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PREFACE.

Tue present volume completes the Geology of the Voyage
of the Beagle: the first part was on the Structure and Dis-
tribution r;g Coral Reefs; the second part contained deserip-
tions of the Voleanic Islands visited during the expedition,
together with a brief notice on the Geology of the Cape of
Good Hope and of parts of Australia; this third and last
part treats exclusively of South America, and contains all the
geological observations, worth publishing, which I was en-
abled to make, with the exception of three papers,—one on
Erratic Boulders, in the sixth volume of the Geological
Transactions; the second on the Connection of Volcanie
Phenomena, in the fifth volume of the same work ; and the
third on the Geology of the Falkland Islands, in the third
volume of the Journal of the Geological Society; in the
latter volume there is a separate notice by Messrs. Morris
and Sharpe on the pal®ozoic fossils of the %‘alkland Islands.
As the sum of one thousand pounds, most liberall

ted by the Lords Commissioners of Her Majesty's

asury, together with a further sum advanced by Messrs.
Smith, Elder & Co. and myself, has been expended in the
united publication of the Zoology and Geology of the Voy-
age of the Beagle, no other systematic volumes will appear.

ce it may be convenient here to %ive a brief list of the
works already published. The Zoology consists of five
volumes, on Fossil Mammalia, on Living Mammalia, Birds,
Reptiles, and Fish,—respectively the works of Professor
Owen, Mr. Waterhouse, Mr. é'ould, Mr. Bell, and the
Rev. L. Jenyns. The Plants collected in South America
have been described by Dr. J. D. Hooker, in his great and
admirable Flora Antarctica, and those from the Galapagos
Archipelago in a separate memoir in the Linnean Trans-
actions : some other parts of the collection have been treated
of by the Rev. Professor Henslow, and Rev. J. Berkeley, in
separate papers. Mr. Bell has undertaken the Crustacea,
and Mr. White, of the British Museum, the Arachnidee:
several papers by Messrs, Waterhouse, Walker, and New-
man, on Insects, {ave already appeared, and others, I hope,






























CHAP. L] ELEVATION OF LA PLATA. 3

given me some of these shells, and M. d'Orbigny pronounces them
to be,

1. Buceinanops globulosum, d'Orbig.

2, Olivancillaria auricularia, do. 5. Mactra Isabellei, d'Orbig.

3. Venus flexuosa, Lam, 6. Ostrea puelchana, do.

Besides these, Sir W, Parish procured* (as named by Mr. G, B.
Sowerby) the following shells :—

7. Voluta col this, [ 9. Buccinum (not spec?),

8. V. angulata,

All these species (with, perhaps, the exception of the last) are
recent, and live on the South American coast. These shell-beds
extend from one league to six leagues from the Plata, and must lie
many feet above its level. I heard, also, of beds of shells on the
Somborombon, and on the Rio Salado, at which latter place, as M.
d’Orbigny informs me, the Mactra Isabellei and Venus sinuosa are
found.

During the elevation of the Provinces of La Plata, the waters of
the ancient estuary have but little affected (with the exception of the
sand-hills on the banks of the Parana and Uruguay) the outline of
the land. M. Parchappe,t+ however, has described groups of sand-
dunes scattered over the wide extent of the Paupas southward of
Buenos Ayres, which M. d’Orbigny attributes with much probability
to the action of the sea, before the plains were raised above its level.}

4. Cyther®a (imperfect).

Southward of the Plata:—the coast as far as Bahia Blanca (in
lat. 39° 8.,) is formed either of a horizontal range of cliffs, or of
immense accumulations of sand-dunes, Within Bahia Blanca, a
small piece of table-land, about twenty feet above high-water mark,
called Punta Alta, is formed of strata of cemented gravel and of red
earthy mud, abounding with shells (with others lying loose on the

* Buenos Ayres, &c., by Sir W. Parish, p. 168.

+ D’Orbigny’s Voyage, Géolog. p. 44.

1 Before proceeding to the districts southward of La Plata, it may be worth
while just to state, that there is some evidence, that the coast of Brazil has
participated in a small amount of elevation. Mr. Burchell informs me, that he
collected at Santos (lat. 24° B.) oyster-shells, apparently recent, some miles from
the shore, amd quite above the tidal action, Westward of Rio de Janeiro, Capt,
Elliot is asserted (see Harlan, Med. and Phys. Res., p. 35, and Dr. Meigs,
in Trans. Amer. Phil. Soc.) to have found human bones, encrusted with sea-
shells, between fifteen and twenty feet above the level of the sea. Between
Rio de Janeiro and Cape Frio, I crossed sandy tracts abounding with sea-shells,
at the distance of a league from the coast; but whether these tracts have been
formed by upheaval, or through the mere accumulation of drift sand, 1 am not
prepared to assert. At Bahia (lat. 13° 8.), in some parts near the coast, there
are traces of sea-action at the height of about twenty feet above its present level ;
there are also, in many parts, remnants of beds ni? sandstone and conglomerate
with numerous recent shells, raised a little above the sea-level. I may add, that
al the head of Bahia bay there is a formation, about forty feet in thickness, contain-
ing tertiary shells apparently of fresh-water origin, now washed by the sea and
encrusted with Balini: this appears to indicate a small amount of subsidence
subsequent to its deposition. At Pernambuco (lat. 8% 8.), in the alluvial or

i cliffs, surrounding the low land on which the city stands, I looked in
vain for organic remains, or other evidence of changes in level,

B 2



4 ELEVATION OF BAHTA BLANCA, [cuap. 1.

surface), and the bones of extinet mammifers, These shells, twenty
in number, together with a Balanus and two corals, are all recent
species, still inhabiting the neighbouring seas. They will be enume-
rated in the Fourth Chapter, when describing the Pampean formation ;
five of them are identical with the upraised ones from near Buenos
Ayres. The northern shore of Bahia Blanea is, in main part, formed of
immense sand-dunes, resting on gravel with recent shells, and rangi
in lines parallel to the shore. These ranges are separated from eac
other by flat spaces, composed of stiff impure red clay, in which, at
the distance of about two miles from the coast, I found by digging, a
few minute fragments of sea-shells, The sand-dunes extend several
miles inland, and stand on a plain, which slopes up to a height of
between one and two hundred feet. Numerous, small, well rounded
pebbles of pumice lie scattered both on the plain and sand-hillocks :
at Monte Hermoso, on the flat summit of a cliff, I found many
of them at a height of 120 feet (angular measurement) above the
level of the sea. These pumice pebbles, no doubt, were originally
brought down from the Cordillera by the rivers which cross the
continent, in the same way as the River Negro anciently brought
down, and still brings down, pumice, and as the River Chupat brin
down scoriee : when once delivered at the mouth of a river, they wou
naturally have travelled along the coasts, and been cast up, during the
elevation of the land, at different heights. The origin of the argil-
laceous flats, which separate the parallel ranges of sand-dunes, seems
due to the tides here having a tendency (as I believe they have on
most shoal, protected coasts) to throw up a bar parallel to the shore,
and at some distance from it: this bar gradually becomes ]a.r%:r,
affording a base for the accumulation of sand-dunes, and the shallow
epace within, then becomes silted up with mud. The repetition of this
process, without any elevation of the land, would form a level plain
traversed by parallel lines of sand-hillocks ; during a slow elevation
of the land, the hillocks would rest on a gently inclined surface, like
that on the northern shore of Bahia Blanca. [ did not observe any
shells in this neighbourhood at a greater height than twenty feet ;
and therefore the age of the sea-drifted pebbles of pumice, now
standing at the height of 120 feet, must remain uncertain.

The main plain surrounding Bahia Blanca, I estimated at from
200 to 300 feet ; it insensibly rises towards the distant Sierra Ventana.
There are in this neighbourhood some other and lower plains, but
they do not abut one at the foot of the other, in the manner hereafter
to be described, so characteristic of Patagonia. The plain on which
the settlement stands, is crossed by many low sand-dunes, abounding
with the minute shells of the Paludestrina australis, d’'Orbig.,
which now lives in the bay. This low plain is bounded to the south,
at the Cabeza del Buey, by the cliff-formed margin of a wide plain
of the Pampean formation, which I estimated at sixty feet in height.
On the summit of this cliff, there is a range of high sand-dunes
extending several miles in an east and west line.

Southward of Bahia Blanca, the River Colorado fows between
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two plains, apparently from thirty to forty feet in height. Of these
plains, the southern one slopes up to the foot of the great sandstone
plateau of the Rio Heﬁm ; and the northern one against an escarp-
ment of the Pampean deposit ; so that the Colorado flows in a valley
fifty miles in width, between the upper escarpments. I state this,
because on the low plain at the foot of the northern escarpment,
I crossed an immense accumulation of high sand-dunes, estimated by
the Gauchos at no less than eight miles in breadth. These dunes
range westward from the coast, which is twenty miles distant, to far
inland, in lines parallel to the valley; they are separated from each
other by argillaceous flats, precisely like those on the northern shore
of Bahia Blanca. At present there is no source whence this immense
accumulation of sand could proceed ; but if, as I believe, the upper
escarpments once formed the shores of an estuary, in that case the
sandstone formation of the River Negro would have afforded an
inexhaustible supply of sand, which would naturally have accumu-
lated on the northern shore, as on every part of the coast open to the
south winds between Bahia Blanca and Buenos Ayres.

At San Blas (40° 40’ 8.), a little south of the mouth of the
Colorado, M. d'Orbigny* found fourteen species of existing shells
(six of them identical with those from Bahia Blanca) embedded in
their natural positions. From the zone of depth which these shells
are known to inhabit, they must have been uplifted thirty-two feet.
He also found, at from fifteen to twenty feet above this bed, the
remains of an ancient beach.

Ten miles southward, but 120 miles to the west, at Port S. Anto-
nio, the Officers employed on the survey assured me, ihat they saw
many old sea-shells strewed on the surface of the ground, similar to
those found on other parts of the coast of Patagonia. At San Josef,
ninety miles south in nearly the same longitude, I found above the

vel, which caps an old tertiary formation, an irregular bed and

illocks of sand, several feet in thickness, abounding with shells of
Patella deaurita Mytilus Magellanicus, yet retaining much of its
colour; Fusus Magellanicus, (and a variety of the same) and a large
Balanus (probably B. T'ulipa), all now found on this coast : I esti-
mated this bed at from eighty to one hundred feet above the level of
the sea. To the weatwanf of this bay, there is a plain estimated at
between 200 and 300 feet in height: this plain seems, from many
measurements, to be a continuation of the sandstone platform of the
River Negro. The next place southward, where I landed, was at Port
Desire, 340 miles distant; but from the intermediate distriets I
received, through the kindness of the officers of the survey, especially
from Lieut. Stokes and Mr. King, many specimens and sketches, quite
sufficient to show the general uniformity of the whole line of coast.
I may here state, that the whole of Patagonia consists of a tertiary for-
mation, resting on and sometimes surrounding hills of porphyry and
quartz: the surface is worn into many wide valleys and into level
step-formed plains, rising one above another, all capped by irregular

* Vorage, &c. p. 64.
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headland of the Bay of St. George (near C. Three Points) the 250
plain is very extensive. At Port Desire (forty miles southward) I
made several measurements with the barometer of a plain, which ex-
tends along the morth side of the port and along the open coast, and
which varies from 245 to 255 feet in height : this plain abuts against
the foot of a higher plain of 330 feet, which extends also, far north-
ward along the coast, and likewise into the interior. In the distance
a higher inland platform was seen, of which I do not know the height.
In three separate places, I observed the cliff of the 245-255 feet
plain, fringed by a terrace or narrow plain estimated at about 100 feet
in height. These plains are represented in the following section :—

No. 3.—SECTION OF PLAINS AT PORT DESIRE,

r-

Not measured. -

= - )

s BEg Sds =5
85 @5 we s S8
\ a8 gg-ﬁ

-, 100 ft. Est.

Level of sea. Scale g5 of inch to 100 feet vertical.

In many places, even at the distance of three and four miles from
the coast, I found on the gravel-capped surface of the 245-255 feet,
and of the 330 feet plain, shells of Mytilus Magellanicus, M. edulis,
Patella deaurita, and another Patella, too much worn to be identified,
but apparently similar to one found abundantly adhering to the
leaves of the kelp. These species are the commonest now living
on this coast. The shells all appeared very old: the blue of the
mussels was much faded ; and only traces of colour could be perceived
in the Patellas, of which the outer surfaces were scaling off. They
lay scattered on the smooth surface of the gravel, but abounded most
in certain patches, especially at the heads of the smaller valleys : they

nerally contained sand in their insides; and I presume that they

ave been washed by alluvial action out of thin sandy layers, traces
of which may sometimes be seen covering the gravel. The several
plains have very level surfaces; but all are scooped out by numerous,
broad, winding, flat-bottomed valleys, in which, judging from the
bushes, streams never flow. These remarks on the state of the shells,
and on the nature of the plains, apply to the following cases, so need
not be repeated.

Southward of Port Desire, the plains have been greatly denuded,
with only small pieces of table-land marking their former extension.
But opposite Bird Island, two considerable step-formed plains were
measured, and found respectively to be 350 and 590 feet in height.
This latter plain extends along the coast close to Port St. Julian (110
m iles south of Port Desire) ; where we have the following section :—

No. 4,—BECTION OF PLAINS AT PORT S. JULIAN,

D50 ft. An. M,
_\ 660 An. M,
430 An. M.
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Zhells on
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CHAP. L] VALLEY OF SANTA CRUZ. 9

the coast rise at the Syzygal period forty feet, and therefore form a
well-marked beach-line, I particularly looked out for ridges in cross-
ing this plain, which, as we have seen, rises 108 feet in about
six miles, but I could not see any traces of such. The next highest
plain is 710 feet above the sea ; it is very narrow, but level, and is
capped with gravel ; it abuts to the foot of the 840 feet plain. This
summit-plain extends as far as the eye can range, both inland along

the southern side of the valley of the S. Cruz, and southward along
the Atlantic.

The valley of the R. Santa Cruz,—This valley runs in an east
and west direction to the Cordillera, a distance of about 160 miles.
It cuts through the great Patagonian tertiary formation, including, in
the upper half of the valley, immense streams of basaltic lava, which
as well as the softer beds, are capped by gravel ; and this gravel, high
up the river, is associated with a vast boulder formation.* In as-
cending the valley, the plain which at the mouth on the southern
side is 355 feet high, is seen to trend towards the corresponding plain
on the northern si%e, o that their escarpments appear like the shores
of a former estuary, larger than the existing one: the escarpments,
also, of the 840 feet summit-plain (with a corresponding northern
one, which is met with some way up the valley), appear like the
shores of a still larger estuary, Further up the valley, the sides are
bounded throughout its entire length by level, gravel-capped terraces,
rising above each other in steps. The width between the upper
escaq:};lmentsia on an average between seven and ten miles; in one
spot, however, where cutting through the basaltic lava, it was only one
mile and a half. Between the escarpments of the second highest
terrace, the average width is about four or five miles. The bottom
of the valley, at the distance of 110 miles from its mouth, begins
sensibly to expand, and soon forms a considerable plain, 440 feet
above the level of the sea, through which the river flows in a gut
from twenty to forty feet in depth. I here found, at a point 140
miles from the Atlantic, and seventy miles from the nearest creek of
the Pacific, at the height of 410 feet, a very old and worn shell of
Patella deaurita. Lower down the valley, 105 miles from the At-
lantic (Long. 71° W.), and at an elevation of about 300 feet, I also
found, in the bed of the river, two much worn and broken shells of
the Voluta ancilla, still retaining traces of their colours; and one of
the Patella deaurita. It appeared that these shells had been washed
from the banks into the river: considering the distance from the sea,
the desert and absolutely unfrequented character of the country, and
the very ancient appearance of the shells (exactly like those found
on the plains nearer the coast), there is, I think, no cause to suspect
that they could have been brought here by Indians.

The plain at the head of the valley is tolerably level, but water-

* 1 have described this formation in a paper in the Geological Transactions,
vol. vi, p. 415,
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this side were here united into one great broken cliff: at a point
sixteen miles lower down the stream, I found by measurement and
estimation that I3 (n) was 869 above the river: very near to where
A (n) was measured, C (n) was 639 above the same level: the
terrace D (n) was nowhere measured: the lowest E (n) was in
many places about twenty feet above the river. These plains or
terraces were best developed, where the valley was widest ; the whole
five, like gigantic steps, occurred together only at a few points.
The lower terraces are less continuous than the higher ones, and
appear to be entirely lost in the upper third of the valley. Terrace
C (s), however, was traced continuously for a great distance. The
terrace B () at a point fifty-five miles from the mouth of the river,
was four miles in width ; higher up the valley this terrace (or at
least the second highest one, for I could not always trace it con-
tinuously) was about eight miles wide. This second plain was

erally wider than the lower ones,—as indeed follows from the
valley from A (n) to A (s), being generally nearly double the
width of from B () to B (s). Low down the valley, the summit-
plain A (s) is continnous with the 840 feet plain on the coast, but it
15 soon lost or umites with the escarpment of B (s). The corres-
ponding plain A (n), on the north side of the valley, appears to range
continuously from the Cordillera to the head of the present estuary
of the S. Cruz, where it trends northward towards Port S. Julian.
Near the Cordillera the summit-plain on both sides of the valley is
between 3200 and 3300 feet in height; at 100 miles from the
Atlantie, it is 1416 feet, and on the coast 840 feet, all above the sea-
beach ; so that in a distance of 100 miles the plain rises 576 feet, and
much more rapidly near to the Cordillera. The lower terraces B and C
also appear to rise as they run up the valley ; thus D (%), measured
at two points twenty-four miles apart, was found to have risen 185
feet. From several reasons I suspect, that this gradual inclination of
the plains up the valley, has been chiefly caused by the elevation
of the continent in mass, having been the greater the nearer to the
Cordillera,

All the terraces are capped with well-rounded gravel, which
rests either on the denuded and sometimes furrowed surface of the
soft tertiary deposits, or on the basaltic lava., The difference in
height between some of the lower steps or terraces; seems to be
entirely owing to a difference in the thickness of the capping gravel.
Furrows and inequalities in the gravel, where such occur, are filled
up and smoothed over with sandy earth. The pebbles, especially on
the higher plains, are often white-washed, and even cemented
together by a white aluminous substance; and I occasionally found
this to be the case with the gravel on the terrace D. I could not
perceive any trace of a similar deposition on the pebbles now thrown
up by the river, and therefore I do not think that terrace D was
river-formed. As the terrace E generally stands about twenty feet
above the bed of the river, my first impression was to doubt whether
even this lowest one could have been so formed; but it should always
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be borne in mind, that the horizontal upheaval of a district, by in-
creasing the total descent of the streams, will always tend to increase,
first near the sea-coast and then further and further up the valley,
their corroding and deepening powers : so that an alluvial plain, formed
almost on a level with a stream, will, after an elevation of this kind,
in time be cut through, and left standing at a height never again
to be reached by the water. With respect to the three upper terraces
of the S, Cruz, I think there can be no doubt, that they were modelled
by the sea, when the valley was occupied by a Strait, in the same
manner, (hereafter to be discussed) as the greater, step-formed, shell-
strewed plains along the coast of Patagonia.

To return to the shores of the Atlantic: the 840 feet plain, at the
mouth of the Santa Cruz, is seen extending horizontally far to the
south ; and I am informed by the officers of the survey, that bendin
round the head of Coy Inlet, (sixty-five miles southward) it tren
inland. Outliers of apparently the same height are seen forty miles
further south, inland of the river Gallegos ; and a plain comes down
to Cape Gregory (thirty-five miles southward), in the Strait of Ma-
gellan, which was estimated at between 800 and 1000 feet in height,
and which, rising towards the interior, is capped by the boulder
formation. South of the Strait of Magellan, there are large outlying
masses of apparently the same great table-land, extending at intervals
* along the eastern coast of Tierra del Fuego: at two places here, 110

miles apart, this plain was found to be 950 and 970 feet in height.

From Coy Inlet, where the high summit-plain trends inﬁ a
plain estimated at 350 feet in height, extends for forty miles to the
river Gallegos. From this point to the Strait of Magellan, and on
each side of that Strait, the country has been much denuded and is
less level. It consists chiefly of the boulder formation, which rises to
a height of between 150 and 250 feet, and is often eapped by beds
- of gravel. At N.S. Gracia on the north side of the Inner Nar-

rows of the Strait of Magellan, I found on the summit of a cliff,
160 feet in height, shells of existing Patellee and Mytili, scattered on
the surface and partially embedded in earth. On the eastern coast,
also, of Tierra §:l Fuego, in latitude 53- 20’ 8., I found many
Mytili on some level land, estimated at 200 feet in height. An-
terior to the elevation attested by these shells, it is evident by the
present form of the land, and by the distribution of the great erratic
boulders® on the surface, that two sea-channels connected the Strait
of Magellan both with Sebastian Bay and with Otway Water.

Concluding remarks on the recent elevation of the south-eastern
coasts of America, and on the action of the sea on the land.—Up-
raised shells of species, still existing as the commonest kinds in the
adjoining sea, occur, as we have seen, at heights of between a few feet
and 410 feet, at intervals from latitude 33° 40’ to 53° 20’ South.

* (Geolog. Transactions, vol. vi. p. 419,
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This is a distance of 1180 geographical miles,—about equal from
London to the North Cape of Sweden. As the boulder formation,
extends with nearly the same height 150 miles south of 53° 20/,
the most southern point where I landed and found upraised shells;
and as the level Pampas ranges many hundred miles northward
of the point, where M. d’Orbigny found at the height of 100 feet
beds of the Azara, the space in a north and south line, which has
been uplifted within the recent period, must have been much above
the 1180 miles. By the term recent, I refer only to that period
within which the now living mollusca were called into existence;
for it will be seen in the Fourth Chapter, that both at B. Blanca and
P. S, Julian, the mammiferous quadrupeds which co-existed with
these shells belong to extinct species. I have said that the upraised
ghells were found only at intervals on this line of coast, but this in
all probability may be attributed to my not having landed at the
intermediate points; for wherever I did land, with the exception of
the river Negro, shells were found : moreover, the shells are strewed
on plains or terraces, which, as we shall immediately see, extend for
great distances with a uniform height. I ascended the higher plains
only in a few places, owing to the distance at which their escarp-
ments generally range from the coast, so that I am far from knowing
that 410 feet is the maximum of elevation of these upraised remains.
The shells are those now most abundant in a living state in the
adjoining sea.®* All of them have an ancient appearance ; but some,
especially the mussels, although lying fully exposed to the weather,
retain to a considerable extent their colours: this circumstance
a at first surprising, but it is now known that the colouring
principle of the Mytilus is so enduring, that it is preserved when the
shell itself is completely disintegrated.t Most of the shells are
broken ; I nowhere found two valves united ; the fragments are not
rounded, at least in none of the specimens which I brought home,
With respect to the breadth of the upraised area in an east and
west line, we know from the shells found at the inner Narrows of
the Strait of Magellan, that the entire width of the plain, although
there very narrow, has been elevated. It is probable that in this
southernmost part of the continent, the movement has extended
under the sea far eastward ; for at the Falkland Islands, though I
could not find any shells, the bones of whales have been noticed by
several competent ohservers, lying on the land at a considerable
distance from the sea, and at the height of some hundred feet above
it.} Moreover, we know that in T. del Fuego the boulder formation
has been uplifted within the recent period, and a similar formation

* Capt. King, es of Adventure and Beagle, vol. i. p. 6 and 133.

+ See Mr. Lyell's ** Proofs of a Gradual Rising in Sweden,” in the Philosoph,
Transact, 1835, p. 1. See also Mr. Smith, of Jordan Hill, in the Edin. New
Phil. Journal, vol. xxv. p. 393, :

3 Voyages of the Adventure and Beagle, vol. ii. p. 227. And Bougainville's
Voyage, tome i. p. 112.
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A table of the measurements is here given. The angular measure-
ments and all the estimations are by the Officers of the survey; the
barometrical ones by myself.

Feet,
Gallegos River to Coy Inlet (partly angular meas, and partly estim,) .. 350
South Side of Santa Cruz (ang. and barom. meas.) -........co..oit. 355
Nemthnideof do. (aDE. M) .ivuseccsnnncnnsnscssssnrsnnes 330
Bird Island, plain opposite to (ang. m.) ....eeiviinaiiiieiiinaans 350
Port Desire, plain extending far along coast (barom. m.).............. 330
8t. George's Bay, north promontory fang. T e R R 330
Table Land, south of New L T G R R PR e 350

A plain, varying’ from 245 to 255 feet, seems to extend with much
uniformity from Port Desire to the north of St. George’s Bay, a
distance of 170 miles; and some approximate measurements, also
given in the following table, indicate the much greater extension of
780 miles.

Feet.

Coy Inlet, south of (partly ang. m. and partly estim.).......... 200 to 300
Port Desire (barom. m.) .. .c.ccvnnuurennens aeasnas s e 00 10255
BT . T e 250

North Promontory of St. George's Bay (ang. m.).............. 250

Sonth of New Bay (ang. m.) .. .cc--nciovucrenessnrnananss 200 to 220
North of 8. Jnaafr{eatim.) ...... S S e R 200 to 300
Plain of Rio Negro (ang. m.).cesevvvvcecan, Cas e sesneess 200 10 220
Bahia Blanca {ﬂﬁm- EE ssmE IR A RE AE A Am aE e n s asan vens 200 to 300

The extension, moreover, of the 560 to 580, and of the 80 to 100
feet, plains is remarkable, though somewhat less obvious than in the
former cases. Bearing in mind that I have not picked these measure-
ments out of a series, but have used all those which represented the
edges of plains, I think it scarcely possible that these coincidences in
height should be accidental. We must therefore conclude that the
action, whatever it may have been, by which these plains have been
modelled into their present forms, has been singularly uniform.

These plains or great terraces, of which three and four often rise
like steps one behind the other, are formed by the denudation of the
old Patagonian tertiary beds, and by the deposition on their surfaces
of a mass of well-rounded gravel, varying, near the coast, from ten
to thirty-five feet in thickness, but increasing in thickness towards
the interior. The gravel is often capped by a thin irregular bed of
sandy earth. The plains slope up, though seldom sensibly to the

e, from the summit-edge of one escarpment to the foot of the next
highest one. Within a distance of 150 miles, between Santa Cruz
to Port Desire, where the plains are particularly well developed,
there are at least seven stages or steps, one above the other. On
the three lower ones, namely, those of 100 feet, 250 feet, and 350
feet in height, existing littoral shells are abundantly strewed, either
on the surface, or partially embedded in the superficial sandy earth.
By whatever action these three lower plains have been modelled, so
undoubtedly have all the higher ones, up to a height of 950 feet at
8. Julian, and of 1200 feet (by estimation) along St. George’s Bay.
1 think it will not be disputed, considering the presence of the
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I particularly attended to the size of the pebbles on the 355 feet
Santa Cruz plain, and I noticed that on the summit-edge of the
present sea-cliffs many were as large as half of a man’s head ; and in
crossing from these cliffs to the foot of the next highest escarpment,
a distance of six miles, I could not observe any increase in their size.
We shall presently see that the theory of a slow and almost insen-
sible rise of the land, will explain all the facts connected with the
gravel-capped terraces, better than the theory of sudden elevations
of from one to two hundred feet.

M. d’Orbigny has argued, from the upraised shells at San Blas being
embedded in the positions in which they lived, and from the valves of
the Azara labiata high on the banks of the Parana being united and
unrolled, that the elevation of Northern Patagonia and of La Plata
must have been sudden ; for he thinks, if it had been gradual, these

shells would all have been rolled on successive beach-lines. DBut in
- protected bays, such as in that of Bahia Blanca, wherever the sea is
accumulating extensive mud-banks, or where the winds quietly heap
up sand-dunes, beds of shells might assuredly be preserved buried in
the positions in which they had lived, even whilst the land retained
the same level ; any, the smallest, amount of elevation would directly
aid in their preservation. I saw a multitude of spots in Bahia Blanca,
where this might bave been effected ; and at Maldonado it almost
certainly has been effected. In speaking of the elevation of the land
having been slow, I do not wish to Exgude the small starts which
accompany earthquakes, as on the coast of Chile; and by such move-
ments beds of shells might easily be uplifted, even in positions exposed
to a heavy surf, without undergoing any attrition: for instance, in
1835, a rocky flat off the island of Santa Maria was at one blow up-
heaved above high-water mark, and was left covered with gaping and.
putrefying mussel-shells, still attached to the bed on which they had
lived. If M. d'Orbigny had been aware of the many long parallel
lines of sand-hillocks, with infinitely numerous shells of the Mactra
and Venus, at a low level near the Uruguay ; if he had seen at Bahia
Blanca the immense sand-dunes, with water-worn pebbles of pumice,
ranging, in parallel lines, one behind the other up a height of at least
120 feet; if he had seen the sand-dunes, with the countless Palude-
strinas, on the low plain near the Fort at this place, and that long
line on the edge of the cliff, sixty feet higher up; if he had crossed
that long and great belt of parallel aand-gunes, eight miles in width,
standing at the height of from forty to fifty feet above the Colorado,
where sand could not now collect,—I cannot believe he would have
thought that the elevation of this great district had been sudden.
Certainly the sand-dunes (especially when abounding with shells),
which stand in ranges at so many different levels, must all have
required long time for their accumulation ; and hence I do not doubt
that the last 100 feet of elevation of La Plata and Northern Patagonia
has been exceedingly slow.

Il" we extend this conclusion to Central and Southern Patagonia,
the inclination of the successively rising gravel-capped plains can be

C
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to 1,200 feet, has been similarly modelled and affected : that the area
elevated, in the southernmost part of the continent, extended in breadth
to the Cordillera, and probably sea-ward to the Falkland Islands;
that northward, in La Plata, the breadth is unknown, there having
been probably more than one axis of elevation; and finally, that,
anterior to the elevation attested by these upraised shells, the land
was divided by a Strait where the river Santa Cruz now flows, and
that further southward there were other sea-straits, since closed. 1T
may add, that at Santa Cruz, in lat. 50° S,, the plains have been
uplifted at least 1,400 feet, since the period when gigantic boulders
were transported between sixty and seventy miles from their parent
rock, oun floating icebergs.

Lastly, considering the great upward movements which this long
line of coast has untﬁrgone, and the proximity of its southern half to
the voleanic axis of the Cordillera, it is highly remarkable that in the
many fine sections exposed in the Pampean, Patagonian tertiary, and
Boulder formations, I nowhere observed the smallest fault or abrupt
curvature in the strata, :

Grarvel formation of Patagonia.

I will here deseribe in more detail than has been as yet incidentally
done, the nature, origin, and extent of the great shingle covering of
Pa ia: but I do not mean to affirm that all of this shingle,

y that on the higher plains, belongs to the recent period. A
thin bed of sandy earth, with small pebbles of various porphyries and
of quartz, covering a low plain on the north side of the Rio Colorado,
is ?he extreme northern limit of this formation. These little pebbles
have probably been derived from the denudation of a more regular bed
of gravel, capping the old tertiary sandstone plateau of the Rio
Negro. The gravel-bed near the Rio Negro is, on an average, about
ten or twelve feet in thickness ; and the pebbles are larger than on the
northern side of the Colorade, being from one to two inches in
diameter, and composed chiefly of rather dark-tinted porphyries.
Amongst them I here first noticed a variety often to be referred to,
namely, a peculiar gallstone-yellow siliccous porphyry, frequently, but
not invariably, containing grains of quartz. The pebbles are em-
bedded in a white gritty calcarcous matrix very like mortar, some-
times merely coating with a whitewash the separate stomes, and
sometimes forming the greater part of the mass. In one place I saw
in the gravel coneretionary nodules (not rounded) of erystallized

m, some as large as a man’s head. I traced this bed for forty-

ve miles inland, and was assured that it extended far into the
interior. As the surface of the calcareo-argillaceous plain of Pam-
pean formation, on the northern side of the wide valley of the
Colorado, stands at about the same height with the mortar-like
cemented gravel capping the sandstone on the southern side, it is
probable, considering the apparent equability of the subterranean
movements along this side of America, that this gravel of the Rio
Negro and the upper beds of the Pampean formation northward of the

c 2
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the reddish or of the gallstone-yellow porphyries so common near the
coast. Hence the pebbles on the 350 feet plain at the mouth of the
Santa Cruz, cannot have been derived (with the exception of those of
compact clay-slate, which, however, may equally well have come
from the south) from the Cordillera in this latitude; but probably, in
chief part, from further north.

Southward of the Santa Cruz, the gravel may be seen continuously
capping the great 840 feet plain: at the Rio Gallegos, where this
plain is succeeded by a lower one, there is, as I am informed by Cap-
tain Sulivan, an irregular covering of gravel from ten to twelve feet
in thickness over the whole country. The district on each side of the
Strait of Magellan is covered up either with gravel or the boulder
formation : it was interesting to observe the marked difference be-
tween the perfectly rounded state of the pebbles in the great shingle
formation of Patagonia, and the more or less angular fragments in the
boulder formation. The pebbles and fragments near the Strait of
Magellan, nearly all belong to rocks known to occur in Fuegia. I
was therefore much surprised in dredging south of the Strait to find,
in lat. 54° 10/ south, many pebbles of the gallstone-yellow siliceous
porphyry ; I procured others from a great depth off Staten Island,
and others were brought me from the western extremity of the Falk-
land Islands.* The distribution of the pebbles of this peculiar por-
phyry, which I venture to affirm is not found in situ either in Fucgia,
the Falkland Islands, or on the coast of Patagonia, is very remarkable,
for they are found over a space of 840 miles in a north and south line,
and at the Falklands, 300 miles eastward of the coast of Patagonia.
Their oceurrence in Fuegia and the Falklands may, however, perhaps
be due to the same ice-agency by which the boulders have been there
transported.

We have seen that porphyritic pebbles of a small size are first met
with on the northern side of the Rio Colorado, the bed becoming well
developed near the Rio Negro : from this latter point I have every
reason to believe that the gravel extends unminterruptedly over the
plains and valleys of Patagonia for at least 630 nautical miles south-
ward to the Rio Gallegos, From the slope of the plains, from the
nature of the pebbles, from their extension at the Rio Negro far into
the interior, and at the Santa Cruz close up to the Cordillera, I think
it highly probable that the whole breadth of Patagonia is thus
covered. If so, the average width of the bed must be abcut 200
miles. Near the coast the gravel is generally from ten to thirty fect
in thickness; and as in the valley of Santa Cruz it attains, at some
distance from the Cordillera, a thickness of 214 feet, we may, I think,

* At my request, Mr. Kent collected for me a bag of pebbles from the beach
of White Rock harbour, in the northern part of the sound, between the two
Falkland Islands. Out of these well-rounded pebbles, varying in size from a
walnut to a hen’s egg, with some larger, thirty-eight evidently belonged to the
rocks of these islands: twenty-six were similar to the pebbles of porphyry
found on the Patagonian plains, which rocks do not exist in situ in the Falklands;
one pebble belonged to the peculiar yellow siliceous porphyry : thirty were of
doubiful origin,
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decrease in size with the ually seaward increasing depth and
distance. A series of this kind irresistibly leads to the conclusion,
that the sea has the power of sifting and distributing the loose matter
on its bottom. Acecording to Martin White,* the bed of the British
Channel is disturbed during gales at depths of sixty-three and sixty-
seven fathoms, and at thirty fathoms, shingle and fragments of shells
are often dagoait-ed, afterwards to be carried away again. Ground-
swells, which are believed to be caused by distant gales, seem espe-
cially to affect the bottom: at such times, according to Sir R.
Schomburgk,t the sea to a great distance round the West Indian
Islands, at depths from five to fifteen fathoms, becomes discoloured,
and even the anchors of vessels have been moved. There are, how-
ever, some difficulties in understanding how the sea can transport
pebbles lying at the bottom, for, from experiments instituted on the
power of running water, it wonld appear that the currents of the sea
have not sufficient velocity to move stones of even moderate size:
moreover, I have repeatedly found in the most exposed situations that
the pebbles which lie at the bottom are encrusted with full-grown
living corallines, furnished with the most delicate, yet unbroken
spines : for instance, in ten fathoms water off the mouth of the Santa
ruz, many pebbles, under half an inch in diameter, were thus coated
with Flustracean zoophytes.] Hence we must conclude that these
ﬁlf:h are not often violently disturbed: it should, however, be
e in mind that the growth of corallines is rapid. The view, pro-
pounded by Prof. Playfair, will, I believe, explain this apparent diffi-
culty,—namely, that from the undulations of the sea tending to lift
up and down pebbles or other loose bodies at the bottom, such are
liable, when thus quite or partially raised, to be moved even by a
very small force, a little onwards. We can thus understand how
oceanic or tidal currents of no great strength, or that recoil move-
ment of the bottom-water near the land, called by sailors the
“undertow” (which I presnme must extend out seaward as far as the
breaking waves impel the surface-water towards the beach), may gain
the power during storms of sifting and distributing pebbles even of

* Soundings in the Channel, pp. 4, 166. M. Siau states (Edin. New Phil,
Jour, vol, xxxi, p. 24G), that he found the sediment at a depth of 188 metres,
arranged in rip]Ean different degrees of fineness. There are some excellent
dilﬂﬂﬂi%ﬂl on this and allied subjects, in Sir II. De La DBeche's Theoretical

“-

t Journal of Royal Geograph. Soc. vol. v. p. 25. It appears from Mr. Scott
Russell’s investigations (see Mr. Murchison's Anniver. Address Geolog. Soc.
1843, p. 40), that in waves of translation the motion of the particles of water is
Illﬂill eat at the bottom as at the top.

o ble, one and a half inch square and half an inch thick, was given me,
uﬂf:m twenty-seven fathoms depth off the western end of the Falkland
W, the sea 18 remarkably stormy, and subject to violent tides, This
pebble was encrusted on all sides by a gﬂlimlﬂ living coralline. 1 have seen
many pebbles from depths between forty and seventy fathoms thus encrusted ;
one the latter daplE off Cape Horn,
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of the highest tides, by numerous shells of a Pholas now common
in the harbour. The upper extremities of these shells, standin
upright in their holes with grass growing out of them, were ab
about a quarter of an inch, to the same level with the surrounding
worn strata. In other parts, I observed (as at Pudeto) a great
beach, formed of comminuted shells, twenty feet above the present
shore. In other parts, again, there were small caves worn into the
foot of the low cliffs, and Er-::rtectad from the waves by the talus
with its vegetation : one such cave which I examined, had its mouth
about twenty feet, and its bottom, which was filled with sand con-
taining fragments of shells and legs of crabs, from eight to ten feet
ahovegi]igil water-mark. From these several facts, anﬁ from the ap-
pearance of the upraised shells, I inferred that the elevation had been
quite recent; and on inquiring from Mr. Williams, the Port-master,
he told me he was convinced that the land had risen, or the sea
fallen, four feet within the last four years. During this period,
there had been one severe earthquake, but no particular change of
level was then observed ; from the habits of the people who all
boats in the protected creeks, it is absolutely imgomibla that a rise
of four feet could have taken place suddenly and been unperceived.
Mr. Williams believes that the change has been quite gradual. Without
the elevatory movement continues at a quick rate, there can be no
doubt, that the sea will soon destroy the talus of earth at the foot of
the cliffs round the bay, and will then reach its former lateral exten-
sion, but not of course its former level : some of the inhabitants
assured me, that one such talus, with a footpath on it, was even
already sensibly decreasing in width.

I received several accounts of beds of shells, existing at consider-
able heights in the inland parts of Chiloe; and to one of these, near
Catiman, I was guided by a countryman. Here, on the south side
of the peninsula of Lacuy, there was an immense bed of the Venus
costellata and of an oyster, lying on the summit-edge of a piece of
table-land, 350 feet (by the barometer) above the level of the sea,
The shells were closely packed together, embedded in and covered
by, a very black, damp, peaty mould, two or three feet in thickness,
out of which a forest of great trees was growing. Considering the
nature and dampness of this peaty soil, it 1s surprising, that the fine
ridges on the outside of the Venus, are perfectly preserved, though all
the shells have a blackened appearance. I did not doubt that the
black soil, which, when dry, cakes hard, was entirely of terrestrial
origin, but on examining it under the microscope, I found many v
minute rounded fragments of shells, amongst which I could distin-
guish bits of serpule and mussels, The Venus costellata, and the
ostrea (0. edulis, according to Captain King) are now the commonest
shells in the adjoining bays. In a bed of shells, a few feet below
the 350 feet bed, I found a horn of the little Cervus Aumilis, which
now inhabits Chiloe. :

The eastern or inland side of Chiloe, with its many adjacent islets,
consists of tertiary and boulder deposits, worn into irregular plains
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capped by gravel. Near Castro, and for ten miles southward, and
on the islet of Lemuy, I found the surface of the ground to a height
of between twenty and thirty feet above high-water mark, and in
several places apparently up to fifty feet, thickly coated by much
comminuted shells, chiefly of the Venus costellata and Mytilus Chi-
loensis ; the species now most abundant on this line of coast. As the
inhabitants carry immense numbers of these shells inland, the conti-
nuity of the bed at the same height was often the only means of
mniﬁn its nmatural origin, Near Castro, on each side of the

and rivulet of the Gamboa, three distinet terraces are seen :
the lowest was estimated at about 150 feet in height, and the highest
at about 500 feet, with the country irregularly rising behind it;
obscure traces, also, of these same terraces could be seen along other
parts of the coast. There can be no doubt that their three escarp-
ments record pauses in the elevation of the island. I may remark that
several promontories have the word Huapi, which signifies in the
Indian tongue, island, appended to them, such as Iuapilinao, Huapi-
lacuy, Caucahuapi, &ec. ; and these according to Indian traditions once
existed as islands. In the same manner the term Pulo in Sumatra is
appended® to the names of promontories, traditionally said to have
been islands; in Sumatra, as in Chiloe, there are upraised recent
shells. The Bay of Carelmapu on the mainland north of Chiloe,
according to Agiierros,+ was in 1643 a good harbour ; it is now quite
useless, except for boats,

Valdivia : 1 did not observe here any distinct proofs of recent ele-
vation; but in a bed of very soft sandstone, forming a fringe-like
plain about sixty feet in height round the hills of mica-slate, there are
shells of Mytilus, Crepidula, Solen, Novaculina and Cythereea, too
imperfect to be specifically recognised. At Imperial, seventy miles
north of Valdivia, Agiierrosi states that there are large beds of shells,
at a considerable distance from the coast, which are burnt for lime.
The island of Mocha, lying a little north of Imperial, was uplifted
two feet,§ during the earthquake of 1835.

ion ;—I cannot add anything to the excellent account by
Captain Fitzroy|| of the elevation of the land at this place, which
accompanied the earthquake of 1835. I will only recall to the re-

* Marsden’s Sumatra, p. 31.

t Descripeion Hist. de la Provincia de Chiloé, p. 78. From the account given
Eﬂm old Spanish writers, it would apFear that several other barbours, between
_ nt and Concepcion, were formerly much deeper than they now are.

b4 ipe. Hist. p. 25.

Voyages of Adventure and Beagle, vol. ii. p. 415.
Voy of Adventure and Beagle, vol. ii. p. 412 ef seq.
Iu vol. v. (p. 601) of the Geological Transactions, I bave given an account of the
remarkable volcanic phenomena, which accompanied this earthquake. These
éna appear to me to prove, that the action, by which large tracts of land

are uplifted,; and by which volcanic eruptions are produced, is in every respect
identical. Sy Gl
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collection of geologists, that the southern end of the island of St.
Mary was uplifted eight feet, the central part nine, and the northern
end ten feet; and the whole island more than the surrounding dis-
tricts. Great beds of mussels, patellee, and chitons still adhering to
the rocks were upraised above high-water mark ; and some acres of a
rocky flat, which was formerly always covered by the sea, was left
stam{mg dry, and exhaled an offensive smell, from the many attached
and putrefying shells. It appears from the researches of Capt.
FltZRﬂ‘j' that %voth the lsland uf St. Mary and Concepeion (which
was uplifted only four or five feet) in the course of some weeks sub-
gided, and lost pa.rt. of their first elevation. I will only add as a
lesson of caution, that round the sandy shores of the great Bay of
Concepcion, it was most difficult, owing to the obliterating effects of
the great accompanying wave, to recognise any distinet evidence of
this considerable upheaval; one spot must be excepted, where there
was a detached rock which before the earthquake had always been
covered by the sea, but afterwards was left uncovered.

On the island of Quiriquina (in the Bay of Concepeion), I found, at
an estimated height of 400 feet, extensive layers of shells, mostly com-
minuted, but some perfectly preserved and closely packed in black vege-
table mould; they consisted of Concholepas, Fissurella, Mytilus,
Trochus, and Balanus. Some of these layers of shells rested on a
thick bed of bright-red, dry, friable earth, capping the surface of the
tertiary sandstone, and extending, as I observed whilst sailing along
the coast, for 150 miles southward : at Valparaiso, we shall presently
see that a similar red earthy mass, though quite like terrestrial
mould, is really in chief part of recent marine origin. On the flanks
of this island of Quiriquina, at aless height than the 400 feet, there
were spaces several feet square, thickly strewed with fragments of
similar shells. ~During a subsequent visit of the Beagle to Concepcion,
Mr. Kent, the assistant-surgeon, was so kind as to make for me some
measurements with the barometer: he found many marine remains
along the shores of the whole bay, at a height of about twenty feet;
and from the hill of Sentinella behind Talcahuano, at the height of
160 feet, he collected numerous shells, packed together close beneath
the surface in black earth, consisting of two species of Mytilus, two of
Crepidula, one of Unnchnlepas, of Fissurella, Venus, Mactra, Turbo,
Monoceros, and the Balanus psittacus. These shells were bleached,
and within some of the Balani other Balani were growing, showin
that they must have long lain dead in the sea. The above species
compared with living ones from the bay, and found them identical;
but having since lost the specimens, I cannot give their names : “this
is of little importance, as Mr. Broderip has examined a similar collec-
tion, made during Capt. Beechey’s expedition, and ascertained that
they consisted of ten recent species, associated with fragments of
echini, crabs, and flustrae ; some of these remains were estimated by
Licut. Belcher, to lie at the height of nearly a 1000 feet above the
level of the sea.* Insome places round the bay, Mr. Kent observed

* Zoology of Capt. Beechey's Voyage, p. 162.
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that there were beds formed exclusively of the Mytilus Chiloensis :
this ies mow lives in parts never uncovered by the tides. At
considerable heights, Mr. Kent found only a few shells ; but from the
summit of one hill, 625 feet high, he brought me specimens of the
Cone Mytilus Chiloensis, and a Turbo. These shells were
softer and more brittle than those from the height of 164 feet; and
these latter had obviously a much more ancient appearance than the
same species from the height of only twenty feet.

Coast north of Concepcion :—The first point examined was at the
mouth of the Rapel (160 miles N. of Concepcion and sixty miles S.
of Valparaiso), where I observed a few shells at the height of 100
feet, and some barnacles adhering to the rocks three or four feet
above the highest tides: M. Gay® found here recent shells at the
distance of two leagues from the shore. Inland there are some
wide, gravel-capped plains, intersected by many broad, flat-bottomed
valleys (now carrying insignificant streamlets) with their sides cut
into successive wall-like escarpments, rising one above another,
and in many places, according to M. Gay, worn into caves.
The one cave (C. del Obispo) which I examined, resembled those
formed on many sea-coasts, with its bottom filled with shingle.
These inland plains, instead of sloping towards the coast, are inclined
in an opposite direction towards the Cordillera, like the successively
rising terraces on the inland or eastern side of Chiloe: some points
of granite, which project through the plains near the coast, no doubt
once formed a chain of outlying islands, on the inland shores of which
the plains were accumulated. At Bucalemu, a few miles northward
of the Rapel, I observed at the foot and on the summit-edge of a
plain, ten miles from the coast, many recent shells, mostly commi-
nuted, but some perfect. There were, also, many at the bottom of
the great valley of the Maypu. At San Antonio, shells are said to be
collected and burnt for lime. At the bottom of a great ravine (Queb-
rada Onda, on the road to Casa Blanca), at the distance of several
miles from the coast, I noticed a considerable bed, composed exclu-
gively of Mesodesma donaciforme, Desh. lying on a bed of muddy
sand : this shell now lives associated fogether in great numbers, on
tidal flats on the coast of Chile.

Valparaiso.

During two successive years I carefully examined, part of the
time in company with Mr. Alison, into all the facts connected with
the recent el;a'mtion of this neighbourhood. In very many parts a
beach of broken shells, about fourteen or fiftcen feet above high-water
mark, may be observed; and at this level the coast-rocks, where
precipitous, are corroded in a band. At one spot, Mr. Alison, by
removing some birds’ dung, found at this same level barnacles ad-
hering to the rocks. For several miles southward of the bay, almost

* Annales des Scienc. Wat, Avril, 1833.
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every Hat little headland, between the heights of 60 and 230 feet
(measured by the barometer), is smoothly coated by a thick mass of
comminuted shells, of the same sp-eeiﬂs, and apparently in the same
proportional numbers with those existing in the adjoining sea. The
Concholepas is much the most abundant, and the best preserved shell ;

but I extracted perfectly preserved specimens of the Fissurella
biradiata, a Trochus and Balanus (both well known, but according to
Mr. Sowerby yet unnamed) and parts of the Mytilus Chiloensis.
Most of these shells, as well as an encrusting nullipora, partially
retain their colour; but they are brittle, and often stained red from
the underlying brecciated mass of primary rocks; some are packed
together, either in black or reddish mould; some lie loose on the
bare rocky surfaces. The total number of these shells is immense ;
they are less mumerous, though still far from rare, up a height of
1000 feet above the sea. On the summit of a hill, measured 557 feet,
there was a small horizontal band of comminuted shells, of which
many consisted (and likewise from lesser heights) of very young and
small specimens of the still living Concholepas, Trochus,
Crepidule, and of Mytilus Magellanicus (2 ):* several of these shells
were under a quarter of an inch in their greatest diameter. My atten-
tion was called to this circumstance by a native fisherman, whom I
took to look at these shell-beds; and he ridiculed the notion of such
small shells having been brought up for food; nor could some of
the species have adhered when alive to other larger shells. On
another hill, some miles distant, and 648 feet high, I found shells of
the Gunchalepna and Trochus, perfect though very old, with frag-
ments of Mytilus Chiloensis, all embedded in reddish- brown mould : I
also found these same species, with fragments of an Echinus and of
Balanus psittacus on a hill 1000 feet high. Above this height,
shells became very rare, though on a hill 1300 feet high,+ I colleeted
the Concholepas, Trochus, Fissurella, and a Patella. At these
greater heights the shells are almost invariably embedded in mould,
and sometimes are exposed only by tearing up bushes. These shells
obviously had a very much more ancient appearance than those from
the lesser heights; the apices of the Trochi were often worn down;
the little holes made by burrowing animals were greatly enlarged ;
and the Concholepas was often perforated quite through, owing to the
inner plates of shell having scaled off.

Many of these shells, as I have said, were packed in, and were qmt.e
filled with, blackish or reddish-brown earth, resting on the i
detritus. I did not doubt until lately that this mmlld was 0%}
terrestrial origin, when with a mieroscope examining some of it from
the inside of a Concholepas from the height of about 100 feet, I found
that it was in considerable part composed of minute fragments of the

* Mr. Cuming informs me that he does not think this species identical with,
though closely membhng, the true M. Magellanicus of the southern and eastern
coast of South America: it lives abundantly on the coast of Chile,

+ Measured by the barometer : the highest point in the range bebind Val-
paraiso, I found to be 1626 feet above the level of the sea.
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ledge, small fragments of the shells were mingled with, and evidently
in pmoemof uction into, a.jrellﬂwish white, soft, caleareous powder,
tasting atron%kj' of salt, and in some places as fine as prepared
medicinal cha

Fossil remains of Human Art.—In the midst of these shells on San
Lorenzo, I found light corallines, the horny ovule-cases of mollusca,
roots of sea-weed,* %anes of birds, the heads of Indian corn and other
vegetable matter, a piece of woven rushes, and another of nearly
decayed cotfon string. I extracted these remains by digging a
hole, on a level spot ; and they had all indisputably been embedded
with the shells, I compa.red the plaited rush, the cotton string, and
Indian comn, at the house of an ﬂnt]qu'l.t‘mn, with similar objects,
taken from the Huacas or burial-grounds of the ancient Peruvians,
and they were undlstmgmsha,ble, it should be observed that the
Peruvians used string only of cotton. The small quantity of sand
or gravel with the shells, the absence of large stones, the width and
thickness of the bed, and the time requisite for a ledge to be cut into
the sandstone, all show that these remains were not thrown high up by
an earthquake-wave : on the other hand these facts, together with
the number of dead shells, and of floating objects, both marine and
terrestrial, both natural and human, render it almost certain that
they were accumulated on a true beach, since upraised eighty-five
feet, and upraised this much since Indian man inkabited Peru, The
elevation may have been, either by several small sudden starts, or
quite gradual; in this latter case the unrolled shells having been
thrown up during gales beyond the reach of the waves which after-
wards broke on tﬁa slowly emerging land. I have made these re-
marks, chiefly because I was at first surprised at the complete
difference in nature, between this broad, smooth, upraised bed of
shells, and the present shingle-beach at the foot of the low sandstone-
clifis; but a beach formed, when the sea is cutting into the land,
as is shown now to be the case by the low bare sandstone-cliffs,
ought. not to be compared with a beach accumulated on a gently
inclined rocky surface, at a period when the sea (probably owing to
the elevatory movement in process) was not able to eat into the
land. With respect to the mass of nearly angular, salt-cemented

ents of sandstone, which lie under the shells, and which are
so unlike the materials of an ordinary sea-beach; I think it pro-
bable, after having seen the remarkable effectst of the earthquake of
1835, in absolutely shattering as if by gunpowder the suifuce of the
primary rocks near Concepcion, that a smooth bare surface of stone

Rain, also, ftih at rare intervals even in the driest distriets, as, for instance, dur-
ing fort tgﬂdtju, in 1726, at Chocope (7° 467); this rain entirely ruined {Ullna &e.
p- 18) the mud-houses of the inhabitants.

* Mr, SBmith of Jordanhill found pieces of sea-weed in an upraised pleisto-
cene deposit in Scotland. See his admirable Paper in the Edin. New Phil. Jour-
nal, vol. xxv. p. 384,

* 1 have deseribed this in my Journal of Researches, p. 303, 2nd edit.
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ight of the plain, namely, 120 feet, renders it improbable that an
earthquake-wave, vast as some have here been, could have broken
over the surface at its present level ; but when the land stood eighty-
five feet lower, at the period when the shells were thrown up on the
ledge at S. Lorenzo, and when as we know man inhabited this dis-
trict, such an event might well have occurred ; and if we may fur-
ther suppose, that the plain was at that time converted into a
temporary lake, as actually occurred, during the earthquakes of 1713
and 1746, in the case of the low land round Callao owing to its being
encireled by a high shingle-beach, all the appearances above described
will be perfectly explained. I must add, that at a lower level near
the point where the present low land round Callao joins the higher
plain, there are appearances of two distinct deposits both apparently
formed by debacles : in the upper one, a horse’s tooth and a dog’s jaw
were embedded ; so that both must have been formed after the settle-
ment of the Spaniards: according to Acosta, the earthquake-wave of
1586 rose eighty-four feet.

The inhabitants of Callac do not believe, as far as I could ascer-
tain, that any change in level is now in progress. The great frag-
ments of brickwork, which it is asserted can be seen at the bottom
of the sea, and which have been adduced as a proof of a late subsi-
dence, are, as I am informed by Mr. Gill, a resident engineer, loose

ents; this is probable, for I found on the beach, and not near
the remains of any building, masses of brick-work, three and four
feet square, which had been washed into their present places, and
smoothed over with shingle, during the earthquake of 1746. The
spit of land, on which the ruins of OId Callao stand, is so extremely
low and narrow, that it is improbable in the highest degree that a
town should have been founded on it in its present state; and I
have lately heard* that M. Tschudi has come to the conclusion,
from a comparison of old with modern charts, that the coast both
south and north of Callao has subsided. I have shown that the
island of San Lorenzo has been upraised eighty-five feet since the
Peruvians inhabited this country; and whatever may have been the
amount of recent subsidence, by so much more must the elevation
have exceeded the eighty-five feet. In several placest in this neigh-
bourhood, marks of sea-action have been observed: Ulloa gives a
detailed account of such appearances at a point five leagues northward
of Callao: Mr. Cruikshank found near Lima, successive lines of sea-
cliffs, with rounded blocks at their bases, at a height of 700 feet above
the present level of the sea.

* I am indebted for this fact to Dr. E. Dieffenbach. I may add that there is a
tradition, that the islands of San Lorenzo and Fronton were once joined, and that
the channel between 8. Lorenzo and the mainland, now above two miles in width,
was 50 narrow that cattle used to swim over.

t Observaciones sobre el Clima del Lima par Dr. H. Unaniie, p. 4. —Ulloa’s
?hrfc. vol. 1i. Eng. Trans. p, 97. — For Mr. Cruickshank’s observations, see
Mr. Lyell's Principles of Geology (1st edit.), vol. iii. p. 130.
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On the Decay of upraised Sea-Shells.—1 have stated that many
of the shells on the lower inclined ledge or terrace of San Lorenzo
are corroded in a peculiar manner, and that they have a much
more ancient appearance than the same species at considerably
greater heights on the coast of Chile. I have, also, stated that -
these shells in the upper part of the ledge, at the height of eighty-five
feet above the sea, are falling, and in some parts are quite changed
into, a fine, soft, saline, calcareous powder, The ﬁneat part of this
powder has been analysed for me, at the request of Sir . Delabeche,
by the kindness of Mr. Trenham Reeks of the Museum of Econo-
mic Geology ; it consists of carbonate of lime in abundance, of sul-
phate and muriate of lime, and of muriate and sulphate of soda.
The carbonate of lime is obviously derived from the shells; and
common salt is so abundant in parts of the bed, that, as before re-
marked, the univalves are often filled with it. The sulphate of lime
may have been derived, as has probably the common salt, from the
evaporation of the sea-spray, during the em ce of the land ; for
sulphate of lime is now copiously Eepomted om the spray on the
shures of Ascension.* The other saline bodies may perhaps have been
partially thus derived, but chiefly, as I conclude fmm tﬁ: following
facts, through a different means.

On most parts of the second ledge or old ﬂea-bﬂach at a height of
170 feet, there is a layer of white pnwder of variable t.hmknem, as much
in some parts as two inches, lying on the angular, salt-cemented frag-
ments of sandstone and under about four inches of earth, which powder,
from its close resemblance in mnature to the upper and most decayed
parts of the shelly mass, I can hardly doubt originally existed as a bed
of shells, now much collapsed and quite disintegrated. I could not
discover with the microscope a trace of organic structure in it; but
its chemical constituents, according to Mr. Reeks, are the same as
in the powder extracted from amongst the decaying shells on the
lower ledge, with the marked exception that the carbonate of lime
is present in only very small quantity. On the third and highest
ledge, I observed some of this powder in a similar position, and like-
wise occasionally in small patches at considerably greater heights near
the summit of the island. At Iquique, where the whole face of the
country is covered by a highly saliferous alluvium, and where the
climate is extremely dry, we have seen that, according to Mr. Blake,
the shells which are perfect near the beach become, in ascending,
gradually less and less perfect, until scarcely a trace of their original
structure can be discovered. It is known that carbonate of lime and
common salt left in a mass together,t and slightly moistened, par-

* Volcanic Islands, &c. by the Author, p. 52.

+ I am informed bjr Dr. Kane, through Mr. Reeks, that a manufactory w
established on this J:-nnnlp]e in France, but failed from the small quantity of m—
bouate of soda produced. Sprengel (Gardener’s Chron. 1845, p. 157) states, that
salt and carbonate of lime are liable to mutual dammpnmunn in the soil. Sir H.
Delabeche informs me, that calcareous rocks, washed by the spray of the sea, are
often corroded in a peculiar manner; see also on this latter nui]ent Gardener’s
Chron. p. 675, 1844,
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tially decompose each other : now we have at San Lorenzo and at
Iquique, in the shells and salt packed together, and occasionally
moistened by the so-called Peruvian dew, the proper elements for
this action. We can thus understand the peculiar corroded appear-
ance of the shells on San Lorenzo, and the great decrease of quantity
in the carbonate of lime in the powder on the upper ledge. There
is, however, a great difficulty on this view, for the resultant salts
should be carbonate of soda and muriate of lime ; the latter is present,
but not the carbonate of soda. Hence I am led to the perhaps unau-
thorized conjecture (which I shall hereafter have to refer to) that the
carbonate of soda, by some unexplained means, becomes converted
into a sulphate.

If the above remarks be just, we are led to the very umexpected
conclusion, that a dry climate, by leaving the salt from the sea-spray
undissolved, is much less favourable to the preservation of upraised
shells, than a humid climate. However this may be, it is interestin
to know the manner in which masses of shells, gradually uprai
above the sea-level, decay and finally disappear.

Summary on the recent Elevation of the West Coast of South
America.—We have seen that upraised marine remains occur at
intervals, and in some parts almost continuously, from lat. 45° 35
to 12° S, along the shores of the Pacific. This is a distance, in
a north and south line, of 2075 geographical miles. From Byron’s
observations, the elevation has no doubt extended sixty miles further
south; and from the similarity in the form of the country near
Lima, it has probably extended many leagues further north.*
Along this great line of coast, besides the organic remains, there are
in very many parts, marks of erosion, caves, ancient beaches, sand-
dunes, and successive terraces of gravel, all above the present level
of the sea. From the steepness of the land on this side of the con-
tinent, shells have rarely been found at ter distances inland than
from two to three leagues ; but the marks of sea-action are evident
farther from the coast; for instance, in the valley of Guasco, at a
distance of between thirty and forty miles. Judging from the up-
raised shells alone, the elevation in Chiloe has been 350 feet, at Con-
eepeion certainly 625 feet, and by estimation 1000 feet; at Valpa-
raiso 1300 feet; at Coquimbo 252 feet; northward of this place,
sea-shells have not, I believe, been found above 300 feet; and at
Lima they were falling into decay (hastened probably by the salt) at
eighty-five feet. Not only has this amount of elevation taken place
within the period of existing mollusca and cirripedes; but their
proportional numbers in the neighbouring sea have in most eases
remained the same. Near Lima, however, a small change in this
respect between the living and the upraised was observed: at Co-

* 1 may take this opportunity of stating that in a MS, in the Geological Soc,
by Mr. Weaver, it is stated that beds of oysters and other recent shells are found
thirty feet above the level of the sea, in many parts of Tampico, in the Gulf of
Mexico.
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continent, for at Port 8. Julian, in Patagonia, there is good evidence
(as we shall hereafter see) that when the land stood ninety feet lower,
the Maerauchenia, a mammiferous beast, was alive; and at Bahia
Blanca, when it stood only a few feet lower than it now does, many
gigantic quadru ranged over the adjoining country. DBut the coast
of quia. iﬂl;ﬁe wag;ddistant fmmjthe gﬂ!‘di“ﬂl‘i and the move-
ment at Bahia Blanca is perhaps no ways conneeted with this great
range, but rather with the tertiary volcanic rocks of Banda Oriental,
and therefore the elevation at these places may have been infinitely
slower than on the coast of Peru. All such speculations, however,
must be vague, for as we know with certainty that the elevation of
the whole coast of Patagonia has been interrupted by many and long
pauses, who will pretend to say that, in such cases, many and long
periods of subsidence may not also have been intercalated ?

In many parts of the coast of Chile and Peru, there are marks of
the action of the sea at successive heights on the land, showing that
the elevation has been interrupted by periods of comparative rest in
the upward movement, and of denudation in the action of the sea.
These are plainest at Chiloe, where, in a height of about 500 feet,
there are three escarpments,—at Coquimbo where, in a height of
364 feet, there are five,—at Guasco where there are six, of which
five may perhaps correspond with those at Coquimbo, but if so, the
subsequent and intervening elevatory movements have been here
much more energetic,—at Lima where, in a height of about 250
feet, there are three terraces, and others, as it is asserted, at con-
siderably greater heights. The almost entire absence of ancient
marks of sea-action at defined levels along considerable spaces of coast,
as mear Valparaiso and Concepcion, is highly instructive, for as it is
improbable that the elevation at these places alone should have been
continuous, we must attribute the absence of such marks to the nature
and form of the coast-rocks. Seeing over how many hundred miles
of the coast of Patagonia, and on how many places on the shores of
the Pacific, the elevatory process has been interrupted by periods of

tive rest, we may conclude, conjointly with the evidence

drawn from other quarters of the world, that the elevation of the

land is generally an intermittent action. From the quantity of

matter removed in the formation of the escarpments, especially of

those of Paﬁnia-, it appears that the periods of rest in the move-

ment, and of denudation of the land, have generally been very long. In

ia, we have seen that the elevation has been equable, and the

i0ds of denudation synchronous over very wide spaces of coast; on the

shores of the Pacific, owing to the terraces chiefly occurring in the

we have not equal means of judging on this point; and the

very different heights of the upraised shells at Coquimbo, Valpa-
raiso, and Concepcion, seem directly opposed to such a conclusion.

Whether on this side of the continent the elevation, between the
mdn of comparative rest when the escarpments were formed, has

by small sudden starts, such as those accompanying recent
carthquakes, or, as is most probable, by such starts conjointly with a
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gradual upward movement, or by great and sudden upheavals, I
have no direct evidence. But as on the eastern coast, I was led to
think, from the analogy of the last hundred feet of elevation in La
Plata, and from the nearly equal size of the pebbles over the entire
width of the terraces, and from the upraised shells being all littoral
species, that the elevation had been gradual; so do I on this western
coast, from the analogy of the movements now in progress, and from
the vast numbers of shells now living exclusively on or close to the
beach, which are strewed over the whole surface of the land up to very
considerable heights, conclude, that the movement here also has been
slow and gradual, aided probably by small occasional starts. We
know at least that at Coquimbo, where five escarpments occur in a
height of 364 feet, that the successive elevations, if they have been
sudden, cannot have been very great. It has, I think, been shown
that the occasional preservation of shells, unrolled and unbroken, is
not improbable even during a quite gradual tim’:f of the land; and
their preservation, if the movement has been aided by small starts, is
quite conformable with what actually takes place during recent earth-
quakes.

Judging from the present action of the sea, along the shores of
the Pacific, on the deposits of its own accumnulation, thatglesent time
seems in most places to be one of comparative rest in the eleva
movement, and of denudation of the land. Undoubtedly this is
the case along the whole great length of Patagonia. At Chiloe,
however, we have seen that a narrow sloping frinFE, covered with
vegetation, separates the present sea-beach from a line of low cliffs,
which the waves lately reached ; here, then, the land is gaining in
breadth and height, and the present period is not one of rest in the
elevation and of contingent denudation; but if the rising be not pro-
longed at a quick rate, there is every probability that the sea will
soon regain its former horizontal limits. I observed similar low
sloping fringes on several parts of the coast, both northward of Val-
paraiso and near Coquimbo; but at this latter place, from the change
in form which the coast has undergone since the old escarpments were
worn, it may be doubted whether the sea, acting for any length of
time at its present level, would eat into the land ; for it now rather
tends to throw up great masses of sand. It is from facts such as
these that I bave generally used the term comparative rest, as ap-
plied to the elevation of the land ; the rest or cessation in the move-
ment being comparative both with what has preceded it and followed it,
and with the sea’s power of corrosion at each spot and at each level.
Near Lima, the cliff-formed shores of San Lorenzo, and on the main-
land south of Callao, show that the sea is gaining on the land ; and
as we have here some evidence that its surface has lately subsided or
is still sinking, the periods of comparative rest in the elevation and
of contingent denudation, may probably in many cases include periods
of subsidence. It is only, as was shown in detail when discussing
the terraces of Coquimbo, when the sea with difficulty and after a
long lapse of time has either corroded a narrow ledge into solid rock,
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Abrupt, but rounded, hummocks of rock rise out of this plain:
those of Sta. Lueia and S, Cristoval are formed of greenstone-por-
almost entirely denuded of its original covering of porphy-
ritic claystone breccia; on their summits, many fragments of rock
(some of them, kinds not found in situ) are coated and united to-
her by a white, friable, calcareous tuff, like that found at Po-
el. When this matter was deposited on the summit of S.
Cristoval, the water must have stood 946 feet* above the surface of
the surrounding plain,

To the south this basin-like plain contracts, and rising scarcely
perceptibly with a smooth surface, passes through a remarkable level
gap in the mountains, forming a true land-strait, and called the An-
gostura. It then immediately expands into a second basin-formed
plain : this again, to the south, contracts into another land-strait, and
expands into a third basin, which, however, falls suddenly in level
about forty feet. This third basin, to the south, likewise countracts
into a strait, and then again opens into the great plain of S. Fer-
nando, stretching so far south that the snowy peaks of the distant
Cordillera are seen rising above its horizon as above the sea. These
plains, near the Cordillera, are generally formed of a thick stratified
mass of shingle;t in other parts, of a red sandy clay, often with
an admixture of pumiceous matter. Although these basins are con-
nected together like a necklace, in a north anﬁ south line, by smooth
land-straits, the streams which drain them do not all flow north and
south, but mostly westward, through breaches worn in the bounding
mountains; and in the case of the second basin, or that of Ran-

there are two distinct breaches. Each basin, moreover, is
not drained singly : thus, to give the most striking instance, but not
the only one, in proceeding sonthward over the plain of Rancagua, we
first find the water flowing northward to and through the northern
land strait; then, without crossing any marked ridge or water-shed,
we see it flowing south-westward towards the northern one of the two
breaches in the western mountainous boundary; and lastly, again
without any ridge, it flows towards the southern breach in these same
mountains. Hence the surface of this one basin-like plain, appearing
to the eye so level, has been modelled with great nicety, so that the
drainage, without any conspicuous watersheds, is directed towards

* Or 2690 feet above the sea, as measured barometrically by Mr, Eck. This
tuff appears to the eve nearly pure; but when placed in acidy it leaves a consider-
able residue of sand and broken crystals, apparently of feldspar. Dr. Meyen
(Reise, Th. 1. s. 269) says, be found a similar substance on the neighbouring hill
of Dominico (and I found it also on the Cerro Blanco), and he attributes it to the
weathering of the stone. In some places which I examined, its bulk put this
view of its origin quite out of question ; and I should much doubt whether the
decomposition of a porpbyry would, in any case, leave a crust chiefly composed of
earbonate of lime, e wﬂil.e crust, which is commonly seen on weathered feld-
spathic rocks, does not appear to contain any free carbonate of lime.

T The plain of 8, Fernando has, according to MM. Meyen and Gay (Reise, &e.
Th. 1. 5. 295 and 208), near the Cordillera, an upper step-formed plain of clay, on
the surface of which they found numerous blocks of rocks, from two to three feet
long, either lying single or piled in heaps, but all arranged in nearly straight lines,
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three openings in the encircling mountains.* The streams flowi
from the three southern basin-like plains, after passing through the
breaches to the west, unite and form the river Rapel, which enters
the Pacific near Navidad. I followed the southernmost branch of
this river, and found that the basin or plain of S, Fernando is con-
tinuously and smoothly united with those plains, which were de-
scribed in the second chapter, as being worn near the coast into sueces-
sive cave-eaten escarpments, and still nearer to the coast, as being
strewed with upraised recent marine remains.

I might have given descriptions of numerous other plains of the
same general form, some at the foot of the Cordillera, some near the
coast, and some half-way between these points. I will allude only
to one other, namely, the plain of Uspallata, lying on the eastern or
opposite side of the Cordillera, between that great range and the pa-
rallel lower range of Uspallata, According to Miers, its surface is
6000 feet above the level of the sea: it is from ten to fifteen miles in
width, and is said to extend with an unbroken surface for 180 miles
northwards : it is drained by two rivers passing through breaches in
the mountains to the east. On the banks of the R. Mendoza it is
seen to be composed of a great accumulation of stratified shingle,
estimated at 400 feet in thickness. In general appearance, nndg in
numerous points of structure, this plain closely resembles those of
Chile.

The origin and manner of formation of the thick beds of gravel,
sandy clay, volcanic detritus, and calcareous tuff, composing these
basin-like plains, is very important; because, as we shall presently
show, they send arms or fringes far up the main valleys of the Cor-
dillera. Many of the inhabitants believe that these plains were once
occupied by lakes, suddenly drained ; but I conceive that the number of
the separate breaches at nearly the same level in the mountains sur-
rounding them, quite precludes this idea. Had not such distinguished
naturalists as MM. Meyen and Gay stated their belief that these
deposits were left by great debacles rushing down from the Cordillera,
I should not have noticed a view, which appears to me from many
reasons improbable in the highest degree,—mamely, from the vast
accumulation of well rounded pebbles,—their frequent stratification
with layers of sand,—the overlying beds of calcareous tuff,—this
same substance coating and uniting the fragments of rock on the
hummocks in the plain of Santiago,—and lastly even, from the worn,
rounded, and much denuded state of these hummocks, and of the
headlands which project from the surrounding mountains. On the
other hand, these several circumstances, as well as the continuous
union of the basins at the foot of the Cordillera, with the great plain
of the Rio Rapel which still retains the marks of sea-action at various
levels, and their general similarity in form and composition with the
many plains near the coast, which are either similarly marked or are

* It appears from Capt. Herbert's account of the Diluvium of the Himalaya
(Gleanings of Science, Calcutta, vol. ii. p. 164), that precisely similar remarks
apply to the drainage of the plaius or vallevs between those great mountains.
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strewed with upraised marine remains, fully convince me that the
mountains bounding these basin-plains were breached, their islet-like
prq]mt:lnf rocks worn, and the loose stratified detritus forming their
now level surfaces deposited, by the sea, as the land slowly emerged.
It is hardly possible to state too strongly the perfect resemblance in
outline between these basin-like, long, and narrow plains of Chile,
(especially when in the early morning the mists hanging low repre-
sented water,) and the crecks and fiords now intersecting the southern
and western shores of the continent. We can on this view of the
sea, when the land stood lower, having long and tranquilly occupied
the spaces between the mountain-ranges, understand, how the boun-
daries of the separate basins were breached in more than one place ; for
we see that this is the general character of the inland bays and chan-
nels of Tierra del Fuego; we there, also, see in the sawing action of
the tides, which flow with great force in the cross channels, a power
sufficient to keep the breaches open as the land emerged. We can
further see that the waves would naturally leave the smooth bottom
of each great bay or channel as it became slowly converted into land,
gently inclined to as many points as there were mouths, through
which the sea finally retreates, thus forming so many water-sheds,
without any marked ridges, on a nearly level surface. The absence
of marine remains in these high inland plains cannot be properly
adduced as an objection to their marine origin ; for we may conclude,
from shells not being found in the great shingle beds of Patagonia,
though copiously strewed on their surfaces, and from many other
lmall'ﬁoua facts, that such deposits are eminently unfavourable for the
embedment of such remains; and with respect to shells not being
found strewed on the surface of these basin-plains, it was shown in
the last chapter that remains thus exposed in time decay and dis-

lpml

I observed some appearances on the plains at the eastern and oppo-
site foot of the Cordillera which are worth notice, as showing that the
sea there long acted at nearly the same level as on the basin-plains of
Chile. The mountains on this eastern side are exceedingly abrupt ;
they rise out of a smooth, talus-like, very gentle, slope, from five to
ten miles in width, (as represented in the following diagram), entirely

No. 13.—SECTION OF THE PLAIN AT THE EASTERN POOT OF THE CHILIAN

CORDILLERA.
I\ = e |
Cordillera. . Talus-plain. Level surface, Gravel
2700 feet above sea. terraces.

composed of perfectly rounded pebbles, often white-washed with an
aluminous substance like decomposed feldspar. This sloping plain or
talus blends into a perfectly flat space a few miles in width, composed
of reddish impure clay with small calearcous concretions as in the
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the irregularity of the 'upger surfaces.  This difference was likewise
well shown at points low down the valleys, where precipitous ravines,
cutting through mountains of highly coloured rock, have thrown
down wide, fan-shaped accumulations of detritus on the terraces: in
such cases, the line of separation between the detritus and the

could be pointed out to within an inch or two ; the detritus consisting
entirely of angular and only partially rounded fragments of the adjoin-
ing coloured rocks; the stratified shingle (as I ascertained by close
inspection, especially in one case, in the valley of the R. Mendoza)
containing only a small proportion of these fragments, and those few
well rounded.

I particularly attended to the appearance of the terraces where
the valleys made abrupt and considerable bends, but I could per-
ceive no difference in their structure: they followed the bends with
their usual nearly equable inclination. I observed, also, in several
valleys, that wherever large blocks of any rock became numerous,
either on the surface of the terrace or embedded in it, this rock soon
appeared higher up in situ: thus I have noticed blocks of porphyry,
of andesitic syenite, of porphyry and of syenite, alternately becoming
numerous, and in each case succeeded by mountains thus constituted.
There is, however, one remarkable exception to this rule; for alon
the valley of the Cachapual, M. Gay found numerous large blocks 1&
white granite, which does not occur in the neighbourhood: I ob-
served these blocks, as well as others of andesitic syenite, (not oceur-
ring here in situ), near the baths of Cauquenes at a height of between
200 and 300 feet above the river, and therefore quite above the ter-
race or fringe which borders that river; some miles higher up the
valley there were other blocks at about the same height: I also mo-
ticed, at a less height, just above the terrace, blocks of porphyries
(apparently not found in the immediately impending mountains),
arranged in rude lines, as on a sea-beach. All these blocks were
rounded, and though large, not gigantic, like the true erratic boulders
of Patagonia and Fuegia. M. Gay® states that granite does not
occur in situ within a distance of twenty leagues; I suspeect, for
several reasons, that it will ultimately be found at a much less dis-
tance, though certainly not in the immediate neighbourhood. The
boulders found by MM. Meyen and Gay on the upper plain of S,
Fernando (mentioned in a previous note) probably belong to this same
class of phenomena.

These fringes of stratified gravel cccur along all the great valleys
of the Cordillera, as well as along their main branches; they are
strikingly developed in the valleys of the Maypu, Mendoza, Aconcagua,
Cachapual, and, according to Meyen,t in the Tinguirica, In the
valleys, however, of northern Chile, and in some on the eastern flank
of the Cordillera, as in the Portillo Valley, where streams have never

* Aunales des Scienc. Nat. (L. series, tom. 28). M. Gay, as I was informed,
penetrated the Cordillera by the great oblique valley of Los Cupressos, and not
by the most direct line.

+ Reise, &e. Th. L s, 302,
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flowed, or are quite insignificant in volume, the presence of a mass of
stratified gravel can be inferred only from the smooth, slightly concave
form of the bottom. One naturally seeks for some explanation of so

eral and striking a phenomenon; that the matter forming the
ﬁ::gm along the valleys, or still filling up their entire beds, has not
fallen from the adjoining mountains like common detritus, is evident
from the complete contrast in every respect between the gravel and
the piles of detritus, whether seen high up the valleys on their sides,
or low down in front of the more precipitous ravines; that the matter
has not been deposited by debacles, even if we could believe in de-
bacles having rushed down ezery valley, and all their branches, east-
ward and westward from the central pinnacles of the Cordillera, we
must admit from the following reasons,—from the distinct stratifica-
tion of the mass,—its smooth upper surface,—the well-rounded and
sometimes encrusted state of the pebbles, so different from the loose
debris on the mountains,—and especially from the, terraces preserving
their uniform inclination round the most abrupt bends. To suppose
that as the land now stands, the rivers deposited the shingle along the
course of every valley, and all their main branches, appears to me
preposterous, seeing that these same rivers not only are now removing
and have removed much of this deposit, but are everywhere tending
to cut deep and narrow gorges in the hard underlying rocks.

I have stated that these fringes of gravel, the origin of which are
inexplicable on the notion of debacles or of ordinary alluvial action,
are directly continuous with the similarly-composed basin-like plains
at the foot of the Cordillera, which, from the several reasons befure
assigned, I cannot doubt were modelled by the agency of the sea,
Now if we suppose that the sea formerly occupied the valleys of the
Chilian Cordil in precisely the same manner as it now does in the
more southern parts of the continent, where deep winding ereeks
penetrate into the very heart of, and in the case of Obstruction Sound
quite through, this t range ; and if we suppose that the mountains
were upraised in the same slow manner as the eastern and western
coasts have been upraised within the recent period, then the origin
and formation of these sloping, terrace-like fringes of gravel can be
simply explained. For every part of the bottom of Eﬂ[%l valley will,
on this view, have long stood at the head of a sea-creek, into which
the then existing torrents will have delivered fragments of rocks,
where, by the action of the tides, they will have been rolled, sometimes
mstet{ rudely stratified, and the whole surface levelled by the
blending together of the successive beach-lines.* As the land rose,

the torrents in every valley will have tended to have removed the

* Sloping terraces of precisely similar structure have been described hy me
(Philosoph. Transactions, 1839, r 58) in the valleys of Lochaber in Scotland,
where, at higher levels, the parallel roads of Glen Roy show the marks of the long
‘and quiet residence of the sea. 1 bave no doubt that these sloping terraces would

present in the valleys of most of the European ranges, had not every
trace of them, and all wrecks of sea-action, been swept away by the glaciers

which have since occupied them. I have shown that this is the case with the
mountains (l.ondon and Edin. Phil. Journal, vol. xxi, p. 187) of North Wales,

F
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matter which just before had been arrested om, or near, the beach-
lines ; the torrents, also, having continued to gain in force by the con-
tinued elevation increasing their total duent%rﬂm their sources to the
sea. This slow rising of the Cordillera, which explains so well the
otherwise inexplicable origin and structure of the terraces, j:laﬂ:iging
from all known analogies, will probably have been interrupted by
many periods of rest; but we ought not to expect to find any evidence
of these periods, in the structure of the gravel-terraces: for, as the
waves at the heads of deep creeks have little erosive power, so the
only effect of the sea having long remained at the same level, will be
that the upper parts of the creeks will have become filled up at such
periods to the level of the water with gravel and sand ; and that after-
wards the rivers will have thrown down on the filled up parts a talus
of similar matter, of which the inclination (as at the head of a par-
tially filled up lake) will have been determined by the supply of detri-
tus, and the force of the stream.®* Hence, after the final conversion
of the creeks into valleys, almost the only difference in the terraces at
those points at whiech the sea stood long, will be a somewhat more
gentle inclination, with river-worn instead of sea-worn detritus on the
surface.

I know of only one difficulty on the foregoing view, namely, the
far-transported blocks of rock high on the sides of the valley of the
Cachapual : I will not attempt any explanation of this phenomenon,
but I may state my belief that a mountain-ridge near the Baths of
Cauquenes has been upraised long subsequently to all the other
ranges in the neighbourhood, and that when this was effected the
whole face of the country must have been greatly altered. In
the course of ages, moreover, in this and other valleys, events may
have occurred like, but even on a grander scale than, that described
by Molina,+ when a slip during the earthquake of 1762, banked up

* T have attempted to explain this process in a more detailed manner, in &
letter to Mr. Maclaren, published in the Edinburgh New Phil. Journal, vol. xxxv.

. 288.
o + Compendio de la Hist. &e. &e. t. 1, p. 30. M. Brogniart, in his report on
M. Gay's labours ( Annales des Sciences, 1833) considers that the boulders in the
Cachapual, belong to the same class with the erratic boulders of Europe. As the
blocks which I saw are not gigantic, and especially as they are not angular, and
as they have not been transported fairly across low spaces or wide “Ufj'!, 1 am
unwilling to class them wiih those, which, both in the northern and southern
hemisphere (Geolog. Trausac. vol. vi. p. 415), bave been transported by ice. It
is to be hoped, that when M. Gay’s long-continued and admirable labours in
Chile are published, more light will be thrown on this subject. However, the
boulders may have been primarily transported ; the final position of those of
porphyry, which have been described as arranged at the foot of the mountain in
rude lines, I cannot doubt, has been due to the action of waves on a beach. The
valley of the Cachapual, in the part where the bouldeis oceur, bursts through the
high ridge of Cauquenes, which runs parallel to, but at some distance from, the
Cordillera. This ridge has been subjected to excessive violence ; trachytic lava
has burst from it, and bot springs yet flow at its base. Seeing the enormous
amount of denudation of solid rock in the upper and much broader parts of this
valley where it enters the Cordillera, and seeing to what extent the ridge of
Cauquenes now protects the great range, I could not help believing (as alluded
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for ten days the t river Lontué, which then bursting its barrier
“inundated the whole country,” and doubtless transported many great
ments of rock. Finally, notwithstanding this one case of diffi-
culty, I cannot entertain any doubt, that these terrace-like fringes,
which are continnously united with the basin-shaped plains at the foot
of the Cordillera, have been formed by the arrestment of river-borne
detritus at successive levels, in the same manner as we see now taking
place at the heads of all those many, deep, winding fiords intersecting
the southern coasts. To my mind, this has been one of the maost
important conclusions to which my observations on the geology of
South America have led me; for we thus learn that one of the grandest
and most symmetrical mountain-chains in the world, with its several
lines,* have been together uplifted in mass between 7,000
and 9,000 feet, in the same gradual manner as have the eastern and
western coasts within the recent period.

Formation of Valleys.

The bulk of solid rock which has been removed in the lower parts
of the valleys of the Cordillera has been enormous: it is only by re-
flecting on such cases as that of the gravel beds of Patagonia, cover-
ing so many thousand square leagues of surface, and which if heaped
into a ridge, would form a mountain-range, almost equal to the
Cordillera, that the amount of denudation becomes credible. The

within this range, often follow anticlinal but rarely synclinal
lines ; that is, the strata on the two sides more often dip from the line
of valley than towards it. On the flanks of the range, the valleys
most frequently run neither along anticlinal nor synclinal axes, but
along lines of flexure or faults; that is, the strata on both sides dip
in the same direction, but with different, though often only slightly
different, inclinations. As most of the nearly parallel ridges which
together form the Cordillera run approximately north and south, the

to in the text) that this ridge with its trachytic eruptions had been thrown up at
a much later Eem:nl than the Cordillera. IF this has been the case, the boulders,
after having been transported to a low level by the torrents (which exhibit in
every valley proofs of their ]]:uwar of moving great fragments), may have been
raised up to their present height, with the land on which they rested.

* ] do not wish to affirm that all the lines have been uplifted quite equally ;
slight differences in the elevation would leave no perceptible effect on the terraces.
It may, however, be infm&d;&arhapa with one exception, that since the period
when the sea occupied these valleys, the several ranges have not been dislocated
by greaf and ¢ faults or upheavals ; for if such had occurred, the terraces of
Evd.it these points would not have been continuous, The one exception is at

lower end of a plain in the Valle del Yeso (a bianch of the Maypu), where, at
a great height, the terraces and valley appear to have been broken through by a
line of upheaval, of which the evidence is plain in the adjoining mountains; this
dislocation, ps, occurred afier the elevalion of this part of the valley above
the level of the sea. The valley here is almost blocked up by a pile about 1000
feet in thickness, formed, as far as I could judge from three sides, entirely, or at
least in chief &aﬂ, of gravel and detritus. On the south side, the river has cut
quite through this mass ; on the northern side, and on the very summit, deep
ravines, parallel to the line of the valley, are worn, as if the drainage from the
valley above had passed Ly these two lines before following its present course.

F 2
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east and west valleys cross them in zig-zag lines, bursting thro
the points where the strata have been least inclined. No doubt t
greater part of the denudation was affected at the periods when tidal
creeks occupied the valleys, and when the outer flanks of the moun-
tains were exposed to the full force of an open ocean. I have already
alluded to the power of the tidal action in the channels connecting
great bays; and I may here mention that one of the surveying ves-
sels in a channel of this kind, though under sail, was whirled round
and round by the force of the current. We shall hereafter see, that
of the two main ridges forming the Chilian Cordillera, the eastern
and loftiest one, owes the greater part of its angular upheaval to a
period subsequent to the elevation of the western ridge; and it is
likewise probable that many of the other parallel ridges have been
angularly upheaved at different periods; consequently many parts of
the surfaces of these mountains must formerly have been exposed to
the full force of the waves, which, if the Cordillera were now sunk
into the sea, would be protected by parallel chains of islands. The
torrents in the valleys certainly have great power in wearing the
rocks; as could be told by the dull rattﬂg sound of the many frag-
ments night and day hurrying downwards; and as was attested by
the vast size of certain fragments, which 1 was assured hadbeen
carried onwards during floods ; yet we have seen in the lower parts of
the valleys, that the torrents have seldom removed all the sea-
checked shingle forming the terraces, and have had time since the last
elevation in mass only to cut in the underlying rocks, gorges, deep
and narrow, but quite insignificant in dimensions compared with the
entire width and depth of the valleys.

Along the shores of the Pacific, I never ceased during my many
and long excursions to feel astonished at seeing every ey, ravine,
and even little inequality of surface, both in the hard granitic and
soft tertiary districts, retaining the exact outline, whmﬁmt-hay had
when the sea left their surfaces coated with organic remains. When
these remains shall have decayed, there will be scarcely any difference
in appearance between this line of coast-land and most other coun-
tries, which we are accustomed to believe have assumed their pre-
sent features chiefly through the agency of the weather and fresh-
water streams. In the old granitic districts, no doubt it would be
rash to attribute all the modifications of outline exclusively to the
sea-action ; for who can say how often this lately suhmergai coast
may not previously have existed as land, worn by running streams
and washed by rain: this source of douhf. however, does nnt a.pPly

to the districts superficially formed of the modern tertiary deposi
The valleys worn by the sea, throngh the softer formations, bnth on
the Atlantic and Pacific sides of the continent, are erally broad,
winding, and flat-bottomed : the only district of tfn nature now
penetrated by arms of the sea, is the island of Chiloe.

Finally, the conclusion at which I have arrived, with respect to the
relative powers of rain and sea water on the land is, that the latter
is far the most efficient agent, and that its chief tendency is to widen
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the valleys ; whilst torrents and rivers tend to deepen them, and to
remove the wreck of the sea’s destroying action. As the waves have
more power, the more open and exposed the space may be, so
will they always tend to widen more and more the mouths of valleys
compared with their upper parts: hence, doubtless, it is, that most
valleys expand at their mouths,—that part, at which the rivers
flowing in them, generally have the least wearing power.

When reflecting on the action of the sea on the land at former
levels, the effect of the great waves, which generally accompany
earthquakes, must not be overlooked: few years pass without a
severe earthquake occurring on some part of the west coast of South
America ; and the waves thus caused have great power. At Con-
cepcion, after the shock of 1835, I saw lm’%e slabs of sandstone, one
of which was six feet long, three in breadth and two in thickness,
thrown high up on the beach; and from the nature of the marine
animals still adhering to it, it must have been torn up from a consi-
derable depth. On the other band, at Callao, the recoil-wave of the
earthquake of 1746 carried great masses of brickwork, between
three and four feet square, some way out seaward. During the
course of a the effect thus produced at each successive level,
cannot have been small ; and in some of the tertiary deposits on this
line of coast, I observed great boulders of ian':te and other neigh-
bouring rocks, embedded in fine sedimentary layers, the transportal of
“which, except by the means of earthquake-waves, always appeared to
me inexplicable.

Superficial Saline Deposils.

This subject may be here conveniently treated of: I will begin
with the most interesting case, namely, the superficial saline beds near
Iguique in Peru. The porphyritic mountains on the coast rise abruptly
to a height of between 1,900 and 2,000 feet: between their summits
and an inland plain, on which the celebrated deposit of nitrate of soda
lies, there is a high undulatory district, covered by a remarkable
superficial saliferous crust, chiefly composed of common salt, either in
white, hard, opaque nodules, or mingled with sand, in this latter case
forming a compact sandstone. This saliferous superficial crust ex-
tends from the edge of the coast-escarpment, over the whole face of
the country; but never attains, as I am assured by Mr, Bollaert,
(long resident here) any t thickness. Although a very slight
shower falls only at intervals of many years, yet small funnel-shaped
cavities show that the salt has been in some parts dissolved.* In
several places I saw large patches of sand, quite moist, owing to the
quantity of muriate of lime (as ascertained by Mr, T. Reeks) con-
tained in them. ~ From the compact salt-cemented sand being either

* 1t is singular how slowly, according to the observations of M. Cordier on the
salt-mountain of Cardona in Spain (Ann. des Mines, Transl, of Geolog. Mem. by
Delabeche, p. 60), salt is dissolved, where the amount of rain is supposed to be as
much as 31°4 of an inch in the year. It is calculated that ouly five feet in thick-
ness is dissolved in the course of a century.
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red, purplish, or §ellnw, according to the colour of the rocky strata on
which it rested, I imagined that this* substance had probably been
derived through common alluvial action from the layers of salt which
occur interstratified in the surrounding mountains: but from the in-
teresting details given by M. d'Orbigny, and from finding on a fresh
examination of this agglomerated sand, that it is not irre

cemented, but consists of thin layers of sand of different tints of colour,
alternating with excessively fine parallel layers of salt, I conclude that
it is not of alluvial origin. M. d'Orbigny + observed anulrtzgous saline
beds extending from Cobija for five degrees of latitude northward, and
at heights varying from 600 to 900 feet: from finding recent sea-shells
strewed on these saliferous beds, and under them, well-rounded
blocks, exactly like those on the existing beach, he believes that the
salt, which is invariably superficial, has left by the evaporation of
the sea-water. This same conclusion must, I now believe, be extended
to the superficial saliferous beds of Iquique, though they stand about
3,000 feet above the level of the sea. -

Associated with the salt in the superficial beds, there are numerous,
thin, horizontal layers of impure, dirty-white, friable, gypseous and
calcareous tuffs. The gypseous beds are very remarkable, from
abounding with, so as sometimes to be almost composed of, irregular
concretions, from the size of an egg to that of a man’s head, of very
hard, compact, heavy gypsum, in the form of anhydrite. This
sum contains some foreign particles of stone; it is stained, judging
from its action with borax, with iron, and it exhales a strong alumi-
nous odour. The surfaces of the concretions are marked by sharp,
radiating, or bifurcating ridges, as if they had been (but not rea.il{g
corroded : intermally they are penetrated by bra.nchin%:'eins (h
those of caleareous spar in the septaria of the London clay) of pure
white anhydrite. These veins might naturally have been thought to
have been formed by subsequent infiltration, had not each little em-
bedded fragment of rock been likewise edged in a very remarkable
manner by a narrow border of the same white anhydrite : this shows
that the veins must have been formed by a process oofrrﬁnﬁon, and
not of infiltration. Some of the little included and fragments
of foreign rock are penetrated by the anhydrite, and portions have
evidently been thus mechanically displaced : at St. Helena, I observed
that calcareous matter, deposited by rain-water, also had the power
to separate small fragments of rock from the larger masses.] I believe
the superficial gypseous deposit is widely extended : I received speci-

* Journal of Researches, p. 444, first edit.

+ Voyage, &c. p. 102, M. d'Orbigny found this deposit intersected, in m
places, by deep ravines, in which there was no salt, Streams must once, thmﬁ
historically unknown, have fiowed in them; and M. d’Orbigny argues from
presence of undissolved salt over the whole surrounding country, that the streams
must have arisen from rain or snow having fallen, not in the adjoining country,
but on the now arid Cordillera. I may remark, that from having observed ruins
of Indian buildings in absolutely sterile parts of the Chilian Cordillera (Journal,
2nd Edit. p. 357), I am led to believe that the climate, at a time when Indian

man inhabited this part of the continent, was in some slight more humid
than it is at present. t Volcanic Islands, &e. p. 87.




CHAP. NI NITRATE OF SODA. 71

mens of it from Pisagua, forty miles north of Iquique, and likewise
from Arica, where it coats a layer of pure salt, M. d’Orbigny* found
at Cobija a bed of clay, lying above a mass of upraised recent shells,
which was saturated with sulphate of soda, and included thin layers
of fibrous gypsum. These widely extended, superficial, beds of salt
and gypsum, appear to me an interesting geological phenomenon,
which could be presented only under a very dry climate.

The plain or basin, on the borders of which the famous bed of
nitrate of soda lies, is situated at the distance of about thirty miles
from the sea, being separated from it by the saliferous distriet just
described. It stands at a height of 3,300 feet ; its surface is level, and
some leagues in width ; it extends forty miles northward, and has a
total length (as I was informed by Mr. Belford Wilson, the Consul-
General at Lima) of 420 miles. In a well near the works, thirty-six
vards in depth, sand, earth, and a little gravel were found : in another
well, near Almonte, fifty yards deep, the whole consisted, according
to Mr. Blake,* of clay, including a layer of sand two feet thick,
which rested on fine gravel, and this on coarse gravel, with large rounded

ts of rock. In many parts of this now utterly desert plain,

rushes and large prostrate trees in a hardened state, apparently Mimo-
sas, are found buried, at a depth from three to six feet; according to
Mr. Blake, they have all fallen to the south west. The bed of nitrate
of soda is a.nledy to extend for forty or fifty leagues along the western
in of the plain, but is not found in its central parts : it is from

two to three feet in thickness, and is so hard that it is generally
blasted with gunpowder; it slopes gently upwards from the edge of
the plain to between ten and thirty feet above its level. It rests on
sand in which, it is said, vegetable remains and broken shells have
been found; shells have also been found, according to Mr. Blake, both
on and in the nitrate of soda. It is covered by a superficial mass of
sand, containing nodules of common salt, and, as I was assured by
a miner, much soft gypseous matter, precisely like that in the super-
ficial crust already described : certainly this crust, with its character-
istic concretions of anhydrite comes close down to the edge of the

The nitrate of soda varies in purity in different parts, and often
contains nodules of common salt. According to Mr. Blake, the pro-
ion of nitrate of soda varies from twenty to seventy-five per cent.

An analysis by Mr. A. Hayes, of an average specimen, gave—

Nitrate of Soda - . ; G4:98
Sulphate of Soda - 3 . 300
Chloride of Soda g 3 : 28-69
Todic Salts : . ; : 063
Shells and Marl " . : 2:60

09-90

* Voyage Géolog. &c. p. 95.
t See an admirable paper, ** Geolog. and Miscell. Notices of Tarapaca,” in
Silliman's American Journal, vol. xliv, p. 1.



72 SALINE INCRUSTATIONS, [cnap 1.

The “mother water” at some of the refineries is very rich in iodic
salts, and is supposed*® to contain much muriate of lime. In an un-
refined specimen, bronght home by myself, Mr. T. Reeks has ascer-
tained that the muriate of lime is very abundant. With respect to
the origin of this saline mass, from the manner in which the gently
inclined, compact bed follows for so many miles the sinuous margin of
the plain, there can be no doubt that it was deposited from a sheet of
water : from the fragments of embedded shells, from the abundant
iodic salts, from the superficial saliferous crust oecurring at a higher
level and being probably of marine origin, and from the plain resem-
bling in form those of Chile and that of Uspallata, there can be little
d}?ugt tl:li. this sheet of water was, at least originally, conunected with
the sea. :

Thin, superficial, saline incrustations:—These saline incrustations
are common in many parts of America: Humboldt met with them
on the table-land of Mexico, and the Jesuit Falkner and other authors §
state that they occur at intervals over the vast plains extending from
the mouth of the Plata to Rioja and Catamarca. Hence- it is that
during droughts, most of the streams in the Pampas are saline. I
nowhere met with these incrustations so abundantly as near Bahia
Blanca : square miles of the mud-flats, which near that place are
raised only a few feet above the sea, just enough to protect them from
being overflowed, appear, after dry weather, whiter than the ground
after the thickest hoar-frost. After rain the salts disappear, and every
puddle of water becomes highly saline; as the surface dries, the
capillary action draws the moisture up pieces of broken earth, dead
sticks, and tufts of grass, where the salt effloresces, The inerustation,
where thickest, does not exceed a quarter of an inch. M. Par-
chappe§ has analysed it; and finds that the specimens collected at the
extreme head of the low plain, near the R. Manuelo, consist of
ninety-three per cent. of sulphate of soda, and seven of common
salt ; whilst the specimens taken close to the coast contain only.
sixty-three per cent. of the sulphate, and thirty-seven of the murate
of soda. This remarkable fact, together with our knowledge that
the whole of this low muddy plain has been covered by the sea

* Literary Gazette, 1841, p. 475.
1 From an official document, shown me by Mr. Belford Wilson, it appears that

the first export of nitrate of soda to Europe was in July, 1830, on French account,
in a British ship :—

Quintals

In 1830, the entire export was i 3 17,300
1831, = = . 5 40,885
1832, ot ] . . 51,400
1833, » 5 . M 91,335
1834, <% = 149,538

The Spanish quintal nearly equals 100 English pounds.

t Azara (Travels, vol. i. p. 55) considers that the Parana is the eastern
boundary of the saliferous region ; but I heard of * salitrales” in the Province
of Entre Rios. .

§ M. d'Orbigny’s Voyage, &c. Part. Hist. tom. 1. p. 664.
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within the recent period, must lead to the suspicion that the common
salt, by some unknown process, becomes in time changed into the
sulphate. Friable calcareous matter is here abundant, and the case
of the apparent double decomposition of the shells and salt on S.
Lorenzo, should not be forgotten.

The saline incrustations, near Bahia Blanca, are not confined to,
though most abundant on, the low muddy flats ; for I noticed some
on a calcareous plain between thirty and forty feet above the sea, and
even a little oceurs in still higher valleys. Low alluvial tracts in the
valleys of the rivers Negro and Colorado are also encrusted, and in
the latter valley such spaces appeared to be occasionally overflowed
by the river. I observed saline incrustations in some of the valleys
ng southern Patagonia. At Port Desire a low, flat, muddy valley
was thickly incrusted by salts, which on analysis by Mr. T. Reeks,
are found to consist of a mixture of sulphate and muriate of soda,
with carbonate of lime and earthy matter. On the western side of
the continent, the southern coasts are much too humid for this phe-
nomenon ; but in northern Chile I again met with similar incrusta-
tions. On the hardened mud, in parts of the broad, flat-bottomed
valley of Copiapo, the saline matter incrusts the ground to the thick-
ness of some inches : specimens, sent by Mr. Bingley to Apothecaries’
Hall for analysis, were said to consist of carbonate and sulphate of
soda, Much sulphate of soda is found in the desert of Atacama, In
all parts of 8. America, the saline incrustations occur most frequently
on low damp surfaces of mud, where the climate is rather dry; and
these low surfaces have, in almost every case, been upraised above the
level of the sea, within the recent period.

Salt-lakes of Patagonia and La Plata.—Salinas, or natural salt-lakes,
occur in various formations on the eastern side of the continent,—in
the argi -calcareous deposit of the Pampas, in the sandstone of
the Rio Negro, where they are very numerous, in the pumiceous and
other beds of the Patagonian tertiary formation, and in small primary
districts in the widst of this latter formation. Port S. Julian is the
most southerly point (lat. 49° to 50°), at which Salinas are known
to occur.® The depressions, in which these salt-lakes lie, are from a
few feet to sixty metres, as asserted by M. d’Orbigny,t below the
surface of the surrounding plains ; and, according to this same author,
near the Rio Negro they all trend, either in N.E. and 8.W. or in
E. and W. lines, coincident with the general slope of the plain.
These depressions in the plain generally have one side lower than the
others, but there are no outlets for drainage. Under a less dry cli-
mate, an outlet would soon have been formed, and the salt washed
away. The salinas oceur at different elevations above the sea; they

* Amrding to Azara (Travels, vol. i. p. 56) there are salt lakes as far north as
Chaco (lat, 25°), on the banks of the Vermejo. The salt lakes of Siberia appear

(Pallas’s Travels, English Trans. vol. i. p. 284) to occur in very similar depressions
to those of Patagouia. : i %
T Voyage Géolog. p. 63.
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are often several leagues in diameter; they are generally very shallow,
but there is a deep one in a quartz-rock formation near C. Blanco.
In the wet season, the whole, or a part, of the salt is dissolved, being
redeposited during the succeeding dry season. At this period, the
appearance of the snow-white expanse of salt crystallized in great
cubes, is very striking. In a large salina, northward of the Rio
Negro, the salt at the bottom, during the whole year, is between two
and three feet in thickness,

The salt rests almost always on a thick bed of black muddy sand,
which is fetid, probably from the decay of the burrowing worms in-
habiting it.* In a salina, situated about fifteen miles above the
town of El Carmen on the R. Negro, and three or four miles from
the banks of that river, I observed that this black mud rested om
gravel with a caleareous matrix, similar to that spread over the whole
surrounding plains : at Port S. Julian the mud, also, rested on the
gravel : hence the depressions must have been formed anteriorly to, or
contemporaneously with, the spreading out of t-h:ﬁmvel. I was in-
formed that one small salina occurs in an alluvial plain within the
valley of the Rio Negro, and therefore its origin must be subsequent
to the excavation of that valley. When I visited the salina, fifteen
miles above the town, the salt was beginning to crystallize, and on
the muddy bottom there were lying many crystals, placed
cross-ways of sulphate of soda (as ascertained by Mr. Roega}, and
embedded in the mud, numerous crystals of sulphate of lime, from
one to three inches in length: M. d’Orbignyt states that some of
these crystals are acicular and more than even nine inches in length ;
others are macled and of great purity: those I found all contained
some sand in their centres. As the black and fetid sand overlies the
gravel, and that overlies the regular tertiary strata, I think there can
be no doubt that these remarkable crystals of sulphate of lime have
been deposited from the waters of the lake. The inhabitants call the
crystals of selenite, the padie del sal, and those of the sulphate of
soda, the madre del sal ; they assured me that both are found under
the same circumstances in several of the neighbouring salinas; and
that the sulphate of soda is annually dissolved, and is always crys-
tallized before the common salt on the muddy bottom.f The asso-
ciation of m and salt in this case, as well as in the superficial
deposits 0% Iquique, appears to me interesting, considering how
generally these substances are associated in the older stratified for-
mations,

Mr. Reeks has analysed for me some of the salt from the salina
near the R. N he finds it composed entirely of chloride of sodium
with the exception of 0.26 of sulphate of lime, and of 0.22 of earthy
matter ; there are no traces of iodic salts, Some salt from the salina

* Prof. Ehrenberg examined some of this muddy sand, but was unable to find
in it any infusoria.

t Voyage Géolog. p. 64.

1 This i1s what might have been expected ; fur M. Ballard asserts (Acad. des

Sciences, Oct, 7, 1844) that sulphate of soda is precipitated from solution more
readily from water containing muriate of soda in excess, than from pure water.
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Chiquitos in the Pampean formation, is equally pure. It is a singular
fact, that the salt from these salinas does not serve so well for preserv-
ing meat, as sea-salt from the Cape de Verd islands; and a mer-
chant at Buenos Ayres told me that he considered it as fifty per
cent. less valuable, The purity of the Patagonian salt, or absence
from it of those other saline bodies found in all sea-water, is the only
ignable cause for this inferiority ; a conclusion which is supported
by the fact lately ascertained,* that those salts answer best for pre-
serving cheese which contain most of the deliquescent chlorides,t
With respect to the origin of the salt in the salinas, the foregoing
analysis seems opposed to the view entertained by M. d’Orbigny
and others, and which seems so probable considering the recent ele-
vation of this line of coast, namely, that it is due to the evaporation
of sea-water and to the drainage from the surrounding strata im-
ted with sea-salt. I was informed (I know not whether accu-
rately) that on the northern side of the salina on the Rio Negro,
there is a small brine spring which flows at all times of the year:
if this be so, the salt in this case at least, probably is of subterranean
origin. It at first appears very singular that fresh-water can often
be procured in wells,] and is sometimes found in small lakes, quite
close to these salinas. I am not aware that this fact bears parti-
cularly on the origin of the salt; but perhaps it is rather opposed to
the view of the salt having been washed out of the surrounding
superficial strata, but not to its having been the residue of sea-water,
left in depressions as the land was slowly elevated.

* Hort. and Agricult. Gazette, 1845, p. 93.

+ 1t would probably well answer for the merchants of Buenos Ayres (consider-
ing the great consumption there of salt for preserving meat) to import the deliques-
cent chlorides to mix with the salt from the salinas: I may call attention to the
fact, that at Iquique, a large quantity of muriate of lime, left in the mother-water
during the refinement of the nitrate of soda, is annually thrown away.

$ Sir W. Parish states (Bueuos Ayres, &e. p. 122 and 170) that this is the
case near the great salinas westward of the g, Ventana. I have seen similar
statements in an ancient MS. journey lately published by 8. Angelis. At
Iquique, where the surface is so thickly encrusted with saline matter, I tasted
water mﬂ{“difhtlj brackish, procured in a well thirty-six yards deep; but
here one feels less surprise at its presence, as pure water might percolate under
ground from the not very distant Cordillera.
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Dr. Carpenter has kindly examined under the microscope, sliced
and polished specimens of these concretions, and of the solid marl-
rock, collected in various places between the Colorado and St. Fé
Bajada. In the greater number, Dr. Carpenter finds that the whole
substance presents a tolerably uniform amorphous character, but with
traces of incipient crystalline metamorphosis; in other specimens he
finds microscopically minute rounded concretions of an amorphous
substance (resembling in size those in oolitic rocks, but not havin
a concentric structure), united by a cement which is often crystalline.
In some, Dr. Carpenter can perceive distinct traces of shells, corals,
Polythalamia, and rarely of spongoid bodies. For the sake of com-

rison, 1 sent Dr. Carpenter specimens of the calcareous rock,
F:rmed chiefly of fragments of recent shells, from Coquimbo in Chile :
in one of these specimens, Dr. Carpenter finds, besides the larger frag-
ments, microscopical particles of shells, and a varying quantity of
opaque amorphous matter; in another specimen from the same bed,
he finds the whole composed of the amorphous matter, with layers
showing indications of an incipient crystalline metamorphosis: hence
these latter specimens, both in external appearance and in microsco-

ical structure, closely resemble those of the Pampas. Dr. Carpenter
informs me that it is well known that chemical precipitation throws
down carbonate of lime in the opaque amorphous state; and he is
inclined to believe that the long-continued attrition of a calcareous
body in a state of crystalline or semi-crystalline aggregation (as, for
instance, in the ordinary shells of mollusea, which, when sliced, are
transparent) may yield the same result. From the intimate relation
between all the Coquimbo specimens, I can hardly doubt that the
amorphous carbonate of lime in them has resulted from the attrition
and y of the larger fragments of shell : whether the amorphous
matter in the marly rocks of the Pampas, has likewise thus originated,
it would be hm:diua to conjecture.

For convenience sake, I will call the marly rock by the name
given to it by the inhabitants, namely, Tosca-rock ; and the reddish

1 us earth, Pampean mud. This latter substance, I may men-
tion, has been examined for me by Professor Ehrenberg, and the
result of his examination will be given under the proper localities.

I will commence my descriptions at a central spot, namely, at
Buenos Ayres, and thence proceed first southward to the extreme
limit of the deposit, and afterwards northward. The plain on which
Buenos Ayres stands is from thirty to forty feet in height. The
Pampean mud is here of a rather pale colour, and includes small
nearly white nodules, and other irregular strata of an unusually
arenaceous variety of tosca-rock. In a well at the depth of seventy
feet, amnrding to Ignatio Nunez, much tosca-rock was met with, and
at several powts, at 100 feet deep, beds of sand have been found. I
have already given a list of the recent marine and estuary shells
found in many on the surface near Buenos Ayres, as far as
three and four leagues from the Plata. Specimens from near Ense-
nada, given me by Sir W. Parish, where the rock is quarried just
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beneath the surface of the plain, consist of broken bivalves, cemented
by and converted into, white erystalline carbonate of lime. I have
already alluded, in the first chapter, to a specimen (also given me by
Sir W, Parish) from the A. del Tristan, in which shells, resembling
in every respect the 4 zara labiata, d'Orbig., as far as their wormn con-
dition permits of comparison, are embedded in a reddish, softish,
somewhat arenaceous marly rock : after careful compari with the
aid of a microscope and acids, I can perceive no difference between
the basis of this rock and the specimens collected by me in many
parts of the Pampas. I have also stated, on the authority of Sir W,
Parish, that northward of Buenos Ayres, on the highest parts of the
plain, about forty feet above the Plata, and two or three miles from
it, numerous shells of the Azara labiata (and I believe of Venus
sinuosa) occur embedded in a stratified earthy mass, including small
marly concretions and said to be precisely like the great Pampean
deposit, Hence we may conclude that the mud of the Pampas con-
tinued to be deposited to within the period of this existing estuary
shell.  Although this formation is of such immense extent, I know
of no other instance of the presence of shells in it.

Bugnos Ayres to the Rio Colorado.—With the exception of a few
metamorphic ridges, the country between these two points, a dis-
tance of 400 geographical miles, belongs to the Pampean formation,
and in the southern part is generally formed of the harder and more
calcareous varieties, I will briefly deseribe my route: about twenty-
five miles S.S.W. of the capital, in a well forty yards in depth, the
upper part, and, as I was assured, the entire thickness, was formed of
dark red Pampean mud without concretions. North of the R.
Salado, there are many lakes; and on the banks of one (near the
Guardia) there was a little cliff similarly composed, but ineluding
many nodular and stalactiform coneretions: I found here a large
piece of tesselated armour, like that of the Glyptodon, and many
fragments of bones. The cliffs on the Salado consist of pale-coloured
Pampean mud, including and passing into great masses of tosca-rock :
here a skeleton of the Megatherium and the bones of other extinet

uadrupeds (see the list at the end of this chapter) were found,
Earge quantities of crystallized gypsum (of which specimens were
given me) occur in the cliffs of this river; and likewise (as I was
assured by Mr. Lumb) in the Pampean mud on the R. Chuelo, seven
leagues from B. Ayres: I mention this because M. d'Orbigny lays
some stress on the supposed absence of this mineral in the pean
formation.

Southward of the Salado the country is low and swampy, with
tosca-rock appearing at long intervals at the surface. On the banks,
however, of the Tapalguen (sixty miles sonth of the Salado) there is
a large extent of tosca-rock, some highly compact and even semi-
crystalline, overlying pale Pampean mud with the usual concretions.
Thirty miles further south, the small qua.rt.z-ridffs of Tapalguen is
fringed on its northern and southern flank, by httle, narrow, flat-
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topped hills of tosca-rock, which stand higher than the surrounding
plain. Between this ridge and the sierra of Guitru-gueyu, a distance
of sixty miles, the country is swampy, with the tosca-rock appearing
only in four or five spots : this Sierra, precisely like that of Tapalguen,
is bordered by horizontal, often cliff-bounded, little hills of tosca-rock,
higher than the surrounding plain. Here, also, a new appearance
was presented in some extensive and level banks of alluvium or
detritus of the neighbouring metamorphic rocks; but I neglected to
observe whether it was stratified or not. Between Guitru-gueyu and
the Sierra Ventana, I crossed a dry plain of tosca-rock higher than
the country hitherto passed over, and with small pieces of denuded
table land of the same formation, standing still higher.

The marly or calcareous beds not only come up nearly horizontally
to the northern and southern foot of the great quartzose mountains of
the Sierra Ventana, but interfold between the parallel ranges. The
superficial beds (for I nowhere obtained sections more than twenty
feet deep) retain, even close to the mountains, their usual character :
the uppermost layer, however, in one place included pebbles of quartz,
and rested on a mass of detritus of the same rock. At the very foot
of the mountains, there were some few piles of quartz and tosca-rock
detritus, including land-shells; but at the distance of only half a mile
from these lofty, jagged, and battered mountains, I could not, to my
great surprise, find on the boundless surface of the calecareous plain
even a single pebble. Quartz-pebbles, however, of considerable size
have at some period been transported to a distance of between forty
and fifty miles to the shores of Bahia Blanca.*

The highest peak of the 5. Ventana is, by Captain FitzRoy’s
measurement, 3340 feet, and the calcareous plain at its foot (from
observations taken by some Spanish officers+) 840 feet above the sea-
level. On the flanks of the mountains, at a height of 300 or 400
feet above the plain, there were a few small patches of conglomerate
and breccia, firmly cemented by ferruginous matter to the abrupt and
battered face of the quartz,—traces being thus exhibited of ancient
sea-action. The high plain round this range sinks quite insensibly to
the eye on all sides, except to the mnorth, where its surface is broken
into low cliffs. Round the Sierras Tapalguen, Guitru-gueyu, and
between the latter and the Ventana we have seen that the tosca-rock
forms low, flat-topped, cliff-bounded hills, higher than the surround-
'ﬂplninsnf similar composition. From the horizontal stratification

from the appearance of the broken cliffs, the greater height of
the Pampean formation round these primary hil's, ought not to be
altogether or in chief part attributed to these several points having
been uplifted more energetically than the surrounding country, but to

* Bchmidtmeyer (Travels in Chile, p. 150) states that he first noticed on the
& small bits of red granite, when fifty miles distant from the southern
l;tIBIitj the mountains of Cordova, which project on the plain, like a reef into
the sea,
t La Plata, &c. by Sir W, Parish, p. 146,
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the argillaceo-calcareous mud having colleeted round them, when
they existed as islets or submarine rocks, at a greater height, than
at the bottom of the adjoining open sea ;—the cliffs having been sub-
sequently worn during the elevation of the whole country in mass.
Southward of the Ventana, the plain extends farther than the eye
can range; its surface is not very level, having slight depressions
with no drainage exits; it is generally covered by a few feet in thick-
ness of sandy earth ; and in some places, according to M. Parchappe,*
by beds of clay two yards thick. On the banks of the Sauce, four
leagues S.E. of the Ventana, there is an imperfect section about 200
feet in height, displaying in the upper part tosea-rock and in the
lower part red Pampean mud. At the settlement of Bahia Blanea,
the uppermost plain is composed of very compact, stratified tosca-
rock, containing rounded grains of quartz distingunishable by the naked
eye : the lower plain, on which the Fortress stands, is described by M.
Parchappe® as composed of solid tosca-rock ; but the sections which
I examined appeared more like a redeposited mass of this rock, with
small pebbles and fragments of quartz. I shall immediately return to
the important sections on the shores of Bahia Blanca. Twenty miles
southward of this place, there is a remarkable ridge, extending W. by
N. and E. by 8., formed of small, separate, flat-topped, steep-sided
hills, rising between 100 and 200 feet above the Pampean plain at its
southern base, which plain is a little lower than that to the north.
The uppermost stratum in this ridge consists of pale, highly calcareous,
compact tosea-rock, resting (as seen in one place) on reddish Pam-
mud, and this again on a paler kind: at the foot of the
ridge, there is a well in reddish clay or mud. I have seen no other
instance of a chain of hills belonging to the Pampean formation ; and
as the strata show no signs of disturbance, and as the direction of the
ridge is the same with that common to all the metamorphic lines in
this whole area, I suspect that the Pampean sediment has in this
instance been accumulated on and over a ridge of hard rocks, instead
of, as in the case of the above mentioned Sierras, round their subma-
rine flanks. South of this little chain of tosca-rock, a plain of Pam-
pean mud declines towards the banks of the Colarado: in the middle
a well has been dug in red Pampean mud, covered by two feet of
white, softish, highly caleareous tosca-rock, over which lies sand with
small pebbles three feet in thickness,—the first appearance of that
vast shingle formation described in the first chapter. In the first
section after erossing the Colorado, an older tertiary formation, namely,
the Rio Negro sandstone (to be described in the next chapter), is met
with : but from the accouats given me by the Gauchos, I believe that
at the mouth of the Colarado the Pampean formation extends a little
further southwards.

Bahia Blanca.—To return to the shores of this bay. At Monte
Hermoso there is a good section, about 100 feet in height, of four
distinct strata, appearing to the eye horizontal, but thickening a little

* M. d'Orbigny, Voyage, Part, Géolog. pp. 47, 48.
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or caleareous matter : 1 here procured a head, which when first dis-
covered must have been quite perfect, of the Toxodon Platensis,
another of a Mylodon,* perhaps M. Darwinii, and a large piece of
dermal armour, differing from that of the Glyptodon clavipes. These
bones are remarkable from their extraordinarily fresh appearance;
when held over a lamp of spirits of wine, they give out a stron
odour and burn with a small flame; Mr. T. Reeks has been so kinﬁ
as to analyse some of the fragments, and he finds that they contain
about seven per cent. of animal matter, and eight per cent. of water.t
The older tertiary strata, forming the higher isolated hills and ex-
tensive tracts of country, vary, as fha.ve said, extraordinarily in com-
position : within the distance of a few miles, I sometimes passed over
crystalline limestone with agate, calcareous tuffs, and marly rocks, all
passing into each other,—red and pale mud with concretions of tosca-
rock, quite like the Pampean formation, —calcareous conglomerates and
sandstones,—bright red sandstones passing either into red conglomer-
ate, or into white sandstone,—hard siliceous sandstones, jaspery and
chalecedonic rocks, and numerous other subordinate varieties. {wm
unable to make out the relations of all these strata, and will describe
only a few distinct sections :—in the cliffs between P. Gorda on
the Uruguay and the A. de Vivoras, the upper bed is erystalline
cellular limestone often passing into calcareous sandstone, with im-
pressions of some of the same shells as at St. Fé Bajada; at P.
Grorda,} this limestone is interstratified with, and rests on, white
sand, which covers a bed about thirty feet thick of pale-coloured
clay, with many shells of the t Ostrea Patagonica: beneath this,
in the vertical cliff, nearly on a level with the river, there is a bed of red
mud absolutely like the Pampean deposit, with numerous often
concretions of perfectly characterized white, compact tosca-rock. At
the mouth of the Vivoras, the river flows over a pale cavernous tosca-
rock, quite like that in the Pampas, and this appeared to underlie the
crystalline limestone; but the section was not unequivocal like that
at P. Gorda, These beds now form only a narrow and much de-
nuded strip of land; but they must once have extended much fur-
ther; for on the next stream, south of the 8. Juan, Capt. Sulivan,
R.N., found a little cliff, only just above the surface of the river,
with numerous shells of the Venus Munsterii, dOrbig.,—one of the
species occurring at St. Fé, and of which there are casts at P. Gorda :
the line of cliffs of the subsequently deposited true Pampean mud, ex-
tend from Colonia to within half a mile of this spot, and no doubt
once covered up this denuded marine stratum. Again at Colonia, a

* This head was at first considered by Professor Owen (in the Zoology of
Deagle's Voyage) as belonging to a distinct genus, namely, Glossotherium.

+ Liebig ( Chemistry of Agriculture, p. 194) states that fresh dry bones contain
from thirty-two to thirty-three per cent, of dry gelatine. See also Dr. Daubeny
in Edin, New Phil. Journ. vol. xxxvii, p. 293.

1 In my Journal (p. 171, 1st edit.), 1 have hastily und inaccurately stated that
the Pampean mud, which is found over the eastern part of B. Oriental, lies over
the limestone at P. Gorda ; 1 should have said that there was reason to infer that
it was a subsequent or superior deposit.
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from the similarity of the rocky framework of the continent: it is
known that in Brazil an immense area consists of gneissic rocks, and
we shall hereafter see, over how great a length the plutonie rocks of
the Cordillera, the overlying purple porphyries, and the trachytic
ejections, are almost iﬂ:enticalgin nature.

Three theories on the origin of the Pampean formation have been
propounded :—F'irst, that of a great debacle by M. d’Orbigny ; this
seems founded chiefly on the absence of stratification, and on the
number of embedded remains of terrestrial quadrupeds. Although
the Pampean formation (like so many argillaceous deposits) is mot
divided into distinet and separate strata, yet we have seen that in
one good section it was striped with hﬂnzuntal zones of colour, and
that in several specified places the upper and lower parts differed, not
only considerably in cuﬂuur, but greatly in um:laht-utiun. In the
southern part of the Pampas the upper mass (to a certain extent
stratified) generally consists of hard tosca-rock, and the lower part
of red Pampean mud, often itself divided into two or more masses,
varying in colour and i in the quantity of included calcareous matter.
In western Banda Oriental, beds of a similar nature, but of a greater
age, conformably underlie and are intercalated with the regularly
stratified tertiary formation. As a general rule, the marly con-
cretions are arranged in horizontal lines, sometimes united into
irregular strata : surely, if the mud had been tumultuously deposited
in mass, the included calcareous matter wuuld have itself
irregularly, and not into nodules arranged in horizontal lines, one
above the other and often far apart : this arrangement appears to me
to prove that mud, differing slightly in composition, was successively
and quietly deposited. On the theory of a debacle, a Erodlﬁ::
amount of mud, without a single pebble, is supposed to have
borne over the wide surface of the Pampas, when under water :
the other hand, over the whole of Patagonia, the same or lnuther
debacle is supp-:-sed; to have borne nothing but gravel,—the gravel
and the fine mud in the neighbourhood of the Rmﬂ Na%o and Golu-
rado having been borne to an equal distance from the Cordillera, or
imagined line of disturbance: assuredly directly opposite -effects
ought not to be attributed to the same agency. Where, again, could
a mass of fine sediment, ch with calcareous matter in a fit state
for chemical segregation, and in quantity sufficient to cover an area
at least 750 miles long and 400 miles broad, to a depth of from
twenty or thirty feet to a hundred feet, have been accumulated, read
to be transported by the supposed debacle? To my mind it is lit
short of demonstration, that a great lapse of time was for
the production and deposition of the enormouns amount of mud-like
matter forming the Pampas; nor should I have neticed the theory
of a debacle, ghad it not been adduced by a naturalist so eminent
as M. d'Orbigny.

A second thenry, first suggested, I believe, by Sir W, Parish, is
that the Pampean formation was thrown down on low and marshy
plains by the rivers of this country before they assumed their pre-
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sent courses. The appearance and composition of the deposit,
the manner in which it slopes up and round the primary ranges,
the nature of the underlying marine beds, the estuary and sea-
shells on the surface, the overlying sandstone beds at M. Her-
moso, are all quite opposed to this view. Nor do I believe that
there is a single instance of a skeleton of one of the extinet mam-
mifers having been found in an upright position, as if it had been
mired.
The third theory, of the truth of which I cannot entertain the
smallest doubt, is that the Pampean formation was slowly accumu-
lated at the mouth of the former estuary of the Plata and in the sea
adjoining it. I have come to this conclusion from the reasons
assigned against the two foregoing theories, and from simple geogra-
hig:i m:g?&emtions. le':?“g th%; numerous shells of 1];:;13 g.elz%:a
iata lying loose on the surface of the plains, and near Buenos
A embedded in the tosca-rock, we know that this formation not
y was formerly covered by, but that the uppermost parts were de-
posited in, the brackish water of the ancient La Plata. Southward
and seaward of Buenos Ayres, the plains were upheaved from under
water inhabited by true marine shells. We further know from Prof.
Ehrenberg's examination of the twenty microscopical organisms in
the mud round the tooth of the Mastodon high up the course of the
Parana, that the bottom-most part of this formation was of brackish-
water origin. A similar conclusion must be extended to the beds of
like composition, at the level of the sea and under it, at M. Hermoso
in Bahia Blanca. Dr. Carpenter finds that the harder varieties of tosca-
rock, collected chiefly to the south, contain marine spongoid bodies,
minute ents of shells, corals, and polythalamia ; these perhaps
may have drifted inwards by the tides, from the more open parts
of the sea. The absence of shells, throughout this deposit, with the
exception of the uppermost layers near Buenos Ayres, is a remark-
able fact: can it be explained by the brackish condition of the water,
or by the deep mud at the bottom? I have stated that both the
reddish mud and the conecretions of tosca-rock are often penetrated by
minute, linear cavities, such as frequently may be observed in fresh-
water calcareous deposits :—were they produced by the burrowing of
small worms? Only on this view of the Pampean formation having
been of estuary origin, can the extraordinary numbers (presently to
be alluded to) of the embedded mammiferous remains be explained.®
With respect to the first origin of the reddish mud, I will only
remark, that the enormous area of Brazl consists in chief part of
gneissic and other itic rocks, which have suffered decomposition,
and been con into a red, gritty, argillaceous mass, to a greater
* Tt is almost superfluous to give the numerous cases (for instance in Sumatra ;
Lyell's Principles, vol. iii. p. 325, sixth edit.), of the carcasses of animals having
been washed out to sea by swollen rivers ; but I may refer to a recent account by
Mr. Bettington (Asiatic Soc. 1845, June 2lst), of oxen, deer, and bears being
carried into the Gulf of Cambray ; see, also, the account in my Journal (2nd edit.

p- 133), of the numbers of animals drowned in the Plata during the great, often
recurrent, droughts.
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At P. Alta, however, we have seen that several of the extinet mam-
mifers, most characteristic of the Pampean formation, co-existed with
twenty species of mollusca, a barnacle and two corals, all still living
on this same coast ;—for when we remember that the shells have a
more ancient a ance than the bones; that many of the bones,
though embedded in a coarse conglomerate are perfectly preserved ;
that almost all the parts of the skeleton of the Scelidotherium, even to
the knee-cap, were lying in their proper relative positions; and that
a large piece of the fragile dermal armour of a Dasypoid quadruped,
connected with some of the bones of the foot, had been entombed in a
condition allowing the two sides to be doubled together, it must
assuredly be admitted that these mammiferous remains were em-
bedded in a fresh state, and therefore that the living animals co-
existed with the co-embedded shells. Moreover, the Macrauchenia
Patachonica (of which, according to Prof. Owen, remains also occur
in the Pampas of B. Ayres, and at P. Alta) has been shown by
satisfactory evidence of another kind, to have lived on the plains of
Patagonia long after the period when the adjoining sea was first
tenanted by its present commonest molluscous animals. We must,
therefore, uuncluge that the Pampean formation belongs, in the ordi-
nary geological sense of the word, to the Recent Period.*

At St. Fe Bajada, the Pampean estuary formation with its mam-
miferous remains conformably overlies the marine tertiary strata,
which (as first shown by M. d’Orbigny) are contemporaneous with
those of Patagonia, and which, as we shall hereafter see, belong to a
very ancient tertiary stage. When examining the junction between
these two formations, I thought that the concretionary layer of marl
marked a ge between the marine and estuary stages. M.
d'Orbigny disputes this view (as given in my Journal), and I admit
that it is erroneous, though in some degree excusable, from their con-
formability and from both abounding with caleareous matter, It
would, indeed, have been a great anomaly if there had been a true
passage between a deposit contemporaneous with existing species of
mollusea, and one in which all the mollusca appear to be extinct.
Northward of St. Fé, M. d'Orbigny met with ferruginous sandstones,
marly rocks, and other beds, which he considers as a distinct and
lower formation, but the evidence that they are not parts of the same
with an altered mineralogical character, does not appear to me quite
satisfactory.

In Western Banda Oriental, whilst the marine tertiary strata were
accumulating, there were volcanic eruptions, much silex and lime
were precipitated from solution, coarse conglomerates were formed,
being derived probably from adjoining land, and layers of red mud
and marly rocks, like those of the Pampean formation, were occasion-
ally deposited. The true Pampean deposit with mammiferous re-
mains, instead of as at St. F& overlying conformably the tertiary

® M. d’Orbigny believes ( Voyage, Part. Géolog, p. 81) that this formation,
ﬂ:;-l;h e trés voisine de la ndtre, est néanmoins de beaucoup anterieure a notre
création.’



102 PAMPEAN FORMATION, [cHAP. 1V.

strata, is here seen at a lower level folding round and between the
flat-topped, cliff-bounded hills, formed by the upheaval and denuda-
tion of these same tertiary strata. The upheaval, having occurred
here earlier than at St. Fé, may be naturally accounted for by the
contemporaneous voleanic action. At the Barrancas de S. Gregorio,
the Pampean deposit, as we have seen, overlies and fills up furrows
in coarse sand, precisely like that now accumulating on the shores near
the mouth of the Plata. 1 can hardly believe that this loose and
coarse sand is contemporaneous with the old tertiary and often crys-
talline strata of the more western parts of the province; and am
induced to suspect that it is of subsequent origin, If that section
near Colonia could be implicitly in which, at a height of
only fifteen feet above the Plata, a hed uf freah-looklng mussels, of an
existing littoral species, appeareﬂ to lie between the sand and the
Pampean mud, I should conclude that Banda Oriental must have stood,
when the coarse sand was accumulating, at only a little below its
present level, and had then subsided, a.]ﬁ::wm the estuary Pampean
mud to cover far and wide its surface up to %le:ght of some hundred
feet ; and that after this subsidence the province had been up-
lifted to its present level.

In Western Banda Oriental, we know, from two unequivocal see-
tions, that there is a mass, absolutely undistinguishable from the true
Pampean deposit, beneath the old tertiary strata. This inferior
mass must be very much more ancient than the upper deposit with
its mammiferous remains, for it lies beneath the tertiary strata in
which all the shells are extinet. Nevertheless, the lower and upper
masses, as well as some intermediate layers, are so similar in minera-
logical character, that I cannot doubt that they are all of estuary
origin, and have been derived from the same great source. At first
it appeared to me extremely improbable, that mud of the same nature
should have been deposited on nearly the same spot, during an im-
mense lapse of time, namely, from a period equwufen[‘. pe:haps to the
Eocene of Europe to that of the Pampean formation. But as, at the
very commencement of the Pampean period, if not at a still earlier
period, the Sierra Ventana formed a boundary to the south,—the Cor-
dillera or the plains in front of them to the west,—the whole province of
Corrientes probably to the north, for, according to M. d’Orbigny, it is
not covered by the Pampean depumt,-—-ﬂnd Brazil, as known by the
remains in the caves, to the north-east; and as again, during the
older tertiary period, land already existed in Western Banda Oriental
and near St. F¢ Bajada, as may be inferred from the vegetable debris,
from the quantities of silicified wood, and from the remains of a
Toxodon found, according to M. d'Orbigny, in still lower strata, we
may conclude, that at this ancient period a great expanse of water
was surrounded by the same rocky framework which now bounds
the plains of Pampean formation. This having been the case, the
circumstance of sediment of the same nature having been deposited in
the same area during an immense lapse of time, though highly re-

markable, does not appear incredible.
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The elevation of the Pampas, at least of the southern parts, has
been slow and interrupted by several periods of rest, as may be
inferred from the plains, cliffs, and lines of sand-dunes (with shells
and pumice-pebbles) standing at different heights. I believe, also,
that the Pampean mud continued to be deposited, after parts of this
formation haIe:IImdy been elevated, in the same manner as mud
would continue to be deposited in the estuary of the Plata, if the
mud-banks on its shores were now uplifted and changed into plains:
I believe in this from the improbability of so many skeletons and
bones having been accumulated at one spot, where M. Hermoso now
stands, at a depth of between 800 and 1000 feet, and at a vast
distance from any land except small rocky islets,—as must have been
the case, if the high tosca-plain round the Ventana and adjoining
Sierras, had not been already uplifted and converted into land, sup-

orting mammiferous animals, At Punta Alta we have good evi-
game that the vel-strata, which certainly belong to the true
Pampean period, were accumulated after the elevation in that
neighbourhood of the main part of the Pampean deposit, whence
the rounded masses of tosca-rock were derived, and that rolled frag-
ment of black bone in the same peculiar condition with the remains
at Monte Hermoso.

The number of the mammiferous remains embedded in the Pampas
is, as I have remarked, wonderful : it should be borne in mind that
they have almost exclusively been found in the cliffs and steep banks
of rivers, and that, until lately, they excited no attention amongst the
inhabitants : I am firmly convinced that a deep trench could not be cut
in any line across the Pampas, without intersecting the remains
of some quadruped. It is difficult to form an opinion in what part of
the Pampas they are most numerous ; in a limited spot, they could not
well have been more numerons than they wereat P. Alta; the number,
however, lately found by Sefior F'. Muniz, near Luxan, in a central
spot in the Pampas, is extraordinarily great: at the end of this
chapter I will give a list of all the localities at which I have heard of
remains having been discovered. Very frequently the remains con-
sist of almost ect skeletons; but there are, also, numerous single
bones, as for instance at St. Fé. Their state of preservation varies
much, even when embedded near each other: I saw none others so
perfectly preserved as the heads of the Toxodon and Mylodon from
the whi{e soft earthy bed on the Sarandis in B. Oriental. It is re-
markable that in two limited sections I found no less than five teeth
separately embedded and I heard of teeth having been similarly
found in other parts: may we suppose that the skeletons or heads
were for a long time gently drifted by currents over the soft muddy
bottom, and that the teeth occasionally, here and there, dropped out ?

It may be naturally asked, where did these numerous animals
live? From the remarkable discoveries of MM. Lund and Clan-
sen, it appears that some of the species found in the Pampas in-
habited the high-lands of Brazil : the Mastodon Andium is embedded
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at great heights in the Cordillera from north of the equator* to
at least as far south as Tarija; and as there is no higher land, there
can be little doubt that this Mastodon must have lived on the plains
and valleys of that great range. These countries, however, appear
too far distant for the habitation of the individuals entombed in the
Pampas: we must probably look to nearer points, for instance to the
province of Corrientes, which, as already remarked, is said not to be
covered by the Pampean formation, and may therefore, at the period
of its deposition, have existed as dry land. I have already given my
reasons for believing that the animals embedded at M. Hermoso and
at P. Alta in Bahia Blanca, lived on adjoining land, formed of
parts of the already elevated Pampean deposit. With respect to the
food of these many great extinct quadrupeds, I will not repeat the
facts given in my Journal (second edit. p. 85), showing that there
18 no correlation between the luxuriance of the vegetation of a country
and the size of its mammiferous inhabitants. ﬁigdn not doubt that
large animals could now exist, as far as the amount, not kind, of
vegetation is concerned, on the sterile plains of Bahia Blanca and
of the R. Negro, as well as on the equally, if not more sterile plains
of Southern Africa. The climate, however, may perhaps have some-
what deteriorated since the mammifers embedded at Bahia Blanca
lived there ; for we must not infer, from the continued existence of the
same shells on the present coasts, that there has been no change in
climate ; for several of these shells now range northward along the
shores of Brazil, where the most luxuriant vegetation flourishes under
a tropical temperature. With respect to the extinetion, which at
first fills the mind with astonishment, of the many great and small
mammifers of this period, I may also refer to the work above cited
(second edit. p. 173), in which I have endeavoured to show, that
however unable we may be to explain the precise cause, we ought
not properly to feel more surprised at a species becoming extinet,
than at one being rare; and yet we are accustomed to view the
rarity of any particular species as an ordinary event, not requiring
any extraordinary agency.

The several mammifers embedded in the Pampean formation,
which mostly belong to extinet genera, and some even to extinct
families or orders, and which differ nearly, if not quite, as much
as do the Eocene mammifers of Europe from living quadrupeds
having existed contemporaneously with mollusca, all still inhabitin
the adjoining sea, is certainly a most striking fact. It is, how-
ever, far from being an isolated one; for, during the late tertiary
deposits of DBritain, an elephant, rhinoceros, and hippopotamus
co-existed with many recent land and fresh-water shells; and in
North America, we have the best evidence that a mastodon,
elephant, megatherium, megalonyx, mylodon, an extinct horse and

* Humboldt states that the Mastodon has been discovered in New Granada: it
has been found in Quito, When at Lima, I saw a tooth of a Mastodon in the pos-
sassion of Don M. Rivero, found at Playa Chica on the Maranon, near the
Guallaga. Every one has heard of the numerous remains of Mastodon in Bolivia.
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In a bed at the base of the southern cliffs, M. d’Orbigny found
two extinet fresh-water shells, namely, a Unio and Chilina. This
bed rested on one with bones of an extinet rodent, namely, the
Megamys Patagoniensis ; and this again on another with extinct
marine shells. The species found by M. d'Orbigny in different parts
of this formation consist of,

1. Ostrea Patagonica, d'Orbig., Voyage | 3. Ostrea Alvarezii, d'Orbig. Voyage

Pal. (also at St. F¢, and whole coast Pal. (also 8t. Fé and 8. Josef).
of Patagonia). 4. Pecten Patagoniensis, do,
2. Ostrea Ferrarisi, do. 5. Venus Munsterii, do. (also St. F¢),

6. Arca Bouplandiana, do. (do.)

According to M. d'Orbigny, the sandstone extends westward along
the coast as far as Port S, Antonio, and up the R. Negro far into
the interior : northward I traced it to the southern side of the Rio
Colorado, where it forms a low denuded plain. This formation,
though contemporaneous with that of the rest of Patagonia, is quite
different in mineralogical composition, being connected with it only
by the one thin white layer: this difference may be reasonably attri-
buted to the sediment brought dewn in ancient times by the Rio
Negro; by which agency, 530, we can understand the presence of
the fresh-water shells, and of the bones of land animals. Judging
from the identity of four of the above shells, this formation is con-
temporaneous (as remarked by M. d'Orbigny) with that under the
Pampean deposit in Entre Rios and in Banda Oriental. The gravel
capping the sandstone plain, with its caleareons cement and no-
dules of gypsum, is probably, from the reasons given in the first
chapter, contemporaneous with the uppermost beds of the Pampean
formation on the upper plain north of the Colorado.

San Josef —My examination here was very short: the cliffs are
about 100 feet high ; the lower third consists of yellowish-brown,
soft, slightly calcareous, muddy sandstone, parts of which when
struck emit a fetid smell. In this bed the great Ostrea Patagonica,
often marked with dendritic manganese and small corallines, were
extraordinarily numerouns. I fuuudg here the following shells :—

1. Ostrea Patagonica, d'Orbig. Vovage Pal. (also at St. Fé and whole coast of
Patagonia).

2. Ostrea Alvarezii, d"Orbig. V. Pal. (also St. Fé and R. Negro.)

3. Pecten Paranensis, d’Orhig. V. Pal., and PL 111, f. 30 of this work (also
8t. Fé, 8, Julian, and Port Desire).

4, Pecten Darwinianus, d'Orbig. V. Pal., and PL 1IL f. 28 and 29 (also St. Fé).

5. Pecten actinodes, G. B, Sow., Pl 111. f. 33.

6. Terebratula Patagonica, G. B. Sow , PI. IL f. 26 and 27 (also 8. Julian).

7. Casts of a Turritella.

The four first of these species occur at St. Fé in Entre Rios, and
the two first in the sandstone of the R. Negro. Above this fossili-
ferons mass, there is a stratum of very fine-grained, pale brown
mudstone, including numerous laminee of selenite. All the strata
appear horizontal, but, when followed by the eye for a long distance,
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traces (besides the included laminz) of gypsum. Under the mi-
croscope, according to Prof. Ehrenberg,* it consists of minute, tritu-
rated, cellular, glassy fragments of pumice, with some broken crys-
tals. In the minute glassy fragments, Prof. Ebrenberg recognises

ic structures, which have been affected by volcanic heat: in the
specimens from this place, and from Port S. Julian, he finds sixteen
Polygastrica and twelve Phytolitharia. Of these organisms, seven
are new forms, the others being previously known: all are of marine,
and chiefly of oceanic, origin. This deposit to the naked eye re-
sembles the crust, which often appears on weathered surfaces of feld-
spathic rocks ; it likewise resembles those beds of earthy feldspathic
matter, sometimes interstratified with porphyritic rocks, as is the
case in this very district with the underlying purple claystone por-
phyry. From examining specimens under a common microscope,
and comparing them with other specimens undoubtedly of volcanic
origin, lphad come to the same conclusion with Prof. Ehrenberg,
namely, that this great deposit, in its first origin, is of volcanic
nature.

Port S. Julian.—On the south side of the harbour, the following
section, which I here repeat, gives the nature of the beds seen in the
cliffs of the ninety feet plain. Beginning at the top,—1st, the

No. 17, —SECTION OF THE STRATA EXHIBITED IN THE CLIFFS OF THE
O0-FEET PLAIN AT PORT 8. JULIAN.

earthy mass (A A), including the remains of the Macrauchenia, with
recent shells on the surface ; 2nd, the porphyritic shingle (B), which
in its lower part is interstratified (owing, I believe, to redeposition
during denndation) with the white pumiceous mudstone ; 3rd, this
white mudstone, about twenty feet in thickness, and divided into two
varieties (C and D), both closely resembling the lower, fine-grained,
more unctuous and compact kind at Port Desire; and, as at that
place, including much selenite; 4th, a fossiliferous mass, divided
into three main beds, of which the uppermost is thin, and consists of
ferrnginous sandstone, with many shells of the great oyster and
Pecten Paranensis ; the middle bed (E) is a yellowish earthy sand-
stone abounding with scutellee ; and the lowest bed (F) is an indu-
rated, greenish, sandy clay, including large concretions of calcareous
sandstone, many shells of the great oyster, and in parts almost made
up of fi nts of Balanidee. Out of these three beds, I procured
the following twelve species, of which the two first were exceedingly

* Monatsberichten der Konig. Akad. zu Berlin, vom April, 1845.
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sandstone, almost composed of minute pebbles, from one-tenth to
two-tenths of an inch in diameter, of the rocks (with the entire excep-
tion of the basaltic lava) composing the great boulders on the sur-
face of the plain, and probably composing the neighbouring Cor-
dillera. Five miles higher up the valley, and again thirty miles
higher up,® (that is twenty miles from the nearest range of the
Cordillera) the lower plain ineluded within the upper escarpments,
is formed, as seen on the banks of the river, of a nearly similar but
finer-grained, more earthy, laminated sandstone, alternating with

i us beds, and containing numerous moderately sized pebbles of
the same rocks, and some shells of the great Ostrea Patagonica., As
most of these shells had been rolled before being here embedded, their
presence does not prove that the sandstone belongs to the great Pata-

ian tertiary formation, for they might have been redeposited in it,
when the valley existed as a sea-strait; but as amongst the pebbles
there were none of basalt, although the cliffs on both sides of the valley
are composed of this rock, I believe that the sandstone does belong to
this formation. At the highest point to which we ascended, twenty
miles distant from the nearest slope of the Cordillera, I could see the
horizontally zoned white beds, stretching under the black basaltic lava,
close up to the mountains; so that the valley of the S. Cruz gives a
fair idea of the constitution of the whole width of Patagonia.

Basaltic lava of the S. Cruz.—This formation is first met with
sixty-seven miles from the mouth of the river; thence it extends un-
interruptedly, generally but not exclusively on the northern side of
the valley, close up to the Cordillera. The basalt is generally black and
fine-grained, but sometimes grey and laminated; it contains some
olivine, and high up the valley much glassy feldspar, where, also, it
is often amygga.l iﬁ&l: it is mever highly vesicular, except on the
sides of rents and on the upper and lower, spherically laminated sur-
faces. It is often colummar; and in one place I saw magnificent
columns, each face twelve feet in width, with their interstices filled
up with caleareous tuff. The streams rest conformably on the white
sedimentary beds, but I nowhere saw the actual junction; nor did
I anywhere see the white beds actually superimposed on the lava;
but some way up the valley at the foot of the uppermost escarp-
ments, they must be thus superimposed. DMoreover, at the lowest point
down the valley, where the streams thin out and terminate in irre-
gular projections, the aipacea or intervals between these projections,

filled up to the level of the now denuded and gravel-capped sur-
faces of the plains, with the white-zoned sedimentary beds; proving
that this matter continued to be deposited after the streams had
flowed. Hence we may conclude that the basalt is contemporaneous
with the upper parts of the great tertiary formation.

The lava where first met with is 130 feet in thickness: it there

* 1 found at both places, but not in sifu, quantities of coniferous and ordinary
dicotyledonous silicified wood, which was examined for me by Mr. R. Brown.
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and at the same time or afterwards filled it up with the tufaceous and
brecciolated matter, and spread the same over the surrounding sub-
marine beds ; the matter becoming stratified in these more distant and
less troubled parts, and being moreover subsequently covered up by
other strata (like A A) not shown in the diagram. It is singular
that three of the beds (of A A) are prolonged in their proper direc-
tion, as represented, beyond the line of junction into the white tu-
faceous matter : the prolonged portions of two of the beds are
rounded ; in the third, the terminal fragment has been pushed up-
wards : how these beds could have been left thus prolonged, I will
not pretend to explain. In another section on the opposite side of
a promontory, there was at the foot of this same line of junction,
that is at the bottom of the old submarine channel, a pile of frag-
ments of the strata A A, with their interstices filled up with the
white tufaceons matter : this is exactly what might have been anti-
cipated under such circumstances,
The various tufaceous and other beds at this northern end of Chiloe
robal:rly belong to about the same age with those near Castro, and
contain, as there, many fragments of black lignite and of silici-
e? and pjrrit.ﬂua wood, often embedded close together. They also
contain many and singular concretions: some are of hard calcareous
sandstone, in which it would appear that broken volcanic crystals and
gcales of mica have been better preserved (as in the case of the organic
remains near Castro) than in the surrounding mass. Other concre-
tions in the white brecciola, are of a hard %enugnnus, yet fusible,
nature ; they are as round as cannon-balls, and vary from two or
three inches to two feet in diameter; their insides generally consist
either of fine, scarcely coherent volcanic sand,* or of an argillaceous
tuff; in this latter case, the external crust was quite thin and hard.
Some of these spherical balls were encircled in the line of their equa-
tors, by a n ce-like row of smaller concretions. Again there
were other concretions, irregularly formed, and composed of a hard,
compact, ash-coloured stone, with an almost porcelainous fracture,
adhesive to the e, and without any calcareous matter. These
beds are, also, mterﬁuwd by many veins, containing gypsum, ferru-
ginous matter, calcareous spar, and agate. It was here seen with
remarkable dlsﬁnﬁtn&as, how intimately concretionary action and
tha pruductmn of fissures and veins are related together. The follow-
al.‘gnm is an awumte representation of a horizontal space of tuff,
ll-lmut- feet long by two and a balf in width: the double lines
represent the ﬁssnrea partialljr filled with oxide of iron and agate:
the curvilinear lines show the course of the innumerable, concentric,
coneretionary zones of different shades of colour and of coarseness in
the particles of tuff. The symmetry and complexity of the arrange-
ment gave the surface an elegant appearance. It may be seen how
obviously the fissures determine (or have been determined by) the

* The frequent tendency in iron to form hollow concretions or shells containing
incoberent matter is singular : D’Aubuisson (Traité de Géogn, tom. i. p. 318)
remarks on this circumstance,
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where it is associated with numerous decidedly cretaceous species,
which approach most nearly to lower Greensand or Neocomian forms:
this fact, considering the vast distance between Chile and India, is
truly surprising. Again, the Nautilus &' Orbignyanus, as far as its
imperfect state allows of comparison, resembles, as I am informed by
Prof. Forbes, both in its general form and in that of its chambers, two
species from the Upper Greensand. It may be added that every one
of the above-named genera from Quiriquina, which have an apparently
tertiary character, are found in the Pondichery strata. There are,
however, some difficulties on this view of the formations at Con-
cepeion being eretaceous, which I shall afterwards allude to; and I

ill here only state that the Cardium awca is found also at Co-
quimbo, the beds at which place, there can be no doubt, are tertiary.

Navidad.*—The Concepcion formation extends some distance north-
ward, but how far I know not; for the next point at which I landed
was at Navidad, 160 miles north of Concepecion, and 60 miles south
of Valparaiso. The cliffs here are about 800 feet in height: they
consist, wherever I could examine them, of fine-grained, yellowish,
earthy sandstones, with ferruginous veins, and with concretions of
hard calcareous sandstone. In one part, there were many pebbles of
the common metamorphic porphyries of the Cordillera : and near the
base of the cliff, I observed a single rounded boulder of greenstone,
nearly a yard in diameter. I traced this sandstone formation beneath
the superficial covering of gravel, for some distance inland : the strata
are slightly inclined from the sea towards the Cordillera, which
apparently has been caused by their having been accumulated against
or round, outlying masses of granite, of which some points project
near the coast. sandstone contains fragments of wood, either
in the state of lignite or partially silicified, shark’s teeth, and
shells in great abundance, both high up and low down the sea-cliffs.
Pectunculus and Oliva were most numerous in individuals, and next
to them Turritella and Fusus. I collected in a short time, though
suffering from illness, the following thirty-one species, all of which
are extinet, and several of the genera do not now range (as we shall
hereafter show) nearly so far south :—

1. Gastridium cepa, G. B. Sowerby, P1. IV. f. 68, 69.
2. Monoceros, fragments of, considered by M. d’Orbigny as a new species.
3. Voluta alta, G. B. Sowerby, PlL. IV. f, 75 (considered by M. d'Orbigny as
distinet from the V. alfa of 8. Cruz),
4. Voluta triplicata, G. B. Sowerby, PL 1V, f. 74,
5. Oliva dimidiata, do. PI, IV. f. 76, 77. '
6. Pleurotoma discors, do. Pl. IV. f, 54.
7. Pleurotoma turbinelloides, do. P1. 1V, f, 53.
8. Fusus subreflexus, do. Pl. IV. f. 57.
9. Fusus pyruliformis, do. PL. IV. f. 56.
10. Fusus, allied to F. regularis, Pl. 1V, f. 55 (considered by M. d'Orbigny
as a distinct species).

* I was guided to this locality by the Report on M. Gay's geological researches,
in the Annales des Scienc. Nat. (1st series) tom. 28.
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West Indian archipelago. Hence, I may remark, it does not follow
that the outlying tertiary masses of Mocha and Huafo were ever con-
tinuously united at the same level with the formations on the main-
land, though they may have been of contemporaneous origin, and been

uently upraised to the same height. In the more northern
parts of Chile, the tertiary strata seem to have been separately accu-
maulated in bays, now forming the mouths of valleys.

The relation between these several deposits on the shores of the
Pacifie, is not nearly so clear as in the case of the tertiary formations
on- the Atlantic. Judging from the form and height of the land
(evidence which I feel sure is here much more trust-worthy than
it can ever be in such broken continents as that of Europe), from
the identity of mineralogical ecomposition, from the presence of frag-
ments of lignite and of silicified wood, and from the intercalated
layers of imperfect coal, I must believe that the coast-formations
from central Chiloe to Concepcion, a distance of 400 miles, are of
the same age: from nearly similar reasons, I suspect that the beds
at Mocha, Huafo, and Ypun, belong also to the same period. The
commonest shell in Mocha and Iluafo, is the same species of Turri-
tella; and I believe the same Cythereea is found on the islands of
Huafo, Chiloe, and Ypun; but with these trifling exceptions, the
few organmic remains found at these places are distinet. The nu-
merous shells from Navidad, with the exception of two, namely the
Sigaretus and Turritella found at Ypun, are likewise distinet from
those found in any other part of this coast. Coquimbo has Cardium
auca in common with Concepeion, and Fusus Cleryanus with
Huafo; I may add, that Coquimbo has Venus Petitiana, and a
gigantic oyster (said by M. d'Orbigny also to be found a little south
of Concepeion) in common with Payta, though this latter place is
situated twenty-two degrees northward of lat. 27°, to which point
the Cognimbo formation extends.

From these facts, and from the generic resemblance of the fossils
from the different localities, I cannot avoid the suspicion that they all
belong to nearly the same epoch, which epoch, as we shall imme-
diately see, must be a very ancient tertiary one. DBut as the Baculite,
especially eonsidering its apparent identity with the Cretaceous Pon-
dichery species, and the presence of an Ammonite, and the resem-
blance of the Nautilus to two upper greensand species, together
nﬁ'orﬂ TIB]T stronlg evidence that the formation at Concepcion is a

dary one; 1 will, in my remarks on the fossils from the other
lnulttlﬂ, put on one side those from Concepcion and from Eastern Chi-
loe, which, whatever their age may be, appear to me to belong to one
group. I munt. however, again call attention to the fact that the Car-
dium auea is found both at Concepcion and in the undoubtedly tertiary
strata of Coquimbo: nor should the possibility be overlooked, that as
Trigonia, though known in the nc:-rthem hemisphere only as 15&-;nnda;3r
genus, has lwm representatwes in the Australian seas, so a Baculite,
Ammonite, and Trigonia may have survived in this remote part of the
ml;hamuuanmnsnmawhat later period than to thenorth of the equator.
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Comparing the fossil remains from the coast of Chile (leaving out,
as before, Concepeion and Chiloe) with those from Patagonia, we
may conclude, from their generic resemblance, and from the small
number of the species which from either coast approach closely to
living forms, that the formations of both belong to nearly the same
epoch ; and this is the opinion of M. d’Orbigny. Had not a single
fossil shell been common to the two coasts, 1t could not have been
argued that the formations belonged to different ages; for Messrs.
Cuming and Hinds have found, on the comparison of nearly 2000
living species from the opposite sides of South America, only one in
common, namely, the Purpura lapillus from both sides of the
isthmus of Panama: even the shells collected by myself amongst the
Chonos islands and on the coast of Patagonia, are dissimilar, and we
must descend to the apex of the continent, to Tierra del Fu to
find these two great conchological provinees united into one. agf,énue
it is remarkable that four or five of the fossil shells from Navidad,
namely, Voluta alta, Turritella Patagonica, Trochus collaris, Venus
meridionalis, perhaps Natica solida, and perhaps the large oyster
from Coquimbo, are considered by Mr. Sowerby as identical with
species from S, Cruz and P. Desire. M. d’Orbigny, however, admits
the perfect identity only of the Trochus.

On the Temperature of the Tertiary Period.— As the number of
the fossil species and genera from the western and eastern coasts is
considerable, it will be interesting to consider the probable nature of
the climate under which they lived. We will first take the case of
Navidad, in lat. 34°, where thirty-one species were collected, and
which, as we shall presently see, must have inhabited shallow water,
and therefore will necessarily well exhibit the effects of temperature.
Referring to the table given in the previous page, we find that the
existing species of the genera Cassis, Pyrula, Pleurotoma, Terebra,
and Sigaretus, which are generally (though by no means invariably)
characteristic of warmer latitudes, do not at the present day ran
nearly so far south on this line of coast, as the fossil species formerly
did. Including Coquimbo, we have Perna in the same predicament,
The first impression from this fact is, that the climate must fnrme:{ly
have been warmer than it now is ; but we must be very cautious in ad-
mitting this, for Cardium, Bulla, and Fusus (and if we include Coquim-
bo, Anomia and Artemis) likewise formerly ranged further south than
they now do ; and as these genera are far from being characteristic of hot
climates, their former greater southern range may well have been owing
to causes quite distinet from climate : Voluta, again, though generally
so tropical a genus, is at present confined on the west coast to colder
or more southern latitudes, than it was during the tertiary period.
The T'rockus collaris, moreover, and, as we have just seen according
to Mr. Sowerby, two or three other species, formerly ranged from
Navidad as far south as Santa Cruz in lat. 50°. If, instead of
comparing the fossils of Navidad, as we have hitherto done, with the
shells now living on the west coast of 5. America, we compare them
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with those found in other parts of the world, under nearly similar
latitudes; for instance, in the southern parts of the Mediterranean or
of Australia, there is no evidence that the sea off Navidad was for-
merly hotter than what might have been expected from its latitude,
even if it was somewhat warmer than it now is when cooled by the
ﬁ;ut southern polar current. Several of the most tropical genera

ve no representative fossils at Navidad ; and there are only single
species of Cassis, Pyrula, and Sigaretus, two of Pleurotoma and two
of Terebra, but none of these species are of conspicuous size. In
Patagonia, there is even still less evidence in the character of the
fossils, of the climate having been formerly warmer.* As from the
various reasons already assigned, there can be little doubt that the
formations of Patagonia and at least of Navidad and Coquimbo in
Chile, are the equivalents of an ancient stage in the tertiary formations
of the northern hemisphere, the conclusion that the climate of the
southern seas at this period was not hotter than what might have been
expected from the latitude of each place, appears to me highly im-
portant ; for we must believe, in accordance with the views of Mr.
Lyell, that the causes which gave to the older tertiary productions of
the quite temperate zones of Europe a tropical character, were of a local
character and did mot ajfect the entire globe. On the other hand, I
have endeavoured to show, in the Geological Transactions, that, at a
much later period, Europe and North and South America were nearly
contemporaneously subjected to ice-action, and consequently to a
colder or at least more equable climate than that now characteristic
of the same latitudes.

On the Absence of extensive modern Conchiferous Deposits in South
America; and on the Contemporancousness of the older Tertiary
Deposits at distant points being due to contemporaneous movements of
subsidence.—Knowing from the researches of Prof. E. Forbes, that
molluscous animals chiefly abound within a depth of 100 fathoms
and under, and bearing in mind how many thousand miles of both
coasts of 8. America have been upraised within the recent period
by a slow, long-continued, intermittent movement,—seeing the di-
versity in nature of the shores and the number of shells now living
on them,—seeing also that the sea off Patagonia and off many parts
of Chile, was guring the tertiary period highly favourable to the
accumulation of sediment,—the absence of extensive deposits including
recent shells over these vast spaces of coast is highly remarkable.
The conchiferous calcareous beds at Coquimbo, and at a few isolated
points northward, offer the most marked exception to this statement ;
for these beds are from twenty to thirty feet in thickness, and they
stretch for some miles along shore, attaining, however, only a very
trifling breadth. At Valdivia there is some sandstone with imper-

* It may be worth while to mention, that the shells living at the present day
on this eastern side of 5. America, in lat. 40°, have perhaps a more tropical
character than those in corresponding latitudes on the shores of Europe : for at
Bahia Blanca and 8. Blas, there are two fine species of Voluta, and four of Oliva,
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clined coasts alone can they accumulate to any considerable width;
and from the want of superincumbent pressure, it is probable that the
sedimentary matter will seldom be much consolidated : such forma-
tions have no very good chance, when in the course of time they are
upraised, of long resisting the powers of denudation. The chance
will be less if the submarine surface, instead of having remained
stationary, shall have gone on slowly rising during the deposition of
the strata, for in this case their total thickness must be less, and eac
part, before being consolidated or thickly covered up by superin-
eumbent matter, will have had successively to pass through the ordeal
of the beach: and on most coasts, the waves on the beach tend to
wear down and disperse every object exposed to their action. Now,
both on the south-eastern and western shores of S. America, we have
had clear proofs that the land has been slowly rising, and in the long
lines of lofty cliffs, we have seen that the tendency of the sea is almost
everywhere to eat into the land. Considering these facts, it ceases, I
think, to be surprising, that extensive recent conchiferous deposits are
entirely absent on the southern and western shores of America.

Let us take the one remaining case, of the bed of the sea slowly
subsiding during a length of time, whilst sediment has gone on being
depnsi&ei It is evident that strata might thus accumulate to
any thickness, each stratum being deposited in shallow water, and
consequently abounding with those shells which cannot live at great
depths: the pressure, also, I may observe, of each fresh bed would
aid in uunsﬂliﬁating all the lower ones. Even on a rather steep coast,
though such must ever be unfavourable to widely extended deposits,
the formations would always tend to increase in breadth from the
water encroaching on the land. Hence we may admit that periods
of slow subsidence will commonly be most favourable to the accumu-
lation of conchiferous deposits, of sufficient thickness, extension, and
hardness, to resist the average powers of denudation.

We have seen that at an ancient tertiary epoch, fossiliferous deposits
were extensively deposited on the coasts of S. America; and it is a
very interesting fact, that there is evidence that these ancient tertiary
beds were deposited during a period of subsidence. Thus, at Navidad,
the strata are about 800 feet in thickness, and the fossil shells are
abundant both at the level of the sea and some way up the cliffs;
having sent a list of these fossils to Professor E. Forbes, he thinks
they must have lived in water between one and ten fathoms in depth :
hence the bottom of the sea on which these shells once lived must
have subsided at least 700 feet to allow of the superincumbent matter
being deposited. I must here remark, that, as all these and the
following fossil shells are extinct species, Professor Forbes necessarily
judges of the depths at which they lived only from their generic cha-
racter, and from the analogical distribution of shells in the northern
hemisphere ; but there is no just cause from this to doubt the general
results. At Huafo the strata are about the same thickness, namely,
800 feet, and Professor Forbes thinks the fossils found there cannot
liave lived at a greater depth than fifty fathoms, or 300 feet. These
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two points, namely Navidad and Huafo, are 570 miles apart, but
nearly half-way between them lies Mocha, an island 1200 feet in
height, apparently formed of tertiary strata up to its level summit, and
with many shells, including the same Turritella with that found at
Huafo, embedded close to the level of the sea. In Patagonia, shells
are numerous at S. Cruz, at the foot of the 350 feet plain, which has
certainly been formed by the denudation of the 840 feet plain, and there-
fore was originally covered by strata that number of feet in thickness,
and these shells, according to Professor Forbes, probably lived at a depth
of between seven and fifteen fathoms: at Port S. Julian, sixty miles
to the north, shells are numerous at the foot of the ninety feet plain
(formed by the denudation of the 950 feet plain), and likewise occa-
sionally at the height of several hundred feet in the upper strata ;
these shells must have lived in water somewhere between five and
fifty fathoms in depth. Although in other parts of Patagonia I have
no direct evidence of shoal-water shells having been buried under a
great thickness of superincumbent submarine strata, yet it should be
borne in mind that the lower fossiliferous strata with several of the
same species of mollusca, the upper tufaceous beds, and the higl;
summit-plain, stretch for a considerable distance southward, and
hundreds of miles northward ; seeing this uniformity of structure, I
conceive it may be fairly concluded that the subsidence by which the
shells at 8. Cruz and S. Julian were carried down and covered up,
was not confined to these two points, but was co-extensive with a con-
siderable portion of the Patagonian tertiary formation. In a succeedin
chapter it will be seen, that we are led to a similar conclusion wit
respect to the secondary fossiliferous strata of the Cordillera, namely,
that they also were deposited during a long-continued and great
period of subsidence.

From the foregoing reasoning, and from the facts Jusi'. Ewen, I think
we must admit the probability of the fu]lnwmg pmpumtmn nnmaly,
that when the bed of the sea is either stationary or rising, circum-
stances are far less favourable, than when the level is sinking, to the
accumulation of conchiferous deposits of sufficient thickness and
extension to resist, when upheaved, the average vast amount of denu-
dation. This result appears to me, in several respects, very interest-
ing: every one is at first inclined to believe that at innumerable
points, wherever there is a supply of sediment, fossiliferous strata are
now forming, which at some future distant epoch will be upheaved
and preserved ; but on the views above given, we must conclude that
this is far from hemF the case; on the contrary, we require (1st) a
long-continued supply of aedtmant (2nd) an extensive shallow area,
and (3rd) that thls area shall sluwljr subside to a great depth s0 as to
admit the accumulation of a widely-extended thick mass of superin-
cumbent strata. In how few parts of the world, probably, do these
conditions at the present day concur! We can thua, also, understand
the general want of that close sequence in fossiliferous formations
which we might theoretically have anticipated ; for, without we sup-
pose a subsiding movement to go on at the same spot during an enor-
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mous period, from one geological era to another, and during the whole
of this period sediment to accumulate at the proper rate, so that the
depth should not become too great for the continued existence of
molluscous animals, it is scarcely possible that there should be a per-
fect sequence at the same spot in the fossil shells of the two geological
formations.* So far from a very long-continued subsidence bein
probable, many facts lead to the belief that the earth’s surface oscillates
up and down ; and we have seen that during the elevatory movements
there is but a small chance of durable fossiliferous deposits accu-
mulating,

Lastly, these same considerations appear to throw some light on
the fact that certain periods appear to have been favourable to the
deposition, or at least to the preservation, of contemporaneous forma-
tions at very distant points. We have seen that in S. America an
enormous area has been rising within the recent period; and in other
quarters of the globe immense spaces appear to have risen con-
temporaneously. From my examination of the coral-reefs of the
great oceans, I have been led to conclude that the bed of the sea has

one on slowly sinking within the present era, over truly vast areas:
this, indeed, is in itself probable, from the simple fact of the rising
areas having been so large. In 3. America we have distinet evidence
that at nearly the same tertiary period, the bed of the sea off parts of
the coast of Chile and off Patagonia was sinking, though these regions
are very remote from each other. If, then, it holds good, as a general
rule, that in the same quarter of the globe the earth’s crust tends to
sink and rise contemporaneously over vast spaces, we can at once see,
that we have at distant points, at the same period, those very condi-
tions which appear to be requisite for the accumulation of fossiliferous
masses of sufficient extension, thickness, and hardness, to resist denu-
dation, and consequently to last unto an epoch distant in futurity.

* Professor H. D. Rogers, in his excellent address to the Association of
American Geologists (Silliman’s Journal, vol. 47, p. 277), makes the following
remark : ‘I question if we are at all aware how complefely the whole history of
all departed time lies indelibly recorded with the amplest minuteness of detail in
the successive sediments of the globe, how effectually, in other words, every

iod of lime has writfen its own history, carefully preserving every created

rm and every trace of action.” I think the correctness of such remarks is more
than doubtful, even if we except (as I suppose he would) all those numerous
ic forms which contain no hard parts.

Professor Forbes has some admirable remarks on this subject, in his Report
on the Shells of the Egean Sea, In a letter to Mr. Maclaren ( Edinburgh New
Phil. Journal, January 1843), I partially entered into this discussion, and en-
deavoured to show that it was highly improbable, that upraised atolls or barrier-
reefs, though of great thickness, I].Iﬂ"u.{{], owing to their small extension or breadth,
be preserved to a distant future period.
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determined by Professor Miller) augite as well as hornblende. In one
or two cases these an gular masses, t.hﬂugh now quite separated from
each other by the solid gneiss, had, from their exact correspondence in
size and ahape., a‘ndently once been united ; hence I cannot doubt that
most or all of the fragments have been derived from the breaking up
of the dikes, of which we see the first stage in the above mentioned
laterally disjointed one. The gneiss close to the fragments generally
contained many large crystals of hornblende, which are entirely absent
or rare in other parts: its folia or lamine were gently bent round the
fragments, in the same manner as they sometimes are round concre-
tions. Hence the gneiss has certainly been softened, its composition
modified, and its fﬂ%‘l: arranged, subsequently to the breaking up of the
dikes,* these latter also having been at the same time hent and softened.

I must here take the opportunity of premising, that by the term
d&amga, I imply those planes of division which render a rock, appear-

to the eye quite or nearly homogeneous, fissile. By the term

iation, I refer to the layers or plates of different mineralogical
nature of which most metamorphic schists are composed ; there are,
also, often included in such masses, a]ternating, homogeneous, fissile
layers or folia, and in this case the rock is both foliated and has a
cleava By stratification, as applied to these formations, I mean
those alternate, parallel, large masses of different composition, which are
themselves freqmntly eﬂ:l:er foliated or fissile,—such as the alternating
so-called strata of mica-slate, gneiss, glossy clay-slate, and marble.

The folia of the gneiss within a few miles round Bahia generally
strike irregularly, and are often curvilinear, dipping in all directions at
various angles: but where best defined, they extended most frequently
in a N. E. by N. (or east 50° N.) and 8. W. by S. line, correspond-
ing nearly with the coast-line northwards of the bay. I may add
that Mr. Gardnert found in several parts of the province of Ceara,
which lies between 400 and 500 miles north of Bahia, gneiss with the
folia extending E. 45° N.; and in Guyana, ﬂucurdmg to Sir R.
Schomburgk, the same rock strikes E. 57° N. Apgain, Humboldt
describes the gneiss-granite over an immense arca'in Venezuela and
even in Colombia, as striking E. 50° N., and dipping to the N. W,
at an angle of fifty degrees. Hence all the observations hitherto
made, tend to show that the gneissic rocks over the whole of this part
of the continent, have their folia extending generally within almost a
point of the compass of the same direction.]

* Professor Hitchcock (Geolog. of Massachusetts, vol. ii. p. 673) gives a

ulnn! similar case of a greenstone dike in syenite.

seological SBection of the Brit. Assoc. 1840. For Sir R. Schomburgk’s
l:lhun:huna-, see Geograph. Journal, 1842, p. 190. See also Humboldt's discus-
gion on Loxodrism in the Personal Narmh’ve.

1 I landed at only one place north of Bahia, namely, at Pernambuco. I found
there only soft, honzoutally stratified matter, formed from disintegrated granitic
rocks, and some yellowish impure limestone, probably of a tertiary epoch. I
have described a most singular natural bar of hard sandstone, which protects
the harbour, in the 19th vol. (1841), p. 258, of the London and Edin. Phil,
Magazine.—Annotnos Tsuers, laf. 18° 8. off the coast of Brazil. Although
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of the surrounding rock, is, as far as I know, a unique case: and I
will not attempt any explanation of its origin.

No. 22.—FRAGMENT OF GNEISS EMBEDDED IN ANOTHER YARIETY OF
THE SAME ROCEK.

The numerous travellers* in this country, have all been greatly sur-
prised at the depth to which the gneiss and other granitic rocks, as
well as the talcose slates of the interior, have been decomposed.
Near Rio, every mineral except the quartz has been completely
softened, in some places to a depth little less than one hundred feet.+
The minerals retain their positions in folia ranging in the usual direc-
tion ; and fractured quartz veins may be traced from the solid rock,
running for some distance into the softened, mottled, highly coloured,

illaceons mass. It is said that these decomposed rocks abound
with gems of various kinds, often in a fractured state, owing, as some
have supposed, to the collapse of geodes, and that they contain gold
and diamonds. At Rio, it appeared to me that the gniess had been
softened before the excavation (no doubt by the sea) of the existing,
broad, flat-bottomed valleys; for the depth of decomposition did not
appear at all conformable with the present undulations of the surface.
The porphyritic gneiss, where now exposed to the air, seems to with-
stand decomposition remarkably well; and I could see no signs of
any tendency to the production of argillaceous masses like those here
described. I was also struck with the fact, that where a bare surface
of this rock sloped into one of the quiet bays, there were no marks
of erosion at the level of the water, and the parts both beneath and
above it preserved a uniform curve. At Bahia, the gneiss rocks are

* Spix and Martius have collected, in an Appendix to their Travels, the largest
body of facts on this subject. See, also, some remarks by M. Lund, in his
communications to the Academy at Copenhagen ; and others by M. Gaudichaud,
in Freycinet's Voyage.

. Benza describes granitic rock (Madras Journal of Lit. &e, Oct. 1836,
p- 246), in the Neelgherries, decomposed to a depth of forty feet,
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S.8.W.] strikes. Northward of Las Minas, the more regular north-
erly ranges predominate: from this place to near Polanco, we meet
with the coarse-grained mixture of quartz and feldspar, often with
the imperfect hornblende, and then becoming foliated in a N. and 8,
line,—with imperfect clay-slate, including laminee of red crystallized
feldspar,—with white or black marble, sometimes containing asbetus
and erystals of gypsum,—with quartz-rock,— with syenite,—and lastly,
with much granite. The marble and granite alternate repeatedly in
apparently vertical masses: some miles northward of the Polanco, a
wide district is said to be entirely composed of marble. It is remark-
able, how rare mica is in the whole range of country north and west-
ward of Maldonado. Throughout this district, the cleavage of the
clay-slate and marble,—the foliation of the gneiss and the quartz—the
stratification or alternating masses of these several rocks,—and the
range of the hills, all coincide in direction ; and although the country
is only hilly, the planes of division are almost everywhere very highly
inelined or vertical.

Some ancient submarine voleanic rocks are worth mentioning, from
their rarity on this eastern side of the continent. In the valley of the
Tapas (fifty or sixty miles N. of Maldonado) there is a tract three or
four miles in length, composed of various trappean rocks with glassy
feldspar,—of apparently metamorphosed grit-stones,—of purplish
am oids with large kernels of carbonate of lime,*—and much of a

ish rock with glassy feldspar intermediate in character between
claystone hyry and trachyte. This latter rock was in one
spot rﬂmnrﬁoa from being full of drusy cavities, lined with quartz
crystals, and arranged in planes, dipping at an angle of 50° to the
east, and striking parallel to the foliation of an adjoining hill com-
of the common mixture of quartz, feldspar, and imperfect horn-
lende : this fact perhaps indicates that these volcanic rocks have been
metamorphosed, and their constituent parts re-arranged, at the same
time and according to the same laws, with the granitic and metamor-
phie formations of this whole region. In the valley of the Marmaraya,
a few miles south of the Tapas, a band of trappean and amygdaloidal
rock is interposed between a hill of granite and an extensive surround-
ing formation of red conglomerate, which (like that at the foot of the
S. Animas) has its basis porphyritic with ecrystals of feldspar, and
which hence has certainly suffered metamorphosis.

Monte Video.—The rocks here consist of several varieties of gneiss,
with the feldspar often yellowish, granular and imperfectly crystallized,
alternating with, and passing insensibly into, beds, from a few yards
to nearly a mile in thickness, of fine or coarse grained, dark-green
hornblendic slate ; this again often passing into chloritic schist. These
passages seem chiefly due to changes in the mica, and its replacement
by other minerals. At Rat Island I examined a mass of chloritic
gchist, only a few yards square, irregnlarly surrounded on all sides by
the gneiss, and intricately penetrated by many curvilinear veins of

* Near the Pan de Azucar there is some greenish porphyry, in one place
amygdaloidal with agate.
L
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deposition, separating particles of different degrees of coarseness; in
other cases there are parallel ferruginous lines not of true deposition,
as shown by the arrangement of the particles, though singularly re-
sembling them. The more indurated varieties often include many
small and some larger angular cavities, which appear due to the
removal of earthy matter: some varieties contain mica. All these
earthy and generally white stones insensibly pass into more indu-
rated sonorous varieties, breaking with a conchoidal fracture, yet
of small specific gravity ; many of these latter varieties assume a
pale purple tint, being singularly banded and veined with different
shades, and often become plainly porphyritic with crystals of feldspar.
The formation of these crystals could be most clearly traced by minute
angular and often partially hollow patches of earthy matter, first
assuming a jibrous structure, then passing into opaque imperfectly
shaped crystals, and lastly, into perfect glassy crystals. When these
crystals have appeared, and when the basis has become compact, the
rock in many places could not be distinguished from a true claystone
porphyry without a trace of mechanical structure.

In some parts, these earthy or tufaceous beds pass into jaspery and
into beauntifully mottled and banded porcelain rocks, which break into
splinters, translucent at their edges, hard enough to scratch glass, and
fusible into white transparent beads: grains of quartz included in the

reelainous varieties can be seen melting into the surrounding paste,

n other parts, the earthy or tufaceous beds either insensibly pass
into, or alternate with, breccias composed of large and small fragments
of various purplish porphyries, with the matrix generally porphyritic :
these breccias, though their subaqueous origin is in many places shown
both by the arrangement of their smaller particles and by an oblique
or current lamination, also pass into porphyries, in which every trace
of mechanical origin and stratification has been obliterated.

Some highly porphyritic though coarse-grained masses, evidently
of sedimentary origin, and divided into thin layers, differing from
each other chiefly in the number of embedded grains of quartz, inter-
ested me much from the peculiar manner in which here and there
some of the layers terminated in abrapt points, quite unlike those
produced by a layer of sediment naturally thinning out, and apparently
the result of a subsequent process of metamorphic aggregation. In
another common variety of a finer texture, the aggregating process
had gone further, for the whole mass consisted of quite short, parallel,
often slightly curved layers or patches, of whitish or reddish finely
granulo-crystalline feldspathic matter, generally terminating at both
ends in blunt points; these layers or patches further tended to pass
into wedge or almond shaped little masses, and these finally into
true crystals of feldspar, with their centres often slightly drusy.
The series was so perfect that I could not doubt that these large
erystals, which had their longer axes placed parallel to each other, had
primarily originated in the metamorphosis and aggregation of alterna-
ting layers of tuff; and hence their parallel position must be attri-
buted (unexpected though the conclusion may be), not to laws of
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aided the deceptive appearance. At Dahia, in Brazil, we have seen
that a true injected hornblendic dike, not only has suffered metamor-
phosis, but has been dislocated and even diffused in the surrounding
gueiss, under the form of separate crystals and of fragments.

Falkland Islands.—1 have described these islands in a paper pub-
lished in the third volume of the Geological Journal. The mountain-
idges consist of quartz, and the lower country of clay-slate and sand-
stone, the latter containing paleeozoic fossils, These fossils have been
separately described by Messrs. Morris and Sharpe : some of them re-
semble Silurian, and others Devonian forms. In the eastern part of
the group the several parallel ridges of quartz extend in a west and
east line; but further westward the line becomes W.N.W. and
E.S.E., and even still more northerly. The cleavage-planes of the
clay-slate are highly inclined, generally at an angle of above 50°,
am{ often vertical ; they strike almost invariably in the same direc-
tion with the quartz ranges. The outline of the indented shores of
the two main islands, and the relative positions of the smaller islets,
accord with the strike both of the main axes of elevation and of the
cleavage of the clay-slate.

Tierra del Fuego.—My notes on the geology of this country, are
copious, but as they are unimportant, and as fossils were found only
in one district, a brief sketch will be here sufficient. The east coast
from the St. of Magellan (where the boulder formation is largely
developed) to St. Polycarp’s Bay is formed of horizontal tertiary
strata, bounded some way towards the interior by a broad moun-
tainous band of clay-slate. This great clay-slate formation extends
from St. Le Maire westward for 140 miles, along both sides of the
Beagle channel to near its bifurcation. South of this channel, it
forms all Navarin Island, and the eastern half of Hoste Island and of
Hardy Peninsula ; north of the Beagle Channel it extends in a north-
west line on both sides of Admiralty Sound to Brunswick Peninsula
in the St. of Magellan, and I have reason to believe, stretches far up
the eastern side of the Cordillera. The western and broken side of
Tierra del Fuego towards the Pacific, is formed of metamorphic
schists, granite and various trappean rocks: the line of separation
between the crystalline and clay-slate formations, can generally be
distingunished, as remarked by Capt. King,* by the parallelism in the
clay-slate districts of the shores and channels, ranging in a line between
[W. 20° to 40° N.7] and [E. 20° to 40° 8.].

The clay-slate is generally fissile, sometimes siliceous or ferruginous,
with veins of quartz and caleareous spar; it often assumes, especially
on the loftier mountains, an altered feldspathic character, passing into
feldspathic porphyry : occasionally it is associated with breceia and
Erluwacke. At Good Success Bay, there is a little intercalated

lack crystalline limestone. At Port Famine much of the clay-slate

* Geographical Journal, vol. i. p. 155.
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tions with the almost vertical lamine of clay-slate. I was unable to
persuade myself that these great parallel masses had been injected,
until I found one dike which abruptly thinned out to half its thick-
ness, and had one of its walls jagged, with fragments of the slate em-
bedded in it.

In southern T. del Fuego, the clay-slate towards its S.W. bound-

, becomes much altered and feldspathic. Thus on Wollaston
Island slate and grauwacke can be distinctly traced passing into
feldspathic rocks and greenstones, including iron pyrites and epidote,
but still retaining traces of cleavage with the usual strike and dip.
One such metamorphosed mass was traversed by large vein-like
masses of a beautiful mixture (as ascertained by Professor Miller) of
green epidote, garnets, and white calcareous spar. On the northern
point of this same island, there were various ancient submarine vol-
canic rocks, consisting of amygdaloids with dark bele and agate,—of
basalt with decomposed olivine,—of compact lava with glassy feld-
spar,—and of a coarse conglomerate of red scorie, parts being amyg-
daloidal with carbonate of lime. The southern part of Wollaston
Island and the whole of Hermite and Hom Islands, seem formed of
cones of greenstone : the outlying islets of Il Defenso and D. Ramizez
are said * to consist of porphyritic lava. In crossing Hardy Penin-
sula, the slate, still retaining traces of its usual cleavage, passes into
columnar feldspathic rocks, which are succeeded by an irregular tract
of trappean and basaltic rocks, containing glassy feldspar and much
iron pyrites : there is, also, some harsh red claystone porphyry, and an
almost true trachyte with needles of hornblende, and in one spota
curious slaty rock, divided into quadrangular columns, having a base
almost like trachyte, with drusy cavities lined by erystals, too imperfect,
according to Professor Miller, to be measured, but resembling Zeago-
nite.t In the midst of these singular rocks, no doubt of ancient sub-
marine voleanie origin, a high hill of feldspathic clay-slate projected,
retaining its usual cleavage. Near this point, there was a small hillock,
having the aspect of granite, but formed of white albite, brilliant
cryst-a%a of homblende (both ascertained by the reflecting goniometer)
and mica; but with no quartz. No recent volcanic district has been
observed in any part of Tierra del Fuego.

Five miles west of the bifurcation of the Beagle Channel, the slate-
formation, instead of becoming, as in the more southern parts of Tierra
del Fuego, feldspathic, and associated with trappean or old volcanic
rocks, passes by alternations into a great underlying mass of fine gneiss
and glossy clay-slate, which at no great distance is succeeded by a
gmnﬁ formation of mica-slate containing garnets. The folia of these
metamorphic schists strike parallel to the cleavage-planes of the clay-
slate, which have a very uniform direction over the whole of this part
of the country: the folia, however, are undulatory and tortuous,
whilst the cleavage-laminze of the slate are straight. These schists

* Determined by Professor Jameson, Weddell's \"tiyage, p. 169. .
t See Mr. Brooke's Paper in the London Phil. Mag. vol. x. This mineral
occurs in an ancient volcanic rock near Rome,
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than one point of the compass from this direction.* Both on the
east and west coasts, I crossed at right angles the cleavage-planes for
a space of about eight miles, and found them dipping at an angle of be-
tween 45° and 90°, generally to 8.5.W., sometimes to N.N.E., and
often quite vertically. The S.8.W. dip was occasionally succeeded
abruptly by a N.N.E. dip, and this by a vertical cleavage, or again
iy the S.8.W. dip; as in a lofty chiff on the eastern end of the
island, the laminee of slate were seen to be folded into very large
steep curves, ranging in the usual W.N.W. line, I suspect that the
varying and opposite dips may possibly be accounted for by the
cleavage-laminee, though to the eye appearing straight, being parts of
la.rﬁa abrupt curves, with their summits cut off and worn down.

n several places I was particularly struck with the fact, that the
fine laminee of the clay-slate, where cuttin% straight through the
bands of stratification, and therefore indisputably true cleavage-planes,
differed Blightly in their greyish and greenish tints of colour, in com-
pactness, and in some of the laminz having a rather more jaspery
appearance than others. I have not seen this fact recorded, and it
appears to me important, for it shows that the same cause which
has produced the highly fissile structure, has altered in a slight degree
the mineralogical character of the rock in the same planes. The
bands of stratification, just alluded to, can be distinguished in many
m, ially in Navarin Island, but only on the weathered sur-

of the slate; they consist of slightly undulatory zones of dif-
furent shades of colour and of thicknesses, and resemble the marks
(more closely than anything else to which I can compare them) left
on the inside of a vessel by the draining away of some dirty slightly
agitated liquid: no difference in composition, corresponding with
these zones, could be seen in freshly fractured surfaces, In the more
level parts of Navarin Island, these bands of stratification were nearly
horizontal ; but on the flanks of the mountains they were inclined
from them, but in no instance that I saw at a very high angle.
There can, I think, be no doubt that these zones, which appear only
on the weathered surfaces, are the last vestiges of the original planes
of stratification, now almost obliterated by the highly fissile and
altered structure which the mass has assumed.

The clay-slate cleaves in the same W.N.W, and E.S.E. direction,
as on Navarin Island, on both sides of the Beagle Channel, on the
eastern side of Hoste Island, on the N.E, side of Hardy Peninsula,
and on the northern point of Wollaston Island; although in these two
latter localities the cleavage has been much obscured by the meta-
morphosed and feldspathic condition of the slate. Within the area
of these several islands, including Navarin Island, the direction of the
stratification and of the mountain-chains is very obscure ; though the
mountains in several places appeared to range in the same W.N. W,

* The clay-slate in this island was in many places crossed by parallel smooth
joiuts. Out of five cases, the angle of intersection between the strike of these

Joints and that of the cleavage-lamin®, was in two cases 45° and in two
others 79°, -
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visited several points, and specimens were collected for me from
the intermediate spaces by Lieut. Stokes. The predominant rock is
mica-slate, with thick folia of quartz, very frequently alternating with
and passing into a chloritic, or into a black, glossy, often striated,
slightly anthracitic schist, which soils paper, and becomes white under
a great heat, and then fuses. Thin layers of feldspar, swelling at
intervals into well erystallized kernels, are sometimes included in
these black schists; and I observed one mass of the ordinary black
variety insensibly lose its fissile structure, and passinto a singular mix-
ture of chlorite, epidote, feldspar, and mica. &reat veins of quartz are
numerous in the mica-schist; wherever these occur the folia are much
convoluted. In the southern part of the Peninsula of Tres Montes, a
compact altered feldspathic rock with crystals of feldspar and grains
of quartz is the commonest variety ; this rock™ exhibits occasionally
traces of an original brecciated structure, and often presents (like the
altered state of Tierra del Fuego) traces of cleavage-planes, which
strike in the same direction with the folia of mica-schist further north-
ward. At Inchemo Island, a similar rock gradually becomes granulo-
erystalline and acquires scales of mica; and this variety at S. Estevan
becomes highly laminated, and though still exhibiting some rounded
grains of quartz, passes into the black glossy slightly anthracitic
schist, which, as we have seen, repeatedly alternates with and passes
into the micaceous and chloritic schists. HHence all the rocks on this
line of coast belong to one series, and insensibly vary from an altered
feldspathic clay-slate into largely foliated, true mica-schist.

The cleavage of the homogeneous schists, the foliation of those
composed of more or less distinct minerals in layers, and the planes of
alternation of the different varieties or so-called stratification, are all
parallel and preserve over this 200 miles of coast a remarkable degree
of uniformity in direction. At the northern end of the group, at
Low's Harbour, the well-defined folia of mica-schist everywhere
ranged within eight degrees (or less than one point of the compass)
of N.19°W. and S. 19° E.; and even the point of dip varied very
little, being always directed to the west and generally at an angle of
forty degrees: I should mention that I had here good opportunities
of observation, for I followed the naked rock on the beach, trans-
versely to the strike, for a distance of four miles and a half, and all
the way attended to the dip. Along the outer islands, for 100 miles
south of Low’s Harbour, Lieut. Stokes, during his boat-survey, kindly
observed for me the strike of the foliation, and he assures me that it
was invariably northerly, and the dip with one single exception to the
west, Further south at Vallenar Bay, the strike was almost univer-
sally N. 25° W. and the dip, generally at an angle of about 40° to
W. 25° 8., but in some places almost vertical. Still further south,
in the neighbourhood of the harbours of Anna Pink, S. Estevan, and
8. Andres, and (judging from a distance) along the southern part of

* The peculiar, abruptly conical form of the hills in this neighhourhood, would
bave led any one at first to have supposed that they had been formed of injected
or intrusive rocks.
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and foliation, in all cases which I have seen, are parallel. Where in
one district the rocks are fissile, and in another adjoining district
they are foliated, the planes of cleavage and foliation are likewise
generally parallel : this is the case with the feldspathic homogeneous
slates in the southern part of the Chonos group, compared with the
fine foliated mica-schists of the northern part; so again the clay-
slate of the whole eastern side of Tierra del Fuego cleaves in exactly
the same line with the foliated gneiss and mica-slate of the western
coast; other analogous instances might have been adduced.*

With respect to the origin of the folia of quartz, mica, feldspar, and
other minerals composing the metamorphic schists, Professor Sedg-
wick, Mr. Lyell and most authors believe, that the constituent parts
of each layer were separately deposited as sediment, and then meta-
morphosed. This view, in the majority of cases, I believe to be quite
untenable. In those not uncommon instances, where o mass of clay-
slate, in approaching granite, gradually passes into gneiss,+ we clearly
see that folia of distinct minerals can originate through the meta-
morphosis of a homogeneous fissile rock. The deposition, it may be
remarked, of numberless alternations of pure quartz, and of the
elements of mica or feldspar, does not appear a probable event.}
In those districts in which the metamorphic schists are foliated in
planes, parallel to the cleavage of the rocks in an adjoining district,
are we to believe that the folia are due to sedimentary layers, whilst
the cleavage-laminze, though parallel, have no relation whatever to
such planes of deposition? On this view, how can we reconcile the
vastness of the areas over which the strike of the foliation is uniform,
with what we see in disturbed districts composed of true strata; and
especially, how can we understand the high and even vertical dip
throughout many wide districts, which are not mountainous, and
throughout some, as in western Banda Oriental, which are not even hilly ¢
Are we to admit that in the northern part of the Chonos archipelago,
mica-slate was first accumulated in parallel horizontal folia to a thick-
ness of about four geographical miles, and then upturned at an angle
of forty degrees; whilst, in the southern part of this same archipelago,
the cleavage-laminze of closely allied rocks, which none would imagine
had ever been horizontal, dip at nearly the same angle, to nearly the
same point ?

Seeing, then, that foliated schists indisputably are sometimes pro-
duced by the metamorphosis of homogeneous fissile rocks ; seeing that
foliation and cleavage are so closely analogous in the several above
enumerated respects; seeing that some fissile and almost homogeneous
rocks show incipient mineralogical changes along the planes of their
cleavage, and that other rocks with a fissile structure alternate with,

® I have given a case in Australia. See my volume on Volcanic Islands, p. 131.

t I have described (Volcanic Islands, p. 149) a good instance of such a passage
at the Cape of Good Hope.

t See some excellent remarks on this subject, in D’Aubuisson’s Traité de

Géog. tom, i. p. 207. Also, some remarks by Mr. Dana in Silliman's American
Journ. vol. xlv. p. 108,
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sition, and complex foliated masses. The mere presence of true strata
in the midst of a set of metamorphic schists, is no argument that the
foliation is of sedimentary origin, without it be further shown in each
case, that the folia mot only strike, but dip throughout in parallel
planes with those of the true stratification.

As in some cases it appears that where a fissile rock has been ex-
posed to partial metamorphic action, for instance from the irruption of
granite, the foliation has supervened on the already existing cleavage-
E‘I;nes ; 8o, perhaps in some instances, the foliation of a rock may have

n determined by the original planes of deposition or of oblique
current-laminz : I have, however, myself, never seen such a case, and
I must maintain that in most extensive metamorphic areas, the folia-
tion is the extreme result of that process, of which cleavage is the
first effect. That foliation may arise without any previous structural
arrangement in the mass, we may infer from injected, and therefore
once liquefied, rocks, both of voleanic and plutonic origin, sometimes
having a “grain” (as expressed by Professor Sedgwick), and some-
times being composed of distinct folia or laminze of different composi-
tions. In my volume on Volcanic Islands, I have given several in-
stances of this structure in volcanic rocks, and it is not uncommonly
seen in plutonic masses,—thus, in the Cordillera of Chile, there are
gigantic mountain-like masses of red granite, which have been injected
whilst liquefied, and which, nevertheless, display in parts a decidedly
laminar structure,*

Finally, we have seen that the planes of cleavage and of foliation,
that is, of the incipient process ang of the final result, generally strike
parallel to the principal axes of elevation, and to the outline of the
land : the strike of the axes of elevation (that is, of the lines of
fissures with the strata on their edges upturned), according to the
reasoning of Mr. Hopkins, is determined by the form of the area
undergoing changes of level, and the consequent direction of the lines of
tension and fissure. Now, in that remarkable pile of volcanic rocks at
Ascension, which has several times been alluded to (and in some other
cases), I have endeavoured to show,* that the lamination of the
several varieties, and their alternations, have been caused by the mov-
ing mass, just before its final consolidation, having been subjected (as
in a glacier) to planes of different tension; this difference in the
tension affecting the crystalline and concretionary processes. One of
the varieties of rock thus produced at Ascension, at first sight, singu-
larly resembles a fine-grained gneiss; it consists of quite straight and

el zones, of excessive tenuity, of more and less coloured crystal-
ized feldspar, of distinet crystals of quartz, diopside, and oxide of iron.

* As remarked in a former part of this chapter, I suspect that the boldly
conical mountains of gneiss-granite, near Rio de Janeiro, in which the con-
stituent minerals are arranged in parallel planes, are of intrusive origin. We
must not, however, forget the lesson of caution taught by the curious clay-stone

yries of Port Desire, in which we have seen that the breaking up and aggre-
gation of a thinly stratified tufaceous mass, has yielded a rock semi-porphyritic
with crystals of feldspar, arranged in the planes ﬂgmigiual deposition,

t Volcanic Islands, p. 65.
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To return to our section down the valley : standing on the great
N. by W, and S. by E. uniclinal axis of the Puente del Inca, of
which a section has just been given, and looking north-east, great
tabular masses of the gypseous formation [K K] could be seen in the
distance, very slightly inclined towards the east. Lower down the
valley, the mountains are almost exclusively composed of porphyries,
many of them of intrusive origin and non-stratified, others stratified,

but with the stratification seldom distinguishable except in the upper

parts. Disregarding local disturbances, the beds are either horizontal
or inclined at a small angle eastwards : hence, when standing on the
plain of Uspallata and looking to the west or backwards, the Cor-
dillera appear composed of huge, square, nearly horizontal, tabular
masses : so wide a space, with such lofty mountains so equably ele-
vated, is rarely met with within the Cordillera. In this line of sec-
tion, the interval between the Puente del Inca and the mneighbour-
hood of the Cumbre, includes all the chief axes of dislocation.

The altered clayslate formation, already deseribed, is in several
parts of the valley as far down as Las Vacas, underlying the por-
phyritic conglomerate. At the Casa de Pujios [ L], there is a hum-
mock of (andesitic ?) granite; and the stratification of the surround-
ing mountains here changes from W, by 8. to S.W. Again, near the
R. Vacas there is a larger formation of (andesitic?) granite [M],
which sends a mesh-work of veins into the superincumbent clay-
slate, and which locally throws off the strata, on one side to N.W.
and on the other to S.E. but not at a high angle : at the junction, the
clayslate is altered into fine-grained greenstone. This gramitic axis
is intersected by a green dike, which I mention, because I do not
remember having elsewhere seen dikes in this lowest and latest
intrusive rock. From the R. Vacas to the plain of Uspallata, the
valley runs N.E., so that I have had to contract my section; it runs
exclusively through porphyritic rocks. As far as the Pass of Jaula,
the claystone conglomerate formation, in most parts highly por-
phyritic, and crossed by numerous dikes of greenstone-porphyry,
attains a great thickness: there is also much intrusive porphyry.
From the Jaula to the plain, the stratification has been in most
places obliterated, except near the tops of some of the mountans;
and the metamorphic action has been extremely great. In thisspace,
the number and bulk of the intrusive masses of differently o:ulﬂnra:d
porphyries, injected one into another and intersected by dikes, is
truly extraordinary. I saw one mountain of whitish porphyry,
from which two ]111%3 dikes, thinning out, branched downwards into
an adjoining blackish porphyry. Another hill of white porphyry,
which had burst through c{)ark coloured strata, was itself m_]eutej by
a purple, brecciated, and recemented porphyry, both being crossed by
a green dike, and both having been upheaved and injected by a

ranitic dome. One brick-red porphyry, which above the Jaula
?nrms an isolated mass in the midst of the porphyritie conglomerate
formation, and lower down the valley a magnificent group of peaked
mountains, differs remarkably from all the other porphyries. It
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consists of a red feldspathic base, including some rather large erystals of
red feldspar, numerous large angular grains of quartz, and little bits
of a soft green mineral answering in most of its characters to soap-
stone. The erystals of red feldspar resemble in external appearance
those of orthite, though, from being partially decomposed, I was
unable to measure them; and they certainly are quite unlike the
variety, so abundantly met with in almost all the other rocks of this
line of section, and which, wherever I tried it, cleaved like albite,
This brick-red porphyry appears to have burst through all the other
porphyries, and numerous red dikes traversing the neighbouring
mountains have proceeded from it: in some few places, however, it
was intersected by white dikes. From this posteriority of intrusive
origin,—from the close general resemblance between this red por-
%;Ll;'r_v and the red gramite of the Portillo line, the only difference

ing that the feldspar here is less perfectly granular, and that
soapstone replaces the mica, which is there imperfect and passes into
chlorite,—and from the Portillo line a little southward of this point
appearing to blend (according to Dr. Gillies) into the western ranges,
—I am strongly urged to believe (as formerly remarked) that the
grand mountain-masses composed of this brick-red porphyry belong
to the same axis of injection with the granite of the Portillo line :
if so, the injection of this porphyry probably took place, as long sub-
sequently to the several axes of elevation in the gypseous formation
near the Cumbre, as the injection of the Portillo granite has been
shown to have been subsequent to the elevation of the gypseous
strata composing the Peuquenes range; and this interval, we have
seen, must havagbeen a very long one.

The Plain of Uspallata has been briefly described in Chap. IIL ; it
resembles the basin-plains of Chile; it is ten or fifteen miles wide,
and is said to extend for 180 miles northward ; its surface is nearly
6000 feet above the sea; it is composed, to a thickness of some hun-
dred feet, of loosely aggregated, stratified shingle, which is prolonged
with a gently sloping surface up the valleys in the mountains on
both sides. One section in this plain [Z7] is interesting, from the
unusual®* circumstance of alternating layers of almost loose red and
white sand with lines of pebbles (from the size of a nut to that of an
apple), and beds of gravel, being inclined at an angle of 45°, and in
some spots even at a higher angle. These beds are dislocated by
small faults; and are capped by a thick mass of horizontally stratified
gravel, evidently of subaqueous origin. Having been accustomed to
observe the irregularities of beds accumulated under currents, I feel
sure that the inclination here has not been thus produced. The
pebbles consist chiefly of the brick-red porphyry just deseribed and
of white ite, both probably derived from the ranges to the west,
and of altered clayslate and of certain porphyries, apparently be-

* 1 find that Mr. Smith, of Jordanhill, has described (Edinburgh New Phil.
Journ. vol. xxv, p. 392) beds of sand and gravel, near Edinburgh, tilted at an
angle of 60°, and dislocated by miniature faults.
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like fissure, filled up with an indurated whitish tuff, quite similar
to some of the upper beds presently to be described ; and this shows
that the clayslate must have been consolidated and dislocated before
their deposition. On the other hand, the stratification of the slate
and grauwacke,* in some cases gradually and entirely disappeared in
approaching the overlying white conglomerate; in other cases the
stratification of the two formations became strictly conformable ;
and again in other cases, there was some tolerably well characterized
clayslate lying above the conglomerate. The most probable conclu-
sion appears to be, that after the clayslate formation had been dislo-
cated and tilted, but whilst under the sea, a fresh and more recent

osition of clayslate took place, on which the white conglomerate
was conformably deposited, with here and there a thin intercalated
bed of clayslate. Bonmthis view the white conglomerates and the
presently to be described tuffs and lavas are really unconformable to
the main part of the clayslate; and this, as we have seen, certainly
is the case with the claystone lavas in the valley of Cafiota, at the
western and opposite base of the range, .

Thirdly : on the white conglomerate, strata several hundred feet in
thickness are superimposed, varying much in nature in short dis-
tances: the commonest variety is a white, much indurated tuff,
sometimes slightly calcareous, with ferruginous spots and water-lines,
often passing into whitish or purplish compact, fine-grained grit or
sandstones; other varieties become semi-porcellanie, and tinted faint
green or blue; others pass into an indurated shale: most of these
varieties are easily fusible.

Fourthly: a bed, about 100 feet thick, of a compact, partially
columnar, pale-grey, feldspathic lava, stained with iron, includin
very numerous crystals of opaque feldspar, and with some cr}rsm]lizeg
and disseminated calcareous matter. The tufaceous stratum on which
this feldspathic lava rests is much hardened, stained purple, and
has a spherico-concretionary structure ; it here contains a good many
pebbles of claystone-porphyry.

Fifthly : thin beds, 400 feet in thickness, varying much in nature,
consisting of white and ferruginous tuffs, in some parts having a con-
cretionary structure, in others mntainin% rounded grains and a few
pebbles of quartz; also passing into hard gritstones and into greenish
mudstones : there is, also, much of a bluish-grey and green semi-

ic stone.

Sixthly : a volcanic stratum, 250 feet in thickness, of so varying a
nature that I do not believe a score of specimens would show all the
varieties ; much is highly amygdaloidal, much compact; there are

* The coarse, mechanical structure of many grauwackes has always appeared to
me a difficulty ; for the texture of the associated clayslate, and the nature of the
embedded organic remains where present, indicate that the whole has been a deep-
water deposit. Whence have the sometimes included angular fragments of clay-
slate, the rounded masses of quartz and other rocks, been derived? Many

deep-water limestones, it is well known, bave been brecciated, and then firmly re-
cemented,
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horizontally embedded. The surrounding strata are crossed by veins
of carbonate of lime, agate, and oxide of iron; and a poor gold vein
has been worked not far from the trees.

The green and brown mudstone beds including the trees, are con-
formably covered by much indurated, compact, white or ferruginous
tuffs, which pass upwards into a fine-grained, purplish sedimentary
rock : these strata, which, together, are from 400 to 500 feet in
thickness, rest on a thick bed of sub-marine lava, and are econform-
ably covered by another great mass of fine-grained basalt,® which
I estimated at 1,000 feet in thickness, and which probably has been
formed by more than one stream. Above this mass I could clearly
distinguish five conformable alternations, each several hundred feet
in thickness, of stratified sedimentary rocks and lavas, such as have
been previously described. Certainly the upright trees have been
buried under several thousand feet in thickness of matter, accumu-
lated under the sea. As the trees obviously must once have grown
on dry land, what an enormous amount of subsidence is thus indi-
cated! Nevertheless, bad it not been for the trees, there was no
appearance which would have led any one even to have conjectured
that these strata had subsided. As the land, moreover, on which
the trees grew, is formed of subaqueous deposits, of nearly if not
quite equal thickness with the superincumbent strata, and as these
deposits are regularly stratified and fine-grained, not like the matter
thrown up on a sea-beach, a previous upward movement, aided no
doubt by the great accumulation of lavas and sediment, is also
indicated.t

In nearly the middle of the range, there are some hills [Q7], before
alluded to, formed of a kind of granite, externally resembling andesite,
and consisting of a white, imperfectly granular, feldspathic basis,

* This rock is quite black, and fuses into a black bead, attracted strongly by
the magnet; it breaks with a conchoidal fracture ; the included crystals of augite
are distinguishable by the naked eye, but are not perfect enough to be measured :
there are many minute acicular crystals of glassy feldspar.

1 At first I imagined, that the strata with the trees might have been accumu-
lated in a lake : but this seems highly improbable ; for, first, a very deep lake was
necessary to receive the matter below the trees, then it must have been drained for
their growth, and afterwards re-formed and made profoundly deep, so as to receive
a subsequent accumulation of matier several fhousand feet in thickness, And all
this must have taken place necessarily before the formation of the Uspallata range,
and therefore on the margin of the wide level expanse of the Pampas! Hence I
conclude, that it is infinitely more probable that the strata were accumulated under
the sea: the vast amountof denudatinn, moreover, which this range has suffered,
as shown by the wide valleys, by the exposure of the very trees and by other
appearances, could have been effected, I conceive, only by the long-continued
action of the sea; and this shows that the range was either upbeaved from under
the sea, or subsequently let down into it. From the natural manner in which the
stumps (fifty-two in number) are grouped in a clump, and from their all stand-
ing vertically to the strata, it is superfluous to speculate on the chance of the
trees having been drifted from adjoiniog land, and deposited upright: I may,
bowever, mention that the late Dr. Malecolmson assured me, that he once met in
the Indian ocean, fifty miles from land, several cocoa-nut trees floating upright,
owing to their roots bemg loaded with earth.
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sediments, the intrusive granite and porphyries, and the underlying
clayslate—are inte by metalliferous veins.  The lava-strata
can often be seen extending for great distances, conformably with the
under and over lying beds; and it was obvious that they thickened
towards the west. Hence the points of eruption must have been
situated westward of the present range, in the direction of the main
Cordillera: as, however, the flanks of the Cordillera are entirely com-
posed of various porphyries, chiefly claystone and greenstone, some
mntrusive, and others belonging to the porphyritic conglomerate for-
mation, but all quite unlike these submarine lava-streams, we must
in all probability look to the plain of Uspallata, for the now deeply
buried points of eruption.

Comparing our section of the Uspallata range with that of the

mbre, we see, with the exception of the underlying clayslate,
and perhaps of the intrusive rocks of the axes, a striking dissimilarity
in the strata composing them. The great porphyritic conglomerate for-
mation has not extend%sd as far as this range; nor have we here any
of the gypseous strata, the magnesian and other limestones, the red
sandstones, the siliceous beds with pebbles of quartz, and compa-
ratively little of the conglomerates, all of which form such vast
masses over the basal series in the main Cordillera. On the other
hand, in the Cordillera, we do not find those endless varieties of in-
durated tuffs, with their numerous veins and concretionary arrange-
ment, and those grit and mud stones, and singular semi-porcellanic
rocks, so abundant in the Uspallata range. The submarine lavas,
also, differ considerably; the feldspathic streams of the Cordillera.
contain much mica, which is absent in those of the Uspallata range:
in this latter range we have seen on how grand a scale, basaltic lava
has been poured forth, of which there is not a trace in the Cordillera.
This dissimilarity is the more striking, considering that these two
parallel chains are separated by a plain only between ten and fifteen
miles in width ; and that the Uspallata lavas, as well as no doubt
the alternating tufaceous beds, have proceeded from the west, from
points apparently between the two ranges. To imagine that these
two piles of strata were contemporaneously deposited in two closel
adjoining, very deep, submarine areas, separated from each other by a
lofty ridge, where a plain now extends, would be a gratuitous hypo-
thesis. And had they been contemporaneously deposited, without
any such dividing ridge, surely some of the gypseous and other sedi-
mentary matter forming such immensely thick masses in the Cor-
dillera, would have extended this short distance eastwards; and
surely some of the Uspallata tuffs and basalts also accumulated to so
great a thickness, would have extended a little westward. Hence I
conclude, that it is far more probable that these two series are not
contemporaneous ; but that the strata of one of the chains were de-
posited, and even the chain itself uplifted, before the formation of the
other :—which chain, then, is the oldest ? Considering that in the
Uspallata range the lowest straia on the western flank lie unconform-
ably on the clayslate, as probably is the case with those on the
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tongue, easily fusible into a pale green glass), more or less in-
durated, either earthy and cream-coloured, or greenish and hard.
The more indurated varieties have a compact, homogeneous almost
crystalline fracture, and contain granules of crystallized oxide of iron.
Some of the varieties almost resemble hone stones. There is also a
little black, hardly fusible, siliceo-caleareous clayslate, like some of
the varieties alternating with gypsum on the Peuquenes range.

The upper half of this gypseous formation is mainly formed of
the same calcareous clay-shale rock, but without any gypsum, and
varying extremely in nature : it passes from a soft, coarse, earthy,
ferruginous state, including particles of quartz, into compact clay-
stones with erystallized oxide of iron,—into porcellanic layers, alter-
nating with seams of calcareous matter,—and into green porcelain-
jasper excessively hard, but easily fusible. Strata of this nature
alternate with much black and brown siliceo-calcareous slate, remark-
able from the wonderful number of huge embedded logs of silicified
wood. This wood, according to Mr. R. Brown, is (judging from
several specimens) all coniferons. Some of the layers of the black
siliceous slate contained irregular angular fragments of imperfect
pitchstone, which I believe, as in the Uspallata range, bas originated
in a metamorphic process, There was one bed of a marly tufa-
ceous nature, and of little specific gravity. Veins of agate and cal-
careous spar are numerous, The whole of this gypseous formation,

ecially the upper half, has been injected, metamorphosed, and
locally contorted by numerous hillocks of intrusive porphyries,
erowded her in an extraordinary manner. These hillocks con-
sist of purple claystone and of various other porphyries, and of
much white feldspathic greenstone passing into andesite; this lat-
ter variety included in one case crystals of orthitic and albitic feld-
spar touching each other, and others of hornblende, chlorite, and epi-
dote. The strata surrounding these intrusive hillocks at the mines of
Loz Hornos, are intersected by many veins of copper-pyrites, asso-
ciated with much micaceous iron-ore, and by some of gold: in the
neighbourhood of these veins the rocks are blackened and much
altered. The gypsum near the intrusive masses is always opaque.
One of these hillocks of porphyry was capped by some stratified

rphyritic conglomerate, which must have been brought up from

low, throngh the whole immense thickness of the overlying gyp-
seous formation. The lower beds of the gypseous formation resemble
the corresponding and probably contemporaneous strata of the main
Cordillera ; whilst the upper beds in several respects resemble those
of the Uspallata chain, and possibly may be contemporaneous with
them ; for I have endeavoured to show that the Uspallata beds were
accumulated subsequently to the gypseous or neocomian formations of
the Cordillera.

This pile of strata dips at an angle of about 20° to N.E. by N,,
close up to the very foot of the Cuesta de Los Hornos, a erooked
range of mountains formed of intrusive rocks of the same nature
with the above described hillocks. Ouly in one or two places, on

P
























BRGRE

——

CHAP. VIIL ] GUASCO. 217

resemblance between them, — both in the underlying porphyritic
conglomerate, and in the overlying gypseous formation. Considerin
this resemblance, and that the fossils from the Puente del Inea at the
base of the gypseous formation, and throughout the greater part of
its entire thickness on the Peuquenes range, indicate the neocomian
ﬁ]riud,—tha.t is, the dawn of the cretaceous system, or, as some have

ieved, a passage between this latter and the oolitic series,—I con-
clude that probably the gypseous and associated beds in all the
sections hitherto described, belong to the same great formation,
which I have denominated—cretaceo-oolitic. I may add, before
leaving Coquimbo, that M. Gay found in the neighbouring Cordillera,
at the height of 14,000 feet above the sea, a fossiliferous formation,
including a Trigonia and Pholadomya ;*—both of which genera occur
at the Puente del Inca.

Coquimbo to Guasco.—The rocks near the coast, and some way
inland, do not differ from those described northwards of Valparaiso :
we have much stone, syenite, feldspathic and jaspery slate, and
quwackes having a basis like that of claystone; there are some
arge tracts of granite, in which the constituent minerals are some-
times arranged in folia, thus composing an imperfect gneiss. There
are two large districts of mica-schist, passing into glossy clayslate,
and resembling the great formation in the Chonos Archipelago, In
the valley of Guasco, an escarpment of porphyritic conglomerate is
first seen high up the valley, about two leagues eastward of the town
of Ballenar. 1 heard of a great gypseous formation in the Cordillera ;
and a collection of shells made there was given me. These shells are
all in the same condition, and appear to have come from the same bed :
they consist of—

Turritella Andii, d'Orbig. Voyage, Part. Pal.

Pecten Dufreynoyi, do.

Terebratula ignaciana, do.

The relations of these species have been given under the heald of Coquimbo.

Terebratula @nigma, d’Orbig. Voyage, Part. Pal. (var. E. Forbes,
Pll vi ]3, 141-}

This shell M. d'Orbiguy does not consider identical with his T. @nigma,

but near to T. obsoleta. Professor Forbes thinks that it is certainly a variety of

T. ®nigma, and his observations on this species are given in thelist of fossils from
Coquimbo: we shall meet with this variety again at Copiapo.

Spirifer Chilensis, E. Forbes, PL. V. fig. 15, 16.

Professor Forbes remarks that this fossil resembles several carboniferous lime-
stone Spirifers ; and that it is also related to some liassic species, as 3, Wolcotii.

If these shells had been examined independently of the other col-
lections, they would probably have been considered, from the charac-
ters of the two Terebratule and from the Spirifer, as oolitic; but
considering that the three first species, and according to Professor
Forbes, the four first, are identical with those from Coquimbo, the

* D’Orbigny, Voyage, Part, Géolog. p. 242.
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phyritie chain, presently to be described. I have given this section
in detail, as being illustrative of the general character of the monuntains
in this neighbourhood ; but it must not be supposed that any one
stratum long preserves the same character. At a distance of between
only two and three miles, the green mudstones and white indurated
tuffs are to a great extent replaced by red sandstone and black calca-
reous shaly rocks, alternating together. The white indurated tuff,
bed (11), here contains little or no gypsum, whereas on the northern
and opposite side of the valley, 1t 15 of much greater thickness and
abounds with layers of gypsum, some of them alternating with thin
seams of crystalline carbonate of lime. The uppermost, dark-coloured,
hard mudstone (bed 12) is in this neighbourhood the most constant
stratum. The whole series differs to a considerable extent, especially
in its upper part, from that met with at [B BT, in the lower part of
the valley ; nevertheless I do not doubt that they are equivalents.

Fourth Azxis of Elevation, ( Valley of Copiapo.)—This axis is formed
of a chain of mountains [F7], of which the central masses (near
La Punta) consist of andesite containing green hornblende and coppery
mica, and the onter masses of greenish and black porphyries, together
with some fine lilac-coloured claystone porphyry ; all these porphyries
being injected and broken np by small hummocks of andesite. The
central great mass of this latter rock, is covered on the eastern side
by a black, fine-grained, highly micaceous slate, which, together with
the succeeding mountains of porphyry, are traversed by numerous
white dikes, branching from the andesite, and some of them extend-
ing in straight lines, to a distance of at least two miles. The moun-
tains of porphyry eastward of the micaceous schist soon, but
gradunally, assume (as observed in so many other cases) a stratified
structure, and can then be recognised as a part of the porphyritic con-
glomerate formation. These strata [G] are inclined at a high angle
to the S.E., and form a mass from 1,500 to 2,000 feet in thickness.
The gypseous masses to the west already deseribed, dip directly to-
wards this axis, with the strata only in a few places (one of which is
represented in the section) thrown from it; hence this fourth axis is
mainly uniclinal towards the S.E., and just like our third axis, only
locally anticlinal.

The above strata of porphyritic conglomerate [G7] with their
south-eastward dip, come abruptly up against beds of the gypseous
formation [H] which are gently, but irregularly, inclined westward :
so that there is here a synclinal axis and great fault. Further up
the valley, here running nearly north and south, the gypseous forma-
tion is prolonged for some distance ; but the stratification is unintelli-
gible, tﬁe whole being broken up by faults, dikes, and metalliferous
veins. The strata consist chiefly of red calcarecus sandstones, with
numerous veins, in the place of layers, of gypsum; the sandstone is
associated with some black calcareons slate-rock, and with green
pseudo-honestones, passing into porcelain-jasper. Still further up
the valley, near Las Amolanas, [I] the gypseous strata become more
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to the provisional name already used of cretaceo-oolitic. From
geological evidence, I believe this formation to be the equivalent of
the neocomian beds of the Cordillera of central Chile.

To return to our section near Las Amolanas:—Above the yellow
siliceous sandstone, or the equivalent calcareous slate-rock, with its
bands of fossil-shells, according as the one or the other prevails, there
is a pile of strata, which cannot be less than from 2,000 to 3,000 feet
in thickness, in main part composed of a coarse, bright, red conglo-
merate, with many intercalated beds of red sandstone, and some of
green and other coloured porcelain-jaspery layers. The included
pebbles are well rounded, varying from the size of an egg to that of a
cricket-ball, with a few larger; and they consist chiefly of porphyries.
The basis of the conglomerate, as well as some of the alternating, thin
beds, are formed of a red, rather harsh, easily fusible sandstone, with
crystalline calcareous particles. This whole great pile is remarkable
from the thousands of huge, embedded, silicitied trunks of trees, one
of which was eight feet long, and another eighteen feet in circum-
ference : how marvellous it is, that every vessel in so thick a mass of
wood should have been converted into silex! I brought home many
specimens, and all of them, according to Mr. R. Brown, present a
coniferous structure.

Above this great conglomerate, we have from 200 to 800 feet in thick-
ness of red sandstone ; and above this, a stratum of black, calcareous
slate-rock, like that which alternates with and replaces the underly-
ing yellowish-white, siliceous sandstone. Close to the junction between
this upper black slate-rock and the upper red sandstone, I found
the Gryphea Daricinii, the Turritelle Andii, and vast numbers of
a bivalve, too imperfect to be recognised. Hence we see that, as far
as the evidence of these two shells serves—and the Turritella is an
eminently characteristic species—the whole thickness of this vast pile
of strata belongs to the same age. Again, above the last-mentioned
upper red sandstone, there were several alternations of the black, cal-
careous slate-rock ; but I was unable to ascend to them. All these
uppermost strata, like the lower ones, vary extremely in character in
short horizontal distances. The gypseous formation, as here seen, has
a coarser, more mechanical texture, and contains much more siliceous
matter than the corresponding beds lower down the valley. Its total
thickness, together with the upper beds of the porphyritic conglo-
merate, I estimated at least at 8,000 feet ; and only a small portion of
the porphyritic conglomerate, which on the eastern flank of the
fourth axis of elevation appeared to be from 1,500 to 2,000 feet thick,
is here included. As corroborative of the great thickness of the gyp-
seous formation, I may mention that in the Despoblado Valley (which
branches from the main valley a little above the town of Copiapo) I
found a corresponding pile of red and white sandstones, and of dark,
caleareous, semi-jaspery mudstones, rising from a nearly level sur-
face, and thrown into an absolutely wvertical position ; so that, by
pacing, I ascertained their thickness to be nearly 2,700 feet ; taking
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not be supposed that they all ran continuously for great distances.
As was stated to be the case in our sections across the Cordillera of
central Chile, so here most of the lines of elevation, with the exception
of the first, third, and fifth, are very short. The stratification is every-
where disturbed and intricate ; nowhere have I seen more numerous
faults and dikes. The whole district, from the sea to the Cordillera,
is more or less metalliferous ; and I heard of gold, silver, copper, lead,
mercury, and iron veins. The metamorphie action, even in the lower
strata, has certainly been far less here than in central Chile.

Valley of the Despoblado.—This great barren valley, which has
already been alluded to, enters the main wvalley of Copiapo a little
above the town: it runs at first northerly, then N.E., and mure
easterly into the Cordillera; I followed its dreary course to the fout
of the first main ridge. I will not give a detailed section, because it
would be essentially similar to that already given, and because the
stratification is exceedingly complicated. After leaving the plutonic
bills near the town, I met first, as in the main valley, with the g ayp-
seous formation having the same diversified character as before, and
soon afterwards with masses of porphyritic conglomerate, about 1,000
feet in thickness. In the lower part of this formation, there were
very thick beds composed of fragments of claystone porphyries, both
angular and rounded, with the smaller ones partially blended together

the basis rendered porphyritic; these beds separated distinet
streams, from sixty to eighty feet in thickness, of claystone lavas.
Near Paipote, also, there was much true porphyritic breceia-
conglomerate : nevertheless, foew of these masses were metamorphosed
to the same degree with the corresponding formation in central Chile,
I did not meet in this valley with any true andesite, but only with
imperfect andesitic porphyry 1n<.|udmg large erystals of hornblende :
numerous as have been the varieties of intrusive porphyries already
mentioned, there were here mountains composed of a new kind,
having a cl}mpcact, smooth, cream-coloured basis, ineluding m:]_}'
a few crystals of feldspar, and mottled with dendritie spots of oxide
of iron. There were also some mountains of a porphyry with a
brick-red basis, containing irregular, often lens-shaped, patches of
compact feldspar, and crystals of feldspar, which latter to my sur-
prise I find to be orthite.

At the foot of the first ridge of the main Cordillera, in the ravine
of Maricongo, and at an elev ai.mn, whiel, from the extreme eoldness
and appearance of the vegetation, I estima.ted at about 10,000 feet,
I found beds of white Eﬂnl.isl:-une and of limestone including thie Pecten
Dufreynoyi, Terebratula enigma, and some Gryphites. This ridge,
throws the water on the one hand into the Pacific, and on the othur,
as I was informed, into a great gravel-covered, basin-like plain, in-
cluding a salt-lake, and wmﬁreut- any drainage-exit. In crossing the
Cordillera by this Pass, it is said that three principal ridges must be
traversed, instead of two, or only one as in central Chile.

The crest of this first main ridge and the surrounding mountaine,












S~ E—

CHAP, VIIL] IQUIQUE, PERU,. 283

main valleys have generally been hollowed out along these lines, the in-
trusive masses have generally suffered much denudation. Hence they
are apt to stand in some degree isolated, and to be situated at the points
where the valleys al::-mgtl_-,r bend, or where the main tributaries enter.
On this view of there being a tendency in the old points of eruption
to become the points of subsequent injection and disturbance, and
consequently of denudation, it ceases to be surprising that the streams
of lava in the porphyritic claystone conglomerate formation, and in
other analogous cases, should most rarely be traceable to their actual
sources,

Tquique, Southern Peru.—Differently from what we have seen
throughout Chile, the coast here is formed not by the granitic series,
but by an escarpment of the porphyritic conglomerate formation,
between 2000 and 3000 feet in height.,* I had time only for a very
short examination ; the chief part of the escarpment appears to be comi-
posed of various reddish and purple, sometimes laminated, porphyrivs,
resembling those of Chile; and I saw some of the porphyritic breccia~
conglomerate ; the stratification appeared but little inclined. The
uppermost part, judging from the rocks near the famous silver
mine of Huantajaya,t consists of laminated, impure, argillaceous,
purplish-grey limestone, associated, I believe, with some purple
sandstone. In the limestone, shells are found: the three following
species were given me :—

Lucina Americana, E. Forbes, P1. V. fig. 24.

Terebratula inca, do. FL V. fig. 19 20.
eenigma, D’'Orbig. PL V. fig. 10, 11, 12,

This latter species we have seen associated with the fossils of which
lists have been given in this chapter, in two places in the valley of
Coquimbo, and in the ravine of Maricongo at Copiapo. Considering
this fact, and the superposition of these Leds on the porphyritic con-
glomerate formation ; and, as we shall immediately see, from their
containing much gypsum, and from their otherwise close general
resemblance in mineralogical nature with the strata described in the
valley of Copiapo, I have little doubt that these fossiliferous beds of
Iquique belong to the great cretaceo-oolitic formation of northern
Chile. Iquique is situated seven degrees latitude north of Co-
piapo ; and I may here mention, that an Ammonites, nov. spee., and
Astarte, nov. spec., were given me from the Cerro Pasco, about ten
degrees of latitude north of Iquique, and M. d'Orbigny thinks that
they probably indicate a neccomian formation. Again, fifteen de-
ﬁt&ﬁ of latitude northward, in Colombia, there is a grand fossiliferous
eposit, now well known from the labours of Von DBuch, Lea, 'Or-

* The lowest point, where the road crosses the coast-escarpment, is 1,900
feat hﬁ the barometer above the level of the sea,

+ Mr. Bollaert has described (Geclog, Proceedings, vol. ii. p. 598) a singular
mass of stratified detritus, gravel, and saud, eighty-one yards in thickness, over-
lying the limestore, and abounding with loose masses of silver ore. ‘I'Le miners
believe that they can attribute these masses to their proper veius.
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nests : there were here other parallel veins of copper and of a ferru-
gino-auriferous ore. I believe tin has never been found in Chile.

From information given me by Mr. Nixon of Yaquil,* and by others,
it appears that in Chile those veins are generally most permanently
productive, which consisting of various minerals (sometimes differing
but slightly from the surrounding rocks}, include parallel strings ick in
metals ; such a vein is called a veta real. More commonly the mines
are worked only where one, two, or more thin veins or strings running
in a different direction, intersect a poor ‘veta real:’ it is unani-
mously believed that at such points of intersection (cruceros), the
quantity of metal is much greater than that contained in other
parts of the intersecting veins, In some eruceros or points of intersec-
tion, the metals extend even beyond the walls of the main, broad,
stony vein. It is said that the greater the angle of intersection, the
greater the produce; and that nearly parallel strings attract each
other ; in the Uspallata range, I observed that numerous thin auri-
ferruginous veins repeatedly ran into knots, and then branched out

ain. | have already described the remarkable manner, in which
rocks of the Uspallata range are indurated and blackened (as if by
a blast of gunpowder) to a considerable distance from the metallic
vems,

Finally, I may observe, that the presence of metallic veins seems
obviously conneeted with the presence of intrusive rocks, and with
the degree of metamorphic action which the different districts of
Chile have undergone.t Such metamorphosed areas are generally
accompanied by numerous dikes and injected masses of andesite and
various porphyries: I have in several places traced the metalliferous
veins from the intrusive masses into the encasing strata. Knowing
that the porphyritic conglomerate formation consists of alternate
streams of submarine lavas and of the debris of anciently erupted
rocks, and that the strata of the upper gypseous formation some-
times include submarine lavas, and are composed of tuffs, mudstones,
and mineral substances, probably due to volecanic exhalations,—the
richness of these strata is highly remarkable when compared with the
erupted beds, often of submarine origin, but not metamorphosed,
which compose the numerous islands in the Pacifie, Indian, and
Atlantie Oceans; for in these islands metals are entirely absent, and
their nature even unknown to the aborigines,

Summary on the Geological History of the Chilian Cordillera, and
of the southern parts of S. America.

We have seen that the shores of the Pacific, for a space of 1200
miles from Tres Montes to Copiapo, and T believe for a very much

. * At the Durazno mine, the gold is associated with copper-pyrites, and the
veins contain large prisms of plumbago. Crystallized carbonate of lime is one of
the commonest minerals in the matrix of the Chilian veins.

t Sir R. Murchison and his fellow travellers have given some striking facts on
this subject in their account of the Ural Mountains. Geolog. Proe, vol. iii. p, 748,
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stands; also after the deposition and upheaval of the equivalent gyp-
seous strata of the Peuquenes range, the great thick mass of conglo-
merate in the valley of Tenuyan was accumulated : during the de-
position of the Uspallata strata, we know absolutely, from the buried
vertical trees, that there was a subsidence of some thousand feet;
and we may infer from the nature of the conglomerate in the valley
of Tenuyan, that a similar and perhaps contemporaneous move-
ment there took place. We have, then, evidence of a second great
period of subsidence; and, as in the case of the subsidence which
accompanied the accumulation of the cretaceo-oolitic strata, so this
later subsidence appears to have been complicated by alternate or
local elevatory movement—for the vertical trees, buried in the midst
of the Uspallata strata, must have grown on dry land, formed by the
upheaval of the lower submarine beds. Presently I shall have to
recapitulate the facts, showing that at a still later period, namely, at
nearly the commencement of the old tertiary deposits of Patagonia and
of Chile, the continent stood at nearly its present level, and then, for
the third time, slowly subsided to the amount of several hundred
feet, and was afterwards slowly re-uplifted to its present level.

The highest peaks of the Cordillera appear to consist of active or
more commonly dormant voleanos,—such as Tupungato, Maypu, and
Aconeagua, which latter stands 23,000 feet above the level of the
sea, and many others. The next highest peaks are formed of the
gypseous and porphyritic strata, thrown into vertical or highly in-
clined positions. Desides the elevation thus gained by angular dis-
placements, I infer, without any hesitation,—from the stratified gravel-
fringes which gently slope up the valleys of the Cordillera from the
gravel-capped plains at their base, which latter are connected with the
plains, still covered with recent shells on the coast,—that this great
range has been upheaved in mass, by a slow movement, to an amount
of at least 8000 feet. In the Despoblado valley, north of Copiapo,
the horizontal elevation, judging from the compact, stratified, tufa-
ceous deposit, capping the distant mountains at corresponding heights,
was about 10,000 feet. It is very possible, or rather probable, that
this elevation in mass may not have been strictly horizontal, but
more energetic under the Cordillera, than towards the coast on either
side ; nevertheless, movements of this kind may be conveniently dis-
tinguished from those by which strata have been abruptly broken
anfu upturned, When viewing the Cordillera, before having read
Mr. Hopkins's profound Researches on Physical Geology, the convic-
tion was impressed on me, that the angular dislocations, however
violent, were quite subordinate in importance to the great upward
movement in mass, and that they had been caused by the edges of the
wide fissures, which necessarily resulted from the temsion of the
elevated area, having yielded to the inward rush of fluidified rock,
and having thus been upturned.

The rid%les formed by the angularly upheaved strata, are seldom of
great length : in the central parts of the Cordillera, they are generally

R
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parallel to each other, and run in north and south lines ; but towards
the flanks, they often extend more or less obliquely. The angular
displacement has been much more violent in the central than in the
exterior main lines; but it has likewise been violent in some of the
minor lines on the extreme flanks. The violence has been very
unequal on the same short lines; the crust having apparently tended
to yield on certain points along the lines of fissures. These points, I
have endeavoured to show, were probably first foci of eruption, and
afterwards of injected masses of porphyry and andesite.* The close
similarity of the andesitic granites and porphyries, thronghout Chile,
Tierra del Fuego, and even in Peru, is very remarkable. The prevalence
of feldspar cleaving like albite, is common not only to the andesites,
but (as I infer from the high authority of Prof. G. Rose, as well as
from my own measurements) to the various claystone and green-
stone porphyries, and to the trachytic lavas of the Cordillera. The
andesitic rocks have in most cases been the last injected ones, and
they probably form a continuous dome under this great range : they
stand in intimate relationship with the modern lavas; and they seem
to have been the immediate agent in metamorphosing the porphyritie
conglomerate formation, and often likewise the gypseous strata, to
the extraordinary extent to which they have suffered.

With respect to the age at which the several parallel ridges com-
posing the Cordillera were upthrown, I have little evidence. Many
of them may have been contemporaneously elevated and injected, in
the same mannert as in voleanic archipelagoes lavas are contem-
poraneously ejected on the parallel lines of fissure. But the pebbles
apparently derived from the wear and tear of the porphyritic con-
glomerate formation, which are ocecasionally present in the upper
parts of this same formation and are often present in the gypseous
formation, together with the pebbles from the basal parts of the
latter formation in its upper strata, render it almost certain that
portions, we may infer ridges, of these two formations were suc-
cessively upheaved. In the case of the gigantic Portillo range,
we may feel almost certain that a pre-existing granitic line was up-
raised (not by a single blow, as shown by the highly inclined
basaltic streams in the valley on its eastern flank) at a period long
subsequent to the upheavement of the parallel Penquenes range.]
Again, subsequently to the upheavement of the Cumbre chain, that
of Uspallata was formed and elevated ; and afterwards, I may add,
in the plain of Uspallata, beds of sand and gravel were violently up-

* Sir R. Murchison, and his companions siate (Geolog. Proc. vol. iii. p. 747),
that no true granite appears in the higher Ural Mountains; but that syenitic
greenstone—a rock closely avalogous to our andesite—is far the most abundant
of the intrusive masses.

t Volcanic Islands, &ec. by the Author, p. 129.

1 I have endeavoured to show in my Journal (2d edit. p. 321), that the singular
fact of the river, which drains the valley between these two ranges, passing
through the Portillo and higher line, is explained h-lj" its slow and subsequent eleva-
tion, There are many analogous cases in the drainage of rivers: see Ediuburgh

New Phil. Journal vol. xxviii, p. 33 and 44.
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thrown. The manner in which the various kinds of porphyries and
andesites have been injected ome into the other, and in which the
infinitely numerous dikes of various composition intersect each other,
plainly show that the stratified crust has been stretched and yielded
many times over the same points, With respect to the age of the
axes of elevation between the Pacific and the Cordillera, I know
little : but there are some lines which must—namely, those running
north and south in Chiloe, those eight or nine east and west, parallel,
far-extended, most symmetrical uniclinal lines at P. Rumena, and
the short N.W.-S.E. and N.E.-8. W, lines at Concepeion—have
been upheaved long after the formation of the Cordillera. Even
during the earthquake of 1835, when the linear north and south islet
of St. Mary was uplifted several feet above the surrounding area, we
perhaps see one feeble step in the formation of a subordinate moun-
tain-axis. In some cases, moreover, for instance, near the baths
of Cauquenes, I was forcibly struck with the small size of the
breaches cut through the exterior mountain-ranges, compared with
the size of the same valleys higher up where entering the Cordillera ;
and this circumstance appeared to me scarcely explicable, except on
the idea of the exterior lines having been subsequently upthrown,
and therefore having been exposed to a less amount of denudation.
From the manner in which the fringes of gravel are prolonged in
unbroken slopes up the valleys of the Cordillera, I infer that most of
the greater dislocations took place during the earlier parts of the great
elevation in mass: I have, however, elsewhere given a case, and
M. de Tschudi®* has given another, of a ridge thrown up in Peru
across the bed of a river, and consequently after the final elevation of
the country above the level of the sea.

Ascending to the older tertiary formations, I will not again re-
capitulate the remarks already given at the end of the Fifth Chapter,
—on their great extent, especially along the shores of the Atlantic,—
on their antiquity, perhaps corresponding with that of the eocene
deposits of Europe,—on the almost entire dissimilarity, though the
formations are apparently contemporaneous, of the fossils from the
eastern and western coasts, as is likewise the case, even in a still more
marked degree, with the shells now living in these opposite though
approximate seas,—on the climate of this period not having been
more tropical than what might have been expected from the latitudes
of the places under which the deposits occur; a circumstance ren-
dered well worthy of notice, from the contrast with what is known
to have been the case during the older tertiary periods of Europe, and
likewise from the fact of the southern hemisphere having suffered at
a much later period, apparently at the same time with the northern
hemisphere, a colder or more equable temperature, as shown by the
zones formerly affected by ice-action. Nor will I recapitulate the
proofs of the bottom of the sea, both on the eastern and western
coast, having subsided 700 or 800 feet during this tertiary period ;

* Reise in Peru, Band 2. 8. 8 :—Azuﬂmr'a Journal, 2d edit, p. 359,
R
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the movement having apparently been co-extensive, or nearly co-
extensive, with the deposits of this age. Nor will I again give the
facts and reasoning on which the proposition was founded, that
when the bed of the sea is either stationary or rising, circumstances
are far less favourable, than when its level is sinking, to the accumu-
lation of conchiferous deposits of sufficient thickness, extension, and
hardness to resist, when upheaved, the ordinary vast amount of de-
nudation. We have seen that the highly remarkable fact of the
absence of any extensive formations containing recent shells, either on
the eastern or western coasts of the continent,—though these coasts
now abound with living mollusca,—though they are, and apparently
have always been, as favourable for the deposition of sediment as they
were when the tertiary formations were copiously deposited,—and
though they have been upheaved to an amount quite sufficient to
bring up strata from the depths the most fertile for animal life,—ecan
be explained in accordance with the above proposition. As a deduc-
tion, it was also attempted to be shown, first, that the want of close
sequence in the fossils of successive formations, and of successive
stages in the same formation, would follow from the improbability
of the same area continuing slowly to subside from one whole period
to another, or even during a single entire period; and secondly, that
certain epochs having been favourable at distant points in the same
quarter of the world for the synchronous accumulation of fossiliferous
strata, would follow from movements of subsidence having apparently,
like those of elevation, contemporaneously affected very large areas.
There is another point which deserves some notice, namely, the
analogy between the upper parts of the Patagonian tertiary forma-
tion, as well as of the upper possibly contemporaneous beds at Chiloe
and Concepcion, with the great gypseous formation of Cordillera;
for in both formations, the rocks, in their fusible nature, in their con-
taining gypsum and in many other characters, show a conmection,
either intimate or remote, with volcanic action; and as the strata in
both were accumulated during subsidence, it appears at first natural
to connect this sinking movement with a state of high activity in the
neighbouring volcanos. During the cretaceo-oolitic period this cer-
tainly appears to have been the case at the Puente del Inca, judging
from the number of intercalated lava-streams in the lower 3000 feet
of strata; but generally, the voleanic orifices seem at this time to
have existed as submarine solfataras, and were certainly quiescent
compared with their state during the accumulation of the porphyritic
conglomerate formation. During the deposition of the tertiary strata,
we know that at S. Cruz, deluges of basaltic lava were poured forth ;
but as these lie in the upper part of the series, it is possible that the
subsidence may at that time have ceased: at Chiloe, I was unable to
ascertain to what part of the series the pile of lavas belonged. The
Uspallata tuffs and great streams of submarine lavas, were probably
intermediate in age between the cretaceo-oolitic and older tertiary
formations, and we know from the buried trees that there was a
oreat subsidence during their accumulation ; but even in this case, the
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subsidence may not have been strictly contemporaneous with the
great voleanic eruptions, for we must believe in at least one inter-
calated period of elevation, during which the ground was upraised on
which the now buried trees grew. I have been led to make these
remarks, and to throw some doubt on the strict contemporancous-
ness of high volcanic activity and movements of subsidence, from the
conviction impressed on my mind by the study of coral formations,*
that these two actions do not generally go on synchronously ;—on
the contrary, that in voleanic districts, subsidence ceases as soon as
the orifices burst forth into renewed action, and only recommences
when they again have become dormant.

At a later period, the Pampean mud, of estuary origin, was depo-
sited over a wide area,—in one district conformably on the under-
lying old tertiary strata, and in another district unconformably on
them, after their upheaval and denudation. During and before the
accumulation, however, of these old tertiary strata, and, thercfore, at
a very remote period, sediment, strikingly resembling that of the
Pampas, was deposited ; showing during how long a time in this
case the same agencies were at work in the same area, The deposi-
tion of the Pampean estuary mud was accompanied, at least in the
southern parts of the Pampas, by an elevatory movement, so that
the M. Hermoso beds probably were accumulated after the upheaval
of those round the S. Ventana; and those at P. Alta after the up-
heaval of the Monte Hermoso strata; but there is some reason to
suspect that one period of subsidence intervened, during which mud
was deposited over the coarse sand of the Barrancas de 8. Gregorio,
and on the higher parts of Banda Oriental. The mammiferous ani-
mals characteristic of this formation, many of which differ as much
from the present inhabitants of 8. America, as do the eocene mam-
mals of lgurope from the present ones of that quarter of the {igluhl:,
certainly co-existed at B. Blanca with twenty species of mollusca,
one balanus, and two corals, all now living in the adjoining sea :
this is likewise the case in Patagonia with the Macrauchenia, which
co-existed with eight shells, still the commonest kinds on that coast.
I will not repeat what I have elsewhere said, on the place of habita-
tion, food, wide range, and extinction of the numerous gigantic
mammifers, which at this late period inhabited the two Americas.

The nature and grouping of the shells embedded in the old ter-
tiary formations of Patagonia and Chile, show us, that the continent
at that period must have stood only a few fathoms below its present
level, and that afterwards it subsided over a wide area, 700 or 800
feet. The manner in which it has since been re-brought up to its
actual level, was deseribed in detail in the first and second chapters.
It was there shown that recent shells are found on the shores of the
Atlantie, from Tierra del Fuego northward for a space of at least
1180 nautical miles, and at the height of about 100 feet in La Plata,

* The Structure, &c. of Coral Reels, p. 140.
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and of 400 feet in Patagonia. The elevatory movements on this side
of the continent have been slow ; and the coast of Patagonia, up to
the height in one part of 950 feet, and in another of 1200 feet, is
modelled into eight, great, step-like, gravel-capped plains, extending
for hundreds of miles with the same heights; this fact shows that
the periods of denudation (which, judging from the amount of matter
removed, must have been long-continued) and of elevation were
synchronous over surprisingly great lengths of coasts. On the shores
of the Pacific, upraised shells of recent species, generally, though not
always, in the same proportional numbers as in the adjoining sea,
have actually been found over a north and south space of 2075 miles,
and there is reason to believe that they occur over a space of 2480
miles. The elevation on this western side of the continent has not
been equable; at Valparaiso, within the period during which up-
raised shells have remained undecayed on the surface, it has been
1300 feet, whilst at Coquimbo, 200 miles northward, it bas been
within this same period only 252 feet. At Lima, the land has been
uplifted at least eighty-feet since Indian man inhabited that dis-
trict; but the level within historical times apparently has subsided.
At Coquimbo, in a height of 364 feet, the elevation has been inter-
rupted by five periods of comparative rest. At several places the
land has been lately, or still is, rising both insensibly and by
sudden starts of a few feet during earthquake-shocks; this shows
that these two kinds of upward movement are intimately connected
together. For a space of 775 miles, upraised recent shells are found
on the two opposite sides of the continent; and in the southern half
of this space, it may be safely inferred from the slope of the land
up to the Cordillera, and from the shells found in the central part of
Tierra del Fuego, and high up the river Santa Cruz, that the entire
breadth of the continent has been uplifted. From the general oc-
currence on both coasts of successive lines of escarpments, of sand-
dunes and marks of erosion, we must conclude that the elevatory
movement has been normally interrupted by periods, when the land
either was stationary, or when it rose at so slow a rate as not to
resist the average denuding power of the waves, or when it subsided.
In the case of the present high sea-cliffs of Patagonia and in other
analogous instances, we have seen that the difficulty in understandin
how strata can be removed at those depths under the sea, at whicE
the currents and oscillations of the water are depositing a smooth
surface of mud, sand, and sifted pebbles, leads to the suspicion that
the formation or denudation of such cliffs has been accompanied
by a sinking movement.

In South America, everything has taken place on a grand scale,
and all geological phenomena are still in active operation. We know
how violent at the present day the earthquakes are, we have seen how
great an area is now rising, and the plains of tertiary origin are of
vast dimensions; an almost straight line can be drawn from Tierra
del Fuego for 1600 miles northward, and probably for a much
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%enter distance, which shall intersect no formation older than the
atagonian deposits ; so equable has been the upheaval of the beds,
that throughout this long line, not a fault in the stratification or
abrupt dislocation was anywhere observable. Looking to the basal,
metamorphic and plutonic rocks of the continent, the areas formed of
them are likewise vast; and their planes of cleavage and foliation
strike over surprisingly great spaces in uniform directions, The
Cordillera, with its pinnar.fes here and there rising upwards of 20,000
feet above the level of the sea, ranges in an unbroken line from
Tierra del Fuego, apparently to the Aretic circle. This grand range
has suffered both the most violent dislocations, and slow, though
grand, upward and downward movements in mass: I know mnot
whether the spectacle of its immense valleys, with mountain-masses
of once-liquefied and intrusive rocks now bared and intersected, or
whether the view of those plains, composed of shingle and sediment
hience derived, which stretch to the borders of the Atlantic Ocean,
is best adapted to excite our astonishment at the amount of wear and
tear which these mountains have undergone.

The Cordillera from Tierra del Fuego to Mexico, is penetrated by
volcanic orifices, and those now in action are connected in great
trains. The intimate relation between their recent eruptions and the
slow elevation of the continent in mass,* appears to me highly
important, for no explanation of the one phenomenon can be con-
sidered as satisfactory which is not applicable to the other. The
permanence of the volcanic action on this chain of mountains is, also,
a striking fact ; first, we have the deluges of submarine lavas alter-
nating with the porphyritic conglomerate strata, then occasionally
feldspathic streams and abundant mineral exhalations during the
gypseous or cretaceo-oolitic period ; then the eruptions of the Yipal-
lata range, and at an ancient but unknown period, when the sea
came up to the eastern foot of the Cordillera, streams of basaltic lava
at the foot of the Portillo range ; then the old tertiary eruptions ; and
lastly, there are here and there amongst the mountains much worn
and apparently very ancient volcanic formations without any craters ;
there are, also, craters quite extinct, and others in the condition of
solfataras, and others occasionally or habitually in fierce action.
Hence it would appear that the Cordillera, has been, probably with
some quiescent periods, a source of volcanic matter from an epoch
anterior to our cretaceo-oolitic formation to the present day; and
now the earthquakes, daily recurrent on some part of the western
coast, give little hopes that the subterranean enerfl_gy is expended.

Recurring to the evidence by which it was shown that some at
least of the parallel ridges, which together compose the Cordillera,
were successively and slowly upthrown at widely different periods ;
and that the whole range certainly once, and almost certainly twice,
subsided some thousand feet, and being then brought up by a slow
movement in mass, again, during the old tertiary formations, subsided

* On the Connection of certain Voleanic Phenomena in 8, America. Geolog.
Transact. vol. v, p. 609,
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the same sort of rock, namely, a very hard and very dark olive green
sandstone, with the following species, The difficulty of detaching
the stone from the shells has prevented me from ascertaining with
certainty whether or not there be an umbilical callus,

Chiloe, eastern coast.

Narrca srrrovata.—PlL IIL fig. 39,

Natica testa depressiusculo-subglobosd, erassiusculd, glabrd, anfrac-
tibus quatuor ad quingue, wltimo maximo, spiralitér substriato,
striis subdistantibus ; callo umbilicali magno, umbilicum om-
nino obtegente, ad labium internum incrassalum anticé con-
Juncto,

This species resembles Swainson's Nalica melastoma in general
form, as well as in the umbilical callus: it i1s however rather more
circular and the umbilical callus is rounder. Judging from the appa-
rent general form, I had at first sight, when I only saw the upper
surface, taken it for Sigaretus concarvus, which it also resembles ;
and I was not undeceived until by clearing away the stone I dis-
covered the umbilical callus. There are two specimens of this
species,

Chiloe, eastern coast.

Narica sonmna.—Pl, III. fig. 40, 41,

Natica testd subglobosd, crassd, lwvi, spird brevi, anfractibus quin-
que, suturd subinconspicud, aperturd ovali, labio columellari
posticé crassissimo, umbilico mediocri, callo parvo: long. 1°8,
lat. 1°5, poll.

This most nearly resembles a very common recent species, which
has generally been confounded with N. mamilla, but which I
have lately received from D’'Orbigny under the name of N. Uler of
Valenciennes, it may be distinguished from that species by being
almost destitute of the umbilical callosity. The only specimen is
very much worn, particularly about the spire, so that the true
character of the suture is only discernible in one part, and the
general appearance of the specimens conveys the deceptive notion of
a deep and broad channelled suture.

Several specimens of a Natica, closely resembling, but possibly
distinet from this species, were procured at Santa Cruz; they are in
a much disgunised state, and only a small portion of the shell itself
remains, particularly of the outer coats about the suture, which con-
sequently appears very deep and distinct, whereas when well pre-
served the suture is searcely distinguishable; M. d'Orbigny consi-
ders the S. Cruz species as certainly distinet.

Navidad, Chile; S. Cruz, Patagonia ?

Scavaria rucurosa.—-Pl. III. fig. 42 and 43.
Scalaria testd acuminato-pyramidali, crassiusculd, omnind rugu-
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TerriteLna ampunacrum.—PL IIL fig. 49,

Turritella testi elongato turritd, anfractibus decem, spiraliter tri-
costatis, posteriorum costis mgmfzbus. anteriorum costd anticd

posticique majoribus, intermedid minori: suturd in sulcum
profundum positd.

A very remarkable species, which somewhat resembles a recent

one in my possession ; the two may however be easily distinguished.

In the recent species the two spiral ridges are much nearer to each

other than they are in the fossil; and the spiral groove at the
suture is much deeper and narrower in the fossil than in the recent.

Santa Cruz and 8. Julian, Patagonia.

TorriTELLA CHILENsIS.—Pl. 1IV. ﬁg. 51.

Turritella testd elongato-turritd, anfractibus decem, ventricosis,
spiraliter tricostatis, costis granulosis, intermedida majori, suturd
tn sulcum positd.

Nearly related to Turritella cingulata (Sowb. Tank. Cat.); it is
even questionable whether it might not be regarded as a variety of
that species, along with T. Patagonica and 1. ambulacrum. In
deference to the opinion of D’'Orbigny, who has suggested the name,
I have been induced to describe i1t. The principal differences be-
tween this and T. cingulata are, the form of the volutions, which in
this are ventricose ; the absence of narrow intermediate ridges; and
the greater depth of the groove in which the suture is placed.
From T. ambulacrum it differs principally in the circumstance of
the central rib being the most prominent, while in 7. ambulacrum
it is the least prominent. The ribs in the latter species are but
slightly granose, and the groove at the suture is deeper.

Huafo and Mocha Islands, coast of Chile,

TurriTELLA suTURALIs.—Pl. IIIL. fig, 50.

Turritella testa turritd, tenwiler transversim striatd, anfractibus
9—10, suturd validi divisis, anticé posticéque tumidiusculis,
pﬂuzcé eminentiore.

Fragments alone can be separated from the hard stone in which
they are imbedded ; it has therefore been impossible to give the pro-
portions.

Navidad, Chile; and Ypun Island, Chonos Archipelago.

PreEvurotoMa suBEquarLis,—Pl IV, ﬁg. 592,

Pleurotima testid oblongd, turritd, utrique extremitate acuminatd,
anticd breviori ; anfractibus senis, medio cariniferis, carind
tuberculiferd ; wltimo anfractu carinis quingue, posticali tuber-
culiferd : long. 06 ; lat. 0°25.

The species which most nearly resembles this is an undescribed
s
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species), in form ; its spire is however more elevated, and its canal
shorter in proportion. I judge it to be a Fusus from the general
external appearance, but cannot be quite certain, for the stone about
the mouth is so much indurated that it cannot be cleared away.

Navidad, Chile,

Fusus suBrerLExvs.—PL IV, fig. 57.

Fusus testd fusiformi-turritd, transversim striatd, striis irregu-
laribus, anfractibus novem, medio tuberculatis, propé suturas
subadpressis ; canali mediocri subreflexo : long. 2°1; lat. 1+,
poll.

The shell to which this bears the greatest resemblance is a fossil
named Fasciolaria Burdigalensis, Defr. by De Basterot in the
Memoires de la Soc. d’Hist. Nat. de Paris; in our shell there is, how-
ever, no appearance of oblique folds on the anterior part of the
columella, consequently 1t is generically distinct ; while in other
respects it is sufficiently different, as may be seen by comparison.
Its spire is longer in proportion to the last volution, and its canal
Sllﬂrter-

Navidad, Chile.

Fusvs Noacuinuvs,—PL 1V, fig. 58 and 59.

Fusus tesli vvato-fusiformi, utrique subacuminati, equali, an-
Sractibus quinque spiraliter sulcatis, sulcis plerumque seriatim
pertusis ; posticis longitudinaliter obtusé costutis; canali me-
diocri, subascendente ; suturd distincld.

A species which bears some resemblance to Fusus Now, Lam.;
still it is mot nearly related to that species. In shape it resembles
F. lamellosus, to which it is really related, but it is quite destitute
of the lamellar varices, so that it may easily be distinguished.

San Julian, Patagonia,

Fusus Paracoxicus.—PlL IV, fig. 60.

F. testd ovato-oblongd, tenuiusculd, multifariam varicosd, anfrac-
tibus posticé angulatis; varicibus lamelliformibus, anticd
deflexis, posticé acuminatis, interstitiis transversim sulcatis;
aperturd subcirculari, canali breviusculo, umbilico valido.

Nearly related to Fusus lamellosus and I, Magellanicus, and ap-
parently mnnecting the two.

Pyrura pistans.—PL 1V, fig. 61.

Pyrula testi ficiformi, tenuiusculi, spird brevissimd obtusd,
anfractibus quatuor, ultimo maximo, decussatim striato, et
carinato, carinis 11—12, distantibus, nonnullis interstitiaftbus
minus elevatis: long. 1'8 ; lat. 12, poll.

A very elegant species of true Pyrule, somewhat resembling P.
82
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culorum posticé instructo ; labio externo tenuiusculo, reflexo,
intis leve ; labio columellari expanso, levi: long. 1'5; lat,
1-1, poll.
A second row of small tubercles may be observed occasionally. 1
know of no species to which this is nearly related.

Navidad, Chile,

Moxoceros ameicuus.— Pl, IV, fig. 66, 67,

M. testa subglobosd, crassiusculd, lwviusculd, spiraliter obsoleté
costellatid, aperturd magnd, labio externo intus incrassato,
umbilico parvo, angusto.

A single specimen in very bad condition; considered by M.
d'Orbigny as closely related to, but not identical with, the M, crussi-
fabrum of Lamarck.

Coquimbo, Chile.

GasTrIDIUM. *—Novum Genus.

I have thought it necessary to designate this singular shell by a
new generic name, because its characters are such as will not permit
its union with any hitherto established genus. The shells to which
it appears to be most nearly allied have hitherto been arranged with
Buccinum, Eburna, and Fusus. Suoch is the Buce. plumbeum of
Chemnitz (which Swainson has designated by the generic name of
Pseudolivat), and which, to avoid the necessity of adding to the
number of generic names, I had united to the Elwrne. Such also
are two fossil shells described and figured by Deshayes} under the
names of Buccinum Tiara and B. fissuratum. One other shell re-
sembles this somewhat in form, but in other respects is very different,
and this has been placed with the Buccina in Wood’s Suppt., and
with the Fusi by Gray, The characters by which this new genus may
be known and distinguished from its allied genera are as follows :—

Testa wventricosa, subglobosa, spird brevi, anfractibus posticé ad
suturas adpressis; aperturd magnd, ovali; canali postico
angusto ; antico lato, reflexo ; labio exferno posticé incrassato,
anticé tenuiore, dente brevi, sulco dorsali idoneo, propé anticam
partem posito ; labio columellari incrassato, expanso, postice
apud canalem crassiore.

Gasrripiun Cepa.—PL IV, fig. 68, 69.

Gastr. testi cepeformi, levigatd, anticé spiralitér sulcatd, labit
externt margine antico crenato: long. 2:3 ; lat, 1'7, poll.
Navidad, Chile. :

* From yagrpudiov, ventriculus.

t This name of Pseudoliva, by which Swainson bas designated the Buccinum
plumbeum of Chemnitz, and which bas been adopted by Gray, is evidently un-
tenable and absurd, because emploved to describe an imaginary affinity to Oviva,
whick does nof exist, To Eburpa and Buccinum, Lam., the genus is nearly re-
Tated.

¢ Deshayes Coquilles fossiles des environs de Paris, tom. ii, pp. 655, 656.
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TereBrRA cosTELLATA.—PL IV. fig. 70, 71.

Terebra testd turritd, leviusculd, anfractibus medio tumidiusculis,
posticé linea impressd obsoletd notatis, costellis mumerosis
longitudinalibus, elevatis ; aperturd columellique levibus.

The number of volutions and the proportions cannot be given,

for there is only a single fragment of this species.
Navidad, Chile.

TereBra vNDULIFERA.—PL IV, fig. 72, 73.

T'erebra testi elongato-turritd, leviusculd, lineolis undulatis longi-
tudinalibus confertis, posticis fortioribus, tectd ; anfractibus
plurimis, postice tumidiusculis, lined impressi subobsoletd,
medio subconcavis ; aperturd subrhomboided, columelli levi.

There are only two fragments of this species, it is obviously im-
possible to ascertain the number of volutions or the proportions,
Navidad, Chile.

Vorura triruieata.—PL IV, fig, T4.

Voluta testi elongato-oblongd spird attenuatd anfractibus senis,
spiraliter confertim striatis, ad suturas adpressis, deinde
tuberculatis, tuberculis in costas anticé decurrentibus ; aper-
turd oblongd, longitudinem spirew wguante; columella tripli-
catil, plicis obliquis, subwqualibus : long. 2:25 ; lat. 09 poll.

This species is placed among the Folutes, because the posterior or
upper folds on the columella are rather smaller than the anterior;
it nearly resembles in general appearance the fossil Volute, muricina,

Lam., and angusta Desk., though easily distinguishable from both,

by the circumstance of the three folds on the columella being very

nearly equal in our species, whereas in the two above-mentioned the
posterior folds are more numerous and all very much smaller than
the anterior : moreover, the posterior part of the volutions is not
adpressed in either of those species, and the proportions are also
different.

Navidad, Chile.

Vorura avra.—PL IV. fig. 75.

Voluta testii elongato-oblongd, spird attenuatd, anfractibus senis
gracilibus, spiraliter confertim striatis, propé suturas ad-
pressis, deinde subventricosis; aperturd oblongd, labio ex-
terno crassiori, subreflexo; columelli lwvi, plicis duabus
acutiusculis, perobliyuis ; long, 75, lat. 275, poll, circa.

There is only one specimen of this very remarkable shell, of which
the anterior part is so imperfect, that no part of the inner lip or of
the canal is to be seen, consequently the proportions given above
may be liable to a slight error. The species is nearer to V. Mugel-
lanica, than to any other known species ; it may, however, easily be
distinguished from that species by the characters above stated. At
Santa Cruz, there are two casts, apparently belonging to this
species, but considered by M. d’Orbigny as different.

Navidad, Chile ; 5. Cruz, Patagonia?
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Orrva pmmiprata.—PL IV, fig. 76, 77.

Oliva testi oblongo-ovatd, spird acuminatd, apice obtuso ; anfrac-
tibus senis, wultimo lined tenuissimd transversim dimidiato;
columelld anticé plicis quinque obliquis, posticd majori ; long.
0-9, lat. 037, poll.

This species varies in its proportions; it differs from all other
recent or fossil species with which I am acquainted, in the remark-
able circumstance of its having a broad band of enamel covering the
anterior half of the last volution above or behind the columellar band,
which is distinguished from the posterior part of the volution by a
very fine line, %ehind which may be seen the longitudinal lines of
growth, these lines being hidden on the anterior part by this last
covering of enamel. This species bears a general resemblance to O.
tspidula, a common recent species.

Navidad, Chile.

Dextauiovm creastevm.—PL II. fig. 1,

Dentalium testi tereti, rectiusculd, sulcis longitudinalibus nume-
rosis, interstitis rotundates ; long. 32, lat. 005, poll,

This species appears occasionally to grow to a very large size, for
one fragment that is one inch and a third in length, is half an inch in
width at its smaller extremity, and six-tenths of an inch at its larger;
while in its thickest part the shell itself is 013 of an inch thick.

Navidad, Chile.

Dextavivm svrcosum.—Pl, IL. fig. 2.

Dentalium testd tereti, rectiusculd, costellis longitudinalibus,
elevatiusculis, subdistantibus 14, interstitiis planulatis.

The proportions cannot be given; for there is only one fragment,
which has been broken and the two pieces conferruminated by the
sandstone in which it occurs,

Navidad, Chile.

Dextaiom masvs,—PL T fig. 3,

Dentalium testd tereti, rectiusculd, costis longitudinalibus 24,
alternis majoribus, interstitiis rotundatis,

The proportions of this species cannot be given, because there are
only some fragments; it appears to be one of the larger species
of the genus, probably reaching the dimensions of D, sexangulare
of Deshayes, tab. 3, fig. 4, It differs from that speciesin the circum-
stance of its never having only six angles; and it differs from D.
elephantinum of Deshayes (which I have elsewhere proved not to be
the D). elephantinum of Linnecus) in being less rapidly attenuated,
and in being straighter.

Iuafo Island, coast of Chile.
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Bavaxvs varians.—PL IL fig, 4, 5, 6.

Balanus testi polymorphi, valvis plerumque levibus, nonnunguain
radiatim obtusd costatis, apicibus subacuminatis; wvalvd
basali modo concavi, modo cyathiformi, basi acuminatd.

This is a very remarkable as well as a very variable species, Its
parietal valves are sometimes smooth, only showing the lines of
growth, and sometimes covered with obtuse radiating ribs ; and the
species belongs to that section of the genus which has acuminated
and solid parietal valves. But the most variable part, in form, is
the basal valve. It is to be observed that in most, if not in all, the
species of this genus which have been brought from the southern
hemisphere, it is the base that becomes tubular whenever any acci-
dental circumstance causes the shell to be elongated ; whereas in the
elongated and clavate varieties of our common species, it is the
parietal valves that are lengthened and not the basal. Thus, with
respect to the present species, we find that when any number of
individuals are placed close together when very young, as they in-
crease they form a group, of which the basal valves grow up side
by side and become tubular, without the parietal valves changing
in form ; hence in some specimens this valve is concave in tonse-
quence of its having been placed upon a convex substance, and at a
distance from each other; while in others, which have been placed
very closely together when very young, this basal valve has taken a
more or less deep cup shape, being very small at its lower extremity
and increasing in dimensions with age.

San Julian, Patagonia.

Bavanus Coquimsensis.—PL. II. fig. 7.

Balanus testd polymorphd, valvis levibus, nonnunguam radiatim
striatis, lateralibus posticis angustioribus; apicibus subtrun-
catis; aperturd parvuld.

A remarkable fact is observable in the specimens, both from the
upper and lower parts of the formation; I have selected one from
the upper bed as showing it most distinetly. In consequence of
numerous individuals being closely grouped together, each one has
been compelled to lengthen the basal valve, so as to form a nearly
cylindrical tube, closed at the lower part, and gradually increasing
as it ascends until it joins the base of the six parietal valves : this
increase in the length of the base seems to have taken place more
rapidly than the growth of the animal would permit. A portion
of the lower part of this basal tube has, therefore, been filled up with
cells or vesicles separated by calcareous septa, very irregular indeed,
but which would, nevertheless, answer the purpose of supporting the
base of the animal in the tube, so as to enable the animal to continue
its vital functions.

Coquimbo, Chile.
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Lucina ExceENTRICA.— G. B. Sowersy,” Pl V. fig. 21.

Testa subovali, leviter inwquivalvi, lwvi, wumbone adunco, posticé
sulco profundo ab umbone ad narginem inferam posticamn de-
currente in alterd valvd, minus profundo in alterd : long. 1'9 ;
lat. 1° ; alt. 2° poll,

Like Lucina Childreni, the two valves are somewhat unequal,
and sometimes the right, sometimes the left, valve is the larger. The
posterior dorsal groove is nearer the edge and deeper than in Lucina
Pennsylvanica, and the whole shell is much less orbicular. The
present species may be regarded as obliquely suboval,

Port Famine ; Tierra del Fuego.

SpIRIFER cHILENs1s.—PL V. fig. 15, 16.

Shell suborbicular, tumid. Dorsal valve decper than the wven-
tral ; cardinal area shorter than the transverse diameter of
the valve, triangular, concave, bounded by angulated margins.
Perforation lanceolato-triangular.  Centre of the dorsal valve
with a rather deep and broad sinus, which, as well as the sides,
is furrowed and ribbed. Ribs simple (about twenty-siz, of
which four belong to the sinus), becoming olbsolete towards the
angles of the cardinal area, crossed by strongly marked sinuous
lines of growth. Beak very prominent and somewhat incurved.
LDorsal valve ribled like the ventral, four of the ribs being upon
the rounded but well-defined mesial ridge. Frontal margin of
both valves slightly linguiform.

There are two varicties of this shell, the one muck more
tumid than the other.

Dimensions of largest specimen : breadth, 1 4(12; lreadth,
of ecardinal line, 1 2[12; length of dorsal valve, 1 3/12; of
ventral valve, 1 inch; thickness of united valves, 10[12 of an
inch.

This shell nearly resembles several carboniferous limestone spiri-
fers. It is also related to some liassic species, as Spirifer Wolcotii,

Cordillera of Guasco ; Chile.

SPIRIFER LINGUIFEROIDES.—PL V. fig. 17, 18.

Shell orbicular, globose, surface smooth, undulated towards the mar-
gin, where there are also a few strong transverse furrows of
growth. Valves nearly equal.  Frontal margin not projecting,
bisinuated. Mesial furrow of dorsal valve shallow, lanceolate,
but well defined, as is also the mesial ridge of the ventral.
Area not visible in specimen examined.

Breadth, 1 1|2 ; length nearly the same ; thickness, 1 2/12 of
an inch.
Very near Spirifer linguifera of Phillips (a carboniferous lime-
stone fossil), but probably distinct.
Rio Claro, Valley of Coquimbo, Chile.
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dence of, 25
8. Jago, Chile, 59
8. Josef, elevation of, 5
tertiary formation of, 109
8. Juan, elevation near, 2
8. Julian, elevation and plains of, 7
salt-lake of, 73
tertiary formation of, 111
earthy deposit with mammiferous
remains, 95
subsidence at, 138
S. Lorenzo, elevation of, 47
old salt formation of, 234
8. Mary, island of, elevation of, 30
S, Peilro, elevation of, 2
Salado, R. elevated shells of, 3
Pampean formation of, 78
Salinas, 73
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Silver mines of Arqueros, 211
mines of Chanuncillo, 223
mines of Iquique, 233
distribution of, 236
Slip, great, at S, Cruz, 114
Smith, Mr. of Jordan Hill, on upraised
shells retaining their colours, 13
on Madeira, 26
on elevated seaweed, 49
on inclined gravel beds, 195
Soda, carbonate of, 73
nitrate of, 71
sulphate of, near Bahia Blanea, 72,
73, 74
Soundings off Patagonia, 16, 22
in T. del Fuego, 24
Spirifers, 215, 217
Spix and Martius on Brazil, 143
Sprengel on the production of carbonate
of soda, 52
Springs, mineral, in the Cumbre Pass,
189
Stratification in metamorphic rocks, 141
of clayslate in T. del Fuego, 154
of the Cordillera of central Chile,
170, 176, 189
little disturbed in Cumbre Pass,
188, 194
disturbauce of, near Copiapo, 231
Streams of lava at 8, Cruz, inclination
of, 116
in the Portillo range, 184
String of cotton with fossil shells, 49
Struthiolaria ornafa, 118
Studer, M. on metamorphic rocks, 164
Subsidence during formation of sea-
cliffs, 25
near Lima, 51
probable, during Pampean forma-
tion, 102
necessary for the accumulation of
permanent deposits, 137
during the tertiary formations of
Chile and Patagonia, 137
probable during the neocomian for-
mation of the Portillo Pass, 181
probable, during the formation of
conglomerate of Tenuyan, 187
during the neocomian formation of
the Cumbre Pass, 193
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