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1. On the Disposirion of [Ron im VARIEGATED StRatTa. 
By Grorcr Maw, Ksq., F.L.S., F.G.8., &e. 

(Puatzs XI.-XV.) 

CoNTENTS. 
. Literature. 
. The states of combination of iron in the principal stratified rocks. 
. The primary condition of iron in red beds. 
. The bleaching of red beds due to abstraction of the colouring oxide, 
. Discoloration and bleaching connected with joints. 
. The variegation of the Keuper marls. 
. The influence of organic matter in inducing variegation. 
. Variegation due to the decomposition of bisulphide of iron, 
. Variegated Cambrian slates. 
. The discoloration of red beds by lime and magnesia. 
. The condition of the iron in the depleted areas of red and purple beds. 
. The ferruginous banding of yellow sandstones. 
. The variegated iron-ore deposits of the Northamptonshire Oolites. 
. Disposition of manganese in variegated strata. 
. General conclusions. 

Or those secondary changes which have modified the original 
chemical and physical constitution of rocks none seem to have more 
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largely affected their aspect than the recombinations and rearrange- 
ment of iron. 

In continuation of this subject, treated of in a short paper read 
before this Society last year *, the following communication records 
some further observations on those forms of ferruginous variation 
which appear to have been due to secondary causes, subsequent to 
original mechanical deposition. 

1. Lnterature.—It may be convenient in the first place to give a 
short résumé of the previous geological and chemical papers that 
directly refer to, or bear on the subject. 

Sir Henry James, in a short paper dated May the 15th 1843, 
published in the ‘ London, Edinburgh, and Dublin Philosophical 
Magazine’ for July 1843, notices that the disposition of the bluish- 
green discoloration of the Old and New Red Sandstones is indepen- 
dent of stratigraphical arrangement, and suggests that, as the light 
lines and blotches are generally adjacent to joints, the cause of the 
discharge of colour is due to infiltration. The author, in a note to 
this paper, also refers to an observation by Mr. Mallet, that “if 
through a fissure in a rock containing peroxide of iron a stream of 
water should pass containing an earthy sulphate and organic matter, 
the sulphate will be decomposed, and sulphuretted hydrogen evolved, 
which might reduce the peroxide of iron to a lower oxide.” With 
reference to this suggestion, I will here only observe that the pre- 
sence of sulphate of lime in the Keuper marls of Cheshire and Der- 
byshire seems to have no relation to their variegation, as the bands 
and crystals of gypsum occur in contact with both the red and the 
grey portions, and, furthermore, the grey blotches in the marl often 
occur independently of the presence of joints. 

Sir Henry de la Beche, in the first volume of the ‘ Memoirs of the 
Geological Survey,’ published in 1846, p. 254, refers to the alterna- 
tion at Aust Cliff, Gloucestershire, of red marls of the Keuper with 
blue or greenish bands, and gives analyses of each, indicating a 
nearly similar composition, excepting that the iron in the blue marls 
was said to exist wholly in a state of protoxide, and in the red as a 
mixture of protoxide and sesquioxide, the amount of iron in each 
being nearly identical; and he attributes the difference of colour to 
the reduction of sesquioxide to protoxide by the agency of decaying 
organic matter in the lighter parts of the marl. At pp. 52, 53, 57, 
& 267, reference is also made to the particoloured strata of the Old 
Red Sandstone, in the grey beds of which carbonaceous matter and 
protoxide of iron are said to occur, whilst in the red beds the iron 
was found to be wholly in a state of sesquioxide. 

The next paper bearing on the subject is one by Dr. J. W. Daw- 
son, in the Quarterly Journal of the Geological Society, vol. v. 
p. 25, read May 31st, 1848, relating to the red beds of Nova Scotia. 
It discusses the question whether the sesquioxide of iron colouring — 
them is in its primordial condition, or the result of a secondary 
change from the decomposition of iron pyrites; which latter view 
the author supports, and attributes the blotchy discoloration to the 

* Quart. Journ. Geol. Soc. vol. xxiii. p. 114. 



1868. | MAW—VARIEGATED STRATA, 353 

reconyversion of the sesquioxide into bisulphide by the action of sul- 
phuretted hydrogen produced in the decay of organic matter, and 
supposes that a discharge of colour may also have been due to the 
acids produced in the putrefaction and decay of moist vegetable 
matter, 

Dr. Sterry Hunt, in a paper on “ Chemical Geology,” read before 
this Society, June 5th 1859, and published in vol. xv. of the Quar- 
terly Journal,p. 488, also supports the view of Dr. Dawson, that the 
elimination of iron from some sedimentary strata is due to the re- 
duction of the sesquioxide to a soluble protoxide by the action of 
organic matter. 

Mr. H. C. Sorby, in a paper on the origin of slaty cleavage, in the 
‘Edinburgh New Philosophical Journal’ for July 1853 (p. 3), in- 
cidentally refers to the bleaching of slates, and attributes the forma- 
tion of the pale blotches to “‘ concretions of a peculiar kind formed 
round bodies lying in the plane of bedding.” 

Mr. H. C. Sorby, in a paper in the ‘ Proceedings of the Geologi- 
eal and Polytechnic Society of the West Riding of Yorkshire’ for 
1856-57, “ On the Origin of the Cleveland Hill Ironstone,” describes 
the replacement of carbonate of lime by carbonate of iron in shelly 
limestone from the Inferior Oolite—a process which will have to be 
referred to as a probable agent in the production of a peculiar form | 
of variegation in the Northamptonshire Oolites. 

Mr. Pengelly, in a paper on the “ Red Sandstones, Conglomerates, 
and Marls of Devonshire,” read before the Plymouth Institution and 
Devon and Cornwall Natural History Society, March 19th 1863, 
and published in the ‘Transactions’ of that body for 1862-63, 
pp. 15-38, dissents from the conclusions of Dr. Dawson, that the 
colour of red beds is the result of a secondary process, and enters 
minutely into the circumstances of the variegation of the red beds of 
Devonshire. To this valuable memoir I shall have occasion further 
to refer in the body of the paper. Although the author expresses no 
definite conclusions, I believe the facts pointed out for the first time 
by Mr. Pengelly are suggestive of the true explanation of many of 
the phenomena of variegation, and, I may add, agree with the views 
I suggested in the paper read’ last year before the Society, although 
I was not at the time aware of several of the facts Mr. Pengelly had 
recorded. 

In a paper on the ‘‘ Chemistry of some Carboniferous and Old 
Red Sandstones,” read by Mr. J. W. Young before the Geological 
Society of Glasgow in March 1867, the light blotching of Red Sand- 
stones is attributed to the presence of some organism in the sand, 
the decomposition of which has reduced the sesquioxide to protoxide 
of iron, which would be subsequently removed as carbonate by water 
containing carbonic acid percolating the mass; and reference is 
made in this paper to an observation by Mr. James Bennie, “ that 
sand in contact with decaying roots or twigs is often found to be 
partially bleached.” 

The paper by Mr. Edward Davies, of Liverpool, on the “ Action of 
heat or ferric hydrate in presence of water,” at p. 69 of vol. iy. (new 

2c2 
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series), for 1866, of the < Journal of the Chemical Society of Lon- 
don,’ records some important experiments bearing on the subject of 
the colour of red beds. 

Professor Brush, of Yale College, U.S., in a paper on the “ Native 
Hydrates of Iron,” at p. 219 of the vol. for 1867 (new series, 
no. xl.) of the ‘American Journal of Science,’ describes the cha- 
racters of several definite hydrous sesquioxides of iron, and also re- 
fers to the investigations of Mr. Davies as doing away with the ne- 
cessity of the supposition of great heat to account for the presence of 
anhydrous hematite. 

Dr. J. Low, in a paper on the “ Carstone of West Norfolk,” read 
before the British Association at Norwich, this year, attempts to ex- 
plain the formation of ferruginous nodules in the white sands of 
the Lower Greensand by the infiltration of ferruginous matter and 
its segregation around organic substances. 

On the subject of the bleaching of ferruginous rocks by organic 
matter, I would also refer to a paper by Kindler, published in ‘ Pog- 
gendorff’s Annalen’ (vol. xxxvii. p. 203), and noticed in ‘ Bischof’s 
Chemical and Physical Geology’ (vol. i. p. 166, English edition), 
and also to Bischof’s own experiments on the reduction of sesqui- 
oxide of iron to protoxide by organic matter (‘ Chemical and Physical 
Geology,’ English edition, vol. iii. p. 1), as bearing on the theory ad- 
vanced by Dr. Dawson, but which seems to be only of limited ap- 
plication in accounting for the variegation and discoloration of red 
beds. 

2. The States of Combination of Iron in the principal Stratified 
Rocks.—To more readily describe the various forms of mottling and 
variegation which are the subject of the following analysis, it will 
be necessary to refer to the states of combination of the iron perya- 
ding the principal stratified rocks as a colouring-matter. 

Very prominent in connexion with the subject of variegation are 
the red beds, including the Trias and Devonian, and also portions 
of the Carboniferous, Permian, Tertiary, and other formations, 
which are coloured with from 4 to 15 per cent. of the anhydrous 
sesquioxide, and contain, also, small amounts of hydrous sesquioxide, 
carbonate of protoxide, and silicates of iron. 

The following analysis, by Mr. David Forbes, of red clay occurring 
as a stratum 7 or 8 feet thick at about the middle of the Shropshire 
Coal-measures, may be taken as representing the general composition 
of the unaltered portions of many red beds that have been subject 
to partial bleaching. 

Analysis No. 74. Red “Tile Clay,” Shropshire Coal-measures, 
Calcotts, near Broseley. (The coarse particles had been previously 
removed by passing the clay through a fine lawn sieve.) 

Silica combined, 29-71 ‘ ee eee } ible Seats 64-06 
‘Titanic aend “itt i eee eee 0-62 
Alumina... eee eee 20°60 
Sesquioxide of aren <$37.t- eae 6°84 
Protoxide of iron ......... ok iets ee ta 0:32 
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TRG is ai Ain sivas de Peaktel st anbhemedtwsans 0:12 
DISSHOME Waiccuitang sii ssmuanoneaaceams vvahwie 0-04 
OBST yas haar eneaasiaunaveckentienwagss 0-91 
RICREL On Oca neck Satin deccuvedhoowebdaneess ct 0:44 
Water with traces of organic matter ... 5°85 

99:89 
The following analyses, however, indicate that the depth of colour 

of similar strata charged with the red anhydrous sesquioxide is less 
directly related to the amount of colouring-matter present than to its 
state of subdivision; for instance, the red clays of the Argile plastique 
of the Paris Basin, and of the variegated Neocomian beds near Beau- 
vais, contain nearly 20 per cent. of red sesquioxide, whilst many 
sandstones of similar colour contain less than from one-fourth to 
one-eighth of the amount. In the one case it is in a state of fine 
subdivision, evenly disseminated, throughout, and intimately asso- 
ciated with the mass, whilst in the red sandstones it frequently 
occurs merely as a surface-coating to the individual grains, as, for 
example, in the red Millstone-grit of Cumberland, and part of the 
Keuper of Shropshire. 

In the Old Red Sandstone of Forfarshire the colour seems to be 
evenly disseminated through the grains, and to have been derived 
from the breaking-up of an older red rock. Im tracing the sources 
of materials from which red beds have been derived, the mechanical 
condition of the colouring oxide is a point of considerable interest, 
as indicating whether they were formed from original red beds or by 
the association of ferruginous matter with the other detritus at the 
time of deposition. 

Many grey and bluish-grey beds contain a large proportion of 
sesquioxide of iron. Its precise condition seems to be scarcely un- 
derstood, and to be worth fuller investigation. In some cases its — 
normal red or yellow colour is evidently obscured by the presence 
of carbonaceous matter; but in many grey beds which contain, by 
analysis, a large proportion of sesquioxide of iron, the amount of 
carbon is not nearly enough, to account for the obliteration of the nor- 
mal red or yellow colour. The colours of the anhydrous and hy- 
drous sesquioxide are given in figs. 1 & 2, Pl. XI. Burnt red 
earthenware, red bricks, and Venetian-red may be cited as familiar 
examples of the colour of the anhydrous form. The hydrous ses- 
quioxide imparts a tint ranging from dull brown to bright yellow ; 
and its presence in association with the anhydrous form tends to 
reduce the brilliancy of the colour of red beds. There are also se- 
veral lower hydrates of sesquioxide intermediate in colour between 
the fully hydrous and the anhydrous form ; but it is not practicable 
to distinguish them by analyses in the presence of aluminous and 
other hydrates. 

When occurring separately in juxtaposition, as in the Folkestone 
beds of the Lower Greensand and in the Lower Bagshot beds, the rich 
blood-red of the anhydrous sesquioxide and the golden yellow of 
the fully hydrous sesquioxide form a marked contrast; but when 
they are concentrated to the extent of 15 or 20 per cent. in the matrix, 
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they generally both assume a brown colour, and are not so easily 
distinguished. 

Of the colour of the carbonate of protoxide (fig. 3, Plate XI.) the 
cold grey of Purbeck marble and some limestones may be mentioned 
as examples. Between this cold-grey and the yellow and brown 
varieties every gradation of colour occurs, in proportion to the ex- 
tent of admixture with the hydrous sesquioxide, which is readily 
formed as a secondary product by the peroxidation of the carbonate. 

The hydrous sesquioxide, which occurs so universally as the 
colouring-matter of yellow sandstones, appears often to have been a 
secondary product, formed by the hydration of the anhydrous sesqui- 
oxide; and the carbonate of protoxide of iron taken up im a state of 
solution by an access of carbonic acid, becomes immediately on rede- 
position converted into the hydrous sesquioxide, a familiar example 
of which occurs in the formation of ochreous tufa on the deposition 
of the carbonates of lime and iron from carbonated springs. 

In contrast with the unstable character of the carbonate of iron 
deposited from a carbonated solution, may be noticed the permanent 
condition of the mineral carbonate occurring im the form of segre- 
gated nodules in, and evenly distributed through, strata charged 
with carbonaceous matter—a fact to be referred to in considering the 
probability of the bleached patches in red beds being due to the 
presence of organic matter. 

Of the strata containing protocarbonate of iron may be enume- 
rated the grey beds of the Coal-measures, the Oolites, and the Ter- 
tiaries, of which the following are some analyses. 

Analysis No. 30, of Grey Clay from Bovey Tracey Lignite deposit. 

Protoxule ef tran .:6.28).6 0.2: 0-49 per cent. 

Analysis No. 31, of Ganie Clay (Fire-clay), Shropshire Coal-measures. 
Prolowide, OF 100) 2352 -aceen ete 1-48 per cent. 

Analysis No. 32, of Pennystone Clod, Shropshire Coal-measures, 
Benthall, near Broseley. 

Peojexide of ifpn vs, 25.32 3°75 per cent. 

These determinations do not include the carbonate of iron occur- 

ring as segregated nodules. 

Analysis No. 36, by Dr. Voelcker, of Grey Clay, Coal-measures, Wyre 
Forest, Worcestershire. 

Iron, mostly as protoxide, but with traces of basic 
sulphate of sesquioxide and sulphate of protoxide 3:88 per cent. 

: - : Tron ...... 0°808 As 
Bisulphide of iron... { Sulphis 0-908 fc 1-7 ieee 

Analysis No. 37, by Dr. Voelcker, of London Clay, Bawdsey Cliff, 
Suffolk. 

Iron, mostly as protoxide, but with traces of pro- 
tosulphate and basic sulphate ...........-..-..-+2+ 1-68 per cent. 

Bisulphide of iron .. [Era sceags tees 1-031 - | Sulphur... 0-550 | a ; 
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Analysis No. 64, by Dr. Voelcker, Kimmeridge Clay, Chapman’s 
Pool, near Kimmeridge, Dorsetshire. 

Protoxide of iron.............4. 1-45 per cent. 
Sesquioxide of iron ............ 1:0 re 

ae ‘ Sulphur 0:46 Bisulphide of iron ........... 0-86 {Te peties 
Sulphate of lime ............... 0°35 per cent. 
Carbonate of lime ............ 34:28 z 

Analysis No. 65, by Dr. Voelcker, Kimmeridge Clay, near Calne. 

Protonae ofirone s,s .i. i266: 2:08 per cent. 
Sesquioxide of iron............ Rat i) 55 

Bisulphide of iron ............ 1-42 { pa Oe 
Sulphate of lime ............... 5°34 per cent. 
Carbonate of lime ...,........ Cy oo 

Analysis No. 66, by Dr. Voelcker, Oxford Clay, Brick-works, Canal 
Bank, Chippenham. 

Protoxide of iron. ...........5.. 1:12 per cent. 
Sesquioxide of iron .......... es ye Ben 

5 

Bisulphide of iron ...........- 1:10 Hog hee 
Sulphate of lime ............... 1:37 per cent. 
Carbonate of lime ............ none. 

The carbonate of protoxide has but a weak colouring-power ; and 
the grey colour of the strata in whch it occurs is generally due to 
the presence of carbonaceous matter, which also obscures the colour 
of any accompanying sesquioxide of iron. 

Bisulphide of iron occurring in mechanical admixture is common 
to beds of all ages and colours, and has but little colouring-power. 

Tron pervading the older slate rocks occurs in almost every state 
of combination, and in all varieties of proportion, in some of the 
Cambrian slates almost exclusively as sesquioxide, and in others as 
protoxide. 

Tron also occurs to some extent, with a weak colouring-power, as 
the basic sulphate of sesquioxide in beds in the lower part of the 
Ashdown Sands. Its production from the decomposition of iron 
pyrites will have to be referred to in accounting for some forms of 
variegation. 

3. On the Primary Condition of Iron in Red Beds.—<As a neces- 
sary introduction to the subject of the blotching of ferruginous 
strata, reference must be made to the question discussed by Dr. 
Dawson, on the origin of the colour of red beds, and the primary 
condition under which the iron was deposited. Dr. Dawson (Quar- 
terly Journal of the Geological Society, vol. v. p. 25), in describing 
the red beds of Nova Scotia, suggested that the sesquioxide of iron 
pervading them was derived from the oxidation of bisulphide of iron 
under the influence of heat and moisture ; he stated that bisulphide 
of iron is largely developed in the older rocks of Nova Scotia, and 
that there is no apparent earlier source for the iron in a state of 
sesquioxide. For the details of Dr. Dawson’s views I would refer 
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to his paper, and will here only state the grounds upon which they 
seem open to question. 

In the first place, the condition in which the iron occurs in bright- 
red clays and sandstones is principally that of the anhydrous, or 
slightly hydrous sesquioxide, whilst the sesquioxide ultimately de- 
rivable from the decomposition of pyrites is the yellow hydrous 
form. This, however, is not a fatal objection, as the experiments of 
Mr. Edward Davies, F.C.S., of Liverpool, recorded at p.69 of the 
fourth volume of the new series of the Chemical Society’s Journal, 
prove the possibility of the hydrous ferric oxide being reduced to a 
brick-red subhydrate, containing only from 4 to 5 per cent. of 
water, by prolonged heat in the presence of water, at temperatures 
considerably below the boiling-point. 

The occurrence in common of bisulphide of iron both in red beds 
and in those containing carbonate of iron supplies an argument 
against the derivation of the red sesquioxide from its decomposition ; 
indeed the decomposition of pyrites seems occasionally to have caused 
the obliteration of a preexisting red colaur, instead of having been the 
agent in uts production ; but this point will be considered further on, 
in connexion with the causes of variegation. 

Dr. Dawson further suggests that sulphate of lime in red beds 
may be an incidental product of the oxidation of pyrites in con- 
tact with calcareous matter; but the association of red marls 
and gypsum is by no means general. On the one hand, many red 
marls containing calcareous matter are entirely devoid, or con- 
tain but a mere trace, of sulphate of lime*; and on the other, gyp- 
sum and selenite as frequently occur in grey beds containing car- 
bonate of iron, as, for instance, in the Lower Purbeeks, Oxford 
Clay, Kimmeridge Clay, the French Tertiaries, and the grey marls 
of the Muschelkalk ; and the occurrence of sulphuric acid seems te 
have no regular relation to the presence of either protoxide or ses- 
quioxide of iron in strata. } 

The physical evidence in favour of the primordial occurrence of 
the anhydrous sesquioxide seems also as strong as the chemical. In 
the first place, there seems no primd facie reason for the greater 
probability of the detrital accumulation of the bisulphide than of 
the red sesquioxide; if the bisulphide were specially charaeteristic 
of the earlier rocks, and the red sesquioxide of the more recent de- 
posits, the probability of the derivation of the latter suggested by 
Dr.’ Dawson might be implied; but, as a matter of fact, dissemi- 
nated bisulphide of iron is much more abundant in the Oolites, 
London Clay, &c. than in the earlier rocks of Cambrian and Silurian 
age; and, furthermore, the earliest red beds (for example the Old 
Red Sandstone), containing red pebbles not merely surface-coated, 
but red throughout their mass, prove the detrital derivation of their 
red colour from an earlier red rock. The red colour of the pebbles 
is clearly not the result of a change of colour affecting the entire 
mass of the old red beds; for they are associated in the red matrix 

* See Analysis of Keuper marls, given at p. 370, Carboniferous marls, 
p. 565, and Marnes Irisées, p. 384. 
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with fragments of other rocks of various colours, which have not 
been so changed, and also with derivative fragments of dark-red marl 
containing more sexquioxide of iron than the general matrix. 

4. On the Bleaching of Red Beds due to Abstraction of the Colour- 
ing Oxide.— Whatever may have been the primordial condition of 
the sesquioxide of iron pervading red beds, the occurrence of pale 
blotching seems to have almost invariably supervened on a uniformly 
red colour; in short, the pale portions have been produced on a red 
matrix, and not the red colour partially introduced on a lighter 
ground. ‘This is a point at once rendered obvious by the relative 
disposition of the light and dark colours. 

The several forms presented by the blotching of red beds have been 
fully described with reference to the red beds of Devon in the 
Memoir by Mr. Pengelly already noticed; and the accompanying il- 
lustrations (figs. 4-11, Plate XI.; 12-16, Plate XII.; 27, Plate XIV.; 
and figs. 41, 42, 44, 45, 49, infra) represent the principal characte- 
ristics presented by the phenomena in various formations. Of all the 
forms that variegation takes, the occurrence of isolated blotches en- 
vironed on all sides by the primordial colour seems to be most ob- 
viously independent of mechanical arrangement. In the red beds 
of the Bunter, Keuper, Permian, and Carboniferous, such blotches 
are of common occurrence, and are more often than otherwise inde- 
pendent of any apparent predisposing cause. 

In some instances, especially in the Keuper beds, the blotches seem 
to have a tendency to range with the stratification; and the lines of 
unconnected light patches (fig. 13, Plate XII.) merge by insensible 
gradations into regular stratified beds of alternating colour. In other 
cases, aS in the Permian and Grés bigarré (figs. 8 & 9, Plate XI., 
and fig. 12, Plate XII.), the blotching is altogether independent of 
the lie of the beds ; and fields of light colour, obviously of secondary 
origin, vertically intersect alternating strata of different physical 
character and composition; and in contrast with this apparently ad- 
ventitious disposition must be noticed the occurrence of light bands 
and blotches, the localization of which is evidently connected with 
a predisposing cause, such as the existence of vertical and horizontal 
joints, and of mechanical nuclei, as pebbles of various rocks, fragments 
of fossils, &e. 

Perhaps the most perplexing point in connexion with the pheno- 
mena is, on the one hand, the apparently adventitious occurrence of 

‘the discoloured areas, and, on the other, their occasional connexion 
with predisposing causes—and yet, at the same time, the evident 
identity of the two extremes, which are connected by every variety 
of intermediate grade: for instance, variegation apparently deter- 
mined by a line of joint will branch out and spread itself irregularly 
into an unjointed mass, and this again leads up to a group of isolated 
blotches ; again, blotches formed concentrically round a mechani- 
cal nucleus, may be closely associated with blotches having no such 
centre, and blotches both with and without a nucleus of segregation 
may occur on the same piece of stone. 

Another point to be noticed is the entire independence of the 
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range of these discoloured areas in relation to the mechanical com- 
position of the stratum, which is well shown in fig. 14, Plate XIL., 
representing a portion of the Old Red Conglomerate of Forfarshire, 
composed for the most part of red pebbles held together by a com- 
minuted sandstone of the same material. In this example the 
blotches of secondary discoloration range in common through the 
impervious pebbles and the red matrix. In some instances the 
chemical nuclei of the light blotches occur in the sandstone ground, 
whilst the range of bleaching extends into the pebbles that happen 
to come within its radius; and in others the segregated nucleus 
occurs in the very body of the pebble, whilst the circumscribing 
area of discoloration spreads itself in common partly through the . 
pebble and partly through the surrounding sandstone. 

A more singular case than this occurs in the Carboniferous Lime- 
stone at Trevor, near Llangollen, where an interstratified layer of 
red gravel (fig. 7, Plate XI.), probably derived from the Old Red beds, 
is permeated by bands of greenish discoloration, which run through 
the loose mass, affecting the one half of individual pebbles that in- 
tersect its line of boundary, leaving the other half unchanged. This 
partial change of colour cannot be the effect of mere infiltration, 
because the pebbles lie loosely without the slightest cohesion, so that 
any water passing through one part of the bed must have pervaded 
the whole mass. 

The more common forms of variegation of red beds are so fafmiliar 
to geological observers that any further general description is un- 
necessary, and it now remains to consider the chemical composition 
of the several coloured areas. 

The following analyses have been made with special reference 
(1) to the amount of the colouring oxide and of the metallic base, 
(2) to its state of combination in the several coloured areas, and 
(3) to general composition in relation to variation of colour. 

The first example (Analyses, Nos. 6, 7, 8) is a nucleated form of 
variegation of Permian Sandstone near Coalport, Shropshire (fig. 9, 
Plate XI.), viz. a red ground mottled with light blotches concen- 
trically surrounding much darker nuclei. 

No. 
6. The red ground contained ...... Protoxide of iron 0538] Metallic iron 

5 os $4 Sesquioxide ofiron 17520 J 1-470 per cent. 

7. The dark central nucleus ...... Protoxide of iron 0°646)] Metallic iron 
* Sesquioxide of iron 12-260 f 9-000 per cent. 

8. Light zone,surrounding nucleus Protoxide of iron 0:010]| Metallic iron 
“ 5 % Sesquioxide of iron 0-700 { 0-491 per cent. 

A somewhat similar disposition of colour occurs in the Permian 
Sandstone penetrated in sinking the new coal-pits at Kemberton, 
near Madeley, Shropshire (fig. 8, Plate XI.), in which not only the 
spherical nucleated blotches occur, but also discoloured bands with 
a central dark line of sesquioxide of iron intersecting obliquely the 
beds of stratification—a fact which suggests that the variegation im 
this case could not have been induced by anything interbedded with 
the deposition of the sandstone. . aa 
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In some examples of this class of variegation the dark nuclei 
occur in such close contiguity that the whole of the original red 
ground seems to have been exhausted, leaving a uniformly light field 
containing the dark spots of segregation irregularly disposed. In 
some portions of the Millstone-grit the individual nuclei of the re- 
arranged sesquioxide of iron are so small that they give portions of 
the sandstone a freckled appearance, lighter than the general red 
ground, with which they alternate in irregular blotches. This is 
seen in the Carboniferous sandstone (Millstone-grit?) that overlies 
the Mountain-limestone at Lamanby and Blencow, near Penrith, 
of which the Penrith station is built. Some of the larger dark 
blotches are also nuclei of segregation; but most of them are 
mechanically rounded lumps of soft hematite, occurring both in 
the red and the discoloured portions. Such a combination of me- 
chanical and secondary causes occasionally produced some singularly 
complex arrangements of colour, which at a first glance are difficult 
to understand. 

The points to be particularly noticed with reference to the Coal- 
port example are, Ist, that the bleached zone appears due to the 
withdrawal of the colouring sesquioxide from the red ground into 
the central nucleus, the one containing less and the other more than 
the normal colour, and, 2ndly, that there is no evidence of change in 
the state of combination of the iron, except that the segregated ses- 
quioxide becomes hydrous. In all three shades of colour the iron 
principally occurs as sesquioxide; and the slight differences of the 
proportions of protoxide and sesquioxide are so irregular that they 
appear unconnected with the variegation. 

Some remarkable forms of this tricoloured variegation occur in the 
Grés des Vosges, or Upper Permian, of the East of France. Fig. 6 
(Plate XI.) represents an example of fissile flagstones from the south 
of Raon l’Etape, Vosges, in which bleached layers occur ranging 
with the stratification, accompanied by the rearrangement of the 
sesquioxide of iron as dark nuclei in the bleached bands; and in 
some stones of the Grés bigarré or Lower Trias in the basement of 
the Palace of Industry, Paris (fig. 12, Plate XII.), the red sesqui- 
oxide has become converted into the yellow hydrous sesquioxide, 
accompanied by its segregation into nuclei which are ranged in lines 
near the boundary of the area of discoloration. 

The Lower Bagshot beds near Wareham (fig. 23, Plate XIII.) pre- 
sent some complicated arrangements of colour due to secondary 
causes, of a somewhat similar character. The primordial bright red 
colour of these variegated beds was evidently due to anhydrous ses- 
quioxide of iron; this has assumed the hydrous condition in irregular 
yellow blotches, and in places it has become segregated into a mul- 
titude of small nodular concretions, surrounded by light-grey bleached 
zones from which the iron has been abstracted; by this process a 
singularly beautiful mottling of four distinct colours has been pro- 
duced out of an original uniformly red bed. 

A precisely similar form of variegation exists in the Neocomian 
beds in the neighbourhood of Beauvais, France, where fields of bright 
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red and yellow interlace, here and there accompanied by nodular 
concretions of segregated sesquioxide. 

Another phase of variegation, noticed in Mr. Pengelly’s memoir 
on the red beds of Devon, consists of discoloured zones concentrically 
surrounding a pebble, fragment of fossil, or other mechanical nucleus, 
and evidently localized by the occurrence of such nucleus. The Old 
Red beds of Scotland (fig. 14, Plate XII.) and the red conglomerates 
of Devon (fig. 5, Plate XI.) contain frequent examples of such loss 
of colour ; and fig. 4(Plate XI.) represents zones of discoloration sur- 
rounding mechanical fragments of shale in the Grés bigarré, near 
Raon l’Etape, Vosges. 

Among the various mechanical nuclei that seem to have deter- 
mined the position of these spheres of discoloration, fragments of 
Devonian limestone in the red beds of Devon are of frequent occur- 
rence. In a discussion on a previous paper relating to this subject, 
read during the late session of the Society (1867), it was suggested 
by Mr. Godwin-Austen that the fragments of carbonate of lime 
might have arrested the peroxidation of the iron, or reduced the 
sesquioxide to a state of protoxide in immediate contact with them, 
and thus have produced the zone of discoloration without removing 
the metallic base. 

I have obtained through the kindness of Mr. Pengelly an example 
of such discoloration from Torbay (fig. 5, Plate XI.), and procured 
a determination of the iron and lime in the red ground and the area 
of discoloration. 

Analysis No. 9, of the discoloured zone, indicated 0°81 per cent. of 
iron almost wholly in a state of sesquioxide, with a small amount, 
viz. 0-15 per cent., of protoxide. 

Analysis No. 10, of the red ground, gave 2-88 per cent. of iron, 
nearly all of which occurred as sesquioxide, and about 0-10 per cent. 
as protoxide. 

Both the red and the discoloured portions contained the same 
amount of lime, viz. 7-84 per cent. No connexion can therefore be 
traced between the chemical action of the limestone and the bleach- 
ing of the adjacent zone; and we have here again merely the depar- 
ture of the greater part (in round numbers three-fourths) of the 
colouring oxide, without any alteration in the state of its combi- 
nation: indeed it seems apparent that the action cannot be merely, 
if at all, a chemical one; for fragments of Trap and other rocks pro- 
duce the same effect in the Devonshire red beds, and in the Old Red 
beds of Forfarshire (fig. 14, Plate XII.) and the red beds of the Grés 
des Vosges and of the Grés bigarré of the Vosges district (fig. 4, Plate 
XI.) fragments of various shales and rocks are concentrically sur- 
rounded by similar zones of bleaching. 

The great majority of examples of variegation in which there are 
neither segregated nor mechanical nuclei exhibit similar conditions, 
viz. differences in the light and dark parts merely as regards the 
proportion of iron present, without any alteration in its state of com- 
bination, or change in the composition of the matrix. 

The following analyses are of red Bunter sandstone, mottled 
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with pale blotches, &c., from a cutting on the Severn Valley Rail- 
way, between Linley and Bridgnorth, similar to those in fig. 41 
from near Shiffnal. 

Fig. 41.— Variegated Bunter Sandstone near Shiffnal, Shropshire. 

Analysis No. 1, of the red ground, indicated 

Water of combination ........0.¢......-00 ravens 2) 6D 
Sesqiioxde of iON ...200..c60cecases Meth 1:30 
LAI Lor tae Ge Slee eae MEP UR eanre Pelee see OBO 
ime: pete akon Sainthotdehice ewendandastioeds.t Rieder OS. 
WTASNORIA® do deeaseneedebtseoe win cca heee ad a's pepted [O75 
Insoluble siliceous matter, sand ......... wae) OOO 

100-16 
Analysis No. 2, of the pale blotches, indicated 

Water of combination ............ Fs ae 0°46 
BESQUIONIGOOL ILO, sce spc,.- asses cav-s renee wa. O40 
alms ee ee eee er y dace ceeccnaens eee Ooo 
Rime’ yk Lae depen Lubes alco: Basten FORA 
Maine Rawls cues qatar tees Re kage eacimnaaee se ‘seen Oibe 

* Insoluble siliceous matter, BANG . wacsentees«cs 98:15 

100°16 

No important differences exist in the general composition of the 
red and bleached parts; and the iron occurring in both was almost 
entirely in a state of sesquioxide. 

Sesquioxide of iron, in the light and dark parts of the Bunter 
Sandstone from the south of Bridgnorth, was found to be similarly 
proportioned :— 

* The insoluble siliceous niatter in No. 2 consisted of 
Alumina and traces of oxide-of iron ......... 1:97 
Tamers verse. Boe ARERR oy Ocoee er coir 0:42 
a ea ghieeb tks Sith. atedates pater Aaa aees 0°40 
Silica ......... Fe ean Morente ha Es EM 97-46 
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Red Bunter, Analysis No. 23, by Dr. Voelcker, contained 
Sesquioxide Gf 170M. 1. <s2es06.0-5.- sete 1-84 per cent. 

Grey blotches, Analysis No. 24, contained 

Sesquigxide Of 1700 cts: 3-205 ence a 4a 0:54 per cent. 

The light and dark parts of mottled Cambrian grits, Bayston Hill, 
near Shrewsbury (fig. 24, Plate XIII.), indicated the following dif- 
ferences in the percentage of the colouring oxides of iron :— 

Analysis No. 11, Chocolate ground, contained 
Protoxide Of irOm  ..62.6. ecca--- 
Sesquioxide of iron ...... 7°60 } Metallic iron 5:46. 
Silicate of iron............ 0°33 J 

Analysis No.12. Light blotches and bands following the joints. 
Protoxide of iron .,....... 0°08 se : 
Serica ee 3-00 \ ae 

The variegation resulted therefore from the departure of nearly 
two-thirds of the oxides of iron from the light portions without the 
state of combination of the remainder being much affected. 

Of the states of combination, and of the proportions of iron in the 
light and dark parts of blotched red clays and marls, the following 
are examples. | 

Soft red clay mottled with buff, lying from 20 to 30 yards above 
the Sulphur-coal, Shropshire Coal-measures, Broseley. 

Analysis No. 15, of the red ground, contained 
Protoxide of iron......... 0°54 
Sesquioxide of iron ...... 11:60 } Metallic iron 8°64. 
Silicates of irom ......... 0-15 

Another analysis (No. 35) of the same clay indicated the presence 
of 7-54 per cent. of sesquioxide of iron, and traces of protoxide. 

Analysis No. 16, of the buff blotches and seams in No. 15, con- 
tained 

Protoxide of iron......... 0-90 
Sesquioxide of iron ...... 4-20 + Metallic iron 401. 
Silicates of iron ......... 0°54 

A determination of the iron of another example of the buff 
blotches (No. 16) was made at the laboratory of the Jermyn-Street 
Museum with the following result :— 

. Soluble 3. Sbceseesaene ene Ter 
Potal Tens resins Gate ieee eats 0-68 } 241 

which was present as 
Sesquioxide Of mon sic2c-sesaaedecssep ent eine 1°81 
Protoxide of iron, soluble............... 0:60 
Oxides of iron er 0-88 1-48 

weighed as protoxide... { “""""""""" 

Red Permian marl, with buff blotches (Severn Valley Railway, 
near Linley station):— 

Red marl (Analysis No. 4, Dr. Voelcker) contained 
Sesquioxide Of iron «..0-:eseceyencnsersseeeeeeeeeee 3°23 
Protoxide of iol, ......92:2-s00---> peer ee eee 1:35 
Bisulphide of irom..:. .-/..-. -eecseaseeee ee eee 0°02 
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Buff blotches in red marl (Analysis No. 5) contained 

SCSUITERUELO: OF TROU cc cuees ves secs ceva sess vevessed 2-779 
PRGUOSEGS OL UPOMAL IT. eivcktcsercenccctsleweesss. 1-468 
Traces of sulphur. 

The general composition of the red and buff portions of the marl 
exhibited no material difference. 

Red Permian marl, with buff blotches, near Bridgnorth :— 

Red marl (Analysis No. 21, Dr. Voelcker) contained 
Oxides of iron, principally sesquioxide ......... 8°76 per cent. 

Buff blotches on red Permian marl (Analysis No. 22) con- 
tained 

Oxides of iron, principally sesquioxide ......... 3°67 per cent. 

Red Marl, Old Red Sandstone, with buff blotches (roadside, Norley, 
near Bridgnorth) :— 

Red marl (Analysis No. 13) contained 

- at 00 Metallic iron 7-00. 

Buff blotches on No. 13 feat No. 14) contained 

Protoxide Of 10m ~... 0. ..¢....060 0:54 
Sesquioxide of iron, ee Ae ak 8:60 Metallic iron 6°44. 
BRD GS iy. ei he San 0k oe 

The blotching of the red beds of the Wyre Forest Coal-field, 
Worcestershire (fig. 27, Plate DEI"), presents another phase of varie- 
gation, which is of frequent occurrence, viz. the bleached portions 
being adjacent to an overlying bed of sandstone, and branching out 
therefrom into the general mass of the underlying marl. As the 
disposition of the fields of colour is very suggestive of infiltration 
from the overlying beds in contact with the bleached marl, I have 
procured complete analyses of the red and the bleached portions. 

The composition of the clay, railway-cutting near Bewdley, Wor- 
cestershire (fig. 27, Plate XIV.) was determined as En by Dr. 
Voelcker. 

Analysis No. 46 ed), No. 47 (buff). 
Water of combination..........s0s.seeeees 6:32 4:49 
Sesquioxide Of WOW. 2.5. sn sae seone-oreep 12°21 3°44 
EIEOEOMIOS Ol IFOM 0 a caneues vie o'ooce cmetenen 0:40 0-61 
BinulPMide OLATOW) seccsocs.vssc-cacesnees 0-11 0-022 
us Ue ee SS Ae ee L757 5°33 
Sulphate Of lime isi 1ob ssi. 05 sidewelditve ot 0:07 0-15 
Lime in a state of silicate .......0....... 0-71 Ow 
TED E IESE See ena eee a een 2-22 0°73 
IOSD AAT: SOMA a si acsesel su-ssic'um wc ninrslemgsee 0:56 0:24 
Insoluble silicates ............006 60°29 84:35, including : — 
SSclilicr Lee h of epeaeae ea CM Se Ao ae a 50°23 
Oxides of iron (weighed assesquioxide) 1-19 1-59 
ASTIN arc hetie vaaceosee tes ook wateeued hone 6:33 14:33 
1 Yih rr (he tae Ak Os naira Ali ee Saag: ome 0°71 0°52 
WER PM ORI Jah oe oeietosnasscrb enti or anede 0°37 0°34 
Alkalies ‘andllose si aesaots,. £45. 08g sees 1:46 2-27 
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There is somewhat more alumina in the red than in the bleached 
part, and a much larger proportion soluble in hydrochloric acid ; 
but this appears to be due merely to local variations in the composi- 
tion of the clay, and to be unconnected with its variegation ; otherwise 
the general composition of the red and bleached parts is similar, the 
main difference being in the small amount of sesquioxide in the buff 
(Analysis No. 47) compared with that in the red (Avalysis No. 46)— 
the amount of protoxide in the two colours being nearly identical, 
but slightly in excess in the buffportions. The change seems difficult 
to connect with infiltration from above, as isolated blotches of the 
buff occur entirely environed by the body of the red clay. 

5. On Discoloration and Bleaching connected with Joints.—V ariega- 
tion, which has evidently been more or less localized by the exist- 
ence and position of cracks and joints, seems to be of several distinct 
kinds ; one of which may be described as the simple rusting of the 
joint- -surfaces in beds containing carbonate of protoxide of iron, and 
is evidently connected with surface- infiltration, for it always dimi- 
nishes in proportion to the depth and distance from the surface. 
Fig. 20 (Plate XIII.) represents an example of grey marl that has 
become thus variegated ; and fig. 22 (Plate XIII.) represents some 
beds of the Upper Purbeck marble, near Corfe, Dorsetshire. The 
contrast of colour between the blue centre of the slabs and the 
ochreous crust following the line of joints is very marked, but it is 
met with in some degree in all jointed beds containing protoxide of 
iron. This form of secondary variegation is- well explained by the 
following analyses, by Messrs. Johnson and Sons— 

No. 17. Blue Purbeck marble (fig. 22, Plate XIII.) contained 
Protoxide of iron.........++5... 4: 1-50 | Motallic iron £456 
Sesquioxide of iron............ 

No. 18. The rusty crust of No. 17, adjacent to joint, contained 

Protoxide of tron.......0--2-+~- 2°88 ee , 
Sesquioxide of iron............ 2:80 \ Metallic iron 420; 

and is evidently due to the partial peroxidation of the carbonate of pro- 
toxide, there being but little difference in the amount of iron present. 
This example is particularly instructive, as bearing on the theory of 
the alleged dissolution of the colouring oxide to account for the 
bleaching of red beds: here is an extreme case of a bed charged 
with the least insoluble oxide of iron, under circumstances most favour- 
able to its removal by dissolution; but instead of its solution, the 
iron along the joints has become converted into the comparatively 
insoluble sesquioxide, unaccompanied by any material diminution in 
its amount. Fig. 19 (Plate XIII.) represents a somewhat similar case 
of joint-rusting in the Great Oolite of Northamptonshire; but in 
this example the rusting not only follows the joints, but concentri- 
cally surrounds some isolated balls of clay ; and it was probably in- 
duced by their hygroscopic property. 

In contrast with the rusting of joints, the other form of joint- 
variegation must be noticed, viz. the bleaching of rocks that are 
coloured by the red sesquioxide along the lines of jointing. The 
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first example is represented in fig. 42, of a vertical bleached line in 
the Bunter Sandstone between Linley and Bridgnorth. 

The analysis of the Red Sandstone (No. 1) alr eady given at p. 363, 
showed that it contained 1:3 per cent. of 
sesquioxide of iron, whilst the bleached Fig. 42. Bunter Sandstone, 
seam contained less than one-third of Linley, near Bridgnorth. 
the amount, the general composition of 
the stones being otherwise similar. 

A rather different form of joint- 
bleaching, analyses of which (Nos. 11 
and 12, p. 364) have also been given, 
is represented in fig. 24, Pl. XIII., of 
chocolate-coloured Cambrian Grits, 
Bayston Hill, near Shrewsbury, in 
which the discoloured bands follow the 
intersecting lines of jointing both ver- 
tically and horizontally, often isolating 
the dark ground into oblong brick- 
shaped forms, entirely surrounded by 
the bleached bands. In this the same 
process seems to have taken place as 
in the case of the Bunter, there being 
nearly two-thirds less iron in the light 
than the dark portions, with no mate- 
rial difference in the proportion of 
protoxide to sesquioxide, the insoluble 
sesquioxide being the condition in 
which it chiefly occurs throughout 
the rock. Now on looking at ‘those 
bleached lines ranging with the permeable aes they appear at 
first sight due to some kind of solubility and washing out of the 
colouring--matter ; but a careful examination shows that there is no 
essential difference between them and the isolated spherical blotches. 
In the vertical bleached lines in the Bunter (fig. 42), the discoloured 
line is here and there interrupted and broken up into isolated 
blotches. In the Cambrian grits of Shropshire (fig. 24, Pl. XIII.) 
every gradation occurs between the discoloured joint-lines and the 
completely separate bleached patches; indeed all these examples 
serve to show how capriciously the discolouring action has been 
localized—in some cases strictly following the joints, and in others 
branching out into irregular masses that have no reference to them. 

In comparing these two forms of joint-variegation, viz. the rust- 
ing of beds charged with protoxide, and the bleaching of those 
coloured with the red sesquioxide, it seems difficult to assign to in- 
filtration, which has failed to remove the more soluble carbonate of 
protoxide of iron in grey beds, the power of removing the compara- 
tively insoluble sesquioxide of iron adjacent to the joints in red beds. 

In coasidering the subject of the influence of organic matter in 
the bleaching of red beds, certain cases will be referred to in which 
the acids formed during the decomposition of organic matter appear 
to have acted as solvents of sesquioxide of iron; but the great 
majority of cases, in which bleached spots and joints occur in red 
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beds, present features inconsistent with the mere dissolution of the 
colouring oxide. 

The influence of joints, apart from their functions as channels of 
infiltration, will also be referred to in considering the phenomena 
of the banding of yellow sandstones (see p. 391). 

There is also another singular form of banding influenced by the 
presence of joints, viz. in the rock-masses isolated by them. The 
banded purple and green beds of the Coniston Grits, represented in 
fig. 30 (Pl. XTV.), and in fig. 43, to which my attention was drawn by 

Fig. 43. Banded purple and green Coniston Grits, Austwick, head 
of Crummuch- Water beck, Clapham, Yorkshire. 

== AA 

racters. The whole mass of the rock is made up of concentric series 
of narrow purple and green bands, disposed without reference to the 
stratified structure of the rock, each nest of concentric bands being 
bounded by the main lines of jointing; for instance, in a triangular 
mass the bands concentrically follow its three sides, and in cubical 
portions have a square disposition, tending to curvilinear forms 
towards the centres. The finer cracks, which happen to die out and 
terminate in the middle of a mass, have also curiously influenced the 
direction of the banding, causing, as in fig. 30 (Pl. XIV.), a looping 
and deflection of the purple and green lines, as though a series of ad- 
vancing lines had been-arrested and held back where intersected by 
the joints, resulting in a structure resembling and, I believe, identi- 
cal in principle with that of folded agates (see fig. 1, pl. xii. vol. v. 
Geological Magazine, illustrating Mr. Ruskin’s paper on “ Banded 
and Brecciated Concretions”). The states of combination of the iron 
in each portion is given in the following analyses, made in the 
laboratory of the Museum of Practical Geology :-— 

Determination of iron in purple and green bands, Coniston Flags, 
Head of Crummuch- Water beck, Austwick, near Clapham, Yorkshire. 

The purple bands (Analysis 83) contained :-— 
Soluble in hydrochloric acid...... 3104), = 

= { Fosoluble Mabetin ce 0-566 f Total 36a 
Present as Sesquioxide of iron... ...... 1-347 per cent. 

Protoxide of iron ......... 211 
Oxides of iron insoluble, 0-75 % 

weighed as protoxide 
Combined water .......... .. 1-990 
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The green bands (Analysis No. 84) contained :— 

‘ Soluble in hydrochloric acid ...... 2-232 1 DME igs er 
Tron i VRP AIN Gay hited cic < re cal eo tenp es 0°502 } Tota 2734 per cont. 
Present as Sesquioxide of iron......... 0376 per cent. 

Protoxide ofiron ......... 2°5382 ss 
Oxides of iron insoluble, : 

weighed as eae RAEI? 5 
Combined water............ Palo. *,: 

The rock therefore contained originally about 3 per cent. of iron, 
partly as sesquioxide and partly as protoxide and silicates; and the 
banding appears to be due to the segregation of the sesquioxide into 
the concentric purple layers, the green colour of the intervening 
courses resulting from the eaposure of the green silicates and the 
protoxide, by the removal of nearly the whole of the obscuring 
sesquioxide. 

Many jointed rocks exhibit this secondary concentric banding 
within each separate mass, bounded by lines of joint—some merely 
with respect to colour, by the rearrangement of the oxides of iron ; 
but in others (for example, jointed granites and some Trap rocks, 
which exfoliate in concentric layers within each portion bounded by 
joints) there appears to have been a partial rearrangement of the 
mass of their constituents, and a corresponding modification of me- 
chanical structure. 

These curious phenomena seem to be more related to the csolation 
of the masses by the joints than to the mere fact of the jointing ; 
for in waterworn stones the direction of the lines of secondary 
banding is often determined by the contour assumed after separation 
from the parent rock. In the case of flints banded with yellow and 
grey concentric layers of iron, in different states of combination, the 
bands range with the waterworn outline and not the original con- 
tour of the flint. 
6. On the Variegation of the Keuper Marls.—The arrangement of 

the red and grey colours in the Keuper Marls is almost as capricious 
and anomalous as in some of the examples already referred to ; and any 
satisfactory explanation is rendered difficult, on the one hand, by the 
disposition of colour being apparently related to stratification, and, 
on the other, by its being evidently the result of secondary causes. 
Fig. 13 (Pl. XII.) represents a portion of the section at Worcester 
station; its general aspect suggests that the alternation of the red 
and grey bands is simply the result of interstratification ; but the 
interlacing outline at their junction shows that the grey beds are 
merely an altered condition of the red—isolated patches of grey 
breaking irregularly into the general red ground. There are also 
continuous grey beds, some of which are harder than, and of different 
mechanical composition from the red ; and there are isolated patches 
of grey, which in general have a horizontal range, coincident with the 
stratification ; but the recurrence of the individual blotches on their 
horizontal range is evidently determined by secondary causes. A 
portion of the beds included in the section are intersected by ver- 
tically disposed zigzag lines of hard stony matter, possibly repre- 

2D 2 
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senting former cracks and channels of infiltration; and wherever 
they cross the horizontal lines on which the isolated grey patches 
occur, the particular position of each is evidently determined by the 
intersection of the hard seams along which the grey patch branches, 

as shown in fig. 44. 
A somewhat similar case oc- 

curs in the red marls interstra- Fig. 44. Bleached patch in Keuper 
tified with the white Keuper Marls, Railway Cutting, Wor- 

sandstone in the Alderley cop- cester.. 
per-mine, Cheshire. Pockets [ = 
or seams of the white sand oc- 
casionally run down from the 
sandstone into the marl (fig. 
10, Pl. XI.), and adjacent to 
these seams the red marl is dis- 
coloured; and similar bleached 
marl bounds the line of separa- 
tion of the red marl and sand- 
stone-beds (fig. 11, Pl. X1.). 

Again, the position of a grey patch amongst the red is frequently 
determined by a slightly harder condition of the stratum in a 
particular part. ‘The variety of circumstances that have deter- 
mined the position of these discoloured bands and blotches, and the 
variety in the character of the beds that are similarly affected, show 
that the phenomenon is quite independent of original differences in 
the chemical composition of the red and grey parts of the strata; 
this is confirmed by the following complete analyses of the red and 
grey parts of the Keuper Marls, Worcester Station, that have been 
made for me by Dr. Voelcker:— 

Analysis. 
No. 58, Red. No.59, Grey. 

Water of combimnanen, .2)5 72.7. 4-45) 3 371 
Protesade of Tron, 2- ices eee P60 Gee ie 
Sesquionide of irom {522000622 tee oe ye d Se 0°80 
Bisulphide of arom: oi... Secu ee ee eee 0:059 ... es 0-029 
AMI TAANED 65g kids dacs a oe ee 1}-14 eee 12°77 
TG |. .c.. soon pcn ee ee ye 371 
Wrsnesias: ..ngcee teres iad hor Pein aria SAG tee 217 
Potash 020i 2 Re a ee 069" 222 O71 
Soden Bis... eos Sac cc cons Dee ee ee ee Be inaces: |) 22= 0-02 
Salphurie acid! socom ob. Pee O09 5) ee 0-08 
Carbonie acid and loss. -..2224.-6--- 3 eat add 4 gacee 4-741 
Matter insoluble in hydrochloric acid :— 

Aluiaivia.<} Sysesnee tse seen eee 9°39 11-72 \ 
Bild wiht a. saddest eee 53°62 | 53°40 | 
Oxides of iron weighed as sesquioxide 0°78 0:99.1 aa: 
Lime ace noe, hen ee 
Magtiesia — oo. cesses ot. cee ee ee 1-69 | 111 
Atkalies and-loss 2.23: ae 2-22 ) 1:66 

100-00 100°00 

The two examples contained but slight traces of carbonaceous 
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matter; and their general composition was identical, excepting as 
regards the iron, of which there seems to have been a departure 
of the greater part of the sesquioxide from the grey portion. The 
protoxide of iron in the grey is somewhat in excess of that in ‘the 
red; but the difference is scarcely more than might occur in any two 
portions of the same stratum, and is insufficient to prove its secon- 
dary derivation from the red sesquioxide. The mottling of the 
Keuper Marls seems, therefore, in principle to differ in no respect 
from the blotchy variegation of other red clays and marls; and the 
two analyses of the Worcester example are worthy of note because 
they fail to exhibit the kind of change in the state of combination 
of the iron indicated by the analyses, given by De la Beche, of the 
Keuper beds at Aust Passage, viz. the reduction of the sesquioxide 
to protoxide without any departure of the iron. 

7. On the Influence of Organic Matter in inducing Variegation.— 
The connexion between the blotching and discoloration of red beds 
and the presence of fossil carbonaceous and peaty matter has re- 
peatedly been noticed by geologists, and reference has already been 
made to the observations of De la Beche on this subject in the 
Memoirs of the Geological Survey. The generally accepted theory, 
and that suggested by De la Beche in explanation of the pheno- 
menon, is, that the discoloration has been brought about by the 
reduction of the sesquioxide to a lower state of oxidation of less 
eolouring-power by simple chemical reaction with the fossil carbon. 
The experiments of Bischof, and also those of Kindler, published in 
Poggendorff’s Annalen, establish the fact that sesquioxide of iron, by 
simple contact with organic matter, is capable of being reduced to a 
state of protoxide. 

With a view to ascertain how far the reduction of the colour of 
red beds may be due to this process, I have procured analyses of 
the bleached and unbleached portions of a number of examples of 
ferruginous strata in which the variegation seems to be connected 
with the presence of fossil carbon. 

The mottled beds of the Woolwich and Reading series, especially 
in their development as the Argile plastique of the Paris Basin, are 
particularly instructive in explaining the nature of the secondary 
disposition of ferruginous colouring as apparently dependent on 
accompanying organic matter. 

Figure 45 represents a section at Vaugirard, Paris, from the 
Upper Chalk to the Calcaire grossier ; the mottled beds of the Argile 
plastique (fig. 21, Plate XIII.) included in the section are overlain 
by 15 or 20 feet of grey laminated clays containing beds of impure 
lignite and pervaded throughout by carbonaceous matter. The 
eradation of this character downwards seems to be connected with 
the arrangement of the mottling of the underlying Plastic Clay. 
These beds include five distinct and well-marked colours, viz. :— 

Ist. The bright blood-red, which appears to have been the pri- 
mordial tint ; 

2nd. A light pinky red; 
ord. A dark brown; 
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4th. An ochreous yellow; and, 
5th. A light neutral grey. 

Fig. 45.—Section of the Argile plastique and Caleaire grossier 
exposed in clay-pit, Vaugirard, Paris. 

Laminated clays, with 
impure lignite. 

S 82 saa St SSS a= SS © —& Chalk, not visible in 
2 We Ses SeSeSen qe, the section. 
——— es 

At the base (c), the blood-red primordial colour prevails with but 
slight variegation; towards the middle (4) the variegation becomes 
more definite, consisting of distinct patches of grey on the red or 
pink ground, each of which concentrically surrounds a nucleus of 
dark brown and red, as shown in fig. 21 (Plate XIII.), and is more 
or less mottled with ochreous yellow. As the carbonaceous beds 
are approached, the blood-red gradually dies out into neutral grey 
through intermediate shades of pink ; and the uppermost portion (a) 
is variegated only by isolated brown blotches on a uniform grey 
ground, such as lower down formed the nuclei of the grey patches. 
The proportionate amount, and the state of combination, of the iron in 
these five shades of colour will help to explain the character of this 
curious and complicated variegation. 

The blood-red portions of the clay, which are evidently im its 
primordial condition, contain :— 

(Analysis No. 53, by Dr. Voelcker) Protoxide of iron ..... ......... 0-548 per cent. 
Anhydrous sesquioxide......... 19-641 = 
Organic matter .. :;.<25-- 0-320 
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The ferruginous nuclei contain :— 

GAnalysis No. 5D) cc pascassievenss Protoxide Of 1f00) .....n.00...008 0474 per cent. 
(Hydrous) sesquioxide of iron 50°583 _,, 
Organic matter... .cs0..cecsecses doubtful traces. 
Water of combination ......... 7-72 per cent. 

The neutral grey zones immediately adjacent to the nuclei of 
segregation contain only about jth of the proportion of iron in 
these centres, viz. :— 

PMGLYSIS NO. 54) ...ccsusasecernncs PPOhOxide GF AVON cj ascewenseesne 0:254 per cent. 
Sesquioxide of iron .....e..000 3°779 “ 
OLPAnIE MACE Seon scen scenes slight traces. 

The grey portions mottled with ochreous yellow contain :— . 

OR, Ry @ i ee Protomide Of TFG, spspsec.-vesss 0:294 per cent. 
Hydrous sesquioxide............ 3°502 Fe 
Oreanic Maer rs... 622 sas cdsansne slight traces. 

There is also the light-pink-coloured clay, through which the 
normal red graduates to the grey in the middle of the bed, and 
which occurs outside the grey zones surrounding the nuclei; and 
here we find the iron occurring in a proportion intermediate between 
that in the grey and that in the full red-coloured clay, viz. :— 

Pannlyais NO. 56) ......0..050¢se0s Protoxide Of ION vse. ss-db-s0coe 0-254 per cent. 
Sesquioxide of iron ............ OSG - 4, 
Oxpanicumatter’ leis. ance rsece 0-790 i 

Looking at these analyses, and the relative arrangement of the 
several colours, it is impossible to resist the conclusion that the 
excess of colour in the dark parts above the average composition, 
and its diminution in the adjacent light parts below the average, 
must be due to the actual passage of the iron to the centres of 
segregation. Here also, as in most other cases of segregation, the 
motion of the sesquioxide of iron is accompanied by its becoming 
hydrous, the blood-red of the ground being exchanged for a rich 
ochreous brown in the nuclei, and bright-yellow rust partially stains 
the exhausted portions. There is one point in connexion with the 
variegation of these mottled clays which seems difficult to explain 
satisfactorily, viz. the existence, about the ferruginous nuclei in 
the grey ground, of small patches of the blood-red clay quite unal- 
tered, neither depleted nor enriched. 
Among other cases of variegation apparently connected with the 

presence of organic matter, the following may be referred to. Fig. 
25 (Plate XIII.) represents a yellow surface-clay containing frag- 
ments of black carbonaceous matter, adjacent to which the clay has 
been bleached of a pale-grey tint. 

Analyses of the grey and yellow portions gave the following 
results :— 
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The yellow clay (Analysis No. 69, Laboratory of the Museum of 
Practical Geology) contained 

Total iron, Sl bai hires Bi no) ie awe 
ith: ASOUABIE 2 a aenen eae te me O74 f SS 

Sesquicxide GEArOR, Ti.v..ceee eeeeee - 7 
Present as + Protoxide of iron, soluble............... O74 eS 

pie epee tt inselable... 056 

The grey patches adjacent to carbonaceous matter (Analysis 
No. 61) contained 

Total iron; Bolubleys ..- 2255... eee 0-54 0:94 nen 
a insoluble = 3 .ccasesges eee 0-40 t pee 

i Sesquioxidé.of ion) Joh: eee Oils. = 
Present as Protoxide of iron, soluble........2...... O5d «3 

Insoluble oxides of iron, weighed as 0:52 
portale 2.2 ae accra see nsaroee } ? is 

Another, somewhat similar case is illustrated in fig. 46, of red sur- 
face loam (rearranged Keuper marls, in a railway-cutting between 

Fig. 46.—Red Surface-loam, consisting of rearranged Keuper marls, in 
a railway-cutting between Codsall and Aibrighton, Shropshire. 

= 
Bleached 

drift. 

=| Red drift. 

Keuper 
marls. 

== Keuper 
=| sandstone. 

Codsall and Albrighton, Shropshire) intersected by seams and pockets 
of bleached grey loam, apparently connected with the penetration 
of roots from the surface. 

_ The red loam (Analysis No. 67, Laboratory of Museum of Prac- 
tical Geology) contained 
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Wotal won Solmble. 25a. eke elk dessncee 2°46 7 o. 
¥ TGOMEAIGS bis cswactviasexcdaenges vainn 0:23 \ 2°69 per cent. 

( Sesquioxide of ir0n........0..s.p00dseeeess SOG, . ve 
PPEGLOSIGG OF WON), ccsancnascnscnsecseneds 0-41 a 

Present as { Oxides of iron weighed as insoluble 0:20. 
| READE OLDRIOG ©. ce cienemasnane ses 
Garhonie ss ii...ik, Sale ves te eueed eee AY 0-188 _,, 

The discoloured seams and pockets (Analysis No. 68) contained 

Mita) TronsSOlMWS ux ccteavacess eset nerencese 058] a7 
+ Umsolable one sevens Nee Hay Sere O15 | Bre on com 

Sesquigmide of AON. ..3.0.-Fe, eseeee pecs Uo es 
Present as { Protoxide of iron, soluble OES ee 0:25 - 

Oxides of iron weighed as \ insoluble 0-20, 
PrOtOMIGe, ... veces wdeast 

Baha ttiarsc.s. 60s dicsimerve mevh shack heeeead 0-114 _,, 

The disposal of the oxides of iron which in this case have been 
withdrawn from the bleached portions is not evident; but in an 
example pointed out to me by Mr. J. W. Young, of Glasgow, the 
iron has been aggregated as hydrous sesquioxide into tubular con- 
cretions (fig. 47, a, b,c) concentrically disposed around roots pene- 
trating the Post-tertiary clays about Glasgow, their transverse section 
() exhibiting a banded arrangement. 

Fig. 48.—Bleached sand under 
peaty gravel. Cliff east of 
Southwold, Suffolk. 
Iyatyiy.s\\9 i 

Fig. 47.—Coneretions of hydrous 
sesquioxide of iron, Post-tertiary 
clays, Glasgow (actual size). 

In the cliff between Southwold and Easton-Bavent, in Suffolk 
(fig. 48), a surface layer of peaty gravel has bleached the bright- 
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yellow sands overlying the Chillesford clay to a depth of ten or 
twelve feet—the light-grey sands under the carbonaceous surface- 
layer joining on to the golden-yellow sands in the bottom of the 
section with an outline not corresponding with the stratification. 

In a Freestone quarry, Keuper Sandstone, Clive Hill, Shropshire 
(fig. 49), the bleaching effect of organic matter is again evident. In 

Fig. 49.— Red, buff, and brown Keuper Sandstone, Clive Hull, 
Shropshire. 

SSS a eI Hui Sat RENE BEL SOR OO 

the top of the quarry dark-brown sandstone (a), spotted with cream- 
coloured blotches (fig. 40, Plate XV.), occurs with the following 
composition, determined by Dr. Voelcker :-— 

Analysis No. 62. No. 63. Buff 
Brown ground, a. blotches 

n 
Organic matter, humic and ulmic acids ..................... 123) ae "031 
Protoxide of iron, with traces of sesquioxide too Lae 2 

small tobe separately determined Ss ‘ieee |. a a 032 
Ailuasaiivian Ec ae ee ee eee O36 j= 0-26 
Wamaw 55-20. eee eee fates an pk COREE Cas caneceee 006. 722 0-06 
Sulphearte aed «25022 o0e pec c cance neeeene ee eeee ee eee eee 0-08 pee 0-07 
Magnesia and traces of alkalies ..............-2:sseeeeeeeeeeeees 04. 2 034 
Insoluble siliceous matter :-— 

Ped saan 5 ooo Sass Sewn oe ee ee ee 2-44 1:35) 
Oxides oF $00 > sce eh eee ee 0-31 | 0-30 | 
Bime. oc eth eee ee 0-47 }9760 043 498-64 
Magnesia antl 10887. <.<creenoreree on eer ae 0-19 | 
SHC. 0 none one nthe} ane cae ee eee 94:30 J 96°37 J 

100-00 100-00 

The buff blotches were hard and crystalline, standing out from 
the weathered surface of the rock, and they may be segregations of 
silica; the colour of the brown ground is due to the presence of the — 
organic acids. The bottom of the quarry exposes red sandstone (¢), 
joining on with an irregular outline to the overlying mass of cream- 
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coloured rock (6), the bleaching of which and loss of red colour 
appears, as in the case of the Southwold section, to be connected 
with infiltration from the uppermost bed charged with humic and 
ulmic acids. 

A somewhat similar case is given in fig. 17, Plate XIII., of a 
specimen (in the Museum of the Jardin des Plantes, Paris) of a car- 
bonaceous fossil in red Carboniferous sandstone at Ardenay, in which 
the colour immediately adjacent has been bleached. 

The bleaching-power of carbonaceous matter is further illustrated 
in fig. 26, Plate XIII., of the Lower Green Sand near Folkestone, 
where some carbonaceous spotsare Po bass | : is 
surrounded by discoloured zones, er ee ae 
and these again concentrically sur- 
rounded by bright-yellow rings of 
hydrous sesquioxide of iron, which 
appears to have been displaced 
from the central area. Similar 
bleached patches frequently occur 
in the sands of the Crag district ; 
and these, as in fig. 50, are always 
surrounded by a zone darker than 
the general colour of the sands, and 
coloured apparently by the iron 
withdrawn from the lighter area. 

These phenomena present two 
distinct points for consideration: & = es 
—first, simple chemical reaction and the pained washing ‘out of 
the iron in a soluble condition ; secondly, the rearrangement of the 
colouring oxide, which cannot be explained by simple chemical and 
mechanical agencies. 

Both of these processes seem to have operated in the production 
of those variegations of ferruginous strata which are connected with 
the presence of organic matter. 

The Southwold, Clive Hill, and Codsall examples of bleaching 
appear to be the result of simple dissolution, and mechanical removal 
of the iron brought into a soluble condition. The generally ac- 
cepted explanation, and that originally suggested by De la Beche, 
is, first, the reduction of the colouring-power of the iron by the 
conversion of the sesquioxide to protoxide, from deoxidizing contact 
with organic matter, and, secondly, the dissolution of the protoxide 
thus formed by carbonated water. 

The experiments by Kindler and Bischof (Chemical and Physical 
Geology, vol. ii. page 1, English edition) establish the possibility of 
these reactions ; but it is remarkable that in none of the cases that 
have been made the subject of the foregoing analyses does the bleach- 
ing appear due to simple deowidation ; and, furthermore, the propor- 
tion of protoxide to sesquioxide of iron is not increased in the bleached 
areas of red beds. 

In grey beds accompanying carbonaceous deposits the iron is 
almost wholly in a state of carbonate of protoxide, and the nodules of 

low ferruginous sands accom- 

panying the Crag, Wangford 
C it, Suffolk. 
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segregation are also carbonate of iron. Ferruginous nodules of 
segregation connected with the variegation and depletion of red beds, 
however, invariably consist of the sesquioxide. Carbonic acid per se 
is impotent in either reducing sesquioxide of iron to the lower oxide 
or in dissolving it. If, therefore, interbedded carbonaceous matter has 
operated as a solvent of sesquioxide in red beds by its reduction to 
protoxide, its effect must be limited to the parts in immediate contact ; 
and it seems difficult to explain on this theory how, as in the case 
of the bleached beds at Southwold and Clive Hill, the operation can 
have extended to a distance of ten or twenty feet from the carbonaceous 
matter. 

The direct solvent action of humic, ulmic, and other acids the 
product of organic decomposition, appears a more probable agent 
of dissolution, and does not necessarily involve the reduction of the 
sesquioxide to protoxide. According to Bischof (Chemical and Phy- 
sical Geology, English edition, vol.i.p.166), humic acid occurring 
in vegetable mould forms a compound with sesquioxide of iron 
soluble in 2300 parts of water and crenic acid, a combination so- 
luble in ammonia. The formation of lmonite or bog-iron-ore ap- 
pears to be the result of such dissolution; it consists of sesquioxide 
of iron in combination with variable amounts of humic acid (Dana’s 
System of Mineralogy, p. 178, fifth edition). The aggregation of 
sesquioxide of iron around roots and other vegetable remains in bogs: 
may thus be incidental to its temporary dissolution by the acids of 
organic decomposition. 

These simple chemical reactions, though coordinate with them, 
will not, however, fully account for such phenomena of variegation 
as those presented by the Argile plastique and Lower Greensand, in 
which the variegation has resulted not from the loss of the tron in a 
soluble condition, but from its rearrangement,—in the one case centri- 
petally, resulting in its aggregation to concentrated nuclei surrounded 
by a depleted area; in the other centrifugally, the rearranged oxide 
of iron circumscribing the depleted area trom which it was dispersed. 

8. On Variegation due to the Decomposition of Bisulphide of Iron. 
—Among the secondary changes of colour from an altered state of 
eombination, must be noticed that due to the oxidation of bisulphide of 
iron, which frequently occurs mechanically disseminated in sedimen- 
tary strata. Its simple oxidation, as is well known, results first 
in the production of sulphate of protoxide of iron and free sulphur, 
and ultimately, by the further decomposition of the protosulphate, of 
a rusty deposit of the hydrous sesquioxide. When iron pyrites 
occurs in mechanical association with grey beds charged with ecar- 
bonate of protoxide of iron, as in the case of the London clay, the 
ultimate result of the decomposition appears to be limited to the pro- 
duction of the sesquioxide; but in a case which has come under my 
observation, a more complicated change appears to have taken place, 
involving the bleaching of beds charged with the anhydrous ses- 
quioxide. 

At the base of the Ashdown (Wealden) sands under the East Cliff, 
Hastings, occurs a bed of light bluish-grey tenacious clay, here and 
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there tinged with red, and somewhat resembling in physical character 
the white Tertiary clays; but instead of burning of a light cream- 
colour in the kiln, the presence of much iron was indicated by the 
fire changing it to a dark yellowish-brown colour. 

An analysis by Dr. Voelcker (No. 38) indicated that it contained 
nearly 1? per cent. of iron occurring as 

Basic sulphate of sesquioxide .........00 1°68 per cent. 
PISMO UIGE OL IEOM f\ cui cans ansaesarcesves ois 0:094 ,, 

Patches of pinky red in portions of the clay indicated the former 
presence of the iron in a state of anhydrous sesquioxide, which also 
occurs largely in the middle beds of the Wealden. 

The partial decomposition of the pyrites, of which some still re- 
mains, seems to have brought about the discoloration. It appears 
that the whole of the sulphur of the decomposed pyrites has become 
oxidized, and has entered into combination with the ferric oxide, 
producing the neutral grey basic sulphate ; and the original light-red 
colour of the bed has thus became partly obliterated. This is the only 
case of discoloration distinctly traceable to the decomposition of 
bisulphide of iron that has come under my notice; and few red beds 
contain a sufficient proportion of pyrites to convert by its decom- 
position the whole of the colouring sesquioxide into the almost co- 
lourless basic sulphate; but the case, though exceptional, should be 
recorded among the phenomena of variegation. 

9. Variegated Cambrian Slates.—The variegation of Welsh slates, 
of which examples are given in figs. 29, 31, and 32 ( Plate XIV.), and 
which seem to be the result of a combination of sedimentary and 
secondary causes, is of two kinds :—first, that consisting of well-de- 
fined blotches and bands disposed with more or less continuity, and 
always in harmony with the stratification ; and, secondly, the conver- 
sion of the blue and purple slates to green, in contact with Trap dykes, 
and in large fields of colour interlacing irregularly with the normal 
colours, and disposed without regard to the stratification they 
vertically intersect. 

. These two forms of variegation appear to be due to independent 
causes. 

The first case of stratified variegation (illustrated in fig. 32, 
Plate XIV.), when most fully developed, occurs in the form of inter- 
rupted green bands of two shades of colour, viz. dark olive-green 
layers of mechanical constitution different from that of the slate, and 
adjacent to them a zone of light-green discoloured slate, sometimes 
occurring on both the upper and under side, symmetrically enclosing 
the dark layer as a central nucleus, but frequently occurring only 
on the under side. 

Having but recently described these beds in the Geological 
Magazine *, I need now only state that whatever may be the precise 
nature of the dark olive-green bands, it is evident they are of me- 
chanical origin, and not the result of secondary segregation. Though 
often continuous for many yards, they are generally interrupted at 

* Geological Magazine, March 1868, vol. v. p. 123. 
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intervals, and there exist all gradations between the continuous 
bands and isolated blotches. 

These spherical bleached blotches generally contain a small nucleus 
of matter identical with that composing the dark-green layers, though 
not always visible, from the line of cleavage failing to intersect it. 

The questions suggested by these phenomena refer to the time at 
which the bleaching took place. Was it before, or concurrent with, the 
slaty cleavage? and was the alteration of colour due to a change in 
the condition, or in the amount, of the colouring-matter? The first 
question is easily answered; for, as has been shown by Mr. Sorby, 
the form of the blotches has been notably affected by the cleavage 
attenuating them on the transverse section, whilst on the cleavage 
section they exhibit no distortion. I find also that the bands and 
blotches have partaken of all the movements affecting the slate, and 
are frequently broken by faults and dislocations. It is evident, 
therefore, that the bleaching was antecedent to, and independent of, 
the cleavage. 

The composition of the discoloured spheres and bands adjacent to 
the green layers points to a conclusion respecting their character dif- 
ferent from that arrived at by Mr. Sorby, that “ they have been con- 
cretions of a peculiar kind, formed round bodies lying in the plane of 
bedding” (‘‘ On the origin of Slaty Cleavage,” Edinburgh New Phi- 
losophical Journal, July 1853); for analyses of the purple and dis- 
coloured portions of the slate, which have recently appeared in the 
‘Geological Magazine’ (vol. v. p. 123, March 1868), exhibit no ma- 
terial difference in general composition, and no aggregation of matter 
in the light parts that is not also found in the body of the slate; in 
short, they are identical, excepting that there has been a departure 
of about two-thirds of the sesquioxide of iron out of the bleached 
portions. 

The blue slate, Glyn quarries, Llanberis (Analysis No. 45), con- 
tained 

Sesqintoxide' of Tron!’ 2215.2 4.02 ea eee 5°68 
Protoxade GE ron ...44.3,.05 i ee ee 0-46 

and the bleached bands underlying the dark-green layers (Analysis 
No. 44) contained 

Sesqutionide.Of i708 45x eke eee eee 1-59 
Profoxide Ol AVON — pens 5k oo ee eee 0°22 

and appear to be precisely analogous to the discoloured spheres and 
bands in red beds. In these it has already been observed that matter 
of various kinds, as pebbles, fragments of stones, and fossils, has 
evidently induced and localized: the motion of the colouring sesqui- 
oxide ; so in the case of the banded slates, the layers of interstratified 
green matter appear to have similarly incited the departure of the 
sesquioxide of iron from the adjacent slate, without inducing any 
change in its state of combination. In the discoloured spheres of the 
red beds the iron withdrawn therefrom was frequently found to be 
segregated into small central nuclei; and it appears probable that the 
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sedimentary green layers and spots to which the bleached slate is 
adjacent may have received as an accession the sesquioxide of 
iron abstracted from the surrounding zone. 

The case of discoloured blotches from which the iron has been 
discharged, without any centre of aggregation, is more difficult to 
account for; but some examples of banded slates in the Penrhyn 
Quarries, given in fig. 31 (Pl. XIV.), seem to suggest an explana- 
tion; the light discoloured bands are concentrically surrounded by 
a dark band, darker than the slate, apparently by an excess of the 
colouring oxide, as though the oxide of iron had been dispersed 
centrifugally to the outline instead of aggregated to the centre ; and 
it was observed that the mechanical layer forming the centre of the 
discoloured band is lighter in colour than where no such external 
dark zone occurs. 

The other form of secondary variegation, viz. the conversion of 
the blue and purple slates to green in large fields of colour, and to 
green slate in contact with the intrusive greenstone dykes, appears 
to have no relation to that just described. An analysis (No. 29, by 
Dr. Voelcker) of an example from the Penrhyn Quarries showed 
that it contained 8-26 per cent. of iron, equivalent to 10°63 per 
cent. of protoxide as compared with (Analysis No. 27) 11:40 per 
cent. of sesquioxide in the purple slate of the same quarry. There 
is therefore no material departure of colouring oxide from the green 
variety, and we must look for an alteration in its state of combina- 
tion to account for its change of colour. 

The slates of a uniform green colour have no stratigraphical hori- 
zon distinct from that of the blue and purple varieties. The highest 
beds of slate in the Penrhyn Quarries (fig. 29. Pl. XIV.), underlying 
the uppermost Cambrian grits of Bronllwyd, and marked separately 
10 and 11 in Professor Ramsay’s section, No. 59 (p. 156, Geology 
of North Wales, Memoirs of Geological Survey), exhibit, on a large 
scale, this interchangeable colouring. The highest portion of No. 11 
is more generally green, and purple prevails in No. 10; but there is 
no distinct line of demarcation between the two colours, which inter- 
lace with each other in a direction vertical to the stratification. 

The purple (Analysis, No. 27) contained 

PrObrORdevOF ION: Gis shai vacant d sees 0-874 
Pes umoxide OL MONKS sais aches oestase soy 6:540 
PSULOLTT UY Rae ener Mee ese eae es <eeaay eae aes 0-031 

The green (Analysis, No. 28) contained 

A second analysis of No. 28 gave 5-90 per cent. of protoxide of 
iron. ‘The change of colour is therefore due to the conversion of 
the sesquioxide of iron into protoxide; there was also about one- 
sixth less iron in the green than in the purple, a difference insuffi- 
cient to explain the change of colour, but accounted for by the faet 
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that the green slate contains local deposits of segregated iron as 
crystallized pyrites. 

An example of green slate, converted from the purple in contact 
with a dyke of diabase, Dinorwic Quarries, Llanberis (Analysis No. 
52), contained 

Protoxide of iron 2: See ee 5568 
SesquionGe 2.6. chea2. fee cereeee ee eee 3133 
SUN C1118 es ae oe els aan eke mn TE Gi dork eae Rae at 0-011 

Under the microscope the protoxide of iron appeared to occur as 
chlorite. The production of great masses of green slate can there- 
fore be explained by a simple chemical process, viz. the partial 
reduction of the sesquioxide to a state of protoxide, and the separa- 
tion of a small proportion as bisulphide rearranged as distinct erys- 
tals. The green banding of the Cambrian slates, and the produc- 
tion of the large uniform masses of green, were therefore not only 
due to independent causes, but occurred at different times,—the 
banding and blotching before the slate was cleaved ; and some of the 
green slate was converted from the purple at the time of the intru- 
sion of the greenstone dykes, which Professor Ramsay regards as of 
Post-carboniferous age. 

10. On the Discoloration of Red Beds by Lime and Magnesia.— 
The absence of red beds from strata that are interstratified with 
calcareous bands, and the general absence of calcareous matter from 
red beds, must be noticed in connexion with the following examples 
of secondary variegation, which seem to be connected with the pre- 
sence of carbonate of lime. 

De la Beche, at page 53 of vol. 1., Memoirs of the Geological Survey, 
notices that many of the green and blue bands in the red marls of 
the Old Red Sandstone of Herefordshire were found to be calcareous, 
or half-developed cornstones. With this exception, the large extent 
of non-calcareous red rock of the Old Red Sandstone forms a striking 
contrast with the great thickness of Upper Silurian dun-coloured 
beds that underlie it, and in which the calcareous element pre- 
vails. This is expressed in fig. 51, exhibiting an entire absence of 
red beds, from the top of the Ludlow rock to near the base of the 
Wenlock shale, where a reddish-purple bed appears. 

This fact is not accounted for by the absence of ferruginous mat- 
ter, as the Wenlock and Ludlow dun-coloured shales contain as much 
iron as the Devonian red beds above, and the purple bed below. It 
seems, however, to be directly correlative with the presence of car- 
bonate of lime. In Shropshire the proportion of lime gradually in- 
creases upwards, from the purple bed as a minimum, at the base, to 
the massive limestone as a maximum, at the summit of the Wenlock 
beds. 

An analysis (No. 51) of this purple bed at Minton, near Little 
Stretton, shows that it contained 

Protoxide of iron ......... 0-72 
Sesquioxide ............... 7-70 + Metallic iron 6-27, 
Insoluble oxides ......... 0-75 

and about 7% per cent. of carbonate of lime. 
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This purple bed scarcely occupies a distinct stratigraphical hori- 
zon, but passes upwards, with a blotchy interposition, into the great 
mass of overlying dun-coloured beds. 

An analysis (No. 50) of these from between Harley and Much 
Wenlock indicated the following composition :— 

Protoxide of iron ......... 1:80 
Sesquioxide of iron ...... 7:00 \ Metallic iron 7-01, 
Insoluble oxides of iron . 0°35 

with about 93 per cent. of carbonate of lime, besides calcareous 
nodules of segregation. 

There is no material difference in the amount of the iron; the 
sesquioxide in the purple bed appears to exist as the anhydrous 
form, and that in the dun-coloured beds as the hydrous; and the 
proportion of protoxide to sesquioxide increases upwards with the 
increase in the amount of calcareous matter, until in the blue beds of 
the Wenlock limestone the iron exists principally as carbonate of 
protoxide. The relation of this dun-colour to the presence of lime 
is further supported by the fact, that where the calcareous Penta- 
merus-zone appears between the purple bed and Llandovery conglo- 
merate, it is accompanied by dun-coloured, and not purple shales, 
and where the band of Woolhope limestone appears in Hereford- 
shire on the horizon of the purple bed in Shropshire, the purple 
colour is lost. The same principle appears to hold good with respect 
to the distribution of colour in the Trias of the east of France, a 
sketch-section of which is given in fig. 52. 

In the neighbourhood of Lunéville, near Nancy, the red colour of 
the Marnes irisées disappears in descending to the Muschelkalk, the 
calcareous bands being interstratified with grey marls; and again, 
when the Muschelkalk is passed, and the calcareous element goes 
out, the red colour reappears in the Grés bigarré or Bunter. The 
same relation of colour to calcareous matter is observable within the 
Marnes irisées, and is illustrated in fig. 15 (Pl. XII.), representing a 
section at Enville near Lunéville, in which the change of colour from 
red to grey seems to have been induced by the presence of bands of 
magnesian limestone. Immediately adjacent to these the marl is of a 
uniform grey colour, and the underlying red colour begins to 
come in as small isolated spots and lines; these gradually increase 
in proximity until they graduate, through a red ground freckled with 
grey, into the mass of the uniformly red marl. 

The following analysis by Dr. Voelcker gives the composition of 
the interstratified calcareous layers, and of the red and grey parts of 
the Marnes irisées at Enviile near Lunéville. 

Analyses. No. 69. No. 70. No, 7 
Red marl, Grey marl. Hard band. 

Water of combination ...... 4:24 397 1:73 
Bisulphide of iron............ 0:05 0-037 0-025 
Protoxide of iron .......202. 0-82 0°64 0:45 
Sesquioxide of iron ......... 4-93 1:90 13 
Admire 2.8, . tienes -< ceee 10°16 13-22 4:32 

¥ dime ©... ee ee ae es ee 10°59 19°38 27:16 

No. 69. No. 70. No. 71, 
* Equal to Carbonate of Lime 18°92 34-62 48-51 
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Analyses. No. 69. No. 70. No. 71. 
Red marl. Grey marl. Red band. 

TENET eta ee it acinar a 8:96 7°60 18°52 
PSB K ey tyes ade ss veh Fes 0-76 0-13 0:42 
UE ee os oe Ar ee a 0°12 0:02 0:09 
Sulphuric acid ............... none. none. 0-13 
Carbonic acid and loss ...... 15°86 22°763 36°765 
Insoluble siliceous matter :— 

SOLS le ee 36°72 26°54 
AD IDUIBD. 0 cisin vnsetd 4:35 Ae is 
MTU vgs a8 a's sons xen 0-15 : 0:30 e ‘26 
Magnesia... ssc: 0-43 ¢ 43°51 © 9.93 (9034 ostly Silica. 
Oxides of iron ....., 0°53 0:36 
Alkalies and loss ... 1°33 0:08 

100-00 100:00 100-00 

In this section the change of colour seems to have been brought 
about by a combination of mechanical and secondary causes. The 
amount of iron decreases upwards from the red to the grey beds; but 
the curious freckled disposition where the grey and red colours inter- 
lace is evidently not the result of sedimentary arrangement, and ap- 
pears to be connected with the infiltration of lime from the overlying 
calcareous bands, and a secondary bleaching of a uniformly red bed. 
Fig. 16 (Pl. XII.) represents a section of some Permian strata in a 
cutting of the Severn Valley Railway, between Linley and Bridg- 
north, including red marls overlain by a calcareous band, in contact 
with which the red marls have been discoloured of an ochreous 
grey; the interlacing disposition of the yellowish grey and the red, 
with an irregular boundary of separation, shows that the former is 
a secondary product of the original uniform red colour. 

The composition of the red marl (Analysis No. 4, by Dr. Voelcker) 
is as follows :— 

ete OL COMDAMMLON 6.0)... lon scewes dees divaiterses dota 2:79 
DRIES CL TRON, i. se cciadh. al eases viens ds sine cou Meals 3°23 
LES aS ONCE SCT a ee en ve ee aed 1°35 
LET CPUS GHG oe ee ee ee 0:02 
MOE AIIEONOR CUE 5h ck Cae co fcelrcmedonacgecnad petercemters 4:15 
PSiuly gL SE a) i ea A A A ened 21 I 0-17 
co WTP Se RR SORE Ria at Seeds Se es nie a oe AMS 1 
irate boss Sh 1, Sides aoe hy Rs eee eged aly 
PRU sp as peat ORS iis cs Sb sta enscin sd a dedi sea a Tea o oa ars 1-22 
Matter (exclusive of the iron) insoluble in hydro- 
BHGIE THEIL. Sear eerie cis rene ae Soc tee See ea cd dette: 80:95 

100-00 

The composition of the ochreous yellow marl (Analysis, No. 3, 
by Dr. Voelcker) :— 

NV Rtem Of COMOUBBUOI |. fi.ge0t nese ash yse swdtors a edelebenae 1:38 
Sue MOMIOL EPOR » 5.2 15s eiisiic> ole atin 5 cigs « se < deiasieian oe = seins 6482 
PENRO OM IBOTE Ecc hers cian gece sy es fqn eo tpame naiyens athe 0:309 
Pear UNUETN P ie ood aettgs sag «deaees ¢4mp <ntea de dapena 0-039 

* Equal to Carbonate of Mag- No. 69. No. 70. No. 71. 
WONT 7h. cc fosind ge eat Sas 14°40 14°36 28°43 

and Magnesia in a state of 
SHIGBHO teeta Sets saeeens 2°10 0°76 4-4] 
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Carbonate of mes... 3 ee ee ee 39°58 
Magnesia V2/09. 208 i.24 ee as. ARE cee Sn 0-91 
Alkaliosrand MOss ijs5.355- 452.8 Boe Gp cna an sate worst fis. a 0°35 
yA ILI cy eee eee mene dc KAM AO ERE Ea EE ee 2°44 
Matter (exclusive of the iron) insoluble in hydro- . 

Chioric acid Sores oak cose es eS aa, A 52°51 

100-00 

The principal difference in the composition of the red and ochreous 
portions consists in the presence of a large proportion of carbonate of 
lime in the latter, which has evidently been infiltrated from the 
overlying calcareous band, accompanied by a change to the colour 
prevailing in the more calcareous parts of the Wenlock shale. In 
this case, however, there is no increase in the proportion of pro- 
toxide to sesquioxide of iron. The yellow colour of the Magnesian 
Limestone lying in the midst of red beds, may perhaps be an ana- 
logous case ; and the entire absence of red beds from the calcareous 
Oolites must also be noticed ; it is clearly independent of the amount 
of iron present, as nearly all the grey and yellow beds of the Oolites 
(see analyses Nos. 64, 65, 66, p. 357) contain similar proportions of 
iron to those in the various red beds. 

Although an increase, from extraneous sources, of the calcareous 
element in any red bed seems to induce bleaching and discoloration, 
it does not bear a perfectly regular ratio to the proportion of lime 
present, as discoloration has taken place in some red beds con- 
nected with the infiltration of a less amount of carbonate of lime 
than that originally present in others that have not been so changed, 
and a blood-red colour pervades the base of the chalk at Hun- 
stanton. It may, however, be generally stated that a bright-red 
colour is a character of non-calcareous strata, and dun-colour, or 
grey, of calcareous beds, quite irrespectively of the amount of iron 
present. 

I will not attempt any explanation of these facts, and merely 
offer them as worth further investigation, and requiring a larger 
series of observations before any reliable conclusions can be sug- 
ested. 
;: 11. On the Condition of the Iron in the Depleted Areas of Red and 
Purple beds.— Before leaving this part of the subject special refer- 
ence must be made to the circumstances attending the colour and 
state of combination of the iron in the buff and green blotches of 
slates and red beds. It is important to bear in mind that their 
colour bears no definite relation to the proportion of the iron which 
they contain. As a rule the blotches contain a much smaller pro- 
portion of iron than the red, purple, or blue ground on which they 
are disposed; but whilst a certain proportion of iron may form the 
colouring base of one red bed, it may contain actually less than the 
light blotches on another ; and, furthermore, the great bulk of the iron 
may in each case bein a state of sesquioxide; so that the mere abs- 
traction of a part of the iron will not by itself explain the local 
reduction of the red colour to a paler hue. 

The discoloured blotches vary in tint from a light clear sea-green 
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to an ochreous yellow. Although these extremes are not very distinct, 
and are connected by a series of gradations of intermediate shades 
of colour, they are evidently due to independent causes. There 
seems to be no uniform relation in the proportion of silicate of iron 
in the light and dark parts of variegated beds; and its amount seems 
to vary independently of the action of discoloration. The proto- 
silicate is probably the colouring principle of the blotches tending to 
green. Bischof (Chemical and Physical Geology, vol. ii. p. 130, 
English edition) also records the occurrence of this green proto- 
silicate in variegated sandstone which had no green colour. In asso- 
ciation with sesquioxide of iron, the green-colouring power of the 
silicate would be obscured, but developed on the removal of the red 
sesquioxide. ‘This, we have seen, has taken place in every degree ; 
and where the segregating motion of the red anhydrous sesquioxide 
has occurred, it has generally become hydrous. The hydration of 
itself, without any diminution of the sesquioxide, would produce a 
lighter yellow blotch on the red ground; indeed, in the red clays of 
the Lower Bagshot beds, a yellow clay occurs, lighter in colour than 
the red, though containing more of the sesquioxide of iron, and 
rendered lighter simply by its becoming hydrous. 

The following are analyses of the red and yellow portions of the 
variegated clay represented in fig. 23, Pl. XIII. 

Analysis No. 33. Blood-red clay, Lower Bagshot beds. Messrs. 
Pike’s Clay Works, Wareham. (Dr. Voelcker.) 

Sesquioxide of iron with traces of protoxide ... 5°28 per cent. 

Analysis No. 19. A second specimen of bright-red clay, Messrs. 
Pike’s Clay Works, Wareham, Lower Bagshot beds. (Laboratory 
of the Museum of Practical Geology.) 

Sete ab OSOUMOIG 6.55 acc ase = 2: Total iron | Treoluble Out59 [252 per cent 
( Sesquioxide of iron ............ 2:944 o 

5 ae 4 Protoxide of iron, soluble ...__ traces. 
f ~ \ Oxides of iron, insoluble, 

| weighed as protoxide....... 0°590. 3 

Analysis No. 20. Bright ochreous yellow clay, intermixed with 
No. 19. Lower Bagshot beds, Messrs. Pike’s Clay Works, Ware- 
ham. (Laboratory of the Museum of Practical Geology.) 

. Salabley oo atic ee..F 5382 | -. 
Se Insolisbley.. .224..-(0: 0-361 f — 

( Sesquioxide of iron ............ Coe, 
Pritts 4 Protoxide, soluble ............ a trace. 

1 Oxides of iron, insoluble, 
\ weighed as protoxide....... 0.465. 

The variegation of the Horderley (Caradoc) sandstone, fig. 28 (Pl. 
XIYV.), in which green bands and blotches occur on a purple ground, 
appears only accountable by the further hydration in patches of the 
sesquioxide of iron to which the purple colour is due. 

The following determinations of the iron in the purple and green 
portions fail to afford any other explanation, as they contain iden- 
tical amounts of sesquioxide. 
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Analysis, No. 87, by Dr. Voelcker. Purple portion, Horderley 
sandstone, Horderley, Shropshire. 

Water of combination ............... 0-42 per cent. 
Protoxide: of onl 5.224. iaige<tev. «2 ? 

Sinks SesquIOxiMe, Of AEOO. sose<co- oeeess 3°51 
Alumina and other constituents 

soluble in hydrochloric acid ... 2°47 

taining oxides of iron, weighed 
Insoluble siliceous matter con- 

92-49 
as sesquioxide 1:055............ 

100-00 

Analysis No. 88, by Dr. Voelcker. Green portion. 
Water of combination ............... 1-29 per cent. 

Solabis { Protoxide of iron ...........-4--+. aes 2°48 
Sesquioxide of drowsy, -<. 205. eee ddl 
Alumina and other constituents 

soluble in hydrochloric acid ..... 5:37 
Insoluble siliceous matter con- } 

taining oxides of iron, weighed } 87:35 
as sesquioxide 0°668 ............ 

100-00 

In the green part of this example there is an excess of protoxide, 
compared with that in the purple, without a corresponding diminu- 
tion in the soluble sesquioxide, though the total amount of iron is 
nearly equalized by the excess of insoluble oxides of iron in the purple. 

There are, therefore, two distinct causes operating together in 
determining the colour of the pale blotches in red beds and slates— 
first, the eaposure of the pre-existing green protosilicate by the par- 
tial or entire removal of the red sesquioxide, and, secondly, the 
conversion of any remaining anhydrous sesquioxide into the hydrous 
form. 

The higher silicates, which tend to a yellow colour, may also be 
in part the colouring-matter of the depleted blotches. Their sepa- 
rate determination in the analyses has not been attempted ; and itis 
sufficient for my present purpose to observe that they are numerous, 
that their constitution varies with their occurrence, as double silicates 
with lime, magnesia, &c., and that their colours range from green 
to yellow. 

12. On the Ferruginous Banding of Yellow Sandstone.—Another 
form of variegation, distinct from those before referred to, is seen in 
the arrangement of hydrous sesquioxide of iron in yellow strata, as 
bands and fields of colour os unconformably to the stratifi- 
cation. 

That this ferruginous banding is independent of the original me- 
chanical arrangement is obvious; and the question it suggests is, 
whether the variegation results from the infiltration of the iron on 
to a light ground, or from a rearrangement of the yellow sesquioxide 
originally pervading i PRs 

In seme cases, as in fig. 53, the disposition of the ferruginous 
lines bears a resemblance to the way in which a coloured liquid 
stains and pervades an absorbent body (for example, stains of coffee 
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on a linen cloth), the circumference of the patch being darker than 
the general mass, and drying up to a hard line against the unstained 

Fig. 58.—Carboniferous Sandstone, with Ferruginous Bands, 
Workington, Cumberland. 

portion. I believe the similarity is only resemblance, and that a 
eareful examination of the whole of the phenomena presented by 
banded yellow rocks will lead to the conclusion that it is independent 
of any mechanical process. 

One of the most suggestive points is the almost invariable con- 
tiguity of the lightest to the darkest parts of the strata. In some 
eases dark ferruginous bands are environed on either side by excep- 
tionally light portions, which graduate into the general colour of 
the stone; but the most frequent arrangement is the bounding of the 
dark band on one side by white sandstone, and on the other by yellow. 

On any view of mere mechanical arrangement it is impossible to 
explain this very constant phenomenon, as, if the ferruginous stain 
was infiltrated into a lighter-coloured rock, the presence of ex- 
ceptionally light portions, lighter than the average colour of the bed, 
seems quite unaccountable. 

Fig. 35, Pl. XV.*, and figs. 54 and 55, represent two of the simplest 
forms of this banding and blotching—figs. 35 and 54 consisting of 
isolated light patches on a uniform yellow ground, separated by a dark 
ferruginous ring, and fig. 55 of a yellow patch separated by a similar 
ferruginous band from the lighter ground on which it is placed. In 
this case the complete isolation of the dark areas of ferruginous co- 
lour excludes the possibility of their being due to foreign infiltration. 
Fig. 56 represents a somewhat similar form of variegation, occurring 
in the Ashdown sands (Wealden), near Hastings; and determina- 
tions of the iron in the light and dark portions, made at the Labo- 

* I wish to express my obligations to Mr. Allen for the very successful ex- 
ecution of Pl. XV. by the mezzotint process, which seems peculiarly available 
for the rendering of subjects with much variety of colour. The whole of the 
eolours on this sheet were worked from two steel plates, with only two separate 
printings. 
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Fig. 54.—Banded Yellow Rock, Northamptonshire Oolites. 

TH } 

HI) i | 
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Fig. 55.—Banded Sandstone, Grés des Vosges, near Raon 0 Etape, 
Vosges. 



* 

1868. | MAW—VARIEGATED STRATA 391 

ratory of the Museum of Practical Geology, gave the following re- 
sults :— 

Analysis No. 89. Light ground, Ashdown Sands, near Hastings 

(fig. 56). 
Soluble in hydrochloric acid .........0s0.00++ 0°130 96 

ety ce A 0-095 } Total 0-225. 
Present as Sesquioxide Of 170M. ........cceeeeeseseeeeeeeee tes 0:145 

* room OO MEOH. catisitn in mmay sn nie yoncwncarae 0-036 
5 Oxides of iron, insoluble, weighed as pro- 

PRUE: sw ccraiectaig rsicots'y nerd alarnie wayeenie neice byranale wae 0°122 

Analysis No. 90. Yellow portions of Ashdown Sands, near 

Hastings (fig. 56). 
Soluble in hydrochloric acid...........-...s.-00 0-911 baie 
Pes OREN Cte, oon aks Saane 9 0-086 } Total iron 0-997. 

Present as Sesquioxide of 170M ..........0ese sees eeeens 1:260 
” OURS ON AVON Cs viaain syn sumatrsans Cane on -0:037 
re Oxides of iron, insoluble, weighed as 

PLOCOKIIGE «co cearsecesineensseensanemacine O11] 

The dark area in fig. 56 contained therefore about four times the 
amount of iron in the light ; and the dark ferruginous band of sepa- 
ration (of which no determination was made in this example) would 
contain from 30 to 40 per cent of hydrous sesquioxide of iron. The 
position of the cracks, c, c, in relation to the darker area is strongly 
suggestive of infiltration; and a somewhat similar arrangement of 
ferruginous colour, in relation to lines of joints, occurs in the Car- 
boniferous sandstone on the coast south of Whitehaven (fig. 57). 

Fig. 57.— Carboniferous Sandstone, coast south of Whitehaven. 

Some of the jointed rocks (fig. 58), however, on the same coast, 

in which the disposition of the light and dark areas is evidently re- 

lated to the joints, present the very reverse arrangement—the light 

areas bounding the lines of joining, whilst the general yellow ground 

occupies the intervening spaces. 
Here, therefore, there appears to be the same kind of inter- 

changeable arrangements of light to dark, and dark to light, as is 

found in the other forms of variegation, the exhausted areas being the 

result, not only of aggregation, but of dispersion, and corresponding 

with the examples figs. 54 and 55, in which both an isolated depleted 
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area occurs on a darker ground, and isolated dark areas on a light 
depleted ground. 

SaaS 
Saas 

————— 

The arrangements of yellow banding generally occur quite irre- 
spectively of the mechanical structure of the bed, the stratification 
being indifferently intersected by it. In other cases, variations of 
mineral structure seem to have influenced similar rearrangements of 
the oxide of iron, e.g. the presence of pieces of clay in the Ashdown 
Sands, Hastings (Pl. XV. fig. 33), having determined the aggregation 
of a shell of oxideof iron around them,accompanied by the bleaching of 
the surrounding sandstone. In another case, lenticular patches of 
sandstone in the midst of a more clayey bed has determined the 
aggregation of the ferruginous line to the point of separation. 

In some parts of the Ashdown sands, at the foot of the East 
Cliff, Hastings (fig. 59), a further 
change has supervened, the connected Fig. 59.—Ashdown Sands, 
banding having given place to the se- Wealden, Hastings. 
paration of the oxide of iron into g 
small nuclei, the disposition of which 
faintly indicates the original continu- & 
ous lines. Nearly all yellow strata # 
coloured with the hydrous sesquioxide § 
of iron give indications of these se- 
condary changes. The Calcaire gros- 
sier (Pl. XV. fig. 34) is occasionally 
faintly banded; and wherever a line | 
occurs darker than the general cream- [2 
coloured ground, it is invariably ac- | 
companied by an adjacent line some- §& 
what lighter. Although these bands 
range with the stratification, they === 
can scarcely be due to mere mechanical alternation; and the darker 
accumulations seem to have resulted from the impoverishment of 
the adjacent bleached portions. 
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Whatever may have been the active agent which brought about these 
changes of position, the kind of motion which has rearranged the 
oxide of iron may be suggested by the facts before us. Instead of 
its direct accumulation into spherical nuclei as in most red beds, 
the separation seems to have taken place in lines which have ad- 
vanced in one direction, leaving behind them the bleached sandstone 
deprived of its iron, and gradually gathering up the iron in its advance. 
This motion has sometimes taken place in the plane of stratification 
(Plate XV. fig. 34), and sometimes centripetally, either towards some 
mechanical nucleus, which it has ultimately environed and closed over 
with a ferruginous crust (Plate XV. fig. 33), or in the body of the 
homogeneous stratum, enclosing, as in fig. 55, p. 390, an isolated 
portion of the unaltered yellow sandstone. More rarely the motion 
has taken place centrifugally, the lines expanding from the series of 
centres (Pl. XV. fig. 35, and, supra, fig. 54), ultimately leaving isolated 
exhausted patches, circumscribed by spherical cakes of oxide of iron, 
and lying in the midst of the unaltered ferruginous matrix. 

In the Wealden and Keuper sandstone these lines of segregation 
are often disposed with a very complex arrangement, one ferrugi- 
nous band abruptly terminating at right angles to a horizontal or 
concentric series. The lines never cross each other ; and one series 
appears to have absorbed (as in fig. 36, Pl. XV.), and rearranged on 
its own line of disposition, the 
oxide of iron from the lines it Fig. 60.— Yellow-banded Carboni- 
superseded. ferous Sandstone, Benthall, near 

There are cases, as in fig. Broseley. 
60, of banded Carboniferous alk: 
sandstone at Benthall, near 7 
Broseley, in which a number & 
of concentric lines of ferru- 7 
ginous segregation appear to Vf 
have simultaneously advanced 
and closed in towards a centre, 
producing an alternation of 
brown bands of accumulation, #f) 
and bleached bands of deple- {i 
tion, the lightest and darkest \iM\ 
parts being always in jucta- Yiill 
position. 

Another point to be noticed is the occurrence, within the light 
areas of depletion, such as are represented in figs. 53, 54, 55, 58, 
and 61, of isolated patches of the unaltered yellow rock, circum- 
scribed by the ferruginous line of accumulation. In these cases the 
ferruginous line bounding the mass of the depleted area is very 
sinuous, apparently from an irregular rate of advance at different 
points. The outer yellow ground may thus intersect the depleted 
area by deep bays (4, fig. 61); and these, by the continued irregular 
advance outwards of the absorbing line, may become isolated and left 
behind, like islands (a, fig. 61) in the depleted area. There is also 
another cause for this phenomenon; the sinuous circumscribing line 
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of two neighbouring areas of depletion, in their centrifugal advance, 
will ultimately coalesce (as near _. a ee : 
the bottom of fig. 37, Plate XV.) Fig. 61.—Direction of Line of Fer- 

ruginous Accumulation in banded 

ee Sandstones. 
at the first point of contact, and 
thus isolate portions of the yel- 
low ferruginous ground, as in 
fie. 615 ec 

The further encroachment of 
the line of accumulation over the 
detached patch will then be con- 
vergent, though it is simply an 
uninterrupted continuation of 
the divergent course of the main 
line. This may perhaps help to 
explain the apparently opposite “Tr Se 
courses that the absorbing lines have taken under similar conditions ; 
the kind of motion is the same in both cases, the uniform tendency 
being for the line of accumulation to advance from the already ex- 
hausted area towards the unexhausted part, whether it be a centrifugal 
or centripetal motion. 

This yellow banding, represented in fig. 36, Plate XV., is so evi- 
dently connected with the contiguity of mineral veins, that it may 
be important to notice the precise manner of its occurrence. The 
Lower Keuper of Shropshire consists, for the most part, of light-buff 
sandstone, brown-mottled sandstone (fig. 40, Plate XV.), before re- 
ferred to (p. 376), red sandstone, scarcely distinguishable from the 
underlying Bunter, and the curiously banded yellow sandstone, 
fig. 36 (Pl. XV.). These do not occupy distinct stratigraphical 
horizons. The red and buff series of rocks is vertically intersected 
by copper-lodes* of a bright sea-green colour, for the most part 
devoid of iron. The sandstone, which at a distance from the lode is 
red and buff, is, where it forms its boundary, charged with hydrous 
sesquioxide of iron, arranged in fine bands. The ferruginous lines 
end irregularly and abruptly against the lode-like mass of sandstone 
charged with copper, the boundary being generally defined by a thin 
brown line of hydrous sesquioxide of iron, into which the other ferru- 
ginous courses coalesce. The presence of this ‘‘ corduroy rock ” is 
looked upon by the miners as a sure indication of proximity to the 
copper; and as the lode is horizontally receded from, the sandstone 
assumes its ordinary red-and-cream colour. 

Looking, then, at the fact that the light beds of the Keuper are both 
underlain and succeeded by great masses of red beds, and that they 
include isolated patches of red rock vertically disposed through their 
mass, and much iron in a variety of conditions and modes of ar- 
rangement on every horizon, their uniformly primordial red colour 
seems probable; and the evident connexion between the variegation 

* These are not true lodes with a distinct filling to the matrix, but consist of 
the ordinary sandstone charged with from 1 to 5 per cent. of carbonate of copper, 
and containing also cobalt, manganese, baryta, lead, &c., the whole having a Hants 
like disposition vertically intersecting the adjacent rock. 
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of these beds and the occurrence of mineral veins may perhaps help 
to throw some light on the agency by which the rearrangement of 
the iron has been influenced. 
Another peculiar form of variegation occurring in the Keuper Sand- 

stone, and due to the secondary disposition of copper and iron, is 
represented in figs. 38 & 39, Plate XV., from the Alderley copper- 
mine, and consists in the segregation to distinct points, out of a com- 
mon ground, of carbonate of copper and hydrous sesquioxide of iron. 
These examples give evidence of a dispersive as well as an aggrega- 
ting action; for round each nucleus of copper there is a pale circum- 
scribing zone from which the iron has been expelled. The iron 
appears also to have occupied particular centres, from which the 
copper has in like manner been driven, resulting in a singularly 
picturesque mottling of brown and blue blotches, with interspersed 
gradations of green and yellow. 

13. The Variegated Iron-ore Deposits of the Northamptonshire 
Oolites—In connexion with the subject of yellow-banded sandstones, 
reference must be made to the ironstone deposit of Northampton- 
shire, which illustrates with strongly marked features the same prin- 
ciple of arrangement. A position has been assigned to it both at 
the base of the Great Oolite and the top of the Inferior Oolite. The 
workable bed averages from 12 to 20 feet in thickness. Fig. 37 
(Plate XV.) represents a portion from the neighbourhood of Blis- 
worth, compiled from a sketch made on the spot, and some photo- 
graphs kindly procured for me by my friend Mr. S. Sharp, F.G.S., 
of Dallington Hall. The whole stratum gives indications of having 
been completely rearranged since its deposition, even to the almost 
entire obliteration of its stratified structure. 

Taking the bed en masse, it contains, averaging one part with 
another, from 25 to 40 per cent. of iron. It consists, for the most 
part, of a loose earthy friable ground of a bright-yellow colour, ex- 
hibiting an oolitic structure under the microscope. Its composition 
is as follows :— 

No. 79. Analysis by Dr. Voelcker ofa friable portion of the North- 
amptonshire iron ore, near Blisworth :— 

ES ISTLSPSTIELE! GUO) oes SR NS a me eee gen AR Lae Pe 0°875 
PRE OMEGA CTON WON) fais onc n.c5 Sunn atah ad ah enon daagnesowtiiwnanoens araciyhomateaaal 21-280 
aPMRINELONIO ACI + osc. cdgsanvovauaenphsadedevet snus sackeredonswacibelels qecseeede’ 1-030 
EL UISG 2 Cra RE ne oR Oca eee ea ne eee oe 0-219 
Silica, lime, alumina, magnesia, &c,, not separately determined ...... 76596 
SLISISIe FG TN ea SOROS SES hee CE net omeen on ae none. 

This was pervaded by hard ferruginous bands having, for the most 
part, a curious cellular arrangement, with the same disposition as 
the structure represented in fig. 54; but, instead of occurring at iso- 
lated intervals on the yellow ground, the entire mass of the stratum 
is made up of the box-like structures. From mutual pressure in close 
proximity they have assumed the forms of irregular cubes, sometimes 
elongated in harmony with the stratification, but occasionally, where a 
joint appears to have occurred, attenuated in a vertical direction. Itis 
important to notice that the boundary of each cavity is independent 
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and complete in itself, so that the hard septa separating the cubes are 
double, and may generally be parted into distinct layers (fig. 62). 
The following determination of 
the iron was made by Dr. Voelc- 
ker. 

Analysis No. 78, of hard fer- 

Fig. 62.—Detail of Structure of 
the Oolitic Iron-ore formation, 
Northamptonshire. 

ruginous cakes and layers, North- 
amptonshire iron-ore deposit, near 
Blisworth :— 

Protoxide Of i¥60l.......-.--2-0-. 1-352 
Sesquioxide of iron ............ 76°538 
Phosphoric acid ............... 0:020 
Carbotlie weds ..0.. Senor 0:014 
Silica, alumina, lime, water, 

&e., not separately deter- } 22-076 
MAME. «6422 524-2 ceo es eaeen es 

These bands of accumulation appear to have originated in the same 
way as the dark lines represented in fig. 54, p. 390, each having ad- 
vanced from its centre until arrested by contact with its neighbour, 
mutual pressure against each other having determined the angular 
form of the ferruginous shells. 

In addition to the yellow earthy ground forming the mass of the 
deposit, and occupying most of the cavities, two other conditions of 
iron are found. At about the middle of the bed occurs a line of grey 
nodules of compact carbonate of iron, each of which is environed by 
a cellular crust of the hydrous sesquioxide; their composition is as 
follows. 

Analysis No. 76, by Mr. D. Forbes, of nodules of compact carbo- 
nate of iron (upper part of fig 37, Plate XV.). Iron-ore formation, 
Inferior Oolite, near Blisworth :— 

Specific gravity 3:58. 

Protoxide of irom. 22.22.77 49:58 = 79-9 carbonate of iron. 
Sesquioxide of iron............ 5°67 
Bisulphide of iron ............ 0:96 =iron 0°45, sulphur 0°51. 
Protoxide of manganese...... 0:16 
Mainitia 055 eee 1-56 
Biae=> S252 ee eee 3°24=5°8 carbonate of lime. 
Magnesia. 2.) eee 0:46 =1-:0 carbonate of magnesia. 
Carbonic acid =.5. 22.35 23 34-64 
Phosphoric aeid. ... 2.22.02: 0:44 
SiliGa isco resc-s aapemeaeeceeeee 2°16 
Organic matter ..../......-6.- i.) | Prage 
Water of combination ...... 1:56 

100°43 

Still lower down, near the base of the deposit, are some green 
patches, likewise environed by a sinuous line of the brown ferruginous 
cake. Except in colour, they resemblein aspect and texture the general 
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earthy ground of the deposit, being made up of incoherent Oolitic 
grains. The following is their composition. 

Analysis No. 77, by Mr. David Forbes, of green patches at base 
of Northamptonshire iron-ore deposit (fig. 37, Plate XV.). 

EDGE ORNO GOL UPQU aso asd nx ya cgesnin sip «nese cnenesie 40:93 
PRG MN SIONG OF OW. 5.4 pec cn sp eseptaeeremccescune 6°14 
Protoxide of manganese.............ccccscssennees 0-16 
PRATT ot Sy Man gh ahd Rl ddbnaliel Hee weeks 8:08 
RAEN rae lacie Rta ec nyar “eb d cleipegavegen chunsee'y «2 3°47 
MORON ee tae aioe asics a < Spon weika bine BBP A arise 2°21 
POL elt Perce ears lett n nics cieee heinele ts exnembok ey 0-19 
PO Me cr eitey dst tebe cakes toch, «stuwabeednabens 0:27 
MES F252 ieabdicais ns's cantata neRe tars trace 
AE DONIC: ACI sad s, seicdinsve dene wicr enee valde iat 22°32 
PRO SRR OLIC ACID (cass dardtysaipimienn09 aile seine agate « 1-99 
SULLCH arcs cia tase Ure oie sp a nieiasvasideein ales 9:04 
Vibe spt eo is rete ube is ser ove geet ecedearscacecs 4°92 

99°72* 

The specific gravity at 60° Fahr. was found to be 3:401; and an 
examination by the microscope showed it to consist almost entirely 
of two mineral constituents—the one crystalline and colourless, being 
chiefly carbonate of iron, and the other of a green colour, probably 
silicate of alumina and iron. Whether the green colour is due to 
it or to the presence of phosphate of iron is not decided, but it ap- 
pears probable that a green silicate does exist in the mineral. 

It may be roughly estimated to consist of 

80 per cent. of carbonate of iron, 
7 per cent. of carbonates of lime and magnesia, 

114 per cent. of silicates of iron and alumina with phosphoric acid, 
and 13 per cent. of water. 

It will be seen, therefore, that the composition of the grey nodules, 
and likewise of the friable green patches, is essentially different from 
that of the mass of the deposit, and, furthermore, that their isolated 
disposition excludes the possibility of a separate mechanical origin. 
The question then arises, whether any of the states of combination 
in which the iron now occurs in the bed, was its primordial con- 
dition, and which of the other conditions have been subsequently 
induced. The nodules of subcrystalline carbonate of iron forming 
the upper grey course are clearly of secondary origin, and appear to 
have been segregated out of the general mass; and the lower green 
patches do not differ much from them in composition, though retain- 
ing the original oolitic structure of the rock. Mr. Sorby (Proceed- 
ings of the Geological and Polytechnic Society of the West Riding of 
Yorkshire for 1856-57, p. 457) has shown that, in the Cleveland 
iron ore of the Lias Marlstone, carbonate of iron has become sub- 
stituted for carbonate of lime in fossil shells and oolitic grains; and 
it appears probable that these similar masses in the Northampton- 

* The composition closely resembles that of the Cleveland iron ore analyzed 
by Mr. Dick, and given at page 57 of the 12th volume of the Quarterly Journal 
of the Society. 
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shire beds are due to segregation, in which carbonate of iron has in 
like manner been drawn towards centres of aggregation, whilst the 
hydrous sesquioxide has been dispersed, in the form of receding 
bands, out of an original matrix containing both the carbonate of 
protoxide, and sesquioxide of iron in association. The phosphoric 
acid appears to have been nearly all aggregated with the carbonate 
of iron, scarcely any occurring in the brown cakes of sesquioxide ; 
and the carbonic acid has also been almost entirely withdrawn from 
the brown bands and general mass of stratum to the centres of 
aggregation of the protoxide of iron. It may here be noticed that 
concretions of carbonate of iron, wherever occurring, invariably 
present the uniformly homogeneous structure * observed in those of 
the Northamptonshire beds, whilst nodules of sesquioxide of iron 
are characterized by a concentric banding, such as would be the 
result of successive accumulations of the concentrating lines ob- 
served in yellow-banded sandstones (fig. 60, p. 393). 

Kernel-roasting.—The artificial process known as “ kernel-roast- 
ing” of copper ores presents some phenomena so closely resembling 
the mode of aggregation of the oxides of iron in yellow-banded sand- 
stones, that a brief reference to it may not be inapplicable as illus- 
trating the kind of motion which the iron appears to have taken. A 
full description will be found at p. 349 of ‘Percy’s Metallurgy,’ 
from which the following is abridged. When cupriferous iron py- 
rites containing, say, from one to two per cent. of copper, in lumps 
about as large as the fist, is subject to a very gradual roasting at a 
low heat with access of air, it is found that a large portion of the ~ 
copper becomes concentrated in the centre of each lump (fig. 637). 

Fig. 63.—* Kernel-roasting” of Copper Ores. 

Sats 

~ a ~~ “ay = : SAN, 
SSS SRE 

In the early part of the process, a lump broken across (a and 6) 
consists of a central mass of unchanged ore, enclosed in a shell of a 
reddish-brown substance like sesquioxide of iron; and between the 
two is interposed a thin, more or less continuous layer containing 
more copper than the original ore. At about the middle of the 
roasting, several such concentric layers may be observed; and when 
the process is further advanced, a nucleus of unchanged ore can no 
longer be seen, the outer brown crust becomes greatly increased, 
and the concentric stratification of the copper layers is still visible. 

* Merely as regards the absence of banding, as subsequent brecciation has 
frequently produced complex modifications in the original structure. 

+ For the use of this engraving I am indebted to the kindness of Dr. Perey. 
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In the last stage (c) the concentric arrangement disappears, and the 
great bulk of the copper is accumulated as a central nucleus in the 
condition of rich copper regulus. In large lumps several such nuclei 
may be formed. 

The various chemical changes taking place in the several stages, 
which have been investigated by Lurzer, are fully described by 
Dr. Percy; but a satisfactory explanation of the character of the 
motion of the copper towards a central nucleus seems wanting. lt 
cannot be the result of the mechanical aggregation of fused particles, 
as the heat is not carried nearly to the melting-point, or even to 
plastic fusion ; indeed the action is arrested beyond a certain tempe- 
rature, and concentration is not the only phenomenon. 

Mr. D. Forbes states that when silver is present in the ores, it 
appears to travel outwards, and that he has seen some specimens in 
which the outer surface of the piece of roasted ore was covered by a 
thin shell of metallic silver, as if electro-deposited. The phenomena, 
if not analogous, bear a curious resemblance to the kind of changes 
which have taken place in the Northamptonshire iron-ore beds, in 
which the protoxide of iron, and phosphoric and carbonic acids, have 
been aggregated towards definite centres, whilst the sesquioxide has 
been repelled from such centres in concentric ferruginous bands, 
travelling outwards until arrested by mutual contact. 

I believe that many of the phenomena connected with banded 
agatescent and other concretions will be found analogous in cha- 
racter to these phenomena, and to the ferruginous banding of yellow 
strata—their accumulation having taken place in convergent or retro- 
gressive lines within a solid matrix, producing a structure resembling 
the mechanical superposition of successive coats. 

14. Disposition of Manganese in Variegated Strata.—Another case 
of secondary variegation, resembling, though independent of, the 
occurrence of iron, which 
may here be noticed, is Fig. 64.—Carboniferous Grit and Sand- 
represented in fig. 64, of stone, Willey Park, Shropshire, con- 
sandstone and grit occurring — taining Black Oxide of Manganese. 
at the base of the Shropshire = 
Coal-measures. The black 
fields of colour are due to 
sesquioxide of manganese: 
they vertically intersect suc- 
cessive beds of conglomerate 
and sandstone; and their 
disposition is obviously due 
to some cause independent 
of mechanical arrangement, 
analogous to the forces that 
have operated in the rear- 
rangement of iron. 

15. General conclusions. — 
In comparing the composi- 
tion of the different coloured areas of variegated strata, one of the most 

VOR, XX1LV.—PARTSE, 2B 
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striking points is the very small proportion of the numerous forms 
of variegation that can be accounted for by the mere altered state 
of combination of the iron zn situ. 

The occasional conversion of the red anhydrous sesquioxide, or the 
lower hydrates, into fully hydrous sesquioxide, the reduction of 
sesquioxide to protoxide of iron in the production of green slates, 
and the exceptional cases of the alteration of colour of red beds by 
the decomposition of bisulphide of iron complete the list of colour- 
alterations by simple chemical change. 

Even the agency of organic matter in inducing chemical changes 
in the state of combination of the iron, will not in most cases 
account for the bleaching—the segregational motion of the colour- 
ing oxide, which is the ultimate cause of the variegation, being 
supplemental to the simple chemical changes of combination. The 
great majority of cases of variegation are independent of altered 
combinations, and more often than otherwise seem to have been 
induced by agencies not directly connected with chemical change. 
The transference of the colouring oxide from one part of the stratum 
to another has taken place by the simple mechanical agencies of 
infiltration and dissolution, as well as by segregation ; but the latter, 
above all other agencies, has played the largest part in the variegation 
of ferruginous rocks. 

2. On the OtpER Rocxs of Soutn Drvon and East Cornwati*. By 
Harvey B. Hort, M.D., F.G.S. 

[Plate XVI.] 

ConTENTS. 
I. Introduction. 

II. Carbonaceous Rocks or Culm-measures. 
III. Devonian Rocks. 

1. Beds below the Plymouth and Torbay Limestones. 
2. The Plymouth and Torbay Limestones. 
3. Beds overlying the Plymouth and Torbay Limestones. 

IV. Metamorphic Rocks of the Saleombe District. 
V. Dartmoor and Brown Willy Granite. 
VI. General Remarks. 

I. Iytrropvwucrion. 

In the course of last year I made an examination of the older rocks of 
South Devon and the adjacent portions of Cornwall, for the purpose 
of ascertaining the stratigraphical relations of the different beds, or 
groups of beds, with a view to their coordination with the more 
complete and better-known series in the northern part of the county. 
I was led to undertake this in the belief that, notwithstanding the 
many memoirs-that have appeared on Devonian Geology, there was 
still a very great difference of opinion among geologists respecting 

* This memoir is illustrated by an Ordnance Map coloured geologically, from 
which Pl. NVI. has been reduced, 


