described. This paper 
is accompanied by a map and section of North Devon and West 
Somerset. 

ITI.—Srrvctrvre anp Succrssron or THE Rocks or West SomeERSET. 

1. Cannington Park Limestone.—In the midst of faulted ground 
the outlier of limestone at Cannington Park is a conspicuous feature. 

* Royal Geol. Soc. Cornwall, 1865, p. 441. 
t A lecture delivered before the members of the Exeter Naturalists’ Club, at 

“ Westward Ho,” Northam, Sept. 23rd, 1865. 
~ Quart. Journ. Geol. Soe. vol. xxii. March, 1866. 
§ This view is discussed in my present paper. 
|| Printed for private circulation among the Fellows of the Geological Society 

of London, 1867. 
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It 1s surrounded on all sides by the Lower New Red Sandstone ; and 
to the south and east there occurs a series of fissile, thin-bedded, 
chocolate-coloured slates, which agree in every particular with those 
on the eastern slopes of the Quantock J.ills. These slates contain no 
fossils, so far as I was enabled to det.imine; but that they are con- 
nected (beneath the thin covering of the New Red) with the main 
mass of the Quantock Hills is evident; for exposed masses at Ash- 
ford, Radlet Farm, and Halsey Cross connect the slates of Nether 
Stowey (which are of Middle Devonian age) with those of the village 
of Cannington, between which, as before stated, and Cannington 
Park to the north, a considerable exposure of red slates takes place, 
which are again seen at Charlinch, two miles to the south-east, 
where an extensive fault brings them to the surface. Considerable 
doubt has arisen as to the age of the limestone of Cannington Park. 
It has generally been assigned to the Carboniferous period, but the 
almost total absence of fossils renders the task of fixing its true place 
extremely difficult; if, however, position, lithological characters, 
what few fossils there are, and peculiarities of structure may be 
depended upon, it so strongly resembles the smooth blue, pink, 
grey, and red-veined argillaceous porcelain-like limestones of Tor- 
quay and Newton Bushel in South Devon, and those of Adscombe 
and Stowey on the Quantocks, that, to my mind, it cannot be 
distinguished from them: and, again, it has no resemblance to 
any division of the largely developed series of Carboniferous Lime- 
stone of the adjacent Mendip Hills, nor to any in the Bristol area. 
This limestone dips to the south-east ; and upon it rest the choco- 
late-coloured slates, which are rolled or contorted, but so masked by 
the overlying New Red Sandstone, that its clear connexion with the 
limestones and slates of the Quantock Hills cannot be satisfactorily 
traced; nevertheless, from its character, position, and association 
with the slates, there is every probability that the limestone of Can- 
nington is of the age of the slates amongst which it exists, and by 
which it is surrounded. It is the most easterly outlier of the Devo- 
nian rocks in West Somerset*. 

2. The Quantock Hills —This range of hills, which stretches across 
West Somerset from Quantock Head on the north-west to West 
Monckton on the south-east, is composed on the west side (or along 
its strike, which corresponds to its geographical bearing) of coarse and 
fine red and grey sandstones, which form the base of the series of 
rocks constituting the structure of the Quantock range. All the 
rock-masses beneath and to the west of Staple-Hill Foot, Bicknoller, 
Crowcombe, Bagborough, Cothelstone, Kingstone, &c. are covered by 
the Lower New Red Sandstone and Conglomerate, which occupy 
the valley from Williton and Stampford Brett on the north, to Stog- 
umber, Lydeard St. Laurence, Milverton, and Taunton on the south. 

* The section (fig. 2, p. 584) will show, through the patches of exposed slates 
between Cannington and the Quantock Hills and those that surround it on 
three sides, how these limestones by an opposite dip are related to those of 
Adscombe and Over Stowey to the west, all further evidence of them being lost 
to the east of Cannington, under the New Red sandstones and murls, and the 
alluvium of the Somersetshire marshes. 
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The base, therefore, of the Quantock serjes, as at Lynton, cannot 
anywhere be satisfactorily determined; but that the Red sand- 
stone and grits before mentioned are of the same general hori- 
zon as those of Grabbist and Croydon hills, and partly also of 
the same red sandstone which occurs at the Hangman and Tren- 
tishoe, &c., to the west, I do not doubt. They occupy the same 
position, and have the same relation to the slates and limestones of 
Asholt, Adscombe, and Over Stowey on the eastern side of the 
Quantock range that the slates and associated limestones of Ilfra- 
combe, Combe Martin, Twitchin, Simonsbath, Newland, Luckwell, 
Luxborough, Higher Broadwater, &c. do to the same sandstones 
above mentioned, which stretch from Croydon Hill on the east 
to the Little Hangman in Combe Martin Bay on the west. It is 
important that this should be understood, because whatever might 
have been the cause of the great bend, horizontal curve, or moye- 
ment now hidden by the New Red series of the Stogumber Valley, - 
it is clear that the succession of the Lower sandstone and grits, 
and that of the succeeding slates and limestones of the Middle group, 
are as complete in the Quantock Hills as those of Lynton or Combe 
Martin—a fact unmistakeably borne out by the lithological characters 
of the rocks aswell asby the paleontological contents of the limestones 
and slates. The general dip of all the slates and associated coral- 
limestones on the eastern side of the Quantocks is to the east; the 
great limestone beds in the quarries at Adscombe and Over Stowey 
dip north-east 35°; at the former place they are in solid beds, 
from 4 to 9 feet in thickness, with partings of shale containing 
many corals. The character of the limestones in every particular 
closely resembles the hard crystalline grey and red-veined series 
of Torquay; they contain many of the same corals, viz. Cyatho- 
phyllum ccespitosum, C. Halli, Favosites cervicornis, Stromatopora 
concentrica, all abundantly distributed, with Helvolites porosus, and 
many Polyzoa*. 

At Ashholt-Wood and Lower-Ashholt quarries, thick-bedded 
limestones, interstratified with red slaty bands and red grits, are 
extensively worked. These beds occur on the same line of strike 
as those of Adscombe, but have a south or reversed dip S.S8.W. 
30°; they are lower in the series than those of Over Stowey 
and Adscombe; and, from compass-bearings taken at Cockercombe 
and to the west of the new court (where the great greenstone, or 
porphyritic felstone beds are so finely exposed), I have no doubt that 
a line of disturbance occurs from these latter places through Ashholt, 
thus reversing the dip in so short a distance. This felstone-por- 
phyry is interstratified with the slates, to the thickness of 700 
feet. 

* These limestones take the highest polish, are worked for statuary purposes, 
and are equal in every respect to those of Plymouth, Newton, Torquay, &c.; and 
Lord Taunton has extensively used them in the construction of his mansion at 
Adscombe, where they are worked into columns, pillars, mantel-pieces, &e. 

+ This pale-green porphyritic felstone has been extensively used by Lord 
Taunton in constructing the new court at Adscombe; it also takes a fine polish, 
and his lordship has used it in the construction of the fireplaces &c. 
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In the Ashholt, Adscombe, and Stowey quarries I obtained the 
following fossils :— 

Alveolites suborbicularis. Cyathophyllum czspitosum. 
Heliophyllum Hallii. Stromatopora concentrica. 
Endophyllum abditum. Atrypa desquamata. 
Acervularia. Petraia. 
Favosites cervicornis. Heliolites. 

reticulata. 

The entire thickness of the limestones could not be determined, 
owing to their forming the base or floor of the quarry ; but they are 
more massive and less regularly bedded than those of Adscombe 
and Over Stowey to the north. These slates and limestones belong 
to the Middle Devonian, or Ilfracombe, group, and are the same as 
those which range from Widmouth, Combe Martin, Lee under Nut- 
combe, and Westleigh &c., and then strike across the country south 
of Exhead, Dure Down, Black Barrow, and on to Treborough and 
Nettlecombe. They are the lowest limestones in the North Devon 
and West Somerset area; but it must be borne in mind that no- 
where in North Devon are the limestones exhibited on so gigantic 
a scale as in South Devon, being, west of the Quantock Hills, 
chiefly, if not entirely, interstratified with the slates in thin 
lenticular masses and bands, but nevertheless always yielding 
the same corals, though apparently not so large an assemblage of 
mollusca. 

A section crossing the Quantock Hills from the village of Crow- 
combe on the east, over the Fire Beacon to Over Stowey, Radlet, 
and Ashford, and thence to the slates and limestones of Cannington 
Park, will show the succession of the Lower red sandstone and 
grits, or the Lynton series, and the Middle, or Combe Martin and [- 
fracombe slates and limestones ; and if the higher members of the 
Middle group, or the equivalent of the Morte series, are present here, 
they are buried beneath the New Red Sandstone which abuts against 
the slates of Over Stowey, and which constitutes the plain sur- 
rounding the Devonian outliers at Radlet, Charlineh, Ashford, and 
Cannington. The annexed section (p. 584) will give the succession. 
I regard the structure of the Quantock Hills as essentially the same 
as that of the north part of North Devon. The base, or western side, 
or escarpment, is composed of coarse red, grey, green, and yellow 
saccharoid sandstones, flaggy and micaceous in places, which, as 
they ascend higher in the series, become slaty, being again succeeded 
by a higher series of red gritty sandstones and slates, agreeing 
in every particular with the higher portion of the grits and slates as 
exposed in the Lynton area abovethe Valley of Rocks,and at Woodabay, 
Trentishoe, Heddon’s Mouth, and the Hangman, and with the beds 
occupied by Seven-Wells Wood. The limestones of Doddington, 
Adscombe, and Over Stowey represent the Combe Martin and Ilfra- 
combe series, being, however, much thicker and more extensively 
developed than the limestones at Combe Martin, and rich in organic 
remains, although few have been obtained. 

Whether the New Red series on the east, towards Bridgewater or 
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Fig. 2.—Section from Wills Neck across the Quantock Hills to Cannington Park. 
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Stockland, Bristol (the upper New 
Red Sandstone), covers still higher 
sandstones resembling the Morte-Bay 
and Pickwell-Down beds, I am not 
justified in asserting, though I see 
no reason why it should not occur. 
Similar arguments may be used re- 
lative to the connexion of the western 
side of the Quantock Hills with the 
eastern portion of the Exmoor range 
at Croydon and Brendon Hills, which 
are separated by the narrow valley, 
composed of the Lower New Red Sand- 
stone and Dolomitic Conglomerates 
of considerable thickness, which 
extends to Carhampton, Dunster, 
Watchet, and Minehead, but which 
is separated from the deep valley of 
Luckham and Porlock by an isthmus 
of Old Red Sandstone connecting 
Croydon Hill and Dunster Park with 
Grabbist Hill and North Hill over 
Minehead. These two valleys, con- 
tinuous in direction, though discon- 
nected at Higher Kitswell, appear to 
occupy the line of a great fault, or 
they are in a trough or synclinal 
basin; the Great St.-Decumans and 
parallel faults at Watchet, Quan- 
tock Head, and Little Stoke, which 
extend for fourteen miles, are trace- 
able by the depression of the Porlock 
valley and the reversed dips of the 
rocks into it. This line also corre- 
sponds with the anticlinal of the valley 
of the East Lynn, south of the 
Foreland, and the high coast-land 
from Porlock, the beds comprising 
the structure of which all dip con- 
tinuously north (north of the anticli- 
nal from 20° to 40°) to Culbone, Glen- 
thorne, and on to Porlock, thence 
through North Hull to Minehead, 
south of the anticlinal, or the gorge 
of the East Lynn, from Lynton to 
Lucott Hill, Stoke Pero, and Timbers- 
combe, south-éast of Dunster. The 
grits, sandstones, slates, and lime- 
stones of the whole of North Devon 
and West Somerset have one uni- 
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versal general dip to the south, 7. e. from Lynton or Ilfracombe on 
the west to Croydon Hill and the Quantocks on the east, to the Culm- 
measures south of Barnstaple, Dulverton, and Wiveliscombe ; and I 
hope to show, both on physical and palzontological evidence, that the 
Lower, Middle, and Upper Devonian series are still the groups of 
rocks that occupy the area assigned to them by Weaver, Murchison, 
Sedgwick, Sharpe, Lonsdale, Phillips, and others. 

3. Dunster, Minehead, and Porlock Areas —West of the Quantock 
Hills and in the most northerly part of West Somerset is Grabbist 
Hill, and North Hill, also Porlock, Culbone, and Oare Hills, the three 
latter overhanging the Bristol Channel; and the lowest beds through- 
out all North Devon and North Somerset are exposed along their 
southern flanks. It is impossible not to believe that you are here 
examining the genuine Old Red Sandstone of Scotland, South Wales, . 
and the Silurian area. Coarse red, grey, and pale-yellow, and 
mottled thick-bedded sandstone, with alternating fine-grained, flaggy 
beds, constitute the rock-masses of these hills ; and the general dip 
is to the north-east from 15° to 50°; observations along their strike 
give the mean dip of 35°. 

No organic remains whatever are known to occur in these sand- 
stones. From the bent and contorted condition of the beds along a 
given line, z.e. from the Foreland through Desolation Point to 
Hurlestone and Greenlay Points on North Hill (over Minehead), it 
would appear that they are rolled from north to south, and thus 
are explained the reversed dips occasionally noticed along this 
line. At Hurlestone Point this rolling is well seen, the beds in 
the space of 50 feet being inverted, those seaward, and forming the 
north head of the Point, dipping 10° south-east, those immediately 
south dipping 55° north-north-west. The fault being a down-throw 
to the south, this line of disturbance is traceable from the Foreland on 
the west, to Quaytown and Minehead on the east, and perhaps passes 
into the grand system of faults that occupy the bay and shore of 
Watchet, Quantock Head, and Little Stoke. These red sandstones, 
on assuming their southern dip, constitute the base of the series of 
slates and grits that stretch across the country from Lynton to Tim- 
berscombe and Dunster Park ; they underlie and are conformable to 
the Lower Devonian, Coblentzian, or Spirifer-grits, sandstones, and 
slates of West Somerset. 

Along the summit of North Hill the coarse-grained micaceous 
Lower red sandstones dip north-north-east and north 18°; in a 
quarry near Woodcombe they dip due east 20°. 

At Greenlay Point and Minehead the beds form an anticlinal and 
are faulted, dipping at opposite points, north 45° and south-west 15°, 
thus agreeing with, and showing the extension of, the east and west 
fault from Hurlestone Point to Quaytown. At Greenlay Point the 
rocks are alternating coarse and fine-grained red, green, grey, 
and yellow sandstones. Lower members of this red sandstone 
series appear to the south of the Minehead valley at Lower Hop- 
cott, where they still dip north-east 15°; they are massive beds of 
red and grey crystalline grits, banded, and stained deep-red, from 
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three to four feet thick, and much jointed ; partings of falsely bedded 
clayey shale occur, and the whole quarry is apparently much dis- 
turbed. 

South of Hopcott the red sandstones comprising the structure of 
Grabbist Hill all dip to the north and north-east, and continue to 
do so until they reach the deep Wotton-Courtney valley, between 
Grabbist and Croydon hills, where, along the course of the river, a 
reversion of dip takes place, either through faulting or a depressed an- 
ticlinal ; this change is in a direct line with the St.-Decumans fault on 
to Quantock Head. ‘This reversion and change is traceable from 
Dunster to the Foreland and Lynton; and the southern dip of these 
sandstones constitutes them the base of the whole of the superincum- 
bent Grits, Slates, and Limestones of West Somerset and North Devon: 
in other words, these red sandstones underlie, and are conformable 
to, and form part of (the natural base) the Lower Devonian grits 
and slates of the North Devon area. 

4, Dunster to Dulverton.—Having endeavoured to show along a 
given line that we have a natural and conformable base for the higher 
or succeeding series of grits and slates, I will now trace the junction 
and the changes of character on the line of dip in West Somerset, 
both as regards the physical structure of the rocks and the paleeonto- 
logical value of their fossils, and will do so over two areas, one south 
of Dunster, viz. from Dunster to Dulverton, and the other east of 
Dunster to the Brendon Hills, through Withycombe, Higher Road- 
water, Nettlecombe, and Treborough. At Timberscombe, Bickham, 
and Oaktrow, south-west of Dunster, the sandstones and grits retain 
their character, but are more thinly bedded and more fissile than 
those to the north, and the partings are more slaty. These beds are an 
easterly extension of the second series of red grits exposed at Wood- 
abay, Trentishoe, andthe Hangman. Between Oaktrow and Ashwell 
a gradual change takes place in the lithological character of the sand- 
stones ; the grit beds become thinner, and give way to thicker masses 
of interstratified slaty rocks; and at Cutcombe the change becomes 
complete. We here lose the red grits and fine sandstones alto- 
gether; the passage from arenaceous to argillaceous rocks being 
complete. We have here, then, as at Combe Martin Bay, evidence 
of the grits, sandstones, and slates of the Hangman group passing 
insensibly into the second, or Ilfracombe series, and that in the 
clearest manner. South of Cutcombe, on the ridge at Wheddon 
Cross, we meet with the lowest series of limestones in the Ilfracombe 
group, which are here lenticularly arranged masses of calcareous 
matter, due chiefly to organic influence, and interstratified amidst 
the slate. In places these limestones are of considerable thickness, 
and are used both for building and agricultural purposes, especially 
at Newland, Court Hill, and Luckwell; they are also extensively 
developed to the east of Croydon Hill, at Higher Broadwater, Lod 
Huish, and Nettlecombe. avosites cervicornis, Stromatopora con- 
centrica, and Cyathophyllum, &c. occur in the limestone-bands at 
Wheddon Cross and Luckwell. 

No mollusea were observed; their absence is somewhat remark- 
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able. It is singular how destitute the slates of West Somerset 
are of molluscan remains and other associated life, though it may be 
accounted for from the fact that the largely developed series of 
argillaceous rocks of this region were accumulated in a deep sea, and 
probably in an area of depression, and hence the preponderance of 
Celenterata in the definitely marked line of limestones striking from 
Ilfracombe and Combe Martin to Nettlecombe and Withycombe ; 
and, again, the persistency of the conditions under which these lime- 
stones were deposited, along so extensive a line, clearly indicates 
deep water, depression, and a fringing reef-like growth of coral- 
masses. Fourteen species of corals are known to occur in these 
lenticular bands of calcareo-argillaceous deposits in West Somerset, 
at Withycombe, Nettlecombe, Goldsoncot, Roadwater, and other 
places in that area; and the same facies is preserved in all the 
limestones. 

Fig. 3.—Section in a Quarry at Whedon Cross, showing the lenticu- 
larly arranged limestone bands in the midst of the slates. 

At Wheddon Cross the beds dip £5° south; and this angle of dip 
appears to be general (south of Exton). Continuing our examina- 
tion of the limestones and slates from Wheddon Cross and Luckwell, 
both along the road and down the valley of the Exe, beyond Eyeson 
Hill, we are still in the lower part of the Middle or Ilfracombe beds, 
or that division of them which rests upon the upper part of the 
series of red grits at the Little Hangman &c., and which is well 
seen in ascending order along the coast from West Challacombe 
through Combe Martin Bay, Watermouth, Widmouth, Helesborough, 
and Ilfracombe to Lee Bay, and upon which the Upper division, 
comprising the glossy slates of Morte Hoe (and Lundy), sets in. 
South of Eyeson Hill, the river- and road-sections give unmistakeable 
proof that we are in, and crossing the strike of, these grey glossy 
Morte-Hoe slates, their physical condition and marked characters 
being most prominent. In the gorge of the river, at the picturesque 
village of Winsford, two miles west of the main road to Dulverton, 
and near the bridge, fine sections occur, showing the dip of the same 
beds to be S. 60°, and the cleavage vertical. From this point south, 
through Exton and Clammer, and as far as Browford, the dip is in 

_ the same direction. These slates here are frequently folded, and 
exhibit a reversed dip, but no local dislocation or faulting between 
Browford and Oxgrove. This reversion therefore seems due to ex- 
tensive undulations of the strata ; for, west of Shircombe, these pale- 
grey fissile slates dip 65° 8., at Browford S.E. by 8.50°, at Kent’s mill 
the same,and100 yards north of Chilly-Bridge gate they still dipS. 80°; 
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but close to the turnpike gate they appear to dip north, or are nearly 
vertical, and shortly regain their dip to the south at 80°, but again 
undulate and dip to the north as far as Oxgrove, where, on approach- 
ing the red grits and sandstones, they are again bent and folded, 
though not immediately in contact with them. These easterly ex- 
tended Morte slates as clearly underlie the Dulverton or Pickwell- 
Down sandstone here as the same slates at Morte and Woolacombe 
clearly and unmistakeably underlie the Pickwell-Down sandstone 
in Morte Bay, hereafter to be described. 

Between Oxgrove and Lousy Gate two distinct undulations and 
reversed dips take place in these Upper Old Red Sandstone beds. 
Below, or south of, Oxgrove they dip south-south-west 65°, and are 
thick-bedded, earthy, red, grey, and chocolate or purple gritty sand- 
stones. Both roads were traversed from Exton to Dulverton, viz. 
that following the course of the river Exe, and the Exton Hill, 
Bromton Regis, and Lousy Gate road, and subsequently the courses 
of the three rivers—the Barle, the Exe, and the stream west otf 
Haddon Down,—all with a view to determine if there existed any 
evidence of a fault, or other movement of sufficient magnitude (said 
to occur) to at all alter our reading and understanding the physical 
structure of North Devon and West Somerset. From the latitude of 
Morte Bay on the west to the southern part of the Quantock hills 
on the east of the county, no such movement, due to either fault or 
anticlinal, was I enabled to determine in all the traverses made. At 
Oxgrove, as above stated, the Morte slates are seen in position below, 
or underlying, the red Pickwell sandstones (third series)* (Upper 
Old Red Sandstone), which here dip south at 45°, but extensively 
undulate before reaching Barham Down and Lousy Gate, where they 
resume a steady dip south-west at 50°, and then pass under the con- 
formable Upper Devonian, or Dulverton and Baggy slaty series to the 
south. The transition from the thick-bedded, many-coloured, gritty 
beds through the mottled micaceous softer grits and fissile marls 
&c. south of Lousy Gate, to the yellow and brown Baggy slates 
south of the town of Dulverton to Pixton Park, is complete, and 
without any disturbance whatever. No section can be clearer than 
that of the upper or superimposed series ; nor is there a clearer or 
better base than that afforded by the Upper Old Red Sandstone 
(Upper Devonian) for the Lower Carboniferous rocks which he to 
the south of Dulverton, at Brushford and East Anstey &c.; for 
imediately south of the thick-bedded red sandstones and shales at 
Lousy Gate, the fissile or slaty series set in, as at Vention, on the south 
side of Morte Bay, and, after continuing red for some distance, finally 
alternate with the pale-brown and greenish-yellow slates of Dulver- 
ton, where they are all of one character, again succeeded by the Pixton- 
Park (Marwood) and Brushford beds. It is clear, therefore, that 
here the upward succession is complete, and that the Upper Old Red 
Sandstone of Pickwell &c. determines the top of the Middle or 
Ilfracombe beds, and the base of the Upper Devonian series, the 

* Ist, or lowest, the Foreland Lower Sandstones. 2nd, the Hangman, or 
Middle Sandstones. 3rd, the Pickwell-Down or Upper Sandstones. 
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higher divisions of which pass into the Carboniferous Slates of the 
Barnstaple and Bideford area, &c. ; and in the traverses from Dunster 
to Dulverton, in which the entire series of the rocks of West Somer- 
set are passed over in the direct line of their dip or deposition, I 
have been enabled to determine that the succession is complete. 
From Timberscombe through Oaktrow to Ashwell, the lower red 
sandstone and slates belong to the Lynton group, being immediately 
and conformably succeeded at Cutcombe and Wheddon Cross by the 
the grey gritty slates of the Ilfracombe series, the two divisions of 
which, the Ilfracombe proper and Mortehoe beds, occupy all the 
country to the latitude of Oxgrove, being here and there (as on the 
coast) in this distance rolled or undulated, but nowhere showing 
any evidence of an extensive fault or inverted order. At Oxgrove, 
as at Huish Champflower (Wiveliscombe) on the east, and Morte- 
hoe on the west, they unmistakeably pass under the superincum- 
bent Upper Old Red Sandstone of Pickwell, Dulverton, and Main 
Down &c., without any visible fault, or any evidence of a deep- 
seated one of sufficient magnitude to invert the order of the rock- 
masses of the two areas (that is, the south and north). This so- 
called (by Professor Jukes) “Old Red Sandstone” is the base 
of the upper division of the Devonian rocks, on which rest the 
slates of Baggy, George Ham, Marwood, Sloly, High Bray, &c., 
which constitute palzontologically the Upper Devonian series, and 
which are succeeded by the probable equivalents of the Irish Coom- 
hola beds at Croyde, Braunton, Barnstaple, &c., and so on into the 
true Carboniferous series. Thus, in this, to me, highly typical in- 
land succession, as contradistinguished from that seen on the coast, 
where the whole series may be determined 7m situ and their masses 
compared, we have no break or fault of any magnitude whatever, no 
movement of the strata to any extent, certainly not sufficient to 
cause inversion ; for the undulations of the slates near the base of the 
thick red sandstones are such only as would occur in yielding and 
softer beds during either sudden or long-continued movements, espe- 
cially when overlain by some 3000 feet of massive, thick-bedded 
sandstones, and along an extensive tract of country. The undula- 
tions and local reversions of dip in the slates of the Middle Devo- 
nian or Ilfracombe group are not of great magnitude throughout 
their entire strike. Its base rests upon the second series of sand- 
stones, or the Hangman and Woodabay beds; and at its summit 
are the Pickwell and Dulverton Upper Old Red Sandstones, which 
are unfossiliferous throughout. 

5. Valley of the Barle and west of Dulverton.—The valley which 
the river Barle traverses, and the rocks through which it passes, 
afford good sections of the “Old Red Sandstone.” The country 
from Dulverton to-Mauncy Castle is occupied by the Pickweil- 
Down (Dulverton) red grits and sandstones, which have reversed 
dips and undulations corresponding to those described on the Exe 
river, and on the roads east of Dulverton; but they are better 
shown here, on account of the greater exposure of the rock-masses. 
A little north of Dulverton, some 1500 feet of thick-bedded, highly 
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micaceous red sandstones, having 
erous partings of purple, grey, 

and red marly shale, dip south-east 
50° to 60°, and in places near the 
town are much undulated ; the cleav- 
age imparts a peculiar feature and 
structure to both marls and sand- 
stones, and is highly inclined to the 
north. At Northcombe Bridge hard 
gritty sandstones appear to dip north, 
or are rolled to the north and towards 
Ashwick ; they appear in anticlinals 
from the undulations, as at Barlynch ; 
to the east, at Ashwick, they again 
dip south-west 15°, are again rolled 
before reaching Mauncy Castle, where 
they continuously dip south, and are 
again succeeded to the north by the 
glossy grey Morte-Hoe slates, which 
conformably underlie them. In the 
deep valleys south of Ashwick Bridge 
and under Dulverton Common the 
features are the same, and show the 
rolling and the final south dip at 
East Lipscombe, where the Baggy 
slates set in. This area was searched 
expressly with the view of ascertain- 
ing if there existed marked evidence 
of either a fault or a depressed anti- 
clinal, either of them of sufficient 
magnitude to support the hypothesis 
entertained by Professor Jukes, that 
the “ Lynton, Baggy, and Marwood 
beds are on the same horizon, and 
thus accounted for,” all evidence, how- 
ever, nevertheless being to the con- 
trary. J failed to detect any evidence 
to support this view. 

6. South of Dulverton.—A line 
drawn east and west from North 
Anstey through the south part of the 
town of Dulverton, Hill Bridge, and 
Skilgate, defines the conformable 
upper junction of the “ Upper Old 
Red Sandstone”’ grits and marls, with 
the fissile Baggy and Marwood slates 
and sandstones, which continue south 
to Brushford, and south of which the 
carbonaceous slates &c. of Barnstaple 
and Bideford commence, the impure 
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limestones of Pixton Park, Coombe, and Clayford being of the same 
age as the dark-grey limestone and brown sandstone series of Sloly 
and Marwood, which weather rusty, and then exhibit their fossil 
contents in the form of casts and moulds. At Combe, Strophalosia 
productoides and casts of Petrava and Ihynchonella pleuwrodon were 
observed. 

The succession from the red grits and Lower sandstone of Tim- 
berscombe and Bickham, through the succeeding Middle sandstone 
and slates at Oaktrow and Cutcombe, with their associated coral- 
limestones at Wheddon Cross, and the succeeding mass of undulating 
Morte slates, to the base of the Upper Old Red Sandstones of Dul- 
verton Down, is complete and continuous; neither is there any sign 
of unconformity between this sandstone band and the underlying 
slates; they constitute one complete and continuous series, with no 
break in the succession up to the Brushford beds on the south, 
where, both on physical and paleontological grounds, a marked 
change takes place, and we are fairly at the base of the Carboniferous 
(carbonaceous) series. 

7. Dulverton to Wweliscombe.—Immediately to the south of Had- 
don Down, at Hele, Ford, Upcots, Beckham, &c., the upper beds of the 
Upper Old Red Sandstone are visible in many places; they are red 
and chocolate-coloured, thin-bedded, slaty, micaceous, earthy sand- 
stones, passing insensibly into the slates of the Baggy group; in 
the valley half a mile south-east of Upcots, they are well exposed 
in a quarry, as well as in natural sections, and dip south 45°. 

The structure of Haddon Down is precisely the same as that of 
Dulverton Down and Hawkridge Common and all the range to the 
west; and traverses made on the route to Wiveliscombe, overHaddon 
aud Heydon Downs, showed the same conditions ; and the deep gorge 
of the river at Challick Farm, south of and under Main Down, and 
at Chipstable, proved the conditions to be the same as at Dulverton, 
the strike of the sandstone and slates and the conformity being evident 
from west to east (from Dulverton to Wiveliscombe). My attention 
here was chiefly confined to the northern side of Main and Heydon 
Downs, extending from the Oakhampton slate-quarries along the 
line of fault in Langley Marsh to Huish Champflower, Raddon, 
and Washbattle Mills, &c. 

This point was selected as being the only place where a fault had 
been laid down by Sir H. De la Beche along the line of country 
which has been assigned to the supposed great east and west fault, 
having a downthrow to the north, and thus causing that ideal 
inversion of the rock-masses of North Devon which has been said to 
have placed the great band of sandstone striking from Pickwell Down 
to Main Down, Wiveliscombe, and the Quantocks, below the under- 
lying Lower Devonian sandstones, grits, and slates of Lynton, 
placing the Foreland and Lynton group on the same horizon as that 
of Baggy and Marwood, &c. In other words, this fault admitted to 
the extent required, and according to the views advocated, the whole 
of the intervening slates and limestones of the Ilfracombe group and 
their underlying Hangman grits and sandstones, with the entire 
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Lower or Linton slates to the north of the fault, to the extent of 
some 15,000 feet, would be the repeated equivalents of those beds 
to the south of this sandstone range, or the Baggy, Marwood, Croyde, 
and Pilton beds—the Upper Devonian of most authors, the Carbo- 
niferous Slate of Professor Jukes. Much care was taken in ex- 
amining this fault, which is with difficulty traceable on the east in 
the slates, and along the marshy ground at Langley, and which ap- 
pears to extend from Chapel Leigh to Langley Marsh, a distance of 
four miles east and west. From Hawkham through the Oak- 
hampton-House Quarries, Whitfield, &c., we are unmistakeably in 
the grey fissile slates of Mortehoe and Morte Bay, which here dip 
south from 65° to 70°, with cleavage coincident, but in some places 
nearly vertical; the same system of quartz veins that occurs at 
Lee, Mortehoe, and Woolacombe occurs here—a circumstance, con- 
nected with other features, tending to clearly identify their position 
below the range of the Upper Old Red Sandstone before mentioned. 
The New Red sandstone and conglomerate of the lower members 
(Permian ?) abut against the fault, and conceal the continued strike 
of the Pickwell and Haddon-Down sandstones between Wivelis- 
combe and Kingston to the Quantock Hills on the east. At Langley 
Marsh, marshy ground only determines its position. West of that 
point all evidence is lost ; it may be assumed, but cannot be proved. 
It may, however, be owing to the difficulty we have in tracing a 
fault through highly fissile and nearly vertical slates, without hard 
or interstratified masses to guide us; but there is no apparent break 
or unconformity between the slates of Clatworthy, Tuck Mill, and 
‘Huish Champflower. 

With the overlying gritty, hard, red, micaceous sandstones of 
Main and Heydon Downs the passage and sections are complete, 
and may be examined in the brook from Tuck Mill to Washbattle 
Mills, and along the road above the mill, where the rocks gra- 
dually change colour from pale-grey to red, becoming marly and 
fissile gritty slates, and finally passing into the coarse sandstones of 
Main and Heydon Down. The brook passes over highly inclined 
slates, with cleavage 80° south, and the junction is clearly shown at 
the mill-bridge and in the road above it, and also in the gorge lead- 
ing to Chalich. 

The quarries at Higher and Lower Rhaddon, north of Main 
Down, situated in the lowest part of the Main Down beds, are 
opened in micaceous, mottled, marly, red and grey earthy sandstone, 
thick- and thin-bedded, dipping south from 45° to 60°; these 
conditions continue under the north flanks of Main, Heydon, and 
Haddon downs; and the sandstone graduates into the slates below 
through a gradual change of character, as at Woolacombe and 
Morte Bay. 

At Withycombe, Wiveliscombe, and Main Down we have the 
same undulations and small anticlinals in the sandstone as seen east 
of Dulverton and the river Barle; but it regains its south dip south 
of Wiveliscombe, and this prevails all along the southern side or 
flanks. 
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Fig. 5.—Section from Clayhanger over Main Down to Whitfield. 
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8. Dunster to the Brendon Hills and Nettlecombe.—This route was 
selected for an examination of the Devonian beds in ascending order, 
especially those members of the Middle group that mantle and 
sweep round the southern and eastern flanks of Croydon Hill, 
where two, if not three, distinct series of succeeding limestone bands 
are well exposed. It is, indeed, a precise repetition of the con- 
ditions observable at Combe Martin and Ilfracombe on the west. 
Not only is the succession clear, but the relations of the slates to 
their accompanying coral-limestones can be well examined. A line 
drawn from Dunster Park, north of Langcombe, Lod Huish, and 
Croydon, and round to Treborough Wood, Drucombe, and Clicket, 
to Ashwell, before mentioned, will describe approximately the 
boundary between the red gritty sandstone series of Croydon (the 
Hangman and Trentishoe grits) and the succeeding slates and lime- 
stones of the Middle Devonian or Ilfracombe group, which con- 
formably rest upon these upper red beds of the Hangman grits. 
All the band of country east and south of this line to the base of, 
or junction with, the great sandstone band described as striking 
from Morte Bay to Wiveliscombe is occupied by the Ilfracombe 
slates and limestones, and its higher member the grey, smooth, 
non-fossiliferous slates of Lee, Rockham, and Mortehoe. It is the 
lower calcareous and fossiliferous division, however, which we have 
chiefly to deal with. 

9. Withycombe by Dunster—We have here the first exposure of a 
continuous band of limestone rich in corals, which can be traced 
round the Croydon promontory, to Treborough, the species occurring 
here being the same as those in the limestones at Newton Bushel, 
Torquay, and Plymouth in South Devon. From these limestones 
at Hill Farm have been obtained no less than fourteen species of 
Corals and Polyzoa, as well as Brachiopoda; and the same forms 
are distributed generally through these West Somerset Middle 
Devonian beds. The following are those that have been found by 
Spencer G. Perceval, Esq., of Severn House, Henbury, near Bristol: 
—Ceelenterata: Favosites cervicornis, Blainv.; Favosites reticulata, 
Blainv.; Alveolites suborbicularis, Lam.; Cyathophyllum Damno- 
niense, Lonsd. ; C. cespitosum, Goldf.; C. Bolloniense, Blainy.; Cys- 
tiphyllum vesiculosum, Goldf.; Heliophyllum Halli, M. Edw. ; En- 
dophyllum abditum, M. Edw.; Amplewus tortuosus, Phill.; and 
Syringophyllum. Polyzoa: Fenestella antiqua, Goldf. Amorphozoa: 
Stromatopora concentrica, Goldf. Six of the species here enumerated 
are abundantly distributed, and are all typical of beds of the same 
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age in South Devon*, a significant and important fact as bearing 
upon the physical structure and stratigraphical position of the rocks 
of West Somerset. 

10. Goldsoncot.—On the strike of the same lower calcareous zone 
at Goldsoncot Farm quarry is another fine exposure of red, purple, and 
grey-veined variegated limestone in thick beds; a band about twenty 
feet thick occurs here, and is succeeded by others interstratified with 
the purple slates and indurated shaly and marly beds ; the limestone 
is encrinital, containing also many corals, Cyathophyllum cespitosum, 
Favosites cervicornis, Stromatopora and others resembling those from 
the Withyeombe series; but the rock was too crystalline for me to 
be certain as to other species. The beds dip north-north-east 20°. 

11. Higher Roadwater, Traphole, and Lod Huish.—The same zone 
of limestone and its associated slates and corals here regularly dip 
south and south-east 30°; the beds are massive and thick in places, 
but lumpy, or in hummocks, and lenticularly arranged in the slates. 
The corals, which are less abundant than at either Goldsoncot or 
Withycombe, can nevertheless be detected, on close examination, 
directly east of Roadwater ; and higher in the series are the well- 
known quarries and limestones of Lod Huish and Nettlecombe. 
Upwards of 1000 feet of slates intervene between these two cal- 
careous belts; and viewing this Huish and Nettlecombe group as 
one series of associated limestones and shales, it also cannot be 
less than 1400 feet thick. The following section will show their 
relative position. 

Fig. 6.—Section from Croydon Hill to Yard. 
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TV. SrructurE AND SUCCESSION OF THE ROCKS OF NortH Devon. 

A. Lower DEvonrIAN GRovP. 

1. Porlock to Iynton.—The grand range of hills which at three 
points of the compass immediately surrounds the Porlock Valley, is 
apparently composed of one group of sandstones, all from the latitude 
of the Foreland, Countesbury, Oare, and Porlock Hills, dipping north- 
east, or towards the Bristol Channel. The same may be said of 
North Hill and Grabbist Hill to the east, which are cut off or sepa- 
rated from Croydon and Luccott Hills, and Dunkerry Beacon to the 

_* Mr. Perceval has presented a complete series of the species to the Museum 
of Practical Geology, Jermyn Street. I obtained several specimens from the 
same locality. 
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south by a deep depression in the Porlock valley, caused either by 
a great fault or depressed anticlinal. Whatever may be the cause, 
it is now hidden, and covered by red sandstone and conglomerate 
of Triassic age. This valley is continuous in direction with the 
Lynton anticlinal, and appears to be connected with the extensive 
east and west faults that traverse St. Decumans, Watchet, Quan- 
tock’s Head, and Little Stoke, which are post-Liassic in time, and 
greatly disturb the country. 

This range is the most elevated land in Somersetshire ; and the 
entire mass is composed of hard red, grey, and variegated gritty 
sandstones (micaceous in places), having partings of compact or 
hard shales. The splintery nature of these grits and sandstones 
is peculiar, and unlike the general condition of the Old Red Sand- 
stone of other areas in having a different fracture, and breaking up 
into smaller cubical fragments under atmospheric denudation or the 
hammer. They seem to have been deposited under different con- 
ditions from the normal Old Red; still they are the only members of 
the West Somerset Paleozoic rocks that at all resemble portions of 
the Lower Old Red Sandstone series of the Welsh, Hereford, and 
Gloucestershire areas. 

Constant research has failed to detect any organic remains, if we 
except a few undeterminable plant-like remains (Fucoids), and, 
here and there, what appear to be Annelide-burrows. Many excel- 
lent sections are exposed between West Porlock and Culbone (the 
seat of Lord Lovelace), along the picturesque road overhanging the 
sea; and everywhere the beds dip north-east, at angles varying from 
15° to 40°, or about a mean of 30°; their character is the same all 
the way to the Foreland. This strip of high land, about two miles 
wide, from Countesbury to Porlock Hill, is the northern face of the 
anticlinal, the axis of which is in the gorge and valley of the East 
Lynn ; the course of the stream from Oare is nearly coincident with 
the direction of this anticlinal. 

The lowest members of these lower red sandstones are nowhere 
exposed in this area; and they are not to be sought for either along 
this high ridge or in the elevated valley of the Lynn; as the anti- 
clinal nowhere clearly exposes them, it may not affect the lowest 
beds. All that can be said is, that south of the gorge the Lynton or 
Lower Devonian slates and grits are nearly horizontal for a consider- 
able distance ; they then assumea southern dip, without inversion. 
The characters of these two masses, 7. ¢. the lower red slaty sand- 
stones and the grey slates that repose upon them, are marked and 
striking, structurally, physically, and paleontologically. 

These are the sandstones, slates, and associated grits which Pro- 
fessor Jukes asserts to be the same (or on the same general horizon) 
as those of Pickwell Down, Baggy Point, Marwood, &c., ten miles to 
the south-west. This assumption is based upon the supposed ex- 
istence of a great fault to the south with a northern downthrow 
of many thousand feet, or a concealed anticlinal rolling the beds on 
the south to the north, where they again appear, and thus placing 
these Foreland sandstones and grits in the same geological posi- 

282 
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tion as those of the parallel range of Pickwell, Dulverton, and 
Main Downs, &c.; and the Lynton and Ilfracombe slates, that rest 
upon the Foreland sandstones, are therefore made to be of the same 
age as those of Baggy, George Ham, Marwood, Sloly, and Brushford, 
&c., on the south of the upper range of Old Red Sandstone above 
mentioned. From these views of Professor Jukes I entirely differ, 
both as to his premises and his conclusions, relative to the Devonian 
question, differing from him in the reading of the structure of the 
typical Devonian country, and also upon paleontological grounds. 

Similarity is not vdentity ; and however much certain portions of 
these slates and grits may resemble each other in some few external 
features, yet between the Baggy and Croyde slates and those of 
Lynton and Ilfracombe there is on the whole a most strongly 
marked difference, both in physical structure and organic contents ; 
indeed no two groups of slate rocks, when minutely examined, differ 
more, as a mass, or amongst themselves, than those under discus- 
sion, which occupy the country extending from Lynton on the north- 
east to Pilton and Barnstaple on the south-west; and no more 
striking contrast amongst a slaty group can be determined than 
between those fissile and calcareous sandstones that occur be- 
tween the Lower red sandstones of the Foreland series and the 
Upper. red sandstones of Pickwell Down (in Morte Bay), which con- 
tinuously strike across the country to Wiveliscombe. 

There is no resemblance between the fissile beds of the southern 
area and those of the northern, 7. ¢. taking the line of Upper Red 
Sandstones of Pickwell as our east and west line of demarcation. 
The great group of unfossiliferous slates of Mortehoe, Lee, &c., of 
peculiar physical structure and some 5000 feet thick (and not known 
to the south), exists at the base of the Pickwell sandstones, and has 
to be accounted for through either of the hypotheses put forward, viz. 
that ‘“‘ of a downthrow fault to the north, or an anticlinal line across 
the country,” neither of which can account for the total loss of these 
slates, or of the thick slates and associated limestone of the Ilfra- 
combe series, or the second series of red sandstones below them, 
and capping the hills above the Valley of Rocks at Brendon, above 
Watersmeet, and constituting also the thick red and grey grits 
of Woodabay, Martinhoe, Trentishoe, Heddon’s Mouth, and the two 
Hangman Hills, all on the north side of this supposed fault, and 
overlying the Lynton fossiliferous slates, which, as before stated, 
repose upon the Foreland and Countesbury red sandstones. In 
fossil-evidence, also, we have an equal discrepancy, or an amount of 
difference alone sufficient to cause a doubt respecting the identity of 
the age of the rocks of the two areas, and to show conclusively -that 
there is an ascending order or sequence in the rock-masses of North 
Devon, as well as in their fauna, and that we should reasonably 
expect that many species occurring in rocks of older age, or in 
the Lower and Middle Devonian groups, should continue to live on, 
and either die out or migrate to other areas or provinces, if the 
conditions favourable to their prior existence changed. 

2. Foreland, east of the River Lynn.—Immediately east of the river, 
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the beds of gritty slates are much disturbed, and dip at various 
angles, as well as being arched, rolled, or folded; but the talus on 
the steep slopes of the cliff prevents any accurate observation from 
being made as to the precise place where any junction of the slates 
and red sandstones occurs here, and any direct evidence from being 
obtained as to the cause of the disturbance; here commence the 
lowest slates of the Devonian series, which contain Spirifera levi- 
costa, Valence. (S. ostiolata, Phill.), Orthis arcuata, Phill., and what I 
believe to be masses of Steganodictyum in the indurated slates, the 
two former being abundantly distributed. Large fallen blocks of 
grey indurated gritty calcareo-siliceous slates, with the planes of bed- 
ding full of fossils, occur on the shore on the east side of the Lynn, or 
between Lynmouth and the Foreland; it was, however, impossible 
to obtain specimens, owing to the extreme induration of the beds ; but 
nests of Favosites cervicornis, Fencstella antiqua, and Orthis arcuata 
were readily detected. These beds on the east side of the river appear 
again on the west, where they dip at a low angle to the south, and 
also constitute the base of the succeeding mass of the Lower Devo- 
nian grey gritty slates which rise from the sea to the summit of the 
Valley of Rocks; these lower slates, &c., are about 1500 feet thick. 
A gentle dip and undulation enable us to trace them to Lee and 
Woodabay, where they dip south from 15° to 20°, and are then confor- 
mably overlain by a series of thick red grits and sandstones (the 
Hangman Grits, &c.). 

The summit of the steep escarpment above the Devil’s Cheese- 
ring is also composed of these red, grey, and pale-yellow grits and 
sandstones, which constitute the tableland above Lynton. These 
are a second series of red sandstone resembling both the lower at the 
Foreland, and the higher at Pickwell Down; and their conformable 
junction is well seen at Woodabay, resting upon the uppermost 
beds of the fossiliferous Lynton slates, which insensibly pass up 
into them; these red beds are not, in my opinion, a repeated series, 
or a repetition of the Foreland and Countesbury grits, caused by 
the anticlinal of the Lynn valley, but a higher and succeeding series 
of red sandstones, on which again rest the Middle or Combe Martin 
and Ilfracombe series south of the Hangman and stretching all 
across North Devon. The fossils occurring at Woodabay, as at Lee 
and the Valley of Rocks, are characteristic of these Lynton or Lower 
Devonian slates, and are the following:—Fenestella antiqua, Megalodon 
cucullatum, Orthis arcuata, Orthis granulosa, Spirifera levicosta, 
Pleurotomaria aspera, Bellerophon globatus, Orthoceratites, with Ten- 
taculites and numerous casts and remains of Crinoidea. 

No one can fail to distinguish this division of the Devonian series, 
and the stratigraphical place it occupies ; and it possesses so marked 
a marine fauna, that it shows a complete, if not an absolute, change 
frcm that of the Silurian series, which, I believe, it succeeds in 
time. 

The gorges of both the east and west Lynns show the same succes- 
sion of beds and physical changes on the line of dip; and the road- as 
well as the river-sections prove the position, flattening, and southern 
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dip of the slates under the red sandstones south of Brendon at Barton, 
Cherriton, Sparhanger, and Farley, which are the Hangman red grits 
and sandstones of Woodabay, and the higher lands of Malacot, 
Trentishoe, Barrow, &c., and on to the Hangman; they are from 
800 to 1000 feet thick, and completely exposed in the cliff-sections, 
and constitute the high Downs to the south and south-west. 

The slate rocks overhanging Watersmeet are extremely rich in 
fossils, some of the beds being entirely composed of one species of 
Orthis, O. arcuata, Phill. (O. longisuleata, Phill.), a form not 
known out of or above the Lower or Lynton group in North Devon, 
but every where found in the upper part of the series at Waters- 
meet, Lynton, Valley of Rocks, Woodabay, West Lee, Heddon’s 
Mouth, &c., in some places profusely erowded, and usually distorted. 

The entire succession of these lower slates is to be seen and 
examined in the cliffs west of Lynmouth, especially at and under the 
Castle Rock, Valley of Rocks, and its overhanging escarpment; nearly 
the whole series is fossiliferous, although the fossils are badly pre- 
served. It is somewhat remarkable that out of the species of Bra- 
chiopoda known in the Devonian rocks one only, Chonetes (Leptena) 
sordida, Sby. (C. Hardrensis, Phil.), is said to be common to these 
Lower or Lynton beds and to the Carboniferous rocks ; in other words, 
only one species of this group passes up or ranges from the Devonian to 
the Carboniferous strata. Doubt has been thrown as to this form being 
the true O. Hardrensis, and also as to its occurrence in the Middle or 
Ilfracombe group. It is, however, an unsatisfactory and doubtful 
shell upon which to build any theory ; but if it be not this species, we 
have none in common. Again, on following the series in an up- 
ward succession from Lynmouth to Lynton by the path overhanging 
Lynmouth, about 100 feet above the sea, and also up the main 
road, and along the north face of the cliff, the grey bands of hard 
crystalline limestone are seen weathering rusty and to be highly 
fossiliferous. In these beds occur Spirifera hysterica, Schloth., P. 
levicosta, Valene., Orthis arcuata, Phill., Favosites cervicornis, Blainv., 
Alveolites, crinoidal stems, &c.; and higher still (400 feet above the 
sea), immediately below the sharp bend in the road to Lynton, beds 
of grey limestone occur, from 20 to 40 feet thick, containing casts 
of numerous fossils; these are immediately succeeded by thick grey 
slaty beds much cleaved; and it is in the upper part of these slates, 
at Watersmeet and the Valley of Rocks, that the Orthides and 
Spiriferee &e. occur. 

3. Woodabay and Heddon’s Mouth. —As the strike of the Lower or 
Lynton slates at Lynmouth is E. by 8. and N. by W., and the 
coast-line bears east and west, it is clear that we have not oe base 
exposed, forming as they do the foreshore, and below low-water 
mark; and, as before mentioned, the very disturbed nature of the 
same beds east of the river, near the anticlinal, forbids our satisfac- 
torily obtaining it there; so that the whole series of slates is not 
seen, either under the North Cliffs on the precipitous face of the 
Castle Rock, or on the eastern side of the river under Countesbury 
Hill; and it is the southern recession and indentation of the coast- 
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line a little westward, and the continued seaward strike of the slates, 
that bring the uppermost beds of the Lynton slates into visible con- 
tact with the Hangman Grits, or second series of red sandstone in 
the steep cliffs and bay of Woodabay. ‘These slates are fossiliferous 
up to their junction with the red grits, and contain the same species 
that occur in the Valley of Rocks, with the addition of Bellerophon 
striatus, Pterincwa spinosa, and casts of Crinoidal stems, &c. These 
beds between Lee and Woodabay are certainly higher in position 
than those which occur at Watersmeet or the Valley of Rocks, and 
are evidently the same as those underlying the red grits and sand- 
stone at Heddon’s Mouth, to be now noticed. 

Fig. 7.— Section at Woodabay. 

Hangman sandstones. Lower Devonian slates. 

Gentle rolling of the strata along the coast to Highwear Point and 
Heddon’s Mouth keep the slates above the sea, beyond which head- 
land the Lower or Lynton group can no longer be well examined. 

It is thus clearly seen that these Lower slates are conformable to 
and succeeded by the grits of Woodabay, Heddon’s Mouth, and the 
Hangman; and their organic remains entirely cease on passing up 
into the red series, it being only in the highest and fissile beds of 
the Hangman Grits at Challacombe, Nertherton, &c., near Combe 
Martin, that casts of a Myalina and Natica &c. are found; and 
these beds graduate into the lower part of the Middle Devonian 
slates of Combe Martin Bay, immediately south of Knap-Down 
Mine and the places before mentioned. The lower part of the Lyn- 
ton group is much more calcareous than the upper, and the beds 
seem persistent and uniform throughout over the Lynton area; but 
as regards organic remains, and especially the Coelenterata, we have 
only a small fauna, as compared with the numerous species occur- 
ring in the deeper-sea accumulations of the Ilfracombe group; and 
the evidence adduced by ripple-marking and false bedding distri- 
buted generally through the Lynton group, added to the gritty 
character of both the slates and limestones, clearly shows their 
littoral and shallow-sea origin, yet apparently under continued 
depression ; for there is no evidence in the surmounting red grits 
and sandstone of Woodabay and the Hangman, &c., to show that 
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they were not accumulated in a deep sea; and this continued de- 
pression and great development of organic limestones and slates, 
rich in Coelenterata and Brachiopoda, were continued through and 
during the accumulation of the whole of the Ilfracombe group, being 
followed by the deposition of the fine-grained, smooth, grey, glossy, 
unfossiliferous slates of Lee, Rockham, Mortehoe, and Winsford (in- 
land), in which as yet no traces whatever of organic remains have been 
found. They bear all the evidence of deep-sea accumulation. 

Fig. 8.—Section at Heddon’s Mouth. 

Hangman sandstones, 

4. Conclusions relative to the Lower Devonian Series of West Somer- 
setand the Lynton area dc.—(1) That the great series of the Fore- 
land red sandstones and grits forming the northern part of the 
area under description is nowhere (from the Quantock Hills on the 
east, to the Foreland on the west) seen in its entire thickness, neither 
the base nor upper portions being clearly visible. The anticlinal in 
the Valley of the Lynn, nowhere along its line of elevation dis- 
closes this, being concealed either by the overlying Lower De- 
vonian slates, which are conformable to its southern dip, after 
crossing the anticlinal, or by faulting along the course of the anti- 
clinal also. 

(2) That the great series of red and grey sandstone and grits con- 
stituting the base of all the North Devon and West Somerset 
deposits is the oldest of the Paleeozoic series exposed in that area, 
and that its mass is greatest from Dunster and Wooton Courtney 
on the south to the northern and precipitous escarpment of North 
Hill on the north, overhanging the Bristol Channel, where it is 
believed we have higher beds than are exposed along the Porlock, 
Culbone, and Foreland range. An extensive fault and undulation 
of the strata along North Hill, as exhibited at Hurlstone and Green- 
lay Points, may, however, modify this apparent thickness, though 
the strike of the beds seaward and north of the Foreland series 
would indicate the position of higher beds. 

(3) The dip is much greater on the northern side of the anticlinal 
than on the southern (a mean of fourteen observations along the 
strike for 13 miles determining it to be 34°), and the beds are much 
more disturbed. No organic remains are known to occur in these 
Lower Red Sandstones. 
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(4) South of the anticlinal of the valley of the East Lynn, and 
reposing upon the sandstones, there occurs a series of fossiliferous 
grey and purple slates and grits, with subcrystalline beds of lime- 
stone, the whole about 1200 feet thick, i many places rich in 
organic remains which are characteristic ; but, owing to cleavage and 
the nature of the matrix and lamination, they are badly preserved. 
These are the Lower Devonian slates—the Lynton group. 

(5) The fauna of this lower group of slaty deposits is purely 
marine, almost peculiar to itself, being entirely and importantly dif- 
ferent from that of the Silurian epoch which preceded it, haying 
only one species said to be common, after the obscure and doubtful 
forms of Corals and Polyzoa are eliminated; the remaining fauna 
sufficiently determines it to be a distinct and great life-period existing 
between the Silurian below, and the Upper Devonian and Carboni- 
ferous above. 

(6) The community of species, both of the Lynton or Lower De- 
yonian group and of the succeeding Ilfracombe or Middle Devonian 
(to be hereafter mentioned), added to their equally well-defined phy- 
sical characters, well enable us to unite, but at the same time to 

. separate them, both in this typical Devonian area and in the equally 
illustrative and allied districts of the Rhenish provinces and Belgium. 

(7) Succeeding these lower slates, and conformable to them, a 
second great series of red gritty sandstones occurs, nearly devoid of 
fossils, and parallel to the strike of the lower or Foreland beds; these 
are the Hangman, Oare Hill, and Exmoor grits, which consti- 
tute a base for the succeeding Middle Devonian, or Ilfracombe 
slates and limestones, but which physically connect the two groups 
above and below. 

(8) A marked and important difference occurs in the structure 
of the slate masses, as well as the fossil grouping of these two areas— 
a change by which both may be well correlated and coordinated 
with those of South Devon, on the one hand, and the Rhenish, Bel- 
gian, and French deposits on the other. 

B. Mippte Dervonran Group. 

1. Heddon’s Mouth to Barnstaple.—This traverse across the middle 
of North Devon was made for the purpose of establishing a compari- 
son with the succession of beds examined between Dunster and 
Dulverton in West Somerset, and also with the view of detecting 
any evidence of the supposed fault, or anticlinal, along the northern 
base of the Pickwell and Span-Head sandstones, midway between 
the Valleys of the Barle and Exe on the east, and Morte Bay on the 
west ; better sections could also be obtained along this route than 
over the wilder parts of the Exmoor Forest, which had been partly 
traversed from Lynton to near Exe Head on the Moor, 

Commencing my observations at the sea at Heddon’s Mouth and 
Highwear Point, I obtained conclusive evidence of the position and 
presence of the upper partof the Lower or Lynton slates, dipping south, 
which are here grey, green, and red in colour, and crowded with 
Orthis arcuata (O. longisulcata), and, here and there, Chonetes sordida 
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(Hardrensis?), and Fenestelle ; the sections on both headlands cor- 
respond with those so well shown at Woodabay, with which they are 
continuous along the precipitous north shore under Martinhoe. At 
Heddon’s Mouth the slates strike seaward W. 20° N., and are lost 
under the waters of the Channel; thus at several points along the 
north coast we have the uppermest portion of the Lower or Lynton 
slates, and their junction with the succeeding red sandstone, well 
shown, notably so at Woodabay, Valley of Rocks, and Heddon’s 
Mouth; the cleavage-planes at the latter dip north, at a very high 
angle; the fossils occur here, as at Lynton, in definite bands of 
impure limestone, which weather rusty; they are difficult to extract, 
owing to the indurated nature of the beds. 

The beautiful and deep defile through which the river has cut its 
way, from Kinacot to the sea at Heddon’s Mouth, is composed entirely 
of the red gritty sandstones of the Hangman, overlying the lower 
slates before mentioned (see fig. 8, p. 600), which at their upper part 
unite with the slates of the Middle or Ilfracombe group near Rad- 
ley and Middleton Mill. Iron-ore occurs along the junction of 
these slates and grits at West Challacombe, and is nearly continuous 
with their strike. In the deep valley of Paracombe we are fairly 
in the Lower slates of the Ilfracombe group, which agree in every 
feature with those containing Stringocephalus Burtint and Strepto- 
rhynchus umbraculum, and which are exposed in the cliffs on the 
eastern side of Combe Martin Bay, at West Challacombe, under the 
Little Hangman. There is no evidence whatever of unconformity 
along this line between the red grits and the base of the grey 
Combe Martin or Challacombe slates; but the change of con- 
dition would seem to have been accompanied by a submarine out- 
pouring of igneous matter, the true condition of which requires 
careful examination and seeking*. The undulating country between 
Paracombe and Westland Pound, through Lower and Higher Row- 
ley, is occupied by the Lower or slaty and calcareous fossiliferous 
division of the Ilfracombe series, the rocks of which all dip to the 
south; and it may be assumed with but little hesitation that a 
line drawn from Lee Bay to Challacombe (north of Bratton Down), 
Eyeson Hill, and Treborough would nearly indicate the marked 
division that takes place between the lower group of slates, with its 
associated limestones and well-marked Middle Devonian fauna, and 
the higher pale-grey glossy unfossiliferous series, accompanied by the 
quartz veins that form so conspicuous a feature at Lee Bay, Bull Point, 
Rockham Bay, and Mortehoe, and which unmistakeably strike from 
the sea on the west to Wiveliscombe on the east, passing north of 
Bittadon, Arlington, Withypool, Winsford, the ExeValley, and Exton 
Hill; this belt of country in the river-courses and valleys every- 
where, where I examined it, showed the same physical features. 

* On the south side of the Culm trough, from Padstow to Tintagel and Bro- 
castle, there are numerous apparently contemporaneously bedded greenstones, 
and igneous rocks of various composition; and those of Padstcw &c. may 
belong to about the same horizon, or be chronologically equivalent with the similar 
deposits associated with the lower part of the Ilfracombe group in North Devon. 
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On the latitude of Kentisbury and Lower Rowley, and between 
these two localities in the middle of the lower division of the Lfra- 
combe group, we again have clear evidence of contemporaneous ig- 
neous action, as exhibited in Lower Rowley quarry, where stratified 
thick-bedded white, grey, pale-brown, and green felstones(?) are 
worked, and used for road-materidl: a thickness of from 50 to 70 
feet is exposed; but their upper face being covered by fissile slates, 
and the base not seen, their thickness is unknown. My attention 
was drawn to this remarkable rock by roadside-heaps, showing its 
hard porcelain-like character, differing from the Bittadon porphyry 
or any known rockin North Devon. In Lee Bay a greenstone dyke 
occurs, striking east, and in a direct line with Kentisbury and Row- 
ley: but an intrusive dyke may take any bearing or direction ; 
and therefore no hypothesis is justifiable to account for metamor- 
phic action, so far away from what might otherwise cause this 
change. This Lee dyke and the one at Fremington Pill also, 
south of Barnstaple, I doubt not belong to the grand system of 
intrusive greenstones that intersect the slates and granite of Lundy 
Island, there being no less than 60 dykes, varying from 1 foot to 
3U feet in width, that traverse that remarkable island from east to 
west in the space of 23 miles, affecting both granite and slates alike, 
all of which have been carefully examined and mapped by myself*. 

Bands of limestone in red slates, containing Cyathophyllum ces- 
pitosum and casts of bivalve shells, succeed those at Higher Rowley, 
dipping south, and which, with those of Challacombe and Twichin, 
appear to be the highest known calcareous beds in this lower di- 
vision of the Ilfracombe group. Then set in the Lee and Morte- 
hoe slates, which are traceable into the beautiful dale and ravine 
of Arlington, and immediately underlie the high land of Garmond 
Down, Bratton Down, Span Head, &c.,—portions of the upper and 
persistent zone of red sandstones and grits that stretch from Morte 
Bay to Wiveliscombe—in other words, the Pickwell Down series, 
stated by Professor Jukes to be the faulted or repeated series of 
the Foreland, ten miles to the north. 

The junction of the Lee and Morte-hoe slate series, here, as at all 
other points along this north line, or outcrop of the red grits and 
sandstones, is complete, and, as at Woolacombe, Bittadon, and the 
Exe Valley &c., there is no evidence of unconformity, or disturb- 
ance, either obscuring or destroying local or general continuity ; and 
the constructed and measured section in Morte Bay, still more 
to the west, to be yet described, will, I hope, not fail to show this. 
It is well known that at Bittadon, Smithia Park, and onwards to 
the east, there are local exhibitions of igneous rocks, doubtless con- 
tinuous, if carefully traced; and notably stands out the Bittadon 
felstone-porphyry, at or near the junction of the Morte Slates and 
the base of the red sandstone of Swinham Downt. Road-sections to 
Sherwell Cross and those exposed in the river, to Youlston Old 

* See also Williams (Rev D.), Quart. Journ. Geol. Soc. vol. ii. p. 68. 
_t The Viveham iron mines are a little south of this, and were once exten- 

sively worked. 
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Park, continuously expose the variegated Upper Old Red Sandstones 
dipping 8. 30° to 45°, as along the whole strike from Vention, at 
the south part of Morte Bay, to Dulverton &c. 

In this traverse, as in the one made down the Rivers Exe and Barle 
over the Dulverton area, and in two made between the Ilfracombe 
and the Muddiford Valley, vid Bittadon, over and across the same 
beds, I failed to detect any evidence of either fault or anticlinal other 
than such as would be caused by slight rolling or undulations of the 
beds from north to south; and while below, in the Morte series, 
the slates were conformable to the Pickwell Down Grits, or Upper 
Old Red Sandstone, above they gradually passed into the pale-yellow 
and brown slaty and calcareo-siliceous Upper Devonian series of 
Baggy, Marwood, and Sloly &c. 

2. Lnttle Hangman and West Challacombe to Ilfracombe ; Ilfra- 
combe to Baggy Point via Morte Bay.—I now return to the junction 
of the red fine-grained grits of the Little Hangman with the fos- 
siliferous slates of Combe Martin Bay. In West Challacombe Bay 
the lowest or Stringocephalus-slates of the Ilfracombe group may 
be examined in detail, where they repose upon the red, grey, and 
yellow mottled grits of the Little Hangman and Knap Down, 
further to the east ; the junction is also traceable up the road from 
Combe Martin, leading to Knap Down Mine; and in the bay the 
passage takes place through a series of alternating or interstratified 
siliceous red grits and fossiliferous slates, which finally assume their 
persistent grey slaty character on the coast and in the valley; 
they dip 8.E. 35°. There are numerous intermittent. beds and 
masses of impure and subcrystalline limestones through the entire 
course of these lower slates; and the purer limestones of Combe 
Martin, Hagginton, Helesborough, and Lfracombe, when carefully 
examined, form an important feature in the structure of the country ; 
they strike west and east through North Devon and on into the 
Quantock Hills in West Somerset. The aggregate thickness of these 
lenticularly bedded and apparently disconnected (on the line of 
strike) masses of impure limestones is very great, equal to the more 
massed and definite series at Newton Bushel, Torquay, &c. ; and to 
a large extent they contain the same fossils, and a large and well- 
marked Middle Devonian fauna illustrates this area ; but, imperfect 
as the organic remains necessarily are, through cleavage and exces- 
sive induration of the harder rock-masses, I hope to show that 
they, together with those of the Lower Devonian of the Lynton 
area, belong to a group unmistakeably and essentially identical 
with beds of the same age in Rhenish Prussia, Belgium, and the Bas 
Boulonnais in France. ‘This question will be gone into in my 
remarks upon the paleontological value of the fossils of the De- 
vonian group of rocks. The slates and grits of Combe Martin Bay 
require much and careful investigation, owing to disturbance and 
faulting. There is doubtless a rich fauna in the indurated siliceous 
sandstones that are interstratified with the slates on the eastern 
side of the Bay: it 1s here, and in these beds, that the large Strin- 

gocephalus (S. Burtinr) occurs, apparently below which, in the 
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red grits, are the large and well-known Myaline and Natice, 
occurring as casts only; their position, however, at the Little Hang- 
man and at Holstone in the same grits, fixes their place. At Spre- 
combe, near Oareford, Wishet, and the Red Deer, near Black Barrow 
Down, in the North Forest, the same shells, with casts of Favosites 
cervicornis, Cucullea, Sanguinolaria, Solen?, Macrocheilus brevis, 
Pleurotomaria, and Loxonema, oceur*. At Combe Martin, on crossing 
the river to the south, a marked change in the aspect of the country 
takes place; a ridge of elevated country richly wooded, stretching 
from Widmouth Head on the west to Kentisbury on the east, marks 
the outcrop of the Limestone series ; but unlike the beds of the same 
age in South Devon, they are here intimately interstratified with 
the slates in irregular alternating thick- and thin-bedded lenticular 
calcareous masses, yet very continuous. In the first or lowest 
series, south-east of the village, the united thickness of the lime- 
stone beds is from 60 to 100 feet, and they are extensively burnt for 
lime. These calcareous beds are chiefly composed of the well-marked 
Devonian corals, Cyathophyllum cespitosum, C. Halli, Favosites cer- 
vicornis, Stromatopora concentrica, and Heliolites porosus, with Tri- 
merocephalus levis (casts) and Atrypa reticularis; many of these 
species are distributed through all the quarries, though sparingly. 

_ There appear to be two well-defined series of limestones, confined to 
about 1000 feet of vertical strata, and occupying the middle part of 
the lower division of the Ilfracombe group ; it is these limestones that 
here, as in South Devon, so eminently characterize the Middle De- 
vonian Rocks, and, as on the continent, contain that peculiar 
group of corals, totally unlike, and different from, those of the under- 
lying Silurian rocks as well as, without exception, the succeeding 
Carboniferous ; for of the jifty species of corals known in the 
Middle Devonian series of North and South Devon and Corn- 
wall, one doubtful species only is said to occur in the Silurian rocks, 
viz. Fuvosites fibrosa, and only one is said to pass up into the Car- 
boniferous series, viz. Ampleaus tortuosus, of which, however, we have 
no authentic evidence. In the North Devon area, thirteen species 
occur, and with one exception are confined to it—one species only 
recurring in the beds south of Baggy, viz. Petraia pleuriradialis ? ; and 
yet, on comparison with the Eifel and Belgian Devonian strata, 20 
species, or 40 per cent., are common to the Middle Devonian series 
of Devonshire and Europe. A similar relation and difference I hope 
to show in all the groups of organic remains that occur in this for- 
mation in Great Britain. 

Crossing the calcareous group of slates from the Lee Quarries, 
east of Combe Martin, to the high ground of Berrydown, we again 
(near the cross roads) meet with the finer-grained, non-calcareous, 
unfossiliferous Mortehoe slates, which here occupy an elevated 

* No one has more carefully studied the Ilfracombe group of rocks than 
R. Valpy. Esq.; and to him am I indebted for considerable information rela- 
tive to fossil localities, permission to examine his rich Collection, and also 
his notes upon this part of the North Devon coast. He has himself catalogued 
and noted upwards of 50 species from the Ilfracombe group alone, a work of con- 
siderable time and labour. 
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undulating line of country to Huish Down, where they pass con- 
formably under the red grits and sandstones of the often-mentioned 
Upper Old Red Sandstone, or Pickwell series, which continues on to 
Muddiford. 

Returning to Combe Martin and the coast, I examined the slates 
and limestones along their strike to Newbery, Hagginton Mill, 
Watermouth, Widmouth, &c., and then in ascending order on their 
dip to Hagginton Beach and Hill, and Helesborough, and on to 
Ilfracombe, all of which may be taken as typical fossiliferous locali- 
ties, and where Mr. Valpy has collected almost every species occur- 
ring in the district. 

At Watermouth, which is in a direct line (on the strike) with the 
main mass of the shales, slates, and lower limestones of Combe 
Martin, many good sections occur, both in old quarries and on the 
coast. The shales, slates, and sandstones which alternate here are 
remarkable for their diversity of character, yet continuing with the 
same conditions repeated round Widmouth Head to Hagginton 
Beach. Quartz veins, with lead, I know nowhere else. At San- 
daby, masses of siliceous rocks, containing Stringocephalus Burtini, 
Defr., occur; and Mr. Valpy has obtained Trimerocephalus levis, 
Minst., from mottled grey and red shaly rocks which overlie the 
Stringocephalus grits, associated with Spirifera disjuncta, Sow., 
Atrypa reticularis, Linn., and its variety A. aspera, Schloth., Rhyn- 
chonella pleurodon ? Fenestella, &e. The Widmouth series at its lowest 
part consists of finely laminated thick-bedded sandstones, with Tenta- 
culttes scalaris, Schloth., and casts of other fossils. Above this Ten- 
taculite-sandstone, succeeds a considerable series of red sandstones, 
in which no organic remains occur; an irregular mass of dark lime- 
stones with corals, especially Favosites cervicornis, Blainy., Stroma- 
topora, and obscure masses of Cyathophylluin ceespitosum, Goldf., over- 
lies the red grits. 

Mr. Valpy informs me that on this limestone thin shales occur, 
which are studded with carbonaceous nodules and coprolites of fish*. 

Succeeding the Widmouth rocks, and higher in the series are the 
Rillage and Hagginton beds. I examined the latter only; buta 
glance at them convinced me that patient and long study only 
could enable any one to make out the details of the complicated 
structure of the rock-masses of Hagginton Beach. The history of 
the Ilfracombe group is, indeed, written in the coast-series from 
Combe Martin Bay to Ilfracombe, but particularly so in the fine 
section of slates, sandstone, shaly limestone, and grits of Haggin- 
ton Beach and the Hill quarries, the impure clayey limestones 
and quartzose sandstones, &c., on the coast and Hagginton Hill 
Quarry, having yielded upwards of thirty species, twenty of which 
belong to the Brachiopoda. 

* Mr. Valpy has obtained in many places along the coast good evidence of the 
existence of fish through the remains of bones and coprolites, but no teeth or. 
scales so as to enable us to determine their genera. None but a local observer 
can do justice to the difficult and obscure structure of this coast ; and no one has 
worked it out so patiently as, or with more detail than, Mr. Valpy. 
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In Mr. Valpy’s collection (from these beds) are the following 
species :—Brachiopoda: Spirifera disjuncta, Sow.; S. glabra? S. 
curvata, Schloth.; S. nuda, Sow.; S., sp.; S. speciosa, Schloth., and 
var.; Merista plebeia, Sow.; Atrypa reticularis, Linn.; A. desqua- 
mata,Sow.; A. aspera, Schloth.; Athyris concentrica, V. Buch; Cyr- 
tina heteroclyta, Defr.; Orthis wmterlineata, Sow.; O. striatula, 
Schloth. ; Rhynchonella pleurodon. Gasteropoda: Acrocula vetusta, 
Sow. ; Huomphalus serpens, Phill.; E. radiatus, Phill.; and Natica, 
sp., with TYentaculites, Conularve, Fenestelle, and Favosites cervi- 
cornis (polymorpha), Blainv. 

In the limestone quarry at Chambercombe, I observed Cyatho- 
phyllum cespitosum, Goldf., Favosites cervicornis, Blainy., Spirifera 
disjuncta, Sow., casts of Rhynchonella like R. pleurodon, and Fenes- 
tella antigua? The greater part of the slates and dark compact lime- 
stone is here fossiliferous, containing especially the ubiquitous coral, 
Favosites polymorpha or cervicornis, Polyzoa, and casts of Crinoidea. 
Mr. Valpy has obtained Streptorhynchus crenistria, Phill., Euompha- 
lus radiatus, Phill., Encrinital remains, and Polyzoa in the beds 
across and through which the stream passes from Hele to Haggin- 
ton Beach, near the waterfall. The prevailing forms found are 
Rhynchonella pleurodon, Phill., fragments of Spirifera disjuncta, 
Sow., Strophomena rhomboidalis, Wahl., and two species of Cypri- 
cardia, Phill., with Acroculia vetusta, Sow., imperfect and small 
Orthoceratites and Theca ?—a series of slates and impure limestones, 
finely laminated sandstones, blue calcareous sandstones, thick red- 
dish quartzose beds with fish-remains, encrinite-stems, and fragments 
of Phacops, a shaly bed with Phacops and Goniatites, then shales and 
slates of some thickness, the weathered surfaces of which contain 
numerous Tentaculites (T’. scalaris, Schloth., 7., sp.), Huomphalus 
serpens, Phill., Polyzoa, Gonratites, &c.; then 50 feet of slate to tbe 
sea-level, in which Tentaculites scalaris, Euomphali, Natica, and 
many Brachiopoda occur abundantly. 

3. Helesborough.—This bold headland, which forms the eastern 
side of Ilfracombe harbour,I could not satisfactorily examine on shore, 
owing to the tides; but fossils in the slates and sandstones seemed 
much more rare here than in the series I have just mentioned, 
though the limestone bands appeared to contain a large assemblage 
of individuals, if not of species. Mr. Valpy, who has most carefully 
worked out the Helesborough beds, informs me that Corals, Crinoidea, 
Brachiopoda, Gasteropoda, and Cephalopoda are numerous, the lime- 
stone, as well as the shales, being full of these remains; he recog- 
nizes certain bands of whitish siliceous rocks full of Brachiopoda, 
and identifies the two well-known forms Spirifera disjuncta, Sow., 
and Strophomena rhomboidalis, Wahl., var. analoga, Phill., and also 
on the eastern side of the headland a thin highly calciferous bed 
which is crowded with weathered-out examples of minute spiral 
Gasteropoda, Murchisonie, Holopelle, &c., together with Tentaculites 

_ and defence-spines of fish; and, more eastward still, beds of the same 
character contain Orthoceras cylindraceum, Sow. 

I have thus dwelt somewhat at length upon the general structure 
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of this group and area, from its important bearing upon the question 
at issue, and also for my purpose when I enter upon the paleon- 
tological value of the fossils in the several groups, and also because 
there has never been any satisfactory notice of the sequence and 
associated fossils of the Ilfracombe group. Apparently they have 
been much overlooked; and itis Mr. Valpy’s collection that now 
supplies the mass of authenticated species, by which, with my own 
observations and the examination of his collection, I am enabled to 
make the somewhat complete accompanying list. Professor Phillips* 
names 37 species as occurring in the Ilfracombe group in North De- 
von; one Brachiopod, viz. Stringocephalus Burtini, seemed then to 
have been the only known form in that area. Through the labours 
of Mr. Valpy I am now enabled to add between 50 and 60 species 
to this Middle Devonian or Ilfracombe group alone, so that we have 
here (in North) as in South Devon, and the three typical areas in 
Europe, a Middle Devonian fauna of great and important value. 

4. Ilfracombe District.—Although a traverse was made from Hed- 
don’s Mouth to Pilton, vzé Paracombe and Kentisbury, across all the 
series to the south, which I have described at pp. 601-604, I still de- 
sire to describe tersely the one made from the sea, at Ilfracombe, to the 
Muddiford valley, wd Bittadon, to examine the igneous rocks of 
that place, it being here that the best known exposure of porphy- 
ritic felstone occurs, which so nearly resembles the Hestercombe 
granite—so called—on the Quantock Hills? both in character and 
stratigraphical position, occupying in both areas the upper part of 
the Morte slates, or base of the Upper Old Red Sandstone (Pick- 
well Sandstones), and recognized at places between these two points, 
and again at Morte Bay. ‘he exposure at Bittadon, although small, 
is important, the rock being apparently a contemporaneously 
bedded, coarse-grained, stratified, felstone porphyry, the crystals of 
felspar being in a green felspathic paste. 

The sections exposed in the slates up the steep and winding road 
leading from Ilfracombe to Two-Post Turnpike-gate are such as are 
known all through this lower portion of the Ilfracombe or Combe- 
Martin group—waved, undulating, contorted, and cleaved beds of 
slate with bands of impure limestone containing but few fossils. 
After passing the Chambercombe limestone we enter a tract of coun- 
try almost void of calcareous matter, the meridian of Kentisbury, 
an exposure west of Ilfracombe being the highest known definitely 
marked limestone zone. South of this, the slates alter in colour and 
character, becoming indurated and more thickly bedded, assuming a 
brown or yellowish tint, and are quarried for building-purposes ; 
roofing-slates are quarried at Woodscot &c. 

The mean dip of the slates from the sea at Hagginton beach to 
Bittadon, over a space of eight miles, is about 40° S.S.W., with 
cleavage-planes to the south at high angles. It is along the meri- 
dian of Bittadon, West Down, Woolacombe, and Arlington &c. that 
Professor Jukes believes his concealed and hypothetical downthrow 

* Pal. Foss. Cornwall and Devon, 1841. 
+ Leonard Horner. 
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fault to the north occurs, or a reversed anticlinal to the north, 
which, as before stated, would (according to his views) place the Lyn- 
ton beds on the same general horizon with those of Baggy Point and 
Marwood, south of the Pickwell-Down Sandstone, although he ad- 
mits that all appearances are to the contrary. There is no proof 
that the igneous rock at Bittadon is eruptive—nothing to prove that 
it is not a contemporaneously bedded porphyry, and the same as that 
occurring at Garmond Down and Smithia Park, before mentioned, 
though differing lithologically. It occurs immediately south of Bit- 
tadon, in a romantic dell west of Huish Down, immediately east of 
the main road from Ilfracombe to Pilton, and is at the top and 
near the junction of the grey Morte slates with the succeeding 
Upper Old Red Sandstone; a quarter of a mile north of Bittadon 
these slates dip 43° south, here 30° south; and immediately south, in 
the red sandstones at Swinham Down, the dip is south also. The 
road-sections show local undulations and reversed dips in the sand- 
stones; there are scores of such undulations producing anticlinal 
and synclinal folds on botha large and a small scale across the whole 
of the Lower, Middle, and Upper Devonian slates and sandstones, 
from the north coast at Lynton to the Culm-measures on the south 
at Coddon Hill &c. Here, as at all points along the strike and 
junction of the Middle argillaceous group with the Upper Sandstone, 
there is no evidence whatever of reversion of dip, or fault, or anti- 
clinal, in the sense in which it should be understood as existing 
along a line or axis of great and extended disturbance ; and, more- 
over, on the question of identity or even similarity of the rock- 
masses of the two areas under discussion which this belt of sand- 
stones divides, 7. e. the Baggy, Croyde and Marwood area on the 
south, and the Ilfracombe and Lynton areas on the north, they are 
to me physically and paleontologically so different, both in great 
features and in detail, that it cannot be wondered that the older and 
able geologists who have examined the North Devon and West So- 
merset groups of rocks should have assigned to them the position, 
order, and succession they did, however difficult it might have been 
to have correlated them with the perhaps contemporaneous, or syn- 
chronously deposited, Lower, Middle, or Upper Old Red Sandstone of 
other areas: to me these red, green, white, and grey Upper Old Red 
Sandstones that stretch from the sea to the Quantock Hills are the 
natural physical and palzontological base of the well-defined and 
to them conformable fossiliferous Upper marine Devonian beds of 
Baggy, Marwood, and Croyde &c., which are in their turn succeeded 
by the Carboniferous Slates and Coomhola(?) Grits of Braunton, 
Barnstaple, &c., themselves covered by the equivalents of the Carboni- 
ferous Limestone at Ven, Swimbridge &c., and again by the higher 
Millstone-grit of Coddon Hill. The succession, position, structure, 
fossil character, &c., of the group of rocks in this traverse, between 
Ilfracombe and Pilton, showed and proved to me that the Middle 
and Upper Devonian series underlie conformably, without a break, 
the Lower Carboniferous or Carbonaceous beds to the south of 
Pilton and Barnstaple. 

VOL, XXTII,—PART I, 27 
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5. Lee and Morte Bay.—At Lee the lower calcareous fossiliferous 
member of the Ilfracombe group is succeeded by the upper or non- 
fossiliferous, grey, smooth, glossy slates of Morte, whose physical fea- 
tures are totally distinct from those to the north or south, and which 
nearly equal in thickness the Upper Old Red Sandstones overlying 
them, viz. from Woolacombe, Osborough, West Down, and Potter’s 
Hill on the north side, to Vention and Pickwell on the south. From 
Bull Point, west of Lee Bay, through Rockham Bay, the smooth argil- 
laceous slates dip south at a mean angle of 40°, with cleavage at an 
angle of from 60° to 70° south ; aremarkable system of white amor- 
phous quartz veins traverses these Rockham Bay slates, chiefly along 
their strike, from east to west, or cbliquely to it; these veins are due 
probably to fracture and subsequent infiltration by segregation. The 
undulations and folding of the slates here are continuous, numerous, 
and traversed by cleavage; and this continues in various degrees to 
Morte Point, and south of Mortehoe, where again a system of east 
and west white quartz veins, 2, 4, and 6 feet thick, traverses the 
vertical slates up the valley to Twitchim. Reefs also stretch out to 
sea, dipping at very high angles (varying from 70° to 80° 8.W.), and 
with cleavage nearly coincident (60° to 70°*) with the bedding. 

No one who has not examined this section between Lee, Rockham, 
Mortehoe, and the rivulet that descends to the shore from Twitchim, 
can tell how difficult itis to work out either the dip or cleavage- 
system in these slates?. In the elevated ridge of ground about 
the hamlet of Yard, and continuous with Morte Point to the 
east, they are rolled and form an anticlinal; this ridge is the axis 

or watershed to the country north and south of it, all the streams 
taking their rise in this down and falling on either side to the 
sea. The total absence of this great series of slates to the south 
of Pickwell Down, with their attendant conditions and position 
above the calcareous group of Ilfracombe, is significant, when treat- 
ing either of the supposed fault (against which they ought to 
abut, or their absence should be accounted for) or the anticlinal 
which, if either existed, should repeat them to the south, where, 
be it remembered, no vestige of them occurs. The Morte series 
gives proof of deep-sea accumulation and is unfossiliferous, whereas 
the Upper Devonian beds that rest upon the Upper Old Red 
Sandstones of Pickwell Down are crowded with organic remains, 
having been deposited under shallow-sea conditions, and haying 
few species in common with the lower beds and those that 
live on or pass into the Carboniferous series as gradually as the 
physical changes oscillate also; and a greater contrast amongst 

* This system of quartz veins traverses all North Devon (east and west), 
from Oakhampton quarries, near Wiveliscombe, to Morte Bay, occurring again 
at Lundy Island, where they traverse the same slates, and under the same con- 

ditions, intersecting like network the grey glossy slates of the ‘‘ Rattles,” 
‘“‘Lamatory,’ and Rat Island—at the southern end of that remarkable island, 
where trap dykes and quartz veins vie with each other in their ramifications, 
the former traversing the granite also, in all directions and at all angles. si 

+ It is most difficult to distinguish cleavage-planes from bedding in these 
slates. 



ETHERIDGE—DEVONIAN ROCKS AND FOSSILS. 611 

slaty masses can hardly be conceived, even on lithological grounds 
alone, than in the rock-masses of these two areas when carefully ex- 
amined. I haye now to show, if possible, that there is no uncon- 
formity in Morte Bay between the Mortehoe and Woolacombe Slates 
and the Pickwell-Down Sandstones, and that they here insensibly, 
through lithological changes, graduate into the hard red grits and 
sandstones at Potter’s Hill, Croscombe, and Pickwell Down, as they 
do at Wiveliscombe and intermediate points. Up to the village of 
Woolacombe, north of the stream, the slates are seen in places on the 
shore under Tracey and Potter’s Hill dipping 60° and 70° 8S. The 
Woolacombe and Osborough valley was carefully searched; and no- 
where down the stream, which here runs over. and cuts through the 
strike of the beds, or to the east, at Dean Mill, where they are cut 
across by another rivulet, and dip 70° S., did I detect any inversion, 
notable disturbance, or alteration of dip; more than that, the grada- 

tion into the thicker beds of Potter’s Hill and Higher Bullen is traced 
through a series of red gritty slates and fissile sandstones dipping 
50° §., and resembling in all particulars the junction at and passage 
under Main Down, west of Wiveliscombe &c.; the small quarry on 
Potter’s Hill showed the same lower thin-bedded red grits dipping 
45°8.; on the strike of these beds, east, across the hill, and in a quarry 
at Higher Bullen, the same series dip 60°S. Descending to the shore 
under Potter’s Hill, and at Tracey, we now take them in upward suc- 
cession; the reefs of grey fissile slates, with rusty or decomposed bands, 
that crop out on the shore immediately west of the Kiln at Woola- 
combe, are the same that occur in the Tracey and Osborough valley, 
and are immediately succeeded by the Potter’s Hill red group. On and 
along the shore between Woolacombe and Baggy Point twelve groups 
or reefs of red, claret, grey, and green micaceous sandstones crop 
up, and the recent marine sands of Morte Bay (Woolacombe Sands) 
cover up their inclined edges and continuous dip. Every bed visible 
along the shore, and composing this series of sandstones, was mea- 
sured, the interspaces (covered by the sands) were paced, and careful 
notes made upon the whole magnificent section up to the overhang- 
ing abrupt northern face and escarpment of Baggy Point, where, 
without a trace of movement, break, or unconformity, the passage 
into the true fossiliferous Upper Devonians is complete*. It is both 
superfluous and unnecessary to describe the Morte section in detail ; it 
speaks for itself; neither above or at the top of the Upper Old Red 
Sandstone at Vention and Pulsborough, nor at the base at Tracey or 
Osborough is there any evidence of dislocation, or any trace of a fault. 

6. Conclusions relative to the Middle Devonian or Ilfracombe Group 
of West Somerset and North Devon.—(1) Whether the red grits and 
sandstones of the Hangman should be classed with the upper part 
of the Lower Devonian or Lynton group, or should constitute the 
natural base of the Ilfracombe slates, it may be difficult, if not 
impossible, to determine, no fossils occurring throughout the whole 
series until we reach the upper gritty beds of the Little Hangman, 

_ * See Mr. Salter’s valuable paper upon the Upper Old Red Sandstone of 
North Devon and South Wales, Quart. Journ. Geol. Soc. xix. fe 

2T 
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where casts of Myalina, Favosites cervicornis, Cucullea, Macrocheilus 
brevis, Sanguinolaria &c., and Natica are found; these sandstones 
and their fossils, however, graduate insensibly into the red and grey 
slates with Stringocephalus Burtint in Combe Martin Bay. I there- 
fore place them at the base of the Middle group as the Middle Red 
Sandstones, the marine Middle Devonian slates being conformable 
upon them. 

(2) These red gritty sandstones constitute a great belt of country, 
three miles in width, from Trentishoe and West Challacombe on the 
west, to Croydon Hill in West Somerset, on the east, the beds at 
Timberscombe being lowest, and those of Ashwell the highest; few 
fossils are known to occur in these sandstones along this strike of 
thirty miles; they divide the lower or Lynton slates from the 
Middle or Ilfracombe; and the base and top are conformable to the 
Lower slates of Lynton on the one hand, and the Middle or Ilfra- 
combe above on the other. Their thickness is from 1500 to 2000 feet. 

(3) Resting upon this extensive series of red sandstones (Middle 
Old Red) and along the meridian of West Challacombe, Paracombe, ~ 
Black Barrow Down, Ashwell, Luxborough, and Nettlecombe, as 
their northern base, are the argillaceous and calcareous slates of the 
Middle Devonian or Ilfracombe group, its lower half containing a 
fine and marked assemblage of fossils, its upper half being entirely 
unfossiliferous and ending at its Junction with the Pickwell Down 
Sandstones, along a line from Woolacombe, at Morte Bay, to the north 
of Main Down near Wiveliscombe on the east, and almost parallel to 
the base-line above named; this series, although much rolled and 
contorted, chiefly with the dip, passes conformably or unfaulted 
(along the line described) under the Upper Old Red Sandstone of 
Pickwell, Favisham, and Garmond Downs, Span Head, and Heydon 
and Main Downs. This zone or series of slates, grits, and limestones 
together is at least 8000 feet thick. 

(4) The upper half of the Middle or Ilfracombe series of slates is 
unfossiliferous. They are finely exposed at Lee Bay, Rockham Bay, 
and Morthoe, and stretch across the whole of North Down, from 
Morte Bay to the Oakhampton Quarries, north of Wiveliscombe; their 
physical characters are persistent throughout this strike ; they every- 
where underlie the upper Zone of red sandstones, the ‘‘Old Red Sand- 
stone” of Prof. Jukes, and are conformable to the base of it. Their 
thickness cannot be less than 3500 or 4000 feet *. 

-V, PALMONTOLOGICAL VALUE OF THE OrGANIC REMAINS FOUND IN 
THE Dryoni1AN Groves. 

T have now to examine, estimate, and coordinate the values of the 
Devonian groups, separately and collectively, as one great system, 
beth in Great Britain and Europe, especially in those areas where 

* In this communication I do not enter into details relative to the Upper 
Devonian beds. This has been done for that group south of Pickwell Down by 
Mr. Salter. It would only be repeating his views in detail to do so, Vide. 
Quert. Journ. Geol. Soc. vol. xix. 1863, ; 
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they are recognized as largely developed (both physically and 
paleontologically) and are well understood by the Rhenish, Belgian, 
and French geologists. I also propose to examine the paleeontological 
relations between the Devonian and Carboniferous systems of North 
Devon in particular, where their relations to each other are clearly 
made out, and their succession and superposition complete. Again, 
I propose to examine them in relation to the Carboniferous gene- 
rally, more especially to that part of the group called the Car- 
boniferous Slates, Coomhola Grits, or Lower Limestone Shales of 
Ireland, to which Professor Jukes has assigned all the well-known 
and peculiar Devonian species, as well as the rocks of Devonshire. 

The question as to which of the two conformable groups of rocks, 
viz. the Old Red Sandstone below, or the Carboniferous above, we 
are to assign the Devonian series, is one, it is to be admitted, of some 
difficulty ; but if we find an assemblage of organic remains having a 
distinguished and peculiar fauna, characterized by species which are 
peculiar to it, and totally distinct from the Silurian below, and largely 
so from the Carboniferous above, as is the case with the Devonian 
species, then, other things being equal, there are grounds for assign- 
ing to the marine fossiliferous group of rocks under consideration an 
intermediate position, be their relation to the two what it may. 

I take the whole of the Devonian series to be chronologically equi- 
valent to the whole of the Old Red Sandstone, or synchronously depo- 
sited with that group, but under different mineral and life condi- 
tions, and in a different geographical area, not side by side, through 
its whole or entire series, or synchronous with the Carboniferous, as 
suggested by Prof. Jukes, the assemblage of organic remains no- 
where justifying this proposition. Either we must admit that the 
Devonian series is a marine equivalent in time of the Old Red Sand- 
stone as a whole, or it must be a distinct life-system, occupying an 
immense area, spreading over an enormous interval of time between 
the completion of the Old Red Sandstone as a whole, and the 
commencement of the succeeding and well-marked Carboniferous 
series, and represented by contemporaneous deposits over a definite 
and comparatively small area, in Europe (Russia, Germany, Belgium, 
and France), that area being governed or marked out, especially in 
England, by geographical and physical conditions now difficult to 
trace, owing to subsequent movements and denudation or through 
the accumulation of newer strata along and over the south and west 
of England. During this epoch, almost identical conditions seem to 
have existed over the European area where the sandstones, slates, 
and associated limestones were deposited, the rocks having peculiar 
and marked physical resemblance, as well as possessing an almost 
specifically identical fauna, notably so in the Rhenish provinces, 
from the Taunus to Diisseldorf, the Belgian area, and the Bas 
Boulonnais, in the North of France,—the stratigraphical position 
and the zoological grouping of the Devonian rocks being of marked 
similarity everywhere. 

Whatever precise relation the three divisions of the Devonian may 
have in time to the three equally well-marked groupings of the 
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Old Red Sandstone of the adjoining districts of Gloucester, Hereford, 
and South Wales, as well as Scotland, it is certain that they are most 
intimately related to the Huropean series in every particular; and if 
it were possible to reconstruct the old geographical area and coast- 
lines against which, and the areas over which, the marine equiva- 
lents of the Old Red Sandstone were deposited or accumulated, 
we should, I think, find that the northern boundary to the British 
marine type would be about the latitude of our Mendip Hills, 
ranging eastwards to Coblentz and the Hundsriick, and westward 
to the south-west of Ireland, and a region now covered by the At- 
lantic. The southern boundary may be the north coast of France, 
or even Asturias and the Pyrenees on the north of Spain, thus 
constituting an area of great extent *. 

1. Chronological Equivalents of the Old Red Sandstone of Here- 
jord, Scotland, §c.—The paleontological break between the Silurian 
rocks and the Old Red Sandstone was nearly complete; and although 
they are stratigraphically conformable (an the typical Silurian area), 
yet there are only 13 species known as common to the Old Red 
of the Silurian area and the Silurian rocks. Those species that 
occur are represented by the Fishes and Peecilopod Crustacea, 
which are found through the passage-beds, at all times a doubtful 
horizon, especially so when no other zoological group exists for 
comparison, which is so markedly the case at the close of the Silu- 
rian and commencement of the Old-Red-Sandstone period. They 
are the following :—Cephalaspis Murchison, C. ornatus, Auchenaspis 
Salteri, Onchus Murchisoni, Pteraspis Banksii, P, Lloydwi, and P. 
truncatus. One genus only ‘of these (Onchus) is represented in the 
Carboniferous series. The Crustacea, which are on the confines 
also of the two, are:—Hurypterus abbreviatus, Salt., H. acuminatus, 
Salt., H. pygmeeus, Salt., Pterygotus angleus, Ag., P. problematicus; 
Salt:, and Stylonurus megalops. 

It must be remembered that there are nearly 1160 described 
species in the Silurian rocks, and 149 (113 of which are Fish) in the 
Old Red Sandstone (Table I.), and only the above 7 Fish and 6 Crus- 
tacea are known to occur as common to the two formations, and 
that strictly on their confines 7. 

Thé accompanying Table is constructed to show the census of 
the Palxozoic rocks as now known, the number of species in eacli 
class being numerically expressed. The fifth column shows the 
number of species (56) common to the marine Devonian and the 
Carboniferous rocks ; it is here incorporated as being also of value in 
future parts of the paper. 

* This area will be more definitely noticed hereafter. 
t It is stated by Prof. Jukes (Quart. Journ. Geol. Soc. vol. xxii. 1866, p- 366) 

that a few species, such as Strophomena rhomboidalis, occur in both Silurian 
and Carboniferous: this must be an error; I know no one species common to 
these two great formations. 
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Taste I.—Showing the present census of species in the Paleozoic Rocks 
of Great Britain. 

g c= t ee oe I 2 = a 8 

Classes. % Bee lES| Sas 28 E 
@ (OTSA) Sea) §= | a 

Pies. oa tone eroreeer: 10 12 + 2 | 308 20 
Amorphlioz0a 2220220025202: 19 po ale an: a 9) 
POMIAO POUR s225a06 857985. 28 3 ee oe ve 6 
CROAT cihes =): a 93 53 1 119 D 
Echinodermata ............ i 83 21 4 | 129 2 
POTION! Sel ras oGecwes ovo OT 1 2 19 6 
Wruswees. coe eee see et: 267 21 8 fal (aa 59 20 
a 80S Sidi geo nropee Cee Sete sez bas aed o 3 ee 
Balya08 sesienciniiseseconee at 1 3 6 5d 6 
eracwionoga. 2 o4 sa “ SE oa a 2 a Oe 20 

Monomyaria...| 30 Py ee 3 | 140 6 
oe { Diniyaed os dg # sq) 6 Lise |~ 20 
Gasteropoda ............... 96 tee} 2B aq Page 25 
Nucleobranchiata ......... 22 9 3 29 , 
AetehOGGs oc sree tity cis. 8. 27 eae il 
Cephalopoda ......22... 0... fs meat) yee 9 | 145 2 
EES (ea aati ea ab F jase ia 3. 5 i ae 202 21 
255) (ind eee ee Pee nee ete = oh i 2 

1154 | 149 (883 | 56 {1741 | 167 

The following complete Table (I1.) has been constructed to show the 
whole of the fauna and flora of the Old Red Sandstone and Devonian 
rocks in the British islands; and it shows in a marked and satisfac- 
tory manner the paleontological values of the two terms. It is con- 
structed so as to show the natural-history grouping of the classes 
and genera, with the number of species in each genus, and also 
general or extended, yet definite, geographical areas over which the 
Devonian rocks are clearly distributed. Other Tables are constructed 
out of this, and prepared for purposes of more detail. It is neces- 
sary to establish one base for reference, either as a typical general 
group, ora known and definite and received basis, by means of which 
the species of one group of rocks may be collated or coordinated 
with those of another, or for comparing the unknown with the 
known. Stratigraphical sequence demands that we accept the Old 
Red Sandstone here as our true base, as it is conformable to, and 
immediately succeeds in time, the Upper Silurian; but on paleonto- 
logical grounds the Old Red Sandstone stands alone, and can be 
compared with no other but itself. These conditions in Britain are 
general ; everywhere is it, as Old Red Sandstone, in its three di- 
visions, a barren series for comparison,—two groups only, the class of 
fishes among the Vertebrata, and the Merostomata (Peecilopoda) 
among the Crustacea, being of any value. 

It will be found that there are only 149 known species in the Old 
Red Sandstone proper ; and these are distributed through only four 
classes of the animal kingdom, but they include some plants, They 
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stand thus:—Plantze 12 species, Annelida 1 sp., Crustacea 20 sp., 
Polyzoa 1, Pisces 113; whereas the Marine Devonian contains 12 
classes, 125 genera, and 383 species, distributed through its Lower, 
Middle, and Upper members in the West Somerset, North and South 
Devonian, and Cornish areas, or in the typical Devonian region. With 
these Devonian species are compared those occurring in the Carbo- 
niferous Slate of Ireland, many of which pass from the Upper Devo- 
nian group beneath into the Carboniferous series, which in the North- 
Devon area reposes upon the Upper Devonian rocks at Barnstaple, 
and in the country to the south. The whole Devonian fauna is also 
compared with the Carboniferous generally ; and, to make my com- 
parisons still more important and complete, I have endeavoured to 
compare the English types of the Devonian species and those of the 
Irish Carboniferous slate with those in the groups of rocks recognized 
as Lower, Middle, and Upper Devonian in the Rhenish provinces, 
Belgium and France (the Bas Boulonnais); by this means I have 
arrived at some data as to the distribution of the Devonian species in 
space and time, and their true relation to the Old Red Sandstone on the 
one hand, and the succeeding Carboniferous group above on the other ; 
it serves to show us also that the marine Devonian system, as a 
whole, stands alone, through its organic remains—4 species only being 
common to the Old Red Sandstone and Devonian, out of the 149 
species known in the former, and 385 in the latter. Three of these 
are Plants, and the remaining two Fish; the 113 species of fish, 
therefore, are almost the only witnesses of animal life in the vast 
thickness of the Old Red Sandstone. As we have, therefore, no 
standard by which to compare the Devonian, or the Carboniferous, 
except through the “‘ Devonian,’ there is no alternative but to 
accept the British species as types and data for comparison with 
the continental Devonian series and the Carboniferous; and admit- 
ting, upon stratigraphical evidence, that the Devonian is beneath 
the Carboniferous everywhere in England and Europe where they 
have been examined, it of necessity follows that the species distri- 
buted through the Devonian rocks preceded the Carboniferous in 
time, and also that the few species that occur in both are, without 
exception, of Devonian types, occurring either in the British area, or 
in one or more of the three European areas named; and this strati- 
graphical position and life-succession are clearly shown in North and 
South Devon and West Somerset. (See Table I., p. 616, and Table 
IV., p. 640). 

I purpose comparing the British species occupying the two De- 
vonian areas amongst themselves, and then entering upon their 
comparison with relation to their foreign equivalents in the Rhe- 
nish provinces, Belgium, and France, and finally comparing them with 
the succeeding Carboniferous series in this country and in Ireland. 

2. Lower Devonian species of West Somerset and North Devon.— 
These lower gritty slates and associated bands of limestone contain a 
fauna almost peculiar to themselves ; and it is remarkble how many 
of the known species are common to North Devon and the Rhenish 
and Belgian areas, notwithstanding that they are so widely separated ; 
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and although there is poverty in the number of known forms, yet it 
is evident that similar conditions then occurred equally favourable to 
the laws of life, the zoological relations over this extended area 
during the deposition of these lower beds, like those of the higher 
members, being marked and important. 18 species are known to 
occur in this lower series of West Somerset and North Devon ; and 
their distribution is given in the following Table, in which are com- 
pared those species occurring in beds of the same age in the Rhenish 
provinces, Belgium, and France. It is somewhat singular that in our 
own group we have not as yet a single known species of the class 
Cephalopoda, no Crustacean, and, as far as we yet know, no Fish- 
remains, 

TasrE ITI.—Species occurring in the Lower Devonian Slates, Grits, 
and Limestones of North Devon, and those found wm the same group 
on the Rhine, in Belgium, and m France. 

British. Foreign. 

“ | 
me 3 
5 S 

Species. 2 Sly = 

gle/zis| |Sis/2]s 
2/2; 8) 6]. | Stee 
BISlS1S/S/ SiS is/é A iF EE la lee 8 | 

1. Alveolites suborbicularis, Zam. ...... Se eS ae x* || x 
2. Favosites cervicornis, Blainv. ......... x | * | * * 
3. Petraia pluriradialis, Phill. ............ x | * 
4. Actinocrinus tenuistriatus, Phill. ...| x 
5. Fenestella antiqua, Goldf. ........./.. x] *} x |e | we | % dx * 
6. Chonetessordida, Sow.,vel Hardrensis, 

IPRS SRN Sapa RC RO ee a Be ee eed Meee i se ([es 
7. Orthis arcuata, Pn i kaa Make ieo ee x |x| * |x | x] x 
8. examulosagiP MEW. acres tesa aint * * 
9. Spirifera canalifera, Valen. ............ x | x a x |x| * 

10. Inysterica, SOMO. fic ..ciec-+0cse. Biles sashes x] x | * 
Lay, Levicosta, Valent ee eS Sea) se A ene SNe x | x* 
12. Streptorhynchus crenistria? Phill...) « | * . 
13. Pterinea spinosa, Phill.  ........:0.000 soll sanyt anal aoe 
14. Ctenodonta Krachte, M‘Coy ......... * 
15. Pleurotomaria aspera, Sow. ............ x | * 
16. Bellerophon striatus, Bronn............ Ea 
7. Ventacwlitessyeeatc-¢ cscctsne seem lyase x | * | x 
18. Megalodon cucullatum, Sow. .........| ... 

We thus see that of the 18 British species 7 are common to the 
Lower Devonian of North Devon, and that of one orother of the 
three European areas given in the Table, viz. Alveolites suborbicularis, 
Favosites cervicornis, Fenestella antiqua, Chonetes sordida vel Har- 
drensis, Spirifera canalifera, S. hysterica, and S.levicosta. The pau- 
city of known species in our area may arise from want of search, and 
also the absence of workable limestone on the Lynton group. Some 
of these species, Nos. 1, 6, 8, 9, 10, 14, and 16, do not pass up to 
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the Middle or Upper Devonian, or the Carboniferous, and are there- 
fore peculiar to the lower series of North Devon. But Alveolites 
suborbicularis, Orthis granulosa, O. arcuata, and Spirifera levicosta 
occur in the Middle Devonian beds of South Devon, and S. hysterica 
and Pterinea spinosa in rocks of the same age in Cornwall. 

The full relations of species occurring in the Lynton group of West 
Somerset and North Devon cannot be clearly arrived at—-so little, as 
yet, being known of the fossils of the lower gritty slates of the 
Quantock Hills, and of the lower beds that sweep round the Croydon 
Hill promontory, north of Luxborough and Treborough Wood &c., 
and also from the difficulty we still have in assigning the true posi- 
tion of the Cannington-Park limestone, though I have no doubt that 
it belongs to the lowest part of the Middle Devonian Rocks. The 
physical characters of this limestone more strongly resemble those 
of the Torquay and Plymouth limestones than any in the northern 
area ; and the corals which occur in them are of the same species 
as those of the middle series in the Quantook Hills; but the crystal- 
line structure of the rock seems to have obliterated nearly all traces 
of life. 

If we compare the species that are known to be peculiar to the 
Lower or Lynton group of North Devon, with those of the lower in 
South Devon, as at Looe &c., and of that of Cornwall, only 1 species 
is found to occur as common, viz. Leptena laticosta; whereas if we 
examine and compare those species which are found in the three 
areas occupied by the same rocks, a similar result takes place; for 
only two, and those corals, are known to occur in common to the 
three areas, viz. Petraia Celtica and P. pluriadialis, whatever this 
may be. This is doubtless due to our incomplete knowledge of the 
fauna of the three areas, and a proof how little we yet know of the 
distribution of life through these obscure rocks ; they are facts, never- 
theless, as based upon what is known. Be it remembered we have 
here only examined and compared the Lower Devonian species 
amongst themselves, not the relation of the Lower to the Middle or 
Upper, where very different results will be found, tending to connect 
them as one and a complete series in a very conclusive manner. 
Careful search, then, gives us but 18 known species in the Lower 
Devonian group of Rocks in North Devon; and 13 of these are found 
and will be noticed as occurring in the Middle Devonian of either 
North or South Devon. 

Table III. is constructed to show the relation of the Lower 
Devonian species of Britain to those of Europe, irrespectively of the 
species passing into higher members of the Devonian series in any 
area. It is singular that in the British Lower Devonian series there 
is only 1 Gasteropod known in any area (viz. Pleurotomaria aspera), 
only 4 Lamellibranchs (Pterinea spinosa, P. anisota, Ctenodonta 
Krachte, and Clidophorus ovatus), one Cephalopod ( Orthoceras gracile), 
and a solitary Nucleobranch (Bellerophon bisulcatus); and these are 
from the lower series in Cornwall, the species found being either 
deep-sea or pelagic forms, thus agreeing with the nature of the 
deposits which contain them. 
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It has been stated that 13 species are common to the Lower Old 
fed Sandstone and the preceding Silurian rocks ; but our comparisons 
are confined to the group of Fishes contained in the passage-beds 
between the two formations, of which there are seven species ; and, 
from the want of this group of vertebrata in our Lower Devonian 
slates, it 1s negative evidence only for the British area. I doubt 
not that both the Lower, or Lynton, and the Middle, or Ilfracombe, 
beds will yet yield many species of fish, remains of which, but with 
hardly determinable characters, are frequently found in the slates 
on the north coast; for we now have conclusive evidence of their 
presence from bones and coprolitic débris *. 
The following Table contains those invertebrate species still retained 

by many as common to the Silurian and Devonian rocks; I place 
the mark of interrogation against those I would reject as being very 
doubtful :— 

Species. | Silu- | Low. | Mid.| Up. 
rian. | Dev. | Dev. | Dev. 

Navosites fibrosa? Goldf. ..........1...-+.- * * * 
Tentaculites annulatus? Schloth. ...... * 1 x 
Aitrypar reticularis: 1/2700. lene: -se eee x * x 

, var. aspera, Schloth:.......... * * * 
Ctenodonta (Clidophorus) ovata? Sow. * * % 
Orthoceras imbricatum? Wahl. ......... * Bren pee * 

The 7 species of Fish-remains cannot be compared, as we are not 
dealing with the Old Red proper of the Silurian area. 

With the exception, therefore, of the ubiquitous Atrypa reticularis, 
which is undoubtedly common to the Silurian and Devonian Rocks 
in England and Europe, I believe we have no reliable species con- 
necting the two great life-periods, viz. the Silurian and Devonian. 

Whilst comparing the relation of the Silurian to the Devonian 
fossils, it would be as well to name (before we discuss critically) 
those species which are said to occur as common to the Lower 
Devonian rocks of the Lynton area and the so-called Carboniferous 
Slate above or to the south, and to link the two areas together in 
North Devon, and which have been referred to as one of the reasons 
for relating them, though this has only been done through the ap- 
parent similarity of the rock-masses of the two areas, and from the 
general resemblance that the slates of North Devon bear to the 
Coomhola and Carboniferous Slates of the South of Ireland. Pro- 
fessor Jukes, in his paper}, states that at Lynton, in the Valley of 
Rocks, he ‘“‘ was again among rocks belonging to the Carboni- 
ferous Slate,” and that the fragments of Brachiopoda and all other 
fossils seemed to be the same as those of Ireland. To all outward 
appearance there is and may be similarity, as there is in most slaty 
regions ; and the Croyde and Baggy Slates to the south in a few par- 

* Mr. Valpy’s collection supplies this evidence. 
+ Quart. Journ. Geol. Soc. vol. xxii. 1866, p. 350. 
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ticulars physically resemble those of Lynton; but their identity 
stratigraphically (or by position in time) is impossible; and the 
second assertion, as to complete identity of species or organic 
contents, is an error; the only species out of the 18 known in 
the Lower or Lynton series (in the Lynton area) and common to 
it and the Carboniferous Slate to the south, or in any area, are 
two—Fenestella antiqua* and Chonetes sordida or Hardrensis, a 
species still doubted by Mr. Davidson—and this admitting that the 
Barnstaple fossils are Carboniferous. No other forms pass up from 
the Lower Devonian to the Carboniferous, and no others are common 
in the North Devon area; and we must in this case, when absolute 
identity of rock-masses is stated to exist, compare the species that 
occur in each. Succeeding Tables will show their relation, when all 
the known Carboniferous species of North Devon will be compared 
with the three groups of the Devonian in the same area. It was 
necessary to show the paleontological relations of the species in 
these Lower Devonian rocks to the Silurian below on the one hand, 
and to the Carboniferous above on the other, as one amongst other 
proofs or evidence of their intermediate position and distinct charac- 
ter, and of their having, as I have stated, only one species com- 
mon to the two systems. The gradual addition to the known number 
of species in the Middle and Upper Devonian rocks will show a 
marked relation to the succeeding Carboniferous; for of the 495 
known species in the Old Red and whole Deyonian, 57 are also 
found in the Carboniferous; these 57 species will also be com- 
pared in their proper place when I treat of the relation of the two 
groups to each other. 

I have thus endeayoured to draw some comparison between the 
community of species in the Lower Devonian and Silurian rocks, also 
of those in the Lower Devonian of the North Devon area with the fos- 
sils of the Lower or Spirifer-sandstones &c. of the Rhine; and also, 
preparatory to further analysis, I have stated the relation which the 
Lynton Group bears to those rocks above the Pickwell-Down and 
Baggy series, which have been asserted to be of the same age. I 
now purpose analyzing the species that occur in the Middle Devonian 
or Ilfracombe Group. 

3. Middle Devonian or Ilfracombe Group.—In the slates and lime- 
stones, and occasionally the gritty beds, chiefly (in North Devon) at 
and near Combe Martin, Watermouth, Widmouth, Hagginton, and 
Ilfracombe, a large assemblage of Middle-Devonian species occurs ; 
73 known forms are distributed through the slaty and calcareous 
rocks of this group; and 35 of these occur in one or other of the 
three European areas selected for comparison. Thus nearly 464 
per cent. are common to the Middle Devonian strata of Britain and 
Europe. Doubtless a still closer relation will be found to exist when 
other groups of fossils have been as extensively studied and accu- 
rately worked out as the Brachiopoda and Coelenterata ; for of the 

* One of the most doubtful species in the Devonian Rocks; in nine cases out of 
ten it occurs only in the form of moulds and casts ; and the Polyzoa are, of all 
other groups, when required for the identification of beds, the most deceptive. 
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former class 25 are common, and of the latter 17 belong to the areas 
under discussion ; whereas there are only 8 species that pass up to 
the Carboniferous in any area, viz. 1 Gasteropod (Acroculia vetusta), 
1 Polyzoon (fenestella antiqua), 5 Brachiopoda, and 1 Cephalopod 
(Orthoceras cylindraceum). 

The following Table is compiled to show the occurrence and dis- 
tribution of all the known species in the Middle Devonian rocks of 
North Devon and West Somerset in the best-known localities, 
though many more will yet be added :— 

Taste LV.—Distribution of species in the Middle Devonian or 
Ilfracombe Group in North Devon and West Somerset. 

West Somerset. 

NS Qantock|| Croydon 
Hills. Area. 

Species. a g 

Abels E 8 3 & sii¢ 
SSS Sisle 8] Sl eele(2e 
$8 /A S/o els E (sissies 
SIs Soe) NS) r= S\olSlSigiSisle 
SEIS SS lola Sic islelels BIRR FSIS lelaleaio 

Stromatopora concentrica, Goldf. .....-Jec.[...Jeeseeelece] 
AMMUpLEKUS FOFbUOSUS, LN) ne wne cedsscace|ee|ent| weal an- nee lore woo] % [ool] 3 
Alveolites suborbicularis, Lam. .........|e«: 8 eealiagalood adc x|% * 
Acervularia Goldfussii, De Vern. ......|... wealssslaaeloee cet aeeeee x 
Cyathophyllum zquiseptum, M.-Hdw. |...) * | ¥ |...|...| * 
— cespitosum, Goldf. ........cccceceseelece % | % |eonlece % || ¥ | % 

Damnoniense, Lonsd. ......cccese.s-\es- 3 lise latatall oil ee Saisie a en ee % 
‘Boloniense, Blass. oo. ses ccsewesee|ooe | swel vet loealews eillcoal ieee * 
helianthoidess (Gold jai ink. cccecaee si easlaee| Se abesleer % tse se * 
obtortum, Mi Hidion foi... ceva | coe Booles 

Cystiphyllum vesiculosum, Goldf. .....,|... e000 rel s|nee||peo| cellos * 
Endophyllum abditum, M.-Hdw. ......|...|...|e-s[eos{eosfaee woe ¥ 
Favosites cervicornis, Blainv. .........++ | * || * | Joo] |] | Ll | 

LOSE PUG OVO fois \ascteces catia ce baaeoslies % 1% |. fee % 
— dubia, Blainv. .......0006 Beccaennericaa len 3) FEM o listens % 
—— reticulata, Blain. ....csavevsccboxss|scelecclescleestoeslecs Sil sate * 
HaliiaEemeell lin, y7.- la wy enmestea aonne | scsi seclcecltes * 
Heliophyllum Halli, W.-Hdw.............|... Hilbcalocitaialews *)%*{...]] % 
Heliolites porosa, Goldf. c.ccc.ceussscesccclees foo fal eeciocse * 
Cyathocrinus see ee PHU S: veo. * 

variabilis, PAzdd. ne eieane palate 
Me RA CIIMUIS, S105 case sertret coe caset ene sueenehed ba alctalae 
Tentaculites annulatus, Schloth. ......... woo] | 

scalars, SChIOth. sc... esceusese st eaalees| coe OF |e 
Trimerocephalus leevis, Miinst. .......0.|ec.faeelees % [oon] % 
Ceriopora similis, Phil... c.ccccecus e+ «0s woe | K 
Fenestella antiqua, Goldf. sescocssceoeese vee 36 | 

DEDMEMIGA, MEU. aciowesuinsiesersacseec emt eae 
Retepora repisteria, Goldf. ........seces..|.0.| ¥ 
Athyris concentrica, V. Buch .......0000: susie 
Atrypa desquamata, S0W..........:sccesee-fecefens * 

LOtICMATIS WHC arte a towed ascnidursslodel sa * 
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Taste LY. (continued). 

North Devon. 

| Hills. |} Area. 

| : 
Species. ‘ta ie g | 

dolalaeisi-| lelemePrdia 
SZSiSisisiis| (S/e/ela(2S 
2/8/8/3/ Fol sls l/S/SiSisieie 
@2/Slo Sslalelleols|ol Bi Siclo-a S| 2/BSlsls|s[s|elais (sis e 
SB fae k= 12] Siro ial s little S| 
HEE EISIScaiFzeldis 

Atrypa aspera, Schloth..........0.cc00000 wees lee * 
Cyrtina heteroclyta, Defr. ............4.. soe | | 
Merista plebeia, Sow. ...........----se-0s- a al 
Orthis striatula, Schloth. ..............06.. oe 
Rensseleria stringiceps, Foem............ woe] # | % 
Rhynchonella pleurodon, Phill. ......... vee | ® 

BOCAS PMOL as taaticetinaa's tke > ree | 
Spirifera curvata, Schloth. ............64. vee | 

(STII G oS (rn an 2 vee] 1% 
am NTIGOMA OO. bosons vcccbectedeswewssads + | % 
—— speciosa, Schloth.............seeceeee vo.| * 
—— glabra? Martin ........cc.....c0e00 22/%1% 
Spiriferina cristata, Schloth.............0.|+++ * 
Stringocephalus Burtini, Defr. ........ w[eee| | | * 
Streptorhynchus crenistria, Phill, ..... wleeelees * 

umbraculum, Schloth................ soe) % 
Strophomena rhomboidalis, Wahl. vee] | 
BIRO RCAIEEE, BD. San cxe aoe sovt as ada sat Se vee | % 

SS) SOROS, Ne srl eet A» as eA ee vee) % 
RRMA MCERY AD. 9g. caa tases an Posto ores sibs Stee * 
JE So a Bo nee ene eee ee * 
Schizodon deltoideus, Phill................|+++ * 
BAM PTINO MID, .SPicisvascadinsiaass verse sinc * | * 
PSUR Oe Ves Saviegmas alts tae st ys ceea dsl cnveds ss oy +) % 
Aeroculia yetusts, Sow. 225... tece.cscues fees om e's Peed Bae, a * 
Euomphalus serpens, Phill. ...............{eee]-+- * | 

PASAT, LE UGIIL, nasa Scere Bek Fees eed sins | ee * 
PAGO OM RS ss canis a Sa oeiaw hbk (oan |oanf OP 
Macrocheilus brevis, Sow. ....2......s000| ¥ |-+-| ¥ 
EACUPOROINAPIA .5 sess snsdoaivaaeusanat sate * 
MR EAUNG 50 so5 an ciotiv ans vader Pea seeeas Robe ae psilea’ * 
PEC HIGOININ lag asc ace2 cus susaateevoaesew areal monltee * 
NR RR Ns A ap Seis iawn coal Wad sainadisawe® % |... % 
MiMi stht < tr eenkiassasnientedd/-lbocasinentees| tok * 
Orthoceras cylindraceum, Sow. .........|++ * 

Vaal Gillis 0) Aire oe ee! Po * 
EM Rekee er cen sairarenis, , Sued Pea tcabeds * 

OYPIOCEP RES RD igaere gtk cvckoiives ch.e Sed i wves [ews | 0 % 
5 IDL Secniow deters ere amit aneek sR O Waites» xn] «ie * 

In this Table an analysis is given of the occurrence and geo- 
graphical distribution of the entire known fauna of the Middle 
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Devonian Rocks of North Devon, to which are added the species that 
occur in the Quantock Hills and other localities in West Somerset, 
chiefly from the Limestones east and south of Croydon Hill. It may 
be largely added to by diligent search along the east side of the Quan- 
tocks at Adscombe, Stowey, &c. &c. This table will form the basis 
of my comparisons both with species that may range lower or higher 
in this area, and also with the European Devonian fossils as collated 
with our British types. 

This Middle division or group of the Devonian rocks, both in North 
and South Devon, has received most attention, arising partly from cir- 

“cumstances peculiar to its geographical position on the one hand, 
and to the economical value of its limestones on the other; and this 
applies to Europe as well as Britain. Itis the source of the lime used 
in the interior of North Devon; in quarrying, therefore, the amount 
of limestone removed is considerable; and it is to this circumstance 
alone that we owe our knowledge of the Coelenterate fauna of the 
Middle Devonian of North and South Devon. In the south, at 
Torquay, Plymouth, &c., the excess of workable limestone over that 
of the north is so great that long ago extensive collections were made, 
the species carefully examined, and then justly referred by Lonsdale 
to an extensive formation existing between the Silurian and Carboni- 
ferous systems *—in other words, occupying the stratigraphical place 
of the Old Red Sandstones, whatever may be the exact relation of 
this marine Devonian group to that great and almost non-fossili- 
ferous formation. 

Having enumerated the entire fauna as known in North Devon, it 
will be important to compare the species that are known to occur 
in beds of the same age in South Devon to aid us in generalizing upon 
the value of the term Middle Devonian, as now used, applied to, and 
correlated with, the European groups. 

4, Species common to the Middle Devonian Rocks of North a South 
Devon.—It will perhaps surprise many to find that there are 235 
marine species known in the Middle (or Torquay, Newton, and Ply-_ 
mouth) group in South Devon, which are distributed through 11 classes 
of the animal kingdom. I briefly enumerate the 11, also the genera 
and species in each (Table Y.) 

a Mee Geol. Soc. 1840, vol. ili.; Trans. Geol. Soc. vol. v. p. 721, 
ce. &e. 
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Taste V.—Species occurring in the Middle Devonian Rocks of South 
Devon, compared with those of North Devon and Europe, and with 
the Carboniferous generally. 

di 
2) 

® 
Classes. Species. A 

re 
>) 
(o) 
1 

AMORPHOZOA ......+ »»» x: Seyphia turbinata, Goldfi .........ss0ceevs- * 
* 

* 

* 
* 

COBLENTERAT Ac. secesesss- 

Steganodictyum cornubicum, M‘Coy ...... 
Spheerospongia tessellata, Phill. .........+4. 

2x2 

| North Devon. | Foreign. 

Stromatopora concentrica, Goldf. ......... %|% 
—— placenta, LOnsd. .......sccresereseseees 
—— polymorpha, Goldf..........sscceeveene- * [...| % 

PAWIQSAG BNESSe Ges S5EST i coe Soo seecceeeees * 

weet Dien, cA COG io oh ayeieriareoinsch Sale bi * 
Acervularia Battersbyi, M.-Hdw. ......... x 

coronata; DAHER: cs écccc.scscoseveeees * 
Goldfussii, De Vern. .....c0ccecesees | % |e | 

— intercellulosa, Phill. ...cccccceevees oe. | * 
peniaeons,, Gold fay seen eereederee %|...| % 

REIMER IG VERN weensessevesecsuciees * 
———= limitata, D-HdW.: sancscescvecescceees * 
Alveolites Battersbyi, W.-Hdw. ............ * 
—- compressa, M.-Hdw.  sessesesecsseceees * 

suborbicularis, Lam. .........06 “ation *|% | ¥ 
vermicularis, M‘Coy ..... ieee se * 

Amplexus tortuosus, Phill. ......0.seseeeee x | * | % 
Arachnophyllum Hennahii, Lonsd.......... % Joe] % 
Battersbyia inzequalis, M.-Edw. .........46. % Joos] 
Campophyllum flexuosum, Goldf. ......... % Joos] 3 
Chonopyllum perfoliatum, Goldf. ......... x 
Cyathophyllum equiseptum, M.-Edw. ...|*| *| * 

Bolomiense; BLAINU, cvs sessssseccweccevs * | ¥ | % 
—— cespitosum, Golf. wiiecseccccvcrsenseee * | % 

Conaites, GOL, » cvevevcnssvasdavescusees x 
Dammnoniense, LOS. ......c.sseccesess * | * 
helianthoides, Goldf, ....cccovceecsses: % | * 
hexagonum, Golds. .........0cccecvscer * 
Maritiinds, Misti. cvescecccccscccvevves * 

— obtortum, M.-Edw.....ccccceccceceeeees * | * 
— Reemeri, M.-EHdw.  ..cccccccecceeseeeees % leoe| % 

Sedgwickii, M.-Hdw. ........scseeeeee x 
turbinatum, Goldf. .........ccceesees sival | Hsien! Je 

Cystiphyllum vesiculosum, Goldf. ......... *| *| 
Emmonsia hemispherica, M.-Hdw..........| * 
Endophyllum abditum, M.-Edw. ......... ¥|% 

Bowerbanki, M.-Hdw.....cccccccccceeees * 
Favosites cervicornis, Blainv. ....ceccseccees %* 1% | % 

EE Rat IRN es wteceen desis vcsnatesees * 1) % | * 
Goldie ai DT ONG iidads ess oscccsvscveee % 1.02] ¥ 
PCUMCULALA, ATLAIIY cerns rcrcccccoveres: *1.../ % 

a FLORA CEOMT IA UAL tywores devsneurccnvecsee * | * 
Hallia Pengellyi, 1.-Hdw. .....ccsecceveeees *|% 
Heliolites porosa, Goldf. .....:0.sceeseseeeees % | %| 
Heliophyllum Halli, M.-Edw...........0.+5- * | * 
Metriophyllum Battersbyi, M.-Hdw. ...... * 

| Carboniferous. 
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TaBiE V. (continued). 

la) |Z 
51S] |8 

Classes. Species. é me Bo) a 
S\Ss 
Aa 
BIA le bs 

CGLENTERATA............ Pachyphyllum Devoniense, M.-Hdw....... x 1% 
PetraraaCelbica, 2) HOUSE. 1... eecece te eee *| 1%] * 

[SA UEP CPZ Gl CLIO) erate Pert irscie carrie OICT * 
Pleurodictyum problematicum, Goldf. ...| * |..-| ¥ 
Smithia Pengellyi, M.-Hdw. ...........000+ * 

Bowerbankil, M.-Hdw..........cccccc0e: * 
‘HennalinLonsd aes on ec nece * 

Spongiophyllum Sedgwickii, M.-Edw. % 
Strephodes gracilis, M‘Coy . * 
Syringophyllum cantabricum, De Vern....| % 

KcHINODERMATA Platycrinus pentangularis, Mil. ae % |ooe| 
tubercullatus wae eh. aac % fooed 

Actinocrinus tenuistriatus, Phill...........+- * 
triacontadactylus, Mill. ........ cour] % foal 

Cupressocrinus Crassus? ........cceececseeees % Joee| 
Cyathocrinus nodulosus, Phill. .......008 * 

Peomericus, "Gold santa see-0.-) esos 1.[ % 
Hexacrinus depressus,. Aust. .........00008 * 

interscapularis, Phill. ....0..+sss0cese * 
—— macrotatus, AUST.......cccecccccccreecees * 

DiS RETA Cee ihc tenets Aaa * 
ANNIE AT omer atie enter: Tentaculites annulatus, Schloth. ........+0« x |x 

SAPD DS ISIN Sao tes Oe sia orto * 
CRUSTACEAY: cjapcencse ces Bisnis Habellifer Golds c2. i .sseeceesone * 

Cheirurus pEnicalatus, IVGBSE ics oie wat aetaeee % 
Harpes macrocephalus, Goldf. ............ % [.0.| ¥ 
Phacops granulatus, Miinst..........0..c0000- % |.0e| ¥ 

latifrons BLOW eee see. see [eee] % 
—— (Chrypheeus) punctatus, Szezn. ...... % 1% 1% 

Matrerlliveg see et crass. soe ep omapeane % |... | % 
— (Trimerocephalus) leevis, Miins?. ...| x | * 

eryptophthalmus, Hamer. .........+.. * 
POLYZOA ......seeseeeeees Cerio porarsimilisswe Lila ween cee *|*|...| * 

Fenestella antiqua, Goldf.--........se..0-06: %/)*)*)% 
arthwiticaPAgHsl, crane io. oc codecoenasoe % 1% | 
prises; (\Goldaee meres. Sesneo-ereee * 

Hemitrypa oculata, Phill. ..........0.00000- % [06] 
POlypora lac Pelle women co ceisalesle wees Hf oee[ | # 
Ptylopora flustriformis, OPTUS versa water % Joon | % 
Retepora repisteria, Goldf. ............+0.++- *| | % 

BRACHIOPODA .........+8. Athyris Bartonensis, Dav. ...........ccec00 * 
Concentrichy WAWBUGK \. ca0csscsensccsas * | * | % 
TachsyAMAs MSO cccwaetcasesessces covees| ¥] %] 
INGwtOnensis, WU. 02.5. jcewessececcocses % 
phaleena, Phill.......... SOUSEREREOEMO “oso H Joao] ¥ 

Atrypa desquamata, Sow. —....0s.s.ss.s0000- x | % 
flabellata kGOlaetsteades tcc otcetes ceceme *1...| % 

a———~, lens, PRU. Bees ie lsceeeiehsasvaceswcceeee a ee 
Lepida,s GGOla fe, obi swesce i aisc contains neice %{...| # 

reticularis, Lim. ....00...00- aisiclcieelaeaeist %| 1% 
BSPLAs NSCLLOTI UD WEN oe sac aeeennnoenn % | * | % 

Calceola sandalina, Linn.  .......scesoeeeeee| [oe] ¥ 
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TaBze V. (continued). 

éla| |3 
2) | o | 2) 

o|o| _|s 
Classes. Species. AIA | gre 

Sigtsis 
ASE 
RiZ |i 

BRACHIOPODA ..........-- / Camarophoria rhomboidea, Phill. ......... 3 eS 
Chonetes Hardrensis, Phill. ...............04. Px}... | 
— minuta, Goldf..........cccccccccceceecees %|...| % 
Cyrtina amblygona, Phill. .............0.05- = 

SCE Ta iy opi Ree anes */.../ % 
JE Do niet be eles %/*|* 
multiplicata, Dav. ........:0ssse+0s-00% %|...| ¥ 

Davidsonia Verneuilii, V. Buch ............ ¥|.0.| ¥ 
Leptzna interstrialis, a: Sean * |...| ¥ 

po RS il Vc een See ee %j...| 
Merista plebeia, Sow. ...........-...csc00000- ¥/)¥|% 
Orshis arounin, PU... cocse 3 sakcccsscecal x | 
——— prantlosa, PR 2. oct. ssctiedecvess * | 

RINE. PENILE oh oat FO SOS odee a *x\*|* 
Pentamerus brevirostris, Phill. ...........- * ee: * 

Rapliestus, DERMUT | moo. 0225. o2cceee. - * ie * 
Productus subaculeatus, Murch............. oa 
Rhynchonella acuminata, Mart. ............ ¥ |...) %| % 
OL TM o (1) i coe ee * 
bitoes. PRN | ck. cn Presticissszts. * 
TIES: ee eee *|...| 
j STE ee 7 ee eee * 

—— Lumatoniensis, Dav. ...............00- * 
——- Ogwelliensis, Dav. ............ccceeeee * 
—— pleurodon, Phill......2....cccccceee eee % | %]...1 
—— primipilaris, V. Buch ..............044. %|...| * 

Piette HoMee yc tawaderneselacdecces x 
—— pugnus, Martin .........cccccsceceeeee xl |*|x 

PONGORRINS, BOW) ooo 52505 osescccccccc dec: ilsscleas * 
ae PETUN PIII ona cranes aces canesoosceceets * 
—— implexa, Sow. ..........cccscecsescecees %|...| * 
Metzia ferrin, 0. FUCK. ....siscecccesscaecccd % |.../% 
Spirifera comprimata ...............csceesees % |... % 
————- GUEVAIB, SCBIOTI. ......0sccccvunvescceese x || * 
—— disjuncta, Sow..............c.sscecseeeees * | *|* 
—— levicosta, Val. ........cccccccececeseccees % |...) % 
———— lineata, Mare, ooo. .ccssveccccccsccecccecs % |...) | % 
— Newtonensis, Dav. .............c.20000- * 
ronan SME AWD oe kn Seackedncecacctosentac. % | % 
Li i) gg’, Se awe alae ae %|...] % 
Reel S274) a ha ee * | ¥/* 
subcuspidata, Schnur............c.0000. % |...) 

— undifera, R@M.  ........ccccecec eee eeeee % |... % 
—— —,, var. undulata, Rem............. % |...) #* 
Seep ERO hare ntnee cia estos sha a0 << # |...] % | % 
Spiriferina cristata, Schloth. ............... % |...) # | 
—— insculpta, (en x 
Stringocephalus Burtini, Def. ............... * |) *| 
Streptorhynchus crenistria, Phill. ......... * |) ¥ | * | x 

umbraculum, Schloth. ............0.006 ie | x 
Strophalosia fragaria, 2 ASE ere * 1% 
Strophomena rhomboidalis, Wahl. ......... */*|* 
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Taste V. (continued). 

| Carboniferous. 

* 

* 

sig 
Oo190 ae 

Classes. Species. AA\s 
alate 2 |5|5 
RD |\F% |P4 

BRACHIOPODA ...ccccecece Terebratula sacculus, Mart. .........s.seeseee % * 
HULU, SOTO - oo ciaan ss srniieis Betz ele came eater % 
INewtonenSis, G0... icactsetccesaccennee * 

Uneites gryphus, Schloth. ...........0s0100- 100] * 
LAMELUIBRANCHIATA ... Avyacuila Sulbtadiaba. S010. caucuses an. cases -oeer * 

Aviculopecten plicatus, Sow. ..........0608- Lice 
PUGOSUS, SMU ss cin coeebiak oe ok deanna * 

iPicwmneamaciata, Golds... .ten ce esaseeeeee * 
reviculata, UU dak cs) etc esesceeeee * 
LexbuMatas SEU ces sane eee % 

Clidophorus ovatus, Sow..........cssscesesees * 
Conocardium aliforme, Sow. .........0.-06- *|...| % 

MINA EDL cates avaseeeeen cease eter ce * |...) % 
Corba Ebemualtat, S00. iis. ceeess ee * 
Cucullza amygdalina, IPD. iccscttie oan x 
Cienodonia, lineata, sel. ee scesuanscanece x 
Megalodon carinatum, Phill. .........00000 x 

cucullatum, Sow. Marsal aGledea eee enenene % [Px 
Miodiola, scalars; eels, Sa \avecccessaeeeeeee * 
Mytilus Damnoniensis, Phill. ...........208. * 
Sanguinolaria sulcata, Miinst. ..........0606- * 

GASTEROPODA...... seseee Acroculia sigmoidalis, Phill. .........0.. Bees 
VEUUSUA, SOLU. Gree cine Seed hmte me renione x |x| x 
UPTOD A 5 pocieire cere se cea se eee eee x 

Euomphalus annulatus, Pia, sie nauign ys sslae ees x 
Circulars, SPH. % «nar nase eek coe eee eRe * 
radiatus, Ph Lc ae ee *|...[% 
SCPPCIS LHL s sts oan vaccecv ie -vestemeneer * | 

pe NIEOVIS :. sect sae arcane asics Usoeenite ener x |...| % 
plawORbis, V7. sows de nace ee % |.0.[ 8 

belommmbtlocbitome toe. eacenactinceseee Sea seeeee * 
‘Loxonema Hennahiana, Phill.............00- * 

lincta, Phill....... dec dha ods setoes wend ceble eel 
eee MOXTIS,) Leeles cna dtc. oie ieee showaaeebe * 

PUR LCLIPA, FI. een dae tomccs at ome eee * 
WOHNCULAGA, FMllni. ca onemeoniee Kesteneee Hl... % 

Macrocheilus brevis, Sow. .........seceesee: * 
elonmpatus, P20. \ac..cke.c-es sean pees * 
harpula, Sow. ...... Beer Seton geen ae % |... % 

—— imbricatus, SOW. .....ccccccsesscncceees- a a ee 
subcostatus, Schloth. ...... DA AS det * 
VENELICOSUS,, GOlU) = <cscceascccuesves cass % |.../ % 

Murchisonia bigranulosa, D’ Arch. ......... * foe. | 3 
CRN MAA eel Nasdrcie cicadas ole'avn sc veloc % celiac 
spinosa, Phill. ...... slaSpieciehros o'omsleaicnee % |... % 
HON CLSOVA alga 2) OPA a Wah a eg ee % 

INGE. CELOLMOIS ) SOW. ccs ane eve cau cssicsunmeen * 
Pleurotomaria aspera, Sow. .........06. gta % 

CHEPIFOPMATS, (SOW. c. ves siccandeslwala ce eeep eel OILERS 
TUTE PETG. GIS, SOAs cee geen aenineee oo | % 
MONTE LAME I wesesen bee emeen sealeteneee % Jooe| % 

—— multispira......... Sheps esa saat ee a 
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TaBLe V. (continued). 

Classes. Species. 

aire g S| |5 P| 1s 
SUES 
Alda 

$/5|s 
i =] 

xs 
AAO 

S cs) 
oi 
o 

oy 

* 

* 

GASTEROPODA........+++- SeoliOsiorns: POSUA LEAL. -. os of soaecomwiepwee 
Prochys BOWE: SLC, vas onsccsscewaannoemsene 
urbe: GIrriOEMmis, SOW. oo. cvconesnscvecdercs 

subangulatus, Sow. 2.2.2... cacececees 
Vermetus antitorquatus, Phill. ............ 

SPINAL BEES soe ode rats 55 -tipsi nln o bien eden 
NvucLEOBRANCHIATA ...| Bellerophon striatus, Bronn ............... 

Porcellia Woodwardii, Sow. .............5. 
CEPHALOPODA....00c0+00- Clymenia laevigata, Miinst. .............0006- 

—— UNG Ulatia, MST: ... ioce.ceeccccewsvovses 
Cyrtoceras armatum, Phill. ..............006- 
ee SPOT UI hy Pa ects vin Ae woe ass wy vat maeer: 
eons HEUTE MIND, PRUE bars cela satowoce ss «dace 

PEEP UIE Ge teW Vy sice dae aiagies.n x alas vinci va 
matittloidewm, PRT. oo cccccssscsnaces 
10(0!8 JS) 80 7 11] A) a el ee 

—— obliquatum, Phill. 2.2.0.0... ccc cc scene 
pas OPM AIIM GOO hoe Oe rake Mie odues ceeal 
—— quindecimale, Phill. .........ccceeeeee 
ee ERICULALUIN PRO. (2.0 okc.ccaccssudas ede 

subornatum, UM Gog. 5.... .oevccsweicene 
Araderumale;, Phils: aeccasods sstvvkdeoasie 

Goniatites excavatus, Phill.............c..06- 
PIQBOSUE, LUUTUSI sone cpus om rasinaeaeiniaesa' 
SOPPCMUNMS, PRU. ©. ...02.000.senenees 
ALANISIGONIAS, UPR. occ caves eecvecees 

Nautilus germanus, Phill. ......... cc cseen es 
Orthoceras cinctum, Sow. .. ...cscssceeseee 

ellipsoideum, PH21l.....s.0000-<.cess-ees 
LUMDLCIME UE SOW. carcne Mie usset cack onser 

ae USEC HUD coos tee av cin'e's cia ca sieralltare vieislels'e es'e op 
— undulatum, Sow........ hace « Epegt Berge eh 

* 

> 

| 
Se 
(2) 

i 
S 
5 

wD 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

In the above Table will be found all the known species :— 
Amorphozoa: 4 genera and 8 species, all, with one exception (Stro- 
matopora concentrica), confined to the southern area. Coelenterata: 
23 genera and 50 species; 10 genera and 17 species of which 
are known in the Ilfracombe group in North Devon and West 
Somerset ; the physical conditions of the rocks of the two areas, and 
the small amount of old sea-bottom opened in the north compared 
with that in the south, will readily account for the wide difference 
as to number of species, though individually they appear to be 
as abundant in North Devon, many of the limestones being 
crowded with corals, especially at Adscombe, on the east flanks 
of the Quantock Hills (West Somerset), and the Combe-Martin 
area. Lchinodermata: 4 genera and 8 species; and, as far as I 
know, no species of this group occurs in the Middle Devonian of 
North Devon; and, such as they are, they appear confined to the 
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typical southern area.. I must, however, state that no group in the 
whole. Devonian series is so difficult of identification, or perhaps 
more erroneously determined ; the Crinoidea and Asteroidea, in nine 
cases out of ten, occur only as casts and moulds; yet some of the 
Upper Devonian beds of Baggy, Marwood, Croyde, Braunton, &e. 
are literally composed of the rusty decomposed remains of the 
Echinodermata, especially the Crinoidea. The 20 known species in 
the whole Devonian rocks are irregularly distributed through them ; 
though 8 certainly occur in the Middle South Devonian beds. An- 
nelida: only one determined species occurs, Tentaculites annula- 
tus*, known in both North and South Devon. Crustacea: 5 genera 
and 13 species occur in the Middle series in South Devon, one of which 
only, Zrimerocephalus levis, is known in the Ilfracombe series of 
North Devon, and was found by Mr. Valpy in the gritty shales of 
Watermouth near Ilfracombe ; this is important as being another 
and important link in evidence of the same species of Crustacea 
occurring in the two areas. Mr. Jukes states that he found Pha- 
cops latifrons in the Lower Devonian slates of Lynton (Valley of 
Rocks) ; and on his or Mr. Baily’s authority I insert it in my list ; 
these two species of the family Phacopide give us some hope that 
Homalonotus and Harpes will ere long reward the labours of some 
patient geologist. Polyzoa: 6 genera, and 8 species out of the 12 
known, occur in South Devon; we cannot, however, at all depend 
upon the specific characters of these generally badly preserved and 
minute organisms; and as such they possess little or no stratigraphical 
value. Henestella antiqua is, according to every one, m everything, 
from the slates of Looe to the Coomhola grits &c. Prof. Phillips 
admits 4 varieties of this species, all having different geographical 
positions; each should be carefully examined and understood, if 
weight is to be attached to so ubiquitous a deep-sea form. Lons- 
dale even refers it to the Silurian rocks; the whole group of the 
paleeozoic Polyzoa requires great and critical examination. 

Brachiopoda.—This class, like the Actinozoa among the Ceelen- 
terata, highly typify and characterize the Middle Devonian rocks of 
South and North Devon; 23 genera and 68 species have been 
accurately determined as coming from these beds in South Devon ; 
10 genera and 22 of these species are common to the slates and 
limestones of the middle group in North Devon; and by compari- 
son with those of the Rhine, Belgium, and France, in beds of the 
same age, no less than 47 species are common to the two marine 
areas; 7 only of these, viz.— 

Rhynchonella acuminata, Martin. Spiriferina cristata, Schloth. 
—— pleurodon, Phill. Streptorhynchus crenistria, Phill. 
—— pugnus, Martin. Strophomena rhomboidalis, Wahl. 
—— reniformis, Sow. 

pass up to the Lower Carboniferous, all of which, with the excep- 
tion of Rhynchonella acuminata, form an important feature in the 
Upper Devonian slates and limestones of Baggy, Marwood, Sloly, 

* There are perhaps two if not three species, though their remains are 
obscure. 
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and Pilton. The typical genera, not known in higher beds, such as 
Calceola, Merista, Pentamerus, Rensseleria, Retzia, Davidsonia, Strin- 
gocephalus, and Uncites (all peculiarly Devonian), appear to have 
died out prior to the deposition of the Carboniferous series, during 
those changes of conditions which are evidenced by the physical 
structure of the Devonian sedimentary rocks, where through North 
Devon we recognize at the base great accumulations of red sand- 
stones, succeeded by the fine and coarse gritty slates and impure 
limestones of the Lynton or Lower Devonian group, and another 
great and succeeding deposit of red sandstones and grits almost void 
of organic remains (the Hangman Grits), and a second series (the 
lifracombe group) of fine-grained fissile slaty deposits with asso- 
ciated organic limestones, rich in corals and Brachiopoda, differing 
in the two British areas in the amount of limestone, but in nothing 
as regards life-contents. This Middle-Devonian period was one 
of continued depression, which must have gone on continuously, 
as is proved by the position of the thick, glossy, fine-grained, un- 
fossiliferous slates of Lee, Mortehoe, and Rockham, that overlie the 
Ilfracombe fossiliferous series &c., which sequence, with identical 
conditions, can be detected in the South Devon area. These un- 
fossiliferous Morte Slates were probably again brought within the 
influence of shallow water ; and on them rest the now higher Upper 
Old Red Sandstone beds of Pickwell Down, and then succeeds the 
upper marine Devonian series of Baggy, Marwood, and Pilton &c., 
with their crowds of typical Upper-Devonian species*. 

Singularly scarce are the remains of Lamellibranchs in this group 
of deposits; and the 12 genera and 17 species known are La- 
minarian and deep-water forms— Avicula, Pterinea, Ctenodonta, 
Corbula, the dwarfed Conocardia, Cucullea, &c.; and indisputably 
the marked assemblage of peculiar species of corals and Brachiopoda 
accompanying them indicate the same bathymetrical conditions. 
Two species only of the Lamellibranchiata, viz. Aviculopecten pli- 
catus and Cardium aliforme lived on to Carboniferous times: and 
2 British species only are as yet known to occur in the three 
European areas, as compared with the known South-Devon forms ; 
and they are Conocardium aliforme and C. minax. 

Gasteropoda.—Similar facts are obtained by an examination of 
the Gasteropoda of this Middle zone: 11 genera occur, many of them 
being represented by only one or two species, such as Nerita, Scolio- 
stoma, Trochus, Turbo, and Vermetus; 36 species are distributed 
amongst the 11 genera, only four of which, or proportionally less 
than half as many as the Lamellibranchs, lived on to the Carboniferous 
Limestone ; they are, Acroculia vetusta, Euomphalus levis, Macro- 
cheilus imbricatus, and Murchisonia spinosa ; whereas we know of 15 
European species being common to our Devonian series of North and 
South Devon. They are enumerated in Table V. 

- * Consult the able paper by J. W. Salter, Esq., on the Upper Old Red 
Sandstone and Devonian rocks, Quart. Journ. Geol. Soc. vol. xix. for a com- 
plete description of these beds and their fossil contents, as well as of those of 
the Pembroke area. 
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Nucleobranchiata.— Bellerophon and Porcellia, with perhaps Conu- 
larva, are the only three genera known in the Middle Devonian rocks 
of South Devon ; 3 species occur, and all are confined to that area, 
viz. Bellerophon striatus, Poreellia Woodwardu?, and P. striata. 

Cephalopoda.—The species in this class are singularly distri- 
buted through the Devonian series, and seem to have here heen 
localized in groups or colonies, the two genera Clymenia and 
Cyrtoceras especially so. The former (Clymenia), both in Europe 
and Britain, seems confined to the Upper Devonian, and notably so 
with us, at Petherwin and Landlake, the genus not occurring higher 
in the series; and, with one exception, the species are all localized, 
or confined to one area. Eleven species are found in the Upper 
Devonian beds, below the Marwood group, and south of the great 
Culm-trough. The species of the genus Cyrtoceras seem to have 
been equally locally colonized, 12 species being confined to the 
Middle Devonian of Newton Bushel in South Devon, OC. rusticum 
being the only form recorded as coming from the upper series at 
Petherwin. However difficult it may be to account for this speciality 
and colonization of a definite area by a group of Mollusca pelagic 
in their habits, the evidence, as it is, must be received in both 
cases, viz. of the Clymenie in the Upper Devonian, and the Cyrtocerata 
in the Middle. The species typifying the Goniatites, Orthoceratites, 
and Nautili are, on the other hand, as widely scattered through 
the Devonian of North Cornwall, South Devon, and North Devon ; 
6 species of Orthoceras occur in the Middle Devonian of South 
Devon, and two species of each genus recur in the Carboniferous 
beds, viz. Gomatites excavatus, G. serpentinus, Orthoceras cinctum, 
and O. undulatum. This analysis of the 235 Middle or EKifelian 
species of South Devon will show a marked feature of close affi- 
nity with forms occurring in beds of the same age in Rhenish Prussia, 
the Hifel, and France, as a large percentage of the species common to 
each can be adjusted to, and collated with, our Devonian types. 

Taste VI.—Showing the species common to the Middle Devonian 
rocks of North Devon, South Devon, and West Somerset. 

Species North | South West 
° Devon. | Devon. | Somerset. 

Stromatopora concentrica, Bedi, seaniiensitacee * * x 
Tentaculites annulatus, Schloth. . % % 
Amplexus tortuosus, Phili. ....... poke wen eae * * 
Cyathophyllum zquiseptum, J/. BUDD. os csssens x % 

Bolomienge; Pilqe7a) sas watesnas ce aoneaseeriierione * * * 
cxspitosum, Goldf. .. % * % 

—— Damnoniense, Vere. Rees ceine Oslcisint esate * * * 
pare neliaMthOlWes, (Goldy o sce.cccs ss seccste ce cess * * * 

obtortum, M.-Hdw. . Cee. % * 
Cystiphyllum vesiculosum, “Goldf. .. * * * 
Favosites cervicornis, BlQinu. ....ccscccecccceneees * % * 
FULD IA SEO UIOO Men ee ans aicists vie <sin'eis's'e daw sas % * 
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North South West 
Species. 
P Devon. | Devon. | Somerset. 

Favosites fibrosa, Goldf. ......ccccccccccsececscvees 
Hallia Pengellyii, M.-Hdw. .........sccsseccscecees 
Heliophyllum Hallii, M.-Hdw. ..... menreeeyeirit 3 
Heliolites porosus, Goldf. .........cssesececeeeees 
Pachyphyllum Devoniense?, M.-Hdw. ......... 
Endophyllum abditum, M.-Hdw.  ...........20e. 
Alveolites suborbicularis, Lam. ...........200000: 

(Favosites) reticulatus, Blainv. ............ 
Phacops (Trimerocephalus) levis, Miinsz....... 
Geriopors SNS, FA. 5. ce... oqecenvas cee venn ee 
Penestella anitiqua, Gold fy 2.020422... ceees a os 008 

et lDiae ea NEE). dsiwcded eb isia bie 
Retepora repisteria, Goldf. ............+++ nile afore 
Athyris concentrica, V. Buch .......s.0+ssseessees: 

PACH Ty ELID, OU onc cig venice ace ee gs sy yn covet oe > 
Atrypa desquamata, Sow. .......sccccsecssescscasees 

PORCH baTIS) FNS. 1 Corda vewe sk weve oben ecb 
MEVCTEA, SCRUM. «sb cine cp Sess ss 4 ac pnb ab » ous ob» 

Cyrtina heteroclyta, Def. ........ccceceenevessecsees 
Merista plebeia, Sow. ....00......sccevencceqar cine 
RETO CEM FILS Soe ogc cccensuaccavedcatcuceecs 

cont TM a (1) oe aero 
Smet ORG BIOE DAE ot: Ss gh shel chi wake « A¥alchides 

Rensseleria stringiceps, R@7. .........seesseseeees 
Rhynchonella cuboides, Sow. ........-scsveseeees 

RACHEGUOI, EHIUG W.c2-0en axes codes suvence dee: 
poterennttess IPP E100. ico ae cate wee sekiamvetecntet 
Pomimornts) ISG)... 556 «cbibsniddalbees é5 ideals af 

Spirifera curvata, Schloth. .....ssccececeseeraseoes 
rea ARPITERUR, IOI. ce ones ennacechunenncans soaceas> 
eee CH. PUNE tate csr degnsodeareeseccecesg: 

MME TRIB. Fe eee Vee ve cesea ese ckee ress en 
BPCCLONB; CIO: v. cs.cvancedvve ssnp even debwobed 

Steptorhynchus crenistria, Phill......00..00-0000+ 
Strophomena rhomboidalis, Wahl. ........++++48. 
PECROPUIEY YORUBA, OUD: vas ona sae tec vee cos seaiess ove one 
Euomphalus serpens, PAA01. ......... 000 see cee cee es 2 OK OK OK OK OK OK 2K 2K 2K OK IK 2K OK KK KK OK 2K OK OK 2 2K 2K 2 2K 2K 2K 2 OK 2K 2K 2K Ok KOK OK KK OK OK OK OK OK OK 2k OK 2K Ok OK OK OK KK OK OK OK KK OK 2K OK OK OK OK OK KOK OK 

5. Species common to the Middle Devonians of North Devon, South 
Devon, and West Somerset.—We will now examine those species 
that are common to the Middle or Eifelian beds of South and North 
Devon (Table VI.) so as to show their identity, and, by the community 
of species, to endeavour to establish still more the relations of the 
group and the value of its middle position in North Deyon. It 
will be found that in South Devon the position of this series can 
only be clearly determined by paleontological research, and by no 
other. In other words, the stratigraphical sequence in that area is 
so obscure through disturbance, that paleontology alone can decide 
or guide us; whereas, in the north, the physical sequence is clear 
and unmistakeable, and, aided by the assemblage, condition, and 
identity of the fossil fauna of its slates and sandstones with that of 
South Deyon and Western Europe, we can, I believe, firmly establish 
the true zoological position of the rocks under examination. Know- 
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ing, then, that 235 species occur in South Devon (Table V.), we will 
adopt them as our standard for comparison with the northern species 
in the middle zone. We find, in all, that 50 species of the known 
235 are common to the two areas (vide Table VI.), which are related 
by a marked and peculiar facies, one distinctly characteristic of, and 
identical with, the Middle Devonian, or Hifelian and Stringocepha- 
lenkalk, of the Rhenish provinces &c., which is especially borne out 
by the Brachiopoda and Ceelenterata: 21 species of the former, out 
of 67 in South Devon, are common to the Middle Devonian of it 
and the North; and 17 of these occur in European areas. 

This close approximation in the number of identical species is 
most significant of their synchronous deposit ; and similarity of con- 
ditions is evidenced by the structure of the rock-masses in all the 
areas. Comparison among the corals shows different results, so far 
as numbers are concerned. Of the 50 species known in South Devon 
18 are also common to it and the North; and of these 18, seven are 
found in the Western European Devonians, no species ling on to 
the Carbonferous period. The grand development of limestone in 
South Devon will fully account for the greater number of known 
species of corals over that of the northern area, added to its being 
also more extensively worked for economical purposes; and the 
rocks of the southern area have been more industriously searched 
and examined by many able geologists*; and now, under the patient 
research of a few good observerst, the northern slates and lime- 
stones are abundantly yielding species identical with those of the 
south. One bivalve only occurs common to the two, Megalodon 
cucullatum; two univalves, Acroculia vetusta and Huomphalus ser- 
pens; the sponge Stromatopora concentrica, and four Polyzoa, with - 
Phacops (Trimerocephalus) levis, and Tentaculites annulatus, com- 
plete the 50 common or connecting species; 8 of these 50, chiefly 
Brachiopoda, recur in the Carboniferous series. Want of more com- 
plete evidence prevents our comparing the Middle Devonian of Corn- 
wall with either area; but of the known species only 4 occur as com- 
mon, viz. Athyris concentrica, Atrypa desquamata, Spirifera speciosa, 
and Favosites cervicornis. In Table IV. p. 640, is given the whole 
Middle Devonian fauna of North Devon and West Somerset, in which 
71 species are shown to be distributed through that area; to these 
71 I now adjust and compare those known to occur in the Rhenish, 
Belgian, and French areas, so as to correlate them, through their 
fossils, with our North-Devon types, and to show their intimate 
relation, connexion, and identity; for most of them are cognate 
species. 

In Table V. it is shown that 34 species are common to North Devon 
and Europe, and that chiefly as before, through the two classes, 
Actinozoa and Brachiopoda, 10 species of corals and 16 species of 
Brachiopoda occurring in our own and one or other of the European 
Devonian areas, whereas only one Lamellibranch, Megalodon cucul- 

* Mr. Godwin-Austen (Geol. Trans.), Phillips, Pengelly, Sedgwick & Murchi- 
son, Lee, Vicary, &c. &c. 
- t+ Mr. Valpy, Mr. Hall, Rev. W. Mules, the Rev. H.H Winwood, &c. 
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latus, one Gasteropod, Acroculia vetusta, and two Polyzoa, Fenestella 
antiqua and Retepora repisteria, help to unite them: the species of 

_ the typical genera, Cyrtina, Merista, Rensseleria, Stringocephalus, 
&c., all characteristic of the slates of North Devon, are of them- 
selyes weighty and good evidence of pre-Carboniferous times. 

It is, however, singular, and will show how little we yet know 
of the original conditions and distribution of life over even this one 
area, that at present we are acquainted with only 3 species that are 
common to the lower, middle, and upper groups in North Devon 
and West Somerset; these are the questionable Fenestella antiqua, 
the ubiquitous Chonetes Hardrensis, and Streptorhynchus crenistria. 
These long-lived species all pass the confines of the Upper Devonian, 
and are abundant in the lower beds of the Carboniferous group. 

This imperfect record can only arise from the very incomplete 
search which the rocks of this area have undergone, and the little we 
therefore know of their paleontological contents. No agreement 
with the Carboniferous strata can be deduced from the presence 
of these three forms, as no real value can be attached to them; it simply 
shows that the individuals of the species were abundant, widely dif- 
fused, and long-lived. It also shows, in the absence of other 
evidence, that the assemblage of forms which constitute the popula- 
tion of a given area is peculiar and almost definite. In the pre- 
sent case, 16 species are known to occur in the Lower Devonian 
53 in the Middle, and 104 in the Upper Devonian; and yet, out of 
these, only the 3 species before named are common to the three divi- 
sions, or pass through all three; and these lived on to the Car- 
boniferous slates. This, be it remembered, is in North Devon; these 
three species necessarily ally the lower or Lynton group with the 
Barnstaple beds (Carboniferous *) to which they pass; but these are 
all: it would therefore appear that, paleontologially, there is no 
evidence to identify, or hardly to connect, the beds above the Upper 
Old Red Sandstone of Pickwell Down with the underlying Lynton 
slates and grits, similarity in lithological conditions being no proof 
of identity or of synchronous deposition. 

6. Agreement of Foreign Devonian Species with our British Middle 
and Upper Series in North and South Devon—We know that 144 
species are common to the Devonian rocks of England and the Con- 
tinent, as expressed in the general Table II., p. 616. Taking them 
at percentage value, we have an agreement of 38 per cent. as being 
common to the British and European areas; or, of 3 species which 
occur in our typical beds, 1 is found in the Rhenish, Belgian, 
and French taken collectively,—a far closer agreement than that 
which is recognized as existing between our Devonian and the Car- 
boniferous, which, according to the analysis given in the Table, as is 
1 to 7, or only 144 per cent. occurring as common to the two 
formations. This relation and identity of species in two chief areas, 
so widely separated as are the three Continental from the two British, 
is to my mind a most valid reason for their contemporaneity and simul- 

~ * That is, admitting that the Barnstaple beds may be of Carboniferous age. 
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taneous deposition, which took place in one general sea, over one 
definite, once connected, but now disunited area. 

Having compared the Devonian species generally amongst them- 
selves, in their respective areas in North and South Devon, and 
with those of the Rhenish, Belgian, and French areas, and partly 
with the Carboniferous, it now remains for me to analyze the par- 
ticular groups of organic remains amongst themselves, in our North 
Devon district, and also to compare the species in that area with 
those of Ireland and the Continent: in no other way can we arrive 
at the relation which I believe exists amongst the fossil remains, and 
at the value of the term “ Devonian” or ‘the Devonian System.” 

I propose, therefore, to examine and compare the British Deyo- 
nian Ceelenterata, Brachiopoda, and Cephalopoda amongst them- 
selves, these groups being of chief value,—also their relation to the 
continental species of the same age, and to the Carboniferous of 
Devon, Ireland, and Britain generally. 

Taste VII.—Comparison of the British Devonian Celenterata with 
those of the Rhine, Belqvum, and France. 

British. Foreign. 
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Coelenterata (Corals).—There are 24 genera and 51 species of Corals 
known in the Devonian rocks of North and South Devon (vide Tables 
II. and V.); and there appear to be 2 forms, Fistulipora (Manon) cri= 
brosa, Goldf.,and Michelinia antiqua, M‘Coy, on the confines of the two 
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systems (Devonian and Carboniferous), which can hardly be regarded 
in our calculations, much doubt existing as to their position; regard- 
ing them, however, as strictly passage-species and common to either 
group, we have 49 species belonging to this horizon. None are 
peculiar to the Lower Devonian of either North or South Devon ; 
whereas 35 species are not known out of the Middle, and four are 
common to Lower and Middle, viz. Alveolites suborbicularis, Lam.., 
Favosites cervicornis, Blainy., Petraia celtica, Phill., and Pleuro- 
dictyum problematicum, Goldf.* When we compare this important 
group of fossils with their equivalents in the Rhenish provinces, Bel- 
gium, and France, we find that 22 out of the 51, or 43 per cent., 
are identical species with those found in the three areas on the Conti- 
nent, 17 are Rhenish, 14 are Belgian, 11 are common to both areas, 
and 11 occur in the Boulonnais. 

The accompanying Table ( VII.) shows the distribution of those spe- 
cies only that are known to be common to Britain and Europe in 
either the Lower, Middle, or Upper division : 35 are absolutely con- 
fined to the Middle Devonian series of South Devon; and 22 of these 
occur in Europe; see Table II., p. 616, and Table V., p. 643; so 
that the relation of an area to the species that occupy it, the entity 
of the Middle Devonian Corals amongst themselves, with other 
equally definite physical conditions, paleontological affinities, and 
results, in all the areas, give a marked and peculiar character to the 
Middle Devonian group: 3 species only of the 22 (Table VII.) occur 
in the Upper Devonian beds of North Devon, as we should expect from 
the nature of the sea-bottom ; and two of these belong to the Turbino- 
liz, or simple forms, whose habits are different from those of the com- 
pound species; they are Amplexus tortuosus, Phil., and Petraia Celtica, 
Phill., the remaining species being the dubious F%stulipora (Manon) 
cribrosa, Goldf.; and no single species of the known 51 passes up to the 
Carboniferous system. It cannot, then, be asserted that we have no true 
Devonian Corals, or that there ‘‘are or were local coral-banks in the 
Carboniferous sea,’ when no single form is known common to the two 
horizons, either here or in any known area; such reasoning would not 
and could not apply either to the great assemblage of Corals and 
Crinoidea in the Upper Silurian, or to the Corals of the Carboniferous 
Limestone, where the surrounding relations are the same; they, like 
the species in the limestones and slates of the Middle Devonian 
series, were a group peculiar to themselves, and to the seas in 
which they lived, and as definitely determine it. This class, like 
the Brachiopoda, which will claim our next attention, occupies and 
typifies one physically united area, dying out or changing when 
the conditions favourable to their existence no longer continued; and 
the continuous or fringing barrier-like reef of slaty coral and lime- 
stones which extends from what is now Ilfracombe and Combe Martin 
to the Quantock Hills, in West Somerset, and farther east still, under 
the Secondary rocks, ceased to exist as the area they then occupied 
deepened, or became depressed, thus giving origin to the grey fine- 
grained sedimentary non-fossiliferous slates of Lee, Rockham, Mor- 
tehoe, Lundy, Winsford, and the southern flanks of the Exmore, 

* Always occurring in the slates. 
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indeed to all that underlie the zone of Upper Old Red Sandstone to 
the south*. All research, as far as I know, has failed to detect a 
single organism in these upper slates of the middle group; and, 
save on the strike of the older or lower slates and limestones, which 
I doubt not continue on to Belgium and the Rhine, we neither know 
nor again find a single cognate species. 

7. Analysis of the British and Foreign Devonian Brachiopoda.—lt 
is difficult, amidst the conflicting opinions of distinguished naturalists 
in this country, Europe, and America, to definitely arrive at their 
conclusions as to the strict nomenclature of a large number of either 
genera or species in this important class of Mollusca; but no group 
has played so important a part in the history of the past as the 
Brachiopoda, and particularly in Paleozoic times. Generically and 
specifically they are of high value in determining the age of the rocks 
in which they occur, and notably so when we endeavour to trace 
the history and succession of the series forming the Devonian system, 
especially as regards the overlying Carboniferous system which at its 
base is intimately connected with the Devonian. We have no fear 
of confounding the Silurian with the Old Red Sandstone or Devonian ; 
for, except through the fishes}, one doubtful coral, viz. Favosites 
fibrosa, one Annelide (Tentaculites annulatus?), one Brachiopod 
(Atrypa reticularis, and its var. aspera), one Lamellibranch (Cteno- 
donta?), with perhaps Orthoceras Ludense and O, ibex among the 
Cephalopoda (8 forms in all), there was a complete break between 
the two, and it is thus quite clear that the 1150 known species of the 
Silurian fauna in the British area entirely disappeared or changed 
before any of the Marine Devonian species had existence. The accom- 
panying Table (Table VIII.) will enable us to understand the distri- 
bution and relations of the class Brachiopoda through the three groups 
of the Devonian series, both in our own areas and those of the Rhine, 
Belgium, and France ; and as our standard of comparison must be 
taken from the species occupying the British area, I adjust the groups 
amongst themselves, and compare the European species with them 
and ultimately with the Carboniferous. ‘There are 99 known De- 
vonian species (see Table II. p. 616). These species are distributed 
through 26 genera, many of which are peculiar to the Devonian age. 
21 genera and 52 species of the 99 are common to British and 
Foreign Devonian rocks, and are found in one or other of the three 
divisions, or in the Lower, Middle, and Upper Devonian ; 2 species 
only are common to, or occur in, all tnree divisions in our two 
areas, viz. Athyris concentrica and Chonetes Hardrensis (C. sordida), 
47 of the 52 species enumerated in the Table are found in our Middle 
Devonian; and out of the total of 52 enumerated, 6 pass up to our 
Lower Carboniferous system, viz. Chonetes Hardrensis? (C. sordida), 
Rhynchonellaacuminata, R.pugnus,Productus scabriculus,Streptorhyn- 
chus crenstria, and Strophomena rhomboidalis. This is in accordance 
with what we should expect in the conformable and succeeding system, 
where no stratigraphical break is known to exist ; none, however, of 

* The Pickwell-Down Sandstones. 
t The fishes on the confines of the Silurian and Old Red being chiefly con- 

fined to the Passage series, 4 genera and 7 species occurring. 
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the peculiar and typical Devonian genera are known in the Carboni- 
ferous rocks, either in our own two areas or in the European; the 
prominent and characteristic species recognized everywhere, viz. 
Calceola sandalina, Linn., Davidsonia Vernewili, VY. Buch, Merista 
plebera, Sow., Rensseleria stringiceps, Roem., Retza ferita, V. Buch, 
Stringocephalus Burtini, Defr., Cyrtina Demarlii, VY. Buch, and 
Uncites gryphus, Schloth., characterize the British as well as the 
Foreign Middle Devonians ; but species of other well-known genera 
mark equally well the unity of the middle group over Europe 
and in England. Amongst the many strictly Lower-Deyonian 
forms prominently stand out Leptena laticosta, Conrad, Orthis hip- 
parionyx, Vanux., and Spirifera cultrijugata, Reem., which with us 
are confined to the Lynton groupin North Devon and the equivalent 
Looe beds in South, and appear confined to the same stage in 
Europe. Thus, then, of the 99 known British Devonian species, 52, 
or 50 per cent., are known to occur in Europe, and are therefore com- 
mon to both the great areas; and both are related to a higher or 
succeeding system (the Carboniferous) by only the 6 species above 
enumerated; we must not, however, fail to again notice the above 
8 remarkable genera with their known single representatives, which 
so distinguish the Middle Devonian group. 

It is now equally necessary to analyze and examine the British 
species of Devonian Brachiopoda with those of the Carboniferous, so 
far as they are known to be common to each other, and in each of 
the three Devonian groups separately, because it is asserted by Mr. 
Jukes that the rock-masses which are believed and acknowledged to 
be of Lower, Middle, and Upper Devonian age in North Devon, at 
Lynton, Ilfracombe, and Baggy &c. are, by community of fossils and 
by stratigraphical and physical relations, “‘ part of the same group of 
rocks as those called Carboniferous Slates in Ireland ;” and, more than 
this, it is asserted that the particular and so-called Upper Devonian 
series of Baggy and Marwood are “ on the same general horizon with 
those of the Lower Devonian slates and grits of Lynton,” &c. &e. 
These views are based on the similarity of the slaty and other rock- 
masses, in both these North Devonian areas, and by comparison 
of them with that area of the South of Ireland containing Carboni- 
ferous Slates and certain fossils. 

I have endeavoured to prove that neither fault nor anticlinal exists 
in North Devon of a nature or magnitude to invert the order of, 
or to repeat, the beds of the two areas from south to north, and I 
will now endeavour to show through the Brachiopoda, as I have 
done through the Ceelenterata, that there are valid grounds for not 
receiving either the physical or the paleontological interpretation 
put upon them by Prof. Jukes; and these will be appealed to by a 
more complete analysis of all the known Devonian and Carbonife- 
rous fossils occurring in the Northern or disputed area. 

VOL, XXIII,—PART Tf. Dy 
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Taste VIII.—Comparison between the British and Foragn Devonian 
Brachiopoda, showing also their range to the Carboniferous. 
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8. Devonian and Carboniferous Brachiopoda.—It has been before 
stated that 99 species of this class are in the Devonian rocks of 
Britain. Table II. shows every species in North Devon, arranged in 
the order of time or succession. Those species occurring in South 
Deyon and Cornwall are compared with them ; in other words, every 
species in North Devon is collated with the same in Cornwall and 
South Deyon. Of the 99 known forms, we have, then, in the Northern 
area 52 common; and of 26 genera known in British Devonian rocks 
22 occur in North Devon, 5 only, viz. Camarophoria, Davidsonia, 
Leptena, Pentamerus, and Retzia, being required to complete the 
generic equivalence of the two areas. This Table also shows that 
27 of the 48 North-Deyon species also occur in the foreign Con- 
tinental rocks, and that 13 are common to the Carboniferous above ; 
but these are related chiefly, as will be seen, through the passage- 
series (vide Table VIII. p. 658, and Table IX. p. 669). 
We will now see how far the species occurring in the Lower De- 

vonian (Lowest or Lynton) beds agree with those of the Upper and of 
the Carboniferous south of Pickwell Down at Baggy, Marwood, Sloly, 
and Pilton —the two groups of rocks which Mr. Jukes states are on 
the same geological and paleontological horizons, and that both are 
the “Carboniferous Slates” of Ireland. In this comparison I 
neglect all but the Brachiopoda. The mass of species in other 
classes and orders will be compared hereafter in their proper place. 
The species occurring in the Lynton Slates are the following :— 

Lynton. South of Pickwell. 
Athyris concentrica, V. Buch. ' Chonetes Hardrensis, Phil. 
Chonetes sordida, Sow. (vel C. Hardrensis ?, Phzil.). 

Spirifera canalifera, Valen. 
hysterica, Sch/loth. | 
leevicosta, Valen. 

Orthis granulosa, Phzii. 
arcuata, Phill. 

Streptorhynchus umbraculum, Schloth. 

The only species, therefore, believed to be common is the Chonetes 
Hardrensis ; and there is much doubt still as to the Lynton, C. (Lep.) 
sordida, Sow., being the Upper Devonian and Carboniferous Chonetes 
Hardrensis of Phillips. It is, however, retained. Should they on 
closer research prove to be distinct, we then have no species in this 
or any class common to the Lower Devonian slates of the Lynton area 
and the Upper Devonian, or to the Carboniferous Slates, or to the 
Lower Limestone shales, anywhere. Casts of Crinoidea cannot be 
received as of specific value ; and the dubious Fenestella antiqua, said 
to be in every bed, has yet to be understood. However much, then, 
at a casual glance, the slates and grits of Lynton may be said to 
physically resemble the beds of Baggy, Marwood, Croyde, Braun- 
ton, and Pilton &e., on close inspection and zoological analysis, 
they bear scarcely any resemblance. The physical conditions, 
structure, arrangement, and cleavage of the Lynton Slate group 
generally, altogether differ from the associated slates, brown 
sandy grits, and limestones in the Baggy and Croyde area—to say 

2x2 
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nothing of what I believe to be the case, that hardly a single 
species will ever be found common to the two areas. The very 
band of Upper Old Red Sandstone which stretches (in place) across 
North Devon from Pickwell Down (Morte Bay) to Wiveliscombe and 
the Quantock Hills constitutes a natural base-line to the Upper De- 
yonian rocks and species. The physical changes that accompanied 
and produced that great accumulation of red sandstone also seem to 
have modified the forms of life that succeeded it, now enabling us to 
draw both a physical and palseontological boundary-line between the 
well-marked [Ilfracombe or Middle Devonian group below, and the 
Upper, or Baggy and Marwood, group above; and, more important 
still, the species comprising the Petherwin fauna to the south of the 
Culm-trough, which are older in time than those of the Baggy and 
Marwood beds, have to be interpolated and accounted for, although 
at present not yet recognized below the Baggy series on the north 
side of the Culm series. To still carry on our analysis as to the 
value of the Brachiopoda, and the relationship between the admitted 
Lower and Middle Devonian rocks of this area and the supposed Car- 
boniferous Slates south of Vention and Morte Bay, we must state the 
evidence collected and given in Tables [X. and X. It1s there seen that, 
of the 48 species of this class distributed through the Lower, Middle, 
and Upper Devonian slates and limestones, only 13 species of the 
whole are common to the two formations, namely the 9 following :— 

Athyris oblonga, Sow. Rhynchonella reniformis, Sow. 
Discina nitida, Phil/. Spirifera Urei, Pleming. 
Lingula squamiformis, Phill. Spiriferina insculpta, Phil. 
Productus scabriculus, Martin. | Terebratula sacculus, Mart. 
Rhynchonella acuminata, Martin. 

all of which are Upper-Devonian and Carboniferous forms, and not 
known in older beds north of the Pickwell or Morte-Bay Old Red 
Sandstones ; and the remaining 4, 

Rhynchonella pleurodon. Streptorhynchus crenistria. 
—— pugnus. Strophomena rhomboidalis. 

are common to the Middle and Upper Devonian and Carboniferous 
rocks of North Devon ; but if the remaining form, Chonetes sordida, 
Sow., of the Lower or Lynton Group, and the Chonetes Hardrensis, 
Phill., be one species, then we have only one shell that passes through 
the whole of the rocks of North Devon, or only one species connecting 
the Upper Devonian slates of Baggy and Marwood, &c. &c., with 
those of the Lower at Lynton and the Middle at Ilfracombe. The 
9 Upper-Devonian forms before named have ever been regarded 
as passage-species, and subject to the caprice and views of those 
who would (all other evidence wanting) place them either at the 
base of the Carboniferous, or at the top of the Upper Devonian, 
although careful examination into their specific value would de- 
termine them (at least 3 of the 9) as having far greater affinity 
with Devonian types, and but a slight range into the Carboni- 
ferous series. The paucity of species, in all the other zoological 
groups that exist in common in the Devonian and Carboniferous, 



ETHERIDGE—DEYVONIAN ROCKS AND FOSSILS. 661 

is known and recognized by all paleontologists, this doubtless 
arising from the littoral and sublittoral habits of the Invertebrata, 
and their migration or change under different bathymetrical and 
other physical conditions as regards land and water. North and 
South Cornwall possess 22 species in common with the Middle and 
Upper Devonian of North Devon. They are placed in their re- 
spective positions in Table II. pp. 616-634, so as to complete the 
evidence; and it is only in the Upper Devonian beds of Petherwin, 
Tintagel, &c. that the species approach and have passage affinities ; 
they are generally true Upper-Devonian forms, and have been well 
determined. It will also be seen that of the 27 species found in 
the Ilfracombe group only 4 are common to it and the beds south 
of Morte Bay as well as to the ‘Carboniferous slates.” These 
are stated above, and need no further comment. 

I will embody in one Table (IX., p. 669 e¢ seqq.) all the known spe- 
cies in the Lower, Middle, and Upper Devonian series of North Devon, 
and include also the Upper Devonian species of Petherwin in a sepa- 
rate column, and indicate those that pass up and occur in the passage- 
beds between the Devonian and Carboniferous of the same area, 
admitting that the Barnstaple beds, and all south of them to the 
latitude of Venn and Swinbridge &c., belong to the Carboniferous 
group, as determined by Sir R. Murchison and Prof. Sedgwick in 
the year 1836*. With these Devonian species I have collated those 
recognized as belonging to the Carboniferous Slate of Ireland and 
the Coomhola Grits which are associated with them, in other words 
recurrent formst. This Table will go far to show us, if it does not 
prove, that these so-called Coomhola species of Ireland are chiefly, 
if not entirely, derived from the typical Upper-Devonian fauna— 
from that group which so conspicuously and conformably rests (in 
North Devon at least) upon the unfossiliferous Upper Old Red Sand- 
stone of Morte Bay. 

The assertion of Prof. Jukes, in his ‘‘ Notes for a Comparison ” 
&e.t, that all the species occurring in the rocks above the Vention 
Old Red Sandstone are those of the Carboniferous Slate, with those 
of the Coomhola Grits in the lower parts, is based upon the fact 
that the Irish species are compared with those of North Devon, 
and referred to them as the types. The 97 species named in his 
“ Fossils of the Carboniferous Slate,” page 22§, and referred to 8 
localities (p. 17) in North Devon, and one locality (Petherwin) in 
North Cornwall are, without exception, well-known and recognized 
Deyonian species, no one form occurring in the so-called Coomhola 
Grits or Carboniferous Slate of the typical Irish area. In this list 
there are 84 species catalogued as belonging to rocks of this age; yet 
not one occurs either in these lower members of the Carboniferous 
group, or in the Carboniferous Limestone of any area: it is simply 

* These beds were called “‘ Greywacke” by most writers up to the time of 
De la Beche, who also retained the title in his ‘Report on the Geology of Corn- 
wall,’ &e. t In the column headed ‘ Carboniferous generally.” 

- t “Notes for a Comparison between the Rocks of the South-west of Ireland 
and those of North Devon and of Rhenish Prussia,” &c., Journ. Roy. Geol, Soc. 
Ireland, 1865, § Lbid. 
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an assertion, arising from or through similarity, not identity, in rock- 
masses, without any physical or paleontological proof whatever. 
When itis proved, determined and admitted that all the slates, grits, 
and limestones to the south of, and that rest upon, the Upper Old Red 
Sandstone of Pickwell Down, are of Carboniferous age, and not 
Upper Devonian, then these 84 species may occupy the place assigned 
to them, or be classed with the Irish Carboniferous Slates and their 
associated Grits. I have, however, good evidence to the contrary, 
and will not confound either the two areas (North Devon and South 
Ireland) or the species occupying them*, 

Whatever views may be entertained relative to the contempo- 
raneity of the Carboniferous Slate, either with the Carboniferous 
Limestone or the Upper Devonian, it is quite evident that in the North 
Devon area the succession of the strata and of the groups of associated 
fossils is continuous and natural—being, in fact, one great physical 
and zoological group. It is only south of the Baggy, Marwood, and 
Croyde zones, in the order of succession, that we see anything ap- 
proaching the physical and zoological conditions of the Carboniferous 
series. The assertion that these beds are Carboniferous Slate with 
Coomhola Grits, is not borne out by the lists of fossils intended to 
convey that impression in Professor Jukes’s papery; the Baggy 
and Croyde series conformably overlie the upper red sandstone of 
Vention, which constitutes the natural base to the Upper Devonian 
of North Devon, these being still succeeded at Barnstaple &c. by 
the Lower Carboniferous beds, which are of great thickness before 
they reach the Culm-measures to the south. 

I have clearly shown in these Tables the relations that the 
Upper Devonian fossils of Baggy, Marwood, Sloly &c., have to 
the Carboniferous in this and other areas; and Mr. Jukes’s list, 
when divested of the 84 species from the Upper Devonian of Pether- 
win and the above-named places, tells the same facts. 

VI. SrRaTIGRAPHICAL VALUE OF THE SPECIES COMPRISING THE 
DervontaAn FAUNA. 

No one disputes either the intermediate position of the rock- 
masses comprising the so-called Devonian system, or that, accom- 
panying them, there is also a fauna composed of genera and species 
at present not known either below, in the Silurian system, or above, 
to a very large extent, in the Carboniferous. 

I propose to briefly discuss the evidence and value of this fauna, 
which will aid us in affixing a value to the whole system, and also 
enable us to distinguish it from the Carboniferous, which, although 
allied to, and containing many species (54) in common with the 
Devonian, is yet a totally distinct group; it is chiefly through its 
upper division, and at the close or passage into the Carboniferous, 
that the relation exists, which we should expect. 

* Consult Table X. p. 674. 
+ Notes for a comparison between the rocks of the south-west of Ireland and 

those of North Devon and of Rhenish Prussia (Journ. Roy. Geol. Soe. Ireland, 
1865). 
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It is well known that in the Continental areas where the Devonian 
system is well developed, and also in Britain, certain and pecu- 
liar genera occur which are represented by a limited number of 
species ; yet the fauna of the Devonian period, so far as at present 
known, when compared with those of the two periods (the Silurian 
and Carboniferous), is comparatively poor *. 

We may assume that eleven classes are represented in the fauna 
of the Devonian system, viz. the Amorphozoa, Coelenterata, Echino- 
dermata, Crustacea, Polyzoa, Brachiopoda, Lamellibranchiata, Nu- 
cleobranchiata, Gasteropoda, Cephalopoda, and Pisces,—the last but 
sparingly (as far as we know), but still of considerable importance 
as bearing upon the question of the synchronism of occurrence of 
certain forms of life in deposits believed to be of equal value, or 
equivalent in time, though accumulated under different conditions 
and in different areas. We know that 9 of the 11 classes do not 
occur in the true Old Red Sandstone, none of the marine De- 
vonian Mollusca, Coelenterata, and Echinodermata having any re- 
presentative in the Scotch, Welsh, or English areas occupied by that 
group of rocks; but evidence of late tends to connect these two 
disconnected yet contemporaneous deposits through the group of 
Fishes, so that chronologically the difficulty of correlating them is 
partly overcome ; for the Middle and Upper Old Red Sandstone of 
Russia contains a marine Molluscan fauna associated with the Fish ; 
Scotland contains the same Fish, but no intermixture of associated 
and marine Invertebrata. This fact clearly identifies the Middle and 
Upper Old Red Sandstone of the northern or Scotch area with the 
slates and calcareous series of the Eifel, and with the Devonshire De- 
vonianst ; and now we have in South and North Devon conclusive 
evidence of the same fact, from the occurrence of Phyllolepis con- 
centricus and Ichthyodorulites of Onchi in the Lower Devonian Slates 
of Looe Island in South Devon, and Holoptychius in the Lower and 
Upper Devonians. 

No value is attached to the occurrence of many species of Fish 
that occur in common at the top of the Upper Silurian series and in the 
lower beds of the Old Red Sandstone ; they are locally connecting 
species, in the passage-beds, and do not occur higher ; and the want 
of absolute chronological and paleontological identity between the 
Lower Old Red Sandstone and Lower Devonian prevents our true 
correlation of the two series. Auchenaspis Salteri, Cephalaspis 
Murchisoni, C. ornatus, Onchus Murchisoni, O. tenwstriatus, Plec- 
trodus mirabilis, P. pleiopristis, Pteraspis Banksii, and P. truncatus 
are all Upper-Silurian species, four of which, A. Salter, C. Mur- 
chisoni, C. ornatus, and Pieraspis Banksii, are common to the Upper 
Silurian and Old Red Sandstonet. The remaining 108 species of Fish 
are distributed through the Lower, Middle and Upper Scotch Old 

* Vide numerical or census-table of the number of genera and species in the 
Silurian, Old Red Sandstone, Devonian, and Carboniferous strata, p. 615. 

+ Siluria, 3rd edit. pp. 382 &c. 
t For much valuable information and tabular results see Pengelly, Brit. 

Assoc. Report, 1860, Oxford Meeting. Also Pengelly “On the Devonian Age of 
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Red Sandstone, three only being known in the Marine Devonian, 
viz. Phyllolepis concentricus, Onchus, and Holoptychius (vide Ta- 
ble IT. p. 630-634, for distribution of all the species through the Old 
Red series). 

1. Amorphozoa.—Four genera and nine species of this class occur 
in, and are here noticed as being peculiar to, the Lower and Middle 
Devonian rocks of Cornwall and South Devon; one species only, 
Stromatopora concentrica, Goldf.,is known in North Devon and West 
Somerset. They likewise occur in the Rhenish beds of the same 
age. The singular and typical Spherospongia (Spheeronites) tes- 
sellata, Phill., is strictly British, and at present is known only in, 
and confined to, the limestones of the Middle series at Launceston 
and Woolborough in South Devon. The abundance of Steganodic- 
tyum in the Lower Devonian slates of Polperro, Fowey and Looe, 
indeed all along the South Devon and South Cornish coast, from 
Mudstone bay to Brixham and Fowey, as well as on the north coast 
of Cornwall at Bedruthen, testifies to the widely spread distribu- 
tion of this hitherto peculiar British species ; and, confined, as it is, 
to the Lower division of the Devonian slates, careful search will, I 
believe, reveal one or both of the species in the Lynton area. No 
Amorphozoa are known either in the Upper Devonian rocks of any 
area, or in the Carboniferous group, unless we accept the doubtful 
genus Tragos, which is peculiar to the Carboniferous Limestone, 
and which may belong to this class. These nine Lower (and one 
Middle) Devonian Amorphozoa, amongst other fossils, must there- 
fore be considered evidence of much value when associated with 
higher forms which are also strictly Devonian types. 

2. Colenterata.—The greatest significance must be attached to this 
class, when treating of the stratigraphical value of the Devonian 
fossils. They stand alone, and, side by side with certain genera of 
une Brachiopoda, serve especially to distinguish and characterize the 
Middle Devonian series. No less than 24 genera are known to 
occur in this Middle division alone, of which the following 15 are 
confined to it, viz. Acervularia, Arachnophyllum, Battersbyia, Cam- 
pophyllum, Chonophyllum, Emmonsia, Endophyllum, Hallia, Helio- 
phyllum, Metriophyllum, Pachyphyllum, Plewrodictyum, Smithia, 
Spongrophyllum, and Strephodes. These known 24 genera embrace 
53 species, 52 of which are strictly Devonian, 45 being confined to 
and characterizing the Middle group alone (see Tables II. and V. for 
distribution). Analysis and comparison of the British species with 
those of the three European areas reveal and give the same results. 

Table VIII. has been constructed to show the remarkable 
distribution of, and zoological agreement between, the British and 
Foreign species in space, and their distribution in time also. 

We find that 10 genera and 22 species are identical and common 
_to the four areas, and also to the received stratigraphical groupings 

the World,” the substance of six lectures delivered at the Royal Institution, 1861, 
Geologist, vol. iv. p. 382, 1861; and Pengelly ‘On the Geological and Chrono- 
logical Distribution of the Devonian Fossils of Devon and Cornwall,” Geologist, 
vol. v. p. 10, 1862. 
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in these four areas*. Four species of one genus are known also 
in the Russian Devonians, viz. the widely distributed and charac- 
teristic Fuvosites Goldfussit, F. reticulata, F. jfibrosa, and F. cer- 
vicornis (polymorpha). 

It is needless attempting any comparison of the British Devonian 
corals with the Carboniferous; for they stand alone, one species 
only, Michelinia antiqua, M‘Coy, with much doubt being referred 
as common to the Upper Devonian series of North Devon and the 
Carboniferous beds of Hook &c. in the South of Ireland. 

Comparisons made amongst the Devonian Celenterata (Tables II., 
Y., & VIL.) reveal to us the importance that must be attached to the 
intermediate grouping and stratigraphical place of the South and 
North Middle Devonian limestones and slates, the limestones of both 
areas yielding, as in all others, the chief mass of the species; but 
Petraia celtica, P. gigas, P. pleuriradialis, and Pleworodictyum pro- 
blematicum are abundant in the slates, and Favosites cervicornis is 
common to both, in North and South Devon. 

The relation of the two allied and connected regions is shown 
from the fact that they contain 10 genera and 18 species of corals 
in common, an agreement singularly close to that borne by the three 
European areas to our own, where the same number of genera occur, 
and 22 species (see Tab. V.). This coincidence may not have any 
great value in itself, but it tends to show the persistency and 
distribution of species through a given time, and over a definite 
area. No species is known to be common to the Lower, Middle, 
and Upper series, and only one to the Lower and Middle, viz. Favo- 
rites cervicornis. No attempt need be made to individualize special 
genera or species, as the Devonian corals as a group are peculiar to 
the beds in which they occur, and distinctly mark the intermediate 
character of the Devonian series, as well as, being a zoological 
group, distinctly characterizing the Middle Devonian series, to which 
they are confined. 

3. Crustacea.—This class, as a whole, is but feebly represented in 
the marine Devonian group, two orders only being known, viz. the 
Ostracoda and Trilobita. Our present means of comparison between 
the Old Red Sandstone proper and its believed equivalents, the 
Lower, Middle, and Upper Devonian of Cornwall and Devon, both 
on physical and paleontological grounds, do not enable us to affirm 
positively that they are identical; but it is not a little singular 
that two such opposite classes in the animal kingdom as the Crus- 
tacea and Fish should be so largely represented at the close of the 
Silurian and commencement of the Old Red Sandstone period, 
the former through the suborder Eurypterida (order Merostomata) ; 
the latter through the Ganoid and Placoid Fishes, both of which, 
and the species in which, equally represent the close of one period 
and the commencement of the other, the one (Merostomata) not 
again appearing in the Devonian rocks of any area, whilst the 
Fishes are only sparingly represented in the Middle Devonian of 
Livonia, in Russia, of the Eifel, in Rhenish Prussia, of Looe, in 

* Devonshire, Rhenish provinces, Belgium, and France. 
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Cornwall, and of Baggy, in Devonshire. As before stated, we have no 
means of establishing any real comparison between the 43 genera 
and 113 species of Fish that are known to be in the true Lower, 
Middle, and Upper Old Red Sandstone of Scotland, England, and 
Wales &e. 

The typical Upper Devonian beds of Petherwin yield Cypridina 
serratostriata, the only form of bivalve Crustacean (Ostracoda) 
known in the Marine Devonian beds. It is the Rhenish species, 
and occupies the same position in our English Upper Devonian of 
North Cornwall as in Nassau, Thuringia, and Franconia ; its abun- 
dance and persistency, accompanied also by the genus Clymema, 
affords a parallelism which cannot be overlooked, other conditions 
also coinciding. 

The Trilobita, as contrasted with the Silurian species, afford no 
comparison ; they, like the Corals, are a group of genera and species 
peculiar tothe Devonian rocks which contain them. No genus or species 
occurs common to the Carboniferous and Devonian rocks. It should 
be noticed also that although the 6 genera, viz. Bronteus, Cheirurus, 
Harpes, Homalonotus, Phacops, and Trimerocephalus are Silurian, 
yet their 11 species are all peculiar to Devonian strata; and although 
Phacops granulatus, P. lacinatus, and P. latifrons oceur in the 
uppermost Devonian beds, they have, nevertheless, never been found 
in the Carboniferous series, unless it be admitted that the Barn- 
staple beds are positively of that age, and P. latifrons occurs in 
them. This affinity with the Silurian series through the Trilobites 
adds one other element to strengthen the view that difference of 
province, migration to new areas, nature of sea-bottom &c., or the 
remnant of an older and almost extinct fauna might have existed 
during the series of changes which took place, even over so small a 
geographical area as that occupied by the Silurian and succeeding 
Devonian seas, at, or contemporaneous with, the close of the Silu- 
rian period and the commencement of the Devonian. These genera 
and species of Trilobites died out at the close of the Devonian 
period, and were replaced by one family only (the Proetide), pos- 
sessing three new generic types, which characterize the Carboni- 
ferous rocks, viz. Phillipsia, Griffithides, and Brachymetopus, which 
contain 15 known species ; so that neither families, genera, nor spe- 
cies of this group passed from the Devonian to the Carboniferous 
sea*, The remaining seven genera in the orders Merostomata or 
Peecillopoda, and their nineteen species, found in the Old Red Sand- 
stone have no significance in our present inquiry and examination, 
arising from want of comparison and our not yet being able to 
satisfactorily correlate the group of the marine Devonians with the 
received divisions of the Old Red Sandstone. 

4. Cephalopoda.—Comparisons amongst the chief Devonian 
genera and species themselves, or between them and those of 
the formations above or below them, would not be complete 

* The distribution of this order, both stratigraphically and chronologically, is 
the same through and over the three European areas, the same results being ob- 
served in the Rhenish, Hifélien, and Boulonnais rocks. 
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without some notice of the class Cephalopoda, which, as a 
group, occupies a very prominent place in the fauna of the 
Devonian period, and one of marked significance. Five well- 
defined genera, all belonging to the order Tetrabranchiata, occur 
in the British Devonian rocks. Two of these, Clymenia and 
Cyrtoceras, have no such distinctive zoological parallel in any 
other British formation: they would appear to have constituted 
two colonies of very restricted range, both in time and space; and 
this remark applies to either genus at the time of its culmination, 
the one (Cyrtoceras) in the Middle Devonian of the South Devon area, 
at Newton &c., the other (Clymenia) in the Upper Devonian of North 
Cornwall, at Petherwin, Landlake, &c. Whether the upper portion 
of the Newton deposit, through synchrony or homotaxis, or both, be 
regarded as equivalent to that of Petherwin or not*, two more 
distinct zoological groups do not exist in any known area of the 
British islands. The species of the genus Cyrtoceras are, with one 
exception (C. rusticwm), confined to the Middle Devonian series of 
Newton Bushel, where twelve species are known to occur, three of 
them (C. nodosum, C. ornatum, and C. tridecimale) being also found 
in the Rhenish and Eifel beds of the same age. No form is known 
in the Upper Devonian in any area; and only two, totally distinct, spe- 
cies occur in the Carboniferous Limestone of Ireland, Derbyshire, and 
Belgium, viz. C. Gesnert, Martin, and C. Verneuillianum, Koninck. 
The distribution of the genus Olymena, which contains ten species, 
is yet more remarkable and definite as bearing upon that of the Devo- 
nian fauna in our own area, and clearly also identifies it with the true 
Upper Devonian (Clymenia-limestone and Goniatite limestone and 
shale) of the Rhenish provinces. ‘Ten species colonize this one area, 
and appear to have been confined to it in Britain; but through ©. le- 
vigata and C. striata being found in the Eifel, and C. wndulata in the 
French Devonian beds, we are enabled, aided by other characteristic 
fossils, to associate the Upper Devonian series of Petherwin with 
deposits of the same age on the continent. 

These two colonies of Cephalopoda, singularly distinguished by 
two genera of the same order and numerous species in each, and 
occupying two geographical areas, may yet have been contempora- 
neous, and their remains synchronously deposited. Their zoological 
associations, however, are notably different, and would point to dif- 
ferent conditions, dependent perhaps more upon province or station 
than time. The genus Oyrtoccras, with its thirteen species, is asso- 
ciated with a numerous assemblage of corals and Brachiopoda in the 
Middle Devonian of Newton Bushel; whereas the eleven species of 
Clymenia and three species of Goniatites, with one Nautilus, occupy 
a marked position in the true Upper Devonian slates and limestones 
of Petherwin and Landlake, not one of these species occurring in 
any higher beds; and of the whole 243 known species comprising 
the Middle Devonian fauna of South Devon, twenty-eight are com- 
mon to it and the Petherwin beds; these added to the twenty-seven 

* Mr. Salter believes, and with good reason, that the uppermost part of the 
Newton beds are of the same age as the Petherwin series of North Cornwall. 
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peculiar species of Clymenia and Goniatates (55 in all) constitute 
an assemblage of organic remains not known in the Carboniferous 
series anywhere. 

5. Brachiopoda.—We cannot pass over this important class of 
Mollusca, which plays so important a part in the fauna of the 
marine Devonian rocks; and although in this group there is more 
community with the fossils of the Carboniferous series than any 
other, still it will be shown that it is chiefly through the Upper 
Devonian and passage-beds that the affinity exists. J restrict the 
term “ Upper Devonian” to those beds that repose upon the highest 
member of the Upper Old Red Sandstone at Vention, George Ham, 
Marwood, High Bray, Dulverton, and Wiveliscombe—in other words, 
to that latitude occupied by the uppermost beds of the non-fossili- 
ferous red sandstone that stretch from Morte Bay to Wiveliscombe. 
The labours of Mr. Davidson *, in his elaborate monographs upon 
the Devonian and Carboniferous Brachiopoda, have now determined 
and fixed the specific nomenclature of this class with such precision 
that we are enabled, through his valuble researches, to correctly 
estimate their numerical and specific values, as well as to collate 
them with the continental Devonian species. We find that twenty- 
five genera and ninety-nine species are known in the British 
Devonian rocks, and that thirteen of these are common to them 
and the Carboniferous in Britain or Ireland. Seven of these 
thirteen do not occur below the Upper Devonian—viz. Athyris ob- 
longa, Discina nitida, Lingula squamiformis, Productus scabriculus, 
Rhynchonella acuminata, Spirifera Urer, and Terebratula sacculus ; 
whereas the remaining 6 species, Rhynchonella plewrodon, KR. pug- 
nus, R. reniformis, Spiriferina insculpta, Streptorhynchus crenistria, 
Strophomena rhomboidals, and Terebratula sacculus are common to 
both the Middle Devonian and Carboniferous, one species only, the 
doubtful Chonetes Hardrensis, being common to the Lower, Upper, 
and Carboniferous. The remaining eighty-six species are therefore 
strictly Devonian forms. (Vide Table II. p. 616.) Considerable 
weight must be attached to those genera which here as well as in 
continental Europe are not known above the Middle group, and 
equally characterize it both in our own two areas (viz. North and 
South Devon) and in those of the continent. The following eight 
genera and nine species are here given to show their value and 
relation :— 

Calceola sandalina ft. Rensseleria stringiceps. 
Davidsonia Verneuilii. Retzia ferrita. 
Merista plebeia. Stringocephalus Burtini. 
Pentamerus biplicatus. Uncites gryphus. 

; brevirostris. 

Of the ninety-nine British species, fifty-two are represented in either 
the Rhenish, Belgian, or French areas, only six of which are known 
in,or are common to, the Carboniferous rocks. In Table VIII. p. 658, 
is shown the relation of our Devonian species to those of the three areas 

* Monog. Brit. Dev. Brachiopoda, Pal. Soc. 1864-66. 
t This form has not yet been satisfactorily determined in N Bas: Dean 
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above mentioned, in which it is seen that 52 (or more than 50 per 
cent.) are common to the British and European Devonian rocks. 
Again, if we admit that the Barnstaple beds are of Carboniferous 
age, and take the whole of the North-Devon Brachiopoda, or com- 
pare those of the same area together (?.e. the north and south side 
of the supposed fault) and with those of any Carboniferous locality, 
the result is, that of the 48 species known in the North Devon Devo- 
nian series, thirteen are also Carboniferous, all of which are in the 
Upper division south of, or above, the red Pickwell sandstones, 5 
occurring in the Middle division ranging north of Pickwell, and one 
(Chonetes Hardrensis or C. sordida) in the Lower or Lynton group ; 
in fact, the relations and affinities of nearly the whole of the Devo- 
nian fossil fauna are through those species that comprise the Upper 
Devonian group south of and upon the Upper Old Red Sandstone of 
the line above mentioned. (See Tables VIII., [X., and X.) 

Taste IX.—Species occurring in the Lower, Middle, and Upper 
Devonian Series of North Devon and Petherwin (in North Cornwall), 
showing those species that pass into the Carboniferous in any area. 
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Taste IX. (continued). 
1 

North Devon. 

4 . 8 . s 
Species, Sd tty hue 

sig |. 
a)? a 
Sis | 8 
Ble ie ces 
a |e ie 

Cyathocrinus mao deciglas PR 25 bene sisec|ff3er-|. ¥ op e 
pinnatus, Goldf......... Bie SORA ities) Me [Bt fava. cis * 

SS ="varlabprlis’ PH. oles .cc esis bkkas sabe Cre? i rcs * * 
Pentremites ovalis, Goldf. ......... Fee, Atte ae cefecseee] 
Taxocrinus macrodactylus, Phil. ............ raves s[ecokeoltheseaqun ae 
IPRO GASKET. "SDa aon conse: sere hae elec “Wa incs dnseas fal eecral eee * 
aieca suely Bes ce seathe . eae i bee = ks ade: Had <0 Geta aee[eeeene * 
Tentaoculites anxitilatus, Sehlotiy <4. ...cccescyessseaceferese>| 

SCalanigs: SORE «42a £85; 5c88 me sdcnee < eos copa cheesactiee Heel ge: 
Phacops gramtlabus, 20s7, 2 ..cc. ace maven enoesa|sese se veeee| % 

laciniatus, Rem. ...... Ae SCH OE SPOOR A Pee <i. |: 7aoee 
latifrons, Beye te ee, alle * 
Hatrewlit, (S¢eun.) suace.c. 5) We on ce eepe ate eae Al eiecieiem ewes x 

‘Trimerocephalus ! NESW) DORIS E Fsd sclbivee sc Wipe eee a ie 
Cypridina serrato-striata, Sandb. ...... sfeie aeree toe ateeall a cee 
Cerinome Sumthiss FR. oss jc ccwns savas ue aaceans oteloasens * 

Ea CGE 2 1] AO ee i an ae MRL EE SO Aer e * 
Fenestella antiqua, Goldf. ............... Sealer eNceew al SOU orR ea 

axhhritied, Re. ¢.dborks cachescdecs deans RU Aueeh arcs % 
PLSD eles A Com, vic iii. davaawtuibi 5 sore eeeeeeuaseee lee ace sieae 

Glauicondme bipartite, PRE occ. 2 oon csece tees colhesslsemnee * 
Bolypora lake. PRU. Pi ccten .<teioc dau cameysse ade: gachetsecchemene: * 
Retepora repisteria, Goldf. ...... serieeciyin ona Soe assilaas he [3 
Athyris concentrica, Von Buch ............ Slee gal Weel ae ee 
—— decussata, Sow. ......... get ones ae eae ec) eae * 

INGemtitia, saw. Pees acc sn ck come eon aaeee giatlubssaul ewan * 
Oblong, SOW. tevcas chives sveus Hea sites dag caveats Saeed Osea * 

Atrypa desquamata, Sow. ............ velsune Mes maie sess: ee 
weblieularis,) 277400. cee eines goes es sates Mee Pet AREA » al ere 

5 Walt. ASpera, -SEMOM. | 212 ia a eaceoejoosens Eee Ae 
Chonetes sordida, Sow., vel Hardrensis, Phi. SP SSG * 
Cyrtina heteroclyta, Def. ............ yale canescens. Boone eS 
Disema nitida, Phe. oo.5.8.~.. - eR aReeR seraees eee ee sea teeaaas * 
Merista plebeia, Sow. ......... one urd Seseaneenemeee BAe ree 
Limgula squamuiformis, PHM. i eosck gens ca ces calse eee -fees eae * 
Ortlis cincuaba bas vcaccoreecen aaa ae eye ae 

PRAMULORD, CUI 7 neicn~ bao. coreccannanee seater e tne haa 
—— interlineata, Sow.................5. neh Fetes isi ie a5] UEw x 

striatula, Schloth. ......... heels eh ee at ae ee ee * 
Productus iongispinus, Dav. ............00. Sasa - ss 3 

prelongus, Sow. .......... Sete sitar hee te ee me at ree * 
SCA DIUCU IMS ORG BL. ce aecesadusqecgevecs soles Sessfouey ashe 

Rensseleria stringiceps, Ramer .........0.ccecceceeu[eeees x 
Rhynchonellla cupordes, SOW... ...... sec. ownage guae|serses * 

Waticostak gwen bess. aeckcs <<. Puaanis Cicecea sacs ‘ : * 
=> WICUNOMOMy HHH eae yes vovceecssesdgredeosevecleogang % | * 

PUG HUW, WURAM eee athas: 5s <4 carescagmaasetese|eueee a a 
* reniformis, “ow. ......... Baas eT ea Saailsaenets peeps ' 

win. = 

£ 
vo 

: g f |? 
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a |e 
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Tasre IX. (continued). 

l 
North Devon. | Pether- 2 | 

win. | = 

| 2 | 
: i = 

Species. |g 2 é 6 : 

ale ta |e is 
oe = ag a ae Aaa ke 
Ee he Sallie 

ao. WS) pk | ees iS 

Spirifera canalifera, Vale, ......2.0..cccecces000000s. an 2 
CREW OUIA, acca se cas seavescaccscivoncssest|e>s-s- * 
RES MRE aR I Oh stock cans viuties wovstuecckyssreiea|eor es * * * 
PETES gles 17 5 7 Sana a a pease Pansies larere ase | * 

—— hysterica, Schloth, .........ccccecccsccssecsceees * 
Se [evicesis, Pate. voccev sc se lcilccscsckaee ec: * 
=a MTC SAR N AERGIOUI So ludpccdeshvcctdocussvusesecvest[ecouyyeees.: x * 

Pe (COS i (2! SRR SSPE eel teats mar ape Sey a Peay te aes * 
MRP RMAATULSE EE a2 Msc eon luy ove sees ce ini eat RES (her ae ¥ 

eee MINE, FP UCM., 5 occ cscoccclecicieccccdesapeus Mee idk ved * 
ELA i Se BE Sas er ent ae Pane en eee * 
MMPERIN RCM: Scind. Mtoe Zc eas pe eae doe. se ok ee baggie les x 
TUEs LEQ: Jc: RMR Are eae peter ane ee Hanes * 
TEL EE a ES et a eee meee o BP * | * * x 

pie trcerina Chistata, Mchlo1e oo... 50.55) cadecees Soe ae LN ee ei * 
Stringocephalus Burtini, Defr. ...2:............000- | Sale ls 
Srepromiynehus CretIstria, PR. 2...2..c2s.008cecses|esspes) | * * 
EL TS 07 gn? Wee ee” Sa eee anc anet ner ae, eee | ein x 
peaiericiiarin Phil oc. ee OS Baap bees x 
meibraculuan, Seno. 22.2.0 060 oie. | x2 | x | 

Strophalosia productoides, Murch.............c.cecsfeeceeefeegees * * 
Strophomena rhomboidalis, Wahlenb. ............ | ei des ia alee aad (erie rate x 
Wempratuia paces, Mary 222 PSo oi liscal|aanse slope Fala als ee % 
yee, Darponiensis, Gow. =. 0.0.0.0. 6 ae TAsneeiede sok * 

SE ieee Spear alo oles idan i ctadatenlaccasAseceeetegater * 
LLU LED! S20 AS IY ep aiaigee een rece Sapiman Care ae | x 

Avecmlopecten altertiatus, PRI, . 25... ........0.00.-|osseoelleaseefaye ee * 
: DAU D1 Re! 0 gael eam aee tant iaetehenme POY Mieieee Apa * 

RTUMIG IIE ake ae ees ores cccecseocusgecse 0: | pamotepranest Serclepsas peel * 
ESET TEs) JME span eerie ee rake ines Paes, Henkes Aire * 
DET RE G0 Oi abs es saben Orin eee Me an eas ena * 
PEC CME NOD MANMn ea hcl .oeo sory acess vl eee hAnpstbeeeeekt * 

= POLY IGT, FGI. yak. cee do sadn obadincdcheds|nas«0Jagveun % 
CO BE Ue alle eect ERE ta Rn tact ee % * * 

Pterinza cancellata, Phill. 
eas Bh ee RO ee | 

SUE, oT 1 IIE Ree Rae Rie (fe Pa Fae (foo | bec 2 * 

Ce 

SET RE eee, Sat SR, cee Sea % 
Crmciona motromnriara,, 7. Baek iss ilo idaecleres\ dence eclee-ens * 
Cutulleea atnyedalina, Phiii,  .:....5.0..c.cielesescclecrsaslees sos ey Nea x 

EOP" se EBS Sei ea eet ee Mel eae * 
eh Lo Qa Aap ae SR eee Ere pea Da Rae * 

Be a ol By ae eS irr in * 
cote Tata J) Gy ak ovmas a eas Air he eh * 
traperavin, Bow, a ee te EES Saeein a % 
pL” Fan RR oo SURE oehes Sbatys on LOS A i Fae PRA * 

Se | CAT te ol See x 
rencias Pamala, Pte, 1 2s you tee ete 2s <[se- ss lapavgateasdey % 
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Tare IX. (continued). 

North Devon. |?ether- win, | 
x 

Species. Sate vie 5 2 
> o & & Pa 

a | |e | tae 
Hi 4 H 4 = 

P/E \/E| Ele 
a |2 |. (aaa 

ClenodomtaKirachtas, Co 1-2 no. sce seer eee * 
——— NIU POO. lerecees nec iicsees et ceoseeneoecmens cles ese * * 

LEN SiSiG Tae CO OCILA Cree ir Alia Piper tomernmedivss. arena’ eis x 
rl DAD e1 1 &/ Ca oI Roo a enn Ae IR eI MEIN IciotrOO * 
ma LCA MOUL. Me ctacc tse <a duane auecenere nc sasceaee [oon o|aeanae * 

pullastrntormis, WECoy iiec ieee scdes ace eels ee * 

@untonotus rectus SAIC. ose s2.c.ceres cee sen aces mescn|en eer eee * 
ClesaMS, SOUL. «ccs. tence scumecae waat eases scale nee rere * 

Cypricardia Phillips, 20) Orb. o)..c0s: sess eee ae sae * 
Leptodomus constrictus, M‘Coy ...........c0ceeeeeeefeeeeee[eeeee x 
Mesalodonteuculllatus,jSois..s0e-.eeeeeees ee seeee eee 
Wiodiolaramayeclallinta, Me/7elle were ae nee asere see eee Ue ee % 

Sanguinolaria elllitptica, PA2U. 2). .c2.ccccaceccsereoec|en-oe-[omsee * * 
Bull Cala OSG... aoe een cance eee hee eal eoeiseia teteer * * 

Sanguinolites complanatus, Phill. ........cscececeeefeeeee efor eee * 
VMAS MIC ens tre ctecee eee ae rvte cane ene canta lel oe lars * 

Schizodus deltoideus, “PA. wo). o.sccccccse-seesecace|aenser % |eseeee * 
Outhonoba isis .cscen-naceceesccdcnreasiaceaeecem best [ese wersja sterner * 
Mivallamay, SPrvcsccee ns assests ee bnan see eaeiare ance tis at aerate * 
Solems7 Spe heseseteeentenaecnmees sa eetctocn means ene oaeee * 
Acroculia WELUSbAs ISO. Macercuwe uence cen: eect seeelrasaer % |) eee * 

BHuomphalus gerpens, PRU. .... 6. ccccceesesascweset|es ven: x | x x 
RCIA GUS: EUCLL Us setae Cenwc coe teces one near eeser tne Sedat: % 

Moxonema rugifera, PAU. |... .......coueccscseesesca|eenee=|esname %  |eceesenee x 
bos. €0 GIS ia 1 Zn Ree esas Mcrae honabi|(G0/5036)/00220° * 
trmida, PRU. cc sepece aces ccces couecon cece momen |rsit eal escent mae * 
SIMMOSA, LES Ae worm cc ohne cieecacue dee enGe-eealn cee acedc eeeie * 

Macrocheilus neglectus, PRU... 1. .sccacerceseecens[eeseo|eooees x 
POR O VES FSO CU rere teem seeona rok ccc alee * 

OVO pe lle a a eteeac tamer eta loi. o's want acrqaisieaeetate se eel ele asine x 
Murchisonia angulata, Phill. 00.0... .ccccceeeneecsee{eceees|eeeees * * * 
INatiCa MerIGTOMANIGheeAIUL. Wan. ck «sic esas samascn seer onet eee eee * 

MENICOSA, CHONG CS iaemiine ccuc deuce oneeenee te] ose einer * 
Pleurotomariay aspera, SOW... .2sc. esc --eaee eve cae SP) lage: * * 

Gancellata, PERL Ga. can kc caetrcns dear een ee re Renter * * 

—— expansa, PRIM. 0.00. cccccscesccneenencecccscunes|enerer|encens Sa Rae 2 * 

Fe TEN WIS 27 1) ea eat Araleer Ong Nees n arr Rcp RR 5.8 || poet | age x 
Bellerophon bist TRICANTIS, LUO W2: vals e ress oeere icrelte se tices ere x | * 

SURIAUS: BOI OS. cca Oe cunae sen eae dace cewes * 

subslopatus, A Cay” (lec sccssaucardeesevceeseee|esaras|snes a AAS ~~ * 

(Winer pi cides Sen seeecemerne me ca sven ascsecaakecoe Mayne: x | eee x 
PoxcellbaSyMOMAS sion chan vecrawowscecceaeessuesaea[vecses|ooneds * 
Womullaetammerererete cere p acne: caee- cases scetiekaamecaleces a> * 
Cyrtoceras rusticum, Phill,  ........ceccsceveececnse[eeceosfeetee{eeenes * 

Gane NUROBUS eee taaicla sc ces aue otnaate duet ell ses een] elses] mmistster * 
Seas TTA ATS oO) OUTS Caterer etatelascisiclela's Uivla\a ain dia.nicio oure'e viv cule osutiale dial siarsie nce Riaisiaote * 

—— spirorbis, Phill. ...cccccvcevscsecsccsecessevateleseees[eceres KP [eveeeeees * 
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Tasie IX. (continued). 

North Devon. |Pether-) 
win. fo] 

z 

PS ae hel rca iba: ey ( 
Species. a | da || sg 2 

ae ee B= S = 
1a albu 2 
sila |sz] es |38 
Ble iea| & |B 
BSc ates =) ) 

EeE TELS RIG DSUCHGIES, foie cat ee acces eee eee Saale sa|sa0chalesanes * 
REMADPAR PEACH Neen EA eC Rotate al stoic o aie e o.0ets % * 

GS Thee eco he tee liti cil) cel eros Peles ea Oe eee Pee! en a % 
Byline PAG Mtl SOU sac civa itsomis ss Sica te chdalencest|oaaess Kev liedkink ebrae * 

——— CVIINOTICMM OW, sy ersicesssaasnssind saveceienvteefeee oe * | * 
(o/s Ap ed ee. CO 3 ens Raliens, Sy ater ele OARS Sy MEME MRR NO Bale si x 
RGD CNCRLMNAO HY GR od erect eter re dae eS ee * 

ee neo atUIMns CE MGs, east ac bostiles cooks Seo ee meoe eR fnlela cledcees HE woes ae * 
IIS DEMON op hth ig id aoa belive eed a tiara Lk aegel ed daw adfen rel * 
IMTS OTS Os esensiecen cts Heh ios on sarcia [dae tubleacenslvaast 3 % 

PMIEICOMEO ENGI.” oes Souja edule sous sev cnslan teen ee a hae 
STL PMPERE MODY an se sosh Tee aeee ate ee es coca ceedloctes efanes x 
Sl EAE TEND 071 | Oe ae A Ge % * % 
ETAT SINTER (C005 Sete) Ot RARE eae st AO niene aie em eR. a al * 

Metra rns HERAT UON EOS, eed cs cei s tiscececaesn|seeesa|psetes[ss-e- % 
Petre eRDU rai Teg) Jae Fs ae As ae SF ee ocd daca he danse sn |e soe nas bee % 

PSS (CNet Cn Jem ae Re OPE a GPE 8) ene SACRO RS Re * 
CE MEL COy MVALTOS vedio atte cheba stele soem siwelife ce nals ease ala seeds * 
So SER S07 eye tig oe Pete rr Peer eater] PERI AERA See * 

DPE UE B67 ORR RU ren erred herp Peers eee * 
TCLS eR No Stairs cen Bats iad vale se cufe nck sdbossinafaenca » * 

See ERI LE C0 § ier stee flew neces ay ot snens|chsssie)anepieclow nae: * 
See AMlneais PENCE as Ciete Uh iva seth elie naahoU ae Os[etes o-fae'ceca|aceh> * 
BEGEIDE PEASE. eA oon a ses <eken ea sv ainks oeclpedsidlsae baales os on * 
Re Lee has} tate t es hloa see i aes aha Cale wile walvalne so * 5 

cate REOPENS TINS. asic. aldaupebengis.sks saccavesacasewalessacv\eaaesclaveces| 3 
BO PSAGCCLIES TEISERO NIG! SOU 0.2. se so n'san seus aelvtoeels| cov aac] bes see| escaes % 

6. Other Groups.—It is unnecessary to carry our analysis of the 
individual groups further, the paucity of the Lamellibranchiata and 
Gasteropoda affording no means for our rigidly collating them either 
with the continental species or even amongst themselves in the two 
Devonian areas; and those species, in these classes, said to be common 
to the Devonian and Carboniferous require yet much critical exami- 
nation. I may, however, notice the genera Oucullea, Curtonotus, and 
Megalodon, the latter as not being known out of the Middle Devonian 
of South and North Devon, and the two former as being important 
Upper-Devonian forms in the Marwood, Baggy, and Sloly beds. 

The whole group, however, of Devonian Lamellibranchiata contains 
twenty genera and fifty-eight species, of which five genera and seven 
species only occur in the Carboniferous series, viz. Avicula Damno- 
niensis, Aviculopecten plicatus, Conocardium aliforme, Cucullea amyg- 
dalina, C. Hardingu, C. trapezium, and Curtonotus elegans. 

The same difference exists between the two formations through 
VOL. XXIII.—PART I, 22% 
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the Gasteropoda, which have been carefully compared. Twelve 
genera and forty-six species occur in the Devonian; and of these 
also five genera and seven species pass to the Carboniferous, viz. Acro- 
culia vetusta, Huomphalus planorbis, Lowonema rugifera, L. tumida, 
Murchisonia angulata, M. spmosa, and Pleurotomaria expansa. Three 
or four of these I much doubt, but I give them as they are recorded 
by Prof. Phillips, although a comparison with his figures and de- 
scriptions causes me to interrogate them. 

Much could be said relative to the Echinodermata. I, however, 
feel confident that great confusion exists respecting the whole of the 
Devonian species, and especially so with relation to those said 
to be common to the Carboniferous and the Lower and Middle 
Devonian ; their badly preserved condition, usually only in a frag- 
mentary state, scarcely justifies us in relying upon them as being of 
specific value. 

7. Last of Species common to the Devonian and Carboniferous for- 
mations. — Table X. is constructed to show at once the relation: 
between those species said to be common to the Carboniferous and 
Devonian rocks, in which every known recognized form is given, and 
arranged zoologically, so that comparison may be made at once*. 

Taste X.—List of Species that occur in the Lower, Middle, and 
Upper Devoman rocks of North Devon, and in the Carboniferous 
rocks generaliy. 

mM S 
DEVONIAN. | 2 

a 
Classes. Species. i S o 15 

Fiz | B18 
Hla |Pyo 

Knorria dichotoma, Hought. .......| .. x | * 
PLANTA ......... Adiantites hibernicus, eae cies ey illales 
CG@LENTERATA ...... Michelinia antiqua, M‘Coy ......... foe os 

( ms aaa hystrix, Phill. a sasletces x | * 
yathocrinus pinnatus ?, Goldf. ....| * x | x 

HicwINoDERMATA | Fariabilig UPR Wer sone eee -teglnege * % 
iPenbvenitesiovalist.s.ces es. see eeaer APM al 3208) 0c 

(| Cerioporay similis) ::.0)..2.54 cance *« | * | * 
| Snails’). x deehenanareon anused et we) Liat en ee 

Fenestella antiqua?, Goldf. ......... «x | «| * | * 
POLYZOA .........4 plebetarn, 2s Codes serene niyo von | 3. eee 

| POVISCAN GO] erecta: aeeonee: 120. |> 3. | coats 
Glauccnome bipinnata, PAzil. ....... PR eal: 

| sPolypora daxa?, PRU... dives ees soe! | ae) SR iia 
Athyris oblonga, Sow. ............... veo) | ata 
Chonetes sordida, Sow. (C. Hardren- 

SiS Sie a AAS Vinee Na a eee ta aa HO se ae 
Discima nitida, PR. sill Rial boc * | * 

* Consult Table XI., giving generic and specific values between the Old Red 
Sandstone, the British marine and Foreign Devonian beds of Rhenish Prussia, 
Belgium, and France, and the number of species (fifty-six) common to the 
Carboniferous. 
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TABLE X. (continued). 

mM 

DEVONIAN. 5 

Classes, Species. c s ae 

Biro tk S| = 
° oe ial Cs 
His }P}oO 

Lingula squamiformis, Phill. ...... i A 2 ia 
Productus scabriculus, Mart. ...... See HEIR LE 
Rhynchonella acuminata, Mart. ... Beek Toes le aie 

BRACHIOPODA ... —— pleurodon, Phill, ..........0.005 x | * | * 
—— pugnus, Mart. ....sceceeeeeeeeee x | * | ¥ 

reniformis, Sow. .........00... * | * | 
Spirifera Urei, Plem....cce.cc.cesesees mere eeeh ily HOY 4 
Spiriferina cristata, Schloth. .........| ... * | * | * 
Streptorhynchus crenistria, Phill...) ... | *« | * | * 
Terebratula sacculus, Mart. ......... More a hs er 1 9 

{| Strophomena rhomboidalis, Wahl..| ... | * | * | x 
Avicula Damnoniensis, Sow.......... a sade he SAO 3 
Aviculopecten nexilis, Sow. ......... safiuily Heald 

PUGH SOULS sas si ssfoSa yes ines eR He a 
LAMELLIBRAN- transversus, SOW. ......sceccceee * * * 

CUIATA 5: 2.25 1 Conocardium aliforme, Sow.......... sedate) awe te ae 
Curtonotus unio, Sal¢.(elegans Salt.)| ... |... | * | % 
Cucullesa amygdalina, Phill. ......... % fede hoe 

matlateralis, SOW: ..<wuics seers EU Ae PE g [ye 
Acroculia vetusta, Sow. ............085 * | « | * 
Euomphalus planorbis, Vern. ...... * * 
Loxonema rugifera, Phill............. sal i a ba 

Pimidbank yuReda( 0: ae oy //1,/ Maer Te Ake ni Toad bee * 
Te Macrocheilus imbricatus, Sow....... Mice ad katt SE 

Murchisonia spinosa, Phill. ......... Ser IG hares (09 
BUSTA PU sc ssceesonsecvecess| oes cere |e 

Pleurotomaria expansa, Phill. ...... rica dtc: Ot ie cai 
Bellerophon Urei, Flem. «sss... ate NL SES Ie SE 

NUCLEOBRAN- lens, Sow.) sich: .tbwacceas ans ASE be 
CHIATA .0,,.. +00 subglobatus, M‘Coy .......0000. 8 ne 

Goniatites excavatus, Phill. ...... sak Sa) tee Oe 
serpentinus, Phill, ............ Gost eed law tei eae 
BRIEORDIST, DENG vimousccen<-cwws] cao ]t san tp (2) % 

Orthoceras cinctum, Sow. ............ * | * | * 
CEPHALOPODA ... cylindraceum, Flem. ............ eG ea ee ea 

HUCOMMIMNS SPO.) veeaspessssotastrces | cae | + 
—— undulatum, Sow. ...........s00e * | * | * 

Shreaiwin, SOU. “ascccested.csves Oe ae ae 
Poterioceras fusiforme, Sow...... seat * | * 

3 | 28 | 47 | 56 

It will be well to analyze this Table, which expresses the entire 
value of specific agreement. 

Plante.—Two species of the known thirteen are common to the 
two formations. 

Celenterata.—Amongst the Corals, only one species (Michelinia 
antigua) occurs common to the two systems, although twenty-four 
genera and fifty-three species are known in the Lower and Middle 
Devonian slates and limestones of North and South Devon. (Vide 
Tables II., V., VIII.) These, and the entire series of rocks which 

; 222 
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contain the nineteen North-Devon species, are wholly unaccounted 
for in Mr. Jukes’s paper, either upon the hypothesis of the fault or 
anticlinal. Neither the rocks nor the fossils occur to the south 
of the Pickwell range, or Upper Old Red Sandstone; and the great 
series of slates of Mortehoe, Lee, Ilfracombe, and Combe Martin, 
with the Hangman grits below, hold a distinctive and intermediate 
position, which his hypothesis cannot account for, even upon phy- 
sical grounds; and the entire fauna of the Ilfracombe group has 
also to be accounted for, and correlated with that of Baggy and 
Marwood ere any relation can be proved to exist. There is not, 
however, the least doubt that the whole Middle group is a well- 
determined one, and exists below the Pickwell-Down or Upper 
Old Red Sandstone series in North Devon. 

Echinodermata.—Of the ten known genera, three are common; 
and of the twenty-one species, only four occur in the Carboniferous, 
one of which, Cyathocrinus pimnatus, I much doubt. 

Annelida.—No comparison. 
Crustacea.—Six genera and thirteen species are known in, and are 

entirely confined to, the Devonian rocks of North and South Devon. 
As before mentioned, both families, genera, and species are peculiar 
to them in the British and the three Continental areas. 

Polyzoa.—The eight genera and twelve species known show nearly 
50 per cent. common, viz. four genera and seven species. I give 
them, because at present they occur in most lists; but I believe that, 
when carefully examined, this group will require entire recon- 
struction, both for the Devonian and Carboniferous rocks. 

Brachiopoda.—We know of twenty-five genera and ninety-nine 
species in the British Devonian rocks; eleven of the genera and 
fourteen species pass up to the Carboniferous series through the 
Carboniferous Slate or Lower Limestone Shales. Except through the 
genus Rhynchonella, which has four species common, there is only 
one representatiwe species in each of the remaining genera—a signi- 
ficant fact and to be noted in this prolific group, in which the species 
are usually so great numerically. 

Lamellibranchiata.—Out of the twenty genera and fifty-seven 
Devonian species, eight species only, through the two groups 
(Monomyaria and Dimyaria) unite the two systems; through the 
Curtonoti and Cucullew there may be two or three more. With 
relation to the Devonian series, however, we have much to learn 
in this class, which in the Carboniferous rocks numbers 330 species. 

Gasteropoda.—Only twelve genera are known; but their specific 
value is numerically greater than that of the Lamellibranchiata, 
there being 46 species of them; only six of the former and eight of 
the latter are known above the Upper Devonian beds. 

Cephalopoda.—This pelagic class is represented in the Devonian 
rocks by six genera (all Tetrabranchiata). I have previously noticed 
(p. 650) their singular local distribution through the large assem- 
blage of species in the genera Clymenia and Cyrtoceras. We have in 
our British Middle and Upper Devonian beds fifty-four known forms, 
nine only of which are common to the succeeding Carboniferous, and 
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this through the three genera, Goniatites, Orthoceras, and Pote- 
rioceras. (See Tables LX. and X.) 

Pisces.—The 118 described species in the three recognized divi- 
sions of the Old Red Sandstone of England, Wales, Scotland, and 
Ireland, until lately had no known or well-authenticated representa- 
tives in the British marine Devonians. We now know of three 
species :—Phyllolepis concentricus*, from the Lower Devonian slates 
of Cornwall; Holoptychius, from the Upper beds of North Devon ; 
and Celacanthus, from the Upper beds of the Old Red Sandstone of 
Ireland, associated with Adiantites Hibernicus and Anodon Jukesit. 
We have, therefore, clearly shown in Table X. (in which are enu- 

merated all the species known common to the two formations) that 
fifty-six species out of the 383 known Devonian forms are common 
to those rocks and the Carboniferous, and that forty-seven of the 383 
are allied through the Upper Devonian beds only; i.e. they are not 
known to the north of the Pickwell-Down Old Red Sandstone (Upper 
Devonian) ; whereas twenty-eight others of the fifty-six (and of the 
383 named in Tables I. and II.) occur in the Middle Devonian, 
and are found to the north of Pickwell Down or elsewhere, and also 
common to the Carboniferous; and three only of the fifty-six (or 
383) pass through the whole Devonian series (or connect the Carbo- 
niferous and Lower Devonian). Two of these three I doubt; they 
are Cyathocrinus pinnatus and Fenestella antiqua; and if the Chonetes 
sordida of the Lower or Lynton beds be that species, and not the 
C. Hardrensis of the higher beds and also Carboniferous, we then 
have scarcely a single species in common between the Lower and 
Upper Devonian themselves, or between the Lower Devonian and 
the Carboniferous. 

There are therefore fifty-six species common to the whole Devo- 
nian formation and to the Carboniferous ; forty-seven of these fifty-six 
are species common to the Upper Devonian and Carboniferous ; and 
twenty-eight of the fifty-six to the Middle and Carboniferous, and 
three (?) to the Lower Devonian and Carboniferous. Vide Table X., 
where the names and range of the above species are enumerated. 

VII. SrrRaTIGRAPHICAL CONSIDERATIONS ON THE DEvoNIAN FossIzs. 

The many Tables which have been prepared, based upon the known 
species and their distribution through the Lower, Middle, and 
Upper Devonian rocks, will enable us to establish some conclusions 
by comparing them amongst themselves as local groups, and also 
by comparison with those of other localities. 

The chief important question arising from a critical examina- 
tion of a set of organic remains resolves itself into the determination 
of the horizon, age, or stratigraphical position to which they should 
be referred. 

The rocks and their fossil contents in North Devon belong to two 
ages, the Devonian (so called) and the Carboniferous; and to one or 
the other, or both, we have to refer them. 

* Pengelly, Report Roy. Geol. Soc. Cornwall, 1860-65. 
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In the present case the intermediate position of the Devonian 
series is assumed, although the Silurian is not seen or known in this 
area; but the upward succession into the Carboniferous is clear and 
conclusive ; and upon this belief I base my premises as to the value 
of the species contained in the underlying conformable rocks called 
Devonian. 

There are 383 species of fossils known to occur in these rocks in 
North and South Devon, which have no known or determinable stra- 
tigraphical base. The rocks they do repose upon are probably Silu- 
rian ; whether Upper or Lower we know not, or whether conformable 
or not we cannot say. 

The known British Silurian fauna consists of 1154 species*, only 
one of which (Atrypa reticularis), I believe, is common to the 
Devonian and the Silurian rocks. The seven species of fish that 
occur in the passage-beds, and on the confines of the Upper Silu- 
rian and the Lower Old Red Sandstone, in the typical Silurian 
area in Hereford and Worcestershire &c. have no value whatever 
here, and therefore cannot be compared; when it is absolutely 
proved by stratigraphical demonstration that the lowest Devonian is 
truly and identically equivalent to the Lower Old Red Sandstone, we 
may then say that there are 8 species known to be common to the 
Devonian and Silurian formations. 

There are no marine forms in the Old Red Sandstone; but there are 
383 in the Devonian rocks of the British Islands. 

Now it is well known that many thousands of feet of strata con- 
sisting of red, grey, brown, and greenish slates, grits, and sandstones 
occupy a large tract of country in North Devon, from Lynton to 
Barnstaple, these marme fossiliferous beds overlying, in part at 
least, what we have hitherto believed to be the lowest Old Red Sand- 
stone, the equivalents of the Lower Old Red of the Silurian frontier, 
which is totally void of fossils. 

The 383 new forms or species, then (for one only seems to have 
migrated from a Silurian region), we must locate somewhere in time 
as well as space. In the absence of any physical evidence to show 
that the strata named “ Devonian” in North Devon and elsewhere are 
or are not contemporaneous with the Old Red Sandstone, their stra- 
tigraphical position is assumed, aided by paleontological evidence, 
and from the circumstance that only 56 species out of the 383 
are known in the Carboniferous rocks which overlie the beds con- 
taining them in North Devon (Tab. X.). Had the Carboniferous 
rocks, however, stratigraphically preceded this group, ,we should 
have placed them below the Devonian, and have referred the now 
Devonian species to the Carboniferous as types. We are also now 
better able to correlate, and to establish more direct contemporaneity 
between, the Devonian and the Old Red Sandstone, through Fish-re- 
mains found in the known Devonian strata both in England and 
Belgium,—Phyllolepis concentricus and Onchus having been found in 
the Lower Devonian slates of Looe and Meadsfoot, Pteraspis in the 
lowest Coblentzian rocks of Devon and Wassenbach on the Laa- 

* Vide Table I. p. 615. 
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chersee, Holoptychius in the Upper Devonian of North Devon, and 
Coccosteus in the Middle Devonian of the Eifel, to say nothing of 
the association of numerous species of fish with marine Mollusca, 
Corals, &c. associated together in the same beds in the Valdai Hills 
&c., where Cephalaspis and eight or nine other genera occur, having 
species identical with our own Scottish Old Red Sandstone, and 16 
species of shells common to our Devonian also*. Thus, then, 
we have some grounds for placing our marine Devonian rocks on 
the same horizon as, and contemporaneous with, the recognized divi- 
sions of the Old Red Sandstone in other localities; but the physical 
structure and succession, as exhibited in North Devon alone, is (and 
was years ago) enough to establish this. 

To the Devonian series therefore we assign the 329 species pecu- 
liarly Devonian, after eliminating the 56 which are common to that 
formation and to the Carboniferous ; and it is only through the Upper 
Devonian beds that a close agreement takes place between the species 
of the two groups of rocks, where 45 of the 56 (or 383) pass to the 
Carboniferous, 25 from the Middle to the Carboniferous, and only 3 
species are common to the Lower or Lynton group and the Carbo- 
niferous bedsy. (Table X.) 

But I cannot admit (as stated), because I have failed to detect, 
that a single form occurs in common between the Silurian and Car- 
boniferous, although they are said to be thus related through the 
species Strophomena rhomboidalis, by Professor Jukes, loc. cit. 
We must in this case adhere to circumstances and facts as we find 

them, and receive the opinions and decision of experienced paleonto- 
logists until contradicted. 

I have contended, aided by the stratigraphical position of the 
rocks, for the intermediate zoological grouping and value of the forms 
of life in the Devonian as related to the Silurian through the Trilo- 
bites, and notably and distinctly by the individuality of certain well- 
marked genera not known out of the Devonian series, either in 
Britain or over all Europe: nor are they known below in the Silu- 
rian rocks, or above in the Carboniferous in any area. 

The Middle group, which holds so distinct a place in the series in 
North and South Devon, both by richness in special and peculiar 
genera, and in number of species, is paralleled in every particular in 

* Mr. W. H. Baily, Palzontologist to the Geological Survey of Ireland, at the 
Bath Meeting of the British Association, 1865, communicated to the Geological 
Section the first notice of the occurrence of fish in the Old Red Sandstone of 
the Bristol area ; these remains he obtained from the base of a conglomerate bed 
exposed in the cliff at Portishead, and also from red flaggy beds on the shore 
between high- and low-water mark. He identified the scales as those “of 
Holoptychius nobilissimus and Glyptolepis elegans,” associated with plants and 
bones, and also what appeared to be “the fin-rays of a fish like Glypfolepis, or 
Platygnathus, in Yellow Sandstone.” These beds would probably represent the 
upper part of the Old Red Sandstone. The paucity of fish-remains in any por- 
tion of the Old Red of this area enhances the importance of this communica- 
tion, and may yet aid us in determining their position in the series of the Portis- 
head rocks: a fragment of a scale ornamented like those of Bothriolepis or As- 
terolepis was also found. 

+ Two of which are doubtful, if not all. 
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the three continental areas, where, as with us, the upward strati- 
graphical succession into the overlying Carboniferous through the 
Upper Devonian (when represented) is complete. It is the genera 
of Brachiopoda (Uncites, Merista, Davidsonia, Stringocephalus, Cal- 
ceola, Pentamerus, &c.), the whole of the Coelenterata (51 species), 
with all the Amorphozoa (9 species, which are unquestionably Lower 
and Middle Devonian), the Cyrtoceratites (11 species, all Middle 
Devonian), added to the rich numerical assemblage of species (vide 
Tables II., V., VII., VILI., IX.) which do not occur in the succeeding 
Carboniferous, that establish a distinctness and give a reality to 
this Middle Devonian group, which nothing but conclusive proof of 
unconformity here or abroad can ever shake. 

I cannot doubt, therefore, that in North Devon the geological age 
of the fossils 1s proved by the stratigraphical position of the beds 
containing them, and that as there is no physical break in the up- 
ward rock-succession from the Lynton and Ilfracombe group to 
the Baggy series through the Pickwell-Down sandstone, neither is 
there in the zoological continuity and persistency of species that 
gradually lived on, or passed up, to the Upper Devonian, or Upper 
Old Red Series of Baggy and Marwood, and to the Croyde beds to the 
south. 

Comparison, then, can easily be made between those species that 
are common to the Middle and Upper Devonian and the Carboni- 
ferous Slate &c. of the same area, believing as I do that the rocks 
and assemblage of fossils south of Baggy, at Croyde, Braunton, and 
Barnstaple &¢c., are the Carboniferous Slates and Coomhola Grits of 
the south of Ireland, but that in the North-Devon area we have a 
well-marked Upper-Devonian fauna below that (the Baggy, Marwood, 
and Sloly series), which, if they did not precede the Irish forms in 
time, were deposited in a different area. 

I maintain, therefore, that the pecutar Devonian genera and 
species have a most definite value, because we know their stratigra- 
phical place with relation, at least, to the Carboniferous group above; 
and although no one locality can perhaps be pointed out where fully 
developed Upper Silurian rocks below, and fully developed Carboni- 
ferous Limestone above, with the Devonian slates and limestone can 
be seen in one section, it does not necessarily follow that, because 
we have not seen it in its completeness or totality, we should deny 
all experience, and reject the views of every competent observer, 
when so much separate evidence exists. 

It may be asked what is the history of that great mass of so- 
called Old Red Sandstone in South Ireland? and why the uncon- 
formity amongst the Scotch Old Red Sandstones themselves? what 
caused that change from the marine Silurian to the barren or non- 
fossiliferous Old Red of the Silurian area? 

The Table constructed by Professor Jukes at pp.364-5 * is anything 
but the right way to put the question of recurrence; it is simply 
comparing the Devonian species with each other in two different 
areas—comparing forms that lived on through the whole group, from 
the Lower portion to the Upper, which upon the law of continuity 

* Notes for a comparison, &c., p. 578. 
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should be expected. Out of the 17 species therein given, there are but 
8 known in any part of the Carboniferous rocks in any area; they are 
the following :—Actinocrinus tenuistriatus, Cyathocrinus variabilis, 
Athyris concentrica, Rhynchonella pleurodon, R. pugnus, Spiriferina 
cristata, Strophomena rhomboidalis, Streptorhynchus crenistria. 

The 17 enumerated species, taking them as they stand, are known 
to most observers to occur in the North Devon Devonian rocks; but 
we have yet to learn that the fossils or rock-masses occupying the 
areas north and south of Pickwell Down are on the same general 
horizon, and are equally Carboniferous-Slate; until this be the case, 
none of the 17 forms enumerated can be compared. Every name in 
the column marked South, except perhaps Barnstaple, and every 
species save the 8 given above, are recognized as Upper Devonian 
localities and species. Assigning to them therefore a north and south 
position and distribution geographically, by virtue of a so-called 
“central band” of Old Red Sandstone, whose position is neither 
central nor dubious in North Devon, shows upon paper a comparison 
that is not to be found in the physical structure of the country. 
Admit that all North Devon is Carboniferous Slate, and then the 
above 17 and all the other fossils are of that age; until then, 9 of 
them, viz. Petraia pleuriradialis, Fenestella antiqua, Pleurotomaria 
aspera, Bellerophon globatus, Athyris concentrica, Orthis nterlineata, 
O. striatula, Spirifera leevicosta, and Phacops latifrons, will stand as 
Devonian species; and let me add that, of the whole 17 in the Table, 
the doubtful Chonetes Hardrensis is the only one common to the 
Lower or Lynton group and the Carboniferous Slate either of Devon 
or Ireland. 

At p. 366 of same paper, it is stated that our choice is “now, 
however, limited to the period of the Old Red Sandstone and that of 
the Carboniferous Limestone, unless we assign to them [the fossils] 
a hitherto undefined period between those two, or suppose them to 
be older than those of the Old Red Sandstones” (the whole of that 
formation according to Prof. Jukes’s views, but which I would eall 
Upper Devonian, or Upper Old Red Sandstone; therefore no one 
would suppose that the Carboniferous preceded the Devonian). 

The fact that the Devonian fauna contained some species belong- 
ing to genera peculiar to or only previously known in the older Silu- 
rian rocks, such as Phacops, Homalonotus, Bronteus, Chewrurus, and 
Harpes among the Crustacea, the genus Sporifera and Pentamerus 
among the Brachiopoda, &c., but species of which do not occur in the 
Devonian or Carboniferous, tends to clearly establish passage and 
connexion at some unknown locality; and our one connecting 
species, Atrypa reticularis (numerically so great), which was so 
common in the whole of the Upper Silurian seas, would tend to show 
strong grounds for determining the Lower Devonian to be contem- 
poraneous with the Lower Old Red Sandstone of the Silurian region, 
which is there conformable to the Silurian rocks, but totally distinct 
in life-remains a few feet above the passage-beds. 

I have shown what species occur in common between the Devo- 
nian and Silurian, and what are common to the Lower Old Red, 
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accumulated probably under freshwater conditions, within the gene- 
ral area I have previously noticed, such being due to a series of 
geographical changes dependent on the relative position of masses of 
land and water, thus producing stratigraphical unconformity, and 
partial zoological breaks; yet, nevertheless, sufficient life-evidence 
is left to enable us, through the Fish, Silurian genera of Trilobites, 
and Brachiopoda, to link on and establish continuity, if not close 
affinity, or even contemporaneity, and also to lead us to the con- 
clusion that the Devonian series as a group were deposited in a 
different geographical area, and that the physical and paleonto- 
logical conditions were much the same here as over the region occu- 
pied by them in France, Belgium and Prussia, through the whole 
period of its accumulation ; added to which the ichthyic evidence in 
the Lower, Middle, and Upper Devonian beds in the continental areas 
is marked and decided. 

Professor Jukes states, p. 368, that “ by the hypothesis I now pro- 
pose, the place of these marine Devoman beds will be fixed stratigra- 
phically between the top of the Old Red Sandstone and the base of 
the Coal-measures, in North Devon as in Ireland.” From this 
assumption, or proposition, and the way in which it is put, I entirely 
dissent on eight grounds. 

Ist. Because it is assumed that all the known Devonian species 
of North Devon occur south of, or above, the Upper Old Red Sand- 
stone of Pickwell Down, his Old Red Sandstone; whereas 60 known 
Devonian species, and thousands of feet of strata in regular sequence 
are below this line. 

2ndly. By this view we are led to believe that no older or lower 
beds whatever, containing fossils, exist to the north of the line 
assumed ; we are, however, enabled to divide the whole group below 
into a Lower and a Middle series, the latter of which rests upon a set 
of red sandstones and grits as marked, definite, and important as 
those that overlie the Pickwell Sandstones, these are the Hangman 
grits. 

drdly. That the Lower or Lynton slates (Lower Devonian) nearly 
1500 feet thick, and themselves divisible into three series, in their 
turn rest upon the arched red sandstones of the Lynn valley and the 
Foreland rocks. 

4thly. This hypothesis only accounts for the already well-known 
position and group of the Upper Devonian series, which here in 
North Devon (south of Pickwell Down) overlie, as they do in the 
south of Ireland, a series of red, green, and yellow sandstones &c. 
(the Upper Old Red Sandstones), all that are there known. 

Sthly. It is assumed that an extensive fault, or concealed anti- 
clinal (before noticed), traverses the country from west to east, some- 
where along the latitude of Pickwell Down, thereby causing the beds 
properly called Upper Devonian to be repeated to the north, which 
are therefore stated to be the same beds as those south of Morte Bay, 
thus attempting to make the Lower or Lynton, and Middle or IIfra- 
combe series of the same age and to hold the same stratigraphical 
position as the Upper Devonian at Baggy &c. 
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6thly. We could find no trace of either fault or anticlinal ; and the 
structure of the country, together with the paleontological evidence, 
is diametrically opposed to this hypothesis, the interposition or in- 
terpolation of the great Middle group of slates and limestones with 
ther definite fauna bang fatal to this hypothesis; 1t cannot be 
accounted for either on the ground of the fault or anticlinal, yet 
must be if it be even allowed. This series in North Devon possesses 
13 genera peculiar to it, and not known in any higher group. 

7thly. I conceive it to have been an error to compare the Bri- 
tish Devonian with the Irish types in the Carboniferous Slate, where 
only one-third of the species are known to exist, the fauna of 
that area either being derived from the typical Devonshire, or being 
a remnant of the same that once existed there. The lower part of 
the Irish Old Red Sandstone, the base of which has nowhere been 
seen, may not impossibly represent in time the Middle and Lower 
Devonian (Middle and Lower Old Red Sandstone) of North Devon, 
where beds of red sandstone of no inconsiderable thickness (void 
of life) exist, both at the base of the Middle or Ilfracombe beds 
(Hangman grits) and the base of the Lower or Lynton slates (Fore- 
land sandstones &c.). 

Sthly. The true Old Red Sandstone, as a whole, in one or other of 
its three members (neither of which contains marine fossils), may be 
the conformable base to the great Carboniferous series in some or 
many areas; but that it is so to the exclusion of the marine group 
called the Devonian can only be believed by admitting that the 
two series were synchronously deposited over every known area where 
they both occur. This hypothesis would perhaps answer for very 
widely separated geographical areas, where one or the other rested 
upon the Old Red Sandstone as its base, or where either the one or 
the other was not represented either in time geologically, or space 
chronologically ; but we can scarcely receive and apply that doctrine 
to an area (our own) where the base of the Carboniferous itself rests 
conformably upon the Upper Devonian series, acknowledged to be the 
marine representative of the Upper Old Red Sandstone of our own 
and other areas, itself resting (as in Ireland and North Devon) 
upon the non-fossiliferous Upper Old Red. Such views cannot be 
applied to any geographical area of so limited an extent as that 
now occupied by the two groups (the Carboniferous and Devonian) 
in the British Islands, the zoological differences being so great in 
one and all, where they occur and are tested on biological grounds. 
The doctrine of synchrony and difference of nature of sea-bottom 
must be stretched to the utmost to establish a province or provinces 
of organic remains within a few miles of each other, and that late- 
rally, that would account for differences of such magnitude as those 
which exist in the physical conditions and the fauna of the two 
united systems. 

In Britain and Ireland alone, and chiefly in the very area we are 
discussing, there are 383 species of Devonian fossils(as compared with 
1748 species of Carboniferous) ; and of these 383, only 56 are com- 
mon to the two systems (vide Tables II., [X., X., XI.); and this ratio 
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holds good for Europe, so far as we know. Had such difference existed 
over a vastly wider area, then the difference in the fossils of the Car- 
boniferous and Devonian groups might be accounted for upon the 
hypothesis that they were accumulated under very different condi- 
tions physically and chronologically, and in a totally different area 
or province; but that the Upper Devonian series of North Devon, 
and those of South Ireland, South Wales, and France (the Boulon- 
nais), as well, perhaps, as the lower part of the Carboniferous (call 
them what we will), were deposited synchronously, making what 
reasonable allowance we please for locality, province, and difference 
of nature of sea-bottom, there cannot, I think, be any reasonable 
doubt; but we cannot parallel the Lower and Middle groups of the 
Devonians here and on the continent with the Carboniferous under 
any hypothesis. 

I by no means pretend to decipher, or to propose any different or 
new theory relative to, the life-break that took place between the 
Upper Silurian and Old Red Sandstone, where in Shropshire, Here- 
fordshire, &c. there is no unconformity or sudden break, their phy- 
sical passage being uniform and complete, but accompanied by a total 
extinction of the Silurian marine species, dependent, perhaps, upon 
the relative positions of masses of land and water, causing the 
marine condition of that area to become one of fresh water: all that 
we can say amounts to this, that we cannot account for that com- 
plete change, except through unconformity, of which we have no 
actual evidence. The succeeding Old Red must have been depo- 
sited in a rising and circumscribed area of greatly broken condition, 
occupying a vast duration of time, sufficient to allow of the introduc- 
tion of a new marine fauna to the south and east, either through 
the. agency of depression along a given line, east and west, about 
the latitude of the Mendip Hills and the south of Ireland; or a 
barrier existed along the same line, against which the marine depo- 
sits of the Devonian series were deposited, and that with an ex- 
extensive southern expansion. In no other way can we, I believe, 
account for the physical change and zoological conditions of the ma- 
rine Devonian rocks. 

Professor Jukes has shown a physical break between the two 
members of the Old Red Sandstone in Ireland,—the lower, of great 
thickness, being conformable to the Ludlow group, whilst the upper 
division, of some 4000 feet, rests unconformably on the Lower, 
passing up and being conformable to the Carboniferous. We are not 
yet certain what these may be the equivalents of in the South- 
Welsh or, perhaps, North-Devon area. 

Mr. Geikie has shown the same for the Pentland and Lammer- 
muir Hills, where, he states, the base of the Old Red Sandstone is 
conformable to the Upper Silurian (Ludlow beds); a break occurs 
between them in the red and yellow sandstones and associated 
igneous rocks of the Middle, and then upon these another uncon- 
formity of the Upper Old Red Sandstone, which at the top gra- 
dually passes into the Carboniferous. There is, in fact, no division 
of the British strata where the geological sequence or succession is 
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so remarkably broken and incomplete as the Old Red and Devonian 
series, illustrating lapses of unrepresented time, which are proved 
either by the great and complete change in, or total absence of, life- 
remains. 

I have endeavoured, however, to show that it is possible to 
parallel the division of the Old Red proper with its chronological 
equivalents, the marine Devonian series, which were deposited in a 
different, although contiguous, geographical area. 

I contend therefore that the Devonian system, as a group of 
strata, both physically and paleontologically, may be (as long ago pro- 
posed) naturally and conveniently divided into a Lower, a Middle, 
and an Upper series, and that there is valid reason for believing that 
this system equalled in time the whole of the deposits of the Old Red 
Sandstone proper; but we have no real means of establishing arbi- 
trary lines of agreement, or of strictly correlating the received divi- 
sion of the one to that of the other, for the want of clear paleonto- 
logical agreement and evidence; all that can be said is, that, in the 
sequence of rock-masses, the Old Red Sandstone and marine Deyo- 
nian, be they absolutely equivalent or contemporaneous or not, 
occupy a place above the Silurian on the one hand and below the 
Carboniferous on the other. The evidence of succession is clear in 
Wales, Hereford, and Shropshire as regards the Old Red Sand- 
stone ; in the Devon area, on the other hand, it must be assumed, 
as we have no visible base-line uniting the Lower Devonian with 
the Silurian, though, for aught we know to the contrary, they may 
overlie Silurian rocks in the Lynton area, in North Devon; but the 
testimony of palzontological research has established beyond any 
doubt that in Devonshire and Western Europe there exist three 
natural groups, which stratigraphically and zoologically suceeed 
each other, viz. :—a Lower or Lynton, equalling in time and position 
the Lower Old Red Sandstone of the Silurian area ; a Middle series, 
the Ilfracombe beds of North Devon and their equivalents (the New- 
ton Bushel and Torquay slates and limestones) in South Devon, 
which probably equal the Middle Old Red Sandstone of Hereford- 
shire, Gloucestershire, and Glamorganshire ; and a true Upper Devo- 
nian series, resting in North Devon upon the Morte-Bay Upper Old 
Red Sandstones (of Pickwell Down, Dulverton and Wiveliscombe), 
which also is equivalent to the Upper Old Red of the Pembroke area 
in South Wales; and it is upon these Pickwell-Down red sandstones 
that the slates, grits, and arenaceous flaggy beds of Baggy, Marwood, 
Sloly, and Croyde conformably rest, which contain the marked assem- 
blage of Upper-Devonian forms. They are three distinctly marked 
physical and paleontological groups, true as to rock-succession, and 
equally well characterized by organic remains, especially the Middle 
or Ilfracombe group, with its Coelenterate and Mollusca fauna: that 
this order of succession exists is incontestably proved by the clear 
interpolation of the middle fossiliferous slates and limestones, and 
the extensively developed series of unfossiliferous slates of Lee, 
Rockham Bay, Mortehoe, and Woolacombe, and it is also strength- 
ened by the non-faulted range of Pickwell Down. No fault or 
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anticlinal along the line delineated by Professor Jukes can account 
for the total absence of the Lynton and Ilfracombe groups to the 
south of the Pickwell-Down range, which area is now occupied by 
the well-defined Upper Devonian series wm sitw upon it. 

No fault can account for the absolute contrast that exists between 
the fossiliferous sandy grits and slates that are in position on the 
south side of Pickwell, and the barren glossy slates of Mortehoe 
&c. that underlie the red grits and sandstones of Pickwell Down 
at Potters Hill, and also the still thicker slates and associated con- 
tinuous bands of organic limestones of Ilfracombe and Combe Martin, 
which strike continuously on to Croydon Hill, in West Somerset ; 
these ought to be accounted for (although they are not) by such hypo- 
theses, as for thirty miles they strike and hold their place and 
position without inversion, although disturbed by extensive undu- 
lations. 

On zoological grounds the evidence is equally strong and conclusive. 
No single coral out of the nineteen species in this area is known out 
of this Middle group in higher beds; and only ten out of the twenty- 
five species of Brachiopoda pass up to the Upper Devonian strata 
south of Pickwell, and fowr to the Carboniferous: whether these facts 
have any parallel in the South-west of Ireland or not, they are 
yielded by the structure and condition of North Devon. There is 
yet another thick group of sandstones underlying the Ilfracombe 
and West-Somerset Middle slates and limestones—the Hangman 
Grits, from 1800 to 2000 feet thick ; they have no equivalent what- 
ever to the south of the Upper Old Red Sandstones, and certainly 
are not the Pickwell group repeated, with the Middle series troughed 
in through undulation. These ought also to be accounted for to the 
south of the supposed fault. Again, if the Lower or Lynton beds 
are the same (or upon the same general horizon) as those of Baggy, 
Marwood, and Croyde &c. &c., to the south, no system of faults 
can account for or do away with the well-marked intermediate po- 
sition of the Middle Devonian group; and no anticlinal situated 
so far to the south of the great mass of the country-as Pickwell 
could divide the series without accounting for the Carboniferous 
series of Venn, Swinbridge, &c., which should become evident to 
the north at Lynton, or trough in between, which they do not. 

Professor Jukes, again, in his paper, “Notes for Comparison 
between the Rocks of the South-west of Ireland and those of Devon,” 
&e. &c., pp. 10 and 11, would infer, or lead those to believe who 
had not seen the country, that the rolled or undulating beds along 
the north coast, at Morte Bay &c., are confined to the lowest groups, 
which, he says, are ‘probably the Morte Slates and beds below 
them.” These quartzose Morte slates are not the lowest, they are 
the highest of the Middle group, and overlie the fossiliferous Ilfra- 
combe series proper, and hold their place all across North Devon 
into West Somerset. The whole of the fossiliferous slates and 
limestones of Ilfracombe and Lynton are below these and the red 
sandstones of Pickwell; neither will the rolling therein mentioned 
do away with the fossil evidence tending to disprove that “ the 



688 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 

beds of Lynton, Combe Martin, and Ilfracombe may belong to the 
Carboniferous Slate rolled to the north by contortions, and some- 
what differing lithologically from those further south.” No rolling 
has destroyed the value of the wtermediate fossiliferous Middle or 
Ilfracombe and Combe-Martin group; for of the seventy species 
found in these beds, six only recur in the Carboniferous series of any 
area, viz. Cyathocrinus variabilis, Fenestella antiqua, Rhynchonella 
pleurodon, R. pugnus, Streptorhynchus crenstria, and Avicula vetusta. 
All these are also in the intermediate Upper Devonian series in North 
Devon. Thus, then, these beds on the north coast, which are below 
the red beds of Morte Bay, do “ disclose facts which have no parallel 
in the south-west of Ireland;” but there is no doubt as to their 
stratigraphical place, or the zoological value assigned to them. 

If we admit the physical succession of the North-Devon rocks to 
be established, and that they constitute three well-defined groups, 
this of necessity destroys the views of Professor Jukes, who believes 
that the uppermost bed of the Old Red Sandstone was in existence 
before any of the beds containing marine Devonian fossils were 
deposited ; and his Old Red Sandstone is the non-fossiliferous red 
series which strikes from Morte Bay through Garmon Down, Span 
Head, Dulverton Common, to Haddon and Main Down (Wivelis- 
combe), which red sandstones, according to the hypothetical fault, 
are the Foreland beds to the north repeated, caused by the supposed 
ereat downthrow existing between these two points; consequently, 
upon this hypothesis, the Foreland grits and sandstones and the 
Lynton slates, with the overlying fossiliferous Ilfracombe group, 
and the non-fossiliferous Mortehoe slates, are, or should be, above 
his Old Red Sandstone, both being the same by virtue of the 
fault: this, I maintain, is not borne out either on physical or 
zoological grounds. I doubt not for one moment that the red 
sandstones in question may be the equivalents of the Welsh and 
Trish Upper Old Red Sandstone with the fossiliferous Upper Devo- 
nian series resting upon them and the surrounding or associated 
Carboniferous Slates and Coomhola Grits also; but I do not admit 
the existence of the fault, and I endeavour to prove that we have in 
North Devon a complete ‘succession of the three groups, determined 
physically and paleontologically. 

The relation that the Upper red sandstones of Pickwell &c. have 
to the overlying fossiliferous Upper Devonian slates, sandstones, and 
erits is the same relatively that the thick Middle group of sand- 
stones of the Hangman, Trentishoe, Martinhoe, &c. have to the 
Middle Devonian or fossiliferous calcareous slates of Ilfracombe and 
Combe Martin above them; and on equally good grounds we are 
enabled to establish a base for the Lynton slates and gritty lime- 
stones upon the non-fossiliferous red sandstones of the Foreland. 

This order of succession is not only a true one, but it is in 
accordance with the reading of the succession in Europe ; it is based 
both upon the position of the rock-masses of North Devon, and 
upon their associated groups of fossils. ‘The physical conditions 
coinciding with the zoological evidence, it is that group, as a 
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whole, to which must be collated or equated the succeeding Carboni- 
ferous species, te which by succession they are allied, constituting 
one life-system, up to the close of the Permian period. It is im- 
possible to examine the distinctive fauna of the South and North 
Devon Devonian rocks, taken collectively and compared with their 
equivalents in Rhenish Prussia, Belgium, and France, and not ts 
perceive that it is in the North Devon area, where the sequence is 
clear, that the question of life-succession must ultimately be deter- 
mined ; for in South Devon we have as yet no known Upper-Devo- 
nian fauna, which series was so conclusively established in this 
northern area, at Baggy, Marwood, and Croyde &ec. above the 
Pickwell sandstones, and at Petherwin, Landlake, &c. in North 
Cornwall, by Mr. Salter, in the year 1863%*. 

Upon examination of Table [X., where every known species in 
the Northern area (including Petherwin) is given, the importance 
of the Upper-Devonian fauna will be at once perceived, and its 
relation to the Carboniferous appreciated. This Table shows the 
occurrence of 194 species in the Lower, Middle, and Upper Devonian 
series of North Devon and Petherwin ; and in the Upper-Devonian 
column 110 are given, of which 40 of all classes pass up to and con- 
nect the Carboniferous ; and, taking or assuming the Barnstaple or 
passage-series in North Devon to represent the lower part of the 
Carboniferous, we have in this area 30 species in common between 
the two, and 40 in all as compared with the Carboniferous generally 
im any area. 

Having, I trust, clearly demonstrated the succession and value of 
the Lower and Middle Devonian Rocks, and added some little to 
what was previously known of their conditions, I am compelled to 
notice, in support of the views advocated, the relations which the 
fossiliferous Upper Devonian series bear to the so-called Upper Old 
Red Sandstone of Pickwell Down &c., because it is asserted by Pro- 
fessor Jukes that the uppermost bed of this range was in existence 
before any of the beds containing marine Devonian fossils were de- 
posited. No one can doubt the fact that, resting upon the upper beds 
of the Red Sandstones of Pickwell Down at Vention and George Ham, 
(at the southern part of Morte Bay), we have the lowest members of 
the Upper Devonian group conformably succeeding the green, red, 
and grey micaceous Upper Old Red Sandstones above named ; but it 
must not be believed that these are the lowest marine Devonian beds. 
I have endeavoured to show, as others have done before (and, I be- 

* The carefully prepared paper by Mr. Salter (Quart. Journ. Geol. Soc. 
vol. xix. 1863) upon this series south of Baggy, in which the whole question is 
discussed, and its correlation with the South-Wales beds given, with also special 
reference to the Irish group, prevents my entering upon them in any form: all 
the species known in the Upper Devonian series are given in the Tables IT. and IX., 
and their relation to the Carboniferous series of North Devon, or the Carboni- 
ferous Limestones of any area, is also given. I have appended a note upon the 
passage-beds between the Old Red Sandstone and Lower Limestone Shales of the 
Avon section, where I am disposed to believe the Upper Devonian series is repre- 
sented by about 1000 feet of grits, shales, and impure limestones, and many 
species which occur in the Marwood group in North Devon, but which do not 
range higher into the Carboniferous series above, in the Bristol section. 

VOL. XXIII.—PART I, 3A 
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lieve, successfully), that thousands of feet of fossiliferous slates and 
limestones occur, in regular sequence through all North Devon from 
north to south, or from the Foreland to Barnstaple. Had Professor 
Jukes stated that upon the uppermost beds of the Upper Old Red 
Sandstone at Pickwell Down rested those containing the Upper-De- 
vonian marine fossils, or in part the equivalent of his Carboni- 
ferous slate and Coomhola grits, he would have read the real struc- 
ture of the country ; now we are asked to believe, through the 
agency of an unknown and supposititious fault with a northern down- 
throw, or an anticlinal running east and west from Morte Bay to 
Wiveliscombe, that these Upper Devonian beds (his Carboniferous 
slates) are repeated in the Lynton area, being rolled, undulated, 
or faulted to the north. 

Upon this hypothesis, therefore, there is no such group as Devo- 
nian in North Devon, the whole Lower and Middle series with 
their characteristic fossils and clearly defined stratigraphical place 
being swept away, and substituted by the Carboniferous Slate, but 
only through similarity of aspect, and not identity, as based either 
upon physical or paleontological grounds. On the other hand, there 
may be grounds for endeavouring to establish contemporaneity 

» between the Upper Devonian series of North Devon and the Car- 
-boniferous Slates of the south of Ireland upon the principle of 
geographical rather than chronological distinction ; and the aspect of 
the beds both in North Devon and Ireland, and their zoological 
relations one to the other through certain classes, especially the 
Brachiopoda (vide Tables IX. and X.), is clear, and to be expected 
when we know that the Devonian preceded the Carboniferous in time. 
And it is admitted that the Petherwin, Baggy, Marwood, Sloly and 
Croyde beds are older than the Carboniferous Slates, and not clearly 
represented in the south of Ireland (vide Tables IX. and X., and 
Professor Jukes’s “ Notes for a comparison ” &c. &e., pp. 17, 22, 27). 
I am disposed, therefore, from careful examination of the Upper De- 
vonian fauna in North Cornwall and North Devon, and of that of 
the Boulonnais and Belgium, to collate the species in the Irish Car- 
boniferous slate and Coomhola series with the English types rather 
than adapt the latter to the Irish. 

There are in the Upper Devonian rocks of North Devon south of 
Pickwell Down, including Petherwin, 136 species*, representing 57 
genera: 30 of these 136 species, in this area, may be Carboniferous, 
assuming that the Barnstaple beds are of that age; but no more 
than 40 are known to pass up to the Carboniferous Slate and Car- 
boniterous Limestone in any area; the remaining 96 are exclusively 
Upper-Devonian species that lived earlier in time than the Carboni- 
ferousy, and underlie the Coomhola Grits and Carboniferous Slate, so 

* Omitting the Petherwin, there are 110 true North-Devon forms; the addi- 
tional Petherwin species occur only in that area amongst Carboniferous-slate 
and Carboniferous-limestone species. 

+ Professor Jukes gives a list of 84 species at pp. 22-27, but places them in 
the Carboniferous Slate on the assumption only that they are so; a Roman 
letter indicates (as stated at p. 17) the Old-Red-Sandstone localities, but not yet 
Carboniferous-slate localities. My Table IX. and that list will correct each other. 
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far as we know at present, everywhere. The value of Mr. Salter’s 
paper is lost if we reject his careful determinations relative to the 
Upper Old Red and Devonian; if they be controverted, then we will 
convert the term Upper Devonian into Carboniferous Slate; but 
upon the nomenclature as it now stands, Mr. Salter’s observations and 
my own go far to suggest, if not to prove, that the Coomhola species 
may yet be Upper Devonian; and this is supported by the fact 
that Cyrtina heteroclyta and Spirifera disjuncta occur in the gritty 
beds of Reenydonegan Point, Bantry Bay, one a strictly Middle 
Devonian form, and the other neither known in the Carboniferous 
Slate nor above the Upper Devonian in England or in any part of 
Europe. There may be confusion yet in the Irish series; and the 
comparison made between the thick Carboniferous slates of Cork, 
and the equally thick sandy slates and limestones of the Upper 
Devonian series of Baggy and Croyde in North Devon, may yet 
require considerable revision; that these Irish and North-Devon 
Upper Devonian beds are intermediate between and connect the 
Upper Old Red Sandstone and the Carboniferous rocks, there 
can be no doubt; and although the Coomhola grits appear strati- 
graphically te belong to the Carboniferous rocks of Ireland, yet 
it is found that they contain many Devonian species; and notably 
we find clese resemblance between the two, both in structure and 
associated fossils, especially so in the Baggy, Marwood, and Pilton 
group; and they may readily be mistaken; but, taken as a whole, 
there cannot be any doubt as to the distinctness of the faune of the 
two, although connected by gradual passage. The species, then, of the 
Upper Devonian of North Devon may be on the “same general 
horizon” as those of the Coomhola series in Ireland; but that our 
lowest beds of this group, or the Petherwin and Landlake lmestones 
and slates &c., are chronologically below the Baggy group and the 
Irish grits, there cannot be any doubt. We may yet expect to find 
a true Upper-Devonian fauna in the slates and grits that overlie 
the Upper Qld Red Sandstone of the south of Ireland; and it will 
have to be collated to the English type; for that we have a large 
assemblage of well-marked forms in our Upper Devonian beds not 
yet accounted for in the Irish series is certain ; and that we have a 
definite Middle- and Lower-Devonian faunain North Devon, distinct 
from the Upper- and not known in Ireland, whatever may be the 
cause, is equally certain. 

It has been questioned whether or not the “ Stringocephalus-lime- 
stones of either North or South Devon can be shown to exist below 
anything that can be identified as Old Red Sandstone.” No doubt 
can exist as to the stratigraphical position of the slates and grits that 
contain this and associated shells abundantly in North Devon ; its 
position here, as in Rhenish Prusssia, the Eifel, and as the Calceola- 
slates of the Boulonnais, is in the heart of the Middle or Ilfracombe 
group; itis abundant in places, especially so in Combe-Martin Bay, 
Hagginton, &c.; and when it is proved that the intermediate mass 
of slates &c. of the Ilfracombe series are Carboniferous Slate, then 
will Stringocephalus Burtini, Uncites gryphus, ai ere 

3A 
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Davidsona Vernewli, and many other equally characteristic species 
cease to be typical continental and British Middle-Devonian shells. 
The limestones and gritty slates of Combe Martin occupy in North 
Devon the same subordinate place in that series (being near the 
base), as they do at Ecaussines, in Brabant, and they are unques- 
tionably the equivalents in this country of the Paffrath and Muns- 
ter-Eifel beds in the Rhenish provinces. 

I have endeavoured to show reasons why these beds reposing upon 
the Hangman grits occupy a place far below the so-called Old Red 
Sandstone of Pickwell Down*. 

In South Devon we have no Upper Devonian rocks yet known, 
and consequently no fossils referable to them. 

It has also been asked if “the rocks of South Devon are not a 
mere expansion of the [so-called] Carboniferous Slates of North 
Devon, with a change in the fauna depending upon difference of 
province.” No one who has examined the fossils or the rock-masses 
of the two areas north and south of the granitic mass of the Dart- 
moor can doubt their identity in time, either through organic remains, 
or through similarity of physical structure, the chief and only dif- 
ference being the greater development of the organic limestones 
in the south over that of those in the northern area. There is no 
change or difference in the fauna of the two regions; and of the 
238 species known in the Middle Devonian of South Devon 53 
occur in the same series in North Devon, and that chiefly through 
the corals and Brachiopoda; and 21+ of these 238 are known in 

* Tt is still an open question whether the Upper Devonian beds are repre- 
sented in the Avon section or not. There is a series of grey shaly marls and 
impure limestones beneath the Bone-bed which exists at the base of the Lower 
Limestone Shales; in one of these shaly beds are found Modicla Macadami, 
Avicula Damnoniensis, Cucullea trapezium, C. Hardingit, Filicites dichotoma, 

Knorria dichotoma, Naticopsis plicistria, and other forms recognized in the Upper 
Devonian beds of the Marwood series in North Devon. Underlying the bed 
containing the above, there occurs 100 feet of alternating limestones, shales, and 
marls, including about 30 feet of passage-beds into the Old Red Sandstone, which 
is recognizable by quartzose conglomerates. None of the above forms occur 
higher, in the Carboniferous Limestone, not even in the intermediate and imme- 
diately succeeding argillaceous Lower Limestone Shales; but true Carboniferous 
species.are associated with them, such as Spirifera bisulcata, Streptorhynchus 
crenistria, Rhynchonella pleurodon, Orthoceras gregarium, Lingula mytiloides. All 
the above facts were carefully noted and described by W. W.. Stoddart, Esq., F.G.S., 
in a communication read at the Bath Meeting of the British Association, 1865, 
Trans. of Sections, p.’71. I have since examined and measured the entire section 
underlying the red crystalline limestone band which forms so conspicuous a 
feature below the Fish- or Bone-bed ; and whatever these impure limestones, 
grits, and shales may be, they are a very distinct group from either the red con- 
glomerates and marls below, or the overlying argillaceous limestones, which con- 
stitute the well-defined so-called Lower Limestone Shales, which are 500 feet 
thick : this passage-series may, and probably does, represent the greatly developed 
Upper Devonian beds of Baggy and Marwood above the Upper Old Red Sand- 
stone of Pickwell Down ; before the chief mass of thick-bedded flaggy Old Red 
Sandstone and marls are reached, the ground is occupied by a highly siliceous 
variegated marly series, measuring 1000 feet, which is indicated by the valley 
east of the railway-tunnel. 
F t : Polyzoa, 8 Brachiopoda, 3 Lamellibranchiata, 4 Gasteropoda, and 3 Cepha- 
opoda. 
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or pass up to the Carboniferous generally. But the relationship 
between the fossils of the southern area and those of the continental 
Middle Devonian is more remarkable; for of the 238 species in 
England 90 are common to the two, almost every species of coral 
being the same, and the majority of the Brachiopoda also. Rather, 
then, should we expect to find that the species in the Carboniferous 
Slate are expansions of the Middle Devonian, the change in the 
fauna, when complete, being due to a difference of province or area 
as well as of time. We therefore look to the Devonian for the types 
with which to compare our Carboniferous fauna, and they will be 
found in North and South Devon. 

If I am right in substantiating the succession in North Devon, 
it is impossible that the Devonian slates and limestones of South 
Devon can be an expansion or extension requiring nearly con- 
temporaneous deposition—a condition to be perhaps readily ac- 
counted for in the case of the Carboniferous Slate and Carboniferous 
Limestone, which were doubtless formed under very different local 
conditions, and in one area. Such an hypothesis can scarcely be ap- 
plied to the prior existing, lower, older, and conformable Middle 
Devonian slates and limestones of either North or South Devon, 
with an almost totally different fauna; the parallel hypothesis may 
be drawn and applied with relation to the Upper Devonian beds of 
Baggy and Marwood &c. and the Coomhola group. They perhaps 
were deposited on the same general horizon in time, under dif- 
ferent geographical conditions, and now rest upon (in the Irish 
and English areas) a set of sandstones which constitute the base 
of the Upper marine Devonian series, let them be called by what 
name we please. It is their position as well as their paleon- 
tological value I contend for, both of which, if rightly viewed, give 
not only a natural but a true solution to the upward succession of 
the North Devon rocks. There is nothing in Ireland below our 
Upper fossiliferous marine Devonian series (Irish Carboniferous 
slate) ; and in endeayouring to make that the base of the whole of 
the Old Red Sandstone I believe that Professor Jukes has committed 
an error, and also in endeavouring to establish for Ireland a fossilife- 
rous base for the Old Red Sandstone. Our fossiliferous Lynton and 
Ilfracombe series may, and probably do, represent in time the thick 
Trish series of red sandstones, gritstones, and clay slates, the base 
of which it is admitted has never been seen, and on the top of 
which repose their Carboniferous Slates, Coomhola Grits, and our 
Upper Devonian in part. 

I believe, therefore, that we have in North Devon, and in the 
Lynton and Ilfracombe series only, the fossiliferous representative of 
these barren Irish Lower Old Red Sandstones, deposited under dif- 
ferent conditions in a different area, although apparently allied geo- 
graphically, accounted for upon the same principle that Professor 
Jukes advances relative to the lowest Carboniferous groups, and de- 
pendent upon chronological and geographical distribution, agreement, 
or distinction. 

I therefore still ask whether the fossiliferous slates, sandstones, 
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and grits that repose upon the Upper Old Red Sandstone of Ireland 
under the names of Carboniferous Slate, Glengarriff Grits, &c. are 
not, or may not prove to be an expansion of, the well-known well- 
marked typical English fossiliferous Upper Devonian series that 
occurs on the southern flanks of Pickwell Downs &c., which no one 
doubts passes insensibly, conformably, and inseparably into the Car- 
boniferous (Carbonaceous) beds above in that area, where they over- 
lie and are conformable to the so-called Old Red Sandstone*, which 
occupies the same position in South Wales and Ireland, but which 
at its base graduates down (in North Devon) through the conform- 
able and underlying Morte slates into the well-marked Ilfracombe 
and Combe-Martin series, the Hangman grits, and the Lynton beds 
below them, all through which a life-succession and physical aspect 
are determinable, distinct, and readily separable from the beds called 
Upper Devonian and Carboniferous above. 
When physical facts and fossil evidence can be put forward that 

will tend to show that the Ilfracombe and Lynton series are not 
below the Upper Old Red Sandstone of Pickwell Down, and are not 
the Lower and Middle Devonian, by an assemblage and facies of 
recognized organic remains as zoologicaliy distinct as the Carboni- 
ferous are from the Permian which succeed them, and not till 
then, can any new reading be proposed for the physical structure of 
North Devon. 

After very careful investigation into the physical structure of 
North Devon, as well as a critical examination of the organic remains 
contained in its diversified rock-masses, I can come to no other con- 
clusion than that the series of sandstones, slates, and limestones 
ranging from the Foreland and Lynton on the north to Pilton and 
Barnstaple on the south are one great and well-defined system, and 
equally well divisible into three groups, a Lower, Middle, and Upper 
Devonian series, each equally well characterized by a fauna, the 
zoological facies of which are sufficiently distinct to determine them 
one from the other. Let this Devonian system be equated to what 
it may, it is nevertheless a great life-group—a system based upon 
clear stratigraphical succession of strata and an associated and well- 
marked marine fauna. ‘This is borne out and testified by its extended 
and equivalent groups in Europe, where in Nassau, Rhenish Prussia, 
and Belgium the Lower and Middle series are precisely the same as 
our own in North and South Devon. 

In Great Britain, the North-Devon and West-Somerset rocks must 
be regarded as the types with which we must compare those of South 
Devon and the Continent; for here only can the succession be satis- 
factorily determined ; and although the preservation of the fossil fauna 
is more obscure than in the south, still every day adds to its com- 
parative completeness, and to the identity of the two areas. 

In North Devon and West Somerset only do we get the lowest 
known beds; and although these are much obscured by the Lynton 
anticlinal, and perhaps an extensive fault affecting the Foreland sand- 
stones, it is clear that no fossil-bearing slates or limestones underlie 

* Not the whole, but the “ Upper.” 
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these red grits and sandstones. I consider the Devonian deposits as a 
whole to be equivalent in time with, or chronologically the same as, the 
Old Red Sandstone as a whole—and that as it is convenient to divide 
the series composing the mass of the latter into Lower, Middle, and 
Upper Old Red by stratigraphical sequence and the fossil fishes which 
characterize the groupings, so it is also equally convenient and 
natural to make a threefold division of the marine Devonian Rocks as 
characterized by the assemblage of organic remains in, and by the 
physical characters of, each, and especially so through the middle 
or intermediate group and its great limestone coral-bearing series, 
this holding good for Europe as well as Britain. 

I believe we may yet be able to demonstrate that the marine De- 
vonian series of West Somerset and North Devon was deposited in a 
different area, a different province of life, from that of the Old Red 
Sandstone; it is a great marine system totally distinct from the 
Silurian below, and even from its contemporaneous, or synchronously 
deposited Old Red Sandstone, and that, through its upper members, 
when or where developed, it gradually passed into the succeeding 
Carboniferous group—which is incontestably seen and proved to be 
the case in the North-Devon area. 
We have yet to learn what were the conditions and what the 

physical changes that took place at the close of the marine Silurian 
epoch and the commencement of the Old Red Sandstone proper, by 
which so complete a change took place that almost every species 
and vestige of invertebrate life changed or passed away, or is not 
preserved to us, through the whole of that interval of time which 
witnessed the deposition of the normal Old Red Sandstone series. 
I believe we can come to no other conclusion than that in the 
typical Old-Red area the marine Silurian sea was slowly and 
gradually changed, or was succeeded by long-continued and slow ele- 
vations and oscillations of the land, thus converting the old marine 
area into one of freshwater conditions of great extent. The 
contour of the area over which the Old Red Sandstone of England 
and Wales extended would favour and lend considerable weight to 
this view. The oval basin-shaped region or tract occupied by this 
formation extended from Much-Wenlock on the north to Haverford 
West and Milford Haven in South Wales, along the junction of the 
Silurian and Old Red strata at its western boundary, and thence in 
an easterly direction or strike to Pembroke, Caldy, Worms-Head and 
across the Channel to the Mendip Hills, and thence again deflected 
north, along the eastern margin of the Bristol Coal-field, where the still 
older Paleozoic rocks and Old Red Sandstone, as well as the Carboni- 
ferous series, all dip west, this condition being continuous along the 
strike of the Malvern and Abberley Paleozoic series and onwards to 
Bridgenorth. This extensive area, the only one in England occupied 
by the true normal Old Red Sandstone, though not so extensive as 
that originally occupied by the Wealden when produced across the 
English Channel into the Boulonnais, may have been, and indeed very 
probably was, during a long interval of time, subject to freshwater 
conditions, either estuarine or lacustrine, with slow but continuous 
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elevation of the land over the district traced out. There is nothing 
in the physical structure of the country to forbid this supposition, and 
on paleontological grounds nothing to disprove it. No form of inver- 
tebrate life can be pointed out, over this great area, that lived on 
beyond the deposition of the passage-beds on the confines of the two 
systems. ‘The fishes and Pcoecilopod Crustacea (both of which are 
allied to fresh water forms) are not known beyond the old margin ; 
and those species of fish that do occur are sparingly found in the 
cornstones of Hereford and South Wales. 

Either, I believe, we must admit that the total extinction of the 
Silurian species at the commencement of the deposition of the Old 
Red Sandstone was due to those conditions I have endeavoured to 
trace, or that the marine Devonian series must have been deposited 
and accumulated in an area haying little or no community with the 
previously existing Silurian sea, but went on synchronously with the 
Old Red Sandstone, though in a different province, and under marine 
conditions ; and we have not, I think, any great difficulty in approxi- 
mately determining the position and probable extent of that area. I 
am disposed to believe that these marine Devonian strata were ac- 
cumulated in a definite region, defined by a barrier which may have 
existed south of the Mendip Hills, and continuous or parallel with 
that range towards France and Belgium and the Rhenish provinces. 
Physicists may yet determine this; but it is south, or along the 
course of the Bristol Channel north, of the Foreland, that, I believe 
it may be determined, the equivalent strata in time, the marine 
Devonian rocks, were deposited. In other words, the southern Bri- 
tish equivalents of the Old Red Sandstone (the Devonians) were 
deposited in a different and marine area, whilst the typical Old Red 
Sandstones were being accumulated in an area to the north of the 
prescribed barrier, and are of purely freshwater origin, the contour of 
that area being governed by the previously existing and older 
Palzeozoic Rocks: the base of the one is seen in the Silurian area; 
and its upper members under many aspects may be examined in 
Wales, Somersetshire, and Gloucestershire, and under a different con- 
dition still in North Devon and Ireland. 

It is from the remarkable contrast and difference that exists in the 
lithological and physical characters of the rock-masses of the typical 
Old Red Sandstone in its various localities as compared with what we 
believe to be its representative and equivalent in time, viz. the Devo- 
nian in North and South Devon and in the European areas, that 
we are led to examine into the causes for so complete a discrepancy ; 
and looking at theexact bearing and well-defined strike of this westerly 
remnant of the North-Devon Devonian rocks under the waters of the 
St. George’s Channel, or Atlantic Ocean, I am led to believe that an 
extensive coast-line or barrier existed to the north of what is now 
the coast of West Somerset and North Devon, at Lynton, Porlock, and 
Minehead, and thus construct a different geographical area or pro- 
vince of deposition and accumulation for the fossiliferous marine 
Devonian series. This sea and area would appear to have been ex- 
tensive, if we correlate and connect our beds with their equivalents 
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in Belgium, and to the north, in the latitude of Diisseldorf and Arns- 
berg, {in the north of Rhenish Prussia,] and on the east to the 
Taunus and Hundsriick ranges over the Coblentzian area, thence 
south to Luxembourg, Meziéres, and the Ardennes &c., and con- 
tinuously on, with interruptions, to the Boulonnais, under the Paris 
basin, joining the narrow strip that reposes near Angers, Vannes, 
and Quimper, in Brittany, upon the Silurian series. Patches of 
Devonian rocks on the extreme north coast of Brittany would help 
us to construct this southern boundary to the Mid-European Devo- 
nian deposits or area. 

Itis not improbable that the Devonian rocks of the Pyrenees and 
of the Asturias, which strike east and west parallel to the British 
series, may have formed also a still more southerly extension of the 
same. They occupy an immense area in the north of Spain and 
south of France. On paleontological grounds also the British, Irish, 
Belgian, Prussian, South French, Pyrenean, and Asturian series may 
have formed, and probably did form or constitute, a connected and 
contemporaneous series of marine deposits—one definite hydro- 
graphical area; for the facies of the fauna in all the districts is 
the same. 

Somewhere, then, at no great distance south of the Mendip Hills, 
I would suggest that an extensive barrier or ridge existed at the 
time of the deposition of the Lower Old Red Sandstone, perhaps an 
axis of depression synchronous with movements of elevation to the 
north, in the Silurian area, which governed the conditions of 
the deposition of the Old Red Sandstone, and destroyed the 
marine fauna at the close of the Silurian period. To the south 
of this barrier, which severed the groups and cut off communication 
with the northern area, were deposited the marine equivalents of the 
Old Red Sandstone (the Lower and Middle Devonian slates and lime- 
stones); in other words, this barrier, let it have been what it may, 
would produce two hydrographical areas—one marine, to the south, 
the other freshwater, to the north, or in the Silurian area (Wales, 
Herefordshire, Shropshire, Gloucestershire, &c.). A total change took 
place in the marine fauna through its passage-series to the succeeding 
and conformable Lower Old Red Sandstone, when the few Fish and 
Crustacea in common to the two series almost, if not entirely, dis- 
appeared ; and the vast accumulation of sandstones marks an epoch 
and an area in one sense apparently lifeless ; for we have only two 
or three species, and these land and freshwater, and found only in 
the upper part of the Old Red. 

The structure of North Devon does not aid us in one desired point, 
there not being, as in the typical district, a recognizable base to the 
Lower Devonian slates of Lynton,—the Silurian, if there, being 
deeply seated and beneath the Foreland sandstones. We cannot, 
however, have any doubt, or hesitate to come to the conclusion, that 
the red, grey, and variegated sandstones and grits that constitute 
the structure of the country from the Foreland to Porlock, Mine- 
head and Dunster, and the western side of the Quantocks belong in 
time to this lower part of the Old Red Sandstone; neither can we 
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fail to clearly determine that south and south-west of Lynmouth, after 
passing the anticlinal, an entirely new marine fauna sets in, accom- 
panied by an equally new set of physical conditions, the species 
comprising the fauna in this North Devon area having but one form 
in common with all the Silurian species, viz. Atrypa reticularis. We 
are therefore, I believe, from our knowledge of the structure of the 
country, justified in assuming that along its now northern borders, 
washed by the waters of the Bristol Channel, and somewhere south 
of the Mendip Hills, an axis of movement or a barrier of some kind 
existed, stretching under what are now the secondary rocks of Somer- 
set, Dorset, Hampshire, Sussex, and Kent, on to the French, Belgian, 
and Rhenish areas, over which we have one and the same kind of 
physical conditions, one and the same fauna, one and the same re- 
cognizable and adapted general succession. 

The accompanying Table of equivalent strata in different areas has 
been drawn up with the view of endeavouring to coordinate the groups 
one to the other, taking their physical structure, and the distribu- 
tion of the fossils of North and South Devon as the types of the Devo- 
nian system, adapting the European and Irish series to them as the 
type. Itis still a matter of great doubt as to whether the true Old Red 
Sandstone series of England, Wales, and Scotland can in any way 
be really coordinated with the marine Devonian of Devonshire. 
All that can be said is, that they both occupy a place above the 
Silurian and below the Carboniferous, and that they are not found 
together in any area. The barren Foreland sandstones at the base 
of the Lynton slates I have, as before stated, placed as Lower Devo- 
nian sandstone. The red grits and sandstones which succeed these 
(the Hangman grits), and on which repose the Combe-Martin and 
Ilfracombe slates, I have placed at the base of, and classified with, 
the Middle Devonian series as Middle Devonian sandstone, and the 
equally well-defined and (to these) conformable red sandstones of 
Pickwell Down I have placed at the base of the Upper Devonian 
strata as Upper Devonian sandstone, which is the whole of the Old 
Red Sandstone of Prof. Jukes*. The groupings of the Rhenish 
Prussian, Belgian, and French series are correlated with our Devon- 
shire beds, the whole of which I believe belong to and were depo- 
sited in and over one general area, and contemporaneously. 

* Neither of these three Sandstones contains any organic remains, except the 
uppermost beds of the Hangman Grits near Combe Martin, in which occur 
Myalina and Natica, &c., as before stated. 
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ERRATA ET CORRIGENDA. 

Page xxxi, line 6, after seventh volume znsert of our Transactions. 
9) 8, line 20, for 7000 read 700. 

9, last line but two, for palpable read probable. 
19, line 382, for seriale read serialis. 
25, line 18, for 40 read 41. 
40, line 9, for I read he. 

109, line 20, before river-deposits insert Tertiary. 
115, to title of map facing this page add Quart. Journ. Geol. Soe. vol. 

Xxiil.pl. iv. 
189, line 1, for Admiralty Registrar read of the Admiralty Registry. 
143, line 10, after Dictyopteris add and Lridine. 
149, last line add T. R. J. 
154, line 23, for Africana read pustulifera. 
170, as note to Prince Alfred’s Rest inser¢ about four miles from the Sun- 

day’s River Mouth. 
170, Acanthopholis, dele *? from the last column and insert *¢ in the 

second column of localities. 
171, last line of text, add T. R. J. 
174, after the last line, add 9. Cidaris pustulifera. 
226, last line, add-the last line of 228. 
228, dele the last line. 
240, last line, the fossil referred to as possibly a Hzppurite has been deter- 

mined by Mr. Etheridge to be a new species of Celoptychium, Gold- 
fuss. 

265, title of paper, for of the Tertiary read of the Chalk and Tertiary. 
473, line 6 from bottom, and elsewhere for rotula vead rotulata. 
484, line 16, add (Fig. 3). 
521, line 9 from bottom, for No. 3 read (0). 
527, line 26, for facts read considerations. 
544, line 18, for AMBERLEYA ALPINUS read AMBERLEYA ALPINA. 
558, line 15, for fascie read fascia. 
571, line 23, dele t; and line 24, for { read f. 
571, note t add Brit. Assoc. Rep. for 1837, Trans, Sections, p. 94. 
571, note f, this note is a continuation of note f. 
572, line 12 from bottom, znsert as note to Austen, Proc. Geol. Soe. vol. iti. 

. 123. See also Geol. Trans. 2nd series, vol. vi. p. 433. 
576, line 20, after Harz insert (Quart. Journ. Geol. Soc. vol. xi. p. 399). 
576, line 13 from bottom, after England znser¢ (Quart. Journ. Geol. Soe. 
Pivel- sais p139) si 

578, notes * and §, add Journ. Royal Geol. Soc. Ireland, vol. i. p. 103. 
580, explanation of map, for Croydon Beds read Croyde Beds. 
590, line 2, for erous read numerous. 
681, footnote, dele p. 578. 
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Note on the Exptorations made in the Caverns of Furrooz, in the 
Province of Namur. By M. E. Dupont. 

[Notice sur les fouilles scientifiques exécutées dans les cavernes de Furfooz 
(province de Namur), par M. Edouard Dupont. Bulletin de l’Académie Royale 
de Belgique, 2° série, tome xx. p. 244.] 

M. Dupont, who, in conjunction with M. Van Beneden, was entrusted 
with the examination of the caverns in the province of Namur, laid 
before the Academy in this communication the result of his explo- 
rations of seven caverns at Furfooz, in that province, named respec- 
tively Trou des Nutons, Trou du Frontal, Trou Rosette, Trou de la 
Gatte (chevre) d’Or, Trou qui igne (Trou fumant), Trou Reuyiau, 
and Trou Saint-Barthélemi. 

A general section of the deposits which fill these caves presents the 
following beds, in descending order :— 

1. Reconstructed (remaniées) beds, containing different objects dating from 
the Historic period. 

2. Yellow clay, containing numerous angular fragments of limestone. From 
this bed portions of human skeletons, bones of the Reindeer, Glutton, Elk, Bear, 
Chamois, Wild Goat, Beaver, &c., have been obtained. Remains of human in- 
dustry, consisting of flint knives, worked bones, fragments of a coarse pottery, 
and traces of hearths were also discovered. 

3. Beds of stalagmite. 
4. A stratified sandy argillaceous deposit without either subangular blocks or 

bones, often containing concretions of limestone or marlstone. 3 
5. Beds of rolled pebbles, coming from the Ardennes. These have only fur- 

nished one tooth of Ursus speleus and some remains of the Horse. 
6. Glauconitic gravel with traces of peaty matter, bones of Beaver and other 

animals, but without any indications of the existence of man. 

The most important bed, however, is the clay with angular blocks, 
containing human and animal bones, as well as the remains of a rude 
industry, in great abundance. These bones and instruments carry 
us back to a very remote period. The inhabitants of the cave were 
the contemporaries of several species of animals which now only 
inhabit, some the extreme north, others the summits of the Alps and 
the Pyrenees ; while their industry indicates a state of civilization 
less advanced than that of the celebrated establishments of the stone- 
age in Denmark and Switzerland. This civilization, M. Dupont con- 
siders, may be compared to that which M. Lartet and Mr. Christy 
observed in the south of France, and the remains of which were 
mingled with a fauna equally comparable to that of Furfooz. 

In the caverns of the environs of Dinant, the same bed, consistent 
in all its characters, may be observed; and its stratigraphical analo- 
gies with the beds which the French geologists call the diluvium rouge 
of the Paris basin lead the author to suppose that at some future 
time it will be possible to correlate these two deposits. (A. 8.] 
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T'he Cavurns of the Banxs of the Lussn and the Muusn, explored up 
to Octoper, 1865. By M. E. Dupont. 

[Etude sur les cavernes des bords de la Lesse et de la Meuse, explorées jus- 
qu’au mois d’Octobre, 1865; par M. Edouard Dupont. Bulletin de lAca- 

-démie Royale de Belgique, 2¢ sér. tome xx. p. 824.] ; 

A FURTHER exploration of the escarpments of the River Lesse by the 
author led to the discovery of other caverns in the neighbourhood of 
Dinant, which he describes in this communication. 

Amongst these, the cavern of Chaleux (Trou de Chaleua), about 55 
feet above the river-level, has yielded some important evidence. An 
excavation made in the middle of the cavern showed that immediately 
above the limestone floor was a deposit of alternating sands and 
clays (9 and 10), overlain by a bed of gravel (8), this last being 
beneath a bed of sandy clay (7) containing angular fragments of 
limestone, remains of Ursus speleus, and the argillaceo-calcareous 
nodules which characterize an analogous deposit in the Paris basin. 
The little bed of gravel marks an important horizon; for it is the 
characteristic of the argillaceo-sandy level of the caverns and the 
Quaternary formation; and being formed of small fragments of 
sandstone and rolled psammite, it affords incontestable proof of the 
action of “external waters” in the stratification of the deposit. 
Moreover two flint knives were obtained from it; and as the super- 
posed bed contains the remains of Ursus speleus, the discovery con- 
siderably increases the known antiquity of Man upon the banks of 
the Lesse. 

Nearer the entrance of the cave, and extending some distance 
down the escarpment of the river, occurs a continuous bed (6) of 
fragments of the Carboniferous Limestone in which the cavern is 
situated. Above this, on the outside slope, and extending above 
the sandy argillaceous deposit of the interior, is a bed (5) composed 
of sand, dust, and ashes, and showing numerous traces of the co- 
existence of man with the Reindeer. Bones of animals which 
have served as food for man, human bones, and worked bones are 
abundant. More than 30,000 flints—knives, chips, blocks, and 
cores—were discovered in this thin bed of 12 inches, besides ashes 
and numerous fragments of sandstone, schist, &c. This bed is over- 
lain by a mass of calcareous blocks (4) like those of the previous 
bed (6), this again being capped by the ordinary yellow clay (3), 
which contained, besides some bones and teeth of the horse, about 50 
flit knives. This yellow clay assumes a reddish tint (2) at the 
Sear where it is surmounted by a sandy clay (1) analogous to 

oess. 
From the sandy bed (No. 5) M. Van Beneden has determined 

11 species of mammifers—namely, the Reindeer, Goat, Ox, Horse, 
Lion, Brown Bear, Fox, Badger, Polecat, Hare, and Water-rat. 
Most of these animals have evidently served as food for the inhabi- 
tants of the caverns, all of the bones being completely broken. The 
Horse seems to have afforded the principal food ; for no less than 937 
molar teeth have been obtained from this one cave. Bones of the 
Arvicola amphibia are also very abundant; and as they are found 
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principally near the hearths, they too may possibly have formed part 
of the repasts. Many of the bones bear distinct traces of incisions 
made with flint instruments. The presence in this bed of the bones 
of Man the author considers difficult of explanation; but as they are 
usually found entire, and do not occur mingled with the other bones 
near the remains of the fire-places, he considers it difficult to see in 
them the proof of cannibalism on the part of the ancient population. 
Some of the implements are made of phthanite obtained from a bed 
in the limestone of the country. All the rest are of external origin ; 
and the author inclines to the opinion that they were introduced 
from Champagne—a conclusion at which M. Nyst had independently 
arrived from an examination of the shells. 

These last consist of 54 Tertiary marine shells, which M. Nyst has 
examined. 25 of them are perforated near the mouth, but M. Dupont 
hesitates to say whether by friction or by some sharp instrument. 
During last summer, among the ashes of an ancient hearth, the 
workmen discovered the forearm of an elephant. The author, how- 
ever, considers that the inhabitants found it in a fossil state, and 
that, either for the purpose of worship, or as an object of curiosity, 
they carried it into the cavern. 

Besides these, a quantity of different objects, such as part of a 
great Ammonite, pieces of elephants’ teeth, three teeth of a whale, 
a vertebra belonging to a species of the genus Carcharias, besides 
the 54 Eocene shells, &c., have been procured. 

The author then, after a recapitulation of the beds and the prin- 
cipal objects of interest in the cavern, describes in detail two other 
cayerns on the same escarpment, the Trou des Nutons, and Trou de 
Frontal. 

This last, M. Dupont describes as a cavern of great importance. 
The floor is covered with a coarse stratified greenish sand, contain- 
ing traces of peaty matter, and bones of the Beaver. This deposit 
passes into a thick deposit of rolled pebbles of Ardennais origin, 
from which were obtained a tooth of Ursus speleus, and teeth of the 
Horse. This bed is again overlain by a little bed of grey sand, 
which is beneath a stratified sandy argillaceous deposit contain- 
ing the characteristic calcareous nodules. Above this is a greyish- 
yellow sand, considered by the author to be the Loess, this being 
surmounted by loose stones. All the bones, with the exception of 
those already mentioned, were obtained from the yellow clay with 
angular fragments of limestone. The bones belonging to 13 
skeletons were found entire, together with a quantity of flint knives, 
some Eocene shells pierced in such a manner as to make them 
capable of being suspended as ornaments, and an urn of a coarse 
description of hand-made pottery. Remains of the Brown Bear, 
Reindeer, Chamois, Beaver, Horse, &c. were discovered ; and as they 
are fractured, and some of them burnt, they probably formed part of 
a human repast. 

M. Dupont finally comes to the conclusion that this cavern has 
served for the sepulture of men who inhabited the country after the 
deposition of the stratified sandy clay, and before the deposition of 
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the yellow clay with angular fragments of limestone, and the depo- 
sition of the Loess ; and he claims for this cavern the interpretation 
suggested by M. Lartet for the celebrated burying-place at Aurig- 
nac—that the inhabitants had made there their funeral repasts, just 
in the same manner as many savage nations do at the present day. 

In conclusion, the author gives some details of other caverns in 
the escarpment of Furfooz, noticing especially the Trou Magrite, and 
the Grotte de Montfat. [A. 8.] 

GxoLocicaL Map of the Szernz. By M. DEtEsss. 
[Carte géologique souterraine du Département de la Seine. 4 feuilles. 

Kehelle 1: 25,000: Savy, Paris. | 

Tue system followed by M. Delesse in this map is the same as in 
that of the town of Paris. The strata are indicated by colours, as 
in ordinary geological maps, the Drift-deposits being omitted. If the 
strata which compose the subsoils were removed one after another, 
commencing with the most modern, there would be successively 
exhibited as much of the surface as corresponds in extent to each 
of them. The outcrops coloured on the map show the different 
periods of the formation of the subsoils of the environs of Paris; 
and their surface-contour and position above the level of the sea 
have been represented by means of horizontal curves. 

In this manner are indicated the upper surface of the chalk, of 
the plastic clay, of the white marls overlying the “ calcaire 
erossier,” of the travertin of St. Ouen, of the green clays, of the 
Fontainebleau sands, and, finally, the lower surface of the Drift- 
deposits. 

It is therefore easy to determine, by the aid of this map, what 
stata will be met with in sinking at any point in the environs of 
Paris; for the colours indicate in succession the beds met with 
immediately below the Drift. Moreover, when the place in ques- 
tion lies between two horizontal curves describing the surface-con- 
tour of the different strata, it is easy to calculate, by proportion, the 
distance at which each of them would be reached below the surface. 

[A. D.] 
On Srconpary Fossiis from EisEnERZ. By D. Srur. 

[ Proceed. Imp. Geol. Inst. Vienna, November 1866. ] 

A PYRITIZED specimen of Ammonites flaridus, Wulf., from 2 to 3 
inches in diameter, an upper Triassic form, well known to occur in 
the shell-marble of Bleiberg and in the horizon of Halobia Haueri 
in several Alpine localities, has been lately found in a matrix of 
nearly black, opaque marl far beneath the horizon of the ‘‘Sauberger”’ 
Limestone, in which pygidia of Bronteus have been repeatedly found. 
The geological structure of the environs of Hisenerz, together with 
fragments of yellow molybdate of lead (quite identical with those of 
Bleiberg in Carinthia) lately found there by miners, leads to the 
supposition that the Ammonite in question, as also these lead-ores, 
have been accidentally transported from Bleiberg to Hisenerz. 

[Count M. | 
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On the Extension of the “CaucarRE GROssIER DE Mons” into the 
Vattey of the Hatne. By Messrs. F.-L. Corner and A. 
Brrr. 

[Notice sur i’extension du Calcaire grossier de Mons dans la vallée de la 
Haine; par MM. F.-L. Cornet et A. Briart. Bull. de l’Acad. royale de Bel- 
gique, 2me série, t. xxi. | 

Sryce the publication of their former paper on the “ calcaire grossier 
de Mons” the authors have continued their researches, and the in- 
terest which that communication eyoked has induced them, in this 
notice, to lay before the Academy the results of some further ex- 
plorations. In 1865 about 150 species had been obtained from the 
rubbish of the Goffint well; now more than 300 Gasteropods and 
Lamellibranchs, 10 Bryozoa, 4 Echinoderms, 7 Corals, and about 25 
Entomostraca and Foraminifera have been collected by the authors, 
and are waiting for detailed descriptions. 

About 400 yards to the east of the Goffint well, along the road 
from Mons to Obourg, a well was sunk in 1865 by M. D. Coppée. 
After passing though a thin bed of Quaternary grey sand, which 
here, as everywhere in the environs, overlies the Tertiary and Cre- 
taceous formations, the lower Landénien green sands were reached. 
At a depth of 114 feet these sands were found to lie in a depression 
of the “calcaire grossier,” the junction being marked by irregu- 
lar masses of flint and limonite. These depressions at the base of 
the Landénien are very common throughout the province and the 
neighbouring cantons, from which the authors infer that the “ Cal- 
caire grossier de Mons” was deposited prior to the great period of 
denudation which has been thought to have occurred between the 
end of the Cretaceous period and the deposition of the Tertiary strata. 
The Coppée well has been sunk 78 feet in the “ calcaire grossier.” 
The mineralogical characters of the specimens obtained from it are 
very similar to those of the rocks from the Goffint sinkings, and the 
fossils, which are not abundant, are all, execpt the Bryozoa and 
Foraminifera, in the state of casts. 

In the previous paper, a section was noticed near the cemetery of 
Mons, the fossils of which were in the collection of M. Toilliez. 
The ‘caleaire grossier,” which was met with 50 feet from the 
surface, and extended to a depth of 225 feet, contained fossils 
referred to the following genera :—Aelanopsis, Cerithium, Eulina, 
Bithynia, Rissoa, Nematura?, Turbo, Delphinula, Turritella, Arca, 
Cardita, and Pectunculus. Below the “ calcaire grossier,” 72 feet of 
hard limestone, containing numerous blocks of flints, were traversed. 
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Specimens of Haplophragmium qrande, VOrb., Ataxophragmium 
obesum, Reuss, and Cristcllaria rotulata, have been found, besides 
other undetermined Foraminifera which are usually obtained from 
the upper and white chalk of the province. Numerous fragments of 
a shell have also been discovered, which appear to belong to an 
Inoceramus (Catillus Ouvriert, d’Orb.), which ranges from the upper 
erey chalk of the Wervien to the Maestrichtien system. With these 
Cretaceous species others are found, identical with those from the 
Goffint well; but the authors are of opinion that these belong to a 
superior formation, having accidentally been brought up by the bor- 
ing-apparatus. Below this a soft white chalk of subgranular tex- 
ture was met with, containing flint identical with that from the 
yellow limestone, and with the same abundance of Foraminifera and 
Catillus. The yellow limestone, with flints of the Lebréton (Toil- 
liez) sinking, cannot be correlated with any bed of the province, 
although in some places a zone of very hard compact white chalk 
exists immediately below the Maestrichtien system ; and the authors 
are of opinion that this yellow limestone corresponds to a part of 
the upper white chalk of Spiennes, and that its yellow tint and 
hardness are due to some mineralogical peculiarity. The “ calcaire 
erossier” of this section thus rests upon the white chalk without 
the intervening Maestrichtien system. | 

The authors then describe other sections to the south-west of 
Mons, in all of which the “ calcaire grossier” was found, noticing 
especially the section presented by an artesian well sunk at Marais, 
in the commune of Cuesmes. Here, after passing through 88 feet 
of glauconitic sand, a yellow limestone (calcatre grossier) was reached, 
containing the new Trochocyathus so abundant in the Goffint well. 
This limestone overlies the Upper Chalk of Ciply, from which Bry- 
ozoa, Lissurirostra Palisst, Woodward, and Thecidea papillata, 
Bronn, have been collected. 

_ A very important section in regard to the extension of this “cal- 
caire grossier” is then described by the authors. It is exposed in a 
railway-cutting to the west of Boussu, on the road to Hainin. Be- 
low some sands, with lhmonite, a friable yellowish limestone is 
exposed, from which Corbis, Lucina, Arca, Trochocyathus, n. sp., 
and another coral, besides many of the Foraminifera and Entomo- 
straca characteristic of the Goffint well were obtained. With these 
species, which belong to the ‘calcaire grossier de Mons,” the 
authors discovered a Cidaris, and another undetermined Echino- 
derm, the cardinal region of Terebratula carnea, Sow., and a The- 
cidea papillata, Bronn. The admixture of the last two species, 
which are Cretaceous, with the rest, is suggested to be due to the de- 
nudation of the anterior beds by the waters of the sea in which the 
‘calcaire grossier” was deposited. In the present state of our 
knowledge of the valley of the Haine, the authors hesitate to say 
whether the mass of “ calcaire grossier’’ of Mons has any relation 
to that of Hainin, although the results furnished by the different 
sinkings executed to the north and south of the canal incline them 
to think that the connexion does not exist. The conclusion which. 
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has been arrived at from a consideration of the sections which have 
been described is, that not only does this new Tertiary stage fill up a 
depression of the calcareous formation in the environs of Mons, but 
that it extends more to the west in the valleys of the Haine and 
Trouille, below the Landénien sands and ancient alluyium which 
occupy a large portion of those valleys. [As aed 

On the Foss Frora of Evsesa. By Prof. Unczr. 

[ Proceed. Imp. Geol. Inst. Vienna, July 1866.] 

Tue richest locality of fossil plants in this island is Kumi, where 56 
species, for the most part new, were collected in 1860 in a few days. 
Since then several thousand specimens have been obtained from the 
same locality, and the number of species has increased to 114. The 
deposits in which they occur, like those of Pikermi, in Attica, well 
known for the abundance and variety of mammalian remains yielded 
by them, belong to the upper portion of the Middle Tertiary series. 
The vegetable remains from the Marls of Kumi may be supposed to 
have belonged to species which grew on the A<gean continent (now 
the AZgean Sea), at the time when the mammals of Pikermi lived on 
its surface. The greater number of the 51 mammalian species hitherto 
stated to be represented among the fossil fauna of Pikermi are Carni- 
vora, Ruminants, and Pachyderms. The living species coming next to 
them, as-the spotted Hyzena, the two-horned Rhinoceros, the Zebra, 
the Giraffes, and many Antelopes, are peculiar to the African fauna, 
so that the later Middle Tertiary mammalian fauna of Greece must 
have been impressed with a decidedly South African character. Among 
the 114 vegetable species of Kumi, 47 (above 40 per cent.) are most 
nearly allied to forms nowliving in South Africa and in the Cape region. 
The genera Huclea, Royena, Rhynchosia, Omphalobium, the Myricee, 
and the Proteacew, represented in the flora of Kumi, strikingly re- 
mind one of the present Table-land and Port-Natal flora. 

[Count M.] 

On Fosstt Insects. By Dr. Mayr. 

[ Proceed. Imp. Geol. Inst. Vienna, February 19, 1867.] 

THe author has examined the collection of Formicina from the 
Tertiary Shales of Radoboj, Croatia, in the Museum of the Imperial 
Geological Institute, which had been named according to Prof. Heer’s 
determinations. This examination has proved Formica obesa Iado- 

bojana, Heer, to be the male, and Myrmica pusilla, Heer, to be the 
female of a species of @eophylla, a genus spread over the whole 
tropical zone in the Old World and in Australia. The Ponere, 
Heer, are partly Formicide, and partly Myrmicide. Three new 
species, Liometopum antiquum, Hypoclinea Haucri, and Lonchomyrmex 
(a new genus) Freyeri, haye been made known by Dr. Mayr. 

[Count M. ] 
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On the. Tertrary Frora of Birrn, Norra Bower. 
By Prof. C. von ErrrnesHavsEn. 

[ Proceed. Imp. Geol. Inst. Vienna, February 5, 1867. ] 

Pror, C. yon ErrinesHavsen has published, in the Transactions of 
the Imperial Academy of Vienna (vol. xxvi.), the first part of his 
description of this flora, comprising the Thallophytes, the Cryp- 
togams, Monocotyledons, Conifers, and Juliflore, illustrated by 
thirty plates. The flora of Bilin is contained in four deposits, 
namely, (1) polishing shales of Kutschlin ; (2) freshwater limestones 
of Kostenblatt ; (3) menilites and opals of the Schichow valley ; 
and (4) plastic clays, bituminous shales, and  spheerosiderites. 
Taken as a whole, the Tertiary flora of Bilin is richer in species and 
more varied in character than any other known local flora in the 
Austrian empire. The species described in this first part are dis- 
tributed thus :—Ulvacee 1, Floridew 2, Characew 1, Hyphomi yeoetee 2 2 
Pyrenomye 18, Equisctacece 1, Polypodiacee 7, Salviniacee 3, 
Graminece 17, a yperacee 2, Butomee 4, Juncacee 1, Smilacee 1, 
Muscacee 1, Nayadec 3, Ty yphacee 3, Palms 2, Cupr essinecee 7, 
Abietinee 4, Taxinew 1, Casuarinee 2, Myricacece 3, Betulacee 8, 
Cupuliferce 23, U Imacece 7, Moree 25, Artocarpee 5, Platanee 1, 
Balsamiflore il Salicinee 9, Polygonewe 2, Nyctagineee at 

[Counr M. ] 

On the Cretacnous Frora of NIEDERSCHONA, SAXONY. 
By Prof. C. von ErrinesHavseEn. 

Proceed. Imp. Geol. Inst. Vienna, January 17, 1867.1] 

Tuts flora is remarkable in its offering remains of the most ancient 
Dicotyledonous plants hitherto known. The plants are terrestrial 
and of an unmixed tropical character, numbering forty-two species, 
distributed as follows :—Ferns 4, Gymnosperms 5, Monocotyledons 2, 
Apetals 16, Gamopetals 1, Dialypetals 11. The Gymnosperms 
and Apetals are numerically to the Dicotyledons of higher organi- 
zation as 2 to 1. The same proportion exists between the extinct 
genera and those of the recent period. Thirteen species of the 
flora of Niederschéna are met with in other deposits, and among 
them are characteristic species of the Cretaceous period. One 
species occurs likewise in the Wealden, and another in Tertiary 
strata. The prevalence of Proteacew and Leguminose connect this 
flora on the one hand with that of New Holland, and on the other 
with that of the older Tertiary period, It differs from both in 
containing so large a number of Gymnosperms and Ferns, con- 
necting it with Secondary floras of a more remote date. Very 
few analogous forms are known as existing species, but a larger 
number are found fossil in Tertiary deposits. 

[Count M.] 
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The Srzvr1an Ceruatopopa of Bouemra. By M. J. Barranne. 

[{Systéme Silurien du centre dela Bohéme. Par Joachim Barrande. Ire Partie: 
Recherches Paléontologiques, vol. ii. Classe des Mollusques. Ordre des 
Céphalopodes. Texte: 4to, 1867, pp. 712. Planches: 1 série, nos. 1 4 
107, 1865; 2¢ série, nos. 108 a 244, 1866.]} 

Tuts Monograph of the Silurian Cephalopoda of Bohemia is divided 
by M. Barrande into two parts, of which the first only has been 
published. This consists of a description of 16 genera or prin- 
cipal subgenera, which are represented in the Bohemian basin by 
447 forms. These are classified by the author according to the 
following Table, those which are marked with an asterisk not being 
found in Bohemia :— 

Fam. Gortatip2. 

Goniatites, De Haan. | Bactrites, Sandberger. 

Fam. NAavuTiInip2. 

First Serizs. Seconp SEriEs. HerterocENeovs Forms. 
Simple Aperture. Compound Aperture. Simple Aperture. 

Trochoceras, Barr. & Hall. 
Nautilus, Breyn. Hercoceras, Barr. . | Nothoceras, Barr. 
Gyroceras, Kon. 
* Jituunculus, Barr. Iituites, Breyn. 
* Subg. Discoceras, Barr. | Subg. Ophidioceras, Barr. 
Cyrtoceras, Goldf. Phragmoceras, Brod. 
( Orthoceras, Breyn:) Gomphoceras, Sow. Bathmoceras, Barr. 
Ascoceras, Barr. Glossoceras, Barr. 
Aphragmites, Barr. 

In the second part will be described the forms which belong to the 
genus Orthoceras, and the other straight shells which may be asso- 
ciated with that type either as subgenera or as constituting indepen- 
dent genera, namely :—Gonioceras, Hall ; Endoceras, Hall ; and Treto- 
ceras, Salter. M. Barrande first defines the limits by which he has cir- 
cumscribed the generic types, and applied specific names to the forms ; 
he then remarks upon their-vertical and horizontal distribution in 

VOL, XXIII.—PART II. D 
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the two great Paleozoic zones, northern and central, and ends by 
pointing out fluctuations which time has shown in some of the re- 
sults obtained by Paleontology. 

Most of the genera which are not included in the author’s classi- 
fication are considered to have been founded upon incomplete obser- 
vations upon the form and natural development of the characters 
which constitute the shell of the Paleozoic Cephalopods. For in- 
stance, the position of the siphon, sometimes in the centre, sometimes 
near one of the sides, and sometimes upon an intermediate point of 
the ventro-dorsal diameter has been regarded by scientific men as a 
differential character of high importance ; and upon that considera- 
tion alone not only different types but even supposed distinct families 
have been founded. The author, on the contrary, from an examina- 
tion of the family of Nautilidee (Phragmoceras, Gomphoceras, Ophi- 
dioceras, and Lituites), asserts that the various forms of these dif- 
ferent types prove that the siphon does not possess that fixity of 
position which has been supposed, either in species of the same 
genus or, indeed, in individuals of different ages in the same species. 
For in those types in which the position of the gastric region of 
the mollusk is evident the ventral side and the siphon are more 
or less independent of each other, and their distance may attain 
not only the half but even three-quarters of the ventro-dorsal 
diameter of the shell. On applying this principle, several generic 
denominations introduced into science must disappear. Among them 
M. Barrande cites the following :—Sycoceras, Pictet, Cryptoceras, 
D’Orb., Nautiloceras, D’Orb., Aploceras, D’Orb., Melia, Fischer, and 
Cameroceras, Conrad. 

The study of the genera Phragmoceras and Gomphoceras has pro- 
duced another important fact relative to the significance of the cur- 
vature of the shells in their medial plane :— 

In rhragmoceras the majority of the species are curved in such a 
manner as to present the excurrent tube, or the ventral side of the 
mollusk, upon the concave side of the shell. Other species, on the 
contrary, agreeing with the former in their generic characters, have 
the ventral side, or excurrent tube, upon the convex side. 

By contrast, in Gomphoceras the greatest number of species 
show the ventral side of the mollusk corresponding to the relatively 
convex side, while in some the tube is found to the right of the 
concave side. Thus in Phragmoceras the endogastric species pre- 
dominate and the exogastric species are rare, while in Gomphoceras 
the contrary is the case. This consideration has led the author to 
think that the same phenomena will manifest itself in other genera, 
and has induced him to subdivide each genus into two parallel series, 
according to the endogastric or exogastric curve of the species. The 
inevitable result of this conclusion is that generic names which have 
been founded upon this distinction will disappear, such as the type 
Cyrtocerina, recently established by Mr. Billings. : 

The form of the transverse section in the Nautilide furnishes one 
of the most apparent characters of the shell. This form, however, 
is not invariable in each genus, neither is it possible to take each 
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variation as the fundamental basis of a particular generic type. In 
certain species the modification simply indicates the age of the indi- 

» viduals; for in Cyrtoceras the transverse section is circular in the 

young specimen, while it becomes elliptical or oval or subtriangular 
in adult age. Genera, therefore, such as Campyloceras, M‘Coy, T'ri- 
gonoceras, M‘Coy (Orthocera paradoxicum, Sowerby), Temnocheilus, 
M-‘Coy, and Trematodiscus (subgenus), which have been founded on 
differences of the form of the transverse section, are merged in their 
proper places among the old-established genera. 

The aperture of the shell of the Nautilide is sometimes simple, or 
like the transverse section, and sometimes complex, or contracted 
into two orifices. This difference seems to furnish a character as 
easy as it is certain for the distinction of the genera of this family. 
The genera which correspond in the two series of the Table (p. 9) 
are alike in every other respect, and are only separated by the con- 
trasting form of their aperture. The contrast seems to the author 
to indicate a different conformation of the important organs which 
surround the head of the Cephalopod, and even of the head itself, 
which appears to have been sometimes free and sometimes imprisoned 
in the shell. In consequence of these conclusions the author has 
combined with the genus Cyrtoceras the forms named Oncoceras and 
the genus Streptoceras of Mr. Billings. 

The singular appearances produced in the siphon of certain Nau- 
tilide, and especially in the siphon of Orthoceras, by organic de- 
posit, has led to the formation of several genera, such as Actinoceras, 
Ormoceras, Huronia, Endoceras, &c. All these appearances can be 
traced to the normal and habitual forms of the elements of the siphon; 
consequently these generic denominations have been carried by the 
author to the synonomy of the genus Orthoceras. 

The type Zrochoceras is extended to contain those Nautilide 
the shell of which presents a double curve. Among the extreme 
forms some are bent in contiguous volutions, and are strongly tur- 
reted. Others, on the contrary, are simply bent, like Cyrtoceras, with- 
out completing a turn of the spire, and their second coil (7. e. their 
curve in helix) is not manifest, except by a defect of symmetry. 
Thus the genus TJ’rochoceras represents among the Nautilide three 
types, distinguished by threenames among the Ammonitide, namely :— 

Turrilites, Lam., with contiguous volutions. 
Heteroceras, D’Orb., with contiguous volutions, except the last, which 

is extended in a straight line. 
Helicoceras, D’Orb., with separate volutions. 

This extension of the genus Trochoceras may appear carried too 
far, if it is compared with that of the genera with a single coil, 
among which are maintained :— 

Cyrtoceras, a type simply bent, with less than a turn of the spire. 
Gyroceras, a type coiled, with disjointed volutions. 
Nautilus, a type coiled, with contiguous volutions. 

The author admits that, from a purely theoretical point of view, 
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he should have eliminated the type Gyroceras, the forms distin- 
guished by that name being joimed to those which have been called 
Latuites. 

M. Barrande, while treating of the specific denominations which 
he has adopted for the 850 to 900 new forms of Cephalopods dis- 
covered in Bohemia, mentions the great difficulty he has found in 
determining forms which he should consider specifically independent. 
In almost all cases specific names have been preferred to the 
names of varieties, which are always found inconvenient in practice, 
especially when several exist in the same species. 

The general results of the geological and geographical distribution 
of the Cephalopods ean be sketched and more plainly indicated by 
the particular distribution of each type in proportion to its richness 
in specific forms. Thus a study of the genus Cyrtoceras, of which 
the author has nearly 460 forms, leads to certain conclusions and 
considerations which, with but very little modification, could be 
applied to the whole of the Paleozoic Cephalopods. 

One of the most interesting results of these researches is that these 
mollusks present a very different order of development in the two 
great Silurian zones of Bohemia—the northern and the central. In 
the primordial fauna no vestige of this order of mollusks has been 
discovered. This horizon seems to be the starting-point from which 
is manifested the difference in the relative level upon which appear 
successively the different types of Cephalopods, and in the relative 
epoch of the greatest specific richness of each, as also in the maximum 
of the total richness of the family of Nautilide. The contrast is the 
more remarkable because the generic types of this family, so unim- 
portant in the number of their species, are represented as well in 
the northern as in the central zone, and establish between their 
faunas a connexion not otherwise met with, whieh appears to indi- 
cate their relative contemporancity. 

The author then contrasts the first appearance of the several genera 
in the three Silurian faunas of the two zones, summing up by observ- 
ing that in the northern zone the maximum richness is attained in 
the seeond fauna, and is followed by a very marked diminution in 
the third fauna; while, on the contrary, in the central zone the mini- 
mum is found in the second fauna, and the maximum is reached in 
the third fauna in the most pronounced manner. M. Barrande con- 
cludes by indorsing the opinicn of MM. d’Archiac and de Verneuil, 
that the genera which have the greatest horizontal diffusion on the 
globe, and are most often the riehest in species, are also those 
which have the greatest vertical range in the geological series. At 
the same time this law has some remarkable exceptions. 

In a concluding chapter, M. Barrande points out the progress 
which paleontology has made since the publication of the memoir 
by MM. d’Archiac and de Verneuil on the fossils of the old deposits 
of the Rhenish provinces*. By a series of comparisons of the species 
from the Palsozoic strata, he shows that the entire class of mollusks 

) oirans: Geol. Soc. 2nd ser.vol. iv. p. 303. 

be 
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attained during the Silurian period the maximum of its relative de- 
velopment —so much so that Prof. J. D. Dana has given to that pecloe 
the name of the ‘‘ Age of Mollusks.” 

This comparison of the Paleozoic systems, which regards them as 
units, does not assist in settling the law of the development of ani- 
mal forms, because the successive systems, in all probability, repre- 
sent very unequal lengths of time. M. Barrande considers that for 
the determination of the true laws of the numerical increase and de- 
crease of animal forms coexisting on the globe, it is indispensable to 
subdivide the duration of each system into units of equal time, just 
as each country is subdivided into units of surface for the purpose 
of comparing the density of their population. 

Taking the general fauna as units, the third Silurian fauna pre- 
sents the appearance of the maximum development of animal forms 
during Paleozoic times. It is especially the third fauna of bohemia 
which contributes to establish this numerical preponderance, by its 
contingent of no less than 2400 species of that age. Moreover, 
starting from the third fauna, a marked decrease is observed in the 
number of species, either in ascending to the upper horizon, or in 
descending to the lower. In every case, the Permian, or Dyas, 
fauna presents an incontestable and very pronounced minimum, to 
which the Devonian and Carboniferous faunas gradually lead. This 
minimum fauna indicates, by its extreme numerical reduction, the end 
of the Paleozoic era, although it contains the representatives of nearly 
all the fundamental types of the animal series. On the other side, 
immediately below the second fauna, which is distinguished as much 
by its specific richness as by the appearance of most of the generic 
types, another minimum is found in the Primordial Silurian fauna. 
But this minimum is characterized by the extreme predominance 
of a single class of animals—the Crustacea—which is itself repre- 
sented almost exclusively by Trilobites. In the midst of these 
Crustacea appear some rare forerunners of the Mollusca and 
Radiaria. [A. Se] 

On Kocrne Fossits from Kinw, W. Russta. By T. Fucus. 

[Proc. Imp. Geol. Inst. Vienna, June 4, 1867.] 

A spertes of Eocene fossils from Kiew has lately been transmitted 
for determination to the Imperial Museum of Vienna by M. C. 
Theofilaktoff, Professor of Geology at the University of Kiew, toge- 
ther with a map and section. The whole Tertiary deposit rests 
partly on Cretaceous strata, and parly on Granite (“‘ Steppe-Granite’’). 
Prof. Theofilaktoff remarks of these fossils that they bear a greater 
resemblance to those of Volhynia than to any occurring in the Lower 
Tertiaries of Kiew. 

The following are the fossils which have been determined from 
the several divisions of the Kiew Tertiaries :— 
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1. Sandstone of Butschak (Lower Subdivision). 

Terebellum sopitum, Brander (T. convolutum, Lam.). Calcaire grossier, 
Sables moyens. 

Cassidaria nodosa, Dixon (C. carinata, Lam.). Cale. gross., Sabl. moy. 
Cytherea ambigua, Desh. Sables infér. 
Cardium hybridum, Desh. Sables infér. 
Lucina Volderiana, Nyst. (Belg. Sables de Wawre, Calc. de Gobertange.) 

Cale. gross. 
Cardita sulcata, Brander (C. cor-avium, Lam.). Sables moy. 
Limopsis auritoides, Galeott2. (Belg. Jette, Laeken.) Sables moy. 
Arca decussata, Nyst. (Latdorf, Boom, Baesele, Weinheim, Kreuznach. ) 

Oligocene. 
Pinna margaritacea, Lam. Cale. gross., Sable moy. 
Pecten corneus, Sow. (Belg. Laeken, Jette, Forét, Cale. d’Assche.) Cale. gross. 

Sabl. moy. 

2. Lower Sandstone of Traktomirow. 

Cassidaria nodosa, Dixon. Cale. gross., Sabl. moy. : 
Pyrula nexilis, Brander (non Lam.). (Barton, Latdorf, Olig. infér). Sables 

moyens. 
Anatina rugosa, Bell. (Nizza.) 
Lucina gigantea, Desh. Cale. gross. 
Pinna margaritacea, Lam. Calc. gross., Sabl. moyens. 

3. Lower Blue Clay of Kiew. 

Pinna margaritacea, Lam. Cale. gross., Sabl. moyens. 
Vulsella deperdita, Lam. Cale. gross. 
Pecten corneus, Sow. (Belg. Laeken, Jette, Forét). Cale. gross., Sabl. 

moy., Calc. d’Assche. 
Spondylus Buchii, Phil. (S. Teissenbergensis, Schfhtl). Latdorf, Kressenberg. 
Ostrea flabellula, Lam. Calc. gross. 

» gigantea, Sow. Calc. gross. 

A parallelism of the Kiew Eocene fossils with those of the Paris basin 
is liable to some difficulties. In the sandstones of Butschak and Trak- 
tomirow, we find two forms characteristic of the ‘“‘ Sables inférieurs,” 
associated with others from the ‘‘ Sables moyens” and the “ Calcaire 
grossier,’ or their Belgian analogues (“ Systémes Bruxellien and 
Laekénien”). Such forms are :—Terebellum sopitum, Cassidaria no- 
dosa, Pyrula neaths, LucinaVolderiana, L. gigantea, Cardita sulcata, 
Lnmopsis auritoides, Pinna margaritacea, Pecten corneus. The oceur- 
rence of Oligocene forms, as Arca decussata, and many others whose 
identification, notwithstanding their striking resemblance, must be 
left to further investigation of more abundant material, deserves at- 
tention. Such forms are:—Cardium, sp. (very abundant), resembling 
C. catenulatum, Bronn, from Weinheim and Cassel; Cardiwm, sp. 
nov., resembling an undescribed species from Cassel; Voluta, sp., 
analogous to V. Tiemsenz, Boll., from the same locality ; and Fusus, 
sp., reminding one of Fusus brevicauda, Phil., from Latdorf. The 
fauna of the Blue Clay of Kiew includes forms of the ‘Sables 
moyens” and the ‘ Calcaire grossier” (with the only exception of 
Spondylus Buchi, Phil.), known also to exist at Latdorf and Kres- 
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“senberg, besides a great diversity of well-preserved Foraminifera. 
It must be remarked that most of the Eocene species of Kiew are 
not mentioned in the list of Ukranian Eocene species published in 
1836 by M. Dubois. 

[Count M.] 

On the Grocraruicat and GrotoeicaL Distrrpution of the Rety- 
DEER, the Bison, and the Aurocus. By J. Fr. pp Branopr. 

[Proceed. Imp. Geol. Inst. Vienna, June 4, 1867.] 

In a paper communicated to the Imp. Academy of St. Petersburg, 
M. Brandt gives the results of his investigations on the geographi- 
cal range of the Reindeer, the Bison (Bos bison and B. bonasus), 
and the Aurochs (Bos primigenius or Taurus sylvestris), and on the 
distribution of the fossil remains of these animals. There are no 
well-defined limits between M. Lartét’s paleontologico-chronologi- 
cal periods, severally characterized by the existence of Ursus speleus, 
the Mammoth, the Reindeer, and the Aurochs. M. Garrigou’s 
three periods are more natural, but do not quite represent the real 
state of things. According to M. Brandt’s views, the Lower, Middle, 
and perhaps the Upper Tertiary faunas of Central Europe, which 
are indicative of a warmer climate, were followed by an immigra- 
tion from Northern Asia, progressing from the north-east to the 
south-west. At this epoch (and perhaps already during the Ter- 
tiary period) Northern Asia was occupied by the same mammalian 
fauna as at present, with the addition of some few species since 
extinct (Mammoth, Shaggy Rhinoceros, Aurochs, Bison, Musk-Ox, 
Gazelle, Argali, Musk-Deer, Capricorn, Reindeer, Stag, Roe, Boar, 
and perhaps already Tiger and Hyena); and this fauna may have 
persisted there through an indefinite, and probably a very long 
period. The contemporaneity of man with this fauna is not yet proven; 
but it is, to some extent, probable. The next period commences 
with the migration from North-eastern Asia into Central, Western, 
and Southern Europe, caused and favoured by a general depres- 
sion of temperature, and continues down to the extinction of the 
Mammoth. The whole of the fauna of this period could not exist 
so completely in any European region as in its native country ; 
however, the existence of man during this period is no longer 
doubtful. A third period, encroaching on historical times, ranges 
from the extinction of the Mammoth and of the Woolly Rhinoceros 
down to the extinction of the Reindeer in Central Europe (in 
Scotland during the 12th century). The fourth period is charac- 
terized by the extinction of the Aurochs and of the Cervus mega- 
ceros in Central Europe, and by the notable diminution of the 
Bison, the Elk, the Beaver, the Bear, the Lynx, &c., and ends 
about the middle of the 16th century. During the fifth or present 
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period, the diminution of wild mammalian species, by the action of 
man and the general use of fire-arms, is continuously progressing. 

[Counr M.] 

On Patmozorc Strata in Russtan Ponuann. 

By MM. F. Roemer and Drennuart. 

[ Proceed. Imp. Geol. Inst. Vienna, April 2, 1867.] 

Tue central mountain-group of Russian Poland spreads between 
Sandomir and Malagoszcz, with a length of about 18 and a breadth 
of from 2 to 3 German miles. The Devonian deposits represented 
in this group follow thus in descending order :— 

1. Black bituminous limestones and calcareous marls, with Pos?- 
donomya (?) venusta, Cypridina serrato-striata, Phacops crypto- 
phthalmus, and Gomatites retrorsus. 

2. Light-green coralliferous limestone, with Calamopora cervi- 
cornis, Alveolites suborbicularis, Stromatopora polymorpha, Atrypa 
reticularis, Ethynchonella acuminata, Bronteus flabellifer, &c. 

3. Brownish-grey sandstones near Kielce, with Orthis Kielciensis, 
Roem. 

4. Dark-ccloured marly shales in the iron-mines of Dabrowa, 
near Kielce, with Spirifer ostiolatus. 

5. Dark-coloured sandstones, purple marl-shales, and beds of 
compact dark-grey limestones, with Orthis lunaris, Atrypa reticu- 
laris, Pentamerus galeatus, Strophomena depressa, Xe. 

6. Quartzites of Lysagora, without organic remains. 
The first division evidently represents the uppermost Devonian 

horizon, as the fifth division represents the middle one. The Per- 
mians are represented about 14 mile north-east of Kielce by genuine 
“ Zechstein,” with Productus horridus; this is the extreme easterly 
termination of the ‘ Zechstein” deposits of Germany and Lower 
Silesia. The Trias is conspicuously represented by variegated sand- 
stones (with Myophoria fallax), by Keuper (Pusch’s northern 
sandstone formation with red clays, abundance of argillaceous 
Spheerosiderites, some vegetable and occasionally animal remains, 
extending over an area of more than 50 German square miles), and 
Muschelkalk. Pecopteris Ottonis, Goepp., (a form frequent in the 
Keuper of Upper Silesia) has been met with again in the Keuper 
of Miedzieczo. 

[Count M.] 
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On Nutiirora annvuLata. By Professor A. E. Reuss, For. Corr. G.S. 

[ Proceed. Imp. Geol. Inst. Vienna, December 18, 1866. ] 

ALTHOUGH very common in the Upper Trias and in the Muschel- 
kalk, and even in places constituting whole beds by itself, the affi- 
nities of this fossil are still doubtful, partly on account of its rare 
occurrence in an entire and well-preserved condition. Some 
varieties have been taken for segments of the stems of Crinoids. 
Its discoverer, Prof. Schafhiutl hinted at its resemblance to 
Ceriopora, but nevertheless ranked it among the Bryozoan genus 
Nullipora. He subsequently made it the type of his new genus 
Diplopora, and divided it into a number of species, which are no 
more than different conditions of the same form. Prof. Gimbel 
made it a species of the Anthozoan genus Chetetes; Stoppani de- 
scribed it as Gastrochena obtusa; and Dr. Eck, without deciding 
about its nature, gave it the name of Cylindrum annulatum. A 
close examination of a number of specimens from different localities 
threw no light on its intimate structure, or on its true nature. 
Cylindrum annulatum is certainly closely related to the Bryozoa, 
with which, however, it has nothing more in common, in regard to 
its internal structure, than Nullipora, Chetetes, or Gastrochena. 
In fact its interior is hollow, and but accidentally filled up with 
calcareous matrix (see Schafhiutl, Lethzea, pl. Ixy. e. fig. 18), and 
not filled up with cellular substance as Schafhautl supposed when he 
stated it to be analogous to Ceriopora and Cricopora. The cellular 
cavities in the interior of the septa have no direct mutual com- 
munication; they are disposed in circular ranges; their orifices 
(Dr. Carpenter’s “‘junctural interspaces”) open into the central 
cavity of the stem, and the channels into these inner orifices ; these 
channels are disposed in alternating double ranges, and end out- 
wardly in the pores of the surface. All these characters denote an 
affinity with the complicated forms of Dactylopora (see Dr. Car- 
penter’s ‘ Introduction to the Study of the Foraminifera,’ pl. x. 
figs. 17, 18, Dactylopora reticulata, and figs. 24, 29, D. cylindracea). 
Prof. Schafhautl’s distinct species are merely more or less well- 
preserved specimens of Dactylopora annulata; while Gastrochena 
obtusa, Stopp., and Cylindrum annulatum, Eck, may perhaps, after 
closer examination, prove to be distinct species of the same genus. 

[Count M.] 
VOL. XXIII.— PART Il. E 
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The Strvrran Prerovops of Bonemra. By M. J. Barranpe. 

[Systéme Silurien du Centre dela Bohéme. Par Joachim Barrande. lére Partie: 
Recherches Paléontologiques. Vol. iii. Classe des Mollusques. Ordre des 
Ptéropodes. 4to. pp. 179, and 16 Plates. 1867.] 

Brrore describing the genera and species of Pteropods which cha- 
racterize the Silurian deposits of Bohemia, M. Barrande gives an 
historical résumé of the successive discoveries of the genera of this 
order from the year 1818, when Sowerby published the figures and 
descriptions of two species of the genus Conularia, up to the present 
time, when nine genera of Palzozoic Pteropods are admitted by the 
author, namely :— 

Species. 
Conularia, Miller, Sowerby... <- =~ J. 0. eee 83 
Tentaculites, Sehlothem.. 6. <is/s0 0 -ssciele oe 52 
Hyotithes, Wiciwaldiawe sores on ccna seen Seeeee 84 
Hemiceratites, Michwald\ cr ctserne.s | cee eee eke 3 
Coleopreon, Sandhenger (50-1 22 eae eee - 
Pierothecd, Salter vein: Wolie idan eee eee i 
Saltcrelian Notl Wigs ies crercteders cio-caueie antic eroete 3 
Styliola, Lesueur, udwig .....:....0% wasn. 9 
Phragmotheca, Barrande ss). 220. 08. aa 

246 

These nine genera may be arranged in two divisions, according to 
their relative importanee. The principal or cosmopolitan genera, 
those which are distinguished by the great number of their species, 
by their great vertical extension in the Paleozoic series, and by 
their great horizontal diffusion over the surface of the globe, are 
Conularia, Hyolithes, and Tentaculites. To these the author joins 
Pterotheca, because of its appearance on the two continents, namely, 
in the United States, Canada, England, Ireland, and Bohemia. The 
five other genera enumerated in the table are considered secondary 
or local, because of the relatively small number of their species, and 
especially because of their limited diffusion, both vertically and 
horizontally. 

All these types are not met with in any one of the Paleozoic 
regions. Bohemia occupies the first place, possessing seven of the 
nine genera enumerated; while the Rhenish Provinces, with five 
genera in the Devonian deposits, occupy the second place. The 
United States, the British Isles, and Russia, although containing 
the greatest Paleozoic deposits, have not yet furnished more than 
four types each. 

The two genera (Hemiceras and Salterella) which are wanting in 
Bohemia are characterized by a peculiarity which caused the author 
to hesitate before admitting them among the Pteropods, and which 
consists in the extraordinary thickness of the partitions of the shell, 
whilst the internal cavity is extremely reduced. This was the more 
to be observed, since the remarkable tenuity of the testaceous 
envelope in Conularia, Tentaculites, Coleoprion, Hyolithes, &c. was 
one of the principal reasons which induced scientific men to elass 
these types among the Pteropods. The thickening of the shell of 
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Hemiceras by these internal concentric layers did not prevent 
Bronn, in 1849, from placing them in their present position ; and 
in 1863, Mr. E. Billings and Prof. J. D. Dana followed his example 
with the fossils named Salterella, which present an analogous struc- 
ture of their shells. M. Barrande considers that these views are 
well borne out by the observations which he published in 1855, 
upon the existence of an organic deposit, in the form of concen- 
tric plates, obstructing the internal cavity of Conularia fecunda. 

The existence of partitions in certain species of the different 
genera of Pteropods, establishes a connexion between their shells 
and those of the Cephalopods. But the constant absence of the 
siphon in the first-named order prevents its being confounded with 
the second, of which all the shells are invariably provided with this 
organ. 

The same preponderance which has been observed in the number 
of genera of Pteropods which Bohemia possesses applies in lke 
manner to the number of species; for while in the United States, 
the British Isles, and Russia, the greatest Silurian regions of the 
northern zone, 69 species may be enumerated, Bohemia possesses 
no less than 68 distinct species, or 27 per cent. of the total number 
of known forms (246) in the Paleozoic world. 

Table of the Distribution of the Genera of Pteropods in the whole of 
the two great Paleozoic Zones. 

wn 
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Silurian - e 4 
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The remarkable concentration of the species of this order in the 
Silurian system, and their rapid diminution in the subsequent 
systems, are in complete harmony with the results obtained from 
the author’s study of the Cephalopoda. On the other hand, while 
the epoch of the maximum specific development of the Paleozoic 
Nautilide corresponds to the Third Silurian fauna, that of the greatest 
pie richness of the Pteropods is manifested in the Second Silurian 
auna. 
In comparing the two great Paleozoic zones with regard to the 

number of species of Pteropods which are proper to them, it is found 
that the northern zone has furnished 161, while but 80 are known 
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in the central zone. But the 161 species represent the contributions 
of fifteen countries, which consequently possess each, on an average, 
10°73 species. On the other hand, the 80 species of the central 
zone, coming only from four countries, give to them an average of 
20 species, or nearly double the proportion of those from the 
northern zone. 

M. Barrande, however, states with regard to these results that 
they are principally due to the introduction of the contingent which 
Bohemia has furnished to the paleontological enumeration, and 
may therefore be modified or reversed by discoveries in other 
countries at present unexplored. 

The Pteropods, like the Trilobites, tend to confirm the line of de- 
marcation between the Paleozoic and Mesozoic eras, and by the 
distinctive characters of their specific and generic forms furnish a 
ready means of recognizing the principal stratigraphical divisions of 
the different systems. 

In conclusion, M. Barrande calls attention (1) to the remarkable 
contrast between the great numbers of the most ancient representa- 
tives of this order in the Silurian seas (that is to say, soon after their 
first appearance) and the small number of species which now exist, 
and (2) to their extraordinary disappearance during the whole of 
the Mesozoic era, although they reappear in the Tertiary formation 
and have in the existing fauna certain forms very analogous to those 
from the Palseozoic series. 

If this intermittence be only apparent, and attributable to the 
exclusive existence of species unprovided with a shell during this 
immense lapse of time, it will not be less interesting to inquire why 
the order of Pteropods is the only one which, during this long 
“struggle for existence,’ successively carried, resigned, and re- 
sumed its testaceous covering. eee | 

On the Exvption at Sanrortino. By Chev. von Hauzr. 

[Proceed. Imp. Geol. Instit. Vienna, May 15, 1866.] 

Prof. ZepHARovicH has recorded the occurrence of crystallized horn- 
blende in a specimen from the new centre of eruption on George I. 
Point. Dr. Stache has minutely examined the felspathic sub- 
stance included in the cellular interstices of these lavas, its specific 
gravity being 2°66. Analyses of the following varieties have been 
made in the laboratory of the Imperial Geological Institute :—A. 
From the old crater of Nea Kaimeni; greyish-black, with fine pores ; 
the main substance grey, with isolated small crystals of felspar, mag- 
netic oxide of iron, and alternating grey and black stripes, according 
to the admixture of more or less felspar. B. From the banks of the 
freshwater lakes of Nea Kaimeni, behind the bathing-houses ; black 
pitchstone-like lava, with traces of parallel lamelle and a very 
small amount of disseminated white vitreous felspar. C. From the 
slope beneath Thera (Santorino), close to the level of the sea; black 
cellular obsidian slag, with traces of parallel structure. 
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The results obtained are :— 
A. B. C. 

Density (small pieces at 18° C.)......... 2°566 2°544 2:507 

ReELIDADh co5.. Eisen acc asndetandee alee acwes 67-05 67°25 68°12 
PATINA csi ro aan Gardai ic «+e te 15°49 23-03 14-52 
Orydulated Won’. {..si......sesavsddvocdas 577 { 5°73 
LIE Bee lg a ON i els ie 22 ene 3-41 3°36 3°68 
LiL STE.) SE Ra i eS a ea 0-77 0:70 0-64 
PIMA SUR fs te ceo de NO dade 2-34 } 511% 2:23 
Sea hie Se IND ais n(Saiadisinmialiae'e''d alow 4:65 496 
Loss by incandescence ............000... 0-47 0:55 0:43 

99-94 (ste) 100-00 100°31 

The iron is calculated as oxydule; but a part of it is certainly 
oxydo-oxydule, all the specimens analyzed acting on the magnetic 
needle, while another part has been changed into oxide in con- 
sequence of decomposition. The analytic results prove these speci- 
mens to be identical with the lavas of the last eruption. 

A specimen of older eruptive rocks from Santorino (D) was of 
different composition, containing a less proportion of silica and a 
greater of basic substances than the lavas of the present eruption 
(A, B,&C). It is very compact and hard, with an uneven fracture, 
and varying between dark grey and black. It is rather equally in- 
terspersed with small concretions of granular olivine and white 
vitreous felspar. The first of these two minerals is more or less 
decomposed, with superficial reddish and brownish tints. Magnetic 
oxide of iron, although scarcely visible, must be disseminated 
through the whole rock, as it possesses a rather notable amount of 
magnetic power. The presence of hornblende and augite could not 
be ascertained. A specimen of white and very light pumice (E) 
was collected near the bathing-houses of Nea Kaimeni. 

The analytic results are :— 
D;: E. 

PRR aot Oe sus Utsiedip cent aatainan chcs xs 2801 —. 

Pea epeiske Pecuneintstaa ds Lic nuns De Shes Winish ene a 55°16 60-09 
STATI chi tuk this tp de dpor chesieaptiinaAaws, <5 15°94 13°14 
PV OMIAGOM PEON cna Tor acy sahnenachyee Sones 9:56t 6°34 
PRT eae ea cae dd voi te sees Phe soeniasis 8:90 2°95 
MS CHIN 11.1 ae tote. oat eile Agatags smithacaiienss 5°10 0:46 
ALAA curt bs dyavalactowelanadss JAS eittr.. 1-45 4:39 
Rea a's Penta niy die 0x 4 te dod s vias bo Shin bid 9 da «he 3°21 6:00 
Frogs bY INGARGESCENCE.....0:.ncccwsnsy rion snane 1:07 541 

100°39 98°78 

Heated in a retort, the pumice (E) emits water, hydrochloric 
acid, and chloride of ammonium, without any trace of sulphuric 
acid. Like D, it is but slightly attacked by acids, and fuses easily 

‘into a black pitchstone-like slag. 
The general result is, that the whole of the substances ejected by 

volcanic eruption in the Bay of Santorino are nearly related to the 
pyroxenic andesites. The rocks enumerated under this designation 
by Mr. Roth generally contain between 55 and 67 per cent. of silica ; 

* Calculated from the loss of weight. 
+ Together with some oxide and oxydo-oxydule ; no trace of manganese. 

F2 
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and soda is predominant in them, exactly as in the eruptive rocks of 
Santorino. The more basic among them are closely related to some 
Icelandic lavas. [Count M. ] 

On Hartanassa Continuity, H. v. Meyer. By Cunvarier F. von 
Haver and Professor E. Suzss. 

| Proceed. Imp. Geol. Inst. Vienna, April 6, 1867. ] 

A NEARLY complete skeleton (head excepted) of this Tertiary Ceta- 
cean has been lately found in a quarry near Hainburg, on the 
Danube, east of Vienna and close to the Hungarian frontier. The 
whole length of the preserved portion of this skeleton is 73 feet ; it 
lies with the back upwards, and the normal arrangement and con- 
nexion of its parts has suffered but little disturbance. The ver- 
tebral column shows 18 vertebre with the ribs attached, the ribs 
of the left side having generally retained their normal situation, while 
those of the right are more or less deranged and broken. ‘There 
are 23 vertebra in situ; and all of them, not excepting even the 
hindmost, possess rather distinct transverse processes. The point of 
connexion of the pelvic rudiment is not discernible. The left sca- 
pula is perfectly preserved, and the cervical vertebre probably le 
concealed beneath it; a certain number of them may also have 
been dislocated, as indications of them have been found near the 
caudal portion of the skeleton. One vertebra, and a cervical rib of 
uncommon breadth, with its terminal portion well preserved, ap- 
pears beneath the scapula. The anterior extremities have re- 
mained in their normal situation and connexion, the whole of the 
cubitus and radius and one-half of the ulna being well preserved. 
Some metacarpal bones have been found scattered about. One-half 
of the rudiment of the pelvis is perfectly preserved, showing the iliac 
and the ischian portions distinctly separated from each other, and 
between them a rudimentary articular cavity. The head is entirely 
wanting ; but portions of it and of a well-preserved lower jaw were 
found some years ago in the Tertiary sands of Linz (Upper Austria). 
The crystalline limestones of the hills near Hainburg are surrounded 
everywhere by marine Neogene deposits, overlain by a stratum of 
gravel of more recent date than the diluvial loam, locally varying in 
thickness from a few inches to from 6 to 12 feet. These circum- 
stances indicate that, during the Tertiary period, the coast of the 
south-west termination of a long and narrow isthmus, projecting 
from the Little Carpathians, was surrounded by a number of insular 
limestone-reefs. The remains in question have been found close to 
one of these reefs, in the sandy shore of the former Tertiary sea, 
near the northern end of the cliffs of the present Hundsheim Hill. 
The lowermost strata in this locality are calcareous sands, several 
feet thick, alternating with sandstones with calcareous cement from 
4 to 6 feet thick; they are overlain by an alternation of similar 
sands with conglomerates like sandstones, and above these is a cliff 
of coarse and compact quartzose conglomerate with calcareo-argilla- 
ceous cement. These strata, having a dip of about 10°, lie uncon- 
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formably on the crystalline limestone of the Hundsheim Hill; they 
are slightly vaulted within the quarry itself. The skeleton was 
found on the limit between the deepest sand-stratum exposed and 
the layer of compact sandstone immediately above it. The ver- 
tebral column, the ribs, and a considerable portion of other bones, 
lying in the upper, looser, reddish intermediate stratum, could easily 
be detached from the matrix. The inner portion of the dorsal spines, 
the costal arches, &c. were imbedded in compact sandstone. The 
anterior extremity lay towards the mountain-range, the caudal one 
towards the Danube. It could not be made out whether the head 
had been destroyed by former workings in the quarry, or whether it 
was separated from the body and transported further away before 
the animal had been drifted to the shore. Tho other fossil remains 
associated with those of Halianassa are characteristic of the fauna 
of the Leithakalk. The Echinoderms among them (Clypeaster 
acuminatus, Desh., C. crassicostatus, Ag., and C. Partschi, Mich.) 
are also met with in the faune of Kalksburg, near Vienna, and of 
Kemenese, in Hungary. Besides these, Pholadomya Alpina, Math., 
Pecten aduncus, Eichw., Anomice, Ostree, Nullipore, and a tooth of 
Listriodon splendens, Myr. (a Mammalian form particularly cha- 
racteristic of the marine littoral zone of the Leithakalk), have been 
determined. The remains of Halianassa hitherto found in several 
contemporary strata of the Vienna basin may, with a certain degree 
of probability, be regarded as belonging to one species. Further 
investigations must take place before this identity can be asserted 
as to the Halianassa whose remains, according to Prof. Suess, 
are characteristic of the lower sands, with Cerithium margari- 
taceum of Gaudendorf. The geological age of the sands and sand- 

‘stones of Linz in which the remains of Halianassa have been 
found is still uncertain; and consequently the question whether one 
or more species of this Cetacean genus lived during the Tertiary 
period still awaits final decision. [Counr M.} 

On the Jurassic Fosstts of Batty, Gauicta. By Dr. Lavse and 
Professor Reuss. 

[Proceed. Imp. Geol. Inst. Vienna, February and June 1866.] 

1. Gasteropods, by Dr. Laube.—Fifty-two species are at present 
known to occur in the brown Jurassic strata of Balin, distributed 
among 21 genera. Of these species, 3 are also found in France, in 
horizons falling between the Lower Oxfordian and the “ Bajocien” 
of French geologists. Nine species occur likewise in the English 
Jurassic deposits, and 8 in those of Swabia, the former being assigned 
by English geologists to the Inferior and Great Oolite, those of 
Swabia ascribed by Prof. Quenstedt to the subdivisions d—e of the 
Brown Jura. It may be inferred, from the coexistence of these 
species within a single stratum of moderate thickness, that the sub- 
divisions of ‘“‘ Bajocien” and “ Bathonien,” as established by M. 
d’Orbigny, are not generally applicable. The number of new species 
from Balin amounts to 19; they are :— 
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Deslongchampsia loricata. 
Patella zequiradiata. 
Helcion rugesum. 

Balinense, Szo/. 
Natica pertusa, Sol. 

cornelia. 
Chemnitzia dilatata. 
Mathilda euglypha. 
Turbo Davidson. 
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Trochus eutrochus. 
Smyntheus. 
faustus. 

Onustus Heberti. 
Solarium Hornesi. 
Pleurotomaria semiornata, Sfol. 

Chryseis. 
Alaria tumida. 

ornatissima, Szol. 
Trochus Balinensis. 

2. Bivalves, by Dr. Laube.—Of the 108 species known to occur at 
Balin, 59 have been found in Normandy, in the “ Bathonien,” 
« Bajocien,’ and even “ Callovien”’ subdivisions; 71 are identical 
with those of the Great and Inferior Oolite, and 40 with those of 
the Middle Brown Jura of Swabia. Their coexistence within a 
stratum of moderate thickness is another argument against the 
general importance of the subdivisions of Jurassic deposits esta- 
blished and maintained by French geologists. The 22 new species 
from Balin are :— 

Eligmus contortus. Tsoarca depressa. 
Placunopsis fibrosa. Cardiodonta Balinensis. 

oblonga. Corbis obovata. 
Plicatula lyra. Opis ceratoides. 
Lima strigillata. Astarte galiciana. 

Lycetti. Ceromya columba. 
complanata. Myacites Polonicus. 
globularis. Balinensis. 

Hinnites subleevis. Saxicava crassula. 
Macrodon ornatum. Deslongchampsi. 
Isoarca ovata. Gastrocheena pholadoides. 

3. Echinoderms, by Dr. Laube.—This Class is represented at Balin 
by a small number of forms, generally agreeing with those of the 
French and English Jurassic strata, and leading to the same con- 
clusions as the Gasteropods and the Bivalves. The new species 
are :— 

Pygaster decoratus. Magnosia Desori. 
Stomechinus cognatus. Hemicidaris Apollo. 
Pseudodiadema subpentagonum. 

4, Bryozoa, Anthozoa, and Spongiaria, by Prof. Reuss.—Of the 19 
species of Bryozoa, 12 of Anthozoa, and 5 of Spongiaria stated to 
occur in the strata of Balin, 20 are already known from other 
localities. Among them all the species of Bryozoa (with the excep- 
tion of two, whose determination still remains uncertain) and 3 of 
Spongiaria are identical with those from the ‘‘ Bathonien” deposits 
of Ranville, near Caen ; 6 species of Anthozoa (the 6 others being 
new) are found either in the Great or in the Inferior Oolite of 
England and France. The shells of Mollusca inerusted by these 
Bryozoa belong partly to the “ Bathonien,” partly to the “ Bajocien,” 
and even to the “ Callovien” subdivisions, or to 4 species common to 
the whole of these three subdivisions. It may be inferred from 
these facts that these three subdivisions, more or less distinctly 
limited in other localities, are united near Balin into one indivisible 
stratum, whose characters coincide perfectly with those of the 
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Jurassic basin of France and England, while it bears but little 
analogy with the Brown Jura of Germany, and totally differs from 
the Alpine Jurassic deposits, of which a representative exists at a 
short distance, south of the low region on the banks of the Vistula. 

[Count M.] 

Description of a Suction of the Brenner Rartway, from Borzen 
on the Sours to InnsBruck on the Norra. By Prof. E. Suzss. 

[ Proc. Imp. Geol. Instit. Vienna, June 4, 1867.] 

Tne Imperial Southern Railway Company has presented to the 
Imperial Geological Institute a geological section of the route from 
Botzen to Innsbruck, worked out under the direction of the In- 
spector of Constructions (Mr. Thommen), together with a collection 
of illustrative specimens. This section is the more instructive, as 
the line, with the exception of two comparatively slight deviations 
north and south of the Brenner, runs straight from south to north at 
right angles to the general strike of the central Alpine chain. 
_It begins with reefs of quartziferous porphyry, showing many steep 

planes of cleavage, so as to assume locally (as near Trent) a schistose 
appearance, and overlying a dark-purple, thick-bedded, somewhat 
tuff-like rock, possibly belonging to the Verrucano group. 

On the right slope of the valley near St. Verena, compact bright- 
grey argillaceous slate with seams of quartz (strike $.W., dip about 
60° §.E.) is seen cropping out from beneath the dark-red rock. 
Near Collmanus the folded argillaceous slate is overlain by the 
dark-red rock, and this by the porphyry, with lines of cleavage 
striking N.N.W. and dipping 60-70° 8.W. Above the porphyry 
appear the dolomitic peaks of the Schlern. Two layers of diorite im- 
bedded in the argillaceous slate are seen between Klausen and 
Brixen. The right moraine of the ancient Hisack glacier advances 
as far as the junction between the railroad and the postroad; and 
the workings have laid bare, beneath the detritus of the moraine, 
the polished and rounded surfaces of the light-coloured granite 
constituting the mountain-mass between the point of junction and 
Ober-Mauls. Near this place appear contorted, dark-grey, lustrous, 
argillaceous slates, striking from east to west across the valley with 
a very steep northern dip. Light-grey highly metamorphosed lime- 
stone, divided into thin layers by nearly vertical joints, is seen east 
of Mauls. Many traces of a splintery green talcose rock, and 
blocks of serpentine and hornblende, appear along the interior or 
northern limit of the limestones. The fine terminal moraine above 
the church of Mauls is decidedly of less remote date than the large 
Kisack moraine near Sterzing. Two terraces of detritus, one above 
the other, run through the bottom of the valley, the cuts into the 
valley above Weitenstein having exposed irregular accumulations of 
blocks resting on stratified sand and gravels. 

The next rock marked on the section is mica-schist, with quartz 
in regular stripes (strike E. to W., dip 60° N.): Its dip becomes 
vertical in the reef on which the castle of Sprechenstein is built. 
This reef strikes east to west across the valley, ending westward, close 
to the opposite slope, in the steep cliff of the Reisenstein Castle; and 
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it continues eastward into a range of mountains soon rising to a 
considerable height. 

The cliff of Sprechenstein, of the great crystalline central mass of 
the Tauern, begins eastward near the Gross-Glockner. The lines of 
cleavage in it are vertical, or have a very steep southward dip. 
Above Sterzing, the railroad has cut through considerable deposits 
of gravel from the Hisack; beneath it appear dark-coloured gneiss- 
like slates, dipping N.E. 45°, in its steeper parts mica-schists 
dipping north, in which garnets are said to have been found. 

Near Strassberg, in the vicinity of an old Roman road, a cut led 
to the following deposits in descending order :—stratified sand and 
silt, 38 feet; ancient humus with isolated pebbles, 15 foot; sand 
with Roman (?) remains, 3 feet; small gravel, 1 foot; and coarse 
rolled pebbles, 4 feet. Several pales, forced into the deeper layers, 
were found beneath the ancient humus, as also (according to 
reports) traces of carbonized straw. The tunnel by which the 
course of the river Kisack is turned runs through hard quartzose 
slates, overlain by thick accumulations of detritus, which abound in 
the deeper portions of the Pflertsch valley. These accumulations, 
through which the railway is chiefly excavated in this locality, con- 
sist of fragments of the above-mentioned slate, and of rhombo- 
hedral fragments, frequently not more than an inch in diameter, of the 
limestone constituting the ridge of the mountain above the slate. 
The great Pflertsch tunnel has been made entirely through this slate, 
which dips N.W. and W.N.W., beneath the rocks of the Pflertsch 
valley, and are followed by micaceous slates and chloritic rock, with 
numerous contorted layers of quartz. The tunnels of Pontigl and 
Schellenberg have proved the occasionally micaceous limestone of the 
upper Pflertsch valley to be divided into comparatively thin layers 
imbedded in the quartzose slate, which dips about 30° or 40° N. or 
N.W. A white marble, in very thin layers, with a steep W.N.W. dip, 
is seen above the Brenner post-house. Beneath it occurs light- 
coloured quartzose mica-schist, dipping gradually steeper until it 
rests vertically on the flanks of the Griesberg, a mass of hard gneiss 
with large crystals of felspar. Enormous loose blocks of this gneiss 
were found in the terminal moraine of the Ven valley. Similar 
quartzose slates prevail on the northern slope of the central chain, 
their dip varying between N.E., N., and S.W.; in some places they 
contain graphite. The Tertiary deposits are represented by blue 
plastic clay and sands. 

The Castle Hill of Matrei, pierced by two tunnels and as many 
shafts, shows two portions of thin-bedded limestone, abruptly bent 
and imbedded in serpentine. Remains of trees were found in a 
yellow argillaceous substance (evidently the result of decomposition) 
intercalated in the form of a wedge between serpentine and lime- 
stone. Doubtful vestiges of gneiss and mica-schist appear once 
more on the left side of the valley beneath Matrei, the railway, with 
its numerous cuttings and tunnels, continuing its progress to Inns- 
bruck through the laminated limestone on the right, side. 

: [Count M.] 
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nite in the district of, 196. 
Kirkham, J. W., Hsq., section from 

Weston Point to Daresbury, Che- 
shire (Plate), 56. 

Koonap beds, South Africa, 142. 
Lake-district, Drift of the, 40. 
Laleston Quarry, Ostrea-bed at, 519. 
Laminz, terminal curvature of slaty, 

323. 
Langan Lead-mine, 533. 
Laurentian rocks of Canada, Dr. J. W. 

Dawson on fossils from the, 257 ; 
the county of Hastings,Canada West, 
256. 

Lava, analyses of, 353, 358. 
Lead-mine at Charter House, 491; 

Langan, 533. 
Lea, section across the valley of the, 

398. 
Lee, 610. f 
“ Lethe” Caverns, Barbary, section of 

the, 385. 

Lias-conglomerate of a part of Gla- 
morganshire, Mr. H. W. Bristow 
on the, 199. 

Lias of the North-east of Ireland, Mr. 
Ralph Tate on the, 297. 

Liassic deposits near Bath, 495; of 
Somersetshire, 459; the South 
Wales District, 511. 

Liassic dykes at Gurney Slade, 491; 
Holwell, 483. 

Liassic lead-vein at Charter House, 
491; Langan, 533. 

Library, Donations to the, ix, 58, 120, 
267, 430. 

Lignite in the district of Kintyre, Ar- 
gyllshire, the Duke of Argyll on a 
Posttertiary, 196. 

Lima densicosta, 541. 
Deslongchampsit, 541. 
neglecta, 156. 
obliquissima, 156. 
scrobiculata, 541. 

Limestone of Cannington Park, 579. 
Limulus polyphemus, 37. 
Lincolnshire Wolds, Mr. J. W. Judd 

on the strata which form the base of 
the, 227. 

Lincolnshire, zone of Ammonites an- 
gulatus in, 306. 

Lingula from Sloly quarry, note on 
the species of, 381. 

Lingulella ferruginea, 340. 
, var. ovalis, 341. 

Lingulella from the red Lower Cam- 
brian rocks of St. David’s, Mr. J. W. 
Salter and Mr. H. Hicks on a new, 
339. 

List of fossils associated with Rhzno- 
ceros leptorhinus, 225 ; from Bridg- 
end, 517; Brocastle, 525; Camer- 
ton,473 ; Holwell,486 ; Llanbethian, 
519; Munger, 475; South Africa, 
148, 166, 170; Stout’s Hill and 
Keynsham, 503; the Ammonites- 
Bucklandi beds in South Wales, 
532; Charter House lead-mine, 
494 ; Hunstanton series in Lincoln- 
shire, 235; Lower Lias of Somerset- 
shire and South Wales, 557; Shep- 
ton Mallet railway-section, 9509; 
Sutton Stone, 309, 530; Tealby 
series, 246; Weston, Bath, 497; 
Whatley, 480; Windsor Hill, 509 ; 
zone of Ammonites angulatus, 311 ; 
Infralias Corals, 22; Mammatia 
from the Lower Brick-earths, 101, 
107; Shells from the Lower Brick- 
earths, 100; the constituents of the 
Drift in a part of Warwickshire, 
212. 
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Litcham, Mr. 8. V. Wood, jun., on a 
section at, 84. 

Little Ouse Valley, section across the, 
46; map of the, 46. 

Littorina circularis, 545. 
ovalis, DAD. 

Llanbethian quarries, near Cowbridge, 
section in the, 518. 

Lod Huish, 594. 
Logan, Sir W. E., on new specimens 

of Eozoon, 253. 
Long Lake, Canada, specimens of 

Eozoon from, 260. 
Louth, Lincolnshire, section at. 241. 
Lower Brick-earths of the Thames 

Valley, 91; Cambrian rocks, new 
Lingulella from the, 339; Devonian 
fossils of West Somerset and North 
Devon, 635; rocks of North Devon, 
594; Lias, fossils from the, 539; near 
Bristol. 310; ofa part of Glamorgan- 
shire, 199, 307, 512 ; Somersetshire, 
465; the north-east of Ireland, 297 ; 
Tertiaries, white clays of the, 387. 

Lucina crassa, 251. 
Ludlow sandstone, tracts of Pteras- 

pis (?) in the Upper, 333. 
Lumachello, 21. 
Luxembourg, Infralias of, 19. 
Lynn, River, North Devon, 596. 
Lynton, 594. 
Mackintosh, D., Esq., on some stri- 

king instances of the terminal cur- 
vature of slaty lamine in West 
Somerset, 323. 

Madoc, specimens of Hozoon from, 261. 
Madreporaria of the Infralias of South 

Wales, 12. 
Maghlak bone-cave, 284. 
Main Down, section across, 593. 
Maldon, section across the valley of 

the Blackwater at, 415. 
Malta, Capt. T. A. B. Spratt on the 

_ Bone-caves of, 283. 
Malvern Hills, the Rev. J. H. Timins 

on the chemical geology of the, 352. 
Mammalia from the Lower Brick- 

earths, 101, 107. 
Map of the First Cataract, Upper 

Egypt, 115; fossiliferous deposits 
of North Devon, 573; valley of the 
Little Ouse, 46; valleys of the Up- 
per portion of the River Teign and 
its feeders, 421; Western slopes of 
the Southern Alps, Canterbury, New 
Zealand, showing the present and 
Postpliocene glaciations, 349 ; West 
Somerset and North Devon, 580; 
showing the extent of the Rhetic 
beds near Gainsborough, 321. 

Marks on the coast of Sweden, 191. 
Marston Road section, 482. 
Marmora, geology of the Princes Is- 

lands in the Sea of, 381. 
Marton, Lincolnshire, zone of Ammo- 

nites angulatus at, 306. 
Mauritius, Mr. G. Clark on the geo- 

logical features of, 185. 
Maw, G., Esq., on some chemical ana- 

lyses of variegated strata (Abstract), 
114; on the occurrence of con- 
solidated blocks in the Drift of 
Suffolk, 110; on the sources of the 
materials composing the white clays 
of the Lower Tertiaries, 387. 

Medina and Adventure Banks, chart 
showing the, 293. 

Medlicott, H. B., Esq., on the Alps 
and the Himalayas (Abstract), 322. 

Medway, section across the valley of 
the, 406, 412. 

Melania acuta, 546. 
Dunravenensis, 546. 
nodulo-carinata, 546. 

Melliha cavern, Malta, 290. 
Mells, Middle Lias at, 480. 
Mendip Hills, geology of the, 451; 

section across the, 452. 
Microlestes quarry, 487. 
Middle Devonian fossils of North De- 

von and West Somerset, 640; of 
South Devon, 643; rocks of North 
Devon, 601; Lias at Mells, 480; 
of Somersetshire, 474. 

Minehead, 585. 
Mollusk from the Coal-formation of 

Nova Scotia, Dr. J. W. Dawson on 
a new Pulmonate, 330. 

Moore C., Esq., on Abnormal Condi- 
tions of Secondary Deposits when 
connected with the Somersetshire 
and South Wales Coal-basin, and 
on the age of the Sutton and South- 
erndown Series, 207, 449. 

Moraine-accumulations in New Zea- 
land, 346. 

Morte Bay, 610. 
Munger Road Quarry, section in, 474. 
Museum, donations to the, vii. 
Mytilus Jonesi, 157. 
— Rubidgei, 157. 

Stowianus, 157. 
Nerinea acuminata, 546. 

Horneri, 547. 
—— Mendipensis, 547. 

rudis, 547. 
Neritopsis cancellatus, 548. 

exigua, 547. 
levis, 547. 

Nettlecombe, 593. 
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New Brunswick, recent discoveries of 
gold in, 197. 

New Zealand, Dr. Julius Haast on the 
geology of the Province of Canter- 
bury, 342. 

Nile, section of the valley of the, 117. 
Norfolk, a third Boulder-clay in, 87; 

flint implements from Thetford, 45. 
North Devon, Mr. R. Etheridge on 

the physical structure of, 251, 568; 
series, Mr. Townshend M. Hall on 
the relative distribution of fossils 
throughout the, 371. 

North Downs, section from Havering 
to the, 398. 

North Hill to Pixton Park, West So- 
merset, section from, 590. 

Norwich, sections across the Yare Val- 
__ ley above and below, 89. 
Nova Scotia, Dr. J. W. Dawson on a 

new Pulmonate Mollusk from the 
Coal-formation of, 330. 

Old Red Sandstone of the Mendip 
Hills, 451. 

Opis triangularis, 541. 
Ormerod, G. W., Esq., on the geo- 
logy of the valleys of the upper 
part of the River Teign and its 
feeders (Abridged), 185, 418. 

Orosaurus, 5. 
Ostrea-bed of the Lias, 466 ; in South 

Wales, 518. 
Ostrea imbricata, 154. 

(Exogyra) Jonesiana, 154. 
Ouse, section across the valley of the, 

398. 
Oxen, Mr. W. Boyd Dawkins on the 

British fossil, 176. 
Oxfordshire, estuarine sands in, 197. 
Paleontological value of the Devonian 

fossils, 251, 612. _ 
Paleozamia (Pterophyllum) Africana, 

145. 
—— (Podozamites) Morrisii, 145. 
—— (Otozamites) recta, 144. 

Rubidgei, 145. 
Palzeozoic rocks of Great Britain, 

table showing the present census of 
species in the, 615. 

Patella caperata, 152. 
ornata, 548. 

Peat-bed in the district of Kintyre, 
Argyllshire, the Duke of Argyll on 
a Posttertiary, 196. 

Pecopteris Africana, 146. 
Atherstonei, 145. 
Rubidgei, 146. 

Pecten cinctus, 250. 
palosus, 541. 

— projectus, 155. 

Pecten Rollei, 541. 
Rubidgeanus, 155. 
verticillus, 541. 

Penarth, Rheetic and Liassic deposits 
at, OLZ. 

Petherwin fossils, 669. 
Phasianella ? Sharpei, 153. 

turbinata, 550. 
Phyllotheca?, sp., 141. 
Piddleton Down, section from Dart- 

moor to, 420. 
Pinch’s Well, near Bath, 495. 
Pinna Sharpei, 158. 
Pixton Park, West Somerset, section 

from, 590. 
Planorbis Mendipensis, 548. 
Placunopsis imbricata, 154. 

Rubidgeana, 155. 
subjurensis, 155. 
undulata, 155. 

Plan of the Zebbug bone-cave, 289. 
Plants from the Geelhoutboom series, 

South Africa, 144; Karoo beds, 
South Africa, 140. 

Pleuratella prima, 549. 
Pleurotomaria Brycei, 313. 

Buchi, 550. 
Mendipensis, 550. 

Pollicipes rhomboidalis, 539, 
Porlock, 585, 594. 
Postglacial deposits of the south-east 

of England, Mr. 8. V. Wood on 
the, 394. 

Postpliocene period in New Zealand, 
marine accumulations of the, 346. 

Preglacial and Postglacial faunas, 106. 
Prestwichia (Limulus) rotundata, 37. 
Princes Islands in the Sea of Mar- 

mora, Mr. W. R. Swan on the geo- 
logy of the, 381. 

Proserpina Lyelli, 549. 
Pseudoniscus aculeatus, 37. 
Pteraspis (?), Mr. J. W. Salter on 

some tracks of, 333. 
Pterocheilus primus, 549. 
Purbeck beds at Brill, Buckingham- 

shire, the Rev. P. B. Brodie on the, 
197 

Pyrula liassica, 550. 
Quantock Hills, geology of the, 581. 
Report, Annual, i; of the Library 

and Museum Committee, ii. 
Reptiles from the Stormberg Moun- 

tains, South Africa, Prof. T. H. 
Huxley on Dinosaurian, 1. 

Rhetic and Liassic deposits at Pen- 
arth, 512. 

Rheetic Beds at Broadfield Down, 504; 
near Gainsborough, Mr. F. M. Bur- 
tononthe,315; of Somersetshire,459. 
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Rhinoceros Etruscus, 215. 
leptorhinus, 215. 
megarhinus, 214, 
tichorhinus, 213. 

Richmond Park, section across, 406. 
Rimula elegans, 551. 

liasina, 551. 
Rubidgea Mackay?, 141. 
Ruishton, section of Keuper at, 468. 
Salter, J. W., Esq., and H. Hicks, 

Esq., on a new Lingulella from the 
red Lower Cambrian Rocks of St. 
David’s, 339. 

Salter, J. W., Esq., on some tracks of 
Pteraspis (?) in the Upper Ludlow 
Sandstone, 330. 

Sandrock bed, 467. 
Sarsen stone, analysis of, 113. 
Saurian bed of the Lias, 466. 
Scamblesby, Lincolnshire, section of 

Drift near, 234. - 
Secondary deposits, Mr. C. Moore on 

abnormal conditions of, 207, 449 ; 
in Australia, 7; fossils from South 
Africa, 139. 

Section across the head of the vale of 
Aylesbury, 402; Isle of Sheppy, 
from Higham to Stodmarsh, 412; 
Mendip Hills, 452; valley of the 
Blackwater, 402, 415; Cam, 402; 
Lea, 398; Little Ouse, 46; Med- 
way, 406, 412; Ouse, near Buck- 
ingham, 398; Yare, above and be- 
low Norwich, 89; West Somerset, 
590; at Bedminster, 500; Bridg- 
end, 513; Brocastle, 521; Camel 
Hill railway-cutting, 461 ; Camer- 
ton, 471; Compton Dundon, 457 ; 
Hapsford Mills, 490; Hatch Beau- 
champ, 468 ; Heddon’s Mouth, 600 ; 
Holwell, 484; Litcham lime-kiln, 
86; Louth, Lincolnshire, 241; Mr. 
Pearson’s Pit, Gray’s Thurrock, 94 ; 
Pinch’s Well, near Bath, 496; 
Speeton, 241; Stoneham’s Pit, 
Crayford, 96; Trowse Junction, 
Norfolk, 88; Uphall Pit, Ilford, 
92; White’s Pit, Erith, 97; Wills- 
bridge railway-cutting, 499 ; Wood- 
abay, 599; from Chopping’s Hill 
Farm to Crowfield Street, near Cod- 
denham, Suffolk, 110; Clayhanger 
to Whitfield, 593; Croydon Hill 
to Yard, 594; Dartmoor to Piddle- 
ton Down, 420; Fulletby to near 
South Ormsby, Lincolnshire, 247 ; 
Havering across the Thames valley 
to the North Downs, 398; Peters- 
ham to Cheam _ railway-station, 
406; the Drewsteignton valley to 
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Bush Down, 420; Willingham 
- House to Binbrook, Lincolnshire, 
243; Wills Neck across the Quan- 
tock Hills to Cannington Park, 584 ; 
in a quarry at Wheddon Cross, 
587; Munger Road Quarry, 474; 
the Llanbethian quarries, near Cow- 
bridge, 518; the Vallis, 488; near 
Shepton Mallet, 505; of a chalk- 
pit at Tetford Hill, Lincolnshire, 
240; coal-shaft at Mells, 481; 
curved laminz near Wiveliscombe, 
324; Drift in a pit between Belch- 
ford and Scamblesby, 254; Keuper 
at Ruishton, 468 ; Laurentian rocks 
in the County of Hastings, Canada 
West, 256; Lias and Carboniferous 
Limestone at Whatley, 478; Lit- 
cham Hill, 85; the Lias-cong!ome- 
rate as exposed on the Glamorgan- 
shire coast, 202; Rhzetic beds near 
Gainsborough, 315, 317; Valley of 
the Nile eastward of the First 
Cataract, 117 ; showing the position 
of the Thames gravel between Strat- 
ford and Purfleet, 409; relations of 
the Crayford and Grays Brick- 
earths to the Thames gravel, 409 ; 
of the Middle and Upper Glacial 
deposits to the valley of the Thames, 
396. 

Selkirk, Earl of, on some sea-water- 
level marks on the coast of Sweden, 
Lgl 

Serpula filaria, 163. 
(Vermilia) Pinchiniana, 163. 

—— plicatilis, 163. 
—— stranguiata, 539. 
Shales, analyses of, 357. 
Shea, W. S., Esq., on recent disco- 

veries of Gold in New Brunswick 
(Abstract), 197. 

Shells from South Africa, 150; the 
Devonian rocks, 648, 666; Lower 
Brick-earths, 100; Lower Cam- 
brian rocks, 339; Lower Lias, 539. 

Sheppy, section across the isle of, 412. 
Shepton Mallet, fossils from, 509; 

section in a railway-cutting west of, 
505. 

Sicily and Africa, former connexion 
of, 293. 

Sinai, Echinodermata from the Cre- 
taceous rocks of, 38. 

Sketches of parts of the skeleton of 
Telerpeton Elginense, 77. 

Sketch of some of the cliffs and caves 
of Malta, 285. 

Sloly Quarry, North Devon, note on 
the species of Lingula from, 381. 
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Smyth, W. W., Esq. (President), Ad- 
dress on presenting the Wollaston 
Medal to G. Poulett Scrope, Esq., 
xxvii; address on handing to Sir 
R. I. Murchison for Mr. W. H. 
Baily the balance of the Wollaston 
Donation-fund, xxviii; Anniver- 
sary Address, February 15, 1867, 
xxix; Obituary notices of deceased 
Fellows:—Mr. William Hopkins, 
xxix; Dr. William Whewell, xxxii; 
Dr. John Lee, xxxv; Mr. George 
Rennie, xxxv; Professor Henry 
Darwin Rogers, xxxvii; Mr. Per- 
cival Norton Johnson, xxxix; Mr. 
Charles Maclaren, xli; Mr. George 
W. Featherstonhaugh, xliii; Mr. 
Alexander Bryson, xlv; Mr. Parkin 
Jeffcock, xlv; Mr. James Smith, 
xlvi; Marquis Lorenzo Pareto, 
xlvii; Dr. Albert Oppel, xlviii; Dr. 
Nils von Nordenskiold, xlix; Dr. 
Charles Théophile Gaudin, 1; Don 
Casiano de Prado, 1; Dr. Jaques 
Amand Eudes-Deslongchamps, 11 ; 
extension of geological science, liv ; 

- Geological Survey of Great Britain, 
liv; of Canada, lvi; Lawrence’s 
translation of Cotta, lvi; Zinkel’s 
‘Lehrbuch der Petrographie,’ lvii; 
Haughton’s ‘Manual of Geology,’ 
lvii; Mohr’s ‘ Geschichte der Erde,’ 
lviii; Bischof’s Chemical Geology, 
lvui; origin of crystalline rocks, 
Ix; ortgin of serpentine, Ilxzi; 
Eozoon Canadense, \xiv ; Daubrée’s 
researches on meteorites, xvi. 

Snodland, section from the mouth of 
the Thames to near, 406. 

Solarium lunatum, 552. 
Somerset, Mr. D. Mackintosh on ter- 

minal curvature of slaty lamine in 
West, 323; Mr. R. Etheridge on the 
physical structure of West, 579. 

Somersetshire and South Wales coal- 
basins, Mr. C. Moore on Secondary 
deposits connected with the,207,449. 

South Africa, Mr. R. Tate on Secon- 
dary fossils from, 139. 

South Devon, Middle Devonian fossils 
of, 648. 

Southern Alps, New Zealand, geological 
structure of the, 343. 

Southerndown series, 15, 23, 199, 207, 
307, 526. 

South Ormsby, Lincolnshire, section 
from Fulletby to near, 247. 

South Wales coal-basin, Mr. C. Moore 
on Secondary deposits connected 
with the, 207, 449, 511. 

South Wales, Madreporaria of the In- . 
fralias of, 12. 

Special General Meeting, new bye-law 
passed at a, 322. 

Speeton, section at, 241. 
Sphenopteris antipodum, 146. 
Spirifer-bank of the Lias, 473. 
Sponge from the Lower Lias, 538. 
Spratt, Capt. T. A. B., on the bone- 

caves near Crendi, Zebbug, and Mel- 
liha, in the Island of Malta, 283. 

Stacey, G. B., Esq., on the geology of 
Benghazi, Barbary, and an account 
of the Subsidences in its vicinity, 
384. 

St. Catherine’s, Brazil, coal-field in the 
Province of, 386. 

St. David’s, Mr. J. W. Salter and Mr. 
H. Hicks on a new Lingulella from, 
339. 

Stormberg beds, South Africa, 143. 
Stormberg Mountains, South Africa, 

Dinosaurian Reptiles from the, 1. 
Stormy quarry, Liassic beds at, 520. 
Stout’s Hill, Lower Lias at, 502. 
Strata, analyses of variegated, 114. 
Strata which form the base of the 

Lincolnshire Wolds, 227. 
Stratigraphical considerations on the 

Devonian fossils, 677; value of the 
species comprising the Devonian 
fauna, 662. 

Structure of North Devon and West 
Somerset, 579. 

Subaérial Denudation, Mr. W. Whi- 
taker on, 265. . 

Subsidences in the neighbourhood of — 
Benghazi, Barbary, 384. 

Succession of rocks in North Devon 
and West Somerset, 579. 

Suffolk, consolidated blocks in the 
Drift of, 110. 

Sulphur-springs of Northern Formosa, 
Dr. C. Collingwood on the, 382. 

Sunday’s River, South Africa, 149; 
Jurassic fossils from, 150. 

- Sutton Stone, 15, 23, 199, 207, 307, 526. 
Swan, W. R., Esq., on the geology of 

the Princes Islands in the Sea of 
Marmora (Abstract), 381. 

Sweden, the Earl of Selkirk on some 
sea-water-level marks on the coast 
or, LOL: 

Table of comparison between the Brit- 
ish and Foreign Devonian Brachi- 
opoda, showing also their range to 

~ the Carboniferous, 658; of the Brit- 
ish Devonian Ceelenterata with those 
of the Rhine, Belgium, and France, 
654 ; fossils from the Liassic deposits 
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of Somersetshire and South Wales, 
557-566 ; measurements of the teeth 
of Rhinoceros leptorhinus, 234; spe- 
cies common to the Carboniferous 
and Devonian formations, 674; oc- 
curring in the Lower Devonian rocks 
of North Devon, and those found in 
the same group on the Rhine, in 
Belgium, and in France, 636 ; Lower, 
Middle, and Upper Devonian series 
of North Devon and Petherwin (in 
North Cornwall), showing those spe- 
cies that pass into the Carboniferous 
in any area, 669; Middle Devonian 
rocks of South Devon compared with 
those of North Devon and Europe, 
and with the Carboniferous gene- 
rally, 643; the distribution of In- 
fralias Corals, 22; species in the 
Middle Devonian or Ilfracombe 
group in North Devon and West 
Somerset, 640; throughout the va- 
rious fossiliferous groups in North 
Devon, 375-380; fossils of the zone 
of Ammonites planorbis, 301; Be- 
lemnites acutus, 304; showing the 
entire fauna and flora of the Old 
Red Sandstone and Devonian rocks 
of Great Britain, and their compari- 
son with those of the Rhenish-Prus- 
sian, Belgian, and French series, 
616-634; groupings of the Palzo- 
zoic rocks of North Devon and their 
equivalents in South Devon, Corn- 
wall, South Wales, Scotland, South 
Ireland, and the three European 
areas, 698 ; present census of species 
in the Paleozoic rocks of Great 
Britain, 615; relation of the Mam- 
mals of the Lower Brick-earths to 
the Preglacial and Postglacial fauna, 
107; species common to the Middle 
Devonian rocks of North Devon, 
South Devon, and West Somerset, 
650. 

Tate, R., Esq., on some Secondary 
Fossils from South Africa, 139; on 
the fossiliferous development of the 
Zone of Ammonites angulatus, 
Schloth., in Great Britain, 305; on 
the Lower Lias of the North-east of 
Treland, 297. 

Tealby series of Lincolnshire, 244. 
Teign, Mr. G. Wareing Ormerod on 

the geology of the upper part of the 
valley of the, 185, 418. 

Telerpeton Elginense, Prof. T. H. Hux- 
ley on a new specimen of, 77. 

Terrestrial fossils from Charter House, 
493. 

Tertiaries, Mr. G. Maw on the sources 
of the materials composing the white 
clays of the Lower, 387. 

Tetford Hill, Lincolnshire, section of 
a chalk-pit at, 240. 

Thames, Glacial and Postglacial depo- 
sits of the valley of the, 396. 

Thames gravel, sections showing the 
position and relations of the, 409; 
valley, Mr. W. Boyd Dawkins on the 
Lower Brick-earths of the, 91. 

Thetford, Norfolk, flint implements 
from, 45. 

Thickness of Secondary beds within 
and beyond the Somersetshire coal- 
basin, 477. 

Thomson, J., Esq.,and Dr. P. M. Dun- 
can on Cyclophyllum, a new genus 
of the Cyathophyllide, with remarks 
on the genus Aulophyllum, 327. 

Thornton, E., Esq., on the existence of 
a large coal-field in the Province of 
St. Catherine’s, Brazil, 386. 

Timins, Rev. J. H., on the chemical 
geology of the Malvern Hills, 352. 

Tin-grounds of the valley of the Teign, 
419. 

Tracks of Pteraspis?, 333. 
Trap-rocks, analyses of intrusive, 364 ; 

from the Herefordshire Beacon, 
analyses of bedded, 358. 

Trias of the Mendip Hills, 457. 
Trigonia Cassiope, 158. 

Goldfusst, 159. 
vau, 159. 
ventricosa, 159. 

Trilobites from the Devonian rocks, 
648, 666. 

Trochotoma Brocastellensis, 552. 
Lycettit, 552. 

Trochus apicalis, 553. 
Deslongchampsit, 553. 

— Elize, 554. 
gradatus, 533. 

— Holwellensis, 554. 
Langanensis, 553. 
latilabrus?, 554. 

Trowse Junction, Norfolk, section at, 

Tudor, Canada West, 
Eozoon from, 257. 

Turbo Brocastellensis, 555. 
Burtoni, 314. 
nodulo-carinatus, 555. 
reticulatus, 556. 

— solidus, 5dA4. 

specimen of 

— tumidus, 556. 
Turritella Howsei, 556. 
—— Rubidgeana, 152. 
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Uitenhage series, South Africa, fossils 
from the, 144; List of the fossils of 
the, 169. 

Unconformity at the base of the Hun- 
stanton Limestone, 242. 

Uphall Pit, Ilford, section at, 92. 
Upheaval of the Mendip Hills, date of 

the, 453. 
Upper Lias of Somersetshire, 474. 
Ursus ferox, relation of U. priscus to, 

342. 
Valley of the Little Ouse, map of the, 

46; section across the, 46; Teign, 
geology of the upper part of the, 
185, 418 ; Thames, Glacial and Post- 
glacial deposits of the, 396. 

Vallis, sections in the, 488. 
Valvata anomala, 556. 

pygmed, 557. 
Variegated strata, analyses of, 114. 
Veins, analyses of felspathic, 362. 
Vennor, H. G., Esq., on a section of 

Laurentian rocks in the county of 
Hastings, Canada West, 256. 

Vertical section of the Lias-conglome- 
rate as exposed on the Glamorgan- 
shire coast, 202. 

Vertigo Murchisone, 557. 
Volcanic ash, analyses of, 353. 
Warwickshire, the Rev. P. B. Brodie 

on the Drift in a part of, 208; zone 
of Ammonites angulatus in, 306. 

Waterloo, Larne, section at, 298. 
Welton-le-Marsh, section at, 230. 
Wentworth and Long Lake, Canada, 

specimens of Hozoon from, 260. 
West Challacombe, 604. 
Weston, Bath, fossils from, 497. 
Whatley, Lias at, 476. 
Wheddon Cross, section in a quarry 

at, 587. 
Wheelwright, W., Esq., on the Dis- 

covery of Coal on the Hastern Slope 
of the Andes (Abstract), 197. 

Whitaker, W., Esq., on Subaérial De- 
nudation, and on Cliffs and Escarp- 
ments of the Chalk and Tertiary 
Strata (Abstract), 265. 

White Lias at Broadfield Down, 504; 
of Somersetshire, 459; clays of the 
Lower Tertiaries, 387. 

Whitfield, section from Clayhanger to, 
593. 

Wickham, brick-earth at, 98. 
Williamson, Prof. W.C., on a Cheiro- 

therian footprint from the base of 
the Keuper Sandstone of Daresbury, 
Cheshire, 56. 

Willingham House to Binbrook, Lin- 
colnshire, section from, 243. 

Willsbridge, section at, 498. 
Wills Neck to Cannington Park, section 

from, 584. 
Wiltshire, estuarine sands in, 197. 
Windsor Hill, fossils from, 509; section 

at, 508. 
Withycombe by Dunster, 593. 
Wiveliscombe, 591; sections of curved 
lamin near, 324. ; 

Wolds of Lincolnshire, 227. 
WollastonDonation-fund,award of the, 

xxviii; Medal, award of the, xxvii. 
Woodabay, section at, 599. 
Wood, 8. V., jun., Esq., on a section 

at Litcham affording evidence of 
land-glaciation during the earlier 
part of the Glacial Period in Eng- 
land, 84; on the structure of the 
Postglacial deposits of the South- 
east of England, 394. 

Woodward, H., Esq., on some points 
in the structure of the Xtphosura, 
having reference to their relationship 
with the Lurypteride, 28. 

Wyley, Mr., on the nomenclature of 
the South African rocks, 172. 

Xiphosura, Mr. Henry Woodward on 
the structure of the, 28. 

Yard, 594. 
Yare valley above and below Norwich, 

sections across the, 89. 
Zebbug bone-cave, 287 ; planof the, 289. _ 
Zellania obesa, 540. 
Zone of Ammonites angulatus in Great 

Britain, Mr. R. Tate on the, 305; 
in Ireland, 3802, 306; Bucklandi, 
303, 497, 5381; planorbis, 299, 467 ; 
Belemnites acutus, 304. 

Zones of zoological life, value of, 510. 
Zonites (Conulus) priscus, 330. 
Zwartkop River, South Africa, 149; 

Jurassic fossils from, 150. 

THE END. 
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