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PREFACE.

Tue present volume completes the Geology of the Voyage
of the Beagle: the first part was on the Strueture and Dis-
tribution ofg Coral Reefs; the second part contained descrip-
tions of the Volcanic 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 T 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 Volcanic
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 palzozoic fossils of the Falkland Islands.

As the sum of one thousand pounds, most liberally
granted by the Lords Commissioners of Her Majesty’s
Treasury, 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.
Hence it may be convenient here to give 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. Gould, 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 these 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 Arachnide:
several papers by Messrs. Waterhouse, Walker, and New-
man, on Insects, have already appeared, and others, 1 hope,
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v PREFACE.

will follow. I have myself published a few notices on some
of the invertebrate animals observed during the voyage; and
I intend that more shall soon follow. Lastly, in my Journal
T have endeavoured to give a sketch of the natural history
of the various countries visited ; and Captain FitzRoy has
given a full and excellent account of the whole voyage.

I cannot allow this last opportunity to pass, without again
acknowledging my great obligations to Captain FitzRoy ;—
it was to his wish alone that a naturalist was taken on
board, and that I was permitted (through the kindness of
Captain Beaufort, the Hydrographer) to volunteer my ser-
vices. To Captain FitzRoy, and to all the Officers of the
Beagle, I must ever feel most grateful for the undeviating
kindness with which T was treated during our long voyage
of five years. For aid in my geological collections, I must
more particularly return my sineere thanks to Mr. (now
Captain) ‘Stokes, to Lieutenant (now Captain) Sulivan, to
Mr. Kent, and to Mr. King.

In the preparation of the present volume I have received
assistance from several naturalists. Professor Miller of
Cambridge has aided me in the determination of many
minerals: through the kindness of Sir H. De la Beche, Mr.
Trenham Reeks, of the Museum of Economic Geology, has,
in the most obliging manner, analysed for me some salts and
other substances. Mr, G. B. Sowerby has kindly undertaken
the description of my collection of fossil-shells. M. Alcide
d'Orbigny, in his great work on South America, having pub-
lished deseriptions of many fossil mollusea, I took the %iberty
of writing to him to request that he would be so good as to
look through my collection, and to this request he acceded
in the most obliging manner: hence every species, with M.
d’Orbigny’s name attached to it, has been identified by him.
Not only did M. d'Orbigny render me this important ser-
vice, but, as will be apparent in the course of this work, he
has favoured me with his opinion on the age of the several
groups of fossils, and on the distinetness and affinities of
many of the species: considering that I had no elaim on
M. d’Orbigny’s time, I cannot express too strongly my sense
of his extreme kindness. Lastly, I must return my cordial
thanks to Professor E. Forbes, who, in the midst of his
numerous avocations, has found time carefully to examine
and describe the Secondary Fossil Mollusca from the Cor-
dillera of Chile.

SEPTEMBER, 1846,
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CHAPTER I
ON THE ELEVATION OF THE EASTERN COAST OF SOUTH AMERICA.

Upraised Shells of La Plata—Bahia Blanca, Sand-dunes and Pumice-pebbles—
Step-formed Plains of Patagonia, with upraised Shelis—Terrace-bounded
Valley of Santa Cruz, formerly a Sea-strait — Upraised Shells of Tierra
del Fuego—Length and breadth of the elevated area—Equability of the
movements, as shown by the similar heights of the plains—Slowness of the
elevatory process—Mode of formation of the siep-formed plains—Summary—
Great Shingle Formation of Patagonia ; its extent, origin, and distribution
—Formation of sea-cliffs.

Ix the following volume which treats of the geology of South
America, and almost exclusively of the parts southward of the Tropic
of Capricom, I have arranged the chapters according to the age of the
deposits, oceasionally departing from this order, for the sake of geo-
graphieal simplicity.

The elevation of the land within the recent period, and the modi-
fications of its surface through the action of the sea (to which subjects
I paid particular attention) will be first discussed ; I will then pass on
to the tertiary deposits, and afterwards to the older rocks. Only
those districts and sections will be described in detail, which appear to
me to deserve some particular attention ; and T will, at the end of eacl
chapter, give a summary of the results. We will commence with the
proofs of the upheaval of the eastern coast of the continent, from the
Rio Plata southward ; and in the second chapter, follow up the same
subject along the shores of Chile and Peru.

On the northern bank of the great estuary of the Rio Plata, near
Maldonado, I found at the head of a lake, sometimes brackish but
generally containing fresh water, a bed of muddy clay, six feet in
thickness, with numerous shells of species still existing in the Plata,
namely, the Azara labiate, d'Orbig., fragments of Mytilus eduliformis,
d'Orbig., Paludestrina Isabellei, d'Orbig., and the Solen Caribaus,
Lam., which last was embedded vertically in the position in which
it had lived. These shells lie at the height of only two feet above
the lake, nor would they have been worth mentioning, except in con-
nexion with analogous facts.

At Monte Video, I noticed near the town, and along the base of
the mount, beds of a living Mytilus, raised some feet above the

B
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2 ELEVATION OF LA PLATA. [cmar. 1.

surface of the Plata: in a similar bed, at a height from thirteen to
sixteen feet, M. Isabelle collected eight species, which, according to
M. d’Orbigny,* now live at the mouth of the estuary. At Colonia
del Sacramiento, further westward, I observed at the height of about
fifteen feet above thie river, there of quite fresh water, a small bed of
the same Mytilus, which lives in brackish water at Monte Video.
Near the mouth of Uruguay, and for at least thirty-five miles north-
ward, there are at intervals large sandy tracts, extending several miles
from the banks of the river, but not raised much above its level,
abounding with small bivalves, which occur in such numbers, that at
the Agraciado, they are sifted and burnt for lime. Those which L
examived near the A. S. Juan were much worn: they consisted of
Mactra Isaliellei, d'Orbig., mingled with few of Venus sinuosa, Lam.,
hoth inhabiting, as I am informed by M. d'Orbigny, brackish water
at the mouth of the Plata, nearly or quite as salt as the open sea.
The loose sand, in which these shells are packed, is heaped into low,
straight, long lines of dunes, like those left by the sea at the head of
many bays. M. dOrbigny has described+ an analogous phenomenon
on a greater scale, near San Pedro on the river Parana, where he
found widely extended beds and hillocks of sand, with vast numbers
of the Azara labiate, at the height of nearly 100 feet (English)
above the surface of that river.  The Azara inhabits brackish water,
and is not known to be found nearer to San Pedro than Buenos
Ayres, distant above 100 miles in a straight line. Nearer Buenos
Agyres, on the road from that place to San Isidro, there are extensive
beds, as Tam informed by Sir Woodbine Parish,} of the 4 zara lakiata,
lying at about forty feet above the level of the river, and distant
between two and three miles from it. These shells are always found
on the highest banks in the district : they are embedded in a stra-
tified earthy mass, precisely like that of the great Pampean deposit
hereafter fo be described. In one collection of these shells, there
were some valves of the Venus sinuose, Lam., the same species found
with the Mactra on the banks of the Uruguay. South of Buenos
Ayres, near Ensenada, there are other beds of the Azara, some of
which seem to have been embedded in yellowish, calcareous, semi-
crystalline matter; and Sir W. Parish has given me from the banks
of the Arroyo del Tristan, situated in this same neighbourhood, at the
distance of above a league from the Plata, a specimen of a pale-
reddish, caleareo-argillaceous, stone (precisely like parts of the Pam-
pean deposit, the importance of which fact will be referred to in &
succeeding chapter), abounding with shells of an Azara, much worn
but which in general form and appearance closely resemble, and ar;
probably identical with, the A. labiata. Besides these shells, cellular,
highly erystalline rock, formed of the casts of small bivalves is found
near Ensenada; and likewise beds of sea-shells, which from their
appearance appear to have lain on the surface. Sir W. Parish has
* Voyage dans 1 i Méri

b Idgfn.np. - Amérique Mérid, Part. Géolog. p. 21,

1 Buenos Ayres, &., by Sir Woodbine Parish, p. 168,
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CHAP. 1.] ELEVATION OF LA PLATA. 8

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

1. Buccinanops globulosum, d'Orbig. | 4. Cytherma (imperfect).

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

8. 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 colacynthis. 9. Buccinum (ot spec?).

8. V. angulata.

All these species (with, perhaps, the exeeption 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. 1 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. 3

Soutlorard 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.

I 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° S.) oyster-shells, apparently recent, some miles from
the shore, and 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, 1 crossed sandy tracts abounding with sea-shells,
at the distance of a league from the coast ; but whether these tracts bave been
formed by upheaval, or through the mere accumulation of drift sand, I 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 Lwenty feet above its present level ;
there are also, in many parts, remnants of beds of sandstone and conglomerate
with numerous recent shells, raised a little above the sea-level. I may add, that
at 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
tertiary cliffs, surrounding the low land on which the city stands, I locked in
vain for organic remains, or other evidence of changes in level.

B 2
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4 ELEVATION OF BAHTA BLANCA. [cuar. 1

surface), and the bones of extinct 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 Blanca is, in main part, formed of
immense sand-dunes, resting on gravel with recent shells, and ranging
in lines parallel to the shore. These ranges are separated from each
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 sca. 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 brings
down scoriz : when once delivered at the mouth of a river, they would
naturally have travelled along the coasts, and been east 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 larger,
affording a base for the accumulation of sand-dunes, and the shallow
space 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. T 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 deseribed haracteristic 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 EOuﬁl,
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 Colorade flows between

The Complete Work of Charles Darwin Online



CcHAP. 1.] ELEVATION OF PATAGONIA. 5

two plains, apparently from thirty to forty feet in height. Of these
plain, the southern one slopes up to the foot of the great sandstone
plateau of the Rio Negro; and the northern one against an escarp-
ment of the Pampean deposit ; so that the Colorade flows ina 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
acoumulation of sand could proceed; but if, as I believe, the apper
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° 407 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, that they saw
many old sea-shells strewed on the surface of the ground, similar to
those found on other parts of the coast of Patagonmia. At San Josef,
ninety miles south in nearly the same longitude, I found above the
gravel, which caps an old tertiary formation, an irregular bed and
hillocks 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. Z'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 westward of this bay, there is a plain estimated at
between 200 and 300 feet in height: this plain seems, from many

ts, to be a inuation of the sand latfe of the
River Negro.  The next place southward, where I landed, wasat Port
Desire, 840 miles distant; but from the intermediate districts 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 wom into many wide valleys and into level
step-formed plains, rising one above another, all capped by irregular

* Voyage, &c. p. 54.
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6 ELEVATION OF PATAGONIA. [cuar. 1.

beds of gravel, chiefly composed of porphyritic rocks. This gravel
formation will be separately described at the end of the chapter..

My objeet in giving the following measurements of the plains, as
taken by the officers of the survey, is, as will hereafter be seen, to
show the remarkable equability of the recent elevatory movements.
Round the southern parts of Nuevo Gulf, as far as the River Chupat,
(seventy miles southward of San Josef) there appear to be several
plains, of which the best defined are liere represented.

No. 1.—SECTION OF STEP-FORMED PLAINS SOUTH OF NUEVO GULF.
850 ft. An. M. 200-220 An. M. 80 Est.

West. L East.
Level of sea. Scale g of inch to 100 feet vertical.

N.B.—An. M. always stands for angular or trigonometrical measurement.
Ba. M. " barometrical measurement.
Est. - estimation by the Officers of the survey.

The upper plain is here well defined (called Table Hills); its edge
forms a cliff or line of escarpment many miles in length, projecting
over a lower plain. The lowest plain corresponds with that at San
Josef with the recent shells on its surface. Between this lowest and
the uppermost plain, there is probably more than one step-formed
terrace : several ts show the existence of the intermediate
one of the height given in the diagram.

Near the north headland of the great Bay of St. George (100 miles
south of the Chupat), two well marked plains of 250 and 330 feet
‘were measured : these are said to sweep round a great part of the
Bay. At its south headland, 120 miles distant from the north head-
land, the 250 feet plain was again measured. In the middle of the
Bay, a higher plain was found at two neighbouring places (Tilli
Roads and O. Marques) to be 580 feet in height. Above this
plain, towards the interior, Mr. Stokes informs me that there were
several other step-formed plains, the highest of which was estimated
at 1200 feet, and was seen ranging at apparently the same height for
150 miles northward, All these plains hayve been worn into great
valleys and much denuded. The following section is illustrative of
the general structure of the great Bay of St. George. At the south

No. 2.—SECTION OF PLAINS IN THE BAY OF ST. GEORGE.

1200 feet Est. Not measured.

880 An. M. 830 An, M. 250 An, M.

West.
East,

Level of sea. Scale gy of inch to 100 feet vertical.
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CHAP. I.] ELEVATION OF PATAGONIA, 7

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 north 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 830 fect, 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.

Not measured.

330 ft.
Ba. ML
Shells
face.
235 to
955 It,
Ba. M

100 ft, Est.

Level of sea. Scale 5 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 830 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 patehes, especially at the heads of the smaller valleys : they
generally contained sand in their insides; and I presume that they
hayve 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.—SECTION OF PLAINS AT PORT S. JULIAN.

950 ft. An. M.

560 An. M.

450 An. ML

West.

Level of Sca. Scale 3y of inch to 100 feet vertical.
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8 ELEVATION OF PATAGONIA. [cuar. 1.

The lowest plain was estimated at ninety feet: it is remarkable
from the usual gravel-bed being deeply worn into hollows, which are
filled up with, as well as the general surface covered by, sandy and
reddish earthy matter: in one of the hollows thus filled up, the
skeleton of the Macrauchenia Patachonica, as will hereafter be de-
scribed, was embedded. On the surface and in the upper parts of
this earthy mass, there were numerous shells of Mytilus Magellanicus
and M. edulis, Patella deaurita, and fragments of other species. This
plain is tolerably level, but not extensive; it forms a promontory
seven or eight miles long, and three or four wide. The upper plains
in the above diagram, were measured by the officers of the survey ; they
were all capped by thick beds of gravel, and were all more or less de-
nuded : the 950 plain consists merely of separate, truncated, gravel-
capped hills, two of which, by measurement, were found to differ only
three feet. The 430 feet plain extends, apparently with hardly a break,
to near the northern entrance of the Rio Sta. Cruz (fifty miles to the
south); but it was there found to be only 330 feet in height.

On the southern side of the mouth of the Sta. Cruz we have the
following section, which I am able to give with more detail than in
the foregoing cases.

No. 5.—SECTION OF PLAINS AT THE MOUTH OF THE RIO SANTA CRUZ.

840 ft. An. ML 710 An. M.

N. East.

5. West.

Level of sen. Seale g5 of ineh to 100 feet vertical.

The plain marked 855 feet (as ascertained by the barometer and
by angular measurement) is a continuation of the above mentioned
530 feet plain : it extendsin a N. W. direction along the southern
shores of the estuary. Tt is capped by gravel, which in most parts
is covered by a thin bed of sandy earth, and is scooped out by many
flat-bottomed valleys. Tt appears to the eye quite level, but in pro-
ceeding in a S. S. W. course, towards an escarpment distant about
six miles, and likewise ranging across the country in a N, W, line, it
was found to rise at first msensibly, and then for the last half mile.
sensibly, close up to the base of the escarpment: at this point it
was 463 feet in height, showing a rise of 108 feet in the six miles.
On this 355 to 463 feet plain, 1 found several shells of Mytilus Ma-
gellanicus and of a Mytilus, which Mr. Sowerby informs me is yet
unnamed, though well known as recent on this coast; Patella deau-
rita ; Fusus, 1 believe, Magellanicus, but the specimen has been
lost ; and at the distance of four miles from the coast, at the height,
of about 400 feet, there were fragments of the same Patella and of a
Voluta (apparently V. anciflz) partially embedded in the superficial
sandy earth. All these shells had the same ancient appearance with
those from the forezoing localities. As the tides along this part of
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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 side, so that, their escarpments appear like the shores
of a former estuary, larger tEnn the existing one:: the escarpments,
also, of the 840 feet it-plain (with a corresp 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
escarpments is 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 scon 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. - T 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. 7 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. Tt appeared that these shells had “been washed
from the banks into the nver conaldenng the distance from the sea,
the desert and absolutely unf ter 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 lwre by i

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

* T have described this formation in a paper in the Gealogical Transactions,
vol. vi. p.
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10 VALLEY OF SANTA CRUZ, [cnar. 1.

worn, and with many sand-dunes on it like those on a sea-coast. At
the highest point to which we ascended, it was sixteen miles wide in
a north and south line; and forty-five miles in length in aneast and west
line. It is bordered by the escarpments, one above the other, of two
plains, which diverge as they approach the Cordillera, and consequently
Tesemble, at two levels, the shores of great bays facing the mountains ;
and these mountains are breached in front of the lower plain by a
remarkable gap. The valley, therefore, of the Santa Ciuz consists of
a straight broad cut, about ninety miles in length, bordered by
gravel-capped terraces and plains, the escarpments of which at both
ends diverge or expand, one over the other, after the manmer of the
shores of great bays. Bearing in mind this peculiar form of the
land,—the sand-dunes on the plain at the head of the valley—the
gap in the Cordillera in front of it—the presence in two places of
very ancient shells of existing species—and lastly, the circumstance
of the 355 to 453 feet pldin, with the numerous marine remains on
its surface, sweeping from the Atlantic coast, far up the valley, I think
we must admit, that within the recent period, the course of the Santa
Cruz formed a sea-strait intersceting the continent. At this period,
the southern part of South America consisted of an archipelago of
islands 360 miles in a N. and S. line. We shall presently sce, that
two other Straits also, since closed, then eut through Tierra del Fuego ;
1 may add that one of them must at that time have expanded at the
foot of the Cordillera into a great bay (now Otway Water) like that
which formerly covered the 440 feet plain at the head of the Santa Cruz.

I have said that the valley in its whole course is bordered by
gravel-capped plains. The following section, supposed to be drawn
ina N. and 8. line across the valley, can searcely be considered as
more than illustrative ; for during our hurried ascent it was im-
possible to measure all the plains at any one place. At a point

No. 6,—XNORTH AKD SOUTH SECTION ACROSS THE TERRACES BOUNDING
THE VALLEY OF THE R. 5. CRUZ, HIGH UP ITS COURSE.

A south. A north
Bn. o ——

Dn Cw i

; : |
1192 4. 869 ft. 39 It Bedof 630 ft. 860 1. 2,
River. i

The Leight of each terrace above the level of the river, is shown by the number
undor it, Vertical scals J of inch o a 100 faat; but terrace T heing on]
twenty feot above the river, s necessarily been faised, The horizontal dis.
tances much coniracted ; the distance from the edge of A n. to A s. being on an
average from seven {0 ten miles,

nearly midway between the Cordillera and the Atlantic, T found the
plain (A. north) 1122 feet above the river; all the lower plains on
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CHAP. L] VALLEY OF SANTA CRUZ. 11

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 B (n) was 869 above the river: very near to where
A (n) was measured, C (») 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 (5), however, was traced continuously for a great distance. The
terrace B (n) 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 ome, for I could not always trace it con-
tinuously) was about eight miles wide. This second plain was
generally 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 (n) to B (s). Low down the valley, the summit-
plain A (s) is continuous with the 840 feet plain on the coast, but it
1s soon lost or unites 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 8. 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 hLeight; at 100 miles from the
Atlantic, 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 (n), measured
at two points twenty-four miles apart, was found to have risen 185
feet, T'rom several reasons I suspect, that this gradual inclination of
the plains up the valley, has been chiefly cansed 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
tests either on the denuded and sometimes furrowed surface of the
soft tertiary deposits, or on the basaltic lava. The difference in
leight 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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12 CONCLUDING REMARKS ON THE [cmap. 1.

be borne in mind, that the horizontal upheaval of a disbrictf 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 al luv_ial plam,_forpwd
almost on a level with a stream, will, after an elevation of this km.d,
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 8, 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 T am informed by the officers of the survey, that bending
round the head of Coy Inlet, (sixty-five miles southward) it trends
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 inland, 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 formaticn, which rises to
a height of between 150 and 250 feet, and is often capped 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 del 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 sowth-eastern
coasts of America, and on the action of the sex on the land.—Up-
raised shells of species, still existing as the commonest kinds in the
adjoining sea, oceur, as we have seen, at heights of between a few feet
and 410 feet, at intervals from latitude 83° 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. 8. Julian, the mammiferous quadrupeds which co-existed with
these shells belong to extinct species. I have said that the upraised
shells 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. 1 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 cireumstance
appears at first. surprising, but it is now known that the colouring
principle of the Mytilus 1s 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, thongh I
could not find any shells, the bones of whales have been noticed by
several competent observers, lying on the land at a considerable
distance from the sea, and at the height of some hundred feet above
it.f Moreover, we know that in T. del Fuego the boulder formation
has been uplifted within the recent period, and a similar formation

* Capt. King, Voyages 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, e ikt

1 Voyages of the Adventure and Beagle, vol. ii. p. 227. And Bougainville's
Voyage, tome i. p. 112,
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14 ON THE UNIFORM HEIGHT OF THE TERRACES. [CHAP. L.

oceurs*® on the north-western shores (Byron Sound) of these islands.
The distance from this point to the Cordillera of Tierra del Fuego,
is 360 miles, which we may take as the probable width of the
recently upraised area. In the latitude of the R. S. Czpz, we klnow
from the shells found at the mouth and head, and in the middle
of the valley, that the entire width (about 160 miles) of the surface
eastward of the Cordillera has been upraised, From the slope of
the plains, as shown by the course of the rivers, for several degrees
northward of the S. Cruz, it is probable that the elevation attested
by the shells on the coast has likewise extended to the Cordillera.
‘When, however, we look as far northward as the provinces of La
Plata, this conclusion would be very hazardous; mot only is the
distance from Maldonado (where I found upraised shells) to the
Cordillera great, namely, 760 miles, but at the head of the estuary
of the Plata, a N.N.E. and S.5.W. range of tertiary voleanic rocks
has been observed,t which may well indicate an axis of elevation
quite distinct from that of the Andes. DMoreover, in the centre of
the Pampas in the chain of Cordova, severe earthquakes have been
felt ;1 whereas at Mendoza, at the eastern foot of the Cordillera, only
gentle oscillations, transmitted from the shores of the Pacifie, have
ever been experienced. Hence the elevation of the Pampas may be
due to several distinct axes of movement; and we cannot judge,
from the upraised shells round the estuary of the Plata, of the
breadth of the area uplifted within the recent period.

Not only has the above specified long range of coast been elevated
within the recent period, but I think it may be safely inferred from
the similarity in height of the gravel-capped plains at distant points,
that there has been a remarkable degree of equability in the elevatory
process. I may premise, that when I measured the plains, it was
simply to ascertain the heights at which shells oceurred ; afterwards
comparing these measurements with some of those made during the
survey, I was struck with their uniformity, and accordingly tabu-
lated all those which represented the summit-edges of plains. The
extension of the 330 to 355 feet plain is very striking, being found
over a space of 500 geographical miles in a north and south line.

* I owe this fact to the kindness of Capt. Sulivan, R. N., a_highly competent
observer, [ mention it more especially, as in my Paper (p. 427) on the Boulder
Formation, 1 have, after baving examined the northern and middle parts of the
eastern island, said that the formation was here wholly absent.

1+ This volcanic formation will be described in Chapter IV. Tt is not
improbable that the height of the upraised shells at the head of the estuary of
the Plata, being greater than at Bahia Blanca or at San Blas, may be owing to
the upheaval of these latter places having been connected with the distant line
of the Cordillera, whilst that of the provinces of La Plata was in connection with
the adjoining tertiary veleanic axis.

% Seo Sir W. Parisl’s work on La Plata, p. 242. Fora notice of an earthquake
which drained a lake near Cordova, see also Temple's Travels in Peru, Sir W.
Parish informs me, that a town between Sulta and Tucuman (north of Cordova)
was formerly utterly overthrown by an earthquake.
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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,

Gallegos River to Coy Inlet (partly angular meas, and partly estim.) .. 350
South Side of Santa Cruz (ang. and barom. meas.) . . 3

North side of  do. (ang. m) -..
Bird Island, plain opposite to (ang. m.)

Port Desire, plain extending far along coast (barom. m. 330
8t. George's Bay, north promontory (ang. m. 330
Table Lund, aouth of New Bay (a0ge 1) ««.+ o .+ sesscasrerseoonr s 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 estir - 200 to 300
Port Desire (barom. m.) aan 245 to 2556

C. Blanco (ang. m.) . ;. 250

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

South of New Bay (ang. m.) 200 to 220
North of 8. Josef (estim.) 200 to 300
Plain of Rio Negro (ang. m.). 200 to 220 &

Babia Blanca (estim.) v vous »e 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 Lave 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 inereasing 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
eye, 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 ave 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 850
feet in leight, 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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upraised marine shells, that the sea has been the active power during
stages of some kind in the elevatory process. 4

We will now briefly consider this subject : if we look at the exist-
ing const-line, the evidence of the great denuding power of the sea is
very distinet: for, from Cape St. Diego, in lat. 54° 30 to the mouth
of the Rio Negro, in lat. 31° (a length of more than 800 miles), the
shore is formed, with singularly few exceptions, of bold and naked
cliffs: in many places the cliffs are high ; thus, south of the Santa
Cruz, they are between 800 and 900 feet in height, with their hori-
zontal strata abruptly cut off, showing the immense mass of matter
which has been removed. Nearly this whole line of coast consists of
a series of greater or lesser curves, the horns of which, and likewise
certain straight projecting portions, are formed of hard rocks; hence
the concave parts are evidently the effect and the measure of the de-
nuding action on the softer strata. At the foot of all the eliffs, the
sea shoals very gradually far outwards; and the bottom, for a space
of some miles, everywhere consists of gravel. I carefully examined
the bed of the sea off the Santa Cruz, and found that its inclination
was exactly the same, both in amount and in its peculiar curvature,
with that of the 355 feet plain at this same place. If, therefore, the
coast, with the bed of the adjoining sea, were now suddenly elevated
00 or 200 feet, an inland line of cliffs, that is an escarpment, would
be formed, with a gravel-capped plain at its foot gently sloping to the
sea, and having an inclination like that of the existing 855 feet plain.
From the denuding tendency of the sea, this newly formed plain would
in time be caten back into a cliff: and repetitions of this elevatory
and denuding process would produce a series of gravel-capped, sloping
terraces, rising one above another, like those fronting the shores of
Patagonia.

The chief difficulty (for there are other inconsiderable ones) on this
view, is the fact,—as far as I can trust two continuous lines of sound-
ings carefully taken between Santa Cruz and the Falkland Islands,
and several seattered observations on this and other coasts,—that the
pebbles at the bottom of the sea quickly and regularly decrease in
size with the increasing depth and distance from the shore, whereas
in the gravel on the sloping plains, no such decrease in size was percep-
tible. The following table gives the average result of many soundings
off the Santa Cruz:—

Under two miles from the shore, many of the pebbles were of large size
mingled with some small ones.

Distance. Depth. Size of Pebbles.
3 to 4 miles from the shore.| 11 to 12 fathoms. | As large as walnuts; mingled

in every case with some
smaller ones,

6 to 7 miles do. 17t0 19  do. As large as hazel nuts.
10 to 11 miles do. 231025 do. From three to four tenths of an
inch in diameter.
12 miles do. 30 to 40 do. Two-tenths of an inch.
22 to 150 miles do. 451065 do. One-tenth of an inch, to the
finest sand.
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T particularly attended to the size of the pebbles on the 3.5 feet
Santa Cruz plain, and I noticed that on the summit-edge of the
present sca-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 escarpu
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 fect.

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 lie thinks, if it had been gradual, these
shells would all have been rolled on successive beach-lines. But 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 clevation would directly
aid in their preservation. I saw a multitude of spots in Bahia Blanca,
where this might have been effected ; and at Maldonado it almost
certainly has been effected. 1In speaking of the elevation of the land
having been slow, I do not wish to exclude the small starts which
accompany earthquakes, as on the coast of Chile; and by sueh move-
ments beds of shells might easily be uplifted, even in positions exposed
to a heavy swrf, 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 attacled 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 sand-dunes, 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.

If we extend this conclusion to Central and Southern Patagonia,
the inclination of the successively xising gravel-capped plains can Le

¢
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explained quite as well, as by the more obvious view already given
of a few comparatively great and sudden elevations ; in either case we
must admit long periods of rest, during which the sea ate deeply into
the land. Let us suppose the present coast to rise at a nearly
equable, slow rate, yet sufficiently quick to prevent the waves quite
removing each part as soon as brought up; in this case every portion
of the present bed of the sea will successively form a beach-line,
and from being exposed to a like action will be similarly affected.
Tt cannot mater to what height the tides rise, even if to forty feet as
at Santa Cruz, for they will act with equal force and in like manner,
on each successive line. Hence there is no difficulty in the fact of the
355 feet plain at Santa Cruz, sloping up 108 feet to the foot of
the mext highest escarpment, and yet having no marks of any one
particular beach-line on it ; for the whole surface on this view has
been a beach. I cannot pretend to follow out the precise action of
the tidal waves during a rise of the land, slow, yet sufficiently quick
to prevent or check denudation ; but if it be analogous to what takes
place on protected parts of the present coast, where gravel is now

lating in large quantities,® an inclined surface, thickly capped
by well-rounded pebbles of about the same size would be ultimately
left. On the gravel now accumulating, the waves, aided by the
wind, sometimes throw up a thin covering of sand, together with the
common coast-shells. Shells thus cast np by gales, would, during an
elevatory period, never again be touched by the sea. Hence, on this
view of a slow and gradual rising of the land, interrupted by periods
of rest and denudation, we can understand the pebbles being of about
the same size over the entire width of the step-like plains,—the ocea-
sional thin covering of sandy earth,—and the presence of broken, unrol-
led fragments of those shells, which now live exclusively near the coast.

Summary of Results.—1t may be concluded that the coast on this
side the continent, for a space of at least 1,180 miles, has been
elevated to a height of 100 feet in La Plata, and of 400 feet in
Southern Patagonia, within the period of existing shells, but not of
existing mammifers.  That in La Plata, the elevation has been very
slowly effected : that in Patagonia the movement may have heen by
considerable starts, but much more probably slow and quiet. In
either case, there have been long intervening periods of comparative
rest,+ during which the sea corroded deeply, as it is still corroding,
into the land. That the periods of denudation and elevation were
contemporaneous and equable over great spaces of coast, as shown by
the equable heights of the plains; that there have been at least eight
periods of denudation, and that the land, up to a height of from 950

* On the eastern side of Chiloe, which island we shall see in the next chapter
i3 now rising, I observed that all the beaches and extensive tidal flats were formed
of shingle.

1 I say comparative and not absolute rest, because the sea acts, as we have
asen, with great dénuding power on this whole line of coast; and therefore,
during an elevation of the land, if excessively slow, (aud of course during A
subsidence of the land), it s quite possible that lines of cliff might be farm:d_
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to 1,200 feet, has been similarly modelled and affected : that the arca
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, thar,
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. T
may add, that at Santa Cruz, in lat. 50° 8., 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, on floating icebergs.

Lastly, considering the great upward movements which this long
line of coast has undergone, 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, T nowhere observed the smallest fault or abrupt
curvature in the strata.

Gravel formation of Patagonia.

T will here describe in more detail than has been as yet incidentally
done, the nature, origin, and extent of the great shingle covering of
Patagonia: but I do not mean to affirm that all of this shingle,
especially 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 the 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 platean 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 Colorado, being from ome to two inches in
diameter, and composed chiefly of rather dark-tinted porphyries.
Amongst them T here first noticed a variety often to be referred to,
namely, a peculiar gallstone-yellow siliceous porphyry, frequently, but
not invariably, containing grains of quartz. The pebbles are em-
bedded in a white gritty ealcarcous matrix very like mortar, some-
times merely coating with a whitewash the separate stones, and
“sometimes forming the greater part of the mass. In one place I saw
in the gravel concretionary nodules (not rounded) of crystallized
gypsum, some as large as a man’s head. T traced this bed for forty-
five 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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Colorado, are of nearly contemporancous origin, and that the cal-
careous matter has been derived from the same source.

Southward of the Rio Negro, the cliffs along the great bay of
S. Antonio are capped with gravel: at San Josef, I found that the
pebbles closely resembled those on the plain of the Rio Negro, but
that they were not cemented by calcareous matter. Between San
Josef and Port, Desire, I was assured by the officers of tho survey that
the whole face of the country is coated with gravel. At Port Desire
and over a space of twenty-five miles inland, on the three step-formed
plains and in the valleys, I everywhere passed over gravel which,
where thickest, was between thirty and forty feet. Here, as in other
parts of Patagonia, the gravel, or its sandy covering, was, as we have
seen, often strewed with recent marine shells. The sandy covering some-
times fills up furrows in the gravel, as does the gravel in the under-
lying tertiary formations, The pebbles are frequently whitewashed
and even cemented together by a peculiar, white, friable, aluminous,
fusible, substance, which I believe is decomposed feldspar. At Port
Desire, the gravel rested sometimes on the basal formation of por-
phyry, and sometimes on the upper or the lower denuded tertiary
strata. It is remarkable that most of the porphyritic pebbles differ
from those varieties of porpliyry which oceur here abundantly in situ.
The peculiar gallstone-yellow variety was common, but less numerous
than at Port S. Julian, where it formed nearly one-third of the mass
of gravel ; the remaining part there consisting of pale gray and greenish
porphyries with many crystals of feldspar. At Port S. Julian, T
ascended one of the flat-topped hills, the denuded remnant of the
highest plain, and found it, at the height of 950 feet, capped with
the usual bed of gravel.

Near the mouth of the Santa Cruz, the bed of gravel on the 355
feet plain, is from tywenty to about thirty-five feet in thickness. The
pebbles vary from minute ones to the size of a hen’s egg, and even to
that of half a man's head ; they consist of paler varieties of porphyry
than those found further northward, and there are fewer of the gall-
stone-yellow kind ; pebbles of compact black -clay-slate were here first
observed. The gravel, as we have seen, covers the step-formed plains
at the mouth, head, and on the sides of the great valley of the Santa
Cruz. At a distance of 110 miles from the coast, the plain has risen
to the height of 1416 feet above the sea; and the gravel, with the
associated great boulder formation, has attained a thickness of 212
feet. The plain, apparently with its usual gravel coverin 2, slopcs up
to the foot of the Cordillera to the height of between 3200 and 3300
feet. In ascending the valley, the gravel gradually becomes entirely
altered in character : high up, we have pebbles of crystalline feldspathic
rocks, compact clay-slate, quartzose schists and pale-coloured porphy-
ries ; these rocks, judging both from the gigantic boulders in the
surface and from some small pebbles embedded beneath 700 feet in
thickness of the old tertiary strata, are the prevailing kinds in this
part of the Cordillera; pebbles of basalt from the neighbourine
streams of basaltic lava are also mumerous; there are few or none of
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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, canmot 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 T 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 mear 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 Fuegia,
the Falkland TIslands, 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 uninterruptedly 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 thinl
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 feet
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 ben’s cgg, 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
doubtful origin,
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safely assume its average thickness over the whole area of 630 by 200
miles, at fifty feet ! ! y

The transportal and origin of this vast bed of pebbles is an in-
teresting problem. From the mauner in which they cap the step-
formed plains, worn by the sea within the period of existing shells,
their deposition, at least on the plains up to a height of 400 feet,
must have been a recent geological event. From the form of the
continent, we may feel sure that they have come from the westward,
probably, in chief part from the Cordillera, but, perhaps, partly from
unknown rocky ridges in the central districts of Patagonia. ‘That the
pebbles have not been transported by rivers, from the interior towards
the coast, we may conclude from the fewness and smallness of the
streams of Patagonia: moreover, in the case of the one great and
rapid river of Santa Cruz, we have good evidence that its transporting
power is very trifling. This river is from 200 to 300 yards in
width, about seventeen feet deep in its middle, and runs with a sin-
gular degree of uniformity five knots an hour, with no lakes and
scarcely any still reaches: nevertheless, to give one instance of its
small transporting power, upon careful examination, pebbles of com-
pact basalt could not be found in the bed of the river at a greater
distance than ten miles below the point where the stream rushes over
the debris of the great basaltic cliffs forming its shore: fragments of
the cellular varieties have been washed down twice or thrice as far.
That the pebbles in Central and Northern Patagonia have not been
transported by ice-agency, as seems to have been the case to a con-
siderable extent farther south, and likewise in the northern hemi-
sphere, we may conclude, from the absence of all angular fragments
in the gravel, and from the complete contrast in many other respects
between the shingle and neighbouring boulder formation.

Looking to the gravel on any one of the step-formed plains, I
cannot doubt, from the several reasons assigned in this chapter, that
it has been spread ont and levelled by the long-continued action of
the sea, probably during the slow rise of the land. The smooth
and perfectly rounded condition of the innumerable pebbles alone
would prove long-continued action. But how the whole mass of
shingle on the coast-plains, has been transported from the mountains
of the interior, is another and more difficult question. The following:
considerations, however, show that the sea by its ordinary action has
considerable power in distributing pebbles. A table has already been
given, showing how very uniformly and gradually* the pebbles

* 1 may mention, that at the distance of 150 miles from the Patagonian shore
1 carefully examined the minute-rounded particles in the sand, and found them
to be fusible like the porphyries of the great shingle hed. 1 could even dis-
tinguish particles of the gallstone-yellow porphyry. It was interesting to notice,
bow gradually the particles of white quartz increased, as we appronched the
Falkland Islands, which are thus constituted. In the whole line of soundings
Between these islands and the coast of Patagonia, dead or living organic remains
were most rare, On the relations between the depth of water and the nature
of the bottom, see Martin White on Soundings in the Channel, p. 4, 6,175 ;
also Capt. Beechey’s Voyage to the Pacific, chap. xviii. b
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decrease in size with the gradually 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. According 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 deposited, 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,f the sea to a great distance round the West Indian
Tslands, 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 would appear that the currents of the cea
have not sufficient velocity to move stomes 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
Cruz, many pebbles, under lialf an inch in diameter, were thus coated
with Flustracean zoophytes.] Hence we must conclude that these
pebbles are not often violently disturbed: it should, however, be
borne in mind that the growth of corallines is rapid. The view, pro-
pounded by Prof. Playfair, will, I believe, explam this apparent diffi-
culty,—namely, that from the undulations of the sea teading 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 presume must extend out seaward as far as the
breating waves impel the surface-water towards the beach), may gain
the power during storms of sifting and distributing pebbles even of

* Soundings in the Chanmel, pp. 4, 166, M. Siau states (Edin. New Phil.
Jour, vol. xxxi. p. 246), that he found the sediment at a depth of 188 metres,
arranged in ripples of different degrees of fineness. There are some excellent
discussions on this and allied subjects, in Sir H. De La Beche’s Theoretical
Researches.

+ Journal of Royal Geograph. Scc. 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
nearly as great at the bottom as at the top. : .

+ A pebble, one and & half inch squara and half an inch thick, was given me,
dredged up from twenty-seven fathoms depth off the western end of the Falkland
Islands, where the sea is remarkably stormy, and subject to violent tides. This
pebble was encrusted on all sides by a delicate living coralline. I have seen
many pebbles from depths between forty and seventy fathoms thus encrusted ;
one from the latter depth off Cape Horn,
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considerable size, and yet without so violently disturbing them as to
injure the encrusting eorallines.” By, g

The sea acts in another and distinct manner in the distribution of
pebbles, namely by the waves on the beach. Mr. Palmer,t in his
excellent memoir on this subject, has shown that vast masses of
shingle travel with surprising quickness along lines of coast, accord-
ing to the direction with which the waves break on the beach, and that
this is determined by the prevailing direction of the winds. This
agency must be powerful in mingling together and disseminating
pebbles derived from different sourees : we may, perhaps, thus under-
stand the wide distribution of the gallstone-yellow porphyry; and
likewise, perhaps, the great difference in the nature of the pebbles at
the mouth of the Santa Cruz from those in the same latitude at the
head of the valley.

I will not pretend to assign to these several and complicated
agencies their shares in the distribution of the Patagonian shingle;
but from the several considerations given in this chapter, and I may
add, from the frequeney of a capping of gravel on tertiary deposits in
all parts of the world, as I have myself observed and secn stated in the
works of varions aunthors, I cannot doubt that the power of widely
dispersing gravel is an ordinary contingent on the action of the sea ;
and that even in the case of the great Patagonian shingle-bed we have
no occasion to call in the aid of debacles. I at one time imagined
that perhaps an immense accumulation of shingle had originally been
collected at the foot of the Cordillera; and that this accumulation,
when upraised above the level of the sea, had been eaten into and
partially spread out (as off the present line of coast); and that the
newly-spread out bed had in its turn been upraised, eaten into, and
re-spread out; and so onwards, until the shingle, which was first
accumulated in great thickness at the foot of the Cordillera, had
reached in thinner beds its present extension. By whatever means
the gravel formation of Patagonia may have heen distributed, the
vastness of its area, its thickness, its superficial position, its recent
origin, and the great degree of similarity in the nature of its pebbles,

# Tmay take this opportunily of remarking on a singular but very common
character in the form of the bottom, in the creeks which deeply penetrate the
western shores of Tierra del Fuego ; namely, that they are almost {nvariably much
shallower close to the open sea at their mouths, than inland. Thus, Cook, in
entering Christmas Sound, first had soundings in thirty-seven fathoms, then in
fifty, then in sixty, and a litde further in no bottom, with 170 fathoms. The
sealers are so familiar with this fact, that they always look out for anchorage near
the entrances of the creeks. See, also, on this subject, the  Voyage of the
Adventwe and Beagle,” vol. i. p. 875, and Appendix, p. 313. This shoalness
of the sea-channels pear their entrances, probably results from the quantity of
sediment formed by the wear and tear of the outer rocks exposed to the full force
of the open sea, I bave no doubt that many lakes, for instance in Scotland,
which are very deep within are separated from the sea apparently only by
a tract of debritus, were orig: y sea-channels with banks of this nature near
their mouths, whieh have since been upheaved.

+ Philosophical Transactions, 1834, p. 576.
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all appear to me well deserving the attention of geologists, in relation
to the origin of the widely-spread beds of conglomerate belonging to
past epochis.

Formation of Oliffs.—When viewing the sea-worn cliffs of Pata-
gonia, in some parts between 800 and 900 feet in height, and formed
of horizontal tertiary strata, which must once have extended far sea-
ward,—or again, when viewing the lofty cliffs round many volcanic
islands, in which the gentle inclination of the lava-streams indicates
the former extension of the land, a difficulty often occurred to me,
namely, how the strata could possibly have been removed by the
action of the sea at a considerable depth beneath its surface. = The
following section, which represents the general form of the land on the
northern and leeward side of St. Helena (taken from Mr. Seal's large
model and various measurements), and of the bottom of the adjoining
sea (taken chiefly from Captain Austin’s survey and some old charts),
will show the nature of this difficulty.

No.7. SECTION OF COAST CLIFFS AND BOTTOM OF SEA, OFF THE ISLAND
OF ST. HELENA.

1600 feet
above sea.

; 510 feet

"-\‘\:\-\ above sea.

:-1‘_\\\:_\'\‘ 80 fath. 100 fa. 250 fa.
e -

Level of sea.

Bottom rock;
only to a dej
five or six

Vertical and horizontal scale, two inches to a nautical mile. The point marked
1600 feet is at the foot of High Knoll; point marked 510 feet is on the edge of
Ladder Hill. The strata consist of basaltic streams.

If, as seems probable, the basaltic streams were originally prolonged
with nearly their present inclination, they must, as shown by the dotted
line in the section, once have extended at least to a point, now covered by
the sea to a depth of nearly thirty fathoms: but I have every reason
to believe they extended considerably further, for the inclination of the
streams is less near the coast than further inland. It should also be
observed, that other sections on the coast of this island would have
given far more striking results, but I had not the exact measurements ;
thus, on the windward side, the cliffs are about 2000 feet in height
and the cut-off lava streams very gently inclined, and the bottom of
the sea has mearly a similar slope all round the island. How, then,
has all the hard basaltic rock, which once extended beneath the sur-
face of the sea, been worn away ? According to Captain Austin, the
bottom is uneven and rocky only to that very small distance from the
beach, within which the depth is from five to six fathoms; outside
this linc to a depth of about 100 fathoms, the bottom is smooth,
gently inclined, and formed of mud and sand; outside the 100

The Complete Work of Charles Darwin Online



26 FORMATION OF SEA-CLIFFS. [cmap. 1.

fathoms, it plunges suddenly into unfathomable depths, as is so very
commonly the case on all coasts where sediment is accnmulating, At
greater depths than the five or six fathoms, it seems impossible, under
existing circumstances, that the sea can both have worn away hard
rock, in parts to a thickness of at least 150 feet, and have deposited a
smooth bed of fine sediment. Now, if we had any reason to sup-
pose that St. Helena had, during a long period, gone on slowly
subsiding, every difficulty would be removed: for, looking at the
diagram, and imagining a fresh amount of subsidence, we can see that
the waves would then act on the coast-cliffs with fresh and unimpaired
vigour, whilst the rocky ledge near the beach would be carried down
to that depth, at which sand and mud would be deposited on its bare
and uneven surface : after the formation near the shore of a new rocky
shoal, fresh subsidence would carry it down and allow it to be
smoothly covered up. But in the case of the many cliff-bounded
islands, for instance in some of the Canary Islands and of Madeira,
round which the inclination of the strata shows that the land once ex-
tended far into the depths of the sea, where there is mo apparent
means of hard rock being worn away,—are we to suppose that all these
islands lave slowly subsided? Madeira, T may remark, has, accord-
ing to Mr. Smith of Jordan-hill, subsided. Are we to extend this
conclusion to the high, cliff-bound, horizontally-stratified shores of
Patagonia, off which, though the water is not deep even at the dis-
tance of several miles, yet the smooth bottom of pebbles gradually
decreasing in size with the increasing depth, and derived from a
foreign source, seem to declare that the sea is now a depositing and
not a corroding agent? I am much inclined to suspect, that we
shall hereafter find in all such cases, that the land with the adjoin-
ing bed of the sea has in truth subsided: the time will, I believe,
come, when geologists will consider it as improbable, that the land
should have retained the same level during a whole geological period,
as that the atmosphere should have remained absolutely calm during
an entire season.
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CHAPTER IL

ON THE ELEVATION OF THE WESTERN COAST OF SOUTH
AMERICA.

Chonos Arelipelago—Cliloe, recent and gradual elevation of, traditions of the

is earthquake and elevation of—Vax-
raratso, great elevation af, uprﬂzﬁed shells, earth of marine origin, gradual
rise of ¢ke land within the Aistorical period—Coauinso, elevation of in recent
times, terraces of marine origin, their inclination, their esearpments not hori-
zontal—Guasco, gravel terraces of—Copiapo—Prnv—Upraised shells of Co-
bija, Tquique, and Avica—Lima, shell-beds and sea-beach om San Loreuzo,
Human remains, fossil earthenware, earthquake debacle, recent subsidence—On
the decay of upraised shells—General summary.

CommencinG at the south and proceeding morthward, the first place
at which I landed, was at Cape Tres Montes, in lat, 46° 35°. Here,
on the shores of Clristmas cove, I observed in several places a beach
of pebbles with recent shells, about twenty feet above high-water
mark, Southward of Tres Montes (between lat. 47° and 48°), By-
ron* remarks, * we thought it very strange, that upon the summits
of the highest hills were found beds of shells, a foot or two thick.”
In the Clionos Archipelago, the island of Lemus (lat. 44° 30°) was,
according to M. Coste,t suddenly elevated eight feet, during the
earthquake of 1839, he adds “des roches jadis toujours couvertes
par la mer, restant aujourd’hui constamment découvertes.” In
other parts of this archipelago, I observed two terraces of gravel,
abutting to the foot of each other: at Lowe's Harbour (43° 48'),
under a great mass of the boulder formation, about 300 feat in thick-
ness, I found a layer of sand, with numerons comminuted fragments
of sea-shells, having a fresh aspect, but too small to be identified.

The Island of Chiloe.—The evidence of recent elevation is here
more satisfactory. 'The bay of San Carlos is in most parts bounded
by precipitous cliffs from about ten to forty feet in height, their
bases being separated from the present line of tidal action by a
talus, a few feet in height, covered with vegetation. In ome shel-
tered creek (west of P, Arena) instend of a loose talus, there was
a bare sloping bank of tertiary mudstone, perforated, above the line

* Narrative of the Loss of the Wager,
+ Comptes Rendus, October 1838, p. 706.
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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, standing
upright in their holes with grass growing out of them, were abraded
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 tlie
foot of the low cliffs, and protected 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
above high water-mark, From these several facts, and 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
Jevel was then observed ; from the habits of the people who all keep
boats in the protected creeks, it is absolutely impossible that a rise
of four feet could have talen 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 ab 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.

T 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, T 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 gréat trees was growing. Considering the
nature and dampuess of this peaty soil, it is 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
Dlack soil, which, when dry, cakes hard, was entirely of terrestrial
origin, but on examining it under the microscope, I found many very
minute rounded fragments of shells, amongst which I could distin-
guish bits of serpulee and mussels. The Venus costellata, and the
ostrea (0. edulis, according to Captain King) are now the commonest
shells in the adjoining bays. Ina bed of shells, a fow feet below
the 350 feet bed, I found a horn of the little Ceraus Jaemilis, which
now inhabits Chiloe.

The castern or inland side of Chiloe, with its many adjacent islets
consists of tertiary and houlder deposits, worn into irregular 1)1;|in;
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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 offen the only means of
recognising its matural origin. - Near Castro, on each side of the
creek and rivulet’ of the Gamboa, three distinct 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 scen 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 promontorics have the word Huapi, which signifies in the
Indian tongue, island, appended to them, such as Huapilinao, Huapi-
lacuy, Caucahuapi, &e. ; and these according to Indian traditions once
existed as islands. In the same mannerthe term Pulo in Sumatrais
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: I did not observe here any distinet 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 Cytherea, too
imperfect to be specifically recognised. At Imperial, seventy miles
north of Valdivia, Agiierrosf 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.

Concepcion -—1 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. T will only recall to the re-

* Marsden's Sumatra, p. 1.

+ Deseripeion Hist. de la Provincia de Chiloé, p. 78. From the account given
by the old Spanish writers, it would appear that several other Lurbours, between
this point and Concepeion, were formerly much deeper than they now are.

4 Desaipe. Hist. p. 25. -

§ Voyages of Advenfure and Beagle, vol. ii. p. 415.

| Voyages of Adventure and Beagie, vol. . p. 412 et seq-

Tu'vol. v. (p. 601) of the Geological Transactions, I bave given an account of the

kable volcanic ph which p d this earthquake, These
phenomena appear to me o prove, that the action, by which large tracts of land
re uplifted, and by which voleanic eruptions are produced, is in every respect
identical.
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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
standing dry, and exhaled an offensive smell, from the many attached
and putrefying shells. It appears from the researches of Capt.
FitzRoy that both the island of St. Mary and Concepcion (which
was uplifted only four or five feet) in the course of some weelks sub-
sided, and lost part of their first elevation. I will only add as a
Jesson of caution, that round the sandy shores of the great Bay of
Concepeion, it was most difficult, owing to the obliterating effeets of
the great accompanying wave, to recognise any distinct evidence of
this considerable upheaval; onc 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 Concepcion), 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 const, 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 ongin.  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

with the b; ter: 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 Concholepas, of Fissurella, Venus, Mactra, Turbo,
Monoceros, and the Balanus psittacus. These shells were bleached,
and within some of the Balani other Balani were growing, showing
that they must have long lain dead in the sea. The above species I
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 flustrze ; some of these remains were estimated by
Lieut. 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 species now lives in parts mever 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
Concholepas, 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 feef
above the highest tides: M. Gay* found here recent shells at the
distance of two leagues from the shore. TInland 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-
1ada Onda, on the road to Casa Blanca), at the distance of several
miles from the coast, I noticed a considerable bed, composed exclu-
sively of Mesodesma donaciforme, Desh. lying on a bed of muddy
sand : this shell now lives associated together 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 elevation of this neighbourhood. In very many parts a
beach of broken shells, about fourteen or fifteen 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. Nat. Avril, 1833.
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every flat 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 species, 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 Flissurclla
biradiata, a Trochus and Balanus (both well known, but according to
Mr. Sowerby yet unnamed) and parts of the Myrilus 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 numerous, 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, Patella,
Crepidule, and of Mytilus Magellanicus (? ):* 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 Concholepas 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,t I collected
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 quite
filled with, blackish or reddish-brown  carth, resting on the granitic
detritus, I did not doubt until lately that this mould was of purely
terrestrial origin, when with a microscope 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. Coming informs me that he does not think this species identical with
though closely resembling, the true M. Magellanicus of the southern and eagters
coast of South America: 1t lives abundantly on the coast of Chile.

+ Measured by the harometer: the highest point in the range hehind Val-
paraiso, I found to be 1626 feet above the level of the sea.
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spines, mouth-bones and shells of Echini, and of minute fragments,
of chiefly very young patellee, mytili, and other species. I found
similar microscopical fragments in earth filling up the central orifices
of some large Fissurelle. This earth when crushed emits a sickly
smell, precisely like that from garden-mould mixed with guano.
The earth accidentally preserved within the shells, from the greater
heights, has the same general appearance, but it is a little redder ; it
emits the same smell when rubbed, but I was unable to detect with
certainty any marine remains in it. This earth resembles in general
appearance, as before remarked, that capping the rocks of Quiriquina
in the Bay of Concepcion, on which beds of sea-shells lay, I-have,
also, shown that the black, peaty soil, in which the shells at the
height of 350 feet at Chiloe were packed, contained many minute
fragments of marine animals. These facts appear to me interesting,
as they show that soils, which would naturally be considered of
p}urely terrestrial nature, may owe their origin in chief part to
the sea.

Being well aware from what T have seen at Chiloe and in Tierra
del Fuego, that vast quantities of shells are carried during successive
ages, far inland, where the inhabitants chiefly subsist on these pro-
ductions, I am bound to state that at greater heights than 557 feet,
where the number of very young and small shells proved that they
had not been carried up for food, the only evidence of the shells
having been naturally left by the sea, consists in their invariable and
uniform appearance of extreme antiquity—in the distance of some of
the places from the coast, in others being inaccessible from the
nearest part of the beach, and in the absence of fresh water for men
to drink—in the shells not lying in heaps,—and, lastly, in the close
similarity of the soil in which they are imbedded, to that which
lower down can be unequivocally shown to be in great part formed
from the debris of the sea animals.*

With respect to the position in which the shells lie, I was re-
peatedly struck here, at Concepcion, and at other places, with the
frequency of their occurrence on the summits and edges either of
separate  hills, or of little flat headlands often terminafing precipi-
tously over the sca. The several above enumerated species of mol-
lusca, which are found strewed on the surface of the land from a few
feet above the level of the sea up to the height of 1300 feet, all now
live either on the beach, or at only a few fathoms' depth: Mr.

# In the Proceedings of the Geolog. Soc. vol. ii. p. 446, [ have given a brief
account of the upraised shells on the coast of Chile, and have there stated that the
praofs of elevation are not satisfactory above the height of 230 feet. I Lad at that
time unfortunately overlooked a separate page written during my second visit to
Valparaiso, describing the shells now in my possession from the 557 feet hill; T
‘had not then unpacked my collections, and had not rewns)damd' the obvious ap-
pearance of greater antiquity of the shells from the greater heights, nor had [
at that time discovered the marine origin of the earth in which many of the shells
are packed. Considering these facts, 1 do not now feel a shadow of doubt that
the shells, at the height of 1300 feet, have been upraised by natural causes into
their present position.

D
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Edmenston, in a letter to Prof. B. Forbes, states that in dredging in
the Bay of Valparaiso, he found the species of Concholep
Fiseurella, Trochus, Monoceros, Chitons, &c. living in abundance
from the beach to a depth of seven fathoms; and dead shells occurred
only a few fathoms deeper. The common Zurritelle cingulata was
dredged up living at even from ten to fifteen fathoms; but this is a
species which I did not find here amongst the upraised shells. ~ Con-
sidering this fact of the species being alllittoral or sub-littoral, consider-
ing their occurrence at various heights, their vast numbers, and their
generally comminuted state, there can be little donbt that they were
left on successive beach-lines during a gradual elevation of the land.
The presence, however, of so many whols and perfectly preserved shells
appears at first a difficalty on this view, considering that the coast
is exposed to the full force of an open ocean: but we may suppose,
either that these shells were thrown during gales on flat ledges of
rock just above the level of high water-mark, and that during the ele-
vation of the land they were never again touched by the waves, or,
that during carthquakes, such as those of 1822, 1885, and 1887, rocky
reefs covered with marine-animals were at one blow uplifted above
the future reach of the sea. This latter explanation is, perhaps, the
most probable cne with respect to the beds at Concepcion entirely
composed of the Mytilus Chiloensis, a species which lives below the
lowest tides; and likewise with respect to the great beds, occurring
both north and south of Valparaiso, of the Mesodesma donaciforme,—
a shell which, as T am informed by Mr. Cuming, inhabits sand-
banks at the level of the lowest tides. But even in the case of shells
having the habits of this Mytilus and Mesodesma, beds of them,
wherever the sea gently throws up sand or mud, and thus pratects
its own accumulations, might be upraised by the slowest move-
ment, and yet remain undisturbed by the waves of each new
beach-line.

It is worthy of remark, that nowhere near Valparaiso above the
height of twenty feet, or rarely of fifty feet, I saw any lines of erogion
on the solid rocks, or any beds of pebbles; this, I believe, may be
accounted for by the disintegrating tendency of most of the rocks in
this neighbourhood. Nor is the land here modelled into terraces:
Mr. Alison, however, informs me, that on both sides of one narrow
ravine, at the height of 800 feet above the sea, he found a succession
of rather indistinct step-formed beaches, composed of broken shells,
which together covered a space of about eighty feet vertical.

I can add nothing to the accounts already published of the eleva-
tion of the land at Valparaiso,* which accompanied the earthquake
of 1822 : but I heard it confidently asserted, that a sentinel on duty,
immediately after the shock, saw a part of a fort, which previously
was not within the line of his vision, and this would indicate that the
uplifting was not horizontal : it would even appear from some facts

* Dr. Meyen (Reise um Erde Th. 1. s. 221) found in 1831 sea-weed and other
bodies, still adhering to some rocks, which during the shock of 1622 were lifted
above the sea,
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collected by Mr. Alison, that only the eastern half of the bay was
then elevated. Through the kindness of this same gentleman, I am
able to give an interesting account of the changes of level, which have
supervened here within listorical periods: about the year 1680 a
long sea-wall (or Prefil) was built, of which only a few fragments
now remain ; up to the year 1817, the sea often broke over it, and
washed the hotises on the opposite side of the road (where the prison
now stands); and even in 1819, Mr. J. Martin remembers walking
at the foot of this wall, and being often obliged to climb over it to
escape the waves. There now stands (1834) on the sea-ward side of
this wall, and between it and the beach, in one part a single row of
houses, and in another part two rows with a street between them.
This great extension of the beach in so short a time cannot be attri-
buted simply to the accumulation of detritus; for a resident, engincer
measured for me the height between the lowest part of the wall
visible, and the present beach-line at spring-tides, and the difference
was eleven feet six inches. The church of S. Augustin is believed
to have been built in 1614, and there is a tradition that the sea
formerly flowed very near it: by levelling, its foundations were
found to stand nineteen feet six inches above the highest beach-
line; so that we see in a period of 220 years, the elevation cannot
have been as much as nineteen feet six inches. From the facts given
with respect to the sea-wall, and from the testimony of the elder inhabi-
tants, it appears certain that the change in level began to be mani-
fest about the year 1817. The ouly sudden elevation of which
there is any record occurred in 1822, and this seems to bave been
less than three feet. Since that year, I was assured by several com-
petent observers, that part of an old wreck, which is firmly embedded
near the beach, has sensibly emerged ; hence here, as at Chiloe, a
slow rise of the land appears to be now in progress. It seems highly
probable that the rocks which are corroded in a band at the height
of fourteen feet above the sea were acted on during the period,
when by tradition the base of S. Augustin church, now nineteen
feet, six inches above the highest water-mark, was occasionally
washed by the waves.

Valparaiso to Coguimbo.—For the first seventy-five miles north of
Valparaise I followed th coast-road, and throughout this space I
observed innumerable masses of upraised shells. About Quintero
there are immense accumulations (worked for lime) of the Mesodesma
donaciforme, packed in sandy earth, they abound chiefly about
fifteen feet above high-water, but shells are here found, according to
Mr. Miers,* to a height of 500 feet, and at a distance of three
leagues from the coast: I here noticed barnacles adhering to the
rocks three or four feet above the lighest tides. In the neighbour-
Tiood of Plazilla and Catapileo, at heights of between 200 and 300 feet,

* Travels in Chile, vol. i. pp. 458, 395, 1 ruceived several similar accounts
from the inhabitants, and was assured that there are many shells on the plain of
Casa Blanca, between Valparaiso and Sul{i’ago, at the height of 800 feet.

p 2
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the number of comminuted shells, with some perfect ones, especially of
the Mesodesina, packed in layers, was truly immense: the land at
Plazilla had evidently existed as a bay, with abrupt rocky masses
rising out of it, precisely like the islets in 'the broken bays now in-
denting this coast. On both sides of the rivers Ligua, Longotomo,
Guachen, and Quilimari, there are plains of gravel about 200 feet
in height, in many parts absolutely covered with shells.  Close to
Conchalee, a gravelplain is fronted by a lower and similar plain
about sixty feet in height, and this again is separated from the beach
by a wide tract of low land: the surfaces of all three plains or ter-
races were strewed with vast mumbers of the Concholepas, Meso-
desma, an existing Venus, and other still existing littoral shells.
The two upper terraces closely resemble in miniature the plains of
Patagonia; and like them are furrowed by dry, flat-bottomed,
winding valleys. Northward of this place I turned inland; and
therefore found no more shells : but the valleys of Chuapa, Tllapel, and
Limari, are bounded by gravel-capped plains, often including a lower
terrace within. These plains send bay-like arms between and into
the surrounding hills; and they are continuously united with other
extensive gravel-capped plains, separating the coast mountain-ranges
from the Cordillera.

Cogquinmbo.

A mnarrow fringe-like plain, gently inclined towards the sea, here
extends for cleven miles along the coast, with arms stretching up
between the coast-mountains, and likewise up the valley of Co-
quimbo : at its southern extremity it is directly connected with the
plain of Limari, out of which hills abruptly rise like islets, and other
hills project like headlands on a coast. The surface of the fringe-like
plain appears level, but differs insensibly in height, and greatly in
composition, in different parts.

At the mouth of the valley of Coquimbo, the surface consists
wholly of gravel, and stands from 300 to 350 feet above the level of
the sea, being about 100 feet higher than in other parts. In these other
and lower parts, the superficial beds consist of calcareous matter, and
rest on ancient tertiary deposits hereafter to be described. The upper-
most caleareous layer is cream-coloured, compact, smooth-fractured,
sub-stalactiform, and contains some sand, earthy matter, and recent
shells, Tt lies on, and sends wedge-like veins into,” a much more-
friable, calcareous, tuff-like variety; and both rest on a mass about
twenty feet in thickness, formed of fragments of recent shells, with a
few whole ones, and with small pebbles firmly cemented together.
This latter rock is called by the inhabitants fosa, and is used for build-

* In mauy respects this upper hard, and the underlying more friable varieties,
resemble the great superficial beds at King George’s Sound in Australia, which
I bave described in my Geological Observations on Velcanic Islands, p. 144.
There could be litlle doubt that the upper layers there have been hardened hy the
action of rain on the friable calcareous matter, and that the whole mass has ori-
ginated in the decay of minutely comminuted sea-shells and corals,
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ing : in many parts it is divided into strata, which dip at an angle of ten
degrees seaward, and appear as if they had originally been heaped in
successive layers (as may be seen on coral-reefs) on a steep beach.
This stone is remarkable from being in parts entirely formed of empty,
pellucid capsules or cells of calcareous matter, of the size of small seeds :
a series of specimens unequivocally showed that all these capsules once
contained minute rounded fragments of shells which have since been
gradually dissolved by water percolating through the mass.*

The shells embedded in the calcareous beds forming the surface of
this fringe-like plain, at the height of from 200 to 250 feet above the
sea, consist of,

1. Venus opaca. | 6. Monoceros costatum.

2. Mulinia Byronensis. 7. Concholepas Peruviana.

3. Pecten purpuratus. 8. Trochus (common Valparaisa spe-
4. Mesodesma donaciforme. | cies).

5. Turritella cingulata. | 9. Calyptrea Byronensis.

Although these species are all recent, and are all found in the
neighbouring sea, yet I was particularly struck with the difference in
the proportional numbers of the several species, and of those now cast
up on the present beach. T found only ome specimen of the Con-
cholepas, and the Pecten was very rare, though both these shells are
now the commonest kinds, with the exception, perhaps, of the
Calyptreea radians, of which I did not find one in the calcareous
beds. I will not pretend to determine how far this difference in the
proportional numbers depends on the age of the deposit, and how far
on the difference in mature between the present sandy beaches and
the calcareous bottom, on which the embedded shells must have
lived.

On the bare surface of the ealeareous plain, or in a thin covering
of sand, there were lying at a height from 200 to 252 feet, many
recent shells, which had a much fresher appearance than the eni-
bedded ones: fragments of the Concholepas, and of the common
Mytilus, still retaining a tinge of its colour, were numerous, and
ltogether there was ifestly a closer approach in proportional
numbers to those now lying on the beach. In a mass of stratified,
slightly agglutinated sand, which in some places covers up the lower
half of the sea-ward escarpment of the plain, the included shells ap-
peared to be in exactly the sume proportional numbers with those on
the beach. On one side of a steep-sided ravine, cutting through the
plain behind Herradura Bay, I observed a narrow strip of stratified
sand, containing similar shells in similar proportional mumbers: a
section of the ravine is represented in the following diagram, which
serves also to show the general composition of the plain. T mention
this case of the ravine chiefly because without the evidence of the
marine shells in the sand, any one would have supposed that it had
been hollowed out by simple alluvial action.

* T have incidentally described this roek in a note, p, 145, of the above work
on Voleanie Islands.
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No. 8.—SECTION OF PLAIN OF COQUIMBO.
Surface of plain, 252 feet above sea. =

vel of sea.
A—Str: recent shells in same proportions 85 on the beach, half filling up a
ravine.

B—Surface of plain with scattered shells in nearly same proportions as on the beach.

C—Upper ealcareous bed, 1 with recent shells, but not in same proportions as on
D Lower calcareous sandy bed (Losa), § the beach.

Seppoct L‘,‘;‘;g;{j“ﬂ,y“’!‘?,’;“jjg"“‘“"" St | it all, or neanly all, extinct shells.

ed sand,
e

The escarpment of the fringe-like plain, which stretches for eleven
miles along the coast, is in some parts fronted by two or three
narrow, step-formed terraces, one of which at Herradura Bay expands
into a small plain. Its surface was there formed of gravel, cemented
together by caleareous matter ; and out of it I extracted the following
recent shells, which are in a more perfect condition than those from
the upper plai

1. Calyptreea radians. | 9- Amphidesma rugulosum. The small
2. Turritella cingulata. | irregular wrinkles of the posterior
3. Oliva Peruviana. part of this shell are rather stronger
4. Murex labiosus, var. than in the recent specimens of
5. Nassa (identical withali this species from Coquimbo. (G.
6. Solen Dombeian B. Sowerby.)

7. Pecten purpuratus. 10. Balanus (identical with living spe-
8. Venus Chilensis. cies).

On the syenitic vidge, which forms the southern boundary of
Herradura Bay and Plain, I found the Concholepas and Zurritella
cingulata (mostly in fragments) at the height of 242 feet above the
sea. 1 could not have told that these shells had not formerly been
brought up by man, if I had not found one very small mass of them
cemented together in a friable caleareous tuff. I mention this fact
more particularly, because I carefully looked, in many apparently
favourable spots, at lesser heights on the side of this ridge, and could
not find even the smallest fragment of a shell. This is only one
instance out of many, proving that the absence of sea-shells on the
surface, though in many respects inexplicable, is an argument of very
little weight in opposition to other evidence on the recent elevation of
the land,  The highest peint in this neighbourhiood at which I found
upraised shells of existing species, was on an inland calcareous plain,
at the height of 252 feet above the sea.

It would appear from Mr. Caldcleugh’s researches,* that a rise has
taken place here within the last century and a half; and as no sud-
den change of level has been observed during the not very severe
earthquakes, which have occasionally occurred here, the rising has
probably been slow, like that now, “or quite lately, in progress ag
Chiloe and at Valparaiso: there are three well-known rocks, called

* Proceedings of the Geological Saciety, vol. ii. p. 446.
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the Pelicans, which in 1710, according to Feuillée, were 4 _fleur dear,
but now are said to stand twelve feet above low water-mark : «the
spring-tides rise here only five feet. There is another rock, now nine
feet. above high water-mark, which in the time of Frezier and of
Feuillée rose only five or six feet out of water. Mr. Caldclengh,
I may add, also shows (and I received similar accounts) that there
has been a considerable decrease in the soundings during the last
twelve years in the Bays of Coquimbo, Concepcion, Valparaiso, and
Guasco; but as in these cases it is nearly impossible to distinguish
between the accumulation of sediment and the upheavement of the
bottom, I have not entered into any details,

Valley of Coquimbo.—The marrow coast-plain sends, as before
stated, an arm, or more correctly a fringe on both sides, but chiefly
on the southern side, several miles up the valley. These fringes are
worn into steps or terraces, which present a most remarkable ap-
pearance, and have been compared (though not very correctly) by
Capt. Basil Hall, to the parallel roads of Glen Roy in Scotland :
their origin has been ably discussed by Mr. Lyell.* = The first sec-
tion which I will give, is not drawn across the valley, but in an ecast
and west line at its mouth, where the step-formed terraces debouch
and present their very gently inclined surfaces towards the Pacific.

No. 9.—EAST AND WEST SECTION THROUGH THE TERRACES AT COQUIMBO,
WHERE THEY DEBOUCH FROM THE VALLEY, AND FRONT THE SEA.

(F.) %
364 feet. SLJ
02.
(c.)
120 feet. (B.) 13
e 70 feet. s
East. — West.

Level of Sea, Town of Coquibo.

Vertieal scale ggth of inch o 100 feet: horizontal scale much contracted.

The bottom plain (A) is about a mile in width, and rises quite
insensibly from the beach to a height of twenty-five feet at the foot
of the next plain : it is sandy and abundantly strewed with shells.

Tlain or terrace (B) is of small extent, and is almost concealed by
the houses of the town, as is likewise the escarpment of terrace (C).
On both sides of a ravine, two miles south of the town, there are two
little terraces, one above the other, evidently corresponding with B
and C; and on them marine remains of the species already enumerated
were plentiful, Terrace (1) is very narrow, but quite distinct and
level ; a little southward of the town there were traces of a terrace
(D) intermediate between (E) and (C). Terrace (I) is part of the
fringe-like plain, which stretches for the eleven miles along the coast ;
it is here composed of shingle and is 100 feet higher than where
composed of calcareous matter. This greater height is obviously due
to the quantity of shingle, which at some former period has Leen
brought down the great valley of Coquimbo.

* Principles of Geology (lst edit.), vol. iii. p. 131
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Considering the many shells strewed over the terraces (A) (B) and
(C)s and a few miles southward on the palmregus plain, which is
continuously united with the upper step-like plain (I), there eannot,
I apprehend, be any doubt, that these six terraces have been formed
by the action of the sea; and that their five escarpments mark so
many perieds of comparative rest in the elevatory movement, during
which the sea wore into the land. The elevation between these
periods may have been sudden and on an average not more than
seventy-two feet each time, or it may have been gradnal and insen-
sibly slow. From the shells on the three lower terraces, and on the
upper one, and I may add on the three gravel-capped terraces at
Conchalee, being all littoral and sub-littoral species, and from the
analogical facts given at Valparaiso, and lastly from the evidence of a
slow rising lately or still in progress here, it appears to me far more
probable, that the movement has been slow. The existence of these
successive escarpments, or old clifi-lines, is in another respect highly
instructive, for they show periods of comparative rest in the elevatory
movement, and of denudation, which wauld never even have been
suspected from a close examination of many miles of coast southward
of Coquimbo.

© come now to the terraces on the opposite sides of the east and
west valley of Coquimbo: the following section is taken in a north
and south line across the valley at a point about three miles from the
sea, The valley measured from the edges of the escarpments of the
upper plain (F) (F) is about a mile in width; but from the bases
of the bounding mountains it is from three to four miles wide. The
terraces marked with an interrogative do mnot exist on that side of
the valley, but are introduced merely to render the diagram more
intelligible.
No. 10.—NORTH AND SOUTH SECTION ACROSS THE VALLEY OF COQUIMBO.
North.

4 South.
T Er F

Tevel of Sea,

Vertical scale foth of inch to 100 feet: horizontal scale much contracted: terraces marked with
(1) do ot occur on that side of the valley, and are introduced only to make the diagram more
Intelligible. A river and_bottom-plain of valley ; C E and F, on the south side of valley. aie
respectively, 107, 377, and 420 feet above the level of the sea, eH

A A The bottom of the valley, believed to be 100 feet above the sea : it is con-
tinuously united with the lowest plain (A) of the former section,

(B) This terrace higher up the valley expands considerably ; seaward it is soon
lost, its escarpment being united with that of (C): itis not developed atall
on the south side of the valley.

(€) This terrace like the last, is considerably expanded higher up the valley
“These two terraces apparently correspond with B and C of the former section.

(D) is not well developed in the line of this section; but seaward it expands
into a plain : it is not present on the south side of the valley 3 but it js met
with, as stated under the former section, a little south of the town,
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(E) is well developed on the south side, but absent on the north side of the valley :
though not continuously united with (E) of the former section, it apparently
corresponds with it,

(F) This is the surface-plain, and is continuously united with that which stretches
like a fringe along the coast. In ascending the valley it gradually becomes
narrower, and is at last, at the distance of about ten miles from the sea, re-
duced to'a row of flat-topped patches on the sides of the mountains. None
of the lower terraces extend so far up the valley.

These five terraces are formed of shingle and sand ; three of them,
as remarked by Capt. B. Hall (namely, B, C, and F), are much
more conspicuous than the others. From the marine remains co-
piously strewed at the mouth of the valley on the lower terraces,
and southward of the town on the upper one, they are, as before
remarked, undoubtedly of marine origin; but within the valley, and
this fact well deserves notice, at a distance of from only a mile and a
half to three or four miles from the sea, I could not find even a
fragment of a shell.

On the inclination of the terraces of Coquimbo, and on the upper
and basal edges of their escarpments not being lorizontal.—The sur-
faces of these terraces slope in a slight degree, as shown by the two
last sections taken conjointly, both towards the centre of the valley,
and seawards towards its mouth. This double or diagenal inclina-
tion, which is not the same in the several terraces, is, as we shall
immediately sce, of simple explanation, There are, however, some
other points which at first appear by no means obvions,—namely,
first, that each terrace, taken in its whele breadth from the summit-
edge of one escarpment to the base of that above it, and followed up
the valley, is not horizontal ; nor have the several terraces, when fol
lowed up the valley, all the same inclination; thus I found the
terraces €, E, and F, measured at a point about two miles from the
mouth of the valley, stood severally between fifty-six to seventy-seven
feet higher than at the mouth. Again, if we look to any one line of cliff
or escarpment, neither its summit-edge nor its base is horizontal. On
the theory of the terraces having been formed during a slow and
equable rise of the land, with as many intervals of rest as there are
esearpments, it appears at first very surprising that horizontal lines
of some kind should not have been left on the land.

The direction of the diagonal inelination in the different terraces
being different,—in some being directed more towards the middle of
the valley, in others more towards its mouth,—naturally follows on
the view of each terrace, being an accumulation of successive beach-
lines round bays, which must have been of different forms and sizes
when the land stood at different levels : for if we look to the actual
beach of a narrow creek, its slope is directly towards the middle;
whereas, in an open bay, or slight concavity on a coast, the slope is
towards the mouth, that is, almost directly scaward; hence as a
bay alters in form and size, so will the direction of the inclination of
its successive beaches become changed.

If it were possible to trace any one of the many beach-lines, com-
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posing each sloping terrace, it would of course be horizontal ; but the
only lines of demarcation are the summit and basal edges of the
escarpments, Now the summit-edge of one of these escarpments
marks the furthest line or point to which the sea has cut into a mass
of gravel sloping seaward ; and as the sea will generally have greater
power at the mouth than at the protected head of a bay, so will the
escarpment at the mouth be cut deeper into the land, and its swmmit-
edge be higher ; consequently it will not be horizontal. With respect
to the basal or lower edges of the escarpments, from picturing in
one’s mind ancient bays entirely surrounded at successive periods by
cliff-formed shores, one’s first impression is that they at least neces-
sarily must be horizontal, if the elevation has been horizontal. But
here is a fallacy : for after the sea has, during a cessation of the
elevation, worn cliffs all round the shores of a bay, when the move-
ment recommences, and especially if it recommences slowly, it might
well happen that, at the exposed mouth of the bay, the waves might
continue for some time wearing into the land, whilst in the protected
and upper parts, successive beach-lines might be accumulating in a
sloping surface or terrace at the foot of the cliffs which had been
lately reached: hence, supposing the whole line of escarpment to be
finally uplifted above the reach of the sea, its basal line or foot near
the mouth will run at a lower level than in the upper and protected
parts of the bay ; consequently this basal line will not be horizontal.
And if has already been shown that the summit-edges of each esearp-
ment will generally be higher near the mouth (from the seaward
sloping land being there most exposed and ecut into) than near the
head of the bay ; therefore the total height of the escarpments will
be greatest near the mouth ; and further up the old bay or valley
they will on both sides generally thin out and die away: I have ob-
served this thinning out of the successive escarpment at other places
besides Coquimbo ; and for a long time I was quite unable to under-
stand its meaning. The following rude diagram will perhaps render
what I mean more intelligible ; it represents a bay in a district which
has begun slowly rising, Before the movement commenced, it is
supposed that the waves had been enabled to eat into the land and
form cliffs, as far up, but with gradually diminishing power, as the
points A A : after the movement had commenced and gone on for
a little time, the sea is supposed still to have retained the power, at
the exposed mouth of the bay, of cutting down and into the land as it
slowly emerged ; but in the upper parts of the bay it is supposed soon
to have lost this power, owing te the more protected situation and to
the quantity of detritus bronght down by the river ; consequently low
land was. there accumulated.  As this low land was formed during
a slow elevatory movement, its surface will gently slope upwards from
the beach on all sides.  Now, let us imagine the bay, not to make the
diagram more complicated, suddenly converted into a valley : the
Dbasal line of the cliffs will of course be horizontal, as far as the beach is
now seen extending in the diagram ; but in the upper part.of the valley,
this line will be higher, the level of the district having been raised
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whilst the low land was accumulating at the foot of the inland cliffs.
If, instead of the bay in the diagram being suddenly converted into a
valley, we suppose with much more probability it to be upraised slowly,
then the waves in the upper parts of the bay, will continue very gra-
dually to fail to reach the cliffs, which are now in the diagram repre-
sented as washed by the sea, and which, consequently, will be left
standing higher and higher above its level; whilst at the still exposed
mouth, it might well happen that the waves might be enabled to cut
deeper and deeper, both down and inte the cliff, as the land slowly rose.

The greater or lesser destroying power of the waves at the mouths
of successive bays, comparatively with this same power in their upper
and protected parts, will vary as the bays become changed in form
and size, and therefore at different levels, at their mouths and heads,
more or less of the surfaces between the escarpments (that is, the
accumulated beach-lines or terraces) will be left undestroyed: from
what has gone before we can see that, according as the elevatory
movements after each cessation recommence more or less slowly,
according to the amount of detritus delivered by the river at the
heads of the successive bays, and according to the degree of protecticn
afforded by their altered forms, so will a greater or less extent of ter-
race be accumulated in the upper part, to which there will be no sur-
face at a corresponding level at the mouth : hence we can perceive
why no one terrace, taken in its whole breadth and followed up the
valley, is horizontal, thongh each separate beach-line must have been
s0; and why the inclination of the several terraces, both transversely,
and longitudinally up the valley, is not alike.

I have entered into this case in some detail, for I was long per-
plexed (and others have felt the same difficulty) in understanding
how, on the idea of an equable elevation with the sea at intervals
cating into the land, it came, that neither the terraces mor the upper
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nor lower edges of the escarpments were horizontal. ~ Along lines of
coast, even of great lengths, such as that of Patagonia, if they are
nearly uniformly exposed, the corroding power of the waves will 1’.e
checked and conquered by the elevatory movement, as often as it
recommences, at about the same period; and hence the terraces, or

lated beach-lines, will being formed at nearly the
same levels: at each succeeding period of rest, they will, also, be
eaten into at nearly the same rafe, and consequently there will be a
much closer coincidence in their levels and inclinations, than in the
terraces and escarpments formed round bays with their different parts
very differently exposed to the action of the sea. It is only where
the waves are enabled, after a long lapse of time, slowly to corrode
hard rocks, or to throw up, owing to the supply of sediment being
small and to the surface being steeply inclined, a narrow beach or
mound, that we can expect, as at Glen Roy in Scotland,* a distinct
line marking an old sea-level, and which will be strictly horizontal, if
the subsequent elevatory movements have been so : for in these cases
no discernible effects will be produced, except during the long inter-
vening periods of rest; whereas in the case of step-formed coasts,
such as those deseribed in this and the preceding chapter, the ter-
races themselves are accumulated during the slow elevatory process,
the accumulation commencing sooner in protected than in exposed
situations, and sooner where there is copious supply of detritus than
where there is little ; on the other hand, the steps or escarpments are
formed during the stationary periods, and are more deeply cut down
and into the coast-land, in exposed than in protected situations ;—the
cutting action, moreover, being prolonged in the most exposed parts,
both during the beginning and ending, if slow, of the upward
movement.

Although in the foregoing discussion I have assumed the elevation
to have been horizontal, it may be suspected, from the considerable
sen-ward slope of the terraces, both up the valley of S. Cruz and up
that of Coquimbo, that the rising has been greater inland than nearer
the coast, There is reason to believe,t from the effects produced on
the water-course of a mill during the earthquake of 1822 in Chile,
that the upheaval one mile inland was nearly double, namely, be-
tween five and seven fect, to what it was on the Pacific. We know,
also, from the admirable researches of M. Bravais,{ that in Scandinavia
the ancient sea-beaches gently slope from the interior mountain-ranges
towards the coast, and that they are not parallel one to the other,
showing that the proportional difference in the amount of elevation on
the coast and in the interior, varied at different periods.

Cogquimbo to Guasco.—In this distance of ninety miles, I found in
almost every part marine shells up to a height of apparently from 200
to 300 feet. The desert plain mear Choros is thus covered; it is

* Philosophical Transactions, 1839, p. 39.

+ Mr. Place in the Quarterly Journal of Science, 1824, vol. xvii. p. 42.

1 Voyages de la Comm, du Nord, &¢.: also, Comptes Rendus, Oct. 1842.
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bounded by the escarpment of a higher plain, consisting of pale-
coloured, earthy, calcareous stone, like that of Coquimboe, with the
same recent shells embedded in it. In the valley of Chafieral, a
similar bed occurs in which, differently from in that of Coquimbo,
I observed many shells of the Concholepas: near Guasco the same
calcareous bed is likewise met with.

In the valley of Guasco, the step-formed terraces of gravel are dis-
played in a more striking manner than at any other point. I followed
the valley for thirty-seven miles (as reckomed by the inhabitants)
from the coast to Ballenar: in nearly the whole of this distance, five
grand terraces, ranning at corresponding leights on both sides of the
broad valley, are more conspicuous than the three best developed
ones at Coquimbo. They give to the landscape the most singular and
formal aspect; and when the clouds hung low, hiding the neigh-
bouring ins, the valley bled in the most striking manner
that of Santa Cruz. The whole thickness of these terraces or plains
seems composed of gravel, rather firmly agaregated together, with
occasional parting seams of clay : the pebbles on the upper plain are
often white-washed with an aluminous substance, as in Patagenia.
Near the coast I observed many sca-shells on the lower plains. At
Freyrina (twelve miles up the valley), there are six terraces beside
the bottom-surface of the valley: the two lower ones are here only
from 200 to 800 yards in width, but higher up the valley they
expand into plains : the third terrace is generally narrow: the fourth
I saw only in one place, but there it was distinct for the length of a
mile: the fifth is very broad : the sixth is the summit-plain, which
expands inland into a great basin. Not having a barometer with me,
I did not ascertain the height of these plains, but they appeared con-
siderably higher than those at Coquimbo. Their width varies much,
sometimes being very broad, and sometimes contracting into mere
fringes of separate, flat-topped projections, and then quite disappearing :
at the one spot, where the fourth terrace was visible, the whole six
terraces were cut off for a short space by one single, bold, escarpment.
Near Ballenar (thirty-seven miles from the mouth of the xiver), the
valley between the summit-edges of the highest escarpments is several
miles in width, and the five terraces on both sides are broadly deve-
loped : the highest cannot be less than 600 feet above the bed of the
river, which itself must, I conceive, be some hundred feet above the
sea. A north and south seetion acress the valley in this part is here
represented.

No. 12.—NORTH AND SOUTH SECTION ACROSS THE VALLEY OF GUASCO,
AND OF A PLAIN NORTH OF IT.
Norih. South.

r& B o) Riverof Guasco, 4l
—/—\_\_\——\j //_,J

Town of Ballenar,

On the northern side of the valley the summit-plain of gravel (A)
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has two escarpments, one facing the valley, and the other a great
basin-like plain (B), which stretches for several leagues northward,
This narrow plain (A) with the double esearpment, evidently once
formed a spit or promontory of gravel, projecting into and dividing two
great bays, and subsequently was worn on both sides into steep cliffs.
Whether the several esearpments in this valley, were formed during
the same stationary periods, with those of Cogquimbo, I will not pre-
tend to conjecture; but if so, the intervening and subsequent eleva-
tory movements wust have been here much more energetic, for these
plains certainly stand at a much higher level, than do those of Co-
quimbo.

Copiapo.—From Guasco to Copiapo, I followed the road near the
foot of the Cordillera, and therefore saw no upraised remains. At the
mouth, however, of the valley of Copiapo there is a plain, estimated
by Meyen® between fifty and seventy feet in height, of which the
upper part consists chiefly of gravel, abounding with recent shells,
chiefly of the Concholepas, Venus Dombeyi and Calyptraa trochi-
foraeis, A little inland, on a plain estimated by myself at nearly
300 feet, the upper stratum was formed of broken shells and sand
cemented by white calcareous matter, and abounding with embedded
recent shells, of which the Mulinia Byronensis and Pecten purpuratus
were the most numerous. The lower plain stretches for some miles
southward, and for an unknown distance northward, but not far up
the valley ; its seaward face, according to Meyen, is worn into caves
above the level of the present beach, The valiey of Copiapo is much
less steeply inclined and less direct in its course, than any other valley
which [ saw in Chile; and its bottom does not generally consist of
gravel: there are no step-formed terraces in it, except at one spot
near the mouth of the great lateral valley of the Despoblado where
there are only two, one above the other: lower down the valley, in
one place I observed that the solid rock had been cut into the shape
of a beach, and was smoothed over with shingle.

Northward of Copiapo, in lat. 26°S., the old voyager Wafert
found immense numbers of sea-shells some miles from the coast. At
Cobija (lat. 22= 34), M. d’Orbigny observed beds of gravel and
broken shells, containing ten species of recent shells; he also found
on projecting points of porphyry, at a height of 300 feet, shells of
Concholepas, Chiton, Calyptreea, Fiscurella, and Patella, still at-
tached to the spots on which they had lived. M. d'Orbigny argues
from this fact, that the elevation must have been great and sudden :f

* Reise um die Erde. Th. L. s. 872, et seq.

+ Burnett's Collection of Voyages, vol. iv. p. 193,

t Voyage. Part, Géolog. p. 94, M. d’Orbigny (p. 98) in summing up, says,
‘¢ 8'il est certain (as e believes) que tous les terrains en pente, compris entra la
mer et les montagues sont. ancien rivage de la mer, on doit supposer, pour I'en-
semble, un exhaussement qui ne serait pas moindre de deux cent métres; il fau-
drait. supposer encore que ce soulévement n'a point 6t graduel ;. ... .. mais quil
résulterait d'une seule et méme cause fortuite,”" &c. Now, on this view, when
the sea was forming the beach at the foot of the mountains, many shells of Con-
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to me it appears far more probable that the movement was gradual,
with small starts as during the earthquakes of 1822 and 1835, by
which whole beds of shells attached to the rocks were lifted above
the subsequent reach of the waves. M. d'Orbigny also found rolled
pebbles, extending up the mountain to a height of at least 600
feet. At Iquique (lat. 20° 12' S.), in a great accumulation of sand,
at a height estimated between 150 and 200 feet, T observed many
large sea-shells which I thought could not have been blown up by
the wind to that height. M. J. I Blake has lately* described these
shells: he states that ““inland toward the mountains they form a
compact uniform bed, scarcely a trace of the original shells being dis-
cernible; but as we approach the shore, the forms become gradually
more distinet till we meet with the living shells on the coast.”
This interesting observation, showing by the gradual decay of the
shells how slowly and gradually the coast must have been uplifted, we
shall presently see fully confirmed at Lima. At Arica (lat. 180 287),
M. d'Orbigny t found a great range of sand-dunes, fourteen leagues in
length, stretching towards Tacna, including recent shells and bones of
Cetacea, and reaching up to a height of 300 feet above the sea.
Lieut. Freyer has given some more precise facts: he states] that the
Morro of Arica is about 400 feet high; it is worn into obscure ter-
races, on the bare rock of which he found Balini and Milleporee ad-
hering. At the height of between twenty and thirty feet the shells
and corals were in a quite fresh state, but at fifty feet they were
much abraded ; there were, however, traces of organic remains at
greater heights. On the road from Tacna to Arequipa, between
Logquimbo and Moquegua, Mr, M. Hamilton § found numerous recent
sea-shells in sand, at a considerable distance from the sea.

Lima.

Northward of Arica, I know nothing of the coast for about a
space of five degrees of latitude ; but mear Callao, the port of
Lima, there is abundant and very curious evidence of the elevation of
the land. The island of San Lorenzo is upwards of 1000 feet high;
the basset edges of the strata composing the lower part are worn into
three obscure, narrow, sloping steps or ledges, which can be seen
only when standing on them : they probably resemble those deseribed
by Lieut. Freyer at Arica. The surface of the lower ledge, which
extends from a low cliff overhanging the sea to the foot of the mext
upper escarpment, is covered by an enormous accumulation, of recent

cholepas, Chiton, Calyptrea, Fissurella, and Patella (which are known to live close
to the beach), were attached to Tocks at a depth of 300 feet, and at a depth of 600
feet several of these same shells were accumulating in great numbers in horizontal
beds. From what I have myself seen in dredging, I believe this to bo improbable
in the highest degree, if mot impossible; and I think every one who has read
Prof, E. Forbes’s excellent researches on the subject, will without hesitation agree
in this conclusion.

# Silliman’s Amer. Jour. of Science, vol. xliv. p. 2.

+ Voyage, &c. p. 101 ¥

4 Ina Lelter to Mr. Lyell, Geolog. Proc. vol. ii. p. 170.

§ Edin. New Phil. Jour, vol. xxx, p. 153,
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shells.* The bed is level, and in some parts more than two feet in
thickness ; T traced it over a space of one mile in length, and heard of
it in other places: the uppermost part is eighty-five feet by the
barometer above high-water mark. The shells are packed together,
but not stratified ; they are mingled with earth and stones, and are
generally covered by a few inches of detritus; they rest on a mass of
nearly angular fragments of the underlymg‘sandstonc, _sometimes
cemented fogether by common salt. I collectedeighteen species of shells
of all ages and sizes. Several of the univalves had evidently long lain
dead at the bottom of the sea, for their insides were incrusted with
Balani and Serpulee. All, according to Mr. G. B. Sowerby, are recent
species : they consist of—

. Mytilus Magellanicus : same as tbat | 9. Purpura chocolatta, Duclos.
found at Valparaiso, and there stated | 10. Peruviana, Gray.
to be probably distinct from the labiata Gray.
true M. Magellanicus of the east buxea (Mure, Brod.)
coast. 13, Coneholepas Peruvians
Wetius cos tollatay Sowb. Zook Proc. I 14. Nassa, related to reticulata.
Pecten purpuratus, Lam. 15. Triton rudis, Brod.
Clama, probably echinulata, Brod. ‘ 16, Trochus, not yet described, but well
Calyptra Byronensis, Gray. nown and very common.
— radians (Trochus, Lam.) ‘ 17 and 18. Balanus, two species, both

11.
12.

Fissurella affinis, Gray. common on the coast.
biradiata, Trembly.

PR mR

These upraised shells appear to be nearly in the same proportional
numbers, with the exception of the Crepidule being more numerous,
with those on the existing beach. The state of preservation of the
different species differed much ; but most of them were much cor-
roded, brittle, and bleached : the upper and lower surfaces of the
Concholepas had generally quite scaled off : some of the Trochi and
Fissurellz still partially retained their colours. It is remarkable that
these shells, taken all together, have fully as ancient an appearance,
although the extremely arid climate appears highly favourable for
their preservation, as those from 1,300 feet at Valparaiso, and cer~
tainly a more ancient appearance than those from 500 or 600 feet
from Valparaiso and Concepeion ; at which places T have seen grass
and other vegetables actually growing out of the shells. Many of
the univalves here at San Lorenzo were filled with and united to-
gether by pure salt, probably left by the evaporation of the sea-
spray, as the land slowly emerged.t On the highest parts of the

* M. Chevalier, in the Voyage of the Bonite, observed these shells; but his
specimens were lost.—L’Institat, 1838, p. 151

 The underlying sandstone contains true layers of salt; so that the salt may
possibly bave come from the beds in the higher parts of the island ; but I think
more probably from the sea-spray. It is generally asserted that rain never falls
on the coast of Peru; but this is not quite accurate ; for, on several days, during
our visit, the so-called Peruvian dew fell in sufficient quautity to make the streets
muddy, and it would certainly have washed so deliquescent a substance as salt
into the soil. T state this because M. d'Orbigny, in discussing an analogous sub-
Jject, supposes that I had forgotten that it never rains on this whole line of coast.
See Ulloa's Voyage (vol. ii. Eng. Trans. p. 67) for an account of the muddy
streets of Lima, and on the continuance of the mists during the whole winter.
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ledge, small fragments of the shells were mingled with, and evidently
in process of reduction into, a yellowish-white, soft, calcareous powder,
tasting strongly of salt, and in some places as fine as prepared
medicinal chalk.

Fossil remains of Human Art.—In the midst of these shells on San
Lorenzo, I found light corallines, the horny ovule-cases of mollusca,
100ts of sea-weed,* bones of birds, the heads of Indian corn and other
vegetable matter, a piece of woven rushes, and amother of nearly
decayed cofton string, I extracted these remains by digging a
hole, on a level spot ; and they had all indisputably been embedded
with the shells. I compared the plaited rush, the cotfon string, and
Indian corn, at the liouse of an antiquarian, with similar objects,
taken from the Huacas or burial-grounds of the ancient Peruvians,
and they were undistinguishable; it should Le 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 Jndian man inhabited Peru. The
elevation may have been, either by several small sudden starts, or
quite gradual ; in this latter case the unurolled shells having been
thrown up during gales beyond the reach of the waves which after-
wards broke on the 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-
cliffs; 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
fragments 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 susfuce of the

_ primary rocks near Concepcion, that a smooth bare surface of stone

Rain, also, falls at rare intervals even in the driest distriets, as, for instance, dur-
ing forty days, in 1726, at Cliocope (7° 46'); this rain entirely ruined (Ulloa, &e.
p- 18) the mud-houses of the inhabitants. : v

* Mr. Smith 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, :

4 I have described this in my Journal of Researches, p. 303, 2ad edit.

E
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was left by the covered by the shelly mass, and that after-
wards when upraised, it was superficially shattered by the severe
shocks so often experienced here. 5

The very low land surrounding the town of Ca.]lao, is to the
south joined by an obscure escarpment to a higher plain, (south of Bella
Vista) which stretches along the coast for a length of about eight
miles. This plain appears to the eye quite level; but the sea-
cliffs show that its height varies (as far as I could estimate) from
70 to 120 fect. It is composed of thin, sometimes waving, beds
of clay, often of bright-red and yellow colours, of layers of impure
sand, and in one part with a great stratified mass of granitic pebbles.
These beds are capped by a remarkable mass, varying from two to
six feet in thickness, of reddish loam or mud, containing many
scattered and broken fragments of recent marine shells, sometimes
though rarely single large round pebble, more frequently short irre-
gular layers of fine gravel, and very many pieces of red coarse earth-
enware, which from their curvatures must once have formed parts
of large vessels. The earthenware is of Indian manufacture; and
I found exactly similar pieces accidentally included within the
bricks, of which the neighbouring ancient Peruvian burial-mounds
are built. These frag bounded in such bers in certain
spots, that it appeared as if waggon-loads of earthenware had been
smashed to pieces. The Dbroken sea-shells and pottery are strewed
both on the surface, and throughout the whole thickness of this
upper loamy mass, I found them wherever I examined the cliffs, for
a space of between two and three miles, and for half a mile inland ;
and there can be little doubt that this same bed extends with a
smooth surface several miles further over the entire plain. Besides
the little included irregular layers of small pebbles, there are occa~
sionally very obscure traces of stratification.

At ‘one of the highest parts of the cliff, estimated 120 feet above
the sea, where a little ravine came down, there were two sections, at
right angles to each other, of the floor of a shed or building. ~In
both sections or faces, two rows, one over the other, of large round
stones could be distinctly seen; they were packed close together on an
artificial layer of sand two inches thick, which had been placed on
the natural clay-beds; the round stones were covered by three
feet in thickness of the loam with broken sea-shells and pottery.
Hence, before this widely spread-out bed of loam was deposited, it is
certain that the plain was inhabited ; and it is probable, from the
broken vessels being so much more abundant in certain spots than
in others, and from the underlying clay being fitted for their manu-
facture, that the kilns stood here.

The smoothness and wide extent of the plain, the bulk of matter
deposited, and the obscure traces of stratification seem to indicate
that the loam was deposited under water; on the other hand the
presence of sea-shells, their broken state, the pebbles of various sizes,
and the artificial floor of round stones, almost prove that it must
have originated in a rush of water from the sea over the land. The
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height of the plain, namely, 120 feet, renders it improbable that an
m:thquako—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-
triet, 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 earthqualkes of 1713
and 1746, in the case of the low land round Clllao owing to its being

ircled by a high shingle-1 , all the ay above deseribed
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 Callao do not believe, as far as I could ascer-
tuin, 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 Leen adduced as a proof of a late subsi-
dence, are, as I am informed by Mr. Gill, a resident engineer, loose
fragments ; this is probable, for T 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 O/d 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 eoast 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 northw: ard
of Callao: Mr. Cruikshank found near Lima, successive lines of sea-
cliffs, with rounded blocks at their bases, at a height of 700 feef above
the present level of the sea.

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

 Observaciones sobre el Clima del Lima par Dr. H. Unanie, p. 4.—Ulloa’s
Voyage, vol. ii. Eng. Trans. p, 97. — For Mr. Cruickshank's observations, see
Mr. Lyell's Prineiples of Geology (1st enln.) vol. iii. p. 130.
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On the Decay of upraised Sea-Shells.—I 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 thab
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 finest part of this
powder has been analysed for me, at the request of Sir H. 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; anc
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 emergence of the land ; for
sulphate of lime is now copiously deposited from the spray on the
shores of Ascension,®* The other saline bodies may perhaps have been
partially thus derived, but chiefly, as I conclude from the following
facts, through a different means.

On most parts of the second ledge or old sea-beach, at a height of
170 feet, there is a layer of white powder of variable thickness, 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 mature 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, T 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 saliferons 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, &, by the Author, p. 52.

1 I am informed by Dr. Kane, through Mr. Recks, that a manufactory was
established on this principle in France, but failed from the small quantity of car-
houate of soda produced. Sprengel (Gardener’s Chron. 1845, p. 157) states, that
salt and earbonate of lime are lisble to mutual decomposition in the soil. Sir H.
Delabeche informs me, that caleareous Tocks, washed by the spray of the sea, are
often corroded in a peculiar manner; see also on this latter subject Gardener's

Chron. p. 675, 1844.
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tially decompose each other : mow 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 carbenate 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 interesting
to know the manner in which masses of shells, gradually upraised
above the sea-level, decay and finally disappear.

Sumomary 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° 8., 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 greater 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-
cepcion 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 cases
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 fhis opportunity of stating that in a MS. in the Geological Soc,
Ly Mr. Weaver, it is stated that beds of oysters and other recent shells are found
tRirty foet above the level of the ses, in many parts of Tampico, in the Gulf of
DMexico.
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quimbo this was more evident, all the shells being existing species,
but with those embedded in the uppermost caleareous plain not ap-
proximating so elosely in proportional numbers, as do those that lie
Toose on its surface at the height of 252 feet, and still less closely
than those which are strewed on the lower plains, which latter are
identical in proportional numbers, with those mow cast up on the
beach.  From this circumstance, and from not finding, upon careful
examination, near Coquimbo any shells at a greater height than 252
feet, T believe that the recent elevation there has been much less than
at Valparaiso, where it has been 1300 feet, and I may add, than at
Concepeion.  This considerable inequality in the amount of elevation
at Coquimbo and Valparaiso, places only 200 miles apart, is not im-
probable, considering, first, the difference in the force and number of
the shocks now yearly affecting different parts of this coast; and,
secondly, the fact of single areas, such as that of the province of
Coneepcion, having been uplifted very unequally during the same
earthquake. It would, in most cases, be very hazardous to infer
an inequality of elevation, from shells being found on the surface
or in superficial beds at different heights; for we do not kmow on
what their rate of decay depends; and at Cogquimbo one instance out
of many has been given, of a promontory, which, from the oeccur-
rence of one very small collection of lime-cemented shells, has indis-
putably been elevated 242 feet, and yet on which, not even a fragment
of shell could be found on careful examination between this height
and the beach, although many sites appeared very favourable for the
preservation of organic remains: the absence, also, of shells on the
gravel-terraces a short distance up the valley of Coquimbo, though
abundant on the corresponding terraces at its mouth, should be
Dorne in mind.

There are other epochs, besides that of the existence of reeent
mollusca, by which to judge of the changes of level on this coast.
At Lima, as we have just seen, the elevation has been at least eighty-
five feet, within the Indo-human period ; and since the arrival of the
Spaniards in 1530, there has apparently been a sinking of the sur-
face. At Valparaiso, in the course of 220 years, the rise must have
been less than nineteen feet ; but it has been as much as from ten to
cleven feet in the seventeen years subsequently to 1817, and of this
rise only a part can be attributed to the earthquake of 1822, the
remainder having been insensible and apparently still, in 1834, in
progress. At Chiloe the elevation has been gradual, and about four
feet during four years. At Coquimbo, also, it has been gradual, and
in the course of 150 pears has amounted to several feet. The sudden
small upheavals, accompanied by carthquakes, as in 1822 at Valpa-
raiso, in 1835 at Concepeion, and in 1837 in the Chonos Archi-
pelago, are familiar to most geologists, but the gradual rising of the
coast of Chile has been hardly noticed ; it is, however, very important,
as connecting togother these two orders of events,

The rise of Lima having been eighty-five feet within the period
of man, is the more surprising if we refer to the eastern eoast of the
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continent, for at Port S. Julian, in Patagonia, there is good evidence
(as we shall hereafter see) that when the land stood ninety feet lower,
the Macrauchenia, a mammiferous beast, was alive; and at Bahia
Blanca, when it stood only a few feet lower than it now does, many
gigantic quadrupeds ranged over the adjoining country. But the coast
of Patagonia is some way distant from the Cordillera, and the move-
ment at Bahia Blanca is perhaps no ways connected with this great
range, but rather with the tertiary voleanic 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 Clile 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 arc 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 80, 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 near Valparaiso and Concepeion, 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
comparative 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 Patagonia, it appears that the periods of rest in the move-
ment, and of denudation of the land, have generally been very long. In
Patagonm, we have scen that the elevation has been equable, and the
periods of denudation synehronous over very wide spaces of coast; on the
shores of the Pacific, owing to the terraces chiefly occurring in the
valleys, we have not equ;\l 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
periods of comparative rest when the escarpments were formed, has
been 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 mearly 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
koow 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 rising 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-
qualkes.

Judging from the present action of the sea, along the shores of
the Pacific, on the deposits of its own accumnulation, the present time
seems in most places to be one of comparative rest in the elevatory
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 fringe, 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 mot 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. T 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 have 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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or has heaped up on a steep surface a narrow mound of detritus,
that we can confidently assert that the land at that level and at that
period long remained absolutely stationary. In the case of terraces
formed of gravel or sand, although the elevation may have been
strictly horizontal, it may well happen that no one level beach-line
may be traceable, and that neither the terraces themselves mor the
summit nor basal edges of their escarpments may be horizontal.

Finally, comparing the extent of the elevated area, as deduced
from the upraised recent organic remains, on the two sides of the
continent, we have seen that on the Atlantic, shells have been found at
intervals from eastern Tierra del Fuego for 1180 miles northward,
and on the Pacific for a space of 2075 miles. For a length of 775
miles, they oceur in the same latitudes on both sides of the continent.
‘Without taking this circumstance into consideration, it is probable
from the reasons assigned in the last chapter, that the entire breadth of
the continent in central Patagonia has been uplifted in mass; but
from other reasons there given, it would be hazardous to extend this
conclusion to La Plata. From the continent being narrow in the
southernmost parts of Patagonia, and from the shells found at the
Tnner Narrows of the Strait of Magellan, and likewise far up the
valley of the 8. Cruz, it is probable that the southern part of the
western coast, which was not visited by me, has been elevated within
the period of recent mollusca: if so, the shores of the Pacific have
been continuously, recently, and in a geological sense synchronously
upraised, from Lima for a length of 2480 nautical miles southward,—
a distance equal to that from the Red Sea to the North Cape of
Scandinavia !

The Complete Work of Charles Darwin Online



CHAPTER IIL

ON THE PLAINS AND VALLEYS OF CHILE:—SALIFEROUS SUPER-
FICIAL DEPOSITS.

Basin-like plains of Chile; their drainage, their marine origin—Marks of sea-
action on the casiern flanks of the Cordiliera—=Sloping terrace-like fringes of
stratified shingle within the valleys of the Cordiliera; their marine origin—
Boulders in the valley of the Cachapual—Horizontal elevation of the Cordil-
lera— Formation of valleys—Boulders moved by earthquake-waves— Saline
superficial deposifs—DBed of nitrate of soda at Iyuique—Saline incrustations—
Salt-lakes of La Plata and Patagonia; purily of the salt; its origin.

Taz space between the Cordillera and the coast of Chile is on a rude
average from eighty to above one hundred miles in width; it is
formed, either of an almost continuous mass of mountains, or more
commonly of several mearly parallel ranges separated by plains: in
the more southern parts of this province, the mountains are quite
subordinate to the plains; in the northern part the mountains pre-
dominate.

The basin-like plains at the foot of the Cordillera are in several
respects remarkable; that on which the capital of Chile stands is
fifteen miles in width, in an east and west line, and of much greater
length in a north and south line ; it stands 1750 feet above the sea ;
its surface appears smooth, but really falls and rises in wide gentle
undulations, the hollows corresponding with the main valleys of the
Cordillera : the striking manner in which it abruptly comes up to the
foot of this great range has been remarked by every author* since
the time of Molina. Near the Cordillera it is composed of a stratified
mass of pebbles of all sizes, lly including rounded boulders :
near its western boundary, it consists of reddish sandy clay, contain-
ing some pebbles and numerous fragments of pumice, and sometimes
passes into pure sand or into volcanic ashes. At Podaguel, on this
western side of the plain, beds of sand are capped by a calcareous
tuff, the uppermost layers being generally hard and substalagmitic,
and the lower ones white and friable, both together precisely resem-
bling the beds at Coquimbo, which contain recent marine shells.

* This plain is partially separated into two basins by a range of hills; the
southern balf, according to Meyen (Reise um Erde, Th, i. 5. 274); falls in height,
by an abrupt step, of between fifteen and twenty feet.
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Abrupt, but rounded, hummocks of rock rise out of this plain:
those of Sta. Lucia and S. Cristoval are formed of greenstone-por-
phyry almost entirely denuded of its original covering of porphy-
ritic claystone breceia; on their summits, many fragments of rock
(some of them, kinds not found in situ) are coated and united to-
gether by a white, friable, calcareous tuff, like that found at Po-
daguel. ~ 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. Tt then immediately expands into a second basin-formed
plain : this again, to the south, 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 contracts
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 eclay, often with
an admixture of pumiceous matter. Although these basins are con-
nected together like a necklace, in a north and south line, by smooth
land-straits, the streams which drain them do not all flow nerth and
south, but mostly westward, through breaches worn in the bounding
mountains; and in the case of the second basin, or that of Ran-
cagua, there are two distinct breaches. Each basin, moreover, is
not drained singly : thus, to give the most striking instance, but mot
the only one, in proceeding southward over the plan 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. Ience 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 eye nearly pure; but when placed in acid it leaves a consider-
able residue of sand and broken crystals, apparently of feldspar. Dr. Meyen
(Reise, Th. L. s. 269) says, Le 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 1 examined, its bulk put this
view of its origin quite out of question; and I should much doubt whether the
decomposition of a porphyry would, in any case, leave a erust chiefly composed of
carbonate of lime. The white crust, which is commonly seen on weathered feld-
spathic rocks, does not appear to contain any free carbonate of lime.

+ The plain of 8. Fernando has, according to MM. Meyen and Gay (Reise, &e.
Th. 1. s. 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 flowing
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 succes-
sive cave-eaten escarpments, and still nearer to the coast, as being
strewed with upraised recent marine remains.

I might have given descriptions of mumerous 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, and 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, voleanic detritus, and caleareous 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
oceupied 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,
T should not have noticed a view, which appears to me from many
reasons improbable in the highest degree,—namely, from the vast
accumulation of eell 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

4 It appears from Capt. Herbert's account of the Diluvium of the Himalaya
(Gleanings of Science, Caleutta, vol, ii. p. 164), that precisely similar remarks
apply to the drainage of the plaius or valleys 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
projecting 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 mto land,
gently inclined to as many points as there were mouths, through
which the sea finally retreated, 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
analogous 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-
appear.

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 diagramn), entirely

No. 13.—8ECTION OF THE PLAIN AT THE EASTERN FOOT OF THE CHILIAN
CORDILLERA.

N /\K

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 calcareous concretions as in the
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Pampean deposit,—of fine white sand with emall pebbles in layers,—
and of the above mentioned white aluminous earth, all interstratified
together. This flat space runs as far as Mendoza, thirty miles north-
ward, and stands probably at about the same height, namely, 2700
feet, (Pentland and Miers) above the sea. To the east it is bounded
by an escarpment, eighty feet in height, ranning for many miles north
and south, and composed of perfectly round pebbles, and loose, white-
washed, or embedded in the aluminous earth : behind this escarpment.
there is a second and similar one of gravel. Northward of Mendoza,
these escarpments become broken and quite obliterated ; and it does not
appear that they ever enclosed a lake-like area: I conclude, therefore,
that they were formed by the sea, when it reached the foot of the
Cordillera, like the similar escarpments occurring at so many points
on the coasts of Chile and Patagonia.

The talus-like plain slopes up with a smooth surface into the great
dry valleys of the Cordillera. On each hand of the Portillo valley,
the mountains are formed of red granite, mica-slate, and basalt, which
all have suffered a truly astonishing ameunt of denudation ; the gravel
in the valley, as well as on the talus-like plain in front of it, is com-
posed of these rocks; but at the mouth of the valley, in the middle,
(height probably about 8500 feet above the sea,) a few small isolated
hillocks of several varieties of porphyry project, round which, on all
sides, smooth and often white-washed pebbles of these same porphy-
ries, to the exclusion of all others, extend to a circumseribed distance,
Now, it is difficult to conceive any other agency, except the quiet and
long-continued action of the sea on these hillocks, which could have
rounded and white-washed the fragments of porphyry, and caused
them to radiate from such small and quite insignificant centres, in the
midst of that vast stream of stones which has descended from the
main Cordillera.

Slaping terraces of Gravel in the Valleys of the Cordillera.—All the
main valleys on both flanks of the Chilian Cordillera have formerly
had, or still have, their bottoms filled up to a considerable thickness
by a mass of rudely stratified shingle. In central Chile, the greater
part of this mass has been removed by the torrents; cliff-bounded
fringes, more or less continuous, being left at corresponding heights on
both sides of the valleys. These fringes, or as they may be ecalled
terraces, have a smooth surface, and as the valleys rise, they gently
rise with them : hence they are easily irrigated, and afford great faci-
lities for the construction of the roads. From their uniformity, they
give a remarkable character to the scenery of these grand, wild, broken
valleys. In width, the fringes vary much, sometimes being only
broad enough for the roads, and sometimes expanding into narrow
plains.  Their surfaces, besides gently rising up the valley, are slightly
inclined towards its centre in such a manner, as to show that the
whole bottom must once have been filled up with a smosth and
slightly concave mass, as still are the dry unfurrowed valleys of
northern Chile.  Where two valleys unite into one, these terraces are

The Complete Work of Charles Darwin Online



CHAP. 1IL] IN THE VALLEYS OF THE CORDILLERA. 63
particularly well exhibited, as is represented in the following diagram

No. 14.—GROUND-FLAN OF A BIFURCATING VALLEY IN THE CORDILLERA,
BORDERED BY SMOOTH, SLOPING GRAVEL-FRINGES (A A A), WORN
ALONG THE COURSE OF THE RIVER INTO CLIFFS,

ES
A (Bedu i

River.

The thickness of the gravel forming these fringes, on a rude average,
may be said to vary from thirty to sixty or eighty fect; but near the
mouths of the valleys it was in several places from 200 to 800 feet,
The amount of matter removed by the torrents has been immense;
yet in the lower parts of the valleys the terraces have seldom been
entirely worn away on either side, nor has the solid underlying rock
been reached: higher up the valleys, the terraces have frequently
been removed on one or the other side, and sometimes on both sides ; but
in this latter case they re-appear after a short interval on the line,
which they would have held bad they been unbroken. Where the
solid rock has been reached, it has been cut into deep and narrow
gorges. Still higher up the valleys, the terraces gradually become
more and more broken, narrower, and less thick, until, at a height of
from 7000 to 9000 feet, they become lost, and blended with the piles of
fallen detritus.

I carefully examined in many places the state of the gravel, and
almost everywhere found the pebbles equally and perfectly rounded,
occasionally with great blocks of rock, and generally distinetly strati-
fied, often with parting seams of sand. The pebbles were sometimes
coated with a white aluminous, and less frequently with a calcareous
crust. At great heights up the valleys, the pebbles become less
rounde and as the terraces become obliterated, the whole mass
passes into the nature of ordinary detritus. I was repeatedly struck
with the great difference between this detritus high up the valleys
and the gravel of the terraces low down, namely, in the greater num-
ber of the quite angular fragments in the detritus,—in the unequal
degree to which the other fragments have been rounded,—in the
quantity of associated earth,—in the absence of stratification,—and in
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the irregularity of the upper surfaces. This difference was likewise
well shown at points low downthe valleys, where precipitous ravines,
cutting through mountains of highly coloured rock, have thrown
down wide, fan-shaped aceumulations of detritus on the terraces: in
such cases, the line of separation between the detritus and the terrace,
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 1 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 abrapt and considerable bends, but I could por-
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 along
the valley of the Cachapual, M. Gay found numerous large blocks of
white granite, which does mot occur in the neighbourhood: I ob-
served these blocks, as well as others of andesitic syenite, (not occur-
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 no-
ticed, at a less height, just above the terrace, blocks of porphyries
(apparently not found in the i diately impending ins),
arranged in rude lines, as on a sea-beach. All these blocks were
rounded, and though large, not gigantic, like the true erratic houlders
of Patagonia and Fuegia. M. Gay® states that granite does not
ocour in situ within a distance of twenty leagues; I suspect, 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 vceur 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

* Annales 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 direet line.

1 Reise, &c. 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
general and striking a phenomenon; that the matter forming the
fringes along the valleys, or still filling up their entire beds, has not

fallen from the adjoining ins like 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 every 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 espeeially 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 Cordillera, in precisely the same manner as it now does in the
more southern parts of the continent, where deep winding creeks
penetrate into the very heart of, and in the case of Obstruction Sound
quite through, this great 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 each 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
encrusted, 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 by me
(Philosoph. Transactions, 1839, p. 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. I have no doubt that these sloping terraces would
have been 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 tbis is the case with the
mountains ( Londen and Edin, Phil, Journal, vol. xxi. p. 187) of North Wales,

F
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matter which just before had been arrested on, or mear, the beach-
lines ; the torrents, also, having continued to gain in force by the con-
tinued elevation increasing their total descent from their sourees to the
sea. This slow rising of the Cordillera, which explains so well the
otherwise inexplicable origin and structure of the terraces, judging
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 which the sea stood long, will be a somewhat more
gentle inclination, with river-worn instead of sea-worn detritus on the
surface. x
I know of only cne difficulty on the foregoing view, namely, the
far-transported blocks of rock high on the sides of the valley of the
Clachapual : I will not attempt any explanation of this pl
but T 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

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

+ Compendio de la Hist. &c. &c¢. t. 1, p. 30. M. Brogniart, in his report on
M. Gay’s labours (Annales des Sciences, 1833) considers that the boulders in the
Cachajual, belong to the same class with the erratic boulders of Europe. As the
blocks which T saw are not gigantic, and especially as they are not angular, and
as they have not been transported fairly across low spaces or wide valleys, T am
unwilling to class them with those, which, both in the northern and southern
hemisphere (Geolog. Transac. vol. vi. p. 415), have been transported by ice, Tt
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 Tines, I cannot doubt, has been due to the action of waves on a beach. The
valley of the Cachapual, in the part where the boulders 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 hot 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
Cauguenes now protects the great range, I could not help believing (as alluded
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for ten days the great river Lontué, which then bursting its barrier
“inundated the whole country,” and doubtless transported many great
fragments of rock. Finally, notwithstanding this one case of diffi-
culty, I cannot entertain any doubt, that these terrace-like fringes,
which are continuously 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 thuze many, deep, winding fiords intersecting
the southern coasts. To my mind, this has been one of the most
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
parallel lines,* have been together uplifted in mass between 7,000
and 9,000 feot, 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 enly 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
valloys 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 fexure 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 period than the Cordillera. If this has been the case, the boulders,
after having been transported fo a low level by the torrents (which exhibit in
every valley proofs of their power 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 tuay, bowever, be inferred, perhaps with one exception, that sinca the period
when the sea occupied these valleys, the several ranges have not been dislocated
by great and abrupt faults or upheavals ; for if such had occurred, the terraces of
gravel at these points would not have been continuous, The one exception is at
the 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, perhaps, occurred affer the elevation 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
leastin chief part, 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 live of the valley, are worn, as if the drainage from the
valley above had passed by these two lines before following its preseut course.

F
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cast and west valleys cross them in zig-zag lines, bursting through
the points where the strata have been least inclined. No doubt the
greater part of the denudation was affected at the periods when tidal
ereeks 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 amgular 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 wany parts of
the surfaces of these mountains must formerly have been exposed to
the full foree 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 rattling sound of the many frag-
ments night and day hurrying downwards ; and as was attested by
the vast size of certain fragments, which I was assured had been
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 valley, ravine,
and even little inequality of surface, both in the hard granitic and
soft tertiary districts, retaining the exact outline, which they 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 ageney 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 submerged coast
may not previously have existed as land, worn by running streams
and washed by rain: this source of doubt, however, does not apply
to the districts superficially formed of the modern tertiary deposits.
The valleys worn by the sea, through the softer formations, both on
the Atlantic and Pacific sides of the continent, are generally broad,
winding, and flat-bottomed : the only district of this nature now
penctrated 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
ig far the most efficient agent, and that its chief tendeney 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 large 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 Callae, 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 ages, 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 granite 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.

Buperficial Saline Deposits.

This subject may be here conveniently treated of: I will begin
with the most interesting case, namely, the superficial saline beds near
Iquiquein Peru. The porphyritic mountains on the coast rise abruptly
to a height of between 1,900 and 8,000 feet : between their summits
and an inland plain, on which the celebrated deposit of nitrate of soda
Tics, 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 casc
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 great 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

#* It 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-
mess is dissolved in the course of a century.
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red, purplish, or yellow, 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
oceur i ified in the ding 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 irregularly
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 analogous 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, great, well-rounded
blocks, exactly like those on the existing beach, he believes that the
salt, which is invariably superficial, has been 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, frem
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 gyp-
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 really)
corroded : internally they are penetrated by branching veins (like
those of calcareous 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 of segregation, and
not of infiltration. Some of the little included and cracked fragments
of foreign rock are penctrated 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.t I believe
the superficial gypseous deposit is widely extended : I received speci-

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

t Voyage, &c. p. 102. M. d’Orbigny found this deposit intersected, in many
places, by deep ravines, in which there was no salt. Streams must once, though
historically unkuown, have flowed in them; and M. d’Orbigny argues from the
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. T may remark, that from having observed ruins
of Indian buildings in absolutely sterile parts of the Chilian Cordillera (Journal,
9nd 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 depreo more humid
than it is at present. { Volcanic Islands, &e. p. 87,
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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 extcnded supelﬁem! beds of salt
and gypsum, appear to me an 15y 5
which could be presented only under a yer:, 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 district 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
yards 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,t of clay, including a layer of sand two feet thick,
which rested on fine gravel, and this on coarse gravel, with large rounded
fragments of rock. In many ]'m.rts of this Tnow utterly dcsen plain,
rushes and large y trees in a hardened state, apy y Mimo-
sas, are found buned at a depth from three to six feet; acconlmg to
Mr. Blake, they have all fallen to the south west. The bed of nitrate
of soda is said to extend for forty o fifty leagues along the western
margin 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. 1t 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

lain.

The nitrate of soda varies in purity in different parts, and often
contains nodules of common salt. According to Mr. Blake, the pro-
portion 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 o - o 64:93
Sulphate of Soda 3 . d 3-00
Chloride of Soda . - 5 28-69
Todic Salts - s . c 0-63
Shells and Marl . . . 260

99:90

* Voyage Géolog. &c. p. 95.
+ Seo an admirable p’\le « Geolog. and Miscell. Notices of Tarapaca,” in
Silliman’s American Journal, vol, xliv. p.
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The “mother water” at some of the refineries is very rich in jodic
salts, and is supposed* to contain much muriate of lime. In an un-
refined specimen, brought 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 saliferons 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 ean be little
doubt that this sheet of water was, at least originally, connected with
the sea.t

Thin, superficial, saline incrustations:—These saline incrustations
are commeon 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 inerustations 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 incrustation,
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 muriate
of soda. This remarkable fact, together with our knowledge that
the whole of this low muddy plam has been covered by the sea

* Literary Gazette, 1841, p. 475.

+ 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 . . 17,300
1831, » " .. 40,885
1832, . ” ST AN
1833, 2 & e G
183 149,538

4, " " i B
The Spanish quintal nearly equals 160 English pounds.
4+ Azara (Travels, vol. i. p. 55) considers that the Parana is the eastern
boundary of the saliferous region ; but 1 beard of ** salitrales” in the Province
of Entre Rios.
§ M. d'Orbigny’s Voyage, &e, Part. Hist. tom. i. 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 fats; for I noticed some
on a caleareous plain between thirty and forty feet above the sea, and
even a little occurs 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 e occasionally overflowed
by the river. T observed saline incrustations in some of the valleys
of southern Patagonia, At Port Desire a low, flat, muddy valley
was thickly imcrusted 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 S. 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 Patagonie and La Plata.—Salinas, or natural salt-lakes,
occur in various formations on the eastern side of the continent,—in
the argillaceo-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 inidst of this latter formation. Port S. Julian is the
most southsrly 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()xb]gny 1 below the
surface of the ding plains ; and, to this same author,
near the Rio Negro they all trend, either in N.E. and S.W. or in
E. and W. lincs, coincident with the general slope of the plain,
These depressi ‘in the plain g lly 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 occur at different elevations above the sea; they

* According 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.

+ Voyage Géolog.
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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 on
gravel with a calcareous matrix, similar to that spread o¥er 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 the gravel. 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, generally placed
cross-ways of sulphate of soda (as ascertained by Mr. Reeks), 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 padre del sul, 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.} The asso-
ciation of gypsum and salt in this case, as well as in the superficial
deposits of 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. Negro, 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. Ebrenberg examined some of this muddy sand, but was unable to find
in it any mfusoria.

+ Voyage Géolog. p. 64.

3 This 15 what might have been expected; for 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. 1t 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
assignable 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
amalysis 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-
pregnated with sea-salt. T was informed (T 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

+ It would probably well answer for the merchants of Buenos Ayres (consider-
ing the grent consumption thera of salt. for preserving ment) 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 motker-water
during the refinement of the nitrate of soda, is anoually thrown away.

4 Sir W. Parish states (Bueuos Ayres, &c.p. 122 and 170) that this is the
case near the great salinas westward of the S, Ventana. I have seen similar
statements in an ancient MS. journey lately published by S. Angelis. At
Iquigue, where the surface is so thickly encrusted with saline matter, I tasted
water only slightly 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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CHAPTER IV.

ON THE FORMATIONS OF THE PAMPAS.

ical ituti icroscopical. struct Buenos Ayres, shells em=
bedded in tosca-rock—B. Ayres fo the Colorado—S. Venlana—Bahia Blanca s
M. Hermaso, bones and infusoria of ; P. Alla, shells, bones and infusoria of ;
co-existence of the recent shells and extinet mammifers—B. Ayres to St. Fé—
Skeletons of Mastodon—Infusoria—Inferior marine tertiary strata, their age
— Horse's #00th—Baxpa Onrexrar—Sup Pampean ion—Inferior
tertiary strata, variation of, connected with volcanic action; Macrauchenia
Patachonica at . Julian in Pafagonia, age of, subsequent {o living mollusca
and to the erratic block period—Summany—Area of Pampean formation—
Theories of origi ‘ce of sediment—Estuary origin—Cc aneous
with existing moliusca—Relations to underlying tertiary strata—Ancient de-
posit of estuary origin—Elevation_and ition of the Pampean
Jformation—Number and state of {he remains of mammifers; their habitation,
Food, exti d range—Conclusion— Localities in Pampas at which i
Ferous remains have been found.

Tar Pampean formation is highly interesting from its vast extent,
its disputed origin, and from the number of extinct gigantic mam-
mifers embedded in it. Tt has upon the whole a very uniform cha-
racter ; consisting of a more or less dull reddish, slightly indurated,
argillaceous earth or mud, often, but not always, including in
horizontal lines concretions of marl, and frequently passing into a
compact marly rock. The mud, wherever I examined it, even close
to the concretions, did not contain any carbonate of lime. The con-
cretions are generally modular, sometimes rough externally, some-
times stalactiformed ; they are of a compact structure, but often
penetrated (as well as the mud) by hair-like serpentine cavities, and
occasionally with irregular fissures 1n their centres, lined with minute
crystals of carbonate of lime; they are of white, brown, or pale
pinkish tints, often marked by black dendritic manganese or
iron; they are either darker or lighter tinted than the surronnding
mass ; they contain much carbonate of lime, but exhale a strong
aluminous odour, and leave, when dissolved in acids, a large but
varying residue, of which the greater part consists of sand. These
concretions often unite into irregular strata; and over very large
tracts of country, the entire mass consists of a hard, but generally
cavernous marly rock : some of the varieties might be called calca-
reous tuffs.
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Dr. Carpenter has kindly ined under the mi pe, 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 having
a concentric structure), united by a cement which is often erystalline.
In some, Dr. Carpenter can perceive distinet traces of shells, corals,
Polythalamia, and rarely of sy id bodies. For the sake of com-
parison, 1 sent Dr. Carpenter specimens of the caleareous rock,
formed chiefly of fragments of recent shells, from Coquimboe 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 microseo-
pical 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 mollusca, 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 decay of the larger fragments of shell : whether the amorphous
matter in the marly rocks of the Pampas, has likewise thus originated,
it would be hazardous 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
argillaceous 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 modules, and other irregular strata of an unusually
arenaceous variety of tosca-rock. In a well at the depth of seventy
feet, according to Ignatio Nunez, much tosca-rock was met with, and
at several points, 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 parts on the surface near Buemos 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 crystalline 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 worn con-
dition permits of comparison, are embedded in a reddish, softish,
somewhat arenaceous marly rock : after careful comparison, with the
aid of a microscope and acids, I can perceive mo 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
i, numerous shells of the Azara labiata (and I believe of Venus
sinuosa) oceur 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.

Buenos 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 describe my route: about twenty-
five miles 8.8.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 including
many nodular and stalactiform concretions: T 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 tosea-rock :
here a skeleton of the Megatherinm and the bones of other extinct
quadrupeds (see the list at the end of this chapter) were found,
Large 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 Pampean
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 Tapalgnen (sixty miles south of the Salado) there is
a large extent of tosca-rock, some highly compact and even semi-
crystalline, overlying pale Pmmperm mud with the usual concretions.
Thirty miles further south, the small quartz-ridge of Tapalguen is
fringed on its northern and southern flank, by little, narrow, flat-
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topped hills of tosea-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,
i 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 calcareous 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 S. Ventana is, by Captain FitzRoy’s
measurement, 3340 feet, and the calcareous plain at its foot (from
observations taken by some Spanish officers t) 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 north, where its surface is broken
into low cliffs. Round the Sierras Tapalguen, Guitru-gueyu, and
between the latter and the Ventana we have seen (and shall hereafter
see round some hills in Banda Oriental), that the tosca-rock forms
low, flat-topped, cliff-bounded hills, higher than the surrounding
plains of similar composition. From the horizontal stratification
and from the appearance of the broken cliffs, the greater height of
the Pampean formation round these primary hills, ought not to be
altogether or in chief part attributed to these several points having
been uplifted more tically than the sur ding country, but to

* Schmidtmeyer (Travels in Chile, p. 150) states that he first noticed on the
Pampas, very small bits of red granite, when fifty miles distant from the southern
extremity of the mountains of Cordova, which project on the plain, like a reef into
the sea.

+ La Plata, &c. by Sir W, Parish, p. 146,
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the argillaceo-calcareons mud having collected 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 Sance, four
leagues S.E. of the Ventana, there is an imperfect section about 200
feet in height, displaying in the upper part tosca-rock and in the
lower part red Pampean mud. At the settlement of Bahia Blanca,
the uppermost plain is composed of very compact, stratified tosca-
rock, containing rounded grains of quartz distinguishable 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. T shall immediately return to
the important seetions on the shores of Bahia Blanca. Twenty miles
southward of this place, there is a remarkable ridge, extending W. by
N. and E. by S., 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 thisridge consists of pale, highly calcareous,
compact tosca-rock, resting (as seen in onme place) on reddish Pam-
pean 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 calcareous tosea-rock, over which lies sand with
small pebbles three feet in thickness,—the first appearance of that
vast shingle formation deseribed in the first chapter. In the first
section after crossing the Colorado, an older tertiary formation, namely,
the Rio Negro sandstone (to be described in the next chapter), is met
with: but from the accounats given me by the Gauchos, I believe that
at the mouth of the Colarado the Pampean formation extends a little
further southwards,

Bakiw Blance.—To return to the shores of this bay. At Mente
Hermoso there is a good section, about 100 feet in height, of four
distinet strata, appearing to the eye horizontal, but thickening a little

* M. d'Orbigny, Voyage, Part. Géolog. pp. 47, 48.
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towards the N. W. The nppermost bed, about twenty fect in thick.-
ness, consists of obliquely laminated, soft sandstone, including many
pebbles of quartz, and falling at the surface into loose sand. The
second bed, only six inches thick, is a hard, dark-coloured sandstone.
The third bed is pale-coloured Pampean mud; and the fourth is of
the same nature, but darker coloured, including in its lower part
horizontal layers and lines of concretions of not very compact pinkish
tosca-rock. The bottom of the sea, I may remarlk, to a distance of
several miles from the shore, and to a depth of between sixty and
one hundred feet, was found by the anchors to be composed of tosca-
rock and reddish Pampean mud. Prof. Ehrenberg has examined for
me specimens of the two lower beds, and finds in them three Poly-
gastrica and six Phytolitharia.® OF these, only one (Spongolithis
Llustis 2) is a marine form; five of them are identical with micro-
scopical structures, of brackish-water origin, hereafter to be men-
tioned, form a central point in the Pampean formation. In these
two beds, especially in the lower one, bones of extinct mammifers,
some embedded in their proper relative positions and others single,
are very numerous in a small extent of the cliffs. These remains
consists of, first, the head of Clenomys amtiquus, allied to the living
C. Braziliensis ; secondly, a fragment of the remains of a rodent;
thirdly, molar teeth and other bones of a large rodent, closely allied to,
but distinet from, the existing species of Hydrochcerus, and therefore
probably an inhabitant of fresh water; fourth and fifthly, portions of
vertebree, limbs, ribs, and other bones of two rodents ; sixthly, bones
of the extremities of some great megatheroid quadruped.t The
number of the remains of rodents gives to this collection a peculiar
character, compared with those found in any other locality. All
these bones are compact and heavy; many of them are stained red,
with their surfaces polished ; some of the smaller ones are as black
as jet.

Monte Hermoso is between fifty and sixty miles distant in a S. E.
line from the Ventana, with the intermediate country gently rising
towards it, and all consisting of the Pampean formation. What re-
lation, then, do these beds, at the level of the sea and under it, bear
to those on the flanks of the Ventana, at the height of 840 feet, and
on the flanks of the other neighbouring sierras, which, from the

* The following list is given in the ** Monatsberichten der Konig. Akad. zu
Beilin, April 1845.”
PoLYGASTRICA.
Fragilaria rhabdosoma.
Gallionella distans.

Pinnularia

PuYTOLITHARIA.

Lithodontium Bursa. Lithostslidium rude.
furcatum. = = erTd.
Lithostylidium. exesum. Spongolithis Fustis !

+ See Fossil Mammalia (p. 109), by Professor Owen, in the Zoology of the
Voyage of the Beagle; and Catalogue (p. 36) of Fossil Remains in Museum of
Royal College of Surgeons.

G
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reasons already assigned, do not appear to owe their greater height to
unequal elevation? When the tosca-rock was accumulating round
the Ventana, and when, with the exception of a few small rugged
primary islands, the whole wide surrounding plains must have been
under water, were the strata at Monte Hermoso depositing at the
bottom of a great open sea, between 800 and 1000 feet in depth ? I
much doubt this ; for if so, the almost perfect carcasses of the several
small rodents, the remains of which are so very numerous in so
limited a space, must have been drifted to this spot from the distance
of many hundred miles. Tt appears to me far more probable, that
during the Pampean period this whole area had commenced slowly
rising (and in the cliffs, at several different heights, we have proofs of
the land having been exposed to sea-action at several levels), and that
tracts of land had thus been formed of Pampean sediment round the
Ventana and the other primary ranges, on which the several rodents
and other quadrupeds lived, and that a stream (in which perhaps the
extinet aquatic Hydrocheerus lived) drifted their bodies into the ad-
joining sea, into which the Pampean mud continued to be poured
from the north.  As the land continued to rise, it appears that this
source of sediment was cut off; and in its place sand and pebbles
were borne down by stronger currents, and conformably deposited
over the Pampean strata.

Punta Alta is situated about thirty miles higher up on the northern
side of this same bay : it consists of a small plain, between twenty
and thirty feet in height, cut off on the slore by a line of low cliffs
about a mile in length, represented in the diagram with its vertical
scale necessarily exaggerated. The lower bed (A) is more extensive

No. 15—BECTION OT BEDS WITH RECENT SHELLS AND EXTINCT MAM-
MIFERS, AT PUNTA ALTA IN BAHIA BLANCA.

> wow

>Eoo

than the upper ones; it consists of stratified gravel or conglomerate,

d by cal matter, and is divided by curvilinear
layers of pinkish marl, of which some are preeisely like tosca-rock,
and some more sandy, The beds are curvilinear, owing to the action
of currents, and dip in different directions; they include an extra-
ordinary number of bones of gigantic mammifers and wany shells,
The pebbles are of considerable size, and are of hard sandstone, and
of quartz, like that of the Ventana : there are also a few well-rounded
masses of tosca-rock.

The second bed (B) is about fifteen feet in thickness, but towards
both extremities of the cliff (not included in the diagram) it either
thins out and dies away, or passes insensibly into an overlying bed of
gravel. It consists of red, tough clayey mud, with minute linear
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cavities; it is marked with faint horizontal shades of colour; it in-
cludes a few pebbles, and rarely a minute particle of shell : in one
spot, the dermal armour and a few bones of a Dasypoid quadruped
were embedded in it: it fills up furrows in the underlying gravel.
With the exception of the few pebbles and particles of shells, this
bed resembles the true Pampean mud; but it still more closely re-
sembles the clayey flats (mentioned in the first chapter) separating
the successively rising parallel ranges of sand-dunes.

The bed (C) is of stratified gravel, like the lowest one; it fills up
furrows in the underlying red mud, and is sometimes interstratified
with it, and sometimes insensibly passes into it ; as the red mud thins
out, this upper gravel thickens. Shells are more numerous in it than
in the lower gravel ; but the bones, though seme are still present, are
less numerous. In one part, however, where this gravel and the red
mud passed into each other, I found several bones and a tolerably
perfect head of the Megatherium. Some of the large Volutas, though
embedded in the gravel-bed (C), were filled with the red mud, inclad-
ing great numbers of the little recent Paludestrina australis. These
three lower beds are covered by an unconformable mantle (D) of stra-
tified sandy earth, including many pebbles of quartz, pumice and
phonolite, land and sea-shells.

M. d'Orbigny has been so obliging as to name for me the twenty
species of mollusea embedded in the two gravel beds : they consist of,

1. Volutella angulata, d'Orbig. Voyage | 12. Crepidula muricata, Lam.
and L

sq. and Pal 13. Venus purpurata,  do.

2. Voluta Brasiliaua, Sol. 14. rostrata, Phillippi.

3. Olicancillaria Brasiliensis, d’Orbig. | 15. Mytilus Darwinanus, d'Orbig.

4. —— auricularia,  do. 16. Nucula semiornata,  do.

5. Olivina puelchara, do. 17. Cardita patagouiea  do.

6. Buccinanops cochlidium, do. 18. Corbula (1) do.

7. = globulosum, do. 19, Pecten tethuelchus, do.

8. Colombella sertulariavum,  do. 20. Ostrea puelehana, do.

9. Trochus patagonicus, aud var. of | 21. A living species of Balanus.

ditto, d’Orbig. 22.and 23. An Astr®a and encrusting

10. Paludestrina australis, d’Orbig. Tlustra, apparently identical with
11. Fissurella patagonica, o. | Species now living in the Bay.

All these shells now live on this coast, and most of them in this
same bay : T was also struck with the fact, that the proportional
numbers of the different kinds appeared to be the same with those
now cast up on the beach: in both cases specimens of Voluta, Cre-
pidula, Venus, and Trochus are the most abundant. Four or five
of the species are the same with the upraised shells on the Pampas
near Buenos Ayres. All the specimens have a very amcient and
bleached appearance,* and do not emit, when heated, an animal
odour: some of them are changed throughout into a white, soft,
fibrous substance; others have the space between the external walls,
either hollow, or filled np with crystalline carbonate of lime.

% A Bulinus, mentioned in the Introduction to the Fossil Mammalia in the
Zoology of the Voyage of the Beagle, has so much fresher an appearance, than the
marine species, that 1 suspect it must have fallen amongst the others, and been

collected by mistake.
G 2
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The remains of the extinct mammiferous animals, from the two
gravel beds have been described by Professor Owen in the zoology of
the voyage of the Beagle; they consist of 1st, one mearly perfect
head and three fragments of heads of the Megatherium Cuvierii; 2d,
a lower jaw of Megalonye Jefersonii; 3d, lower jaw of Mylodon
Darwinii ; 4th, fragments of a head of some gigantic Edental quat!m-
ped; 5th, an almost entire skeleton of the great Seelidotherium
leptocephalum, with most of the bones, including the head, vertebree,
1ibs. some of the extremities to the claw-bone, and even, as remarked
by Prof. Owen, the knee-cap, all nearly in their proper relative
positions; 6th, fragments of the jaw and a separate tooth of a Toxo-
don, belonging either to 7 platensis, or to a second species lately
discovered near Buenos Ayres; 7th, a tooth of Equus cuirvidens;: 8th,
tooth of a Pachyderm, closely allied to Paleotherium, of which parts
of the head have been lately sent from Buenos Ayres to the British
Museum ; in all probability this pachyderm is identical with the
Macrauchenia patachonica from Port S. Julian, hereafter to be re-
ferred to. Lastly, and 9thly, in a cliff of the red clayey bed (B),
there was a double piece, about three feet long and two wide, of the
bony armour of a large Dasypoid quadruped, with the two sides
pressed nearly close together: as the cliff is now rapidly washing
away, this fossil probably was lately much more perfect: from
between its doubled up sides, I extracted the middle and ungueal
phalanges, united fogether, of one of the feet, and likewise a sepa-
rate phalang: hence one or more of the limbs must have been
attached to the dermal case, when it was embedded. Besides these
several remains in a distinguishable condition, there were very many
single bones: the greater number were embedded in a space 200
yards square. The preponderance of the Edental quadrupeds is re-
markable; as is, in contrast with the beds of Monte Hermoso, the
absence of Rodents. Most of the bones are mow in a soft and
friable condition, and, like the shells, do not emit when burnt an
animal odour. The decayed state of the bones may be partly owing
to their late exposure to the air and tidal waves. Barnacles, serpula
and corallines are attached to many of the bones, but I neglected to
observe® whether these might not have grown on them since being
exposed to the present tidal action; but I believe that some of the
barnacles must have grown on the Seelidotherium, soon after being
deposited, and before’ being acholly covered up by the grayel. Be-
sides the remains in the condition here deseribed, I found one single
fragment of bone very much rolled, and as black as jet, so as per-
fectly to resemble some of the remains from Monte Hermoso.

Very many of the bones had been broken, abraded, and rolled,
before being embedded.  Others, even some of those included in the
coarsest parts of the now hard conglomerate, still retain all their

* After having packed up my specimens at Brhia Blanca, this point occurred to
me, and 1 notad 1t; but forgot it on my return, until the remains had been cleaned
and oiled : my attention Lus been ltely called to the subject by somo remarks by
M. @Orbigny.
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minutest prominences perfectly preserved; so that I conclude that
they probably were protected by skin, flesh, or lizaments, whilst
being covered up. In the case of the Seclidotherium, it is quite cer-
tain that the whole skeleton was held together by its ligaments, when
deposited in the gravel in which I found it. Some cervical vertebre
and a humerus of corresponding size, lay so close together, as did
some ribs and the bones of a leg, that I thought that they must
originally have belonged to two skeletons, and ot have been washed
in single; but as remains were here very numerous, I will not lay
much stress on these two cases. We have just seen that the armour
of the Dasypoid quadruped was certainly embedded together with
some of the bones of the feet.

Professor Ehrenberg* has examined for me specimens of the finer
matter from in contact with these mammiferous remains; he finds
in them two Polygastrica, decidedly marine forms; and six Phy-
tolitharia, of which one 1s probably marine, and the others either of
fresh water or terrestrial origin.  Only one of these eight microscopical
bodies, is common to the nme from Monte Hermoso : butfive of them
are in common with those from the Pampean mud on the banks of the
Parana. The presence of any fresh-water infusoria, considering the
aridity of the surrounding country, is here remarkable: the most
probable explanation appears to be, that these mieroscopical organisms
were washed out of the adjoining great Pampean formation during
its denudation, and afterwards redeposited.

We will now see what conclusions may be drawn from the facts
above detailed, It is certain that the gravel-beds and intermediate
red mud were deposited within the period, when existing species of
mollusea held to each other nearly the same relative proportions as
they do on the present coast. These beds, from the number of littoral
species, must have been accumulated in shallow water; but mot,
judging from the stratification of the gravel and the layers of marl, on
a beach. From the manner in which the red clay fills up furrows in
the underlying gravel, and is in some parts itself furrowed by the
overlying gravel, whilst in other parts it either insensibly passes into,
or alternates with, this upper gravel, we may infer several local
changes in the currents, perhaps caused by slight changes, up or down,
in the level of the land. By the elevation of these beds, to which
period the alluvial mantle with pumice-pebbles, land and sea shells
belongs, the plain of Punta Alta, from twenty to thirty feet in height,

# Monatsberichten der Akad. zu Berlin, April, 1845, The list consists of,—

Porvcastrica.
Gallionella sulcata. | Stauroptera aspera ! fragm,
PryroLiTnania.
Li i tubercul I is acicularis,
Lithostylidium Clepsammidium
quadratum.
rude.

unidentatum.
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was formed. In this neighbourhood there are other and higher sea-
formed plains and Jines of cliffs in the Pampean formation worn by
the denuding action of the waves at different levels. Hence we can
casily understand the presence of rounded masses of tosca-rock in this
lowest plain; and likewise, as the cliffs at Monte Hermoso with their
mammiferous remains stand at a higher level, the presence of the one
much rolled fragment of bone which was as black as jet: possibly
some few of the other much rolled bones may have been similarly
derived, though I saw only the one fragment, in the same condition
with those from Monte Hermoso. M. d'Orbigny has suggested* that
all these mammiferous remains may have been washed out of the
Pampean formation, and afterwards redeposited together with the
recent shells. Undoubtedly it is a marvellous fact that these nume-
rous gigantic quadrupeds, belonging, with the exception of the Eguus
curvidens, to seven extinct genera, and one, namely, the Toxodon,
not falling into any existing family, should have co-existed with
mollusea, all of which are still living species ; but analogous facts have
been observed in N. America and in Europe. In the first place it
should not be overlooked, that most of the co-embedded shells have a
more ancient and altered appearance than the bones. In the second
place, is it probable that numerous bones, not hardened by silex or
any other mineral, could have retained their delicate prominences and
surfaces perfect, if they had been washed out of one deposit, and re-
embedded in another ;—this later deposit being formed of large, hard
pebbles, arranged by the action of currents or breakers in shallow water
into variously curved and inclined layers? The bones which are
now in so perfect a state of preservation, must, I conceive, have been
fresh and sound when embedded, and probably were protected by skin,
flosh, or ligaments. The skeleton of the Scelidotherium indisputably
was deposited entire: shall we say that when held together by its
matrix it was washed out of an old gravel-bed (totally unlike in cha-
racter to the Pampean formation), and re-embedded in another gravel-
bed, composed (T speak after careful comparison) of exactly the same
kind of pebbles, in the same kind of cement? I will lay no stress on
the two cases of several ribs and bones of the extremities having appa-
wently been embedded in their proper relative position: but will any
one be 50 bold as to affirm that it is possible, that a piece of the thin
tessellated armour of a Dasypoid quadruped, at lcast three feet long
and two in width, and new so tender that I was unable with the ut-
most care to extract a fragment more than two or three inches square,
could have been washed out of one bed, and re-embedded in another,
together with some of the small bones of the feet, without having been
dashed into atoms?  We must then wholly reject M. d'Orbizny’s sup-
position, and admit as certain, that the Scelidotherium and the large
Dasypoid quadruped, and as highly probable, that the Toxodon, Mega-
therium, &e., some of the bones of which are perfectly preserved, were
embedded for the first time, and in a fresh condition, in the strata in
which they were found entombed.  These gigantic quadrupeds, there-
* Vayage Part. Géolog. p, 40.
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fore, though belonging to extinct genera and families, co-existed with
the twenty above enumerated mollusca, the barnacle and two corals,
still living on this coast. From the rolled fragment of black bone, and
from the plain of Punta Alta being lower than that of Monte Her-
moso, I conclude that the coarse sub-littoral deposits of Punta Alta
are of subsequent origin to the Pampean mud of Monte Hermoso;
and the beds at this latter place, as we have seen, are probably of
subsequent origin to the high tosca-plain round the Sierra Ventana :
we shall, however, return at the end of this chapter, to the considera-
tion of these several stages in the great Pampean formation,

Buenos Ayres to St. Fé Bajada, in Entre Rios.—For some dis-
tance northward of Buenos Ayres, the escarpment of the Pampean
formation does not approach very near to the Plata, and it is con-
cealed by vegetation : but in sections on the banks of the Rios Luxan,
Areco, and Arrecifes, I observed both pale and dark reddish Pampean
mud, with small, whitish concretions of tosca: at all these places
mammiferous remains have been found, In the cliffs on the Parana,
at San Nicolas, the Pampean mud contains but little tosca : here M.
&'Orbigny found the remains of two rodents (Ctenomys Bonariensis
and Kerodon antiguus) and the jaw of a Camis: when on the river
I could clearly distinguish in this fine line of cliffs, ‘“horizontal lines
of variation both in tint and compactness.”* The plain northward of
this point is very level, but with some depressions and lakes; I esti-
mated its height at from forty to sixty feet above the Parana. At
the A. Medio the bright red Pampean mud contains scarcely any
tosca-rock ; whilst at a short distance the stream of the Pabon forms
a caseade, about twenty feet in height, over a cavernous mass of two
varieties of tosca-rack ; of which one is very compact and semi-erys-
talline, with seams of crystallized carbonate of lime: similar compact
varieties are met with on the Salidillo and Seco. The absolute
identity (I speak after a comparison of my specimens) between some
of these varieties, and those from Tapalguen, and from the ridge south
of B. Blanca, a distance of 400 miles of latitude, is very striking.

At Rosario there is but little tosca-rock : near this place I first
noticed at the edge of the river traces of an underlying formation,
which, twenty-five miles higher up in the estancia of Gorodona, con-
sists of a pale yellowish clay, abounding with concretionary cylinders
of a ferruginous sandstone. This bed, which is probably the equi-
valent of the older tertiary marine strata, immediately to be described
in Entre Rios, only just rises above the level of the Parana when low.
The rest of the cliff at Gorodona, is formed of red Pampean mud, with,
in the lower part, many concretions of tosca, some stalactiformed, and
with only a few in the upper part: at the height of six feet above the
river, two gigantic skeletons of the Mastodon Andium were here

» I quote these words from my note-book, as written down on the spot, on ac-
count of the general absence of stratification in the Pampean formation having
been insisted on by M. d'Orbigny as a proof of the diluvial origin of this great
deposit.
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embedded ; their bones were scattered a few feet apart, but many of
them still held their proper relative positions; they were much de-
cayed and as soft as cheese, 50 that even one of the great molar teeth
fell into pieces in my hand, We here see that the Pampean deposit
contains mammiferous remains close to its base. On the banks of the
Carcarana, a few miles distant, the lowest bed visible was pale Pam-
pean mud, with masses of tosca-rock, in one of which 1 found a much
decayed tooth of the Mastodon: above this bed, there was a thin
layer almost composed of small concretions of white tosea, out of
which T extracted a well preserved, but slightly broken tooth of
Towodon Platensis: above this there was an unusual bed of very
soft impure sandstone.  In this neighbourkeod I noticed many single
embedded bones, and T heard of others having been found in so per-
fect a state that they were long used as gate-posts : the Jesuit Falkner,
found here the dermal armour of some gigantic edental quadruped.

In some of the red mud scraped from a tooth of one of the mastodons
at Gorodona, Professor Ehrenberg finds seven Polygastrica and
thirteen Phytolitharia,® all of them, I believe, with two exceptions,
already known species. Of these twenty, the preponderating num-
ber are of fresh-water origin ; only two species of Coscinodiscus and
a Spongolithis show the direct influence of the sea; therefore Pro-
fessor Bhrenberg arrives at the important conclusion that the deposit
must have been of brackish-water origin. Of the thirteen Phytoli-
tharia, nine are met with in the two deposits in Bahia Blanca, where
there is evidence from two other species of Polygastrica that the beds
were accumulated in brackish water. The traces of corals, sponges,
and polythalamia, found by Dr. Carpenter in the tosca-rock, (of
which I must observe the greater number of specimens were from
the upper beds in the southern parts of the formation), apparently
show a more purely marine origin.

At St. Fé Bajada, in Entre Rios, the cliffs, estimated at between
sixty and seventy feet in height, expose an interesting section : the
lower half consists of tertiary strata with marine shells, and the
upper half of the Pampean formation. The lowest bed is an
obliquely laminated, blackish, indurated mud, with distinct traces of

* Monatsherichten der Kénig, Akad, zu Berlin, April, 1845, The list consists

of—
PorveasTrica,
Campylodiscus clypeus. Gallionella granulata.
Cosciuodiscus subtilis. Himantidium gracile.
———al.sp. Pinnularia borealis.
Eunotia,
PuyroLiTHARIA.
Lithasteriscus tuberculatus Lithostylidium Hamus.
Lithodontium bursa. polyedrum.
furcatum. quadratum.
; rostratum, rude.
Lithostylidium Amphiodon. Serra.
lepsammidium, unidentatum,

Spongolithis fustis,
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vegetable remains.*  Above this there is a thick bed of yellowish
sandy elay, with much crystallized gypsum and many shells of Ostreze,
Pectens, and Arcee: above this there generally comes an arenaceous
crystalline limestone, but there is sometimes interposed, a bed, about
twelve feet thick, of dark green, soapy clay, weathering into small
angular fragments. The limestone, where purest, is white, highly crys-
talline, and full of cavities: it includes small pebbles of quartz, broken
shells, teeth of sharks, and ti as I was i d, large
bones : it often contains so much sand as to pass into a calcareons
sandstone, and in such parts the great Ostrea Patagonicat chicfly
abounds. In the upper part, the limestone alternates with layers of
fine white sand. The shells included in these beds have been named
for me by M. d’Orbigny ; they consist of,

1. Osirea patagonica, d'Orbig. Voyage, | 5. Venus Munsterii, d'Orbig. Voyage,
art, Pal,

28 Alvarezii, do. 6. Arca Bonplandiana, do.
3. Pocten Paranensis, do, (and PLIV. | 7. Cardium Platense, do.
of this work, fig. 30.) 8. Tellina, probably nov. spec., but too
—— Darwiniauus, do. and PL TV, imperfect for description.

of this work, figs, 28, 29.

These species are all extinct: the six first were found by M.
&’Orbigny and myself in the formations of the Rio Negro, S. Josef,
and other parts of Patagonia; and therefore, as first observed by M.
& Orbigny, these beds certainly belong to the great Patagonian forma-
tion, which will be described in the ensning chapter, and which we
shall see must be considered as a very ancient tertiary one. North
of the Bajada, M. d'Orbigny found, in beds which he considers as
lying beneath the strata here described, remains of a Toxodon, which
he has named as a distinct species from the 7'. Plaiensis of the Pam-
pean formation. Much silicified wood is found on the banks of the
Parana (and likewise on the Uruguay), and I wasinformed that they
come out of these lower beds: four specimens collected by myself are
dicotyledonous.

The upper half of the cliff, to a thickness of about thirty feet,
consists of Pampean mud, of which the lower part is pale coloured,
and the upper part of a brighter red, with some irregular layers of
an arenaccous variety of tosca, and a few small concretions of the
ordinary kind. Close above the marine limestone, there is a thin
stratum with a concretionary outline of white hard tosca-rock or
marl, which may be considered either as the uppermost bed of
the inferior deposits, or the lowest of the Pampean formation ; at
one time I considered this bed as marking a passage between the two

* M. d’Orbigny has given (Voyage Part, Géolog. p. 37) a detailed description
of this section, but as he does not mention this lowest bed, it may have been con-
cerled when be was there by the river. There is a considerable discrepancy be-
tween his deseription and mine, which I can only account for by the beds them-
selves varying considerably in short distances. F 4

+ Capt. Sulivan, R.N., has given me a specimen of this shell, which he found
in the cliffs at Point Cerrito, between twenty and thirty miles above the Bajada.
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formations ; but I have since become convinced that I was deceived
on this point. In the section on the Parana, I did mot find any
mammiferous remains ; but at two miles distance on the A. Tapas
(a tributary of the Conchitas), they were extremely numerous in a
low cliff of red Pampean mud with small concretions, precisely like
the upper bed on the Parana. Most of the bones were solitary
and much decayed; but I saw the dermal armour of a gigantic
Edental quadruped, forming a cauldron-like hollow, four or five feet
in diameter, out of which, as I was informed, the almost entire
skeleton had been lately removed. I found single teeth of the
Mastodon Andium, Towedon Platenis, and Eguus curvidens, near to
each other. As this latter tooth approaches closely to that of the
common horse, I paid particular attention to its true embedment, for
1 did not at that time know that there was a similar tooth hidden in
the matrix with the other mammiferous remains from Punta Alta.
It is an interesting circumstance, that Prof. Owen finds that the
teeth of this horse approach more closely in their peculiar curvature
to a fossil specimen brought by Mr. Lyell* from N, America, than to
those of any other species of Equus.

The underlying marine tertiary strata extend over a wide area: T
was assured that they can be traced in ravines in an east and west
line across Entre Rios to the Urugnay, a distance of about 135
miles. Ina S.E, direction I heard of their existence at the head of
the R. Nankay ; and at P. Gorda in Banda Oriental, a distance of
170 miles, I found the same limestone, containing the same fossil
shells, lying at about the same level above the river as at St. Fé. In
a southerly direction, these beds sink in height, for at another P.
Gorda in Entre Rios, the limestone is seen at a much less height ;
and there can be little doubt that the yellowish sandy clay, on a level
with the river, between the Carcarana and 8. Nieolas, belongs to this
same formation ; as perhaps do the beds of sand at Buenos Ayres,
which lie at the bottom of the Pampean formation, about sixty feet
beneath the surface of the Plata. The southerly declination of these
beds may perhaps be due, not to unequal elevation, but to the ori-
ginal form of the bottom of the sea, sloping from land situated to
the north ; for that land existed at no great distance, we have evi-
dence in the vegetable remains in the lowest bed at St. Fé; and in
the silicified wood and in the bones of Towoden Paranensis, found
(according to M. d’Orbigny) in still lower strata.

Banda Oriental.—This province lies on the northern side of the
Plata, and eastward of the Uruguay : it has a gently undulatory sur-
face, with a basis of primary rocks; and is in most parts covered up with
an unstratified mass, of no great thickness, of reddish Pampean mud.
In the eastern half, near Maldonado, this deposit is more arenaceous
than in the Pampas; it contains many though small concretions of
marl or tosca-rock, and others of highly ferruginous sandstone ; in one

* Lyell's Travels in N. America, vol. i, p. 164, and Proc. of Geolog. Sec.
vol. iv. p. 39.
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section, only a few yards in depth, it rested on stratified sand. Near
Monte Video this deposit in some spots appears to be of greater thick-
ness ; and the remains of the Glyptodon and other extinet mammifers
have been found in it. In the long line of cliffs, between fifty and
sixty feet in height, called the Barrancas de 8. Greporio, which ex-
tend westward of the Rio S. Lucia, the lower half is formed of coarse
sand of quartz and feldspar without mica, like that new cast up on
the beach near Maldonado ; and the upper half of Pampean mud,
varying in colour and containing honey-combed veins of soft calea-
xeous matter and small concretions of tosea-rock arranged in lines, and
likewise a few pebbles of quartz. This deposit fills up hollows and
furrows in the underlying sand; appearing as if water charged with
mud had invaded a sandy beach. These cliffs extend far westward,
and at a distance of sixty miles, near Colonia del Sacramiento, I found
the Pampean deposit resting in some places on this sand, and i others
on the primary rocks: between the sand and the reddish mud,
there appeared to be interposed, but the section was not a very good
one, a thin bed of shells of an cxisting Mytilus, still partially retain-
ing their colour. The Pampean formation in Banda Oriental might
readily be mistaken for an alluvial deposit: compared with that of
the Pampas, it is often more sandy, and contains small fragments of
quartz; the concretions are much smaller, and there are no extensive
masses of tosca-rock.

In the extreme western parts of this provinee, between the Urnguay
and a line drawn from Colonia to the R. Perdido (a tributary of the
R. Negro), the formations are far more complicated. Besides pri-
mary rocks, we meet with extensive tracts and many flat-topped,
horizontally stratified, cliff-bounded, isolated hills of tertiary strata,
varying extraordinarily in mineralogical nature, some identical with
the old marine beds of St. Fé Bajada, and some with those of the
much more recent Pampean formation. There are, also, extensive Jow
tracts of country covered with a deposit containing mammiferous re-
maing, precisely like that just described in the more eastern parts of
the province. ~ Although from the smooth and unbroken state of the
country, I never obtained a section of this latter deposit close to the
foot of the higher tertiary hills, yet I havenot the least doubt that it is
of quite subsequent origin; having been deposited after the sea had
worn the tertiary strata into the cliff-bounded hills. This later for-
mation, which is certainly the equivalent of that of the Pampas, is
well seen in the valleys in the estancia of Berquelo, near Mercedes ;
it here consists of reddish earth, full of rounded grains of quartz, and
with some small coneretions of tosea-rock arranged in horizontal lines,
so as perfectly to resemble, except i contaimng a little calcareous
matter, the formation in the eastern parts of Banda Oriental, in Entre
Rios, and at other places : in this estancia the skeleton of a great Edental
quadruped was found. In the valley of the Sarandis, at the distance
of only a few miles, this deposit has a somewhat different character,
being whiter, softer, finer-grained, and full of little cavitics, and conse~
quently of little specific gravity ; nor does it contain any concretions
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or caleareous matter : I here procured a head, which when first dis-
covered must have been quite perfect, of the Z'ozodon 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,gut a strong
odour and burn with a small flame; Mr. T. Reeks has been so kind
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.}

The older tertiary strata, forming the higher isolated hills and ex-
tensive tracts of country, vary, as I have 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
chalcedonic rocks, and numerous other subordinate varieties. I was
unable to make out the relations of all these strata, and will describe
only a few distinet sections:—in the cliffs between P. Gorda on
the Uruguay and the A. de Vivoras, the upper bed is crystalline
cellular limestone often passing into calcarcous sandstone, with im-
pressions of some of the same shells as at St, Fé Bajada; at P.
Gorda,} 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 great Ostrea Patagonica : beneath this,
in the vertical cliff, nearly on a level with the river, there isa bed of red
mud absolutely like the Pampean deposit, with numerous often large
concretions of perfectly characterized white, pact to k. At
the mouth of the Vivoras, the river flows over a pale cavernons 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 S. Juan, Capt. Sulivan,
R.N., found a little cliff, only just above the surface of the river,
with numerous shells of the Verws Munsterii, dOrbig.,—one of the
species occurring at St. F¢é, 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
Beagle’s Voyage) as belonging to a distinct genus, namely, Glossotherium.

t 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.

% In my Journal (p. 171, Ist edit.), I have hastily und inaccurately stated that
the Pampean mud, which is found over the eastern part of B, Oriental, lies oper
the limestone al P. Gorda ; I should have said that there was reason to infer that
it was a subsequent or superior deposit,
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Frenchman found, in digging the foundations of a house, a great mass
of the Ostrea Patagonica (of which I saw many fragments), packed
together just beneath the surface, and directly superimposed on the
gneiss. These sections are important : M. d’Orbigny is unwilling to
believe that beds of the same nature with the Pampean formation, ever
underlie the ancient marine tertiary strata; and I was as much sur-
prised at it, as he could have been; but the vertical cliff at P. Gorda,
allowed of no mistake, and [ must be permitted to affirm, that after
having examined the country from the Colorado to St. I'é¢ Bajada, I
could not be deceived in the mineralogical character of the Pampean
deposit.

Moreover, in a precipitous part of the ravine of Las Bocas, a red
sandstone is distinctly seen to overlie a thick bed of pale mud, also quite
like the Pampean formation, abounding with concretions of true tosca-
rock. This sandstone extends over many miles of country : it is as red
as the brightest voleanic scorim ; it sometimes passes into a coarse red
conglomerate composed of the underlying primary rocks; and often
passes into a soft white sandstone with red streaks. At the Calera de
los Huerfanos, only a quarter of a mile south of where I first met with
the red sandstone, the crystalline white limestone is quarried : as this
bed is the uppermost, and as it often passes into caleareous sandstone,
interstratified with pure sand; and as the red sandstone likewise
passes into soft white sandstone, and is also the uppermost bed, I
believe that these two beds, though so different, are equivalents. A
few leagues southward of these two places, on each side of the low
primary range of S. Juan, there are some flat-topped, cliff-bounded,
separate little hills, very similar to those fringing the primary ranges
in the great plain south of Buenos Ayres; they are composed,—1st, of
calcareous tuff with many particles of quartz, sometimes passing into
a coarse conglomerate ; 2nd, of a stone undistinguishable on the closest
inspection from the compacter varieties of tosca-rock; and 38rd, of
semi-crystalline limestone, including nodules of agate: these three
Varicties pass insensibly into each other, and as they form the upper-
most stratum in this distriet, I believe that they, also, are the equiva-
lents of the pure crystalline limestone, and of the red and white sand-
stones and conglomerates.

Between these points and Mercedes on the Rio Negro, there are
scarcely any good sections, the road passing over limestone, tosca-rock,
calcarcous and bright red sandstones, and near the source of the S.
Salvador over a wide extent of jaspery rocks, with much milky agate,
like that in the limestone near 5. Juan. In the estancia of Berguelo,
the separate, flat-topped, cliff-bounded hills are rather higher than in
other parts of the country; they range in a N.E. and S.W. direction ;
their uppermost beds consist of the same bright red sandstone, passing
sometimes into a conglomerate, and in the lower part into soft white
sandstone and even into loose sand : beneath this sandstone, I saw in
two places layers of calcarcous and marly rocks, and in one place red
Pampean-like earth; at the base of these sections there was a hard,
stratified, white sandstone, with chalcedonic layers. Near Mercedes,
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beds of the same nature and apparently of the same age, are associated
with compact, white, erystalline limestone, including much botryoidal
agate, and singular masses, like porcelain, but really composed of a
caleareo-siliceous paste. In sinking wells in this district the chalce-
donic strata seem to be the lowest. Beds, such as here described,
occur over the whole of this neighbourhood ; but twenty miles further
up the R. Negro, in the cliffs of Perika, which are about fifty feet in
height, the upper bed is a prettily variegated chalcedony, mingled with
a pure white tallowy limestone; beneath this there is a conglomerate
of quartz and granite; beneath this many sandstones, some highly cal-
careous; and the whole lower two-thirds of the cliff consists of earthy
caleareous beds of various degrees of purity, with one layer of reddish
Pampean-like mud.

‘When examining the agates, the chalcedonic and jaspery rocks, some
of the limestones, and even the bright red sandstones, I was forcibly
struck with their resemblance to deposits formed in the neighbourhood
of volcanic action. I now find that M. Tsabelle in his © Voyage &
Buenos Ayres,” has described closely similar beds on the Ttaquy and
Tbicuy (which enter the Urnguay some way north of the R. Negro)
and these beds include fragments of red decomposed true scorize har-
dened by zeolite, and of black retinite: wo have then here good evi-
dence of volcanic action during our tertiary period. Still farther
north, near S. Anna,* where the Parana makes a remarkable bend,
M. Bonpland found some singular amygdaloidal rocks, which perhaps
may belong to this same epoch. I may remark that, judging from
the size and well-rounded condition of the blocks of rock in the above-
described conglomerates, masses of primary formation probably existed
at this tertiary period above water: there is, also, according to M.
Tsabelle, much conglomerate further north, at Salto.

From whatever source and through whatever means the great
Pampean formation originated, we here have, I must repeat, unequi-
vocal evidence of a similar action at a period before that of the depo-
sition of the marine tertiary strata with extinct shells, at St. Fé and
P. Gorda. During, also, the deposition of these strata, we have in
the intercalated layers of red Pampean-like mud and tosca-rock, and in
the passage near S. Juan of the semi-crystalline limestones with agate
into tosea undistinguishable from that of the Pampas, evidence of the
same action, though continued only at intervals and in a feeble man-
ner. We have further seen that in this district, at a period not only
subsequent to the deposition of the tertiary strata, but to their up-
heavement and most extensive denudation, true Pampean mud with its
usual characters and including mammiferous remains, was deposited
round and between the hills or islets formed of these tertiary strata,
and over the whole eastern and low primary districts of Banda Ori-
ental.

Larthy mass, with extinet mammiferous vemains, over the porphy-
witic gravel at S. Julian, lat. 49° 14 S. in Patagonia.—This case,
* M. d'Orbigny, Voyag

Part. Géolog. p. 29.
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though not coming strictly under the Pampean formation, may be
conveniently given here. On the south side of the harbour, there is
a nearly level plain (mentioned in the first chapter) about seven miles
long, and three or four miles wide, estimated at ninety feet in height,
and bordered by perpendicular cliffs, of which a section is here repre-
sented.

No.16.—SECTION OF THE LOWEST PLAIN AT PORT S. JULTAN.

A A. Superficial bed of reddish earth, with the remains of the Macrauchenia, snd with
recent sca-shells on the surface.
B. Gravel of porphyritic rocks.
and D. Pumiceous mudstone. £ &
E and F. Sandstone and argillaceous beds. } Ancient tertiary formation.

The lower old tertiary strata (to be deseribed in the next chapter)
are covered by the nsual gravel bed; and this by an irregular earthy,
sometimes sandy mass, seldlom more than two or three feet in thick-
ness, except where it fills up furrows or gullies worn not only through
the underlying gravel, but even through the upper tertiary beds.
This earthy mass is of a pale reddish colour, like the less pure varie-
ties of Pampean mud in Banda Oriental ; it includes small ealcarcous
concretions, like those of tosca-rock but more arenaceous, and other
concretions of a greenish, indurated argillaceous substance: a few
pebbles, also, from the underlying gravel-hed are also included in it,
and these, being ionally arranged in horizontal lines, show that
the mass is of sub-aqueous origin. On the surface and embedded in
the superficial parts, there are numerous shells, partially retaining their
colours, of three or four of the now commonest littoral species.  Near
the bottom of one deep furrow (represented in the diagram), filled up
with this earthy deposit, I found a large part of the skeleton of the
Macrauchenia Patachonica, —a gigantic and most extraordinary
pachyderm, allied, according to Professor Owen, to the Paleeotherium,
but with affinities to the Ruminants, especially to the American
division of the Camelidze. Several of the vertebrz in a chain, and
nearly all the bones of one of the limbs, even to the smallest bones of
the foot, were embedded in their proper relative positions: hence the
skeleton was certainly united by its flesh or ligaments, when enveloped
in the mud. This earthy mass, with its concretions and mammife-
rous remains, filling up furrows in the underlying gravel, certainly
presents a very striking resemblance to some of the sections (for in-
stance, at P. Alta in B. Blanca, or at the Barrancas de S. Gregorio)
in the Pampean formation ; but I must believe that this resemblance
is only accidental. T suspect that the mud which at the present
day is accuniulating in deep and narrow gullies at the head of the
harbour, would, after elevation, present a very similar appearance.
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The southernmost part of the true Pampean formation, namely, on
the Colorado, lies 560 miles of latitude north of this point.*

With respect to the age of the Macrauchenia, the shells on the sur-
face prove that the mass in which the skeleton was enveloped has
been elevated above the sea within the recent period: I did not see
any of the shells embedded at a sufficient depth, to assure me (though
it be highly probable) that the whole thickness of the mass was con-
temporaneous with these individual specimens. That the Macrau-
chenia lived subsequently to the spreading out of the gravel on this
plain is certain; and that this gravel, at the height of ninety feet,
was spread out long after the existence of recent shells, is scarcely less
certain. For, it was shown in the first chapter, that this line of coast
has been upheaved with remarkable equability, and that over a vast
space both north and south of S. Julian, recent species of shells are
strewed on (or embedded in) the surface of the 250 feet plain, and of
the 350 feet plain up to a height of 400 feet. These wide step-
formed plains have been formed by the denuding action of the coast-
waves on the old tertiary strata; and therefore, when the surface of
the 350 feet plain, with the shells on it, first rose above the level of
the sea, the 250 feet plain did not exist, and its formation, as well as
the spreading out of the gravel on its summit, must have taken place
subsequently. So also the denudation and the gravel-covering of the
ninety feet plain must have taken place subsequently to the elevation
of the 250 feet plain, on which recent shells are also strewed. Hence
there cannot be any doubt that the Macrauchenia, which certainly
was entombed in a fresh state, and which must have been alive after
the spreading out of the gravel on the ninety feet plain, existed, not
only subsequently to the upraised shells on the surface of the 250 feet
plamn, but also to those on the 850 to 400 feet plain: these shells,
eight in number (namely, three species of Mytilus, two of Patella,
one Fusus, Voluta, and Balanus), are undoubtedly recent species, and
are the commonest kinds now living on this coast. At Punta Alta
in B. Blanca, I remarked how marvellous it was, that the Toxodon,
a mammifer so unlike to all known genera, should have co-existed
with twenty-three still living marine animals; and now we find that
the Macrauchenia, a quadruped only a little less anomalous than the
Toxodon, also co-existed with eight other still existing mollusca: it
should, moreover, be borne in mind, that a tooth of a pachydermatous
animal was found with the other remains at Punta Alta, which Pro-
fessor Owen thinks almost certainly belonged to the Macrauchenia,

Mr. Lyellt has arrived at a highly important conclusion with
respect to the age of the North American extinct mammifers, (many
of which are closely allied to, and even identical with, those of the
Pampean formation), namely that they lived subsequently to the period

* In the succeeding chapter I shall have to refer to a great deposit of extinct
mammiferous remains, lately discovered by Capt. Sulivan, R.N., at a point still
further south, namely at the R. Gallegos; theiv age must at present remain
doubtful.

+ Geologieal Proceedings, vol. iv. p. 36.
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when erratic boulders were transported by the agency of floating ice in
temperate latitudes. Now in the valley of the S. Cruz, only fifty miles of
latitude south of the spot where the Macrauchenia was entombed, vast
numbers of gigantie, angular boulders, which must have been trans-
ported from the Cordillera on icebergs, lie strewed on the plain, at
the height of 1400 feet above the level of the sea. In ascending to
this level, several step-formed plains must be crossed, all of which
have necessarily required long time for their formation; hence the
lowest or ninety feet plain, with its superficial bed containing the
remains of the Macrauchenia, must have been formed very long sub-
sequently to the period when the 1400 feet plain was beneath the
sea, and boulders were dropped on it from floating masses of ice.*
Mr. Lyell’s conclusion, therefore, is thus far confirmed in the southern
hemisphere; and it is the more important, as one is naturally tempted
to admit so simple an explanation, that it was the ice-period that
caused the extinction of the numerous great mammifers which so
lately swarmed over the two Americas.

" Summary and concluding remarks on the Pampean Formation.—
One of its most striking features is its great extent ; I passed con-
tinuously over it from the Colorado to St. Fé Bajada, a distance of
500 geographical miles; and M. d’Orbigny traced it for 250 miles
further north. Tn the latitude of the Plata, I examined this forma-
tion at intervals over an east and west line of 300 miles from Mal-
donado to the R. Carcarana; and M. d'Orbigny believes it extends
100 miles further inland : from Mr. Caldcleugh’s travels, however, T
should have thought that it had extended, south of the Cordovese
range, to near Mendoza, and [ may add that I heard of great bones
having been found high up the R. Quinto. Hence the area of the
Pampean formation, as remarked by M. d’Orbigny, is probably at
least equal to that of France, and perhaps twice or thrice as
great. In a basin, surrounded by gravel-cliff (at a height of nearly
8000 feet), south of Mendozn, there is, as deseribed in the third
chapter, a deposit very like the Pampean, interstratified with other
matter ; and again at S. Julian’s, in Patagonia, 560 miles south of
the Colorado, a small irregular bed of a nearly similar nature con-
tains, as we have just seen, mammiferous remains. In the provinces
of Moxos and Chiquites (1000 miles northward of the Pampas), and
in Bolivia, at a height of 4000 metres, M. d'Orbigny has described
similar deposits, which he believes to have been formed by the same
agency contemporaneously with the Pampean formation. ~ Consider-
ing the immense distances between these several pointe, and their
different. heights, it appears to me infinitely more probable, that this
similarity has resulted not from contemporaneousness of origin, but

* [t must not be inferred from these remarks, that the ice-action ceased in S.
America at this comparatively ancient period ; for in Tierra del Fuego, boulders
were probably transported P ly with, if not quently to, the
formation of the minety feet plain at S. Julian, and at other parts of the coast of
Patagonia,

H
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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 gneisslc_mcks, and
we shall hereafter see, over how great a length the plutonic rocks of
the Cordillera, the overlying purple porphyries, and the trachytic
ejections, are almost identical in nature. ;

Three theories on the origin of the Pampean formation have been
propounded :—First, 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 not
divided into distinct and separate strata, yet we have seen that in
one good section it was striped with horizontal zones of colour, and
that in several specified places the upper and lower parts differed, not
only considerably in colour, but greatly in constitution. 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 in the quantity of included ecalcareous 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 unmited into
irregular strata: surely, if the mud had been tumultuously deposited
in mass, the included calcareons matter would have segregated 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 prodigious
amount of mud, without a single pebble, is supposed to have been
borne over the wide surface of the Pampas, when under water: on
the other hand, over the whole of Patagonia, the same or another
debacle is supposed to have borne nothing but gravel,—the gravel
and the fine mud in the neighbourhood of the Rios Negro and Colo-
rado having been borne to an equal distance from the Cordillera, or
imagined lime of disturbance: assuredly directly opposite effects
onght not to be attributed to the same agency. Where, again, could
a mass of fine sediment, charged 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, ready
to be transported by the supposed debacle? To my mind it is little
short of demonstration, that a great lapse of time was necessary for
the production and deposition of the enormous amount of mud-like
matter forming the Pampas; nor should I have noticed the theory
of a debacle, had it not been adduced by a naturalist so eminent
as M. d'Orbigny.

A second theory, 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. Ier-
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 extinct 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-
phical considerations. From the numerous shells of the Azara
labiata lying loose on the surface of the plains, and near Buenos
Ayres embedded in the tosca-rock, we know that this formation not
only 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 fragments of shells, corals, and polythalamia ; these perhaps
may have been 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 concretions of tosca-rock are often penctrated 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 furst origin of the reddish mud, T will only
remark, that the enormous area of Brazil consists in chief part of
gneissic and other granitic rocks, which have suffered decomposition,
and been converted into a red, gritty, argillaceous mass, to a greater

* Tt is almost superfluous to give the numerous cases (for iustance in Sumatra ;
Lyell's Principles, vol. iii. p. 825, sixth edit.), of the carcasses of auimals having
been washed out to sea by swollen rivers ; but I may refer to a recent account by
Mr. Bettington (Asiatic Scc. 1845, June 21st), 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,

H 2

The Complete Work of Charles Darwin Online



100 PAMPEAN FORMATION, [cHa®. 1v.

depth than in any other country which I have seen. The mixture
of rounded grains, and even of small fragments and pebbles of quartz,
in the Pampean mud of Banda Oriental, is evidently due to the neigh-
bouring and underlying primary rocks, The estuary mud was drifted
during the Pampean pericil in a muel more southerly course, owing
probably to the east and west primary ridges south of the Plata not
having been then elevated, than the mud of the Plata at present is ;
for it was formerly deposited as far south as the Colorado. The
quantity of calcareous matter in this formation, especially in those
large districts where the whole mass passes into tosea-rock, is very
great : I have already remarked on the close resemblance in external
and microscopical appearance, between this tosca-rock and the strata
at Coquimbo, which have certainly resulted from the decay and
attrition of recent shells:* I dare not, however, extend this conclu-
sion to the calcareons rocks of the Pampas, more especially as the
underlying tertiary strata in Western Banda Oriental, show that
at that period there was a copious emission of carbonate of lime, in
connection with voleanic action. :

The Pampean formation, judging from its similar composition, and
from the apparent absolute specific identity of some of its mammi-
ferous remains, and from the generic resemblance of others, belongs
over its vast area—throughout Banda Oriental, Entre Rios, and the
wide extent of the Pampas as far south as the Colorado,—to the same
geological epoch. The mammiferous remains oceur at all depths from
the top to the bottom of the deposit; and I may add that nowhere
in the Pampas is there any appearance of much superficial denuda-
tion: some bones which I found near the Guardia del Monte were
embedded close to the surface; and this appears to have been the
case with many of those discovered in Banda Oriental: on the Ma-
tanzas, twenty miles south of B. Ayres, a Glyptodon was embedded
five feet beneath the surface; numerous remams were found by S.
Muniz, near Luxan, at an average depth of eighteen feet ; in Buenos
Ayres a skeleton was disinterred at sixty feet depth, and on the Pa-
rana I have deseribed two skeletons of the Mastodon only five or six
feet above the very base of the deposit. With respeet to the age
of this formation, as judged of Dy the ordinary standard of the ex-
istence of mollusea, the only evidence within the limits of the true
Pampas, which is at all trustworthy, is afforded by the still living
Azara labiata being embedded in tosca-rock near Buenos Ayres.

* T may add, that thero are nearly similar superficial calcareous beds at King
George’s Sound in Australia ; and these undoubtedly have been found by the dis-
integration of marine remains (see Volcanic Islands, &c. p. 144). There is,
S, very in the freq of superficial, thin beds of
earthy caleareous matter, in districts where the surrounding rocks are not calca-
reous. Major Charters, in a Paper read before the Geographical Society (April
13th, 1840, and abstracted in the Athenzum, p. 317), states that this is the case in
parts of Mexico, and that be has observed similar appearances in many parts of
South Africa. The circumstance of the uppermost stratum round the rugged
Sierra Ventans, consisting of calcareous or morly matter, without any covering of
alluvia] matter, strikes me as very singular, in whatever manner we view the de-
position and elavation of the Pampean formation.
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At P, Alta, however, we have seen that several of the extinct 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 appearance tham the bomes; 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 n a
condition allowing the two sides to be doubled together, it must

dly 4 d that these 1 Temains 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, conclude that the Pampean formation belongs, in the ordi-
nary geological sense of the word, to the Recent Period.*

At St. Fé 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 coneretionary layer of marl
marked a passage between the marine and estuary stages. M.
d’Orbigny disputes this view (as given in my Journal), and I admit
that it is erroncous, though in some degree excusable, from their con=
formability and from both abounding with calcareous matter. [t
would, indeed, bave been a great anomaly if there had been a true
passage between a deposit contemporaneous with existing speeies of
mollusea, and one in which all the mollusca appear to be extinet.
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, dves not appear to me quite
satisfactory.

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

* M, d'Orbigny belioves (Voyage, Part, Géolog. p. 81) that this formation,
though, * trés yoisine de la ndtre, est néanmoins de beaucoup anterieure i nétre
création.”"
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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 volcanic action. At the Barrancas de S. Gregorio,
the Pampean deposit, as we have scen, overlies and fills up furrows
in coarse sand, precisely like that now accumulating on the shores near
the mouth of the Plata. I 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 trusted, in which, at a height of
only fifteen feet above the Plata, a bed of fresh-looking mussels, of an
existing littoral species, appeared to lie between the sand and the
Pampean mud, I should conclude that Banda Oriental mnst have stood,
when the coarse sand was accumulating, at only a little below its
present level, and had then subsided, allowing the estuary Pampean
mud to cover far and wide its surface up to a height 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 unequivoeal 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 extinct. 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 estmary
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 equivalent perhaps 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. dOrbigny, it is
not covered by the Pampean deposit,—and Brazil, as known by the
remaing 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. Fé 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, chffs, 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 had already 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
bounes having been accumulated at one spot, where M. Hermoso now
stands, at a depth of between 800 and 1000 feet, and at a wvast
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-
porting mammiferous animals, At Punta Alta we have good evi-
dence that the gravel-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 numerous than they wereat P. Alta ; the number,
however, lately found by Sefior F. Muniz, near Luxan, in a central
gpot in ‘the Pampas, is extraordinarily great: at the end of this
clmpter 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 perfect skeletons; but there are, also, numerous single
bones, as for instance at St. Fé. Their E-tﬂ,te 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 white 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 11{:31:15
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? TFrom the remarkable discoveries of MM. Lund and Clau-
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 li:tle doubt that this Mastodon must have lived on the plains
and valleys of that great range. These countiies, 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 thercfore, 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. Tlermoso 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 extinet quadrupeds, I will not repeat the
facts given in my Journal (second edit. p. 85), showing that there
is no correlation between the luxuriance of the vegetation of a country
and the size of its mammiferous inhabitants. 1 do 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 plaing
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 extinction, 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 extinct genera, and some even to extinet
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 inhabiting
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
bas been found in Quite, When at Lima, I saw a tooth of a Mastodon in the pos-
session of Don M. Rivero, found at Playa Chica on the Maranon, near the
Guallaga. Every one has heard of the numerous remaias of Mastodon in Bolivia,
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ox, likewise co-existed with numerous land, fresh- water, and marine
recent shells.*  The enumeration of these extinct North American
animals naturally lends me to refer to the former closer relation of the
mammiferous inhabitants of the two Americas, which I have dis-
cussed in my Journal, and likewise to the vast extent of country over
which some of them ranged: thus the same species of the fega-
theriwm, Megalonyz, Bquus (as far as the state of their remains per-
mits of identification), extended from the Southern United States of
North America to Bahia Blanca, in lat. 89° S., on the ccast of
Patagonia. Tlhe fact of these animals having inhabited tropical and
temperate regions, does not appear to me any great difficulty, seeing
that at the Cape of Good Hope several quadrupeds, such as the
elephant and hippopotamus, range from the equator to lat. 35° south.
The case of the Meastodon Andium is one of more difficulty, for it is
found from lat. 36° S., over, as I have reason to believe, nearly the
whole of Brazil, aud up the Cordillera, to regions which, according
to M. d'Orbigny, border on perpetual snow, and which are almost
destitute of vegetation: undoubtedly the climate of the Cordillera
must have been different when the mastodon inhabited it; but we
should not forget the case of the Siberian mammoth and rhinoceros,
as showing how severe a climate the larger pachydermata can endure;
nor overlovle the fact of the gnanaco ranging at the present day
over the hot low deserts of Peru, the lofty pinnacles of the Cor-
dillera, and the damp forest-clad land of Southern Tierra del Fuego ;
the puma, also, is found from the equator to the Strait of Magellan,
and I have seen its footsteps only a little below the limits of perpe-
tual snow in the Cordillera of Chile,

At the period, so recent in a geolagical sense, when these extinet
mammifers existed, the two Americas must have swarmed with
quadrupeds, many of them of gigantic size; for, besides those more
particularly referred to in this chapter, we must include in this same
period those wonderfully numerous remains, some few of them
pecifically, and others gencrically related to those of the Pampas,
discovered by MM, Lund and Clausen in the caves of Brazil. Finally,
the facts liere given show how cautious we ought to be in judging of
the antiquity of a formation from even a great amount of difference
between the extinct and living species in any one class of animals;—
we ought even to be cautious in accepting the general proposition,
that change in organic forms and lapse of time are at all, necessarily,
correlatives.

» Many original observations, and a summary on this subject, are given in
Mr. Lyell's paper in the Geolog. Proc. vol. iv. p. 8, and in his Travels i North
America, vol. i. p. 164, and vol. ii. p. 60. For the European analogous cases, seo
Mr. Lyell's Principles of Geology (6th edit.) vol. i. p. 137,
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Localities within the region of the Pampas where great bones have been found.

The following list, which includes every account which I have hitherto met with
of the discovery of fossil mammiferous remains in the Pampas, may be hereafter
useful to a geologist investigating this region, and it tends to show their extra-
ordinary abundance. 1 heard of and saw many fossils, the original position of
which I could not ascertain; and I received many statements too vague to b here
inserted. Beginning to the south:—we have the two stations in Bahia Blanca,
described in this chapter, where, at P. Alta, the Megatherium, Megalonyx, Sceli-
dotherium, Myladon, Holophractus (or an allied genus), Tosodon, Macrauchenia,
and an Equus were collected ; and at M. Hermoso a Ctenomys, Hydrochzrus,
some other rodents and the bones of a great megatheroid quadruped. Close north-
east of the S. Tapalguen, we have the Rio ** Huesos” (i. e. bones), which pro-
bably takes its name from large fossil bones. Near Villa Nuevo, and at Las
Averias, not far from the Salado, three nearly perfect skeletons, one of the Mega-
therium, o of the Glypfodon clavipes, and one of some great Dasypoid qua-
druped, were found by the agent of Sir W. Parish (see his work Buenos Ayras,
&e.p. 171). I have seen the tooth of a Mastodon from the Salado ; alittle north-
ward of this river, on the borders of a lake near the G. del Monte, I saw many
bones, and one large piece of dermal armour; higher up the Salado, there is a
place called Monte ¢ Huesos.” On the Matanzas, about twenty miles south of
Buenos Ayres, the skeleton (vide p. 178, of Buenos Ayres, &e. by Sir W. Parish)
of a Glyptodon was found about five feet beneath the surface; here also (see Cat.
of Royal College of Surgeons) remaius of Glyptodon clavipes, G. ornatus, and
Q. reficulatus were found. Signor Angelis, in a letter which I have seen, refers
to some great remains found in Buenos Ayres, at a depth of twenty varas from the
surface, Seven leagues north of this city the same author found' the skeletons of
Mylodon robustus and Glyptodon ornafus. From this neighbourhood he has
lately sent to the British Museum the following fossils : — Remains of three
or four individuals of Megatherium ; of three species of Glyptodon ; of three in-
dividuals of the Mastodon andium; of Macrauchenia; of a second species of
Toxodon, different from T. platensis; and lastly, of the Machairodus, a wonder-
ful large carnivorous animal. M. d'Orbigny has lately received from the Recos
late (Voyage, Pal, p. 144), near B. Ayres, a looth of Tozodon platensis.

Proceading nortbward, along the west bank of the Parana, we come to the Rio
Luxan, where two skeletons of the Megatherium bave been found; and lately,
within eight leagues of the town of Luxan, Dr. F. X. Muniz bas collected (British
Packet, Buenos Ayres, September 25th, 1841), from an average depth of eighteen
feet, very numerous remains, of no less than, as he believes, nine distinct species of
mammifers, At Areco, large bones have been found, which are believed, by the
inhabitants, to have been changed fiom small bones, by the water of the river !
At Arrecifes, the Glyptodon, sent to the College of Surgeons, was found ; and T
have seen two teeth of a Mastodon fiom this quarter. At S. Nicolas, M. d’Or-
bigny found remains of a Canis, Ctenomys, and Kerodon ; and M. Tsabelle (p. 332,
Voyage) refers to a gizantic Armadillo found there. At S. Carlos, I heard of
great hones. A little below the mouth of the Carcarana, the two skeletons of
DMastodon were found ; on the bauks of this river, near 8. Miguel, I found teeth of
the Mastodon and Toxodon ; and Falkner (p. 55) describes the oSseous armour of
some great animal ; I heard of many other bones in this neighbourhood. I have
seen, T may add, in the jon of Mr. Caldeleugl, the tooth of a Mastod
andium, said to Liave been found in Paraguay; I may Lere also refer to a state-
ment in this gentleman’s travels (vol. i. p. 48), of a great skeleton having been
found in the province of Bolivia in Brazil, on the R. de las Contas. The farthest
point westward in the Pampas, at which 1 have keard of fossil bones, was high up
on the banks of the R. Quinto.

In Eotre Rios, besides the remains of ths Mastodon, Toxodon, Equus, and a
great Dasypoid quadruped near St. Fé Bajada, I received an account of bones
having been found a little S.E. of P, Gorda (on the Parana), and of an entire
skeleton at Matanzas, on the Arroyo del Animol.
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In Banda Oriental, besides the remains of the Toxodon, Mylodon, and two
skeletons of great animals with osseous armour (distinct from thit of the Glypto-
don), found on the Arroyos Sarandis and Berquelo, M. Isabelle (Voyage, p. 522)
says, many bones have been found near the R. Negro, and on the K. Arapey, an
affluent of the Paraguay, in lat, 30° 40’ south, I heard of bones near the source
of the A. Vivoras. I saw the remains of a Dasypoid quadruped from the Arroyo
Seco, close to M. Video; and M. d'Orbigny refers (Voyage, Géolog. p.24) to
another found on the Pedernal, an afiuent of the St. Lucia; and Signor Angelis,
in a letfer, states that a third skeleton of this family bas been found near Cane~
lones. 1 saw a tooth of the Mastodon from Talas, another affluent of the St. Lucia.
The most eastern point at which I beard of great bones baving been found, was
at Solis Grande, between M. Video and Maldonado.
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CHAPTER V.

ON THE OLDER TERTIARY FORMATIONS OF PATAGONIA
. AND CHILE.

Rio Negro—S. Josef—Port Desire, white p
Port 8. Julion—Santa Cruz, basaltic tava of—P. quJegas—Eus!em Tierra
del Fuego; leaves of extinot beech frees— Summary on ihe Patagonian
tertiary formations—Tertiary formations of the Western Coast—Chonos
and Chiloe groups, volcanic rocks of — Concepeion—Navidad—Coguimbo—
Summary—dge of the tertiary formations—Lines of elevation— Silicified
wood—Comparative ranges of the extinct and living moliusca on the West
Coast of 8. America— Climate of the tertiary period—On the causes of the
absence of recent conchiferous deposits on the coasts of S. America—On the

deposition an ion of sedi ions.

Rio Negro.—I can add little to the details given by M. d’Orbigny*
on the sandstone formation of this district. The cliffs to the south
of the river are about 200 feet in height. and are composed of sand-
stone of various tints and degrees of hardness. One layer, which
thinned out at both ends, consisted of earthy matter, of a pale red-
dish colour, with some gypsum, and very like (I speak after compa-
rison of the specimens brought home) Pampean mud: above this
there was a layer of compact marly rock with dendritic mangancse.
Many blocks of a congl te of pumice-pebbl bedded in hard
sandstone were strewed at the foot of the clllf, and had evidently
fallen from above. A few miles N.E. of the town, I found,
low down in the sandstone, a bed, a few inches in thickness, of a
white, friable, harsh-feeling sediment, which adheres to the tongue,
is of easy fusibility, and of little specific gravity; examined under
the microscope, it is seen to be pumiceous tuff, formed of broken
transparent crystals. In the cliffs south of the river, there is, also,
a thin layer of nearly similar nature, but finer grained, and not so
white ; it might easily have heen mistaken for a calcareous tuff, but
it contains no lime : this substance precisely resembles a most widely
extended and thick formation in southern Patagonia, hereafter to be
described, and which is remarkable for being partially formed of infu-
soria. These beds, conjointly with the conglomerate of pumice, are
interesting, as showing the nature of the voleanic action in the Cor-
dillera during this old tertiary period.

* Vogage (Part. Géolog.) p, 57 to 65,
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In a bed at the base of the southern cliffs, M. d'Orbigny found
two extinct fresh-water shells, namely, a Unio and Chilina. This
bed rested on one with bones of an extinct 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. Fé, and whole coast Pal. (also St. Fé and S. Josef).
of Patagonia). 4, Pecten Patngoniensis, do.
2. Ostrea Ferrarisi, do. 5. Venus Munsterii, do. (also St. F¢).

6. Arca Bonplandiana, do. (do.)

According to M. d'Orbigny, the sandstone extends westward along
the coast as far as Port 8. 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 conmected with it only
by the one thin white layer: this difference may be reasonably attri-
buted to the sediment bronght down in ancient times by the Rio
Negro; by which ageney, also, 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 calcareous cement and no-
dules of gypsum, is probably, from the reasons given im 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 calearcous, muddy sandstone, parts of which when
struck emit a fetid smell. In this bed the great Ostrea Patagonica,
often marked with dendritic and small 1li were
extraordinarily numerous. I found here the following shells :—

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

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

3. Pecten Paranensis, d’Orbig. V. Pal., and PL 1IL f. 30 of this work (also
St. Fé, 8. Julian, and Port Desire).

4. Pecten Darwinianus, d’Orbig. V. Pal., and PL IIL f. 28 and 29 (also St. Fé).

5. Pecten actinodes, G. B. Sow., PL. 1IL f. 33.

6. Terebratula Patagonica, G. B. Sow., PL. II. 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-
ferous mass, there is a stratum of very fine-grained, pale brown
mudstone, including numerous laminz of selenite. All the strata
appear horizontal, but, when followed by the eye for a long distance,
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they are seen to have a small easterly dip. On the surface we have
the porphyritic gravel, and on it sand with recent shells.

Nuevo Gulf—From specimens and notes given me by Lieut.
Stokes, it appears that the lower bed consists of soft muddy sand-
stone, like that of S. Josef, with many imperfect shells, including
the Pecten Paranensis, d'Orbig., casts of a Turritella and Scutella.
On this there are two strata of the pale brown mudstone, also like
that of . Josef, separated by a darker coloured, more argillaceous
variety, including the Ostrea Patagonica. Prof. Ehrenberg has
examined this mudstone for me: le finds in it three already known
microscopic organisms, enveloped in a fine-grained pumiceous tuff,
which I shall have immediately to describe in detail. Specimens
brought to me from the uppermost bed, north of the Rio Clupat,
consist of this same substance, but of a whiter colour.

Tertiary strata, such as are here described, appear to extend along
the whole coast between the Rio Chupat and Port Desire, except
where interrupted by the underlying claystone porphyry, and by
some metamorphic rocks; these hard rocks, I may add, are found at
intervals over a space of about five degrees of latitude, from Point
Union to a point between Port 8. Julian and S. Cruz, and will be
described in the ensuing chapter. Many gigantic specimens of the
Ostroa Patagonica were collected in the Gulf of St. George.

Port Desire—A good section of the lowest fossiliferous mass,
about forty feet in thickness, resting on claystone porphyry, is ex-
hibited a few miles south of the harbour. The shells sufficiently
perfect to be recognised consist of,

Ostrea Patagonica, d’Orbig. (also at St. Fé and whole coast of Patagonia).

Pecten Paranensis, d’Orbig. Voy. Pal., and PL III. £. 30 of this work (also
at St. Fé, 8, Josef, 8. Julian),

Pecten centralis, G. B. Sower., PL 1IL f. 31 (also S. Julian and 8. Cruz).

Cucull®a alta, do., P II. f. 22, 23 (also 8. Cruz).

Nucula ornata, do,, P 1I. f. 19.

Turritella Patagonica, do., PL TLL. f. 48.

opE® e

The fossiliferous strata, where not denuded, are conformably
covered by a considerable thickness of the fine-grained pumiceous
mudstone, divided into two masses: the lower half is very fine-
grained, slightly unctuous, and so compact as to break with a semi-
conchoidal fracture, though yielding to the mail; it includes lamine
of selenite : the upper half precisely resembles the one layer at the
Rio Negro, and, with the exception of being whiter, the upper beds
at San Josef and Nuevo Gulf. In neither mass is there any trace to
the naked eye of organic forms. Taking the entire deposit, it is
generally quite white, or yellowish, or feebly tinted with green ; it is
either almost friable under the finger, or as hard as chalk ; it is of
easy fusibility, of little specific gravity, is not harsh to the touch,
adheres to the tongue, and when breathed on eshales a strong alumi-
mnous odour; it sometimes contains a very little caleareous matter, and
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traces (besides the included lamine) of gypsum. Under the mi-
croscope, aceording 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. Ehrenberg recognises
organic structures, which have been affected by voleanic 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 ining speci under microscope,
and comparing them with other specimens undoubtedly of volcanic
origin, I had come to the same conclusion with Prof. Ehrenberg,
namely, that this great deposit, in its first origin, is of volcanie
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. — EECTION OF THE STRATA EXHIBITED IN THE CLIFFS OF THE
0-FEET PLAIN AT PORT S. 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 denudation) with the white pumiccous 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 _tha.t
place, including much selenite; 4th, a fossiliferous mass, divided
into three main beds, of which the uppermost is thin, and consists of
ferruginous sandstone, with many shells of the great oyster and
Pecten Paranensis ; the middle bed (E) is a yellowish earthy sand-
stone abounding with scutelle ; and the lowest bed (') is an indu-
rated, greenish, sandy clay, including large concretions of calcareous
sandstone, many shells of the great oyster, and in parts almost made

of fragments of Balanidee. Out of these three beds, T procured
the following twelve species, of which the two first were exceedingly

* Monatsherichten der Konig. Akad. zu Berlin, vom April, 1845.
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numerous in individuals, as were the Terebratule and Turritelle in
certain layers :— .
1. Ostrea Patagonica, d'Orb. Voyage Pal. (also at St. Fé and whale coast of
Patagonia)- ;
Pecten Paranensis, d’Otbig. do., and PL IIT. . 30 of this work (St. Fé,
S. Josef, Port Desire). ;
3. Pecten centralis, G, B. Sower., P1. TIL. f. 31 (also P. Desire and 8, Cruz).
1. Pecten geminatus, do., PL. L. F. 24.
5. Terebratula Patagonica, do., PI. 1L. f. 26 and 27 (also S. Josef).
* 6. Struthiolaria ornata, do., PL. 1V. f. 62 (also S. Cruz).
7. Fusus Patagonicus, do., Pl IV. f. 60.
8. Fusus Noachinus, do., P1. IV, f. 58 and 59.
9. Scalaria rugulosa, do., PL 1IL f. 42 and 43,
10, Turritella ambulscrum, do., P1. I11. f. 49 (also 8. Cruz).
11. Pyrula, cast of, like P. ventricosa of Sower., Tank Cat.
12. Balanus varians, G. B. Sower., PL. IL f. 4, 5, 6.
13. Scutella, differing from the species from Nuevo Gulf.

2

At the head of the inner harbour of P. S. Julian, the fussiliferous
mass is not displayed, and the sea-cliffs from the water’s edge to a
height of between 100 and 200 feet are formed of the white pu-
miceous mudstone, which here includes inmumerable, far-extended,
sometimes horizontal, sometimes inclined or vertical laminz of trans-
parent gypsam, often about an inch in thickness. Further inland,
with the exception of the superficial gravel, the whole thickness of
the truncated hills, which represent a formerly continuous plain 950
feet in height, appears to be formed of this white mudstone: here
and there, however, at various heights, thin earthy layers, containing
the great oyster, Pecten Paranensis and Twrritella ambulacrum,
are interstratified ; thus showing that the whole mass belongs to the
same epoch. I nowhere found even a fragment of a shell actually
in the white deposit, and only a single cast of a Turritella. Out of
the eighteen mieroscopic organisms discovered by Ehrenberg in the
specimens from this place, ten are common to the same deposit at
Port Desire, I may add that specimens of this white mudstone,
with the same identical characters were brought me from two points,
— one twenty miles north of S. Julian, where a wide gravel-capped
plain, 350 feet in height, is thus composed ; and the other forty
miles south of 8. Julian, where, on the old charts, the cliffs are
marked as “ Chalk Hills.”

Santa Cruz.—The gravel-capped cliffs at the month of the river
are 355 feet in height: the lower part, to a thickness of fifty or
sixty feet, consists of a nore or less hardened, darkish, muddy or
argillaceous sandstone (like the lowest bed of Port Desire), con-
taining very many shells, some silicified and some converted into
yellow calcareous spar. The great oyster is here numerous in layers ;
the Trigonocelia and Turritella are also very numerons: it is remark-
able that the Pecten Paranensis, so common in all other parts of the
coast, is here absent : the shells consist of,

1. Ostrea Patagonica, d'Orbig. Voyage Pal. (also at St. F& and whole cast of
Patngonia).
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2. Pecten centralis, G. B. Sowerby, Pl IIL f. 81 (also P. Desire and §.
Julian).

3. Venus meridionalis of G, B, Sowerby,Pl II. £. 13.

4. Crassatella Lyellii, do. PI. II. f. 10,

5. Cardium puelchum, do. PI I1. f. 15.

6. Cardita Patagonica, do. PL. 1L £. 17.

7. Mactra rugata, do. PL. IT. f. 8.

8. Mactra Darwinii, do. Pl II.

9. Cucullea alta, da. PL TL f. (alsn P. Desire).

10, Trigonocelia insolita, do. PI. II. f. 20, 2!

11. Nucula (?) glabra, do. P1. IL . 18.

12. Crepidula gregaria, do. PI. 1L f. 34.

13. Voluta alta, do. P1. IV. f. 75.

14. Trochus collaris, do. PI. TIL. f, 44, 45.

15. Natica solida (1), do. P1. 111 £. 40, 41.

16. Struthiolaria ornata, do. P1. LV. f. 62 (also P. Desire).

17. Tunitella ambulacrum, do. P1. T1L. f. 49 (also P. S. Julian).
TImperfect fragments of the genera Byssoarca, Artemis, and Fusus.

The upper part of the cliff is generally divided into three great
strata, differing slightly in composition, but essentially resembling the
pumiceous mudstone of the places farther north; the deposit, how-
ever, here is more arenaceous, of greater specific gravity, and not so
white : it is interlaced with numerous thin veins, partially or quite
filled with transverse fibres of gypsum ; these fibres where too short
to reach across the vein, have their extremities curved or bent: in
the same veins with the gypsum, and likewise in separate veins as
well as in little nests, there is much powdery sulphate of magnesia
(as ascertained Dy Mr. Reeks) in an uncompressed form: I believe
that this salt has not heretofore been found in veins. Of the three
beds, the central one is the most compact, and more like ordinary
sandstone : it includes flattened spherical concretions, often
united like a necklace, composed of hard calcareous sandstone, contain-
ing a few shells : some of these concretions were four feet in diameter,
and in a horizontal line nine feet apart, showing that the calcareous
matter must havebeen drawn to the centres of attraction, from a distance
of four feet and a half on both sides. In the upper and lower finer-
grained strata, there were other concretions of a grey colour, con-
taining calcareous matter, and so fine-grained and compact, as almost
to resemble porcelain-rock : I have seen exactly similar concretions in
a voleanic tufaceous bed in Chiloe. Although in this upper fine-
grained strata, organic remains were very rare, yet I noticed a few
of the great oyster; and in one included soft ferruginous layer, there
were some specimens of the Cucullwa alta (found at Port Desire in
the Jower fossiliferous mass) and of the Mactra rugata, which latter
shell has been partially converted into gypsum.

In ascending the valley of the S. Cruz, the upper strata of the
coast-cliffs are prolonged, with nearly the same characters, for fifty
miles: at about this point, they begin in the most gradnal and
scarcely perceptible manner, to be banded with white lines; and after
ascending ten miles further, we meet with distinct thin layers of
whitish, greenish, and yellowish fine-grained, fusible sediments. At

1
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eighty miles from the coast,* in a cliff thus composed, there were
afew layers of ferruginous €andstone, and of an argillaceous sand-
stone with concretions of marl like those in the Pampas. At 100
miles from the coast, that is at a central point between the Atlantic
and the Cordillera, we have the following section.

No. 18.—SECTION OF THE PLAINS OF PATAGONIA, ON THE BANKS
OF THE S. CRUZ

Surface of plain with erratic boulders; 1416 ft. aboye the sea.

212 fi. thick. Gravel and Boulders

822 ft. th Tacaltic lava.

Sedimentary Jayers.

502 [1. thick.
Bed of small pebibles.

Talus.

River of 8. Cruz; here 280 ft. above sea.

The upper half of the sedimentary mass, under the basaltic lava, con-
sists of innumerable zones of perfectly white, bright green, yellowish
and brownish, fine-grained, imes incoherent, sedi Ty matter.
The white, pumiceous, trachytic tuff-like varieties are of rather greater
specific gravity than the pumiceous mudstone on the coast to the north:
some of the layers, especially the browner ones, are coarser, so that the
broken crystals are distingnishable with a weak lens. The layers
vary in character in short dist With the ption of a few
of the Ostrea Patagowica, which appeared to have rolled down from
the cliff above, no organic remains were found. The chief dif-
ference between these layers taken as a whole, and the upper beds
both at the mouth of the river and on the coast northward, seems to
lie in the occasional presence of more colouring matter, and in the
supply having been intermittent; these characters, as we have seen,
very gradually disappear in descending the valley, and this fact may
perhaps be accounted for, by the currents of a more open sea having
blended together the sediment from a distant and intermittent source.

The coloured layers in the foregoing section rest on a mass, appa-
rently of great thickucss (but much hidden by the talus), of soft

* At this spot, for a space of three quarters of a mile along the north side of
the river, and for a width of half a mile, there has been a great slip, which has
formed hills between 60 and 70 feet in height, and has tilted the strata into
highly inelined and even vertical positions. The strata generally dipped at an
angle of 45° towards the cliff from which they had slided. 1 have ebserved in
slips, both on a small and large scale, that this inward dip is very general. Is it
due to the hydrostatic pressure of water poreolating with difficulty through the
strata, acting with greater force at the base of the mass than against the upper
part !
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sandstone, almost composed of minute pebbles, from one-tenth to
two-tenths of an inch in diamoeter, of therocks (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 included within the upper escarpments,
is formed, as seen on the banks of the river, of a mnearly similar but
finer-grained, more earthy, laminated sandstone, alternating with
argillaceous 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-
gonian 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, T 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 amygdaloidal ; it is never highly vesicular, except on the
sides of rents and on the upper and lower, spherically laminated sur-
faces. It is often columnar; and in ome place T 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. Moreover, at the lowest point
down the valley, where the streams thin out and terminate in irre-
gular projections, the spaces or intervals between these projections,
are 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. Ience 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

* T 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,

12
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consists of two, three, or perhaps more streams, divided from each other
by vesicular spheroids, like those on the surface. From the streams
having, as it appears, extended to different distances, the terminal
points arevof unequal heights. Generally the surface of the basalt is
smooth ; but in one part high up the valley, it was so uneven and
hummocky, that until I afterwards saw the streams extending
continuously on botl sides of the valley up to a height of about
3,000 feet close to the Cordillera, I thought that the craters of
eruption were probably close at hand. This hummocky surface I
Delieve to have been caused by the crossing and heaping up of diffe-
rent streams. In one place, there were several rounded ridges about
twenty feet in height, some of them as broad as high, and some
broader, which certainly had been formed whilst the lava was fluid,
for in transverse sections, each ridge was seen to be concentrically
laminated, and to be composed of imperfect columns radiating from
common centres, like the spokes of wheels,

The basaltic mass where first met with is, as I have said, 130 feet
in thickness, and, thirty-five miles higher up the valley, it increases
to 322 feet. In the first fourteen and a half miles of this distance,
the upper surface of the lava, judging from three measurements taken
above the level of the river, (of which the apparently very uniform
inclination has been calculated from its total height at a point 135
miles from the mouth) slopes towards the Atlantic at an angle of only
0° 7" 20”: this must be considered only as an approximate measure-
ment, but it cannot be far wrong. Taking the whole thirty-five
miles, the upper surface slopes at an angle of 0° 10’ 53''; but this
result is of no value in showing the inclination of any one stream, for
half way between the two points of measurement, the surface suddenly
rises between 100 and 200 feet, apparently cansed by some of the
uppermost streams having extended thus far and no farther. From
the measurements made at these two points, thirty-five miles apart,
the mean inclination of the sedimentary beds, over which the lava has
flowed, is mow (after elevation from under the sea) only 0°7' 52"
for the sake of comparison, it may be mentioned that the bottom of
the present sea in a line from the mouth of the 8. Cruz to the Falk-
land Islands, from a depth of seventeen fathoms to a depth of eighty-
five fathoms, declines at an angle of 0° 1’ 22”; between the beach
and the depth of seventeen fathoms, the slope is greater. From a
point about balf-way up the valley, the basaltic mass rises more
abruptly towards the foot of the Cordillera, namely, from a height of
1,204 feet, to about 3,000 feet above the sea.

This great deluge of lava is worthy, in its dimensions, of the great
continent to which it belongs. The aggregate streams have flowed
from the Cordillera to a distance (unparalleled, I believe, in any case
yet known) of about 100 geographical miles. Near their furthest
extremity their total thickness is 130 feet, which increase thirty-five
miles farther inland, as we have just seen, to 322 feet. The least
inclination given by M. E. de Beaumont of the upper surface of a
lava stream, namely, 0° 30/, is that of the great suba&rial eruption in
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1783 from Skaptar Jukul in Teeland ; and M. E. de Beaumont shows*
that it must have flowed down a mean inclination of less than 0° 20'.
But we now see that under the pressure of the sea, successive streams
have flowed over a smooth bottom with a mean inclination not more
than 0° 7/ 52"; and that the upper surface of the terminal portion
(over a space of fourteen and a half miles) has an inclination of not
more than 0% 7' 20", If the elevation of Patagonia has been greater
nearer the Cordillera, than near the Atlantic (as is probable), then
these angles are now all too large. T must repeat, that although the
foregoing measurements, which were all carefully taken with the
barometer, may not be absolutely correct, they cannot be widely
erroneous.

Southward of the S. Cruz, the cliffs of the 840 feet plain extend to
Coy Inlet, and owing to the naked patches of the white sediment,
they are said on the charts to be * like the coast of Kent.” At Coy
Inlet the high plain trends inland, leaving flat-topped outliers, At
Port Gallegos (lat. 51° 35, and ninety miles south of 8. Cruz), I am
informed by Captain Sulivan, R.N., that there is a gravel-capped
plain from 200 to 300 feet in height, formed of numerous strata,
some fine-grained and pa!c-coloured, like the upper beds at the mouth
of the 8. Cruz, others rather darker and coarser, so as to resemble
gritstones or tuffs; these latter include rather large fragments of
apparently decomposed volcanic rocks ; there are, also, included layers
of gravel. This formation is highly remarkable, from abounding with
mammiferous remains, which have not as yet been examined by Pro-
fessor Owen, but which include some large, but mostly small, species
of Pachydermata, Edentata, and Rodentia, From the appearance of
the pale-coloured, fine-grained beds, I was inclined to believe that
they eorresponded with the upper beds of the 8. Cruz; but Professor
Ehrenberg, who has examined some of the specimens, informs me
that the included microscopical organisms are wholly different, being
fresh and brackish water forms. Hence the 200 to 300 feet plain at
Port Gallegos is of unknown age, but probably of subsequent origin
to the great Patagonian tertiary formation.

Eastern Tierra del Fuego.~Judging from the height, the general
appearance, and the white colour of the patches visible on the hill
sides, the uppermost plain, both on the north and western side of the
St. of Magellan, and along the eastern coast of Tierra del Fuego as
far south as near Port St. Polycarp, probably belongs to the great
Patagonian tertiary formation. These higher table-ranges are fringed
by low, irregular, extensive plains, belonging to the boulder formation,+
and composed of coarse unstratified masses, sometimes associated
(as north of C. Virgin's) with fine, laminated, muddy sandstones.
The cliffs in Sebastian Bay are 200 feet in height, and are composed
of fine sandstones often m curvilinear layers, mcluding hard conere-

* Memoires pour Servir, &e., p. 178 and 217.
+ Described in the Geological Transactions, vol. vi. p. 415.
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tions of caleareous sandstone, and layers of gravel. In these bgds
there are fragments of wood, legs of crabs, barnacles encrusted with
corallines still partially retaining their colour, imperfect fragments of
a Pholas distinct from any known species, and of a Venus, approaching
very closely to, but slightly different in form from, the V. lenticularis,
a species living on the coast of Chile. Leaves of trees are numerous
between the laminz of the muddy sandstone; they belong, as I am
informed by Dr. J. D. Hooker,* to three species of deciduous beech,
different from the two species which compose the great proportion of
trees in this forest-clad land. From these facts it is difficult to con-
Jecture, whether we here see the basal part of the great Patagonian
formation, or some later deposit.

Summary on the Patagonian Tertiary Formation—Four out of
the seven fossil shells, from St. Fé in Entre Rios, were found by M.
dOrbigny in the sandstone of the Rio Negro, and by me at San
Josef. Three out of the six from San Josef are identical with those
from Port Desire and S. Julian, which two places have together fif-
teen species, out of which three are common to both. Santa Cruz
lias seventeen species, out of which five are common to Port Desire
and S. Julian, Considering the difference in latitude between these
several places, and the small number of species altogether collected,
namely thirty-six, T conceive the above proportional number of
species in common, is sufficient to show that the lower fossiliferous
mass belongs mearly, I do not say absolutely, to the same epoch,
‘What this epoch may be, compared with the European tertiary
stages, M. d’Orbigny will not pretend to determine.  The thirty-six
species (including those collected by myself and by M. d’Orbigny)
are all extinct, or at least unknown ; but it should be borne in mind,
that the present coast consists of shingle, and that no one, I be-
licve, has dredged here for shells; bence it is not improbable that
some of the species may hereafter be found living, Some few of
the species are closely related with existing ones; this is especially
the case, according to M. d'Orbigny and Mr. Sowerby, with the
Fusus Patagonicus ; and, according to Mr. Sowerby, with the
Pyrula, the Venus meridionalis, the Crepidula gregaria, and the
Turritella ambulacrum, and T. P i At least three of the
genera, namely, Cucullea, Crassatella, and (as determined by Mr.
Sowerby), Struthiolaria, are not found in this quarter of the world ;
and Trigonocelia is extinct. The evidence taken altogether indicates
that this great tertiary formation is of considerable antiquity; but
when treating of the Chilian beds, I shall have to refer again to
this subject.

The white pumiceous mudstone, with its abundant gypsum, belongs
to the same general epoch with the underlying fossiliferous mass,
as may be inferred from the shells included in the intercalated layers
at Neuvo Gulf, S. Julian, and S. Cruz. Out of the twenty-seven
marine microscopic structures found by Prof. Ehrenberg in the speci-

* Botany of the Antarctic Voyage, p. 212.
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mens from 8. Julian and Port Desire, ten are common to these two
places: the three found at Neuvo Gulf are distinet. I have mi-
nutely described this deposit, from its remarkable characters and its
wide extension. From Coy Inlet to Port Desire, a distance of 230
miles, it is certainly continuous ; and I have reason to believe that it
likewise extends to the Rio Chupat, Neuvo Gulf and San Josef,
a distance of 570 miles: we have, also, seen that a single layer
oceurs at the Rio Negro. At Port S, Julian it is from 800 to 900
feet in thickness; and at 8. Cruz it extends, with a slightly altered
character, up to the Cordillera. From its microscopic structure, and
from its analogy with other formations in voleanic districts, it must
be considered as originally of volcanic origin : it may have been
formed by the long-continued attrition of vast quantities of pumice,
or judging from the manner in which the mass becomes, in ascending
the valley of S. Cruz, divided into variously coloured layers, from
the long-continued eruption of clouds of fine ashes. In either case,
we must conclude, that the southern volcanic orifices of tne Cordil-
lera, now in a dormant state, were at about this period over a wide
space, and for a great length of time, in action, We have evidence
of this fact, in the latitude of the Rio Negro in the sandstone-con-
glomerate with pumice, and demonstrative proof of it, at S. Cruz, in
the vast deluges of basaltic lava: at this same tertiary period, also,
there is distinct evidence of voleanic action in Western Banda Oriental.

The Patagonian tertiary formation extends continuously, judging
from fossils alone, from 8. Cruz to near the Rio Colorade, a distance
of above 600 miles, and reappears over a wide area in Entre Rios and
Banda Oriental, making a total distance of 1100 miles; but this
formation undoubtedly extends (though no fossils were collected) far
south of the S. Cruz, and, according to M. d'Orbigny, 120 miles
north of St. Fé. At S, Cruz we have seen that it extends across
the continent ; being on the coast about 800 feet in thickness (and
rather more at S. Julian), and rising with the contemporaneous lava-
streams to a height of about 3000 feet at the base of the Cordillera.
It rests, wherever any underlying formation can be seen, on plutonic
and metamorphic rocks. Including the newer Pampean deposit, and
those strata in eastern Tierra del Fuego of doubtful age, as well as
the boulder formation, we have a line of more than twenty-seven
degrees of latitude, equal to that from the St. of Gibraltar to the
south of Iceland, continuously composed of tertiary formations.
Throughout this great space the land has been upraised, without the
strata having been in a single instance, as far as my means of observa-
tion went, unequally tilted or dislocated by a fault.

Tortiary Formations on the West Coast.

Chonos Arehipelago—The numerous islands of this group, with
the exception of Lemus and Ypun, consist of metamorphic schists ;
these two islands are formed of softish grey and brown, fusible, often
laminated sandstones, containing a few pebbles, fragments of black
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lignite, and numerous mammillated concretions of hard c'ﬂcaleous
sandstone. Out of these coneretions at Ypun (lat. 40° 30’ 8.), T
extracted the four following extinct species of shells :—

1. Tarritella suturalis, G. B. Sow. PI. II[ f 50 (also Navidad).
2. Sigaretus subglobosus, do. P1. IIL.f. 3 do.

3. Cythera (1) suleulosa (1), do. Pl IL. r 14 (also Chiloe and Huafo?).
4, Voluta, fragments of.

In the northern parts of this group there are some cliffs of gravel
and of the boulder formation. In the southern part (at P. Andres
in Tres Montes), there is a volcanic formation, probably of tertiary
origin. The lavas attain a thickness of from 200 to 300 feet ; they
are extremely variable in colour and nature, being compact, or brec-
ciated, or cellular, or amygdaloidal with zeolite, agate and bole, or
porphyritic with glassy albitic feldspar. There is also much imper-
fect Tubbly pitchstone, with the interstices charged with powdery
carbonate of lime apparently of contemporaneous origin. These
lavas are conformably associated with strata of breccia and of brewn
tuff containing lignite. The whole mass has been broken up and
tilted at an angle of 45° by a series of great volcanic dikes, one of
which was thirty yards in breadth. This voleanic formation resem-
bles one, presently to be deseribed, in Chiloe.

Huafo.—This island lies between the Chonos and Chiloe groups =
it is about 800 feet high, and perhaps has a nucleus of metamorphic
rocks. The strata which I examined consisted of fine-grained muddy
sandstones, with fragments of lignite and concretions of calcareous
sandstone. I collected the foIlowmg extinct shells, of which the
Turritella was in great numbers.

. Bulla cosmophila, G. B. Sowerby, PL IIL f. 35.

. Pleurotoma suba:qualis, do. P1. IV. f. 52.

. Fusus cleryanus, d'Orbig, Voy. Pal. PL. XIL £, G 7 (also at Coquimbo).
Triton leucostomoides, G. B, Sow. PL IV. f. 6

Turritella Chilensis, do. Pl, IV. f. 51 (also l\[ocha)

Venus, probably a distinct species, but very imperfect.

Cythera (1) sulculosa (?) do. PL IL £, 1

Dentalium majus, G. B. Sowerby, PL 1L o

RSO R LN~

Chiloe—This fine island is about 100 miles in length. The entire
southern part, and the whole western coast, consists of mica -schist,
which likewise is seen in the ravines of the interior. The central
mountains rise to a height of 3000 feet, and are said to be partly
formed of granite and greenstone : there are two small voleanic dis-
tricts, The eastern coast, and large parts of the northern extremity
of the island are cumposed of gravel, the boulder formation, and
underlying horizontal strata. The latterare well displayed for twenty
miles north and south of Castro; they vary in character from eommon
sandstone to fine-grained, laminated mudstones: all the specimens
which T examined are ensdy fusible, and some of the beds might be
called volcanic grit-stones. ~ These latter strata are perhapsrelated toa
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mass of columnar trachyte which occurs behind Castro. The sand-
stone occasionally includes pebbles, and many fragments and layers of
lignite; of thelatter, some are apparently formed of wood and others of
leaves: ome layer on the N.W. side of Lemuy is nearly two feet in
thickness. There is also much silicified wood, both commeon dicotyle-
donous and coniferous : a section of one specimen in the direction of
the medullary rays has, as I am informed by Mr. R. Brown, the discs
in a double row placed alternately, and not opposite as in the true
Araucaria, T found marine remains only in one spot, in some concre-
tions of hard calcareous sandstone: in several other districts I have ob-
served, that organic remains were exclusively confined to such con-
cretions ; are we to account for this fact, by the supposition that the
shells lived only at these points, or is it not more probable, that their
remains were preserved only where concretions were formed? The
shells here are in a bad state, they consist of,
1. Tellinides (?) oblonga, G. B. Sowerby, Pl 1L £ 12 (a Solenilla in M.
d’Orbigny’s opinion).
2. Natica striolata, G. B. Sow. PI. III. f. 39.
3. Natica (?) pumila, do. PI. I1L F. 38.
4. Cytherza (1) sulculosa, do. Pl. 1L f. 14 (also Ypun and Huafo ?)

At the northern extremity of the island, near S. Carlos, there is a
large volcanic formation, between 500 and 700 feet in thickness.
The commonest lava is blackish-grey or brown, either vesicular, or
amygdaloidal with caleaxeous spar and bole : most even of the darkest
varieties fuse into a pale-coloured glass, 'The next commonest
variety is a rubbly, rarely well characterized pitchstone (fusing into a
white glass) which passes in the most irregular manner into stony
grey lavas. This pitchstone, as well as some purple claystone
porphyry, certainly flowed in the form of streams. These various
Tavas offen pass, at a considerable depth from the surface, in the most
abrupt and singular manner into wacke. Great masses of the solid
rock are brecciated, and it was generally impossible to discover
whether the recementing process had been an igneous or aqueous
action.* The beds are obscurely separated from each other; they are
sometimes parted by seams of tuff and layers of pebbles. In one
place they rested on, and in another place were capped by, tuffs and
gritstones, apparently of submarine origin.

The neighbouring peninsula of Lacuy is almost wholly formed of
tufaceous deposits, connected probably in their origin with the vol-
canic hills just deseribed. The tuffs are pale-coloured, alternating
with laminated mudstones and sandstones (all easily fusible) and
passing, sometimes into fine-grained white beds strikingly resembling

* In a cliff of the hardest fragmentary mass, I found several tortuous, vertical
veins, varying in thickness from a few tenths of an inch to one inch and a half,
of a substance which I have not seen described. It is glossy, and of a brown
colour ; it is thinly laminated, with the laminz transparent and elastic ; it is a
Littlo harder than calcareous spar; it is infusible under the blowpipe, sometimes
decrepetates, gives out water, curls up, blackens and becomes magnetic. Borax
easily dissolves a considerable quantity of it, and gives a glass tinged with green.
1 have no idea what its true nature is. On first seeing it, I mistook it for lignite !
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the great upper infusorial deposit of Patagonia, and sometimes into
brecciolas with pieces of pumice in the last stage of decay; these
again pass into ordinary coarse breccias and conglomerates of hard
xocks. Within very short distances, some of the finer tuffs often
passed into each other in a peculiar manner, namely, by irregular
polygonal concretions of one variety inereasing so much and so
suddenly in size, that the second variety, instead of any longer
forming the entire mass, was left merely in thin veins between the
concretions. In a straight line of cliffs, at Point Tenuy, I examined
the following remarkable section :—

No. 19.

Level of sea.

On the left hand, the lower part (A A) consists of regular, alternating
strata of brown tuffs and greenish laminated mudstone, gently in-
clined to the right, and conformably covered by a mass (B left) of a
white, tufaceous and brecciolated deposit. On the right hand, the
whole cliff (B B #ight) consists of the same white tufaceous matter,
which on this side presents scarcely a trace of stratification, but to
the left becomes very gradually and rather indistinctly divided into
strata quite conformable with the underlying beds A A : moreover, a
few hundred yards further to the left, where the surface has been less
denuded, the tufaceous strata (B left) are conformably covered by
another set of strata, like the underlying ones A A of this section. In
the middle of the diagram, the beds A" A are seen to be abruptly cut
off, and to abut against the tufaceous non-stratified mass; but the
line of junction has been accidentally not represented steep enough,
for I particularly noticed that before the beds had been tilted to the
right, this line must have been nearly vertical. It appears that a
current of water cut for itself a deep and steep submarine channel,
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and at the same time or afterwards filled it up with the tufaceous and -
breceiolated matier, 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 np 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 submarinc channel, a pile of frag-
ments of the strata A A, with their interstices filled up with the
white tufaceous 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
probably belong to about the same age with those near Castro, and
they contain, as there, many fragments of black lignite and of silici-
fied and pyritous wood, often embedded close together. They also
contain many and singular concretions: some are of hard caleareous
sandstone, in which it would appear that broken volcanic crystals and
scales of mica have been better preserved (as in the case of the organic
remains near Castro) than in the surrounding mass. Other conere-
tions in the white brecciola, are of a hard ferruginous, 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
cither 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 necklace-like row of smaller concretions. Again there
were other concretions, irregularly formed, and composed of a hard,
compact, ash-coloured stone, with an almost poreelainous fracture,
adhesive to the tongue, and without any calcareous matter. These
beds are, also, interlaced by many veins, containing gypsum, ferru-
ginous matter, calcareous spar, and agate. It was here seen with
remarkable distinctness, how intimately concretionary action and
the production of fissures and veins are related together, The follow-
ing diagram is an accurate representation of a horizontal space of tuff,
about four feet long by two and a half in width: the double lines
represent the fissures partially 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

incoherent maiter is singular : D’Aubuisson (Traité de Géogn. tom. i. p. 318)
remarks on this circumstance.
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CONCRETIONARY ZONES IN A MASS OIF TUFF.

central parts. The fissures also determine the curvatures of the long
which the mass has undergone, is surpnsmgl}r great ; and it would
mechanical movements.

of elevation, ranging within a point of north and south. One line,
elevation,” about 300 yards in width, A second narrow steep ridge
fifteen degrees ; whilst those on the ridge dip in the same direction,
dipping westward, are inclined 12° to the north. This case interested

S IMHm

undulating zones of concretionary action. From the varying compo-
likewise appear from the difference in size in the particles of the con-

In the peninsula of Lacuy, the strata over a width of four miles
about 200 feet in height, is regularly anticlinal, with the strata dip-
only sixty feet high, is uniclinal, the strata throughount dipping west-
at an angle of between thirty and forty degrees. This ridge, traced
me, as being the first in which T found in S. America, formations

No. 20.—GROUND-PLAN SHOWING THE RELATION BETWEEN VEINS AND
;\/-\

U; JUD?@@@@
shape, sometimes of the whole concretion, and sometimes only of its
sition of the veins and concretions, the amount of chemical action
cretionary zones, that the mass, also, has been subjected to internal
have been upheaved by three distinct, and some other indistinct, lines
ping aw 2y on both sides, at an angle of 15°, frc:m a central * valley ::rf
ward ; those on both flanks bemg inclined at an angle of from ten to
northwards, dies away ; and the beds at its terminal point, 1nstead of
perhaps of tertiary origin, broken by lines of elevation,

Valdivia : fsland of Mocha.—The formations of Chiloe seem to
extend with mnearly the same character to Valdivia, and for some
leagues northward of 1t: the underlying rocks are micaceous schists,
and are covered up with sandstone and other sedimentary beds, in-
cluding, as I was assured, in many places layers of lignite. I did not
land on Mocha (lat. 38° 20), but Mr. Stokes brought me specimens
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of the groy, fine-grained, slightly calcarcous sandstone, precisely like
that of Huafo, containing DLignite and numerous turritellee., ~ Thy
island is flat-topped, 1,240 feet in height, and appears like an outlier
of the sedimentary beds on the mainland. The few shells collected
consist of—

1. Turritella Chilensis, G. B. Sow. PL IV. I. 51 (also at Huafo).

2. Fusus, very imperfect, somewhat resembling F. subreflezus of Navidad

(P IV. f. 57), but probably different.
3. Venus, fragments of.

Concepeion.—Sailing northward from Valdivia, the coast-cliffs are
seen, first to assume near the R. Tolten, and thence for 150 miles
northward, to be continued with the same mineralogical characters,
immediately to be described at Concepcion. I heard in many places
of beds of lignite, some of it fine and glossy, and likewise of silici-
fied wood ; near the Tolten the cliffs are low, but they soon rise in
height ; and the horizontal strata are prolonged, with a nearly level
surface, until coming to a more lofty tract between points Rumena
and Lavapie. Here the beds have been broken up by at least eight
or nine parallel lines of elevation, ranging east or E.N.E., and west
or W.S.W. These lines can be followed with the eye many miles
into the interior ; they are all uniclinal, the strata in each dipping to
a point between south and S.8.E, with an inclination in the central
lines of about forty degrees, and in the outer ones of under twenty
degrees. This band of symmetrically troubled country is about eight
miles in width.

The island of Quiriquina, in the Bay of Concepeion, is formed of
various soft and often ferruginous sandstones, with bands of pebbles,
and with the lower strata sometimes passing into a conmglomerate
resting on the underlying metamorphic schists. These beds include
subordinate layers of greenish impure clay, soft micaceous and calca-
reous sandstones, and reddish friable earthy matter with white specks
likedecomposed crystals of feldspar : they include, also, hard concretions,
fragments of shells, lignite, and silicified wood. In the upper part
they pass into white, soft sediments and brecciolas, very like those
described at Chiloe; as indeed is the whole formation. At Lirguen
aud other places on the eastern side of the bay, there are good sec-
tions of the lower sandstones, which are generally ferruginous, but
which vary in character, and even pass into an argillaceous nature;
they contain hard concretions, fragments of lignite, silicified wood,
and pebbles (of the same rocks with the pebbles in the sandstones of
Quiriquina), and they alternate with numerous, ofien very thin
layers of imperfect coal, gemerally of little specific gravity. The
main bed here is three feet thick ; and only the coal of this one bed
has a glossy fracture. Amother irregular, curvilinear bed of brown,
compact lignite, is remarkable for being included in a mass of coarse
gravel. These imperfect coals, when placed in a heap, ignite spon-
taneously. The cliffs on this side of the bay, as well as on the island
of Quiriquina, are capped with red friable carth, which, as stated
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in the second chapter, is of recent formation. The stratification in
this neighbourhood is generally horizontal ; but near Lirguen the beds
dip N.W, at an angle of 23°; near Concepcion they are also in-
clined ; at the northern end of Quiriquina they have been tilted at an
angle of 30° and at the southern end at angles varying from 15° to
40°: these dislocations must have taken place under the sea.

A collection of shells, from the island of Quiriquina, has hse}'l
deseribed by M. d'Orbigny : they are all extinet, and from their
generic character, M. d'Orbigny inferred that they were of tertiary
origin : they consist of,

1. Scalaria Chilensis, 4'Orbig. Voyage | 8. Cardium acuticostatum, d’Orbig.

art, Pal. Voyage

2, Natica Araucana, do. 9. Venus auca, do.

3. Natica australis, do. 10. Mactra cecileana, do.
4. Fusus difficilis, do. 11. Mactra Araucana, do.
5. Pyrula longirostra, do. 12. Arca Araucana, do.

6. Pleurotoma Araucana, do. 13. Nucula Largillierti, do.
7. Cardium auca, do. 14. Trigonia Hanetiana, do.

During a second visit of the Beagle to Concepcion, Mr. Kent
collected for me some silicified wood and shells out of the concretions
in the sandstone from Tome, situated a short distance north of Lir-
guen ; they consist of,

1. Natica australis, d'Orbig. Voyaze ‘ 4, Pecten, fragments of, probubly two spe-

al. cies, but too imperfect for deseription.

2. Mactra Araucana, do. ‘ 5. Baculitesvag Forbes. P1.V.f.3.

3. Trigonia Hanetiana, do. 6. Nautilus d'Orbignyanus, E. Forbes,
| PLV.£1. (a)and 1. (b).

Besides these shells, Capt. Belcher* found here an Ammonite,
nearly three feet in diameter, and so heavy that he could not bring
it away; fragments are deposited at Haslar Hospital: he also
found the silicified vertebr of some very large animal. From the
identity in mineralogical nature of the rocks, and from Captain
Belcher's minute description of the coast between Lirguen and Tome,
the fossiliferous concretions at this latter place certainly belong to the
same formation with the beds examined by myself at Lirguen ; and
these again_are undoubtedly the same with the strata of Quiriquina :
moreover, the three first of the shells from Tome, though associated in
the same concretions with the Baculite, are identical with the species
from Quiriquina, Hence all the sandstone and lignitiferous beds in
this neighbourhood certainly belong to the same formation, Although
the generic character of the Quiriquina fossils naturally led M.
d'Orbigny to conceive that they were of tertiary origin, yet as we now
find them associated with the Baculites vagina and with an Ammonite,
we must, in the opinion of M. d'Orbigny, and if we are guided by
the analogy of the northern hemisphere, rank them in the Cretaceous
system. Moreover, the Baculites vagina, which is in a tolerable
state of preservation, appears to Prof. E. Forbes certainly to be
identical with a species, so named by him, from Pondichery in India;

* Zoology of Capt. Beechey's Voyage, p. 163.
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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 Nawtilus & 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 cretaceous, which T shall afterwards allude to; and I
will here only state that the Cardiwm auca is found also at Co-
quimbo, the beds at which place, there can be no doubt, are tertiary.

Navidad.*—The Concepeion 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 Concepcion, 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 sandstome. 1In ome 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 shightly 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. The 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 mow range (as we shail
hereafter show) nearly so far south :—

. Gastridium cepa, G. B. Sowerby, PL IV. f. 68, 69.
2. Monoceros, fragments of, considered by M. d'Orbigny as a new species.
3. Voluta alta, G. B. Sowerby, PL. IV. . 75 (considered by M. d'Orbigny as
distinct from the V7. alfa of S. Cruz).
Voluta triplicata, G. B. Sowerby, PL V. f. 74.
. Oliva dimidiata, do. PL. IV. £. 76, 77.
6. Pleurotoma discors, do. P1. IV f. 54,
7. Pleurotoma turbinelloides, do. PI. V. f. 53.
8. Fusus subreflexus, do, Pl 1V, f. 57.
9. Fusus pyruliformis, do. P1, 1V, f. 56.
10. Fusus, allied to F. regularis, Pl 1V, f. 55 (considered by M. d'Orbigny
as a distinct species).

=

an

* T 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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11. Turritella suturalis, G. B. Sowerby, P1. 111 £. 50.

12. Turritella Patagonica, (do.), P1. I11. f. 48 (fragments of).

13. Trochus levis, G. B. Sowerby, PL. 111 £, 46, 47.

14, Trochus collaris, do., PL ILI. f. 44, 45 (considered by M. d’Orbigny as
the young of the T, levis).

15. Cuasls moniifer, G. B Sowerby, PLIV. £. 65.

16. Pyrula distans, do., P. IV.

17. Triton verruculosus, do, Pl. V6.

18. Sigaretus subglobosus, G. B. Sowerby, PL ITL. f. 36,

19. Natica solida, do., PL ILL f. 40, 41 (it is doubtful O oiar e KTt
S. Cruz is the same species with this).

20. Terebra undulifera, G. B. Sowerby, PL LV. f. 72, 73.

21. Terebra costellata, do., Pl. V. f. 70, 71.

22. Bulla (fragments of ).

3. Dentalium giganteum, do., PL IL £. 1.

24, Dentalium sulcosum, do., Pl. 11. £. 2.

95. Corbis (7) levigata, do., PL. 1L £. 11.

26. Cardium multiradiatum, do., 2 I f. 16.

27. Venus meridionalis, do., Pl. IL f. 13,

28. Psclunnulus dispar. (1) Desh. {considered by M. d'Orbigny as a distinct

es).
25, 50. Oy theva and Mustrs, fragmenta of, (considerad by M. d/Ozbighy as
new species).
31. Pecten, fragments of.

Cogquimbo.—For more than 200 miles northward of Navidad, the
coast consists of plutonic and metamorphic rocks, with the exception
of some quite insignificant superficial beds of recent origin. At Ton-~
guy, twenty-five miles south of Coquimbo, tertiary beds recommence.
T have already minutely described in the second chapter, the step-
formed plains of Coquimbo, and the upper calcareous beds (from
twenty to thirty feet in thickness) containing shells of recent species,
but in different proportions from those on the beach. There remains
to be described only the underlying ancient tertiary beds, represented
in the following diagram (here given again) by the letters F and E.

No. 21.—SECTION OF THE TERTIARY FORMATION AT COQUIMBO.

Surface of plain, 252 feet aboye sea.

o Ha

m

Level of sea.
F—Lovwer sandstone, with coneretions and silicified bnnes,} with fossil shells, all, or nearly

E—Upper ferruginous sandstone, with numerous Balani, , extinct.
C and D—Caleareous beds with recent shells. A—Stratified sand in a ravine, also with
recent shells.

I obtained good sections of bed (F) only in Herradura Bay: it con-
sists of soft whitish sandstone, with ferruginous veins, some pebbles
of granite, and coneretionary layers of hard calcareous sandstone.
These concretions are remarkable from the great mumber of large
silicified bones, apparently of cetaceous animals, which they contain ;
and likewise of a shark’s teeth, closely resembling those of the Car-
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charias megalodon. Shells of the following species, of which the
gigantic Oyster and Perna are the most conspicuous, are numerously
embedded in the concretions.

1. Bulla ambigua, d'Orbig. Voyage Pal.

2. Monoceros Blainvillir, do,

3. Cardium auca,

4, Panopma Coqulmbensxs, do.

5. Perna Gaudichaudi do.

6. Artemis ponderosas Mr. Sowerby can find no distinguishing character be-
tween this fossil and the recent A. ponderosa ; it is certainly an Artemis,
as shown by the pallial impression.

7. Ostrea Patagonica (1) Mr. Sowerby can point out no distinguishing character
hetween_ this sp and that so eminently characteristic of the great
Patagonian formation ; but he will not pretend to affirm that they are
identical.

8. Fragments of a Venus and Natica,

The cliffs on one side of Herradura Bay are capped by a mass of
stratified shingle, containing a little ealcareous matter, and I did not
doubt that it Delonged to the same recent formation with 'the gravel
on the surrounding plains, also cemented by caleareous matter, until
to my surprise, I found in the midst of it, a single thin layer almost
entirely composed of the above gigantic oyster.

At a little distance inland, T obtained several sections of the bed
(E), which, though different in appearance from the lower bed (F),
belongs to the same formation: it consists of a highly ferruginous
sandy mass, almost composed, like the lowest bed at Port S. Julian,
of f'ngmcnts of BJl'u.\dw' it includes some pebbles, and layers of yel-
lowish-k The embedded shells consist of,

1 Monoceros Blainvillii, d'Orbig. Voyage Pal.

2. —— ambiguus, G. B. Sonrby. PL 1V. . 66, 67.

3. Anomia alternans, do., P, II. f. 2

4. Pecten rudis, do., PI. ]Il f. 32,

5. Perna Gaudichaudi, d'0zbig. Voyage Pal.

6. Ostrea Patagonica (?)

7. Ostrea, small species, in lmpalfect state; it appeared to me like a small
kind now living in, but very rare in the bay.

8. Mytilus Cluloensls, DMr. Sowerby can find no distinguishing character be-
tweon this fossil, as far s its not very perfect condition allows of com-
parison, and the recent species.

9. Balanus Coquimbensis, G. B. Sowerby, PL.IL f. 7.

10. Balanus psittacus? King. This appears to Mr Sowerby and myself iden-
tical with a very large and common species now living on the caast.

The uppermost layers of this ferrugino-sandy mass are conformably
covered by, and impregnated to the depth of several inches with, the
calcareous matter of the bed (D) called lose: hence I at one time
imagined that there was a gradual passage between them ; but as all
the species are recent in the bed (D), whilst the most characteristic
shells of the uppermost layers of (1) are the extinct Perna, Pecten,
and Monaceros, I agree with M. d’Orbigny, that this view is erro-
neous, and that there is only a mineralogical passage between them,
and no gradual transition i the nature of their organic remains.
Desides the fourteen species enumerated from these two lower beds,

iy
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M. d'Orbigny has deseribed ten other qpecms given to him from this
locality ; namely,

1. Fusus Cleryanus, d’Orbig, Voyage | 6. Venus petitians, d'Orbig. Voyage
Pal. Pal

2. —— petitianus, do. o Chllensr!

3. Venus hanetiana, do. 8. Solecartus hzmehanus, do.
3 incerta () do. 9. Magtra auca, do.
5. —— Cleryana, do. 10. Oliva serena, do.

Of these twenty-four shells, all are extinct, except, according to
Mr. Sowerby, the Artemis ponderosa, Mytilus Chilocnsis, and pro-
bably the great Balanus.

Coguimbo to Copiapo—A few miles north of Coquimbo, I met
with the ferruginous, balaniferous mass (B) with many silicified
bones; I was informed that these silicified bones oceur, also, at Tonguy,
south of Coquimbo : their number is certainly remarkable, and they
seem to take the place of the silicified wood, so common on the coast-
formations of southern Chile. In the valley of Chafieral, T again saw
this same formation, capped with the recent calcarcous beds. T here
left the coast, and "did not see any more of the tertiary formations,
until dascending to the sea at Copiapo: here in one place I found
varicusly coloured layers of sand and soft sandstone, with seams of
gypsum, and in another place, a comminuted shelly mass, with layers
of rotten-stone and seams of gypsum, including many of the ex-
tinct gigantic oyster: beds with these oysters are said to occur at
English Harbor, a few miles north of Copiapo.

Coast of Peru—With the exception of deposits containing recent
shells and of quite insignificant dimensions, no tertiary formations
have been observed on this coast, for a space cf twenty-two degrees of
latitude north of Copiapo, until coming to Payta, where there is
said to be a considerable calcareous deposit: a few fossils have
been described by M. d'Orbigny from this place, namely,—

1. Rostsllaria Gaudichaudi, d‘Urhlg. Vvva«'e Pal.

2, Pectunculus Paytensis,

3. Venus petitiana,

4. Ostrea Patagonica? This great oymr (of which specimens have been given
me) cannat be distinguished by Mr. Sowerby from some of the varieties
from Patagonia; Lhouoh it would be hazardous to assert it is the same
with that species, or with that from Coquimbo.

Coneluding Remarks.—The formations described in this chapter, have,
in the case of Chiloe and probably in that of Concepcion and Navidad,
apparently been accumulated in tronghs formed by submarine ridges
extending parallel to the ancient shores of the continent; in the case
of the islands of Mocha and Iuafo it is highly probable, and in that
of Ypun and Lemus almost certain, that they were accumulated
round isolated rocky centres or nuclei, in the same manner as mud
and sand is now collecting round the outlying islets and reefs in the
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West Indian archipelago. Hence, I may remark, it does not follow
that the outlying tertiary masses of Mocha and Huafo werc ever con-
tinuously united at the same level with the formations on the main-
land, though they may have been of contemporancous origin, and been
subsequently upraised to the same height. In the more northern
parts of Chile, the tertiary strata seem to have been separately aceu-
mulated in bays, now forming the mouths of valleys,

The relation between these several deposits on the shores of the
Pacific, 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 composition, from the presence of frag-
ments of lignite and of silicified wood, and from the intercalated
layers of imperfect coal, T must believe that the coast-formations
from central Chiloe to Concepeion, 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 Huafo, is the same species of Turri-
tella; and I believe the same Cythersa is found on the islands of
Huafo, Chiloe, and Ypun; but with these trifling exceptions, the
few organic remains found at these places are distinct. 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; T may add, that Coquimbo has Venus Petitiana, and a
gigantio oyster (said by M. d’Orbigny also to be found a little south
of Concepcion) in common with Payta, though this latter place is
situated twenty-two degrees northward of lat, 27°, to which point
the Coquimbo 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. But as the Baculite,
especially considering 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
afford very strong evidence that the formation at Concepeion is a
Secondary one; 1 will, in my remarks on the fossils from the other
localities, put on one side those from Concepeion and from Eastern Chi-
loe, which, whatever their age may be, appear to me to belong to one
group. I must, however, again call attention to the fact that the Car-
dium auea is found both at Concepeion and in the undoubtedly tertiary
strata of Coquimbo: nor should the possibility be overlooked, that as
Trigonia, though known in the northern hemisphere only as a Secondary
genus, has living representatives in the Australian seas, so a Baculite,
‘Ammonite, and Trigonia may have survived in this remote part of the
southern oceantoasomewhat later period than to the north of the equator.

K 2
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Before passing in review the fossils from the other localities,
there are two poits, with respect to the formations between Concep-
cion and Chiloe, which deserve some mnotice. First, that though the
strata are generally horizontal, they have been upheaved in Chiloe in
a set of parallel anticlinal and uniclinal lines ranging north and south,
—in the district near P. Rumena by eight or nine far-extended, most
symmetrical, uniclinal lines ranging nearly east and west,—and in the
neighbourhood of Concepeion by less regular single lines, directed
both N. E. and 8. W., and N. W. and S. E. This fact is of some
interest, as showing that within a period which cannat be considered
as very ancient in relation to the history of the Continent, the strata
between the Cordillera and the Pacific have been broken up in the
same variously-directed manner as have the old plutonic and meta-
morphic rocks in this same district. The second point is, that the
sandstone between Concepcion and southern Chiloe is everywhere
lignitiferous, and includes much silicified wood ; whereas the forma-~
tions in northern Chile do not include beds of lignite or coal, and in
place of the fragments of silicified wood, there are silicified bones.
Now, at the present day, from Cape Horn to near Concepeion, the
land is entirely concealed by forests, which thin out at Cuoncepcion,
and in central and northern Chile entirely disappear. This coincidence
in the distiibution of the fossil wood and the living forests may be
quite aceidental; but I incline to take a different view of it; for, as
the difference in climate, on which the presence of forests depends, is
here obviously in chief part due to the form of the land, and as the
Cordillera undoubtedly existed when the lignitiferous beds were accu-
mulating, I conceive it is not improbable that the climate, during the
lignitiferous period, varied on different parts of the coast in a some-
what similar manner as it now does. Looking to an earlier epoch,
when the strata of the Curdillera were depositing, there were islands
which even in the latitude of northern Chile, where now all is irre-
claimably desert, supported large coniferous forests.

Seventy-nine species of fossil shells, in a tolerably recognisable
condition, from the coast of Chile and Peru, are described in this
volume, and in the Palaeontological part of M. d'Orbigny’s voyage :
if we put on one side the twenty species exclusively found at Concep-
cion and Chiloe, fifty-nine species from Navidad and the other speci-
fied localities remain.  Of these fifty-nine species, only an Artemis, a
Mytilus, and Balanns, all from Coquimbo, are (in the opinion of Mr.
Sowerby, but not in that of M. d'Orbigny) identical with living
shells; and it would certainly require a better s 1
render this conclusion certain. Only the Twrritella Chilensis from
Huafo and Mocha, the 7. Patagonica and Venus meridionalis from
Navidad, come very mear to recent 8. American shells, namely, the
two Turmitellas to 7. cingulaie, and the Venus to V. exa’bida :
some few other species come rather less near; and some few resemble
forms in the older European tertiary deposits: none of the species
resemble secondary forms. Ience I conceive there can be no doubt
that these formations are tertiary, —a point nceessary to consider,

&
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after the case of Concepcion. The fifty-nine species belong to thirty-
two genera; of these, Gastridium is extinct, and three or four of the
genera (viz. Panopeea, Rostellaria, Corbis 7, and I believe Solecurtus)
are not now found on the west coast of S. America. Fifteen of the
genera have on this coast living representatives in about the same
latitudes with the fossil species; but twelve genera now range very
differently to what they formerly did. The idea of the following
table, in which the difference between the extension in latitude of the
fossil and existing species is shown, is taken from M. d’Orbigny’s
work, but the range of the living shells is given on the authority of
Mr. Cuming, whose long-continued researches on the conchology of S.
America are well known.

Genera, with living and | Latitudes, in which found | Southernmost Intitude, in which
tertiary species on the west | fossil on the coasts of Chile | found living on the west coast
coast of 8. America.* and Peru. of 8. America.

(Hr T R e | 30t 4 37 307 12° near Lima

Cassis . . .. . |84° 1°39"

Pyrula . . . . . |34 (and 36° 30 at Con- | 5° Payta

cio

Fusus . . . . . |30°to43°30' 23° Mexillones ; re-appears
at the St. of Magellan

Pleurotoma , . . |34°to 43° 30 29 18° St. Elena

Terebra. . . . . |34° 5° Payta

Sigaretus . . . . |34°to 44°30 12° Lima

Anomia . oo . [302 0 48"

Perns . .. L 302 1° 23" Xixappa

Cardium . . . . |30°to 34° (and 36°30'at | 5° Payta

Coneepeion)

Artemis, . .. . |30° 5° Payta

Voluta . . . . . |[34°t0d4°30/ Mr. Cuming does not know
of any species living on
the west coast, between
the equator and lat. 43°
south ; from this latitude
a species is found as

far south as Tierra del
| Fuego.

When we consider that very few, if any, of the fifty-nine fossil
shells are identical with, or make any close approach to, living spe-
cies ; when we consider that some of the genera do not now exist on
the west coast of S. America, and that no less than twelve genera
out of the thirty-two, formerly ranged very differently from the
existing species of the same genera, we must admit that these de-
posits are of considerable antiquity, and that they probably verge on
the commencement of the tertiary era. May we not venture to be-
lieve, that they are of nearly contemporaneous origin with the Eocene
formations of the northern hemisphere ?

* M, d'Orbigny states that the genus Natica is not found on the coastof Chile ;
but Mr. Cuming found it at Valparaiso. Scalaria vas found at Valparaiso, Arca,
at Tquique, in lat. 20°, by M. Cuming; Area, also, was found by Capt. King, at
Juan Fernandez, in lat. 33° 80/,
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Comparing the fossil remains from the coast of Chile (leaving out,
as before, Concepcion and Chiloe) with those from Patagenia, we
may concluds, 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, it 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 deseend to the apex of the continent, to Tierra del Fuego, to
find these two great conchological provinces united into one. Hence
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. 84°, 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 range
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 formerly
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 Trochus collaris, moreover, and, as we have just seen according
to Mr. Sowerby, two or three other species, formerly ranged from
Navidad as far south az Santa Cruz in lat. 50°  If, instead of
comparing the fossils of Navidad, as we have hitherto done, with the
chells now living on the west coast of S. 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
great southern polar current. Several of the most tropical genera
have 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 @ local
character and did not affect the entire globe.  On the other hand, T
have endeavoured to show, in the Geological Transactions, that, at a
much Iater period, Burope 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 eatensive modern Conchiferous Deposits in South
America; and on the Contemporancousness of the older Tertiary
Deposits at distant points being due to contemporanecous 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 inued, intermittent A ing 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 during 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 caleareous 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 S. America, in lat, 40° have perhiaps a more tropieal
character than those in corresponding latitudes on the shores of Europe : for at
Babia Blanca and 8, Blas, there are tio fine species of Voluta, and four of Oliva.
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fect casts of shells, which possilly may belong to the recent period :
parts of the boulder formation and the shingle-beds on the lower
plains of Patagonia probably belong to this same period, but neither
are fossiliferons: it also so happens that the great Pampean forma-
tion does not include, with the exception of the Azara, any mol-
lusca. There cannot be the smallest doubt that the upraised shells
along the shores of the Atlantic and Pacific, whether lying on the
bare surface, or embedded in mould or in sand-hillocks, will in the
course of ages be destroyed by allnvial astion : this probably will be
the case even with the calearcons beds of Coquimbo, so liable to
dissolution by rain-water. If we take into consideration the pro-
bability of oscillations of level and the consequent action of the tidal
waves at different heights, their destruction will appear almost cer-
tain. Looking to an epoch as far distant in futurity as we now are
from the past miocene period, there seems to me scarcely a chance,
under existing conditions, of the numerous shells now living in those
zones of depths most fertile in life, and found exclusively on the
western and south-eastern coasts of S. America, being preserved to
this imaginary distant epoech, A whole conchological series will in
time be swept away, with no memorials of their existence preserved
in the earth’s crust.

Can any light be thrown on this remarkable absence of recent con-
chiferous deposits on these coasts, on which, at an ancient tertiary
epoch, strata abounding with organic remains were extensively aceu-
mulated ? T think there can, namely, by considering the conditions
necessary for the preservation of a formation to a distant age.
Looking to the enormous amount of denudation which on all sides of
us has been effected,—as evidenced by the lofty cliffs cutting off on
so many coasts horizontal and once far extended strata of no great
antiquity (as in the case of Patagonia),—as evidenced by the level
surface of the ground on both sides of great faults and disloea-
tions,—by inland lines of escarpments, by outliers, and numberless
other facts, and by that argument of high generality advanced by
Mr. Lyell, namely, that every sedimentary formation, whatever its
thickness may be, and over however many hundred square miles it
may extend, is the result and the measure of an equal amount of
wear and tear of pre-existing formations ; considering these facts, we
must conclude that, as an ordinary rule, a formation to resist such
vast destroying powers, and to last to a distant epoch, must be of
wide extent, and either in itself, or together with superincumbent strata,
be of great thickness. In this discussion, we are considering only
formations containing the remains of marine amimals, which, as before
mentioned, live, with some exceptions, within (most of them much
within) depths of a hundred fathoms. How, then, can a thick and
widely extended formation be accumulated, which shall include such
organic remains?  First, let us take the case of the bed of the sea
long remaining at a stationary level : under these eircumstances, it is
evident that conchiferous strata can accumulate only to the same
thickness with the depth at which the shells can live; on gently in-
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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 : sueh 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 each
part, before being consolidated or thickly covered up by superin-
cumbent matter, will have had suceessively 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-castern 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 scen that the tendency of the sea is almost
everywhere to eat into the land. Considering these facts, it ceases, T
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
deposited. 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 cannet live at great
depths: the pressure, also, I may observe, of each fresh bed wonld
aid in consolidating all the lower ones. Even on a rather steep coast,
though such must ever be unfavourable to W)dcly 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 eonchiferous deposits, of sufficient thickness, extension, and
hardness, to resist the average powers of denudation.

W hiave 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
Deds 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. T must here remark, that, as all these and the
following fossil shells are extinct species, Professor Forbes nccess'\rlly
judges of the depths at which they lived only from their generic cha-
racter, and from the smlogmal 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
lLiave 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 high
summit-plain, stretch for a considerable distance southward, and for
hundreds of miles northward ; seeing this uniformity of structure, T
coneeive it may be fairly concluded that the subsidence by which the
shells at S. Cruz and 8. 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 succeeding
chapter it will be seen, that we are led to a similar conclusion with
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 just given, I think
we must admit the probability of the following proposition; namely,
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 conclkiferous deposits of sufficient thickness and
extension fo 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 being the case; on the contrary, we require (1st) a
long-continued supply of sediment, (2nd) an extensive shallow area,
and (3rd) that this area shall slowly subside to a great depth, so 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 ecan thus, 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 searcely 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 being
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
gone 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 S. America we have distinct 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
sinlc 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
rvemark : “I question if we are atall 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

eriod of time fas writlen its own history, carefully preserviog every created
orm and every trace of action.” [ think the correctnéss of such remarks is more
than doubtful, even if we except (as 1 suppose he would) all those numerous
organic 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 ltter to Mr. Maclaren (Edinburgh New
Phil. Journal, January 1843), T 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, should, owing to their small extension or breadth,
be preserved to a distant future period.
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PLUTONIC AND METAMORPHIC ROCKS:—CLEAVAGE AND
FOLIATION.

Brazil, Bahia, gneiss with digjointed rphosed dike Sirike of foli

Rio de Janeiro, gneiss-granite, embedded fragment in, decomposition of—
La Plata, metamorphic and old voleanic rocks of —S. Ventana—Claystone
parphyry formation of Patagonia; singular meétamorphic rocks; speudo-
dikes—Falkland Islands, paieozoic fossils of—Tierra del Fuego, clay-slafe
formation, crefaceous fossils of ; cleavage and foliation: form of land—
Chonos Archipelago, mica schists, foliation disturbed by granitic axis: dikes—
Chiloe—Ct i dikes ive f tion of — Central and Northern
Chile— Concluding remarks on cleavage and foliation—Their close analogy
and similar origin — Stratification of metamorphic schists— Foliation of
intrusive rocks—Relation of cleavage and foliation to the lines of tension
during metamorphosis.

Tre metamorphic and plutonic formations of the several districts
visited by the Beagle, will be here chiefly treated of, but only such
cases as appear to me new, or of some special interest, will be described
in detail ; at the end of the chapter I will sum up all the facts on
cleavage and foliation,—to which I particularly attended.

Batia, Brazil: lat. 13° south.—The prevailing rock is gneiss, often
passing, by the disappearance of the quartz and mica, and by the
feldspar losing its red colour, into a brilliantly grey primitive green-
stone. Not unfrequently quartz and hornblende are arranged in
layers in almost amorphous feldspar. There is some fine-grained
syenitic granite, orbicularly marked by ferruginous lines, and weather-
ing into vertical, cylindrical holes, almost touching each other. In
the gneiss, concretions of granular feldspar and others of garnets with
mica occur. The gneiss is traversed by numerous dikes composed of
black, finely erystallized, hornblendic rock, containing a little glassy
feldspar and sometimes mica, and varying in thickness from mere
threads to ten feet: these threads, which are often curvilinear, could
sometimes be traced running into the larger dikes, One of these dikes
was remarkable from having been in two or three places laterally dis-
jointed, with unbroken gneiss interposed between the broken ends, and
in one part with a portion of the gneiss driven, apparently whilst in a
softened state, into its side or wall. In several neighbouring places,
the goeiss included angular, well-defined, sometimes bent, masses of
hornblende rock, quite like, except in being more perfectly crystallized,
that forming the dikes, and, at least in one instance, containing (as
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determined by Professor Miller) augite as well as hornblende. In one
or two cases these angular masses, though now quite separated from
each other by the solid gneiss, had, from their exact correspondence in
size and shape, evidently 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 laminz were gently bent round the
fragments, in the same manner as they sometimes are round concre-
tions. Ience the gneiss has certainly been softened, its composition
modified, and its folia 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
cleavage, I imply those planes of division which render a rock, appear-
ing to the eye quite or mearly homogeneous, fissile. By the term
Joliation, T 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, alternating, homogeneous, fissile
layers or folia, and in this case the rock is both foliated and has a
cleavage. By stratification, as applied to these formations, I mean
those alternate, parallel, large masses of different composition, which are
themselves frequently either foliated or fissile,—such asthe 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 direetions at
various angles: but where best defined, they extended most frequently
in a N. E. by N. (or east 50° N.) and S. 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 Balia, gneiss with the
folia extending E. 45° N.; and in Guyana, according to Sir R.
Schomburgk, the same rock strikes E. 57° N. Again, 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 Hitcheock (Geolog, of Massachusetts, vol. ii. p. 673) gives a
closely similar case of a greenstone dike in syenite.

+ Geological Section of the Brit. Assoc. 1840. For Sir R. Schomburgl’s
observations, see Geograph. Journal, 1842, p. 190. See also Humboldt's discus-
sion on Loxodrism in the Personal Narrative.

1 [ landed at only one place north of Babia, namely, at Pernambuco. 1 found
there only soft, horizontally stratified matter, formed from disintegrated granitic
rocks, and some yellowish impure limestone, probably of a tertiary epoch. I
bave deseribed a most singulor natural bar of hard sandstone, which protects
the harhour, in the 19th vol. (1841), p. 258, of the London und Ldin. Phil.
Magazine,—Aznottos Tstess, laf. 18° 8. off the coast of Brozil. Although
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Rio de Janeiro.—This whole district is almost exclusively formed
of gneiss, abounding with garnets, and porphyritic with large .crystals,
even three and four inches in length, of orthioclase feldspar: in- these
crystals, mica and garnets are often enclosed. At the western base
of the Corcovado, there is some ferruginous carious quartz-rock ;
and in the Tijeuka range, much fine-grained granite. I observed
boulders of greenstone in several places; and on the islet of Ville-
gagnon, and likewise on the coast some miles northward, two large
trappean dikes. The porphyritic gueiss, or gueiss-granite as it bas
been called by Humboldt, is only so far foliated that the constituent
minerals are arranged with a certain degree of regularity, and may be
said to have a ¢ grain,’ but they are not separated into distinet folia
or laminge. There are, however, several other varieties of gneiss
regularly foliated, and alternating with each other in so-called strata.
The stratification and foliation of the ordinary gneisses, and the folia-
tion or grain” of the gueiss-granite, are parallel to each other, and
generally strike within a point of N.E. and 8.W. dipping at a high
angle (between 50° and G0°) generally to S.E.; so that here again
we meet with the strile so prevalent over the more northern parts
of this continent, The mountains of gneiss-granite are to a re-
markable degree abruptly conical, which seems caused by the rock
tending to exfoliate in thick, conically concentric layers: these peaks
resemble in shape those of phonolite and other injected rocks on
volcanic islands ; mor is the grain or fuliation (as we shall afterwards
see) any difficulty on the idea of the gneiss-granite having been an
intrusive rather than a metamorphic formation. The lines of moun-
tains, but not always each separate hill, range nearly in the same
direction with the foliation and so-called stratification, but rather
more easterly.

On a bare gently inclined surface of the porphyritic gneiss in Boto-
fogo Bay, I observed the appearance here represented.

A fragment seven yards long and two in width, with angular and
distinetly defined edges, composed of a peculiar variety of gneiss
with dark layers of mica and garnets, is surrounded on all sides by
the ordinary guneiss-granite ; both having been dislocated by a granitic
vein. The folia in the fragment and in the surrounding rock strike in
the same N.N.E. and 8.5.W. line; but in the fragment they are
vertical, whereas in the gneiss-granite they dip at a small angle, as
shown by the arrows, to 8.8.E.  This fragment, considering its great
size, its solitary position, and its foliated structure parallel to that

not strictly in place, I do not know where I can more conveniently describe this
little group of small islands. The lowest bed is a sandstone with ferruginous
veins ; it weathers into an extraordinarily honey-combed mass; above it there
is a dark-coloured argillaceous shale ; above this a coarser sandstone—making a
total thickness of about sixty feet; and lastly, above these sedimentary beds,
there is a fine conformable mass of greenstone, in some parts Laving a columnar
structure. All the strata, as well as the surface of the land, dip at an angle of
about 127 to N. by W. Some of the islets are composed entirely of the sedi-
mentary, others of the trappean rocks, generally, however, with the sandstones
cropping out on the southern shores.
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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 VARIETY OF
THE SAME ROCK.

I
Fis by
Aty

5
oy
43

The numerous travellers* in this country, have all been greatly sur-
prised at the depth to which the gneiss and other gramitic 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,
argillaceous 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 gnicss 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 mow exposed to the air, seems to with-
stand decomposition remarkably well; and T could see mo signs of
any tendency to the production of argill 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 quict 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 bave 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 Copenbagen; and others by M. Gaudichaud,
in Freycinet's Voyage.

 Dr. Benza describes granitic rock (Madras Journal of Lit. &e. Oct. 1336,
p- 246), in the Neelgherries, decomposed to a depth of forty feet.
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similarly decomposed, with the upper parts insensibly lqsing'their
foliation, and passing, without any distinct line of separation, into a
bright red argillaceous earth, including partially rounded fragments
of quartz and granite. From this circumstance, and from the rocks
appearing to have suffered decomposition before the excavation of the
valleys, I suspect that here, as at Rio, the decomposition took place
under the sea., The subject appeared to me a curious one, and would
probably well repay careful examination by an able mineralogist.

The Northern Provinces of La Plata.— According to some obser-
vations communicated to me by Mr. Fox, the coast from Rio de Janeiro
to the mouth of the Plata seems everywhere to be granitic, with a
few trappean dikes, At Port Alegre, near the boundary of Brazil,
there are porphyries and diorites.* At the mouth of the Plata, I
examined the country for twenty-five miles west, and for about
seventy miles north of Maldonado : near this town, there is some com-
mon gneiss, and much, in all parts of the country, of a coarse-grained
mixture of quartz and reddish feldspar, often, however, assuming a
litele dark-green imperfect hornblende, aud then immediately be-
coming foliated. The abrupt hillocks thus composed, as well as the
highly inclined folia of the common varieties of gneiss, strike N.N.E.
or a little more easterly, and S.8.W. Clay-slate is occasionally met
with, and near the L. del Potrero, there is white marble, rendered
fissile from the presence of hornblende, mica, and asbestus; the
cleavage of these rocks and their stratification, that is the alternating
masses thus composed, strike N.N.E. and 8.3.W, like the foliated
gneisses, and have an almost vertical dip. The Sierra Larga, a low
range five miles west of Maldonado, consists of quartzite, often ferru-
gimous, having an arenaceous feel, and divided into excessively thin,
almost vertical laminge or folia by microscopically minute scales,
apparently of mica, and striking in the usual N.N.E. and S.8.W.
direction. The range itself is formed of one principal line with some
subordinate ones; and it extends with remarkable uniformity far
northward (it is said even to the confines of Brazil), in the same line
with the vertically ribboned quartz rock of which it is composed.
The 8. de las Animas is the highest range in the country ; 1 estimated
it at 1000 feet ; it runs north and south, and is formed of feldspathic
porpliyry ; near its base there is a N.N.W. and S S.E. ridge of a
conglomerate in a highly porphyritic basis,

Northward of Maldonado and south of Las Minas, there is an BE.
and W, hilly band of country, some miles in width, formed of sili-
ceous clay-slate, with some quartz rock and limestone, having a tortuous
irregular cleavage, generally ranging east and west. East and S. E.
of Las Minas there is a confused district of imperfect gneiss and
laminated quartz, with the hills ranging in various directions, but with
each scparate hill generally running in the same line with the folia
of the rocks of which it is composed : this confusion appears to have
been caused by the intersection of the [E. and W.] and [N.N.E. and

* M. Labelle, Voyage a B. Ayres, p. 479,
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8.S.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 imperfeet hornblende, and then beeoming foliated in a N. and S,
line,—with imperfect clay-slate, including lamina of red crystallized
feldspar,—with white or black marble, sometimes containing asbetus
anderystals 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. Throughont 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 everywlere very highly
inclined or vertical.

Some ancient submarine volcanic 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
amygdaloids with large kernels of carbonate of lime,*—and much of a
harshish rock with glassy feldspar intermediate in character between
claystone porphyry and trachyte. This latter rock was in one
spot remarkable from being full of drusy cavities, lined with quartz
erystals, and arranged in planes, dipping at an angle of 50° to the
east, and striking parallel to the foliation of an adjoining hill com-
posed of the common mixture of quartz, feldspar, and imperfect horn-
blende : this fact perhaps indicates that these volcanic rocks have been

it phosed, and their tituent parts re-arranged, at the same
time and according to the same laws, with the granitic and metamor-
phic 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 frmation of red eonglomerate, which (like that at the foot of the
S. Animas) has its basis porphyritic with crystals 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
schist, only a few yards square, irregularly 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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quartz, which gradually %lend into the gneiss: the cleavage of the
chloritic schist and the foliation of the gneiss were exactly parallel.
Eastward of the city there is much fine-grained dark-coloured gneiss,
almost assuming the character of hornblende-slate, which alternates
in thin lamine with lamine of quartz, the whole mass being trans-
versely intersected by numerous large veins of quartz: I particularly
observed that these veins were absolutely continuous with the alter-
nating lamin of quartz, In this case and at Rat Island, the passage
of the gneiss into imperfect hornblendic or into chloritic slate, seemed
to be connected with the segregation of the veins of quartz.*

The Mount, a hill believed to be 450 feet in height, from which
the place takes its name, is much the highest land in this neighbour-
hood : it consists of hornblendic slate, which (except on the eastern
and disturbed base) has an east and west nearly vertical cleavage ;
the longer axis of the hill also ranges in this same line. Near the
summit the hornblende-slate gradually becomes more and more
coarsely crystallized, and less plainly laminated, until it passes into a
heavy, sonorous greenstone, with a slaty conchoidal fracture; the
laminz on the north and south sides near the summit dip inwards, as
if this upper part had expanded or bulged outwards. This greenstone
must, T conceive, be considered as met hosed hornblende-slate.
The Cerrito, the next highest, but much less elevated point, is
almost similarly composed. In the more western parts of the pro-
vince, besides gneiss, there is quartz-rock, syenite, and granite; and at.
Colla, I heard of marble,

Near M. Video, the space which I more accurately examined was
about fifteen miles in an east and west line, and here T found the
foliation of the gneiss and the cleavage of the slates generally well
developed, and extending parallel to the alternating strata composed
of the gneiss, hornblendic and chloritic schists. These planes of
division all range within one point of east and west, frequently ecast
by south, and west by north; their dip is generally almost vertical,
and seareely anywhere under 45°: this fact, considering how slightly
undulatory the surface of the country is, deserves attention. West-
ward of M. Video, towards the Uruguay, wherever the gneiss is ex-
posed, the highly inclined folia are seen striking in the same direc-
tion; I must except one spot where the strike was N.W. by W,
The little Sierra de 8. Juan, formed of gneiss and laminated quartz,
must also be excepted, for it ranges between [N. to N.E.J and [S. to
S.W.7] and seems to belong to the same system with the hills in the
Maldonado district. Finally, we have seen that, for many miles
northward of Maldonado and for twenty-five miles westward of it, as
far as the S. de las Animas, the foliation, cleavage, so-called stratifica-
tion and lines of hills, all range N.N.E. and 8.S.W., which is nearly
coincident - with the adjoining coast of the Atlantic. Westward of

* Mr. Greenough (p. 78, Critical Examination, &o,) observes that quartz in
mica-slate sometimes appears in beds and sometimes in veins, Von Buch also,
in his Travels in Norway (p. 236), remarks on alternating lamine of quartz and
hornblend replacing mica-schist.
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the S. de las Animas, as far as even the Uruguay, the foliation,
cleavage, and stratification (but not lines of hills, for there are no
defined ones) all range about E. by S. and W, by N., which is
nearly coincident with the direction of the northern shore of the
Plata: in the confused country mear Las Minas, where these two
great systems appear to intersect cach other, the cleavage, foliation,
and stratification run in various directions, but generally coincide with
the line of each separate hill.

Southern La Plata.—The first ridge, south of the Plata, which
projects through the Pampean formation, is the Sierra Tapalgten and
Vulean, situated 200 miles southward of the district just deseribed.
This ridge is only a few hundred feet in height, and runs from C.
Corrientes in a W.N.W. line for at least 150 miles into the interior :
at Tapalguen, it is composed of unstratified granular quartz, remark-
able from forming tabular masses and small plains, surrounded by
precipitous cliffs: other parts of the range are said to consist of
granite; and marble is found at the S. Tinta. It appears from M.
Parchappe's* observations, that at Tandil there is a range of quartzose
gneiss, very like the rocks of the S. Larga near Maldonado, running
in the same N.N.E. and S.S.W. direction; so that the frame-work
of the country here is very similar to that on the northern shore of
the Plata.

The Sierra Guitru-gueyu it situated sixty miles south of the S.
Tapalguen : it consists of numerous, parallel, sometimes blended
together ridges, about twenty-three miles in width and 500 feet in
height above the plain, and extending in a N.W. and S.E. direction.
Skirting round the extreme S.E. termination, I ascended only a few
points, which were composed of a fine-grained gneiss, almost com-
posed of feldspar with a little mica, and passing in the upper parts of
the hills into a rather compact purplish clay-state. The cleavage was
nearly vertical, striking in a N.W. by W. and S.E. by E. line,
nearly, though not quite, coincident with the direction of the parallel
rages.

The Sierra Ventana lies close south of that of Guitru- gueyu ; it is
remarkable from attaining a height, very unusual on this side of the
continent, of 3,340 feet. It consists, up to its summit, of quartz,
generally pure and white, but sometimes reddish, and divided into
thick laminge or strata : in one part there is a little glossy clay-slate
with a tortuous cleavage. The thick layers of quartz strike in a
W. 30° N. line, dipping southerly at an angle of 45° and upwards.
The principal line of mountains, with some quite subordinate parallel
ridges, range about W. 45° N.; but at their S.E. termination, only
W. 25 N. This Sierra is said to extend between twenty and thirty
leagues into the interior.

# M. d’Orbigny's Voyage, Part. Géolog. p. 46. I have given a short account
of the peculiar forms of the quartz hills of Tapalguen, so unusual in a meta-
morphic formation, in my Journal of Researches (2nd edit.) p. 116.

L 2
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Patagonia.—With the exception perhaps of the hill of S. An.tqmo
(600 feet high) in the Gulf of S. Matias, which has never been visited
by a geologist, crystalline rocks are not met with on. the coast of Pata-
gonia for a space of 380 miles south of the S. Ventana. At this
point (lat. 43° 50'), at Points Union and Tombo, plutonic rocks are
said to appear, and are found, at rather wide intervals, h-.znemth the
Patagonian tertiary formation for a space of about 300 miles south-
ward, to near Bird Island, in lat. 48° 56'. Judging from specimens
Kindly collected for me by Mr. Stokes, the prevailing rock at Ports
St. Elena, Camerones, Malaspina, and as far south as the Paps of
Pineda, is a purplish-pink or brownish claystone porphyry, some-
times laminated, sometimes slightly vesicular, with crystals of opaque
feldspar and with a few grains of quartz; hence these porphyries
resemble those immediately to be described at Port Desire, and likewise
a series which I have seen from P. Alegre on the southern confines of
Brazil. This porphyritic formation further resembles in a singularly
close manner the lowest stratified formation of the Cordillera of Chile,
which, as we shall Lereafter see, has a vast range, and attains a great
thickness. At the bottom of the Gulf of St. George, only tertiary
deposits appear to be present. At Cape Blanco, there is quartz rock,
very like that of the Falkland Tslands, and some hard, blue, siliceous
clay-slate.

At Port Desire there is an extensive formation of the claystone
porphyry, stretehing at least twenty-five miles into the interior : it
has been denuded and deeply worn into gullies before being covered
up by the tertiary deposits, throngh which it here and there projects
in hills; those north of the bay being 440 feet in height. The strata
have in several places been tilted at small angles, generally either to
N.N.W. or S.S.E. By gradual passages and alternations, the
porphyries change incessantly in nature. I will describe only some
of the principal mineralogical changes, which are highly instructive,
and which I carefully examined. The prevailing rock has a compact
purplish base, with crystals of earthy or opaque feldspar, and often
with grains of quartz, There are other varieties, with an almost truly
trachytic base, full of little angular vesicles and erystals of glassy
feldspar ; and there are beds of black perfect pitchstone, as well as
of a concretionary imperfect variety. On a ecasual inspection, the
whole series would be thought to be of the same plutonic or volcanic
nature with the trachytic varieties and pitchstone; but this is far
from being the case, as much of the porphyry is certainly of meta-
morphic origin. Besides the true porphyries, there are many beds of
earthy, quite white or yellowish, friable, easily fusible matter, resem-
bling chalk, which under the microscope is seen to consist of minute
broken crystals, and which, as remarked in a former chapter, singularly
resembles the upper tufaceous beds of the Patagonian tertiary forma-
tion. This earthy substance often becomes coarser, and contains
minute rounded fragments of porphyries and rounded grains of quartz,
and in one case so many of the latter as to resemble a common sand-
stone.  These beds are sometimes marked with true lines of agueous
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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 erystals 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 filrous structure, then passing into opaque imperfectly
shaped erystals, 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 beautifully 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
porcelainous varieties can be seen melting into the surrounding paste.
In other parts, the earthy or tuf: beds either i ibly pass
into, or alternate with, breccias composed of large and small fragments
of various purplish porphyries, with the matrix generally porphyritic :
these breceias, though their subaqueous origin is i 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 mot doubt that these large
crystals, 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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chemical action, but to the original planes of deposition. I am
tempted briefly to describe three other singular allied varieties of
rock ; the first without examination would have passed for a stratllﬁed
porphyritic breccia, but all the included angular fragment s d
of a border of pinkish crystalline feldspathic matter, surrounding a
dark translucent siliceous centre, in which grains of quartz not quite
blended into the paste could be distinguished : this uniformity in the
nature of the fragments shows that they are not of mechanical, Ahut of
concretionary origin, having resulted perhaps from the self-breaking up
and aggregation of layers of indurated tuff containing numerous grains
of quartz—into which, indeed, the whole mass in one part passed.
The second variety is a reddish non-porphyritic claystone, quite full
of spherical cavities, about half an inch in diameter, each lined with a
collapsed crust formed of crystals of quartz. The third variety also
consists of a pale purple non-porphyritic claystone, almost wholly
formed of concretionary balls, obscurely arranged in layers, of a less
compact and paler coloured claystone; each ball being on one side
partly hollow and lined with erystals of quartz.

Speudo-dikes—Some miles up the harbour, in a line of cliffs
formed of slightly metamorphosed tufaceous and porphyritic claystone
beds, T observed three vertical dikes, so closely resembling in general
appearance ordinary volcanic dikes, that I did not doubt, until closely
examining their composition, that they had been injected from below.
The first 15 straight, with parallel sides, and about four feet wide; it
consists of whitish, ind d tuf: matter, precisely like some of
the beds intersected by it. The second dike is more remarkable; it
is slightly tortuous, about eighteen inches thick, and can be traced for
a considerable distance along the beach; it is of a purplish-red or
brown colour, and is formed chiefly of rounded grains of quartz, with
broken crystals of earthy feldspar, scales of black mica, and minute
fragments of claystone porphyry, all firmly united together in a hard
sparing base. The structure of this dike shows obviously that it is
of mechanical and sedimentary origin; yet it thinned out upwards,
and did not eut through the uppermost strata in the cliffs. This
fact at first appears to indicate that the matter could not have been
washed in from above;* but if we reflect on the suction which
would result from a deep-seated fissure being formed, we may admit
that if the fissure were in any part open fo the surface, mud and
water might well be drawn into it along its whole course, The
third dike consisted of a hard, rough, white rock, almost composed of
broken crystals of glassy feldspar, with numerous scales of black
mica, cemented in a scanty base; there was little in the appearance of
this rock, to preclude the idea of its having been a true injected feld-
spathic dike. The matter composing these three spendo-dikes, espe-
cially the second one, appears to have suffered, like the surrounding
strata, a certain degree of metamorphic action; and this has much

* Upfilled fissures are known to oceur both in volcanic and in ordinary
sedimentary formations. At the Galapagos Archipelago (Voleanic Islands, &c.
p. 100), there are some striking examples of speudo-dikes composed of hard tuff.
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aided the deceptive appearance. At Bahia, 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
gneiss, 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-
ridges consist of quartz, and the lower country of clay-slate and sand-
stone, the latter containing paleozoic 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
ES.E., and even still more northerly. The cleavage-planes of the
clay-slate are highly inclined, generally at an angle of above 50°,
and 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
distinguished, 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.] and [E. 20° to 40° S.].

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 : ionally it is associated with breceia and
grauwacke. At Good Success Bay, there is a little intercalated
black crystalline limestone. At Port Famine much of the clay-slate

* Geograpbical Journal, vol. i. p. 155.

The Complete Work of Charles Darwin Online



152 TIERRA DEL FUEGO, [cmap. vI.

is caleareous, and passes either into a mudstone or into gr:lmwacke,
including odd-shaped concretions of dark argillaceous limestone.
Here aloae, on the shore a few miles north of Port Famine, and on the
summit of M. Tarn (2600 feet high), I found organic remains; they
consist of,

1. Ancyloceras simplex, d'Orbig. Pal, Franc. (P1. V. f. 2) Mount Tarn.
2. Fusus (in imperfect state) do.

3. Natica do. do.

4, Pentacrimus do. do.

5. Lucina excentrica, G. B. Sowerby, (PL V. fig. 21,) Port Famine.

6. Veuus (in imperfect state) do.

7. Turbinolia? do. do.

8. Hamites elatior, G. B. Sowerby, do.

M. d’Orbigny states® that MM. Hombron and Grange found in
this neighbourhood an_Ancyloceras, perhaps A. simpler, an Am-
monite, a Plicatula and Modiola. M. d’Orbigny believes from the
general character of these fossils, and from the Amncyloceras being
identical (as far as its imperfect condition allows of comparison) with
the A. simplex of Europe, that the formation belongs to an early stage
of the Cretaceous system. Prof. E. Forbes, judging only from my
specimens, concurs in the probability of this conclusion. The
Hamites elatior of the above list, of which a description is given by
Mr. Sowerby in the Appendix, and which is remarkable from its
large size, has mot been seen either by M. d’Orbigny or Prof. E.
Forbes, as, since my return to England, the specimens have been lost.
The great clay-slate formation of Tierra del Fuego being cretaceous,
is certainly a very interesting fact,—whether we consider the ap-
pearance of the country, which, without the evidence afforded by the
fossils, would form the analogy of most known districts, probably
have been considered as belonging to the Palmozoic series,—or whether
we view it as showing that the age of this terminal portion of the
great axis of S. America, is the same (as will hereafter be seen) with
the Cordillera of Chile and Peru.

The clay-slate in many parts of T. del Fuego, is broken by dikes+
and by great masses of greenstone, often highly hornblendic - almost
all the small islets within the clay-slate districts are thus composed.
The slate near the dikes generally becomes paler-coloured, harder, less
fissile, of a feldspathic nature, and passes into a porphyry or green-
stone : in one case, however, it became more fissile, of a red colour, and
contained minute scales of mica; which were absent in the unaltered
rock. On the east side of Ponsonby Sound, some dikes composed of
a pale sonorous feldspathic rock, porphyritic with a little feldspar,
were remarkable, from their number,—there being within the space of
a mile at least one hundred,—from their nearly equalling in bulk the
intermediate slate,—and more especially from the excessive fineness
(like the finest inlaid carpentry) and perfect parallelism of their junc-

* Voyage, Part. Géolog. p. 242.

+ In a greenstone-dike in the Magdalan Channel, the feldspar cleaved with
the angle of albite. This dike was crossed, as well as the surrounding slate, by
a large vein of quartz, a circumstance of unusual occurrence.

The Complete Work of Charles Darwin Online



CHAP. VL] CRYSTALLINE ROCKS OF. 153

tions with the almost vertical Tamine of clay-slate. I was unable to
persuade myself that these great parallel masses bad been injected,
until I found one dike which abruptly thinned out to half its thick-
ness, and Liad 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-
ary, becomes much altered and feldspathic. Thus on Wollaston
Island slate and grauwacke can be distinctly traced passing into
feldspathic rocks and greenstones, including iren 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-
eanic rocks, consisting of amygdaloids with dark bole and agate,—of
basalt with decomposed olivine,—of compact lava with glassy feld-
spar,—and of a coarse conglomerate of red scorize, parts being amyg-
daloidal with carbonate of lime. The southern part of Wollaston
Tsland and the whole of Hermite and Horn 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 volcanic 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
crystals of hornblende (both ascertained by the reflecting goniometer)
and mica; but with no quartz. No recent voleanic 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 velcanic
1ocks, passes by alternations into a great underlying mass of fine gneiss
and glossy clay-slate, which at no great distance is succeeded by a
grand formation of mica-slate contaming 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-laminge of the slate are straight. These schists

* Determined by Professor Jameson. Weddell’s Voyage, p. 169. X

+ 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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compose the chief mountain-chain of southern T. del Fuego, ranging
along the north side of the northern arm of the Beagle Channel, in a
short W.N.W. and E.S.E. line, with two points (Mounts Sarmi-
ento and Darwin) rising to heights of 6,800 and 6,000 feet. On the
south-western side of this northern arm of the Beagle Chgmnel, the clay-
slate is seen with its strate dipping from the great chain, so that the
metamorphic schists here form a ridge bordered on each side by clay-
slate. Further north, however, to the west of this great range there
is no clay-slate, but only gneiss, mica, and hornblendic slates, resting
on great barren hills of true granite, and forming a tract about sixty
miles in width. Again, westward of these rocks, the outermost
islands are of trappean formation, which, from information obtained
during the voyages of the Adventure and Beagle,* seem, together with
granite, chiefly to prevail along the western coast as far north as the
entrance of the St. of Magellan: a little more inland, on the eastern
side of Clarence Island and S. Desolation, granite, greenstone, mica-
slate, and gneiss appears to predominate. Iam tempted to believe, that
where the clay-slate has been metamorphosed at great depths beneath
the surface, gneiss, mica-slate, and other allied rocks have been formed,
but where the action has taken place nearer the surface, feldspathic
porphyries, greenstones, &o. have resulted, often accompanied by
submarine voleanic eruptions,

Only one other rock, met with in both arms of the Beagle Channel,
deserves any notice, namely, a granulo-crystalline mixture of white
albite, black hornblende (ascertained by measurement of the crystals,
and confirmed by Professor Miller), and more or less of brown mica,
but without any quartz. This rock occurs in large masses, closely
resembling in external form granite or syenite: in the southern arm
of the Channel, one such mass underlies the mica-slate, on which
clay-slate was superimposed : this peculiar plutonic rock which, as
we have seen occurs also in Hardy Peninsula, is interesting, from its
perfect similarity with that (hereafter often to be referred to under
the name of andesite) forming the great injected axes of the Cordillera
of Chile.

The stratification of the clay-slate is generally very obscure,
whereas the cleavage is remarkably well defined : to begin with the
extreme eastern parts of T. del Fuego; the cleavage-planes ncar the
St. of Le Maire, strike either W. and E. or W.S.W. and E.N.E.,
and are highly inclined: the form of the land, including Staten
Tsland, indicates that the axes of elevation have run in this same line,
though I was unable to distinguish the planes of stratification. Pro-
ceeding westward, I accurately examined the cleavage of the clay-
slate on the northern, eastern, and western sides (thirty-five miles
apart) of Navarin Island, and everywhere found the laminse ranging
with extreme regularity, W.N.W. and E.S.E., seldom varying more

* Sea the Paper by Capt. King, in the Geograpb. Journal ; also a Letter to
Dr. Fitton in Geolog. Proc., vol. i. p. 20; also some observations by Capt.
Fitzroy, Voyages, vol. i. 75. 1 am indebted also to Mr Lyell, fora series
of specimens collected by Lieut. Grayes,
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than one point of the compass from this direction.* Both on the
east and west coasts, T erossed 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 5.8.W., sometimes to N.N.E., and
often quite vertically. The 8.8.W. dip was occasionally succeeded
abruptly by a N.N.E. dip, and this by a vertical cleavage, or again
by the S.S.W. dip; as in a lofty cliff on the eastern end of the
island, the laminee of slate were scen 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-laminze, though to the eye appearing straight, being parts of
large abrupt curves, with their summits cut off and worn down.

In several places I was particularly struck with the fact, that the
fine lamine of the clay-slate, where eutting straight through the
Dands of stratification, and therefore indisputably true cleavage-planes,
differed slightly in their greyish and greenish tints of colour, in com-
pactness, and in some of the lamine having a rather more jaspery
appearance than others. T 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
places, especially in Navarin Island, but only on the weathered sur-
faces of the slate; they consist of slightly undulatory zones of dif-
ferent shades of colour and of thicknesses, and resemble the marls
(more closely than anything else to which T can compare them) left
on the inside of a vessel by the draining away of some dirty slighily
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
castern side of Hoste Island, on the N.E. side of Hardy Peninsula,
and on the northern point of Weollaston Island; although in these two
latter localities the ecleavage 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
joints. 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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line with the cleavage : the outline of the coast, however, does not
correspond with this line. Near the bifurcation of the Beagle Chan-
nel, where the underlying metamorphic schists are first seen, they
are folinted (with some irregularitics,) in this same W.N.W. line,
and parallel, as before stated, to the main mountain-axis of this part
of the country. Westward of this main range, the metamorphic
schists are foliated, though less plainly, in the same direction, which
is likewise common to the zone of old erupted trappean rocks, form-
ing the outermost islets. Hence the area, over which the clcav:fge of
the slate and the foliation of the metamorphic schists extends with an
average W.N.W. and E.S.E. strike, is about forty miles in a north
and south line, and ninety miles in an east and west line.

Further northward, near Port Famine, the stratification of the
clay-slate and of the associated rocks, is well defined, and there
alone the cleavage and strata-planes are parallel. A little north of
this port there is an anticlinal axis ranging N.W. (or a little more
westerly) and S.E. : south of the port, as far as Admiralty Sound
and Gabriel Channel, the outline of the land clearly indicates the
existence of several lines of elevation in this same N.W. direction,
which, I may add, is so uniform in the western half of the St. of
Magellan, that, as Captain King* has remarked, *“a parallel ruler
placed on the map upon the projecting points of the south shore, and
extended across the strait, will also touch the headlands on the oppo-
site coast.” It would appear, from Captain King's observations, that
over all this area the cleavage extends in the same line. Deep-water
channels, however, in all parts of Tierra del Fuego, have burst
through the trammels both of stratification and cleavage; most of
them may have been formed during the elevation of the land by
Tong-continued erosion, but others, for instance the Beagle Channel,
which stretches like a narrow canal for 120 miles obliquely through
the mountains, can hardly have thus originated.

Finally, we have seen that in the extreme eastern point of Tierra
del Fuego, the cleavage and coast-lines extend W. and E. and even
W.S.W. and E.N.E.: over a large area westward, the cleavage, the
main range of mountains, and some subordinate ranges, but not the
outlines of the coast, strike W.N.W. and E.S.E.: in the central
and western parts of the St. of Magellan, the stratification, the
mountain-ranges, the outlines of the coast, and the cleavage all strike
nearly N.W. and S.E. North of the strait, the outline of the coast
and the mountains on the mainland, run nearly north and south.
Hence we sce, at this southern point of the continent, how gradually
the Cordillera bend, from their north and south course of so many thou-
sand miles in length, into an east and even E.N.E. direction.

West Coast, from the Seuthern Chonos Islands to Northern Chile.
—The first place at which we landed north of the St. of Magellan
was near Cape Tres Montes, in lat. 47° S.  Between this point and
the northern Chonos Islands, a distance of 200 miles, the Beagle

* Geograph. Journal, vol. i. p. 170.

The Complete Work of Charles Darwin Online



CHAP. VL] CHONOS ARCHIPELAGO. 157

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 crystallized 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. Great 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-
crystalline 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. Hence all the rocks on this
line of coast belong to one serics, 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 distinet 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 8. 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 neighbourhood, would
have led any one at first to have supposed that they had been formed of injected
or intrusive rocks.
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Tres Montes, the foliation and cleavage extended in a line between
[N. 11° to 22° W.] and [S. 11° to 22° E.]; and the planes dipped
generally westerly, but often easterly, at angles varying from a
gentle inclination to vertical. At A. Pink’s Harbour, where .the
schists generally dipped easterly, wherever the angle became high,
the strike changed from N. 11° W. to even as much as N. 45° W.:in
an analogous manner at Vallenar Bay, where the dip was westerly
(viz. on an average directed to W. 25° S.), as seon as the angle
became very high, the planes struck in a line more than 25° west of
north. The average result from all the observations on this 200
miles of coast, is a strike of N. 19° W. and S. 19° E. : considering
that in each specified place my examinati ctended over an area of
several miles, and that Lieut. Stoke’s observations apply to a length
of 100 miles, T think this remarkable uniformity is pretty well
established. The prevalence, throughout the morthern half of this
line of coast, of a dip in one direction, that is to the west, instead of
being sometimes west and sometimes east, is, judging from what I
have elsewhere seen, an unusual circumstance. In Brazil, La Plata,
the Falkland Islands, and Tierra del Fuego, there is generally an
obvious relation between the axes of elevation, the outline of the
coast, and the strike of the cleavage or foliation: in the Chonos
Archipelago, however, neither the minor details of the coast-line, nor
the chain of the Cordillera, nor the subordinate transverse mountain-
axes, accord with the strike of the foliation and cleavage: the
seaward face of the numerous islands composing this archipelago, and
apparently the line of the Cordillera, range N. 11° E., whereas
as we have just seen, the average strike of the foliation is N. 19° W.
There is one interesting ption to the uniformity in the strike of
the foliation. At the northern point of Tres Montes (lat. 45° 52')
a bold chain of granite, between 2,000 and 5,000 feet in height, runs
from the coast far into the anterior,” in a E.S.E. line, or more strictly
E.28°8. and W. 28° N. In a bay, at the northern foot of this
range, there are a few islets of mica-slate, with the folia in some parts
horizontal, but mostly inclined at an average angle of 20° to the north.
On the northern steep flank of the range, there are a few patches
some quite isolated, and not larger than half a crown!) of the mica-
schist, foliated with the same northerly dip. On the broad summit,
as far as the southern crest, there is much mica-slate, in some places
even 400 feet in thickness, with the folia all dipping north, at angles
varying from 5° to 20°, but sometimes mounting up to 30° The
southern flank consists of bare granite. The mica-slate is penetrated
by small veinst of granite, branching from the main body. Leaving
out of view the prevalent strike of the folia in other parts of this

* In the distance, other mountains could be seen apparently ranging N.N.E.
and S.8.W. at right angles to this one. I may add, that not far from Vallenar
Bay there isa fine range, apparently of granite, which has burst through the
mica-slate in a N.E, by E. and S.W. by 8. line.

t The granite within these veins, as well as generally at the junction with
the mica-slate, is more quartzose than elsewhere. The granite, I may add, is
traversed by dikes running for a very great length in the line of the mountains ;
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archipelago, it might have been expected that here they would have
dipped N. 28° E., that is directly from the ridge, and, considering its
abruptness, at a high inclination; but the real dip, as we have Just,
seen, both at the foot and on the northern flank, and over the entire
summit, is at a small angle, and directed nearly due north, From
these considerations it occurred to me, that perhaps we here had the
novel and curious case of already inclined laminz obliquely tilted at
a subsequent period by the gramitic axis. Mr. Hopkins, so well
known from his mathematical investigations, has most kindly calcu-
lated the problem: the proposition sent was,—take a district com-
posed of lamine, dipping at an angle of 40° to W. 19° S., and let an
axis of elevation traverse it in an E. 28° 8. line, what will the position
of the laminge be on the northern flank after a tilt, we will first sup-
pose, of 45°?  Mr. Hopkins informs me, that the angle of the dip
will be 28° 31, and its direction to north 30° 33' west.* By varying
the supposed angle of the tilt, our previously inclined folia can be
thrown into any angle between 26°, which is the least possible angle,
and 90°; but if a small inclination be thus given to them, their point
of dip will depart far from the morth, and therefore not accord with
the actual position of the folia of mica-schist on our granitic range.
Hence it appears very difficult, without varying considerably the cle~
mentg of the problem, thus to explain the anomalous strike and dip of
the foliated mica-schist, especially im those parts, namely, at the base
of the range, where the folia are almost horizontal. Mr. Hopkins,
however, adds, that great irregularities and lateral thrusts might be
expected in every great line of elevation, and that these would account
for considerable deviations from the calculated results: considering
that the granitic axis, as shown by the veins, has indisputably been
injected after the perfect formation of the mica-slate, and considering
the uniformity of the strike of the folia throughout the rest of the
archipelago, I cannot but still think that their anomalous position at
this one point is someway directly and mechanically related to the
intrusion of this W.N.W. and E.8.E. mountain-chain of granite.

Dikes are frequent in the metamorphic schists of the Chonos Islands,
and seem feebly to represent that great band of trappean and ancient
volcanic rocks on the south-western coast of T. del Fuego. At S.
Andres I observed in the space of half a mile, seven broad, parallel
dikes, composed of three varieties of trap, running in a N.W. and
S.E. line, parallel to the neighbouring mountain-ranges of altered clay-
slate; but they must be of long subsequent origin to these mountains;
for they intersected the voleanic formation described in the last
chapter. North of Tres Montes, I noticed three dikes differing from
each other in composition, one of them having an euritic base mclud-
ing large octagons of quartz; these dikes, as well as several of por-
they are composed of a somewhat laminated eurite, containing crystals of
feldspar, hornblende, and octagons of quartz.

* On the south side of the axis (where, however, I did not see any mica-slate)
the dip of the folia would be at an angle of 77° 55, directed to west 35° 33’
south. Hence the two points of dip on the opposite sides of the range, instead
of being as in ordinary cases directly opposed {o each other at an angle of 180°,
would here be only 86° 50° apart.
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phyritic greenstone at Vallenar Bay, extended N.E. and 8, W., nearly
at right angles to the foliation of the schists, but in the line of their
Jjoints. At Low’s Harbour, however, a sct of great parallel dikes,
one ninety yards and another sisty yards in width, have been guided
by the foliation of the mica-schist, and hence are inelined }V_Estw:ud
at an angle of 45°: these dikes are formed of various porphyritic traps,
some of which are remarkable from containing numerous rounded
grains of quartz. A porphyritic trap of this latter kind, passed in
one of the dikes into a most curious hornstone, perfectly white, with
a waxy fracture and pellucid edges, fusible, and containing many
grains of quartz and specks of iron pyrites. In the ninety yard dike
several large, apparently now quite isolated, fragments of mica-slate
were embedded ; but as their foliation was exactly parallel to that of
the surrounding solid rock, no doubt these now separate frag_mems
originally formed wedge-shaped depending portions of a continuous
vault or crust, once extending over the dike, but since worn down and
denuded.

Chiloe, Valdivia, |Concepcion. — In Chiloe, a great formation of
mica-schist strikingly resembles that of the Chonos Islands. Fora
space of eleven miles on the S.E, coast, the folia were very distinct,
though slightly convoluted, and ranged within a point of N.N.W.
and S.8.E., dipping either E.N.E. or more commonly W.S.W., at an
average angle of 22° (in one spot, however, at 60°), and therefore
decidedly at a lesser inclination than amongst the Chonos Islands.
On the west and north-western shores, the foliation was often
obseure, though, where best defined, it ranged within a point of N.
by W. and 8. by E., dipping either easterly or westerly, at varying
and generally very small angles. THence, from the southern part of
Tres Montes to the northern end of Chiloe, a distance of 300 wmiles,
we have closely allied rocks with their folia striking on an average
in the same direction, namely between N. 11° and 22° W. Again, at,
Valdivia, we meet with the same mica-schist, exhibiting nearly the
same mineralogical passages as in the Chonos Archipelago, often,
however, becoming more ferruginous, and containing so much feld=
spar as to pass into gneiss. The folia were generally well defined ;
but nowhere else in S. America did T see them varying so much in
direction : this seemed chiefly caused by their forming parts, as T
could sometimes distinctly trace, of large flat curves : nevertheless,
both near the settlement and towards the interior, a N.W. and S.E.
strike seemed more frequent than any other direction ; the angle of
the dip was generally small. At Concepeion, a highly glossy clay-
slate had its cleavage often slightly curvilinear, and inelined, seldom
at a high angle, towards various points of the compass ;* but here, as

* T observed in some parts, that the tops v
tinenie Sl T LEBEE
under the superficial detritus and soil (a) were g —
bent, sometimes without being broken, a8 repro- 5 SUSTRNS=SSS—=e
sented in the accompanying dingram, which is " RIS
copied from one given by Sir H. De la Beche (p. 42, , )\

Geological Manual) of an exactly similar pheno- J
menon in Devonshire. Mr. R. A. C. Austen, also,
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at Valdivia, a N.W. and S.E. strike seemed to be the most frequent
one. In certain spots large quartz veins were numerous, and near
them, the cleavage, as was the case with the foliation of the schists in
the Chonos archipelago, became extremely tortuous.

At the northern end of Quiriquina Island, in the Bay of Con-
cepcion, at least eight rudely parallel dikes, which have been guided
to a certain extent by the cleavage of the slate, oceur within the
space of a quarter of a mile. They vary much i composition,
resembling in many respects the dikes at Low’s Harbour: the
greater number consist of feldspathic porphyries, sometimes con-
taining grains of quartz; one, however, was black and brilliant, like
an angitic rock, but really formed of feldspar ; others of a feldspathic
nature were perfectly white, with either an earthy or crystalline
fracture, and including grains and regular octagons of quartz; these
white varieties passed into ordinary greenstones. Although, both
here and.at Low’s Harbour, the nature of the rock varied con-
siderably in the same dike, yet I cannot but think that at these two
places and in other parts of the Chonos group, where the dikes,
though clese to each other and running parallel, are of different
composition, that they must have been formed at different periods.
In the case of Quiriquina this is a rather interesting conclusion, for
these eight parallel dikes cut through the metamorphic schists in a
N.W. and 8.E. line, and since their injection the overlying cretaceous
or tertiary strata have been tilted (whilst still under the sea) from a
N.W. by N. and S.E. by 8. line; and again, during the great carth-
quake of Feb. 1835, the ground in this neighbourhood was fissured in
N.W. and S.E. lines; and from the manner in which buildings were
thrown down, it was evident that the surface undulated in this same
direction.®

Central and Northern Chile.—Northward of Concepeion, as far as
Copiapo, the shores of the Pacific consist, with the exception of some
small tertiary basins, of gneiss, mica-sclist, altered clay-slate, granite,
greenstone and syenite : hence the coast from Tres Montes to
Copiapo, a distance of 1200 miles, and I have reason to believe for
a much greater space, is almost similarly constituted.

Near Valparaiso the prevailing rock is gneiss, generally including

in his excellent paper on S.E. Devon (Geolog. Transact. vol. vi. p. 437), has
described this phenomenon ; he attributes it to the action of frosts, but at the same
time doubts whether the frosts of the present day penetrate to a sufficient depth.
As itis known that earthquakes particularly affect the surface of the ground, it
oceurred to me that this appearance might perbaps be due, at least at Concepeion,
to their frequent oceurrence ; the superficial layers of detritus being either jerked
in one direction, or, where the surface was inclined, pusbed a little downwards
during each strong vibration. [n North Wales I have seen a somewhat analogous
but less regular appearance, though on a greater scale (London Phil. Mag.
vol. xxi. p. 184), and produced by a quite different cause, namely, by the
stranding of great icebergs; this latter appearance bas also been observed in
N. Awerica.

* Geolog. Trans. vol. vi. p, 602 and 617, Journal of Researches (2nd edit.)
p. 307.

M
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much hornblende : concretionary balls formed of feldspar, hornblende
and mica, from two to three feet in diameter, are in very many
places conformably enfolded by the foliated gneiss: veins of quartz
and feldspar, including black schorl and well—crystnlh?ed eEIdote, are
numerous. Epidote likewise occurs in the gneiss in thin layers,
parallel to the foliation of the mass. One large vein of a coarse
granitic character, was remarkable from in one part quite changing
its character, and insensibly passing into a blackish porphyry, in-
cluding acicular erystals of glassy feldspar and of hornblende : I have
never seen any other such case.*

T shall in the few following remarks on the rocks of Chile, allude
exclusively to their foliation and cleavage. In the gneiss round
Valparaiso the strike of the foliation is very variable, but I think
about N. by W. and S. by E. is the commonest direction ; this
likewise holds good with the cleavage of the altered feldspathic clay-
slates, occasionally met with on the coast for ninety miles north of
Valparaiso. Some feldspathic slate, alternating with strata of clay-
stone porphyry in the Bell of Quillota and at Jajuel, and therefore,
perhaps, belonging to a later period than the metamorphic schists on
the coast, cleaved in this same direction, In the Eastern Cordillera,
in the Portillo Pass, there is a grand mass of mica-slate, foliated in a
north and south line, and with a high westerly dip: in the Uspallata
range, clay-slate and grauwacke have a highly inclined, ncarly north
and south cleavage, though in some parts the strike is irregular : in
the main or Cumbre range, the direction of the cleavage in the feld-
spathic clay-slate is N.W. and S.E.

Between Coquimbo and Guasco there are two considerable for-
mations of mica-slate, in one of which the rock passed sometimes into
common clay-slate, and sometimes into a glossy black variety, very
like that in the Chonos archipelago. The folia and cleavage of these
rocks ranged between [N. and N.W. by N.] and [8.and 8.W. by 8.]
Near the Port of Guasco several varieties of altered clay-slate have a
quite irregular cleavage. Between Guasco and Copiapo, there are
some siliceons and talcaceous slates cleaving in a morth and south
line, with an easterly dip of between 60° and 70°: high up, also, the
main valley of Copiapo, there is mica-slate with a high easterly dip.
In the whole space between Valparaiso and Copiapo an easterly dip
is much more common than an opposite or westerly one.

Concluding remarks on Cleavage and Foliation.

In this southern part of the southern hemisphere, we have seen
that the cleavage-laminee range over wide areas with remarkable
uniformity, cutting straight through the planes of stratification,t but

* Humboldt (Personal Narrative, vol. iv. p. 60) has described with much
surprise, concretionary balls, with concentric divisions, composed of partially
vitreous feldspar, horrblende, and gamets, included within great veins of gneiss,
which cut across the mica-slate near Venezuela,

t In my paper on the Falkland Islands, (vol. iii. p. 267 Geological Joumal,)
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yet being parallel in strike to the main axes of elevation, and
generally to the outlines of the coast. The dip, however, is as
variable, both in angle and in direction (that is, sometimes being
inclined to the one side and sometimes to the directly opposite side),
as the strike is uniform. In all these respects there is a close agree-
ment with the facts given by Professor Sedgwick in his celebrated
memoir in the Geological Transactions, and by Sir R. I. Murchison
in his various excellent discussions on this subject. The Falkland
Islands, and more especially Tierra del Fuego, offer striking instances
of the lines of cleavage, the principal axes of elevation, and the out-
lines of the coast, gradually changing together their courses. The
direction which prevails throughout Tierra del Fuego and the Falk-
land Tslands, namely, from west with some northing to east with
some southing, is also common to the several ridges in northern Pata-
gonia and in the western parts of Banda Oriental: in this latter pro-
vinee, in the Sierra Tapalguen, and in the western Falkland Island,
the W. by N., or W.N.W. and E.S.E., ridges, are crossed at right
angles by others ranging N.N.E. and S.8.W.

The fact of the cleavage-lamin® in the clay-slate of Tierra del
Fuego, where seen cutting straight through the planes of stratifica-
tion, and where consequently there could be no doubt about their
nature, differing slightly in colour, texture, and hardness, appears to
me very interesting. In a thick mass of laminated, feldspathic and
altered clay-slate, interposed between two great strata of porphyritic
conglomerate in central Chile, and where there could be but little
doubt about the bedding, I observed similar slight. differences in com-
position, and likewise some distinct thin layers of epidote, parallel to
the highly inclined cleavage of the mass. ~Again, I incidentally no-
ticed in North Wales,* where glaciers had passed over the truncated
edges of the highly inclined lamine of clay-slate, that the surface,
though smooth, was worn into small parallel undulations, caused by
the component laminge being of slightly different degrees of hardness.
With reference to the slates of North Wales, Professor Sedgwick
describes the planes of cleavage, as “coated over with chlorite and
semi-crystalline matter, which not only merely define the planes in
question, but strike in parallel flakes through the whole mass of the
rock.”+ In some of those glossy and hard varieties of clay-slate,
which may often be seen passing into mica-schist, it has appeared to
me that the cleavage-planes were formed of excessively thin, gene-
rally slightly convoluted, folia, composed of microscopically minute
scales of mica. From these several facts, and more espeeially from
the case of the clay-slate in Tierra del Fuego, it must, I think, be
concluded, that the same power which has impressed on the slate its

1 have given a curious case on the authority of Capt. Sulivan, R.N., of much
folded beds of clay-slate, in some of which the cleavage is perpendicular to the
horizon, and in ofhers it is perpendicular to each curvature or fold of the bed :
this appears a new case.
* London Phil. Mag. vol. xxi. p. 182,
+ Geological Trans. vol. iii. p. 471.
M 2
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fissile structurc or cleavage, has tended to modify its mineralogical
character in parallel planes.

Let us now turn to the Foliation of the metamorphic schists, a sub-
jeet which has been much less attended to. As in the case of
cleavage-laminze, the folia preserve over very large areas a uniform
strike : thus Humboldt* found for a distance of 300 miles in Vene-
zuela, and indeed over a much larger spaco, gneiss, granite, mica and
clay-slate, striking very uniformly N.E.and S.W., and dipping at an
angle of between 60° and 70°to N.W.: it would even appear from
the facts given in this chapter, that the metamorphic rocks through-
out the north-eastern part of S. America are generally foliated within
two points of N.E. and S.W. Over the eastern parts of Banda
Oriental, the foliation strikes, with a high inclination, very uniformly
N.N.E. to S.8.W., and over the western parts, in a W, by N. and
E. by 8. line. For a space of 300 miles on the shores of the Chonos
and Chiloe islands, we have seen that the foliation seldom deviates more
than a point of the compass from a N. 19° W. and 8. 19° E, strike.
As in the case of cleavage, the angle of the dip in foliated rocks is
generally high, but variable, and alternates from one side of the line
of strike to the other side, sometimes being vertical : in the northern
Chonos islands, however, the folia are inclined almost always to the
west; in nearly the same manner, the cleavage-lamins in southern
Tierra del Fuego certainly dip much more frequently to S.5.W, than to
the opposite point. In eastern Banda Oriental, in parts of Brazil and in
some other districts, the foliation runs in the same direction with the
mountain-ranges and adjoining coast-lines : amongst the Chonos
islands, however, this coincidence fails, and I have given my reasons
for suspecting that one granitic axis has burst through and tilted the
already inclined folia of mica-schist: in the case of cleavage,t the
coincidence between its strile and that of the main stratification secems
sometimes to fail. Foliation and cleavage resemble each other in the
planes winding round concretions, and in becoming tortuous where
veins of quartz abound.} On the flanks of the mountains both in Tierra
del Fuego and in other countries, T have observed that, the cleavage-
planes frequently dip at a high angle inwards ; and this was long ago
abserved by Von Buch fo be the case in Norway : this fact is per-
haps analogous to the folded, fan-like or radiating structure in the
metamorphic schists of the Alps,§ in which the folia in the central
crests are vertical, and on the two flanks inclined inwards. Where
masses of fissile and foliated rocks altemate together, the eleavage

# Personal Narrative, vol. vi. p. 591, et seq.

+ Cases are given by Mr. Jukes, in his Geology of Newfoundland, p. 130.

4 1 have seen in Brazil and Chile concretions thus enfolded by foliated gneiss ;
and Macculloch (Highlands, vel. i. p. 64) has deseribed a similar case. For
analogous cases in clay-slate, see Prof, Henslow's Memoir in Cambridge Phil.
Trans, vol. i. p. 379, and Maceulloch’s Class, of Racks, p. 351 With respect 1o
both foliation and cleavage becoming tortuous where quartz-veins abound, 1 have
seen instances near Monte Viden, at Concepcion, and in the Chonos Islands, See
also Mr. Greenouchs’ Critical Examination, p. 78.

§ Studer in Edin. New Phil. Journal, vol. xxiii. p. 144.
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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 ease with the feldspathic homogeneous
slates in the southern part of the Chonos group, compared with the
fine foliated mica-schists of the morthern 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 respeot 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 a 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.f
In those distriets 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-laminee, 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 sce 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,

ica-slate was first lated in parallel horizontal folia to a thick-
ness of about four geographical miles, and then upturned at an angle
of forty degrees ; wiiilst, in the southern part of this same archipelago,
the cleavage-laminz 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,

* 1 have given a case in Australia. See my volume on Voleanic Islands, p. 131.
1 1 bave described (Volcanic [slands, p. 149) a good instance of such a passage
at the Cape of Good Hope.
£ 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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and pass into varieties with a foliated structure, I cannot doubt thgw
in most cases foliation and cleavage are parts of the same process: in
cleavage there being only an incipient separation of the

minerals ; in foliation a much more complete separation and crystal-
lization,

The fact often referred to in this chapter, of the foliation and the
so-called strata in the metamorphic series,—that is, the alternating
masses of different varieties of gneiss, mica-schist, and hornblende-
slate, &c.—being parallel to each other, at first appears quite opposed to
the view, that the folia have no relation to the planes of original de-
position. Where the so-called beds are not very thick and of widely
different mineralogical composition from each other, I do not think that
there is any difficulty in supposing that they have originated in an analo-
gous manner with the separate folia : we should bear in mind what thick
strata, in ordinary sedimentary masses, have obviously been formed
by a concretionary process. In a pile of velcanic rocks on the island
of Ascension, there are strata, differing quite as much in appearance
as the ordinary varieties of the metamorphic schists, which un-
doubtedly have been produced, not by successive flowings of lava, but
by internal molecular changes. Near Monte Video, where the strati-
fication, as it would be called, of the metamorphic series is, in most
parts, particularly well developed, being, as usual, parallel to the
foliation, we have seen that a mass of chloritic schist, netted with
quartz-veins, is entangled in gneiss, in such a manner as to show that
it had certainly originated in some process of segregation : again, in
another spot, the gneiss tended to pass into hornblendic schist by
alternating with layers of quartz; but these layers of quartz almost
certainly had never been separately deposited, for they were abso-
lutely continuous with the numerous intersecting veins of quartz. I
have never had an opportunity of tracing for any distance, along the
line both of strike and of dip, the so-called beds in the metamorphic
schists, but T strongly suspeet that they would not be found to extend
with the same character, very far in the line either of their dip or
strike. Hence I am led to believe, that most of the so-called beds
are of the nature of complex folia, and have not been separately de-
posited. OF course, this view cannot be extended to thick masses
included in the metamorphie series, which are of totally different com-
position from the adjoining schists, and which are far-extended, as is
sometimes the case with quartz and marble ; these must generally be
of the nature of true strata.* Such strata, however, will almost
always strike in the same direction with the folia, owing to the axes
of elevation being in most countries parallel to the strike of the folia-
tion ; but they will generally dip at a different angle from that of the
foliation ; and the angle of the foliation in itself almost always varies
much : hence, in crossing a metamorphosed schistose district, it would
Tequire especial attention to discriminate between true strata of depo-

* Macculloch states (Classification of Rocks, p. 364) that primary limestones
are often found in irregular masses or great nodules, “ which can scarcely be
said to possess a stratified shape!”
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sition, and ecomplex 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 not 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-
planes; so, perhaps in some instances, the foliation of a rock may have
been determined by the original planes of deposition or of eblique
current-lamine : 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 ffect. 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
Laving a “grain” (as expressed by Professor Sedgwick), and some-
times being composed of distinct folia or lamina of different composi-
tions, In my volume on Volcanic Islands, T have given several in-
stances of this structure in voleanic rocks, and it is not uncommonly
seen in plutonic smasses,—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 and 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. Ome 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
parallel zones, of excessive tenuity, of more and less coloured crystal-
lized feldspar, of distinct 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
porphyriss 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 of original deposition.

t Volcanic Islands, p. 65.
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These considerations, notwithstanding the experiments made by Mr.
Fox, showing the influence of electrical currents in producing a struc-
ture like that of cleavage, and notwithstanding the apparently inex-
plicable variation, both in the inclination of the cleavage-laminz and in
their dipping first to one side and then to the other side of the line of
strike, lead me to suspect that the planes of cleavage and foliation are
intimately connected with the planes of different tension, to which the
area was long subjected, after the main fissures or axes of upheavement
had been formed, but before the final consolidation of the mass and
the total cessation of all molecular movement.
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CHAPTER VIL
CENTRAL CHILE; STRUCTURE OF THE CORDILLERA.

Central Chile—Basal formations of the Cordiliera—Origin of the porphyritic
clay-sione conglomerate— Andesite—Volcanic rocks—Section of the Cordillera
Uy the Peuquenes or Portillo Pass—Greal gypseous formalion — Peugquenes
line ; thickness of strata, fossils of — Portillo line, conglomerate, orthitic
granife, mica-schist, and volcanic rocks of—Concluding remarks on the denu-
dation and elevation of the Portillo line—Section by {he Cumbre or Uspaliata
Pass—Porp near Puente del Inea _fasxzknf——
Great subsi I porphyries—Plain of Usp of the
Uspaliata chain—Sisucture and nature of the xtmtu—&hmﬁcd verlical trees
— Great subsidence — Granilic racks of axis— Concluding remarks on the
Uspallata_range ; origin subsequent to that of the main Cordillera; two
periods of subsidence; comparison with the Portillo chain.

Tag district between the Cordillera and the Pacific, on a rude average,
is from about eighty to one hundred miles in width. Itis crossed by
many chains of mountaing, of which the principal enes, in the latitude
of Valparaiso and southward of it, range nearly north and south ;
but in the more northern parts of the province, they run in almost
every possible direction. Near the Pacific, the mountain-ranges are
generally formed of syenite or granite, or of an allied euritic por-
phyry; in the low country besides these granitic rocks and green-
stone, and much gneiss, there are, especially northward of Valparaiso,
some considerable districts of true clay-slate with quartz veins, passing
into a feldspathic and porphyritic slate; there is also some grau-
wacke and quartzose and jaspery rocks, the latter occasionally as-
suming the character of the basis of clay-stone porphyry: trap-dikes
are numerous. Nearer the Cordillera, the ranges (such as those of S,
Fernando, the Prado,* and Aconcagua) are formed partly of granitic
rocks, and partly of purple porphyritic conglomerates, clay-stone
porphyry, greenstone-porphyry, and other rocks, such as, we shall
immediately see, form the basal strata of the main Cordillera. In the
more northern parts of Chile, this porphyritic series extends over
large tracts of country far from the Cordillera; and even in central
Chile such occasionally oceur in outlying positions.

I will deseribe the Campana of Quillota, which stands only fifteen
miles from the Pacific, as an instance of one of these outlying masses.

* Meyen, Reise um Erde, Th. 1, s, 235.
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This hill is conspicuous from rising to the height of 6400 feet: its
summit shows a nucleus, uncovered for a height of 800 feet, of fine
greenstone, including epidote and octahedral magnetic iron ore; its
flanks are formed of great strata of porphyritic clay-stone conglo-
merate, associated with various true porphyries and.ﬂmygdﬂ‘?‘dsy
alternating with thick masses of a highly feldspathic, sometimes
porphyritic, pale-coloured slaty rock, with its cleavage-lamine
dipping inwards at a high angle. At the base of the hill there are
syenites, a granular mixture of quartz and feldspar, and harsh
quartzose rocks, all belonging to the basal metamorphic series. 1T
may observe that at the foot of several hills of this class, where the
porphyries are first seen (as near 5. Fernando, the Prado, Las Vacas,
&c.), similar harsh quartzose rocks and granular mixtures of quartz
and feldspar occur, as if the more fusible constituent parts of the
granitic series had been drawn off to form the overlying porphyries.

In central Chile, the flanks of the main Cordillera, mto which T
penetrated by four different valleys, generally consist of distinctly
stratified rocks. The strata are inclined at angles varying from
sometimes even under ten, to twenty degrees, very rarely exceeding
forty degrees: in some, however, of the quite small, exterior, spur-
like ridges, the inclination was not unfrequently greater. The dip of
the strata in the main outer lines was usually outwards or from the
Cordillera, but in northern Chile frequently inwards,—that is, their
basset-edges fronted the Pacific. Dikes occur in extraordinary num-
Lers. In the great, central, loftiest ridges, the strata, as we shall
presently see, are almost always highly inclined and often vertical.
Before giving a detailed account of my two sections across the Cor-
dillera, it will, I think, be convenient to describe the basal strata as
seen, often to a thickness of 4000 or 5000 feet, on the flanks of the
outer lines.

Basal strata of the Cordillera.—The prevailing rock is a purplish
or greenish, porphyritic claystone conglomerate. The embedded frag-
ments vary in size from mere particles to blocks as much as six or
eight inches (rarely more) in diameter ; in many places, where the
fragments were minute, the signs of aqueous deposition were unequi-
vocally distinet; where they were large, such evidence could rarely be
detected, The basis is generally porphyritic with perfect crystals of
feldspar, and resembles that of a true injected clay-stone porphyry :
often, however, it has a mechanical or sedimentary aspect, and some-
times (as at Jajuel) is jaspery. The included fragments are either
angular, or partially or quite rounded ;* in some parts the rounded,
in others, the angular fragments prevail, and usually both kinds are

* Some of the rounded fragments in the porphyritic conglomerate near the
Baths of Cauquenes, were marked with radii and concentric zones of different shades
of colour : any one who did not know that pebbles, for instance fliut pebbles from
the chalk, are sometimes zoned concentrically with their worn and rounded sur-
faces, might have been led to infer, that these balls of porphyry were not trua
pebbles, but had eriginated in concretionary action. 2
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mixed together : hence the word breceia ought strictly to be appended
to the term porphyritic conglomerate. The fragments consist of
many varieties of clay-stone porphyry, usually of nearly the same
colonr with the surrounding basis, namely, purplish-reddish, brownish,
mottled or bright green ; occasionally fragments of a laminated, pale-
coloured, feldspathic rock, like altered clay-slate, are included ; as are
sometimes grains of quartz, but only in one instance in central Chile,
(namely, at the mines of Jajuel) a few pebbles of quartz. I no-
where observed mica in this formation, and rarely hornblende; where
the latter mineral did oceur, I was generally in doubt whether the
mass really belonged to this formation, or was of intrusive ori-
gin.  Caleareous spar oceasionally oceurs in small ecavities; and
nests and layers of epidote are common, In some few places in the
finer-grained varieties (for instance at Quillota), there were short,
interrupted layers of earthy feldspar, which could be traced, exactly
as at Port Desire, passing into large erystals of feldspar: I doubt,
however, whether in this instance, the layers had ever been separately
deposited as tufaceous sediment.

All the varieties of porphyritic conglomerates and breccias pass into
each other, and by innumerable gradations into porphyries no longer
retaining the least trace of mechanical origin : the transition appears
to have been effected much more easily in the finer-grained, than in
the eoarser-grained varieties. In one instance, near Cauquenes, I no-
ticed that a porphyritic conglomerate assumed a spheroidal structure,
and tended to become colummar. Besides the porphyritic conglo:
merates and the perfectly characterized porphyries of metamorphic
origin, there are other porphyries, which, though differing not at all or
only slightly in composition, certainly have had a different origin :
these consist of pink or purple claystone porphyries, sometimes includ-
ing grains of quartz,—of greenstoné-porphyry, and of other dusky rocks,
all generally porphyritic with fine, large, tabular, opaque crystals,
often placed crosswise, of feldspar cleaving like albite, (judging from
several measurements), and often amygdaleidal with silex, agate,
carbonate of lime, green and brown bole,* These several porphyritic

* This bole is a very common mineral in the amygdaloidal rocks ; it is gene-
rally of a_greenish-brown colour, with a radiating structure; externally it is black
with an almost metallic lustre, but often coated by a bright green film. It is soft
and can be scratched by a quill; under the blowpipe, swells greatly and becomes
scaly, then fuses easily into a black magnetic bead. This substance is evidently
similar to that which often occurs in submarine voleanie rocks. An examination
of some very curious specimens of a fine porphyry (from Jajuel), leads me to sus-
pect that some of these amygdaloidal balls, insiead of having been deposited in
pre-existing air-vesicles, are of coneretionary origin ; for in these specimens, some
of the pea-shaped little masses (often externally marked with minute pits) are formed
of a mixture of green earth with stony matter, like the basis of the prophyry, in-
cluding minute, 1mperfect crystals of feldspar ; and these pea-shaped little masses
are themselves amygdaloidal with minute spheres of the green earth, each en-
veloped by a film "of white, apparently feldspathic, earthy matter: so that the
porphyry is doubly amygdaloidal. 1t should not, however, be overlooked, that all thy
strata here have undergone metamorphic action, which may bave caused crystals of
feldspar to appear, and other changes to be effected, in the originally simple amyg-
daloidal balls. Mr. J. D. Dana, in an excellent paper on Trap rocks (Edin, Neyw
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and amygdaloidal varieties never show any signs of passing into
masses of sedimentary origin : they occur both in great and small
intrusive masses, and likewise in strata alternating with those of the
porphyritic conglomerate, and with the planes of junction often
quite distinet, yet not seldom blended together. In some of these
intrusive masses, the porphyries exhibit, more or less plainly, a brec-
ciated structure, like that often seen in volcanic masses. These brec-
ciated porphyries could generally be distinguished at once from the
metamorphosed, porphyritic brecei lomerates, by all the frag-
ments being angular and being formed of the same variety, and by the
absence of every trace of aqueous deposition. One of the porphyries
above specified, namely, the greenstone-porphyry with large tabular
crystals of albite, is particularly abundant, and in some parts of the
Cordillera (as near St. Jago) seemed more common even than the
purplish porphyritic conglomerate. Numerous dikes likewise consist
of this greenstone porphyry; others are formed of various fine-
grained trappean rocks; but very few of clay-stone porphyry: I
saw no true basaltic dikes.

In several places in the lower part of the series, but not everywhere,
thick masses of a highly feldspathic, often porphyritic, slaty rock
oceur interstratified with the porphyritic conglomerate : I believe in
one or two cases blackish limestone has been found in a similar posi-
tion. The feldspathic rock is of a pale grey or greenish colour; if is
casily fusible; where porphyritic, the crystals of feldspar are generally
small and vitreous; it is distinctly laminated, and sometimes includes
parallel layers of epidote ;* the lamination appears to be distinct from
stratification, Occasionally this rock is somewhat carious; and at
one spot, namely, at the C. of Quillota, it had a brecciated structure.
Near the mines of Jajuel, in a thick stratum of this feldspathic, por-
phyritic slate, there was a layer of hard, blackish, siliceous, infusible,
compact clay-slate, such as I saw nowhere else: at the same place I
was able to follow for a considerable distance the junction between
the slate and the conformably underlying porphyritic conglomerate,
and they certainly passed gradually into each other. Wherever these
slaty feldspathic rocks abound, greenstone scems common ; at the C.
of Quillota a bed of well-erystallized greenstone lay conformably in
the midst of the feldspathic slate, with the upper and lower junc-
tions passing insensibly into it. From this fact, and from the fre-
quently porphyritic condition of the slate, I should perhaps have
Phil. Journ. vol. xli. p. 198), has argued, with great force, that all amygdaloidal
minerals have been deposited by aqueous infiliration, 1 may take this opportunity
of alluding to a curious case, described in my volume on Voleanie Islands (p. 26),
of an amygdaloid, with many of its cells only half flled up with a mesotypic
mineral.

M. Rose has described an amygdaloid, brought by Dr. Meyen (Reise um Erde,
Th. 1. 5. 316) from Chile, as consisting of crystallized quarts, with crystals of
stilbite within, and lined externally by green earth,

* This mineral is extzemely common in all the formations of Chile; in the
gneiss near Valparaiso and in the granitic veins crossing it, in the injected green-
stone crowning the C. of Quillots, in some granitic porphyries, in the porphyritic
conglomerate, and in the feldspathic clay-slates.
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considered this rock as an erupted one (like certain laminated feld-
spathic lavas in the trachytic series), had T not seen in T. del Fuego
how readily true clay-slate becomes feldspathic and porphyritie, and
had T not seen at Jajuel the included layer of black, siliceons clay-
slate, which no one could have thought of igneous origin. The gentle
passage of the feldspathic slate, at Jajuel, into the porphyritic conglo-
merate, which is certainly of aqueous origin, should also be taken into
account.

The alternating strata of porphyries and porphyritic conglomerate,
and with the occasionally included beds of feldspathic slate, together
make a grand formation ; in several places within the Cordillera, I esti-
mated its thickness at from 6000 to 7000 feet. It extends for many
hundred miles, forming the western flank of the Chilian Cordillera ; and
even at Iquique in Peru, 850 miles north of the southernmost point
examined by me in Chile, the coast-escarpment, which rises to a height
of between 2000 and 3000 feet, is thus composed. In several parts
of northern Chile this formation extends much further towards the
Pacific, over the granitic and metamorphic lower rocles, than it does
in central Chile ; but the main Cordillera may be considered as its
central line, and its breadth in an east and west direction is never
great. At first the origin of this thick, massive, long but narrow
formation, appeared to me very anomalous : whence were derived, and
how were dispersed the innumerable fragments, often of large size,
sometimes angular and sometimes rounded, and almost invariably
composed of porphyritic rocks? Seeing that the interstratified por-
phyries are never vesicular and often not even amygdaloidal, we must
conclude that the pile was formed in deep water ; how then came so
many fragments to be well rounded and so many to remain angular,
sometimes the two kinds being equally mingled, sometimes one and

i the other preponderating? That the clay-stone, green-
stone, and other porphyries and amygdaloids, which lie conformaliy
between the beds of conglomerate, are ancient submarine lavas, [
think there can be no doubt; and I believe we must look to the
craters whence these streams were erupted, as the source of the
breccia-conglomerate : after a great explosion, we may fairly imagine
that the water in the heated and scarcely quiescent crater would
remain for a considerable time® sufficiently agitated to triturate and
round the loose fragments lying within it : these rounded fragments,
few or many in number, would be shot forth at the next eruption,
associated with few or many angular fragments, according to the
strength of the explosion. The porphyritic conglomerate being
purple or reddish, even when alternating with dusky-coloured or
bright green porphyries and amygdaloids, is probably an analogous
circumstance to the scorie of the blackish basalts being often bright
red. The ancient submarine orifices whence the porphyries and their
fragments were ejected, having been arranged in a band, like most

* This certainly seems to have taken placa in some recent volcanic archipelagoes,
as at the Galapagos, where numerous craters are exclusively formed of tuff and
fragments of lava.
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still active voleanos, accounts for the thickness, the narrowness, and
linear extension of this formation.

This whole great pile of rock has suffered much metamorphic
action, as is very obvious in the gradual formation and appearance
of the crystals of albitic feldspar and of epidote,—in the blending
together of the fragments,—in the appearance of a laminated struc-
ture in the feldspathic slate,—and, lastly, in the disappearance of the
planes of stratification, which could sometimes be seen on the same
mountain quite distinct in the upper part, less and less plain on the
flanks, and quite obliterated at the base. Partly owing to this meta-
morphic action, and partly to the close relationship in origin, I have
seen fragments of porphyries,—taken from a metamorphosed conglo-
merate,—from a neighbouring stream of lava,—from the nucleus or
centre (as it appeared to me) of the old submarine volcano,—and
lastly from an intrusive mass of quite subsequent origin, all of which
were absolutely undistinguishable in external characters.

One other rock, of plutonic origin, and highly important in the
history of the Cordillera, from having been injected in most of the
great axes of elevation and from having apparently been instrumental
in metamorphosing the superincumbent strata, may be conveniently
described in this preliminary discussion. It has been called by some
authors Andesite : it mainly consists of well-erystallised white albite,*
(as determined with the goniometer in numerous specimens both by
Professor Miller and myself), of less perfectly erystallised green horn-
blende, often associated with much mica, with chlorite and epidote,
and occasionally with a few grains of quartz: in one instance in
northern Chile, T found crystals of orthitic or potash feldspar,
mingled with those of albite. Where the mica and quartz are
abundant, the rock cannot be distinguished from granite; and it may
be called andesitic granite, Where these two minerals are quite
absent, and when, as often then happens, the crystals of albite are
imperfect and biend together, the rock may be called andesitic por-
phyry, which bears nearly the same relation to andesitic granite that
euritic porphyry does to common granite, These andesitic rocks
form mountain-masses of a white colour, which, in their general out-
line and appearance,—in their joints,—in their occasionally including
dark-eoloured, angular fragments, apparently of some pre-existing
rock,—and in the great dikes branching from them into the super-
incumbent strata, manifest a close and striking resemblance to masses
of common granite and syenite: T never, however, saw in these
andesitic rocks, those granitic veins of segregation which are so com-

* T here, and elsewhere, call by this name, those feldspathic minerals which
cleave like albito: but it now appears (Edin. New Phil. Journ. vol. xxiv. p. 181)
that Abich has analysed a mineral from the Cordillera, associated with hornblende
and quarts, (probably the same rock with that here under discussion), which
cleaves like albite, but which is a new and distinct kind, called by bim Andesine,
It is allied to leucite, with the greater proportion of its potash replaced by lime

and soda. This mineral seems scarcely distinguishable from albite, except by
analysis.
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mon in true granites. We have seen that andesite occurs in three
places in Tierra del Fuego; in Chile, from S, Fernando to Copiapo,
a distance of 450 miles, I found it under most of the axes of elevation;
in a collection of specimens from the Cordillera of Lima in Peru, T
immediately recognised it ; and Erman* states that it occurs in
Eastern Kamtschatka. From its wide range, and from the important
part it has played in the history of the Cordillera, I think this rock
has well deserved its distinct name of Andesite.

The few still active voleanos in Chile are confined to the central
and loftiest ranges of the Cordillera; and voleanic matter, such as
appears to have been of subaérial eruption, is everywhere rare. Ac-
cording to Meyen,t there is a hill of pumice high up the valley of
the Maypu, and likewise a trachytic formation at Colina, a village
situated north of St. Jago. Close to this latter city, there are two
hills formed of a pale feldspathic porphyry, remarkable from being
doubly columnar, great cylindrical columns being subdivided into
smaller four or five sided ones; and a third hillock (Cerro Blanco)
is formed of a fragmentary mass of rock, which I believe to be of
voleanic origin, intermediate in character between the above felds-
pathic porphyry and comrhon trachyte, and containing needles of
hornblende and granular oxide of iron. Near the Baths of Canquenes,
between two short parallel lines of elevation, where they are inter-
sected by the valley, there is a small, though distinct voleanic district;
the rock is a dark grey (andesitic) trachyte, which fuses into a
greenish-gray bead, and is formed of long crystals of fractured glassy
albite (judging from one measurement) mingled with well-formed
crystals, often twin, of augite. The whole mass is vesicular, but the
surface is darker coloured and much more vesicular than any other
part, This trachyte forms a clifi-bounded, horizontal, narrow strip
on the steep southern side of the valley, at the height of 400 or 500
fect above the river-bed ; judging from an apparently corresponding
line of cliff on the northern side, the valley must once have been filled
up to this height by a field oflava. On the summit of a lofty moun-
tain some leagues higher up this same valley of the Cachapual, T
found columnar pitchstone porphyritic with feldspar; I do not sup-
pose this rock to be of volcanic origin, and only mention it here,
from its being intersected by masses and dikes of a vesicular rock,
approaching in character to trachyte ; in no other part of Chile did I
observe vesicular or amygdaloidal dikes, though these are so common
in ordinary volcanic districts.

Passage of the Andes by the Portillo or Peuquenes Pass.
Although I crossed the Cordillera only once by this pass, and only
once by that of the Cumbre or Uspallata (presently to be de-
seribed), riding slowly and halting occasionally to ascend the moun-
tains, there ave many circumstances favourable to obtaining a more

# Geograph. Journal, vol. ix. p. 510.
t Reise um Erde, Th. 1. 5. 338 und 362.
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faithful sketch of their structure, than would at first be thought
possible from so short an examination. The mountains are steep and
absolutely bare of vegetation; the atmosphere is resplendently clear;
the stratification distinct; and the rocks brightly and variously
coloured : some of the natural sections might be truly compared for
distinctness to those coloured ones in geological works.  Considering
how little is known of the structure of this gigantic range, to which [
particularly attended, most travellers having collected only specimens
of the rocks, I think my sketch-sections, though necessarily imperfect,
possess some interest. The section given in Plate I. Fig. 1, which I
will now describe in detail, is on a horizontal scale of a third of an
inch to a nautical mile, and on a vertical scale of one inch to a mile
or 6000 feet. The width of the range, (excluding a few outlying
hillocks) from the plain on which St. Jago the capital of Chile
stands, to the Pampas, is sixty miles, as far as I can judge from the
maps, which differ from each other and are all exceedingly imperfect.
The St. Jago plain at the mouth of the Maypu, I estimate from ad-
joining known points at 2800 fect, and the Pampas at 3500 feet,
both above the level of the sca. The height of the Penquenes line,
according to Dr. Gillies,® is 13,210 feet ; "and that of the Portillo line
(both in the gaps where the road crosses them) is 14,345 feet; the
lowest part of the intermediate valley of Tenuyan is 7530 feet,—
all above the level of the sea.

The Cordillera here, and indeed I believe thronghout Chile, consist
of several parallel, anticlinal and uniclinal mountain-lines, ranging
north, or north with a little westing. and south. Some exterior and
much lower ridges often vary considerably from this course, projecting
like oblique spurs from the main ranges: in the district towards the
Pacific, the mountains, as before remarked, extend in various direc-
tions, even east and west. In the main exterior lines, the strata, as
also before remarked, are seldom inclined at a high angle; but in the
central lofty ridges they are almost always highly inclined, broken by
many great faults, and often vertical. ~As far as I could judge, few
of the ranges are of great length; and in the central parts of the Cor-
dillera, I was frequently able to follow with my eye a ridge gradually
becoming higher and higher, as the stratification increased in inclina-
tion, from one end where its height was trifling and its strata gently
inclined, to the other end where vertical strata formed snow-clad
pinnacles.  Even outside the main Cordillera, near the Baths of
Cauquenes, I observed one such case, where a north and sonth ridge
had its strata in the valley inclined at 37°, and less than a mile
south of it, at 67°: another parallel and similarly inclined ridge,
rose, at the distance of about five miles, into a lofty mountain with
absolutely vertical strata. Within the Cordillera, the height of the
ridges and the inclination of the strata often became doubled and
trebled in much shorter distances than five miles: this peculiar form
of upheaval probably indicates that the stratified crust was thin, and

* Journal of Nat, and Geograph. Science, August 1830,
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hence yielded to the underlying intrusive masses unequally, at certain
points on the lines of fissure.

The valleys, by which the Cordillera are drained, follow the
anticlinal or rarely synclinal troughs, which deviate most from the
usual north and sonth course; or still more commonly those lines of
faults or of unequal curvature (that is, lines with the strata on both
hands dipping in the same direction, but at a somewhat different
angle) which deviate most from a northerly course. Occasionally
the torrents run for some distance in the north and south valleys, and
then recover their eastern or western course by bursting throngh the
ranges ab those points, where the strata have been least inclined and
the height consequently is less. Hence the valleys, along which the
roads run, are generally zigzag; and, in drawing an east and west
section, it is necessary to contract greatly that which is actually seen
on the road.

Commencing at the western end of our section [No. 1.] where
the R. Maypu debouches on the plain of St. Jago, we immediately
enter on the porphyritic conglomerate formation, and in the midst of
it find some hummocks [A] of granite and syenite, which probably
(for T neglected to collect specimens) belong to the andesitic class.
These are succeeded by some rugged hills [B] of dark-green, orys-
talline, feldspathic-and in some parts slaty-rocks, which I believe
belong to the altered clay-slate formation. From this point, great
mountains of purplish and greenish, generally thinly stratified, highly
porphyritic conglomerates, including many strata of amygdaloidal and
greenstone porphyries, extend up the valley to the junction of the
Tivers Yeso and Volean, As the valley here runs in a very southerly
course, the width of the porphyritic conglomerate formation is quite
conjectural ; and from the same cause, I was unable to make out
much about the stratification. Im most of the exterior mountains,
the dip was gentle and directed inwards; and at only one spot I
observed an inclination as high as 50°. Near the junction of the
R. Colorado with the main stream, there is a hill of whitish, bree-
ciated, partially decomposed feldspathic porphyry, having a volecanic
aspect but not being really of that mature: at Tollo, however, in
this valley, Dr. Meyen* met with a hill of pumice containing mica.
At the junction of the Yeso and Volean [D] there is an extensive
mass, in white conical hillocks, of andesite, containing some miea, and
passing either into andesitic granite, or into a spotted, semi-granular
mixture of albitic (?) feldspar and hornblende : in the midst of this
formation Dr. Meyen found true trachyte. The andesite is covered
by strata of dark-coloured, crystalline, obscurely porphyritic rocks,
and above them by the ordinary porphyritic conglomerates,—the
strata all dipping away at a small angle from the underlying mass.
The surrounding lofty mountains appear to be entirely composed of
tlie porphyritic conglomerate, and I estimated its thickness here at
between 6000 and 7000 feet.

* Reise um Erde, Th. 1. s5. 338, 341,
N
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Beyond the junction of the Yeso and Volcan, the porphyritic strata
appear to dip towards the hillocks of andesite at an angle of 40°; butat
some distant points on the same ridge, they are bent up and verti-
cal. Following the valley of the Yeso, trending N.E. (and therefore
still unfavourable for our transverse section), the same porphyritic
conglomerate formation is prolonged to mear the Cuestadel Indio,
situated at the western end of the basin (like a drained lake) of Yeso.
Some way before arriving at this point, distant lofty pinnacles capped
by coloured strata belonging to the great Grypseous formation could first
be seen, From the summit of the Cuesta, looking southward, there
is a magnificent ional view of a mountai , at least 2000
feet in thickness [E], of fine andesitic granite (containing much black
mica, a little chlorite and quartz), which sends great white dikes far
into the superincumbent, dark-coloured, porphyritic conglomerates.
At the line of junction the two formations are wonderfully interlaced
together : in the lower part of the porphyritic conglomerate, the
stratification has been quite obliterated, whilst in the upper part it
is very distinet, the beds composing the erests of the surrounding
mountains being inclined at angles of between 70° and 80°, and some
being even vertical. On the northern side of the valley, there is a
greab corresponding mass of andesitic granite, which is encased by
porphyritic conglomerate, dipping both on the western and eastern
sides, at about 80° to west, but on the eastern side with the tips of
the strata bent in such a manner, as to render it probable that the
whole mass had been on that side thrown over and inverted.

In the valley-basin of the Yeso, which I estimated at 7000 feet
above the level of the sea, we first reach at [F] the gypseous forma-
tion. Its thickness is very great. It consists in most parts of snow-
white, hard, compact gypsum, which breaks with a saccharine frac-
ture, having translucent edges; under the blowpipe gives out much
vapour; it frequently includes nests and exceedingly thin layers of
erystallized, blackish carbonate of lime. Large, irregularly shaped
conerctions (externally still exhibiting lines of aqueous deposition) of
blackish-grey, but sometimes white, coarsely and brilliantly crystal-
lized hard anhydrite, abound within the common gypsum. Hillocks,
formed of the hardest and purest varieties of the white gypsum,
stand up above the surrounding parts, and have their surfaces cracked
and marked, just like newly baked bread. There is much pale
brown, soft, argillaceous gypsum ; and there were some intercalated
green beds which I had not time to reach. I saw only one fragment
of selenite or transparent gypsum, and that perhaps may have come
from some subsequently formed vein. From the mineralogical cha-
racters here given, it is probable that these gypseous beds have
undergone some metamorphic action. The strata are much hidden
by detritus, but they appeared in most parts to be highly inclined ;
and in an adjoining lofty pinnacle they could be distinctly scen bend-
ing up, and becoming vertical, conformably with the underlying por-
phyritic conglomerate, In very many parts of the great mountain-
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face [I], composed of thin gypscous beds, there were innumerable
masses, irregularly shaped and not like dikes, yet with well-defined
edges, of an imperfectly granular, pale greenish or yellowish-white
rock, essentially composed of feldspar, with a little chlorite or horn-
blende, epidote, iron-pyrites, and ferruginous powder : I believe that
these curious trappean masses have been injected from the not far
distant mountain-mass [E] of andesite whilst still fluid, and that
owing to the softness of the gypseous strata they have not acquired the
ordinary forms of dikes. Subsequently to the injection of these
feldspathic rocks, a great dislocation has taken place; and the much
shattered gypseous strata lere overlie a hillock [G], composed of
vertical strata of impure limestone and of black highly calcareous
shale including threads of gypsum : these rocks, as we shall presently
see, belong to the upper parts of the gypseous series, and hence must
here have been thrown down by a vast fault.

Proceeding up the valley-basin of the Yeso, and taking our sec-
tion sometimes on one hand and sometimes on the other, we come to
a great hill of stratified porphyritic conglomerate [H] dipping at 45°
to the west; and a few hundred yards farther on, we have a bed be-
tween 300 or 400 feet thick of gypsum [I] dipping eastward at a
very high angle: here then we have a fault and anticlinal axis. On
the opposite side of the valley, a vertical mass of red conglomerate,
conformably underlying the gypsum, appears gradually to lose its
stratification and passes into a mountain of porphyry. The gypsum
[1] is covered by a bed [K], at least 1000 feet in thickness, of a
purplish-red, compact, heavy, fine-grained sandstone or mudstone,
which fuses easily into a white enamel, and is seen under a lens to
contain triturated crystals. This is succeeded by a bed [L], 1000 feet
thick (I believe I understate the thickness) of gypsum, exactly like
the beds before described ; and this again is capped by another great
bed [M] of purplish-red sandstone. All these strata dip eastward ;
but the inclination becomes less and less, as we leave the first and
almost vertical bed [T] of gypsum.

Leaving the basin-plain of Yeso, the road rapidly ascends, passing
by mountains composed of the gypseous and associated beds, with
their stratification greatly disturbed and therefore not easily intelli-
gible : hence this part of the section has been left uncoloured. Shortly
before reaching the great Peuquenes ridge, the lowest stratum visible
[N] is a red sandstone or mudstone, capped by a vast thickness of
black, compact, caleareous, shaly rock [O7], which has been thrown
into four lofty, though small ridges: looking northward the strata in
these ridges are seen gradually to rise in inclination, becoming in
some distant pinnacles absolutely vertical.

The ridge of Peuquenes, which divides the waters flowing into the
Pacific and Atlantic oceans, extends in a nearly N.N.W. and S.S.E.
line ; its strata dip eastward at an angle of between 30° and 45°,
but in the higher peaks bending up and becoming almost vertical.
Where the road crosses this range, the height is 13,210 feet above the

N 2

The Complete Work of Charles Darwin Online



180 SECTION BY THE PORTILLC PASS. [emap. vin

sea-level, and I estimated the neighbouring pinnacles at from 14,000
t0 15,000 feet. The lowest stratum visible in this ridge is a red
stratified sandstone [P]; on it are superimposed two great masses
[Q and 8] of black, hard, compact, even having a conchoidal frac-
ture, calearcous, more or less laminated shale, passing into limestone:
this rock contains organic remains, presently to be cllumemt.ed. The
compacter varieties fuse easily in a white glass; and this I may
add is a very general character with all the sedimentary beds in
the Cordillera: although this rock when broken is gencrally quite
black, it everywhere weathers into an ash-gray tint. DBetween these
two great masses [@ and S], a bed [R] of gypsum is interposed,
about 300 feet in thickness, and having the same characters as here-
tofore deseribed. T estimated the total thickness of these three beds
[Q, R, 8] at nearly 3000 feet; and to this must be added, as will
be immediately seen, a great overlying mass of red sandstone,

In descending the eastern slope of this great central range, the strata,
which in the upper part dip eastward at about an angle of 40°, be-
come more and more curved, till they are nearly vertical ; and a little
further onwards there is seen on the further side of a ravine, a thick
mass of strata of bright red sandstone [T, with their upper extremi-
ties slightly curved, showing that they werc once conformably pro-
longed over the beds [S]: on the southern and opposite side of the
road, this red sandstone and the underlying black shaly rocks stand
vertical, and in actual juxtapesition. Continuing to descend, we
come to a synclinal valley filled with rubbish, beyond which we have
the red sandstone [T 7] corresponding with [T7], and now dipping, as
is seen both north and south of the road, at 45° to the west; and
under it, the beds [3 % R % Q% and I believe P *] in correspond-
ing order and of similar composition, with those on the western flank
of the Peuquenes range, but dipping westward. Close to the synclinal
valley the dip of these strata is 45° but at the eastern or further end
of the serics it increases to 60°.  Here the great gypseous formation
abruptly terminates, and is succeeded ecastward by a pile of more
modern strata. - Considering how violently these central ranges have
been disloeated, and how very numerous dikes are in the exterior and
lower parts of the Cordillera, it is remarkable that I did not here
notice a single dike. The prevailing rock in this neighbourhood is
the black, calcareous, compact shale, whilst in the valley-basin of the
Yeso the purplish red sandstone or mudstone predominates,—Dboth
being associated with gypseous strata of exactly the same nature. It
would be very difficult to ascertain the relative superposition of these
several masses, for we shall afterwards see in the Cumbre Pass that
the gypseous and intercalated beds are lens-shaped, and that they thin
out, even where very thick, and disappear in short horizontal distances:
it is quite possible that the black shales and red sandstones may be
contemporaneous, but it is more probable that the former compose
the uppermost parts of the series.

The fossils above alluded to in the black calcareous shales are few
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in number, and are in an imperfect condition ; they consist, as named
for me by M. d'Orbigny, of—

1. A determinable, near to A. recti D'Orbig, Pal. Frane.
(Neocomian formation ).

2. G:ypllnzea, near to G. Cowloni, (Neoconian formations of France and Neuf-
chatel.)

3. Natica, indeterminable,

4. Cyprina rostratra, D'Orbig. Pal. Franc, (Neacomian formation).

5. Rostellaria angulosa (*) D'Orbig. Pal. de I'Amer. Mer.

6. Terebratula?

Some of the fragments of Ammonites were as thick as a man's
arm : the Grypheea is much the most abundant shell. These fossils
M. d’Orbigny iders as belonging to the Ni ian stage of the
cretaceous system. Dr. Meyen,” who ascended the valley of the
Rio Volcan, a branch of the Yeso, found a nearly similar, but
apparently more calearcous formation, with much gypsum, and no
doubt the equivalent of that here deseribed : the beds were vertical,
and were prolonged up to the limits of perpetual snow : at the height
of 9000 feet above the sea, they abounded with fossils, consisting,
according to Von Buch,t of—

1. Exogyra (Gryphwa) Couloni, absolutely identical with specimens from the
Jura and South of France.

2. Trigonia costata, %idemiml with those found in the upper Jurassic beds at

3. Pecten striatus, Hildesheim.

4. Cuculla, corresponding in form to C. longirastris, so frequent in the upper
Jurassic beds of Wastphalia.

5. Ammonites, resembling A- biplea.

Von Buch concludes that this formation is intermediate between the
limestone of the Jura and the chalk, and that it is analogous with
the uppermost Jurassic beds forming the plains of Switzerland.
Ilence M. d’Orbigny and Von Buch, under different terms, compare
these fossils to those, from the same late stage in the secondary for-
mations of Europe.

Some of the fossils which I collected were found a good way down
the western slope of the main ridge, and hence must originally have
been covered up by a great thickness of the black shaly rock, inde-
pendently of the now denuded, thick, overlying masses of red sand-
stone. 1 neglected at the time to estimate how many hundred or
rather thousand feet thicls, the superincumbent strata must have been ;
and I will not now attempt to do so. This, however, would have been
a highly interesting point, as indicative of a great amount of subsidence,
of which we shall hereafter find in other parts of the Cordillera analo-
gous evidence during this same period. The altitude of the Peu-
quenes Range, considering its not great antiquity, is very remarkable ;
many of the fossils were embedded at the height of 13,210 feet, and
the same beds are prolonged up to at least from 14,000 to 15,000
above the level of the sea.

* Reise um, &ec., Th. 1. 5. 353,
+ Descript, Phys. des lles Canaries, p. 471.
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The Portille or Eastein Chaino—The valley of Tenuyan, separa-
ting the Peuquenes and Portillo lines, is, as estimated by Dr. Gillies
and myself, about twenty miles in width ; the lowest part, where the
road crosses the river, being 7,500 feet above the sea-level. The pass
on the Portillo line is 14,365 feet high (1100 feet higher than that
on the Peuquenes), and the neighbouring pinnacles must, I conceive,
rise to nearly 16,000 feet above the sea. The river draining the inter-
mediate valley of Tenuyan, passes through the Portillo line. To
return to our scetion ;—shortly after leaving the lower beds [P?] of
the gypseous formation, we come to grand masses of a coarse, red
conglomerate [V, totally unlike any strata hitherto seen in the Cor-
dillera. This conglomerate is distinctly stratified, some of the beds
being well defined by the greater size of the pebbles: the cement is
calcareous and sometimes crystalline, though the mass shows no signs
of having been metamorphosed. The included pebbles are either per-
fectly or only partially rounded; they consist of purplish sandstones,
of various porphyries, of brownish limestone, of black calcareous,
compact shale precisely like that in situ in the Peuquenes range, and
containing some of the same fossil shells; also very many pebbles of
quartz, some of micaceons schist, and numerous, broken, rounded
crystals of a reddish orthitic or potash feldspar (as determined by
Professor Miller), and these from their size must have been derived
from a coarse-grained rock, probably gramite. From this feldspar
being orthitic, and even from its external appearance, I venture posi-
tively to affirm that it has not been derived from the rocks of the
western ranges; but on the other hand it may well have come, to-
gether with the quartz and metamorphic schists, from the eastern or
Portillo Iine, for this line mainly consists of coarse orthitic granite.
The pebbles of the fossiliferous slate and of the purple sandstone, cer-
tainly have been derived from the Peuquenes or western ranges.

The road crosses the valley of Tenuyan in a nearly east and west
line, and for several miles we have on both hands the conglomerate,
everywhere dipping west and forming separate great mountains. The
strata where first met with, after leaving the gypseous formation, are
inclined westward at an angle of only 20°, which further on increases
to about 45°. The gypseous strata, as we have seen, are also inclined
westward : hence, when looking from the eastern side of the valley
towards the Penquenes range, a most deceptive appearance is pre-
sented, as if the newer beds of conglomerate dipped directly under the
much older beds of the gypseous formation. In the middle of the
valley, a bold in of ified 1il: loured porphyry (with
crystals of hornblende) projects ; and further on, a little south of the
xoad, there is another mountain, with its strata inclined at a small
angle eastwards, which in its general aspect and colour, resembles the
porphyritic conglomerate formation, so rare on this side of the Peu-
quenes line and so grandly developed throughout the western ranges.

The conglomerate is of great thickness: I do not suppose that the
strata forming the separate mountain-masses [V, V, V7] have ever
been prolonged over each other, but that one mass has been broken up
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byseveral, distinct, parallel, uniclinal lines of elevation. Judging, there-
fore, of the thickness of the conglomerate, as seen in the separate
mountain-masses, I estimated it at least from 1500 to 2000 feet.
The lower beds rest conformably on some singularly coloured, soft
strata [ W, which I could not reach to examine; and these again
rest conformably on a thick mass of micaceous, thinly laminated,
siliceous sandstone [X7], associated with a little black clay-slate.
These lower beds are traversed by several dilkes of decomposing por-
phyry. The laminated sandstone is directly superimposed on the vast
masses of granite [Y Y] which mainly compose the Portillo range,
The line of junction between this latter rock, which is of a bright red
colour, and the whitish sandstone was beautifully distinct; the sand-
stone being penetrated by numerous, great, tortuous dikes branching
from the granite, and having been converted into a granular quartz
rock (singularly like that of the Falkland Islands), containing specks
of an ochery powder, and black crystalline atoms, apparently of im-
perfect mica. The quartzose strata in one spot were folded into a
regular dome.

The granite which the and the
steep western flank of the Portillo clnm is of a brick-red colour,
coarsely crystallised, and composed of orthitic or potash feldspar
quartz, and imperfect mica in small quantity, sometimes passing
into chlorite. These minerals occasionally assume a laminar or
foliated arrangement, The fact of the feldspar being orthitic in this
range, is very remarkable, considering how rare, or rather, as I believe,
entirely absent, this mineral is throughout the western ranges, in
which soda-feldspar, or at least a variety cleaving like albite, is so
extremely abundant. In one spot on the western flank, and on the
eastern flank near Los Manantiales and near the crest, I noticed some
great masses of a whitish granite, parts of it fine-grained, and parts
containing large erystals of feldspar; I neglected to collect specimens,
80 I do not know whether this feldspar is also orthitic, though I am
inclined to think so from its general appearance. I saw also some
syenite and one mass which resembled andesite, but of which I likewise
neglected to collect specimens. From the manner in which the whitish
granites formed separate mountain-masses in the midst of the brick-
red variety, and from one such mass near the crest being traversed by
numerous veins of flesh-coloured and greenish eurite (into which I
oceasionally observed the brick-red granite insensibly passing), I con-
clude that the white granites probably belong to an older formation,
almost overwhelmed and penetrated by the red granite.

On the crest I saw also, at a short distance, some coloured stratified
beds, apparently like those [W] at the western base, but was pre-
vented examining them by a snow-storm : Mr. Caldcleugh,* however,
collected here specimens of ribboned jasper, magnesian limestone, and
other minerals. A little way down the eastern slope a few fragments
of quartz and mica-slate are met with; but the great formatwn of
this latter rock [Z7], which covers up much of the eastern flank and

* Travels, &, vol. i. p. 308.

ificent bare pinnacl
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base of the Portillo range, cannot be conveniently examined until much
lower down at a place called Mal Paso. The mica-schist here con-
sists of thick layers of quartz, with intervening folia of finely-scaly
mica, often passing into a substance like black glossy clay-slate = in
one spot, the layers of quartz having disappeared, the whole mass be-
came converted into glossy clay-slate. Where the folia were best
defined, they were inclined at a high angle westward, that is, towards
the range. ~The line of junction between the dark mica-slate and the
coarse red granite, was most clearly distinguishable from a vast dis-
tance: the granite sent many small veins into the mica-slate, and
included some angular fragments of it. As the sandstone on the
western base has been converted by the red granite into a granular
quartz-rock, so this great formation of mica-schist may possibly have
been metamorphosed at the same time and by the same means; but
T think it more probable, considering its more perfect metamorphic
character and its well-pronounced foliation, that it belongs to an ante-
rior epoch, connected with the white granites : I am the more inclined
to this view, from having found at the foot of the range the mica-
schist surrounding a hummock [Y 7], exclusively composed of white
granite. Near Los Arenales, the mountains on all sides are composed
of the mica-slate; and looking backwards from this point up to the
bare gigantic peaks above, the view was eminently interesting. The
colours of the red granite and the black mica-slate are so distinet,
that with a bright light these rocks could be readily distinguished
even from the Pampas, at a level of at least 9000 feet below. The
red granite, from being divided by parallel joints, has weathered into
sharp pinnacles, on some of which, even on some of the loftiest, little
caps of mica-schist could be elearly seen: here and there isolated
patehes of this roclc adhered to the mountain-flanks, and these often
corresponded in height and position on the opposite sides of the im-
mense valleys. Lower down the schist prevailed more and more,
with only a few quite small points of granite projecting through.
Looking at the entire eastern face of the Portillo range, the red colour
far exceeds in area the black ; yet it was scarcely possible to doubt,
that the granite had once been almost wholly encased by the mica-
schist.

At Los Arenales, low down on the eastern flank, the mica-slate is
traversed by several closely adjoining, broad dikes, parallel to each
other and to the foliation of the schist. The dikes are formed of
three different varicties of rock, of which a pale brown feldspathic
porphyry with grains of quartz was much the most abundant, These
dikes with their granules of quartz, as well as the mica-schist itself,
strikingly resemble the rocks of the Chonos Archipelago, At a
height of about 1200 feet above the dikes, and perhaps connected
with them, there is a range of cliffs formed of successive lava-streams
[A A7, between 300 and 400 feet in thickness, and in places finely
columnar. The lava consists of dark-grayich, harsh rocks, interme-
diate in character between trachyte and basalt, containing glassy feld-
spar, olivine, and a little mica, and sometimes amygdaloidal with
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zeolite: the basis is cither quite compact, or crenulated with air-
vesicles arranged in Jamine. The streams are separated from each
other by beds of fragmentary brown scori, firmly cemented together,
and including a few well-rounded pebbles of lava. From their general
appearance, I suspect that these lava-streams flowed at an ancient
period under the pressure of the sca, when the Atlantic covered the
Pampas and washed the eastern foot of the Cordillera.* On the
opposite and northern side of the valley there is another line of lava-
cliffs at a corresponding height ; the valley between being of consider-
able breadth, and as mnearly as I could estimate 1500 feet in depth.
This field of lava is confined on both sides by the mountains of mica-
schist, and slopes down rapidly but irregularly to the edge of the
Pampas, where, having a thickness of about 200 feet, it terminates
against a little range of claystone porphyry. The valley in this lower
part expands into a bay-like, gentle slope, bordered by the cliffs of lava,
which must certainly once have extended across this wide expanse.
The inclination of the streams from Los Arenales to the mouth of the
valley is so great, that at the time (though ignorant of M. Elie de
Beaumont’s researches on the extremely small slope over which lava
can flow, and yet retain a compact structure and considerable thick-
ness) I concluded that they must subsequently to their flowing have
been upheaved and tilted from the mountains: of this conclusion I
can now entertain not the smallest doubt.

At the mouth of the valley, within the cliffs of the above lava-
field, there are remnants, in the form of separate small hillocks and of
lines of low cliffs, of a considerable deposit of compact white tuff
(quarried for filtering-stones), composed of broken pumice, volcanie
crystals, scales of mica, and fragments of lava. This mass has suf-
fered much denudation, and the hard mica-schist has been deeply
worn, since the period of its deposition; and this peried must have
been subsequent to the denudation of the basaltic lava-streams, as
attested by their encircling cliffs standing at a higher level. At the
present. day, under the existing arid climate, ages might roll past
without a square yard of rock of any kind being denuded, except
perhaps in the rarely moistened drainage-channel of the valley. Must
we then look back to that ancient period, when the waves of
the sea beat against the eastern foob of the Cordillera, for a power
sufficient to denude extensively, though superficially, this tufaceous
deposit, soft although it be?

There remains only to mention some little water-worn hillocks
[B B], a few hundred feet in height, and mere mole-hills compared
with the gigantic mountains behind them, which rise out of the
sloping, shingle-covered margin of the Pampas. The first little range
is composed of a brecciated purple porphyritic claystone, with obscurely
marked strata dipping at 70° to the 8.W.; the other ranges consist

* This conclusion might, perhaps, even have heen anticipated, from the general
rarity of volcanic action, except near the sea or large bodies of water, Conform-
ably with this rule, at tho present day, there are no netive voleanoes on this eastern
side of the Cordillera; nor are severe earthquakes experienced here.
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of—a pale-coloured feldspathic porphyry,—a purple clay-stone por-
phyry with grains of quartz,—and arock almost exclusively composed
of brick-red crystals of feldspar. These outermost small lines of
elevation extend in a N.W. by W. and S.E. by S. direction.

Coneluding remarks on the Portitlo range.—When on the Pampas
and looking southward, and whilst travelling northward, I could see
for very many leagues the red granite and dark mica-schist forming
the crest and eastern flank of the Portillo line. This great range,
according to Dr. Gillies, can be traced with little interruption for 140
miles southward to the R. Diamante, where it unites with the west-
ern ranges : northward, according to this same author, it terminates
where the R. Mendoza debouches from the mountains; but a little
further north in the eastern part of the Cumbre section, there are, as
we shall hereafter see, some mountain-masses of a brick-red porphyry,
the last injected amidst many other porphyries, and having so close
an analogy with the coarse red granite of the Portillo line, that T am
tempted to believe that they belong to the same axis of injection: if
so, the Portillo line is at least 200 miles in length. Its height, even
in the lowest gap on the road, is 14,565 feet, and some of the pinna-
cles apparently attain an elevation of about 16,000 feet above the sea.
The geological history of this grand chain appears to me eminently
interesting. We may safely conclude, that at a former period the
valley of Tenuyan existed as an arm of the sea, about twenty miles
in width, bordered on one hand by a ridge or chain of islets of the
black calcareous shales and purple sandstones of the Gypseous forma-
tion; and on the other hand, by a ridge or chain of islets composed
of mica-slate, white granite, and perhaps to a partial extent of red
granite. These two chains, whilst thus bordering the old sea-channel,
must have been exposed for a vast lapse of time to alluvial and litto-
ral action, during which the rocks were shattered, the fragments
rounded, and the strata of conglomerate accumulated to a thickness of
atleast 1500 or 2000 feet. The red orthitic granite now forms, as we
have seen, the main part of the Portillo chain : it is injected in dikes
not only info the mica-schist and white granites, but into the Jamina-
ted sandstone, which it has metamorphosed, and which it has thrown
off, together with the conformably overlying coloured beds and strati-
fied conglomerate, at an angle of forty-five degrees. To have thrown
off so vast a pile of strata at this angle, is a proof that the main part
of the red granite (whether or not portions, as perhaps is probable,
previously existed) was injected in a liquefied state after the accumu-
lation both of the lami d dst and of the congl te; this
conglomerate, we know, was accumulated, not only after the deposi-
tion of the fossiliferous strata of the Peuquenes line, but after their
clevation and long continued denudation: and these fossiliferous
strata belong to the early part of the cretaceous system. Late,
therefore, in a geological sense, as must be the age of the main part of
the red granite, I can conceive nothing more impressive than the
eastern view of this great range, as forcmg the mind to grapple with

The Complete Work of Charles Darwin Online



CHAP. VIL] SECTION BY THE CUMBRE PASS. 187

the idea of the thousands of thousands of years, requisite for the denu-
dation of the strata which originally encased it,—for that the fluidified
granite was once encased, its mineralogical composition and structure,
and the bold conical shape of the mountain-masses, yield sufficient
evidence. Of the encasing strata we see the last vestiges in the
coloured beds on the crest, in the little caps of mica-schist on some of
the loftiest pinnacles, and in the isolated patches of this same rock at
corresponding heights on the now bare and steep flanks.

The lava-streams at the eastern foot of the Portillo are interesting,
not so much from the great denndation which they have suffered at a
comparatively late period, as from the evidence they afford by their
inclination taken conjointly with their thickness and compactness,
that after the great range had assumed its present general outline, it
continued to rise as an axis of elevation. The plains extending from
the base of the Cordillera to the Atlantic, show that the continent has
been upraised in mass to a height of 8500 feet, and probably to a much
greater height, for the smooth shingle-covered margin of the Pampas is
prolonged m a gentle unbroken slope far up many of the great valleys.
Nor let it be assumed that the Peuquenes and Portillo ranges
have undergone only movements of elevation ; for we shall hereafter
see, that the bottom of the sea subsided several thousand feet during
the deposition of strata, occupying the same relative place in the
Cordillera, with those of the Peuquenes ridge ; moreover, we shall see
from the unequivocal evidence of buried upright trees, that at a
somewhat later period, during the formation of the Uspallata chain,
which corresponds geographically with that of the Portillo, there was
another subsidence of many thousand feet : here, indeed, in the valley
of Tenuyan, the accumulation of the coarse stratified conglomerate to
a thickness of 1500 or 2000 feet, offers strong presumptive evidence
of subsidence ; for all existing analogies lead to the belief that large
pebbles can be transported only in shallow water, liable to be affected
by currents and movements of undulation,—and if so, the shallow bed
of the sea on which the pebbles were first deposited must necessarily
have sunk to allow of the accumulation of the superi bent strata.
‘What a history of changes of level, and of wear and tear, all since the
age of the later secondary formations of Europe, does the structure of
this one great mountain-chain reveal !

Passage of the Andes by the Cumbre or Uspallata Pass.

This Pass crosses the Andes about sixty miles north of that just
described : the section given in Plate I, fig. 2, is on the same scale as
before, namely, at one-third of an inch to a mile in distance, and one
inch to a mile (or 6000 feet) in height. Like the last section, it is a
mere sketch, and cannot pretend to accuracy, though made under
favourable el We will as before, with the
western half, of which the main range bears the name of the Cumbre
(that is the Ridge), and corresponds to the Peuquenes line in the for-
mer section ; as does the Uspallata range, though on a much smaller
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scale, to that of the Portillo. Near the point where the river Acon-
cagua debouches on the basin-plain of the same name, at a height of
about 2300 feet above the sea, we meet with the usual purple and
greenish porphyritic clay-stone conglomerate. Beds of this nature
alternating with numerous compact and amygduln_ldal quPIIYﬂES,
which have flowed as submarine lavas, and associated with great
mountain-masses of various, injected, non-stratified porphyries, are
prolonged the whole distance up to the Cumbre or central ridge. .One
of the commonest stratified porphyries is of a green colour, highly
amygdaloidal with the various minerals described in the preliminary
discussion, and including fine tabular erystals of albite. The moun-
tains range north (often with a little westing) and south. The strati-
fication, wherever I could clearly distinguish it, was inclined westward
or towards the Pacifie, and, except near the Cumbre, seldom at angles
above 25°. Only at one spot on this western side, on a lofty pinnacle
not far from the Cumbre, I saw strata apparently belonging to the
Gypseous formation, and conformably capping a pile of stratified
porphyries. Hence, both in composition and in stratification, the
structure of the mountains on this western side of the divortium
aguarwm, is fax more simple than in the corresponding part of the
Peuquenes section. In the porphyritic clay-stone conglomerate, the
mechanical structure and the planes of stratification have gene-
rally been much obscured and even quite obliterated towards the
base of the series, whilst in the upper parts, near the summits of the
mountains, both are distinctly displayed. In these upper portions the
porphyries are generally lighter coloured. In three places [X, Y, Z]
masses of andesite are exposed: at [Y], this rock contained some
quartz, but the greater part consisted of andesitic porphyry, with only
a few well developed erystals of albite, and forming a great white mass,
having the external aspect of granite, capped by much dark unstrati-
fied porphyry. In many parts of the mountains, there are dikes of a
green colour, and other white ones, which latter probably spring from
underlying masses of andesite.

The Cumbre, where the road crosses it, is, according to Mr. Pent-
land, 12,454 feet above the sea; and the neighbouring peaks, com-
posed of dark purple and whitish porphyries, some obscurely stratified
with a westerly dip, and others without a trace of stratification, must
exceed 13,000 feet in height. Descending the eastern slope of the
Cumbre, the structure becomes very complicated, and generally differs
on the two sides of the cast and west line of road and section. First
we come to a great mass [A] of nearly vertical, singularly contorted
strata, composed of highly compact red sandstones, and of often

1 gl ates, and p d by green, yellow, and red-
dish dikes ;—but I shall presently have an opportunity of deseribing in
some detail an analogous pile of strata. Those vertical beds are
abruptly succeeded by others [BJ, of apparently nemly the same
nature but more metamorphosed, alternating with porphyries and
limestones ; these dip for a short space westward, but there has been
here an extraordinary dislocation, which, on the north side of the
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road, appears to have determined the exeavation of the north and
south valley of the R. de las Cuevas. On this northern side of the
road, the strata [B7] are prolonged till they come in close contact with
a jagged lofty mountain [ D] of dark-coloured, unstratified, intrusive
porphyry, where the beds have been more highly inclined and still
more metamorphosed.  This mountain of porphyry seems to form a
short axis of elevation, for south of the road in its line, there is a hill
[C] of porphyritic conglomerate with absolutely vertical strata.

‘We now come to the Gypseous formation : T will first describe the
structure of the several mountains, and then give in one section a
detailed account of the nature of the rocks. On the north side of the
road, which here runs in an east and west valley, the mountain of
porphyry [D7] is succeeded by a hill [E7] formed of the upper gyp-
seous strata tilted, at an angle of between 70° and 80° to the west, by
an uniclinal axis of elevation which does not run parallel to the other
neighbouring ranges, and which is of short length ; for on the south
side of the valley its prolongation is marked only by a small flexure
in a pile of strata inclined by a quite separate axis. A little further
on, the north and south valley of Horcones enters at right angles our
line of section; its western side is bounded by a hill of gypseous
strata [F], dipping westward at about 45°, and its eastern side by a
mountain of similar strata [G] inclined westward at 70°, and super-
imposed by an oblique fault on another mass of the same strata [H],
also inclined westward, but at an angle of only about 30°: the com-
plicated relation of these three masses [F, G, H] is explained by the
structure of a great mountain-range lying some way to the north, in
which a regular anticlinal axis (represented in the section by dotted
lines) is seen, with the strata on its eastern side again bending up and
forming a distinct uniclinal axis, of which the beds marked [ H form
the lower part. This great uniclinal line is intersected, near the
Puente del Inca, by the valley along which the road runs, and the
strata composing it will be immediately described. On the south
side of the road, in the space corresponding with the mountains
[E, F and GJ, the strata everywhere dip westward generally at an
angle of 80°, occasionally mounting up to 45°, but not in an unbroken
line, for there are several vertical faults, forming separate uniclinal
masses, all dipping in the same direction,—a form of elevation com-
mon in the Cordillera. We thus see that within a narrow space, the
gypseous  strata have been upheaved and crushed together by a
great uniclinal, anticlinal, and one lesser uniclinal line [E] of eleva-
tion; and that between these three lines and the Cumbre, in the
sandstones, conglomerates and porphyritic formation, there have been
at least two or three other great elevatory axes.

The uniclinal axis [I] intersected near the Puente del Inca® (of

* At this place, there are some hot and cold springs, the warmest having a
temperature, according to Lieut. Brand (Travels, p. 240), of 91°; they emit
much gas. According to Mr. Brande, of the Royal Tnstitution, ten cubical inches
contain forty-five grains of solid matter, consisting chiefly of salt, gypsum, car-
bouate of lime, and oxide of iron. The water is charged with carbonic acid
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which the strata at [FI] form a part) ranges N. by W. and 8. by E.,
forming a chain of mountains, apparently littlo inferior in height to
the Cambre: the strata, as we have seen, dip at an average angle of
30° to the west. The flanks of the mountains are here quite bare and
steep, affording an excellent section; so that I was able to inspect the
strata to a thickness of about 4000 feet, and could clearly distinguish
their general nature for 1000 feet higher, making a total thickness of
5000 feet, to which must be added about 1000 feet of the inferior
strata seen a little lower down the valley. I will describe this one
section in detail, beginning at the bottom.

1st, The lowest mass is the altered clay-slate described in the pre-
liminary discussion, and which in this lme of section was here first
met with. Lower down the valley, at the R. de las Vacas, I had a
better opportunity of examining it; it is there in some parts well
characterised, having a distinet, nearly vertical, tortuous cleavage,
ranging N.W. and S.E., and intersected by quartz veins: in
most parts, however, it is crystalline and feldspathic, and passes
into a true greenstone often including grains of quartz. The clay-
slate, in its upper half, is frequently brecciated, the embedded
angular fragments being of nearly the same nature with the paste.

3nd, Several strata of purplish porphyritic conglomerate, of no very
great thickness, rest conformably upon the feldspathic slate. - A thick
Bed of fine, purple, claystone porphyry, obscurely brecciated (but not
of metamorphosed sedimentary origin), and capped by porphyritic
conglomerate, was the lowest bed actually examined in this section at
the Puente del Inca. '

3rd, A stratum, eighty feet thick, of hard and very compact im-
pure whitish limestone, weathering bright red, with included layers
brecciated and re-cemented. Obscure marks of shell are distinguish-
able in it.

4th, A red, quartzose, fine-grained conglomerate, with grains of
quartz, and with patches of white earthy feldspar, apparently due to
some process of concretionary-crystalline action: this bed is more
compact and metamorphosed than any of the overlying conglomerates,

5th, A whitish cherty limestone, with nodules of blucish argilla-
ceous limestone.

6th, A white conglomerate, with many particles of quartz almost
blending into the paste.

Tth, Highly siliceous, fine-grained white sandstone. 8th and 9th,
Red and white beds not examined.

10th, Yellow, fine-grained, thinly stratified, magnesian (judging
from its slow dissolution in acids) limestone : it includes some white
quartz pebbles, and little cavities, lined with calcareous spar, some
retaining the form of shells.

11th, A bed, between twenty and thirty feet thick, quite conform-
able with the underlying ones, composed of a hard basis, tinged lilac-
and sulphuretted hydrogen. These springs deposit much tufa in the form of
spherical balls. Thiey burst forth, as do those of Cauquenes, and probably those
of Villa Vicencio, on a line of elevation,
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gray, porphyritic with numerous crystals of whitish feldspar, with
black mica and little spots of soft ferruginous matter : evidently a
submarine lava.

12th, Yellow magnesian limestone, as before, pari-stained purple.

13th, A most singular rock ; basis purplish gray, obscurely crys-
talline, easily fusiblé into a dark green glass, not hard, thickly speckled
with orystals more or less perfect of white carbonate of lime, of
1ed hydrous oxide of iron, of a white and transparent mineral like
analcime, and of a green opaque mineral like soap-stone ; the basis is
moreover amygdaloidal with many spherical balls of white crystallised
carbonate of lime, of which some are coated with the red oxide of
iron. T have no doubt, from the ination of a superi bent
stratum (19), that this is a submarine lava; though in Northern
Chile, some of the metamorphosed sedimentary beds are almost as
erystalline, and of as varied composition.

14th, Red sandstone, passing in the upper part intoa coarse, hard,
red conglomerate, 300 feet thick, having a calcareous cement, and in-
cluding grains of quartz and broken crystals of feldspar; basis infu-
sible ; the pebbles consist of dull purplish porphyries, with some of
quartz, from the size of a nut to a man’s head. This is the coarsest
conglomerate in this part of the Cordillera : in the middle there was a
white layer not examined.

15th, Grrand thick bed, of a'very hard, yellowish-white rock, with a
crystalline feldspathic base, including large crystals of white feldspar,
many little cavities mostly full of soft ferruginous matter, and nume-
rous hexagonal plates of black mica. The upper part of this great
bed is slightly cellular; the lower part compact : the thickness varied
a little in different parts. Manifestly a submarine lava; and is allied
to bed 11.

16th and 17th, Dull purplish, calcareous, fine-grained, compact
sandstones, which pass into coarse white conglomerates with numerous
particles of quartz.

18th, Several a ions of red congl purplish sandst:
and submarine lava, like that singular rock forming bed 13.

19th, A very heavy, compact, greenish-black stone, with a fine-
grained obviously erystalline basis, containing a few specks of white
calcareous spar, many specks of the crystallised hydrous red oxide of
iron, and some specks of a green mineral ; there are veins and nests
filled with epidote: certainly a submarine lava.

20th, Many thin strata of compact, fine-grained, pale purple sand-
stone,

21st, Gypsum in a nearly pure state, abont 300 feet in thickness :
this bed, in its concretions of anhydrite and layers of small blackish
crystals of carbonate of lime, exactly resembles the great gypseous
beds in the Peuquenes range.

22nd, Pale purple and reddish sandstone, as in bed 20 : about 300
feet in thickness.

23rd, A thick mass composed of layers, often as thin as paper and
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convoluted, of pure gypsum with others very impure, of a purplish
colour.

24th, Pure gypsum, thick mass.

25th, Red sandstones, of great thickness.

26th, Pure gypsum, of great thickness.

271h, Alternating layers of pure and impure: gypsum, of great
thickness.

I was not able to ascend to these few last great strata, which com-
pose the neighbouring loftiest pinnacles. The thickness, from the
lowest to the uppermost bed of gypsum, cannot be less than 2000
feet: the beds beneath I estimated at 3000 feet, and this does not
include either the lower parts of the porphyritic conglomerate, or the
altered clay-slate ; T conceive the total thickness must be about 6000
feet. I distinctly observed that not only the gypsum, but the alter-
nating sandstones and conglomerates were lens-shaped, and repeatedly
thinned out and replaced each other: thus in the distance of about a
mile, a bed 800 feet thick of sandstone between two beds of gypsum,
thinned out to nothing, and disappeared. The lower part of this
section differs remarkably,—in the much greater diversity of its
mineralogical composition,—in the abundance of calcareous matier,—
in the greater coarseness of some of the conglomerates,—and in the
numerous particles and well rounded pebbles, sometimes of large size,
of quartz,—from any other section hitherto described in Chile. From
these peculiarities, and from the lens-form of the strata, it is probable
that this great pile of strata was accumulated on a shallow and very
uneven bottom, near some pre-existing land formed of various por-
phyries and quartz-rock. The formation of porphyritic claystone con-
glomerate does not in this section attain nearly its ordinary thickness ;
this may be partly attributed to the metamorphic action having been
here much less energetic than usual, though the lower beds have been
affected to a certain degree. If it had been as energetic as in most
other parts of Chile, many of the beds of sandstone and con-
glomerate, containing rounded masses of porphyry, would doubtless
have been converted into porphyritie conglomerate ; and these would
have alternated with, and even blended into, crystalline and porphy-
ritic strata without a trace of mechanical structure,—mamely, into
those which, in the present state of the section, we see are unques-
tionably submarine lavas. -

The beds of gypsum, together with the red alternating sandstones
and conglomerates, present so perfect and curious a resemblance with
those seen in our former section in the basin-valley of Yeso, that I
cannot doubt the identity of the two formations: I may add that a
little westward of the P, del Inca, a mass of gypsum passed into a
fine-grained, hard, brown sandstone, which contamed some layers of
black, calearcous, compaet, shaly rock, precisely like that seen in such
vast masses on the Penquenes range.

Near the Puente del Inca, numerous fragments of limestone, con-
taining some fossil remains, were scattered on the pround: these
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fragments so perfecily resemble the limestone of bed No. 3, in which
T saw impressions of shells, that I have no doubt they have fallen
from it. The yellow wagnesian limestone of bed No. 10, which also
includes traces of shells, has a different appearance. These fossils
(as named by M. d’Orbigny) consist of—

Gryphiea, near to G. Couloni (Neocomian formation).

Arca, perhaps A. Gabrielis, d'Orbig. Pal. Franc. (Neocomian formation).

Mr. Pentland made a collection of shells from this same spot, and
Von Buch* considers them as consisting of—

Trigonia, resembling in form T. costafa.
Pholadomya, like one found by M. Dufresnoy near Alengon.
Isocardia excentrica, Voltz., identical with that from the Jura,

Two of these shells, namely, the Gryph=a and Trigonia, appear
to be identical with species collected by Meyen and myself on the
Peuquenes range ; and in the opinion of Von Buch and M. d'Orbigny,
the two formations belong to the same age. I must here add, that
Professor E. Forbes, who has examined my specimens from this place
and from the Peuquenes range, has likewise a strong impression that
they indicate the cretaceous period, and probably an early epoch in
it : so that all the pal=ontologists who have seen these fossils nearly
coincide in opinion regarding their age. The limestone, however,
with these fossils here lies at the very base of the formation, just
above the porphyritic conglomerate, and certainly several thousand
feet Jower in the series, than the equivalent, fossiliferous, black, shaly
rocks high up on the Peuquenes range.

Tt is well worthy of remark that these shells, or at least those of
which I saw impressions in the limestone (bed No. 8), must have
been covered up, on the least computation, by 4,000 feet of strata :
now we know from Professor E. Forbes’s researches, that the sea at
greater depths than 600 feet becomes exceedingly barren of organic
Deings,—a result quite in accordance with what little I have seen of
deep-sea soundings. Ience, after this limestone with its shells was
deposited, the bottom of the sea where the main line of the Cordillera
now stands, must have subsided some thousand feet to allow of the
deposition of the superincumbent submarine strata. Without sup-
posing a movement of this kind, it would, morcover, be impossible to
understand the accumulation of the several lower strata of coarse, well-
rounded conglomerates, which it is scarcely possible to believe were
spread out in profoundly deep water, and which, especially those
containing pebbles of quartz, conld hardly have been rounded in sub-
marine craters and afterwards cjected from them, as I believe to have
been the case with much of the porphyritic conglomerate formation.
I may add that in Professor Forbes’s opinion, the above enumerated
species of mollusca probably did not live at a much greater depth
than twenty fathoms, that is only 120 feet.

* Dasoript, Phys. des Iles Can. p. 472,
(]
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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-straified, others stratified,
but with the ification seldom distinguishable except in the upper
parts. Disregarding local disturbanees, 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 lme of sec-
tion, the interval between the Puente del Inca and the neighbour-
hood of the Cumbre, includes all the chief axes of dislocation.

The altered clayslate formation, already described, is seen 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 S. to S.W. Again, near the
R. Vacas there is a larger formation of (andesitic?) granite [MJ,
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 notat a highangle : at the junction, the
clayslate is altered into fine-grained greenstone. This granitic 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 T have had to contract my section; it runsg
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 mountains;
and the metamorphic action has been extremely great. In thisspace,
the number and bulk of the intrusive masses of differently coloured
porphyries, injected one into another and intersected by dikes, is
truly extraordinary. I saw onme mountain of whitish porphyry,
from which two huge dikes, thinning out, branched downwards into
an adjoining blackish porphyry. Another hill of white porphyry,
which had burst through dark coloured strata, was itself injected by
a purple, brecciated, and recemented porphyry, both being crossed by
a green dike, and both having been upheaved and injected by a
granitic dome. One brick-red porphyry, which above the Jaula
forms an isolated mass in the midst of the porphyritic conglomerate
formmiqn, 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 crystals 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, thongh, 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 Lave 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-
plyry and the red granite of the Portillo line, the only difference
being that the feldspar here is less perfectly granular, and that
soapstone replaces the mien, which is there imperfect and passes into
chlgrite,—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 clevation of the gypscous
strata composing the Peuquenes range; and this interval, we have
seen, must have been a very long one.

The Plain of Uspallata has been briefly deseribed 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 [Z] 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 granite, both probably derived from the ranges to the west,
and of altered clayslate and of certain porphyries, apparently be-

® T find that Mr. Smith, of Jordanhill, has described (Edinburgh New Pbil.
Journ. vol. xxv. p. 392) beds of sand and gravel, near Edinburgh, tilted at an
angle of 60°, and dislocated by miniature f;ults,

0
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longing to the rocks of the Uspallata chain. This plain nnml:aponds
geographically with the valley of Tenuyan between the Portillo and
Peuquenes ranges; but in that valley the shingle, which likewise has
been derived both from the eastern and western ranges, has been

ted into a hard congl te, and has been throughout tilted at
a considerable inclination: the gravel there apparently attains a much
greater thickness, and is probably of higher antiquity.

The Uspallata Range.—The road by the Villa Vicencio Pass
does not strike directly across the range, but runs for some leagues
northward along its western base; and I must briefly deseribe the
rocks here seen, before continuing with the coloured east and west
section. At the mouth of the valley of Cafiota, and at several points
northwards, there is an extensive formation of a glossy and harsh,
and of a feldspathic clayslate, including strata of grauwacke, and
having a tortuous, mearly vertical cleavage, traversed by numerous
metalliferous veins and others of quartz.  The clayslate is in many
parts capped by a thick mass of fragments of the same rock,
firmly recemented ; and both together have been injected and
broken up by very numerous hillocks, ranging north and south,
of lilac, white, dark and salmon-coloured porphyries: one steep, now
denuded, hillock of porphyry had its face as distinctly impressed with
the angles of a fragmentary mass of the slate, with some of the
points still remaining embedded, as sealing-wax could be by a seal.
At the mouth of this same valley of Cafiota, in a fine escarpment
having the strata dipping from 50° to 60° to the N.E.,* the clay-
slate formation is seen to be covered by (1st), a purple claystone
porphyry resting unconformably in some parts on the solid slate,
and in others on a thick fragmentary mass: (2d), a conformable
stratum of compact blackish rock, having a spheroidal structure, full
of minute acicular crystals of glassy feldspar, with red spots of oxide
of iron: (3d), a great stratum of purplish-red claystone porphyry,
abounding with crystals of opaque feldspar, and laminated with
thin, parallel, often short, layers, and likewise with great irregular
patches of white, earthy, semi-crystalline feldspar; this rock (which
T noticed in other neighbouring places) perfectly resembles a curious
variety described at Port Desire, and occasionally occurs in the
great porphyritic conglomerate formation of Chile: (4th), a thin
stratum of greenish-white, indurated tuff, fusible, and containing
broken erystals and particles of porphyries : (5th), a grand mass,
imperfectly columnar and divided into three parallel and closely joined
strata, of cream-coloured claystone porpbyry: (6th), a thick
stratum of lilac-coloured porphyry, which T could see was capped
by another bed of the cream-coloured variety: I was unable to ex-

* Nearly opposite to this escarpment, there is another corresponding one, with
the strata dipping not to the exactly opposite point, or 8.W., but to S.8.W. : con-
sequently the two escarpments trend towards each other, and some miles south-

ward they become actually united: this is a form of elevation which T have not
elsewhers ssen.
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amine the still higher parts of the escarpment. These conformably
stratified porphyries, though none are either vesicular or amygdaloidal,
have evidently flowed as submarine lavas : some of them are separated
from each other by seams of indurated tuff, wlich, however, are
quite insignificant in thickness pared with the porphyries, This
whole pile resembles, but not very closely, some of the less brecciated
parts of the great porphyritic conglomerate formation of Chile; but
it does not probably belong to the same age, as the porphyries here
rest unconformably on the altered feldspathic clayslate, whereas the
porphyritic conglomerate formation alternates with and rests con-
formably on it. These porphyries, moreover, with the exception of
the one blackish stratum, and of the one indurated, white tufaceous
bed, differ from the beds composing the Uspallata range in the line
of the Villa Vicencio Pass.

I will now give, first, a sketch of the structure of the range, as
represented in the coloured section, and will then describe its compo-
sition and interesting history. At its western foot, a hillock [N] is
seen to rise out of the plain, with its strata dipping at 70° to the
west, fronted by strata [O] inclined at 45° to the east, thus forming
a little north and south anticlinal axis. Some other little hillocks of
similar composition, with their strata highly inclined, range N.E.
and 8.W., obliquely to the main Uspallata line. The cause of these
dislocations, which, though on a small scale, have been violent and
complicated, is seen to lie in hummocks of lilac, purple, and red por-
phyries, which have been injected in a liquefied state through and
into the underlying clayslate formation. Several dikes were exposed
here, but in mo other part, that T saw, of this range. As the
strata consist of black, white, greenish, and brown coloured rocks,
and as the intrusive porphyries are so brightly tinted, a most extra-
ordinary view was presented, like a coloured geological drawing. On
the gently inclined main western slope [PP7, above the little anti-
clinal ridges just mentioned, the strata dip at an average angle of 25°
to the west ; the inclination in some places being only 10°, in some
few others as much as 45°% The masses having these different incli-
nations, are separated from each other by parallel vertical faults [as
represented at Pa], often giving rise to separate, parallel, uniclinal
ridges. The summit of the main range is broad and undulatory,
with the stratification undulatory and irregular: in a few places
granitic and porphyritic masses [Q] protrude, which, from the small
effect they have locally produced in deranging the strata, probably
form the upper points of a regular, great, underlying dome. These
denuded granitic points, T estimated at about 9000 feet in height
above the sea. On the eastern slope, the strata in the upper part
are regularly inclined at about 25° to the east, so that the summit of
this chain, neglecting small irregularities, forms a broad anticlinal
axis. Lower down, however, near Los Hornillos [R], there is a well-
marked synclinal axis, beyond which the strata are inclined at nearly
the same angle, namely from 20° to 30°, inwards or westward. Owing
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to the amount of denudation which this chain has suffered, th_e out-
line of the gently inclined eastern flank scarcely offers the slightest
indication of this synclinal axis. The stratified beds, which we have
hitherto followed across the range, a little further down are seen to
lie, T believe unconformably, on a broad mountainous band of clay-
slate and grauwacke. The strataand lamine of this latter formation,
on the extreme eastern flank, are generally nearly vertical ; further in-
wards they become inclined from 45° to 80° to the west : near Villa
Vicencio [S] there is apparently an anticlinal axis, but the structure
of this outer part of the clayslate formation is so cbscure, that I
have not marked the planes of stratification in the coloured seetion.
On the margin of the Pampas, some low, much dislocated spurs of
this same formation, project in a north-easterly line, in the same
oblique manner as do the ridges on the western foot, and as is so fre-
quently the case with those at the base of the main Cordillera.

T will now describe the nature of the beds, beginning at the base
on the eastern side. First, for the clayslate formation: the slate is
generally hard and Dluish, with the lamine coated by minute mica-
ceous scales; it alternates many times with a coarse-grained, greenish
grauwacke, containing rounded fragments of quartz and bits of slate
in a slightly calcareous basis. The slate in the upper part generally
becomes purplish, and the cleavage so irregular that the whole con-
sists of mere splinters. Transverse veins of quartz are numerous.
At the Calera, some leagues distant, there is a dark erystalline lime-
stone, apparently included in this formation.  With the exception of
the granwacke being here more abundant, and the clayslate less
altered, this formation closely resembles that unconformably under-
lying the porphyries at the western foot of this same range; and
likewise that alternating with the porphyritic conglomerate in the
main Cordillera. This formation is a considerable one, and extends
several leagues southward to near Mendoza : the mountains com-
posed of it rise to a height of about 2000 fest above the edge of the
Pampas, or about 7000 feet above the sea.*

Secondly : the most usual bed on the clayslate is a coarse, white,
slightly calcareous conglomerate, of mo great thickness, including
broken crystals of feldspar, grains of quartz, and numerous pebbles
of brecciated claystone-porphyry, but without any pebbles of the
underlying clayslate. I nowhere saw the actual junction between
this bed and the clayslate, though I spent a whole day in endea-
vouring to discover their relations. In some places I distinetly saw
the white conglomerate and overlying beds inclined at from 25° to 30°
to the west, and at the bottom of the same mountain, the clayslate
and grauwacke inclined to the same point, but at an angle from 70°
to 80°: in one instance, the clayslate dipped not only at a different
angle, but to a different point from the overlying formation. Tn
these cases the two formations certainly appeared quite unconform-
able : moreover, 1 found in the clayslate onc great, vertical, dike-

* T infer this from the height of V. Vicencio, which was ascertained by Mr-
DMiers to be 5328 feet above the sea.
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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
deposition of clayslate took place, on which the white conglomerate
‘was conformably deposited, with here and there a thin intercalated
bed of clayslate. On this 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 haye scen, certainly
is the case with the claystone lavas in the valley of Catiota, 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, including
very numerous crystals of opaque feldspar, and with some crystallized
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 containing 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-
porcellanic 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; mueh is highly amygdaloidal, much compact; there are

* The coarse, mechanical stracture 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 bas been a deep-
water deposit. Whence have the sometimes included angular fragments of clay-
slate, and the rounded masses of quartz and other rocks, been derived? Many
desp-wter limestones, it is well known, have been brecciated, and then firmly ro-
cemented,
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greenish, blackish, purplish, and grey varieties, rarely including crys-
tals of green augite and minute acicular ones of feldspar, but often
crystals and amygdaloidal masses of white, red, and black carbnqate
of Time. Some of the blackish varieties of this rock have a conchoidal
fracture and resemble basalt; others have an irregular fracture. Some
of the grey and purplish varieties are thickly speckled with green
earth and with white crystalline carbonate of lime; others are largely
amygdaloidal with green earth and calearcous spar. Again, other
earthy varieties, of greenish, purplish and grey tints, contain much
iron, and are almost half composed of amygdaloidal balls of dark
brown bole, of a whitish indurated feldspathic matter, of bright green
earth, of agate, and of black and white crystallized carbonate of lime.
All these varieties are easily fusible. Viewed from a distance, the
line of junetion with the underlying semi-porcellanic strata was dis-
tinet ; but when examined closely, it was impossible to point out
within a foot where the lava ended and where the sedimentary mass
began: the rock at the time of junction was in most places hard, of a
bright green colour, and abounded with irregular amygdaloidal masses
of ferruginous and pure caleareous spar, and of agate.

Seventhly : strata, eighty feet in thickness, of various indurated
tuffs, as before; many of the varieties have a fine basis including
rather coarse extraneous particles; some of them are compact and
semi-porcellanic, and include vegetable impressions.

Eighthly : a bed, about Bfty feet thick, of greenish-grey, compact,
feldspathic lava, with numerous small erystals of opaque feldspar,
black augite, and oxide of iron. The junction with the bed on
which it rested, was ill defined; balls and masses of the feldspathic
rock being enclosed in much altered tuff.

Ninthly : indurated tuffs, as before.

Tenthly : a conformable layer, less than two feet in thickness, of
pitchstone, generally brecciated, and traversed by veins of agate and of
carbonate of lime: parts are composed of apparently concretionary
fragments of a more perfect variety, arranged in herizontal lines in a
less perfectly characterized variety. 1 have much difficulty in believ-
ing that this thin layer of pitchstone flowed as lava,

Eleventhly: sedimentary and tufaceous beds as before, passing into

dst; including some congll : the pebbles in the latter are
]«;f claystone-porphyry, well rounded, and some as large as ericket-
alls,

Twelfthly : a bed of compact, sonorous, feldspathic lava, like that
of bed No. 8, divided by numerous joints into large angular blocks.

Thirteenthly : sedimentary beds, as before. Fourteenthly : a thick
bed of greenish or greyish black, compact basalt, (fusing into a black
enamel) with small erystals, oceasionally distinguishable, of feldspar
and augite: the junction with the underlying sedimentary bed, diffe-
rently from that in most of the foregoing streams, here was quite
distinet ;—the Java and tufaceons matter preserving their perfect
characters within two inches of each other. This rock closely resem-
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bles certain parts of that varied and singular lava-stream No. 6; it
likewise resembles, as we shall immediately see, many of the great
upper beds on the western flank and on the summit of this range.

The pile of strata here described attains a great thickness; and
above the last mentioned volcanic stratum, there were several other
great tufaceous beds alternating with submarine lavas, which I had not
time to examine ; but a corresponding series, several thousand feet in
thickness, is well exhibited on the crest and western flank of the
range. Most of the lava-streams on the western side are of a jet-
black colour and basaltic nature; they are either compact and fine-
grained, including minute crystals of augite and feldspar, or they are
coarse-grained and abound with rather large coppery-brown crystals
of an angitic mineral.* Another variety was of a dull red colour,
having a claystone brecciated basis, including specks of oxide of iron
and of caleareous spar, and amygdaloidal with green earth: there
were apparently several other varieties. These submarine lavas often
exhibit a spheroidal, and sometimes an imperfect columnar structure :
their upper junctions are much more clearly defined than their lower
Junctions; but the latter are not so much blended into the underlying
sedimentary beds, as is the case in the eastern flank. On the crest
and western flank of the range, the streams, viewed as a whole, are
mostly basaltic; whilst those on the eastern side, which stand lower
in the series, are, as we have seen, mostly feldspathic.

The sedimentary strata alternating with the lavas on the erest and
western side, are of an almost infinitely varying nature; but a large
proportion of them closely resemble those already described on the
eastern flank : there are white and brown, indurated, easily fusible
tuffs,—some passing into pale blue and green semi-porcellanic rocks,—
others into brownish and purplish sandstones and gritstones, often
ineluding grains of quartz—others into mudstone containing broken
crystals and particles of rock, and oceasionally single large pebbles.
There was one stratum of a bright red, coarse, volcanic gritstone;
another of conglomerate; another of a black, indurated, carbonaceous
shale marked with imperfect vegetable impressions ; this latter bed,
which was thin, rested on a submarine lava, and followed all the con-
siderable inequalities of its upper surface. Mr. Miers states that coal
has been found in this range. Lastly, there was a bed (like No. 10
on the eastern flank), evidently of sedimentary origin, and remarkable
from closely approaching in character to an imperfect pitchstone, and
from including extremely thin layers of perfect pitchstone, as well as
nodules and irregular fragments (but not resembling extraneous frag-
ments) of this same rock arranged in horizontal lines: I conceive that
this bed, which is only a few feet in thickness, must have assumed its
present state throngh metamorphic and concretionary action. Most
of these sedimentary strata are much indurated, and no doubt have
been partially metamorphosed : many of them are extraordinarily
heavy and compact; others have agate and crystalline carbonate of

# Very easily fusible into a jet black bead, attracted by the magnet: the erys.
tals are too much tarnished to be measured by the goniometer.
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lime disseminated throughout them. Some of the beds exhibit a
singular concretionary arrangement, with the curves determined by
the lines of fissure. There are many veins of agate and calcareous
spar, and innumerable ones of iron and other metals, Whmﬁ have
blackened and curiously affected the strata to considerable distances
on both sides.

Many of these tuf: beds ble, with the ption of being
more indurated, the upper beds of the great Patagonian tertiary for-
mation, especially those variously coloured layers high up the river
Santa Cruz, and in a remarkable degree the tufaceous formation at
the northern end of Chiloe. 1 was so much struck with this re-
semblance, that I particularly looked out for silicified wood, and
found it under the following extraordinary circumstances. High up
on this western flank,* at a height estimated at 7,000 feet above the
sea, in a broken escarpment of thin strata, composed of compact green
gritstone passing into a fine mudstone, and alternating with layers
of coarser, brownish, very heavy mudstone including ‘broken crystals
and particles of rock almost blended together, I counted the stumps
of fifty-two trees. They projected between two and five feet above
the ground, and stood at exactly right angles to the strata, which
were here inclined at an angle of about 25° to the west. Eleven of
these trees were silicified and well preserved: Mr. R. Brown has been
s0 kind as to examine the wood when sliced and polished ; he says
it is coniferous, partaking of the characters of the Araucarian tribe,
with some curious points of affinity with the Yew. The bark
round the trunks must have been cireularly furrowed with irregular
lines, for the mudstone round them is thus plainly marked. One
cast consisted of dark argillaceous limestone; and forty of them
of coarsely crystallized carbonate of lime, with cavities lined by
quartz crystals: these latter white caleareous columns do not retain
any internal structure, but their external form plainly shows their
origin. Al the stumps have nearly the same diameter, varying from
oue foot to eighteen inches; some of them stand within a yard of
cach other ; they are grouped in a clump within a space of about
sixty yards across, with a few scatfered round at the distance of 150
yards. They all stand at about the same level. The longest stump
stood seven feet out of the ground: the roots, if they are still pre-
served, are buried and concealed. No one layer of the mudstone
appeared much darker than the others, as if it had formerly existed
ag soil ; nor could this be expected, for the same agents which re-
placed with silex and lime the wood of the trees, would naturally
have removed all vegetable matter from the soil. Besides the fifty-
two upright trees, there were a few fragments, like broken branches,

# For the information of any future traveller, I will describe the spot in detail,
Proceeding eastward from the Agua dél Zorro, and afterwards leaving on the north
side of the road a rancho attached to some old gold-mines, you puss through a
gully with low but steep rocks on each hand : the road then bends, and the ascent
becomes steeper. A few hundred yards further on, a stone’s throw on the south
side of the road, the white calcaréous stumps may be seen. The spot is about
half a mile east of the Agua del Zorro.
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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
roclk : these strata, which, together, are from 400 to 500 feet in
thickness, rest on a thick bed of sub-marine lava, and are conform-
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 thick of matter,
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, had 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 [Q], before
alluded to, formed of a kind of granite, externally resembling andesite,
and consisting of a white, imperfeetly 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 augife
are distinguishable by the naked eye, but are not perfect enough to be measured :
there are many minute acicular erystals of glassy feldspar.

+ At first Timagined, 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 {0 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 reccive
a subsequent accumulation of matter several thousand 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 amount of denudation, 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 efiected, I conceive, only by the long-continued
action of the sea; and this shows that the range was either upheaved from under
the sea, or subsequently let down intoit. 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 adjoining land, and deposited upright : I may,
bowever, mention that the late Dr, Malcolmson assured me, that he once met in
the Indian ocean, fifty miles from land, several cocoa-nut trees floating upright,
uwing to their roots being loaded with earth.
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including some perfect crystals apparently of albite (but I was unable
to measure them), much black mica, epidote in veins, and very little
or no quartz. Numerous small veins branch from this rock into the
surrounding strata; and it is a singular fact that these veins, though
composed of the same kind of feldspar and small seales of mica as in
the solid rock, abound with innumerable minute rounded grains of
quartz: in the veins or dikes, also, branching from the great granitic
axis in the peninsula of Tres Montes, I observed that quartz was more
abundant in them than in the main rock : I have heard of other analo-
gous cases: can we account for this fact, by the long-continued vis-
cidity of quartz®* when cooling, and by its having been thus more
easily sucked into fissures than the other constituent minerals of
granite. The strata encasing the flanks of these granitic or andesitic
masses, and forming a thick cap on one of their summits, appear
originally to have been of the same tufaceous mature with the beds
already described, but they are now changed into porcellanic, jaspery,
and erystalline rocks, and into others of a white colour witl a harsh
texture, and having a_siliceous aspect, though really of a feldspathic
nature and fusible. Both the granitic intrusive masses and the en-
casing strata, are penetrated by innumerable metallic veins, mostly
ferruginous and auriferous, but some containing copper-pyrites and a
few silver: near the veins, the rocks are blackened as if blasted by

unpowder. The strata are only slightly dislocated close round
these hills, and hence, perhaps, it may be inferred that the graniti
masses form only the projecting points of a broad continuous axis-
dome, which has given to the upper parts of this range its anticlinal
t ucture.

Concluding Remarks on the Uspallata Range—T will not attempt
to estimate the total thickness of the pile of strata forming this range,
but it must amount to many thousand feet. The sedimentary and
tufaceous beds have throughout a general similarity, though with
infinite variations. The submarine lavas in the lower part of the
series are mostly feldspathie, whilst in the upper part, on the summit
and western flank, they are mostly basaltic.  We are thus reminded
of the relative position in most recent voleanic districts of the tra-
chytic and basaltic layas,—the latter from their greater weight having
sunk to a lower level in_ the earth’s crust, and having consequently
been erupted at a later period over the lighter and upper lavas of the
trachytic series.t Both the basaltic and feldspathic submarine
streams are very compact; none being vesicular, and only a few
amygdaloidal : the effects which some of them, especially those low in
the series, have produced on the tufaceous beds over which they have
flowed is higlly curious. Independently of this local metamorphic
action, all the strata undoubtedly display an indurated and aliered
character ; and all the rocks of this range—the lavas, the alternating

* See a paper ﬁhy M. Elie de Beaumont. Soc. Philomath. May, 1839 (L'In-

stitut, 1839, p. 161)
+ Volcanic Islands, &e. by the Author, ps 117.
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sediments, the intrusive granite and porphyries, and the underlying
clayslate—are intersected 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
intrusive, and others belonging to the porphyritic conglomerate for-
mation, but all quite unlike these submarine lava-streams, we must
in all probability lock to the plain of Uspallata, for the now deeply
buried points of eruption.

Comparing our section of the Uspallata range with that of the
Cumbre, 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 extended as far as this range ; nor have we here any
of the gypseous strata, the ian 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-poreellanic
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 contemporancously deposited in two closely
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 contemporancously 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 cha.insl 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 strata on the western flank lic unconform-
ably on the clayslate, as probably is the case with those on the
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eastern flank, whereas in the Cordillera all the overlying strata lie
conformably on this formation ;—considering that in the Uspallata
range some of the beds, both low down and high up in the series,
are marked with vegetable impressions, showing the continued
existence of neighbouring land ;—considering the close general re-
semblance between the deposits of this range and those of textiary
origin in several parts of the continent ;—and lastly, even considering
the lesser height and outlying position of the Uspallata range,—1
conclude that the strata composing it are in all probability of sub-
sequent origin, and that they were accumulated at a period when
a deep sea studded with submarine volcanos washed the eastern base
of the already partially elevated Cordillera.

This lusion is of much imy for we have seen that in
the Cordillera, during the deposition of the neocomian strata, the
bed of the sea must have subsided many thousand feet: we now
learn that at a later period an adjoining area first received a great
accumulation of strata, and was upheaved into land on which coni-
ferous trees grew, and that this area then subsided several thousand
feet to receive the superincumbent submarine strata, afterwards being
broken up, denuded, and elevated in mass to its present height. I
am strengthened in this conclusion of there having been two distinct,
great periods of subsidence, by reflecting on the thick mass of coarse
stratificd conglomerate in the valley of Tenuyan, between the Peu-
quenes and Portillo lines ; for the accumulation of this mass seems to
me, as previously remarked, almost necessarily to have required a pro-
longed subsid ; and this subsidence, from the pebbles in the con-
glomerate having been to a great extent derived from the gypseous or
neocomian strata of the Peuquenes line, we know must have been quite
distinet from, and subsequent to, that sinking movement which pro-
bably panied the deposition of the Penq strata, and which

inly panied the deposition of ‘the equivalent beds near the
Puente del Inca, in this line of section.

The Uspallata chain corresponds in geographical position, though
on a small scale, with the Portillo line; and its clayslate formation
is probably the equivalent of the mica-schist of the Portillo, there
metamorphosed by the old white granites and syenites. The coloured
beds under the conglomerate in the valley of Tenuyan, of which
traces are seen on the crest of the Portillo, and even the conglomerate
itself, may perhaps be synchronous with the tufaceous beds and sub-
marine lavas of the Uspallata range ; an open sea and voleanic action
in the latter case, and a confined channel between two bordering
chains of islets in the former case, having been sufficient to account for
the mineralogical dissimilarity of the twoseries. From this correspon=
dence between the Uspallata and Portilla ranges, perhapsin age and cer-
tainly in geographical position, one is tempted to consider the one range
as the prolongation of the other; but their axes are formed of totally
different intrusive rocks ; and we have traced the apparent continua-
tion of the red granite of the Portillo in the red porphyries diverging
into the main Cordillera. Whether the axis of the Uspallata rangoe
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was injected before, or, as perhaps is more probable, after that of the
Portillo line, I will not pretend to decide ; but it is well to remember
that the highly inclined lava-streams on the eastern flank of the
Portillo line, prove that its angular upheavement was not a single
and sudden event ; and therefore that the anticlinal elevation of the Us-
pallata range may have been contemporaneous with some of the later
angular movements, by which the gigantic Portillo range gained its
present height above the adjoining plain.
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CHAPTER VIIL
NORTHERN CHILE: CONCLUSION.

Section from Tilapel {0 Combarbala; Gypseous formation with silicified wood—
Pamincillo — Coguimbo; mines of Arquercs ; section up valley; fossils—
Guaseo, fassils of—Copiapo section up valley; Las Amolanas, silicified wood,
conglomérates, nature of former land, fossils, thickness of strata, great subsi-
dence—Valley of Despoblado, fassils, tufaceous deposit, complicated distoca-
tions of—Relations betuween ancient orifices of er'uptmn and subsequent azes of
injection—Iquigue, Peru, fossils of,
mary on the Porphyritic conglomerate ami Gypseons farmattam~6rea.‘ sub-

sidence with partial ions during ihe Cre period—On_ the
elevation and'struciure of the L'yrdzllera—Recapdn?u!mn on the Tertiary
seri tion Getween o and volcanic action—Pani-

Re

peas it elevatory L tinued volcanic action
n the Cordillera—Conglusion.

Vaiparaiso to Coquimbo.—1 have already deseribed the general
nature of the rocks in the low country north of Valparaiso, consist-
ing of granites, syenites, gr and altered feldspathic clay-
slate, Nearer Coquimbo there is much hornblendie rock and various
dusky-coloured porphyries. I will describe only one section in this
district, namely, from near Illapel in a N.E. line to the mines of Los
Hornos, and thence in a north by east direction to Combarbala, at the
foot of the main Cordillera.

Near Tlapel, after passing for some distance over granite, andesite,
and andesitic porphyry, we come to a greenish stratified feldspathic
rock, which I believe is altered clayslate, conformably capped by
pnrphynes and porphyritic conglomerate of great thickness, dipping
at an average angle of 20° to N.E. by N. The uppermost beds
consist of conglomerates and sandstone only a little metamorphosed,
and conformably covered by a Gypseous formation of very great
thickness, but much denuded. This gypseous formation, where first
met with, lies in a broad valley or basin, a little southward of the
mines of Los Hornos : the lower half alone contains gypsum, not in
great masses as in the Cordillera, but in innumerable thin layers,
seldom more than an inch or two in thickness. The gypsum is
cither opaque or transparent, and is associated with carbonate of
lime. The layers alternate with numerous varying omes of a cal-
careous clay-shale (with strong aluminous odour, adhering to 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-calcareous 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-
Jjasper excessively hard, but easily fusible, Strata of this nature
alternate with much black and brown siliceo-caleareous 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 coniferous. Some of the layers of the black
siliceous slate contained irregular angular fragments of imperfect
pitchstone, which I believe, as in the Uspallata range, has 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,
especially the upper half, has been injected, metamorphosed, and
locally contorted by numerous hillocks of intrusive porphyries,
crowded together in an extraordinary manmer. 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
Los 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 mnear the intrusive masses is always opaque.
One of these hillocks of porphyry was capped by some stratified
porphyritic conglomerate, which must have been brought up from
below, through 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 augle of about 20° to N.E. by N.,
close up to the very foot of the Cuesta de Los Hornos, a crooked
range of mountains formed of intrusive rocks of the same mature
with the above deseribed hillocks. Only in one or two places, on

3
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this south-eastern side of the range, T noticed a narrow fringe of the
upper gypseous strata brushed up and inclined south-eastward from
it.  On its north-eastern flank, and likewise on a few of the summits,
the stratified porphyritic conglomerate is inclined N.E.: so that, if
we disregard the very narrow anticlinal fringe of gypseous strata at
its 8.E. foot, this range forms a second uniclinal axis of elevation.
Proceeding in a north by east direction to the village of Combarbala,
we come to a third escarpment of the porphyritic conglomerate, dip-
ping eastwards, and forming the outer range of the main Cordillera.
The lower beds were here more jaspery than usual, and they in-
cluded some white cherty strata and red sandstones, alternating
with purple claystone porphyry. Higher up in the Cordillera there
appeared to be a line of andesitic rocks; and beyond them, a fourth
escarpment of the porphyritic conglomerate, again dipping eastwards
or inwards. The overlying gypseous strata, if they ever existed here,
have been entirely removed.

Copper Mines of Panuneillo.—From Combarbala to Coquimbo, I
traversed the country in a zig-zag direction, crossing and recrossing
the porphyritic conglomerate, and finding in the granitic districts an
unusual number of mountain-masses composed of various intrusive,
porphyritic rocks, many of them andesitic. One common variety
was greenish-black, with large erystals of blackish albite. At Panun-
cillo a short N.N.W. and S.S.E. ridge, with a nucleus formed of
greenstone and of a slate-coloured porphyry including crystals of
glassy feldspar, deserves notice, from the very singular nature of the
almost vertical strata composing if. These consist chiefly of a finer
or coarser granular mixture, not very compact, of white carbonate of
lime, of protoxide of iron and of yellowish garnets (ascertained by
Prof. Miller), each grain being an almost perfect erystal. Some of
the varieties consist exclusively of granules of the calcareous spar;
and some contain grains of copper ore, and, I believe, of quartz.
These strata alternate with a bluish, compact, fusible feldspathic
rock. DMuch of the above granular mixture has, also, a pseudo-
brecciated structure, in which fragments are obscurely arranged in
planes parallel to those of the stratification, and are conspicuous on the
weathered surfaces. The fragments are angular or rounded, small
or large, and consist of bluish or reddish compact feldspathic
matter, in which a few acicular crystals of feldspar can sometimes
be seen. The fragments often blend at their edges into the surround-
ing granular mass, and seem due to a kind of coneretionary action.

These singular rocks are traversed by many copper veins, and ap-
pear to rest conformably on a granular mixture (in parts as fine-
grained as a sandstone) of quartz, mica, hornblende, and feldspar;
and this on fine-grained common gneiss; and this on a laminated
mass, composed of pinkish orékitic feldspar, including a few specks
of hornblende; and lastly, this on granite, which, together with ande-
sitic rocks, form the surronnding district.
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Coguimbo ; Mining District of Argueros—At Coquimbo the por-
phyritic congl formation approaches nearer to the Pacific,
than in any other part of Chile visited by me, being separated from
the coast by a tract only a few miles broad of the usual platonic
rocks, with the addition of a porphyry having a red euritic base.
In proceeding to the mines of Arqueros, the strata of porphyritic
conglomerate are at first nearly horizontal, an unusual circumstance,
and afterwards they dip gently to S.S.E. After having ascended to
a considerable height, we come to an undulatory district in which
the famous silver mines are situated : my examination was chiefly
confined to those of S. Rosa. Most of the rocks in this district are
stratified, dipping in various directions, and many of them are of so
singular a nature, that at the risk of being tedious I must briefly de-
scribe them. The commonest variety is a duall-red, compact, finely-
brecciated stone, containing much iron and innumerable white crys-
tallized particles of carbonate of lime and minute extraneous frag-
ments. Another variety is almost equally common near 8. Rosa;
it has a bright green, scanty basis, including distinct crystals and
patches of white carbonate of lime, and grains of red, semi-micaceous
oxide of iron : in parts the basis becomes dark green, and assumes an
obscure crystalline arrangement, and occasionally in parts it becomes
soft and slightly translucent like soapstone. These red and green rocks
are often quite distinct, and often pass into each other; the passage
being sometimes affected by a fine brecciated structure, particles of
the Ted and green matter being mingled fogether. Some of the
varieties appear gradually to become porphyritic with feldspar ; and
all of them are easily fusible into pale or dark-coloured beads, strongly
attracted by the magnet. I should perhaps have mistaken several of
these stratified rocks for submarine lavas, lilee some of those described
at the Puente del Inca, had I not examined a few leagues eastward of
this point, a fine series of analogous but less metamorphosed, sedi-
mentary beds belonging to the gypseous formation, and probably
derived from a voleanic source.

This formation is intersected by numerous metalliferous veins,
running, though irregularly, N.W. and S.E., and generally at right
angles to the many dikes. The veins consist of native silver, of
muriate of silver, an amalgam of silver, cobalt, antimony, and arsenic,*
generally embedded in sulphate of barytes. I was ed by
Mr. Lambert, that native copper without a trace of silver has been
found in the same vein with native silver without a trace of copper.
At the mines of Aristeas, the silver veins are said to be unproductive as
soon as they pass into the green strata, whereas at S. Rosa, only two
or three miles distant, the reverse happens; and at the time of my
visit, the miners were working through a red stratum, in the hopes
of the vein becoming productive in the underlying green sedi-
mentary mass. I have a specimen of ome of these green rocks,

g

* See the Report on M. Domeyko’s account of these mines, in the Comptes
Rendus, t. xiv. p. 560.
P2
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with the usual granules of white calcareous spar and red oxide of
iron, abounding with disseminated particles of glittering native and
muriate of silver, yet taken at the distance of one yard from any
vein,—a circumstance, 2s I was assured, of very rare oceurrence.

Section eastiward, up the valley of Coquimbo.—After passing fora
few miles over the coast granitic series, we come to the porphyritic
conglomerate, with its usual characters, and with some of the beds
distinctly displaying their mechanical origin. The strata, where first
met with, are, as before stated, only slightly inclined ; but near the
Hacienda of Pluclaro, we come to an anticlinal axis, with the beds
much dislocated and shifted by a great fault, of which not a trace is
externally seen in the outline of the hill. I believe that this anti-
clinal axis can be traced northwards, into the district of Arqueros,
where a conspicuous hill called Cerro Blanco, formed of a harsh,
cream- coloured euritic rock, including a few crystals of reddish feld-
spar, and associated with some purplish claystone porphyry, seems
to fall on a line of elevation. In descending from the Arqueros
district, I crossed on the nothern border of the valley, strata inclined
eastward from the Pluclaro axis: on the porphyritic conglomerate
there rested a mass, some hundred feet thick, of brown argillaceous
limestone, in parts crystalline, and in parts almost composed of
Hippurites Clilensis d’Orbig. ; above this came a black calcareous
shale, and on it a red conglomerate. In the brown limestone, with
the Hippurites, there was an impression of a Pecten and a coral, and
great numbers of a large Gryphea, very like, and, according to Prof.
E. Forbes, probably identical with, G. orientalis, Forbes M.S..—a
cretaceous species (probably upper green-sand) from Verdachellum, in
southern India. These fossils seem to occupy nearly the same
position with those at the Puente del Inca,—namely, at the top
of the porphyritic conglomerate, and at the base of the gypseous
formation.

A little above the Hacienda of Pluclaro, I made a detour on the
northern side of the valley, to examine the superincumbent gypseous
strata, which I estimated at 6,000 feet in thickness. The uppermost
beds of the porphyritic conglomerate, on which the gypseous strata
conformably rest, are variously coloured, with one very singular and
beautiful stratum composed of purple pebbles of various kinds of
porphyry, embedded in white cal spar, including cavities lined
with bright-green crystallized epidote. The whole pile of strata
belonging to both formations is inclined, apparently from the above
mentioned axis of Pluclaro, at an angle of between 20° and 30° to
the east. I will here give a section of the principal beds met with
in crossing the entire thickness of the gypseous strata.

TFirstly : above the porphyritic conglomerate formation, there is a
fine-grained, red, crystalline sandstone.

Secondly : a thick mass of smooth-grained, calcareo-aluminous,
shaly rock, often marked with dendritic manganese, and llaving_
where most compact, the external appearance of homestone. It is
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easily fusible. I shall for the future, for convenience sake, call this
variety psendo-honestone. Some of the varieties are quite black
when freshly broken, but all weather into a yellowish-ash coloured,
soft, earthy substance, precisely as is the case with the compact shaly
rocks of the Penquenes range. This stratum is of the same general
mnature with many of the beds near Los Hornos in the Illapel section.
In this second bed, or in the underlying red sandstone, (for the
surface was partially concealed by detritus) there was a thick mass of
gypsum, having the same mineralogical characters with the great
beds deseribed in our sections across the Cordillera.

Thirdly ; a thick stratum of fine-grained, red, sedimentary matter,
easily fusible into a white glass, like the basis of claystone porphyry ;
but in parts jaspery, in parts brecciated, and including crystalline
specks of carbonate of lime. In some of the jaspery layers, and in
some of the black s\hceous sl;\ty bands, there were irregular seams of
imperfect 1 of phic origin, and other
seams of bxown, crystalline limestone. Here, also, were masses,
externally resembling ill preserved silicified wood.

Fourthly and fifthly : ealeareous pseudo-honestone; and a thick
stratum concealed by detritus.

Sixthly : a thinly stratified mass of bright green, compact, smooth-
grained calcareo-argillaceous stone, easily fusible, and emitting a
strong aluminous odour : the wholé has a highly angulo-concretionary
structure; and it resembles, to a certain extent, some of the upper
tufaceo-infusorial deposits of the Patagonian tertiary formation. It
is in its nature allied to our pseudo-honestone, and it includes well
characterized layers of that variety ; and other layers of a pale green,
harder, and brecciated variety ; and others of red sedimentary. matter,
Iike that of bed Three. Some pebbles of porphyries are embedded in
the upper part.

Seventhly : red sedi tary matter or dst like that of bed
One, several Imndrcd feet in 1.lnckness, and including jaspery layers,
often having a finely brecciated structure.

Eighthly : white, much indurated, almost crystalline tuff, several
hundred feet in thickness, including rounded grains of quartz and
particles of green matter like that of bed Six. Parts pass into a
very pale green, semi-porcellanic stone.

Ninthly : red or brown coarse conglomerate, 300 to 400 fect thick,
formed chiefly of pebbles of porphyries, with voleanic particles, in
an arenaceous, non-calcareous, fusible basis : the upper two feet are
arenaceous without any pebbles.

Tenthly : the last and uppermost stratum here exhibited, is a com-
pact, slate-coloured porphyry, with numerous elongated crystals of
glassy feldspar, from 150 to 200 feet in thickness: it hes smctly
conformably on the underlying and is w btedly a
submarine lava.

This great pile of strata has been broken up in several places
by intrusive hillocks of purple claystone porphyry, and by dikes of
porphyritic greenstone : it is said that a few poor metalliferous veing
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have been discovered here. From the fusible nature and general
appearance of the finer-grained strata, they probably owe their
origin (like the allied beds of the Uspallata range, and of the upper
Patagonian tertiary formations) to gentle volcanic eruptions, and to
the abrasion of volcanic rocks. Comparing these beds with those in
the mining district of Arqueros, we see at both places, rocks e-millly
fusible, of the same peculiar bright green and red colours, containing
calcareous matter, often having a finely brecciated structure, often
passing into each other and often alternating together : hence I cannot
doubt that the only difference between them, lies in the Arqueros
beds baving been more metamorphosed (in conformity with their
more dislocated and injected condition), and consequently in the
calcareous matter, oxide of iron and green colouring matter, having
Dbeen segregated under a more crystalline form.

The strata are inclined, as before stated from 20° to 30° eastward,
towards an irregular north and south -chain of andesitic porphyry
and of porphyritic greenstone, where they are abruptly cut off. In
the valley of Coquimbo, near to the H. of Gualliguaca, similar
plutonic rocks are met with, apparently a southern prolengation of
the above chain; and eastward of it we have an escarpment of the
porphyritic conglomerate, with the strata inclined at a small angle
eastward, which makes the third escarpment, including that nearest
the coast. Proceeding up the valley we come to another north
and south line of granite, andesite, and blackish porphyry, which
seem to lie in an irregular trough of the porphyritic conglomerate.
Again, on the south side of the R. Claro, there are some irregular
granitic hills, which have thrown off the strata of porphyritic conglo-
merate to the N.W. by W.; but the stratification here has been
much disturbed. T did not proceed any further up the valley, and
this point is about two-thirds of the distance between the Pacific
and the main Cordillera.

I will deseribe only one other section, namely, on the north side of
the R. Claro, which is interesting from containing fossils: the strata
are much dislocated by faults and dikes, and are inclined to the
north, towards a mountain of andesite and porphyry, into which they
appear to become almost blended. As the beds approach this
mountain, their inclination increases up to an angle of 70°, and
in the upper part, the rocks become highly metamorphosed. The
lowest Dbed visible in this section, is a purplish hard sandstone.
Secondly, a bed 200 or 800 feet thick, of a white siliceous sandstone,
with a calcareous cement, containing seams of slaty sandstone, and
of hard yellowish-brown (dolomitic 7) L 3 numerous, well-
rounded, little pebbles of quartz are included in the sandstone.
Thirdly, a dark coloured limestone with some quartz pebbles, from
fifty to sixty feet in thickness, containing numerous silicified shells,
presently to be enumerated. Fourthly, very compact, calcareous,
Jaspery sandstone, passing into (fifthly) a great bed, several hundred
feet thick, of conglomerate, composed of pebbles of white, red, and
purple porphyries, of sandstone and quartz, cemented by calcareous
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matter. I observed that some of the finer parts of this conglo-
merate were much indurated within a foot of a dike eight feet in
width, and were rendered of a paler colour with the calcareous
matter segregated into white crystallized particles; some parts were
stained green from the colouring matter of the dike. Sixthly, a
thick mass, obscurely stratified, of a red sedimentary stone or sand-
stone, full of crystalline calcarcous matter, imperfect crystals of
oxide of irom, and T believe of feldspar, and therefore closely re-
sembling some of the highly metamorphosed beds at Arqueros:
this bed was capped by, and appeared to pass in its upper part
into, rocks similarly coloured, containing calcareous matter, and
abounding with minute crystals, mostly elongated and glassy, of
reddish albite. Seventhly, a conformable stratum of fine reddish
porphyry with large crystals of (albitic ?) feldspar; probably a
submarine lava. Bighthly, another conformable bed of green por-
phyry, with specks of green earth and cream coloured erystals of
feldspar. I believe that there are other superincumbent crystalline
strata and submarine lavas, but I had not time to examine them.
The upper beds in this section probably correspond with parts of
the great gypseous formation; and the lower beds of red sandstone
conglomerate and fossiliferous limestone no doubt are the equiva-
lents of the Hippurite stratum, seen in descending from Arqueros
to Pluclaro, which there lies conformably upon the porphyritic con-
glomerate formation. The fossils found in the third bed, consist of—

Pecten Dufreynoyi, d'Orbig. Voyage, Part. Pal.

This species, which occurs here in vast numbers, according to M. d’Orbigny,
resembles certain cretaceous forms.

Ostrea hemispherica, d'Orbig. Voyage, &c.

Also resembles, according to the same author, cretaceous forms.

Terebratula wenigma, d'Orbig. Voyage, &e. (Pl XXII. fig.
10—12,) and PL V. fig. 10, 11, 12 of this work.

Is allied, according to M, d'Orbigny, to T. concinna from the Forest Marhle,
A series of this species, collected in several localities hereafter to be referred to,
bas been laid before Prof. E. Forbes; and he informs me that many of the
specimens are almost undistinguishable from our oolitic T. tetraedra, and that the
varieties amongst them are such as are found in that variable species. Generally
speaking, the American specimens of T, znigma may be distinguished from the
British T. tetraedra, by the surface having the ribs sharp and well defined (o the
beak, whilst in the British species they become cbsolete and smoothed down ;
but this difference is not constant. Prof. Forbes adds, that, possibly, internal
characters may exist, which would distinguish the American species from its
European allies.

Spirifer linguiferoides, E. Forbes, PL V. fig. 17, 18.

Professor Forbes states (seo Appendix) that this species is very near to S,
linguifera of Phillips (a carboniferous limestone fossil), but probably distinct.
M. d’Orbigny considers it as perhaps indicating the Jurassic period.

Ammonites, imperfect impression of.

M. Domeyko has sent to France a collection of fossils, which, I
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presume, from the description given, must have come from the neigh-
bourhood of Arqueros; they consist of—

Pecten Dufreynoyi, d’Orbig. Voyage, Part. Pal.

Ostrea hemispherica, do. do. .

Turritella Andii, do. do. (Pleurotomaria Humboldtii of Von Buclh.)

Hippurites Chilensis, do. do. !

The specimens of this Hippurite, as well as those I collected in my descent
from Arqueros, are very imperfect ; but in M. d'Orbigny’s opinion they resemble,
as does the Turritella Andii, cretaceous (upper greensand) forms,

Nautilus Domeykus, d'Orbig. do. do.

Terebratula znigma, do. do.

Terebratula ignaciana, do. do.

This latter species was found by M. Domeyko in the same block of limestone
with the T. enigma. According to M. d'Orbigny, it comes near to T. ornitho-
cephala from the Lias. A series of this species collected at Guasco, bas been
examined hy Prof. L. Forbes, and he states that it is difficult to distinguish
between some of the specimens and the T. hastata from the mountain limestone;
and that it is equally difficult to draw a line between them and some Marlstone
Terebratulz. Without a knowledge of the internal structure, it is impossible at
present to decide on their identity with analogous European forms.

The remarks given on the several foregoing shells, show that, in
M. d'Orbigny’s opinion, the Pecten, Ostrea, Turritella, and Hip-
purite indicate the cretaceous period ; and the Grypheea appears to
Prof. Forbes to be identical with a species, associated in southern
India with unquestionably cretaceous forms. On the other hand,
the two Terebratulee and the Spirifer point, in the opinion both
of M. d'Orbigny and Prof. Forbes, to the oolitic series. Hence
M. dOrbigny, not having himself examined this country, has con-
cluded that there are here two distinet formations; but the Spirifer
and T. eenigma were certainly included in the same bed with the
Pecten and Ostrea, whenee I extracted them ; and the geologist M.
Domeyko sent home the two Terebratulee with the other-named shells
from the same locality, without specifying that they came from different
beds. Again, as we shall presently see, in a collection of shells
given me from Guasco, the same species, and others presenting
analogous differences, are mingled together, and are in the same
condition ; and lastly, in three places in the valley of Copiapo, I
found some of these same species similarly grouped. Hence there
cannot be any doubt, highly curious though the fact be, that these
several fossils, namely, the Hippurites, Grypheea, Ostrea, Pecten,
Turritella, Nautilus, two Tercbratule, and Spirifer all belong to the
same formation, which would appear to form a passage between
the oolitic and cretaceous systems of Europe, Although aware how
unusual the term must sound, I shall, for convenience sake, call this
formation cretaceo-oolitic. Comparing the sections in this valley of
Coquimbo with those in the Cordillera described in the last chapter,
and bearing in mind the character of the beds in the intermediate
district of Los Hornos, there is certainly a close general mineralogical
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resemblance between them, —both in the underlying porphyritic
conglomerate, and in the overlying gypseous formation.  Considering
this resemblance, and that the fossils from the Puente del Inca at the
base of the gypseous formation, and throughout the greater part of
its entire thickness on the Peuquenes range, indicate the neocomian
period,—that is, the dawn of the cretaceous system, or, as some have
believed, 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 Cogquimbo, 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,

Coguimbo 0 Guasco.—The rocks near the coast, and some way
inland, do not differ from those described northwards of Valparaiso :
we have much greenstone, syenite, feldspathic and jaspery slate, and
grauwackes having a basis like that of claystone ; there are some
large 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. T heard of a great gypscous 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, #Orbig. Voyage, Part. Pal.

Pecten Dufreynoyi, do.

Terebratula ignaciana, do.

The relations of these species have been given under the head of Coquimbo,

Terebratula znigma, d'Orbig. Voyage, Part. Pal. (var. E. Forbes,

PL V. 13, 14.)

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. mnigma, 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, P1. V. fig. 15, 16.

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

If these shells had been examined independently of the other col-
Jections, they would probably have been considered, from the charac-
ters of the two Terebratulz 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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two formations no doubt are the same, and may, as I have said, be
provisionally called cretaceo-oolitic.

Valley of Copiapo.—The journey from Guasco to Copiapo, owing
to the utterly desert nature of the country, was necessarily so hurried,
that T do not consider my notes worth giving. In the valley of
Copiapo, some of the sections are very interesting. From the sea to
the town of Copiapo, a distance estimated at thirty miles, the moun-
tains are composed of greenstone, granite, andesite, and blackish
porphyry, together with some dusky-green feldspathic rocks, which I
believe to be altered clayslate : these mountains are crossed by many
brown-coloured dikes, running north and south. Above the town,
the main valley runs in a south-east and even more southerly course
towards the Cordillera ; where it is divided into three great ravines, by
the northern one of which, called Jolquera, I penetrated for a short
distance. The coloured section, fig. 3 in Plate L., gives an eye-
sketch of the structure and composition of the mountains on both
sides of this valley: a straight east and west line from the town
to the Cordillera is perhaps not more than thirty miles, but along
the valley the distance is much greater. Wherever the valley
trended very southerly, I have endeavoured to contract the section into
its true proportion. This valley, I may add, rises much more gently
than any other valley which I saw in Chile.

To commence with our section, for a short distance above the town
we have hills of the gramitic series, together with some of that rock,
[A], which I suspect to be altered clayslate, but which Prof. G.
Rose, judging from specimens collected by Meyen at P. Negro, states
is serpentine passing into greenstone. We then come suddenly to the
great Gypseous formation [B] without having passed over, dif-
ferently from in all the sections hitherto described, any of the por-
phyritic conglomerate. The strata are at first either horizontal or
gently inclined westward ; then highly inclined in various directions,
and contorted by underlying masses of intrusive rocks; and lastly,
they bhave a regular eastward dip, and form a tolerably well pro-
nounced north and south line of hills. This formation consists of
thin strata, with innumerable alternations, of black, calcareous slate-
rock, of caleareo-aluminous stones like those at Coquimbo, which I
have called psendo-honestones, of green jaspery layers, and of pale-
purplish, calcareous, soft rottenstone, including seams and veins of
gypsum.  These strata are conformably overlaid by a great thickness
of thinly stratified, compact limestone, with included crystals of car-
bonate of lime. At a place called Tierra Amarilla, at the foot of a
mountain thus composed, there is a broad vein, or perhaps stratum,
of a beautiful and curious erystallized mixture, composed, according to
Prof. G. Rose,* of sulphate of iron under two forms, and of the sul-
phates of copper and alumina : the section is so obscure that I could
not make out whether this vein or stratum occurred in the gypseous

* Meyen's Reise, &c. Th. 1. 5. 394.
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formation, or more probably in some underlying masses [A], which I
believe are altered clayslate.

Second Awzis of Elevation.— After the gypseous masses [B], we
come to a line of hills of unstratified porphyry [C], which on their
eastern side blend into strata of great thickness of porphyritic con-
glomerate, dipping eastward. This latter formation, however, here has
not been nearly so much metamorphosed as in most parts of central
Chile; it is composed of beds of true purple claystone porphyry,
repeatedly alternating with thick beds of purplish-red conglomerate
with the well-rounded, large pebbles of various porphyries, not
blended together.

Third Awis of Elevation.—Near the ravine of Los Hornitos, there
is a well marked line of elevation, extending for many miles in a
N.N.E. and S.8.W. direction, with the strata dipping in most parts
(s in the second axis) only in one direction, namely, eastward at an
average angle of between 30° and 40°. Close to the mouth of the
valley, however, there is, as represented in the section, a steep and
high mountain [ D], composed of various green and brown intrusive
porpliyries enveloped with strata, apparently belonging to the upper
parts of the porphyritic conglomerate, and dipping both eastward
and westward. I will describe the section seen on the eastern side
of this mountain [ D], beginning at the base with the lowest bed
visible in the porphyritic conglomerate, and proceeding upwards
through the gypseous formation. Bed (1) consists of reddish and
brownish porphyry varying in character, and in many parts highly
amygdaloidal with carbonate of lime, and with bright green and brown
bole. Its upper surface is throughout clearly defined, but the lower
surface is in most parts indistinet, and towards the summit of the
mountain [D7] quite blended into the intrusive porphyries. Bed (2),
a pale lilac, hard but not heavy stone, slightly laminated, including
small extraneous fragments, and imperfect as well as some perfect
and glassy erystals of feldspar; from 150 to 200 feet in thickness.
‘When examining it 7n sizu, 1 thought it was certainly a true por-
phyry, but my specimens now lead me to suspect that it possibly
may be a metamorphosed tuff. From its colour it could be traced for a
long distance, overlying in one part, quite conformably to the porphyry
of bed 1, and in another not distant part, a very thick mass of con-
glomerate, composed of pebbles of a porphyry chiefly like that of
bed 1: this fact shows how the nature of the bottom formerly varied
in short horizontal distances, Bed (8), white, much indurated tuff,
containing minute pebbles, broken crystals, and scales of mica, varies
much in thickness. This bed is remarkable from containing many
globular and pear-shaped, externally rusty balls, from the size of an
apple to a man's head, of very tough, slite-coloured porphyry, with
imperfect crystals of feldspar: in shape these balls do mot resemble
pebbles, and I beliove that they are subagueous volcanic bombs ; they
differ from subaérial bombs only in not being vesicular. Bed (4); a
dull purplish-red, hard conglomerate, with crystallized particles and
veins of carbonate of lime, from 300 to 400 feet in thickness. The
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pebbles are of claystone porphyries of many varieties; they are
tolerably well rounded, and vary in size from a large apple to a man's
head. This bed includes three layers of coarse, black, calcareous,
somewhat slaty rock : the upper part passes into a compact red
sandstone.

In a formation so highly variable in mineralogical nature, any
division not founded on fossil remains, must be extremely arbitrary :
nevertheless the beds below the last conglomerate, may, in accordance
with all the sections hitherto deseribed, be considered as belonging
to the porphyritic conglomerate, and those above it to the gypseous
formation, marked [E] in the section. The part of the valley in
which the following beds are seen is near Potrero Seco. Bed (5),
compact, fine-grained, pale greenish-grey, non-calcareous, indurated
mudstone, easily fusible into a pale green and white glass. Bed (6),
purplish, coarse-grained, hard sandstone, with broken ecrystals of
feldspar and crystallized particles of carbonate of lime; it possesses a
slightly nodular structure. Bed (7), blackish-grey, much indurated,
calcareous mudstone, with extraneous particles of unequal size; the
whole being in parts finely brecciated. In this mass there 1s a
stratum, twenty feet in thickness, of impure gypsum. Bed (8), a
oreenish mudstone with several layers of gypsum. Bed (9), a highly
indurated, easily fusible, white tuff, thickly mottled with ferruginous
matter, and including some white semi-porcellanic layers, which are
interlaced with ferruginous veins. This stone closely resembles some
of the commonest varieties in the Uspallata chain, Bed (10), a
thick bed of rather bright green, indurated mudstone or tuff, with a
concretionary nodular structurc so strongly developed that the whole
mass consists of balls. I will not attempt to estimate the thick-
ness of the strata in the gypseous formation hitherto described, but
it must certainly be very many hundred feet. Bed (11) is at
least 800 feet in thickness: it conmsists of thin layers of whitish,
greenish, or more commonly brown, fine-grained indurated tuffs,
which crumble into angular fragments : some of the layers are semi-
porcellanic, many of them highly ferruginous, and some are almost
composed of carbonate of lime and iron with drusy cavities lined with
quartz-crystals. Bed (12), dull purplish or greenish or dark-grey,
very compact and much indurated mudstone: estimated at 1,500
feet in thickness: in some parts this rock assumes the character of
an imperfect coarse clayslate; but viewed under a lens, the basis
always has a mottled appearance, with the edges of the minute com-
ponent particles blending together. Parts are calcareous, and there
are numerous veins of highly crystalline carbonate of lime charged
with iron. The mass has a nodular structure, and is divided by only
a few planes of stratification : there are, however, two layers, each
about eighteen inches thick, of a dark-brown, finer-grained stone,
having a conchoidal, semi-porcellanic fracture which can be followed
with the eye for some miles across the country.

I believe this last great bed is covered by other nearly similar alter-
nations; but the section is here obscured by a tilt from the next por-
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phyritic chain, presently to be described. T have given this section
in detail, as being illustrative of the general character of the mountains
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 calea-
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, it is 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 B], in the lower part of
the valley ; nevertheless I do not doubt that they are equivalents.

Fourth Axis of Elevation, ( Valley of Copiapo.)—This axis is formed
of a chain of mountains [FJ, of which the central masses (near
La Punta) consist of andesite containing green hornblende and coppery
mica, and the outer masses of greenish and black porphyries, together
with some fine lilac-coloured claystone porphyry ; all these porphyries
being injected and broken up 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 atleast two miles. The moun-
tains of porphyry eastward of the micaceous schist soon, but
gradually, 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 described, 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 [G] with their
south-eastward dip, come abruptly up against beds of the gypseous
formation [FL] 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, the whole being broken up by faults, dikes, and metalliferous
veins. The strata consist chiefly of red calcareous sandstomes, with
numerous veins, in the place of layers, of gypsum; the sandstone is
associated with some black calcareous slate-rock, and with green
pseudo-honestones, passing into porcelain-jasper. Still further up
the valley, near Las Amolanas, [1] the gypseous strata become more
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regular, dipping at an angle of between 30° and 40° to W.S.W., and
conformably overlying, near the mouth of the ravine of Jolquera,
strata [K7 of porphyritic conglomerate, The whole series has been
tilted by a partially concealed axis [L.] of granite, andesite, and a
granitic mixture of white feldspar, quartz, and oxide of iron.

Fifth Awis of Blevation (Valley of Copiapo, near Los Amolanas).
—I ‘will describe in some detail the beds [I] seen here, which as
just stated, dip to W.S.W., at an angle of from 30° to 40°. I
had not time to examine the underlying porphyritic conglomerate,
of which the lowest beds, as seen at the mouth of the Jolquera,
are highly compact, with crystals of red oxide of iron; and I am
not prepared to say whether they are chiefly of volcanic or metamor-
phic origin.  On these beds there rests a coarse purplish conglome-
rate, very little metamorphosed, composed of pebbles of porphyry,
but remarkable from containing one pebble of granite ;—of which fact
no instance has occurred in the sections hitherto described. Above
this conglomerate, there is a black siliceous elaystone, and above it
numerous alterations of dark-purplish and green porphyries, which
may be considered as the uppermost limit of the porphyritic con-
glomerate formation.

Above these porphyries comes a coarse, arenaceous conglomerate,
the lower half white and the upper half of a pink colour, composed
chiefly of pebbles of various parphyries, but with some of red sand-
stone and jaspery rocks. In some of the more arenaceous parts of
the conglomerate, there was an oblique or current lamination; a
circumstance which I did not elsewhere observe. Above this con-
glomerate, there is a vast thickness of thinly stratified, pale-yellowish,
siliceous sandstone, passing into a granular quartz-rock, used for
grindstones (hence the name of the place Las Amolanas), and cer-
tainly belonging to the gypseons formation, as does probably the
immediately underlying conglomerate. In this yellowish sandstone
there are layers of white and pale-red siliceous conglomerate ; other
layers with small, well-rounded pebbles of white quartz, like the bed
at the R. Claro at Coquimbo ; others of a greenish, fine-grained, less
siliceous stone, somewhat resembling the pseudo-honestones lower
down the valley ; and lastly, others of a black calcareous shale-roclk.
In one of the layers of conglomerate, there was embedded a fragment of
mica-slate, of which this is the first instance; hence, perhaps, it is
from a formation of mica-slate, that the numerous small pebbles of
quartz, both here and at Coquimbo, have been derived. Not only
does the siliceous sandstone include layers of the black, thinly stratic
fied, not fissile, calcareous shale-rock, but in ene place the whole
mass, especially the upper part, was, in a marvellously short horizontal
distance, after frequent alternations replaced by it. When this
occurred, a i , several thousand feet in thickness was
thus composed ; the black calcareous shale-rock, however, always
included some layers of the pale-yellowish siliceous sandstone, of the
red conglomerate, and of the greenish jaspery and pseudo-honestone
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varieties. Tt likewise included three or four widely separated layers
of a brown limestone, abounding with shells immediately to be
described. This pile of strata was in parts traversed by many veins
of gypsum. The caleareous shale-rock, though when freshly broken
quite black, weathers into an ash-colour ; in which respect and in
general apy it perfectly bles those great fossiliferous beds
of the Peuquenes range, alternating with gypsum and red sandstone,
described in the last chapter.

The shells out of the layers of brown limestone, included in the
black calcareous shale-rock, which latter, as just stated, replaces the
white siliceous sandstone, consist of—

Pecten Dufreynoyi, d'Orbig. Voyage, Part. Pal.
Turritella Andii, do.

Relations given in the list from Coguimbo.

Astarte Darwinii, E. Forbes, PL. V. fig. 22, 23.
Gryphaa Darwinii, do. PL V. fig. 7.
An intermediate form between G. gigantea and G incarva.

Gryphea, nov. spec.? do. PL. V. fig. 8 and 9.

Perna Americana, do. P1. V. fig. 4, 5, 6.

Avicula, nov. spec.

Considered by Mr. G, B. Sowerby as the A, echinata, by M, d'Orbigny as
certainly a new and distinet species, baving a Jurassic aspect. The specimen has
been unfortunately lost.

Terebratula eenigma, d’Orbig. (var. of do. E. Forbes, PL V. fig.
13, 14.)

This is the same variety, with that from Guasen, considered by M. d’Orbigny

to be a distinct species from his T, @nigma, and related to T. obsoleta.

Plagiostoma and Ammonites, fragments of.

The lower layers of the limestone contained thousands of the
Gryphaa ; and the upper ones as many of the Turritella, with the
Grypheea (nov. spec.) and Serpulee adbering to them; in all the
layers, the Terebratula and fragments of the Pecten were included.
It was evident, from the manner in which the species were grouped
together, that they had lived where now embedded. Before making
any further remarks, I may state, that higher up this same valley we
shall again meet with a similar association of shells; and in the great
Despoblado valley, which branches off near the town from that of Co-~
piapo, the Pecten Dufreynoyi, some Gryphites (I believe G. Darwinii),
and the true Terebratula nigma of d'Orbig. were found together in
an equivalent formation as will be hereafter seen. A specimen also,
1 may add, of the true T. @nigma, was given me from the neighbour-
hood of the famous silver mines of Chanuncillo, a little south of the
valley of Copiapo, and these mines, from ﬂ\leir position, I have no
doubt, lie within the great gypseous furmation: the rocks close to
one of the silver-veins, judging from fragments shown me, resemble
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those singular metamorphosed deposits from the mining district of
Arqueros, near Coquimbo.

I will reiterate the evidence on the association of these several shells
in the several localities.

Cogquimbo.

Pecten Dufreynoyi

Ostrea hemispherica |3 0 0o oa Rio Claro
Terebratula mnigma. s .
Spirifer linguiferoides.

Hippurites Chilensis
Gryphea orientalis
‘Terebratula ®nigma in same block

— " ignaciana § of limestone.

Peoten Dufreynoyi Collected by M. Domeyko from
Ostrea hemispherica et e
Hippurites Chilensis [ near Arquers.

Turritella Andii

Nautilus Domegkus ]

}sam bed, near Arqueros.

Guasco.

Pecten Dufreynoyi
el nis In a collection from the Cordillera, given me : the

Terebratula ignaciana X i %
: specimens al] th ndition.
— enigma, var. specimens all in the same cond:

Spirifer Chilonsis.

Copiapo.

Pecten Dufreynoyi i

Turritella Andii

Terebratula ®nigma, var. asat Guasco

Astarte Darwin

Gryphwma Darwinii
nov. spec.?

Perna Americana

Avicula, nov. spec.

Mingled togetber in alternating beds in
the main valley of Copiapo near Las
Amolanas, and likewise bigher up the
valley.

Lt 2

Tercbratula. mnigma (irue) § “an valer of Covfapo, spparently same forma-

Zj;‘;l;‘mf‘]‘)”;wyf;‘;}i';, the Despoblado, in the ravine of Maricongo.

JLercbratulppuipma (”““)}m the same bed, high up the great lateral valley of

Considering this table, I think it is impossible to doubt that all
these fossils belong to the same formation. If, however, the species
from Las Amolanas, in the Valley of Copiapo, had, as in the case of
those from Guasco, been separately examined, they would probably
have been ranked as oolitic ; for, although no Spirifers were found
here, all the other species, with the exception of the Pecten, Turritella,
and Astarte, have a more ancient aspect than cretaceous forms. On
the other hand, taking into account the evidence derived from the
cretaceous character of these three shells, and of the Hippurites,
Gryphza orientalis, and Ostrea, from Coguimbo, we are driven back
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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
ericket-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 caleareous particles.  This whole great pile is remarkable
from the thousands of huge, embedded, silicified trunks of trees, one
of which was eight feet long, and another eighteen feet in circum-
ference : how marvellons it is, that every vessel in so thick a mass of
wood should have heen 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 sandstome, I found
the Gryphea Darwinii, the Turritella 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

i Ly teristic species—the whole thick 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. Tts 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 mam valley a little above the town of Copiapo) I
found a corresponding pile of red and white sandstones, and of dark,
calcareous, semi-jaspery mudstones, rising from a mearly level sur-
face, and thrown into an absolutely vertical position ; so that, by
pacing, I ascertained their thickness to be nearly 2,700 feet ; taking

Q
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this as a standard of eomparison, I cstimated the thickness of the
strata afore the porphyritic conglomerate at 7,000 feet.

The fossils before enumerated, from the limestone-layers in the
whitish siliceous sandstone, are now covered, on the least compntation,
by strata, from 5,000 to 6,000 feet in thickness. Professor E. Forhes
thinks that these shells probably lived at a depth of from about
thirty to forty fathoms, that is from 180 to 240 feet; anyhow, it is
impossible that they could have lived at the depth of from 5,000 to
6,000 feet. Hence in this ease, as in that of the Puente del Inca, we
may safely conclude that the bottom of the sea on which the shells
lived, subsided, so as to receive the superincumbent submarine strata:
and this subsidence must have taken place during the existence of
these shells; for, as I have shown, some of them occur high up as
well as low down in the series, That the bottom of the sea sub-
sided, is in harmony with the presence of the layers of coarse well-
rounded pebbles included throughout this whole pile of strata, as well
as of the great upper mass of conglomerate from 2,000 to 3,000
feet thick ; for coarse gravel could hardly have been formed or
spread out at the profound depths indicated by the thickness of the
sirata. The subsidence, also, must have been slow to have allowed of
this often-recurrent spreading out of the pebbles. Moreover, we shall
presently sec that the surfaces of some of the streams of porphyritic
Java beneath the gypscous formation, are so highly amyodaloidal
that it is scarcely possible to believe that they flowed under the vast
pressure of a deep ccean. The conclusion of a great subsidence
during the existence of these cretaceo-oolitic fossils, may, I believe,
be extended to the distriet of Coquimbo, although, owing to the
fossiliferous beds there not being directly covered by the upper gyp-
scous strata, which in the section north of the valley are about 6,000
feet in thickness, I did not there insist on this conelusion.

The pebbles in the above conglomerates, both in the upper and
lower beds, are all well rounded, and, though chiefly composed of
various porphyries, there are some of red sandstone and of a jaspery
stone, both like the rocks intercalated in layers in this same gypseous
formation ; there was one pebble of mica-slate and some of quartz, to-
gether with many particles of quartz. In these respects there isa wide
difference between the gypseous conglomerates and those of the por-
phyritic-conglomerate formation, in which latter, angular and rounded
fragments, almost exclusively composed of porphyries, are mingled to-
gether, and which, as already often remarked, probably were ejected
from craters deep under the sea. From these facts I conclude, that dur-
ing the formation of the conglomerates, land existed in the neighbour-
hood, on the shores of which the innumerable pebbles were rounded and
thence dispersed, and on which the coniferous forests flourished—for
it is improbable that so many thousand logs of wood should have been
drifted from any great distance. Thisland, probably islands, must have
been mainly formed of porphyries, with some mica-slate, whence
the quartz was derived, and with some red sandstone and jaspery
rucks, This latter fact is important, as it shows that in this district,
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even previously to the deposition of the lower gypseous or cretaceo-
oolitic beds, strata of an analogous nature had elsewhere, no doubt
in the more central ranges of the Cordillera, been elevated ;—thus
recalling to our minds the relations of the Cumbre and Uspallata
chains. Having already referred to the great lateral valley of the Des-
poblado, I may mention that above the 2,700 feet of red and white
sandstone and dark mudstone, there is a vast mass of coarse, hard,
red conglomerate, some thousand feet in thickness, which contains
much silicified wood, and evidently corresponds with the great upper
conglomerate at Las Amolanas : here, however, the conglomerate con-
sists almost exclusively of pebbles of granite, and of disintegrated
crystals of reddish feldspar and quartz, firmly recemented together.
In this case, we may conclude that the land whence the pebbles were
derived, and on which the now silicified trees once flourished, was
formed of granite.

The mountains near Las Amolanas, composed of the eretaceo-
oolitic strata, are interlaced with dikes like a spider's web, to an
extent which I have never seen equalled, except in the denuded
interior of a voleanic crater : north and south Iines, however, pre-
dominate. These dikes are composed of green, white, and blackish
rocks, all porphyritic with feldspar, and often with large crystals of
hornblende, ~ The white varieties approach closely in character to
andesite, which composes, ag we have seen, the injected axes of so
many of the lines of elevation. Some of the green varietics are finely
laminated, pasallel to the walls of the dikes.

Sizth Azis of Elevation (Valley of Copiape).—This axis consists
of a broad mountainous mass [O7 of andesite, composed of albite,
brown mica, and chlorite, passing into andesitic granite, with quartz:
on its western side it has thrown off, at a considerable angle, a
thick mass of stratified porphyries, including much epidote [N N7,
and remarkable only from being divided into very thin beds, as
highly amygdaloidal on their surfaces as sub-aérial lava-streams
are often vesicular. This porphyritic formation is conformably
covered, as scen some way up the ravine of Jolquera, by a mere
remnant of the lower part of the cretaceo-oolitic formation [M M7,
which in one part encases, as represented in the coloured section, the
foot of the andesitic axis [L], of the already described fifth line, and
in another part entirely conceals it : in this latter case, the gypseous
or cretaceo-oolitic strata falsely appeared to dip under the porphyritic
conglomerate of the fifth axis. ~ The lowest bed of the gypseous
formation, as seen here [M], is of yellowish siliceous sandstone
precisely like that of Amolanas, interlaced in parts with veins of
gypsum, and including layers of the black, calcareous, non-fissile
slate-rock : the Turritella Andii, Pecten Dufreynoyi, Tevebratula
cenigma, var. and some Gryphites were embedded in these layers.
The sandstone varies in thickness from only twenty to eighty feet ;
and this variation is caused by the inequalities in the upper surface of
an underlying stream of purple u!ny;tol e porphyry. Hence the above

Q
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fossils here lie at the very base of the gypseous or cretaceo-oolitic
formation, and hence they were probably once covered up by strata
about 7,000 feet in thickness: it is, however, possible, though from
the mature of all the other sections in this distriet not probable, that
the porphyritie claystone lava may in this case have invaded a higher
level in the series. Above the sandstone there is a considerable mass
of much indurated, purplish-black, calcareous claystone, allied in nature
to the oft ioned black cal slate-roek. f

Ea-tward of the broad andesitic axis of this sixth line, and pene-
trated by many dikes from it, there is a great formation [P7] of
mica-schist, with its usual variations, and passing in one part into
a ferruginous quartz-rock, The folia are curved and highly inclined,
generally dipping eastward. It is probable that this mica-schist is
an old formation, connected with the granitic rocks and metamorphic
schists near the coast ; and that the one fragment of mica-slate, and
the pebbles of quartz low down in the gypseous formation at Las
Amolanas, have been derived from it. The mica-schist is succeeded
by stratified porphyritic conglomerate [Q] of great thickness, dipping
eastward with a high inclination : I have included this Iatter moun-
fain-mass in the same anticlinal axis with the porphyritic streams
[N N7J; but I am far from sure that the two masses may not have
been independently upheaved.

Seventh Awis of Elevation.—Proceeding up the ravine, we eome
to another mass [ R] of andesite ; and beyond this, we again have
a very thick, stratified porphyritic formation [S], dipping at a small
angle eastward, and forming the basal part of the main Cordillera.
T did not ascend the ravine any higher; but here, near Castafio, T
examined several sections, of which I will not give the details, only
observing, that the porphyritic beds, or submarine lavas, preponderate
greatly in bulk over the alternating sedimentary layers, which have
been but little metamorphosed : these latter consist of fine-grained
red tuffs and of whitish volcanic gritstones, together with much of a
singular, compact rock, having an almost erystalline basis, finely bree-
ciated with red and green fragments, and oceasionally including a few
Jarge pebbles. The porphyritic lavas are highly amygdaloidal, both
on their upper and lower surfaces ; they consist chiefly of clay-stone
porphyry, but with one common variety, like some of the streams at
the Puente del Inca, having a grey mottled basis, abounding with
crystals of red hydrous oxide of iron, green ones apparently of epidote,
and a few glassy ones of feldspar. This pile of strata differs con.
siderably from the basal strata of the Cordillera in central Chile,
and may possibly belong to the upper and gypseous series: T saw,
liowever, in the bed of the valley, one fragment of porphyritic
breccia-conglomerate, exactly like those great masses met with in
the more southern parts of Chile.

Finally, T must observe, that though I have desecribed between the
town of Copiapo and the western flank of the main Cordillera, seven
or eight axes of elevation, extending nearly north and south, it must
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not be supposed that they all run continuously for great distances.
As was stated to be the case in our sections across the Cordillera of
central Clile, 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 scen more numerous
faults and dikes. The whele district, from the sea to the Cordillera,
is more or less metalliferous ; and I hicard of gold, silver, copper, lead,
mercury, and iron veins. The metamorphic action, even in the lower
strata, has certainly been far less here than in central Chile.

Vailey of the Despoblado.—This great barren valley, which las
already been alluded to, enters the main valley of Copiapo a little
above the town: it runs at first northerly, then N.E., and more
easterly into the Cordillera; I followed its dreary course to the foot
of the first main ridge. I will not give a detailed section, because it
would be essentially similar to that already given, and Lecause the
stratification is exceedingly complicated. After leaving the plutonic
hills near the town, I met first, as in the main valley, with the gyp-
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
and the basis rendered porphyritic; these beds separated distinct
streams, from sixty to eighty feet in thickness, of claystone lavas.
Near Paipote, also, there was much true porphyritic breccia-
conglomerate : nevertheless, few 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 including large crystals of hornblende :
numerous as have been the varieties of intrusive porpliyries already
mentioned, there were here mountains composed of a new kind,
having a compact, smooth, cream-coloured basis, including only
a few crystals of feldspar, and mottled with dendritic 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 elevation, which, from the extreme coldness
and appearance of the vegetation, L estimated at about 10,000 feet,
I found beds of white sandstone and of limestone including the Pecten
Dufreynoyi, Terebratula anigma, and some Gryphites. ~ This ridge,
throws the water on the one hand into the Pacific, and on the other,
as I was informed, into a great gravel-covered, basin-like plain, in-
cluding a salt-lake, and without any drainage-cxit. In crossing the
Cordillera by this Pass, it is said thut three prineipal ridges must be
traversed, instead of two, or only one as in central Chile.

The crest of this first main ndge and the surrovnding mountains,

The Complete Work of Charles Darwin Online



250 COPIAFO. [cuap. viL,

with the exeeption of a few lofty pinnacles, are capped by a great
thickness of a horizontally stratified, tufaceous deposit. The lowest
bed is of a pale purple colour, hard, fine-grained, and full of broken
erystals of feldspar and scales of mica. The middle bed is coarser
and less hard, and hence weathers into very sharp pinnacles; it in-
cludes many small fragments of granite, and innumerable ones of all
sizes of grey vesicular trachyte, some of which were distinetly rounded.
The uppermost bed is about 200 feet in thickness, of a darker colour
and apparently hard ; but I had not time to ascend to it. These
three horizontal beds may be seen for the distance of many leagues,
especially westward or in the direction of the Pacific, capping the
summits of the mountains, and standing on the opposite sides of the
immense valleys at exactly corresponding heights. If united they
would form a plain, inclined very slightly towards the Pacifie; the
beds become thinner in this direction, and the tuff’ (judging from one
point to which I ascended, some way down. the valley) finer-grained
and of less specific gravity, though still compact and sonorous under
the hammer. The gently inclined, almost horizontal stratification,
the presence of some rounded pebbles, and the compactness of the
lowest bed, though rendering it probable, would not have convinced
me that this mass had been of subaqueous origin, for it is known
that volcanic ashes falling on land and moistened by rain often
become hard and stratified; but beds thus originating, and owing
their consolidation fo atmospheric moisture, would have covered
almost equally every neighbouring summit, high and low, and would
not have left those above a certain exact level absolutely bare; this
circumstance seems to me to prove that the volcanic ¢jections were
arrested at their present, widely extended, equable level, and there con-
solidated by some other means than simple atmospheric moisture;
and this no doubt must have been a sheet of water. A lake at this
great height, and without a harrier on any one side, is out of the
question ; consequently we must conclude that the tufaceous matter
was anciently deposited beneath the sea. It was certainly deposited
before the excavation of the valleys, or at least before their final
enlargement ;* and 1 may add, that Mr. Lambert, a gentleman well
acquainted with this country, informs me, that in ascending the
ravine of Suntandres (which branches off from the Despoblade) he
met with streams of lava and much ernpted matter capping all the
hills of granite and porphyry, with the exception of some projecting
points; he, also, remarked that the valleys had been excavated sub-
sequently to these eruptions,

This volcanic formation, which I am informed by Mr, Lambert
extends far northward, is of interest, as typifying what has taken
place on a grander scale on the corresponding western side of the Cor-
dillera of Pern. Under another point of view, however, it possesses
a far higher interest, as confirming that conclusion, drawn from the

* I have endeavoured to show in my Journal, &e. (2d edit.) p. 355, that this

arid valley was left by the retreating sea, as the land slowly rose, in the state in
which we now see it. i
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structure of the fringes of stratified shingle which are prolonged from
the plains at the fout of the Cordillera far up the valleys,—namely,
that this great range has been elevated in mass to a height of
between 8000 and 9000 feet ;* and now, judging from this tutaceous
deposit, we may conclude that the horizontal elevation has been in
the district of Copiapo abont 10,000 feet.

In the valley of the Despoblado, the stratification, as before re-
marked, has been much disturbed, and in some points to a greater
degree than I have anywhere else seen, I will give two cases: a
very thick mass of thinly stratified red sandstone, including beds of
conglomerate, has been crushed together (as represented in the wood-
cut) into a yoke or urn-formed trough, so that the strata on both

No. 24,

)

sides have been folded inwards: on the right hand the properly
underlying porphyritic claystone conglomerate is seen overlying the
sandstone, but it soon becomes vertical, and then is inclined towards
the trough, so that the beds radiate like the spokes of a wheel : on
the left hand, the inverted porphyritic conglomerate also assumes
a dip towards the trough, not gradually as on the right hand, but by
means of a vertical fault and synelinal break ; and a little still further
on towards the left, there is a seconl great oblique fault, (both shown
by the arrow-lines) with the strata dipping to a directly opposite
point : these mountains are intersceted by infinitely numerous dikes,
some of which can be seen to rise from hummocks of greenstone, and
can be traced for thousands of feet. In the second case, two low
ridges trend together and unite at the head of a little wedge-shaped
valley ; throughout the right-hand ridge, the strata dip at 45° to the
east ¢ in the left-hand ridge, we have the very same strata and at first
with exactly the same dip; but in following this ridge up the valley,
the strata are seen very regularly to become more and more inclincd
until they stand vertical, they then gradually fall over, (the bassct-
edges forming symmetrical serpentine lines along the crest) till at the
very head of the valley they are reversed at an angle of 45°: so
that at this point the beds have been turned through an angle of 135°;

§ %I may here mention that on the south side of the main valley of Copiapo,
near Potrero Seco, the mountains are capped by a thick mass of borizontally strati-
fied shingle, at a beight which 1 estimated at between 1500 and 2000 feet above
the hed of the valley. This shingle, L believe, forms the edge of a wide plain,
which stretehes southwards between two mountain ravges.
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and here there is a kind of anticlinal axis, with the strata on both
sides dipping to opposite points at an angle of 45°, but with those en
the left hand upside-down.

On the Eruptive Sources of the Porphyritic Claystone and Green=
stone Lavas :—In central Chile, from the extreme metamorphicaction,
it is in most parts difficult to distinguish between the streams of por-
phyritic lava and the porphyritic breccia-conglomerate, but here, at
Copiapo, they are generally perfeetly distinct, and in the Despoblado,
I saw for the first time, two great strata of purple claystone por-
phyry, after having been for a considerable space closely united
together, one above the other, become separated by a mass of frag-
mentary matter, and then both thin out ;—the lower one more rapidly
than the upper and greater stream. Considering the number and
thickness of the streams of porphyritic lava, and the great thickness
of the beds of breccia-conglomerate, there can be little doubt that the
sources of eruption must originally have been numerous : nevertheless,
it is now most difficult even to conjecture the precise point of any
one of the ancient submarine craters. I have repeatedly observed
monntains of porphyries, more or less distinetly stratified towards
their summits or on their flanks, without a trace of stratification in
their central and basal parts : in most cases, I believe this is simply
due, either to the obliterating effects of metamorphic action, or to
such parts having been mainly formed of intrusive porphyries, or to
both causes conjoined ; in some instances, liowever, it appeared to me
very probable that the great central unstratified masses of porphyry
were the now partially denuded nuclei of the old submarine volcanos,
and that the stratified parts marked the points whence the streams
flowed. In one case alome, and it was in this valley of the Des-
poblado, T was able actually to trace a thick stratum of purplish
porphyry, which for a space of some miles conformably overlay the
usual alternating beds of breccia-conglomerates and claystone lavas,
until it became united with, and blended into, a mountainous mass
of various unstratified porphyries.

The difficulty of tracing the streams of porphyries to their ancient
aud doubtless numerous eruptive sonrces, may be partly explaincd by
the very general disturbance which the Cordillera in most parts bas
suffered ; but I strongly suspect that there is a more specific cause,
namely, that the oviginal points of eruption tend to become the points
of injection. This in itself does not seem improbable; for where the
earth s crust has once yielded, it would be liable to yield again, though
the liquefied intrusive matter might not be any longer enabled to
reach the submarine surface and flow as lava. I have been led to this
conclusion, from having so frequently observed that, where part of
an unstratifiel mount: logical ch
ining streams or strata, there were several other kinds of
intrusive porphyries and andesitic rocks injected into the same point.
As these intrusive mountain-masses form most of the axes-lines in
the Cordillera, whether anticlinal, uniclinal, or synclinal, and as the
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main valleys have generally been liollowed out along these lines, the in-
trusive masses have generally suffered mueh denndation. Hence they
are apt to stand in some degree isolated, and tobe situated at the points
where the valleys abruptly 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 chicf part of the escarpment appears to be coni-
posed of various reddish and purple, sometimes laminated, porphyr
resembling those of Chile; and I saw some of the porphyritic bréccia-
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
E))Ccles were gl\'EIl me \—

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

Terebratula inca, do.  PLYV. fig. 19, 20.

@nigma, 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 pl. in the valley of
Coquimbo, and in the ravine of Maricongo at Copiapo. Censidering
this fact, and the superposition of these beds 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 lere mention, that an Ammonites, nov. spec., 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 neocomian formation. Again, fifteen de-
grees of latitude northward, in Colombia, there is a grand fossilifercus
deposit, now well known from the lbours of Von Buch, Lea, d'Or-

* The lowest point, where the roud erosses the coast-escarpment, is 1,000
feet by the barometer above the level of the sea.

Mr. Bollaert has described (Geolog. Proceedings, vol. ii. p. 598) a singulur
mass of stratified detritus, gravel, and sand, eighty-one yards in ass, ovel
lying the limestone, and abounding with loose masses of silver ore. The miners
believe that they can attribute these masses to their proper veins.
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bigny, and Forbes, which belongs to the earlier stages of the cre-
taceous system. Hence, bearing in mind the character of the few
fossils from Tierra del Fuego, there is some evidence that a great
portion of the stratificd deposits of the whole vust range of the
South American Cordillera, belongs to about the same geological
epoch. :
Proceeding from the coast-esearpment inwards, I crossed, in a space
of about thirty miles, an elevated undulatory district, with the beds
dipping in various directions. The rocks are of many kinds,—wbite
laminated, sometimes siliceous, sandstone;—purple and red sandstone,
sometimes so highly calcarecus as to have a crystalline fracture,—
argillaceous limestone,—black calcareous slate-rock, like that so often
deseribed at Copiapo and other places,—thinly laminated, fine-
grained, greenish, indurated, sedimentary, fusible rocks, approaching
in character to the includ i

lled pseudo-h of Chile, ing thin
contemporaneous veins of gypsum,—and lastly, much calcareous,
laminated porcelain jasper, of a green colour, with red spots, and of
extremely easy fusibility : I noticed one conformable stratum of a
freckled-brown, feldspathic lava. I may here mention that I heard
of great beds of gypsum in the Cordillera. The only novel point in
this formation, is the presence of innumerable thin layers of rock-salt,
alternating with the laminated and hard, but sometimes earthy, yel-
Jowish, or bright red and ferruginous sandstones, The thickest layer
of salt was only two inches, and it thinned out at both ends. On
one of these saliferons masses I noticed a stratum about twelve feet
thick, of dark-brown, hard, brecciated, easily fusible rock, containing
grains of quartz and of black oxide of iron, together with numerous
imperfect fragments of shells, The problem of the origin of salt is
s0 obscure, that every fact, even geographical position, is worth
recording.®*  With the exception of these suliferons beds, most of the
rocks, as already remarked, present a stiiking general resemblance
with the upper parts of the gypseous or cretaceo-oolitic formation of
Chile.

Metalliferous Veins.
I have only a few remarks to make on this subject: in nine
mining districts, some of them of considerable extent, which I visited
in eentral Chile, I found the principal veins running from between

* It is well known that stratified salt is found in several places on the shoves
of Peru. The island of San Lorenzo, off Lima, is composed of a pile of thin
strata, about 800 feat in thickness, composed of yellowish aud purplish, Lard, sili-
ceous, or earthy sandstones, alternating with thin layers of shale, which in places
passes into a greenish, semi-porcellanic, fusible rock. There are some thin beds
of reddish mudstone, and soft ferruginous rotten-stoves, with layers of gypsum.
In nearly all these varieties, especially in the softer sandstones, there are nu-
merous thin seams of rock-salt: I was informed that one layer has been found
two inches in thickness, The manner in which the minutest fissures of the dislo-
cated beds have been peneirated by the salt, apparently by subsequent infiltra-
tion, is very curious. On the south side of the island, layers of coal and of
impure limestone have been discovered. IHenco we Liere huve salt, gypsum, and
coal asscciated togetker, The strata include veins of quartz, carhonate of lime,
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[N, and N.W.] to [8. and 8.E.]:* in some other places, however,
their course appeared quite irregular, as is said to be generally the
case in the whole valley of Copiapo: at Tambillos, south of Co-
quimbo, I saw one large copper vein extending east and west. It is
waorthy of notice, that the foliation of the gneissand mica-slate, and the
cleavage of the altered clayslate, where such rocks oceur, certainly
tend to run like the metalliferous veins, though often irregularly, in a
direction a little westward of north. At Yaquil, I observed that the
principal auriferous veins ran nearly parallel to the grain or imperfect
cleavage of the surrounding granitic rocks, With respect to the dis-
tribution of the different metals, copper, gold, and iren are generally
associated together, and are most frequently found (but with many
exceptions, as we shall presently see) in the rocks of the lower
series, between the Cordillera and the Pacific, namely, in granite,
syenite, altered feldspathic clayslate, gneiss, and as near Guasco mica-
schist. The copper-ores consist of sulphurets, oxides, and carbonates,
sometimes with laminee of native metal: I was assured that in
some cases (as at Panuncillo S.E. of Coquimbo) the upper part of
same vein contains oxides, and the lower part sulphurets of copper.t
Gold accurs in its native form ; it is believed that, in many cases,
the upper part of the vein is the most productive part: this fact,
probably, is connected with the abundance of this metal in the stra-
tified detritus of Chile, which must have been chiefly derived from
the degradation of the upper portions of the rocks. These superfi-
cial beds of well-rounded gravel and sand, containing gold, ap-
peared to me to have been formed under the sea close to the beach,
during the slow elevation of the land : SchmidtmeyerZ] remarks that
in Chile gold is sought for in shelving banks at the height of some
feet on the sides of the streams, and not in their beds, as would have
been the casc had this metal been deposited by common alluvial
action. Very frequently the copper ores, including some gold, are
associated with abundant micaceous specular iron. Gold is often

and iron pyrites; they have been dislocated by an injected mass of greenish-
brown feldspathic trap.

Not only 1s salt abundant on the extreme western limits of the district between
the Cordillera and the Pacific, but, according to Helms, it is found in the outlying
low hills on the eastern flank of the Cordillera. These facts appear to me op-
posed to the theory, that Tock-salt is due to the sinking of water, charged with
salt, in mediterrancan spaces of the ocean, The general character of the geology
of these countries would rather lead to the opinion, that its origin is in some
way connected with voleanic heat at the bottom of the sea: see on this subject,
Sir R. Murchison’s Anniversary address to Geolog. Soc. 1843, p. 65.

+ These mining districts are Yaquil near Nancagua, where the direction of the
chief veins, to which only iu all cases I refer, is north and souths in the Uspallata
range, the prevailing line is N.N.W, and S.8.E.; in the C. de Prado, it is
N.N.W. and S.8.E. ; near Illapel, it is N. by W. and S. by E.; at Los Hornos,
the direction varies from between [N. and N.W.] to [S. and 8.E.]; at the C. de
los Hornos (further northward), it is N.N.W, and S,8.E.; at Panuncillo, it is
N.N.W.and S.8.E.: and lastly at Arqueros, the direction is N.W. and 8.E,

+ The same fact has been observed by Mr. Taylor in Cuba; London, Phil.
Journ. vol. xi. p. 21.

4 Travels in Chile, p. 29.
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found in iron-pyrites : at two gold mines at Yaguil {near Nancagua),
I was informed by the proprietor that in one the gold was al}mys
associated with ~ copper-pyrites, and in the other with irou-
pyrites : in this lutter case, it is said that if the vein ceases to con-
tain iron-pyrites, it is yet worth while to continue the search, but
if the iron-pyrites, when it reappears, is not auriferous, it is better at
once to give up working the vein. Although I believe copper and
gold are most frequently found in the lower granitic and metamorphic
Schistose series; yet these metals ocour both in the porphyritic con-
glomerate formation (as on the flanks of the Bell of Quillota and at
Jajuel), and in the superincumbent strata. At Jajuel T was in-
formed that the copper-ore, with some gold, is found only in the
greenstones and altered feldspathic clayslate, which alternate with
the purple porphyritic conglomerate. Several gold veins and some
of copper-ore are worked in several parts of the Uspallata range,
both in the metamorphosed strata, which have been shown to have
been of probably subsequent origin to the meocomian or gypseous
formation of the main Cordillera, and in the intrusive andesitic rocks
of that range. At Los Hornos (N.E. of Illapel), likewise, there
are numerous veins of copper-pyrites and of gold, both in the strata of
the gypseous formation and in the injected hills of andesite and
various porphyries.

Silver, in the form of a chloride, sulphuret, or an amalgam, or in its
native state, and associated with lead and other metals, and at Arque-
ros with pure mative copper, occurs chiefly in the upper great
gypseous or cretaceo-oolitic formation, which forms probably the rich-
est mass in Chile. We may instance the mining districts of
Arqueros near Coquimbo, and of nearly the whole valley of Copiapo,
and of Iquique (where the principal veins run N.E. by E. and S.W.
by W.), in Peru. Ience comes Molina’s remark, that silver is born
in the cold and solitary deserts of the uwpper Cordillera. There are,
however, exceptions to this rule : at Paral (S.E. of Coguimbo) silver
is found in the porphyritic conglomerate formation; as I suspect is
likewise the case at S. Pedro de Nolasko in the Peuquenes Pass.
Rich argentiferous lead is found in the clayslate of the Uspallata
range ; and I saw an old silver mine in a hill of syenite at the foot of
the Bell of Quillota: I was also assured that silver has been found
in the andesitic and porphyritic region between the town of Copiape
and the Pacific. I have stated in a previous part of this chapter, that
in two neighbouring mines at Arqueros the veins in one were pro-
ductive when they traversed the singular green sedimentary beds,
and unproductive when crossing the reddish beds; whereas at the
other mine exactly the reverse takes place : I have also described the
singular and rare case of numerous particles of native silver and of
the chloride being disseminated in the green rock at the distance of a
yard from the vein. Mercury occurs with silver both at Arqueros
and at Copiapo : at the base of C. de los Hornos (S.E. of Cogquimbo,
a different place from Los Hornos, before mentioned) I saw in a
syenitic rock numerous quartzose veing, containing a little cinnabar in

The Complete Work of Charles Darwin Online



AP, vInL] METALLIFEROUS VEINS, 237

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 gcnomlly most permanently
productive, which sisting of various dlﬂeung
but slightly from the surrounding rocks), include parallel strings rick in
mcmli such a vein is called a veta real. More commonly the mines
are worked only where one, two, or more t]nn veins or strmgs running
in a different direction, intersect a poor ‘veta teal:’ 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 cruceros 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 Uspalluta range, I observed that numerous thin auri-
ferruginous veins repeatedly ran into knots, and then branched out
again. I 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
veins,

Finally, T may observe, that the presence of metallic veins seems
obviously connected with the presence of intrusive rocks, and with
the degree of metamorphic action which the different districts of
Chile have nndergone.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 voleanic exhalations,—the
richness of these strata is highly remarkable when compared with the
erupted beds, often of submarine erigin, but not metamorphosed,
which compose the numerous islands in the Pacific, Indian, and
Atlantic 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 I 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.

R. Murchison and his fellow travellers have given some striking facts on
this subject in their account of the Ural Mountains, Geolog. Proe, vol. iil. p. 748.
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greater distance, are composed, with the exception of the tertiary
basins, of metamorphic schists, plutonic rocks, and more or less
altered clayslate. On the floor of the oeean thus constituted, vast
streams of varions purplish claystone and greenstone porphyries were
poured forth, tosether with great alternating piles of angular and rounded
fragments of similar rocks ejected from the submarine eraters. From
the compactness of the streams and fragments, it is probable that,
with the exception of some districts in northern Chile, the eruptions
took place in profoundly deep water. The orifices of eruption appear
to have been studded over a breadth, with some outliers, of from
50 to 100 miles; and closely emough together, both north and
south, and east and west, for the ejected matter to form a continuons
mass, which in central Chile is more than a mile in thickness. T
traced this mound-like mass, for only 450 miles; but judging from
what I saw at Iquique, from specimens, and from published accounts,
it appears to have a manifold greater length. In the basal parts of
the series, and especially towards the flanks of the range, mud, since
converted into a feldspathic slaty rock, and sometimes into greenstone,
was oceasionially deposited hetween the beds of erupted matter : with
this exception the uniformity of the porphyritic rocks is very re-
markable,

At the period when the claystone and greenstone porphyries
nearly or quite ceased being erupted, that great pile of strata which,
from often abounding with gypsum, I have generally called the Gyp-
seous formation, was deposited, and feldspathic lavas, together with
other singular voleanic rocks, were oceasionally poured forth : Iam far
from pretending that any distinet line of demarkation can be drawn
between this formation and the underlying porphyries and porphy-
ritic conglomerate, but in a mass of such great thickness, and between
beds of such widely different mineralogical nature, some division was
necessary, At about the commencement of the gypseous period, the
bottom of the sea here seems first to have been peopled by shells, not
many iu kind, but abounding in individuals. At the P. del Inca the
fossils are embedded near the base of the formation ; in the Peuquenes
range, at different levels, half-way up, and even higher in the series ;

" hence, in these sections, the whole great pile of strata belongs to the
same period : the same remark is applicable to the beds at Copiapo,
whicl attain a thickness of between 7000 and 8000 feet. The fossil
shells in the Cordillera of central Chile, in the opinion of all the
palmontologists who have ined them, belong to the earlier stages
of the cretaceous system ; whilst in morthern Chile there is a most
singular mixture of cretaceous and oolitic forms: from the geological
relations, however, of these two districts, I cannot but think that
they all belong to nearly the same epoch, which I have provisionally
called cretaceo-oolitic.

The strata in this formation, composed of black ealeareous shaly-
rocks, of red and white, and sometimes siliceous sandstones, of coarse
conglomerates, li , tuffs, dark d and those singular
fine-grained rocks which I have called pseudo-honestones, vast beds
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of gypsum, and many other jaspery and scarcely describable varieties,
vary and replace each other in short horizontal distances, to an extent,
I believe, unequalled even in any tertiary basin. Most of these sub-
stances are easily fusible, and have apparently been derived either
from volcanos still in quiet action, or from the attrition of voleanic
]deucts. Lf we picture to ourselves the bottom of the sea, rendered
uneven in an extreme degree, with numerous craters, some few occa-
sionally in eruption, but the greater number in the state of solfataras,
discharging ealeareous, siliceous, ferruginous matters, and gypsum or
sulplmnc cid to an amount surpassing, perhaps, even the existing
sulphureous voleanos of Java,* we shall probably understand the
circumstanees under which this singular pile of varying strata was
accumulated. The shells appear to have lived at the quiescent
periods when only limestone or calcareo-argillaccous matter was
depositing.  From Dr. Gillies's account, this gypseous or eretaceo-
oolitic formation extends as far south as the Pass of Planchon, and
I followed it northward at intervals for 500 miles: judging from the
character of the beds with the Terbratula enigma, at Iquique, it
extends from 400 to 500 miles further; and perhaps even for ten
degrees of latitude north of Iquique to the Cerro Pasco, not far from
Lima: again, we know that a cretaceous formation, abounding with
fossils, is Jargely developed north of the equator, in Colombia : in Tierra
del Fuego, at about this same period, a wide district of clayslate
was deposited, which, in its mineralogical characters and external
features, might be compared to the Silurian regions of North Wales.
The gypseous formation, like that of the porphyritic breccia-con-
glomerate on which it rests, is of inconsiderable breadth ; thongh of
greater breadth in northern than in central Chile.

As the fossil shells in this formation are covered, in the Peuquenes
ridge by a great thickness of strata, at the Puente del Inca by at
least 5000 feet ; at Coquimbo, though the superposition there is less
plainly seen, by about G000 feet; and at Copiapo certainly by 5000
or 6000, and probably by 7000 feet (the same species there recurring
in the upper and lower parts of the series), we may feel confident
that the bottom of the sea subsided during this cretaceo-oolitic
period, so as to allow of the accumulation of the superincumbent
submarine strata. This conclusion is confirmed by, or perhaps
rather explains, the presence of the many beds at many levels of
coarse conglomerate, the well-rounded pebbles in which we cannot
believe were transported in very deep water. Even the underlying
porphyries at Copiapo, with their highly amygdaloidal surfaces, do
not appear to have flowed under great pressure. The great sinking
movement thus plainly indicated, must have extended in a north and
south line for at least 400 miles, and probably was co-extensive with
the gypseous formation.

The beds of conglomerate just referred to, and the extraordinarily
numerous silicified trunks of fir-trees at Los Hornos, perhaps at Co-
quimbo and at two distant points in the valley of Copiapo, indicate

« Von Buch’s Descript. Physique des Tles Canaries, p. 428
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that land existed at this period in the neighbourhood. This land, or
dslands, in the northern part of the district of Copiapo, must have
been almost exclusively composed, judging from the nature of the
pebbles, of granite; in the southern parts of Copiapo, it must have
been mainly formed of claystone porphyries, with some mica-schist,
and with much sandstone and jaspery rocks exactly like the rocks in
the gypseous formation, and no doubt belonging to its basal series.
TIn several other places, also, during the accumulation of the gypseous
formation, its basal parts and the underlying porphyritic conglo-
merate must likewise have been already partially upheaved and ex-
posed to wear and tear; near the Puente del Inca and at Coquimbo,
there must have existed masses of mica-schist or some such rock,
whence were, derived the many small pebbies of opaque quartz. It
follows from these facts, that in some parts of the Cordillera the
upper beds of the gypseous formation must lie unconformably on
the lower beds; and the whole gypseous formation, in parts, uncon-
formably on the porphyritic conglomerate ; although I saw no such
cases, yet in many places the gypseous formation is entirely absent;
and this, although no doubt generally caused by quite subsequent
denudation, may in others be due to the underlying porphyritic cori-
glomerate having been locally upheaved before the deposition of the
gypseous strata, and thus having become the source of the pebbles
of porphyry embedded in them. In the porphyritic conglomerate
formation, in its lower and middle parts, there is very rarely any
evidence, with the exception of the small quartz pebbles at Jajuel
near Aconcagua, and of the single pebble of granite at Copiapo, of the
existence of neighbouring land : in the upper parts, however, and
especially in the district of Copiape, the number of thoroughly well-
rounded pebbles of compact porphyries make me believe, that, as
during the prolonged accumulation of the gypseous formation the lower
beds had already been locally upheaved and exposed to wear and tear,
g0 it was with the porphyritic conglomerate. Fence in following
thus far the geological history of the Cordillera, it may be inferred that
the bed of a deep and open, or nearly open, ocean was filled up by por-
phiyritic eruptions, aided probably by some general and some local ele-
vations, to that comparatively sialiow level at which the crefaceo=
oolitic shells first lived. At this period, the submarine craters yielded
at intervals a prodigious supply of gypsum and other mineral exhala-
tions, and occasionally, in certain places, poured forth lavas, chiefly of
a feldspathic nature: at this period, islands clothed with fir-trees
and composed of porphyries, primary rocks, and the lower gypseous
strata had already been locally upheaved, and exposed to the action of
the waves;—the general movement, however, at this time having
been over a very wide area, one of slow subsidence, prolonged till the
bed of the sea sank several thousand feet.

In central Chile, after the deposition of a great thickness of the
gypseous strata, and after their upheaval, by which the Cumbre and
adjoining ranges were formed, a vast pile of tufaceous matter and
submarine lava was accumulated, where the Uspallata chain now
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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 volcanos,—such as Tupungato, Maypu, and
Aconcagua, 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. Besides the elevation thus gained by angular dis-
placements, 1 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
and upturned. When viewing the Cordillera, before having read
Mr. Hopkins's profound Researches on Physical Geology, the convie-
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 tension of the
elevated arca, having yielded to the inward rush of fluidified rock,
and having thus been uptumed.

The ridges formed by the angularly upl\eajed 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 sain lines; but it has likewise been violent in some of the
aninor lines on the extreme flanks. The violence has been very
unequal on the same short lines; the crust haying apparently t'emied
to yield on certain points along the lines of fissures. These points, T
have endeavoured to show, were probably first foei 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 porphyritic
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 thom may have been contemporaneously elevated and injected, in
the same maunert 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 occasionally 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. Im 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

q to the uphea of the parallel Peuquenes range.{
Again, subsequently to the upheavement of the Cumbre chain, that
of Uspallata was formed and elevated ; and afterwards, T may add,
in the plain of Uspallata, beds of sand and gravel were violently up-

* Sir R. Murchison, and his companions state (Geolog. Proe. vol. iii. p. 747),
that no true gramite appears in the higher Ural Mountains ; but that syenitic
: rack closely to our and, is far the most abundant
of the intrusive masses.

+ Volcanic Islands, &c. by the Author, p. 129,

~t T 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 Porullo and higher line, is explained by its slow and subsequent eleya-
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 one into the other, and in which the
infinitely numerouns 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, [ 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.-S.W. lines at Concepcion—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 Canquenes, T 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, T 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, T will not agam 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
enstern and western coasts, as is likewise the case, even in a still more
marled 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
amuch later period, apparently at the same time with the northern
hemisphere, a colder or more equable temperature, as sho_wn by the
zones formerly affected by ice-action, Nor will I recapitulate the
proofs of the bottom of the sea, both on .lhe eastern :_u\d western
coast, having subsided 700 or 800 feet during this tertiary period ;

* Reise in Peru, Band 2. s. 8 :—Author’s Journal, 2d edit. p. 350,
R 2
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the movement having apparently been co-extensive, or nez\r‘ly co-
extensive, with the deposits of thisage. Nor will 1 again give the
facts and reasoning on which the proposition was founded, that
when the bed of the sea is either i y or rising, circu
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 catensive 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,—can
be explained in accordance with the above proposition. As a deduc-
tion, 1t 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 sccondly, that
certain epochs having been favourable at distant points in the same
quarter of the world for the synchronouns 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 wellas of the upper possibly contemporaneous beds at Chiloe
and Concepeion, 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 connection,
either intimate or remote, with velcanic 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 eretaceo-oolitic period this cor-
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 porphyritie
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 lic in the npper 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 wasa
great subsidence during their accumulation ; but even in this case, the
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subsidence may not have been strictly contemporaneous with the
great volcanic ernptions, 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 contemporaneous-
ness of high voleanic 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 volcanic 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 L!Mnc!, conformably on the under-
Iying old tertiary strata, and in another district unconformably on
them, after their upheaval and denudation. During and before the
acecumulation, however, of these old tertiary strata, and, therefore, at
a very remote period, sediment, strikingly resemblmg 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 Pmnpean 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 S. 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 S. America, as do the eocene mam-
mals of Europe from the present omes of that quarter of the globe,
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 casc in Patagonia with the Macrauchenia, which
co-existed with eight shells, otill the commonest kinds on that coa:
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- bmnght up to its
actual level, was described in detail in the first and second chapters.
Tt was there shown that recent shells are found on the shores of the
Atlantic, 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 Reefs, 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 850 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 has 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 o
how strata can be removed at those depths under the sea, at which
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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greater distance, which shall intersect no formation older than the
Patagonian 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 pinnacles 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 Arctie cirele. This grand range
has suffered both the most violent dislocations, and slow, though
grand, upward and downward movements in mass: I know not
Whether the speetacle of its immense valleys, with mountain-masses
of once-liquefied and intrusive rocks mow bared and intersected, or
whether the view of those plains, composed of shingle and sediment
lience derived, which stretch to the borders of the Atlantic Qcean,
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
voleanic orifices, and those now in action are conneeted 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 voleanie 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
gypscous or cretaceo-oolitic period ; then the eruptions of the Uspal-
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 voleanic formations without any craters ;
there are, also, eraters 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 eretaceo-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 energy 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 Volcanic Phenomena in S, America. Geolog.
Transact. vol, v. p. 609.
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several hundred feet, and again was brought up to its present Iev?l
by a slow and often interrupted movement; we see how op}_)osed is
this complicated history of changes slowly effected, to the views of
those geolopists who believe that this great mountain-chain was
formed in late times by a single blow. I have endeavoured elsewhere
to show,* that the excessively disturbed condition of the strata in
the Cordillera, so far from indicating single periods of extreme violence,
presents insuperable difficulties, except on the admission that the
masses of once liquefied rocks of the axes were repeatedly injected,
with intervals sufficiently long for their snccessive cooling and conso-
lidation. Finally, if we look to the analogies drawn from the changes
now in progress in the earth’s crust, whether to the manner in which
voleanic matter is erupted, or to the manner in which the land is
historically known to have risen and sunk ; or again, if we look to the
vast amount of denudation which every part of the Cordillera has
obviously suffered, the changes through which it has been brought
into its present condition, will appear neither to have been too slowly
effected, nor to have been too complicated.

* Geolog. Transact. vol. v. p. 626,

Nore.—As, both in France and England, translations of a passage in Prof.
Ehrenberg’s memoir, often referred to in the fourth chapter of this volume, have
appeared, implying that Prof. Ehrenberg believes, from the character of the
infusoria, that the Pampean formation was deposited by a sea-debacle rushing over
the land, I may state, on the authority of a letter to me, that these translations
are incorrect, The following is the passage in question:—* Durch Beachtung
der mikroscopischen Formen hat sich nun festellen lassen, dass die Mastodonten-
Lager am La Plata und die Knochen-Lager am Monte Hermoso, so wie die der
Riesen-Giirtelthiere in den Diinenhiigeln bei Bahia Blanca, beides in Patagonien,

dnderte brakische Sii ild sind, die einst wohl sinmtlich zum
obersten Fluthgebiethe des Meeres im tieferen Festlaude gehorten.”—Monats-
berichlen der Kanigl. Akad. etc., zu Berlin vom April 1845,
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DESCRIPTIONS OF TERTIARY FOSSIL SHELLS
FROM SOUTH AMERICA.

By G. B. SOWERBY, Esa., F.LS., &c.

Mactra ? rucATA.—PL IL. fig. 8.

Mactra? testd oblongd, tenui, turgidd, latere antico altiore, retun-
dato, postico longiore, acwminato ; lincis incrementi rugas con-
eentricas cfformantibus.

The shell itself is changed into Gypsum.
Santa Cruz, Patagonia.

Macrra Darwivi.—PL IL fig. 9.

Mactra testd ovali, subwquilaterali, subventricosd, tenuinsculd, lwvi,
concentricé striatd, anticé rotundatd, postice obsoletissimé sub-
quadrati.

It is impossible to get at the hinge, wherefore it cannot be ascer-
tained positively to be a Mactra.
Santa Cruz, Patagonia.

CrassarerLa Lyerin—PL 11, fig. 10,
Cras. testd oblongd, planiusculd, tenuiusculd, posticé angulati, mar-
ine postico dorsali declivi, superficie sulcis obtusis, remotis,
longitudinalibus ernatd.
This species most nearly resembles Crassatella lamellosa of Lam. ;
it is however destitute of the erect lamellee which ornament the

surface of that species.
S. Cruz, Patagonia.
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Corprs 2 LevieaTa.—PL 1L fig. 11.

Corbis testd ovato-rotundatd, ventricosd, levigatd, margine intus
lawi ; long. 8:2, lat. 2+, alt. 27, poll.

It is not without some hesitation that I have placed this in the
genus Corbis, although it is of the same general form as most of the
known species of that genus. It is quite free from external rugosity
or lamelle.  There are two specimens, both of them so imperfect that
it is impossible to ascertain with certainty the character of the
hinge and muscular impressions.

Navidad, Chile.

TeLuiNipes? opronea.—PlL 1L fig. 12,

Tellinides? testd oblongd, subaquilaterali, anterius altiore, pos-
terius inatiore, utrdgue rotundaté ; disco glabro, lineis
incrementi solumodo signato ; long. 1-8, alt. 0°7, poll.

This shell is very thin, and being imbedded in a hard compact
stone, all attempts to get at the hinge have proved abortive: it is
therefore placed in Zelfinides as the genns to which it approaches
most nearly in external characters, M. &’'Orbigny considers it a
Solenella.

Chiloe, eastern coast.

Vexvs merivioNants.—PL IL fig. 13.

V. testd ovali, plano-convexdl, concentricé striath, striis acutis, dis-
tantibus, sull - elevatis, interstitiis radiatim obsoleté striatis ;
margine minutissime crenulato.

This so closely resembles V. ezalbida Lam. in shape, as not to
be distinguishable, except by the radiating strize and the finely cre-
nulated margin.

8. Cruz, Patagonia ; and Navidad, Chile.*

Cyraerea surcurosa.—PL I fig. 14.

Cytherea testd subovatd, anticé yotundatiore, postice longiore, acuni-
natiusculd, obtusd ; swlois concentricis, confertiusculis, medio
obtusis, antice posticéque acutioribus ornatd ; long. 1+, alt. 07,
tat. 0°4, poll.

1 have compared the single valve of this with numerous recent and
fossil Veneres and Cytherew, without being able to identify it with
any.  As I have not been able to sce the hinge, I have only judged
it to be a Cytherea from analogy.

Chiloe, eastern const: islands of Huafo and Ypun?

* Wherever a fossii has been found at two localities, the name first given im-
plies, that the best specimens came from that place.
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Carpium Puenenom—PL 1L fig. 15.

Card. testa sulglolosd, tenui, lwviusculd, latere postico subcarinato,
supenficie striis vadiantibus, numerosissimis, confertissimis in-
structd.

The radiating striee and the interstices are nearly equal. Neaxly
the whole outer surface is gone from both specimens.

S. Cruz, Patagonia.

Carorom myrtiRaprarom.—PL II. fig. 16.

Cardiwm testd subglobosd, costellis raciantibus posticis 13, rotundatis,
wmedianis plurimis planulaiis, interstitiis rotundatis ; margine
denticulato.

These are all the characters that can be given, as there is only the
posterior portion of one valve; of course the general form is only
surmised, and the proportions cannot be ascertained.

Navidad, Chile.

Carpira Paraconica.—Pl. IL. fig. 17.
. testd sabtrapesiformi-rotundd, tumidd, subcordiformi, subobligud,
costis radiantibus 24, ar i 7 is, ¢ ralis,
interstitits latioribus.

Nearly related to €. acuticostata, and may be distinguished by
having fewer and more distant ribs.

8. Cruz, Patagonia.

Nucura ? Grapra.—Pl. TL fig. 18.
Nucwla testd ovato-oblongd, glabrd, nitidd, latere amtico breviove,
postico magis acuminato ; marginibus dorsalibus deelivis.

I have referred this to Vuecule, because there is no external ful-
crum for the attachment of the cartilage and ligament ; the nature
of the stone in which it is imbedded has rendered it impossible to
expose any part of the inside.

8. Cruz, Patagonia.

Nucura orwara.—PIL II. fig. 19,

Nucula testd posticé truncatd emarginatd, superficie linois clevatis
undatis concentricis ornatd.

A beautiful species which apparently resembles N. Tlhracie-
formis in general shape, but inasmuch as a fragment alone has been
“found, we cannot give a more complete character.

Port Desire, Patagonia.
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TrrcovoceLis 1Nsorira.—PL 1L fig. 20, 21.

Trigonocelia testd subovali, crassiusculd, valde obliqud, levi; f!_ffd
ligamenti trigond, lateribus elenatis ; dentibus paucis, magnis.

This species is more unlike the typical form of Pectunculus, than
any which has come under my observation, being even more oblique
than the P. obliguus of De France, from which it differs moreover
in being smooth on the outside, and destitute of radiating ridges.

8. Cruz, Patagenia.

CucurLza Avta.—PL II. fig. 22, 23.
Cucullea testd ovato-trapeziformi, subobliqud, subrugosd, wumbonibus

atibues, ared [ profundé sulcatd, impressionts mus-
cularis postices margine ventrali elevatd.
There is a iderable primd fucie bl between this spe-

cies and Cucullea decussata, Min. Con. This from S. Cruz may
however be easily distinguished from the British, by its greater
height, its more oblique form, and by the greater number of im-
pressed lines on the ligamental area.

8. Cruz and Port Desire, Patagonia.

Avomia arternans,—Pl IL. fig. 25,
Anomia testd suborbiculari, costellis radiantibues plurimis, subsqia-
miforis, alternis minovibus.
There is only a single valye of this species,
Coquimbo, Chile.

TereBraTULA PaTacontca.—Pl IT. fig. 26 and 27.

T. tester ovali, lewvi, valvis foré aqualiter conveais, dorsali productd, in-
curvd, foramine magno, ad marginem valvarum ferd parallello;
deltidiis, mediocribus ; ared cardinali concavd, § longitudinis
testee : margine antico integro.

Slightly different from the 7. wvarialilis of the British Crag, (vide
Min. Con. t. 576, f. 2 to 5) to which however it is very nearly re-
lated, asit is also to the 7. bisinuata, Lam., of the Paris basin, It
may be distinguished from both by its having no sinus in the
anterior margin.

S. Josef and 8. Julian, Patagonia,

Prerexy ceminaros,—Pl. IL fig. 24.

Pecton tesid aquivaloi, ovatl, auriculis inagualibus, costis radianti-
bus squamuliferis 22, geminatis ; interstitiis alternis latioribus,
nonnunquam costd minore instructd ; auriculd alterd magnd
radiatim costatd.

In general form this species resembles Pocten tewtorius (Schlot.)
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Goldf. Tab. XC. f. 9, but it has very few more than half the num-
ber of ribs, which in the present species are disposed in pairs, The
P. teatorius moreover belongs to the Lias and inferior Qolite, accord-
ing to Goldfuss.

San Julian, Patagonia.

Prerey Darwinianvs.—D'Orsie. Voyage, Part. Pal. (PL III.

fig. 28, 29, of this work.)

Pecten testd fer@ orbiculari, subequivalvi, tenui, utrinque wmaenu:—
culd ; extics lvi, mms costis radiantibus, per paria
propé centrum minis conspicuis ; auriculis parvis.

Like Pect. Pleuroncctes, P. Japonicus, and P. obliteratus in
general characters, but easily distinguished from all three by the
circumstance of its internal radiating ribs being disposed in pairs.

This species has been named and described by M. d’Orbigny, but as

his desbrlpimn is very brief, owing to the condition of his specimens,

and is unaccompanied by any figure, I have thought it advisable
to append the above specific character.
San Josef, Patagonia; and St. Fé, Entre Rios.

F
Ve

Pucren Paranessis.— D'Orsic. Voyage, Part. Pal. (PL III. fig.
30 of this work.)
This specics has been figured and fully described by M. d'Orbigny,
and has been aceidentally refigured here.
San Josef, S. Julian, Port Desire, Patagonia; and St. Fé,
Entre Rios.

Peerexy centravss,—PL IIL fig, 31.

Pecten tostd sulcireulari, depressd, radiis quingque squamuliferis cen-
trali eminentiore, lineis radi asperis q
ornatd ; auriculis maynis, subwqualibus 2

A single fragment of this remarkable species was found at Port
S. Julian; two others were brought from Port Desire. These frag-
ments are all of the same side, so that we are as yet but very im-
perfectly acquainted with the species.
San Julian, Port Desire, S. Cruz, Patagonia.

Preren activopes.—PL IT1. fig. 33.

P. testd suborbiculari, convewiusculd, tenui, valvis subwqualibus,
radiis principalibus subelevatis circa 86, dniermediis 3—T
minoribus, ommibus squamuliferis; aur riculis inaqualibus,
radiatim sguamulyms alterd magnd, porrectd, alierd pared,
declivi.

Remarkable for its principal ribs being numerous and only slightly
elevated, and for its intermediate ribs being very numerous.
San Joscef, Patagonia.
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Pectex rupis —PI. IT1. fig. 82.

Pocten testd suborbiculari, subinaquivali, erassiusculd, rudi, costis
radiantibus 22, rotundatis, intersiitiis angustioribus ; inler-
mediis nonnunquam feré obsoletis ; margine validé undulato.

The specimen is only a fragment ; another fragment accompanies
it, which may possibly be the opposite valve.
Coquimbo, Chiloe.

Crepipura GREGAREA,—PI, ITI. fig. 84.
Crepidula testt oblongd, intortd, crassi, subrugosd; septo elongeto,
subspirali, lavi ; vertice submarginali.

This species is remarkable for its lengthened form : it is found,
grouped together in an argillaceous sandstone of a grayish colour.
It bears a strong general resemblance to Crepidula fornicata, which
is found, similarly grouped, on the coasts of New York, New Eng-
land, and generally on the Atlantic coasts of N. America.

8. Cruz, Patagonia.

Burra cosyoprina.—Pl. ITL. fig. 35.

Bulla  testd beylindracet ;  extremitatib obiusis, d
antica paululum latiore ; striis numerosis, confertis, trans-
versts, interstitiis angustioribus planiusculis ; long. 09, lat. 0°4.

1 do not find any character to distinguish this from the fossil
which abounds in the neighbourhood of Bordeaux, and which is al:o
found near Paris and in Normandy, and which Deshayes has re-
garded as merely a variety of Bulla lignaria, Auct., from which how-
ever it may easily be distinguished by its mueh more eylindrical form.

Huafo Island, Chile.

Siearerus suscLososus.— Pl ITI. fig, 36, 37.
Sigarctus testd subglobosG, anfractibus quatuor, spiraliter concinné
suleatis ; long. 009, lat. 0'8, alt. 055, poll,

The spiral grooves and intermediate ridges are very nearly equal
in general, though sometimes rather irregular. This is the most
concave species of Adanson’s Sigarerus that I have ever seen, the
position of its aperture being much less inclined to the longitudinal
axis than it is even in the /5. coneezus, Lam., a recent species com-
mon at Valparaiso,

Navidad, Chile; and Ypun Island, Chonos Archipelago,

Narica pummia,—Pl. ITI, fig, 38.
Natica testd ovato-subglobosd, glabra, anfractibus quatuor, wmbilico
magne, patulo.

A single individual of this small species, which appears as far as
I can judge to be distinet from amy of thie récent species, occurs in
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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.

Namica srrionara.—Pl. IIT. fig. 39.

Natica testd depressiusculo-subglobosd, crassi i, glabrd, anfrac-

tilms quatuor ad quinque, wltimo maximo, spiralitér sebstriato,

is subdi; thus ; callo bilicali magno, wmbili om-

wind obtegente, ad labiwm intornum incrassatum anticé con-
Juncto.

This speeies bles Swai 's Natica el in general

form, as well as in the umbilical callus: it is 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 Sigaretws concavus, which it also resemble
and T 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.

Nariea soutpa.—PL III. fig. 40, 41.

Natice testd subglobosd, crassi, levi, spird brevi, anfractilues quin-
que, suturd subinconspicud, aperturd ovali, labio columellari
postice erassissimo, umbilico mediocri, callo pareo: long. 18,
lat. 15, poli.

This most nearly resembles a very common recent species, which
las generally been confounded with N. mamilla, but which T
have lately received from I)’Orbigny under the name of N. Uber of
Valenciennes, it may be distingnished 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 disguised 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 scarcely distingnishable; M. d'Orbigny consi-
ders the 5. Cruz species as certainly distinct.

Navidad, Chile; 8. Cruz, Patagoria ?

ScaLARIA RUGULosA.—Pl TIL fig. 42 and 43.
Sealaria testd acuminato-pyramidali, crasstusceld, omnwing rugu-

The Complete Work of Charles Darwin Online



250 APPENDIX.

losd, varicibus wumerosis, crassis rotundatis ; interstitiis spi-
raliter obsoletd sulcatis.
Volutions about eleven or twelve, increasing very gradually in
size; with fourteen or fifteen rounded and thickish varices on each.

San Julian, Patagonia.

Troenus coruaris.—Pl. ITT. fig. 44, 45.

Trochus testé econicd, lwvi, nnﬁ-aczzbus submqualibus, tenuissimé
transversim  striatis, posticé prope suturas tuberculis minutis
seriatim cinctis, infra subconvears, spiraliter tenuiter stri
aperture anyu,[a extorno acuto - long. 0-45, lat. 0°55, poll.

A very small portion of the outer surface remains, the inner coat
is wholly covered with a yellowish green and reddish iridescence.
Umbilicus as far as I can judge the same as in the following species,
Tr. lwvis. This may possibly be only a young shell of that species,
(and is so considered by M. d’Orbigny) as it is only distinguished by
a row of very small tubercles placed immediately under the suture,
which may have existed in that species when young; and it must
be observed that the first volutions are broken from both the speci-
mens of T'r. lwwis,

Navidad, Chile, S. Cruz, Patagonia.

Trocnus LEvis.—PL IIL fig. 46, 47.

Trochus testd conied, lewvi, anfractibus subequalibus, posticé turgi-
diusculis, anticé tenuissimé transversim. siriaiis, infra subcon-
cawis, spzm[zter tonuitor striatis ; aperturd rhomboided, angulo
eaterno acuto 5 wumbilico mediocri, intus levissimo, labio interno
subincrassato ; long. 1-8, lat. 2:, poll.

The remains of the pearly inner coats are beautifully iridescent in
this species; the outer surface is dull.

Navidad, Chile.

TurriTerLs Paraconrea.—PlL 111 fig. 48.

Turritella testd elongato-conicd, anfractibus decem, 3 ad 4 costatis,
costis, intermedid anticdque subobsoletd minoribus, posticd sub-
acutd, sulgranosd majori, tertid carinam eformante ; suturd
indistinctd.

This Turritetla is probably only a variety of 7. cingulate, and it
more closely resembles this species, even than the following ones,
inasmuch as its volutions inerease in size more rapidly than in either
the 7. Chilensis or T. ambulacrum. In some respects this re-
sembles {7\, carinifera of Deshayes; it is not however nearly o long
m proportion to its width. I have adopted a name suggested by

D'Orbigny.

Port Desire, Patagonia ; and fragments at Navidad, Chile.
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Turrirerra ampuracrum.—PL 11T, fig, 49.

Turritella testi elongato turritd, anfractibus decem, spiraliter tri-
castatis, posteriorum costis equalibus, anteriorum costd antica
posticigue majoribus, intermedid minori: suturd in sulcum
profundum positi.

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 S. Julian, Patagonia.

TurriTELLAe Crrnensis.—PL IV. fig. 51.

Turritella testi elong ato- turritd, anfractibus decem, wmtﬂcom,
spiraliter tricostatis, costis granulosis, intermedid majori, suturé
wn sulcwm positd.

Nearly related to Tuzritella cingulate (Sowb. Tank. Cat.); it is
even questionable whether it might not be regarded as a variety of
that species, along with 7. Patagonica and 7. ambelacrum. In
deference to the opinion of D’Orbigny, who has suggested the name,
I have been induced to describe it. The principal differences be-
tween this and 7. cingulate ave, 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.

TurriterLa svtvranis.—PL IIL fig. 50.

Tupritella testd turritd, tenuiler transversim striald, anfractibus
9—10, suturd validi divisis, anticé posticéque tumidiusculis,
posticé 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.

Preurotoma suBzquaLis—PL IV. fig. 52.
Pleurotoma testd oblongd, turritd, utrique extremitate acuminatd,
anticé breviori ; anfractibus senis, medio cariniferis, carind
quberculiferd ; wltimo anfractu carinis quingue, posticals tuber-
culiferd : long. 0°6 ; lat. 0°25.
The species which most nearly resembles this is an undescribed
s
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recent species from S. America: this fossil species differs however
from the recent one in the position of the notch in the outer lip,
which in the fossil corresponds with the posterior tuberculiferous
carina, while in the recent one the notch is placed half way between
the posterior tuberculiferous carina and the suture. There are other
marks of difference, but this may be considered sufficient, as forming
at once a distinct criterion.
Huafo Island, coast of Chile.

Preurotoya TURBINELLOTDES.—PL IV, fig. 53.
Pleurot, testi oblongd, subventricosi, transversim tenuissimé muri-
cato-striati, anfractibus quinis, ventricosis, znflu mediam
tuberculatis, tuberculis acuminatis, ultimo antice lineis qua-
tuor vel quingue obsoleté tuberculatis; canali brev:: long.
1:35; lat. 0-82, poll.

Very different from any other known Pleurotoma, either recent
or fossil ; but most nearly allied, in shape particularly, to the recent
species named Pi. émperialis by Lamarck.

Navidad, Chile.

Prevroroma piscors.—PL IV, fig. 54.

Pleurot. testd fusiformi-turriti, spird acuminatd, anfractibus octo,
posticd tenuissimd transversim striatis, medio tuberculatis,
wultimo antic? slriis crassis subtuberculatis instructo; canali
elongato, tenuiter transversim striato ; columelld recti : long.
1-8; lat. 0 62, poll.

A species which appears to be nearly related to Pl catenata,
Lam. Desh. II. t. 62, f. 11, 12, 13 (a fossil of the Paris Basin),
and which may perhaps be merely a_ variety of that species. In
stature and general characters it resembles it very closely ; its strize
are however very different.

Navidad, Chile.

Fusus recunaris 2—PL IV. fig. 55.

A single very imperfect specimen which may probably be a variety
of this species. It is not sufficiently complete to allow of its being
decided, or of its characters bemg given. It is not even certain that
it hg]ungs to the genus. M. d'Orbigny considers it as a distinct
species,

Navidad, Chile.

Fusvs pyrunirormis.—PL IV. fig, 56.

Fusus testd, turbinatd, anticé spiraliter suleatii, spird subdepresso-
conicd, rudi; anfractibus 3—4, medio tuberculatis, tuberculis
transversim sulcatis, in costas subdecurrentibus ; canali elon-
gato, transversim sulcato.

This somewhat resembles the Trifon clavator, Lam. (a reeent
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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.

Fuosus susrerrexus.—PL 1V, 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

Tumell quently it is generically distinct; while in other
respects it is sufficiently different, as may be scen by comparison.
Its spire is longer in proportion to the last volution, and its canal
shorter.

Navidad, Chile.

Fusvs Noacumvus.—PL IV. fig. 58 and 59.

Fusus testa ovato-fusiformi, wirique subacuminatd, equali, an-
Sractibus quingue spiraliter sulcatis, sulcis plerumque seriatim
pertusis ; posticis longitudinaliter obtusé costatis; canali me-
diocri, sub dente ; suturd distinctd

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,

Fusvs Paracosicus.—Pl 1V. fig. 60.

F. testd ovato-oblongd, tenuiusculd, multifariam varicosd, anfrac-
tibus postic’ angulatis; varicibus lamelliformibus, anticé
deflexis, postict acuminatis, interstitiis transversim sulcatis ;
aperturd subcirculart, canalt breviusculo, umbilico valido.

Nearly related to Fusus lamel and F. Magell and ap-
parently connecting the two.

Pyrura pistans,—PL IV. fig. 61.

Pyrula testd ficiformi, tenuiusculd, spird brevissimd obtusd,
anfractibus quatuor, ultimo mazimo, decussatim striato, et
carinato, carinis 11-—12, distantibus, nonnullis interstitialibus
minus elevatis : long. 1'8 ; lat. 1'2, poll.

A very elegant species of true Pyrulz, somewhat resembling P.
82
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aexilis (a tertinry fossil) in general appearance, but d|ﬁ'enng from
that species in its pmpaﬂ.mn: being much wider in comparison with
its length, and having a much shorter spire.

Navidad, Chile.

StruTHIOLARLA ORNATA.—PL IV. fig. 62.
Struthiolaria testd ovatd, epice acuminato, anfractibus serlu's,
spiraliter striatis, prope suturam canaliculatis, longitudinaliter
costatis, costis obtusis, antico costis duabus spiralibus, elevatis,
anté mediam positis ; suturd profundd ; long. 0-7; lat. 045,
poll.

is the only fossil species of this rare genus I have ever seen.
Casts of a large variety are found in a loose clayey sandstone at Port
S. Julian. M. d'Orbigny entertains some doubt about this being a
Struthiolaria.

Santa Cruz and 8. Julian, Patagonia.

Triroxy verrucvrosus.—Pl IV. fig. 63.

Triton testd ovato-conicd, transversim tenuiler striatd, anfractibus
sents, posticis serie unicd mediand tuberculorum cinctis, ultimo
costis tribus subobsoletis tuberculiferis, tuberculis coste pos-
tice majorebus, reliquiarum obsoletis : vanmbus validis, tritu-
berculiferis: long. 16 ; lat. 1:05, poll.

This may be distinguished from Zriton lencostoma (Ranella leu-
costoma, Lam.), to which recent species it is most nearly related, by
the paucity of tubercles forming the posterior row, as wellas by the
strongly tuberculated varices, and lJy its being destitute of the pits
which are so distinct behind the varices in that species,

Navidad, Chile.

Tritox LivcosTomoines.—PlL IV, fig, 64.

Triton testi ovato-oblongd, spird obtusi ; anfractibus senis, sub-
ventricosis spiraliter sulcatis, et longitudinaliter costatss;
varicibus sub-irregularibus, rotundatis, transversim sulcatis.

This species bles Triton [ (Ranella [ =

Tam.) more nearly than any other species ; it differs, however, in
the following particulars, viz., in its general form, which is more
oblong ; in its longitudinal ribs, which are smaller and more nu-
merous, and extend nearly the whole length of each volution;
whereas in 7. leucosioma, they are little more than elonﬂmd
tubercles near the middle of t.ha whorls.

Huafo Island, coast of Chile.

Cassts MONILIFER.—PL. IV. fig. 65.

Cassis testd subglobosd, transversim temuiter striatd, spird eleva-
tiusculd, anfractibus senis, ultimo gibboso, serie unigd tuber-
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culorum postice instructo ; labio externo tenuiusculo, reflexo,
intus levi; labio columellari expanso, levi: long. 1°5; lat.
1-1, poll.
A second row of small tubercles may be observed occasionally. T
know of no species to which this is nearly related.
Navidad, Chile.

Moxoceros amBrGuus.—PL IV. fig. 66, 67.

M. testa subglobosd, crasswusculd, lwviusculd, spiraliter obsoleté
costellatd, aperturd magné, lubio ewterno 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. cruss:-
Zabrum of Lamarck,

Coquimbo, Chile.

Gastriviow, *—Novwm 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. Such is the Bucc. plumbeum of
Chemnitz (which Swainson has designated by the generic name of
Pscudolivat), and which, to avoid the necessity of adding to the
number of generic names, I had united to the Ebwrae. 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 Fus: by Gray. The characters by which this new genus may
be known and distinguished from its allied genera are as follows:—
Testa ventricosa, subglobosa, spiri brevi, anfractibus posticé ad

suturas adpressis; aperturd magnd, ovali; canali postico
angusto ; antico lato, reflexo ; labio externo posticé incrassato,
anticé tenuiore, denie brevi, sulco dorsali idoneo, propé anticam
partem posito ; labio columellari incrassato, expanso, postice
apud canalem crassiore.

' Gastripium Cepa.—PL IV. fig. 68, 69.

Gastr. testi cepeformi, levigatd, anticé spiralitér suleatd, labi:
externt margine antico crenato: long. 23 ; lat. 17, poll.
Navidad, Chile.

* From yagrpidiow, ventriculus.

t This name of Pseudoliva, by which Swainson bas designated the Buccinum
plumbeum of Chemnitz, and which has been adopted by Gray, is evidently un-
tenable and absurd, because employed to describe an imaginary affinity to Otiva,
which does not exist. To Eburna and Buccinum, Lam., the genus is nearly re-
lated.

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

Terebra testd turritd, leviuseuld, anfractibus medio tumidiusculx'qy
posticé linea ampressi obsoletd notatis, costellis numeros:s
longitudinalibus, elevatis ; apertura columelligue levibus.

The number of volutions ard the proportions cannot be given,
for there is only a single fragment of this species.
Navidad, Chile.
TereBra UNDULIFERA—PL 1V, fig. 72, 73.

Terebra testa elongato-turritd, leviusculd, lineolis undulatis longi-
tudinalibus confertis, posticis fortioribus, tectd ; anfractibus
plurimis, posticé tumidiusculis, lined impressd subobsoletd,
medio subconcavis ; aperturd subrhomboided, columelld leve.

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

Vorvra trieLioarsa.—PL IV, fig. 74.

Voluta testi elongato-oblongd. spird i anfractibus senis,
spiraliter confertim striatis, ad suturas adpressis, deinde
tuberculatis, tuberculis in costas anticé decurrentibus; aper-
turd oblongii, longitudinem spire equante; columelld tripli-
catd, plicis obliquis, subwqualibus : long. 225 ; lat. 0°9 poll.

This species is placed among the Volutes, 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 Desh., 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 Arra.—PL IV. fig. 75.

Voluta testd elongato-oblongd, spird. attenuatd, anfractibus senis
gracilibus, spiraliter confertim striatis, propé suluras ad-
pressis, deinde subventricosis; aperturd oblongd, labio ex-
terno crassiori, subreflexo; columelid levi, plicis duabus
acutiusculis, perobliguis ; long. 75, lat. 2-75, 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. Magel-
fanica, 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; S. Cruz, Patagonia ?
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Or1va pimiprara—PL IV. fig. 76, 77.

Oliva testd oblong ta, spird inatd, apice obtuso ; anfrac-
tibus senis, ultimo lined tenuissimd transversim dimidiato ;
columelld antic? plicis quingue obliquis, posticd, majori; long.
09, lat. 0:37, poll.

This species varies in its proportions; it differs from all other
recent or fossil species with which I am acquaimted, 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, behind 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 0.
ispidule, a common recent species.

Navidad, Chile.

Denrarion creanteom.—PL II. fig. 1,
Dentalium testd tereti, rectiusculd, sulcis longitudinalibus nume-
T0sts, interstitiis rotundatis ; long. 3-2, lat, 0°5, 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 aninch at its larger;
while in its thickest part the shell itself is 018 of an inch thick.

Navidad, Chile.

Devravuom suncosum.—PLL 1L fig. 2.
Dentalium testi, 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.

Dexrantum masus.—PL IL. fig. 3.

Dentalium testd iereti, rectiusculd, costis longitudinalibus 24,
alternis majoribus, inferstities rotundatis.

The proportions of this species cannot be given, because there are
ouly 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 species in the cireum-
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 Linnwmus) in being less rapidly attenuated,
and in being straighter.

Huafo Island, coast of Chile.
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Barants varians.—PL IL fig. 4, 5, G.

Balanus testd polymorphi, valvis plerumque levibus, nonnunquait
radiatim obiusd costatis, apicibus subacuminatis; valvd
basali modo concavd, modo eyathiformi, 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 ; nyd the
species belongs to that section of the genus which has agummabe.d
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 Qhe
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 conse-
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.

Baranuvs Coqumvpensis.—PlL. 1L fig. 7.

Balanus testi 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 distinctly. 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 funetions.

Coquimbo, Chile.
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DESCRIPTIONS OF SECONDARY FOSSIL SHELLS
FROM SOUTH AMERICA.

By Prorssox E. FORBES, F.R.S., &c., &

NavmiLvs p'OrpiaNYaNvs.—PL V. fig. 1. (a) 1. (b).

Shell ventricose ( probably smooth and slightly umbilicated ). Mouth
very broad, reniform. Back rounded. Sutures bend suddenly
towards, and near to, the umbilicus ; on the back they are very
slightly sinuated.

This specimen is very imperfect. The form of the chambers re-
sembles that seen in Nautilus Sowerbyaius, a species described from
the upper greensand by d'Orbigny. The general form more nearly
resembles Nautilus levigatus of the same author, a species also from
the Craie chloritée.

Concepeion ; Chile.

HamiTes ELATIOR.— G. B. SowErsy.”

Tusté magnd, crassiusould, lavi, subcylindricd, annulis elevatis,
tcut b tis, ornatd ; extremitatibus invicem propé

£,
admotis.
This is the largest Hamite T have seen; it is nearly cylindrical,
and its largest diameter is 2} inches, its smaller being 21. There
are two specimens, one of which is much larger than the other. The
smaller shows clearly the near approximation of the two extremities.
The specimens have been lost since Mr. Darwin's return to England,
and so cannot be figured.

Port Famine; Tierra del Fuego.
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Perva Americana.—PlL V. fig. 4, 5, 6..

Shell lanceolate? ventricose, carinated, compressed in the cardinal
region, abruptly truscate, concave at the opposite side, so that the
section of the two valves is triangular and somewhat cordate.
The sulcations of the hinge are large, numerous, and my_nlar.
The surface of the shell appears to have been concentrically,
though irregularly, striated.

The specimen consists of the cardinal and apical portions of two
united valves.

Copiapo; Chile.

Astarte Darwinn—PL. V. fig. 22, 23.

Shell broadly ovate, much compressed, marked with rather distant,
regular concentric ridges; the interstices broad and concen-
trically striate; amal and oral extremities nearly equally
broad ; beaks very obtuse.

Breadth, 1 2[12; length, 1112 ; thickness, 5[12 of an inch,
Copiapo; Chile.

Grypaza Darwivi,.—PL V. fig. 7.

Lower valves very tumid, elongated, arcuated, laterally compressed,
and much tncurved at the vostral extremity ; its surface undu-
lated by distant distinct sinuous furrorws, marked with lesser
sulcations or siriations. Upper valve coneave, spatulate, and
concentrically furrowed.

Length, 3 1{2; breadth, 2 ; distance, from summit of beak to
lowermost and central part of lower valve, 2 T]20 inches.

Copiapo; Chile.

GrypEEA Nov. Sp.?—PL V. fig. 8, 9.

Lower valve not very convex, rugged, angulated ; upper valve con-
caze, orbicular, furrowed witle deep concentric sulcations. Ap-
parently a young specimen.

Length, 1 1/2; breadth, 2 8[10 ; thickness, 5/10 of an inch.
Copiapo; Chile.

Luvcsa Americana.—PL V. fig. 24.

Shell orbicular, much deprossed, the surface vough, with sharp, re-
gular, clevated, distant, concentric ridges (about trenty-five on
specis ined) ; the interstices are striated concentrically.

Length, 1 610 breadth, the same; thickness, 4/10. of an inch.
In shape this species resembles the recent Lucina radule.
Iquique ; Southern Peru.
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Luciva Excentrica,—* G. B. Sowersy,” PL V. fig. 21.

Teste subovali, leviter incequivalvi, lwul, wmbone adunco, posticé
sulco profundo ab umbone ad_marginem inferam posticam. 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
Tosterior 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.

SeiriFER cHILENsIS.—PL V. fig. 15, 16.

Shell suborbicular, tumid. Dorsal wvalve deeper than the wen-
tral ; cardinal area shorter than the transverse diameter of
the valve, triangular, concave, bounded by angulated margins.
Perforation lcmcmlata-trimagular Centre of the dorsal valve
with a rather deep and broad siwus, which, as well as the wles,
is_furrowed and ribbed. Ribs simple (about twenty-siz, of
which four belong to the sinus), becoming obsolete towards the
angles of the cardinal area, crossed by strongly marked sinuous
lines of growth. Beak very prominent and somewhat incurved.
LDorsal valee ribled like the ventral, fowr of the ribs being upon
the rounded but well-defined mesial ridge.  Frontal margin of
bath valves slightly linguiform.

There are two varieties of this shell, the one much more
tumid than the other.

Démensions of largest specimen : breadth, 1 412 ; breadif,
of cardinal line, 1 2/12; length of dorsal wvalve, 138/12; of
ventral valve, 1 inch; thickness of united valves, 10/12 of an
inch.

This shell nearly resembles several carboniferons limestone spiri-
fers. Tt is also related to some liassic species, as Spirifer Wolcatii.
Cordillera of Guasco; Chile.

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

Shell orbicular, globose, surface smooth, undulated towards the mar-
gin, where there ave 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 dfined, as is also the mesial vidgs of the ventral.
Avea 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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TeresraTULA INcA.—PL. V., fig, 19, 20.

Stell orbicular, depressed, surface obsoletely siriated concentrically ;
the furrows of growth becoming more strongly marked towards
the margin.  Dorsal valve most convex. Frontal margin ob-
soletely bisinuated, and in young specimens slightly truncate.
Beak of dorsal valve very prominent and incurved, obtusely
angled at the sides, terminating in a (small?) perforation.
Area very small but distinct.

Length of dorsal wvalve, 1 8/10; breadth, 1 7/10 of an inck ;
thickness 1 inch.
Iquique, Southern Peru,
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51 Turritella Chilenss. |57 Fusus subresteas
52 Plarotoma subequalis. 5859, Foackonus.
b Curbinelloides. |60 . Patagonicus.
. discors 61 Pyruda distans.

55 Fusus regularis. 62 Struthiolarin ornata.
56 pyrliformis.
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Za.1b Nautilus &' Orbignyanus. 8 9 Griphoea now spec.
2 dncyloceras simplex. 201122 Terebratula. cenigma.
3 Baculites vagina. 314 E

.56 Perna Americana. 1516 Spiriver Chilensis.

7 Gryphaea Darwini, 1718 . linguideroides.

§

19.20 Terebratula. inca.
21 Zucina excentrica.
2223 Astarte Darwini,
24 Lucina Amerizana.
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Abich on a new variety of feldspar, 174

Abrolhos Islands, 141

Absence of recenl formations on the S.
American coasts, 135

Acosta on an earthquake-wave, 51

Agiierros on elevation of Imperial, 20

Albite, constituent mineral in andesite,
174

in rocks of T. del Fuego, 153, 154

in porphyries, 170, 171

crysals of, with orthite, 174
Alison, Mr. on elevation of V' alpsmsa,

Alumina, sulphate of, 218
Ammonites from Concepcion, 126, 131
Amolanas, Las, 222
Amygdaloid, curious varieties of, 171
Amygdaloids of Uspallata range, 200
of Copiape, 227
Andesite of T. del Fuego, 153, 154
of Chile, 174
in valley of Maypu, 177, 178
of the Cumbre Pass, 188, 194
of the Uspallata range, 203
near Illapel, 208
of Los Hornos, 209
of Copiapo, 218, 221, 227
Anhydrite, concretions of, 178, 191
Araucaria, silicified wood of, 121, 202
Arica, elevation of, 47
Arqueros, mines of, 211
Ascension, gypsum deposited on, 52
]armn:ntedvnlcunl(‘ rocks of, ]66 167
Augite, in fragments, in gneiss, 141
with albite in lava, 175
Austen, Mr. R. A., on bent cleavage-
lamioe, 160
Austin, Capt. on sea-bottom, 25
Australia, foliated rocks of, 165
Azara laliala, beds of, at San Pedro,

2

Bacalemu, elevated shells near, 31

Baculites vagina, 126, 131

Bahia Blanca, elevation of, 3
formations near, , 80
clmruuernthvn-g shells of, 135,137 |

Bahia (Brazil), elevation near, 3
crystalline rocks of, 140
Ballade, M. on the pmu:pumwn of
sulphate of soda, 7:
Banda Oriental, e]evslmn ur, 1
tertiary formations of, 90
erystalline rocks of, 144
Barnacles above sea-level, 31, 35
| adhering to upraised shells, 30, 48
Basalt of 8. Cruz, 115
| sreams of, in the Portillo range,
| 184
in the Uspxllala mnve, 201
Basin-plains of Chile, 5
Beagle Channel, 154, l.’)ﬁ
Beaumont, Elie de, on viscid quartz-
rock, 204
on inclination of lava-streams, 116,
185

Beech-tree, leaves of fossil, 118
Beechey, Captain, on sea-bottom, 22
Belcher, Lieut, on elevated shells from
Concepeion, 30
Bella Vista, plain of, 50
Benza, Dr. on decomposed granite, 143
Bettington, Mr. on quadrapeds trans-
orted by rivers, 99
Blake, Mr. on the decay of elevated
shells near Iquique, 47
on nitrate of soda, 71
Bole, 171
Bollsert, Mr. on mines of Tquique, 233
Bombs, volcanic, submarine, 219
Bones, silicified, 128
fossil, fresh condition of, 92
| Bottom of sea off Patagonia, 16, 22
Bougainville, on elevation of the Falk-
land Islands, 13
Boulder formation of 8. Cruz, 9, 19
of Falkland Tslands, 14
of T. del Fuego, 117
rmlenor m certain extinct quadru-

Eoulders i Cordillera, 64, 66
transported by earthquake-waves,
69

in fine-grained tertiary deposits, 127
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Brande, Mr. on a mineral spring, 189
Bravais, M. on elevation of Scandinavia,
44

Brazil, elevation of, 3
crystalline rocks of, 140, 144
Broderip, Mr., on elevated shells from
Concepcion, 30
Brown, Mr. R. on silicified wood of Us-
pallata range, 202
onsilicified wood, 225
Buch, Von, on cleavage, 164
an cretaceous fossilsof the Cordil-
lera, 181, 193
on_the sulphureous voleanos of
Tava, ‘zaa
Buenos Ayres, 7
Burchell, Mr. on elevatad shells of Bra-

zil, 3
l}yl‘on on elevated shells, 27

Cachapual, boulders in valley of, 64, 66
Caldcleugh, Mr. on elevation of Co-

quimbo, 38

on rocks of the Portillo range, 183

Callao, elevation near, 4'

old town of, 51
Cﬂpn of Good Hope, metamorphic rocks

165

Carcharias megalodon, 129
Larpemer, Dr. on microscopic organ-

s, 77
Gaseo (Chiloe) badainet 120
Cauquenes Baths, boulders near, 64, 66

volcanic formation near, 175

stratification near, 176

pebbles in porphyry near, 170
Caves above sea-level, 28, 31, 46
Cervus pumilis, fossil horns of, 28
Chevalier, M. on elevation near Lima,

48
Chile, elevation of coast, 29
struetura of country between the
Cordillera and the Pacific, 58
tertiary formations of, 120
crystalline rocks in, 161
central, geclogy of, 169
northern, geology of, 208
Chiloe, gravel on coast, 18
elevation of, 27
tertiary formation of, 120, 131
crystalline rocks of, 160
Chlorite-schist near M. Video, 145
Chonos Arch. tertiary fmmuinns of, 119
crystalline rocks of, 1
Chupat Rio, scnnmtransporterl by, 4
Claro Rio, fossiliferaus beds of, 214
Clay-shale of Los Hornos, 209
Clayslate, formation of, T. del Fuego,
151

of Concapeion, 160
felspathic, of T. del Fuego, 153

INDEX.

Clayslate, felspathic, of Chile, 169,
172, 177
felspathic, in Cumbre Pass, 190,
felspathic, of Uspallatarange, 196,
198

Black siliceous, band of, in porphyri-
tic formation of Chile, 173~
Clagstone-porphyry, formation of, in
hile,

origin of, 173

eruptive sources of, 232
Cleavage, definition of, 141

at Bahia, 141

Rio de Janeiro, 142

Maldonado, 144

Monte Video, 146

S. Guitru-gueyu, 147

Falkland L., 151

T. del Fuego, 154

Chonos I., 157

Chiloe, 160

Contepcmn 161

Chile, 1

d)snnssmn on, 162
Cleavage.lamine snperﬁcmlly bent, 160
Cliffs, formation of, 2
Climate, late changes in,

of Chile during terua.ry period, 134
‘Coal of Chiloe, 121

Concepcion, 125

S. Lorenzo, 234
Cobija, elevation of, 46
Colombia, cretaceous formation of, 234
Colonia del Sacramiento, elevnuunof 2

Pampean formation near, 91
Colorado, Rio, gravel of, 19

sand-dunes of, 5, 1

Pampean formation, near, 80
Combarbala, 208, 210
Concepcion, elevation of, 20

deposits of, 125, 131

crystalline rocks of, 160
Conchalee, gravel-terraces of, 36
Concretions of gypsum at Iquique, 70

in sandstone at 8. Cruz, 113

in tufaceous tuff of Chiloe, 123

in gueiss, 140

in clayswne porphyry at Port De-

sire,

in gneiss = vmpmlsn, 162

in metamorphic rocks, 164

of anhydrite, 178

relations of, to veins, 202
Conglomerate claystone of C}ule 170,173

of Tenuyan, 182, 186, 206

of the Cumbre Pass, 190, 193

of Rio Claro, 214

of Copiapo, 225, 227
Cook, Captain, on form of sea-bottom, 24
Copispo, elevation of, 46
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Copiapo, tertiary formations of, 130

secondary formations of, 218
Copper, sulphate of, 218

native,, at Arquems. 211

mines nf at Panuncills, 210

veins, distribution of, 235
Coquimbo, elevation and terraces of, 36

tertiary formations of, 12

secondary formations of, 211
Corallines living on pebbles, 23
Cordillera, valleys bordered by gravel

fringes, 62
basal strata of, 170
fossils of, 181, 193, 215, 217, 223,
3

23
elevation of, 170, 186, 203, 205,
230, 232, 240, 242, 247
gypseous formations of, 178, 180,
189, 191, 208, 212, 218, 221, 233
claystone porphyries of, 170,
andesitic rocks of, 174
valeanos of, 175, 241, 247
Coste, M. on elevation of Lemus, 27
Coy inlet, tertiary formations of, 117
Crassatella Lyellii, 118
Cruickshanks, Mr. on elevation near

ima,
Crystalsof feldspar, gradual formation of
at Port Desire, 149
Cucullea alta, 118
Cumbre, Pass of, in Cordillera, 187
Cuming, Mr. on habits of the Meso-
desma, 34
on range of living shells on west
coast, 133, 135

Dana, Mr. on foliated rocks, 165
on amygdaloids, 171
Darwin, Mount, 154
D’ Aubuisson on concretions, 123
on foliated rocks, 165
Dmy, gradual of upraised shells, 47,

Decumposmnn of granite rocks, 143
De la Beche's, Sir H. theoretical re-
searches on geology, 23
on the action of salt on calcareous
rocks, 52
on bent cleavage-laminz, 160
Denudation on coast of Patagonia, 16,
25, 136
great powers of, 136
of the Portillo range, 184, 187
Deposits, saline, 69
Despoblado, valley of, 225, 227, 229
Detritus, nature of, in Cordillera, 64
Devonshire, bent r:Ieavnge in, 161
Dikes in gneiss of Brazil, 140, 144
near Rio de Janeiro, 142
pseudo, at Port Desire, 150
in T. del Fuego, 152

Dikes in Chonos Arch. containing quartz,
159

near Concepeion, with quartz, 161
granitic-porphyritic, at Valparaiso,
162

rarely vesicular in Cordillera, 175
absent in the central ridges of the
Portillo pass, 180
of the Portillo range, with grains of
quartz, 184
intersecting ench other often, 194
numerous at Copiapo, 227
Domeyko, M. on the silver mines of
Coquimbo, 211
on the fossils of Coquimbo, 215
D’Orbigny, M.A., on upraised shells of
Monte Video, 2
on elevated shells at S. Pedro, 2
mear B Ayres, 3
on elevation of S. Blas.
on the sudden elevation nan Plata,

17

on elevated shells near Cobija, 46
ar Arica, 47

on the climate of Peru, 48

on salt-deposits of Cobija, 70

on cryatal of gypeum in silt-lakes,

on sbsenee of gypsum in the Pam-
ean formation, 78

on fossil remains from Bahia Blanca,
4, 8

on fossil remains from the banks of
the Parana,

on the geology of St. ¥, 88

on the age of Pampean formation,
93, 101

on the origin of the Pampean for-
mation, 98

on the Mastedon Andiuwm, 104

on the geology of the Rio Negro, 108

on the character of Patagonian fos-
sils, 118

on fossils from Concepcion, 126

Coquimbe, 130

s Payta, 130

on fossll tertiary sl.\el]s of Chile, 132

on cretaceous fossils of T. del Fuego,
52

ot L

on cretaceous fossils from the Cor-
dillera of Chile, 181, 193, 215,
217, 223, 233
Earth, marine origin of, 28, 32
Earthenware, fossil, 5
Earthquakes in Pampas, 14
Earthquake, effect of, at S, Maria, 17
elevation during, at Lemus, 27
of 1822, at Valparaiso, 34
effects of, in shattering surface, 49
fissures made by, 1
probable effects on cleavage, 161
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ZEarthquake-waves, power of, in throwing
up shells,
effects of, near Lima, 51 |
power, in transporting boulders, 69 |
Edmonston, Mr. on depths at which |
shells live at Valparaiso, 34
Ehrenberg, Prof. on infusoria in the
Patagonian formation, 110, 111,
112, 117, 118
on infusoria in the Pampean forma-
tion, 81,85, 88
Elevation of La Plata, 1
Brazil, 3
Bahia Blanca, 3, 83
San Blas, 5
Patagonia, 5, 14, 17
Tierra del Fuego, 12
Falkland Islands, 13
Pampas, 14, 103
Chonos Archipelago, 27
Chiloe, 27
Chile, 29
Valparaiso, 31, 34, 44
Coquimbo, 36, 44
Guasco, 45
Iquique, 47
Cobija, 47
Tima, 47
Elevation, sudden, at S. Maria, 17
udden, at Lemus, 27
insensible, at Chiloe, 28
Valparaiso, 35
i Coquimbo, 38
axes of, at Chiloe, 124, 131
P. Rumena, 125, 131
. Concepcion, 126, 131
unfavourable for the accumulation of
permanent deposits, 136
lines of, parallel to cleavage and
foliation, 142, 144, 146, 147, 151,
154, 158, 161, 165
lines of, oblique to foliation, 158
areas of, causing lines of elevation
and cleavage, 168
Tines of; in the Cordillera, 170
slow, in the Portillo range, 185
two periods of, in Cordillera of cen-
tral Chile, 186
of Uspallata range, 208
two periodsof, in Cumbre Pass, 205
horizontal, in the Cordillera of Co-
piapo, 230
axes of, coincident with volcanie
orifices, 232
of the Cordillera, summary on, 240,
242, 247
Elliott, Capt. on human remaing, 3
Ensenada, elevated shells of, 2
Entre Rios, geology of, 88
Equus curvidens, 90, 105
Epidote in T. del Fuego, 153

»

»

INDEX.

idote in gneiss, 162

frequent in Chile, 172

in the Uspallata range, 204

in porphyry of Coquimbo, 212
Erman, M. on andesite, 175
Escarpments, recent, of Patagonia, 25
Extinction of fossil mammifers, 96

Falkland Islands, elevation of, 13
pebbles on coast, 21, 22
geology of, 15
Falkner on saline incrustatious, 72
Faults, great, in Cordillera, 179, 231
Feldspar albitic, 174
earthy, metamorphosis of, at Port
Desire, 148
orthitie, in conglomerate of Tenuyan,
182

in granite of Portillo range, 183
crystals of, with albite, 174
in_porphyries, in the Cumbre
Pass, |
Feuillée on sea-level at Coquimbo, 39
Fissures, relations of, to concretions, 123
upfilled, at Port Desire, 150
in clayslate, 199
Fitton, Dr. o the geology of T. del
Fuego, 154
Fitz-Roy, Capt. on the elevation of the
Falkland Islands, 13
on the elevation of Concepcion, 29
Foliation, definition of, 141
of rocks at Bahia, 141
Rio de Janeiro, 142
Maldonado, 144
Morte Video, 146
S. Guitru=gueyu, 147
Falkland 1., 151
T. del Fuego, 154
Chonos Arch. 157
Chiloe, 160
Concepcion, 161
Chile, 162
discussion on, 162
Forbes, Prof. E. on cretaceous fossils of
Concepcion, 127
on cretaceous fossils and subsidence
in Cumbre Pass, 193
on fossils from Guasco, 217
on fossils from Coguimbo, 212, 215
on fossils from Copiapo, 223
on depths at which shells live, 135,

296
Formation, Pampean, 77
areaof, 97
estuary origin, 99
tertiary of Entre Rios, 89
of Banda Oriental, 90
volcanic, in Banda Oriental, 93
of Patagonia, 108
summary on, 118
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Formation Tert. of T. del Fuego, 117
of the Chonos Arch. 119
of Chiloe, 120
of Ch l‘lO
of Concepeion, 125, 131
of Navidad, 127
of Cogquimbo, 128
of Peru, 130
subsidence during, 138
voleanic, of Tres Montes, 120
of Chiloa, 121
old, near Maldonado, 145
with laminar structure, 167
ancient, in T. del Fuego, 153
melamor]llnc of chlvxtnne purpiw.y
of Patagonia, 148,
metamorphic, folmmu nr 164
plutonic, with laminar strnuture. 167
recent, absent on 8. American coast,
135

palwozoic, of the Falkland 1., 151
clagslate, at Concepcion, 160
Jurassic, of Cordillera, 181, 193
Nencomlsn of the l’crlxllonss, 181
of Cumbre Pass, 193

sypseous, of Los Hornos, 208, 217

of Coquimbo, 2

of Guasco, 217

of Copiapo, 218

of Iquique, 233
crataceo-oolitic, of Coquimbe, 215,

224

of G uasco, ’]7 224

of lquique, 233 ‘
Fossils, neocomian, of Portillo Pass, 181
of Cumbre Pass, 193
secondary, n(Cﬂqunnbo 215
of Guasco, 217 |
of Gopiapo, 223 ‘
of Tquique, 233
palzozoic, from the Falklands, 151
Fragments of hornblende-rock in gueiss, |
141
of gneiss in gneiss, 143 ‘
Freyer, Lieut. on elovated shells of |
Arica, 47
Frezier on sea-level at Coquimbo, 39

Galapagos Arch., pseudo - dikes of,
150
Gallezos, Port, tertiary formation of, 117
Garnets in mica-slate, 153
in gneiss, 142
at Panuncillo, 210
Gﬂudmhauﬂ, M. on granites of Brazil,

Gay, .\1 on elevated shells, 3
on boulders in the Con.hllera, 59,
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Gay, M. on fasuls from Cordillera of Co-
quimbo, 3

Gill, Mr. on lnmkwork transported by an
earthquake-wave, 51

Gillies, Dr. on heightsin the Cordillera,
176

on extension of the Portillo range,
18¢

Glen Roy, parallel roads of, 44
sloping terraces of, 65
Gnueiss near Bahia, 140
of Rio de Janeiro, 142
decomposition of, 143
Gold, distnbution of, 935
Gorodona, formations near,
Granite, axis of, oblique to fullalmu, 158
andesitic, 174
of Portillo range, 183
veins of, quartzose, 158, 204
pebble of, in porphyritic congl
merate, 222
conglomerate of, 227
Grauwacke of Uspallata range, 196
Gravel at bottom of sea, 16, 22
formation of, in Patwv(una, 19
means of transportation of, 22
strata of, inclined, 195
Gravel-terraces in Cordillera, 62
Greenough, Mr. on quartz veins, 164
Greenstone, resulting from metamor-
phosed hornblende-rock, 1
of Tierra del Fuego, 153
on summit o{ the C. of Quillota, 170
porphyry, 17
relation of, 4o claysl:nte 172
Gryphaa orientalis, 2
Guasco, elevation of;, 4.)
secmidarv formation of, 217
Guitru-gueyu, Sierra, 147
Guyana, gaeissic rocks of, 141
Gypsum, uodules of, in gravel at Rio
Negro, 19
deposited from sea-water, 52
deposits of, ut Iquique, 70
crystals of, in salt lakes, 74
in Pampean formation, 78
in tertiary lbrmalinn of Patagonia,
108, 110,
great (ormatmn of m the Portillo
Pass, 178, 150
in the Cumbre Pass,
9, 191
near Los Hornos, 208
at Coguimbo, 212
at Copiapo, 218, 221
near Iquique, 233
of Sau Lorenzo, 234

Hall, Capt. B. ou terraces at Coquimbo,
41
T
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Hamilton, Mr. on elevation near Tacna,
47
Harlan, Dr. on human remains, 3
Hayes, Mr. A. on nitrate of soda, 71
Henslow, Prof. on concretions, 164
Herbert, Capt. on valleys in the Him-
malaya, 60
Herradura Bay, elevated shells of, 37
tertiary formations of, 128
Himmalaya, valleys in, G0
Hippurites Chilensis, 212, 216
Hitchcock, Prof. on dikes, 141
Honestanes, pseudo, of Coquimbo, 213
of Copiapo, 218
Hooker, Dr. J. D. on fossil beech leaves,
18
Hopkins, Mr. on axes of elevation
ablique to foliation, 159
on origin of lines of elevation, 167,

Homblende-rock, fragments of, in gneiss,
141

Hornblende-schist near M. Video, 146
Tornos, Los, section near, 208
Hornstone, dike of, 160, 161
Horse, fossil tooth of, 84, 90
Huafo [sland, 120, 131
subsidence at, 137
Huantajuya, mines of, 233
Humboldt on saline incrustations, 72
on foliation of gneiss, 141
on concretions in gneiss, 162

Tcebergs action on cleavage, 161, 163

Tllapel, section near, 208

Imperial, beds of shells near, 20

Incrustations, saline, 72

Tnfusoria in pampean formation, 77, 81,
85, 88

in Patagonian formation, 108, 110,
111,117,118
Todine, salls of, 72, 74
Tquique, elevation of, 47
liferous deposits of, 69
eo-oolitic formation of, 233
Tron, oxide of, in lavas, 191, 228
in sedimentary beds, 209, 211
tendency in, o produce liollow con-
cretions, 123
sulphato of, 218
Tsabelle, M. on voleanic rocks of Banda
Oriental, 94

er

Jasper at P. Desire, 140

Toints in clayelate, 155

Jukes, Mr. on cleavage in Newfound-
laud, 16

Kamtschatka, andesite of, 175
Kane, Dr.on the production of carho-
nate of soda, 52

INDEX,

King George’s Sound, caleareous beds of,
36

Lakes, origin of, 24
fresli-water, near salt lakes, 75
Lava, basaltic, of 8. Cruz, 115
claystone porphyry, at Chiloe, 121
claystone, ancient submarine, 173
basaltic, of the Portillo range, 184
feldspathic, of the Cumbre Pass, 191
@ submarioe, of the Uspallata range,
199, 201, 204
‘basaltic, of the Uspallata range, 203
submarine, of Coquimbo, 213, 215
of Copiapo, 219, 226, 228, 230, 232
Lemus Island, 119, 131
Lemuy Islet, 121
Lignite of Chiloe, 121
oncepeion, 125
Lima, elevation of, 47
Lime, muriate of, 53, 70, 72
Limestone of Cumbre Pass, 190
Coquimbo, 212, 214
Copiapo, 223
Lund and Clausen on remains in caves of
Brazil, 103, 105
Land, M. on granites of Brazil, 143
Lyell, M. on upraised shells retaining
their colours, 13
on terraces at Coquimbo, 39
on elevation near Lima, 51
on fossil horse’s tooth, 90
on the boulder-formation heing an-
terior to the extinction of North
American mammifers, 9
on quadrupeds washed down by
floads, 99
on age of American fossil mammi-
fers,
on changes of climate, 135
on denudation, 136
on foliation, 165

Macculloch, Dr, on beds of marble, 166

n concretions, 164

Maclaren, Mr. letter to, on coral forma-
tions, 139

DIutraucixmm Patachonica, 84, 95

Madeira, subsidence of, 26

Magellan, St., elevation near of, 12

Magnesia, sulphate of, in veins, 113 .

Malcolmson, Dr. on trees carried out to

Maldonado, elevation of, 1
ampenn formation of, 90
erystalline rocks of, 144
Mammalia, fossil, of Bahia Blancn, 81, 84
near St. Fé, 89
of Banda Orismal 92
at . Julia
at Port G'xllewn, 17
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Mammalia, waslied down by floods, 99
Mammalia, number of remains of, and
range of, in Pampas, 103, 106
Man, skelatons of (Brazil), 3
Temains of, near Lima, 49
Indian, antiquity of, 49
Marble, Teds of, 145
Mnncnn-'cu ravine of, 229
Marsden on elevation of Sumatra, 29
Mastodon Andium, remains of, 87
range of, 103
Maypu Rio, mouth of, with upraised
shells, 3
gravel fringes of, 64
debouchement from the Cordillera,
177

Megalonyx, range of, 105

Moegatherium, range of, 105

Meigs, Dr. on human remains, 3

Meudoza, plains near, 62

Mercury, mines of, 211, 236

Mesodesma donaciforme, beds of, 31,
35

Metals, veins of, 235
Metamorphosis of dikes, 140, 144, 150
of claystone-porphyry of Patagouia,
148

of porphyries in Chile, 174
of rocks in Cumbre range, 192
in Uspallata range, 205
singular, at Panuncillo, 210
at Coquimbo, 213
Mexico, elevated shells of, 53
Meyen, Dr. on clevation near Valpa-
raiso, 34
at Copiapo, 46
on heights of plains in Chile, 58, 59
on boulders in the Cordillera, bnl
66

on voleanic racks in Chile, 175, 177

on fossils from Cordillera, 131

on sulphate of iron at Copiapo, 218
Mica rare near Maldonado, 145

absent in the porphyries of Chile,

1
Mica-slate of T del Fuego, 153
capping granite mountain in the
Chonos Arch., 15
of the Chonos Arch., 157
fragments of, iu dike, 160
of Chiloe, 160
of Northern Chile, 162
of the Portillo range, 184
of Guasco, 217
of Copiapo, 228
pebble of, in gypseous formation
of Copiapo, 232
Miers, M. on elevated shells, 35
on the height of the Uspallata
plain, 60
. Minas, La:, 144

Mocha Island, elevation of, 20
tertiary form. of, 124
subsidence at, 138
Molina on a great flood, 66
Monte Hermoso, elevation of, 4
fossils of,
Moute Vidao, elevation of, 1
Pampean formation of, 91
crystalline rocks of, 145
Morris and Sharpe, Messrs., on the pa-
lzozoic fossils of the Falklunds, 151
Mud, Pampean, 77
long deposited on the same area,
102

Murchison, Sir R. on cleavage, 163
on waves transportivg gravel, 23
on origin of salt formations, 235
on the relations of metalliferous
veins and intrusive rocks, 237
on the absence of granite in the
Ural, 242

Nautilus d Orbignyanus, 126, 13k
Navidad, tertiary formations of, 127
subsidence of, 137
Negro, Rio, pumice of pebbles of, 4
gravel of, 19
salt lakes of, 73
tertiary strata of, 108
North America, fossil remains of, 105
North Wales, sloping terraces absent in,
65

bent cleavage of, 161
Nuevo Gulf, plains of, 6
tertiary formation of, 110

Owen, Prof. on fossil mammiferous re-
mains, 81, 84, 90, 92, 95

Palmer, Mr. on trausportation of gravel,
4

Pampas, elevation of, 1, 14
earthquakes of, 14
formation of, 19, 76
localities in which fossil mammifers
bave been found, 106
Panuncillo, mines of, 210
Parana, Rio, elevation near, 2
Pampean formation near, 87
Parclappe, M. on sand-dunes in the
Pampas, 3
on saline incrustations, 72
on the 8. Tandil, 147
Parish, Sir W. on elevated shells, near
Buenos Ayres, 2,3
on earthquakes in the Pampas, 14
on fresh water near salt lakes, 75
on origin of Pampean formation, 98
Patagonia, elevation and plains of, 5
denudation of, 16
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Patagonia, gravel formation of, 19
sea-cliffs of, 25
subsidence during tertiary period, 138
crystalline rocks of, 148
Paytn, tertinry formations of, 130
Pebbles of pumice, 4
decrease in size, on the coast of
Patagonia, 16
means of transportation, 22
encrustad with living corallines, 23
distribution of, at the eastern foot of
Cordillera, 62
dispersal of, in the Pampas, 79
zoned with colour, 170
Pentland, Mr. on heights in the Cor-
dillera, 188
on fossils of do. 193
Pernambuco, 3, 141
Peru, tertiary formations of, 130
Peuquenes, Pass of, in the Cordillera, 175
ridge of, 178
Pholas, elevated shells of, 28
Pitchstone of Chiloe, 121
of P. Desire, 148
near Cauquenes, 175
of Los Hornos, 200
layers of, in the Uspallata range,
200, 201
of Coquimbo, 213
Plains of Patagonia, 6, 14
of Chiloe, 29
of Chile, 58
on eastein foot of Cordillera, 61
of Uspallata, 60
of Iquique, 71
Plata, La, elevation of, 1
tertiary form. of, 19, 76
crystalline rocks of, 144
Playfair, Prof. on the transportation of
gravel, 23
Pluclaro, axis of, 212
Pondichetry, fossils of, 127
Porcelain-rocks of P. Desire, 149
of the Uspallata 1ange, 189, 201, 204
Porphyry, pebbles of, strewed over Pata-
gonia, 20
Porphyry-claystone of Chiloe, 121
TR Patagonia, 148
of Chile, 170, 173
greenstone of Chile, 172
doubly columnar, 175
claystone rare, on the eastern side
of the Portillo I’ass, 182
brick-red and orthitic, of Cumbre
Pass, 186, 194
intrusive, repeatedly injected, 194
claystongof the Uspallata range, 196
of Copiapa, 219, 229
eruptive sources of, 232
Port Desire, elevation and plains of, 7
tertiary formation of, 110

INDEX,

Port Desire, porphyries of, 148
Portillo Pass in the Cordillera, 175
Portillo chain, 182, 186 ¥

compared with that of Uspallata, 206
Prefil or sea-wall of Valpaaiso, 35
Puente del Inca, section of, 189
Pumice, pebbles of, 4

conglomerate of, R. Negro, 108

Lills of in the Cordillera, 175
Punta Alta, elevation of, 3

beds of, 82
Quartz-rock of the S. Ventana, 147

C. Blanco, 148

Fajiland I. 151

Portillo range, 183

viseidity of, 204

veins of near M. Video, 146

veins of, in dike of greenstone, 152

grains of, in dikes, 1569, 161

veins of, in mica-slate, 157

veins of, relations to cleavage, 164
Quillota, C. of, 169
Quintero, elevation of, 35
Quiriquina, elevation of, 30

deposits of, 123

Rancagua, plain of, 59
Rapel, R. elevation near, 3
Reeks, Mr. T. analysis of
shells, 52
analysis of salts, 69
Remains, human, 49
Rio de Janeiro, elevation near, 3
erystalline rocks of, 142
Rivers, small power of transporting
pebbles, 22
small power of, in forming valleys,
68

1
decomposed

5
drainage of, in the Cordillera, 177,
2
Roads, parallel, of Glen Roy, 44
Rocks, volcanic, of B. Oriental, 93, 145
Tres Montes, 120
Chiloe, 121
T. del Fuego, 153
with Taminar strueture, 167
Rodents, fossil, remaius of, 81, 109
Rogers, Prof. address to Assoc.
American Geologists, 130
Rose, Prof. G. on sulphate of iron ag
Copiapo, 218

of

Blas, elevation of, 5

Cruz, elevation and plaius of, 8
valley of, 0
nature of gravel in valley of, 20
boulder formation of, 97
tertiary formation of, 112
subsidence at, 138

Fe Bajada, formations of, 88

S.
S,

8.
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8. George's Bay, plains of, 6
§. Helena island, sea-cliffs and subsi-
dence of, 25
8. Jago, Chile, 59
S. Josef, elevation of, 5
tertiary formation ur 109
8. Juan, elevation near,
8. Tulian, elevation and p'lmlls of, 7T
sﬂt-lnks of, 7:
tertiary formation of, 111
earthy deposit with mammiferous
remains, 95
subsidence at, 138
8. Lorenzo, elevaiion of, 47
old salt {ormation of, 234
8. Mary, island of, elevation of, 30
8, Pedro, elevation of, 2
Salado, R. elevated shells of, 3
Pampean formation of, 78
Salinas, 73
Salt with upraised shells, 48, 52
lnkes of, 73
purity of, in salt lakes, 75
deliquescent, necessary for the pre-
servation of meat,
ancient formation of,
234

at Iquique,

at 8. Lorenzo, 234
strata of, origin of, 235
Salts, superficial deposils of, 69
Sand-dunes of the Uruguay, 2
of the Pampas, 3
near Babia Blanea, 4, 17
of the Colorado, 5,17
of 8. Cruz, 10
of Arica, 47
Sarmiento, Mount, 154
Schmidtmeyer on auriferous detritus,
5

Schombrrgk, Sir R. on sea-bottom, 23
on the rocks of Guyana, 141
Scotland, sloping terraces of, 65
Sen, naure of bottom off Patagonia, 16,
22

power of, in forming valleys, 68
Sea cliffs, formation of, 25
Seal, Mr. model of 8. Helena, 25
Sebastian Bay, tertiary formation of, 117
Sedgwick, Prof. on cleavize, 163
Serpentine of Copiapo, 218
Shale-rock of the Portillo Pass, 180

of Copiapo, 222 4
Shells upraised, state of, in Patagonia, 13

clovated, too small for buman feod,

tmnspnnerl far inland for food, 33

upraised, pmpul'tmnai nuimbers
varying, 37, 48

\lpmlaed gradunl decay of, 47, 48,

277

Shells, uprmsed absent on high plains of
Chile,
npmlsed near Babia Blanca, 83
preserved in concretions, 121, 123
living and fossil range aF on west
coast, 133, 135
living, different on the east aad west
coast, 134
hingle of Patagonia, 19
Siau, M. on sea-bottom, 23
Silver mines of Arqueros, 211
mines of Chanunci'lo, 223
mines of Iquique, 235
distribution of, 236
Slip, great, at 8. Cruz, 114
Smith, Mr. of Jordan Hill, on upraised
shells retcining lhear colours, 13
on Madeira, 26
on elevated seaweed, 49
on inclined gravel beds, 195
Soda, carbonata of, 73
nitrate of) 71
sulphate of, near Bahia Blanca, 72,

73,
Suundmrs off Patagonia, 16, 22
in T, del Fuego, 2
Spirifers, 216 217
Spix and Marlius oa 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
Tittle disturbed in Cumbre Pass,
188, 194
disturbauce of, near Copiapo, 231
Streams of lava at 8. Cruz, inclination

in the Portillo range, 184
String of cotton with fossil shells, 40
Struthiolaria ornate, 118
Studer, M. on metamorphic rocks, 164
Subsidence durivg formation of sea-
cliffs, 25
near Lima, 5!
probable, during Pampean forma-
tion, 102
necessary for the acenmulation 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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Subsidenee of the Uspallata range, 203,

gleal at Copiapo, 226
great, during the formation of the
Cordillera, 239
Sulpbur, voloanic exhalations of, 239
Sumatra, promontories of, 29
Summary on the recent elevatory move-
ments, 18, 53, 245
on the Pampean formation, 97, 245
on the tertiary formations of Pata-
gonia and Chile, 118, 130, 243
on the Chilian Cordillera, 237
on the cretaceo-oolitic formation,
Py

ou the subsidences of the Cordillera,
239

on the elevation of the Cordillera,

Tacna, elevation of, 47
Tampico, elevated shells near, 53
Tandil, crystalline rocks of, 147
Tapalgues, Pampean formation of, 78
erystalline rocks of, 147
Taylor, Mr. ou copper veins of Cuba,
235

"Temperature of Chile during the tertiary
period,
Tension, lines of, origin of axes of ele-
vation and of cleavage, 168
Tenuy Point, singular section of, 122
Tenuyan, valley of, 182, 206
Terraces of the valley of S. Cruz, 10
of equable heights throughout Pata-
gonia, 14
of Patagonia, formation of, 16
of Chiloe, 29
at Conchalee, 36
of Coquimbo, 30
not horizontal at Coquimbo, 41
of Guasco, 45
of San Lorenzo, 47
of gravel within the Cordillera, 62
Theories on the origin of the Pampean
formation, 98
Tierra amarilla, 218
Tierra del Fuego, form of sea-bottom,
24

tertiary formations of, 117
clayslate formation of, 151
cretaceous formation of, 152
crystalline rocks of, 152
cleavage of clayslate, 154, 163
Tosca rock, 76
Tracbyte of Chiloe, 120
of P, Desire, 148
in the Cordillera, 175
Traditions of Pmmontunes Baving been
slands, 29
on changes of level near Lima, 51

INDEX.

Trees buried in plain of Iquique, 71
silicified, vertical, of the Uspallata
range,
Tres montes, elevation of, 27
voleanic rocks of, 120
Trigonocelia insolita, 118
Tristan Arroyo, elevated shells of, 2
Tschudx, M. on subsidence near Lima,

Tuff, Cnlcareuus, at Coquimbo, 38
asin.plain, near St. Jago. 58
structure of, in Pampas, 77
origin of, in Pampas, 100
Pumiceous, of R. Negro, 108
Nuevo gulf, 110
Port Desire, 110
8. Cruz, 113
Patagonia, summary on, 118
Chiloe, 121
formation of, in Portillo Chain, 185
great deposit of, at Cupiapo, 23!
Tuf, voleanie, metumorphic of Uspallata,
19!

of Coquimbo, 213

Ulloa on rain in Peru, 48
on elevation oear Lima, 51
Uraguay, Rio, elevation of country near,

Uspullata, Pass of, 187
plain of, 60, 105
range of, 196
concluding remarks on, 204

Valdivia, tertiary heds of, 124
mica-slate of, 16!

Valley of 8. Cruz, ﬂtmclure of, 9
8. Cruz, tertiary formations of, 113
Coquimbo, 39
Coquimbo, geclogy of, 212
Guasco, structure of, 43
Guasco, secondary formations «

217

Copiapo, structure of, 46
Copmpn secondary formations of,

Despobladn, 225, 227, 229
Valleys, formation o, 67
in the C8idillera bordered by gravel-
fringes, 62
in the Cordillera, 177
Valparaiso, elevation of, 31
gneiss of, 162
Vein of quartz near M. Video, 146
in mica-slate, 157
relations of, to cleavage, 164
ina trap dike, 152
of granite, quartaose, 158, 204
remarkable, in gneiss, near Val-
paraiso, 162
Veins, relations of, to coneretions, 123

The Complete Work of Charles Darwin Online



INDEX. 279

Veins metalliferous, of Uspnllﬁrn range,
204

metalliferous, discussion on, 235

Veneanela, gneissic rocks of, 141

Ventana, Sierra, Pampean formation near,
79

quartz-rock of, 147
Villa Vincencio Pass, 196
Volcan, Rio, mouth of, 178
fossils of, 181
Volcanos of the Cordillera, 119, 175,
241

ancient submarine in Cordillera, 232

long action of, in the Cordillera, 247

absent except near bodies of water,
185

action of in relation to changes of
level,

Wafer, on elevated shells, 46
Waves caused by earthquakes, power of,
in transporting boulders, 51, 69
power of, in throwing up shells, 34
Weaver, Mr. on elevated shells, 53
White, Martin, on sea-bottoms, 22, 23
Wood buried at Iquique, 71
silicified, of Entre Rios, 89
8. Cruz. 115
Chiloe, 121, 123
Uspallata range, 202
Los Hornos, 209
Copiapo, 225, 221

Yeso Rio and plain of, 178
Ypun Island, tertiary formation of, 119

Zeagonite, 153
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THE GEOLOGY¥ OF THE VOYAGE OF THE BEAGLE.

(XOW COMPLETE.)

PART I
THE STRUCTURE AND DISTRIBUTION OF CORAL REEFS.

PART 1.
GROLOGICAL OBSERVATIONS ON VOLCANIC ISLANDS,

GEOLOGY OF AUSTRALIA AND THE CAPE OF GOOD HOPE.

PART TII.

GEOLOGICAL OBSERVATIGNS ON SOUTH AMERICA.

THE ZOOLOGY OF THE VOYAGE OF THE EBEAGLE.
EDITED BY THE AUTHOR.
(NOW COMPLETE.)

FOSSTL MAMMATIA,

By Proressor OWEN, E.R.S., &c.

MAMMALILA,
Br G. B, WATERHOUSE, Esq., &c. (with an account of their Habits and
Ranges.by C. Danwiy, Esq., F.R.S., &e.).

BIRDS,
By T. GOULD, Esq., &. (with an account of their Habits and Ranges,
by C. Darwry, Esq., F.R.S., &c.).

REPTILES,
B T. BELL, Esq., &.

FISH,

By tue Rev. L. JENYNS, &c.
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Tllustrated by numerous Plates.

|

THE OXFORD GRADUATE. |

“MODERN PAINTERS” ’

Vorums TuE Frrsr. By A GrADUATE oF Oxrorp. A New
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The Tr1rD VoLuae of this work, with numerous Illustrations, is also

preparing for publication.

MR. LEIGH HUNT.
WIT AND HUMOUR.
By LeigH HUNT. Uniform with * IMAGINATION AND FaNcCY,” by
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price 105, 6d.; in boards s.

MR, G. P. R. JAMES,
HEIDELBERG:
A Romance. By G. P.R.James, Esq. In three vols. post 8vo.

MR. GEORGE FRENCH ANGAS.
SAVAGE LIFE AND SCENES IN AUSTRALIA AND
NEW ZEALAND.
Being an Artist’s impressions of Countrics and People at the Antipodes.
Tn two vols. post 8vo., with numerous Illustrations.

MR. CHARLES DARWIN.
THE GEOLOGY OF SOUTH AMERICA.
Being the Third Part of the GEOLOGY OF THE VoYAGE OF THE
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Naturalist to the Expedition.
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Society of Edinburzh, and the Medical and Physical Society of Calcutta,
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ENGLAND'S! COLONIAL EMPIRE.
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MR. GEORGE RICHARDSON PORTER.
THE TROPICAL AGRICULTURIST:
A Practical Treatise on the Caltivation ani Manazement of various
Productions suited fo Tropical Climates. By GrORGE RICIARDEON
PoRTER, F.R.S., Member of the Institute of France, Author of “ The
Nature and Properties of the Sugar Cane,” &e. &e. In one vol. 8vo.,
with numerous Plates. A new edition.

THE SQUATTER IN SOUTH AUSTRALIA.

A VISIT TO THE ANTIFODES,
With some REMINISCENCES OF A S0JOURN IN AUSTRALIA. By
A SqUATTER. Tn one vol. feap. 8vo., with Illustrations, price 3s. cloth.

WORKS JUST PUBLISHED.

THE OXFORD GRADUATE ON PAINTING.
A SECOND VOLUME OF “ MODERN PAINTERS ;"
Treating of the ImaGINATIVE and Tuwomsric Ficurtirs. By a
GRADUATE oF OxFoxD. In one vol. imperial 8vo. price 10s. Gd. cloth.

*4* A New Edilion of the First Volume, revised by the Author, is in the Press, uniform
in size with Vol 2.

_ “ The Oxford Graduate is a bold revolutionist in art. . .. A very Luther in art-
criticism. .. . He has asserted and established the claims of Land 1
wuch higher rank than it hitherto enjoyed. . . . The sccond volume of this remarkable
work rises above the first. Indeed, we question if any but a high order of mind will
embrace the full grandeur of its design, or follow the masterly analysis by which its pro-
positions are elucidated The author approaches his (ask in a deep religious spirit.
He does not so much crilicise or argue, as expound. - . . . . He considers Art to be 4
solemn interpretation of Nature ... The more one reads the book the more it
fascinates.”— Englivh Gentleman,

. “The author now comes forward with additional force, and, we must hope, with
still higher effect on the public taste. . .. He direcls his altention in the present
volume from the individual artists, to the art iiscll.”—Britannia.
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THE CHURCH AND DISSENT.
GLENDEARG COTTAGE.
A TALE cONCERNING CHUKRCH PRINCTPLES. By Miss CHRISTM.
‘With a Preface by the Rev. HENrY Currstaas, M.A., F.R.S., F.8.A.
One vol. feap. 8va,, price 3s.
€A tale as pleasing in its unstudied simplicity as in the eorrect views which it
displays of the principles of the Chureh.”’—British Churchman.

REV. H. MACKENZIE'S COMMENTARY.
COMMENTARY ON THE HOLY GOSPELS,
Arranged according to the TABLE OF LESSONS FOR DAILY SERVICE ;
designed for Family Reading, By the Rev. HENRY MACKENZIE, M.A.,
of Pembroke College, Oxford ; Tneumbent of Great Yarmouth. To be
completed in Four Quarterly Parts, price 1s. 3d. each. Part I, appeared
on April 1st. Part IL. on 1st July.

LIFE IN NORTH WALES.
LLEWELYN’S HEIR;
Or, NortH WALEs; its MANNERS, CUSToMS, and SUPERSTITIONS
during the last Century, illustiated by a Story founded on Facts. In
3 vols, post 8vo., price 12, 11s. 6.
¢ It is a real work, with more malerial and original knowledge than half the manu-
factured novels that appear in these days.”'—Spectator.
£ We can most cordially. recommend it as a series of Sketches of North Wales well
worthy of perusal; so various and so curious as (o be as welcome to the library of the
antiquary and porifolio of the artistas to the leisure hour of the novel reader.
Gazette.

SCOTTISH LYRICS.

THE STRATHMORE MELODIST: |

Being a CoLLECTION OF ORIGINAL POEMs AND Soncs. By
Joun N1ven. Feap. 8vo., price 3s.

MANAGEMENT OF RATLWAY
THE RATIONALE OF RAILWAY ADMINISTRATION.
With a view to the greatest possible amonnt of ACCOMMODATION,
cHEAPNESS, and sArETY. By THORNTOS HUKXT. In8vo.,pries2s.6d.
« This is the hest pamphlet on Railways that we have seen for a long time: inform-
ing, but not heavy; business-like, suggestive; logical in the analysis; neat in the
arrangement; tersely, vet pleasantly wrillen.”—Spectator.

RAILWAY SPECULATION.

THE LIABILITIES INCURRED BY THE PROJECTORS,

MANAGERS, & SHAREHOLDERS OF RAILWAY
And other Jornt STock CoMPANIES CONSIDERED; and also the
Rights and Liabilitics urising upon Transfers of Shares. Written expressly
for Non-Professional use. By GEORGE HENRY LEWIs, of the Middle

Temple, Esq. Thizd Edition, in post 8vo., price 1s. d. sewed.

« rojectors, and_provisional and_managing commillee-men Wwill find maiter of
startling interest in Mr. Lewis's sensible litle tract. It contains also some_curious l
3

fntimation of the responsibility incurred by the sale of Lelters of Allotment, and Banker's
receipts before the issue of serip, and of serip itself before the company is completely
registered. It is, in short, a very useful and limely publication.” — Ezaminer,
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THE JESUITS IN ENGLAND.
THE NOVITIATE:

Or, A YEAR AMONG THE ExcLism Jesurrs: a Personal Narrative.

With an Essay on the Constitutions, the Confessional Morality, and

History of the Jesuits. By ANDREW SrEINMErz. In one vol. post

8vo. price 10s. 6d. bound in cloth.

¢ This is a remarkable hook—a revealer of semel:, and full of materials for thought.

. 1L is wrilten with every appearance of strict and honourable trathfulness. It
describes, with a welcome minuteness, the umly, nighily, hourly oceupations of the
Jesuit Novitiates at Stonyhurst, their religious exercises and manoers, in private and
together ; and depicts, with considerable acuteness and power, the conflicts of an intelli-
gent, susceptible, honest-purposed spirit, while passing through such a provess. 1f our
readers should be disposed to possess themselves of this mlum- it will be their own
fault if the readng of it be profitless.”—Britisk Quarterly Revicw.

“This is as singular a ook of its kind as has nppeﬂr?n‘] nce Blanco White's “ Letters
of Doblado,” with the advantage of dealing with the in England instead of Popery
in Spain. * * * It will be found a very curious Wﬂlk. Spectato:

“1f it be desirable to know what is that modn of training by which the Jesuit
tem prepares its novices for their duties, (his is the book o inform us, for it is a
chronicle of actual C)llU‘lellEe - . - The work nf \h Steinmetz is throughout marked

by greal fairness, cither conceals nor exaggerales : a spirit of candour pervades
the whole narrative. ot s Wi T expericnce of other novices, we should
find that all have undergone, with more or less of inlensily, the process so vividly deseribed
in this volume. . . . . It is wrillen in an extremely animated style. The author’s
thoughts are original, and the passages relating to his personal history and feclings are
agreeably introduced, and add lo the interest of his narrative. 1t is a sufficient lmm[ of
bis accuracy thal, though the Jesuils have many pens in this country, not one has been
hardy enough to impugn a sentence of his slatements.”—Britannia.

«Mr. Steinmetz writes a most singular and interesting account of the Jesuit semi-
nary, and his way of life there. . . . He seems (o be a pulmly ‘honest and credible
informer, and b estiony may serve 1o enlfighien many a Young devotional aspirant

- who is meditating ‘ subm o Rome, and. the chain and scourge systems. There is
nothing in the least resembling mmLh\c in the volume.”—, 'Ummnﬂ Chranicle

€ At a time when Jeslmiﬂm seems lo be rising once more, any W@rk on this subject
comes very opportunely, How the wriler became a mcmbcv of this myslerious body
gives a key to the character of the man himself and the
narralive is well written, and as interesling as we v:).pcclul —Weekly Chronic

< An unvarnished account of the Jesuils’ College at Stonyburst, its discipline and
routine of observances and customs,—of (hese we have the most minute delails, and the
whole is a faithful picture of a remarkable condition of life. . Trom this curious
book you may form some idca of the Jesuils and their course of proceeding.”— Literary
Gazette.

“ This is 4 curious 'lolllme, of no litlé interest and eloguence, written by a scholar
and an enthusiast.”—.dtla;

“ There is internal mdem um this is a genuine narrative, and a very singular
one it is; full of very curious and striking malter. - . . The *Essay on the Constilutions,

:hiam iy, and Illsmry of the Jesuils, will amply reward the task of

e.

sy

g
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“ The work has all the interest of a romanee, and yet we do not believe that any
portion of it s fictitious. . . . The author writes well,and evinces a strong and disciplined
mind. The picture he araws of Jesuitism is a fearful one. The reader will find abundant
malter for grave consideration in this mos! singular and siriking volume.”—Jokn Bull.

“ A more remarkable work il has seldom been our fortune (o peruse. We hear and
read much of the Quietism and Passive obedience inculcated amongst the Jesuit body;
but here we become personal spectators of these prmcxplﬂs inaction. . . . Mr. Siein~
metz appears Lo be a most remarkable character.  He may be received as an unbigssed
wilness. ‘We repeat it, Mr. Steinmelz's book is mnsl valuable ; earnest and truthful
in ils tone, and extremely interesting in its detail."—New (hmrrer/_, Revicw.

““The volume presents a true and valuable picture of Jesuit edocalion in England,
and on that ground every Protestant will find the volume worlhy of an attentive
perusal.”’—British Churchinan.
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FIRST SERIES OF TALES OF THE COLONIES.
TALES OF THE COLONIES; OR, THE ADVENTURES
F AN EMIGRANT.

By Cuartzs Rowcrorr, Esq., alate Colonial Magistrate. The Fourth
Edition. In foolscap 8vo., price 6s. cloth.—This work was originally
published in 8 vols. post 8vo. at 17, 11s. 6d., in which size two large
editions have been sold.

¢ “Tales of the Colonies " is an able and inleresting book. The author has the first
greal requisite in fietion—a knowledge of the life he undertakes to deseribe s and his
matter is solid and real.”—Spectatar.

« This is a book, as distinguished from one of the bundles of waste paper in three
divisions, calling themselyes novels.” " ,.(

“The narralion has a deep and exciling interest. No mere romance, no mere
nclmn, Thiowever skillully imagined or pm\u fully executed, can surp: The work to

rs the nearest similitade s Robinson Crusoe, s scarcely, if at all
that extraordinary history.” —Je/n Butl,
Since the time of Robinson Crusoe, literature has produced nothing like these
 Tales of the Colonies. *—Detropolitan Magazine.

Romantic literalure does not supply instances of wonderful escape more
m:m'ellous « .+« The hook |>m@mlrs!ly a mixture of fact and fiction, yel it gives, we
have e eason (o believe, a true picture of a seller’s life in (hat country; and is
thickly interspersed with genuine and useful information.’

Chambers's Edinburgh Journal,

“ The contents of the first \u!ume surpass in interest many of the novels of Sir
Walter Scott.”— Westminster Re:

“ An exceedingly lively and |nlucslmg narrative, which affords a more striking view
of the habits of emigrant colonial life than all the regular (reatises, stalislical rr'lun\a, and
even exploratory tours which we have read. . . . [ combines the fidelity of truth with
the spirit of a romance, and has altogether so much of De Foe in its character and com=
sition, that whilst we run we learn, and, led along by the variely of the incidents,
I settlers in Van, Diemen’s Land.”—Literary Gazette.

SECOND SERIES OF TALES OF THE COLONIES.
THE BUSHRANGER OF VAN DIEMEN'S LAND.

By C. Rowcrorr, Esg., Author of “ Tales of the Colonies.” In 3 vols.

post 8vo. price 12 11s. Gda

< These volumes have the same qualities that gained so mueh popularity for the
Author's previous work ¢ Tales of the Colonies” No one has depicted colonial life, as
manilested in the settlements of Australia, with so much vigour and trutlvas Mr Rowerofl.
He rather seems Lo be a narralor of aclual oceurrences than an inventor of imaginary ones.
His ¢characters, his manners, and his scenes are all real. He has been compared o De
Foe, and the comparisan is just.”— Britannic.

“ These volumes form a secoud s of “Tales of the Colonies,” and the pages
are marked by the same vigorous and graphic pen which procured such celebrity for the
first series. The interest, generally w ell sustained thro ghout, is occasionally of the most

g and thrilling kind. ~ Altogether, there is a [resfiness about these volumes which
brings them out in strong contrast o (he vapid produclions wilh which the press is
teeming.”"— Glabe.

“ The story wnlams all the merits of the ¢ Tales of the Colonies’ as regards style ;
being simple and Crusoie, if we might use the term, in ils narrative. Mr. Rowcroll
possesses invenlion Lo an extraordinary degree, in the mamuer in which he manages
ihe eseapes of the bushranger,—and he produces, by the simplest incidents, most
interesting scenes s—pictures of nature and of a society lotally different from anything 1o
be found: elsewhere.'— Weckly Chronicle.

=<

FANNY THE LITTLE MILLINER ; OR, THE RICH AND
THE POOR.
By CHARLES ROWCROFT, Esq. In one vol. 8vo,, handsomely bound in
cloth gilt, with Plates, price 145—The twelve parts may be had
separately, price 1s. each, sewed.
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MR. JAMES'S RECEN
THE s'rm- MOTHER.

. P. R.Janzs, Esq. In3 vols. post 8vo., price 12. 11s. 62 —Just
pumma.

NOVELS.

Lately published by the same Author,
ARRAH NEIL; OR, TIMES OF OLD. Three vols. post
8vo., price 1/ 11s. 6.
THE SMUGGLER, a Novel. Three vols., price 14 11s. 64.

NEW & ILLUSTRATED EDITION OF MR. JAMES'S WORKS.
THE WORKS OF G. P. R. JAMES, ESQ.

Now publishing in Quarterly Volumes, medium Bvo. cloth, with engraved
P cach volume a complete novel, price 8s.

This handsome series of Mr. James’s Works has been carefully revised

by the Author; and is  got up in tht superior style, and agrecable size
of type, which renders it fit for every age and every library.”
Contents:—Vol, 1. TuHE GIpsy. Vol. 5. PHILIP AUGUSTUS.
— 2. MarY oF BURGUNDY. | — 6. HENRY OF GUISE.
— 3. THE HUGUENOTS. — 7. MORLEY ERNSTEIN.
— 4. O~E I¥ A THOUSAND. — 8. THE ROBBER.

Vol. 9, containing DARNLEY ; or, THE Frerp or CrorH oF GOLD,
on the 1st of July.

Vol. 10, containing CORSE DE LEOX, on the Ist of October.

“ Messrs. Smith, Elder and Co., of Cornhill, have just published the first volume of a
New Edition of the Works entleman, which has the advantage of the latest re-
visions and corrections of the author. The wrilings of James are so well known o the.
readers of fiction, nm it is unnecessary to call their attention to them, or to say anything
which previous cri may have lelt unsaid. The present edition is well got up, the
type is clear, <lmrp, e legible, and the size of the yolume convenient for the reader, and
appropriale for the shelves of a bookease. The book, as it is, will form a pleasing
additic n to the collections of readers of modern literature, of the class to which it
belon Times.
are glad (o see our progoostication respecting the New Edition of Mr. James's
Works, more than fullled by the rapid absorplion of a very large first edilion, and a
cecond in the course of speedy disappearance. This is as it should be, with a writer
whose vraisemblance is always so perfect; and even what he invents so like truth, that
We can never fancy we are reading fiction: nor, mdeed are we,in the historical pnrllnns of
his publications,—and these form the far gre \Non vl are all drawn from dili-
gent research, deep study, and elaborate compan 0. — Literary Gasctte.

“Nr.Jamesis a pure and pleasing wriler, and we are glad to See that his Works are now.
10 e thrown into a handy, bandsome, and accessible shape.”—Seotsman.

his is amost admirable edition of (he Works of (Ius popular author, convenient in
size, anu handsome in appearance. Ii, moreover, possesses the advantage of being re-
vised and corrected by the author,—no small recommendations, since, the generality of
Mr. Jomes's Works being connecied with history, a_ careful perusal of his productions
increases their value, and renders them a source of amusement, through the medium of
instruction,”— #¢/a:

“ We are glad lo perceive that such volumes are bemg published at a price which will
place them within the reach of the middle classes, and we shall find, as the result of this
movement, that tradesmen and others will furnish their book-shelves wilh good and select
works, instead of subscribing to circulating libraries. We learn it is the publishers®
intention 1o continue the volumes until all the author’s works are republished in. this

style."'—Plymouth Heratd.
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LEIGH HUNTS SELECTIONS OF POETRY.
IMAGINATION AND FANCY;
Or, SeLEcTIONs from the Excrism Pomrs, illustrative of those First
Requisites of their Art, with Markings of the best Passages, Critical
Notices of the Writers, and an Essay in Answer to the Question,  WHAT
1s PorTrY?”” By Letem Hust. Third Edition. In post 8vo. price
10s. Gel. handsomely bound in a new kind of cloth, gilt; or 9s. boards.

“This volume is handsomely printed, and heautifully bound in a new style of ex-
quisite delicacy and richness. In external beauty Imagination and Fancy® equals any
gifl-books that have appeaved ; and it form a more enduring memorial than any
other volume that might be selected as a gift for the coming season.”’—Spectator.

“This is a Christmas gift, worth balf a dozen of the Annuals put logether, and at
half the cost of one of them. We have often Wished for such a book, and in our aspi-
ration, the name of Leigh Hunt has ever presented itsell as that of the man above all
others qualified to do justice (o so charming a subject.”—Morning Chronicle.

“The volume is, We trust, the precursor of many more, which will complete and do.
justice to the p\.m The series so completed would be the best * elegant exiracts’ in the
language.”

i “Th:s isa charrnlll" volume, both externally and internally it is most attractive.”—
tlas.

<1t is a hook that every one who has a taste inust Imm, and every one who has not
:huuld have in order Lo acquire one.”—Jerrold’s Magazi

““This book is tastefully got up, and we should think br‘\!m of the house where we
saw a well read copy of it lying aboul.”—Zwit's Magazine.

“These illusirations of *[magination and Fancy’ are dlslm"ulshcﬂ by great eritical
sagacily, and a remarkable appreciation of those qualilies.”—/

«This elegant velume conlains the mosl exquisile passages n( the besl English
Poets, selected and commented upon by Leigh Hunt, and for this task there is, in our
opinion, no author living so well qualified.”—Fndian News.

#,% The Second Volume of this series, ** WIT AND HUMOUR,” is
in the press, uniform with “ Imagination and Fancy.”

MRS. ELLISS MORAT, FICTIONS.

PICTURES OF PRIVATE LIFE.
By M=ms. ELLIs, Author of the “ Women of England,” &e. &e. &e.
Euch Volume is complete in itself, aud may be purchased separately.
In 3 vols. feap. 8vo. beautifully illustrated, price 7s. 6d. vach, in a
handsome and uniform cloth binding, or 10s. 6d. morocea. Contents
Vol. I. “ OBSERVATIONS 0N FICTITI0US NARRATIVE,” “Tnz Hann
AND THE COTTAGE,” “ ELLEN ESKDALE,” “ THE CURATE’S
Winow,” and “ MARRIAGE AS IT MAY Be.”
Vol. IL. “ MISANTHROPY,” and “ THE PAINS oF PLEASING.'"
Vol. III. “ PRETENSION ; or, the FALLACIES 0F EEMALE EDUCATION.”
«1 could give abundant evidence, gratuilously offered (o the writer, that these
simple stories were not sent forth to the world without some degree of adaptation to
its wanls and its condition.”—dfwthor's Tntroduction.

VAR WITH THE SIKHS.
THE PUNJAUB:
Being a biief account of the Country of the Sikhs, its Extent, History,
&

Government, , Laws, Religion, &c.
By Lmur Cor. STEINBACH, late of tie Lahure Service. A new
edition, revised, with additions, including an account of the recent events
in the Punjaub, In post #vo. price 8. cloth, with Map, The Map may
be had separately, price 1s. coloured, and 1s. 6d. in case.

“ There is much information in this volume, condensed into brief space, about a
people to whom lale occurrences have given a common. iulerest.” —ZEzaminer.
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THE HAND-BOOK OF USEFUL AND ORNAMENTAL
AMUSEMENTS AND ACCOMPLISHMENTS :

Tncluding Artificial Flower-Making, Engraving, Etching, Painting in all
its styles, Modelling, Carving in Wnud, Tvary, and Shell; also Fancy
Work of every Description. By a Lapy. In anew:l post 8vo., hand-
somely bound in cloth gilt, with Plates, price 10s. G
“Apr:lllcr nnd more useful present could scarcely be selected for an ingenious
young lady."
é “ Any lmy amrmxs of filling up her leisure hours by following the occupations
deseribed will be able to do so without (he aid of any other mumcuou.
Weekly Chronicle.

THE DUTIES OF JUDGE ADVOCATES,

Cnmpﬂed from HEr Masesty’s and the Hon. EasT INDIA CoM-
PANY’S MrILiTaxy REGULATIONS, and from the Works of various
Writers on Military Law. By Captain R. M. HUGHES, 12th Regiment
Bombay Army ; Deputy Judge- -Advocate General, Scinde Field Force.
In one vol. post 8vo., price 7s. cloth.

“ Caplain Hughess little volume on fhis important subject will well supply the
absence of that full and partieular information Which officers suddenly appointed (o act as
“Deputy Judge Advocates” must bave felt the want of, even though tolerably well versed
in military law."—Spectator.

€A professional vade-omccum, relaling 1o most important duties, and executed in the
ablest manner.  We consider tLis, the only complele separate treatise on the subject, (o
e one of great value, and deserving (he siudy of every Brilish officer.”’—Lt. Gasclte.

 This hook is  digest as well as a compilation, and may be emphatically called
< The Hand-Book of Mililary Justice. "'—.¢las

“We recommend the work to every Br

officer.—driny and Navy Register.

THE NOTE-BOOX OF A NATURALIST.
By E. P. THOMPsON. Post 8vo., price 9s. cloth.

 The author of this modestly-styled ‘Note-Book " not only possesses and communi-
cates scientific intelligenee, but he has travelled far and near, and from very infancy beeu
devoted to natural bisto We rely on the quolations Lo support our opinion. of
the very agreeable and vas character ol this volume.” —Literary Gazetle.

§ 0 2L ot pentee hajormal shecc ot the “Note-Book of a Naturalist’ is
agrecable, interesting, and fresh, . . . ‘Ihe more original and numerous passages may
vie with the observations of Jesse. ~ [n fact, there is a considerable resemblance hetween
the two authors. Anecdole is substantially the character of the belter part.’—Spectetor.

FINANCE AND COLONIES.
By Pusrivs. In royal 8vo., price 4s. 6. cloth.

PRYINGS OF A FOSTMAN.
In one vol. post Bvo., price 78. Gl
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THE LIGHT OF MENTAL SCIENCE;
Being an EssAy on MORAL TRAINING, By Mrs. Loupox, Authoress
of * First Love,” * Dilemmas of Pride,” &e. &c. In one vol. feap. Bvo.,
‘price 3s. cloth.
“One of the most philosophical buoks we have seen for a long time.”"— Observer.

SCENES IN THE LIFE OF A SOLDIER OF FORTUNE.
By a MEMBER OF THE IMPERIAL GUARDS. In 12mo., price 58,
“This tale has a strange personal history. 1L purports to be the antobiography of
an Ttalian soldier, who fonght under the banners of the French Republic; and who, later
in life, when become a teacher, told his story to an English traveller, his pupil, who has
here set it down."—Z'ait’s Magazine.

COMMENTARY ON THE HINDU _SYSTEM OF
MEDICINE.
By T. A. WisE, M.D., Member of the Royal College of Surzeons, and
of the Royal Medical and Chirurgical Society, Correspoading Member of
the Zoological Society of London, and of the Philemathie Society of
Paris ; Bengal Medical Service. Inone vol, 8vo., price 124, cloth.

Miscellaneous,

A NEW SFIRIT OF THE AGE.

Containing Critical Essays, aud Biographical Sketches of Literary and

other Ewminent Characters of the Present Time. Edited by R. H.

HonxE, Esq., Author of ¢ Orien,” “ Gregory the Scventh,” &e..&e.

These volumes are illustrated with Engravings on steel, from new and

nal Portraits of DL s, TENNYS0N, CARLYLE, WORDSWORTH,
TALFOURD, BROWNING, SOUTHWO00D SMITH, and Miss MARTINEAU.
Seeond Edition, Revised by the Editor, with  Introductory Comments.”
Tn 2 vols. post 8vo., price 24s. cloth.

“In the biograpbical skelches, the Editor has carefully excluded all disagreeable
personalities and all unwarrantable anecdotes. The crilicisms are enlirely upon absiract
grounds. He may be often wrong, bt il is with a clear eonscience.”—Editor's Preface.

“We have two volumes of clever and subtile dissertation on the merils of almost
every living wriler of any pretension, Writlen in a very animated and pleasant style. The
authior will at least gain the praise of versatility of talent, and of a quick and generous
appreciation of conlemporary merit, as well as (what his publisher will think quite as
much to the purpose) have the satisfaction of having preduced a hook that people will be
inclined, as the phrase s, € 0 run after.” ”—Morning Herald, March 25, 1844.

«As we have said before, Mr. Horne's admirations appear to us (o be well placed
and his sympathies generous and noble.”—Morning Chronicle.

OUR ACTRESSES ;
Or, GLANCES AT STAGE FAVOURITES, PAsT and PRESENT.
By Mrs. C. BaroN WiLsow, Authoress of the ** Life of the Duchess of
St. Albans,” “ Memoirs of Monk Lewis,” &c. &e. In 2 vols, post 8vo.,
illustrated with numerous Engravings on Steel, from new and original
Portruits, price 24s. cloth.
« Handsome volumes, adorned with several poriraits, and the biographies are full of
amusing anecdotes.—dtdas.
« So atractive are the stage and ils_denizens that considerable’ amusement will be
derived from the perusal of ihese pages.'—Literary Gazette,
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CHRISTMAS FESTIVITIES: TALES, SKETCHES, AND
CHARACTERS.
With BEAUTIES 0F THE MoDERN DrAMA, in Four Specimens. By
JouN PooLE, Esq., Author of “ Paul Pry,” &c. &e. In ome vol.
post 8vo. price 10s. 64. cloth, with a Portrait of the Author.
€A capilal book for the season.”—Britannia.

CROSBEY FLACE,
Described in a LECTURE on its ANTIQUITIES and REMINISCENCES,
delivered in the Great Hall, on the Evening of Friday, August 5th, 1842.
By tlhe Rev. CHARLES MAacKENziE, A.M., Vicar of St. Helen's,
Bishopsgate, and Head Master of Queen Elizabeth's Grammar School,
St. Olave’s, Southwark. Price 2s. 64. bound in cloth.

THE HOME BOOK; OR, YOUNG HOUSEKEEPER’S
ASSISTANT.
Forming a Complete System of DomEsTIC EcoNoMY, and Household
Accounts. With Estimates of Expenditure, &c. &e., in every Depart-
ment of Housekeeping. Founded on Forty-five years personal experience.
By a LaDy. 12mo., price 5s. boards.

THE HOME ACCOUNT-BOOK; OR, HOUSEKEEPER’'S
REGISTER OF FAMILY EXPENSES.
Arranged upon the improved system recommended in  The Home
Book;” and exhibiting the Weekly, Monthly, Quarterly, and Annual
Expenditure for every article of Domestic consumption, ~ For the use of
cither large or small Families. By the Avrmor of “TuHr HoME
Book.” Post 4to., half bound, price 4s. 6
“These two useful litle volumes form the most complete system of Domeslic
Management for the guidance of the young Housekeeper thal has ever appeared, Of
the Home Book we cannot speak too highly.”— Gentleman’s Magazine.
“ Incomparably the best arranged work of ils class that we have seen.”—/Za Betle
Assembide.

THE WINE-MERCHANT'S MANUAL.
A TREATISE on the FINING, PREPARATION of FINING, and GENERAL
MANAGEMENT of WINES, being the result of Forty years' Practical
Experience in the treatment of the different wines consumed in this
country. By T. SxEED. Foolscap 8vo., price 4. cloth.
< The very useful production of a long-experienced and practical man 3 well worth
the attention of the wine-merchant and cooper.”—Literary Gasctte.

A COMPREHENSIVE HISTORY OF THE WOOLLEN
TRADE.

From the carliest Records to the present Period, comprising the Woollen
and Worsted Manufactures, and the Natural and Commecial History of
Sheep, with the various Breeds and Modes of Management in different
Countries. By Jaxss BISCHOPF, Fsq. In two large volumes, 8vo.,
illustrated with Plates, price 1. Gs. cloth.
“Mr. Bischofl’s work will be found valuable to all persons interested in the subject.”
—Athenzum.
. “Mr. BischofT" has in these volumes collected a vast mass of curious and valuable
information, acceptable 1o readers of varied tastes, even though quite unconnected wi
manufactures and trade. We recommend every reader to peruse attentively this merito-
rious compilation.—We finally recommend these volumes of Mr. Bischof”s (o the careful
consideration of all those interested in the subjects of which they treal.”’—Zimes.
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A COMPREHENSIVE HISTORY OF THE IRON TRADE
THROUGHOUT THE WORLD, from the earliest Records to the
present Time. With an Appendix, containing Official Tables, and other
public Documents, By HARKY SCRIVENOR, Esq., Blacnavon. In
one vol. demy 8vo., price 15s. cloth.|

“Nr. Serivenor’s History is writlen with elaborate research and anxious care, and
goes inlo and exhausls the enlire subjecl ; it _conlains numerous facls full of interest to
common readers,” —Z'ait’s Magazine.

THE BRITISH MERCHANT'S ASSISTANT.

Containing :—Part 1. Tables of Simple Interest at 3, 3}, 4, 4}, and
5 per cent.—Part I1. Tables showing the Interest on Exchequer Bills
at 14d., 13d., 2., 23d., 2kd., 34, 33c., and 34d. per cent. per diem.—
Part LII. Tables for Ascertaining the Value of every description of
English and Foreign Stock. Also the Amount of Brokerage, Commission,
Freight, Mavine, and other Insurance, at every rate per cent., &e. &c. &e.
By G. Greex. Royal 8vo., price 1Z. 11s. 6d. cloth.  Each of the above
Three Parts is sold separately.

ASSURANCES UPON LIVES,

A Familiar Explanation of the NATURE, ADVANTAGES, and IMPORT-
ANCE arising therefrom, and the various Purposes to which they may be
usefully applied: including also a particular Account of the routine
required for Effecting a Policy; and of the different systems of Life
Assurance mow in use, the Principles, Terms, and Tables of Seveniy
London Assurance Offices, &e. By LEwIs Poceock, F.8,A. In post
8vo., price 7s. cloth.

“There are no technicalities in Mr. Pocock’s work Lo prevent its heing useful 1o all;
and those, therefare, who are likely Lo have recourse Lo Life Insurance will do wisely in
consulting this familiar explanation of its nature and advantages.”— Glabe.

AN INQUIRY INTO THE CAUSES AND MODES OF THE
WEALTH OF INDIVIDUALS;
Or, THE PRINCIPLES OF TRADE AND SPECULATION EXPLAINED.
By THoMmAs CornET, Esq.  Pust 8vo., price 6s. cloth.
“Mr. Corbet deserves our hest thanks for laying down so clearly and methodically his
ideas on a subject of such vast importance.”—New Monthly Magazine.

OUTLINES OF NAVAL ROUTINE;
Being a Concise and Complete Manval in Fitting, Re-fitting, Quartering,
Stationing, Making and Shortening Sail, Heaving down, Rigging Shears,
and, in short, performing all the ordinary duties of a Man-of-War,
according to the best practice. By Lieutenant ALEXANDER D.
ForpycE, R-N. In royal 8vo., price 10s. 6d. boards.

ESSAY ON THE LIFE AND INSTITUTIONS OF OFFA,
KING OF MERCIA,
A.D, 755—794. By the Rev. HENkY MACKENZIE, M.A. In 8vo.,
price 3s. 6d. in cloth, gilt leaves.
« very scholarly composition, displaying much research and informalion respecting
the Anglo-Saxon institutions.” — Spectator.
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THE OBLIGATIONS OF LITERATURE TO THE MOTHERS
OF ENGLAND.
PrizE Essiy, 1840, By CAmoniNe A. HaLsTED. In ome vol.
post 8vo., price 5s. neatly bound in cloth.

“The objeet of the writer has been to show the services rendered by the mothers of
England 1o religion and the state, and to science and learning generally; and the examples
adduced display eonsiderable knowledge and research, and are always happily selected and
placed in the most attractive point of view.”—Britannia.

THE LIFE OF MARGARET BEAUFORT,
CounTESS OF RrcHMoND AND DERBY, and Mother of King Henry
the Seventh, Foundress of Christ’s and of St. Jehn's Cellege, Oxford ;
Being the Historieal Memoir for which the Honorary Premium was
awarded by the Dircetors of the Gresham Commemoration, Crosby Hall.
By CAROLINE A. HALSTED, Author of ¢ Investigation,” &e. In one
vol. demy 8vo,, with a Portrait, price 12s.

“This work cannot fail of success® The subject is deeply interesting, and has been
bitherto almost unexplored. The style is chaste and correct, and il has high claims to
popularity wide and permanent, On many lopics the authoress has accumulated some
valuable historical details from sources which have not hitherlo been consulled, and has
thus compiled a work which, if nol entitled o rank amongst the *curiasities of literature,”

is at least one of the most interesting and instructive books of the season.”—A¢/as.

THE LAST OF THE PLANTAGENETS:]
An Historical Narrative, illustrating some of the Public Events and
Domestic and Ecelesiastical Manners of the Fifteenth and Sixteenth
Centuries. Third Edition. In one vol. feap. 8vo., price 7s. 6d. cloth
boards.

“This is a work that must make its way into a permanent place in our literature. The
quainness of its language, the touching simplicity of its deseriptions and dialogues, and
the reverential spirit of love which breathes through it, will insure it a welcome receplion
amongst all readers of refined taste and discernment.” —f¢las.

ANGLO-SAXON LITERATURE.
ANALECTA ANGLO-SAXONICA.

A SELECTION, in Prose and VERSE from ANGLO-SAXON AUTHORS
f i Ages; with a GLOssARY. By BENJAMIN THORPE, F.8.A.
tion, corrccted and revised.  Post 8vo., price 125. cloth.

of ious
A New Edi

THE ANGLO-SAXON VERSION OF THE STORY OF
APPOLLONIUS OF TYRE,
Upon which is founded the Play of  PrrIcLEs,” attributed to
Shitkspeare; from a MS. in the Library of Christ Church College,
Cumbridge.  With a Literal Translation, &ec. By BesyaMIN
‘THORPE, F.8.A. Post 8vo., price Gs.

A GRAMMAR OF THE ANGLO-SAXON TONGUE,
With a Praxze. By Enrasmus Rask, Professor of Literary Histor
in, and Librarian to, the University of Copevhagen, &e. &e. A New
Edition, enlarged and improved by the Author. Translated from the
Dunish, by B. THorpE, Honorary Member of the Icelandic Literary
Socicty of Copenhagen. ~8vo., price 12s.

e .
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Seientific Wiorks Jllustraten,

UNDER THE AUSPICES OF H. M. GOVERNMENT, AND OF THE HON. THE
COURT OF DIRECTORS OF THE GAST INDIA COMPANY.

FAUNA ANTIQUA SIVALENSIS,

Tne FossiL ZOOLOGY OF THE SEWALIK HX’LLE, in the North of
India. By Huem FALcONER, M.D,, F.RS., ., F.G.8., Member
of the Asiatic Saciety of Beagal, and of the Ru,al ‘Asiatic Snulety of
the Bengal Medical Service, and late Superintendent of the H 10
Botanic Garden at Saharunpoor: and Prony T. CAUTLEY
Major in the Bengal Artillery, Member of the Asiatic bounty of
Bengal, &c. Edited by HuGu FALGONER.

Pian of Publication.—The work will appear in about Twelve Parts, to
be published atintervals of four months’; each Part containing from Twelve
to Fifteen folio Plates. The descriptive Letterpress will be printed in
voyal octavo. Price of each Part, one Cuinea.— Part I. contuins
Provoscrpea.—Parts I, and I1T., containing the continuation of
PROBOSCIDEA, will be published shortly. Prospectuses of the Work
may be obtained of the Publishers.

« A work of immense labour and rescarch. . . . . Nothing has ever appeared in
Tithography in this country at all comparable to these plates ; and as regards the repre-
sentalions of minule osscous texture, by Mr. Fard, they are perhaps the most perfect
that have yet been produced in any country. . . . The work has commenced wilh the
Elephant group, in which the authors say *is most signally displayed the numerical rich-
ness af forms which characterises the Fossil Fauna of Indin;® and the first chapter
relates to the Proboscidea—Elephant and Mastodon. The authors have mnot restricted
themselves 1o a description of the Sewalil Fossil forms, but they propoese {o trace lhe
affinities, and institute an arrangement of all the well-determined species in the family,
They give a brief historieal sketch of the leading opinions which have been entertained
by palontologists respecling the relations of the Mastodon and Elephant 1o each other,
and of the successive steps in the discovery of new forms which have led to the modifica-
tions of these opinions. They state that the results (o which Lhey themselves have been
conducted, lead them to differ on certain points {rom the opinions most commonly enter-
tained al the present day, respecling the fossil species of Elephant and Masiodon,” —
_Address of the President of the Geological Sociely of London, 20th Feb. 1846,

RESEARCHES, PEYSIOLOGICAL AND ANATOMICAL.,

By Joux DAYy, M.D., F.R.SS., L. & B, &c. The principal subjects
treated of are—Animal Electricity—Animal Heat—the Temperature of
different Animals—Pneumothorax in connexion with the Absorption of
Gases by Serous and Mucous Membranes—the properties of {he Blood
in Health and disease—thie Properties of different Animal Textur
the Putrefactive Process—the Preservation of Anatomical Preparations
—tlie Effects of the Poison of certain Serpents—the Stracture of the
Heart of Batrachian Animals, &¢. &¢.  In 2 vols. 8vo,, price 305, bouad
in cloth, illustrated by numerous Engrayings.

“The subjects treated by the author are extremely numerous .md inte
new facts in the physiology of animals are brought forward, and some cus
structive annwenlS are explained and illustrated with remarlals Theity
L‘,‘mnm e,

s work is wrilten with a clearness and simplicity which renders its scientific
dtlmls readily comprehensible.”—Herald,

. — %
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WORKS RECENTLY PUBLISHED AND IN PROGRESS UNDER THE AUTHORITY
OF THE LorDs COMMISSIONERS OF THE ADMIRALTY.

*.* I order to secure to science the full advantage of Discoveries in Natural
History, the Lords Commissioners of Her Majesty's Treasury have been pleased to
male a liberal grant of money towards defraying part of the expenses of the fol-
lowing important publications. They have, in consequence, been undertaken
on a scale worthy of the Ligh patronage thus received, and are offered to the public
at @ muck lower price than would otherwise have been possible.

I.
THE ZOOLOGY OF THE VOYAGE OF H.M.S. SULPHUR,

Under the Command of Captain SIR EDWARD Bercuer, R.N., C.B.,

R.G.S., &e. Edited and Superintendéd by RiCHARD BRINSLEY
Hr , Esq., Surgeon R.N., attached to the Expedition.—The extensive
and_protracted voyage of Her Majesty’s Ship “Salphur,” havinz been
productive of many new and valuable additions to Natural History, a
number of which are of cousiderable scientific interest, it has been
determined to publish them in a collected form, with illustrations of
such as arve hitherto new or unfigured, The collection has been
assembled from a variety of countries, embraced within the limits of a
voyage prosecnted along the shores of North and Soith America, among
the islands of the Pacific and Indian Oceans, and in the clrcumnawgatmu
of the globe. In many of these, no doubt, the industry and research of
previons navigators may have left no very prominent objects unobserved,
yet in others there will for some time remain abundant scope for the
Naturalist. Among the countries visited by the ¢ Sulphur,” and which
in the present state of seience arc invested with more particular interest,
may be mentioned the Californias, Columbia River, the North-west coast
of America, the Feejee Group (a portion of the Friendly Islands), New
Zealand, New Ireland, New Guinea, China, and Madagascar. Published
in Royal Quarto Parts, price 10s. each, with beautifully coloured Plates. *

TH1S WORK 158 NoW COMPLETE, and may be had in sewed Parts,
price 5., or in_half-russia, or cloth binding, at a small_addition to tho
Parts 1. and II. contain MAMMALIA, by J. E. GRAY, Esq.,
—Parts I[L. and IV. Birps, by J. GouLp, Esq., F.L.S.—
., IX., and X. Fism, by J. RrcuAmpsox, M.D., F.R.S.—
Parts V1., VIL, and VIII. Smerrs, by R. B. Hinps, Esq.

1I.
THE BOTANY OF THE VOYAGE OF H.M.S. SUL!‘HUR

Unﬂe\‘ the Command of Captain Sir EnwArD BELCHER, R.N., C.. B
F.R.G.8,, &e., during the years 1836—42. Edited and Qupermh‘ndcd
by RICHARD BRINSLEY HINDs. E-q., Surzeon, R.N., attached to the
P The Botanical D by GEORGE BENTHAM, Esq.
Tais Work 18 Now CoMPLETE, and may be had in six sewed Parts,
price 32, or in half-russia, or cloth binding, at a small addition to the
price.

-
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WORKS RECENTLY PUBLISHED AND IN PROGRESS UNDER THE AUTHORITY
OF THE LORDS COMMISSIONERS OF THE ADMIRALTY.

IIT.
THE ZOOLOGY [OF THE VOYAGE OF H.M.S. BEAGLE,

Under the Command of Captain Frrzroy, R.N., during the years
1832—38G. Edited and Superintended by CHARLES DARWIN, Esq.
M.A., F.R.S., Sec. G.8., Naturalist to the Expedition. Comprising
highly-finished representations of the most novel and interesting objects
in Natural History, collected during the voyage of the ¢ Beagle,” with
descriptive Letterpress, and a general Skefch of the Zoology of the
Southern Part of South America. Figures are given of many species of
animals hitherto unknown or but imperfectly described ; together with an
account of their habits, ranges, and places of babitation. The collections
were chiefly made in the provinces bordering on the Rio Plata, in
Patagonia, the Falkland Islands, Tierra del Fuego, Chili, and the
Galapagos Archipelago in the Pacific.

Tris Work 1s Now Comriere, and may be had in sewed Parts,
price 8L. 155, or in half-russia, or cloth binding, at a small addition to
the price.

Nos. 1, 7, 8, and 13. Nos. 3, 6, 9, 11, and 15.
FOSSIL MAMMAL BIRDS.
By Richard Owen, Esq., FRS.,
Professor of Anatomy and Physiology to
the Royal College of Surzeons, London. This Division of the Work complete,
With a Geological Tntroduction, Price 2/, 15s. in sewed Parts, or 34 in
By Charles Darwin, Esq, M.A., F.R.S. Tl Il
This Division of the Work complete, Nos. 12, 14, 16, and 17.
FISH

: By John Gould, Es, F.LS.
‘With a Nolice of their Habits & Ranges,
By Charles Darwin, Esq., MA., F.R.S,

Price 17, 10s. in sewed Parts, or 17, 14s. 2
Tk By the Rev. Leonard Jenys
This Division of the Work complete,
Price 1/. 1s. in sewed Parts, or 12, 18s.
in.cloth lettered,

5, MA, FRS.

Nos. 2, 4, 5, and 10.
MAMMALIA.

By George R. Waterhouse, Fsq.,
Curator of the Zoological Society of
London, d&c.

This Division of the Work complete,
Price 12 18s. in sewed Parts, or 24, 25,

in cloth lettered. )

Nos. 18, 19.
REPTILES.
By Thomas Bell, Esq,, F.R 8., F.LS., &c.
This Division of the Work complele,
Price 18s. in sewed Paris, or 17 5. in
cloth leltered.

V.
ILLUSTRATIONS OF THE ZOOLOGY OF SOUTH AFRICA.

Comprising all the new species of Quadrupeds, Birds, Reptiles, and
Tishes, obfained during the Expedition fitted out by “ The Cape of Good
Hope Association for exploring Central Afiica,” in the years 1834, 1835,
and 1886, with Letterpress Descriptions, and a Summary of African
Zoology. By ANDREW SmITH, M.D., Surgeon to the Forces, and
Director of the Expedition, In Royal Quarto Parts, price 10s. and 12s.
cach, containing on an average ten beautifully coloured Engravings, with
descriptive Letterpress. The whole of the Plates are engraved in the
highest style of art, from the Oviginal Drawings taken expressly for this
Work, and beautifully coloured after nature. Twenty-three Parts are
now published.
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PUBLISHED WITH THE APPROVAL OF THE LORDS COMMISSIONERS OF
HER MAJESTY'S TREASURY.

GEOLOGICAL OBSERVATIONS MADE DURING THE
VOYAGE OF H.M.S. BEAGLE,

Under the Command of CAPTAIN FITzZROY, R.N.

Part I.—On Coral Formations.
By Cuamies Darwiy, M.A., F.RS, Sce. G.5., &e. Demy 8vo.,
illustrated with Plates and Woodcuts, price 15s. bound in clof

Part IIL—On the Volcanic Islands of the Atlantic and Pacific

ceans.

Together with a brief Notiee of the Geology of the Cape of Good Hope,
and of part of Australia. Price 10s. 6d. demy 8vo. eloth, with Map.

Part T11.—On the Geology of South America.
Demy 8vo., illustrated with Map.
[Preparing for publication.

AW INQUIRY INTO THE NATURE AND COURSE OF
STORMS IN THE INDIAN OCEAN,
Sourm oF T EQuAToRr; with a view of discovering their O
Extent, Rut’norv Chm‘nctcr, Rate and Dn’ectiml of Pru"m m,
and other 5 for tho
pral‘ncal purpose of cnabling ships to ascertain the proximity and
relative position of Hurricanes; with suggestions on the means of
avoiding them. By ALexaxner Troy, Surgeon 86th Royal County
Down Regiment. In one vol. 8vo., with Map and Plates, price 12s.
cloth.
<The work before us is most valuable to seamen. . . . Mr. Thom gives us the result
of his observations at the Mauritius; a station which is pL'L,ullal'ly well adapted for ob-
serving the hurricanes of the Indian Ocean, the ravages of whicn Seamen have (mnually
nced ; and those observations, combined with the results obtained by in
have entitled bim 1o the gratitude of seamen, who may now pral
theory is rational and philosophical, and (o us it is maost s: B
portant considerations for seamen in this work.”—Nuutical Magazine.
“The author proceeds strict accordance willi the prineiples of inductive
philosophy, and collects all his facts before be draws his inferences or propounds a
theory. His stalements aré so full and clear, and drawn from such simple sources, yet
are so decisive in their tendency, that we think there can be ne doubt be has established
the rotalory action of storms. The practical application of Lis investigations are too
palpable to be missed.”—Britannia.

A DISSERTATION ON THE TRUE AGE OF THE EARTEH,
As ASCERTAINED FROM THE HOLY SCRIPTURES. Containing a
Review of the Opinions of Ancient and Modern Chronologers mclu(‘mg
Usler, Hales, Clinton, and Cuninghame; and a Chmnnlomm\l Table
of the Principal Epochs and Events in Sacrod and Profane History,
from the Creation to the Present Time. By PROPESs0R WALLACE.
In demy Bvo., price 12s. cloth,

“ I is learned and laborious.”"—Britannia,

EXPERIMENTAL RESEARCHES, CHEMICAL AND
AGRICULTURAL.
Part I. contains—Carbon a Compound Bedy made by Plants, in quan:
tities varying with the circumstances under which they are placed.—
art 11, Deeomposition of Carbon during the Putrefactive Fermentation,
By RoBErT R16a, F.R.S. In demy Bvo., price 7s. Gd.
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THE ONLY COMPLETE AND UNIFORM EDITION OF THE WORKS OF
SIR HUMPHRY DAVY,

THE LIFE AND COLLECTED WORKS OF SIR
HUMPHRY DAVY, BART.

Torcign Associate of the Institute of France, &e. Edited by his Brother,
Jonn vy, M.D., F.R.8. Now complete in 9 vols, post 8vo., priee
10s. Gd. each, in clolh binding. Each volume is complete in itself, and
is sold separately.

CONTENTS:
Vol. I.—The Life of Sir H. Davy, with a Portrait.

“ This biography is admirably written—correct details, full of instruction, and
amusing throughout,”—Zondon Review.

Vol. IT.—The Whole of Sir I. Davy's Early Miscellaneous
Papers,

From 1799 to 1805; with an InrroDUCTORY LECTURE, and Outlines
of LEcTurEs ox CHEMIsTRY delivered in 1802 and 1804,

Vol. III.—Researches on Nitrous Oxide,

And the ComBINATION 0of OxYGEN and AZOTE; and on the RESPI-
RATION of N1TROUS OXIDE aud other Gases.

Vol. IV.—El of CI i P
With twelve Plates of Chemical Apparatus,

Vols. V. & VI.—Bakerian Lectures.

And other Papers in PuiLosopHICAL TRANSACTIONS, and JOURNAL
of the RovAr INsTITUTION. With numerous engrayings.

Vols. VII. & VIIL—El of Agricultural Chemistry.

Discourses delivered before the Roxar SocIETY, MISCELLANEOUS
LecTures, and Extracts from Lectures.  With many Plates.

Vol. IX.—Salmonia, and Consolation in Travel.

#,* This new and uniform edition of the WriTiNGs of S1R HUMPHRY
Davy embraces the WHOLE oF m1s Works during the space of thirty years
(1799 to 1829), 2 period memorable in the History of Chemistry, and made so,
in no small degree, by his own discoverics.

B

The Complete Work of Charles Darwin Online




e BRI E

18 WORES PUBLISHED BY

ILLUSTRATED WORKS ON NATURAL HISTORY BY
CAPTAIN THOMAS BROWN.

ILLUSTRATIONS OF THE RECENT CONCHOLOGY OF
GREAT BRITAIN AND IRELAND.

With the Deseription and Localities of all the Species,—Marine, Land,
and Fresh Water. Drawn and Coloured from Nature, by Captain
Tuonas Browy, F.LS., M.W.S., M.K.§., Member of the Manchester
Geological Society. 1In one vol. royal 4to., illustrated with fifty-nine

beautifully coloured Plates, price 632 cloth.

ILLUSTRATIONS OF THE FOSSIL CONCHOLOGY OF
GREAT BRITAIN AND IRELAND.

By Captain Tmomas Browy, F.L.S. To be completed in about
Thirty Numbers, each containing four Plates. Royal 4to, price 3s.
coloured, and 2s. plain. Twenty-eight Numbers have appeared, and the
work will soon be completed.

ILLUSTRATIONS OF THE GENERA OF BIRDS.

Embracing their Generic Chavacters, with Sketches of their Habits.
By Captain Tronas Browx, F.L.S. Now publishing in Numbers,

royal dto., each containing four Plates, price 3s. coloured.

TEHEZ ELEMENTS OF FOSSIL CONCHOLOGY;
According to the Arrangement of Lamark; with the newly-established
Geriera of other Authors. By Captain Trowas Broww, F.LS.
With twelve Plates, feap. 8vo., price 5. cloth.

ALFHABETICAL LIST OF THE SHELLS OF GREAT
BRITAIN AND IRELAND;

Embracing the Nomenclature of Lasarcx, Gray, Tomzow, and
Browy, for the purpose of effecting exchanges and naming collections.

On a sheet, price 1s.

SR comasil =
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@riental and Colonial,

NEW ZEALAND AND ITS ABORIGINES:

Being an Account of the Aborigines, Trade, and Resourees of the Colony ;
and the advantages it now presents as a field for Emigration and the
investment of Capital. By WILL1AM BROWX, lately a member of the
Legislative Council of New Zealund, Post 8vo., price 8s. cloth.

“ A very intelligent and useful book.”—Zimes.

AN ACCOUNT OF THE SETTLEMENTS CF THE NEW
ZEALAND COMPANY,

From Personal Observations during a residence there. By the Hon.
HENRY WILLIAM PETRE. In demy 8vo., with a Map and Plates.

Fifth Edition. Price 3s. cloth.
 This is a valuable contribution to our sources of information respecting New Zealand,
and the best proof of the Author’s very favourable opinion of the couniry, is his making
immediale arrangements 10 return there as a Colonist.

NEW ZEALAND, SOUTH AUSTRALIA, AND NEW
SOUTH WALES.
A Record of recent Travels in these Co]mue‘: Wwith especial reference to
and the of Lahour and Capital.
By R. h.JAnumm, Esq. Post S\o, price 8s. cloth, with Maps and
Plates.
 Mr. Jameson is an inlelligent and unprejudiced observer, and has made good use
of his facullies.”—Spectator.

SYDNEY¥-AND MELBOURNE;

With Remarks on the Present State and Future Progpects of New South
Wales, and Practical Advice to Emigrants of various classes ; to which is
added a Summary of the Route home, by India, }nypf, &e. By
CHARLES JOHN BAKER, Esq. Post 8vo., price 85. cloth.

CALIFORNIA: A HISTORY OF UFPER AND LOWER
CALIFORNIA,

From their first Discovery to the present Time ; comprising an Aceount
of the Climate, Soil, Natural Productions, Azriculture, Commerce, &c.
A full view of the Missionary Establishments, and Condition of the
Free and domesticated Indians. With an Appendix, relating to Steam

Navigation in the Pacific. Illustrated with a new Map, Plans of the
Harbours, and numerous Engravings. By ALExixpER Fornes, Esq.
8vo., price 14s. cloth.
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A SKETCH OF NEW SOUTH WALES.
By J. 0. BALFOUR, Esq., for Six Years  Settler in the Bathurat District.
Post 8vo., price Gs. cloth.

“ To emigrants to the quarler of which it treats it must be a mlua'h\e guide.
Literary Gazette.

SUGGESTIONS FOR A GENERAL PLAN OF RAPID
COMMUNICATION BY STEAM NAVIGATION AND
RAILWAYS,

And Applying it to the Shortening the Time of C. ication between
the Eastern and Western Hemispheres. By EDWARD MCGEACHY,
Esq., Crown Surveyor, Jamaica. With 2 maps, 8vo. price 3s. bds.

CHINA OPENED;
Or, a Display of the Topography, History, Customs, Manners, Arts,
Munufactures, Commerce, Literature, Religion, Jurisprudence, &e., of
the CurNese Emprre. By the Rev. CHARLES GUTzLAPF. Revised
Dby the Rev. ANDREW REED, D.D. In 2 vols., post 8vo., price 24s.
cloth.

“We obtain from these volumes more information of a practical kind than from any
other publication; a closer view of the Domeslic life of the Chinese—of the public
institutions— the manufaclures—natural resources —and litcrature. The work in fact is
full of information, gathered with diligence, and fairly leaves the English reader without
any excuse for ignorance on the subject.’’— las.

<This is by fa the most itereting, complete, and valuable account of the Chinese
Empire that has yet been published.”—Su

A HISTORY OF THE CHINESE EMPIRE, ANCIENT
AND MODERN.
Comprising & Retrospect of the Foreign Intercourse and Trade with
China. Illustrated by a new and Corrected Map of the Empire. By the
Rev. CHARLES GUTZLAFF. In 2 wls demy 8vo. bds., price 285.
“We cordially this i tof this very interesling
eountry.”—ZLondon Rev
M. Gutzlafl has evldmlly combined industry with talent in producing this work,
which farcxcceds in information, research, and apparent veracity, anything we Lave
Defore seen concerning this eurious and singular nation.”—Zondan News.

HAND-BOOK FOR INDIA AND EGYPT:

Comprising Travels from Caleutta, through India, to the Himalaya
Mountaing, and a Voyage down the Sutleze and Indus Rivers ; a Visit to
the City of Hyderabad, in Scinde ; and a Journey to England by the Red
Sea and Mediterranenn : with Descriptions of the Three Presidencies of
Tudia; and the fullest details for parties procceding to any part of India,
cither by the Overland Route, or by the way of the Cape of Good Hope.
By Grore: PARBURY, Esq. M.R.A.S. Second Edition, one vol. post
8v0., with an entirely new Map, price 12s. cloth.

*4* The press, both of Great Bri and India, have combined in eulogizing the
value of this work, but it may only here be needful to qunle the following remarks from.
the editorial columns of the Standard of the 10Lh of Apri ~—*“We have elsewhere
eopn.d from Mr. Parbury’s Hand-Book to India and Eg‘ypl, an interesling account of the

Cily of Let us, i I of the means afforded to us 10 inform
and glnlx[v our readers, say of Mir. Parbury’s work, as we may with truth, that it is the
Dist l'opngmphlul Guide Lo the countries to which it refers we have ever seen, a most

utility, and an almost indispensable

00k,
key to the laIP transactions in Central Asia.”

=
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THE MODERN HISTORY AND CONDITION OF EGYPET.

Its CLimATE, DISEASES, and CAPABILITIES ; exhibited in a Personal
Narrative of Travels in that Country, with an Account of the Proceedings
of Mahommed Ali Pascha, from 1801 to 1843, interspersed with Illus-
trations of Secripture History, the Fulilment of Prophecy, and the
Progress of Civilization in the East. By W. Hovrt YaTes, M.D., &c.
In two thick volumes, demy 8vo., with numerous Ilustratious, price
34z, cloth.

““Hle fulfils his historic vocation by an ample resumé of the more prominent incidents
which have distinguished the fortunes of the Pascha, upon whose policy of gener:
poly his strictures are severe enough, ana acquils himsell creditably from bis spirited and
E}ghly{ 'llsolou)enl skelches of the abundant objects to which he draws attention.” —Morning

erald.

THE INVALID'S GUIDE TO MADEIRA.
With a Deseription of Teneriffe, Lisbon, Cintra, and Mafra; and a
Vocabulary of the Portuguese and English Languages. By WILLIAM
Waire Coorex, M.R.C.S., Surgeon to the Hon. Artillery Compuny.
In oue vol. feap. 8vo., price 4s. cloth gilt.
“There has recently been published a small work by Mr. Cooper, which may be con-
sulted with advantage.” —SIn JAMES CLARK on Climate.

NOTES AND OBSERVATIONS ON THE IONIAN ISLANDS
AND MALTA ;

With some REmarks on Constaxtinorie and TURKEY; and on

the system of Quarantine, as at present conducted. By Jomx

Davy, M.D., E.R.SS., L. & E., Inspecior-General of Ariny Hos-

pitals, L.R. In 2 vols. demy 8vo., price 82s. cloth, with a larze Map
by Arrowsmith, and illustrated with Plates.

“Dr. Davy's work deserves to be bought as well as perused, so carefully, completely
and expensively has it been got up. Wehope that the consciousness of having discharged
such an imporiant duty will not be the only result of his long labour, bul that the work
will prove as remunerative as it ought Lo be.”—Westminster Review.

«There probably is not another work in our language in which so ample and sub-
stantially useful an account is given of the Ionian Islands as is here to be found. There
can e litile doubt that to these volumes will be assigned an bonourable place amongst
the recognised master-works of the elass to which they belong.”—Morning Herald.

THE NATURE AND PROPERTIES OF THE SUGAR
CANE;

With Practical Dircetions for the Improvement of its Culture, and the
Manufacture of its Produete. To which is added an additional Chupter
on the MANUFACTURE OF SUGAR PRoM BEET-R00T. By GEOKGE
RrcuArDsox PortER, F.R.S., Corresponding Member of the Institute
of France. New Edition, demy 8vo., price 125, cloth, revised through-
out, with many additions and corrections by the Author, aud illustrated
with Plates.

HISTORICAL RECORDS COF THE HON. E.I C. FIRST
MADRAS EUROPEAN REGIMENT.

Containing an Account of the of T
in 1645, their formation into a Regiment in 1748

und its subsequent

Seivices to 1842. By A STA¥Pr OFFICEX. In one vol. deiny 8vo., with
iltustrations, price 185. cloth. i
Ll

——
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THE ANGLO-INDIAN AND COLONIAL ALMANACIK.

And CrviL, MILITARY, and COMMERCIAL DrrEcrory for 184€.
In post 8vo., price 2s. 6d. in ornamental wrapper.

The Houm e DEPARTMENT of the Almanack comprises—I. CrviL and
ECCLESTASTICAL ; including the Government offices and the India
House ; together with the forms of procedure, and educational studics,
requisite for obtaining Civil Appointments, and all matters connected
with these appoi from the ing salary to the retiring
allowance.—II. MrLizary and MaRrINE; including information of &
similar kind respecting these services, and the Home Estublishment of
the Bast India Compuny.—III. COMMERCIAL; con! Lists of
Merchants, Agents, Associations, &e., throughout the United Kingdom ;
likewise, the trades connected with India and the Colonies; and Tariff
of Indian and Colenial produce.

The East IxpraN Asp CoLoxran DEPARTMENT embraces —
I. CrviL. The Government Lists of Bengal, Madras, Bombay, Ceylon,
Hong Kong, Australia, New Zealand, Mauitius, and the Cape of Good
Hope ; Lists of Civil Servants and their appointments, and of Judicial
Establishments, with a detailed account of the Benefit Funds.—II.
MiLitary. Staff and Field Offcers; Distribution of the Army, in-
cluding the Royal troops; Ecclesiastical Establishment ; and all Benefit
Funds.—II1. ComMERCIAL. Listof Mercantile Firms, Banks, Incurance
Companies, Public Institutions, &e., in India and the Colonies ; with the
respective Tariffs, and Tables of Money, Weights, Mcasures, &e., and
other miscellaneous information.

Religions and Churational.

THE PARENT'S CABINET OF AMUSEMENT AND
INSTRUCTION.

A valuable and instructive Present for the Young. Each volume of this
useful and instructive little work comprises a variety of information on
different subjects :—Natural History, Biography, Travels, &c.; Talcs,
original and selected ; and animated Conversations on the objects that
daily surround young people. The various tales and subjects are
illustrated with Woodcuts.  Each velume is complete in itself, and may

be purchased separately. In six neatly bound vals., price 3s. Gd. each.
«Every parent at all interested in his children must have felt the difficulty of providing
suitable reading for them in their hours of amusement. This liule work presents these
advantages in a considerable degree, as it contains just that description of reading which

will be Beneficial to young children.”—Quarterly Journal of Education,

LITTLE STORIES FROM THE PARLOUR PRINTING-
PRESS.
By the Author of “ THr PARENT'S CABINET.” Royal 18mo., price
25. 6d. neatly bound in cloth.

““A very nice little book for children. The author has evidently been familiar with
children, and brought himseif to understand their feelings. No child’s hook that we have
ever seen has been so admirably levelled at their capacilies as this admirably written litlle
book.”—Weekly Chronicle.
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INVESTIGATION; OR, TRAVELS IN THE BOUDOIR.

By CAROLINE HALSTED, Author of ° The Life of Margaret
Beaufort,” &c. &e. Feap. 8vo., with highly-finished Plates, 4s. Gd.
cloth.
“ This is an elegantly-written and bighly instructive work for young people, in which
a general knowledge of various inleresting topics, connected with every-day life, is pre-
sented to the youthful mind in an attractive and amusing form.”

THE PROGRESS OF CREATION,

Considered with reference to the PxesENT CONDITION OF THE EARTH.
An interesting and useful work for yoany people. By MaRrY RoBErTS,
Author of Annals of My Village,” &c. &c. In feap. 8vo., beautifully
illustrated, price 4. 6d. cloth.
“We have seldom met with a work, in which instru
more happily blended.”—Zimes,
“This beautiful volume forms an instructive collection of siriking facts, interspersed
Witk amiable reflections.”—Spectator.

and entertainment are

THE JUVENILE MISCELLANY OF AMUSEMENT AND
INSTRUCTION.
Tllustrated by numerous Plates and Woodeuts. Feap. 8ve., price 6s°
neatly bound in cloth.
“TFilled with amusement and instruetion as its tille indicates.”—Court Jowrnal,

TRAVELS OF MINNA AND GODFREY IN MANY LANDS.
From the Journals of the Author.—HOLLAND, one vol. feap., with
Plates, price 7¢. cloth.—The RuINE, NAssAU, und BADEN, with Plates,
‘price 78. cloth.

LETTERS FROM A MOTHER TO HER DAUGHTER,
Ar, or Gorxg To Scuoor. Pointing out her Duties towards her
Maker, her Governess, her Schoolfellows, and herself. By Mrs. J. A,
SareanT. Sixth Edition, royal 18mo., price 25. 6d. handsomely bound
in cloth.

THE CHRISTIAN'S SUNDAY COMPANION.
Being Reflections, in Prose and Verse, on the Collect, Epistle, and
Gospel ; and Proper Lessons for each Sunday; with a view to the
mmediate connexion. By Mrs. J. A. SARGANT. In one vol. post 8vo.,
price 8. cloth.

We cordially recommend this volume as an acceplable present to be made to the
heads of families, and also an admirable school book to be read on Sunday morning to
scholars before proceeding to the Temole of God.”—Church and Statc Gazettz.

«The whole production is eminently fitted to elevate the tone of religious feeling, to
strengthen in the minds not only of the rising generation, but also of the older [riends to
our venerable ecclesiastical institution, sentiments of firm and ferven! attachment to the
pure faith and reformed worship established in this Protestant countey, and for these
reasons especially we recommend it 10 the perusal of our readers.”—Norfolk Chronicle.

*
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WORKS BY THE REV. CHARLES B. TAYLER, M.A.

Author of “ MAY You LIKE IT,” &e. &c.

I.
RECORDS OF A GOOD MAN’S LIFE.

Seventh Edition, in one vol. small 8vo., price 75. neatly bound in cloth.
“We most earnestly recommend this work lo the perusal of all these who desire
instruction blended with amusement. A spirit of true piely breathes through every page ;
and whilst the innoeent recreation of the reader is amply consulted, bis motives 10 virtue
and moralily receive an additional stimulus.”—Monthly Review.

II.

MONTAGUE ; OR, IS THIS RELIGION ?

A PAGE FROM THE Book oF THE WomrLp. New Edition, in feap.

8vo., Lllustrated, price Bs. cloth, and 95. morocco extra

“To Christian parents we recommend the work, as admirably adapted (o remind

them of their imporiant duties, and their awful responsibility ; and to our young readers,
as affording them much excellent advice and example, and displaying in the most lively
colours the high rewards of filial obedience.”—Christian Monitor.

IIIL.
A VOLUME OF SERMONS

On the DoeTRINES and DUTIES of CHRISTIANITY. Second Edition
demy 12mo., price 5. boards.

“ Well meriting a high rank among the pious labours of the minisiry, is this simple
but admirable volume3; direcled to instruct and improve even Lhe most ignorant ; while it
reflects lustre on the Christian motives of its amiable author, it at the same time does
honour o his lalents,”"—ZLitcrary Gazette.

IV.
LEGENDS AND RECORDS, CHIEFLY HISTORICAL.

Contents :—Lucy—Lorenzo; or, a Vision of Conscience—The Lady Lisle
—Fulgentius and Meta— Anne of Cleves; or, Katharine Howard—
George the Third—The Lady Russell—Guyon of Marseilles—The Earl
of Strafford— Donna Fraucesea—Juan of Kent—The Lady Anne Carr—
The Son and Heir—Leonora. In post 8vo., beautifully Illustrated, price
10s. 6d. elegantly bound.

A more fitting present for Christmas could not well be thought of; (e coslliness of
ils attire sinks into nothing when compared with the internal elevation of ils purpose.”
Vorning Herald.

V.
THE CHILD OF THE CHURCH OF ENGLAND.
Price 2s. neatly half bound.

“These are truly Christian Parents’ Books, and happy would it be for the rising
generation if (heir instructors and tutors would put these admirable works of Mr. Tayler
into the hands of the young, while their tender minds are yel open lo receive the good
jmpressions which they are also calculated Lo convey.”—Christian Monitor.
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SOCIAL EVILS AND THEIR REMEDY.
A Series of Narratives. The First Number, entitled “ Tee MECHANIC,”
was pronounced to be  One of the most useful and interesting publica-
tions that had issued from the press.”
The following are the Contents of the dxﬂemnt Numbers, price 1. 6d.
—I1. ¥ The Lady and the Lady's Maid.”—III. *The Pastor of
IV. “ The Labourer and his Wife. . “ The Country
wn."—VI. “ Live and Let Live; or, the Manchester Weavers."—
VII. “The Soldier.”—VIII. “The Leaside Farm.” Every two con-
secutive Numbers form a Volume, which may be procured, neatly bound,
price 4s. each.

“The design of Mr. Tayler is praisewortby; his object being to counteract, by a
series of tales illustrative of the power and necessily of religion in the daily and bourly
concerns of life, “the confusion of error with truth in Miss MARTINEAU'S ENTER-
TAINING STORIES.' "—C/iristian Remembrancer.

THE RECTORY OF VALEHEAD;
Or, T EpIFICE OF A Hory Houe. By the Rev. RopERT WILsoN
Evans, B.D., Vicar of Hevershami. Twelfth Edition, with an illustrative
Plate, price 65 neatly bound in cloth; or 9s. elegantly bound in
maroceo.

“Universally and cordially do we recommend this delightful volume. We believe no
person could read this work and not be the better for its pious and touching lessons. It
is a page taken from the book of life, and eloquent with all the instruction of an excellent
patlern: il is a commenlary on the affectionale warning,  Remember thy Creator in the
days of thy youth.” 'We have not for some time seen a work we could so deservedly
praise, or 50 conscientiously recommend.”’— Literary Gazettc.

THE LIFE-BOOK OF A LMOVRER.
PRACTICAL LEssoNs FOR INSTRUCTION AND GUIDANCE. By A
WoRrKING CLERGYMAN, Authur of the  Bishop’s Daughter,” &c. &e.
In one vol. 8vo., price 7s. neatly bound.

“We never in all our experience met with a more interesting work, and one
breathing more fully and firmly the very essence of Christian phllnnlhvopy and national
patriotism, and that loo in the most simple and unambilious language, as if the writer
were nol aware of his power of influencing all the betler feelings of the hlmmn heart."—
Literary Chronicle,

“This volume reminds us forcibly of that most delightful of all biographies, <The
Dactor,” to wl ndeed il is hittle if at all inferior.” — Britannia.

“It is the pious offering of one who may be deemed a proper follower in the footsteps
of that good man, Legh Richmond.”—_#rgus.

“E

THE RELIGIOUS HISTORY OF MAN ;
In which RELIGTON and SUPERSTITION are traced from their source.
By D. Mor1son. The Second Edition, enlarged, feap. 8vo. price 6s. cloth.
“The inlention of this book is not less admlrable than the manner in which it is
written. It is most instructive, and the lone of its conlents is in the highest degree pious,
wilhout the least tinge of puritanism. The information it gives on the most difficult points
of biblical reading render it a valuable book to all who desire true knowledge."—.dge.

* Curious, mdllsll'mlls, and learned, and well worthy the attention of the puhlll‘.. —
Literary Gazette,

“«The plan of this book was hoth extensive and important—embracing an inquiry into
the naturz of Revelation, and ils influence on the opinions and customs of mankind;”
= * = «he wriler uses Scripfure as an interpreler,” and *sticks 1o the literal text of the
six days.”—Spectator.

THE FAMILY SANCTUARY;
A Form of Domestic Devotion for every Sabbath in the Year: containing
the Collect of the Day; a Portion of Scripture ; an Original Prayer or
Sermon; and the Benediction. Second Edition. One vol. 8vo., price
7s. (Gdl. half bound in cloth.
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MORTAL LIFE; AND THE STATE OF THE S0UL
AFTER DEATH;

CONFORMABLE TO DIVINE REVELATION. By ALEXANDER CoP-

LAND, Esq., Author of “ The Existence of Other Worlds,” &e. In one

thiek vol. 8vo., price 15s. bound. | .

«The work will afford in perusal, to all sorrowing relations, the consolation and diver-

sion of mind of the most eongenial kind. It neither leads the thoughs to dwell painfully
on one idea—that of loss—nor does it aliogether withdraw the mind from its eontempla-
tion : an effort still move painful, The study of a work like this, on the contrary, while it
gradually weans grief from its melancholy occupation, supplies it with the sweelest and
most cheerful of all balm—the happy certainty of re-union, not after the lapse of vast ages
of time, but of the instant term of mortal existence.”—7 heological Review.

SCRIFPTURAL STUDIES:
Comprising—The CrEATION—The CHRISTIAN SCHEME—The INNER
SEnsE. By the Rev. WiLriam HILL TUCKER, M.A., Fellow of King's
College, Cambridge. In one thick vol. demy 8vo., price 10s. 6d. neatly
Tound in eloth.

“This is not a work for ordinary readers. The author thinks for himself; and so
writes that his readers must (hink 100, or they will not be able to understand him.—'
the sacred volume, as a revelation from God, he pays uniform and enlire deference—and
the thoughtful and prayerful reader will soon ind that he has not the thinkings of a com-
monplace mind before him.”—Methodist Magazine.

A HISTORY OF THE CHURCH OF CHRIST.
In a Course of Lectures, By the Rev. CHARLES MACKENZIE, A.M.,
Viar of St. Helen's, Bishopsgate, and Head Master of Queen Elizabeth’s
Grammar School, St. Olave's, Southwark. In one vol. post 8vo., price
3. Gd. neatly bound in eloth.

“ Although the author is able and earnes, he isnot bigoted or intolerant.” —Literary
Gazette.

It is but an octavo, yet within ils convenienlly compendious pages il conlains a re-
view carefully taken of lhe progress of the Chureh of Christ, through all the perils of
persecution, dissent, and heresy, by which it bas been tried as in a furnace, up to ils
confirmed eslablishment in this country at the epoch of 1688.”"—Herald.

THE CHURCH AND DISSENT,
Cousidered in their Practical Influence on Individuals, Saciety, the
Nation, and Religion. By EpwArD OsLER, Esq. In feap. 8vo., price
Gs. bound.

«1t would be impossible to find, in the whole range of our literature, a work so admi-
rably suited to the present times as this invaluable little volume. The searching tesl to
which the respective systems have been submitled is so complete and eonvincing, that the
work ought to be studied by every Dissenter and Churchman in the Kingdom, particularly
al the present religious crisis.”— Christian Review,

CHURCH AND KING :

Comprising—I. TEE CHURCH AND DISSENT, CONSIDERED IN THEIR
PracTicAL INFLUENCE; showing the Conunexion of Constitutional
Monarchy with the Church, and the identity of the Voluntary Principle
with Democracy.—I1. Tre CuukcH ESTABLISHED ON THE BInLE;
or, the Doctrines and Discipline of the Church shown in the Order
and Connexion of the Yearly Services appointed from the Serip-
tures,—III. THE CATECHIEM EXPLAINED AND ILLUSTRATED. In
Connexion with these appointed Services,—IV. PSALMS AND HYMNS
ON THE SERVICES AND RITEs oF THE CHURCH. By EDWARD
OsLer, Fsq. In one vol. royal 8vo., price 4s. cloth boards.

®
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THE AUTOBIOGRAPHY OF A DISSENTING MINISTER.

The Sixth Edition. Price 4s.
££0ur own abservatton has shown us he trul of the stabement put fortl
wrilten exposure of the tyranny to which the greater i Dissenting Ministers a
Compelled o submit, and the exils which the dcstruetion of tho Established Church would

bring upnn religion.”—Court Journal.

: warmly recommend this most excellent work to public notice.
s Volodt e it e being likely to make a cons
religious, high-church, and dissenting world.”—Literary Ga:
“'Their mode of education at the Dissenting Colleges,as they are pompously styled,

is admitably shown up.”—Edinburgh Eveniig Post.

British Mag.
able stir in the

THE IDEAL OF THE ENGLISH CHURCE.
A Sketeh. By the Rev. R. MoxTcoMERY, M.A., Author of “ Luther,”
“ The Gospel before the Age,” &e. &c. 8vo., price 2. 6d. sewed.

CAPITAL PUNISHMENTS UNSANCTIONED BY THE
GOSPEL,
And USNECESSARY IN A CHRISTIAN STATE. A Letter to the Rev.
Sir JomNy Pace Woop, Ban., B,C.L. By the Rev  HENRY
CHRISTMAS, M.A., F.R.S. , late of 8t.John’s College. 8vo.,
price Ls. stitched.

THE ENGLISH MASTER;
Or, STUDENT'S GUIDE To REASONING AND ComrosiTioN. Ex-
hibiting an Analytical View of the English Languuge, of the Human
Mind, and of the Principles of fine Writnz. By Wrciam Bas,
Private Teacher of C 1 Phi &e. Second
Tdition, post 8vo., price 10s. 6. boards.
«We have examined with care and pleasure this valuable treatise of Mr. Banks, und
strenuously recommend the volume as one of all olhers most fil Lo put inlo the hands
every English student.”— Heekly Revicw.

A NEW SPELLING-BOOK OF THE ENGLISH
LANGUAGE.

Containiog all the ]\Iunos)llubles a copious Selection of Polysyllables,

carefully arranged and accented ; Progressive Lessons, chiefly from the

Holy Scriptures; a List of W ords of various Meanings ; a short Bible

Cutech\rm Questions on Seripture History ; and School Prayers. By
S. MOORE, Master of the Brewers’ Company’s School.” 12mo.,

pnce 1s. 6. bound.

ARITHMETIC UNVEILED:

Being a Series of Tables and Rules, whereby most of the calculations in
business may be either mentally performed, or so abridged as to save
half the time usually employed. To which are annexed a Multiplication
Table extending to 200 times 200, and Tables of Interest on an improved
plan. The whole adapted to the use of both the first merchant and the
most humble trader. By James MoDowary, Accountant. In demy
12mo., price 5s. bound in cloth.
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THE GRAMMARIAN ;

Or, THE EXGLISH WRITER AND SPEAKER'S ASSISTANT : comprising
S#arz and WrLy made casy to Forelgners, with instances of their
Misuse on the Part of the Natives of Eugland. Also SCOTTICISMS.
designed to correct Improprieties of Speech and Writing. By JAMES
BEATTIE, LL.D. 24mo., price 2s. cloth boards.

A SYSTEM OF ARITHMETIC,

With the PRINCIPLES OF LoGARITHNs, Compiled for Merchant
Taylors’ School. By RICHARD FREDERICK CLARKE, Teacher. Third
Edition, demy 12mo., price 3s. bound,

“The great object attained in this excellent work is a most judicious abridgment of
the labour of teaching and learning every branch of Arilhmelic, by rendering Lhe Rules
and Explanations so very simple and intelligible, that the siudy becomes a pleasure,
instead of a task, 1o the youthful pupil.”

Poelrp,

RHYMES AND RECOLLECTIONS OF A HAND-LOOM
WEAVER.
By WrrLiam Tron, of Inverury, Aberdeenshire. The Second Edition,
with Additions. In post 8vo., price 8s. with a Portrait.
“ An’ syne whan nichts grew eauld and lan
‘A witl e sichi.-ae while he sang?l- Ol Batlad
“ The Rhymes are to be read with interest, and not without admiration.”
Ezaminer.
< Lel every good man and woman think of the author ; from this book he looks for
some consolation, and we trust it will bring him still mere eflectual protection from other
sources.”’— Literary Gazette.

THE COTTAR’S SUNDAY, AND OTHER POEMS,
Chiefly in the Scottish Dialect. By Perer Strir. In feap. Svo.,
price 3. cloth.

THE PALACE OF FANTASY; OR, THE BARD'S
IMAGERY.

WitH orEER Poems. By J. 8. Harpy, Author of “ Hours of
Thought; or, Poetic Musinzs.” In feap. 8vo., price 3s. 6d. cloth.

“There is much of the pure gold of poetry in this handsome little volume.’—
Macctesfield Chronicie.

““The principal poem in this little vo]umr:, written in the Spenserian Stanza and dic-
tion, contains many pleasing passages. . . Much talent is evinced by the author.”
—Oxford Heral

“This poem contains many passages which one would read again afler the first
perusil—a remark which cannot be made of much of the poetry Whi ublished.
Some of the miscellaneous poews are very sweel, reminding one of Cowper’s smaller
pocms.”—FHerts County Press.

“The <Palace of Fantasy” is of a higher character than the generality of poems: the
spirit of poetry is perceptible throughout, and the work has a healthy lone and purpose.”
eltenham Journal.
litile volume is one of considerable merit. The principal poem eontains many

ges, original and striking, which cannot fail t0 please.” — Plymowuth Herald.
r Hardy has produced a poem which, had it appeared during the last century,
would have secured for him a sure place among the British Poets.— Derbyshire Chron.
i
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A METRICAL VERSION OF THE SONG OF SOLOMON,

Axp oTHER Porns. By A LATE GRADUATE oF Oxronn. In
feap. Bvo., price 4s. 6d- cloth.

KING RENE’S DAUGHTER.
A Lyrical Drama. From the Danish of IIeNRIK HERTZ. By JAix:
FRrANc1s CHAPMAN, Translator of < Waldemar,” and “King Eric and
the Outlaw.”” In feap. 8vo., price 2s. 6d. cloth,

LAYS OF THE SEA, AND OTHER POENMS.
By PERSONNE. In feap. 8vo., price 6s. cloth.

ISLAFORD, AND OTHER POEMS.

A Book for Winter Evenings and Summer Moods. By GroncE
Murnay. Infeap. Bvo., price ds. cloth.

GRISELDA:

A Dramatic Poem. Translated from the German of FREDERICK Har .
By Q. E. D. Royal 18mo., price 4s. cloth gilt.

An elegant translation of an elegant German poem.”—.4thenaun,

“In conclusion we would strongly recommend * Griselda” 1o our readers
them thal, in our opinion, they will not easily meet with anything so deserving of po
larity, cither from the parity of the siyle, the interest of the siory, the fdelity of the
translation, the easy flow of the rhyme, or the elegance of the language.” —Foreign and
Colonial Quarterly Review.

THE COLUMBIAD:
Comprising Geographical Sketches, and a Narrative of Nautical Adven-
tures in the Eastern Seas, including the perils of a storm, and provi-
dential escape from shipwreck : with Meditations on a Future State.
By ARCHIBALD TUCKER RITCHIE, Esq. In demy 8vo., price 10s.
‘handsomely bound in eloth.

¢ Under this title the author has given a poelical narralive of his voyage in the
Indian Ocean, somewhal in the manner of Falconer’s Shipwreek.” . The most
remarkable passage is that where he announces a new altempt o explain the phenomena
of Geology in connexion with the fivst chapter of Genesis. . . . We would recommend
the perusal of this poem, which contains some pretly passages bolh to interest and
instruct the reader.” —Edinburgl Weekly Journal.

“This is an interesting poem. . . . - In so far as it is descriptive, it is a painting
from Nature, and a narrative of real life. The author can suy, <All which [ saw, and
part of which I was.” T to landsmen the poem is interesling, it must be peculiarly so to
those *whose march is on the deep.’ . ... The auther is nvldvnl]) a person of ngh[

rineiples, of a kind and pious hean and of a gencrous aud polished mind. . . He
has a Inghex object than merely giving pleasre’; he seeks lo benefii bis reader:
Scottish Guardian.

DAYS IN THE EAST:
A Poem in Two Cantos. Descriptive of Scenery in India, the Departure
from Home, the Voyage and subsequent Carcer of sn Officer in the East
India Company’s Army. By JAMEs HENRY BURKE, Esq., of Marble
Hill, Lientenant Bombay Enginecrs, Member of the Bombay Branch of
TRoyal Asiatic Society. In demy 8vo., price 6s. bound.
“Fhe Stanzas of M. Burke bespeals a once high focling, a vigorous cultivated in-
telligence, and a delicate poelic Laste. " —Mornin, erald.
,,Th execution i even, finished, and good.” —Wee/uy Chronicle.
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Cmbellished ¥Works and Prints.

ILLUSTRATIONS TO “ADVENTURE IN NEW
ZEALAND.”

By EDWARD JERNINGHAM WAKEFIELD, Esq. Lithographed from
Original Drawings taken on the spot, by Mrs, WIcKsTEED, Miss KING,
Mrs. Fox, Mr. Joun Saxtox, Mr. CuarLEs HEarny, Mr. 8. C.
BrEEs, and Captain W. MeIN Smrta, R. N. One volume folio, with
fifteen Plates, including Views of Port Nicholson, Wellington, Nelson,
Petre, New Plymouth, and other Settlements ; with Portraits of Native
Chiefs, and their Dwellings; and Drawings of Trees and Plants.

Price 3. 3s. plain ; 41. 14¢, Gd. coloured.
 Drawn with great skill, and exceedingly well lithographed ; their great value con-
sists in their giving correcl representations of the scenes and objects they depict.” —.f¢/as.

A GENERAL VIEW OF THE FALLS OF NIAGARA.

Etehed in the best manner, on Copper. By F. C. LEwis, Esqg.,
Encraver to the Queen. From a Drawing made on the spot, by Captain
JamEes Graman, of H. M. 70th Regiment. On an extended scale of
forty-three by nineteen inches. Price, India Proofs, 2/. 2s.; Plain
Prints, 15s. ; beautifully enloured as Drawings, 21s.
The view embraces the two Falls, including Goat Island and the eountry on both
banlis of the river ; and presents a faithful and complele picture of this majestic scene.

THE ORIENTAL FPORTFOLIO:

A Series of splendid Illustrations of the Scenery, Antiquities, Architec-
ture, Manners, Costumes, &e. of the East. From original Sketches in the
collections of Lord William Bentinck, K.C.B., Captain R. M, Grindlay,
Lady Wilmot Horton, Sir Henry Willock, K.L.S., Thomas Bacon, Esq.,
James Baillie Fraser, Esq., and other travellers, The Literary Depart-
ment of the Work by Horace H. Wirson, Esq., M.A., F.R.5., &e. &e.
The series is now ecompleted, comprising eleven beautifully finished
Plates, tinted in imitation of Drawings. Price 21. 2s. elegantly bound

in lurge folio. | o]
*7™ The object of this undertaking is to supply what has long been felt to be a desidera-
tum 5 namely, Graphic Illustrations of the Scenery, Antiguities, Architecture, Manners,
Costumes, &c. of the East, which, as the theatre of so many brilliant military achieve-
ments, and such extensive commercial enlerprise, is daily inereasing in inlerest with the
British public. The Drawings for the work are made by the [ivst Arlists in the Kingdom,
from the Original Sketches taken on the spol.

T R

THE EYRON GALLERY -

A Series of thirty-six Historical Embellishments, illustrating the Postical
Works of Lord Byrow ; beautifully engraved from Orizinal Drawings
and Paintings by Sir Thomas Lawrence, P.R.A., H. Howard R.A.,
A. E. Chalon, R.A., J. Stothard, R.A., R. Westall, R.A., and other
eminent Artists : adapted, by their size and excellence, to bind up with
and embellish every edition published in England of Lorp Byron’s
Works, and alsv the various sizes and editions published in France,
Germany, and America. Price 21s. elegantly bound, forming a splendid
ornament for the drawing-room table.

~ “Adequately to describe the delicate beauty of these splendid plates does not appear to

lic within the power of langnage. There is not an admirer of the works of the departed
noble poet who can feel salisfied that he has a perlect edition of them, unless the ¢ Byron
Gallery © be attached to it. There is no instance in which excellence in poelry and the
arts are so admirably combined.” —Imperial Magazine.
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STANE‘IELD‘S COAST SQENERY:
A Series of Picturesque Vicws in the British Channel and on the Coast of
France. From Original Drawings, taken expressly for the work, by
CLAKKSON STANFIELD, Esq., R.A. Second edition. Forty plum
engraved in line, in the most finished style, with descriptive letter press.
One yolume 8vo., handsomely bound in cloth, gilt edges. Price 21s.

ARIEL, Designed by E. T. PARRIS, fincly engraved in line by F. Bacox.
Proofs 15s., prints 10s.

THE SMUGGLER'S ESCAPE. Painted by H. W. Hinrvey.
Engraved by C. ROSENBERG. Plain 5s., coloured 10s, Gd.

Marine piclure, representing the chase 0( @ smugg ling lugger by a Frigate, talen
fiom a scene in Mr. James’s Novel * The Smugg]

VIEW OF MELBOURNE, PORT PHILLIP. Painted by W. F.
Lrawper. Engraved by J. W. LowRy. With Index-plate, price 108. 6./
In this View every public and private building of \mpnume is represented with
minute accuracy, and referred to by name in the Index-plai e foreground being
animated by characterislic groups of malives, &c. The plat punmnml under (he
auspices of the Superintendent and principal residents of Melbourne.
VIEWS IN CALCUTTA. By JauEs B. FRASER, Esq. Engraved in
Aquatint, and beautifully coloured from nature, Price 10s. Gd.
These Views embrace the principal edifices of Calcutta, and represent the sticels,
squares, promenades, and suburbs of (his splendid_city, filled with the motley group
Europeans and Nalives; the river and shipping being also shown under atmosp!
effects characteristic of the climate and country.
VIEWS OF SETTLEMENTS IN NEW ZEALAND :—
VIEW OF WELLINGTON, NEW ZEALAND. Plain 3., colonred 5s.
VIEW OF LAMBTON HARBOUR, NEW ZEALAND. Plain 3s.,
coloured 5s.

VIEW OF NEW PLYMOUTH, NEW ZEALAND. Plain 3s.,
coloured 5.

VIEW OF ]\IDU\T EGMONT, NEW ZEALAND. Plain 3s.,
coloured 5

Fhese Views ave faithful representalations of the features of those paris of the coast
of New Zealand selected as sites of the Company’s principal seitlements. They were
taken by Mr. Charles Heaphy, Draughtsman o the New Zealand Company, and exhibit
the appearance of th untry under the influence of colonization ; showing the first
habitations of the settlers, and the dawnings of commerce and civilization on a savage
stale. They are exccuted in tinted Lithography by Mr. Allom.

VIEWS OF ALL THE PRINCIPAL TOWNS IN SCOT-
LAND. Each, coloured, 7s. 6d.

PORTRAITS OF EMINENT AUTHORS AND ACTRESSE
Portrarrs of the following eminent AvrHOoRs and ACTRESSES,
engraved in line from Original Drawings, of a size suitable for Tllustra-
tiom, may be had at 15, each, prints; and 2s. 6. each, India proofs.

Tsomas CARLYLE, Esq. Mrss O'NEIL.
CHARLES DICKENS, Esq. Miss Bruntow.
WiLriax WoRrDSWoRTH, Esq. Mrsg FooTE.

ALFRED TENNYSON, Esq. MaDAME VESTRIS.
ROBERT BROWNING, Fsq. Mrss ELLex TrEE.
Miss HAKRIET MAMan. Miss Herey FAUCIT,

ILLUSTRATIONS OF FRIENDSHIP’S OFFERING.

A few Proof Impressions of the varied and beautiful designs illustrative of the several
volumes of (his elegant Annual, particularly suited for ornamenting Albums and Serap-
hooks, may be had separately.

Price, India proofs, 25, 6. each ; plain prints Ts. each.
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MAPS AND CHARTS

A NEW MAP OF THE PUNJAUB. Coloured 1s. ; in case 1s. G-

ARROWSMITH’S MAP OF AUSTRALIA AND NEW ZEALAND.
In sheets, coloured, 1s. 6d. ; in case, coloured, 2s. 6.

In sheets,

ARRD\VS]\[ITH'S MAP OF NEW ZEALAND.

4. 6d. 5 in case, coloured, 2. Bel.

CHART OF COOK'S STRAITS, NEW ZEALAND.

HEAPHY, Esq. Price 8s.

coloured,

By CHARLES

HEIGHTS OF ALL THE MOUNTAINS IN THE WORLD.

Plain 1s., eoloured

2s,
PARBURY’S MAP OF OVERLAND ROUTE TO INDIA.

case Bs., in sheets, 6s.

BOOKS FOR THE EYSE OF THE BLIND.

In

Printed with a very distinet Raised Roman Leiter, adapted to their Touch.
The HoLy BIBLE, in 15 vols. dto. bound. = Auy volume

se]]aratdyA
* Genesis .
i Leviticus .

4, Deuteronomy .
. Joshua, Judwes, aud ]'i\lll\ .
. Samuel . .

. Job, Lm, it
10. Psalms

TRIEIRI= 1SS =1
cEaon

Esther
— 12, Isaiah
— 13. Jeremiah And L'\mcntatmns
— 14. Ezekiel
— 15. Daniel, to the cml

The New TrstAMENT, complete, 4 vols. boun

The Four Gospels, separately :—
Matthew . . . .
Mark . . . .
Luke . . . -
John

The Acts of the Apasﬂes

The Epistles to the Ephesians. 1r|r| Ga‘utla)ls

The Church of Enzland Catechism
Chureh of Scotland Shorter Catechism
Selections from Emiuent Authors .
Selections of Sacred Poetry, with Tunes
Arithmetical Boards q

Map of England and W.'xles 4

Rauth and James

Report and Statement of l‘rl llcatvou 3
Specimens of Printing Type 5

First and Second Bnak of Lessons .

B Nudiliona’ 051 205 e

11. Proverbs, Ecclesmstes, San" nrf Sol

A Selection of Esop’s Fables, with Wuodc\lta

Lessons on Natural Religion’
The Psalms and Paraphrases, 2 vols.
The Morning and Evening 3ervices
The History of the Bible
Musical Catechism, with Tunes
English Grammar . .
Tod’s Leetures, vols, 1 and 2, cuch 5
Description of London, by Chambers
Meditations on the Sacrament

Ioman

e
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