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PREFACE

10

THE SECOND EDITION.

Tue Fst Eprmox of my ‘Geological Observations
on the Volcanic Islands; visited during the voyage
of H.M.S. ¢ Beagle, under the command of Capt. Fitz-
Roy, R.N., was published, with the approval of the
Lords Commissioners of Her Majesty’s Treasury, in the
year 1844 ; and my ¢Observations on South America,’
in 1846, As both these works are now out of print, and
as I believe that they still contain matter of scientific
value, it has appéared to me advisable that they should
be republished, They relate to parts of the world
which have been so rarely visited by men of science,
that T am not aware that much could be corrected or
added from observations subsequently made.

Owing to the great progress which Geology has
made within recent times, my views on some few points
may be somewhat antiquated; but I have thought it
best to leave them as they originally appeared. In
order to complete my account of the Geological Obser-
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vi Preface to the Second Edition.

vations made during the voyage of the * Beagle, I will
here give references to four papers which were separately
published. First, ¢ On the Connection of certain Vol-
canic Phenomena in South America,’ read in 1838, and
published in Volume V. of the ¢Transactions of the
Geological Society.’ Secondly, ¢On the Distribution
of the Erratic Boulders and on the contemporaneous
Stratified Deposits of South America,’ read in 1841, and

- published in Volume VI. of the ¢ Transactions’ of the
same Society. Thirdly, ¢ An Account of the Fine Dust
which often falls on Vessels in the Atlantic Ocean:’
“Proceedings of the Geological Society,’ June 4, 1845,
Fourthly, on March 25, 1846, in the same Journal,
£On the Geology of the Falkland Islands.
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CHAPTER I
ST. JAGO, IN THE CAPE DE VERDE ARCHIPELAGO.

Rocks of the lowest sevies. A caloareous sedimentary deposit, with recent
shells, altered by the contact of superincumbent lava, its horizontality
and extent—Subsequent volcanic eruptions, associated with calcareous
matter in an earthy and frous form, and often enclosed within the
separate clls of the scoria—Ancient and. obliterated orifices of eruption
“of small size—Dificulty of tracing over a bare plain recent streams of
l  hills of more ancient ic e ine i
large masses—Feldspathic rocks beneath the wpper crystalline basaltio -

Tnif ie il

Form of the valleys near the coast—Conglomerate now forming on the
sea beach.

Tug island of St. Jago extends in a NNW. and SSE.
direction, thirty miies in length by about twelve in
breadth. My observations, made during two visits, were
confined to the sonthern portion within the distance of
a few leagues from Porto Praya. The country, viewed
from the sea, presents a varied outline : smooth conical
hills of a reddish colour (like Red Hill in the accompany-
ing woodeut),! and others less regular, flat-topped, and
of a blackish colour (like A, B, C,) rise from successive,
step-formed plains of lava. Ata distance,a chain of
mountains, many thousand feet in height, traverses the
interior of the island. There is no active volcano in
St. Jago, and only one in the group, namely at Fogo.

! The outline of the coast, the position of the villages, streamlets,
and of most of the hills in this woodeut, are copied from the chart
made on board HLMLS. *Leven.” The square-topped hills (A, B, C, &e.)
are put in merely by eye, to illustrate my deseription.

B2
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4 St. Fago. PART L.

4 e SRR
The island since being inhabited has not suffered from
destructive earthquakes.

The lowest rocks exposed on the coast near Porto
Praya, are highly crystalline and compact ; they appear
to be of ancient, submarine, volcanic origin ; they are
unconformably covered by a thin, irregular, calcarcous
deposit, abounding with shells of a late tertiary period 3
and this again is capped by a wide sheet of basaltic lava,
which has flowed in successive streams from the interior

e
{ Red-Hill éxvv)
| Qued I¢
Riveira T M Y

. Porto Praya.
PART OF ST. 7AGO, ONE OF THE CAPE DE VERDE ISLANDS.

of the island, between the square-topped hills marked
A, B, C, &. Still more recent streams of lava have
been erupted from the scattered cones, such as Red and
Signal Post Hills, The upper strata of the square-
topped hills are intimately related in mineralogical
composition, and in other respects, with the lowest series
of the const-rocks, with which they seem to be continuous.

Mineralogical deseription of the rocks of the lowest
sories,—These rocks possess an extremely varying char-
acter; they consist of black, brown and gray, compact,
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cmAP. T. Calcareous Deposit. 5

basaltic bases, with numerous crystals of augite, horn-
Dlende, olivine, mica, and sometimes glassy feldspar.
A common variety is almost entirely composed of crystals
of augite with olivine. Mica, it is known, seldom occurs
where augite abounds; mor probably does the present
case offer a real exception, for the mica (at least in my
best characterised specimen, in which one nodule of this
‘mineral is nearly half an inch in length,) is as perfectly
rounded as a pebble in a conglomerate, and evidently
has not been crystallised in the base, in which it is now
inclosed, but has proceeded from the fusion of some pre-
existing rock. These compact lavas alternate with tuffs,
amygdaloids and wacke, and in some places with coarse

Some of the ill wackes are of
a dark green colour, others, pale yellowish-green, and
others nearly white; I was surprised to find that some
of the latter varieties, even where whitest, fused into a
jet black enamel, whilst some of the green varieties
afforded only a pale gray bead. Numerous dikes, con-
sisting chiefly of highly compact augitic rocks, and of
gray amygdaloidal varieties, intersect the strata, which
have in several places been dislocated with considerable
violence, and thrown into highly-inclined positions.
One line of disturbance crosses the northern end of
Quail Island, (an islet in the bay of Porto Praya) and
can be followed to the mainland. These disturbances
took place before the deposition of the recent sediment~
ary bed ; and the surface, also, had previously been
denuded to a great extent, as is shown by many trun-
cated dikes.

Description of the caleareous deposit overlying the
foregoing voleanic rocks.—This stratum is very con-
spicuous from its white colour, and from the extreme
regularity with which it ranges in a horizontal line for
some miles along the coast. Its average height above
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6 St. Fago. PART I,

the sea, measured from the upper line of junction with
the superincumbent. basaltic lava, is about sixty feet ;
and its thickness, although varying much from the
inequalities of the underlying formation, may be esti-
mated at about twenty feet. It consists of quite white
calcareous matter, partly composed of organic débris,
and partly of a substance which may be aptly compared
in appearance with mortar. Fragments of rock and
pebbles are scattered throughout this bed, often forming,
especially in the lower part, a conglomerate. Many
of the fragments of rock are whitewashed with a thin
coating of calcareous matter. At Quail Island, the
calcareous deposit is replaced in its lowest part by a
soft, brown, earthy tuff, full of Turritelle; this is
covered by a bed of pebbles, passing into sandstone, and
mixed with fragments of echini, claws of crabs, and
shells; the oyster shells still adhering to the rock on
which they grew. Numerous white balls appearing like
pisolitic concretions, from the size of a walnut to that, of
an apple, are embedded in this deposit; they usually
have a small pebble in their centres. ~Although so like
concretions, a ciose examination convinced me that they
were Nullipor, retaining their proper forms, but with
their surfaces slightly abraded : these bodies (plants as
they arenow generally considered to be) exhibit under a
microscope of ordinary power, no traces of organisation
in their internal structure. Mr. George R. Sowerby
has been so good as to examine the shells which I col-
lected : there are fourteen species in a sufficiently perfect,
condition for their characters to he made out with some
degree of certainty, ard four which can be referred only
to their genera. Of the fourteen shells, of which a list
is given in the Appendix, eleven are recent species; one,
though undeseribed, is perhaps identical with a species
which I found living in the harbour of Porto Praya ;
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emr. 1. Calcareous Deposit altered by Heat. 7

the two remaining species are unknown, and have been
described by Mr. Sowerby. Until the shells of this
Archipelago and of the neighbouring coasts are better
known, it would be rash to assert that even these two
latter shells are extinct. The number of species which
certainly belong to existing kinds, although few in
number, are sufficient to show that the deposit belongs
t0 a late tertiary period. From its mineralogical char-
acter, from the number and size of the embedded
fragments, and from the abundance of Patellw, and
other littoral shells, it is evident that the whole was
accumulated in a shallow sea, near an ancient coast-line.

Effects produced by the flowing of the superincum-
bent basaltic lava over the caleareous deposit.—These
effects are very curious. The calcareous matter is altered
to the depth of about a foot beneath the line of junction ;
and a most, perfect gradation can be traced, from loosely
aggregated, small, particles of shells, corallines, and
Nullipore, into a rock, in which not a trace of mechan-
ical origin can be discovered, even with a microscope.
Where the metamorphic change has been greatest, two
varieties ocour. The first is a hard, compact, white,
fine grained rock, striped with a few parallel lines of
black volcanic particles, and resembling a sandstone,
but which, upon close examination, is seen to be crystal-
lised throughout, with the cleavages so perfect that they
can be readily measured by the reflecting goniometer.
Tn specimens, where the change has been less complete,
swhen moistened and examined under a strong lens, the
‘most interesting gradation can be traced, some of the
rounded particles retaining their proper forms, and others
insensibly melting into the granulo-crystalline paste.
“The weathered surface of this stone, as is so frequently
the case with ordinary limestones, assumes a brick-red
colour.
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8 St. Fago. PART 1.

The second metamorphosed variety is likewise a hard
rock, but without any erystalline structure. It consists
of a white, opaque, compact, calcareous stone, thickly
mottled with rounded, though regular, spots of a soft,
earthy, ochraceous substance. This earthy matter is of
a pale yellowish-brown colour, and appears to be a mix-
ture of carbonate of lime with iron; it effervesces with
acids, is infusible, but blackens under the blowpipe, and
becomes magnetic. The rounded form of the minute
patches of earthy substance, and the steps in the progress
of their perfect formation, which can be followed in a
suit of specimens, clearly show that they are due either
to some power of aggregation in the earthy particles
amongst themselves, or more probably to a strong at-
traction between the atoms of the carbonate of lime,
and consequently to the segregation of the earthy ex-
traneous matter. Iwas much interested by this fact,
because T have often seen quartz rocks (for instance, in
the Falkland Islands, and in the lower Silurian strata of
the Stiper-stones in Shropshire), mottled in a precisely
analogous manner, with little spots of a white, earthy
substance (earthy feldspar ?); and these rocks, there
was good reason to suppose, had undergone the action of
heat,—a view which thus receives confirmation. This
spotted structure may possibly afford some indication in
distinguishing those formations of quartz, which owe
their present structure to igneous action, from those pro-
duced by the agency of water alone: a source of doubt,
which T should think from my own experience, that
most geologists, when quartzose dis-
triets, must have experienced.

The lowest and most scoriaceous part of the lava, in
rolling over the sedimentary deposit at the bottom of
the sea, has caught up large quantities of caleareous
matter, which now forms a snow-white, highly erystalline,
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cmse. 1. Caleareous Deposit altered by Heat. 9

basis to a breceia, including small pieces of black, glossy
scoriz.  Alittle above this, where the lime is less abun-
dant, and the lava more compact, numerous little balls,
composed of spicula of calcareous spar, radiating from
common centres, occupy the interstices. In one part of
Quail Tsland, the lime has thus been crystallised by the
heat of the superincumbent lava, where it is only
thirteen feet in thickness ; nor had the lava been origi-
nally thicker, and since reduced by degradation, as could
be told from the degree of cellularity of its surface. I
have already observed that the sea must have been
shallow in which the calcareous deposit was accumulated.
In this case, therefore, the carbonic acid gas has' been
retained under a pressure, insignificant compared with
that (a column of water, 1708 feet in height) originally
supposed by Sir James Hall to be requisite for this
end: but since his experiments, it has been discovered
. that pressure has less to do with the retention of carbonic
acid gas, than the nature of the circumjacent atmo-
sphere; and hence, as is stated to be the case by Mr.
Faraday,' masses of limestone are sometimes fused and
erystallised even in common lime-kilns. Carbonate of
lime can be heated to almost any degree, according to
Faraday, in an atmosphere of carbonic acid gas, without
being decomposed ; and Gay-Lussac found that frag-
ments of limestone, placed in a tube and heated to a
degree, not sufficient by itself to cause their decomposi-
tion, yet immediately evolved their carbonic acid, when
a stream of common air or steam was passed over them :
Gay-Lussac attributes this to the mechanical displace-
ment of the nascent carbonic acid gas. The calcareous

! T am much indebted to r. E. W. Bruyley in having given mo the

following reesenes ta popers o ths iubjct: Tumday, in the Bl
b 3

w Philosophical Journal,” vol. xv. p. 398 ; Gay-Lussac, in
iy i g oy 219, translated in the * London
and Edinburgh Philosophieal Magazine,’ vol. x. p. 496.
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matter beneath the lava, and especially that forming the
erystalline spicula between the interstices of the scori,
although heated in an atmosphere probably composed
chiefly of steam, could not have been subjected to the
effects of a passing stream ; and hence it is, perhaps,
that they have retained their carbonic acid, under a
small amount of pressure.

The fragments of scori, embedded in the crystalline
caleareous basis, are of a jet black colour, with a glossy
fracture like pitehstone.  Their surfaces, however, are
coated with a layer of a reddish-orange, translucent
substance, which can easily be seratched with a knife
hence they appear as if overlaid by a thin layer of rosin.
Some of the smaller fragments are partially changed
throughout into this substance: a change which appears
quite different from ordinary decomposition. At the
Galapagos Archipelago (as will be described in a future
chapter), great beds are formed of volcanic ashes and
particles of scori, which have undergone a closely
similar change.

The extent and horizontality of the calcareous stra-
tum.—The upper line of surface of the calcareous stra-
tum, which is so conspicuous from being quite white and
sonearly horizontal, ranges for miles along the coast, at
the height of about sixty feet above the sea, The sheet
of basalt, by which it.is capped, is on an average eighty
feet in thickness. Westward of Porto Praya beyond
Red Hill, the white stratum with the superincumbent
basalt is covered up by more recent streams. North-
ward of Signal Post Hill, T could follow it with my
eye, trending away for several miles along the sea cliffs,
The distance thus observed is about seven miles ; but
1 cannot doubt from its regularity that it extends much
farther. In some ravines at right angles to the coast,
it is seen gently dipping towards the sea, probably with
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the same inclination us when deposited round the
ancient shores of the island. I found only one inland
section, namely, at the base of the hill marked A, where,
at the height of some hundred feet, this bed was ex-
posed; it here rested on the usual compact augitic rock
associated with wacke, and was covered by the wide-
spread sheet of modern basaltic lava. Some exceptions
ocour to the horizontality of the white stratum: at
Quail Tsland, its upper surface is only forty feet above
the level of the sea; here also the capping of lava is
only between twelve and fifteen feet in thickness; on
the other hand, at the NE. side of Porto Praya
harbour, the calcareous stratum, as well as the rock on
which it rests, attain a height above the average level :
the inequality of level in these two cases is not, as I
believe, owing to unequal elevation, but to original
irregularities at the bottom of the sea. Of this fact, at
Quail Island, there was clear evidence in the calcareous
deposit being in one part of much greater than the
average thickness, and in another part being entirely
absent; in this latter case, the modern basaltic lavas
rested directly on those of more ancient origin.

Under Signal Post Hill, the white stratum dips
into the sea in a remarkable manner. This hill is
conical, 450 feet in height, and retains some traces of
having had a crateriform  structure; it is composed
chiefly of matter erupted posteriorly to the elevation of
the great basaltic plain, but partly of lava of apparently
submarine origin and of considerable antiquity. The
surrounding plain, as well as the eastern flank of this
hill, have been worn into steep precipices, overhanging
the sea. In these precipices, the white calcareous
stratum may be seen, at the height of about 70 feet
above the beach, running for some miles both north-
ward and southward of the hill, in a line appearing to
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be perfectly horizontal ; but for a space of a quarter of

a mile directly under the hill, it dips into the sea and

disappears. On the south side the dip is gradual, on

the north side it is more abrupt, as is shown in the

woodcut.  As neither the calcareous stratum, nor the
No. 2.

SIGNAL POST HILL,

A—Ancient voleanic rocks. B—Calcareous stratum,
C—Upper basaltic lava.

superincumbent basaltic lava (as far as the latter can
be distinguished from the more modern ejections),
appear to thicken as they dip, I infer that these strata
were mnot originally accumulated in a trough, the
centre of which afterwards became a point of eruption ;
but that they have subsequently been disturbed and
bent. We may suppose either that Signal Post Hill
subsided after its elevation with the surrounding country,
or that it never was uplifted to the same height with it.
This latter seems to me the most probable alternative,
for during the slow and equable elevation of this portion
of the island, the subterranean motive power, from ex-
pending part of its force in repeatedly erupting volcanic
matter from beneath this point, would, it is likely, have
less force to uplift it. Something of the same kind
seems to have occurred near Red Hill, for when tracing
upwards the naked streams of lava from near Porto
Praya towards the interior of the island, I was strongly
induced to suspect, that since thé lava had flowed, the
slope of the land had been slightly modified, either by a
small subsidence near Red Hill, or by that portion of
the plain having been uplifted to a less Height during
the elevation of the whole area.
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The basaltic lava, superincumbent on the cal-
careous deposit.—This lava is of a pale gray colour,
fiasing into a black enamel; its fracture is rather carthy
and concretionary ; it contains olivine in small grains.
The central parts of the mass are compact, or at most
crenulated with a few minuté cavities, and are often
colummar. At Quail Island this structure was assumed
in a striking manner; the lava in ome part being
divided into horizontal lamin, which became in another
part split by vertical fissures into five-sided plates; and
these again, being piled on each other, insensibly
became soldered together, forming fine symmetrical
columns. The lower surface of the lava is vesicular,
but Sometimes only to the thickness of a few inches;
the upper surface, which is likewise vesicular, is divided
into balls, frequently as much as three feet in diameter,
made up of concentric layers. The mass is composed of
more than one stream ; its total thickness being, on an
average, about eighty feet: the lower portion has cer-
tainly flowed beneath the sea,and probably likewise the
upper portion. The chief part of this lava has flowed
from the central districts, between the hills marked
A, B, C, &e. in the woodeut-map. The surface of the
country, near the coast, is level and barren; towards
the interior, the land rises by successive terraces, of
which four, when viewed from a distance, could be
distinetly counted.

Volcanic eruptions subsequent to the elevation of
the coastland; the ejected matter associated with earthy
lime.—Theso recent lavas have proceeded from those
scattered, conical, reddish-coloured hills, which rise
abruptly from the plain-country near the coast. I
ascended some of them, but will describe only ome,
namely, Red Hill, which may serveas a type of its class,
and is remarkable in some especial respects.  Its height
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is about 600 feet ; it is composed of bright red, highly
scoriaceous rock of a basaltic nature ; on one side of its
summit  there is a hollow, probably the last remnant of
acrater. Several of the other hills of this class, judging
from their external forms, are surmounted by much
more perfect craters. When sailing along the coast, it
was evident that a considerable body of lava had flowed
from Red Hill, over a line of cliff about 120 feet in
height, into the sea: this line of cliff is continuous
with that forming the coast, and bounding the plain on
both sides of this hill ; these streams, therefore, were
erupted, after the formation of the coast-cliffs, from
Red Hill, when it must have stood, as it now does,
above the level of the sea. This conclusion accords
with the highly scoriaceous condition of all the rock on
it, appearing to be of subaérial formation ; and this is
important, as there are some beds of caleareous matter
near its summit, which might, at a hasty glance, have
been mistaken for a submarine deposit. These beds
consist of white, earthy, carbonate of lime, extremely
friable so as to be crushed with the least pressure ; the
most compact specimens not resisting the strength of
the fingers. Some of the masses are as white as quick-
lime, and appear absolutely pure; but on examining
them with a lens, minute particles of scori can always
be seen, and T could find none which, when dissolved in
acids, did not leave a residue of this mature. It is,
moreover, difficult to find a particle of the lime which
does not change colour under the blowpipe, most of
them even becoming glazed. The scoriaceous frag-
ments and the calcareous matter are associated in the
most irregular manner, sometimes in obseure beds, but
more generally as a confused breceia, the lime in some
parts and the scorim in others being most abundant.
Sir H. De la Beche has been so kind as to have some of
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the purest specimens analysed, with a view to discover,
considering their volcanic origin, whether they con-
tained much magnesia ; but only a small portion was
found, such as is present in most limestones.

Fragments of the scoriw embedded in the calcareous
mass, when broken, exhibit many of their cells lined
and partly filled with a white, delicate, excessively
fragile, moss-like, or rather conferva-like, reticulation
of carbonate of lime. These fibres, examined under a
lens of one-tenth of an inch focal distance, appear
eylindrical ; they are rather above the - of an inch
in diameter ; they are either simply branched, or more
commonly united into an irregular mass of net-work,
with the meshes of very unequal sizes and of unequal
numbers of sides. Some of the fibres are thickly
covered with .extremely minute spicula, occasionally
aggregated into little tufts; and hence they have a
hairy appearance. These spicula are of the same dia-
‘meter throughout their length; they are easily detacheds
so that the object-glass of the microscope soon becomes
scattered over with them. Within the cells of many
fragments of the scoriw, the lime exhibits this fibrous
structure, but generally in a less perfect degree. These
cells do not appear to be connected with one another.

. There can be no doubt, as will presently be shown, that
the lime was erupted, mingled with the lava in its fluid
state'; and therefore I have thought it worth while to
describe minutely this curious fibrous structure, of which
T know nothing analogous. From the earthy condition
of the fibres, this structure does not appear to be related
to crystallisation.

Other fragments of the scoriaceous rock from this
hill, when broken, are often seen marked with short and
irregular white streaks, which are ‘owing to a row of
separate cells being partly, or quite, filled with white
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calcareous powder. This structure immediately re-
minded me of the appearance in badly kneaded dough,
of balls and drawn-out streaks of flour, which have re-
mained unmixed with the paste; and I cannot doubt
that, small masses of the lime, in the same manner re-
‘maining unmixed with the fluid lava, have been drawn
out when the whole was in motion. I carefully ex-
amined, by trituration and solution in acids, pieces of
the scorize, takenfrom within half-an-inch of those cells
which were filled with the calcareous powder, and they
did mot contain an atom of free lime. It is obvious
that the lava and lime have on a large scale been very
imperfectly mingled; and where small portions of the
Time have been entangled within a piece of the viscid
lava, the cause of their now occupying, in the form of
a powder or of a fibrous reticulation, the vesicular
cavities, is, T think, evidently due to the confined gases
having most'readily expanded at the points where the
incoherent, lime rendered the lava less adhesive.

A mile eastward of the town of Praya, there is
a steep-sided gorge, about 150 yards in width, cutting
through the basaltic plain and underlying beds, but
since filled up by a stream of more modern lava. This
lava is dark gray, and in most parts compact and rudely
columnar; but at a little distance from the coast, it
includes in an irregular manner a brecciated mass of
red scorie mingled with a considerable quantity of
white, friable, and in some parts, nearly pure earthy
lime, like that on the summit of Red Hill. This lava,
with its entangled lime, has certainly flowed in the
form of a regular stream ; and, judging from the shape
of the gorge, towards which the drainage of the country
(feeble though it now be) still is directed, and from the
appearance of ‘the bed of loose water-worn blocks with
their interstices unfilled, like those in the bed of a
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torrent, on which the lava rests, we may conclude that
the stream was of subaérial origin. I was unable to
trace it to its source, but, from its direction, it seemed
to have come from Signal Post Hill, distant one mile
and a quarter, which, like Red Hill, has been a point
of eruption subsequently to the elevation of the great
basaltic plain. It accords with this view, that I found
on Signal Post Hill, a mass of earthy, calcareous matter
of the same nature, mingled with scorie. 1 may here
observe that part of the calcareous matter forming the
horizontal sedimentary bed, especially the finer matter
with which the embedded fragments of rock are white-
washed, has probably been derived from similar volcanic
eruptions, as well as from triturated organic remains :
the underlying, ancient, crystalline rocks, also, are as-
sociated with much carbonate of lime, filling amygda-
Ioidal cavities, and forming irregular masses, the nature
of which latter I was unable to understand.
Cousidering the abundance of earthy lime near the
summit of Red Hill,a volcanic cone 600 feet in height,
of subagrial growth,—considering the intimate manner
in which minute particles and large masses of scori
are embedded in the masses of nearly pure lime, and
on the other hand, the manner in which small kernels
and streaks of the calcareous powder are included in
solid pieces of the scorize,—considering, also, the similar
occurrence of lime and scoriz within a stream of lava,
also supposed, with good reason, to have been of modern
subaérial origin, and to have flowed from a hill, where
earthy lime also occurs: I think, considering these
facts, there can be no doubt that the lime has been
erupted, mingled with the molten lava. I am mot
avare that any similar case has been described: it
appears to me an interesting one, inasmuch as most
geologists must have speculated on the probable
c
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effects of a voleanic focus, bursting through deep-seated
beds of different mineralogical composition. The great
abundance of free silex in the trachytes of some coun-
tries (as deseribed by Beudant in Hungary, and by
P. Serope in the Panza Islands), perhaps solves the en-
quiry with respect to deep-seated beds of quartz; and
we probably here see it answered, where the volcanic
action has invaded subjacent masses of limestone. One
is naturally led to conjecture in what state the now
earthy carbonate of lime existed, when ejected with the
intensely heated lava: from the extreme cellularity of
the scoriw on Red Hill, the pressure cannot have been
great, and as most volcanic eruptions are accompanied
by the emission of large quantities of steam and other
gases, we here have the most favourable conditions,
according to the views at present entertained by
chemists, for the expulsion of the carbonic acid.! Has
the slow re-absorption of this gas, it may be asked,
given to the lime in the cells of the lava, that peculiar
fibrous structure, like that of an efflorescing salt ?
Finally, I may remark on the great contrast in appear-
ance between this earthy lime, which must have been
heated in a free atmosphere of steam and other gases,
while the white, erystalline, calcareous spar, produced by
a single thin sheet of lava (as at Quail Island )rolling over
similar earthy lime and the débris of organic remains,
at the bottom of a shallow sea.

Signal Post Hill.—This hill has already been

' Whilst. deep beneath the surface, the carbonate of lime was, T
presume, in a fluid state, l!nlwn, it is known, thought that all amyg-
daloids were produced by drops of molten limestone floating in the
trap, like oil in water: m- no doubt is erroncous, but if the matter
forming the summit of Red Hill had been cooled under the pressure ot
a moderately dep sea, or within the walls of a dike, we should, in all
Brobablity bave b  trup rock asocated ih lrge masss of com-
pact, erystalline, calcarcous spar, which, according to the views enter-
{ained by many geclogists, would eSS wrongly attributed to sub-
sequent infiltration.
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several times mentioned, especially with reference to
the remarkable manner in which the white calcareous
stratum, in other parts so horizontal (Woodeut No. 2),
dips under it into the sea. It is a broad summit, with
obscure traces of a crateriform structure, and is com-
posed of basaltic rocks,' some compact, others highly
cellular, with inclined beds of loose scoriw, of which
some are associated with earthy lime. Like Red Hill,
it has been the source of eruptions, subsequently to the
elevation of the surrounding basaltic plain ; but unlike
that hill, it has undergone considerable denudation,
and has been the seat of voleanic action at a remote
period, when beneath the sea. I judge of this latter
circumstance from finding on its inland flank the last
remnants of three small points of eruption. These
points are composed of glossy scoriw, cemented by
erystalline calcareous spar, exactly like the great, sub-
marine calcareous deposit, where the heated lava has
rolled over it : their demolished state can, I think, be
explained only by the denuding action of the waves of
the sea. 1 was guided to the first orifice by observing
a sheet of lava, about 200 yards square, with steepish
sides, superimposed on the basaltic plain, with no adjoin-
ing hillock, whence it could have been erupted ; and
the only trace of a crater which I was able to discover,
consisted of some inclined beds of scori at one of its
corners. At the distance of fifty yards from a second
level-topped patch of lava, but of much smaller size, T

1 Of these, one common variety is remarkable for being full of amal)
feagments of o dark jasper-red earthy mineral, which, when examined
carefully, shows an indistinet cleavage; the little fragments are clon-
gt in Torn e soft, o magnctic befoe and ater Leing be ated, nd
fuse with difficulty into a dull enamel. This mineral is evidently
clmly roatad to the oxides of § (b L cnuncs mntnin: i &

he rock e is mineral s erenulated with small
which are linod aud.lled with yollowish erystals of

anguls
B soate o¢ ime.

c2
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found an irregular cireular group of masses of comented,
scoriaceous breccia, about six feet in height, which
doubtless had once formed the point of eruption. The
third orifice is now marked only by an irregular circle
of cemented scoriz, about four yards in diameter, and
rising in its highest point scarcely three feet above the
level of the plain, the surface of which,"close all round,
exhibits its usual appearance: here we have a hori-
zontal basal section of a voleanic spiracle, which, to-
gether with all its ejected matter, has been almost
totally obliterated.

The stream of lava, which fills the narrow gorge!
eastward of the town of Praya, judging from its course,
seems, as before remarked, to have come from Signal
Post Hill, and to have flowed over the plain, after its
elevation : the same observation applies to a stream
(possibly part of the same one) capping the sea cliffs, a
little eastward of the gorge. When I endeavoured to
follow these streams over the stony level plain, which is
almost. destitute of soil and vegetation, I was much
surprised to find, that although composed of hard
basaltic matter, and not having been exposed to marine
denudation, all distinet traces of them soon become
utterly lost. But I have since observed at the Gala-
pagos Archipelago, that it is often impossible to follow
even great deluges of quite recent lava across older
streams, except by the size of the bushes growing on
them, or by the comparative states of glossiness of their
surfaces,—characters which a short lapse of time would
be sufficient quite to obscure. I may1emark, that in a
country, with a dry climate, and with the wind blowing

! The sides of this gorge, where the upper basaltic stratum is jnter-
sected, are almost, perpendicular. The lava, which has since filled it
up, is attached to these sides, almost as firmly as a dike is to its walls.

Tn most cases, whero a stream of lava has flowed down a valley, it is
on cach side by loose scoriaceous masses.
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always in one direction (as at the Cape de Verde Archi-
pelago), the effects of atmospheric degradation are pro-
‘bably much greater than would at first be expected ;
for soil in this case accumulates only in a few protected
hollows, and being blown in one direction, it is always
travelling towards the sea in the form of the finest dust,
leaving the surface of the rocks bare, and exposed to
the full effects of renewed meteoric action.

Inland kills of more ancient voleanic rocks.-—These
hills are laid down by eye, and marked as A, B, C, &c.,
in the woodcut-map. ~ They are related in mineralogical
composition, and are probably directly continuous with
the lowest rocks exposed on the coast. These hills,
viewed from. a distance, appear as if they had once
formed pmt of an irregular table-land, and from their

structure and ition this probably
has been the case. They have flat, slightly inclined
summits, and are, on an average, about 600 feet in
Teight; they present their steepest slope towards the
interior of the island, from which point they radiate
outwards, and are separated from each other by broad
and deep valleys, through which the great streams of
lava, forming the coast-plains, have descended. Their
inner and steeper escarpments are ranged in an ir-
regular curve, which rudely follows theline of the shore,
two or three miles inland from it. I ascended a few of
these hills,and from others, which I wasable to examine
with a telescope, 1 obtained specimens, through the
kindness of Mr. Kent, the assistant-surgeon of the
¢Beagle’s although by these means I am acquainted with
only a part of the range, five or six miles in length, yet
1 scarcely hesitate, from their uniform structure, to
affirm that they are parts of one great formation, streteh-
ing round much of the circumference of the island.

The upver and lower strata of these hills differ
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greatly in composition. The upper are basaltic, gener-
ally compact, but sometimes scoriaceous and amygda-
loidal, with associated masses of wacke : where the basalt
is compact, it is cither fine-grained or very coarsely
erystallised ; in the latter caso it passes into an augitic
rock, containing much olivine; the olivine is either
colourless, or of the usual yellow and dull reddish
shades. On some of the hills, beds of calcarcous matter,
both in an earthy and in a crystalline form, including
fragments of glossy scorim, are associated with the
basaltic strata. These strata differ from the streams of
basaltic lava forming the coast-plains, only in being
more compact, and in the crystals of augite, and in the
grains of olivine being of much greater size ;—characters
which, together with the appearance of the associated
calcareous beds, induce me to believe that they are of
submarine formation.

Some considerable masses of wacke, which are
associated with these basaltic strata, and which likewise
oceur in the basal series on the coast, especially at

Quail Island, are curious. They consist of a pale
ik 3

ubstance, of a

texture when dry, but unctuous when mois
purest form, it is of a beantiful green tint, with
translucent edges, and occasionally with obscure traces
of an original cleavage. Under the blowpipe it fuses
very readily into a dark gray, and sometimes even black
bead, which is slightly magnetic. From these char-
acters, I naturally thought that it was one of the pale
species, decomposed, of the genus augite ;—a conclusion
supported by the unaltered rock being full of large
separate erystals of black augite, and of balls and
irregular streaks of dark gray augitic rock. As the
basalt ordinarily consists of augite, and of olivine often
tarnished and of a dull red colour, I was led to examine
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the stages of decomposition of this latter mineral, and
I found, to my surprise, that I could trace a nearly
perfect gradation from unaltered olivine to the green
wacke, Part of the same grain under the blowpipe
would in some instances behave like olivine, its colour
being only slightly changed, and part would give a
black magnetic bead. Hence I can have no doubt that
the greenish wacke originally existed as olivine; but
great chemical changes must have been effected during
the act of decomposition thus to have altered a very
hard, transparent, infusible mineral, into a soft, unctu-
ous, easily melted, argillaceous substance.!

The basal strata of these hills, as well as some
neighbouring, separate, bare, rounded hillocks, consist
of compact, fine-grained, non-crystalline (or so slightly
as scarcely to be perceptible,) ferruginous feldspathic
Tocks, and generally in a state of semi-decomposition.
Their fracture is exceedingly irregular, and splintery ;
yet small fragments are often very tough. They
contain much ferruginous matter, either in the form of
minute grains with a metallic lustre, or of brown hair-
like threads: the rock in this latter case assuming a
pseudo-brecciated structure. These rocks sometimes
contain mica and veins of agate. Their rusty brown or
yellowish colour is partly due to the oxides of iron, but

1 D'Aubuisson, ¢ Traité de Géognosie” (tom. ii. p. 569), mentions, on
the authority of M. Marcel de Serres, masses of green carth near Mont-
pellier, which are supposed to be due to the decomposition of olivine.
1 do not, however, find, that the action of this mineral under the blow-
pipo being entirely altored, as it becomes decomposed, has been
noticed ; and the knowledge of this fact is important, as at fist it ap-
‘pears highly improbable that a hard, transparent, refractory mineral
should b changed into a soft, casily-fused, clay, like this of St. Jugo.
T shall horeafter deseribe a greon substance, forming threads within the
cells of some vesicular basaltic rocks in Van Diemen's Land, which be-
have under the blowpipe like the greon wacke of St. Jago; but its
occurrence in cylindrical threads, shows it can not have resulied from
the decomposition of olivine, a mineral always existing in the form of
geains or erystals.
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chiefly to innumerable, microscopically minute, black
specks, which, when a fragment is heated, are easily
fused, and evidently are either hornblende or augite.
These rocks, therefore, although at first appearing like
baked clay or some altered sedimentary deposit, contain
all the essential ingredients of trachyte; from which
they differ only in not being harsh, and in not con-
taining erystals of glassy feldspar. As is so often
the case with trachytic formation, no stratification is
here apparent. A person would not readily believe that
these rocks could have flowed as lava ; yet at St. Helena
there are well characterised streams (as will be described
in an ensuing chapter) of nearly similar composition.
Amidst the hillocks composed of these rocks, I found in
three places, smooth conical hills of phonolite, abound-
ing with fine erystals of glassy feldspar, and with needles
of hornblende. These cones of phonolite, I believe,
bear the same relation to the surrounding feldspathic
strata which some masses of coarsely crystallised augitic
rock, in another part of the island, bear to the surround-
ing basalt, namely, that both have been injected. The
rocks of a feldspathic nature being anterior in origin to
the basaltic strata, which cap them, as well as to the
basaltic streams of the coast-plains, accords with the
usual order of suceession of these two grand divisions of
the voleanic series.

The strata of most of these hills in the upper part,
where alone the planes of division are distinguishable,
are inclined at a small angle from the interior of the
island towards the sea-coast. The inclination is not
the same in cach hill; in that marked A it is less than
in B,D, or E; in C the strata are scarcely deflected
from a horizontal plane, and in F (as far as I could
judge without ascending it) they are slightly inclined
in a reverse direction, that is, inwards and towards the
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centre of theisland. Notwithstanding these differences
of inclination, their correspondence in external form,
and in the composition both of their upper and lower.
parts,—their relative position in one curved line, with
their steepest sides turned inwards,—all seem to show
that they originally formed parts of one platform ;
which platform, as before remarked, probably extended
round a considerable portion of the circumference of
the island. The upper strata certainly flowed as lava,
and probably beneath the sea, as perhaps did the lower
feldspathic masses : how then come these strata to hold
their present position, and whence were they erupted ?

In the centre of the island ! there are lofty moun-
tains, but they are separated from the steep inland
flanks of these hills by a wide space of lower country :
the interior mountains, moreover, seem to have been
the source of those great streams of basaltic lava which,
contracting as they pass between the bases of the hills
in question, expand into the coast-plains. Round the
shores of St. Helena there is a rudely-formed ring of
basaltic rocks, and at Mauritius there are remnants of
another such a ring round part, if not round the whole,
of the island ; here again the same question immediately
oceurs, how come these masses to hold their present
position, and whence were they erupted ? The same
answer, whatever it may be, probably applies in these
three cases; and in a future chapter we shall recur to
this subject.

Valleys near the coast.—These are broad, very flat,

' I saw very little of the inland parts of the island. Near the
village of St. Domingo, there are magnificent, cliffs of rather coarsely
erystallised basaltic lava. Following the little stream in this valley,
about a mile above the village, the base of the great cliff was formed of
4 compact fine-grained basalt, conformably covered by a bed of pebbles.
Near Fuentes, I met with pap-formed hills of the compact feldspathic
series of rocks.
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and generally bounded by low cliff-formed sides. Por-
tions of the basaltic plain are sometimes nearly or quite.
isolated by them ; of which fact, the place on which
the town of Praya stands offers an instance. The great
valley west of the town has its bottom filled up to a
depth of more than twenty feet by well-rounded pebbles,
which in some parts are firmly cemented together by
white caleareous matter. There can be no doubt, from
the form of these valleys, that they were scooped out by
the waves of the sea, during that equable elevation of
the land, of which the horizontal caleareous deposit,
with its existing species of marine remains, gives evi-
dence. Considering how well shells have been preserved
in this stratum, it is singular that I could not find even a
single small fragment of shell in the conglomerate at
the bottom of the valleys. The bed of pebbles in the
valley west of the town is intersected by a second valley
joining it as a tributary, but even this valley appears
much too wide and flat-hottomed to have been formed
by the small quantity of water, which falls only during
one short wet, season; for at other times of the year
these valleys are absolutely dry.

Recent conglomerate.—On the shores of Quail
Island, I found fragments of brick, bolts of iron,
pebbles, and large fragments of basalt, united by a
scanty base of impure calcareous matter into a firm

Toshow how dingly firm this recent
conglomerate is, I may mention, that T endeavoured
with a heavy geological hammer to knock out a thick
bolt of iron, which was embedded a little above low-
water mark, but was quite unable to succeed.
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CHAPTER II

Fraxaxpo  Noroxua—Precipitous hill of phonolite. Trrcrrea—
Trachyiic rocks ; their singular decomposition by steam of high tor-
perature. Tawi—Passage from waoke into trap; singular volcanic
rock with the vesicles half filled with mesotype. Mavnrrivs—Proofs of
its recont elevation—Structure of its more ancient mountains; similarity
with St. Jago. Sr. Pavi’s Rocks—Not of volcanic origin—their sin-
gular mineralogical eomposition.

Fernando Noronha.—During our short visit at this
and the four following islands, T observed very little
worthy of description. Fernando Noronha is situated
in the Atlantic Ocean, in lat, 3° 50’ S., and 230 miles
distant from the coast of South America. Tt consists
of several islets, together nine miles in length by three
in breadth, The whole seems to be of volcanic origin ;
although there is no appearance of any crater, or of an
one central eminence. The most remarkable feature
is a hill 1,000 feet high, of which the upper 400 feet
consist of a precipitous, singularly shaped pinnacle,
formed of columnar phonolite, containing numerous
crystals of glassy feldspar, and a few needles of horn-
blende. ¥rom the highest accessible point of this hill,
T could distinguish in different parts of the group
several other conical hills, apparently of the same nature.
At St. Helena there are similar, great, conical, protu-
berant masses of phonolite, nearly 1,000 feet in height,
which have been formed by the injection of fluid feld-
spathic lava into yielding strata, If this hill has had,

@ The Complete Work of Charles Darwin Online



28 Terceira. PART L.

as is probable, a similar origin, denudation has been here
effected on an enormous scale. Near the base of this
hill, T observed beds of white tuff, intersected by
numerous dikes, some of amygdaloidal basalt and
others of trachyte; and Deds of slaty phonolite with
the planes of cleavage directed NW. and SE. Parts
of this ock, where the crystals were scanty, closely re-
sembled common clay-slate, altered by the contact of a
trap-dike. The lamination of rocks, which undoubtedly
have once been fluid, appears to me a subject well deserv-
ing attention. On the beach there were numerous frag-
‘ments of compact basalt, of which rock a distant fagade
of columns seemed to be formed.

Terceira in the Azores—The central parts of this
island consist of irregularly rounded mountains of no
great elevation, composed of trachyte, which closely
resembles in general charucter the trachyte of Ascension,
presently to be deseribed. This formation is in many
parts overlaid, in the usual order of superposition, by
streams of basaltic lava, which near the coast compose
nearly the whole surface. The course which these
streams have followed from their craters, can often be
followed by the eye. The town of Angra is overlooked
by a crateriform hill (Mount Brazil), entirely built of
thin strata of fine-grained, harsh, brown-coloured tuff.
The upper beds are seen to overlap the basaltic streams
on which the town stands. This hill is almost iden-
tical in structure and composition with numerous crater-
formed hills in the Galapagos Archipelago.

Effects of steam on the trachytic rocks.—In the
central part of the island there is a spot, where steam
is constantly issuing in jets from the hottom of a small
ravine-like hollow, which has no exit, and which abuts
against a range of trachytic mountains. The steam is
emitted from several irregular fissures : it is scentless.
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soon blackens iron, aud is of much too high temperature
to be endured by the hand. The manner in which the
solid trachyte is changed on the horders of these orifices
is curious: first, the base becomes earthy, with red
freckles evidently due to the oxidation of particles of
iron ; then it becomes soft; and lastly, even the crystals
of glassy feldspar yield to the dissolving agent. After
the mass is converted into clay, the oxide of iron seems
to be entirely removed from some parts, which are left
perfectly white, whilst in other neighbouring parts,
which are of the brighest red colour, it seems to be
deposited in greater quantity; some other masses are
marbled with the two distinet colours. Portions of the
white clay, now that they are dry, cannot be distinguished
by the eye from the finest prepared chalk ; and when
placed between the teeth they feel equally soft-grained ;
the inhabitants use this substance for white-washing
their houses. The cause of the iron being dissolved in
one part, and close by being again deposited, is obscure;
but the fact has been observed in several other places.!
In some half-decayed specimens, T found small, globular,
aggregations of yellow hyalite, resembling gum-arabic,
which no doubt had been;deposited by the steam.

As there is no escape for the rain-water, which
trickles down the sides of the ravine-like hollow, whence
the steam issues, it must all percolate downwards
through the fissures at its bottom. Some of the in-
habitants informed me that it was on record that
flames (some luminous appearance?) had originally
proceeded from these cracks, and that the flames had

* Spallanzani, Dolomien and Hoffman have described similar eases
in the Italian voleanic islands. Dolomieu says the iron at the Panza
Islands s redeposited in the form of veins (p. 86, * Mémoire sur les Isles

onces’). These authors likewise believe that the steam deposits silica:
it is now experimentally known that vapour of a bigh temperature is
able to dissolve silica,
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been succeeded by the steam; but I was not able to
ascertain how long  this was ago, or amything certain on
the subject. When viewing the spot, I imagined that
the injection of a large mass of rock, like the cone of
phonalite at Fernando Noronha, in a semi-fluid state, by
arching the surface might have caused a wedge-shaped
hollow with cracks at the bottom, and that the rain-
water percolating to the neighbourhood of the heated
mass, would during many succeeding years be driven
back in the form of steam.

Tahiti (Otaleite)—1 visited only a part of the
north-western side of this island, and this part is en-
tirely composed of volcanic rocks. Near the coast there
are several varieties of basalt, some abounding with
large crystals of augite and tarnished olivine, others
compact and earthy,—some slightly vesicular, and
others occasionally amygdaloidal. These rocks are
generally much decomposed, and to my surprise, I found
in several sections that it was impossible to distinguish,
even approximately, the line of separation between the
decayed lava and the alternating beds of tuff. Since
the specimens have become dry, it is rather more easy
to distinguish the decomposed igneous rocks from the
sedimentary tuffs. This gradation in character be-
tween rocks having such widely different origins, may T
think be explained by the yielding under pressure of
the softened sides of the vesicular cavities, which in
many volcanie rocks occupy a large proportion of their
bulk. As the vesicles generally increase in size and
number in the upper parts of a stream of lava, so would
the effects of their compression increase; the yielding,
‘moreover, of each lower vesicle must tend to disturb all
the softencd matter above it. Hence we might expect
to trace a perfect gradation from an unaltered ecrystal-
line rock to one in which all the particles (although
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originally forming part of the same solid mass) had
undergone mechanical displacement ; and such particles
could hardly be distinguished from others of similar
composition, which had been deposited as sediment.
As lavas are sometimes laminated in their upper parts,
even horizontal lines, appearing like those of aqueous
deposition, could not in all cases be relied on as a
criterion of sedimentary origin. From these considera-
tions it is not surprising that formerly many geologists
believed in real transitions from aqueous deposits,
through wacke, into igneous traps.

In the valley of Tia-auru, the commonest rocks are
basalts with much olivine, and in some cases almost
composed of large erystals of augite. I picked up some
specimens, with much glassy feldspar, approaching in
character to trachyte. There were also many large
blocks of vesicular basalt, with the cavities beautifully
lined with chabasie (?), and radiating bundles of meso-
type. Some of these specimens presented a curious
appearance, owing to a number of the vesicles being
half filled up with a white, soft, earthy mesotypic
mineral, which intumesced under the blowpipe in
a remarkable manner. As the upper surfaces in all
the half-filled cells are exactly parallel, it is evident
that this substance has sunk to the bottom of each cell
from its weight. Sometimes, however, it entirely fills
the cells. Other cells are either quite filled, or lined,
with small erystals, apparently of chabasie; these
erystals, also, frequently line the upper half of the cells
partly filled with the earthy mineral, as well as the
upper surface of this substance itself, in which case the
two minerals appear to blend into each other. I have
never seen any other amygdaloid! with the cells helf

! MacCulloch, however, has described and given a plate of (‘Geolog.
Trans. 1st Serics, vol. iv. p. 225) o trap rock, with cavities filled up
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filled in the manner here descnbcd H ;md it is dlﬁicuh
to imagine the causes which determined the earthy
mineral to sink from its gravity to the bottom of the
cells, and the crystalline mineral to adhere in a coating
of equal thickness round the sides of the cells.

The basaltic strata on the sides of the valley are
gently inclined seaward, and I nowhere observed any
sign of disturbance ; the strata are separated from each
other by thick, compact beds of conglomerate, in which
the fragments are large, some being rounded, but most
angular. From the character of these beds, from the
compact and crystalline condition of most of the lavas,
and from the nature of the infiltrated minerals, I was
led to conjecture that they had originally flowed beneath
the sea.  This conclusion agrees with the fact that the
Rev. W. Ellis found marine remains at a considerable
height, which he believes were interstratified with
voleanic matter ; as is likewise described to be the case
by Messrs. Tyerman and Bennett at Huaheine, an island
in this same archipelago. Mr. Stutchbury also dis-
covered near the summit of one of the loftiest moun-
tains of Tahiti, at the height of several thousand feet,
a stratum of semi-fossil coral. Nome of these remains
have been specifically examined. On the coast, where
masses of coral rock would have afforded the clearest evi-
dence, T looked in vain for any signs of recent elevation.
For references to the above authorities, and for more
detailed reasons for not believing that Tahiti has been
recently elevated, I must refer to my volume on the
¢ Structure and Distribution of Coral Reefs’ (p. 138 of
the 1st edit., or p. 182 of the 2nd edit.).

Berisatally wih quists and calondony. o wgper Salrie o those

aro often filled by layers, which follow each irregularity of the
sextice and by lttls deganding salactites of the seme silicosus sub-
stances.
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Mauritius. — Approaching this island on the
northern or north-western side, a curved chain of bold
mountains, surmounted by rugged pinnacles, is seen to
rise from a smooth border of cultivated land, which
gently slopes down to the coast. At the first glance,
one is tempted to believe that the sea lately reached
the base of these mountains, and upon examination,
this view, at least with respect to the inferior parts of
the border, is found to be perfectly correct. Several
authors ' have described masses of upraised coral rock
round the gréater part of the circumference of the
island. Between Tamarin Bay and the Great Black
River I observed, in company with Capt. Lloyd, two
hillocks of coral rock, formed in their lower part of
hard caleareous sandstone, and in their upper of great
blocks, slightly aggregated, of Astraa and Madrepora,
and of fragments of basalt; they were divided into beds
dipping seaward, in one case at an angle of 8°, and in
the other at 18% they had a water-worn appearance,
and they rose abruptly from a smooth surface, strewed
with rolled débris of organic remains, to a height of
about twenty feet. The Officier du Roi, in his most
interesting tour in 1768 round the island, has described
‘masses of upraised coral rocks, still retaining that moat-
like structure (see ¢Coral Reefs, 2nd edit. p. 69)
which is characteristic of the living reefs. On the
coast northward of Port Louis, I found the lava con-
cealed for a considerable space inland by a conglo-
merate of corals and shells, like those on the beach,
but in parts consolidated by red ferruginous matter.

in Cormichaa, i Hookar's Bot Mige? v,
tain L|n,d has lately, in’ the * Proccedings of
(ool il p. 317), described cmfully S e
sle'de France, par un Officier du Roi,’ many interesting
i given on this subject. Consult also * Voyage aux Quatre Isles
QAfrique, par M. Bory St. Vincent.
»

. p. 301, Cap-
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M. Bory $t. Vincent has described similar caleareous beds
over nearly the whole of the plain of Pamplemousses.
Near Port Louis, when turning over some large stones,
which lay in the bed of a stream at the head of a pro-
tected creek, and at the height of some yards above the
level of spring tides, I found several shells of serpula
still adhering to their under sides.

The jagged mountains near Port Louis rise to a
height, of between 2,000 and 3,000 feet; they consist
of strata of basalt, obscurely separated from each other
by firmly aggregated beds of fragmentary matter; and
they are intersected by a few vertical dikes. The
basalt, in some parts abounds with large erystals of
augite and olivine, and is generally compact. The
interior of the island forms a plain, raised probably
about a thousand feet above the level of the sea, and
composed of streams of lava which have flowed round
and between the rugged basaltic mountains. These
more recent lavas are also basaltic, but less compact,
and some of them abound with feldspar, so that they
even fuse into a pale coloured glass. On the banks of
the Great River, a section is exposed nearly 500 feet
deep, worn through numerous thin sheets of the lava of
this series, which are separated from each other by beds
of scoriw.  They seem to have heen of subaérial forma-
tion, and to have flowed from several points of eruption
on the central platform, of which the Piton du Milieu
is said to be the principal one. There are also several
volcanie cones, apparently of this modern period, round
the circumference of the island, especially at the
northern end, where they form separate islets.

The mountains composed of the more compact and
erystalline basalt, form the main skeleton of the island.
M. Bailly! states that they all < se développent autour

! “Voyage aux Terres Australes, tom. i. p. 54,
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d’elle comme une ceinture d’immenses remparts, toutes
affectant une pente plus on moins inclinée versle rivage
de la mer; tandis, au contraire, que vers le centre de
Tile elles présentent une coupe abrupte, et souvent
taillée & pic. Toutes ces montagnes sont formées de
couches paralléles inclinées du centre de lile vers la
mer.” These statements have been disputed, though
not in detail, by M. Quoy, in the voyage of Freyeinet.
As far as my limited means of observation went, T
found them perfectly correct.! The mountains on the
NW. side of the island, which I examined, namely, La
Pouce, Peter Botts, Corps de Garde, Les Mamelles,
and apparently another farther southward, have pre-
cisely the external shape and stratification described by
M. Bailly. They form about a quarter of his girdle of
ramparts. ~ Although these mountains now stand quite
detached, being separated from each other by breaches,
even several miles in width, through which deluges of
lava have flowed from the interior of the island; never-
theless, seeing their close general similarity, one must
feel convinced that they originally formed parts of one
continuous mass. Judging from the beautiful map of
the Mauritius, published by the Admiralty from a
French MS., there is a range of mountains (M. Bamboo)
on the opposite side of the island, which correspond in
height, relative position, and external form, with those
just described. Whether the girdle was ever complete
may well be doubted; but from M. Bailly's statements,
and my own observations, it may be safely conelnded that
mountains with precipitous inland flanks, and composed
of strata dipping outwards, once extended round a con-
siderable portion of the circumference of the island.
‘The ring appears to have been oval and of vast size; its

!} M. Lesson, in kis account of this island, in the voyage of the * Co-
quille,” seems to follow M. Bailly's views.

n2
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shorter axis, measured across from the inner sides of
the mountains near Port Louis and those near Grand
Port, being no less than thirteen geographical miles in
length. M. Bailly boldly supposes that this enormous
gulf, which has since been filled up to a great extent
by streams of modern lava, was formed by the sinking
in of the whole upper part of one great volcano.

It is singular in how many respects those portions
of St. Jago and of Mauritius which I visited agree in
their geological history. At both islands, mountains
of similar external form, stratification, and (at least in
their upper beds) composition, follow in a curved chain
the coast-line. These mountains in each case appear
originally to have formed parts of one continuous mass.
The basaltie strata of which they are composed, from
their compact and erystalline structure, seem, when
contrasted with the neighbouring basaltic streams of
subaérial formation, to have flowed beneath the pressure
of the sea, and to have been subsequently elevated.
We may suppose that the wide breaches between the
mountains were in both cases worn by the waves,
during their gradual elevation—of which process, within
recent times, there is abundant evidence on the coast-
land of both islands. At both, vast streams of more
recent basaltic lavas have flowed from the interior of
the island, round and between the ancient basaltic hills;
at both, moreover, recent cones of eruption are scattered
around the cireumference of the island ; but at neither
have eruptions taken place within the period of history.
As remarked in the last chapter, it is probable that
these ancient basaltic mountains, which resemble (at
least in many respects) the basal and disturbed remnants
of two gigantic voleanos, owe their present form, struc-
ture, and position, to the action of similar causes.

8t. Paul's Rocks.—This small island is situated in
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the Atlantic Ocean, nearly one degree north of the
equator, and 540 miles distant from South America, in
29° 15" west longitude. Its highest point is scarcely
fifty feet above the level of the sea; its outline is
irregular, and its entire circumference barely three-
quarters of a mile. This little point of rock rises
abruptly out of the ocean; and, except on its western
side, soundings were not obtained, even at the short
distance of a quarter of a mile from its shore. It is
not of volcanic origin ; and this circumstance, which is
the most remarkable point in its history (as will here-
after be referred to), properly ought to exclude it from
the present volume. It is composed of rocks, unlike
any which I have met with, and which I cannot charac-
terise by any name, and must therefore describe.

The simplest, and one of the most abundant kinds,
isa very compact, heavy, greenish-black rock, having
an angular, irregular fracture, with some points just
hard enough to scratch glass, and infusible. This
variety passes into others of paler green tints, less hard,
but with a more cystalline fracture, and translucent on
their edges; and these are fusible into a green enamel.
Several other varieties are chiefly characterised by

ining i ble threads of dark-green serpen-
tine, and by having calcareous matter in their inter-
stices. These rocks have an obscure, concretionary
structure, and are full of variously-coloured angular
psendo fragments. These angular pseudo fragments
consist, of the first-described dark green rock, of a brown
softer kind, of serpentine, and of a yellowish harsh stone,
which, perhaps, is related fo serpentine rock. There
are other vesicular, calcareo-ferruginous, soft stomes.
There is no distinct stratification, but parts are imper-
feetly laminated ; and the whole abounds with innu-
merable veins, and vein-like masses, both small and
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large. Of these vein-like masses, some cnlcnmous ones,
which contain minute fragments of shells, are clearly
of subsequent origin to the others.

A glossy incrustation.— Extensive portions of these
rocks are coated by a layer of a glossy polished sub-
stance, with a pearly lustre and of a grayish white
colour ; it follows all the inequalities of the surface, to
which it is firmly. attached. When examined with a
lens, it is found to consist of numerous exceedingly thin
layers, their aggregate thickness ‘being about the tenth
of an inch. It is considerably harder than calcareous
spar, but can be scratched with a knife; under the
blowpipe it scales off, decrepitates, slightly blackens,
emits a fetid odour, and becomes strongly alkaline : it
does not effervesce in acids.! I presume this substance
has been deposited by water draining from the birds’
dung, with which the rocks are covered. At Ascension,
near a cavity in the rocks which was filled with a
laminated mass of infiltrated birds’ dung, I found some
irregularly-formed, stalactitical masses of apparently
the same nature. These masses, when broken, had an
earthy texture ; but on their outsides, and especially at
their extremities, they were formed of a pearly sub-
stance, generally in little globules, like the enamel of
teeth, but more translucent, and so hard as just to
scrateh plate-glass. This substance slightly blackens
under the blowpipe, emits a bad smell, then becomes
quite white, swelling a little, and fuses into a dull white
enamel; it does not become alkaline; nor does it
effervesce in acids. The whole mass had a collapsed
appearance, as if in the formation of the hard glossy
crust the whole had shrunk much. At the Abrolhos
Islands on the coast of Brazil, where also there is much

! In my Journal T have described this substance ; I then believed
that it was an impure phosphate of lime.
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birds' dung, I found a great quantity of a brown,
arborescent, substance adhering to some trap-rock. In
its arborescent, form, this substance singularly resembles
some of the branched species of Nullipora. Under the
blowpipe, it behaves like the specimens from Ascension;
but it is less hard and glossy, and the surface has not
the shrunk appearance.
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CHAPTER III.
ASCENSION.

Basaltic lavas—Numerous craters truncated on the same side—Singular
structure of volcanic bombs—Airiform explosions—Ejectidgranitic
fragments —Trachytic rocks—Singular veins—Jasper, its manner of

in pumiceous leposits and
Jrondsscent sncrustations om.the coasi—Remarfable laminated. beds,
‘alternating with, and passing into obsidian—Origin of obsidian—
Lamination of volcanic rocks.

Tms island is situated in the Atlantic Ocean, in lat. 8°
S., long. 14° W. It has the form of an irregular triangle
(see accompanying Map), each side being about six
miles in length. Its highest point is 2,870 feet ! above
the level of the sea. The whole is volcanic, and, from
the absence of proofs to the contrary, I believe of sub-
aérial origin. The fundamental rock is everywhere of
a pale colour, generally compact, and of a feldspathic
nature. In the SE. portion of the island, where the
highest land is situated, well characterised trachyte,
and other congenerous rocks of that varying family,
occur. Nearly the entire circumference is covered up
by black and rugged streams of basaltic lava, with here
and there a hill or single point of rock (one of which
near the sea-coast, north of the Fort, is only two or
three yards across) of the trachyte still remaining
exposed.

Buasaltic rocks.—The overlying basaltic lava is in

1 ¢ Geographical Journal,’ vol. v. p. 243.
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some parts extremely vesicular, in others little sos it is
of a black colour, but sometimes contains crystals of
glassy feldspar, and seldom much olivine. These
streams appear to have possessed singularly little
fluidity ; their side walls and lower ends being very
steep, and even as much as between twenty or thirty
feet in height. Their surface is extraordinarily rugged,
and from a short distance appears as if studded with
small craters. These projections consist of broad,
irregularly conical, hillocks, traversed by fissures, and
composed of the same unequally scoriaceous basalt with
the surrounding streams, but having an obscure ten-
dency to a columnar structure; they rise to a height
between ten and thirty feet above the general surface,
and have been formed, as I presume, by the heaping up
of the viscid lava at points of greater resistance. At
the base of several of these hillocks, and occasionally
likewise on more level parts, solid ribs, composed of
angulo-globular masses of basalt, resembling in size
and outline arched sewers or gutters of brickwork, but
not being hollow, project between two or three feet
above the surface of the streams; what their origin
may have been, I do not know. Many of the super-
ficial fragments from these basaltic streams present
singularly convoluted forms ; and some specimens could
hardly be di ished from logs of dark-coloured wood
without their bark.

Many of the basaltic streams can be traced, either
to points of eruption at the base of the great central
mass of trachyte, or to separate, conical, red-coloured
hills, which are seattered over the northern and western
horders of the island. Standing on the central eminence,
I Counted between twenty and thirty of these cones of
eruption. The greater number of them had their trun-
cated summits cut off obliquely, and they all sioped
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towards the SE., whence the trade-wind blows.! This
structure no doubt has been caused by the ejected
fragments and ashes being always blown, during erup-
tions, in greater quantity towards one side than towards
the other. M. Moreau de Jonnés has made a similar
observation with respect to the volcanic orifices in the
West Indian Islands.

Volcawic bombs.—These oceur in great numbers
strewed on the ground, and some of them lie at con-
siderable distances from any points of eruption. They
vary in size from that of an apple to that of a man’s

ment, ot sphericl,vocanic bomb, with the Inerior parts coarely cclular,
Gt 'y e ey o compc o, (o b b & Gl of Bty
body; (hey are either spherical or pear-shaped, or with
the hinder part (corresponding to the tail of a comet)

* M. Lesson, in the *Zoology of the \'mngn of the *Coquills™ (p. 490),
has observed this fact. Mr. Hennah (* Geolog. Proce pdmvw 1835, p. 189)

e e Aaonsion
invariably oceur on the leeward side of the island.

@ The Complete Work of Charles Darwin Online



omar. 11 Volcanic Bombs. 43

irregular, studded with projecting points
concave. Their surfaces are rough, and fis
Dbranching cracks; their internal structure is either
irregularly scoriaceous and compact, or it presents a
symmetrical and very curious appearance. An irregular
segment of a bomb of this latter kind, of which I
found several, is accurately represented in the accom-
panying woodeut. Its size was about that of a man’s
head. The whole interior is coarsely cellular; the cells
averaging in diameter about the tenth of an inch; but
nearer the outside they gradually decrease in size. This
part is succeeded by a well-defined shell of compact
lava, having a nearly uniform thickness of about the
third of an inch; and the shell is overlaid by a some-
what thicker coating of finely cellular lava (the cells
varying from the fiftieth to the hundredth of an inch in
diameter), which forms the external surface: the line
separating the shell of compact lava from the outer
seoriaceous erust is distinctly defined. This structure
is very simply explained, if we suppose a mass of viscid,
seoriaceous matter, to be projected with a rapid, rota-
tory motion through the air; for whilst the external
crust, from cooling, became solidified (in the state we
now see it), the centrifugal force, by relieving the
pressure in the interior parts of the bomb, would allow
the heated vapowrs to expand their cells; but these
being driven by the same force against the already-
hardened crust, would become, the nearer they were to
this part, smaller and smaller or less expanded, until
they became packed into a solid, concentric shell. As
we know that chips from a grindstone ! can be flirted
off, when made to revolve with sufficient velocity, we
need not doubt that the centrifugal force would have
power to modify the structure of a softened bomb, in

1 Nichol's ¢ Architecture of the Heavens.'
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the manner here supposed. ~Geologists have remarked,
that the external form of a bomb at once bespeaks the
history of its aérial course, and we now see that the
internal structure can speak, with almost equal plainness,
of its rotatory movement.

M. Bory St. Vincent! has described some balls of
lava from the Isle of Bourbon, which have a closely
similar structure; his explanation, however (if I under-
stand it rightly), is very different from that which I
have given ; for he supposes that they have rolled, like
snow-balls, down the sides of the crater. M. Beudant,?
also, has deseribed some singular little balls of obsidian,
never more than six or eight inches in diameter, which
he found strewed on the surface of the ground: their
form is always oval ; sometimes they are much swollen
in the middle, and even spindle-shaped : their surface
is regularly marked with concentric ridges and furrows,
all of which on the same ball are at right angles to one
axis: their interior is compact and glassy. M. Beudant

o i supposes that masses of lava,
iy when soft, were shot into the air,
with a rotatory movement round

the same axis, and that the form

and  superficial ridges of the

bombs were thus produced. Sir

Thomas Mitchell has given me

what at first appears to be the

half of a much flattened oval ball
of obsidian; it has a singular
artificial-like appearance, which
is well rep (of the natural

size) n the ing wood-
cut. It was found in its pre-

‘Austraiin, The upper figure

@ sido view of the samo ob-
ject.

! “Voyage aux Quatro Isles EAfique; tom. i . 222.
# “Voyage en Hongrie.” tom. ii. p. 2

@ The Complete Work of Charles Darwin Online



cma, nir. Aériform Explosions. 45

sent, state, on a great sandy plain between the rivers
Darling and Murray, in Australia, and at the distance
of several hundred miles from any known voleanic
region. It scems to have been embedded in some
reddish tufacecous matter; and may bave been trans-
ported either by the aborigines or by natural means.
The external saucer consists of compact obsidian, of a
bottle-green colour, and is filled with finely-cellular
black lava, much less transparent and glassy than the
obsidian. The external surface is marked with four
or five not quite perfect ridges, which are represented
rather too distinctly in the woodeut. Here then we
have the external structure described by M. Beudant,
and the internal cellular condition of the bombs from
Ascension. The lip of the saucer is slightly concave,
exactly like the margin of a soup-plate, and its inner
edge overlaps a little the central cellular lava. This
structure is so symmetrical round the entire cireum-
ference, that one is forced to suppose that the bomb
burst during its rotatory course, before being quite
solidified, and that the lip and edges were thus slightly
modified and turned inwards. It may be remarked that
the superficial ridges are in planes, at right angles to an
axis, transverse to the longer axis of the flattened oval :
to explain this circumstance, we may suppose that when
the bomb burst, the axis of rotation changed.
Aiviform explosions.—The flanks of Green Moun-
tain and the surrounding country are covered by a
great mass, some hundred feet in thickness, of loose
fragments. The lower beds generally consist of fine-
grained, slightly consolidated tuffs,' and the upper beds
of great loose fragments, with alternating finer beds.?

! Somo of this peperino, or tuff, is sufficiently hard not to be broken

by the grentest forco of the ingers.
. the northern side of the Grosn Mountain a thin seam, sbout
B s compact oxide of iron, extends over a con-
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One white ribbon-like layer of

breceia, was curiously bent into deep unbroken curves,
beneath each of the larger fragments in the superin-
cumbent stratum.  From the relative position of these
beds, T presume that a narrow-monthed crater, standing
nearly in the position of Green Mountain, like a great
air-gun, shot forth, before its final extinction, this vast
accumulation of loose matter. Subsequently to this
event, considerable dislocations have taken place, and
an oval cireus has been formed by subsidence. This
sunken space lies at the north-eastern foot of Green
Mountain, and is well represented in the accompanying
map. Its longer axis, which is connected with a NE.
and SW. line of fissure, is three-fifths of a nautical mile
in length ; its sides are nearly perpendicular, except in
one spot, and about 400 feet in height ; they consist, in
the lower part, of a pale basalt with feldspar, and in the
upper part, of the tuff and loose ejected fragments
the bottom is smooth and level, and under almost any
other climate a deep lake would have been formed
here. From the thickness of the bed of loose fragments,
with which the surrounding country is covered, the
amount of aériform matter necessary for their projection
must have been enormous; hence we may suppose it
probable that after the explosions vast suberranean
caverns were loft, and that the falling in of the roof of
one of these” produced the hollow here deseribed. At
the Galapagos Archipelago, pits of a similar character,

siderable aren it lies conformably in the lower part of the stratified
mass of sshes and fmgments. s substance 1s of a reddislbrvwn
colour, with an almost metallic ustre ; it is not magnetic, but_ becomes
£0.aftr having boon hoated nder the blowpipe, by which Tt is biacks
ened and pardly fused.  Thie scam of compact stone, by infercepting
the little rain-water which falls on
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but of a much smaller size, frequently occur at the bases
of small cones of eruption.

Ejected granitic fragments.—In the neighbour-
hood of Green Mountain, fragments of extraneous rock
are ot unfrequently found embedded in the midst of
masses of scorim. Lieut. Evans, to whose kindness I
am_ indebted for much information, gave me several
specimens, and I found others myself. ~They nearly all
have a granitic structure, are brittle, harsh to the touch,
and apparently of altered colours. First, a white syenite,
streaked and mottled with red; it consists of well
erystallised feldspar, numerous grains of quartz, and
brilliant, though small, crystals of hornblende. The
feldspar and hornblende in this and the succeeding
cases have been determined by the reflecting gonio-
meter, and the quartz by its action under the blowpipe.
The feldspar in these ejected fragments, like the glassy
kind in the trachyte, is from its cleavage a potash-
feldspar. Secondly, a brick-red mass of feldspar, quartz,
and small dark patches of a decayed mineral; one
minute particle of which T was able to ascertain, by its
cleavage, to be hornblende. Thirdly, a mass of con-
fusedly crystallised white feldspar, with little nests of a
dark coloured mineral, often carious, externally rounded,
having a glossy fracture, but no distinct cleavage: from
comparison with the second specimen, T have no doubt
that it is fused hornblende. Fourthly, a rock, which
at first appears a simple aggregation of distinet and
large-sized crystals of dusky-coloured Labrador feldspar;!

! Professor Miller has been so kind as to examine this mineral, He
obtained two gor 40 The mean of
several, which T made, was g 2ot Millr states that theso
erystals, when reduced to a fine powder, are soluble in hydrochloric
acid, leaving some undissolved silex behind; the addition of oxalate of
ammonia ives n copious precipitate of lime, Ho farther remark, shat
aceording to Von Kobell, anorthito (n mineral ocenrring in the ejected
fragments at Mount Somna) is always white and transparent, so that it
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but in their interstices there is some white granular
feldspar, abundant scales of mica, a little altered horn-
blende, and, as I believe, no quartz. I have described
these fragments in detail, because it is rare! to find
granitic rocks ejected from voleanos with their minerals
wnchanged, as is the case’ with the first specimen, and
partially with the second. One other large fragment,
found in another spot, is deserving of motice; it is a
ining small of granitic,
cellular, and jaspery rocks, and of hornstone porphyries,
embedded in a base of wacke, threaded by mumerous
thin layers of a concretionary pitchstone passing into
obsidian. These layers are parallel, slightly tortuous,
and short; they thin out at their ends, and resemble in
form the layers of quartz in gneiss. It is probable
that these small werenot sep:
ejected, but were entangled in a fluid voleanic rock,
allied to obsidian; and we shall presently see that
several. varieties of this Intter serios of Took asum'a
laminated structure. 4
Trachytic series of rocks.—Those occupy the more
elevated and central, and likewise the south-eastern,
parts of the island. The trachyte is generally of a pale
brown colour, stained with small darker patches; it
contains broken and bent crystals of glassy feldspar,

this be the case, these crystals from Ascension must be considered as
th

differed in the analysis from that given by mineralog

Tal: the nuthor atckibuted this diftrence to an exroz i the analysis o

Labrador feldspar, which is very o

* Daul lis work or, Volcanos (p. 380), remarks that this is

the case; and Humbold, in his * Personal Narrtive’ (vol. 1. B, 238),

*In general, the masses of known primitive rocks, 1 mean those

which perfotly resemble our granies, gneiss, and mica-shte, o

very rare in lavas: the substances we generally denote by the name of

ranito ¢ n.mm out by Vesuvius, are mixtures of nepheline, mica, and
pyroxen
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grains of specular iron, and black microscopical points,
which latter, from being easily fused, and then becom-
ing magnetic, I presume are hornblende. The greater
number of the hills, however, are composed of a quite
white, friable stone, appearing like a trachytic tuff.
Obsidian, hornstone, and several kinds of laminated
feldspathic rocks, are associated with the trachyte.
There is no distinet stratification ; nor could I distin-
guish a crateriform structure in any of the hills of this
series.  Considerable dislocations have taken place;
and many fissures in these rocks are yet left open, or
are only partially filled with loose fragments. Within
the space,' mainly formed of trachyte, some basaltic
streams have burst forth ; and not far from the summit
of Green Mountain, there is one stream of quite black,
vesicular basalt, containing minute crystals of glassy
feldspar, which have a rounded appearance.

The soft white stone above mentioned is remarkable
from its singular resemblance, when viewed in mass, to
a sedimentary tuff : it was long before I could persuade
myself that such was not its origin ; and other geologists
have been perplexed by closely similar formations in
trachytic regions. In two cases, this white earthy stone
formed isolated hills; in a third, it was associated with
columnar and laminated trachyte ; but I was unable to
trace an actual junction. It contains numerous crystals
of glassy feldspar and black microscopical specks, and
is marked with small darker patches, exactly as in the
surrounding trachyte. Its basis, however, when viewed
under the microscope, is generally quite earthy; but
sometimes it exhibits a decidedly crystalline structure.
On the hill marked ¢ Crater of an old voleano, it passes

1 This space is nearly included by a line sweeping round Green
Mountain, and joining the hills, called the Weather Port Signal, Holy-

, and th ominated (improperly in a geological sense) e

Crater of an old volcano,”
®
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into a pale greenish-gray variety, differing only in its
colour, and in not being so earthy; the passage was in
one case effected insensibly : in another, it was formed
by numerous, rounded and angular, masses of the green-
ish variety, being embedded in the white variety ;—in
this latter case, the appearance was very much like that
of a sedimentary deposit, torn up and abraded during
* the deposition of a subsequent stratum. Both these
varieties are traversed by innumerable tortuous veins
(presently to be described), which are totally unlike
injected dikes, or indeed any other veins which T have
ever seen. Both varieties include a few seattered frag-
ments, large and small, of dark-coloured scoriaceous
rocks, the cells of some of which are partially filled with
the white earthy stone; they likewise include some
huge blocks of a cellular porphyry.! These fragments
project from the weathered surface, and perfectly re-
semble in a true sedi ry tuff.
But s it is known that, extransous fragments of cell-
Iar rock are sometimes included in columnar trachyte,
in phonolite,? and in other compact lavas, this circum-
stance is not any real argument for the sedimentary
origin of the white earthy stone The insensible
passage of the greenish variety into the white one,
and likewise the more abrupt passage by fragments of
the former being embedded in the latter, might result

2 Th porphyzy is dark coloured.; it containe numerous, ofben frac-
tured, erystals of white opaque feldspar, also decomposing crystals of

oxido of frn; it vsils inclade masesof delcate, Bain-tke, crystoe,
apparently of analcim
* D’Anb -m, Trmité Géognosie,” tom. ii.

P

* Dr. Dabeny (on Volunol. P- 180) scoms to have been led to be-
lieve that certain trachytic formations of Ischia and of the Puy de
Dﬁlne ‘which closely resemble these of Auon!mn, were of u«hmnnury
on in, chiefly from the frequent presence in them *of scoriform por-

ous, difeent in colour from the matrix? D Daubeny adds that on
e i M Mm M.hu.r eminent geologists, have considerad
these beds ns trachyte; ho considers the subject
dearving of farther Mtentions

@ The Complete Work of Charles Darwin Online



omar. 1T, Veins. 51

from slight differences in the composition of the same
mass of molten stone, and from the abrading action of
one such part still fluid on another part already solidi-
fied. The curiously formed veins have, I believe, been
formed by siliceous matter being subsequently segre-
gated. But my chief reason for believing that these
soft earthy stones, with their extrancous fragments, are
not of sedimentary origin, is the extreme improbability
of erystals of feldspar, black microscopical specks, and
small stains of a darker colour occurring in the same
proportional numbers in an aqueous deposit, and in
masses of solid trachyte. Moreover, as I have remarked,
the microscope occasionally reveals a erystalline struc-
ture in the apparently earthy basis. On the other
hand, the partial decomposition of such great masses of
trachyte, forming whole mountains, is undoubtedly a
circumstance of not easy explanation.

Veins in the earthy trackytic masses.—These veins
are inarily numerous, i ing in the most
complicated manmer both coloured varieties of the
earthy trachyte: they are best seen on the flanks of
the <Crater of the old voleano” They contain crystals
of glassy feldspar, black microscopical specks and little
dark stains, precisely as in the surrounding rock ; but
the basis is very different, being exceedingly hard,
compact, somewhat brittle, and of rather less easy
fusibility. The veins vary much, and suddenly, from
the tenth of an inch to one inch in thickness; they
often thin out, not only on their edges, but in their
central parts, thus leaving round, irregular apertures ;
their surfaces are rugged. They are inclined at every
possible angle with the horizon, or are horizontal ; they
are generally curvilinear, and often interbranch ome
with another. From their hardness they withstand
weathering, and projecting two or three feet above the

B2
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ground, they occasionally extend some yards in length ;
these plate-like veins, when struck, emit a sound, almost
like that of a drum, and they may be distinctly seen to
vibrate; their fragments, which are strewed on the
ground, clatter like pieces of iron when knocked against
each other. They often assume the most singular
forms; I saw a pedestal of the earthy trachyte, covered
by a hemispherical portion of a vein, like a great
umbrella, sufficiently large to shelter two persons. T
have never met with, or seen described, any veins like
these; but in form they resemble the ferruginous seams,
due to some process of segregation, occurring not un-
commonly in sandstones,—for instance, in the New Red
sandstone of England. Numerous veins of jasper and
of siliceous sinter, occurring on the summit of this
same hill, show that there has beer some abundant
source of silica, and as these plate-like veins differ from
the trachyte only in their greater hardness, brittleness,
and less easy fusibility, it appears probable that their
origin is due to the segregation or infiltration of silice-
ous matter, in the same manner as happens with the
oxides of iron in many sed]menmry rocks.

Siliceous sinter and jasper.—The siliceous sinter
is either quite white, of little specific gravity, and with
a somewhat pearly fracture, passing into pinkish pearly
quartz; or it is yellowish white, with a harsh fracture,
and it then contains an earthy powder in small cavities.
Both varieties occur, either in large irregular masses
in the altered trachyte, or in seams included in broad,
vertical, tortuous, irregular veins of a compact, harsh,
stone of a dull red colour, appearing like a sandstone.
This stone, however, is only altered trachyte; and a
nearly similar variety, but often honeycombed, some-
times adheres to the projecting plate-like veins, des-
cribed in the last paragraph. The jasper is of an ochra
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yellow or red colour ; it occurs in large irregular masses,
and sometimes in veins, both in the altered trachyte
and in an associated mass of scoriaceous basalt. The
cells of the scorinceous basalt are lined or filled with
fine, concentric layers of chalcedony, coated and studded
with bright-red oxide of iron. In this rock, especially
in the rather more compact parts, irregular angular
patches of the red jasper are included, the edges of
which insensibly blend into the surrounding mass ;
other patches occur having an intermediate character
between perfect jasper and the ferruginous, decomposed,
basaltic base. In these patches, and likewise in the
large vein-like masses of jasper, there occur little
rounded cavities, of exactly the same size and form
with the air-cells, which in the scoriaceous basalt are
filled and lined with layers of chalcedony. Small frag-
ments of the jasper, examined under the microscope,
seem to resemble the chalcedony with its colouring
matter not separated into layers, but mingled in the
siliceous paste, together with some impurities, I can
understand these facts,—namely, the blending of the
Jjasper into the i-d basalt,—its

in angular patches, which clearly do not occupy pres
existing hollows in the rock,—and its containing little
vesicles filled with chalcedony, like those in the scori-
aceous lava,—only on the supposition that a fluid,
probably the same fluid which deposited the chalcedony
in the air-cells, removed in those parts where there
were no cavities, the ingredients of the basaltic rock,
and left in their place silica and iron, and thus pro-
duced the jasper. In some specimens of silicified wood,
I have observed, that in the same manner as in the
basalt, the solid parts were converted into a dark-
coloured homogeneous stone, whereas the cavities
formed by the larger sap-vessels (which may be com-
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pared with the air-vesicles in the basaltic lava) and
other irregular hollows, apparently produced by decay,
were filled with concentric layers of chalcedony; in this
case, there can be little doubt that the same fluid
deposited the homogeneous base and the chaleedonic
layers. After these considerations, I cannot doubt but
that the jasper of Ascension may be viewed as a volcanic
rock silicified, in precisely the same sense as this term
is applied to wood, when silicified; we are equally
ignorant of the means by which every atom of wood,
whilst in a perfect state, is removed and replaced by
atoms of silica, as we are of the means by which the
constituent parts of a voleanic rock could be thus acted
on.! I wasled to the careful examination of these rocks,
and to the conclusion here given, from having heard
the Rev. Professor Henslow express a similar opinion,
regarding the origin in trap-rocks of many chaleedonies
and agates. Siliceous deposits seem to be very general,
if not of universal occurrence, in partially decomposed
trachytic tuffs;* and as these hills, according to the
view above given, consist of trachyte softened and
altered i situ, the presence of free silica in this case
may be added as one more instance to the list.

Concretions in pumiceous tuff.—The hill, marked

! Beudant (+Voyageen Hongrie!tom. i pp. 502,804 describes kid-
‘eyihaped Sasees of Jpe-opal, whieh :nhor blend into the surround-
ing trchytic conglomernte,or axs ikochalkinte; and
e compares them with the fragments ur wood, which are
DTN e ﬁ” owever, appears to have
viewed the process of their formation tather as one of simple infiltra-
tion, than, of moleculax ; but the presence of & concretion,
wholly different from the surrounding matter, if not formed in a pre-
existing hollnw, clearly secms to me to require, cither a molecular or
anical displacement, of the atoms, which oceupied the space after-
o) b, it. The jusper-opal of Hungary passes into chalcedony,
fore in_this case, us in that of Ascension, jusper seems to
intimately related in origin with chalcedon;
2 Beudant, (* Voyage Min.' tom., 07) enumerates cases in Hun-
saty, Germany, Central Fra il
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in the map ¢ Crater of an old volcano,’ has no claims to
this appellation, which I could discover, except in being.
surmounted by a circular, very shallow, saucer-like
summit, nearly half a mile in diameter. This hollow
has been nearly filled up with many successive sheets of
ashes and scorim, of different colours, and slightly con-
solidated. Each successive saucer-shaped layer crops

in, forming so many rings of
various colours, and giving to the hill a fantastic
appearance. The outer ring is broad, and of a white
colour; hence it resembles a course round which horses
have been exercised, and has received the name of the
Devil’s Riding School, by which it is most generally
known. These successive layers of ashes must have
fallen over the whole surrounding country, but they
have all been blown away except in this one hollow,
in which probably moisture accumulated, either during
an extraordinary year when rain fell, or during the
storms often accompanying voleanic eruptions. One of
the layers of a pinkish colour, and chiefly derived
from small, decomposed fragments of pumice, is remark-
able, from containing numerous ~concretions. These
are generally spherical, from half-an-inch to three
inches in diameter; but they are occasionally cylin-
drical, like those of iron-pyrites in the chalk of Europe.
They consist of a very tough, cgmpact, pale-brown
stone, with a smooth and even fracture. They are
divided into concentric layers by thin white partitions,
resembling the external superficies; six or eight of
such layers are distinetly defined near the outside ; but
those towards the inside generally become indistinct,
and blend into a homogeneous mass. I presume that
these concentric layers were formed by the shrinking of
the concretion, as it became compact. The interior
part is generally fissured by minute cracks or septaria,
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which are lined, both by black, metallic, and by other
white and erystalline specks, the nature of which T was
unable to ascertain. Some of the larger concretions
consist of a mere spherical shell, filled with slightly
ashes. The concretions contain a small
proportion of carbonate of lime: a fragment placed
under the blowpipe decrepitates, then whitens and
fuses into a blebby enamel, but does not become caustic.
The surrounding ashes do not contain any carbonate of
lime; hence the concretions have probably been formed,
as is 5o often the case, by the aggregation of this sub-
stance, T have not mef with any account of similar
ions ; and considering their great toughness and
compactness, their occurrence in a bed, which probably
has been subjected only to atmospheric moisture, is
remarkable.

Formation of calcareous rocks on the sea-coast—
On several of the sea-beaches, there are imniense accu-
mulations of small, well-rounded particles of shells and
corals, of white, yellowish, and pink colours, inter-
spersed with a few volcanic particles. At the depth of
a few feet, these are found cemented together into
stone, of which the softer varieties are used for build-
ing; there are other varieties, both coarse and fine-
grained, too hard for this purpose: and I saw one
mass divided into even layers half-an-inch in thickness,
which were so compact that when struck with a hammer
they rang like flint. It is believed by the inhabitants,
that the particles become united in the course of a
single year. The union is effected by calcareous
matter; and in the most compact varieties, each
rounded particle of shell and voleanic rock can be dis-
tinetly seen to be enveloped in a husk of pellucid
carbonate of lime, Extremely few perfect shells are
embedded in these agglutinated masses; and I have
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examined even a large fragment under a microscope,
without being able to discover the last vestige of strie
or other marks of external form: this shows how long
each particle must have been rolled about, before its
turn came to be embedded and cemented.!  One of the
most compact varieties, when placed in acid, was en-
tirely dissolved, with the exception of some flocculent
animal matter; its specific gravity was 2:63. The
specific gravity of ordinary limestone varies from 2:6 to
27753 pure Carrara marble was found by Sir H. De la
Beche ? to be 27. Tt is remarkable that these rocks of
Ascension, formed close to the surface, should be nearly
as compact as marble, which has undergone the action
of heat and pressure in the plutonic regions.

The great accumulation of loose caleareous particles,
lying on the beach near the Settlement, commences in
the mouth of October, moving towards the SW., which,
as T was informed by Lieut. Evans, is caused by a change
in the prevailing direction of the currents. At this period
the tidal rocks, at the SW. end of the beach, where the
calcareous sand is accumulating, and round which the
currents sweep, become gradually coated with a calcare-
ous incrustation, half-aninch in thickness. It is quite
white, compact, with some parts slightly spathose, and
is firmly attached to the rock. After a short time it
gradually disappears, being either redissolved, when
the water is less charged with lime, or more probably is
mechanically abraded. Lieut. Evans has observed these
facts, during the six years he has resided at Ascension.
The incrustation varies in thickness in different years :
in 1831 it was unusually thick. When I was there in

3 Tho eggs of the turtle hmg buried by the paret,. sometimes be-
come enclosed in th» wlxd m 7. Lyell has given a figure (* Princi-
Ples of Geology, b h. 17) of some eggs, wumming ‘the bones of

Young turtles, ound thus entomba
escarches in Theoretical Geology, p. 12.
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July, there was no remmant of the incrustation ; but on
a point of basalt, from which the quarrymen had lately
removed a mass of the calcareous freestone, the incrusta-
tion was perfectly preserved. Considering the position
of the tidal rocks, and the period at which they become
coated, there can be no doubt that the movement and dis-
turbance of the vast accumulation of calcareous particles,
many of them being partially agglutinated together,
cause the waves of the sea to be so highly charged
with carbonate of lime, that they deposit it on the first
objects against which they impinge. I have been in-
formed by Lieut. Holland, R.N., that this incrusta-
tion is formed on many parts of the coast, on most of
which, T believe, there are likewise great masses of
comminuted shells.

A frondescent calcareous incrustation.—In many
respects this is a singular deposit; it coats through-
out the year the tidal voleanic rocks, that project from

A e o 6T b i, sttt ook
o
the beaches composed of broken shells. Its general
is well in the i
woodeut; but the fronds or disks, of which it is com-
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posed, are generally so closely crowded together as to
touch. These fronds have their sinuous edges finely
crenulated, and they project over their pedestals or
supports; their upper surfaces are either slightly con=
cave, or slightly convex ; they are highly polished, and
of a dark gray or jet black colour; their form is irre-
gular, generally cireular, and from the tenth of an inch
to one inch and a-half in diameter; their thickness, or
amount of their projection from the rock on which they
stand, varies much, about a quarter of an inch being per-
haps most usual. The fronds occasionally become more
and more convex, until they pass into botryoidal masses
with their summits fissured ; when in this state, they are
glossy and of an intense black, so as to resemble some
fused metallic substance. I have shown the incrustation,
both in this latter and in its ordinary state to several
geologists, but not one could conjecture its origin, except
that perhaps it was of volcanic nature!

The substance forming the fronds has a very com-
pact and often almost crystalline fracture ; the edges
being translucent, and hard enough easily to scratch
caleareous spar. Under the blowpipe it immediately be-
comes white, and emits a strong animal odour, like that
from fresh shells. It is chiefly composed of carbonate
of lime ; when placed in muriatic acid it froths much,
leaving a residue of sulphate of lime, and of an oxide of
iron, together with a black powder, which is not soluble
in heated acids. This latter substance seems to be car-
bonaceous, and is evidently the colouring matter. The
sulphate of lime is etraneous, and oceurs in distinct,
excessively minute, lamellar plates, studded on the sur-
faces of the fronds, and embedded between the fine
layers of which they are composed ; when a fragment is
heated in the blowpipe, these lamellw are immediately
rendered visible. The original outline of the fronds
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may often be traced, either to a minute particle of shell
fixed in a crevice of the rock, or to several cemented
together; these first become deeply corroded, by the
dissolving power of the waves, into sharp ridges, and
then are coated with successive layers of the glossy,
gray, 0 lities of the
primary support affect the outline of every successive
layer, in the same manuer as may often be seen in
bezoar-stones, when an object like a nail forms the
centre of aggregation. The crenulated edges, how-
ever, of the frond appear to be due to the corroding
power of the surf on its own deposit, alternating with
fresh depositions. On some smooth basaltic rocks on
the coast of St. Jago, I found an exceedingly thin layer
of brown caleareous matter, which under a lens pre-
sented a miniature likeness of the crenulated and
polished fronds of Ascension; in this case a basis was
not afforded by any projecting extraneous particles.
Although the incrustation at Ascension is persistent
throughout the year; yet from the abraded appearance
of some parts, and from the fresh appearance of other
parts, the whole seems to undergo a round of decay
and renovation, due probably to changes in the form
of the shifting beach, and consequently in the action
ofthe breakers: hence probably it is, that the incrusta-
tion never acquires a great thickness. Considering the
position of the encrusted rocks in the midst of the cal-
careous beach, together with its compomtlon, I think
there can be no doubt that its origin is due to the disso-
lution and subsequent deposition of the matter com-
posing the rounded particles of shells and corals.!

! The selenite, s T have remarked, is extransous, and must havo
been derived the sea-water. It is an interesting circumstance
thus 1o find the waves of the oeeas, sufficiently charged with sulphato
of lime, to deposit it on the rocks, agninst which they dash every tide.
Dr. Webster has described (* Voyage of the “ Chanticleer,” vol. ii. p. 319)
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From this source it derives its animal matter, which
is evidently the colouring principle. The mature of
the deposit, in its incipient stage, can often be well
seen upon a fragment of white shell, when jammed be-
tween two of the fronds; it then appears exactly like
the thinnest wash of a pale gray varnish. Its darkness
varies a little, but the jet blackness of some of the
fronds and of the botryoidal masses seems due to the
translucency of the successive gray layers. There is,
however, this singular circumstance, that when de-
posited on the under side of ledges of rock or in fissures,
it appears always to be of a pale, pearly gray colour,
even when of considerable thickness: hence one is led
to suppose, that an abundance of light is necessary to
the development of the dark colour, in the same
‘manner as seems to be the case with the upper and ex-
posed surfaces of the shells of living mollusca, which
are always dark, compared with their under surfaces
and with the parts habitually covered by the mantle of
the animal. In this circumstance,—in the immediate
loss of colour and in the odour emitted under the blow-
pipe,—in the degree of hardness and translucency of
the edges,—and in the beautiful polish of the surface,!
rivalling when in a fresh state that of the finest Oliva,
there is a striking analogy between this inorganic in-

beds of gypeum and salty ag much astwo fotin thicknaes,Lft by the
evaporation of the spray on the rocks on the windwas
stalacitas of selonie, resembling in form those e iy
med near these beds. Amorphous masses of gypsum, aiso, oceur
T cayocms in;tho Iataske of s slacd sud st Groms TAII (s cld
erater) I saw o considerable quantity of salt oozing from a pile of scorie.
Tn theso Iatter cases, the salt and gypsum appear to be voleanic
products.
3 From the fuct deseribed in my « Journal of Researches’ (p. 12), of a
eoating of oxido of iron, deposited by a streamlet on the rocks in itsbed
(like a nearly similar coating at tho great cataracts of the Orinooco and
Nile), becoming finely polished where the surf acts, I presume that
the surf in this instance, also, is the polishirg agent.
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crustation and the shells of living molluscous animals.!
This appears to me to be an interesting physiological
fact.?

Singular laminated beds alternating with and
passing into obsidian.— These beds occur within the
trachytic district, at the western base of Green Mountain,
under which they dip at a high inclination. They are
only partially exposed, being covered up by modern
ejections; from this cause, I was unable to trace their
junction with the trachyte, or to discover whether they
had flowed as a stream of lava, or had been injected
amidst the overlying strata. There are three principal
beds of obsidian, of which the thickest forms the base
of the section. The alternating stony layers appear to
me eminently curious, and shall be first described, and
afterwards their passage into the obsidian. They have
an extremely diversified appearance; five principal
varieties may be noticed, but these insensibly blend
into each other by endless gradations.

TFirst,—A pale gray, irregularly and_coarsely lami-
nated,? harsh-feeling rock, resembling clay-slate which

1 In the section descriptive of St. Paul's Rocks, T have described a
glossy, pearly substance, which coats the rocks, and an allied stalac-
fitieal incrustation from Ascension, the crust of which resembles the
enamel of teeth, but is hard enongh to serateh plate glass. Both these
Substances contain animal matter, and seem to have been derived from
water infiltering through birds' dung.

 Mr, Hornerand Sir David Brewster have described (* Philosophical
Transactions, 1836, p. 65) a_singular *artificial substance, resembling
shell, It is deposited in fine, transparent, highly polished, brown-
‘coloured Jaminie, posscssing pecaliar optical properties, on the inside of
 vessel, in which cloth, first prepared with glue and then with lime, is
‘made to revolve rapidly in water. It is much softer, more trausparent,
and contains more animal mattor, than the natural incrustation at
Ascension ; but we here again sce the strong tendency which earbonate
of Time and animal matter evince to form a solid substance allied to

+ This term is open to some misinterpretation, as it may be applied

s ided into lamin® of exactly the same composition,

and to layors firmly attached to each other, with no fissile tendency, but
composed of different minerals, or of different shades of eolour.  Tho
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has been in contact with a trap-dike, and with a frac-
ture of about the same degree of crystalline structure.
This rock, as well as the following varieties, easily fuse
into a pale glass. The greater part is honey-combed
with irregular, angular, cavities, so that the whole has
a curious appearance, and some fragments resemble in
a remarkable manner silicified logs of decayed wood.
This variety, especially where more. compact, is often
marked with thin whitish streaks, which are either
straight or wrap round, ome behind the other, the
elongated carious hollows.

Secondly,—A bluish gray or pale brown, compact,
heavy, homogeneous stone, with an angular, uneven,
earthy fracture; viewed, however, under a lens of high
power, the fracture is seen to be distinctly erystalline,
and even separate minerals can be distinguished.

Thirdly,—A stone of the same kind with the last,
but streaked with numerous, parallel, slightly tortuous,
white lines of the thickness of hairs. These white lines
are more erystalline than the parts between them ; and
the stone splits along them: they frequently expand
into exceedingly thin cavities, which are often only
just perceptible with a lens. The matter forming the
white lines becomes better crystallised in these cavities,
and Prof. Miller was fortunate enough, after several
trials, to ascertain that the white crystals, which are the
largest, were of quartz,! and that the minute green trans-
parent needles were augite, or, as they would more
generally be called, diopside: besides these crystals,
there are some minute, dark specks without a trace of
!arm laminated,’ in this chnp!er‘ is applied in these lntter sensos ; whero

omogeneous roek splits, he former sense, in o given direction,
hka dn_y slate, 1 have \uad tl.\

! Professor Miller u\fums me !hst the m-yytnh which he measured
had the faces P, z, m of the A"gure (147) given by Haidinger in his

Translation of Molm mnd e adds, that it is rema lrbtblﬂ, that none of
them had the slightest trace of faces 7 of the regular six-sided prism.
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erystallisation, and some fine, white, granular, crys-
talline matter which is probably feldspar. Minute
fragments of this rock are casily fusible.

Fourthly,—A compact crystalline rock, banded in
straight lines with innumerable layers of white and
gray shades of colour, varying in width from the Ji;th
to the 1oth of an inch; these layers scem to be com-
posed chiefly of feldspar, and they contain numerous
perfect erystals of glassy feldspar, which are placed
Iengthways; they are also thickly studded with micro-
scopically minute, amorphous, black specks, which are
placed in rows, either standing separately, or more
frequently united, two or three or several together, into
black lines, thinner than a hair. When a small frag-
ment is heated in the blowpipe, the black specks are
casily fused into black brilliant beads, which become

that apply to mineral
except homblende or augite. With the black specks
there are mingled some others of a red colour, which are
magnetic before being heated, and no doubt are oxide
of iron. Round two little cavities, in a specimen of
this variety, I found the black specks aggregated into
minute erystals, appearing like those of augite or horn-
blende, but too dull and small to be measured by the
goniometer; in this specimen, also, I could distinguish
amidst the crystalline feldspar, grains, which had the
aspect of quartz. By trying with a parallel ruler, T
found that the thin gray layers and the black hair-like
lines were absolutely straight and parallel to cach
other. It is impossible to trace the gradation from the
homogeneous gray rocks to these striped varieties, or
indeed the character of the different layers in the same
specimen, without feeling convinced that the more or
Jess perfect whiteness of the erystalline feldspathic
matter depends on the more or less perfect aggregation
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of diffused matter, into the black and red specks of
hornblende and oxide of iron.

“Fifthly,—A compact heavy rock, not laminated,
with an irregular, angular, highly crystalline, fracture ;
it abounds with distinet erystals of glassy feldspar, and
the crystalline feldspathic base is mottled with a black
mineral, which on the weathered surface is seen to be
aggregated into small crystals, some perfect, but the
greater number imperfect. I showed this specimen to
an experienced geologist, and asked him what it was,
he answered, as I think every one else would have done,
that it was a primitive greenstone. The weathered
surface, also, of the foregoing (No. 4) banded variety,
strikingly resembles a worn fragment of finely laminated
gneiss.

These five varieties, with many intermediate ones,
pass and repass into each other. As the compact
varieties are quite subordinate to the others, the whole
may be considered as laminated or striped. The laminz,
to sum up their characteristics;are either quite straight,
or slightly tortuous, or convoluted; they are all parallel
to each other, and to the intercalating strata of obsidian;
they are generally of extreme thinmess; they econsist
either of an apparently homogeneous, compact rock,
striped with different shades of gray and brown colours,
or of crystalline feldspathic layers in a more or less
perfect state of purity, and of different thicknesses, with
distinct crystals of glassy feldspar placed lengthways, or
of very thin layers chiefly composed of minute crystals
of quartz and augite, or composed of black and red
specks of an augitic mineral and of an oxide of iron,
either not erystallised or imperfectly so. After having
fully described the obsidian, I shall return to the subject
of the lamination of rocks of the trachytic series.

The passage of the foregoing beds into the strata of

r
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glassy obsidian is effected in several ways : first, angulo-
modular masses of obsidian, both large and small,
abruptly appear dlsqemmuted in a slaty, or in an amor-
phous, pale-col ic rock, with a hat
pearly fracture, Seoondly, small irregular nodules of
the obsidian, either standing separately, or united into
thin layers, seldom more than the tenth of an inch
in thickness, alternate repeatedly with very thin layers
of a feldspathic rock, which is striped with the finest
parallel zones of colour, like an agate, and which some-
times passes into the nature of pitchstone ; the interstices
between the nodules of obsidian are generally filled by
soft white matter, resembling pumiceous ashes. Thirdly,
the whole substance of the bounding rock suddenly
passes into an angulo-concretionary mass of obsidian.
Such masses (as well as the small nodules) of obsidian
are of a pale green colour, and are generally streaked
with different shades of colour, parallel to the laminze
of the surrounding rock they likewise generally con-
tain minute white spherulites, of which half is some-
times embedded in a zone of one shade of colour, and
half in a zone of another shade. The obsidian assumes
its jet black colour and perfectly conchoidal fracture,
only when in large masses; but even in these, on careful
examination and on holding the specimens in different
lights, T could generally distinguish parallel streaks of
different shades of darkness.

One of the commonest transitional rocks deservesin
several respects a further description. It is of a very
complicated nature, and consists of mumerous thin,
slightly tortuous, layers of a’ pale-coloured feldspathic
stone, often passing into an imperfect pitchstone, alter-
nating with layers formed of numberless little globules
of two varieties of obsidian, and of two kinds of sphe-
rulties, embedded in a soft or in a hard pearly base.
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The spheerulites are either white and translucent, or
dark brown and opaque; the former are quite spherical,
of small size, and distinctly radiated from their centre.
The dark brown sphwrulites are less perfectly round,

and vary in diameter from the ';th to J;th of aninch;

when broken they exhibit toward: theu ceutres, which
are whitish, an obscure radiating structure; two of
them when united, sometimes have only one central
point of radiation; there is occasionally a trace of a
hollow or crevice in their centres. They stand either
separately, or are united two or three or many together
into irregular groups, or more commonly into layers,
parallel to the stratification of the mass. This union
in many cases is so perfect, that the two sides of the
layer thus formed, are quite even ; and these layers, as
they become less brown and opaque, cannot be distin-
guished from the alternating layers of the pale-coloured
feldspathic stone. The sphwrulites, when not united,
are generally compressed in the plane of the lamination
of the mass; and in this same plane, they are often
marked internally, by zones of different shades of

No. 6.

Opague brown 5 diawn on. aa elarget ele.” Tha agoer one e e
b e o xnmlld idgor. "Tho nteral dsiog sirctars of the
ower anes, s much too

colour, and externally by small ndges and furrows. In
the upper part of the accompanying woodcut, the
F2
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spheerulites with the parallel ridges and furrows are
represented on an enlarged scale, but they are not well
executed; and in the lower part, their usual mamner of
grouping is shown. In another specimen, a thin layer
formed of the brown spheerulites closely united together,
intersects, as represented in the woodeut, No. 7, a layer

No.7.

Alege frmet vy th o of minis L, b, et o iber
i Tape - the whole epresentod o neary tha matars

of similar composition; and after running for a short
space in a slightly curved line, again intersects it, and
likewise a second layer lying a little way beneath that
first intersected. The small nodules also of obsidian are
sometimes externally marked with ridges and furrows,
parallel to the lamination of the mass, but always less
plainly than the sphwerulites. These obsidian nodules
are generally angular, with their edges blunted: they
are often impressed with the form of the adjoining
spherulites, than which they are always larger; the
separate nodules seldom appear to have drawn each other
out by exerting a mutual attractive force. Had I not
found in some cases, a distinct centre of attraction in
these nodules of obsidian, I should have been led to
have considered them as residuary matter, left during
the formation of the pearlstone, in which they are
embedded, and of the spherulitic globules.

The spheerulites and the little nodules of obsidian
in these rocks so closely resemble, in general form and
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structure, concretions in sedimentary deposits, that one
is at once tempted to attribute to them an analogous
origin. They resemble ordinary concretions in the
followingrespects: in their external form,—in the union
of two or three, or of several, into an irregular mass, or
into an even-sided layer,—in the occasional intersection
of one such layer by another, as in the case of chalk-
flints,—in the presence of two or three kinds of nodules,
often close together, in the same basis,— in their fibrous,
radiating structure, with occasional hollows in their
centres,—inthe co-existence of alaminary, concretionary,
and radiating structure, as is so well developed in the
concretions of magnesian limestone, described by Pro-
fessor Sedgwick.! Coneretions in sedimentary deposits,
it is known, are due to the separation from the sur-
rounding mass of the whole or part of some mineral
substance, and its aggregation round certain points of
attraction. Guided by this fact, I have endeavoured
to discover whether obsidian and the spherulites (to
which may be added marekanite and pearlstone, both
of them oceurring in nodular concretions in the trachytic
series) differ in their constituent parts, from the minerals
generally composing trachytic rocks. It appears from
three analyses, that obsidian contains on an average 76
per cent. of silica; from one analysis, that spherulites
contain 7912; from two, that marekanite contains
79-25; and from two other analyses, that pearlstone
contains 7562 of silica.? Now, the constituent parts
of trachyte, as far as they can be distinguished, consist
of feldspar, containing 6521 of silica; or of albite, con-
taining 69:09 ; of hornblende, containing 55:27,% and of

!« Geological Transactions,’ vol. ii. part i. p. 37.

2 The fore mng analyses aro taken from Beudant, * Traité d
logie! on Gl and one analysis of obsidian, from Phillips’s

* Theser nn:l) ‘ses are taken from Von Kobell's  Grundziige der Miner-
alogie, 1538,
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oxide of iron: so that the foregoing glassy concre-
tionary substance, all contain a larger proportion of
silica than that occurring in ordinary feldspathic or
trachytic rocks. D’Aubuisson,! also, has remarked on
the large proportion of silica compared with alumina,
in six analyses of obsidian and pearlstone given in
Brongniart’s ¢ Mineralogy.” Hence I conclude, that the
foregoing coneretions have been formed by a process of
aggregation, strictly analogous to that which takes
place in aqueous deposits, acting chiefly on the silica,
but likewise on some of the other elements of the sur-
rounding mass, and  thus producing the different con-
cretionary varieties. From the well-known effects of
rapid cooling? in giving glassiness of texture, it is
probably necessary that the entire mass, in cases like
that of Ascension, should have cooled at a certain rate ;
but considering the repeated and complicated alterna-
tions of modules and thin layers of a glassy texture
with other layers quite stony or crystalline, all within
the space of a few feet or even inches, it is hardly
possible that they could have cooled at different rates,
and thus have acquired their different textures.

The natural spheerulites in these rocks3 very closely

» “Traité de Géogn. tom. ii. p. 535,

# This is seen in the manufacture of common glass, and in Gregory
‘Watts's experiments on molten trap; also on the natural surfaces of
Iava-streams, and on the side-walls of dikes.

T do not know whether it is generally known, that bodies having
exactly the same appearance as sphieralites, sometimes occur in
Mr. Robert Brown showed me in an agate, formed within a cavi
piece of silicified wood, some little specks, which were only just visible
1o the naked eye: these s ecks, when placed by bhim ndee o lon of
bigh power, presented o boutifl, appearenco: they wero per o
clfealar, and eonaiated. of the oot e of  brows coloun,
with great exnctness from o common contro. - Theae litle radinting

sionally intersected, and portions are quite eut off by the
ne, f colour in the agate. In the obsidian of
Ascantion, e halves of & epheealte oRes o in ifheset sones of
ioloue, bus they are mot cut ofF by them, as 1 th gate,

@ The Complete Work of Charles Darwin Online



cmAp. TIT. Obsidian Formation. 71

resemble those produced in glass, when slowly cooled.
In some fine specimens of partially devitrified glass,
in the possession of Mr. Stokes, the sphewrulites are
united into straight layers with even sides, parallel to
each other, and to one of the outer surfaces, exactly as
in the obsidian. These layers sometimes interbranch
and form loops; but I did not see any case of actual
intersection. They form the passage from the perfectly
glassy portions, to those nearly homogeneous and stony,
with only an obscure concretionary structure. In the
same specimen, also, sphwrulites differing slightly in
colour and in structure, occur embedded close together.
Considering these facts, it is some confirmation of the
view above given of the concretionary origin of the
obsidian and natural spherulites, to find that M. Dar-
tigues,! in his curious paper on this subject, attributes
the production of spherulites in glass, to the different
ingredients obeying their owni laws of attraction and
becoming aggregated. He is led to believe that this
takes place, from the difficulty in remelting spherulitic
glass, without the whole be first thoroughly pounded
and mixed together ; and likewise from the fact, that
the change takes place most readily in glass composed
of many ingredients. In confirmation of M. Dartigues’
view, I may remark, that M. Fleurian de Bellevue *
found that the sphwrulitic portions of devitrified glass
were acted on both by nitric acid and under the blow-
pipe, in a different manner from the compact paste in
which they were embedded.

Comparison of the obsidian beds and alternating
strata of Assension, with, those of other countries.—
1 have been struck with muéh surprise, how closely the
excellent, deseription of the obsidian rocks of Hungary,

34 Jourual do Physique. tom. 50/(1804), g 10. 13-
2 Idem, tom. 60 (1803), p.
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given by Beudant,! and that by Humboldt, of the same
formation in Mexico and Peru,? and likewise the descrip-
tions given by several authors® of the trachytic regions
in the Italian islands, agree with my observations at
Ascension.  Many passages might have been transferred
without alteration from the works of the above authors,
and would have been applicable to this island. They
all agree in the laminated and stratified character of
the whole series ; and Humboldt speaks of some of the
beds of obsidian being ribboned like jasper.d They all
agree in the nodular or concretionary character of the
obsidian, and of the passage of these nodules into layers.
They all refer to the repeated alternations, often in un-
dulatory planes, of glassy, pearly, stony, and crystalline
layers: the erystalline layers, however, seem to be much
more perfectly developed at Ascension, than in the
above-named countries. Humboldt compares some of
the stony beds, when viewed from a distance, to strata
of a schistose sandstone. Spheerulites are deseribed as
occurnug abundantly in all casés; and they everywhere
yage en Hongrie,’ tom. i. p. 330 ; tom. ii. pp. 221 and 315; tom.

i pp, 369 371, 877, 881
ssai Géognostique,’ pp. 176, 326, 328.
s P Scrope, m‘Genloglcnl Transactions. vol. ii. (second series) p. 195.
. oyng@ aux Isles Lipari, and 1’ Aubuisson,

e Sibas i ol otton f oidinge o Masies, T abaeeve
that the sphierulites are generally much larger than those of Ascension ;
they are generally white, opag ro united into distinet layers

aro many o, diffent rom any at Ascansion.
ot AT A0l i it gt o vk i

which become more and more numerous, until at last they unite and
form a distinet luyer: on the other hand, at Ascension, only the brown
sphierulites unite and form layers; the white ones always being irro-

gularly_disseminated. ~ Some specimens at the Geological Socity,
Said o belong to 8n bt fommation from Mesico, have s sarthy
fracture, and are divided in the finest parallol laminie, by specks of a
black minegul like:tho avgitic or borablendic. specks in the rocks at
Ascensi
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seem to mark the passage, from the perfectly glassy to
the stony and crystalline beds. Beudant’s account! of
his ¢perlite lithoide globulaire’ in every, even the
most trifling particular, might have been written for
the little brown spherulitic globules of the rocks of
Ascension,

From the close similarity in so many respects, be-
tween the obsidian formations of Hungary, Mexico,
Peru, and of some of the Italian islands, with that of
Ascension, I can hardly doubt, that in all these cases,
the obsidian and the spherulites owe their origin to a
concretionary aggregation of the silica, and of some of
the other constituent elements, taking place whilst the
liquefied mass cooled at a certain required rate. It is,
however, well known, that in several places, obsidian
has flowed in streams like lava; for instance, at Teneriffe,
at the Lipari Islands, and at Iceland.* In these cases,
the superficial parts are the most perfectly glassy, the
obsidian passing at the depth ofa few feet into an opaque
stone. In an analysis by Vauquelin of a specimen of
obsidian from Hecla, which probably flowed as lava, the
proportion of silica is nearly the same as in the nodular
or concretionary obsidian from Mexico. It would be
interesting to ascertain, whether the opaque interior
portions and the superficial glassy coating contained
the same proportional constituent parts: we know from
M. Dufrénoy ® that the exterior and interior parts of
the same stream of lava sometimes differ considerably
in their composition. Even should the whole body of
the stream of obsidian turn out to be similarly com-

! Beudant's ¢ Voyage,” tom. iii.
= ¥or Teneriffe, sce Von Buch, * Deszrlpb des Tsles Canaries, pp. 184
and 190; for the Lipari Islands, see Dolimieu’s * Voyage,' p. 34; for
Teeland, see Mackenzic's * Travels, p. 369,
3+ Mémoires pour servir a une Descript. Géolog. de la France,’ tom.
iv. p. 371

@ The Complete Work of Charles Darwin Online



74 Ascension. PART 1.

posed with nodular obsidian, it would only be necessary,
in accordance with the foregoing facts, to suppose that
lava in these instances had been erupted with its ingre-
dients mixed in the same proportion, as in the concre-
tionary obsidian.

Lamination of voleanic rocks of the trackytic serics.

We have seen that, in several and widely distant
countries, the strata alternating with beds of obsidian,
are highly laminated. The nodules, also, both large
and small, of the obsidian, are zoned with different
shades of colour; and I have seen a specimen from
Mexico in Mr. Stokes' collection, with its external
surface weathered! into ridges and furrows, correspond-
ing with the zones of different degrees of glassiness:
Humboldt,? moreover, found on the Peak of Teneriffe,
4 stream of obsidian divided by very thin, alternating,
layers of pumice. Many other lavas of the feldspathic
series are laminated ; thus, masses of common trachyte
at Ascension are divided by fine earthy lines, along
which the rock splits, separating thin layers of slightly
different shades of colour; the greater number, also, of
the embedded crystals of glassy feldspar are placed
lengthways in the same direction. Mr.P. Scrope? has
described a remarkable columnar trachyte in the
Panza Tslands, which seems to have been injected into
an_overlying mass of trachytic conglomerate: it is
striped with zones, often of extreme tenuity, of dif-
ferent textures and colours; the harder and darker

! MacCulloch states (*Classification of Rocks,’ p. 531), that the
exposed surfaces of the pitchstone dikes in Arran are furrowed, ¢ with

lulating lines, resembling certain varieties of marbled paper, and
which uvisently Tesult from some corresponding difference of laminar
structare.

* ‘Personal Narrative,’ vol. i. p. 222,

* *Geological Transactions, vol. ii. (second serics) p. 105,
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zomes appearing to contain a larger proportion of silia.
In another part of the island, there are layers of pearl-
stone and pitchstone, which in many respects resemble
those of Ascension. The zones in the columnar trachyte
are generally contorteds they extend uninterruptedly
for a great length in a vertical direction, and apparently
parallel to the walls of the dike-like mass.  Von Buch!
has described at Teneriffe, a stream of lava containing
innumerable, thin, plate-like crystals of feldspar, which
are arranged like white threads, one behind the other,
and which mostly follow the same direction. Dolimieu?
also states; that the gray lavas of the modern cone of
Vulcano, which have a vitreous texture, are streaked
with parallel white lines : he further describes a solid
pumice-stone which possesses a fissile structure, like
that of certain micaceous schists. Phonolite, which I
may observe is often, if not always, an injected rock,
also, often has a fissile structure; this is generally due
to the parallel position of the embedded crystals of
feldspar, but sometimes, as at Fernando Noronha, seems
to be nearly independent of their presence From
these facts we see, that various rocks of feldspathic
series have either a laminated or fissile structure, and
that it occurs both in masses, which have been injected
into overlying strata, and in others which have flowed
as streams of lava.

The lamin of the beds, alternating with the obsi-
dian at Ascension, dip at a high angle under the moun-

+ Deseription des Iles Canarics, p. 184.
“Voyage aux Isles de Lipari,' pp. 35 and 85,

* In this caso, and in that of the fissile pumice-stone, tho structure
is very different from that in the foregoing cases, where the laminze con-
sist of alternate layers of different composition or texture. In some
sedim formnunn!, however, which apparently are homogeneous
and fissile, 18 in glossy clay-slate, there is reason to beliove, aceonding
o Dikubtissos, thatythe It are:roally s 1o excepeiely thid
alternating, layers of mea,
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tain, at the base of which they are situated ; and they
do not appear as if they had been inclined by violence.
A high inclination is common to these beds in Mexico,
Peru, and in some of the Italian islands:! on the other
hand, in Hungary, the layers are horizontal; the
lamine, also, of some of the lava-streams above referred
to, as far as T can understand the descriptions given
of them, appear to be highly inclined or vertical. I
doubt whether in any of these cases, the lamine have
been tilted into their present position; and in some
instances, as in that of the trachyte described by Mr.
Scrope, it is almost certain that they have been origin-
ally formed with a high inclination. In many of these
cases, there is evidence that the mass of liquefied rock
has moved in the direction of the lamine. At Ascen-
sion, many of the air-cells have a drawn-out appearance,
and are crossed by coarse semi-glassy fibres, in the
direction of the laminw; and some of the layers, sepa-
rating the spherulitic globules, have a scored appear-
ance, as if produced by the grating of the globules. I
have seen a specimen of zoned obsidian from Mexico,
in Mr. Stokes’ collection, with the surfaces of the best-
defined layers streaked or furrowed with parallel lines;
and these lines or streaks precisely resembled those,
produced on the surface of a mass of artificial glass by
its having been poured out of a vessel. Humboldt,
also, has described little cavities, which he compares to
the tails of comets, behind spheerulites in laminated obsi-
dian rocks from Mexico, and Mr Secrope has described
other cavities behind fragments embedded in his lami-
nated trachyte, and which he supposes to have been

! Seo Phillips's * Mineralogy, for the Italian Islands, p. 136, For,
Mexico und Peru, seo Humboldt’s  Essai Géognostiquo.” M. Bdvards
also, describes the bi Ligh inclination of the obsidian rocks of the Cerro
del Navaja in Mexico,in the Proe. of the Gealog. Soo! for Juse, 1856,
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produced during the movement of the mass.! From
such facts, most authors have attributed the lamination
of these volcanic rocks to their movement whilst lique-
fied. Although it is easy to perceive, why each separate
air-cell, or each fibre in pumice-stone,? should be drawn
out in the direction of the moving mass; it is by no
means at first obvious why such air-cells and fibres
should be arranged by the movement, in the same
planes, in lamine absolutely straight and parallel to
each other, and often of extreme tenuity; and still less
obvious is it, why such layers should come to be of
slightly different composition and of different textures.
In endeavouring to make out the cause of the
lamination of the igneous feldspathic rocks, let us
return to the facts so minutely described at Ascension.
We there sce, that some of the thinnest layers are
chiefly formed by numerous, exceedingly minute, though
perfect, erystals of different minerals; that other layers
are formed by the union of different kinds of concre-
tionary globules, and that the layers thus formed, often
cannot be distinguished from the ordinary feldspathic
and pitchstone layers, composing a large portion of the
entire mass. The fibrous radiating structure of the
spharulites seems, judging from many analogous cases,
to connect the coneretionary and erystalline forces: the
separate crystals, also, of feldspar all lie in the same

1 Geologieal Transactions,' vol. . (second series) p. 200, &e. These
embedded fragments, in some instances, consist of the Jamicatad
trachyte broken offand *enveloped in thoso parts, wlich
muined liquid”  Beudant, also, frequently i i
 Hungary’ (tam i, p. 886), to trachytic rocks, vegulacly ap hpotted with
fragments of the same varities, which in other parts form tho paralel

T case, wo must suppose, that after purt o the molten
mass had acsumed a laminated structure,  fresh irruption of lnva broke
1 the mase, and involved fragments, 4nd that sabsequently the whela
beeame relaminated.

# Dolimieu's * Voyage, p. 64.
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parallel planes! These allied forces, therefore, have
played an important part in the lamination of the mass,
Dut they cannot be considered the primary force; for
the several kinds of nodules, both the smallest and the
largest, are internally zoned with excessively fine shades
of colour, parallel to the lamination of the whole; and
many of them are, also, externally marked in the same
direction with parallel ridges and furrows, which have
not been produced by weathering.

Some of the finest streaks of colour in the stony
layers, alternating with the obsidian, can be distinetly
seen to be due to an incipient crystallisation of the
constituent minerals. The extent to which the minerals
have crystallised can, also, be distinctly seen to be
connected with the greater or less size, and with the
number, of the minute, flattened, crenulated air-cavities
or fissures.  Numerous facts, as in the case of geodes,
and of cavities in silicified wood, in primary rocks, and
in veins, show that crystallisation is much favoured
by space.  Hence, I conclude, that, if in a mass of
cooling voleanic rock, any cause produced in parallel
planes a number of minute fissures or zones of less
tension, (which from the pent-up vapours would often
be expanded into crenulated air-cavities), the erystal-
lisation of the constituent parts, and probably the for-
mation of coneretions, would be superinduced or much
favoured in such planes; and thus, a laminated struc-
ture of the kind we are here considering would be
generated.

That some cause does produce parallel zones of less

1 The formation, indeed, of a large erystal of any mineral in a rock
of mixed composition implies an aggregation of the requisite atoms,
allied to concretionary action; The causo of the erystals of feldspar in
these rocks of Ascension, being all placed lengthways, is probably the
same with that which elongates and flattens all the brown sphwmrulitic
ﬁ:‘:;:}a;: (which behave like feldspar under the blowpipe) in this sume
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tension in volcanic rocks, during their consolidation, we
must admit in the case of the thin alternate layers of
obsidian and pumice described by Humboldt, and of
the small, flattened, crenulated air-cells in the lami-
nated rocks of Ascension ; for on noother principle can
we conceive why the confined vapours should through
their expansion form air-cells or fibres in separate,
parallel planes, instead of irregularly throughout the
mass. In Mr. Stokes' collection, I have seen a
beautiful example of this structure, in a specimen of
obsidian from Mexico, which is shaded and zoned, like
the finest agate, with numerous, straight parallel layers,
more or less opaque and white, or almost perfectly
glassy; the degree of opacity and glassiness depending
on the number of microscopically minute, flattened
air-cells; in this case, it is scarcely possible to doubt
but that the mass, to which the fragment belonged,
must have been subjected to some, probably prolonged,
action, causing the tension slightly to vary in the suc-
cessive planes.

veral causes appear capable of producing zones of
different tension, in masses semi-liquefied by heat. In
a fragment of devitrified glass, I have observed layers
of spheerulites which appeared, from the manner in
which they were abruptly bent, to have been produced
by the simple contraction of the mass in the vessel, in
which it cooled.  In certain dikes on mount Etna, de-
scribed by M. Elie de Beaumont,! as bordered by alter-
nating bands of scoriaceous and compact rock, one is
led to suppose that the stretching movement of the
surrounding strata, which originally produced the
fissures, continued whilst the injected rock remained
fluid.  Guided, however, by Professor Forbes'? clear

1 Mém, pour servir! &e., v. p. 1
* ‘Elinbargh Now Pl Joummaly mz. p 850.
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description of the zoned structure of glacier-ice, far the
most probable explanation of the laminated structure
of these feldspathic rocks appears to be, that they have
been stretched whilst slowly flowing onwards in a pasty
condition,! in precisely the same manner as Professor
Forbes believes, that the ice of moving glaciers is
stretched and fissured. In both cases, the zomes may
be compared to those in the finest agates; in both,
they extend in the direction in which the mass has
flowed, and those exposed on the surface are generally
vertical : in the ice, the porous lamine are rendered
distinet by the subsequent congelation of infiltrated
water, in the stony feldspathic lavas, by subsequent
erystalline and concretionary action. The fragment of
glassy obsidian in Mr. Stokes’ coliection, which is zoned
with minute air-cells, must strikingly resemble, judging
from Professor Forbes® descriptions, a fragment of the
zoned ice ; and if the rate of cooling and nature of the
mass had been favourable to its crystallisation or to
coneretionary action, we should heve have bad the finest
parallel zones of different composition and texture.
In glaciers, the lines of porous ice and of minute
crevices seem to be due to an incipient stretching,
caused by the central parts of the frozen stream moving
faster than the sides and bottom, which are retarded by
friction : hence in glaciers of certain forms and towards
the lower end of most glaciers, the zones become hori-
zontal. May we venture to suppose that in the feld-
spathic lavas with horizontal laminz, we see an analo-
gous case?  All geologists, who have examined trachytic
regions, have come to the conclusion, that the lavas of

resume that_this is nearly the same explanation which Mr.
Sumpa Kwd in his mind, when he s rnks(‘ﬂen\og Transact.” vol. ii.
second serics, p. ns) of the ribboned structure of his trachytie rocks,

a linear extension of the mass, whlln in a state of
imperfoct lquidity, conpled with & concroionazy process.
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this series have possessed an exceedingly imperfect
fluidity ; and as it is evident that only matter thus
characterised would be subject to become fissured and
to be formed into zones of different tensions, in the
manner here supposed, we probably see the reason why
augitic lavas, which appear generally to have possessed
a high degree of fluidity, are not,! like the feldspathic
lavas, divided into laming of different composition and
texture. Moreover, in the augitic series, there never
appears to be any tendency to concretionary action,
which we have seen pluys an important part in the
lamination of rocks of the trachytic series, or at least in
rendering that structure apparent.

Whatever may be thought of the explanation here
advanced of the laminated structure of the roeks of the
trachytic series, I venture to call the attention of geolo-
gists to the simple fact, that in a body of rock at
Ascension, undoubtedly of volcanic origin, layers often
of extreme tenuity, quite straight, and parallel to each
other, have been produced ;—some composed of distinet
erystals of quartz and diopside, mingled with amorphous
augitic specks and granular feldspar,—others entirely
composed of these black augitic specks, with granules
of oxide of iron,—and lastly, others formed of erystal-
line feldspar, in a more or less perfect state of purity,
together with numerous erystals of feldspar, placed
lengthways. At this island, there is reason to believe,
and in some analogous cases, it is certainly known, that
the lamina have originally been formed with their pre-

! Basaltic lavas and many ohe rock,aro not unfrguently divided
into,thick laminie or plates, of the same ecomposi are either
Rimicht o curved; thess beidg tmvated by wactios] Hodw of Besare,
sometimes become united into columns. This structure seems related,
i its origin, to that by which many rocks, both igneous and sedimentary,
‘become traversed by parallel systems of fissure

@
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sent high inclination. Facts of this nature are mani-
festly of importance, with relation to the structural
origin of that grand series of plutonic rocks, which like
the volcanic have undergone the action of heat, and
which consists of alternate layers of quartz, feldspar,
‘mica, and other materials.
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CHAPTER IV.
ST. HELENA.

Lavas of the feldspathic, basaltic, and submarine series—Section Flag-
staff Hill and.of the Barn—Dikes—Turk's Cap and Prosperous Bays—
Basaltic ring—Central crateriform ridge, with an. internal ledge anda
‘parapet—Cones of plonolite—Superficial beds of calcarcous sandstone
—Etinot land-shells - Beds of detritus—Elevation of the land—
Denudation—Craters of elevation.

Trn whole island is of volcanic origin; its circumference,
according to Beatson,' is about twenty-cight miles.
The central and largest part consists of rocks of a feld-
spathic nature, generally decomposed to an extraordi-
nary degree ; and when in this state, presenting a singu-
lar assemblage of alternating, red, purple, brown, yellow,
and white, soft, argillaceous beds. From the shortness
of our visit, I did not examine these beds with care;
some of them, especially those of the white, yellow,
and brown shades, originally existed as streams of lava,
but the greater number were probably ejected in the
form of scorim and ashes: other beds of a purple tint,
porphyritic with erystal-shaped patches of a white, soft
substance, which are now unctuous, and yield, like
wax, a_polished streak to the nail, seem once to have
existed as solid claystone-porphyries: the red argil-
laceous beds generally have a breceiated structure, and
0 doubt have been formed by the decomposition of
' Governor Beatson's ¢ Account of St. Helena."
G2
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scoriw. Several extensive streams, however, belonging
to this series, retain their stony character; these are
either of a blackish-green colour, with minute acicular
crystals of feldspar, or of a very pale tint, and almost
composed of minute, often scaly, erystals of feldspar,
abounding with microscopical black specks; they are
generally compact and laminated ; others, however, of
similar composition, are cellular and somewhat decom-
posed. Nome of these rocks contain large crystals of
feldspar, or have the harsh fracture peculiar to trachyte.
These feldspathic lavas and tuffs are the uppermost or
those last erupted ; innumerable dikes, however, and
great masses of molten rock, have subsequently been
injected into them. They converge, as they rise,
towards the central curved ridge, of which one point
attains the elevation of 2,700 feet. This ridge is the
highest land in the island ; and it once formed the
northern rim of a great crater, whence the lavas of this
series flowed: from its ruined condition, from the
southern half having been removed, and from the
violent dislocation which the whole island has under-
gone, its structure is rendered very obscure.

Basaltic series.—The margin of this island is
formed by a rude circle of great, black, stratified, ram-
parts of basalt, dipping seaward, and worn into cliffs,
which are often nearly perpendicular, and vary in
height from a few hundred feet to two thousand.
This circle, or rather horse-shoe shaped ring, is open to
the south, and is breached by several other wide spaces.
Tts rim or summit generally projects little above the
level of the adjoining inland country; and the more
recent, feldspathic lavas, sloping down from the central
heights, generally abut against and overlap its inner
margin; on the north-western side of the island, how-
ever, they appear (judging from a distance) to have
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flowed over and concealed portions of it. In some
parts, where the basaltic ring had been breached, and
the black ramparts stand detached, the feldspathic
lavas have passed between them, and mow overhang
the sea-coast in lofty cliffs. The basaltic rocks are of a
black colour and thinly stratified ; they are generally
highly vesicular, but occasionally compact; some of
them contain numerous crystals of glassy feldspar and
octahedrons of titaniferous iron ; others abound with
erystals of augite and grains of olivine, The vesicles
are frequently lined with minute crystals (of chabasie ?)
and even become amygdaloidal with them. The
streams are separated from each other by cindery
matter, or by a bright red, friable, saliferous tuff, which
is marked by successive lines like those of aqueous
deposition; and sometimes it has an obscure, concre-
tionary structure. The rocks of this basaltic series
oceur nowhere except near the coast. In most volcanic
districts the trachytic lavas are of anterior origin to the
basaltic; but here we see, that a great pile of rock,
closely related in composition to the trachytic family,
has been erupted subsequently to the basaltic strata :
the number, however, of dikes, abounding with large
erystals of augite, with which the feldspathic lavas have
heen injected, shows perhaps, some tendency to a re-
turn to the more usual order of superposition.

Basal submarine lavas.—The lavas of this basal
series lie immediately beneath both the basaltic and
feldspathic rocks. According to Mr. Seale,! they may
be seen at intervals on the sea-beach round the entire
island. In the sections which I examined, their nature
varied much; some of the strata abound with crystals of

? ¢ Geognosy of the Tsland of St. Helena! Mr. Sealo has con-
structed a_gigantic model of St. Helena, well worth visiting, which is
now deposited at Addiscombe College, in Surrey.
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augite; others are of a brown colour, either lami-
nated or in a rubbly condition ; and many parts are
highly amygdaloidal with calcareous matter. The
successive sheets are either closely united together, or
are separated from each other by beds of scoriaceous
rock and of laminated tuff, frequently containing well-
rounded fragments. The interstices of these beds are
filled with gypsum and salt ; the gypsum also sometimes
occurring in thin layers. From the large quantity of
these two substances, from the presence of rounded
pebblesin the tuffs, and from the abundant amygdaloids,
T cannot doubt that these basal volcanic strata flowed be-
neath thesea. This remark ought perhaps to be extended
to a part of the superincumbent basaltic rocks ; but on
this point, I was not able to obtain clear evidence. The
strata of the basal series, whenever I examined them,
were intersected by an extraordinary number of dikes.
Flagstaff Hill and the Barn.—1I will now describe
some of the more remarkable sections, and will com-
mence- with these two hills, which form the principal
external feature on the north-eastern side of the island.
The square, angular outline, and black colour of the
Bam, at once show that it belongs to the basaltic

No. 8.

Flagstaff Hill. The Barn.
2,273 feet high,

 ‘The doutie 1 the singl
‘the dotted, the upper 3 the dikes

series; whilst the smooth, conical figure, and the
varied bright tints of Flagstaff Hill, render it equally
clear, that it is composed of the softened, feldspathic
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rocks. These two lofty hills are connected (as is shown
in the accompanying woodcut) by a sharp ridge,
which is composed of the rubbly lavas of the basal
series, The strata of this ridge dip westward, the in-
clination becoming less and less towards the Flagstaff';
and the upper feldspathic strata of this hill can be seen,
though with some difficulty, to dip conformably to the
WSW.  Close to the Barn, the strata of the ridge are
nearly vertical, but are much obscured by innumerable
dikes ; under this hill, they probably change from being
vertical into being inclined into an opposite direction ;
for the upper or basltic strata, which are about 800
or 1,000 feet in thickness, are inclined north-eastward,
at an angle between thirty and forty degrees.

This ridge, and likewise the Bun and Flagstaff Hills,
are interlaced by dikes, many of which preserve a re-
markable parallelism in a NNW. and SSE. direction.
The dikes chiefly consist of a rock, porphyritic with
large crystals of augite; others are formed of a fine-
grained and brown-coloured trap. Most of these dikes
are coated by a glossy layer,! from one to two-tenths of
an inch in thickness, which, unlike true pitchstone,
fuses into a black enamel; this layer is evidently ana-
logous to the glossy superficial coating of many lava
streams, The dikes can often be followed for great
lengths both horizontally and vertically, and they seem
to preserve a mearly uniform thickness:> Mr. Seale

? Thiscireumstance has boen observed (Lyell, * Principles of Gealogy,”
vol. . chap. X. p. 9) in the dikes of the Airio del Cavallo, but appa-
rently it is not of very common oceurrence. Sir G. Mackenzie, however,
states ( Travels in Iceland” p. 372,) that all the veins in Teeland have a
*black vitreous coating on their sides,  Capt. Carmichagl, speaking
of the dikes in Tristan D'Acunha, a volcanic island in the southern
Atlantic, says (‘ Linnman Transactions,’ vol. 485) that their sides,
* where they come in contact with the rocks, are invariably in a semi-
vitrified state.”
* ¢ Geognosy of the Tsland of St. Helena, plate 5.
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states, that onenear the Barn, in a height of 1,260 feet,
decreases in width only four inches,—from nine feet at
the bottom, to eight feet and eight inches, at the top.
On the ridge, the dikes appear to have been guided in
their course, to a considerable degree, by the alterna-
ting soft and hard strata: they are often firmly united
to the harder strata, and they preserve their paral-
lelism for such great lengths, that in very many in-
stances it was impossible to conjecture, which of the
beds were dikes, and which streams of lava. The dikes,
though so mumerous on this ridge, are even more
numerous in the valleys a little south of it, and to a
degree I mever saw equalled anywhere else: in these
valleys they extend in less regular lines, covering the
ground with a network, like a spider’s web, and with
some parts of the surface even appearing to consist
wholly of dikes, interlaced by other dikes.

From the complexity produced by the dikes, from
the high inclination and anticlinal dip of the strata of
the basal series, which are overlaid, at the opposite
ends of the short ridge, by two great masses of different
ages and of different composition, I am ot surprised
that this singular section has been misunderstood. It
has even been supposed to form part of a crater ; but
so far is this from having been the case, that the summit
of Flagstaff Hill once formed the lower extremity of a
sheet of lava and ashes, which were erupted from the
central, crateriform ridge. Judging from the slope of
the contemporaneous streams in an adjoining and un-
disturbed part of the island, the strata of the Flagstaff
Hill must have been upturned at least twelve hundred
feet, and probably much more, for the great truncated
dikes on its summit show that it has been largely
denuded. The summit of this hill now nearly equals
in height the crateriform ridge; and before having
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been denuded, it was probably higher than this ridge,
from which it is separated by a broad and much lower
tract of country; we here, therefore, see that the lower
extremity of a st of lava-streams have been tilted up
to as great a height as, or perhaps greater height than,
the crater, down the flanks of which they originally
flowed. T believe that dislocations on so grand a scale
are extremely rare! in voleanic districts. The forma-
tion of such numbers of dikes in this part of the island
shows that the surface must here have been stretched toa
quite extraordinary degree : this stretching, on the ridge
between Flagstaff and Barn Hills, probably took place
subsequently (though perhaps immediately so) to the
strata being tilted; for had the strata at that time
extended horizontally, they would in all probability
have been fissured and injected transversely, instead of
in the planes of their stratification. Although the
space between the Barn and Flagstaff Hill presents a
distinet anticlinal line extending morth and south, and
though most of the dikes range with much regularity
in the same line, nevertheless, at only a mile due south
of the ridge the strata lie undisturbed. Hence the
disturbing force seems to have acted under a point,
rather than along a line. The manner in which it has
acted, is probably explained by the structure of Little
Stony-top, a mountain 2,000 feet high, situated a few
miles southward of the Barn; we there see, even from
a distance, adark-colonred, sharp, wedge of compact
columnar rock, with the bright-coloured feldspathic
strata, sloping away on each side from its uncovered
apex. This wedge, from which it derives its name of
Stony-top, consists of a body of rock, which has been

* M. Constant Prevost (* Mém. de I Soc. Géolog” tom. ii) obsoryes,
that “les produits voleaniques w'ont que localement ct rarement mémo.
dérangd e sol, & travers lequel ils so sont fait jour.

@ The Complete Work of Charles Darwin Online



90 St. Helena. PART L

injected whilst liquefied into the overlying strata; and
if we may suppose that a similar body of rock lies in-
jected, beneath the ridge connecting the Barn and Flag-
staff, the structure there exhibited would be explained.

Turk's Cap and Prosperous Bays.— Prosperous
Hill is a great, black, precipitous mountain, situated
two miles and a half south of the Barn, and composed,
like it, of basaltic strata. These rest, in one part, on
the brown-coloured, porphyritic beds of the basal series,
and in another part, on a fissured mass of highly scori-
aceous and amygdaloidal rock, which seems to have
formed a small point of eruption beneath the sea, con-
temporaneously with the basal series, Prosperous Hill,
like the Barn, is traversed by many dikes, of which the
greater number range north and south, and its strata
dip, at an angle of about 20°, rather obliquely from the
island towards the sea. The space between Prosperous
Hill and the Barn, as represented in this woodeut, con-
sists of lofty cliffs, composed of the lavas of the upper

thesingl
the dotted, the upper feldspathio strata.

or feldspathic series, which rest, though unconform-
ably, on the basal submarine strata, as we have seen
that they do at Flagstaff Hill. But differently from
what occurs in that hill, these upper strata are nearly
horizontal, gently rising towards the interior of the
island; they are also composed of greenish-black, or
more commonly, pale brown, compact lavas, instead of
softened and highly coloured matter. These brown-
coloured, compact lavas, consist almost entirely of small
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glimmering scales, or of minute acicular crystals, of
feldspar, placed close by the side of each other, and
abounding with minute black specks, apparently of
hornblende. The basaltic strata of Prosperous Hill
project only a little above the level of the gently-sloping,
feldspathic streams, which wind round and abut against.
their upturned edges. The inclination of the basaltic
strata seems to be too great, to have been caused by
their having flowed down a slope, and they must have
been tilted into their present position before the erup-
tion of the feldspathic streams.

Basaltic ring.—Proceeding round the island, the
lavas of the upper series, southward of Prosperous Hill,
overhang the sea in lofty precipices. Further on, the
headland, called Great Stony-top, is composed, as I
believe, of basalt; as is Long Range Point, on the
inland side of which, the coloured beds abut. On the
southern side of the island, we see the basaltic strata of
the South Barn, dipping obliquely seaward at a con-
siderable angle; this headland, also, stands a little
above the level of the more modern, feldspathic lavas.
Further on, a large space of coast, on each side of Sandy
Bay, has been much denuded, and there seems to be
left only the basal wreck of the great, central crater.
The basaltic strata reappear, with their seaward dip, at
the foot of the hill called Man-and-Horse ; and thence
they are continued along the whole north-western coast
to Sugar-Loaf Hill, situated near to the Flagstaff; and
they everywhere have the same seaward inclination,
and rest, in some parts at least, on the lavas of the basal
series. We thus see that the circumference of the
island is formed by a much-broken ring, or rather a
horse-shoe, of basalt, open to the south, and interrupted
on the eastern side by many wide breaches. The
breadth of this marginal fringe on the north-western
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side, where alone it is at all perfect, appears to vary
from a mile to a mile and a half. The basaltic strata,
as well as those of the subjacent basal series, dip, with
a moderate inclination, where they have not been sub-
sequently disturbed, towards the sea. The more broken
state of the basaltic ring round the eastern half, com-
pared with the western half of the island, is evidently
due to the much greater denuding power of the waves
on the eastern or windward side, as is shown by the
greater height of the cliffs on that side, than to leeward.
‘Whether the margin of basalt was breached, before or
after the eruption of the lavas of the upper series, is
doubtful ; but as separate portions of the basaltic ring
appear to have been tilted before that event, and from
other reasons, it is more probable, that some at least of
the breaches were first formed. Reconstructing in
imagination, as far as is possible, the ring of basalt, the
internal space or hollow, which has since been filled up
with the matter erupted from the great central crater,
appears to have been of an oval figure, eight or nine
miles in length by about four miles in breadth, and
with its axis directed in a NE. and SW. line, coincident
with the present longest axis of the island.

The central curved ridge~—This ridge consists, as
before remarked, of gray feldspathic lavas, and of red,
breceiated, argillaceous tuffs, like the beds of the upper
coloured series. The gray lavas contain numerous,
minute, black, easily fusible specks ; and but very few
large crystals of feldspar. They are generally much
softened ; with the exception of this character, and of
being in many parts highly cellular, they are quite
similar to those great sheets of lava which overhang
the coast at Prosperous Bay. Considerable intervals
of time appear to have elapsed, judging from the
marks of denudation, between the formation of the
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successive beds, of which this ridge is composed. On
the steep northern slope, I observed in several sections
a much worn undulating surface of red tuff, covered
by gray, decomposed, feldspathic lavas, with only a
thin earthy layer interposed between them. In an
adjoining part, I noticed a trap-dike, four feet wide,
cut off and covered up by the feldspathic lava, as is
represented in the woodeut. The ridge ends on the

No. 10.

T ot sty
reliacenns

eastern side in a hook, which is not represented clearly
enough in any map which I have seen; towards the
western end, it gradually slopes down and divides into
several subordinate ridges. The best defined portion
between Diana’s Peak and Nest Lodge, which supports
the highest pinnacles in the island varying from 2,000
to 2,700 feet, is rather less than three miles long in a
straight line. Throughout this space the ridge has
a uniform appearance and structure; its curvature
resembles that of the coast-line of a great bay, being
made up of many smaller curves, all open to the south.
The northern and outer side is supported by narrow
ridges or buttresses, which slope down to the adjoining
country. The inside is much steeper, and is almost pre-
cipitous; it is formed of the basset edges of the strata,
which gently decline outwards. Along some parts of
the inner side, a little way beneath the summit, a flat
ledge extends, which imitates in outline the smaller
curvatures of the crest. Ledges of this kind oceur
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ot unfrequently within voleanic eraters, and their
formation seems to be due to the sinking down of a
level sheet of hardened lava, the edges of which re-
main (like the ice round a pool, from which the water
has been drained) adhering to the sides.!

In some parts, the ridge is surmounted by a wall
or parapet, perpendicular on both sides. - Near Diana’s
Peak this wall is extremely narrow. At the Galapagos
Archipelago I observed parapets, having a quite similar
structure and appearance, surmounting several of the
craters; one, which I more particularly examined,
was composed of glossy, red scori firmly connected
together; being externally perpendicular, and extend-
ing round nearly the whole circumference of the crater,
it rendered it almost inaccessible. - The Peak of Tene-
riffe and Cotopaxi, according to Humboldt, are similarly
constructed ; he states? that ‘at their summits a eir-
cular wall surrounds the crater, which wall, at a
distance, has the appearance of a small cylinder placed
on a truncated cone. On Cotopaxi® this peculiar
structure is visible to the naked eye at more than
2,000 toises’ distance ; and no person has ever reached
its crater, On the Peak of Teneriffe, the parapet is so
high, that it would be impossible to reach the caldera,
if on the eastern side there did mot exist a breach.’
The origin of these circular parapets is probably due
to the heat or vapours from the crater, penetrating
and hardening the sides to a nearly equal depth, and
afterwards to the mountain being slowly acted on by
the weather, which would leave the hardened part,

3 A most remackable nstancs ofths sroctue n described o I

arches * (second edit.), whero an admirable drawing is
sivo ledges o terraces, on the borders of the immense
, in the Sandwi

tive, T
+ Humbolita  Bitussagus Ak, fof, pl. 10.
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projecting in the form of a cylinder or circular
parapet.

From the points of structure in the central ridge,
now ly, from the 2 to-
wards it of the beds of the upper series,—from the
lavas there becoming highly cellular,—from the flat
ledge, extending along its inner and precipitous side,
like that within some still active craters,—from the
parapet-like wall on its summit,—and lastly, from its
peculiar curvature, unlike that of any common line
of elevation, I cannot doubt that this curved ridge
forms the last remnant of a great crater. In endeavour-
ing, however, to trace its former outline, one is soon
baffled; its western extremity gradually slopes down,
and, branching into other ridges, extends to the sea-
coust ; the eastern end is more curved, but it is only
a little better defined. ~Some appearances lead me to
suppose that the southern wall of the crater joined the
present ridge near Nest Lodge; in this case the crater
must have been nearly three miles long, and about a
mile and a half in breadth. Had the denudation of
the ridge and the decomposition of its constituent
rocks proceeded a few steps farther, and had this ridge,
like several other parts of the island, been broken up
by great dikes and masses of injected matter, we should
in vain have endeavoured to discover its true nature.
Even now we have seen that at Flagstaff Hill the
lower extremity and most distant portion of one sheet
of the erupted matter has been upheaved to as great a
height as the crater down which it flowed, and pro-
bably even to a greater height. It is interesting thus
to trace the steps by which the structure of a voleanic
district becomes obscured, and finally obliterated : so
near to this last stage is St. Helena, that I believe no
one has hitherto suspected that the central ridge or
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axis of the island, is the last wreck of the crater,
whence the most modern volcanic streams were poured
forth.

The great hollow space or valley southward of the
central curved ridge, across which the half of the crater
must once have extended, is formed of bare, water-
worn hillocks and ridges of red, yellow, and brown
rocks, mingled together in chaos-like confusion, inter-
laced by dikes, and without any regular stratification.
The chief part consists of red decomposing scori,
associated with various kinds of tuff and yellow argil-
Taceous beds, full of broken erystals, those of augite
being particularly large. Here and there masses of
highly cellular and amygdaloidal lavas protrude. From
one of the ridges in the midst of the valley, a conical
precipitous hill, called Lot, boldly stands up, and forms
a most singular and conspicuous object. It is com-
posed of phonolite, divided in one part into great
curved lamine, in another, into angular concretionary
Talls, and in a third part into outwardly radiating
columns. At its base the strata of lava, tuff, and
scorie, dip away on all sides:! the uncovered portion
is 197 feet in height, and its horizonal section gives
an oval figure. The phonolite is of a greenish-gray
colour, and is full of minute acicular crystals of
feldspar 3 in most parts it has a conchoidal fracture,
and is sonorous, yet it is crenulated with minute air-
cavities. In a SW. direction from Lot, there are
some other remarkable columnar pinnacles, but of a

1 Abich, in his  Views of Vesuvius * (plate vi.), has shown the manner
in which beds, under nearly similar circumstances, are tilted up. Tho
upper beds are more turned up than the lower; and he accounts for
this, by showing that the lava insinuates itself horizontally between
the lower beds.

* This height is given by Mr. Seale, in his Geognosy of the island.
The height of the summit above the level of the sce, is said to be 1,444
feet.
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less regular shape, namely, Lot’s Wife, and the Asses’
Fars, composed of allied kinds of rock. From their
flattened shape, and their relative position to each
other, they are evidently connected on the same line of
fissure. It is, moreover, remarkable that this same
NE. and SW. line, joining Lot and Lot's Wife, if
prolonged, would intersect Flagstafl Hill, which, as
before stated, is crossed by niumerous dikes running
in this direction, and which has a disturbed structure,
rendering it probable that a great body of once fluid
rock lies injected beneath it.

In this same great valley there are several other
conical masses of injected rock (one, I observed, was
composed of compact greenstone), some of which are
not connected, as far as is apparent, with any line of
dike; whilst others are obviously thus connected. Of
these dikes, three or four great lines stretch across the
valley in a NE. and SW. direction, parallel to that
one connecting the Asses’ Ears, Lot’s Wife, and pro-
bably Lot. The number of these masses of injected
rock is a remarkable feature in the geology of St.
Helena. Besides those just mentioned, and the hypo-
thetical one bemeath Flagstaff Hill, there is Little
Stony-top and others, as I have reason to believe, at
the Man-and-Horse, and at High Hill. Most of these
masses, if not all of them, have been injected subse-
quently to the last volanic eruptions from the central
crater. The formation of conical bosses of rock on
lines of fissure, the walls of which are in most cases
parallel, may probably be attributed to inequalities in
the tension, causing small transverse fissures; and at
these points of intersection the edges of the strata
would naturally yield, and be easily turned upwards.
Finally, I may remark, that hills of phonolite every-

x
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where are apt! to assume singular and even grotesque
shapes, like that of Lot : the peak at Fernando Noronha
offers an instance; at St. Jago, however, the cones
of phonolite, though tapering, have a regular form.
Supposing, as seems probable, that all such hillocks
or obelisks have originally been injected, whilst
liquefied, into a mould formed by yielding strata, as
certainly has been the case with Lot, how are we to
account for the frequent abruptness and singularity of
their outlines, compared with similarly injected masses
of greenstone and basalt? Can it be due to a less
perfect degree of fluidity, which is generally supposed
to be characteristic of the allied trachytic lavas ¥
Superficial deposits.—Soft calcareous sandstone
oceurs in extensive, though thin, superficial beds, both
on the northern and southern shores of the island.
Tt consists of very minute, equal-sized, rounded particles
of shells, and other organic bodies, which partially
retain their yellow, brown, and pink colours, and oc-
casionally, though very rarely, present an obseure trace
of their original external forms. I in vain endeavoured
to find a single unrolled fragment of a shell. The
colour of the particles is the most obvious character
by which their origin can be recognised, the tints
being affected (and an odour produced) by a moderate
heat, in the same manner as in fresh shells. The par-
ticles are cemented together, and are mingled with
some earthy matter: the purest masses, according to
Beatson, contain 70 per cent. of carbonate of lime.
The beds, varying in thickness from two or three feet
to fifteen feet, coat the surface of the ground ; they
generally lie on that side of the valley which is pro-
tected from the wind, and they occur at the height

+ D'Aubuisson, in his  Traité de Géoguosie” (tom. i. p. 540), particu-
larly remarks that this is the case.
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of several hundred feet above the level of the sea.
Their position is the same, which sand, if now drifted
by the trade-wind, would occupy ; and no doubt they
thus originated, which explains the equal size and
minuteness of the particles, and likewise the entire
absence of whole shells, or even of moderately-sized
fragments. It is remarkable that at the present day
there are no shelly beaches on any part of the coast,
whence calcareous dust could be drifted and winnowed ;
we must, therefore, look back to a former period when
before the land was worn into the present great
precipices, a shelving coast, like that of Ascension,
was favourable to the accumulation of shelly detritus.
Some of the beds of this limestone are between 600
and 700 feet above the sea; but part of this height
may possibly be due to an elevation of the land, sub-
sequent to the accumulation of the calcareous sand.
The percolation of rain-water has idated parts
of these beds into a solid rock, and has formed masses
of dark brown, stalagmitic limestone. At the Sugar-
Loaf quarry, fragments of rock on the adjoining slopes,!
have been thickly coated by successive fine layers of
calcareous matter. It is singular, that many of these
pebbles have their entire surfaces coated, without any
point of contact having been left uncovered; hence,
these pebbles must have been lifted up by the slow
deposition between them of the successive films of car-
bonate of lime.  Masses of white, finely oolitic rock are
attached to the outside of some of these coated pebbles.

! In the corthy deritus on several parts of this hill iregulae
masses of very impure, crystallised sulphate of lime occar. As_ this
sulsance is now being dbundantly depositd by the s at Ascension,
it is possible that these masses may thus have oriy

must have boen at o peciod when the land tod ot & mach lower Tovel
s arthy selenie 15 20w found st beght of bebween 000 and 700

2
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Von Buch has deseribed a compact limestone at
Lanzarote, which seems perfectly to resemble the sta-
lagmitic deposition just mentioned : it coats pebbles,
and in parts is finely oolitic: it forms a far-extended
layer, from one inch to two or three feet in thickness,
and it occurs at the height of 800 feet above the sea,
but only on that side of theisland exposed to the violent
north-western winds. Von Buch remarks,! that it is
not found in hollows, but only on the unbroken and
inclined surfaces of the mountain. He believes, that
it has been deposited by the spray which is borne over
the whole island by these violent winds. It appears,
however, to me much more probable that it has been
formed, as at St. Helena, by the percolation of water
through finely comminuted shells: for when sand is
blown on a much exposed coust, it always tends to accu-
‘mulate on broad, even surfaces, which offer a uniform
resistance to the winds. At the neighbouring island,
moreover, of Feurteventura,? there is an earthy lime-
stone, which, aceording to Von Buch, is quite similar
to specimens which he has scen from St. Helena, and
which he believes to have been formed by the drifting
of shelly detritus.

The upper beds of the limestone, at the above-
mentioned quarry on the Sugar-Loaf ‘Hill, are softer,
finer-grained and less pure, than the lower beds. They
abound with fragments of land-shells, and with some
perfect ones ; they contain, also, the bones of birds, and
the large eggs? apparently of waterfowl. It is pro-
bable that these upper beds remained long in an uncon-

1 <Description des Isles Canaries,’ p. 203.

; Hdem, pp. 316 aad 374,

# Colon %v.nm in a catalogue presented with some specimens to
the Geological Society, states that as many as ten eggs wers found by
oneperson.  Dr. Buckland has remarked (* Geolog. Trans. vol. v, p. 474)
on thes ekgs.
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solidated form, during which time, these terrestrial
productions were embedded. Mr. G. R. Sowerby has
kindly examined three species of land-shells, which T
procured from this bed, and his deseriptions are given
in the Appendix. One of them is a Succinea, identieal
with a species now living abundantly on the island :
the two others, namely, Cochlogena fossilis and Heliz
biplicata, are not known in a recent state : the latter
species was also found in another and different locality,
associated with a species of Cochlogena which is un-
doubtedly extinct.

Beds of extinct land-shells.—Land-shells, all of
which appear to be species now extinct, occur embedded
in earth, in several parts of the island. The greater
number have been found at a considerable height on
Flagstaff Hill. On the NW. side of this hill, a rain-
channel exposes a section of about twenty feet in thick=
ness, of which the upper part eonsists of black vegetable
‘mould, evidently washed down from the heights above,
and the lower part of less black earth, abounding with
young and old shells, and with their fragments = past
of this earth is slightly consolidated by ealcareous
‘matter, apparently due to the partial decomposition of
some of the shells. Mr. Seale, an intelligent resident,
who first called attention to these shells, gave me a
large eollection from another locality, where the shells
appear to have been embedded in very black earth.
Mr. G. R. Sowerby has examined these shells, and has
described them in the Appendix. There are seven
species, namely, one Cochlogena, two species of the
genus Cochlicopa, and four of Helix : none of these are
known in a recent state, or have been found in any
other country. The smaller species were picked out of
the inside of the large shells of the Cochlogena awris-
vulpina. This last-mentioned species is in many
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respects a very singular one; it was classed, even by
Lamarck, in a marine genus, and having thus been
‘mistaken for a sea-shell, and the smaller accompanying
species having been overlooked, the exact localities
where it was found have been measured, and the cleva-
tion of this island thus deduced! Tt is very remarkable
that all the shells of this species found by me in one
spot, form a distinct variety, as described by Mr.
Sowerby, from those procured from another locality by
Mr. Seale. As this Cochlogena is a large and con-
spicuous shell, I particularly enquired from several
intelligent countrymen whether they had ever seen it
alive ; they all assured me that they had not, and they
would not. even believe that it was a land animal: Mr.
Seale, moreover, who was a collector of shells all his
life at St. Helena, never met with it alive. Possibly
some of the smaller species may turn out to be yet
living kinds; but, on the other hand, the two land-shells
which are now living on the island in great numbers,
do not occur embedded, as far as it is yet known, with
the extinet species. I have shown in my Journal,! that
the extinction of these land-shells possibly may not be
an ancient event ; as a great change took place in the
state of the island about 120 years ago, when the old
trees died, and were not replaced by young ones, these
being destroyed by the goats and hogs, which had run
wild in numbers, from the year 1502.  Mr. Seale states,
that on Flagstaff Hill, where wo have seen that the

d-shells are especially rous, traces
are everywhere discoverable, which plainly indicate
that it was once thickly clothed with trees; at present
not even a bush grows there. The thick bed of black
vegetable mould which covers the shell-bed, on the

1 ¢ Journal of Researches, 1845, p, 480,
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flanks of this hill, was probably washed down from the
upper part, as soon as the trees perished, and the shelter
afforded by them was lost.

Elevation of the land.—Seeing that the lavas of
the basal series, which are of submarine origin, are
raised above the level of the sea, and at some places to
the height of many hundred feet, I looked out for
superficial signs of the elevation of the land. The
bottoms of some of the gorges, which descend to the
coast, are filled up to the depth of about a hundred
feet, by rudely divided layers of sand, muddy clay, and
fragmentary masses; in these beds, Mr. Seale has found
the bones of the tropic-bird and of the albatross; the
former now rarely, and the latter never visiting the
island. From the difference between these layers, and
the sloping piles of detritus which rest on them, T
_suspect that they were deposited, when the gorges stood
beneath the sea. Mr. Seale, moreover, has shown that
some of the fissure-like gorges,! become, with a concave
outline, gradually rather wider at the bottom than at
the top; and this peculiar structure was probably
caused by the wearing action of the sea, when it entered
the lower part of these gorges. At greater heights,
the evidence of the rise of the land is even less clear:
nevertheless, in a bay-like depression on the table-land
behind Prosperous Bay, at the height of about 1,000
foet, there are flat-topped masses of rock, which it is
scarcely conceivable, could have been insulated from
the surrounding and similar strata, by any other agency
than the denuding action of a sea-beach. Much denu-
dation, indeed, has been effected at great elevations,
which it would not be easy to explain by any other
means: thus, the flat summit of the Barn, which is

+ A fissuro-liko gorge, near Stony-top, is said by Mr. Seale to be 840°
foet decp, and only 11 feet in width.
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2,000 feet high, presents, according to Mr. Seale, a
perfect net-work of truncated dikes; on hills like the
Flagstaff, formed of soft rock, we might suppose that
the dikes had heen worn down and cut off by meteoric
agency, but we can hardly suppose this possible with
the hard, basaltic strata of the Barn.

Coast denudation.—The enormous cliffs, in many
parts between 1,000 and 2,000 feet in height, with
which this prison-like island is surrounded, with the
exception of only a few places, where narrow valleys
déscend to the coast, is the most striking feature in its
scenery. We have seen that portions of the basaltic
Ting, two or three miles in length by one or two miles
in breadth, and from one to two thousand feet in height,
have been wholly removed. There are, also, ledges and
banks of rock, rising out of profoundly deep water, and
distant from the present coast between three and four
miles, which, according to Mr. Seale, can be traced to
the shore, and are found to be the continuations of
certain well-known great dikes. The swell of the
Atlantic Ocean has obviously been the active power in
forming these cliffs; and it is interesting to observe
that the lesser, though still great, height of the cliffs
on the leeward and partially protected side of the
island, (extending from the Sugar-Loaf Hill to South
West Point,) corresponds with the lesser degree of
exposure.  When reflecting on the comparatively low
coasts of many voleanic islands, which also stand ex-
posed in the open ocean, and are apparently of consider-
able antiquity, the mind recoils from an attempt to
grasp the number of centuries of exposure, necessary to
have ground into mud and to have dispersed the enor-
mous cubic mass of hard rock which has been pared off
the circumference of this island. The contrast in the
superficial state of St. Helena, compared with the
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nearest island, namely, Ascension, is very striking. At
Ascension, the surfaces of the lava-streams are glossy, as
if just poured forth, their boundaries are well defined,
and they can often be traced to perfect craters, whence
they were erupted; in the course of many long walks,
I did not observe a single dike ; and the coast round
nearly the entire circumference is low, and has been
eaten back (though too much stress must not be placed
on this fact, as the island may have been subsiding)
into a little wall only from ten to thirty feet high. Yet
during the 340 years, since Ascension has been known,
not even the feeblest signs of voleanic action have been
recorded.! On the other hand, at St. Helena, the course
of no one stream of lava can be traced, either by the
state of its boundaries or of its superficies; the mere
wreck of one great crater is left ; not the valleys only,
but the surface of some of the highest hills, are inter-
laced by worn-down dikes, and, in many places, the
denuded summits of great cones of injected rock stand
exposed and naked ; lastly, as we have seen, the entire
cireuit of the island has been deeply worn back into the
grandest precipices.

Craters of Elevation.

There is much resemblance in structure and in
geological history between St. Helena, St. Jago, and
Mauritius.  All three islands are bounded (at least in

!, In the * Nuutical Moguing' for 1835, . 642, and for 1838, p. 301,
and in tho * Comptes Rendus, April, 1838, nccounts aro give
of voleanie A
and columns of smoke—which have been e T ki
the middlo of the Lust century, in u space of open sea botween longi-
tudes 20° and 32° weet, sbont Bt 8 f the equator.
These fucts seem o show, that an island or an nrchipc ess
n in the middle of the Atlantic: a line joining St Helena
and Ascension, prolonged, interscets this slowly nascent focus of vol-
canic action.
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the parts which I was able to examine) by a ring of
basaltic mountains, now much broken, but evidently
once. i These ins have, or
once had, their escarpements steep towards the interior
of the island, and their strata dip outwards. I was
able to ascertain, only in a few cases, the inclination of
the beds; nor was this easy, for the stratification was
generally obscure, except when viewed from a distance.
I feel, however, little doubt that, according to the re-
searches of M. Elie de Beaumont, their average in-
clination'is greater than that- which they could have
acquired, considering their thickness and compactness,
by flowing down a sloping surface. At St. Helena,
and at St. Jago, the basaltic strata rest on older and
probably submarine beds of different composition. A%
all three islands, deluges of more recent lavas have
flowed from the centre of the island, towards and be-
tween the basaltic mountains ; and at St. Helena the
central platform has been filled up by them. Al
three islands have been raised in mass. At Mauritins
the sea, within a late geological period, must have
reached to the foot of the basaltic mountains, as it now
does at St. Helena; and at St. Jago it is cutting back
the intermediate plain towards them. In these three
islands, but especially at St. Jago and at Mauritius,
when, standing on the summit of one of the old basaltic
mountains, one looks in vain towards the centre of the
island,—the point towards which the strata beneath
one’s feet, and of the mountains on each side, rudely
converge,—for a source whence these strata could have
been erupted; but one sees only a vast hollow platform
stretched beneath, or piles of matter of more recent
origin.

These basaltic mountains come, I presume, into
the class of Craters of elevation: it is immaterial

@ The Complete Work of Charles Darwin Online



omAR, TV, Craters of Elevation. 107

whether the rings were ever completely formed, for the
portions which now exist have so uniform a structure,
that, if they do mot form fragments of true craters,
they cannot be classed with ordinary lines of elevation.
With respect to their origin, after having read the
works of Mr. Lyell,! and of MM. C. Prevost and Virlet,
I cannot believe that the great central hoilows have
been formed by a simple dome-shaped elevation, and
the consequent arching of the strata. On the other
hand, I have very great difficulty in admitting that
these basaltic mountains are merely the basal fragments
of great voleanos, of which the summits have either
been blown off, or more probably swallowed up by
subsidence. These rings are, in some instances, so
immense, as at St. Jago and at Mauritius, and their
occurrence is so frequent, that I can hardly persuade
myself to adopt this explanation. = Moreover, T suspect
that the following circumstances, from their frequent
coneurrence, are someway connected together,—a con-
nection not implied in either of the above views:
namely, first, the broken state of the ring, showing
that the now detached portions have been exposed to
great denudation, and in some cases, perhaps, rendering
it probable that the ring never was entire; secondly,
the great amount of matter erupted from the central
area after or during the formation of the ring; and
thirdly, the elevation of the district in mass. As far
as relates to the inclination of the strata being greater
than that which the basal fragments of ordinary vol-
canos would naturally possess, I can readily believe
that this inclination might have been slowly acquired
by that amount of elevation, of which, according to
M. Elie de Beaument, the numerous upfilled fissures or

+ < Principles of Geology” (ffth edit.), voL. ii. p. 171.
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dikes are the evidence and the measure,—a view
equally novel and important, which we owe to the re-
searches of that geologist on Mount Etna.

A conjecture, including the above circumstances,
occurred to me, when,—with my mind fully convinced,
from the phenomena of 1835 in South America,! that
the forces which eject matter from voleanic orifices and
raise continents in mass are identical,—I viewed that
part of the coast of St. Jago, where the horizontally
upraised, calcareous stratum dips into the sea, directly
beneath a cone of subsequently erupted lava. The
conjecture is that, during the slow elevation of a vol-
canic district or island, in the centre of which one or
more orifices continue open, and thus relieve the sub-
terranean forces, the borders are elevated more than
the central area; and that the portions thus upraised
do not slope gently into the central, less elevated area,
as does the calcareous stratum under the come at St.
Jago, and as does a large part of the circumference of
Tceland,? but that they are separated from it by curved

 given a detailed account of these phenomena, in a
S Geologieal Society in March, 1838. At the i mmm Cot
time, when an immense area was convulsed and a large tract elevatod,

ence. An event of somewhat the same kind, but on an mﬁmwly
smaller scale, appears to have taken place, umdmg to Abich (* was
of Vesuviun! plates . and i), witlin tho great enter of Veauvi,

a n one side of a fissure was raised in mass Lwem,y

Teo, whilac on the othes sde,  trai of small yoleanes bareforch 1
eruption.

2 In nppe:u’u, from information communicated to me in the most
oblig hat the cirunferenial purts of
Teelund, which axo somposed of ocisnt,besnltic e, aoseati ing w
tuff, dip inland, thus forming a gigantic saucer, M. Robert found Tt
this

corroborated, us far as regards one place, by Mackenzie, in his * Travels’
(p. 877), and in another e )y some MS. notes kindly lent me hv
Dr. Holland. ~ The coast is deeply indented by creeks, at the head o
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faults. We might expect, from what we see along
ordinary fanlts, that the strata on the upraised side,
already dipping outwards from their original formation
as lava-streams, would be tilted from the line of fault,
and thus have their inclination increased. According
to this hypothesis, which I am tempted to extend only
to some few cases, it is not probable that the ring
would ever be formed quite perfect; and from the
elevation being slow, the upraised portions would
generally be exposed to much denudation, and hence
the ring become broken ; we might also expect to find
occasional inequalities in the dip of the upraised
‘masses, as is the case at St. Jago. By this hypothesis
the elevation of the districts in mass, and the flowing
of deluges of lava from the central platforms, are like-
wise connected together. On this view the marginal
basaltic mountains of the three foregoing islands might
still be considered as forming ¢ Craters of elevation ;”
the'kind of elevation implied having been slow, and
the central hollow or platform having been formed, not
by the arching of the surface, but simply by that part
having been upraised to a less height.

which the land is generally low. M. Robert informs me, that the
inwardly dipping strata appeur to emnd as far as this line, and that
their inclination Ilsm.lly corresponds with the llope of the surface, from
the high coast-mountains to the low land head of these crecks.
In the section described by Sir G. Mackenzie, Lhe dip is 12°
interior parts of the island chiefly consist, as far as is known, of
recently erupted matter. The great size, however, of Ieoland, oqualling
the bulkiest part of England, ought per rhaps to nxcl\ldn it from the
class of islands we bavo been conslering s but.1 eannot avoid. o

ing that if the coam,-mannmnt nstead of gontly l|op1ng into the legs
elevated central area, had been separated from it y irre I-rlv curvni
faults, the strata would hlvu been tilted seaward, T;

elevation,’ like bhn'. of St. Jago or that of Mauritius, bnh vl'muf_h vmm
dimensions, would have been formed. I will only farther remark, that
the frequent occurrence of extensive lakes at the foot of large voleanos,

and the requent association of volcanic and fresh-water strata, seem o
indicate that the areas around yoleanos are apt to be

the general. lovel of the adjoming countey. either m: having et
less elevated, or from tho effects of subsidence.
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CHAPTER V.
GALAPAGOS ARCHIPELAGO.

Chatham Tdand—Craters compased of @ peeuliar kind of tuf—Small
basaltic craters, with hollows at thiir bases—Albemarle Island, fluid
lavas, their composition— Craters of tuff, inclination of their exterior
diverging strata, and structure of their interior converging strata—
James Island, segment of @ small basalltic crater ; fividity and compo-
sition of its lava streams, and of its ejected fragments—Concluding re-
marks on the craters of tuff, and on the breached condition of their
southern sides—Mineralogical composition of the rocks of the archipe-
lago—Elevation of the land—Direction of the fissures of eruption.

Tus archipelago is situated under the Equator, at a
distance of between five and six hundred miles from
the west coast of South America. It consists of five
principal islands, and of several small ones, which
together are equal in area,! but not in extent of land,
to Sicily, conjointly with the Ionian Islands. They are
all volcanic: on two, craters have been seen in erup-
tion, and on several of the other islands, streams of
lava have a recent appearance. The larger islands are
chiefly composed of solid rock, and they rise with a
tame outline to a height of between one and four
thousand feet. They are sometimes, but not generally,
surmounted by one principal orifice. The craters vary

! Texcude from this messwroment, the emall wolanie ielands of
Qulpepper wnd Wenman, Iying miles nortiwund ofthe goup.
Craters were 4 o 21 HE WGP of the group, on Towers

Tsland, which is one of the lowest; this island is, e
‘oleanic roc]
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in size from mere spiracles to huge caldrons several
miles in ci ; they are

numerous, so that I should think, if enumerated, they
would be found to exceed two thousand; they are
formed either of scoriz and lava, or of a brown coloured
tuff; and these latter craters are in several respects

No.1L
Culpepper I, o
3 :
Wenman 1. a2t
& tbingaon 1.
< @ Towers.
Lindloes .

"’Qlt tutigable .
¥ 3 e 1.
o haﬂrm 7

Barrington1.

P

Atbemarte I, %

Chiarles I. g

GALAPAGOS ARCHIPELAGO.

remarkable. The whole group was surveyed by the
officers of the Beagle. I visited myself four of the
principal islands, and received specimens from all the
others. Under the head of the different islands T will
describe only that which appears to me deserving of
attention.

Crarsay Isuaxn.  Craters composed of a singular
kind of tuff.—Towards the eastern end of this island
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there occur two craters composed of two kinds of tuff;
one kind being friable, like slightly consolidated ashes ;
and the other compact, and of a different nature from
anything which I have met with described. This
latter substance, where it is best characterised, is of a
yellowish-brown colour, translucent, and with a lustre
somewhat resembling resin; it is brittle, with an
angular, rough, and very irregular fracture, sometimes,
however, being slightly granular, and even obscurely
crystalline : it can readily be scratched with a knife,
yet some points are hard enough just to mark common
glass; it fuses with ease into a blackish-green glass.
The mass contains numerous broken crystals of olivine
and augite, and small particles of black and brown
scoriz : it is often traversed by thin seams of calcareous
matter. It generally affects a nodular or concretionary
structure. In a hand specimen this substance would
certainly be mistaken for a pale and peculiar variety of
pitchstone ; but when seen in mass its stratification,
and the numerous layers of fragments of basalt, both
angular and rounded, at once render ifs subaqueous
origin evident. An examination of a series of speci-
mens shows that this resin-like substance results from a
chemical change on small particles of pale and dark-
coloured scoriaceous rocks; and this change could be
distinetly traced in different stages round the edges of
even the same particle. The position near the coast
of all the craters composed of this kind of tuff or
peperino, and their breached condition, renders it
probable that they were all formed when standing im-
mersed in the sea; considering this circumstance,
together with the remarkable absence of large beds of
ashes in the whole archipelago, I think it highly
probable that much the greater pm of the tuff has

from the tri of the
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gray, basaltio lavas in the mouths of eraters standing in
the sea. It may be asked whether the heated water
within these craters has produced this singular change
in the small scoriaceous particles, and given to them
their translucent, resin-like fracture? Or has the
associated lime played any part in this change ? T ask
these questions from having found at St. Jago, in the
Cape de Verde Islands, that where a great stream of
molten lava has flowed over a calcareous bottom into
the sea, the outermost film, which in other parts re-
sembles pitchstone, is changed, apparently by its
contact with the carbonate of lime, into a resin-like
substance, precisely like the best characterised speci-
mens of the tuff from this archipelago.!

To return to the two craters: one of them stands at
the distance of a league from the coast, the intervening
tract isting of a tuff, of sub-
marine origin. This erater consists of a circle of hills,
some of which stand quite detached, but all have a very
regular, qui~qué versal dip, at an inclination of between
thirty and forty degrees. The lower beds, to the thick-
ness of several hundred feet, consist of the resin-like .
stone, with embedded fragments of lava. The upper
‘beds, which are between thirty and forty feet in thick-
ness, are composed of a thinly stratified, fine-grained,
harsh, friable, brown-coloured tuff, or peperino.? A
central mass without any stratification, which must

! The concretions containing lime, which I have described at
Ascension, as formed in a bed of ashes, present some degree of resem-
blance to this subun\l\rn ‘but they have not a resinous fracture. At St.
Helena, also, T foun o somelat similar, compuet, but none
Tesinous substance, oect pumiceous ashes, apparently
free from calcareous matter: in nethar n( these cases could heat have
acted,

* Those geologists who restrict the term of * tuff” to ashes of a white
eolour, roreling om the attitionof fldspate avas, would call thse
‘brown-coloured strata ¢ peperi

1
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formerly have oceupied the hollow of the crater, but is
now attached only to a few of the circumferential hills,
consists of a tuff, intermediate in character between
that with a resin-like,and that with an earthy fracture.
This mass contains white calcareous matter in small
patches. The second erater (520 feet in height) must
have existed until the eruption of a recent, great stream
of lava, as a separate islet ; a fine section, worn by the
sea, shows a grand funnel-shaped mass of basalt, sur-
rounded by steep, sloping flanks of tuff, having in parts
an earthy, and in others, a semi-resinous fracture. The
tuff is traversed by several broad, vertical dikes, with
smooth and parallel sides, which I did not doubt were
formed of basalt, until I actually broke off fragments.
These dikes, however, consist of tuff like that of the
surrounding strata, but more compact, and with a
smoother fracture; hence we must conclude, that

No. 12,

“Tho Kicker Rock, 40 et igh.
fissures were formed and filled up with the finer mud
or tuff from the crater, before its interior was oceupied,
as it now is, by a solidified pool of basalt. Other
fissures have been subsequently formed, parallel to
these singular dikes, and are merely filled with loose
rubbish. The change from ordinary scoriaceous parti-
cles to the substance with a semi-resinous fracture,
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could be elearly followed in portions of the compact
tuff of these dikes.

At the distance of a few miles from these two
craters, stands the Kicker Rock, or islet, remarkable
from its singular form. It is unstratified, and is com-
posed of compact tuff, in parts having the resin-like
fracture. It is probable that this amorphous mass,
like that similar mass in the case first described, once
filled up the central hollow of a crater, and that its
flanks, or sloping walls, have since been worn quite
away by the sea, in which it stands exposed.

Small basaltic craters.—A bare, undulating tract,
at the eastern end of Chatham Island, is remarkable
from the number, proximity, and form of the small
basaltic craters with which it is studded. They consist,
cither of a mere conical pile, or, but less commanly, of
a circle, of black and red; glossy scori, partially ce-
mented together. They vary in diameter from 30 to
150 yards, and rise from about 50 to 100 feet above
the level of the surrounding plain. From one small
eminence, T counted sixty of these craters, all of which
were within a third of a mile from each other, and
many were much closer. I measured the distance
between two very small craters, and found that it was
only thirty yards from the summit-rim of one to the
rim of the other. Small streams of black, basaltic lava,
containing olivine and much glassy feldspar, have flowed
from many, but not from all of these craters. The
surfaces of the more recent streams were exceedingly
rugged, and were crossed by great fissures; the older
streams were only a little less rugged; and they were
all blended and mingled together in complete confusion.
The different growth, however, of the trees on the
streams, often plainly marked their different ages.
Had it not been for this latter character, the streams

12
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could in few cases have been distinguished ; and, con-
sequently, this wide undulatory tract might have, (as
probably many tracts have,) been erroneously considered
as formed of one great deluge of lava, instead of by a
multitude of small streams, erupted from many small
orifices.

In several parts of this tract, and especially at the
base of the small craters, there are circular pits, with
perpendicular sides, from twenty to forty feet deep. At
the foot of one small crater, there were three of these
pits. They have probably been formed, by the falling
in of the roofs of small caverns.! In other parts, there
are mammiform hillocks, which resemble great bubbles
of lava, with their summits fissured by irregular cracks,
which appeared, upon entering them, to be very deep;
laya has not flowed from these hillocks. There are,
also, other very regular, mammiform hillocks, composed
of stratified lava, and surmounted by circular, steep-
sided hollows, which, T suppose have been formed by a
body of gas, first, arching the strata into one of the
bubble-like hillocks, and then, blowing off its summit.
These several kinds of hillocks and pits, as well as the
numerous, small, scoriaceous craters, all show that this
tract has been penetrated, almost like a sieve, by the
passage of heated vapours. The more regular hillocks
could only have been heaved up, whilst the lava was in
a softened state.?

. Elie de Beaumont has described (‘ Mém. pour servir,’ &., tom.

iv. p. ua) many “petits cirques d'éboulement’ on Btna, of some of
which the origin is histori own,

* Sir G. Mackenzie (* Travels in Iceland, pp. 389 to 392) hasdeseribed

a plain of lava at the foot of Hecla, everywhere heaved up into great

‘bubbles or blisters. Sir Geurgu natu that this cavernous lava com-

poee the uppermost stratum th same fact is affirmed by Von
uch (Doserpt dus Lles Cnnunes. 159), with respect to the basaltic
stream near Rial 1‘) appears singular that it should
be the upper Pk mx 5 nhleﬁy cavernous, g i
why the upper and lower should not have been equally affected at
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ArpEMARLE Isnanp.—This island consists of five,
great, flat-topped craters, which, together with the one
on the adjoining island of Narborough, singularly re-
semble each other, in form and height. The southern
one is 4,700 feet high, two others are 3,720 feet, a third
only 50 feet higher, and the remaining ones apparently
of nearly the same height. Three of these are situated
on one line, and their craters appear elongated in nearly
the same direction. The northern crater, which is not
the largest, was found by the triangulation to measure,
externally, no less than three miles and one-eighth of a
mile in diameter. Over the lips of these great, broad
caldrons, and from little orifices near their summits,
deluges of black lava have flowed down their naked sides.

Fluidity of different lavas—Near Tagus or Banks’
Cove, I examined one of these great streams of lava,
which is remarkable from the evidence of its former
high degree of fluidity, especially when its composition
is considered. Near the sea-coast this stream is several
miles in width. It consists of a black, compact base,
easily fusible into a black bead, with angular and not
very numerous air-cells,and thickly studded with large,
fractured crystals of glassy albite,! varying from the

different times;—have the inferiof streams flowed beneath the pressure
of thocea and thas ben fttaned, after the passago through them, of
bodies of g

A Comtl o il v s v auly Soing
this varicty at the Galapagos Archipelago. It contained, however, be-
sides the albite, woll-formed crystals of augite, and the baso (perhaps in
consequence of the agaregation of the sugitic particles) was a shade
Tightor in colour. T may hero remark, that in all these cases, I call the
feldspathic crystals, albize, from their cleavage-planes (as measured b
the reflecting goniometer) corrosponding with those of that mineral.

As, however, other specics of this genus have lately been discovered to
loare o pesrly the sme plezes ‘with albito, this determination must
be considered as rovisional. I examined the crystals in the

Javas of many diforent purts of the Galapagos group, nnd I found that
note of them, with the exception of some crystals from one part o
James Island, cleaved in the direction of orthito or potash-feldspar.
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tenth of an inch to half-an-inch, in diameter. This
lava, although at first sight appearing eminently por-
phyritic, cannot properly be considered so, for the
erystals have evidently been enveloped, rounded, and
penetrated by the lava, like fragments of foreign rock
in a trap-dike. This was very clear in some specimens
of a similar lava, from Abingdon Island, in which the
only difference was, that the vesicles were spherical and
more numerous. The albite in these lavas is in a
similar condition with the leucite of Vesuvius, and with
the olivine, described by Von Buch,! as projecting in
great balls from the basalt of Lanzarote. Besides the
albite, this lava contains scattered grains of a green
mineral, with no distinct cleavage, and closely resem-
bling olivine;? but as it fuses easily into a green glass,
it belongs probably to the augitic family: at James
Island, however, 4 similar lava contained true olivine.
T obtained specimens from the actual surface, and from
a depth of four feet, but they differed in mo respect.
The high degree of fluidity of this lava-stream was at
once evident, from its smooth and gently sloping sur-
face, from the manner in which the main stream was
divided by small inequalities into little rills, and es-
pecially from the manner in which its edges, far below
its source, and where it must have been in some degree
cooled, thinned out to almost mothings the actual
margin consisting of loose fragments, few of which were
larger than a man’s head. The contrast between this
margin, and the steep walls, above twenty feet high,
bounding many of the basaltic streams at Ascension, is
very remarkable. It has generally been supposed that
lavas abounding with large erystals, and including

! * Deseription des Tsles Canaries, p. 295.
‘Humboldt mentions that he mistook a green augitic mineral, oc-
curting in the voleanic roeks of the Cordillera of Quito, for olivine.
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angular vesicles,! have possessed little fluidity ; but we
see that the case has been very different at Albemarle
Tehand. The degree of fluidity in different lavas, does
not seem to d with any

amount, of difference in their composmrm at Chatham
Island, some streams, containing much glassy albite
and some olivine, are so rugged, that they may be com-
pared to a sea frozen during a storm; whilst the great
stream at Albemarle Island is almost as smooth as a
lake when ruffled by a breeze. At James Island, black
basaltic lava, abounding with small grains of olivine,
presents an intermediate degree of roughness; its sur-
face being glossy, and the detached fragments resem-
bling in a very singular manner, folds of drapery, cables,
and pieces of the bark of trees:

Craters of tuff.—About a mile southward of Banks’
Cove, there is a fine elliptic crater, about 500 feet in
depth, and three quarters of a mile in diameter. Its
bottom is occupied by a lake of brine, out of which
some little crateriform hills of tuff rise. The lower
beds are formed of compact tuff, appearing like a

! Tho irvogular and angular form of the vesicles s probably caused
tho unequal yielding of » mass composed, i almost cqual proporton,
o cxystals and of a viscid base. Tt cestainly soomé a genral cir.
cumstance, as_might have been expected, that in lava, “which has
possessed a high L\tm'm. of fidity, ar i as 5 s sized grain, the
Vesicles are internally smooth and spherieal.

* A specimen of bamitic lava, with a fow small broken crystals of
albite, given me by one of the officers, is perhaps worthy of description.
Tt cobsists of eylindrieal ramifications, some of which aro ouly the
twentieth of an inch in diameter, and are drawn out into the sharpest
points. The mass has not been formed like a stalactite, for the points
toraminate both upwards and downwards. _Globulos, oy tho fortith of
an inch in diameter, have dropped from some of the points, and adhere
to the adjoining branches. The lava is vesicular, but the mmm never
roach the st of the branches, which are smooth and Asit
is generall ol tha vesicls e ulways elnguc od i the direetion

of tio movement of the fluid mass, I may observe, that in these cyline
Grien] beanelhet, which vary from a quarier to ouly the twentieth of an
inch in diameter, every air-cell js spkerical.
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subaqueous deposit ; whilst the upper beds, round the
entire circumference, consist of a harsh, friable tuff,
of little specific gravity, but often containing fragments
of rock in layers. This upper tuff contains numerous
pisolitic balls, about the size of small bullets, which
differ from the surrounding matter, only in being
slightly harder and finer grained. The beds dip away
very regularly on all sides, at angles varying, as I
found by measurement, from 25 to 30 degrees. The
external surface of the crater slopes at a nearly similar
inclination; and is formed by slightly convex ribs,
like those on the shell of a pecten or scallop, which
become broader as they extend from the mouth of the
crater to its base. These ribs are generally from eight
to twenty feet in breadth, but sometimes they are as
much as forty feet broad; and they resemble old,
plastered, much flattened vaults, with the plaster
scaling off in plates: they are separated from each
other by gullies, deepened by alluvial action. At their
upper and narrow ends, near the mouth of the crater,
these Tibs often consist of real hollow passages, like,
but rather smaller than, those often formed by the
cooling of the crust of a lava-stream, whilst the inner
parts have flowed onward ;—of which structure I saw
many examples at Chatham Island. There can be no
doubt but that these hollow ribs or vaults have been
formed in a similar manner, namely, by the setting
or hardening of a superficial crust on streams of mud,
which have flowed down from the upper part of the
crater. In another part of this same crater, 1 saw
open concave gutters between one and two feet wide,
which appear to have been formed by the hardening
of the lower surface of a mud-stream, instead of,
as in the former case, of the upper surface. From
these facts I think it is certain that the tuff must bave
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flowed as mud.! This mud may have been formed
cither within the crater, or from ashes deposited on
its upper parts, and afterwards washed down by torrents
of rain. The former method, in most of the cases,
appears the more probable one ; at James Island, how-
ever, some beds of the friable kind of tuff extend so
continuously over an uneven surface, that probably
they were formed by the falling of showers of ashes.
Within this same crater, strata of coarse tuff, chiefly
composed of fragments of lava, abut, like a consoli-
dated talus, against the inside walls. They rise to a
height of between 100 and 150 feet above the surface
of the internal brine-lake; they dip inwards, and are
inclined at an angle varying from 30 to 36 degrees.
They appear to have been formed beneath water, pro-
bably at a period when the sea occupied the hollow of -
the crater. I was surprised to observe that beds having
this great inclination did mot, as far as they could be
followed, thicken towards their lower extremities.
Banks' Cove.—This harbour occupies part of the
interior of a shattered crater of tuff larger than that
last described. All the tuff is compact, and includes
numerous fragments of lava; it appears like a sub-
aqueous deposit. The most remarkable feature in
this crater is the great development of strata con-
veiging inwards, as in the last case, at a considerable
inclination, and often deposited in irregular curved
layers. These interior converging beds, as well as the

} This exndusion Js of som ciarel, boousg M. Dufrénoy ( Mé
‘pour sexvir, tom. iv. p. 274) has argued from strata of tuff, apparently
3F similae compnition with. that here described, being inclived ¢
angles botween 18° and 20 that Monte Nuevo und som
of Gouthr Traly Bave beon formed by upheaval. . From the facta
given above, of the vaulted character of the bepm‘xlh) rills, and from the
ot extending i horizont sheets round those erteriform lill, uo
one will suppoe thattho strvt huve hte been ‘produced b to

d yet wo see that their inclination is above 20° and often as mugh
28 305, The consolidnted strata, nlo, of the intenal talus, o will be
immediately seen, dips at an angle of above
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proper, diverging, crateriform strata, are represented
in the accompanying rude, sectional sketch of the head-
No.13.

A ettt skt of th hondlands foing Darks Cove, shvig the divreing
crateriform strata. and the converging stratified talns. The ighest. potnt of
thes bills I 817 fest above the sear

lands, forming this Cove. The internal and external
- strata differ little in composition, and the former have
evidently resulted from the wear and tear, and re-
deposition of the matter forming the external crateriform
strata. From the great development of these inmer
beds, a person walking round the rim of this erater
might fancy himself on a cirenlar anti-clinal ridge
of stratified sandstone and conglomerate. The sea is
wearing away the inner and outer strata, and especially
the latter; so that the inwardly converging strata will,
perhaps, in some future age, be left standing alone—a
case which might at first perplex a geologist."
Jaxes Iszaxp.—Two craters of tuff on this island
are the only remaining ones which require any notice.
One of them lies a mile and a-half inland from Puerto

! I elieve that this case actually occurs in the Azores. whero Dr.
Webster (‘ Description, p. 185) has deseribed a basin-formed, litle island,

steep sen-worn cliffs. Dr. Daubeny supposes (u.. Volcanos, p. 266).

that this envity must have been Jormea. by " circalur. subsidenca.
1t appears to me far moro probable, that wa hers havo sirats which
were originally depontsd within the hollow of n mler, of which the
exterior walls have since been removed by the
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Grande: it is circular, about the third of a mile in
diameter, and 400 feet in depth. Tt differs from all
the other tuff-craters which I examined, in having the
lower party of its cavity, to the height of between 100
and 150 feet, formed by a_precipitous wall of basalt,
giving to the crater the appearance of having burst
through a solid sheet of rock. The upper part of this
crater consists of strata of the altered tuff, with a
semi-resinous fracture. Its bottom is occupied by a
shallow lake of brine, covering layers of salt, which
rest on deep black mud. The other crater lies at the
distance of a few miles, and is only remarkable from
its size and perfect condition. Its summit is 1,200
feet above the level of the sea, and the interior hollow
is 600 feet deep. 1ts external sloping surface presented
a curious appearance from the smoothness of the wide
layers of tuff, which resembled a vast plastered floor.
Brattle Island is, T believe, the largest crater in the
Archipelago composed of tuff; its interior diameter
is nearly a nautical mile. At present it is in a ruined
condition, consisting of little more than half a circle
open to the souths its great size is probably due, in
part, to internal degradation, from the action of the sea.

Seqment of @ small basaltic crater.—One side of
Fresh-water Bay, in James Island, is bounded by a
promontory, which forms the last wreck of a great
crater, On the head of this promontory, a quadrant-
shaped segment of a small subordinate point of
eruption stands exposed. It consists of nine separate
little streams of lava piled upon each other; and
of an irregular pinnacle, about fifteen feet high, of
reddish-brown, vesicular basalt, abounding with large
erystals of glassy albite, and with fused augite.
This pinnacle, and some adjoining paps of rock on
the beach, represent the axis of the crater. The
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streams of lava can be followed up a little ravine, at
right angles to the coast, for between ten and fifteen
yards, where they are hidden by detritus: along the
beach they are visible for nearly eighty yards, and T
do mot believe that they extend much farther. The
three lower streams are united to the pinnacle; and at
the point of junction (as is shown in the accompanying
rude sketeh made on the spot), they are slightly arched,

Segment of a very small orifce of eraption, on the beach of Fresh-water Bay.

as if in the act of flowing over the lip of the crater.
The six upper streams no doubt were originally united
to this same column before it was worn down by the
sea. The lava of these streams is of similar com-
position with that of the pinnacle, excepting that the
erystals of albite appear to be more comminuted, and
the grains of fused augite are absent. Each stream
is separated from the one above it by a few inches, or
at most by one or two feet in thickness, of loose frag-
mentary scoriw, apparently derived from the abrasion
of the streams in passing over each other. All these
streams are very remarkable from their thinness. I
carefully measured several of them ; one was eight inches
thick, but was firmly coated with three inches above,
and three inches below, of red scoriaceous rock (which
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is the case with all the streams), making altogether a
thickness of fourteen inches: this thickness was pre-
served quite uniformly along the entire length of the
section. A second stream was only eight inches thick,
including both the upper and lower scoriaceous surfaces.
Until examining this section, T had not thought it
possible that lava could have flowed in such uniformly
thin sheets over a surface far from smooth. These
little streams closely resemble in composition that
great deluge of lava at Albemarle Island, which like-
wise must have possesed @ high degreo of fuidity.

P ejected —In the
lava and in the scorim of this little crater, I found
several fragments, which, from their angular form,
their granular structure, their freedom from air-cells,
their brittle and bumt condition, closely resembled
those fragments of primary rocks which are oceasionally
ejected, as at Ascension, from voleanos. These frag-
‘ments consist of glassy albite, much mackled, and with
very imperfect cleavages, mingled with semi-rounded
grains, having tarnished, glossy surfaces, of a steel-blue
mineral. The crystals of albite are coated by a red
oxide of iron, appearing like a residual substance; and
their cleavage-planes also are sometimes separated by
excessively fine layers of this oxide, giving to the
crystals the_appearance of being ruled like a glass
micrometer. There was no quartz. The steel-blue
mineral, which is abundant in the pinnacle, but which
disappears in the streams derived from the pimnacle,
has a fused appearance, and rarely presents even a
trace of cleavage; I obtained, however, one measure-
ment, which proved that it was augite; and in one
other fragment, which differed from the others, in
being slightly cellular, and in gradually blending into
the surrounding matrix the small grains of this mineral
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were tolerably well erystallised. Although there is so
wide a difference in appearance between the lava of
the little streams, and especially of their red scoriaceous
crusts, and one of these angular ejected fragments,
which at first sight might readily be mistaken for
syenite, yet I believe that the lava has originated from
the melting and movement of a mass of rock of abso-
Iutely similar composition with the fragments. Besides
the specimen above alluded to, in which we see a
fragment becoming slightly cellular, and blending into
the surrounding matrix, some of the grains of the steel-
blue augite also have their surfaces becoming very
finely vesicular, and passing into the mature of the
surrounding paste ; other grains are throughout, in an
intermediate condition. The paste seems to consist
of the augite more perfeetly fused, or, more probably,
merely disturbed in its softened state by the movement
of the mass, and mingled with the oxide of iron and
with finely comminuted, glassy albite. Hence pro-
bably it is that the fused albite, which is abundant
in the pinnacle, disuppears in the streams. ~ The albite
is in exactly the same state, with the exception of
most of the erystals being smaller in the lava and in
the embedded fragments; but in the fragments they
appear to be less abundant: this, however, would
naturally happen from the intumescence of the augitic
Dase, and its consequent apparent increase in bulk. It
is interesting thus to trace the steps by which a com-
pact granular rock becomes converted into a vesicular,
pseudo-porphyritic lava, and finally into red scoriw.
The structure and composition of the embedded frag-
ments show that they are parts either of a mass of
primary rock which has undergone considerable change
from volcavic action, or more probably of the erust of
a body of cooled and crystallised lava, which has after-
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wards been broken up and re-liquefied ; the crust being
less acted on by the renewed heat and movement.

Concluding remarks on the tuff-craters.—These
craters, from the peculiarity of the resin-like substance
which enters largely into their composition, from their
structure, their size and number, present the most strik-
ing feature in the geology of this Archipelago. The
majority of them form either separate islets, or promon-
tories attached to the larger islands; and those which
now stand at some little distance from the coast are
worn and breached, as if by the action of the sea.
From this general circumstance of their position, and
from the small quantity of ejected ashes in any part
of the Archipelago, I am led to conclude, that the tuff
has been chiefly produced, by the grinding together of
fragments of lava within active craters, communicating
with the sea. In the origin and composition of the
tuff, and in the frequent presence of a central lake of
brine and of layers of salt, these craters resemble,
though ori a gigantic scale, the ¢ salses; or hillocks of
mud, which are common in some parts of Italy and in
other countries.! Their eloser connection, however, in
this Archipelago, with ordinary volcanic action, is shown.
by the pools of solidified basalt, with which they are
sometimes filled up.

It at first appears very singular, that all the craters
formed of tuff have their southern sides, either quite
broken down and wholly removed, or much lower than
the other sides. I saw and received accounts of twenty-
eight of these craters; of these, twelve form separate

! DAubuisson's Touith do Gognusie tom. .. 160,  Lmay remask,
that T st Trcsie in the Asore, o cater of 6 o popetin, very
Siilar to these GF the Galapagos Archipelago. From iptio
Eiven in Treyeinets ‘Voyuge, similer ones occur at the Seadwich
Tslands; and probatly they are present in many other places.
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islets,! and now exist as mere crescents quite open to
the south, with occasionally a few points of rock mark-
ing their former circumference ; of the remaining six-
teen, some form promontories, and others stand at a
little distance inland from the shore; but all, have
their southern sides either the lowest, or quite broken
down. Two, however, of the sixteen had their northern
sides also low, whilst their eastern and western sides
were perfect. I did mot see, or hear of, a single ex-
ception to the rule, of these craters being broken down
or low on the side, which faces a point of the horizon
between SE. and SW. This rule does not apply to
craters composed of lava and scorim. The explanation
is simple: at this Archipelago, the waves from the
trade-wind, and the swell propagated from the distant
parts of the open ocean, coincide in_direction, (which
is not the case in many parts of the Pacific,) and with
their united forces attack the southern sides of all the
islands; and consequently the southern slope, even
when entirely formed of hard basaltic rack, is invariably
steeper than the northern slope. As the tuff-craters
are composed of a soft material, and as probably all, or
nearly all, have at some period stood immersed in the
sea, we need mot wonder that they should invariably
exhibit on their exposed sides the effects of this great
denuding power. Judging from the worn condition of
many of these craters, it is probable that some have
been entirely washed away. As there is no reason to
suppose, that the craters formed of scoriz and lava

! These consist of the three Crossman Tslets, the largest of which is
600 feet in height ; Enchanted Tsland ; Gardner Island (760 Toothigh)
Champion Tslaud (331 feet high) ; Fndm Teland; Brattlo Island ;
o flets near Indeftigable Tsland; and ove near Jumes Island.

conl Soater asas domom Jlvad (wiEh & sol ts centre) has
i athern eide saly sbomt taaty feo high, whilethe other purs of
the circumference are about 300 feet in height.
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were erupted whilst standing in the sea, we can see
why the rule does not apply to them. At Ascension, it
was shown that the mouths of the craters, which are
there all of terrestrial origin, have been affected by the
trade wind ; and this same power might here, also, aid
in making the windward and exposed sides of some of
the eraters originally the lowest.

Mineralogical composition of the rocks.—In the
northern islands, the basaltic lavas seem generallyto con-
tain more albite than they do in the southern half of the
Archipelago; but almost all the streams contain some.
The albite is not unfrequently associated with olivine.
1 did not observe in any specimen distinguishable
crystals of hornblende or augite; I except the fused
grains in the ejected fragments, and in the pinnacle of
the little crater, above deseribed. I did not meet with
a single specimen of true trachyte ; though some of the
paler lavas, when abounding with large erystals of the
harsh and glassy albite, resemble in some degree this
rock ; but in every case the basis fuses into a black
enamel. Beds of ashes and far-cjected scoriw; as pre-
viously stated, are almost absent ; nor did I see a frag-
ment of obsidian or of pumice. Von Buch' believes
that the absence of pumice on Mount Etna is conse-
quent on the feldspar being of the Labrador variety;
if the presence of pumice depends on the constitution
of the feldspar, it is remarkable, that it should be ab-
sent in this archipelago, and abundant in the Cordillera
of South America, in both of which regions the feld-
spar is of the albitic variety. Owing to the absence of
ashes, and the general indecomposable character of the
lava in this Archipelago, the islands are slowly clothed
with a poor vegetation, and the scenery has a desolate
and frightful aspect.

1 ¢ Deseription des Tsles Canaries,’ p. 328.
K
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Elevation of the land.—Proofs of the rising of the
land are scanty and imperfect. At Chatham Island, T
noticed some great blocks of lava, cemented by cal-
careous matter, containing recent shells; but  they
occurred at the height of only a few feet above high-
water mark. One of the officers gave me some frag-
ments of shells, which he found embedded several
hundred feet above the sea, in the tuff of two craters,
distant from each other. It is possible, that these
fragments may have been carried up to their present
height in an eruption of mud ; but as, in one instance,
they were associated with broken oyster-shells, almost.

* forming a layer, it is more probable that the tuff was
uplifted with the shells in mass. The specimens are
so imperfect that they can be recognised only as be-
longing to recent marine genera. On Charles Island,
T observed a line of great rounded blocks, piled on the
summit of a vertical cliff, at the height of fifteen feet
above the line, where the sea now acts during the
heaviest gales. This appeared, at first, good evidence
in favour of the elevation of the land; but it was
quite deceptive, for I afterwards saw on an adjoining
part of this same coast, and heard from eye-witnesses,
that wherever a recent stream of lava forms a smooth
inclined plane, entering the sea, the waves during gales
have the power of rolling up rounded blocks to a great
height, above the line of their ordinary action. As the
little cliff in the foregoing case is formed by a stream
of lava, which, before being worn back, must have en-
tered the sea with a gently sloping surface, it is possible
or Tather it is probable, that the rounded boulders,
now lying on its summit, are merely the remmant of
those which had been rolled up during storms to their
present height.

Direction of the fissures of eruption.—The volcanic
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orifices in this group canmot be considered as indis-
criminately scattered. Three great craters on Albemarle
Island form a well marked line, extending NW. by N.
and SE.by S. Narborough Island, and the great crater
on the jection of Albemarle Island,
form a second parallel line. To the east, Hood’s
Tsland, and the islands and rocks between it and James
Island, form another nearly parallel line, which, when
prolonged, includes Culpepper and Wenman Islands,
lying seventy miles to the north. The other islands
lying farther eastward, form a less regular fourth line.
Several of these islands, and the vents on Albemarle
Island, are so placed, that they likewise fall on a set
of rudely parallel lines, intersecting the former lines at

" right angles; so that the principal craters appear to
lie on the points where two sets of fissures cross each
other. The islands themselves, with the exception of
Albemarle Tsland, are not elongated in the same direc-
tion with the lines on which they stand. The direction
of these islands is nearly the same with that which
prevails in so remarkable a manner in the numerous
archipelagos of the great Pacific Ocean. Finally, I may
remark, that amongst the Galapagos Islands there is no
one dominant vent much higher than all the others,
as may be observed in many voleanic archipelagos: the
highest is the great mound on the south-western ex-
tremity of Albemarle Island, which exceeds by barely
a thousand feet several other neighbouring craters.

x2
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CHAPTER VI

TRACHYTE AND BASALT.—DISTRIBUTION OF VOLCANIC
ISLES.

The sinking of erystals in fluid lava—Specific gravity of the constituent
“parts of trachyte and of basalt, and their consequent separation—Obsi-
dian—Apparent non-separation of the dements of plutonic rocks—
Origin of trap-dikes in the plutonio series—Distribution of voleanic
islands ; their prevalence in the great oceans—Tley aregenerally
e Tae cotea vttt o Vou Dk doDGE T,
canic islands bordering continents—Antiquity of volcanic islands, and
their elevation in mass—Eruptions on parallel lines of fissure within

the same geological period.

On the separation of the constituent minerals of lava,
according to their specific gravities.— One side of
Fresh-water Bay, in James Island, is formed by the
wreck of a large crater, mentioned in the last chapter,
of which the interior has been filled up by a pool of
basalt, about 200 feet in thickness. This basalt is of a
gray colour, and contains many crystals of glassy albite,
which become much more numerous in the lower,
scoriaceous part. This is contrary to what might have
heen expected, for if the crystals had been originally
disseminated in equal numbers, the greater intumescence
of this lower scoriaceous part would have made them
appear fewer in number. Von Buch ! has described a
stream of obsidian on the peak of Teneriffe, in which

1 « Deseription des Tsles Canaries;’ pp. 190 and 191,
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the erystals of feldspar become more and more numerous,
as the depth or thickness increases, so that near the
lower surface of the stream the lava even resembles a
primary rock. Von Buch further states, that M. Drée,
in his experiments in melting lava, found that the
crystals of feldspar always tended to precipitate them-
selves to the hottom of the crucible. In these cases, I
presume there can be no doubt ! that the erystals sink
from their weight. The specific gravity of feldspar
varies? from 24 to 2:58, whilst obsidian seems com-
monly to be from 23 to 2:4; and in a fluidified state
its specific gravity would probably he less, which would
facilitate the sinking of the crystals of feldspar. At
James Island, the crystals of albite, although no doubt,
of less weight than the gray basalt, in the parts where
compact, might easily be of greater specific gravity
than the scoriaceous mass, formed of melted lava and
bubbles of heated gas.

The sinking of crystals through a viscid substance
like molten rock, as is unequivocally shown to have
been the case in the experiments of M. Drée, is worthy
of further consideration, as throwing light on the sepa-
ration of the trachytic and basaltic series of lavas.
Mr. P. Scrope has speculated on this subject ; but he

' In molten ixon, it is found (*Edinburgh New Philoso-
phical Jourml? vol. xxiv. p. 66) that the substances, which have
closer affinity for oxygen than iron has, rise from the interior o e

mass to the surfaco Bt a smilar cunse un bardly apply to the sopa-
Tation of the crystals of these lava streams, The cooling of the surface
of lava scems, in some cases, to have affected its composition; for
Dufiénoy (Mém. pour servir, tom. iv. p. 271) found that the juterior
parts of n stream near Naples contained two-thirds of a mineral which
s acted an by acids, whilet the susfice conssted chiely of & ‘mineral
unattackable by aci
i T tihin e specific gravities of the simple minerals from Von
Eoball, ane of the latest and best authorities, and of the rocks from
os. _Obsidinn, acconding to Ph is 235; and
ut o specimen from Ascension,

J \meson _say Teve
weighed by myslf, was 242,
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does not seem to have been aware of any positive facts,
such as those above given ; and he has overlooked one
very mecessary element, as it appears to me, in the
phenomenon—namely, the existence of either the
lighter or heavier ‘mineral in globules or in crystals.
In a substance of imperfect fluidity, like molten rock,
it is hardly credible, that the separate, infinitely small
atoms, whether of feldspar, augite, or of any other
mineral, would have power from their slightly different,
gravities to overcome the friction caused by their
movement; but if the atoms of any ome of these
minerals became, whilst the others remained fluid,
united into crystals or granules, it is easy to perceive that
from the lessened friction, their sinking or floating power
would be greatly increased.  On the other hand, if all
the minerals became granulated at the same time, it is
scarcely possible, from their mutnal resistance, that any
separation could take place. A valuable, practical dis-
covery, illustrating the effect of the granulation of one
element in a fluid mass, in aiding its separation, has
lately been made : when lead containing a small pro-
portion of silver, is constantly stirred whilst cooling, it
becomes granulated, and the grains or imperfect crystals
of nearly pure lead sink to the bottom, leaving a
residue of melted metal much richer in silver; whereas
if the mixture be left undisturbed, although kept fluid
for a length of time, the two metals show no signs of
separating.! The sole use of the stirring seems to be,

and the slag formed during the fusion of the ore, we need not be sur-
prised at tho atoms separating, without either substanco being granu-
lated.
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the formation of detached granules. The specifie
gravity of silver is 10+4, and of lead 11:35 : the granu-
lated lead, which sinks, is never absolutely pure, and
the residual fluid metal contains, when richest, only
45 part of silver. ~ As the difference in specific gravity,
caused by the different proportions of the two metals,
is 50 exceedingly small, the separation is probably aided
in a great degree by the difference in gravity between
the lead, when granular though still hot, and when
fuid.

In a body of liquefied volcanic rock, left for some
time without any violent disturbance, we might expect,
in accordance with the above facts, that if one of the
constituent minerals became aggregated into erystals
or granules, or had been enveloped in this state from
some previously existing mass, such erystals or granules
would rise or sink, according to their specific gravity.,
Now we have plain evidence of crystals being embedded
in many lavas, whilst the paste or basis has continued
fluid. I need only refer, as instances, to the several,
great, pseudo-porphyritic streams at the Galapagos
Islands, and to the trachytic streams in many parts of
the world, in which we find crystals of feldspar bent
and broken by the movement of the surrounding, semi-
fluid matter. Lavas are chiefly composed of three
varieties of feldspar, varying in specific gravity from
2410274 of hornblende and augite, varying from 3-0
to 345 of olivine, varying from 33 to 3+4; and lastly,
of oxides of iron, with specific gravities from 4'8 to 5-2.
Hence crystals of feldspar, enveloped in a mass of
liquefied, but not highly vesicular lava, would tend to
rise to the upper parts; and erystals or granules of the
other minerals, thus enveloped, would tend to sink.
We ought not, however, to expect any perfect degree
of separation in such viscid materials. Trachyte,
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which consists chiefly of feldspar, with some hornblende
and oxide of iron, has a specific gravity of about 2:45;!
whilst basalt composed chiefly of augite and feldspar,
often with much iron and olivine, has a gravity of about
3:0. Accordingly we find, that where both trachytic
and basaltic streams have proceeded from the same
orifice, the trachytic streams have generally been first
erupted, owing, as we must suppose, to the molten lava of
this series having accumulated in the upper parts of
the volcanic focus. This order of eruption has been
observed by Beudant, Secrope, and by other authors;
three instances, also, have been given in this volume.
As the later eruptions, however, from most volcanic
mountains, burst through their basal parts, owing to
the increased height and weight of the internal column
of molten rock, we see why, in most cases, only the
lower flanks of the central, trachytic masses, are en-
veloped by basaltic streams. The separation of the
ingredients of a mass of lava would, perhaps, sometimes
take place within the body of a volcanic mountain, if
lofty and of great dimensions, instead of within the
underground focus; in which case, trachytic streams
might be poured forth, almost contemporancously, or
at short recurrent intervals, from its summit, and
basaltic streams from its base: this seems to have taken
place at Teneriffe.? I need only further remark, that
from violent disturbances the separation of the two
series, even under otherwise favourable conditions,
would naturally often be prevented, and likewise their

? Trachyte from Java, was found by Von Buch to be 247 ; from
Auvergne, by De la Beche, it was 2:42 ; from Ascension, by m\-xrlf. it
e 242 Jameeon and other wuthors giv to bt o specite iy
of 3:0; but specimens from Auvergne were found, b_v Ia Beche, to
e anly 278 and from the Ginnts Crmewny: to be ¥

Consult Von Buch's well-known and ndmlnl:h Dmnptmn Phy-
sique of this island, which might serve as & model of deseriptive geology.
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usual order of eruption be inverted. From the high
degree of fluidity of most basaltic lavas, these perhaps,
alone, would in many cases reach the surface.

As we have seen that erystals of feldspar, in the
instance deseribed by Von Buch, sink in obsidian, in
accordance with their known greater specific gravity,
we might expect to find in every trachytic district,
where obsidian has flowed as lava, that it had proceeded
from the upper or highest orifices. This, according to
Von Buch, holds good in a remarkable manner both at
the Lipari Islands and on the Peak of Teneriffe; at
this latter place obsidian has never flowed from a less
height than 9,200 feet. Obsidian, also, appears to have
been erupted from the loftiest peaks of the Peruvian
Cordillera. I will only further observe, that the specific
gravity of quartz varies from 2+6 to 2:8; and therefore,
that when present in a voleanic focus, it would not tend
to sink with the basaltic bases; and this, perhaps,
explains the frequent presence, and the abundance of
this mineral, in the lavas of the trachytic series, as
observed in previous parts of this volume.

An objection to the foregoing theory, will, perhaps,
be drawn, from the plutonic rocks not being separated
into two evidently distinet series, of different specific
gravities ; although, like the volcanic, they have been
liquefied. In answer, it may first be remarked, that
we have no evidence of the atoms of any one of the
constituent minerals in the plutonic series having been
aggregated, whilst the others remained fluid, which we
have endeavoured to show is an almost necessary con-
dition of their separation ; on the contrary, the crystals
have generally impressed each other with their forms.!

The crystalline paste of phonolite is frequently penetrated by long
needles of hornblende; from which it appears, that, the homblemle.
though the more fusible mineral, has crystallised before, or at
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In the second place, the perfect tranquillity, under
which it is probable that the plutonic masses, buried at
profound depths, have cooled, would, most likely, be
highly unfavourable to the sepatation of their consti-
tuent minerals ; for, if the attractive force, which during
the progressive cooling draws together the molecules of
the different minerals, has power sufficient to keep
them together, the friction between such half-formed
crystals or pasty globules would effectually prevent the
heavier ones from sinking, or the lighter ones from
rising.  On the other hand, a small amount of disturb-
ance, which would probably occur in most volcanic
foci, and which we have seen does not prevent the
separation of granules of lead from a mixture of molten
lead and silver, or crystals of f:ldspar from streams of
lava, by breaking and dissolving the less perfectly
formed_ globules, would permit the more perfect and
therefore unbroken crystals, to sink or rise, according
to their specific gravity.

Although in plutonie rocks two distinet species,
corresponding to the trachytic and basaltic series, do
not exist, I much suspect, that a certain amount of
separation of their constituent parts has often taken
place. I suspect this from having observed how fre-
quently dikes of greenstone and basalt intersect widely

same time with. a more refractory substance. Phonolite, as far as my
observations serve, in every instance appears to be an injectod rock,
Jike those of the plutonic serics; henco probably, like these Jater, it
has generally been cooled without repeated and violent disturbances,
Those geologists who have doubted whother granite could Lave boen
formed by igneous liquefuction, hecause minerais of different dogrees of
fusibility impress each other with their forms, could not have béen
aware of the fact of crystallised hornblende penetrating phonolite, &
rock undoubtedly of igneous origin. The viscidity, which it is now
known, that both feldspar and quartz retain at a temperature much
below their points of fusion, easily explains their mutual impressment.
‘Consult,on this subject. Mr. Horner's paper on Bonn, * Geolog. Transact.’
vol. iv. p. 439; and * L'Tustitut, with respect to quartz, 1839, p. 161.
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extended formations of granite and the allied meta-
morphic rocks. I have never examined a district in
an extensive granitic region without discovering dikes ;
I may instance the numerous trap-dikes, in several
districts of Brazil, Chile, and Australia, and at the Cape
of Good Hope: many dikes likewise oceur in the great
granitic tracts of India, in the north of Enrope, and in
other countries. Whence, then, has the greenstone
and basalt, forming these dikes, come? Are we to
suppose, like some of the elder geologists, that a zone
of trap is uniformly spread out beneath the granitic
series, which composes, as far as we know, the founda-
tions of the earth’s crust ? Is it not more probable, that
these dikes have been formed by fissures penetrating
into partially cooled rocks of the granitic and meta-
morphie series, and by their more fluid parts, consisting
chiefly of hornblende, oozing out, and being sucked
into such fissures? At Bahia, in Brazil, in a district
composed of gueiss and primitive greenstone, I saw
many dikes, of a dark augitic (for one crystal certainly
was of this mineral) or hornblendic rock, which, as
several appearances clearly proved, either had been
formed before the surrounding mass had become solid,
or had together with it been afterwards thoroughly
softened.! On both sides of one of these dikes, the
gneiss was penetrated, to the distance of several yards,
by numerous, curvilinear threads or streaks of dark
matter, which resembled in form clouds of the class
called cirrhi-come ; some few of these threads could be
traced to their junction with the dike. When examin-

? Portions of theso dikes have been broken off, and are now sur-
rounded by the primary rocks, with their laminz conformably wi 28
round them. Dr. Hubbard, also (‘Silliman's Journal,” vol
11), has described an fnterlacoment of trap-veins n the grarito of the

White Mountnins, which he thinks must have been formed when both
Tocks were soft.
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ing them, T doubted whether such hair-like and eurvili-
near veins could have been injected, and I now suspect,
that instead of having been injected from the dike,
they were its feeders. If the foregoing view of the
origin of trap-dikes in widely extended granitic regions
far from rocks of any other formation, be admitted as
probable, we may further admit, in the case of a great
body of plutonic rock, heing impelled by repeated
movements into the axis of a mountain-chain, that its
more liquid constituent parts might drain into deep
and unseen abysses; afterwards, perhaps, to be brought
to the surface under the form, either of injected masses
of greenstone and augitic porphyry,' or of basaltic
eruptions.  Much of the difficulty which geologists
have experienced, when they have compared the com-
position of voleanic with plutonie formations, will, T
think, be removed, if we may believe, that most plutonic
masses have been, to a certain extent, drained of those
comparatively weighty and easily liquefied elements,
which compose the trappean and basaltic series of rocks.

On the distribution of voleanic islands.—During
my investigations on coral-reefs, I had oceasion to
consult the works of many voyagers, and I was invari-
ably struck with the fact, that with rare exceptions, the
innumerable islands scattered throughout the Pacific,
Indian, and Atlantic Oceans, were composed either of

* M. Phillips (‘ Lardner's Cyclopadia,’ vol. ii. p. 115) quotes Yon
Buck's statement, that_augitic porphyry ranges parallel to, and is
found constantly at the base of, great chains of mountains. Humboldt,
also, has remarked the frequent occurrence of trap-rock, in a similat
position; of which fact T have observed many examples at the foot of
the Chilian Cordillera. The existence of nmu in the axes of great
mountain Shains Js, slways. prcbebles and 1 am tompied to suppose
that the laterally injected masses of augitic Porp iyry and of trap, bear

nearly the same rlation o the grunitic axcs which basali laras bne
Lotk st L heke whemk Toval T Banka h ylieh ooy oo
30 frequently been erupted.
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voleanie, or of modern coral rocks. It would be tedious
to give a long catalogue of all the volcanic islands; but
the exceptions which I have found are easily enumer-
ated: in the Atlantic, we have St. Paul’s Rock, de-
seribed in this volume, and the Falkland Islands,
composed of quartz and clayslate; but these latter
islands are of considerable size, and lie not very far
from the South American coast': in the Indian Ocean,
the Seychelles (situated in a line prolonged from Mada-
gascar) consist of granite and quartz: in the Pacific
Ocean, New Caledonia, an island of large size, belongs
(as far as is known) to the primary class. New Zealand,
which contains much voleanic rock and some active
voleanos, from its size cannot be classed with the small
islands, which we are now considering. The presence
of a small quantity of non-volcanic rock, as of clay-slate
on three of the Azores?® or of tertiary limestone at
Madeira, or of clay-slate at Chatham Island in the
Pacific, or of lignite at Kerguelen Land, ought not to
exclude such islands or archipelagos, if formed chiefly
of erupted matter, from the volcanic class.

The composition of the numerous islands scattered
through the great oceans being with such rare excep-
tions volcanic, is evidently an extension of that law,
and the effect of those same causes, whether chemical
ormechanical, from which it results, that a vast majority
of the volcanos now in action stand either as islands

! Judging from Forster's imperfect observation, perhaps Georgia is
ot volenne, Dr. Allan ismy informant with regied o th Seychalls
I do not know of what formation Rodriguez, in the Indian O¢
" This is stated on_ tho authority of Count, V. do Bedomar, Tith
xulpnct to rl..m and ummm (Charlsworth  Magazine of Nat. Hi

. Maria has no vol rock, according to L\ym n
Bﬂyd (Ven Buch's 'Descnpb' . 365). Chatham Island hias been
seribed by Dr. Dieffenbach, in ¢ Geographical Journal,’ 1841, p. 201.

As yet wo have received only imperfect notices on Kerguelen Laud,
from the Antaretic Expedition,

, is

E
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in the sea, or near its shores. This fact of the ocean-
islands being so generally voleanic is also interesting
in relation to the nature of the mountain-chains on
our continents, which are comparatively seldom vol-
canic ; and yet we are led to suppose that where our
continents now stand an ocean once extended. Do
volcanic eruptions, we may ask, reach the surface more
readily through fissures formed during the first stages
of the conversion of the bed of the ocean into a tract
of land ?

Looking at the charts of the numerous voleanic
archipelagos, we see that the islands are generally
arranged either in single, double, or triple rows, in
lines which are frequently curved in a slight degree.!
Fach separate island is either rounded, or more gene-
rally elongated in the same direction with the group
in which it stands, but sometimes transversely to it.
Some of the groups which are not much elongated
present little symmetry in their forms; M. Virlet?
states that this is the case with the Grecian Archi-
pelago : in such groups I suspect (for I am aware how
easy it is to deceive oneself on these points), that the
vents are generally arranged on one line, or on a set
of short parallel lines, intersecting at mearly right
angles another line, or set of lines. The Galapagos
Archipelago offers an example of this structure, for
most of the islands and the chief orifices on the largest
island are so grouped as to fall on a set of lines ranging
about NW. by N., and on another set ranging about
WSW.: in the Canary Archipelago we have a simpler
structure of the same kind: in the Cape de Verde

! Professors William and Henry Darwin Re e lately insisted
o e v e A i, Adincaton, e e
larly cur f elevation in parts of the Appalachiun range.

T tain 4ot Son. Géolog. tom. iii. p. 110,
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group, which appears to be the least symmetrical of
any oceanic volcanic archipelago, a NW. and S.E.
line formed by several islands, if prolonged, would
intersect at right angles a curved line, on which the
remaining islands are placed.

Von Buch ! has classed all volcanos under two heads,
namely, central voleanos, round which numerous erup-
tions have taken place on all sides, in a manner almost
regular, and volcanic chains. -In the examples given
of the first class, as far as position is concerned, I can
see no grounds for their being called ¢central;’ and
the evidence of any difference in mineralogical nature
between central voleanos and voleanic chains appears
slight. No doubt some one island in most small
volcanic archipelagos is apt to be higher
than the others; in a similar manner, whatever the
cause may be, that on the same island one vent is
generally higher than all the others. Von Buch does
not include in his class of voleanic chains small archi-
pelagos, in which the islands are admitted by him, as
at the Azores, to be arranged in lines; but when
viewing on a map of the world how perfect a series
exists from a few voleanic islands placed in a row to
a train of linear archipelagos following each other in
a straight line, and so on to a great wall like the
Cordillera of America, it is difficult to believe that
there exists any essential difference between short and
long voleanic chains. Von Buch? states that his
voleanic chains surmount, or are closely connected
with, mountain-ranges of primary formation: but if
trains of linear archipelagos are, in the course of time,
by the long-continued action of the elevatory and
voleanic forces, converted into mountain-ranges, it

2 {Deeription dos Toes Cunaris p. 324
* Tdem, p. 393.

@ The Complete Work of Charles Darwin Online



144 The Distribution of PART L.

would naturally result that the inferior primary rocks
would often be uplifted and brought into view. 'y

Some authors have remarked that voleanic islands
occur scattered, though at very unequal distances, along
the shores of the great continents, as if in some measure
connected with them. In the case of Juan Fernandez,
situated 330 miles from the coast of Chile, there was
undoubtedly a connection between the voleanic forces
acting under this island and under the continent, as
was shown during the earthquake of 1835. The
islands, moreover, of some of the small voleanic groups
which thus border continents, are placed in lines, re-
lated to those along which the adjoining shores of
the continents trend; I may instance the lines of
intersection at the Galapagos, and at the Cape de
Verde Archipelagos, and the best marked line of the
Canary Islands. If these facts be not merely accidental,
we see that many scattered voleanic islands and small
groups are related not only by proximity, but in the
direction of the fissures of eruption to the neighbouring
continents—a relation, which Von Buch considers, cha-
racteristic of his great voleanic chains.

In voleanic archipelagos, the orifices are seldom in
activity on more than ome island at a time; and the
greater eruptions usually recur only after long intervals.
Observing the number of craters, that are usually found
on each island of a group, and the vast amount of
matter which has been erupted from them, one is led
toattribute a high antiquity even to those groups, which
appear, like the Galapagos, to be of comparatively recent
origin, This conclusion accords with the prodigious
amount of degradation, by the slow action of the sea,
which their originally sloping coasts must have suffered,
when they are worn back, as is so often the case, into
grand precipices. We ought not, however to suppose,
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in hardly any instance, that the whole body of matter,
forming a voleanic island, has been erupted at the
level, on which it now stands: the number of dikes,
which seem invariably to intersect the interior parts of
every volcano, show, on the principles explained by
M. Elie de Beaumont, that the whole mass has been
uplifted and fissured. A connection, moreover, between
voleanic eruptions and contemporaneous elevations in
mass ! has, I think, been shown to exist, in my work on
Coral Reefs, both from the frequent presence of upraised
organic remains, and from the structure of the accom-
panying coral-reefs. Finally, I may remark, that in
the same Archipelago, eruptions have taken place within
the historical period on more than one of the parallel
lines of fissure: thus, at the Galapagos Archipelago,
eruptions have taken place from a vent on Narborough
Tsland, and from one on Albemarle Island, which vents
do not fall on the same line; at the Canary Islands,
eruptions have taken place in Teneriffe and Lanzarote;
and at the Azores, on the three parallel lines of Pico,
St. Jorge, and Terceira. Believing that a mountain-
axis differs essentially from a volcano, only in plutonic
rocks having been injected, instead of volcanic matter
having been ejected, this appears to me an interesting
circumstance; for we may infer from it as probable,
that in the elevation of a mountain-chain, two or more
of the parallel lines forming it may be upraised and
injected within the same geological period.

' A similar conclusion is forced on » b, the phenomena, which

accompanied the earthquake of 1835, at Conception, and which are
Gutaiehin my pepee (. v, By 801) 1 b Goologion Traasetiona:

L
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CHAPTER VIL

oo South Walen—Sanisions Jormaton—wedded pundo ragnesia
of shale i Die-
pia s e
—Tvavertin_ with leaves of extinet plants—Elevation of the land—New
Tasend—Kiny Gorgis Soud—Supinfeil firragnces bedda—Su-
perficial calcarcous deposits, with casts of branches—Tiheir origin from
driftd partices of hells_and_coralo—Their exteni—Cope of Good
Hope—J: of the granite and clay-s datone formation.

Tuw Beagle, in her homeward voyage, touched at New
Zealand, Australia, Van Diemen’s Land, and the Cape
of Good Hope. In order to confine the Second Part of
these Geological Observations to South America, I will
here briefly deseribe all that T observed at these places
worthy of the attention of geologists.

New South Wales.—My opportunities of observa-
tion consisted of a ride of ninety geographical miles to
Bathurst, in a WNW. direction from Sydney. The
first, thirty miles from the coast passes over a sandstone
country, broken up in many places by trap-rocks, and
separated by a bold escarpment overhanging the river
Nepean, from the great sandstone platform of the Blue
Mountains, This upper platform is 1,000 feet high at
the edgo of the escarpment, and rises in a distance of
twenty-five miles to between 3,000 and 4,000 feet above
the level of the sea. At this distance the road descends
to a country rather less elevated, and composed in chief
part of primary rocks. There is much granite, in one
part passing into a red porphyry with octagonal
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erystals of quartz, and intersected in some places by
trap-dikes. Near the Downs of Bathurst I passed over
much pale-brown, glossy clay-slate, with the shattered
Jamine running north and south : I mention this fact,
because Captain King informs me that, in the country
a hundred miles southward, mear Lake George, the
mica-slate ranges so invariably north and south that
the inhabitants take advantage of it in finding their
way through the forests.

The sandstone of the Blue Mountains is at least
1,200 feet thick, and in some parts is apparently of
greater thickness; it consists of small grains of quartz,
cemented by white earthy matter, and it abounds with
ferruginous veins. The lower beds sometimes alternate
with shales and coal : at Wolgan I found in carbona-
ceous shale leaves of the Glossopteris Brownii, a fern
which o frequently accompanies the coal of Australia.
The sandstone contains pebbles of quartz; and these
generally increase in number and size (seldom, hawever,
exceeding an inch or two in diameter) in the upper
beds: I observed a similar circumstance in the grand
sandstone formation at the Cape of Good Hope. On
the South American coast, where tertiary and supra-
tertiary beds have been extensively elevated, I re-
peatedly noticed that the uppermost beds were formed
of coarser materials than the lower: this appears to
indicate that, as the sea became shallower, the force of
the waves or currents increased. On the lower plat-
form, however, between the Blue Mountains and the
coast, T observed that the upper beds of the sandstone
frequently passed into argillaceous shale,—the effect,
probably, of this lower space having been protected
from strong currents during its elevation. The sand-
stone of the Blue Mountains evidently having been of
mechanical origin, and not having suffered any meta~

L2
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morphic action, I was surprised at observing that, in
some specimens, nearly all the grains of quartz were so
perfectly crystallised with brilliant facets that they
evidently had not in their present form been aggregated
in any previously existing rock! It is difficult to
imagine how these crystals could have been formed ;
one can hardly believe that they were separately pre-
cipitated in their present crystallised state. Is it
possible that rounded grains of quartz may have been
acted on hy a fluid corroding their surfaces, and de-
positing on them fresh silica? I may remark that, in
the sandstone formation of the Cape of Good Hope, it
is evident that silica has been profusely deposited from
aqueous solution.

Tn several parts of the sandstone I noticed patches
of shale which might at the first glance have been
mistaken for extr ; their h
lamine, however, being parallel with those of the
sandstone, showed that they were the remnants of thin,
continuous beds. One such fragment (probably the
section of a long narrow strip) seen in the face of a cliff,
was of greater vertical thickness than breadth, which
proves that this bed of shale must have been in some
. slight degree consolidated, after having been deposited,
and before being worn away by the currents. Each
pateh of the shale shows, also, how slowly many of the
successive layers of sandstone were deposited. These
poeudo-fragments of shale will perhaps explain, in some
cases, the origin of apparently extraneous fragments in

T havo Itely seen in n paper by Smith, (t.h- father of English
elogin), in the Magusino of Nutar History,! that the grai of
quartz in_the millstone grit of England g et g

 papes read boforo the Britih Association, 1840,
tates, that in old decomposed glass, the silex and metals_soparate into
eonun!nc nngl, and that the silex regains its crystalline structure, as

shown by its action on
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erystalline metamorphic rocks. I mention this, because
I found near Rio de Janeiro a well-defined angular
fragment, seven yards long by two yards in breadth, of
gneiss containing garnets and mica in lagers, enclosed
in the ordinary, stratified, porphyritic gneiss of the
country. The lamine of the fragment and of the sur-
rounding matrix ran in exactly the same direction, but
they dipped at different angles. I do mot wish to
affirm that this singular fragment (a solitary case, as
far as T know) was originally deposited in a layer, like
the shale in the Blue Mountains, between the stmm of
the hyriti s, before they were

but there is sufficient analogy between the two cases to
render such an explanation possible.

Stratification of the escarpment.—The strata of
the Blue Mountains appear to the eye horizontal; but
they probably have a similar inclination with the sur-
face of the platform, which slopes from the west to-
wards the escarpment over the Nepean, at an angle of
one degree, or of one hundred feet in a mile! The
strata of the escarpment dip almost conformably with
its steeply inclined face, and with so much regularity,
that they appear as if thrown into their present position ;
but on a more careful examination, they are seen to
thicken and to thin out, and in the upper part to be
succeeded and almost capped by horizontal beds. These
appearances render it probable, that we here see an
original escarpment, not formed by the sea having
eaten back into the strata, but by the strata having
originally extended only thus far. Those who have
been in the habit of examining accurate charts of sea-
coasts, where sediment is accumulating, will be aware,
that the surfaces of the banks thus formed, generally

is stated on the authority of Sir T. Mitchell, in his  Trayels,’
\‘Dl i, p 357,
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slope from the coust very gently towards a certain line
in the offing, beyond which the depth in most cases sud-
denly becomes great. I may instance the great banks
of sediment within the West Indian Archipelago,!
which terminate in submarine slopes, inclined at angles
of between 30 and 40 degrees, and sometimes even at
more than 40 degrees: every one knows how steep such
a slope would appear on the land. Banks of this nature,
if uplifted, would probably have nearly the same ex-
ternal form as the platform of the Blue Mountains,
where it abruptly terminates over the Nepean.

Current cleavage—The strata of sandstone in the
low coast country, and likewise on the Blue Mountains,
are often divided by cross or current lamins, which
dip in different directions, and frequently at an angle
of forty-five degrees. Most authors have attributed
these cross layers to successive small accumulations on
an inclined surface; but from a careful examination in
some parts of the New Red sandstone of England, I
believe that such layers generally form parts of a series
of curves, like gigantic tidal ripples, the tops of which
have since been cut off, either by mearly horizontal
layers, or by another set of great ripples, the folds of
which do not exactly coincide with those below them.
It is well known to surveyors that mud and sand are dis-
turbed during storms at considerable depths, at least from
300 to 450 feet,? so that the nature of the bottom even
becomes temporarily changed ; the bottom, also, at a

* I have described these very curious banks in the Appendix (2nd
sdi . 235) to, my volume on the structare of Coral Rects. 1 livo

m
nnk and the s in tho deop water Widely extended banks inal
parts of the West Indies have the same general form

o150 Mastia White, on *Soundings in the Brtsh sz ye. «
an
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depth between 60 and 70 feet, has been observed ! to be
broadly rippled. One may, therefore, be allowed to
suspect, from the appearances just mentioned in the
New Red sandstone, that at greater depths, the bed of
the ocean is heaped up during gales into great ripple-
like furrows and depressions, which are afterwards cut
off by the currents during more tranquil weather, and
again furrowed during gales.

Valleys in the sandstone platforms.—The grand
valleys, by which the Blue Mountains and the other
sandstone platforms of this part of Australia are pene-
trated, and which long offered an insuperable obstacle
to the attempts of the most enterprising colonist to
reach the interior country, form the most striking
feature in the geology of New South Wales. They are
of grand dimensions, and are bordered by continuous
lines of lofty cliffs. It is not easy to conceive a more
magnificent spectacle, than is presented to a person
walking on the summit-plains, when without any notice
he arrives at the brink of one of these cliffs, which are
so perpendicular, that he can strike with a stone (as I
have tried) the trees growing, at the depth of between
1,000 and 1,500 feet below him ; on both hands he sees
headland beyond headland of the receding line of cliff,
and on the opposite side of the valley, often at the
distance of several miles, he beholds another line rising
up to the same height with that on which he stands,
and formed of the same horizontal strata of pale sand-
stone. The bottoms of these valleys are moderately level,
and the fall of the rivers flowing in them, according to
Sir T. Mitchell, is gentle. The main valleys often send
into the platform great bay-like arms, which expand at
their upper ends; and on the other hand, the platform

* M. Sian on the * Action of Waves:” * Edin. New Phil. Journ. vol.
xxxi. p. 245,
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often sends promontories into the valley, and even
leaves in them great, almost insulated, masses. So
continuous are the bounding lines of cliff, that to
descend into some of these valleys, it is necessary to go
round twenty miles; and into others, the surveyors
have only lately penetrated, and the colonists have not
yet been able to drive in their cattle. But the most
remarkable point of structure in these valleys, is, that
although several miles wide in their upper parts, they
generally contract towards their mouths to such a degree
as to become impassable. The Surveyor-General, Sir
* T. Mitehell,! in vain endeavoured, first on foot and then
by crawling between the great fallen fragments of sand-
stone, to ascend through the gorge by which the river
Grose joins the Nepean yet the valley of the Grose in
its upper part, as I saw, forms a magnificent basin some
miles in width, and is on all sides surrounded by cliffs,
the summits of which are believed to be nowhere less
than 3,000 feet above the level of the sea. When cattle
are driven into the valley of the Wolgan by a path
(which T descended) partly cut by the colonists. they
cannot escape; for this valley is in every other part
surrounded by perpendicular cliffs, and eight miles
lower down, it contracts, from an average width of half
a mile, to a mere chasm impassable to man or beast.
Sir T. Mitchell * states, that the great valley of the Cox
river with all its branches contracts, where it unites
with the Nepean, into a gorge 2,200 yards wide, and
about 1,000 feet in depth. Other similar cases might
have been added.
The first i on, from seeing the d

“Travels in Australia,’ vol. fi m 71 ‘must express my obliga-
tion oS 1 Ahchel orsovs ing personal communications
on'the Eubjec of thee gret Taleys of New South Wales

T vol. i p.
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of the horizontal strata, on each side of these valleys
and great amphitheatre-like depressions, is that they
have been in chief part hollowed out, like other
valleys, by aqueous erosion ; but when one reflects on
the enormous amount of stone, which on this view
must have been removed, in most of the above cases
through mere gorges or chasms, one is led to ask
whether these spaces may not have subsided. But con-
sidering the form of the irregularly branching valleys,
and of the narrow promontories, projecting into them
from the platforms, we are compelled to abandon this
notion. To attribute these hollows to alluvial action,
would be preposterous; nor does the drainage from
the summit-level always fall, as I remarked near
the Weatherboard, into the head of these valleys, but
into one side of their bay-like recesses. Some of the
inhabitants remarked to me, that they never viewed
ome of these bay-like recesses, with the headlands re-
ceding on both hands, without being struck with their
resemblance to a bold sea-coast. This is certainly the
case ; moreover, the numerous fine harbours, with their
widely branching arms, on the present coast of New
South Wales, which are generally connected with the
sea by a narrow mouth, from one mile to a quarter of a
mile in width, passing through the sandstone coast-cliffs,
present a likeness, though on a miniature scale, to the
great valleys of the interior. But then immediately
oceurs the startling diffculty, why has the sea worn out
these great, though circumscribed, depressions on a
wide platform, and left mere gorges, through which
the whole vast amount of triturated matter must have
been carried away? The only light I can throw on
this enigma, is by showing that banks appear to be
forming in some seas of the most irregular forms, and
that the sides of such banks are so steep (as before

CHAP. VIL Great Valleys.
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stated) that a comparatively small amount of subse-
quent erosion would form them into cliffs: that the
waves have power to form high and precipitous cliffs,
even in land-locked harbours, I have observed in many
parts of South America. In the Red Sea, banks with
an_ extremely irregular outline and composed of sedi-
ment, are penetrated by the most singularly shaped
creeks with narrow mouths: this is likewise the case,
though on a larger scale, with the Bahama Banks.
Such banks, I have been led to suppose,! have been
formed by currents heaping sediment on an irregular
bottom. That in some cases, the sea, instead of spread-
ing out sediment in a uniform sheet, heaps it round
submarine rocks and islands, it is hardly possible to
doubt, after having examined the charts of the West
Indies. To apply these ideas to the sandstone plat-
forms of New South Wales, I imagine that the strata
might have been heaped on an irregular bottom by the.
action of strong currents, and of the undulations of an
open sea; and that the valley-like spaces thus left un-
filled might, during a slow elevation of the land, have
had their steeply sloping flanks worn into cliffs ; the
worn-down sandstone being removed, either at the time
when the narrow gorges were cut, by the retreating sea,
or subsequently by alluvial action.

Van Diemen’s Land.

The southern part of this island is mainly formed of
mountains of greenstone, which often assumes a syenitic

! See the ‘ Appendix’ (20d edit. pp. 251 and 255) to the *Part on
G HAiR! TS fhot 8 he s "bobping up el Touad & Fibmacias
uelous, is worthy of the notico of gologits: for autluyers of the sume

mposition with the coast-banks are thus formed; and these, if
TpheareY aod woid into lifl, would natarally be though to lave beea
once conneeted togeth
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character, and contains much hypersthene. These moun-
tains, in their lower half, are generally encased by strata
containing numerous small corals and some shells.
These shells have been examined by Mr. G- B. Sowerby,
and are described in the Appendix: they consist of two
species of Producta, and of six of Spirifera; two of
these, namely, P. rugata and 8. rotundata, resemble,
as far as their imperfect condition allows of comparison,
British mountain-limestone shells. Mr. Lonsdale has
had the kindness to examine the corals; they consist
of six undeseribed species, belonging to three genera.
Species of these genera occur in the Silurian, Devonian,
and Carboniferous strata of Europe. Mr. Lonsdale
remarks, that all these fossils have undoubtedly a
Palwozoic character, and that probably they correspond
in age to a division of the system above the Silurian
formations.

The strata containing these remains are singular
from the extreme variability of their mineralogical
composition.  Every intermediate form is present,
between flinty-slate, clay-slate passing into gray-wacke,
pure limestone, sandstone, and poreellanic rock; and
some of the beds can only be described as composed
of a siliceo-calcarco-clayslate. The formation, as far
as I could judge, is at least a thousand feet in thick-
ness: the upper few hundred feet usually consist of a
siliceous sandstone, containing pebbles and no organic
remains; the inferior strata, of which a pale flinty slate
is perhaps the most abundant, are the most variable;
and these chiefly abound with the remains. Between
two beds of hard crystalline limestone, near Newtown,
a layer of white soft calcareous matter is quarried, and
is used for whitewashing houses. From information
given tome by Mr. Frankland, the Surveyor-General,
it appears that this Palwozoic formation is found in
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different parts of the whole island; from the same
authority, I may add, that on the north-eastern coast and
in Bass’ Straits primary rocks extensively occur.

The shores of Storm Bay are skirted, to the height
of a few hundred feet, by strata of sandstone, contain-
ing pebbles of the formation just described, with its
characteristic fossils, and therefore belonging to a sub-
sequent age. These strata of sandstone often pass into
shale, and alternate with layers of impure coal ; they
have in many places been violently disturbed. Near
Hobart Town, I observed one dike, nearly a hundred
yards in width, on one side of which the strata were
tilted at an angle of 60° and on the other they were
in some parts vertical, and had been altered by the
effects of the heat. On the west side of Storm Bay, I
found these strata capped by streams of basaltic lava
with olivine ; and close by there was a mass of brecci~
ated scorie, containing pebbles of lava, which probably
marks the place of an ancient submarine crater. Two
of these streams of basalt were separated from each
other by a layer of argillaceous wacke, which could be
traced passing into partially altered scoriw. The
wacke contained numerous rounded grains of a soft,
grass-green mineral, with a waxy lustre, and translu-
cent on its edges: under the blowpipe it instantly
blackened, and the points fused intoa strongly magnetic,
black enamel. - In these characters, it resembles those
masses of decomposed olivine, described at St. Jago in
the Cape de Verde group; and I should have thought
that it had thus originated, had I not found a similar
substance, in cylindrical threads, within the cells of the
vesicular basalt,—a state under which olivine never
appears ; this substance,! I believe, would be classed as
bole by mineralogists.

* Chlorophite, described by Dr. MacCulloch (* Western Islands,’

PART I
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Travertin with extinet plants—Behind Hobart
Town there is a small quarry of a hard travertin, the
lower strata of which abound with distinet impressions
of leaves. Mr. Robert Brown had the kindness to
look at my specimens, and he informed me that there
are four or five kinds, none of which he recognises as
belonging to existing species. The most remarkable
leaf is palmate, like that of a fan-palm, and no plant
having leaves of this structure has hitherto been dis-
covered in Van Diemen’s Land. The other leaves do
not resemble the most usual form of the Eucalyptus,
(of which tribe the existing forests are chiefly com-
posed,) nor o they resemble that class of exceptions to
the common form of the leaves of the Eucalyptus, which
oceur in_ this island. The travertin containing this
remnant of a lost vegetation, is of a pale yellow colour,
hard, and in parts even crystalline; but not compact,
and is everywhere penctrated by minute, tortuous,
cylindrical pores. It contains a very few pebbles of
quartz, and_occasionally layers of chalcedonic nodules,
like those of chert in our Greensand. From the pure-
ness of this calcareous rock, it has been searched for in
other places, but has never been found. From this
circumstance, and from the character of the deposit, it
was probably formed by a calcarcous spring entering a
small pool or narrow creek. The strata have subse-
quently been tilted and fissured; and the surface has
been covered by a singular mass, with which, also, a
large fissure has been filled up, formed of balls of trap
embedded in a mixture of wacke and a white, earthy,
alumino-calcareous substance. Hence it would appear,
vol. i. p. 504) as oceurring in a basaltie amygdaloid, differs from this
substance, in remaining unchanged before the blowpipe, and in black-
ening from exposure to the air. May we suppose that olivine, in under-

going the remarkable change described at St. Jago, passes through
soveral states ? ¥
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as if a voleanic eruption had taken place on the borders
of the pool, in which the calcareous matter was deposit-
ing, and had broken it up and drained it.

Elevation of the lund.—Both the eastern and
western shores of the bay, in the neighbourhood of
Hobart Town, are in most parts covered to the height
of thirty feet above the level of high-water mark, with
broken shells, mingled with pebbles. The colonists
attribute these shells to the aborigines having carried
them up for food : undoubtedly, there are many large
mounds, as was pointed out to me by Mr. Frankland,
which have been thus formed; but I think from the
numbers of the shells, from their frequent small size,
from the manner in which they are thinly seattered,
and from some appearances in the form of the land,
that we must attribute the presence of the greater
number to a small elevation of the land. On the shore
of Ralph Bay (opening into Storm Bay) I observed a
continuous beach about fifteen feet above high-water
mark, clothed with vegetation, and by digging into it,
pebbles encrusted with Serpule were found : along the
banks, also, of the river Derwent, I found a bed of
broken sea shells above the surface of the river, and at
a point where the water is now much too fresh for sea-
shells to live 5 but in both these cases, it is just possible,
that before certain spits of sand and banks of mud in
Storm Bay were accumulated, the tides might have
risen to the height where we now find the shells.!

! It would appene it some changesare now in progres in Talgh
Bay, for I was assured by an intelligent farmer, that oysters wore
fammy abundant in it, but that about e 7 1834 they had, without.
any apparent cause, disappeared.  In the ‘Transactions of the Maryland
Academy” (vol. i. part i. p. 28), there is an S by Mr. Ducatel, of
st beds of orwters and.dlams having boon dostroyed by the gl
ﬁllmg up of the shallow lagoons and channels, on the’ shores of the
southern' United States. At Chiloe, in South America, I heard of a
similar loss, sustained by the inhabitants, in Lhe dlmppenmnce from one
part of the coast of an edible species of Aseic
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Evidence more or less distinct of a change of level
between the land and water, has been detected on
almost all the land on this side of the globe. Capt.
Grey, and other travellers, have found in southern
Australia upraised shells, belonging either to the recent,
or to a late tertiary period. The French naturalists
in Baudin’s expedition, found shells similarly circum-
stanced on the S.W. coast of Australia. The Rev. W. B.
Clarke finds proofs of the elevation of the land, to the
amount of 400 feet, at the Cape of Good Hope. In the
neighbourhood of the Bay of Islands in New Zealand,*
T observed that, the shores were scattered to some height,
as at Van Diemen’s Land, with sea-shells, which the
colonists attribute to the natives. Whatever may have
been the origin of these shells, I cannot doubt, after
having seen a section of the valley of the Thames River
(37° 8.), drawn by the Rev. W. Williams, that the land
has been there elevated: on the opposite sides of this
great valley, three step-like terraces, composed of an
enormous accumulation of rounded pebbles, exactly
correspond with each other: the escarpment of each
terrace is about fifty feet in height. No one after
having examined the terraces in the valleys on the

! “Procecdings of the Geologieal Society.’ vol. ii. p. 420.

* 1 will here give a eatalogue of the rocks which I met, with near the
Bay of Talands, in Now Zeslsnd:—1s, Much baslts lava and scori-
form ok, forming disinet emters -~ 2ndy & castellted ill o hor-
aontal stritn, of fesh-coloired. Hmestone, showing when fra
oot cxysalline 7acts"tha eaia has act on (e fouk In o remarkable
manver, corroding its surface into a miniature model of an Alpine
country : T observed here layers of chert and clay iron-stone: and in
the  stream, pobbles of lay-slate ;—3rd, The shores of the Bay
of Tslands are form athic rock, of a blucish-gray colour,
often mueh decomposed, with an angulur fracture, and crossed by
numerous ferruginous seams, but without any distinct, stratification or
cleavage. Some varicties aro highly crystalline, and would at oneo
pronounced to b trap ; others strikingly resembled clay-slate, slightly
altered by heat: I was unable to form any decided opinion on this for-

ion.
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western shores of South America, which are strewed
with sea-shells, and have been formed during intervals
of rest in the slow elevation of the land, could douht
that the New Zealand terraces have been similarly
formed. I may add, that Dr. Dieffenbach, in his de-
ccription of the Chatham Islands,! (S.W. of New Zealand)
states that it is manifest ¢that the sea has left many
places bare which were once covered by its waters.’

King George's Sound.

This settlement is situated at the south-western
angle of the Australian continent: the whole country
is granitic, with the constituent minerals sometimes
obscurely arranged in straight or curved lamine. In
these cases, the rock would be called by Humboldt,
gneiss-granite, and it is remarkable that the form of
the bare conical hills, appearing to be composed of
great folding layers, strikingly resembles, on a small
scale, those composed of gneiss-graniteat Rio de Janeiro,
and those described by Humboldt at Venezucla. These
plutonic rocks are, in many places, intersected by trap-
pean-dikes ; in one place, T found ten parallel dikes
ranging in an E. and W. line; and not far off another
set of eight dikes, composed of a different variety of
trap, ranging at right angles to the former ones. I
have observed in several primary districts, the occur-
rence of systems of dikes parallel and close to each other.

Superficial ferruginous beds.—The lower parts of
the country ate everywhere covered by a bed, following
the inequalities of the surface, of a honeycombed sand-
stone, abounding with osides of iron. Beds of nearly
similar composition are common, I believe, along the
whole western coast of Australia, and on many of the

1 “Geographical Journal,' vol. xi. pp. 202, 205.
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East Indian islands. At the Cape of Good Hope, at
the base of the mountains formed of granite and capped
with sandstone, the ground is everywhere coated either
by a fine-grained, rubbly, ochraceous mass, like that at
King George's Sound, or by a coarser sandstone with
fragments of quartz, and rendered hard and heavy by
an abundance of the hydrate of iron, which presents,
when freshly broken, a metallic lustre. Both these
varieties have a very irregular texture, including spaces
either rounded or angular, full of loose sand; from
this cause the surface is always honey-combed. The
oxide of iron is most abundant on the edges of the
cavities, where alone it affords a metallic fracture. In
these formations, as well as in many true sedimentary
deposits, it is evident that iron tends to become aggre-
gited, either in the form of a shell, or of a network.
The origin of these superficial beds, though sufficiently
obscure, seems to be due to alluvial action on detritus
Bboundmg with iron.

it.—A cal de-
PoRE s e g itk ok Bl Head containing branched
bodies, supposed by some authors to have been corals, has

i many disti

voyagers.! It folds round and conceals irregular hum-
maocks of granite, at the height of 600 feet above the
level of the sea. It varies much in thickness; where
stratified, the beds are often inclined at high angles,
even as much as at 30 degrees, and they dip in all
directions. These beds are sometimes crossed by
oblique and even-sided laminw. The deposit consists
cither of a fine, white, calcareous powder, in which not
a trace of structure can be discovered, or of exceedingly
minute, rounded grains, of brown, yellowish, and pur-

1 visited this hill, in company with Captain FiteRoy, and wocame
to a similar conclusion regarding these branching bodies, .
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plish colours ; both varieties being generally, but not
always, mixed with small particles of quartz, and being
cemented intoa more or less perfect stone. The rounded
calcareous grains, when heated in a slight degree, in-
stantly lose their colours; in this and in every other
respect, closely resembling those minute, equal-sized
particles of shells and corals, which at St. Helena have
been drifted up the sides of the mountains, and have
thus been winnowed of all coarser fragments. ~ I cannot
doubt, thet the coloured calcareons particles here have
had a similar origin. The impalpable powder has
probably been derived from the decay of the rounded
particles; this certainly is possible, for on the coast of
Peru, I have traced large unbroken shells gradually
falling into a substance as fine as powdered chalk.
Both of the above-mentioned varieties of calcareous
sandstone frequently alternate with, and blend into,
thin layers of a hard substalagmitic ! rock, which, even

adopt this term from Lieut. Nelson's excellent paper on the
Bermuda Islands (* Geolog. Trans. vol. v. p. 106), for the hard, compact,
eream- or brown-coloured_ stone, without any erystalline structure,
which 50 often accompanies superficial calearcous accumulations.
have observed such superficial beds, coated with substalagmitic rock,
at the Cape of Good Hope, in several parts of Chile, and over wide
spaces in L Plata and Patagonin. Somo of these beds have been
formed from deeayed shells, but the origin of the greater number is
Fufficiently obscare. Tho causes which dotermine water to dissolve
Time, and. then soon'to redeposit it, are not, I think, known. The sur-
facs of the substalagmitic layers appears always to be corroded by the
Tain-water. As all the abovo-mentioned countries have a long dry
Season, compared with the rainy one, I should have thought that tho
resenca of the substalagmite was connected with the climate, had not
fent, Nelson found this substance forming under sea-water. Disinte-
grated shell seems to be extremely soluble; of which I found good
evidence, in  curious Tock at Coquimbo in Chile, which consisted of
mall, pellucid, empty husks, comented together. A series of specimens
elearly showed that theso husks had originally contained small rounded
ticles of sholls, which had been enveloped and cemented together
. calcareous matter (as often happens on sea-beaches), and which
sabsequently had decayed, and been dissolved by water, that must havo
penetrated through the enlearcous husks, without corroding them,—of
Which processes, every stago c seen. :
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when the stone on each side contains particles of quartz,
is entirely free from them: hence we must suppose that
these layers, as well as certain vein-like masses, have
been formed by rain dissolving the calcareous matter
and re-precipitating it, as has happened at St. Helena.
Each layer probably marks a fresh surface, when the,
now firmly cemented, particles existed as loose sand.
These layers are and ted
as if they had been broken by the xllpp\ng of the sand
when soft. I did not find a single fragment of a sea~
shell; but bleached shells of the Helia melo, an existing
land species, abound in all the strata; and I likewise
found another Helix, and the case of an Oniscus.

The branches are absolutely undistingnishable in
shape from the broken and upright stumps of a thicket ;
their roots are often uncovered, and are seen to diverge
on all sides; here and there a branch lies prostrate.
The branches generally consist of the sandstone, rather
firmer than the surrounding matter, with the central
parts filled, either with friable calcarcous matter, or
with a substalagmitic variety ; this central part is also
frequently penetrated by linear crevices, sometimes,
though rarely, containing a trace of woody matter.
These calcareous, branching bodies, appear to have
been formed by fine calcareous matter being washed
into the casts or cavities, left by the decay of branches
and roots of thickets, buried under drifted sand. The
whole surface of the hill is now undergoing disintegra~
tion, and hence the casts, which are compact and hard,
are left projecting. In calcareous sand at the Cape of
Good Hope, I found the casts, described by Abel, quite
similar to these at Bald Head ; but their centres are
often filled with black carbonaceous matter, not yet
removed. It is not surprising, that the woody matter
should have been almost entirely removed from the

™2
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casts on Bald Head ; for it is certain, that many cen-
turies must have clapsed since the thickets were buried ;
at present, owing to the form and height of the narrow
promontory, no sand is drifted up, and the whole sur-
face, as I have remarked, is wearing away. We must,
therefore, look back to a period when the land stood
lower, of which the French naturalists! found evidence
in upraised shells of recent species, for the drifting on
Bald Head of the calcareous and quartzose sand, and
the consequent embedment of the vegetable remains.
There was only one appeargnce which at first made me
doubt concerning the origin of the cast,—namely, that
the finer roots from different stems sometimes became
united together into upright plates or veins; but when
the manner is borne in mind in which fine roots often
fill up eracks in hard earth, and that these roots would
decay and leave hollows, as well as the stems, there is
no real difficulty in this case. Besides the calcareous
branches from the Cape of Good Hope, I have seen
casts, of exactly the same forms, from Madeira? and
1 See M. Péron's * Voyage te

2 Dr. J. Mnmnlny bas fu‘ly tlesmhod ( ‘Edinb. New Phil. Journ,
vo\ xxix. p. 350) the casts from Madeira, He considers (differently
m Mr. Smith of Jordan Hill) these bodies to be corals, and the cal-

b deposit. to be of subaqueous origin, His arguments chiefly rest
(for bis remaks o thei structuro aro age) on the grent quantity of

the caleareous matter, and on the casts containing animal matter, as
shown by thir evolving ammonia. Had Dr. Macaulay sees tho cnor-
Thous massen of rolle arteles of sholls and corals an the of

Ascension, and especially on_coral-reefs; and had he refected o the
et of fong- cmmn\ledy entl winds,in drifing up the finer partieles
ho woul Javo advanced, the sryument of quantity, which i
seldom unslwnnhy in geology. If the calcarcous matter has originated
from disintegrated shells and mmls, the presence of animal matter is
what might have been ex My, Anderson amalyzed for Dr.
Macaulay part of a cast, and e found it composed o

Clrbrmlna of lime . . . . . . 7315

Bt s Lol SR R0

Phohphllb ef lxma . . a . . . 881

Animal matter . . . .42
Sulpbateoflime . . . . . . atwce

9811
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from Bermuda; at this latter place, the surrounding
caleareous rocks, judging from the specimens collected
by Lieut. Nelson, are hkewme sumlm‘, as is their sub-
aérial formation the o
the deposit on Bald Head,—on the irregularly alter-
nating layers of substalagmitic rock,—on the uniformly
sized, and rounded particles, apparently of sea-shells
and corals,—on the abundance of land-shells throughout
the mass,—and finally, on the absolute resemblance of
the calcareous casts, to the stumps, roots, and branches
of that kind of vegetation, which would grow on sand-
hillocks, I think there can be no reasonable doubt,
notwithstanding the different opinion of some authors,
that a true view of their origin has been here given.
Caleareous deposits, like these.of King George's
Sound, are of vast extent on the Australian shores.
Dr. Fitton remarks, that ¢ recent calcareous breccia (by
which term all these deposits are included) was found
during Baudin’s voyage, over a space of no less than
25 degrees of latitude and an equal extent of longitude,
on the southern, western, and northewestern coasts.
Tt appears also from M. Péron, with whose observations
and opinions on the origin of the calcareous matter and
branching casts mine entirely accord, that the deposit
is generally much more continuous than near King
George's Sound. At Swan River, Archdeacon Scott?
states that in one part it extends ten miles inland.
Captain Wickham, moreover, informs me that during
his late survey of the western coast, the bottom of the
sea, wherever the vessel anchored, was ascertained by

! For ample details on this formation, consult Dr. Fitton's * Appendix.
to Capt. King's Voyage! Dr. Fitton is inclined to attribute a con-
eretionary origin to the branching may remark, that T have
soen n eds of sand in La Plata cplinirical stems which 5o doubt, this
origiated; butthey difterd much  appearaseo from these ot Buld
end, and the other places above spec
+'*Proceedings of the Gealog. Soe i p-320.
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crow-bars being let down, to consist of white calcareous
matter. Hence it seems that along this coast, as at
Bermuda and at Keeling Atoll, submarine and sub-

_ aérial deposits are contemporaneously in process of
formation, from the disintegration of marine organic
bodies.  The extent of these deposits, considering their
origin, is very striking; and they can be compared in
this respect only with the great coral-reefs of the Indian
and Pacific Oceans. 1In other parts of the world,
for instance in South America, there are superfici
caleareous deposits of great extent, in which not a trace
of organic structure is discoverable; these observations
would lead to the enquiry, whether such deposits may
not, also, have been formed from disintegrated shells
and corals.

Cape of Good Hope.

After the accounts given by Barrow, Carmichael,
Basil Hall, and W. B. Clarke of the geology of this
district, I shall confine myself to a few observations on
the junction of the three principal formations. The
fundamental rock is granite,! overlaid by clay-slate :
the latter is generally hard, and glossy from containing
minute seales of mica; it alternates with, and passes
into, beds of slightly crystalline, feldspathic, slaty rock.
This clay-slate is remarkable from being in some places
(as on the Lion’s Rump) decomposed, even to the depth
of twenty feet, into a pale-coloured, sandstone-like rock,
which has been mistaken, I believe, by some observers,

& In sovera places T cbsarved in the granite, mall dark-sdlourl
minute seales of black m ugh basis, In

ith found, in the interior parts ntry,
somo beeuu(ul lpeﬂm ns of granite, m\'.l.\ silvery mica radiating or
muther branching, like moss, from central points, At the Geologiea

Bocioty, thero. ufe_specimens of granite Wi
brauching and radiating in like mauner.
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for a separate formation. I was guided by Dr. Andrew
Smith to a fine junction at Green Point between the
granite and clay-slate : the latter at the distance of a
quarter of a mile from the spot, where the granite
appears on the beach (though, probably, the granite is
much nearer underground), becomes slightly more com-
pact and crystalline. At a less distance, some of the
beds of clay-slate are of a homogeneous texture, and
obscurely striped with different zones of colour, whilst
others are obscurely spotted. Within a hundred yards
of the first vein of granite, the clay-slate consists of
several varieties; some compact with a tinge of purple,
others glistening with numerous minute scales of mica
and imperfectly crystallised feldspar; some obscurely
granular, others porphyritic with small, elongated spots of
a soft white mineral, which being easily corroded, gives
to this variety a vesicular appearance. Close to the
granite, the clay-slate is changed into a dark-coloured,
laminated rock, having a granular fracture, which is
due to imperfect crystals of feldspar, coated by minute,
Drilliant, scales of mica.

The actual junction between the granitic and clay-
slate districts extends over a width of about 200 yards,
and consists of irregular masses and of numerous dikes
of granite, entangled and surrounded by the clay-slate :
most of the dikes range in a NW. and SE. line,
parallel to the cleavage of the slate. As we leave the
junction, thin beds, and lastly, mere films of the altered
clay-slate are seen, quite isolated, as if floating, in the
coarsely-crystallised granite; but although completely
detached, they all retain traces of the uniform NW.
and SE. cleavage. This fact has been observed in
other similar cases, and has been advanced by some
eminent geologists,! as a great difficulty on the ordinary

! Sed 91, Heilhas hioory:on Gresits’ mmhml in the *Edin-
burgh New Philosophical Journal,’ vol. xxiv. p. 4
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theory, of granite having been injected whilst liquefied ;
but if we reflect on the probable state of the lower
surface of a laminated mass, like clay-slate, after having
been violently arched by a body of molten granite, we
may conclude that it would be full of fissures parallel
to the planes of cleavage; and that these would be
filled with granite, so that wherever the fissures were
close to each other, mere parting layers or wedges of
the slate would depend into the granite. ~Should,
therefore, the whole body of rock afterwards become
worn down and denuded, the lower ends of these de-
pendent masses or wedges of slate would be left quite
isolated in the granite; yet they would retain their
proper lines of cleavage, from having been united,
whilst the granite was fluid, with a continuous covering
of clay-slate.

Following, in company with Dr. A. Smith, the line
of junction between the granite and the slate, as it
stretched inland, in a SE. direction, we came to a
place, where the slate was converted into a fine-grained,
perfectly characterised gneiss, composed of yellowish-
brown granular feldspar, of abundant black brilliant
mica, and of few and thin lamin® of quartz. From
the abundance of the mica in this gneiss, compared
with the small quantity and excessively minute scales,
in which it exists in the glossy clay-slate, we must
conclude, that it has been here formed by the meta~
morphic action—a circumstance doubted, under nearly
similar circumstances, by some authors. The laminz
of the clay-slate are straight ; and it was interesting to
observe, that as they assumed the character of gneiss,
they became undulatory with some of the smaller
flexures angular, like the lamine of many true meta-
‘morphic schists.

Sandstone formation.—This formation makes the
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most imposing feature in the geology of Southern
Africa. The strata are in many parts horizontal, and
attain a thickness of about 2,000 feet. The sandstone
varies in character; it contains little earthy matter,
but is often stained with iron ; some of the beds are
very fine-grained and quite white ; others are as com-
pact and homogeneous as quartz rock. In some places
I observed a breccia of quartz, with the fragments
almost dissolved in a siliceous paste. Broad veins of
quartz, often including large and perfect ecrystals, are
very numerous; and it is evident in nearly all the
strata, that silica has been deposited from solution in
remarkable quantity. Many of the varieties of quartzite
appeared quite like metamorphic rocks; but from the
upper strata being as siliceous as the lower, and from the
undisturbed junctions with the granite, which in many
places can be examined, I can hardly believe that these
sandstone-strata have been exposed to heat.! On the
lines of junction between these two great formations, I
found in several places the granite decayed to the
depth of a few inches, and succeeded, either by a thin
layer of ferruginous shale, or by four or five inches in
thickness of the re-cemented crystals of the granite, on
which the great pile of sandstone immediately rested.
Mr. Schomburgk has described ? a great sandstone
formation in northern Brazil, resting on granite, and
resembling to a remarkable degree, in composition and
in the external form of the land, this formation of the
Cape of Good Hope. The sandstones of the great plat-
forms of Eastern Australia, which also rest on granite,
differ in containing more earthy and less siliceous

! The Rev.

. Clarke, however, states, to my surprise (*Geolog.
ings,”

i P. 422), that the sandstone in some parts s pene.
trated by granitic dikes: such dikes must belong to an epoch altogether
subsequent to that when the molten granite acted on the clay-slate.

* * Geographical Journal, vol. x, p.-246.
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matter. No fossil remains have been discovered in
these three vast deposits. Finally, I may add that T
did mot see any boulders of far-transported rocks at
the Cape of Good Hope, or on the eastern and western
shores of Australia, or at Van Diemen’s Land. In the
northern island of New Zealand, I noticed some large
blocks of greenstone, but whether their parent rock was
far distant, I had no opportunity of determining.
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DESCRIPTION OF FOSSIL SHELLS.
Br G. B. SOWERBY, Esa, F.L

Suetzs from a Tertiary deposit, beneath a great basaltic
stream, at St. Jago in the Cape de Verde Archipelago,
referred to at p. 6 of this volume.

1. Lirrorisa praxaxis. G. Sowerby.

Tetd o, crus, levgatd, nfructing quauor, ialiin
striatis B e e fimige po
anfractis i plenatis: Tong. 0%, at, 045,

1In stature and nearly in form this resembles a small periwinkle ;
it differs, however, Yoy munnlly in having the lower part of the
Inst volution, and the columellar lip as it were cut off and flattened,
as in the Purpure, fde e b, locality,
is one which greatl S danenlen it andl which ‘may be identical, but
swhich is a very young shell, and_ cannot, therefore be strictly com-
pared.

2. Crrurmrox meviox.  G. Sowerby.

Testd oblongo-turritd, subventricosd, apice subulato, anfractibus
decem levitir .pwmer riatis, primis serie unicd tuberculorum
natructis, ntermedsi iregularitar obclts ubereulfris,ultino
jongé. majori_absque. tuberculis, sulcis duobus ferd basalibus in-
structo: labii externi margine interno intiis crenulato: long. 18,
lat. 07, poll.

This species resembles so nearly one of the shells brought o=
gether by Lamarck, under the name of Cerithium Vertagus, that at
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first sight I thought it might be identical with it; it may be easily
distinguished, however, by its being destitute of the fold in the
centre of the columella 8o _conspicuous in those shells. There is
only one g mmen which has unfortunately lost the lower part of
the outer lip, s0 that it is impossible to deseribe the form of the

3. VENUS snMvLANs. G, Sowerby.

Testd rotundetd; senricosd, laviuseuld, crassd; oot biusi
atiusculs anticd posticeque tubereulatim solutis ;
il g s b e el
subumbonali postiod cireulari: long, 1'%, alt. 1, tut, 15,
pol.

A ihgi ok neroaaiey okl churcters, taking s
place between the Venus verrucosa of the British Channel and the

ccliae of ey OF 48 rpant GA 5 Africa, but sufficiently
distinguished from both by its broad, obtuse, concentric ribs, which
are divided into_tubercles both before and behind, It is also of o
more circular form than ither of those species.

g

The following Shells, from the same bed, as far as they can
be distinguished, are known to be recent species

. Pureurs Fuous,
. AMPHIDESMA AUSTRALE. s«w»y
. Coxus VENULATUS. Lam.
. FISSURELLA COARCTATA.
- Pt odd valves, but 4 such condition that it can-
not be identifi

9. O sim GDRFVOOPLE Lam.
. Anca ovara, Lam.

ATELLA NIGRITA.  Budgin.
TURKITELIA BICINGULATA?  Lam.
. Sruonus—too much worn and ‘mutilated to be identified.
HIPPONYX RADIATA.
. Narios vner. Faler
1o Prors, which in forms rosembles opercularis, but which is
distinguishable by several characters. There is onlya. single valve,
wherefore I cannot consider myself warranted to descril

17. Puea susniarmaxs, King,

18, Trocuus—indeterminable.

IS
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EXTINCT LAND-SHELLS FROM ST. HELENA.

The following six species were found associated together, at
the bottom of a thick bed of mould ; the last two species
namely, the Cochlogena fossilis and Heli biplicata were
found, together with a species of Succineanow living on
the Island, in & very modern calcareons sandstone.
These Shells are referred to at p. 101 of this volume.

1. COCHLOGENA AURIS-VULPINA. De Fer.

species is well described aid figured in Martini and Chem-
R a S Clhi e s Toots e
genus it might properly be referred, aur:laoastm  opinion un-
favourable to the conclusion that if should be regarded as a. land-
shell. His specimens were bought auGl)ublm 0 & By,
having been'sent there by the late phrey, who appears
to hase been very well nequainted with their real locality, and who
sold them for Ind-shells. = Ohemnitz, however, mentions one speci-
men in Spengler’s collection, in a fresher condition than his own,
and which was said to be from China. The representation which ho
has given s taken from this individual, and appears to me to have
been only & cleaned specimen of the St. Helena shell. Itumy to
suppose that a_ shell from St. Helena might have been either acci-

T o e
s0ld 05 8 Chinese shell, I thiuk it s not possible. that n shell of
this species could hav been really found in China; and among the
immense_quantities of shells that come to this country from the
Celestial Empire, I have never seen one. Chemnitz could not bring
himself o establish a new genus for the reception of this remarkuble
shell,thongh b ovidently couldnot cola it with any ofthe then
own geners, and though he did not think it a Innd-shell, he has
btk uris-vulpina. Lamarck has placed it as the second
species of his genus Struthiolaria, under the name of crenulata.
T genus it does not however bear any affinity ; ind there can
be no donbt about the correctness of Do Ferussac's views, who
lnces it in the fourth division of his sub-genus_ Cochlogena's and
fmmmk would have been correct, according to his own principles,
lnced it with his Auricule. A variety of this species

occuxs, i ‘may be characterised s follows :—

COCILOGENA AURIS-VULPINA, var.

Tetd sulpyramidal, aperturd brvir, Iabio teior: long. 105,
aperture 076, lat. 087, p

Ons—The proportions of this differ from those of the usual
variety, which are as follows:—Length 165, of the aperture 1-
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width 006 inch. It is worthy of observation, that all the shells
of this variety camo -from o different part of the island, from the
foregoing specimens.

2. CocnroanyA PosSILIS. G, Sowerby.

Testd oblongd, crassiusculd, spird subacuminatd, obfusd, anfractibus
senis, subventricosis, leviter striatss, suturd profund? impressi;
apm'twdmbama periivemata contiuo, mbicrsoato smbiics

+ long. 08, lat. 0-37, poll.

is species s of the stature of C. Guadaloupensis, but m;
easily be distinguished by the form of the volutions and the Ao
marked suture. The specimens vary a little in their pro ortions.
This species was not obtained i( Darwin, but is 1P the
collection of the Geological Samety

1. Cocmurcops susprioats.  G. Sowerby.

Testd oblongi, subacuminato-pyramidali, apice obtuso, m(frmﬂnu
novem Lavibua, posticd ulploatis, mitved cremilard urd
ovati, posticé acutd, labio.externo temui ; columelld abwlstéaub-
truncatd ; umbilico minimo: long. 0°93, lat. 0-28, pol

This and the following are placed with De Ferussac's ub-gonns
Cochlicopa, hecause they are most nearly related to his Cochlicop
folliculus. " As species ‘they are, however, both perfctly Sistinct
‘heing much larger, and not shining and smooth like . folliculus,
which s found in the South of Europe and at Madeira. _Some very
youn ahills aud an egg wers found, which I conjecture to belong
%o this species.

2. COCILICOPA TEREBELLUM. G, Sowerby.

Testd ahlongd,ylindaceo-pyramidal apce s, anr',.m.m
septenis, levibus ; suturd postice cremulatd ; apertur

0. aoutd, labio. extarn tonad, et ot gk

Obsoletd truncatd, umbilico minimo: long. 077, lat. 0:25,

This spocies differs from the last in being more cylindrical, and
in being nesry e, wrhen ull grown, from tho obtuse olds of tho
posterior volutions, as well as in the form of the aperture.

oung shells of this species are longitudinally strinted, and thsy
Tave some very checlese longitudinal fous.

1. HEUIX BILANELIATA. . Sowerby.

Testd_ orbiculato-depressd, spird pland, anfractibus senis, ultimo
subtiis ventricoso, superné angulars ; umbilico parco ; aperturd
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snilunari, auperi et angulatd, Labip cxterno tonuis ntern
plici duabus spiralibus, posted maors dong. 015, iat. 035,

The young shells of this species have very different proportions
from those marked wbore, ther uxis being sarly as grat s thir

The largest specimen is white, with irregular ferruginous
Tays. This o very difforont from oy knowa focent species, although
there are several to which it appears to have some analogy, such as
Heli epistylium or Cookiama, and . gularis: in both of these,
however, the internal spiral plmts are placed within the outer wall
of the shell,and not upon the inner lumina, as in Helix bilamellata.
There is another recent species, which is somewhat analogous to
this; it is as yet undescribed, and differs from this and from
Conkian in thé circumstance of s poscsting four internal spiral
plaits, two of which are placed within the outer, and_two_upon
the inner wall of the shell; it was brought from Tahiti, in the
Beagle.

2. HELIX POLYODON. G, Sowerby.
Testd orbiculato-subdepressi, anfractibus sex, rotundatis, striatis ;
apertued i lala Surmo  plics tribus spiralibs, posticis
gradatim majoribus, externo intis dentibus quingue instructo ;
Simtetios modborss langy 007, e, 016, poth
This is somewhat related to Helix contorta of De Ferussac,
“Moll. terr. et fluy.’ Tab. 51 A, f. 2; but differs from it in several
particr

8. Hunrx seores. G- Sowerby.
Tetd suborticurs, pird vfeonided, bt afractis matuor
apertur wmbilico
ymn,prqfwula long. 01, lat. 013, poll.
Fasily distinguished from Heli polyodon, by its wide, toothless
yperture.

4. Herx semiosrs. 6. Sowerby.

Test, orbiulato-deprss, anfractbus quingue, rotundatis,sriatis
aperturd semilunari, labio interno plicis duabus spiralibus, post
R S GOL U 01

This must beregarded as perfoctlydistinet from Helir bilamellata,
an account of it form s unibilicus is much larzer,its spie s not
flat, nor is the posterior edge of each volution angular. There
speviraons, which must bo'roferred to this specice, fornd with the
foregoing species, and with the Cochlogena )mz.., which Iatter is
associnted with & living Succinea, in the modern calcareous sand-
stone.
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PALEOZOIC SHELLS FROM VAN DIEMEN'S LAND,

REFERRED 10 AT P. 155 OF THIS VOLUME.

1. PRODUCTA RUGATA.

This is_probably the same species with that named Product
rugata bvrﬁlmpa (“ Geology of Yorkshire,” part ii. plate vii. f. 10)
it i8, however, in too imperfect a condition to allow me to decids
positively.

2. PRODUCTA BRACHYTHERUS. . Sowerby.

Producta, Testd subtrapeziformi, compressd, parte anticd latiori, sub-
billbd, posticd angustiori, lined cardinali brev.

The most remarkable characters of this sp-cies ave the shortness
of the binge-Tine, and. the comparative width of the anferior
its outside is ornamented with small, blunttubercles, irregul
laced it in imestons,of the ordinary grey colour of mountain
imes ther specimen which T suppose to be an impression
of the acid of the s valve, is in stone, of a light rusty-brown
colour. There is o third specimen, which I believe to be the im-
pression of the inside of the deeper valve, in & nearly similar stone,
accompanied by other shells.

i:

1. SPIRIVER SUBRADIATA. ~ . Sowcerby.

Spirfer, Testd bevisind, parte mediond latd, rodiis lateraibus
riusque lateris paucis, inconspicui

The breadth of this shell is rather greater than its length. The
rays of the lateral surfaces are \ery few and indistinct, and the
‘medial lobe is uncommonly large and wide.

2. SPIRIVERA ROTUNDATA ? Phillips's ¢ Geology of Yorkshire,
L ix. £.17.

Although this shell is not exactly like the figure above referred
ity mu‘fs haps be imipossible to find any good distinguishing

O specimen s much distarted; i 35, moreover, w
eumpla of that sort of accidental variation that shows how Lttle
dependence, ought, in some instances, to bo placed upon particular
charnctera; for the radiating ribe of 026 sde of ono vAlve aro much
‘more numerous and closer than those on the other side of the same
valve,
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3. SPIRIFERA TRAPEZOIDALIS. G Soiverby.
Spu'gfrm, Tostd subttragond, mediond parte pt?ftmdu radiis non-
radiis lateralibus septem
«.1 ol pesihen bt
e two specimens of this, in a dark, rusty, gray limestone,
ymbably Hituminons.

SPINERA TRAPRIOWALIS, var.? G, Sowerby.
Spirifara, Tetd radiaterlibustripartitin divii linei incrementi
utiquatis, cateroquin omnind ad Spiriferam - trapezoidalem
Ilmll[mni
At fimt T hesitated to unit this to Sprifera tropeoidalis but
observing that af
and knowing tatiianalo subject to variations, I have thnught it
est merely to distinguish this specimen as a variety.

Mherearo soeral othor, prbably disine, species of Sivifer,
but as these are only casts, it is obviously impossible to give the
el e spocies. _Since, however, they are very
remarkable, I have thought it advisable to give a name, together
with a short description of each.

4. SPIRIFERA PAUCICOSTATA. (. Soiverl
Length oal to about two-thirls ofits beadih e o
variabl
5. SeirrvERA VEspERTILIO. 6. Sowerby.
Bren‘lth ‘more than double its lengﬂx radiating ribs rather hlge
iet, and not numerous ; ponlenor inner surface covered with
distinet punctulations in both v

6. SPIRIFERA AVICULA. G, Sowerby.
The proportions of this species are very remarkable, inasmuch
as it appears to have been nearly three times as wide as it is long ;
ot b Lol siedode by posterior
e e (the large valve) has been punctulated.
T its proportions it resembles Phillips's Spirifera conoluta, but a3
our S avicla i only a cast of tho nsle, o proportion are not
0 abnormal us thote of Sp.conrlus
specimen, which e much pnalmd out of its natural shape,
but whlch i o, howd
the cast of the inside, but also the impression of the out-
» gt Rehebid sherge R el gty but it
must ed. x some of them
and others only interstitial: their irregularity recders in impossible
to decide.
! “Geology of Yorkshire, part i. plate ix. f. 7.
X
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DESCRIPTION OF SIX SPECIES OF CORALS,
FROM THE PALZOZOIC FORMATION OF
VAN DIEMEN'S LAND.

Br W. LONSDALE, Esa, F.GS.

1. Srexorora TASMANTENSIS, sp. 0.t

Branched, branches cylindrical, variously inclined or contorted ;
‘tubes more or less divergent; mouths oval, divisional ridges
strongly tuberculated ; indications of successive marrowing in
cach tube, 1—

Trts coral, in its general mode of growth, resembles Calamopora
(Stenopora ) tumida, (Mr. Phillips, * Geol. of Yorkshire,' part i,
1.1, fig. 62), but in the form of the mouth and other structural
etails the differences are very great. Stenopora Tasmaniensis
attains considerable dimevsions, one specimen being 4} inches in
length and half an inch in diameter.

The branches have individually great uniformity in their cireum-
ference, but they differ with respect to each other in the same speci-
men, and thers is no definite method of subdivision or direction
of growth. The extremities are occasionally hollow; and one
Specimen, about 13 inch in length, and half an inch in breadth, is
rushed completely flat. The tubes, in the best exposed cases, have
considerable length, springing almost solely from the axis of the
Tranch, and diverging very gently till they nearly reach the circum-
ference, where they bend outwards. In the body of the branch
the tubes are ang i but, on i
the outer surfuce, they become oval in consequence of the inter-
spaces produced by the greter divergence. _Their diameter is very
niform throughout, with the exeeption of the narrowings near the
torminations of the full-grown tubes. The walls in the interior of

+ Though the characters of this genus aro unpublished, it has been

thought advisable not to give them fully in this notice, a very few

Aos only having been examined. is essentinlly composed

dously ag: and radisting outwards. The

mouth is ound or oblong, and surrounded by projecting walls, having

g . The mouth originally oval is gradu-

ally marrowed (o7erés) by a bund projecting from the fnner wall of the

i i 4. [Shortly after the publication of the first

dition, Mr. Lonsdale informed me that he belioved this coral ought to
Have been included in the genus Thamnopora of Steininger.]
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the branches were apparently very thin, but there is o relatively
considerable thickneas of maiter at the circumference. No traces
of transverze diaphragms have been noticed within the tubes,
Gases illustrative of the changes to maturity and final oblitera-
tion in the oval termination of the tubes are rare, but the following
have been observed. Where the mouth becomes free and oval, the
walls are thin and sharp, and_perpendicular within the tube. In
some cases they are in contact; but, in others, they are separated
by grooves of variable dimensions, in which very minute foramina
oF pores may be detected. As the mouth approaches towards
maturity, the grooves are more or less filled up, and the walls
icken, a xow of very minute tubercles being discoverable along
the crest At this stage the inner side of the tube coases fo be
vertical, being lined by a very narrow inclined band, The mature
mouths are separated by a bold ridge, generally simple, but not
unfrequently divided by a groove ; the double as well as the single
ridge being surmounted by a row of prominent tubercles almost
in contact with each other. ~Ouly one example of the filling up
of the mouths has been observed, but it affords satisfactory evi-
dence of a gradual expansion of the inner band, before alluded to,
and o final meeting in the centre, In this extreme state, there is
a general blending of details, but the tubercles are for the most
part distinct.
this species, proofs of a narrowing of the mouth previously
to the formation of the perfoct tube, and the final contraction, are
not very prominently exhibited in the long cylindrical strajght
branches ; but near the point where the tubes bent outwards thero
is an annular indentation, which may be traced. successively from
cast to cast in o lineal direction, parallel to the surface; and be-
taveen the prominent narrowing and the perfect surface, the walls
of the tubes were slightly rugose. In another short branch, be-
Tieved to belong to this species, but in which the tubes diverged
outwards very rapidly, the narrowing is strongly marked, but not
10 an equal extent throughout the specimen,
il is imbedded, is a coarse calea-
wl

The matrix, in which the fossil i
" reous shale, or a gray limestone; and in which occur also Fencstella
internata, &e.

2. STENOPORA OVATA, sp. 1

Branched, branches oval; tubes relatively short, divergence great ;
mouths round; contractions or trregularities of growth nu.
merous.

The characters of this species have been very imperfoctly ascer-
tained. The branches are not uniformly oval, even in apparently
the same fragment. The tubes diverged rapidly along the line of
the major axis, and had but a very limited vertical growth, Their
casts exhibit a rapid succession of irregularities of development,
The mouths, 1s far as they can be determined, were round. or

x2
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Jlightly oval, and the dividing, tuberculated ridges sharp; but in
consequence of the outer surface not being exposed, their  perfect
character, o the changes incidental upon growth, could not be
ascertain

"The coral is imbedded in a dark gray limestone.

1. FENISTELLA AMPLA, 8p. 1.

(,‘up«hnpul celluliferous surface internal ; branches dichotimous,
at, thin ; meshes oval s rows of cells numerous, rarely
limited to two, alternate ; transverse connecting processes some-

o i aner Toyer of mom.oefalar e vory roua:

external layer very granular, non-fibrous ; gemmuliferous vesicle ?

small.

Some of the easts of this coral have o general resemblance to
Tenestella polyporata,us epresentel in Opiain Portlock’s ¢ Report
an the Geology of Lo onderry,” pl. xxii, A. fig. 1 a,1 d; but
there is no agreement et v Dismn's Laml fossll and
the structure of that species s given in P
same work, or in M. Phillips’ orginal igures, ‘Goology of otk
shire,’part ii., L. 1. figs. 19,20, A geieral resemblance also exists
between Fenestella ampla and a coral obtained by Mr. Murchison
T the carbontferous Tmestons of Kossatehi Datchi,on the enstern
flank of the Ural Mountains, but there is again a marked difference
in structural details.

Fonestlle_ ampla attained considersblo dimensions, fragments
apparently of one specimen covering an area of 4} inches by 3
inches; and it displays considerable massiveness of outline, the
Dranches at, the points where they dichotimose often exceeding the
tenth of an inch in breadth.

Tn the general aspect of the coral a considerable uniformity pre-
il butthe braneles vary in breadh, swelling out groatly nar the

thero s no marked ‘haracter
L bt ppor port of the cup, even in the number
of the rows of cells.

Tn the best state of the cellular surface, which has been noticed,
the mouths of the cells aro relatively large, zound or oval, and ure
defined by dlightly raised margin ; and an undulating, thread-like
ridge winds between them, dividing the interspaces into lozenge-
shaped areas. Thorows of cells, immediately preceding the bifurca-
tion, sometimes amount to ten, and after the separation generally
exceed two. The mouths of the lateral rows project into_the
moshon; and o trapevorso comecting proceses ate someimes
cellular. The lnwmpﬂces tyween the mouths, as well s the un-
dulating ridges, are or very minutely tuberculated. In-

toraally, the ool xiahit e oblique arrangement, overlaying
ench other and terminating abruptly against the dorsal part of the
branch. The perfect casts of the cellular surface give the reverse

2
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of tho characters just noticed, but more generally the impressions
display scarcely a ‘trace of any other structure than longitudinal
rows of circular mouths.
On the inner layer of the non-cellular surface, twenty well-
arked parallel fibres, with intermediate narrow grooves of corre-
nding casts, may sometimes be detected, and the number is
ways considerable. The mode of preservation did not permit the
true nature of the fibres to be discovered, but in consequence of
what has Been noticed in other apecios it is inferred that they are
tubul eir range is considerable, but in the specimen, which
exkibits ther strueture mat flly, they ar frequently cut off by

circular heir perfect surfice is minutely granular.
T ower 14900, e Heleof Gha s} compoasdlat s wtifrh
Griakiithoub ary indisations of fbese, but coversd with nimorous
microscopic papillre, and corresponding pores penetrating the sub-
stance of

The only indications of gemmuliferous vesicles, are small circular
pits oceasionally situated over the mouth, and agreeing in position
with the vesicles, which in other cellular genera, have been con-
sidered as gemmuliferous. In the Russian specimen before alluded
to, casts of similar pits are very uniformly distributed between the
casts of the mouths.
The youngest state of the coral has not been noticed, nor have

any mar] nges incident e t the gradual thicken-
ot e i calll Sl Bioe mﬁ.g over of the fibrous
layer.

The matrix of the specimensis a dark gray splintery oran earthy
limestone.

9. FENTSTELLA INTERNATA, p. D

Oupshoped ;. clllferons aurface interl . Iravchos dichotimons

compremed, retath, variel jong, narrow ; rows o

el B, divided By langltudmnl n(Iqa transverse connecting

processes short. without cells; non-cellular surface, inner Iayrr,
sharply fibrous, outer layer, minutely granular.

By the delicacy of ts structure, this species s easily distinguich-
able from Fm. ampla; and in the rows of cells varying from two
to five, as well ns in their mode of development, thert are further
well-marked differences. 1t appears to have attained considerable
dimensions, fragments having been noticed an inch and a-half in

The branches vary i widih, swollng out gradually towards he
bifurcations, but without any alterati form or size of the
meshes; and as far ns the state of ho. apoclmsm will permit an

BEE 0t oo, i kil ikoges socurred during the devo-
lopment o tho cup, except ono about fo be noticed.  On the clluc
liferous surfice of the branches, considerable, but uniform, altera=
tions take place between the successive bifurcations. For a short
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distance above the point of separation, the branch is narrow and
angular, and traversed along the centre by a ridge, and there is only
one row of cellular mouths on each side. ~ As the branch grew, the
ridge widened, and ultimately became celluliferous, a row of mouths
springing from its place (infernata). The three ranges of cellular
openings are, in this state of the branch, separated by two ridges,
and these, as the development advanced, again widened and became
cellular, the five rows being divided by four ridges. This appears
to be the extreme stage of growth, another bifurcation taking place
immediately after. In the sarlest formed part f the cup on:

or three rows of mouths prevail ; and where the number is greater,
a certain amount of irregularity in the linear arrangement s percep-
tible, resulting from the latern] expansion of the branch.

In the best preserved specimens, the mouths are relatively large,
round or oval, and. the margin i slightly raised. In the middle
Tows they are parallel, or nearly parallel, and in the direction of the
axis of the branch; but in the side rows they are often obliquely
placed, inclining towards the meshes. - Tn these nearly perfect speci-
mens the dividing ridges are thread-like and slightly waved, but

1o trace of the lozenge-shaped compartments so distinetly
Xhibited in Fenestella ampla. The interspaces between the mouths
aro flat or lightly convex. In specimens loss finely preserved, or
deprived of the original surface, the mouths are not uniform in out-
line, and have no projecting margin. The diverging ridges are also

tively broader ; and the whole surface, including the transverse
connecting procesces, is granular or minutely tuberculated.

The inner layer of the non-cellular surfac is sharply fibrous, and
the same structure may be more or less clearly defected in the
transverse, connecting processes. The number of fibres on the
Dranches do not apparently exceed twelve, and they are in general
less numerous. Their range is considerable, additional ones being
interpolated as the branch widens; and their surface is minutely
tuberculated. No separate, circular foramina were noticed. The
outer layer is uniformly granular, where completed, but every inter-
‘mediate state from the sharply fibrous may be traced on the same
5

No distinet proofs of gemmuliferous vesicles have been observed,
but in a specimen, which is believed to exhibit impressions of this
species, there are occasionally to be detected, near the mouths,
hemispherical casts, perfectly rounded on the surface, and evidently
unconnected immediately with the interior of the cells, and whic
it is presumed may represent those vesicles. Fenestella internata
appears to be an abundant fossil, one slab nearly eight inches long
and six wide, being covered on both sides with fragments of it,
and numerous smaller specimens oceur in the collection. The
‘matrix is chiefly a coarse gray calcareous shale, but it is sometimes
a splintery limestone, or & hard ferruginous or light-coloured clay-
stone.
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3. FENESTELIA FOSSULA, sp. .

Ouphaped, cellu]lfﬂ ous surface internal; brancles dum,mm,
oval; rows of cells, two ; tranm
ow-color layer of non- z»ltulafermu e ek
ﬂmm taibd oy st oo

veral aspect and sructurl dotal this spocis barsa
T e hutracea of the magnesin limestono of
Eagland (Relpara futroce, ool Trens,’ 2nd serics, vol i
i £ ) but it diffr from it in \ the peculiar chameter ex-
cast o the olluliferous surfue, the nature of which
e e noticing that

The principal specimen is a N cupl inch inhelght,
and abhost o inches across the widest, compre The:
are no marked variations of character, but acew.m-uv, irregu-
laitesof growth, due, pparently,to aceidents durng progressiva

evelopmes

The followlnp details have heen obtained from easts, no perfect
surface having been noticed. —The branches had great uniformity of
dimensions, sweling bu very slightlyat the distant pointsof bifur-
cation, and.thei thickness was apparently nearly oqual to their
reodh.  The cast of the callular versed_along the
centre by a_sharp narrow trench ({aemla), iy nearly vertical
sides, the distinguishing character Detween this species and Fen.
ustracea. The cylmdnna\ casts of the mouths, or the interior of
the cells, are arranged in a single row on each side of the trench,
s et clearly perceptible at the bifurcations.
Along the centro of the trouh s axuy ofdestsions ot micute
conical pits, a character noticeable in other species, particularly in

‘en. flustracea. They are plainly not casts of cellular openings,
Dut of relatively large papille. Traces of such projections have
en noticed in several ofher instances.

The mouths of the cells,in the minute fragment which has heen
obained exibiting thom, ar large, ound, slightly projecting, and
not very distant, and i the ssme atom is an impérfec keel.
T
noicn, bt idicatons of  sirited and smooth layer have bean

Toatwa specimens which afforded these structural details have
At coloured, hard limestone,
FIEMITRYPA SEXANGULA, 8p. 0.
Net-avork fine, hexagonal ; meshes round in dowble rows.

‘The coral to which the above inefficient characters are applied,
is imbedded in the shaly surface of a dark, hard limestone. It is
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sbout an nch in breadth and half an inchin height, nd consiss of

wo layers of net-work,—one presenting quadrangular meshes, and
the oigex ke Tohnd, ner sbea ; and over sonsider-
able part of the epecimen, the quidrangular net-work b bocn
removed, whereby the conexion of the o structures is perfeotly
ex)

P hin fosil e blioved tongres compltely n ts eventialgeneric

rs ose of Hemi ornwall, p. 27),
hut its state of preservation, an fes affondod by it for
determining strictaral dotails, have lod to aa inforonce Tespecting
its nature somewhat different from that given in the work just
quoted.

‘The inmer surface of Hemitrypa oculata (loc.cit) s described as
“marked with mdiating ridges,’ having in berrenmg oval depres-
sions, which penetrate only half through the substance of the coral,
and nowhere reach the outer surface.” The equivalent portion of
the Van Diemen's Land specimen agrees perfectly with this state-
ment, except in_the form of the meshes or depressions ; it s, how-
ever, not merely ‘like some Fenestelle,’ but it possesses all the
essential characters of that genus, and is believed t0 be a fragment
of Fon, foumda, This inference is drawn from o mimute portion
mically detached, and which exhibited a row of large, round,
Pm&ectmg, cellular mouths. The external surface of Hemn. oculata
as wholly covered with mumerous round_pores or
cells ' ussociated in double rows,’ and the corresponding portion
of Hem. sexangula has been ascertained to consist also of o similar
surfuce of double rows of round meshes or ¢ pores,’ but with hexa~
gonal boundaries ; and they are shown, as exhibited by the speci-
men in its imbedded state, to penetrate to the surface of the Fene-
stella or quadrangular net-work.

These details are conceived to be sufficient to establish a 2 generic
agrsement butwveen the Van Diemen's Land coral and
oculata; and an examination of an Trish specimen of that gonas
has fully confirmed the structural details exhibited in the *inner
surface’ of the specimen to which, provisionally, the name of Z
trypa serangula s applied.

Of the true nature of the * external’ net-work o opinion is
ventured. 1t is formed almost entirely of dark gray, calcareous
matter, filling apparently an originally cellular structure; but thero
are also a fow small patches of the outer cmvering, consetisg of n
padus whiia arut ol the mrface which was original t
ith the external net-work. That it was a pasasite litcla doubt
is entemmeﬂ and the interesting agreement between the space
occupied by the double xow of meshes, and that of the parallel
branches of the Fenestella, arises apparently from me latter having
afforded suitable baso lines fo attachment. In the Van Diemen's

nd n, the agreement is marked by an increased breadth in
thansteworkyenl byt saw:of pojecting pointa

able agreetment, hetwesn the Arrangsesent, of the mouths of fhe
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Fenestella and the meshes of the ¢ inner ’ net-work. Similar con-
formities are admirably shown in Mr. Phillips's excellent figures
(“Pal. Foss. pl. xii. f. 38).

The solid portions of the structure being exceedingly fine, resem-
Bling the thread of the most delicate lnce, attempts to discover satis-.

torily internal characters proved unsuccessful except in one place,
where a_true cellular arrangement was believed to be visible.!
Of the nature of the investing crust, nothing also has been deter-

Though the name Hemitrypa may be objectionable, as applied
to the corals under consideration, it has been thought right to re-
tain the word, until the full characters of the genus shall have
been ascertained.

Farxours, January 1844.

' A Codrington lens, half-an-inch in diameter, was invariably used
in examining the corals described in this notice.
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CHAPTER VIIT.

ON THE ELEVATION OF THE EASTERN COAST OF SOUTI
AMERICA.

Upraised Shells of La Plata—Baki Blanca, Sand-dunes and Pumice-
“peblles—Step-formed Plains of Patagonia, with upraised
Terrace-bounded Valley of Santa Cruz, formerly a Sea-strait—Up-
raised Shells of Tierra del. Fuego—Length and breadth of the ekwtni
area—Equability of the movements, as shown by the similar heights of

e pl of the devatory p Mode of formation of
thostep-formed plains—Summary—Great Shingls Formation of Pata-
gonia; its extent, origin, and distribtion—Formation of sea-cliffs.

Iy the following Part, which treats of the geology of
South America, and almost exclusively of the parts
southward of the Tropic of Capricorn, I have arranged
the chapters according to the age of the deposits, occa-
sionally departing from this order, for the sake of geo-
graphical simplicity.

The elevation of the land within the recent period,
and the modifications 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 each 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 mext chapter,
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190 Elevation of La Plata. PART IL

follow up the same subject along the shores of Chile and
eru.

On the northern bank of the great estuary of the
Rio Plata, near Maldonado, I found at the head of a
luke, 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 Asara labiata, d'Orbig., fragments of
Mytilus eduliformis, €'Orbig., Paludestrina Isabellei,
d’Orbig., and the Solen Caribeus, 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 mention-
ing, except in connection 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 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'Or-
bigny,' now live at the mouth of the estuary. At
Colonia del Sacramiento, further westward, I observed
at the height of about fifteen feet above the 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
northward, 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 I examined near the A. S. Juan were much
worn: they consisted of Mactra Isabellei, d'Orbig.,
mingled with few of Venus sinuosa, Lam., both in-

! * Voyage dans I'Amérique Mérid. : Part. Géolog” p. 21.
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omse.vur.  Elevation of La Plata. 191

habiting, as T 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. d'Orbigny has described ! an analogous phe-
nomenon 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
labiata, at the height of mearly 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, distarit above 100 miles
in a straight line. Nearer Buenos Ayres, on the road
from that place to San Isidro, there are extensive beds,
as T am informed by Sir Woodbine Parish,? of the Azara
labiata, 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 stratified earthy
‘mass, precisely like that of the great Pampean deposit
hereafter to be described. In one collection of these
shells, there were some valves of the Venus sinuosa,
Lam., the sume 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, cal-
careous, 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, calcareo-argillaceous stone (precisely like parts
of the Pampean deposit, the importance of which fact

} Voyage dans YAmérique Mérid.: Part. Géolog. p. 43.
# ‘Buenos Ayres, &., by Sir Woodbine Parish, p. 168.
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192 Elevation of La Plata. Pan 11,

will be referred to in a succeeding chapter), abounding
with shells of an Azara, much worn, but which in
general form and appearance closely resemble, and are
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
given me some of these shells, and M. d'Orbigny pro-
nounces them to be,

1. Buccinanops  globulosum, | 4. Cytherwea (imperfect).

d'Orbig, | 5. Mactra Tsabellei, d'Orbig.
2. Olivancillariaauricularia, do., 6. Ostrea pulchella, do.
3. Venus flexuosa. ‘

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

9. Buceinum (not spec. ?).

7. Voluta coloey
LR

this.
angulat

All these species (with, perhaps, the exception of
the last) are recent, and live on the South American
coast. These shell-beds extend from one league to six
leagues from the Plata, and must lie many feet above
its level. T heard, also, of beds of shells on the Som-
borombon, 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,? however, has described groups of sand-
dunes scattered over the wide extent of the Pampas

! *Buenos Ayres, &, by Sir W. Parish, p. 165

* D Orbigny's * Voyage, Géolog! p. 44
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southward of Buenos Ayres, which M. d'Orbigny attri-
butes with much probability to the action of the sea,
before the plains were raised above its level.!
Southward of the Plata.—The coast as far as Bahia
Blanca (in lat. 39° S.) 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 fect above high-water mark, called
Punta Alta, is formed of strata of cemented gravel and
of xed earthy mud, abounding with shells (with others
lying loose on thé surface), and the bones of extinet
mammifers. These shells, twenty in number, together
with a Balanus and two corals, are all recent species,
still inhabiting the neighbouring seas. They will be
enumerated in the eleventh 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

ing to the districts southward of La Plata, it may
just to_state, that there is some evidence that the
il has participated in a small amount of lovation. M.
sell 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 do Janeiro, Capt. Eiliot is aserted (sco
es., p. 35, and Dr. Meigs, in * Trans. Amer.
Phil. Soc.’), to have found human bones, encrusted with sea-shells, be-
tween fiftoen and twenty feet above the lovel of the sea. Between Rio
de Janeiro and Cape Frio I erossed sandy tracts abounding with sea.
shells, at the distance of a league from the coast ; but whether thess
tracts have been formed by upheaval, or through the mere accumulat
of drift sand, I am not prepared to assert. At Bahin (lat. 13° S.), in
some parts near the coast, there are traces of sea-nction at the height
of about twenty feet above its present level; there are also, in many
parts, remnants of beds of sundstone and conglomerate with numerous
Tecent, shells, mised a littlo above tho sea-level. 1 may add, that
at the head of Bahia bay thero is a formation, about forty feet in
thickness, containing tertiary shells apparently of frosh-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

o
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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, T 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 seattered both on the plain and
sand-hillocks : at Monte Hermoso, on the flat summit
of a cliff, I found many of them at a height of 120 feet
(angular measurement) above the level of the sea.
These pumice pebbles, no doubt, were originally brought
down from the Cordillera by the rivers which cross the
continent, in the same way as the river Negro anciently
brought down, and still brings down, pumice, and as
the river Chupat brings down scori@: when once
delivered at the mouth of a river, they would naturally
have travelled along the coasts, and been cast up, dur-
ing the elevation of the land, at different heights. The
origin of the argillaceous 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 repe-
tition 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. I did not
observe any shells in this neighbourhood at a greater

@ The Complete Waork of Charles Darwin Online



ense. viur.  Elevation of Bahia Blanca. 195

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 T esti-
mated 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, so characteristic of Patagonia.
The plain on which the settlement stands is crossed by
many low sand-dunes, abounding with the minute shells
of the Paludestrina australis, d'Orbig., which mnow
lives in the bay. This low plain is bounded to the
south, at the Cabeza del Buey, by the clifi-formed
margin of a wide plain of the Pampean formation,
which T estimated at sixty feet in height. On the
summit of this cliff there is a range of high sand-dunes
extending severdl miles in an east and west line.

Southward of Bahia Blanca, the river Colorado
flows between two plains, apparently from thirty to
forty feet in height. Of these plains, the southern one
slopes up to the foot of the great sandstone plateau of
the Rio Negro; and the northern one against an escarp-
ment of the Pampean deposit; so that the Colorado
flows in a valley fifty miles in width, between the upper
escarpments. I state this, because on the low plain at
the foot of the northern escarpment, I crossed an im-
mense accumulation of high sand-dunes, estimated by
the Gauchos at no less than eight miles in breadth.
These dunes range westward from the coast, which is
twenty miles distant, to far inland, in lines parallel to
the valley; they are separated from each other by
argillaceous flats, precisely like those on the northern
shore of Bahia Blanca. At present there is no source
whence this immense accumulation of sand could pro-

o2
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coed ; bub if, as T believe, the upper escarpments once
formed the shores of an estuary, in that case the sand-
stone formation of the river Negro would have afforded
an inexhaustible supply of sand, which would naturally
have accumulated on the northern shore, as on every
part of the coast open to the south winds between Bahia
Blanca and Buenos Ayres.

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

Ten miles southward, but 120 miles to the west, at
Port, . Antonio, the Officers employéd 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 Patagonia. At San Josef,
ninety miles south in nearly the same longitude, I found,
above the gravel, which caps an old tertiary forma-
tion, an irregular bed and hillocks of sand, several feet
in thickness, abounding with shells of Patella deaurita,
Mytilus Magellanicus, the latter retaining much of its
colour; Fusus Magellanicus, (and a variety of the same)
and a large Balanus (probably B. Tulipa), all now found
on this coast : I estimated 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 be-
tween 200 and 300 feet in height : this plain seems,
from many measurements, to be a continuation of the
sandstone platform of the river Negro. The next

1 ¢ Voyage,' &e. p. 5t
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place southward, where T landed, was at Port Desire,
340 miles distant; but from  the intermediate districts
T 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 formation, resting on and sometimes sur-
rounding hills of porphyry and quartz: the surface is
worn into many wide valleys and into level step-formed
plains, rising one above another, all capped by irregular
beds of gravel, chiefly composed of porphyritic rocks.
This gravel formation will be separately described at
the end of the chapter.

My object 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 here represented.

o1,
Socion o Step-ormel Piins Sonth of Nuevo Gull
ss0te, An. 00220 k. 3, o
—
West, - Bast.
Tovel ot v culefyof T {0 100 fot vortinl.

R SR ‘.
B R T Deticanaton asaroneat,
B B eimation vy e Ot o the Burvey.

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
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lowest and the uppermost plain, there is probably more
than one step-formed terrace: several measurements
show the existence of the intermediate one of the height
given in the diagram.

Near the north headland of the great Bay of St.
Greorge (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
headland, 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 C. 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 1,200 feet, and was seen ranging at
apparently the same height for 150 miles northward.
All these plains have been worn into great valleys and
much denuded. The following section is illustrative of
the general_structure of the great Bay of St. George.

o 16
Section of Plains n the Bay of 8, George.
1200 fect Bst.  Not measured.
e\

250 An. .

Tevel of sea. Seale J; of fnch to 100 feet vertical,

At the south headland of the Bay of St. George (near
C. Three Points) the 250 plain is very extensive. At
Fort Desire (forty miles southward) I made several
measurements with the barometer of a plain, which
extends along the north side of the port and along the
open coast, and which varies from 245 to 255 feet in
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height: this plain abuts against the foot of a higher
plain of 330 feet, which extends also, far northward
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
& terrace or narrow plain estimated at about 100 fect
in height. These plains are represented in the fol-
lowing section :—
oz,
Secion o Plins at Port Desie.

100 1. st

Tevel of sea. Scale  of inch to 100 feet vertical.

In many places, even at the distance of three and
four miles from the coast, I found on the gravel-capped
surface of the 245-255 feet, and of the 330 feet plain,
shells of Mytilus Magellanicus, M. edulis, Patella
deaurita, and another Patella, too much worn to be
identified, but apparently similar to one found abun-
dantly 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 oft. They lay scattered on the
smooth surface of the gravel, but abounded most in
certain patches, especially at the heads of the smaller
valleys : they generally contained sand in their insides;
and I presume that they have been washed by alluvial
action out of thin sandy layers, traces of which may
sometimes be seen covering the gravel. The several
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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 Is-
land, 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 miles south of Port Desire); where we
have the following section :—

No.18.

Section of Plains at Port St. Julian,
950 1t An. .

kote o 430 An. 3.

9 Et,
Shells on
surface,

at.

Tevel of sea. Scale 3 of inch o 100 fect vertical.

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
described, 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 extensives it forms a pro-
montory seven or eight miles long, and three or four
wide. The upper plains in the above diagram, were
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measured by the Officers of the Survey; they were all
capped by thick beds of gravel, ard were all more or
less denuded : the 950 plain consists merely of separate,
truncated, gravel-capped hills, two of which, by measure-
ment, were found to differ only three feet. The 430
feet plain extends, apparently with hardly a break, to
near the northem entrance of the Rio Santa 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 Santa Cruz
we have the following section, which I am able to give
with more detail than in the foregoing cases :—

o1
Setion of Piains a¢ the mouth ofthe o Snta Cruz.
800t An 3 noanx g

4

Shells

§ vl
(¢

TN

w.

Level of sea. Scalo 5 of inch to 100 foet vertical.

The plain marked 355 feet (as ascertained by the
and by angular ) is a continua-

tion of the above-mentioned 330 feet plain: it extends
in a NW. direction along the southern shores of the
estuary. It 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. It appears to the eye
quite level, but in proceeding in a SSW. course, towards
an escarpment distant about six miles, and likewise
ranging across the country in a NW. line, it was found
to rise at first insensibly, 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, T found several shells of Mytilus Magellanicus
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and of a Mytilus, which Mr. Sowerby informs me is yet
unnamed, though well known as recent on this coast ;
Patella deaurita ; Fusus, I 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. ancilla) partially embedded in
the superficial sandy earth. All thiese shells had the
same ancient appearance with those from the foregoing
Tocalities. As the tides along this part of the coast
rise at the Syzygal period forty feet, and therefore form
a well-marked beach-line, T particularly looked out for
ridges in crossing 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 Santa Cruz, and southward along the
Atlantie.

The Valley of the R. Santa Cruz.—This valley runs
in an east and west direction to the Cordillera, a dis-
tance 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.! Tn ascending 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 than

! T have described this formation in a paper in the * Geological
Transactions,’ vol. vi. p. 415,
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the existing one : the escarpments, also, of the 840 feet
it-plain (with a cor ing morthern one,
which is met with some way up the valley), appear like
the shores of a still larger estuary.  Farther up the val-
ley, 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 escarp-
ments of the second highest terrace the average width
is about four or five miles. The bottom of the valley,
at the distance of 110 miles from its mouth, begins
sensibly to expand, and soon forms a considerable plain,
440 feet above the level of the sea, through which the
river flows in a gut from twenty to forty feet in depth.
T here found, at a point of 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 Atlantic (long. 71° W.), and at an elevation
of about, 300 feet, I also found, in the bed of the river,
two much worn and broken shells of the Voluta ancilla,
still retaining traces of their colours; and one of the
Patella deaurita. Tt appeared that these shells had
been washed from the banks into the river; considering
the distance from the sea, the desert and absolutely
unfrequented character of the country, and the very
ancient appearance of the shells (exactly like those
found on the plains nearer the coast), there is, I think,
no cause to suspect that they could have been brought
here by Indians.
The plain at the head of the valley is tolerably
level, but wat , and with many sand-dunes on it
like those on asea-coast. At the highest point to which
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we ascended, it was sixteen miles wide in a north and
south line; and forty-five miles in length in an east
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 resemble, at
two levels, the shores of great bays facing the moun-
tains; and these mountains are breached in front of the
lower plain by a remarkable gap. The valley, therefore,
of the Santa Cruz cousists 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
manner of the shores of great bays. Bearing in mind
this peculiar form of the lJand—the sand-dunes on the
plain at the head of the valley—the gap in the Cordil-
lera, in front of it—the presence in two places of very
ancient shells of existing species—and lastly, the cir-
cumstance of the 355 to 453 feet plain, with the
numerous marine remains on its surface, sweeping from
the Atlantic coast, far up the valley, T think we must
admit, that within the recent period, the course of the
Santa Cruz formed a sea-strait intersecting the con-
tinent. At this period, the southern part of South
America consisted of an archipelago of islands 360
miles in a N. and 8. line. We shall presently see, that
two other straits also, since closed, then cut through
Tierra del Fuego; I 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 sec-
tion, supposed to be drawn in a N. and S. line across
the valley, can scarcely be considered as more than
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illustrative ; for during our hurried ascent it was im-
possible to measure all the plains at any one place.
Yo,
ort anl Sogh et s the Temaes it e Ve of

e Rives Sunta Crus, o op e Coure
Anorth.

N *—\—i\- Dn on,
nme.  ser e Dedot e, swr.  lmm
The height of each terrace above the lovel of the river, s shown by the namber
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At a point nearly midway between the Cordillera and
the Atlantic, I found the plain (A north) 1,122 feet
above the river; all the lower plains on 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 mear to where A (n) was measured,
C (n) was 639 above the same level : the terrace D (n)
was nowhere measured : the lowest E (n) was in many
Places about twenty feet above the river. These plains
or terraces were best developed where the valley was
widest ; the whole five, like gigantic steps, ocourred
together only at a few points. The lower terraces are
less continuous than the higher ones, and appear to be
entirely lost in the upper third of the valley. Terrace
C (s), however, was traced continuously for a great
distance. - The terrace B (n), at a point of fifty-five
miles from the mouth of the river, was four miles in
width ; higher up the valley this terrace (or at least
the second highest one, for I could not always trace it
continuously) was about eight miles wide. This second
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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
is soon lost or unites with the escarpment of B (s).
The corresponding plain A (n), on the north side of the
valley, appears to range continuously from the Cordil-
lera to the head of the present estuary of the S. Cruz,
where it trends northward towards Port St. Julian.
Near the Cordillera the summit-plain on both sides of
the valley is between 3,200 and 3,300 feet in height;
at 100 miles from the Atlantic, it is 1,416 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 € also appear to rise as they run up the
valley ; thus D (), measured at two points twenty-
four miles apart, was found to have risen 185 feet.
From several reasons I suspect, that this gradual
inclination of the plains up the valley, has been chiefly
“caused by the elevation of the continent in mass,
having been the greater the nearer to the Cordillera,
All the terraces are capped with well-rounded gravel,
which rests either on the denuded and sometimes
furrowed surface of the soft tertiary deposits, or on the
basaltic lava. The difference in height between some
of the lower steps or terraces scems to be entirely
owing to a difference in the thickness of the capping
gravel. Furrows and inequalities in the gravel, where
such oceur, 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.
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I could not perceive any trace of a similar deposi-
tion on the pebbles now thrown up by the river, and
therefore I do mot think that terrace D was river-
formed. As the terrace E generally stands about
twenty feet above the bed of the river, my first impres-
sion was to doubt whether even this lowest one could
have been so formed ; but, it should always be borne in
‘mind, that the horizontal upheaval of a district, by in-
creasing the total descent of the streams, will always
tend to increase, first mear the sea-coast and then
farther and farther up the valley, their corroding and
deepening powers: so that an alluvial plain, formed
almost on a level with a stream, will, after an elevation
of this kind, in time be cut through, and left standing
at a height never again to be reached by the water.
With respect to the three upper terraces of the S. Cruz,
I think there can be no doubt, that they were modelled
by the sea, when the valley was occupied by a strait, in
the same manner (hereafter to be discussed), as the
greater, step-formed, shell-strewed plains along the
coast of Patagonia.

To return to the shores of the Atlantic: the 840
feet plain, at the mouth of the Santa Cruz, is seen ex-
tending horizontally far to the south; and I am in-
formed 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 farther south, inland of the river
Gallegos; and a plain comes down to Cape Gregory
(thirty-five miles southward), in the Strait of Magellan,
which was estimated at between 800 and 1,000 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 appa-
rently the same great table-land, extending at intervals
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along the eastern const 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 forma-
tion, which rises to a height of between 150 and 250
foet, and is often capped by beds of gravel. At N.S.
Gracia, on the north side of the Tnner Narrows of the
Strait of Magellan, I found on the summit of a cliff,
160 feet in height, shells of existing Patell and Mytili,
scattered on the surface and partially embedded in
carth. On the eastern coast, also, of Tierra del Fuego,
in latitude 53° 20’ S., I found many Mytili on some
level land, estimated at 200 feet in height. Anterior
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 recont elevation of the
south-eastern coasts of America, and on the action of
the sea on the land.— Upraised shells of species, still ex-
isting as the commonest kinds in the adjoining sea, occur,
as we have seen, at heights of between a few feet and 410
feet, at intervals from latitude 33° 40’ to 53° 20’ South.
This is a distance of 1,180 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

1 ¢ Geolog. Transactions,’ vol. ¥i. p. 419.
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as the level Pampas ranges many hundred miles north-
ward 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
1,180 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 cleventh
Chapter, that both at Bahia Blanca and P. S, Julian, the
mammiferous quadrupeds which co-existed with these
shells belong to extinet species. T 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. T ascended the higher plains only in
a few places, owing to the distance at which their
escarpments generally range from the coast, so that T
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 appear-
ance ; but some, especially the mussels, although lying
fully exposed to the weather, retain to a considerable
extent their colours : this circumstance appears at first
surprising, but it is now known that the colouring
principle of the Muytilus is so enduring, that it is pre
served when the shell itself is completely disintegrated.*

* Capt. King, ¢ Voyages of Adventure and Beagle, vol. i. pp. 6 and
33,

* Seo Mr. Lyell's “Proofs of o Gradual Rising in Sweden, in tho
*Philosoph. Transact.’ 1835, p. 1. See also Mr. Smith, of Jordan Hill,
in the * Edin. New Phil. Journal, vol. xxv. p. 303.

»

1
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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 inmer 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 southern-
most part of the continent, the movement has extended
under the sea far eastward ; forat the Falkland Islands,
though 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.! More-
over, we know that in Tierra del Fuego the boulder for-
mation has been uplifted within the recent period, and a
similar formation occurs® 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. Santa
Cruz, we know 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 eustward 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

* «Voynges vf the Advenure und Beugle/ vol. . p. 227. And
Bougainvil yage.” tome i. p.
# 1 owe this lau. to the k\ndncﬂs of Capt. thrnn, R“I a highly
competent observer. I mention it more especially, as in my Paper
(p- 427) on the Boulder Formation, I have, uﬁﬂr hm—mg examined th

northern and middle parts of the eastern island, said that the formation
was hers wholly absent,
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would be very hazardous ; not 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 NNE.and SSW. range
of tertiary volcanic rocks has been observed,! which
may well indicate an axis of elevation quite distinct
from that of the Andes. Moreover, in the centre of
the Pampas in the chain of Cordova, severe earthquakes
have been felt;* whereas at Mendoza, at the eastern
foot of the Cordillera, only gentle oscillations, trans-
mitted from the shores of the Pacific, have ever been
experienced. Hence the elevation of the Pampas may
be due to several distinet 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 mea-
sured the plains, it was simply to ascertain the heights
at which shells occurred ; afterwards, comparing these
measurements with some of those made during the

Survey, I was struck with their uniformity, and accord-

oM volcan formaton willbo desribo in Clapter XI. 1 s not
improbable that the height of the upraised shells at the head of the
ey of the Plae: g grsinethas ot Babis Blaoea o ot oo Son
Tay bo owing t the upbiaval o these latter places v
necmd with the distant line of the Cordillera, whi of the
provinces of La Plata was in conneetion with the adjoining tertiary
volcanic axis.
* Soo Sir W. Parishs work on ¢ La Plata,’ p. 242, For a notica of
an earthquake which drained a lake near (mu\ sce ulso Temple's
“Travelsin Peru.” Sir W. Parish informs me, that a town between Salta.
and Tucuman (north of Cordova) was formerly utterly overthrown by an
earthquake.

e2

@ The Combplete Work of Charles Darwin Online



212 Uniform Heio'/rl 0f Terraces.  ravt i

sngly “tabulated alll those'which represented the sum:
mit-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. A
table of the measurements is here given. The angular
‘measurements and all the estimations are by the Officers
of the Survey; the barometrical ones by mysel

Gallegos River to Coy Inlet ( pun;xmgnlarmm aod purtly stim) aw
South Side of Santa Cruz (m s) -

North Side of do. (nug m) 3 000 16118 T 3380
Bird Island, plain opposite to (ang. m.) . o350
Port Dairs, plain extnding foe Song coest (hmn m) ey
St Goorge's By, north promontory. (rm m) o Tiasy
Tablo L, coudhs of Now Bay (ang. Hi laved olonls 300

A plain, varying from 245 to 235 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

Toot,
Coy Inla, south of (Wu, ang. . o partly eetm) (20010300
Port Desi . 24510255
fog i (ang. 5

North Promontory of St. George's ey (xng m) .20

South of New Bay (ang. m.) L 200t0220
North of 8. Josef (estim.) . . . . . . 200t0300
Plin of Rio Negro (ang.m) . . . . . 200t0220
Bahia Blanea (estim) . . . . . . . 20010300

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

These plains or great terraces, of which three and
four often rise like steps one behind the other, are
formed by the denudation of the old Patagonian
tertiary beds, and by the deposition on their surfaces of
a mass of well-rounded gravel, varying, near the coast,
from ten to thirty-five feet in thickness, but increasing
in thickness towards the interior. The gravel is often
capped by a thin irregular bed of sandy earth. The
plains slope up, though seldom sensibly to the 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
are particularly well developed, there are at least seven
stages or steps, one above the other. On the three
lower ones, namely, those of 100 feet, 250 feet, and
350 feet in height, existing littoral shells are abundantly
strewed, either on the surface, or partially embedded in
the superficial sandy earth. By whatever action thes
three lower plains have been modelled, so undoubtedly
have all the higher ones, up to a height of 950 feet at
§. Julian, and of 1,200 feet (by estimation) along St.
George’s Bay. I think it will not be disputed, con-
sidering the presence of the upraised marine shells, that,
the sea has been the active power during stages of some
‘kind in the elevatory process.

We will now briefly consider this subject: if we
look at the existing coast-line, the evidence of the
great denuding power of the sea is very distinct; 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 excep-
tions, of bold and naked cliffs: in many places the
cliffs are high ; thus, south of the Santa Cruz, they are
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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 denuding action on the softer strata.
At the foot of all the cliff, the sea shoals very gradually
far outwards; and the bottom, for a space of some
miles, everywhere consists of gravel. I carefully ex-
amined 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 the same place. I, therefore, the
coast, with the bed of the adjoining sea, were now sud-
denly elevated 100 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 355 feet
plain. From the denuding tendency of the sea, this
newly formed plain would in time be eaten back into a
cliff: and repetitions of this clevatory 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 inconsider-
able ones) on this view, is the fact,—as far as T can
trust two continuous lines of soundings carefully taken
between Santa Cruz and the Falkland Islands, and
several scattered observations on this and other coasts,—
that the pebbles at the bottom of the sea quickly and
egqularly 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 per-
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ceptible. 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 mm},led with some small ones.

nce. Depth. Sizo of Pebbles.
$t0. 4 mile trom th sors | 11013 athems | 40 Jarse s waluats: mingled
‘overy

in
Emaller onos.

6to Tufles  do. 171019 do. | Astamge 1 nuts.
Wto1imies  do. 035 do. | From three to four tenths of

‘an inch in diameter.

do. 30040 do. | Two-tenths of an Inch.
Broubhs o B0 do. | Onetenth incl, o the.

e

1 particularly attended to the size of the pebbles on
the 355 feet Santa Cruz plain, and I noticed that on
the summit-edge of the present sea-cliffs many were
as large as half of a man’s head ; and in crossing from
these cliffs to the foot of the next highest escarpment,
a distance of six miles, I could not observe any increase
in their size. We shall presently see that the theory
of a slow and almost insensible rise of the land, will
explain all the facts connected with the gravel-capped
terraces, better than the theory of sudden elevations of
from one to two hundred feet.

M. d'Orbigny has argued, from the upraised shells
at San Blas being embedded in the positions in which
they lived, and from the valves of the Azara labiata
high on the banks of the Parana being united and un-
rolled, that the elevation of Northern Patagonia and of
La Plata must have been sudden for he thinks, if it
had been gradual, these shells would all have been
rolled on successive beach-lines. But in protected bays,
such as in that of Bahia Blanca, wherever the sea is
accumulating extensive mud-banks, or where the winds
quietlyheap up sand-dunes, beds of shells might assuredly
be preserved buried in the positions in which they had
lived, even whilst the land retained the same level ; any,
the smallest, amount of elevation would directly aid in
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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. In
speaking of the elevation of the land having been slow,
1 do not wish to exclude the small starts which accom-
pany earthquakes, as on the coast of Chile; and by such
movements beds of shells might easily be uplifted, even
in positions exposed to a heavy surf, without undergoing
any attrition : for instance, in 1835, a rocky flat off the
island of Santa Maria was at one blow upheaved above
high-water mark, and was left covered with gaping and
putrefying mussel-shells, still attached to the bed on
which they had lived. If M. d’Orbigny had been aware
of the many long parallel lines of sand-hillocks, with
infinitely numerous shells of the Mactra and Venus, at
a low level near the Uruguay; if he had scen 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 Paludestrinas, 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 erossed 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,—
T cannot believe he would have thought that the eleva-
tion 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 exceed-
ingly slow.

If we extend this conclusion to Central and Southern
Patagonia, the inclination of the successively rising
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gravel-capped plains can be explained quite as well, as
by the more obvious view already given of a few com-
paratively 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. It cannot matter 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. Heace there is
no difficulty in the fact of the 355 feet plain at Santa
Cruz sloping up 108 feet to the foot of the next highest
escarpment, and yet having no marks of any one par-
ticular 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 accumulating in large quantities,! an inclined
surface, thickly capped by well-rounded pebbles of
ahout the same size, would be ultimately left. On the
gravel now accumaulating, the waves, aided by the wind,
sometimes throw up a thin covering of sand, together
with the common coast-shells. Shells thus cast up 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

' On the eastern side of Chiloe, which island we shall see in the next
chapter is now rising, T observed that all the beaches and extensivo
tidal flats were formed of shivgle.
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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 occasional thin covering of
sandy earth,—and the presence of broken, unrolled
fragments of those shells, which now live exclusively
near the coast.

Summary of Results.—Tt 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 been by considerable starts, but much more
probably slow and quiet. In either case, there have
been long intervening petiods of comparative rest,!
during which the sea corroded deeply, as it is still cor-
roding, 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 to 1,200 feet, has been similariy modelled
and affected : that the area elevated, in the southern-
most part of the continent, extended in breadth to
the Cordillera, and probably seaward to the Falkland
Tslands; that northward, in' La Plata, the breadth is
unknown, there having been probably more than one
axis of elevation; and finally, that, anterior to the
elevation attested by these upraised shells, the land was
divided by a Strait where the river Santa Cruz now

! 1 say comparative.and not absolute est, becauso the sea ncts, as'wo
have seen, with great denuding power on this whole line of coust; and

erefore, during an elevation of the land, if excessively slow (and of
course during a subsidence of the laud), it is quite powiblo that lues of
cliff might be formed,
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flows, and that farther southward there were other sea-
straits, since closed. I may add, that at Santa Cruz,
in lat. 50° S., the plains have been uplifted at least
1,400 feet, since the period when gigantic boulders
were transported between sixty and seventy miles from
their parent rock, on floating icebergs.

TLastly, considering the great upward movements
which this long line of coast has undergone, and the
proximity of its southern half to the volcanic 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 deseribe 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
norti 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 sand-
stone plateau of the Rio Negro. The gravel-bed near
the Rio Negro is, on an average, about ten or twelve
feet in thickness ; and the pebbles are larger than on
the northern side of the Colorado, being from one to
two inches in diameter, and composed chiefly of rather
dark-tinted porphyries. Amongst them I here first
noticed a variety often to be referred to, namely, a
peeuliar gallstone-yellow siliceous porphyry, frequently,
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but not invariably, containing grains of quartz. The
pebbles are embedded in a white gritty calcareous
matrix very like mortar, sometimes merely coating
with a whitewash the separate stones, and sometimes
forming the greater part of the mass. In one place T
saw in the gravel concretionary nodules (ot 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 caleareo-argillaceous plain of Pampean
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 appa-
rent equability of the along
this side of America, that this gravel of the Rio Negro
and the upper beds of the Pampean formation north-
ward of the Colorado, are of nearly contemporancous
origin, and that the calcareous 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, T 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 the
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, T 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 re-
cent marine shells. The sandy covering sometimes
fills up furrows in the gravel, as does the gravel in the
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underlying tertiary formations. The pebbles are fre-
quently 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
porphyry, 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
porphyry which occur here abundantly i sitw. 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 por-
phyries with many crystals of feldspar. At Port S.
Julian, T ascended one of the flat-topped hills, the de-
nuded 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 twenty 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 thoss found farther northward, and there are fewer
of the gallstone-yellow kind; pebbles of compact black
clay-slate were hero 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 1,416 fect 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 covering, slopes
up to the foot of the Cordillera to the height of between
3,200 and 3,300 fect. In ascending the valley, the
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gravel gradually becomes entirely altered in character :
high up, we have pebbles of erystalline feldspathic rocks,
compact, clay-slate, quartzose sehists and pale-coloured
porphyries ; these rocks, judging both from the gigantic
Dboulders in the surface and from some small pebbles
embedded beneath 700 feet in thickness of the old
tertiary stiata, are the prevailing kinds in this part of
the Cordillera; pebbles of basalt from the neighbouring
streams of basaltic lava are also numerous; there are
few or none of the reddish or of the gallstone-yellow
porphyries so common near the coast. Hence the
pebbles on the 350 feet plain at the mouth of the Santa
Cruz cannot have been derived (with the exception of
those of compact clay-slate, which, however, may equally
well haye come from the south) from the Cordillera in
this latitude; but probably, in chief part, from farther
north.

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

We have seen that porphyritic pebbles of a small
size are first met with on the northern side of the Rio
Colorado, the bed becoming well developed near the
Rio Negro : from this latter point I have every reason
to believe that the gravel extends uninterruptedly over
the plains and valleys of Patagonia for at least 630
nautical miles southward 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 Cor-
dillera, T think it highly probable that the whole breadth
of Patagonia is thus covered. If so, the average width
of the bed must be about 200 miles. Near the coast
the gravel is generally from ten to thirty feet in thick-
ness; 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, safely assume its average thick-

! At my request, Mr. Kent collected for me n bag of pebbles from
the beach of White arbour, in the northern part of the sound,
‘between the two Falkland Islands. Out of these well-rounded pebbles,
varying in size from a waluut to & hen's egg, with some lurger, 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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ness over the whole area of 630 by 200 miles, at fifty
feet!

The transportal and origin of this vast bed of pebbles
is an interesting problem. From the manner 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 fect, 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 small-
ness 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 searcely any still reaches: mevertheless, to
give one instance of its small transporting power, upon
careful examination, pebbles of compact 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 débris 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 trans-
ported by ice-agency, as seems to have been the case to
a considerable extent farther south, and likewise in the
northern hemisphere, 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.
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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 out 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 intérior, is another and more
difficult question. The following considerations, how-
ever, show that, the sea by its ordinary action has con-
siderable power in distributing pebbles. A table has
already been given, showing how very uniformly and
gradually ! the pebbles decrease in size with the gradu-
ally 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

N o thiakat 150 Patagoni
shore T sqeefully ssamized. the miauto rounded puncleu in the sand,
and found them to be fusible like the porphyries of the great shingle
bed. I could even distinguish particles of the gallstone-yellow por
phyry. It was interesting to notice how gendually tho particles of
white quarta increased, as we approached the Falkland Islands, which
aro thus constituted. ' In the wholo line of soundings e e
islands and the coast of Patagonia dead or living organic romains
wore most rare, Oa the relations betwoon the dspth of water and the
nature of the bottom, see Martin White on *Soundings in the Chan
Capt. Beechey's ‘Voyage to the Pacific, chap, xvi
) pp. 4, 166. M. Siau statos ( Edin.
New Phil. Jour.’ vol. xxxi. p. 246), that he found the sediment, at
depth of 188 mitres, arranged in ripples of different, degroes of finenoss.
There are some excellent diseussions on this and allied subjects in Sir
H. De la Beche's “Theoretical Researches.”

Q
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caused by distant gales, seem especially to affect the
bottom : at such times, according to Sir R. Schom-
burgk,! 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, however, 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 sea have not sufficient veloeity to
move stones of even moderate size: moreover, I have
repeatedly found in the most exposed situations that
the pebbles which lie at the bottom are encrusted with
full-grown living corallines, furnished with the most
delicate, yet unbroken spines: for instance, in ten
fathoms water off the mouth of the Santa Cruz, many
pebbles, under half an inch in diameter, were thus
coated with Flustracean zoophytes.? Hence we must
conclude that these pebbles are not often violently dis-
turbed: ‘it should, however, be borne in mind that the
growth of corallines is rapid. The view, propounded
by Prof. Playfair, will, T believe, explain this apparent.
difficulty,—namely, that from the undulations of the
sea tending to lift up and down pebbles or other loose
bodies at the bottom, such are liable, when thus quite
or partially raised, to be moved even by a very small

 + Journal of Royal Geograph. Soc. vol. . p. 25. Tt appears from
Mr. Scott Russell's investigations (sce Mr. Murchison's *Anniver.

iross Goolog. Soc 1843, p. 40), that in waves of translation the
mounn of the particles of water is nearly as great at the bottom as at

i oue 6 it e o s e i i
given me, dredged up from twenty-seven fathoms depth off the western
end of the Falkland Islands, whero the sea is remarkably stormy, and

subject to_ violent tides. This pobblo was encrusted on all sides by
delicate living coralline. ‘I havo soen many pebbles from depths
‘etween forty and seventy fathoms thus encrusted ; one from the latter
depth off Cape Hora.
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force, a little onwards. We can thus understand how
oceanic o tidal currents of no great strength, or that
recoil movement of the bottom-water near the land,
called by sailors the “ undertow” (which T presume must
extend out seaward as far as the brealing waves impel
the surface-water towards the beach), may gain the
power during storms of sifting and distributing pebbles
even of considerable size, and yet without so violently
disturbing them as to injure the encrusting corallines.!
The sea acts in another and distinct manner in
tlie distribution of pebbles, namely by the waves on the
beach. Mr. Palmer,? in his excellent memoir on this
subject, has shown that vast masses of shingle travel
with surprising quickness along lines of coast, according
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 sources: 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

may take this opportunity of remarking on a singular but very
P T A RO e e ey déeply
penctrat the wester shore of Tierr dol Fuogo; vamey, that they nre
lmost invariabls much ehallower los o the open seaat their mouths
e T G b sieriag Cloicjmms. Souad, £o3: ba
sn\mdmgn in thirty-ceven fathioms, then in fity, then in sixty, and a
Jittle farther in o bottom, with 170 fathonis. The sealers are so
fumilla with this futthatthey always ook out for anchorage neur
the entrances of the crecks. Sec, also. on this subject, the * Voyage of
375, and * Appendis, p. 918, - This
he sea-channels near their entrances probably results from
e quastty of sediment formed by the weer snd ton of the onter rocks
co of the open sea. 1 have no doult that many
Ry very doep within, and ave
arated from the sca apparently only by o tract of det
J:‘ banks of this nature near their mouths,

£

+Philosophieal Tripsactions? 1834, p. 576.
a2
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Cruz from those in the same latitude at the head of the
valley.

T will not pretend to assign to these several and
complicated agencies their shares in the distribution of
the Patagonian shingle; but from the several considera-
tions given in this chapter, and I may add, from the
frequency of a capping of gravel on tertiary deposits in
all parts of the world, as I have myself observed and
seen stated in the works of various anthors, T 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 atone
time imagined that perhaps an immense accumulation
of shingle bad originally been collected at the foot of
the Cordillera; and that this accumulation, when up-
raised above the level of the sea, had been eaten into
and partially spread out (as off the presentline 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 been dis-
tributed, 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, 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 epochs.

Formation of Cliffs—When viewing the sea-worn
cliffs of Patagonia, in some parts between 800 and 900
foet; in height, and formed of horizontal tertiary strata,
which must once have extended far seaward—or again,
when viewing the lofty cliffs round many volcanic

@& The Complete Waork of Charles Darwin Online



cmar. vur.  Formation of Sea-Clifs. 229

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 measure-
ments), 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.21.

Section of Cowst Cliff and Bottom of Sea, off the Tsland of St. Helera.
1,600 teot
above sea,

510 feet

Bottom rocky
anty to dop ot
o s fothons, Mo and sand.
Verticnland oraota sl by s 0  pautinl il The pint el
e o o Ko po ke 1 o e of
lier T e s

If; as seems probable, the basaltic streams were
originally prolonged with nearly their present inclina-
tion, 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 T have every reason to believe they extended con-
siderably farther, for the inclination of the streams is
less near the coast than farther inland. It should also
be observed, that other sections on the coast of this
island would have given far more striking results, but
1 had not the esact measurements ; thus, on the wind-
ward side, the cliffs are about 2,000 feet in height and

© The Combplete Work of Charles Darwin Online



230 Formation of Sea-Cliffs. PART IT.

the cut-off lava streams very gently inclined, and the
bottom of the sea has nearly a similar slope all round
the island. How, then, has all the hard basaltic rock,
which once extended beneath the surface 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 line, to a depth of
about 100 fathoms, the bottom is smooth, gently in-
clined, and formed of mud and sand ; outside the 100
fathoms, it plunges suddenly into unfathomable depths,
as is so very commonly the case on all coasts where
sediment is accumulating. 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 suppose that St. Helena
had, during a long period, gone on slowly subsiding,
every diffieulty 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
onits 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 bhe 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 extended far into the depths
of the sea, where there is no apparent means of hard
rock being worn away—are we to suppose that all these
islands have slowly subsided ? Madeira, I may remark,
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has, according 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 adjoining
bed of the sea has in truth snbsided : the time will, [
believe, come, when geologists will consider it as im-
probable, 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 IX.

ON THE ELEVATION OF THE WESTERN COAST OF SOUTH
AMERICA.

Clionos Archipelago—Chiloe, recent and gradual levation of, traditions of
the inkabitants on_this subject—Concepeion, earthquake and elevation
o Viirisiim gras evation o, upraised shlls, earth of marine

dual ise of the l —Coaunmo,
et et s e a/m(l'rme arigin, their inclination,
their escarpments not horizontal—Guasco, gravel terraces of— e
—Prwv— Upraised shells of Cobija, Iquique, and Arica—Li
beds and sea-beach on San Lorenzo, Human remains, jaanl sarthen-
ware, earthquake debacle, recent subsidence—On the decay of upraised
shells—General summary.

CommxorG at the south and proceeding northward,
the first place at which I landed, was at Cape Tres
Montes, in lat. 46° 35'. Here, on the shores of Christ-
mas 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°), Byron ! 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
Chonos Archipelago, the island of Lemus (lat. 44° 30)
was, according to M. Coste? 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

1  Narrative of the Loss of the Wager.
# ¢ Comptes Rendus, October 1838, p. 706.
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of this archipelago, T 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 feet in thickness, I found a layer of sand,
with numerous i of hell
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
Dy a talus, afew feet in height, covered with vegetation.
In one sheltered creek (west of P. Arena) instead of a
loose talus, there was a bare sloping bank of tertiary
mudstone, perforated, above the line 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, T observed (as at Pudeto) a great beach,
formed of comminuted shells, twenty feet above the
present shore. In other parts, again, there were small
caves worn into the foot of the low cliffs, and 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
containing fragments of shells and legs of crabs, from
eight to ten feet above high-water mark. From these
several facts, and from the appearance 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
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earthquake, but no particular change of level was then
observed; from the habits of the people who all keep
boats in the protected ereeks, it is absolutely impossible
that a rise of four feet could have taken place suddenly
and been unperceived. Mr. Williams believes that the
change has been quite gradual. Without the elevatory
movement continues at a quick rate, there can be no
doubt that the sea will soon destroy the talus of earth
at the foot of the cliffs round the bay, and will then
Teach its former lateral extension, 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.

1 received several aceounts of beds of shells, existing
at considerable heights in the inland parts of Chiloe
and to one of these, near Catiman, I was guided by a
countryman. Here, on the south side of the peninsula
of Lacuy, there was an immense bed of the Venus
costellata and of an oyster, lying on the summit-edge
of a piece of table land, 350 feet (by the barometer)
above the level of the sea. The shells were closely
packed together, embedded in and covered by, a very
black, damp peaty mould, two or three feet in thick-
ness, out of which a forest of great trees was growing.
Considering the nature and dampness 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. | did not doubt
that the black soil, which, when dry, cakes hard, was
entirely of terrestrial origin, but on examining it under
the microscope, 1 found many very minute rounded
fragments of shells, amongst which I could distinguish
bits of serpulwe and mussels. The Venus costellata,
and the ostrea (0. edulis, according to Captain King)
are now the commonest shells in the adjoining bays.
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Tn a bed of shells, a few feet below the 350 feet bed, T
found a horn of the little Cervus humilis, which now
inhabits Chiloe.

The eastern or inland side of Chiloe, with its many
adjacent islets, consists of tertiary and boulder deposits,
worn into irregular plains 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 Chiloensis; the
species now most abundant on this line of coast. As
the inhabitants carry immense numbers of these shells
inland, the continuity of the bed at the same height
was often the only means of recognising its natural
origin. Near Castro, on each side of the creek and
rivulet of the Gambon, 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 seen along other parts of
the coast. There can be no doubt that their three
escarpments record pauses in the elevation of the
island. I may remark that several promontories have
the word Huapi, which signifies in the Indian tongue,
island, appended to them, such as Huapilinao, Huapi-
lacuy, Caucahuapi, ete. ; and these, according to Indian
traditions, once existed as islands. Iu the same manner
the term Pulo in Sumatra is appended! to the names
of promontories, traditionally said to have been islands;
in Sumatra, as in Chiloe, there are upraised recent
shells. The Bay of Carelmapu, on the mainland north

* Marsden's *Sumatra, p. 31.
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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 elevation ; but in a bed of very soft sandstone,
forming a fringe-like plain, about sixty feet in height,
round the bills of mica-slate, there are shells of Mytilus,
Crepidula, Solen, Novaculina, and Cytherea, too im-
perfect to be - specifically recognised. At Imperial,
seventy miles north of Valdivia, Agiierros? 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.
Concepeion.—I cannot add anything to the excellent
account by Captain FitzRoy of the elevation of the
land at this place, which accompanied the earthquake
of 1835. I will only recall to the recollection 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 districts. ~Great beds of mussels,
patelle, 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.

 *Deseripeion Hist. do Ia Provincia do Chilo&’ p. 78. From the
account given by the old Spanish writers, it would appear that several
other harbours, betrween this point and Concepeion, were formerly much
deeper than they now are.

* ¢ Deseripe. Hist.' p. 25.

3 Voyay dventure and Beagle,’ vol. ii. p. 415.

* Ibid. vol. ii. p. 412 et seg. In vol. v. (p. 601) of the *Geological
Transactions,’ I have given an account of the remarkable volcanic
phenomena, which accompanied this carthquake. These phenomena
appear to mo to prove that the action, by which largo tracts of land
aro uplifted, and by which voleanic eruptions are produced, is in every
respect identical.
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Tt appears from the rescarches of Capt. FitzRoy that
both the island of St. Mary and Concepeion (which was
uplifted only four or five feet) in the course of some
weeks subsided, and lost part of their first elevation.
1 will only add as a lesson of caution, that round the
sandy shores of fhe great Bay of Concepeion, it was
most difficult, owing to the obliterating effects of the
great accompanying wave, to recognise any distinct
evidence of this considerable upheaval ; one spot must
be excepted, where there was a detached rock which
Defore the earthquake had always been covered by the
sea, but afterwards was left uncovered.

On the istand of Quiriquina (in the Bay of Concep-
cion), T found, at an estimated height of 400 feet,
extensive layers of shells, mostly comminuted, but some
perfectly preserved and closely pucked in black vege-
table mould ; they consisted of Concholepas, Fissurella,
Mytilus, Trochus, and Balanus. Some of these layers
of shells rested on a thick bed of bright-red, dry, friable
earth, capping the surface of the tertiary sandstone,
and extending, as I observed whilst sailing along the
coast, for 150 miles southward : at Valparaiso, we shall
presently see that a similar red carthy mass, though
quite like terrestrial mould, is really in chief part ot
Tecent, marine origin, On the flanks of this island of
Quiriquina, at a less 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 Concepeion, Mr. Kent, the assistant-
surgeon, was so kind as to make for me some measure-
ments with the barometer: he found many marine
remains along the shores of the whole bay, at a height
of about twenty feet; and from the hill of Sentinella
behind Talcahuano, at the height of 160 feet, he col-
lected numerous shells, packed together close beneath
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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 collection, made during Capt. Beechey’s expedi-
tion, and ascertained that they consisted of ten recent
species, associated with fragments of Echini, crabs, and
Flustree; some of these remains were estimated by
Lieut. Belcher to lie at the height of nearly a 1,000 feet
above the level of the sea.! In some places round the
Tay, Mr. Kent observed that there were beds formed
exclusively of the Mytilus Chiloensis : this species now
lives in parts never uncovered by the tides. At con-
siderable heights, Mr. Kent found only a few shels 5
but from the summit of one hill, 625 feet high, he
brought me specimens of the Concholepas, Myfilus
Chiloensis, and a Turbo. These sheils were softer and
more brittle than those from the height of 164 feet ;
and these latter had obviously a much more aucient
appearance than the same species from the height. of
only twenty feet.

Coast north of Concepeion.—The first point exam-
ined was at the mouth of the Rapel (160 miles N. of
Coneepcion and sixty miles 8. of Valparaiso), where T
observed a few shells at the height of 100 feet, and
some barnacles adhering to the rocks three or four feet
above the highest tides: M. Gay? found here recent

3 < Zoology of Capt. Beechey's Voyage, p. 162,
? ¢ Annales des Scienc. Nat." Avril 1833.
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shells at the distance of two leagues from the shore.
Inland there are some wide, gravel-capped plains, inter-
sected by many broad, flat-bottomed valleys (now carry-
ing insignificant streamlets) with their sides cut into
successive wall-like escarpments, rising onme 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-consts,
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’ comminuted, 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 (Quebrada Onda, on the road
to Casa Blanca), at the distance of several miles from
the coast, T 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
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shells, about fourteen or fifteen feet above high-water
‘mark, may be observed; and at this level the coast-
rocks, where precipitous, are correded in a band. At
ome spot, Mr. Alison, by removing some birds’ dung,
found at this same level barnacles adhering to the rocks.
For several miles southward of the bay, almost every
flat little headland, between the heights of 60 and 230
feet (measured by the barometer), is smoothly coated
Dy a thick mass of comminuted shells, of the same
species, and apparently in the same_ proportional num-
bers with those existing in the adjoining sea. The
Concholepas is much the most abundant, and the best
preserved shell; but I extracted perfectly preserved

imens of the a Trochus and
Balanus (both well known, but according to Mr. Sowerby
yet unnamed) and parts of the Mytilus Chiloensis.
Most of these shells, as well as an encrusting Nullipora,
partially retain their colour; but they are brittle, and
often stained red from the underlying brecciated mass
of primary rocks ; some are packed together, either in
black or reddish mould; some lie loose on the bare
rocky surfaces. The total number of these shells is
immense; they are less numerous, though still far from
rare, up a height of 1,000 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 Con-
cholepas, Trochus, Patelle, Crepidulw, and of Mytilus
Magellanicus (?):" several of these shells were under
a quarter of an inch in their greatest diameter. My

! Mr. Cuming informs me that he docs mot think this species
identical with,thovgh closely rsembling the true M. Magelanios of
the southorn and eastern coast of South Ameriea ; it lives abundantly
on the coast of Chilo.
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attention 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 5 nor could some of the species
have adhered when alive to other larger shells. On
another hill, some miles distant, and 648 feet high, T
found shells of the Concholepas and Trochus, perfect,
though very old, with fragments 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 ahill 1,000 feet high. Above
this height, shells became very rare, though on a hill
1,300 feet high,! 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 en-
larged ; 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
earth, 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 spines, mouth-
bones and shells of Echini, and of minute fragments,

barometer: the highest point in the range
behmd Vulpsmmo l (n\md to be 1828 feet above the level of Lhn

R
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of chiefly very young Patelle, 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
T 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 Concepeion, 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 con-
sidered of purely 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 productions, 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 embedded, to that which lower
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down can be unequivocally shown to be in great part
formed from the débris of the sea animals.!

With respect to the position in which the shells lie,
I was repeatedly struck here, at Concepeion, and at
other places, with the frequency of their oceurrence on
the summits and edges cither of separate hills, or of
little flat headlands often inati ipi
over the sea. The several above-enumerated species of
Mollusca, which are found strewed on the surface. of
the land from a fow feet above the level of the sea up
to the height of 1,300 feet, all now live either on the
beach, or at only a few fathoms’ depth : Mr. Edmonston,
in a letter to Prof. E. Forbes, states that in dredging
in the Bay of Valparaiso, he found the common specics
of Concholepas, Fissurella, Trochus, Monoceros, Chi-
tons, &e. living in abundance from the beach to a depth
of seven fathoms ; and dead shells ocourred only a few
fathoms deeper. The common Turritella 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. Considering this fact of
the species being all littoral or sub-littoral, considering
their occurrence at various heights, their vast numbers,
and their generally comminuted state, there can be
little doubt that they were left on successive beach-lines

! In the *Proceedings of the Geolog. Soe. vol. ii. p. 446, T have

account of the upraised shells on the coast of Chile, and
have there stated_that the proofs of elevation are not satisfactory Above
the height of 230 foet. I had at that timo unfortunately overlooked 4
separate page written during my second visit to Val
the shells now in my possession from the 557 feet hill; T had ot then
unpacked my collections, and had not rocousidered the obvious appear-
ance of greater antiquity of the shells from the greater hoights, nor had
1 at that time discovered the marine origin of tho earth in which many
of the shells are packed. ~Considering these facts, I do not now feel &
shadow of doub, that, the shells, at, the height of 1,300 feet, have been
upraised by natural causes into their prosent position.

»2
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during a gradual elevation of the land. The presence,
however, of so many whole and perfectly preserved
shells appears at first a difficulty on this view, consider-
ing 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 elevation of the land they were never again
touched by the waves, or, that during earthquakes, such
as those of 1822, 1835, and 1837, 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 one with respect to the beds
at Concepcion entirely composed of the Mytilus Chi-
Toensis, 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 I 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 protects
its own accumulations, might be upraised by the slowest
‘movement, and yet remain undisturbed by the waves of
each new beach-line.

1t is worthy of remark, that nowhere near Valparaiso
above the height of twenty feet, or rarely of fifty feet,
I saw any lines of erosion 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
300 feet above the sea, he found a succession of rather
indistinct step-formed beaches, composed of broken
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shells, which together covered a space of about eighty
feet vertical.

Ican add nothing to the accounts already published
of the elevation of the land at Valparaiso, which ac-
companied the earthquake of 1822: but T heard it
confidently asserted, that a sentinel on duty, immedi-
ately after the shock, saw a part of a fort, which pre-
viously 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 collected by Mr.
Alison, that only the eastern half of the bay was then
elevated. Through the kindness of this same gentle-
man, L am able to give an interesting account of the
changes of level, which have supervened here within
historical 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 houses 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
seaward side of this wall, and between it and the beach,
in oné 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

i simply to the ion of detritus; for
a resident engineer 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

! Dr. Moyen (¢ Reise um Erde,’ Th. L s. 221) found in 1831 sea-
weed and other bodies still adhering to some rocks which during the
shock of 1822 were lifted above the sea.
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the sca 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 inhabitants, it appears certain that the change in
level began to be manifest about the year 1817, The
only sudden elevation of which there is any record
oceurred in 1822, and this seems to have been less than
three feet. Since that year, I was assured by several
competent observers, that part of an old wreck, which
is firmly embedded mear 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 Coquimbo.—For the first seventy-
five miles north of Valparaiso T followed the coast-road,
and throughout this space I observed innumerable
masses of upraised shells. About Quintero there are
immense accumulations (worked for lime) of the Meso-
desma 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 : T here noticed barnacles adhering to the rocks
three or four feet above the highest tides. In the

! <Travels in Chile’ ol i pp. 468, 205. 1 meeived severslsimilax
inhabitants, and was assured that there

$Hallkion tplale bl OhaTElanias oy Vi gassita s A
he height of 300 it
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neighbourhood of Plazilla and Catapileo, at heights of
between 200 and 300 feet, the number of comminuted
shells, with some perfect ones, especially of the Meso-
desma, 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 indenting 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 gravel-plain 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 terraces
were strewed with vast numbers of the Concholepas,
Mesodesma, 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 furrgwed by dry, flat-bottomed, winding valleys.
Northward of this place I turned inward ; 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
1-capped plains, g the coast tai
ranges from the Cordillers,

Coquimbo.

A narrow fringe-like plain, gently inclined towards
the sea, here extends for eleven miles along the coast,
with arms stretching up between the coast-mountains,
and likewise up the valley of Coquimbo: at its southern
extremity it is directly comnected with the plain of
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Limari, out of which hills abruptly rise like islets, and
other hills project like headlands on a const. 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 uppermost calcareous layer is cream-
coloured, compact, smooth-fractured, sub-stalactiform,
and contains some sand, earthy matter, and recent shells.
It lies on, and sends wedge-like veins into,' a much’
more friable, calcareous, tufi-like variety; and both
Test 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 losa, and is used
for building: in many parts it is divided into strata,
which dip at an angle of ten degrees seaward, and ap-
pear 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 con-
tained minute rounded fragments of shells which have

! In many respects this upper hard, and the underlying moro
friable nneuu. rsemble the great, superfcal beds at King George's
Sound in Australia, which I havo desribed in Chapter VIL p. 161.
Thero wnld e i doab, ther upper layers thero have been

action_ of rain on the friable calcareous matter, and
that fhe whila kms hab segimetad in tho dosay of mimuisly commi-
nuted seashells and corale,

@ The Complete Work of Charles Darwin Online



e . Elevation of Coguimbo. 249

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. Vonus opaca. 6. Monoceros costatum.

2. Mulins Byrosonsa 7. Concholepas Peruviana.
3. Pecten purpurat 8 Trosiu (cemumon Valpa:
Ry raiso species).

5. Turritella cingulata. 9. Celyptran Byronasis

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. I found only one 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 Calyptrea radians, of which
1 did not find one in the calcareous beds. I will mot
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 nature between the
present sandy beaches and the calcareous bottom, on
which the embedded shells must have lived.

On the bare surface of the calcareous 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 than the embedded ones :
of the Concholepas, and of the common Mytilus, still
retaining a tinge of its colour, were numerous, and
altogether there was manifestly 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 seaward

* 1 have already had occasion to describe this rock in Chapter VIL
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escarpment of the plain, the included shells appeared to
be in exactly the same proportional numbers with those
on the beach. On one side of a steep-sided ravine,
cutting through the plain behind Herradura Bay, T
observed a narrow strip of stratified sand, containing
similar shells in similar proportional numbers : a section
of the ravine s represented in the following diagram,
which serves also to show the general composition of the

lain. I 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.

No. 22.
Section of Plain of Coguimbo.
B Surface of plain 232 foet above sea. B

Tevel of sea,
Steatied sand,with recent shells s propertions a5 on ehe b, bl ling

Surfaceof plin with sattered shell n nearly samo proportons s an the beach.
Upper calciroons Wih rocent shels, bt o n saime proper.
Lo s canty b (L. | o o ot b

e Tty i ey s, | i, o el i, oxtnct
o e }

sroen P

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 ter-
races, one of which at Herradura Bay expands into a
small plain. Its surface was there formed of gravel,
cemented together by calcareous matter ; and out of it
1 extracted the following recent shells, which are in
a more perfect condition than those from the upper
plain:—
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1. Calyptriea radians.

9. Amphidesma rugulosum, The
2. Turritella cingulata.

small_irregular wrinkles of the

B (G with » ving
" species).

6. Solen Dombeiana.

7. Pecten purpuratus.

8. Vonus Ghilonsis.

Tecent specimens of this species
from  Coquimbo. (G. B.

Sowerby.
10. Balanus (identieal with living
species).

On the syenitic ridge, which forms the southern
houndmy of Hermdu.m Bay and Plain, I found the
an lata (mostly in frag-
ments), at the he.gm of 242 feet above the sea. I could
not have told that these shells had not formerly been
brought up by man, if [ had not found one very small
mass of them cemented together in a friable calcareous
tuff. T mention this fact more particularly, because T
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 inex-
plicable, is an argument of very little weight in opposi-
tion to other evidence on the recent elevation of the
land. The highest point in this neighbourhood at which
T 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 sudden change of level has been
observed during the not very severe earthquakes, which
have oceasionally occurred here, the rising has probably
been slow, like that now, or quite lately, in progress at
Chiloe and at Valparaiso : there are three well-known
rocks, called the Pelicans, which in 1710, according to

1 «Proceedings of the Geologieal Society,’ vol. ii. p. 446.
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Feuillée, were & flowr d’eau, 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. Caldeleugh, T 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 narrow 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 appear-
ance, and have been compared (though not very cor-
rectly) by Capt. Basil Hall, to the parallel roads of Glen
Roy in Scotland : their origin has been ably discussed
by Mr. Lyell! The first section which I will give, is
not drawn across the valley, but in an east and west

No. 23.
Bt WestScin i e Tomcs s Conine, e ey b frm

o Valley, and front the

@
Wi @ ;
.4 ©)
Dttt @) o
1 B i 25 feet.
il iyl
ot Tovn ot Goplabe.

‘Vertical scale fyth f inch to 100 feet : horizontal scale much contracted.

line at its mouth, where the step-formed terraces de-
bouch and present their very gently inclined surfaces
towards the Pacific.

* “Principlesof Geology’ (1st edit.), vol. ii. p. 181,
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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.

Plain 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 ter-
races, one above the other, evidently corresponding with
(B)and (C); and on them marine remains of the species
already enumerated were plentiful. Terrace (E) is very
narrow, but quite distinet and level ; a little southward
of the town there were traces of a terrace (D) inter-
mediate between (E) and (C). Terrace (F) 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 calca-
reous matter. This greater height is obviously due to
the quantity of shingle, which at some former period
has been brought down the great valley of Coquimbo.

Considering the many shells strewed over the ter-
races (A) (B) and (C), and a few miles southward on
the calcareous plain, which is continuously united with
the upper step-like plain (F), there cannot, T apprehend,
be any doubt, that these six terraces have been formed
by the action of the sea; and that their five escarp-
ments mark so many periods 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 gradual
and insensibly 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
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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 cliff-lines, is in another respect highly instructive,
for they show periods of comparative rest in the eleva-
tory movement, and of denudation, which would never
even have been suspected from a close examination of
many miles of coast southward of Coquimbo.

We 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 widt
from the bases of the bounding mountains it is from
three to four miles wide. The terraces marked with
an interrogative do not exist on that side of the valley,
but are introduced merely to render the diagram more
intelligible.

No. 24,
North and South Section across the Valey of Coquimbo.

North, South,

rE? Er

ncEAmcnf/"—J
Lt et in omlls SocbAon

Level of sea,

Vera sl 10 10 ool s o conrco

B e e o
i B on-the South side of valey, ar Tespectively, 197 37 and 420 foct above
e et

A& The bottom o the aley belivod, o be 100 feet abovo these. i is continc

Iy
B This terrace higher up the valley expunds considerably ; seaward it is soon lost,
escarpment being united with that of (C) : it is not developed at il on the

Fonh e of he vnll:
© This terrace ke the st s consideratly np-ﬂnd(-cn :‘f"" up the valley. Theso
D 15 not well developed in the line of this vard 1 expands fnto a
Blein e N e et o i i o o el Tk i, e
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B fs wel dovelopad an the eouth side,but abeent on tho norh tdeofthe e :
g mmnnnmmlly Cinited with. (8) of fhe forme

# W the sutac s, and s continuenly it with that wich diches
T - g lony the comt, T nacening the Ty 1 gradually bemes
eeower. s A Ik, ot e distae of about ton mils frots tho seh, educod

T oftactomedbaches o e e o the moumtains. None of the ower

These five terraces are formed of shingle and sand ;
three of them, as marked by Capt. Basil Hall (namely,
B, 0, and F), are much more conspicuous than the others.
From the marine remains copiously strewed at the
mouth of the valley on the lower terraces, and south-
ward 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 motice, at a dis-
tance 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 horizontal.—The surfaces of these terraces
slope in a slight degree, as shown by the last two sections
taken conjointly, both towards the centre of the valley,
and seawards towards its mouth. This double or
diagonal inclination, which is not the same in the
several terraces, is, as we shall immediately see, of
simple explanation. There are, however, some other
points which at first appear by no means obvious,—
namely, first, that each terrace, taken in its whole
breadth from the summit-edge of one escarpment to
the base of that above it, and followed up the valley, is
not horizontal; mor have the several terraces, when
followed up the valley, all the same inclination; thus
I found the terraces C, E, and ¥, 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
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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 escarpments,
it appears at first very surprising that horizontal lines
of some kind should niot have been left on the land.

The direction of the diagonal inclination in the
different terraces being different,—in some being direc-
ted 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 dif-
ferent, forms and sizes when the land stood at different
levels: for if we look to the actual beach of amarrow
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 seawar
hence as a bay alters in form and size, so will the direc-
tion of the inclination of its successive beaches become
changed.

If it were possible to trace any ome of the many
beach-lines, composing each sloping terrace, it would
of course be horizontal ; but the only lines of demarca-
tion 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
seawill 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

it-edge be higher; 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 clifi-
formed shores, one’s first impression is that they at least
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necessarily must be horizontal, if the elevation has heen
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 movement recommenees,
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
it has already been shown that the summit-edges of
each escarpment will generally be higher near the
mouth (from the seaward sloping land being there most,
exposed. and cut 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 observed this thinning out of the
successive escarpment at other places besides Coquimbo ;
and for a long time I was quite unable to understand
its meaning. The following rude diagram will perhaps
render what I mean more intelligible; it represents a
by 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
s
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emerged; but in the upper parts of the bay it is
supposed soon to have lost this power, owing to the more

protected situation and to the quantity of detritus
brought 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 com-
plicated, suddenly converted into a valley: the basal
Tine 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 whilst the
low land was accumulating at the foot of the inland
clifis. 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
gradually to fail to reach the cliffs, which are now in
the diagram represented as washed by the sea, and
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which, consequently, will be left standing higher and
higher above its leve ; whilst at the still exposed mouth,
it might well happen that the waves might be enabled
to cut deeper and deeper, both down and into the cliffs,
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, wilt
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 protection afforded by their altered forms, o will a
greater or less extent of terrace be accumulated in the
upper part, to which there will be no surface at a cor-
responding level at the mouth: hence we can perceive
why no one terrace, taken in its whole breadth and
followed up the valley, is horizontal, though each
separate beach-line must have been so; 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 T
was long perplexed (and others have felt the same
difficulty) in understanding how, on the idea of an
equable elevation with the sea at intervals eating into
the land, it came that neither the terraces nor the upper
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 be checked and

52
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conquered by the elevatory movement, as often as it
recommences, at abont. the same period ; and henco the
‘terraces, or beach-lines, will
eing formed at nearly the same levels: at each suc-
ceeding period of rest, they will, also, be eaten into at
nearly the same rate, 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 Seotland,! a distinet 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 intervening periods of rest ;
whereas in the case of step-formed coasts, such as those
described in this and the preceding chapter, the terraces
themselves are accumnulated during the slow elevatory
process, the accumulation commencing sooner in pro-
tected 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, more-
 over, 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 sus-
1 “Philosophical Transactions,’ 1839, p. 39.
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pectied, from the considerable seaward 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,! 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, between five
and seven feet, 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 eleva-
tion on the coast and in the interior, varied at different
periods.

Coquimbo to Guasco—Tn this distance of ninety
miles, T found in almost every part marine shells up to
a height of apparently from 200 to 300 feet. The
desert plain near Choros is thus covered ; it is bounded
by the escarpment of a higher plain, consisting of pale-
coloured, earthy, calcareous stone, like that of Coquimb,
with the same recent shells embedded in it. In the
valley of Chafieral, a similar bed occurs in which, dif-
ferently from that of Coquimbo, T 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 displayed in a more striking manner than at
any other point. I followed the valley for thirty-seven
miles (as reckoned by the inhabitants) from the coast
to Ballenar : in nearly the whole of this distance, five

1 Mr. Place, in the * Quarterly Journal of Science,’ 1824, vol. xvil.
2

P42
* «Voyages do la Comm. du Nord, &e.: also, * Comptes Rendus,’
Oct. 1842

@ The Complete Work of Charles Darwin Online



262 Gravel-Terraces of Guasco. PART 1T

PUIIINE e e T
both sides of the broad valley, are more conspicuous
than the three best developed ones at Coquimbo. They
give to the landseape the most singular and formal
aspect; and when the clouds hung low, hiding the
neighbouring mountains, the valley resembled in the
most striking manner that of Santa Cruz. The whole
thickness of these terraces or plains seems composed of
gravel, rather firmly together, with occasional
parting seams of clay: the pebbles on the upper plain
are often white-washed with an albuminous substance,
as in Patagonia. . Near the coast I observed many sea-
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 300 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 distinet 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 consider-
ably higher than those at Coquimbo. Their width
varies much, sometimes being very broad, and some-
times 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 river), the valley between
the summit-edges of the highest escarpment is several
wiles in width, and the five terraces on both sides are
broadly developed : the highest cannot be less than
600 feet above the bed of the river, which itself must,
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1 conceive, be some hundred feet above the sea. A
north and south section across the valley in this part is
here represented.
No. 26.
1 Bt Soc tho Volly o Guaso, sndof

M B A River of Guaseo.

Town of Ballenar,

On the northern side of the valley the summit-plain
of gravel (A) 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 escarpment, 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 clifis. Whether the
several escarpments in this valley were formed during
the same stationary periods with those of Coquimbo,
T will not pretend to conjecture ; but if so, the inter-
vening and subsequent elevatory movements must have
been here much more energetic, for these plains cer-
tainly stand at a much higher level than do those of
Coquimbo.

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, Venuus Dombeyi,
and Calyptrao. trochiformis. A little inland, on a
plain estimated by myself at nearly 300 feet, the upper

1 ¢ Reise um die Erde,’ Th. 1, 5. 372, et seq.
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stratum was formed of broken shells and sand cemented
by white calcareous matter, and abounding with em-
bedded 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
valley of Copiapo is much less steeply inclined and less
direct in its course than any other valley which I saw
in Chile ; and its bottom does not generally consist of
gravel : there are no step-formed terraces in i, except at
one spot mear 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 T 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
Wafer! found immense numbers of sea-shells some
miles from the coast. At Cobija (lat. 22° 34), M.
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, Calyptraea, Fissurella,
and Patella, still attached to the spots on which they
bad lived. M. d'Orbigny argues from this fact, that
the elevation must have been great and sudden:? to

2 Burnett's ¢ Collection of Voyages,

. vol. iv. p. 103.
* Voyage. Part. Giolog” p. 94 M. d'Orbigny (p. 98) in sum-
ming up, says, *Sil est cortain (as he believes) que tous les terrains en

was forming the beach at the foot of the mountains, many shells of
Concholepas, Chiton, Calyptra, Fissurclla, and Patella (which aro
nown to live close to the beach), ware attached to rocks at a depth of
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me it appears far more probable that the movement
was gradual, with small starts as during the earth-
quakes 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, I observed many large sea-shells which I
thought could not have been blown up by the wind to
that height. Mr. J. H. Blake has lately ! described
these shells: he states that ¢inland toward the moun-
tains they form a compact uniform bed, scarcely a trace
of the original shells being discernible; 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 18° 287), M.
Orbigny? found a great range of sand-dunes, four-
teen leagues in length, stretching towards Tacna, in-
cluding recent shells and bones of Cetacea, and reach-
ing 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 terraces, on the bare rock of which
he found Balini and Millepore adhering. At the

800 fct, ond.at o depth of 600 fot sever of theso samo shlls wero
accumaling ingreat numbersin hrizonal beds, From t 1 have
this to bo improbable in e highest
degree, if not impossibl ud 1 k.l.\mk every one who has read Prof.
Forbes's excellont, researches on tho subject, will without hesitation
agree in this conclusion.
2 Silimar'y‘ Amer. Jour o Seence; vol. 2liv. p. 2
2 ‘Voyage,’ &e. p.
AR L)e!l “Geolog. Proe. vol. ii. p. 179.
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height of between twenty snd thirty foet 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 Loquimbo and
Moquegua, Mr. M. Hamilton' found numerous recent
sea-shells in sand, ata 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 near
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 1,000 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 described 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 next upper escarpment, is covered by an
enormous accumulation of recent shells.? The bed is
level, and in some parts more than two feet in thick-
ness; I 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 strati-
fied ; 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
underlying sandstone, sometimes cemented together by

§ din. Now Phil Jour vol. xxx.p 155,

* M. Chevalier, in the * V ¢ Borite! observed theseshlls;
bt his specimens wero loct.— L Tnetitut, 1898, p. 1
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common salt. I collected eighteen species of shells of
all agesand sizes. Several of the univalves had evi-
dently long lain dead at the bottom of the sea, for
their insides were incrusted with Balani and Serpule.
All, according to Mr. G. B. Sowerby, are recent species :
they consist of—

Fissurella ﬂﬁ’ims Gray

adinta, Trombly.
Purgura choealatt, Duclos.
. — Pern

1. Mytilus Magellanicus : samoss
ihat found at Valparaiso, and
thero stated to be probably
distinct, from the true M.
Magellanicus of th east coast. | 11. — labiata, Gray.

Era.m:'

2. Venus cuatelhtu, Sowb. ¢ Zool. | 12. —— buxea (Murex, Brod.).
13. Conchole s Peruviana.
3" Pecten purpuratus, 14, Nassa, related to reticulate.

" 4. Chama,  probably e atata, | 15 Do rodls B

16, Trochus, not yet docribed, but

3 Ol e B kit e well known and very common.

6. —— radians (Trochus, | 17 and 18. Balanus, two species,
Tam.) both common on the const.

These upraised shells appear to be mearly in the
same proportional numbers—with the exception of
the Crepidulze 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 corroded, brittle, and bleached : the upper and
lower surfaces of the Concholepas had generally quite
scaled off: some of the Trochi and Fissurell still
partially retain 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 certainly a more ancient ap-
pearance than those from 500 to 600 feet from Valparaiso
and Concepeion : at which places I have seen grass and
other vegetables actually growing out of the shells.
Many of the univalves here at San Lorenzo were filled
and unitéd together by pure salt, probably left by the
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evaporation of the sea-spray, as the land slowly emerged.!
On the highest parts of the 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.—TIn the midst of
these shells on San Lorenzo, 1 found light corallines,
the horny ovule-cases of Mollusca, roots of sea-weed,!
bones of birds, the heads of [ndian corn and other
vegetable matter, a piece of woven rushes, and another
of nearly decayed cotton string. 1 extracted these re-
mains 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 house of an antiquary, with similar objects,
taken from the Huacas or burial.grounds of the ancient
Peruvians, and they were undistinguishable ; it should
be observed that the Peruvians used string only of
cotton. The small quantity of sand or gravel with the
shells, the absence of large stones, the width and thick-
ness of the bed, and the time requisite for a ledge to

The underlying sandstono contains true layers! of salt; so that
the salt may possibly have come from the beds in the higher parts
of the island; but 1 think more probably from the sea-spray. It is
generally sseted that. rain nevor flls o the eoust of Poru; Lt this
s mot quite aceurate; for, o several days, during our visit, the so-
callad Beravian deow 11 in. suffciont qmatity th mako the stests
muddy, and it would eertainly have washed so deliquescent a substanco
a8 salt into the soil. 1 state this because M. dOrbigny, in discussing
an sowlogous sbect, supposes that  had forgoten that it nover maing
on this whole line of coast. See Ullow’s * Voyage” (vol. ii. ‘ Eng. Trans.’

intervals even in the driest districts, as, for instance, d\mng rty days,
in 1726, at Chocope (7° 46); this rain entirely ruined (*Ulloa, &e.
- 18) the mu-bouse o the Inbabitanis
r. Smith of Jordaubill found of sea-weed in an upraised
E'Iexatmna deposit in Scotland. See st Paper in the * Edin.
ew Phil. Journal, vol. xxv. p. 384
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b cut into the sandstone, all. show that. these remains
were not. thrown high up by an earthquake-wave : on
the other hand, these facts, together with the number
of dead shells, and of floating objects, both marine and
terrestrial, both natural and human, render it almost
certain that they were accumulated on a true beach,
since upraised eighty-five feet, and upraised this much
since Indian man inhabited Peru. The elevation
may have been, either by several small sudden starts,
or quite gradual ; in this latter case the wnrolled shells
having been thrown up during gales beyond the reach
of the waves which afterwards broke on the slowly
emerging land. I have made these remarks, chiefly
because I was at first surprised at the complete differ-
ence 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 in-
clined rocky surface, at a period when the sea (probable
owing to the elevatory movement in process) was not
able to eat into the land.  With respeot to the mass of
nearly angular, salt of sandst;
which lie under the she]ls, and which are so unlike the
materials of an ordinary sea-beach ; I think it probable
after having seen the remarkable effects ! of the earth-
quake of 1835, in absolutely shattering as if by gun-
powder the surface of the primary rocks near Concepeion,
that a smooth bare surface of stone was left by the sea
covered by the shelly mass, and that afterwards when
upraised, it was superficially shattered by the severe
shocks so often experienced here.

T have deseribed these effects in my Journal of Researches, p.
303; 20d edit., 1845.
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The very low land surrounding the town of Callao,
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 feet. 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 irregular layers of fine
gravel, and very many pieces of red coarse earthenware,
which from their curvatures must once have formed
parts of large vessels. The earthenware is of Indian
manufacture ; and I found exactly similar pieces acei-
dentally included within the bricks, of which the neigh-
bouring ancient Peruvian burial-mounds are built.
These fragments abounded in such numbers in certain
spots, that it appeared as if waggon-loads of earthen-
ware had been smashed to pieces. The broken 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
oceasionally 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,
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there were two sections, at right angles to each other,
of the floor of a shed or building. In both sections or
faces, two Tows, one over the other, of large round stones
could be distinetly seen; they were packed close to-
gether 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 manufacture, that
the kilns stood here.

The smoothness and wide extent of the plain, the
bulk of matter deposited, and the obscure traces
stratification seem to indicate that the loam was de-
posited 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 height of the plain,
namely, 120 feet, renders it improbable that an earth-
quake-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 district, such
an event might well have occurred ; and if we may fur-
ther suppose, that the plain was at that time converted
into a temporary lake, as actually occurred, during the
earthquakes of 1713 and 1746, in the case of the low
land round Callao owing to its being encircled by a
high shingle-beach, all the appearances above described
will be perfectly esplained. I must add, that at a
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lower level near the point where the present low land
round Callao joins the higher plain, there are appear-
ances of two distinet 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 heen
formed after the settlement of the Spaniards: accord-
ing to Acosta, the earthquake-wave of 1586 rose eighty-
four feet.

The inhabitants of Callao do not believe, as far as T
could ascertain, that any change in level is now in pro-
gress, The great fragments of brickwork, which it is
asserted can be seen at the bottom of the sea, and which
have been adduced as a proof of a late subsidence, are,
as I am informed by Mr. Gill, a resident engineer,
loose fragments ; this is probable, for I found on the
beach, and not near the remains of any building, masses
of brickwork, 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 Old Callao stand, is
s0 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 com-
parison of old with modern charts, that the coast both
south and north of Callao has subsided. I have shown
that the island of San Lorenzo has been upraised eighty-
five feet since the Peruvians inhabited this country ;
and whatever may have been the amount of recent sub-
sidence, by so much more must the elevation have ex-
coeded the eighty-five feet. In several places? in this

1 T amindebted for this fact to Dr. E. Dieffenbach. I may add that
there is & tradition, that the islands of San Lorenzo and Fronton wero
once joined, and that the channel between 8. Lorenzo and the mainland,
now above two miles in width, was o narrow that cattle used to swim
over.

# ¢ Observaciones sobre el Clima del Lima,’ par Dr. H. Unante,
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neighbourhood, marks of sea-action have been observed :
Ulloa gives a detailed account of such appearances at a
point five leagues northward of Callao: Mr. Cruikshank
found near Lima successive lines of sea-cliffs, with
rounded blocks at their bases, at a height of 700 feet
above the present level of the sea.

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 pecu-
liar manner, and that they have a much more ancient
appearance than the same species at considerably greater
heights on the coast of Chile. I have, also, stated that
these shells in the upper part of the ledge, at the height
of “eighty-five feet above the sea, are falling, and in
some parts are quite changed into a fine, soft, saline, cal-
careous powder. The finest part of this powder has been
analysed for me, at the request of Sir H. De la Beche,
by the kindness of Mr. Trenham Reeks of the Museum
of Economic Geology ; it consists of carbonate of lime
in abundance, of sulphate and muriate of lime, and of
muriate and sulphate of soda. The carbonate of lime
is obviously derived from the shells ; and common salt
is so abundant in parts of the hed, that, as before
remarked, 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 con-
clude from the following facts, through a different
means.

Ullon's * Voyage,’ vol. ii. ‘ Eng. Trans.' p. 97.—] r.
bumm.u, see M. Lyell's ‘PnnuplelufGev‘ngy (st pir ),

vol. iii.
B ioeinicn oo 4 ek fcrustaton ' TP
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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 fragments
of sandstone and under about, four inches of earth, which
powder, from its close resemblance in nature to the
upper and most decayed parts of the shelly mass, I can
hardly doubt originally existed as a bed of shells, now
much eollapsed and quite disintegrated. I could not
discover with the microscope a trace of organic structure
in it but its chemical constituents, according to Mr.
Reeks, are the same as in the powder extracted from
amongst the decaying shells on the lower ledge, with
the marked exception that the carbonate of lime is
present in only very small quantity. On the third and
highest ledge, I observed some of this powder in a
similar position, and likewise occasionally in small
patches at considerably greater heights near the summit
of the island. At Iquique, where the whole face of the
country is covered by a highly saliferous alluvium, and
where the climate is extremely dry, we have seen that,
according to Mr. Blake, the shells which are perfect
near the beach become, in ascending, gradually less
and less perfect, until scarcely a trace of their original
structure can be discovered. It is known that car-
bonate of lime and common salt left in a mass together,!
and slightly moistened, partially decompose each other:
now we have at San Lorenzo and at Iquique, in the
shells and salt packed together, and occasionally mois-

* T am informed by Dr. Kane, through Mr. Resks, that a manufuc-
tory was established on this principle in an, h t failed from the
sl quaatiy of carbouate of soda produced, Sprengl (‘Gardeners
Chron.’ 1845, p. 157) states, that salt and mrbonnlu of lime are liable
to mutual decomposition in the soil. - Sir H. De la Becho informs me,
ﬂu&mlumn washed by the spray of the sea, are often cor-

a peculiar manner; see also on this latter subject * Gardeners'
ety b 875, 1844.
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tened by the so-called Peruvian dew, the proper elements
for this action. We can thus understand the peculiar
corroded appearance of the shells on San Lorenzo, and
the great decrease of quantity in the carbonate of lime
in the powder on the upper lodge. There is, however,
a great difficulty on this view, for the resultant salts
should be carbonate of soda and muriate of limes: the
Iatter is present, but not the carbonate of soda. Hence
Tam led to the perhaps unauthorised 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
unexpected 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 interest-
ing to know the mamner in which masses of shells,
gradually upraised above the sea-level, decay and finally
disappear.

Summary on the recent Elevation of the West
Coast of South America.—We have seen that upraised
‘marine remains oceur at intervals, and in some parts
almost continuously, from lat. 45° 35’ to 12° S., along
the shores of the Pacific. Thid isa distance, in a north
and south line, of 2,075 geographical miles. From
Byron’s observations, the elevation has no doubt extended
sixty miles farther south; and from the similarity in
the form of the country near Lima, it has probably
extended many leagues farther north.! Along this
great line of coast, besides the organic remains, there
are in very many parts, marks of erosion, caves, ancient

' I may take this oppommy of stating that in a MS. in the
Geological Soc. by Mr. Weaver, it is stated that beds of oysters and

other recent shells are found thirty foot albovo the lve of the sea, in
many parts of Tampico, in the Gulf of Mexi

T2
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beaches, sand-dunes, and successive terraces of gravel,
all above the present level of the sea. From the steep-
ness of the land on this side of the continent, shells
have rarely been found at greater distances inland than
from two to three leagues 3 but the marks of sea-action
are evident farther from the coast; for instance, in the
valley of Guaseo, at a distance of between thirty and
forty miles. 'Judging from the upraised shells alone,
the elevation in Chiloe has been 350 feet, at Concepcion
certainly 625 feet, and by estimation 1,000 feet; at
Valparaiso 1,300 feet ; at Coquimbo 252 feet ; north-
ward 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 Ci
ripedes; but their proportional numbers in the neigh-
bouring 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
Coquimbe this was more evident, all the shells being
existing species, but with those embedded in the upper-
most calcareous plain not approximating so closely in
‘proportional numbers, as do those that lie loose 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
now 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,
1 believe that the recent elevation there has been much
less than at Valparaiso, where it has been 1,300 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-
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probable, considering, first, the difference in the foree
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 Concepeion, having
been uplifted very unequally during the same earth-
quake. 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 know on what their rate of decay depends;
and at Coquimbo one instance out of many has been
given, of a promontory, which, from the occurrence of
one very small collection of lime-cemented shells, has
indisputably 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 Co-
quimbo, though abundant on the corresponding terraces
at its mouth, should be borne in mind.

There are other epochs, besides that of the existence
of recent 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 surface. 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 eleven 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,
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and in the course of 150 years has amounted to several
feet. The sudden small upheavals, accompanied by
earthquakes, as in 1822 at Valparaiso, in 1835 at Con-
cepeion, and in 1837 in the Chonos Archipelago, are
familiar to most geologists, but the gradual rising of
the coast of Chile has been hardly noticed ; it is, how-
ever, very important, as connecting together 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 coast of the continent, for at Port S. Julian,
in Patagonia, there is good evidence (as we shall here-
after 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 movement at Bahia Blanca is perhaps no ways
conncoted 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 Chile and Peru there
are marks of the action of the sea at successive heights
on the land, showing that the elevation has been inter-
rupted by periods of comparative rest in the upward
movement, and of denudation in the action of the sea.
These are plainest at Chiloe, where, in a height of about
500 feet, there are three escarpments,—at Coquimbo,
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where, in a height of 364 feet, thiere are five,—at Guasco,
where there are six, of which five may perhaps cor-
respond with those at Coquimbo, but if so, the subse-
quent 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 considerably greater heights. The
almost entire absence of ancient marks of sea-action at
defined levels along considerable spaces of coast, as near
Valparaiso and Coneepeion, 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
const-rocks. Seeing over how many hundred miles of
the coast of Patagonia, and on how many places on the
shotes of the Pacific, the elevatory process has been
d by periods of ive 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 iu the formation of the
escarpments, éspecially of those of Patagonia, it appears
that the periods of rest in the movement, and of denu-
dation of the land, have generally been very long. In
Patagonia, we have seen that the elevation has been
equable, and the periods of denudation synchronous
over very wide spaces of coast; on the shores of the
Pacific, owing to the terraces chiefly occurring in the
valleys, we have not equal means of judging on this
point ; and the very different heights of the upraised
shells at Coquimbo, Valparaiso, and Concepeion 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
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starts, such as those accompanying recent earthquakes,
or, as is most probable, by such starts conjointly with a
gradual upward movement, or by great and sudden
upheavals, I have no direct evidence. But as on the
eastern coast, I was led to think, from the analogy of
the last hundred feet of elevation in La Plata, and from
the nearly equal size of the pebbles over the entire
width of the terraces, and from the upraised shells
being all littoral species, that the elevation had been
gradual ; so do T on this western coast, from the analogy
of the movements now in progress, and from the vast
numbers of shells now living exclusively on or close to
the beach, which are strewed over the whole surface of
the land up to very considerable heights, conclude, that
the movement here also has been slow and gradual,
aided probably by small occasional starts. We know
at least that at Coquimbo, where five escarpments ocour
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 preserva-
tion 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 earthquakes.

Judging from the present action of the sea, along
the shores of the Pacific, on the deposits of its own
accumulation, 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
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breadth and height, and the present period is not one
of rest in the elevation and of contingent denudation ;
but if the rising be not prolonged at a quick rate, there
is every probability that the sea will soon regain its
former horizontal limits. I observed similar low slop-
ing fringes on several parts of the coast, both northward
of Valparaiso 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.
1t is from facts such as these that I have generally used
the term comparative rest, as applied to the elevation
of the land; the rest or cessation in the movement
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 mainland
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, 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 trace-
able, and that neither the terraces themselves nor the
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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 1,180 miles northward,
and on the Pacific for a space of 2,075 miles, Fora
length of 775 miles, they occur 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 south-
ernmost 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 S. Cruz, it is probable
that the southern part of the western coast, which was
mot visited by me, has been elevated within the period
of recent Mollusea: if so, the shores of the Pacific
have been continuously, recently, and in a geological
sense synchronously upraised, from Lima for a height of
2,480 nautical milessouthward,—a distance equal to that
from the Red Sea to the North Cape of Scandinavia !
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CHAPTER X.

ON THE PLAINS AND VALLEYS OF CHILE:—SALIFEROUS
SUPERFICIAL DEPOSITS.

Basin-like plains of Chile;, their drainage, their marine origin—DMarks
of sea-action on the eastern flanks of the Cordillera—Sloping terrace-
lite fringes of stratifcd shingle within the valleys of the Cordiller
their marine origin—Boulders in the valley of the Cachapual—Hori-
zontal elevation of the Cordillera—Formation of valleys—Boulders
moved by earthquake-waves—Saline superficial deposite—Bed of
itrate of soda at Iquique—Saline incrustations—Salt lakes of La
Plata and Patagonia ; purity of the salt; its origin.

Tin 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, cither of an almost

i mass of ins, or more ly of
several nearly 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 predominate.

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 1,750 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
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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,
occasionally including rounded boulders: near its
western boundary, it consists of reddish sandy clay,
containing some pebbles and numerous fragments of
pumice, and sometimes passes into pure sand or into
voleanic ashes. At Podaguel, on this western side of
the plain, beds of sand are capped by a calcareous
tuff, the uppermost layers being gemerally hard and
substalagmitic, and the lower ones “white and friable,
both together precisely resembling the beds at Co-
quimbo, which contain recent marine shells. ~Abrupt,
but rounded, hummocks of rock rise out of this plain :
those of Sta. Lucia and S. Cristoval are formed of
greenstone-porphyry ‘almost entirely denuded of its
original covering of porphyritic claystone breccia; on
their summits, many fragments of rock (some of them
kinds not found in sitw) are coated and united together
by a white, friable, calcareous tuff, like that found at
Podaguel. 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,

» Thu px..... .s pertally sopartad into two basins by a rango of
hill 1f, aceording to Meyen (* Reise um Erde, Th. i,
: 74), alla 1n nmgm By an abrupt step, of between fifteen and twenty
foot.

* Or 2,600 feet above the sea, as measured barometrically by Mr
Eck. This tuff appears to the eye nearly pure; but when plwwd in
acid it leaves a considerable residue of sand and broken erystals,
apparently of feldspar. Dr. Meyen (*Re Th. i. 5. 269) says, he
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 weather-
ing of the stone, In some places which I examined, its bulk put this
view of its origin quite out of quuamm and I should much doubt
whether the decomposition of & porphyry would, in any case, leave a
crust chiefly composed of earbonate of lime. The ‘white crust, which is
commonly seen on_weathered (eldlpn'hlc rocks, does uot appear to
contain any free carbonate of lim
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passes through a remarkable level gap in the moun-
tains, forming a true land-strait, and called the Angostura.
Tt then immediately expands into a second basin-formed
plain: this agin to the south, contracts into another
land-strait, and expands into a third basin, which, how-
ever, falls suddenly in level about forty feet. This third
basin, to the south, likewise contracts into a strait, and
then again opensinto the great plain of 8. Fernando,
stretching so far south that the snowy peaks of the dis-
tant 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 ;! in other
parts, of ared sandy clay, often with an admixture of pu-
miceous matter. Although these basins are connected to-
gether like a necklace, in anorth and south line, bysmooth
land-straits, the streams which drain them do not all flow
north and south, but mostly westward, through breaches
womn_in the hounding mountains; and in the case of
the second basin, or that of Rancagua, there are two
distinet breaches. Each basin, moreover, is not drained
singly : thus, to give the most striking instance, but
not the only one, in proceeding southward over the
plain of Rancagua, we first find the water flowin
northward to and through the northern land-strait ;
then, without, crossing any marked ridge or water-shed,
we see it flowing south-westward towards the northern
one of the two breaches in the western mountainous
boundary; and lastly, again without any ridge, it flows
towards the southern breach in these same mountains.
Hence the surface of this one basin-like plain, appear-
ing to the eye so level, has been modelled with great
nicety, so that the drainage, without any conspicuous
! The plain of 8. Fernando has, according to MM. Meyen and Gay.
(‘Reise,’ &. Th. i. ss. 205 and 298), near the Cordillora, an upper step.
formed plain of clay, on the surface of which they found numerous

blocks of rocks, from two to threo foet long, either lying single or
piled in heaps, but all arranged in nearly straight lines.
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watersheds, is directed towards 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 described in the ninth chapter, as being
worn near the coast into successive cave-eaten escarp-
‘ments, and still nearer to the coast, as Being strewed with
upraised recent marine remains.

T might have given descriptions of numerous other
plains of the same general form, some at the foot of
the Cordillera, some near the coast, and some half-way
between these points. I will alude 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 parallel lower range of Uspallata.
According to Miers, its surface is 6,000 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 appear-
ance, and in numerous points of structure, this plan
closely resembles those of Chile.

The origin and manner of formation of the thick
beds of gravel, sandy clay, volcanic detritus, and cal-
careous tuff, composing these basin-like plains, is very

! Tt appearsfrom Capt, Horbert’s coomnt of tho Dilavium of the
Himalaya (*Gleanings of Science, Calcutta, vol. ii. p. 164), that
precisely similar rematks apply to tho drainage of the plaius or valleys
between those great mountains.
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important ;. because, as we shall presently show, they
send arms or fringes far up the main valleys of the
Cordillera. Many of the inbabitants believe that these
plains were once occupied by lakes, suddenly drained ;
but I conceive that the number of the separate breaches
at nearly the same level in the mountains surrounding
them, quite precludes this idea. Had not such distin-
guished naturalists as MM. Meyen and Gay stated
their belief that these deposits were left by great
debacles rushing down from the Cordillera, I should
not have noticed a view, which appears to me from
many reasons improbable in the highest degree—
namely, from the vast accumulation of well-rounded
pebbles—their frequent stratification with layers of
sand—the overlying beds of calcareous tuff— this same
substance coating and uniting the fragments of rock
on the hummocks in the plain of Santiago—and lastly
even from the worn, rounded, and much denuded state
of these hummocks, and of the headlands which pro-
jeet from the surrounding mountains. On the other
hand, these several circumstances, as well as the con-
tinuous union of the basins at the foot of the Cor-
dillera, 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 strewed with upraised marine
remains, fully conyince me that the mountains bound-
ing 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 be-
tween these basin-like, long, and narrow plains of Chile,
(especially when in the early morning the mists hang-
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ing low represented water,) and the creeks 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
oceupied the spaces between the mountain-ranges, un-
derstand how the boundaries 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
channels 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 be-
came slowly converted into land, gently inclined to as
many points as there were mouths, though 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

for the of such
remaing; and with espect 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 disappear.

I observed some appearances on the plains at the
eastern and opposite 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
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eutll, lope, from five to/ten: miles in width (asvepee:
sented in_the following diagram), entirely composed of
No. 27.
Seion ofthe Plain at the Fastern Foohof the Cilian Cordiler.
!\ fsallid

Condilera, Talus-plain. vel surfnce, Gravel
3,708 oo s e termees,

perfectly rounded pebbles, often white-washed with an
inous substance like d 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 Pampean
deposit,—of fine white sand with small pebbles in
layers,—and of the above-mentioned white aluminous
earth, all interstratified together. This flat space runs
as far as Mendoza, thirty miles northward, and stands
probably at about the same height, namely, 2,700 feet
(Pentland and Miers) above the sea. To the east it
is bounded by an escarpment, eighty feet in height,
running for many miles north and south, and composed
of perfectly round pebbles, and loose, white-washed, or
embedded in the aluminous earth: behind this escarp-
ment 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, there-
fore, 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 Cordilléra. On
cach hand of the Portillo valley, the mountains are
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formed of red granite, mica-slate, and basalt, which all
have suffered a truly astonishing amount of denudation ;
the gravel in the valley, as well as on the talus-like
plain in front of it, is composed of these rocks; but at
the mouth of the valleg, in the middle (height proba-
bly about 3,500 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 porphyries, to the exclusion of
all others, extend to a circumscribed 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.

Sloping 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 1
being left at corresponding heights on both sides of
the valleys. These fringes, or as they may be called
terraces, have a smooth surface, and as the valleys rise,
they gently rise with them : hence they are easily irri-
gated, and afford great facilities for the construction of
the roads. From their uniformity, they give a re-
‘markable 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 sur-
faces, besides gently rising up the valley, are slightly
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inelined towards its centre in such a manner as to
show that the whole bottom must ouce have been filled
up with a smooth and slightly concave mass, as still are
the dry unfurrowed valleys of northern Chile. Where
two valleys unite into one, these terraces are particu-
Tarly well exhibited, as is represented in the following
diagram.  The thickness of the gravel forming these

No. 28.

@an) A
ionnd e o o isesping valey i, Crtilen, bosdera by cmocts. plng
vel-trnges (A A 4), worn alon the courso of the river Ento clfs,

fringes, on a rude average, may be said to vary from
thirty to sixty or eighty feet ; but near the mouths of
the valleys it was in several places from 200 to 300
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 havé
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 had they been unbroken. Where the
v2
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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 thiek, until, at a height of from
7,000 to 9,000 feet, they become lost, and blended with
the piles of fallen detritus.

T 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 distinctly stratified, often with
parting seams of sand. The pebbles were sometimes
coated with a white aluminous, and less frequently with
a caleareous, crust. At great heights up the valleys,
the pebbles become less rounded ; 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 number 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 stratifi-

This difference was likewise well shown at points low
down the valleys, where precipitous ravines, cutting
through mountains of highly coloured rock, have thrown
down wide, fan-shaped accumulations of detritus on the
terraees: 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
6f angular and only partially rounded fragments of the
adjoining coloured rocks; the stratified shingle (as I
ascertained by close inspection, especially in one case,
in the valley of the R. Mendoza) containing only a
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small proportion of these fragments, and those few well
rounded.

I particularly attended to the appearance of the
terraces where the valleys made abrupt and considerable
bends, but T could perceive no difference in their strue-
ture : 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 em-
bedded in it, this rock soon appeared higher up in situ :
thus T 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 not occur in- the neighbour-
hood: I observed these blocks, as well as others of
andesitie syenite (not ocourring 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
terrace or fringe which borders that river ; some miles
higher up the valleys there were other blocks at about
the same height : I also noticed, at a less height, just
above the terrace; blocks of porphyries (apparently not
found in the immediately impending mountains),
arranged in rude lines, as on a sea-beach.  All these
blocks were rounded, and though large, not gigantic,
like the true erratic boulders of Patagonia and Fuegia.
M. Gay® states that granite does not oceur in situ
within a distance of twenty leagues; I suspect, for
several reasons, that it will ultimately be found at a

+ ¢ Annales des Sciene. Nat. (L séries. tom, 28). . Gay, os I was
informed, pentzaid the Cordillra by the o grest oblique Taley of Los
Cupressos, and not by the most direct lin
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much less distance, though certainly not in the imme-
diate neighbourhood. The boulders found by MM.
Meyen and Gay on the upper plain of S. Fernando
(mentioned in & previous note) probably belong to this
same class of phenomena.

These fringes of stratified gravel oceur 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,! in the Tinguirica. In the
valleys, however, of northern Chile, and in some on the
castern flank of the Cordillera, as in the Portillo
Valley, where streams have never 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 mot fallen from the adjoining mountains like
common detritus, is evident from the complete con-
trast 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 debacles having
rushed down every valley, and all their branches, east-
ward and westward from the central pinnacles of the
Cordillera, we must admit fromthe following reasons,
—from the distinct stratification  of the mass,—its
smooth upper surface,—the well-rounded and some-
times encrusted state of the pebbles, so different, from
the loose débris on the mountains,—and especially from
the terraces preserving their uniform inclination round

1 “Reise,’ &e. Th. I, s. 302.
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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, secing 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.
T 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 before
assigned, I cannot doubt were modelled by the agency
of the sea. Now if we suppose that the sea formerly
oceupied the valleys of the Chilian Cordillera, in pre-
cisely the same manner as it now does in the more
southern parts of the continent, where d:ep 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
1 Sloping terraces of precisely similar structure have been deseribed
by me (* Philosoph. Transactions,’ 1839, p. 58) in the yalleys of Lochaber
in Scotland, where, at higher levels, the parallel roads of Glen Roy

show the marks of the long and quiet residence of a glacial lake. T
have no doubt that sloping terraces would have been present in tho
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in every valley will have tended to have removed the
matter which just before had been arrested on, or near,
the beach-lines ; the torrents, also, having continued
to gain in force by the continued elevation increasing
their total descent from their sources to the sea. This
slow rising of the Cordillera, which explains so well the
otherwise inexplicable origin and structure of the ter-
races, 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 afterwards
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 partially filled-up lake) will have been
determined by the supply of detritus, 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,

1 know of only one difficulty on the foregoing view,
namely, the far-transported blocks of rock high on the
sides of the valley of the Cachapual : T will not attempt
any explanation of this phenomenon, but I may state
valleys of most of the Furopean ranges, had not evory trace of them, and

all wrecks of sen-netion, been swept away by the glaciers which have
em.

since oceupied the ave shown that this is the ease with the

‘mountains, *London and Edin. Phil. Journal, vol. xxi. p. 187) of North
Wales. ’
* I havo attempted to_explain this process in a more detailod

‘manner, in a letter to Mr. Maclaren, published in the * Edinburgh New
Phil. Journal,' vol. xxxv. p. 288.
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my belief that a mountain-ridge near the Baths of Cau-
quenes 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 deseribed by
Molina,! when a slip during the earthquake of 1762
Dbanked up 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 difficulty, 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

' ‘Ccmpendm delaHisc: & Bt L p 80, 3 Beongriart, o b

Teport urs (* Annales des Sciences,’ 1833) considers
breopfesbii Ay Cachapual belong to the same class with pe
erratic boulders of Europe. ~ As the blocks which I saw are nct gigani
and especially as they are not angular, and as they have not been
trasported furly across low spaces o i vlleys, Tom unwili

class ith those, which, both in the northern and s e
hemtsphero (~G “olog Transae. vo. vi 415), hae been trnsported by
ice. It is hen i's long-continued and
eyl R Rl e A i1 B4 s on
this subjoc. Howerer, the boulders muy have been primarily trans-
ported; tho final position of thoss of porplyry, which

scribed os armnged ut the foot of the mountain in rude Y
cannot doubt, has been due to the action of waves on o beach. The
valley of the Cachapual, in the part where the boulders oceur, bursts
through the high ridge of Cauquenes, which runs parallel fo, but a,
some distance from, the Cordillera. This ridge has been subj
excessive violenes ; trachytic lava has burst from it, and hot springs yet,
flow at its buse. Secing the enormous amount of denudation of sali

et runge, T could not help latioving (us alluded

o i the text) that this rdgo with its trchtic eruptions maves
thrown op at & meh latar period Than the Cordilern 1 thi ha
the ease, the boulders, afes. having beon transportod to'a low lovel l)y

e g (Shith bl sy vl pivels of thée. powes
gments), may have been raised up to their pusent
Halghts wiek tho laad on which they rosted.
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successive levels, in the same mamner as we see now
taking place at the heads of all those many, deep,
winding fiords intersecting the southern coasts.  To my
mind, this has been one of the most important con-
clusions 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
feet, in the same gradual manner as have the eastern
and western coasts within the recent period.

Formation of Valleys.

The bulk of solid rock which has been removed in
the lower parts of the valleys of the Cordillera has been
enormous: it s only by reflecting on such cases as that
of the gravel beds of Patagonia, covering so many thou-
sand 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 valleys within this range, often follow

* I do not wish to affirm that all the lines havo been uplifted quite
eqally; slight diflrences in the levation yould leave bo_ percopible
effect on the terrces. It may, however, be inferred, perhnps with o
exception, that since the period when the sea oceupied these valleys, the
several ranges have not been dislocated by greaf and abrupt faults or
uphenvals; for if such had occurred, the terraces of gravel at theso
points would not hve been continuous Tho ano excaption is at the
lower end of a plain in the Valle del Yeso (n branch of the Maypu).
rhere,at vt g, he terraces and valley appeu to have beon
igh by & |ine of uphsaval, of which the svideaco i plain 1a
tho adjoning mountaias tis dinlocktion, perhape, oeruseed affer the
levation of i part of the alley abovo Ihe lovel of the sea. The
yalley hersis almost blcked up 1y a pile abovo 1,000 fec in thickness,

formed, asfar as Tconld judge, from threo sides entirely, or at least in
chief part, of gravel and detritus. On the south side, th Tiver has cut

i throngh his mase, on the osther sid, wnd on the very summic

uep ravines, parallel fo the line of the the
d from 'the valley aboe had pussed I:y heae tw lines befoce
Tollowlag i present omue,
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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 syn-
clinal axes, but along lines of flexure or faults ; that is,
the strata on both sides dip in the same direction, but
with different, though often only slightly different,
inclinations. As most of the nearly parallel ridges
which together form the Cordillera run approximately
north and south, the east 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 creeks occupied the valleys, and when the outer
flanks of the mountains 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
vessels in a channel of this kind, though under sail,
was whirled round and round by the force of the current.
We shall hereafter see, that of the two main ridges
forming the Chilian Cordillera, the eastern and loftiest
one, owes the greater part of its angular upheaval to a
period subsequent to the elevation of the western ridge;
and it is likewise probable that many of the other
parallel ridges have been angularly upheaved at different
periods ; consequently many parts of the surfaces of
these mountains must formerly have been exposed to
the full force of the waves, which, if the Cordillera
were now sunk into the sea, would be protected by
parallel chains of islands. The torrents in the valleys
certainly have great power in wearing the rocks; as
could be told by the dull rattling sound of the many
fragments night and day hnrrying downwards; and as
was attested by the vast size of certain fragments, which
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T 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 under-
lying rocks, gorges, deep and narrow, but quite insigni-
ficant 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 exeursions 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 be-
tween this line of coast-land and most other countries,
which we are accustomed to believe have assumed their
present features chiefly through the agency of the
weather and fresh-water streams. In the old granitic
dlstncts, no doubt it would be u\sh to attribute all the

ions of outline to the 't

for who can say how often this lately submerged ockiht
may mot previously have existed as land, worn by run-
ning streams and washed by rain ? This souree 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 penetrated by arms of the
sea, is the island of Chiloe.

Finally, the conelusion at which I have arrived,
with respect to the relative powers of rain and sea water
on the land, is, that the latter is far the most efficient
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agent, and that its chief tendency is to widen 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 ex-
posed 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
oceurring on some part of the west coast of South
Ameriea; and the waves thus caused have great power.
At Concepeion, 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
considerable depth. On the other hand, at Callao, the
recoil-wave of the earthquake of 1746 carried great
masses of brickwork, between three and four feet square,
some way out seaward. During the course of 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 .gret boulders of
granite and other neighbouring rocks, embedded in
fine sedimentary layers, the transportal of whieh, except
by the means of earthquake-waves, always appeared to
me inexplicable.
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Superficial Saline Deposits.

This subject may be here conveniently treated of:
I will begin with the most interesting case, namely,
the superficial suline beds near Iquique in Peru. The
porphyritic mountains on the coast rise abruptly to a
height of between 1,900 and 3,000 feet : between their
summits and an inland plain, on which the celebrated
deposit of nitrate of soda lies, there is a high undulatory
district, covered by a remarkable superficial saliferous
crust, chiefly composed of common salt, either in white,
hard, opaque nodules, or mingled with sand, in this
latter case forming a compact sandstone. This sali-
ferous superficial crust extends 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 quan-
tity of muriate of lime (as ascertained by Mr. T. Reeks)
contained in them. From the compact salt-cemented
sand being either 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 interstratified in the surrounding
mountains : but from the interesting details given by

! Tt is singular how slowly, according to the observations of M.
Cordier on the salt-mountain of Cardona in Spain (' Ann. des Mines,

3 em. by De la Beche, p.60), salt s dissolved, whero
the amount of rain is suppose be as much as 314 of an inch in the
year. It is calculated that only five feet in thickness is dissolved in the
Course of a century.
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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 paral-
lel 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, from abounding
with, so as sometimes to be almost composed of, irregu-
lar concretions, from the size of an egg to that of a
man’s head, of very hard, compact, Lieavy gypsum, in
the form of anhydrite. This gypsum contains some
foreign particles of stone; it is stained, judging from
its action with borax, with iron, and it exhales a strong
aluminous odour.  The surfaces of the concretions are

! ‘Voyage, &e. p. 102. M. d'Orbigny found this deposit inter-
sected, in many places, by decp ravines, in which there was 10 salt.
Streams must onee, though historically unknown, have flowed in them ;
aud 3. Orbigay argues from the preenco of wndisolre sl orer ho
whole ‘surrounding co that the streams must have arisen from

in or snow haring fallen, not in tho adjoining country, but on the now
arid Cordillera. I may remark, that from haviog ed ruins of
Indian buildings in abpoutely serils pusts of the Chlian. Cordlers
(¢ Journal,” 2nd edit. p. 357), I am led to believe that the climate, at a

ime when Indian man inhabited this part of the continent, was in
some slight degree more humid than it is at present.

5:‘
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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 elay) of
pure white anhydrite. These veins might naturally
have been thought to have been formed by subsequent
infiltration, had not each little embedded 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 pro-
cess of segregation, and not of infiltration. Some of
the little included and eracked fragments of foreign
rock are penetrated by the anhydrite, and portions have
evidently been thus mechanically displaced: at St.
Helena, I observed that caleareous matter, deposited by
rain-water, also had the power to separate small frag-
ments of rock from the larger masses. 1 believe the
superficial gypseous deposit is widely extended: I re-
ceived specimens 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
Ded of clay, lying above a mass of upraised recent shells,
which was saturated with sulphate of soda, and included
thin layers of fibrous gypsum. These widely extended,
superficial, beds of salt and gypsum, appear to me an
interesting geological phenomenon, which could be pre-
sented only under a very dry climate.

The plain or basin, on the borders of which the
famous bed of nitrate of soda lies,is situated at a
distance of about thirty miles from the sea, being sepa-
rated 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

1 +Voyage Gdolog.’ &c. p. 95.
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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,! 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 parts of this now
utterly desert plain, rushes and large prostrate trees in
a hardened state, apparently Mimosas, are found buried,
at a depth from three to six feet; according to Mr.
Blake, they have all allen to the south-west. The bed
of nitrate of soda is said to extend for forty or 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
Dlasted with gunpowder; it slopes gently upwards from
the edge of the plain to between ten and thirty feet
above its level. It restson sand in which, it is said,
vegetable remains and broken shells have been found ;
shells have also been found, according to Mr. Blake,
both on and in the nitrate of soda. It is covered by
a superficial mass of sand, containing nodules of common
salt, and, as I was assured by a miner, much soft gyp-
seous matter, precisely like that in the superficial crust
already described: certainly this crust, with its charac-
teristic concretions of anhydrite, comes close down to
the edge of the plain.

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

! S0 an admirablo paper, Geolog. and Misell. Notioas o Turpac.’
in Silliman's * American Journal, vol. liv. p.

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

Nitrate of Soda . . - . . . 6498
Sulphate of Soda . b 300
Chloride of Soda . 2869
T R T S 063
ShellsandMarl . . . . . . 260
9990

The ¢mother water’ at some of the refineries is very
rich in iodic salts, and is supposed! to contain much
muriate of lime. In an unrefined specimen brought
home by myself, Mr. T. Reeks has ascertained 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
iodie salts, from the superficial saliferous crust occur-
ring at a higher level and being probably of marine
origin, and from the plain resembling in form those of
Chile and that of Uspallata, there can be little doubt
that this sheet of water was, at least originally, con-
nected with the sea.®

Thim, superficial, saline Incrustations. — These
saline incrustations are common in many parts of
America: Humboldt met with them on the table-land

1 *Literary Gasette. 1841, p. &

e el Socm e e by . Baled Wilson, it

appears that the first export of nitrate of soda to Europo was in July
1830, on French account, in a British ship i—

Quintals,
Io 1880, e antirs expart was -+ 1 17,300
& s .. 40885

I PR T
1833, .. R
188, o, £ 149,538

Tho Spanish quintal neasly equals 100 Eoglish pounds.

@ The Complete Work of Charles Darwin Online



CHAP. X. Saline Incrustations. 307

of Mexico, and the Jesuit Falkner and other authors?®
state that they occur at intervals over the vast plains
extending from the mouth of the Plata to Rioja and
Catamarca. Hence it is that during droughts, most of
the streams in the Pampas are saline. I nowhere met
with these incrustations so abundantly as near Bahia
Blanca : square miles of the mud-flats, which near that
place are raised only a few feet above the sea, just
enough to protect them from being overflowed, appear,
after dry weather, whiter than the ground after the
thickest hoar-frost.  After rain the salts disappear, and
every puddle of water becomes highly saline; as the
surface dries, the capillary action draws the moisture up
pieces of broken earth, dead sticks, and tufts of grass,
where the salt effloresces. The incrustation, where
thickest, does not exceed a quarter of an ineh. M.
Parchappe ? has analysed it; and finds that the speci-
mens 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
plain has been covered by the sea 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.

\ A (Truvels? vl i . 69 consders hat the Paran
eastern boundary of the unlliemus regio heard of sali
in the Provinco of Entre

# M. d'Orbigny's ‘Vnyngt, &e. Part. Hist. tom. i. p. 664

x2
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confined to, though most abundant on, the low muddy
flats; for I noticed some on a calcareous plain between
thirty and forty feet above the sea, and even a little
oceurs in still higher valleys. Low alluvial tracts in
the valleys of the rivers Negro and Colorado are also
encrusted, and in the latter valley such spaces appeared
to be occasionally overflowed by the river. I observed
saline incrustations in some of the valleys of southern
Patagonia. At Port Desire a low, flat, muddy valley
was thickly incrusted by salts, which on analysis by
Mr. T. Reeks, are found to consist of a mixture of sul-
phate 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 inerustations. On the hardened mud, in parts
of the broad, flat-hottomed valley of Copiapo, the saline
matter inerusts the ground to the thickness of some
inches: specimens, sent by Mr. Bingley to Apothe-
caries’ Hall for analysis, were said to consist of car-
bonate and sulphate of soda. Much sulphate of soda is
found in the desert of Atacama. In all parts of S.
America, the saline inerustations occur most frequently
on low damp surfaces of mud, where the climate is
rather dry; and these low surfaces have, in almost
every case, been upraised above the level of the sea,
within the recent period.

Salt-lakes of Patagonia and La Plata.—Salinas,
or natural salt-lakes, oecur in various formations on the
eastern side of the continent,—in the argillaceo-calca-
reous deposit of the Pumpas, in the sandstone of the
Rio Negro, where they are very numerous, in the pumi-
ceous and other beds of the Patagonian tertiary forma-
tion, and in small primary districts in the midst of this
latter formation. Port S. Julian is the most southerly

@ The Complete Work of Charles Darwin Online



cmsr. x.  of La Plata and Patagonia. 309

point (lat. 49° to 30°), at which salinas are known to
occur.!  The depressions, in which these salt-lakes lie,
are from o few feet to sixty métres, as asserted by
M. d'Orbigny,* below the surface of the surrounding
plains; and, according to this same author, near the
Rio Negro they all trend, either in the NE. and SW.
or in E. and W. lines, coincident with the general slope
of the plain.  These depressions in the plain generally
have one side lower than the others, but there are no
outlets for drainage. Under a less dry climate, an
outlet would soon have been formed, and the salt
washed away. The salinas ocour at different elevations
above the sea; they are often several leagues in dia-
meter ; 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 dis-
solved, being redeposited during the succeeding dry
season. At this period the appearance of the snow-
white expanse of salt erystallised 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 inhabiting it> In a salina,
situated about fifteen miles above the town of El Car-
men on the Rio Negro, and three or four miles from
the banks of that river, I obsezved that this black mud
rested on gravel with a caleareous matrix, similar to
that spread over the whole surrounding plains: at Port

1 According to Azara (‘Travels vol. i. p. 56) there are salt lakes as
far north as Chaco (lat. 25°), on the banks ul the Vermej The salt
Inkes of Siberia appear (Plllnsu‘Tm\'gl- English Tnm ‘vol. i. p. 284)
to m}.‘m very similar depressions to those of Patagoni

* Prof. Ehrenberg examined some of this muddy sand, but was
umable to find in it any infasorin.
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St. 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 informed 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 exca-
vation of that valley. When I visited the salina, fifteen
miles above the town, the salt was beginning to crystal-
lise, and on the muddy bottom there were lying many
erystals, generally placed cross-ways of sulphate of soda
(as ascertained by Mr. Reeks), and embedded in the mud,
numerous erystals of sulphate of lime, from one to three
inches in length: M. d’Orbigny ! 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 erystals of sul-
phate of lime have been deposited from the waters of
the lake. The inhabitants call the erystals of selenite,
the padre del sal, and those of the sulphate of soda,
the madre del sal ; they assured me that hoth are found
under the same eircumstances in several of the neigh-
bouring salinas ; and that the sulphate of soda is an-
nually dissolved, and is always crystallised before the
common salt on the muddy bottom.! The association
of gypsum and salt in this case, as well as in the super-
ficial deposits of Iquique, appears to me interesting,
considering how generally these substances are associated
in the older stratified formations.

1 Voyage Géolog. p. 6

e b o et il Dallast s
(*Acad. des Sciences,’ OcL 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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Mr. Reeks has analysed for me some of the salt
from the salina near the Rio Negro, he finds it com-
posed 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 salts from the
salina Chiquitos in the Pampean formation, is equally
pure. It is a singular fact, that the salt from these
calinas does not serve so well for preserving meat, as
sea-salt from the Cape de Verde Islands; and a mer-
chant at Buenos Ayres told me that he considered it as
fifty per cent. less valuable. The purity of the Pata-
gonian salt, or absence from it of those other saline
bodies found in all sea-water, is the only assignable
cause for this inferiority s a conclusion which is sup-
ported by the fact lately ascertained,! that those salts
answer best for preserving cheese which contain most of
the deliquescent chlorides.*

With respect to the origin of the salt in the salinas,
the foregoing analysis seems opposed to the view enter-
tained by M. d'Orbigny and others, and which seems
50 probable considering the recent elevation of this line
of coast, namely, that it is due to the evaporation of
sea-water and to the drainage from the surrounding
strata impregnated with sea-salt. I was informed (I
Kknow not whether accurately) 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 subter-
ranean origin, It at first appears very singular that

» ¢ Hort. and Agricult. Gazette,’ 1845, p. 93.

* It would probably well answer for the merchants of Buenos Ayres
(considering the great consumption there of salt for preserving mieat)
to_import the deliquescent_chlorides to mix with e sl from tho
salinns : T may cal! attention to the fact, that at Iquique, a largo
quantity of muriate of lime, left in the mother-twater during the refine-
ment of the nitrate of soda, is annually thrown away.
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fresh-water can often be procured in wells,! and is some-
times found in small lakes, quite close to these salinas.
1 am not aware that this fact bears particularly 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
Deen the residue of séa-water, left in depressions as the
land was slowly elevated.

1 Sir W. Parish states (* Buenos Ayres,” &e. pp. 122 and 170) that
this is the ease near the great salinas westward of the S. Ventana.
have seen similar statements in an ancient MS. Journal lnulv published

ty S. Angelis. At Iquique, where the surface is so thickly encrusted
with saline matter, I tasted water only slightly I;rnclmh ‘procured in a
well thirty-six yards deep; but here one feels less sury s presence,
2 pue wate hight perclate under ground v the not very disant
Cordillera.
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CHAPTER XI.
ON THE FORMATIONS OF THE PAMPAS.

i Auear 4
embedded in tosca-rock—DBuenos dyres o the Colorado—S. Ventana—
Bahia Blanca; M. Hermoso, bones and infusoria of; P. Alta, shells
bones and infusoria of ; co-existence of the recent shells and extinct mam-
‘mifers—Buenos Ayres to St. Fé—Skeletons of Mastodon—Infusoria
—Inferior. marine. tertiary xtmla, their (Iyo—va:a tooth, Baxa

ior tertiary strata,
variation of, connected with mlmmc action ; Macrauchenia Pata-
chonica at 8. Julian in Patagonia, age of, subsequent to living mollusca
i othe e GBI R St S of Pampean formation
Immmum e e mulhucd—}?elulw t0 underlying tentinty
‘strata—Ancient deposit of estuary origin—FElevation and successive
deposition of the Pampean formation—Number and state of the
romains of mammifers ; their habitation, food, extinction, and range—
Conclusion—Localities in Pampas at which mammiferous remains have
Been found.

T Pampean formation is highly interesting from its
vast extent, its disputed origin, and from the number
of extinct gigantic mammifers embedded in it. Tt has
upon the whole a very uniform character : consisting of
a more or less dull reddish, slightly indurated, argil-
laceous earth or mud, often, but not always, including
in horizontal lines concretions of marl, and frequently
passing into a compact marly rock. The mud, where-
ever T examined it, even close to the coneretions, did
not contain any carbonate of lime, The concretions are
generally nodular, sometimes rough externally, some-
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314 Pampean Formation. PART I

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 in their centres, lined with minute erystals of
carbonate of lime; they are of white, brown, or pale
pinkish tints, often marked by black dendritic man-
ganese or iron; they are either darker or lighter tinted
than the surrounding mass ; they contain much car-
bonate of lime, but exhale a strong aluminious 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 cavernons marly rock : some
of the varieties might be called calcareous tuffs.

Dr. Carpenter has kindly examined under the mi-
croscope, sliced and polished specimens of these conere-
tions, 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 char-
acter, but with traces of incipient crystalline meta-
morphosis ; in other specimens he finds microscopically
minute rounded concretions of an amorphous substance
(vesembling in size those in oolitic rocks, but not having
a concentric structure), united by a cement which is
often crystalline. In some, Dr. Carpenter can perceive
distinet traces of shells, corals, Polythalamia, and rarely
of spongoid bodies.  For the sake of comparison, I sent
Dr. Carpenter specimens of the calcareous rock, formed
chiefly of fragments of recent shells, from Coquimbo in
Chile’: in one of these specimens, Dr. Carpenter finds,
besides the larger fragments, microscopical particles of
shells, and a varying quantity of opaque amorphous
matter; in another specimen from the same bed, he
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finds the whole composed of the amorphous matter,
with layers showing indications of an incipient erystal-
line metamorphosis : hence these latter specimens, both
in external appearance and in microscopical structure,
closely resemble those of the Pampas. Dr. Carpenter
informs me that it is well known that chemical preci-
pitation throws down carbonate of lime in the opague
amorphous state ; and he is inclined to believe that the
long-continued attrition of a calcareous body in a state
of crystalline or semi-crystalline aggregation (as, for
instance, in the ordinary shells of Mollusea, which,
when sliced, are transparent) may yield the same result.
From the intimate relation between all the Coquimbo
specimens, I can hardly doubt that the amorphous
carbonate of lime in them has resulted from the attri-
tion 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, T 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 mention, has been
examined for me by Professor Ehrenberg, and the
result of his examination will be given under the proper
localities.

T will commence my descriptions at a central spot,
namely, at Buenos Ayres, and thence proceed first south-
ward to the extreme limit of the deposit, and afterwards
northward. The plain on which Buenos Ayres stands
is from thirty to forty feet in height. The Pampean
mud is here of a rather pale colour, and includes small
nearly white nodules, and other irregular strata of an
unusually arenaceous variety of tosca-rock. In awell at
the depth of seventy feet, according to Ignatio Nunez,
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much tosea-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 Buenos
Ayres, as far as three and four leagues from the Plata.
Specimens from near Ensenada, given me by Sir W.
Parish, where the rock is quarried just beneath the
surface of the plain, consist of broken bivalves, cemented
by and converted into, white crystalline carbonate of
lime. Ihave 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 Azara labiata, d'Orbig., as far as their
worn condition permits of comperison, are embedded in
a reddish, softish, somewhat arenaceous marly rock :
after careful compurison, with the aid of a microscope
and acids, I can perceive no difference between the
basis of this rock and the specimens collected by me
in many parts of the Pampas. I have also stated, on
the authority of Sir W. Parish, that northward of
Buenos Ayres, on the highest parts of the plain, about
forty feet above the Plata, and two or three miles from
it, numerous shells of the Azara labiata (and T believe
of Venus sinuosa) occur embedded in a stratified
earthy mass, ineluding small marly concretions and said
to be precisely like the great Pampean deposit. Hence
we may conclude that the mud of the Pampas continued
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 distance of 400 geographical
miles, belongs to the Pampean formation, and in the

@ The Combplete Work of Charles Darwin Online



CHAP. XI. Sierra Ventana. 335

southern part is generally formed of thé harder and
more calcareous varieties. I will briefly describe my
route: about twenty-five miles SSW. 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 tosca-rock: here a skeleton of the
Megatherium and the bones of other extinet quadrupeds
(see the list at the end of this chapter) were found.
Large quantities of erystallized 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 Buenos Ayres : I mention this because M. d'Or-
bigny 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 tosea-rock appearing at long intervals at
the surface. On the banks, however, of the Tapalguen
(sixty miles south of the Salado) there is a large extent
of tosca-rock, some highly compact and even semi-
crystalline, overlying pale Pampean mud with the usual
concretions,  Thirty miles further south, the small
quartz-ridge of Tapalguen is fringed on its northern
and southern flank, by little, narrow, flat-topped hills
of tosca-rock, which stand higher than the surrounding
plain. Between this ridge and the Sierra of Guitru-
gueyu, a distance of sixty miles, the country is swampy,
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with the tosea-rock appearing only in four or five spots :
this sierra, precisely like that of Tapalguen, is bordered
by horizontal, often cliff-bounded, little hills of tosca-
rock, higher than the surrounding plain. Here, also,
4 new appearance was presented in some extensive and
level banks of alluyium 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 forma-
tion, standing still higher.

The marly or caleareous 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 super-
ficial 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 inciuded 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 sur-
prise, find on the boundless surface of the calcareous
plain even a single pebble. Quartz-pebbles, however,
of considerable size have at some period been trams-
sported 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, 3,340 feet, and the calcareous
plain at its foot (from observations taken by some

1 Sehmidtmeyer (‘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  zeef into the sea.
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Spanish officers 1) 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 con-
glomerate 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 morth, 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
tosea-rack forms low, flat-topped, cliff-bounded hills,
higher than the surrounding plains of similar compo-
sition.  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 ener-
getically than the surrounding country, but to the
argillaceo-calcareous 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 subsequently 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 thickness of sandy
earth; and in some places, according to M. Parchappe,*
by beds of clay two yards thick. On the banks of the
Sauce, four leagues SE. of the Ventana, there is an im-
perfect section about 200 feet in height, displaying in
the upper part tosca-rock and in the lower part red

! ‘Ta Plata,’ &e. by Sir W, Parish, p. 1
* M. d'Orbigny, * Voyage, Part. Glolog” Pp 47,48
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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 deseribed by
M. Parchappe' as composed of solid tosca-rock; but the
sections which I examined appeared more like a re-
deposited mass of this rcck, with small pebbles and frag-
ments of quartz. I shall immediately return to the
important sections on the shores of Bahia Blanca.
Twenty miles southward of this place, there is a re-
markable 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
this ridge consists of pale, highly calcareous, compact
tosea-rock, resting (as seen in one place) on reddish
Pampean mud, and this again on a paler kind : at the
foot of the ridge, there is a well in reddish clay or
mud. T have seen no other instance of a chain of hills
belonging to the Pampean formation; and as the
strata show mo signs of disturbance, and as the direc-
tion 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 ubove-mentioned Sierras, round
their submarine flanks. South of this little chain of
tosea-rock, a plain of Pampean mud declines towards
the banks of the Colorado : in the middle a well has been
dug in red Pampean mud, covered by two feet of white
softish, highly caleareous tosca-rock, over which lies sand
with small pebbles three feet in thickness—the first
appearance of that vast shingle formation described in
+ M. dOrbigny, * Voyage, Part, Géolog. pp. 47, 48.
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the eighth chapter. In the first section after crossing
the Colorado, an old tertiary formation, namely, the Rio
Negro sandstone (to be described in the next chapter), is
met with : but from the accounts given me by the Gau-
chos, T believe that at the mouth of the Colorado the
Pampean formation extends a little farther southwards.

Bahia Blanca.—To return to the shores of this
bay. At Monte Hermoso there is a good section,
about 100 feet in height, of four distinct strata, appear-
ing to the eye horizontal, but thickening a little
towards the NW. The uppermost bed, about twenty
feet in thickness, consists of obliquely laminated, soft
sandstone, including many pebbles of quartz, and fall-
ing 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 remark, 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. Professor Ehrenberg has examined for me speci-
mens of the two lower beds, and finds in them three
Polygastrica and six Phytolitharia.! OF these, only
one (Spongolithis Fustis?) is a marine form; five of
them are identical with microscopical structures, of

! The following list is ivonin the * Monatsberichten dor k3
Akad. zu Borlin, April 1845
Pol.munum_
Fragilaria rhabdosoma. Pinnularia?
Gallionella distans.
Puvroumaris,

Lithodontium Bursa, Lithostylidium rude.

» urcas
Lithostylidium exesum.

" rra.
Spongolithis Pustis »
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brackish-water origin, hereafter to be mentioned, form
a central point in the Pampean formation. In these
two beds, especially in the lower one, bones of extinet
mammifers, some_embedded in their proper relative
positions and others single, are very numerous in a small
extent of the cliffs. These remains consist of, first,
the head of Ctenomys antiquus, allied to the living
C. Brasiliensis ; secondly, a fragment of the remains
of a rodent ; thirdly, molar teeth and other bones of a
large rodent, closely allied to, but distinct from, the
existing species of Hydrocherus, and therefore probably
an inhabitant of fresh water; fourth and fifthly, portions
of vertebre, limbs, ribs, and other bones of two rodents ;
sixthly, bones of the extremities of some great mega-
theroid quadruped.! The mumber 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 SE. line fiom the Ventana, with the inter-
mediate country gently rising towards it, and all con-
sisting of the Pampean formation. What relation,
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 reasons already
assigned, do not appear to owe their greater height to
unequal elevation ? When the tosca-rock was accumu-
lating round the Ventana, and when, with the exception
of a few small rugged primary islands, the whole wide

3, Seo: FomsiL Mammali' (5. 100) by Professor Owen,inthe « Zolog
of the Voyage of the Beagle:” aad Catalogu e (p. 36) of Fousl
Remains in Museum of Ro)n] Chllege of Sargoons!
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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 1,000 feet in
depth? I much doubt this; for if so, the almost per-
fect 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. It 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 quadru-
peds lived, and that a stream (in which perhaps the
extinet aquatic Hydrochaerus lived) drifted their bodies
into the adjoining sea, into whieh the Pampean mud
continued to be poured from the morth. 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 de-
posited 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 shore 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 than the upper ones; it consists of
stratified gravel or conglomerate, cemented by calcareo-
arenaceous matter, and is divided by curvilinear layers
of pinkish marl, of which some are precisely like tosca-
rock, and some more sandy. The beds are curvilinear,
owing to the action of currents, and dip in different

x2
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directions; they include an extraordinary number of
bones of gigantic mammifers and many shells. The
pebbles are of considerable size, and are of hard sand-
stone, and of quartz, like that of the Ventana: there
are also a few well-rounded masses of tosca-rock.
No. 29.
Secion of Bada with Recent Shellsand Ertinct Mamaifers a Puntn Alt fa
i Bl

reos

T fosont bed (B) is about fifteen feet in thickness,
but towards both extremities of the cliff (ot 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
cavities ; it is marked with faint horizontal shades of
colours it includes 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 resembles the clayey flats (mentioned in
the eighth chapter) separating the suecessively rising
parallel ranges of sand-dunes.

The bed (C) is of stratified gravel, like the lowest
onej it fills up furrows in the underlying red mud, and
is sometimes interstratified with it, and sometimes in-
sensibly 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
some are still present, are less numerous. In one part,
however, where this gravel and the red mud passed into
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each other, T found several bones and a tolerably per-
fect head of the Megatherium. - Some of the large
Volutas, though embedded in the gravel-bed (C), were
filled with the red mud, including great numbers of the
little recent Paludestrina australis. These threelower
beds are covered by an unconformable mantle (D) of
stratified 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 Mollusca embedded in the two
gravel beds : they consist of—

1. Volutells sogelats, 00t | 12. Copiduln muriat, Lam.
* Mollusq. and Pal.” | 13. Venus purpurata, ~do.
3 anuLn irasiliana, Sol. 14. rostrata, Phillippi
3. Olicancilleria  Bras s, 15, Mytilus Darwinianus, d'0
[@Orlig. | 16, Naculn semiornata, do.
aurienlaria, do. | 17. Cardita. Patagonica,  do.
(?) do.

5 Olivina puelchana, do. 18. Corbula

Buccinanops cochlidium, do. | 19, Pecten tethucichus,  do.

globulosum, do. | 20, Ostrea puelchoan, ' do.

B Culnmbelln sertulariarum, do. 21 A llvmg species of Balanus.
9. Trochus Patagonicus, and var. | 22 and 23, An Astrea and en-
of ditto, dOrbig. ok apparently
10. Paludestrina  sustral identical " with e

Grbig. living in the

11. Fissurella Patagonica, do.

All these shells now live on this coast, and most of them
in this same bay. I 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, Crepidula, 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 ancient and bleached appearance,! and do
not emit, when heated, an animal odour: some of them

' A Bulinus, mentioned in the Introdyction to the ‘ Fossil Mam-
malia in the 1 oology of the Voyage of the Beagle has so much

fresher an appearance, than the marine species, that 1 suspect it must
have allon smongst the others, 4nd been clleted by mistake,
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are changed throughout into a white, soft, fibrous sub-
stance ; others have the space between the external
walls, either hollow, or filled up with erystalline car-
bonate of lime.

The remains of the extinet mammiferous animals,
from the two gravel beds have been deseribed by Pr
fessor Owen in the ¢ Zoology of the Voyage of the Beagle:
they consist of 1st, one nearly perfct head and three

of heads of the Megatherium Cuvierii; 2nd,
a lower jaw of Megalonye Jaffersonii 3rd, lower jaw
of Mylodon, Darwinii; 4th, fragments of a head of
some gigantic Edental quadruped; 5th, an almost entire
skeleton of the great Scelidotherium leptocephalum,
with most of the bones, including the head, vertebre,
ribs, some of the extremities to the claw-bone, and even,
as remarked by Professor Owen, the knee-cap, all nearly
in their proper relative positions; 6th, fragments of
the jaw and a separate tooth of a Toxodon, belonging
either to 7. Platensis, or to a second species lately dis-
covered mear Buenos Ayres; 7th, a tooth of Equus
curvidens ; 8th, tooth of a Pachyderm, closely allied to
Palwotherium, 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 8. Julian, here-
after to be referred 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
large Dasypoid quadruped, with the two sides pressed
nearly close together : as the cliff is now rapidly wash-
ing away, this fossil probably was lately much more
perfect ; from between its doubled-up sides, I extracted
the middle and ungueal phalanges, united together, of
one of the feet, and likewise a separate phalang : hence
one or more of the limbs must have been attached to
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the deimal 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 prepon-
derance of the Edental quadrupeds is remarkable; as
is, in contrast with the beds of Monte Hermoso, the
absence of Rodents. Most of the bones are now 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, Serpul® 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 burnacles must
have grown on the Scelidotherium, soon after being
deposited, and before being wholly covered up by the
gravel. Besides the remains in the condition here
deseribed, I found one single fragment of bone very
much rolled, and as black as jet, so as perfectly to re-
semble 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 minutest promi-
nences perfectly preserved; so that I conclude that
they probably were protected by skin, flesh, or ligaments,
whilst being covered up. In the case of the Scelido-
therium, it is quite certain 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 to-
! After having packed up my specimens at Bahia Blanca, this point
cceurred to me, and I noted it; but forgot it on my return, unm the

remains had been cleaned and oiled: my attention was a
reealled to the subject by some remarks by M. d Orbigny.
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gether, as did some ribs and the bones of a leg, that T
thought that they must originally have belonged to two
skeletons, and not 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 em-
bedded together with some of the bones of the feet.

Professor Ehrenberg ! has examined for me speci-
mens of the finer matter from in contact with these
mammiferous remains: he finds in them two Polyga
trica, decidedly marine forms; and six Phytolitharia,
of which one is probably marine, and the others either
of fresh-water or terrestrial origin. Only one of these
eight microscopical bedies is common to the nine from
Monte Hermoso: but five 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 microscopical 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 Mollusca
held to each other nearly the same relative proportions

! < Monatsberichten der knig. Akad. zu Berlin,’ April, 1845. The
Tist consists of,—
Porvaastrica.
Gallionella suleata. | Stauroptera aspera? fragm.

Pryrourmiaria.

Lithastari - is acicularis.
Lithostylidium Clepsammidium.
T quantatim,

rude.
- ‘unidentatum.
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as they do on the present coast. These beds, from the
number of littoral species, must have been accumulated
in shallow water; but not, judging from the stratifica-
tion 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, was formed.
In this neighbourhood there are other and higher sea-
formed plains and lines of cliffs in the Pampean forma-
tion worn by the denuding action of the waves at
different levels. Hence we can- easily 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 de-
rived, though I saw only the one fragment, in the same
condition with those from Monte Hermoso. M. d'Or-
bigny 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 numerous gigantic quadrupeds, belonging,
with the exception of the Equus curvidens, to seven
extinct genera, and one, namely, the Toxodon, mot
falling into any existing family, should have co-existed
1 ¢Voyage, Part. Géolog.’ p. 49.
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swith Mollusca, 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 over-
looied, that most of the co-embedded shells have a
more ancient and altered appearance than the bones.
Tn 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, flesh, 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
character to the Pampean formation), and re-embedded
in another gravel-bed, composed (I 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
hasving apparently been embedded in their proper
relative position: but will anyone be so bold as to affirm
that it is possible, that a piece of the thin tessellated
armour of a Dasypoid quadruped, at least three feet
long and two in width, and now so tender that I was
unable with the utmost 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
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M. d'Orbigny’s supposition, and admit as certain, that
the Scelidotherium and the large Dasypoid quadruped,
and as highly probable, that the Toxodon, Megatherium,
&e., some of the bones of which are perfectly preserved,
were embedded for the first time, and in a fuesh condi-
tion, in the strata in which they were found entombed.
These gigantic quadrupeds, therefore, though belonging
to estinct 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 Hermoso, I con-
clude 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
scen, are probably of subsequent origin to the high
tosca-plain round the Sierra Ventana: we shall, how-
ever, 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 distance northward of Buenos Ayres, the
escarpment of the Pampean formation does not approach
very near to the Plata, and it is concealed by vegeta-
tion: but in sections on the banks of the Rios Luxan,
Areco, and Arrecifes, T 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.
d'Orbigny found the remains of two rodents (Ctenomys
Bonariensis and Kerodon antiquus) and the jaw of a
Canis : when on the river I could clearly distinguish in
this fine line of cliffs,  horizontal lines of variation
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both in tint and compactness. The plain northward of
this point is very level, but with some depressions and
lakes ; T estimated 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
cascade, about twenty feet in height, over a cavernous
mass of two varieties of tosca rock; of which one is
very compact and semi-crystalline, with seams of crys-
tallised 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 Tapal-
guen, and from the ridge south of Bahia Blanca, a dis-
tance of 400 miles of latitude, is very striking.

At Resario 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, consists of a
pale yellowish clay, abounding with concretionary
cylinders of a ferruginous sandstone. This bed, which
is probably the equivalent 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 Andiwm were
here embedded ; their bones were scattered a few feet
apart, but many of them still held their proper relative
positions : they were much decayed and as soft as cheese,

! Iquote these words from my note-book, as written down on the
8pot, on account of the general absence of stratifieation in the Pampean

formation having been insisted on by M. d'Orbigny as & proof of the
diluvial origin of this great deposit.
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80 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 Pampean mud, with masses
of tosca-rock, in one of which I found a much decayed
tooth of the Mastodon: above this bed, there was a
thin layer almost composed of small concretions of
white tosca, out of which I extracted a well preserved,
but slightly broken tooth of Tozodon Platensis: above
this there was an unusual bed of very soft impure sand-
stone. In this neighbourhood I noticed many single
embedded bones, and I heard of others having been
found in so perfect a state that they were long used as
gate-posts: the Jesuit Falkner found here the dermal
armour of some gigantie Edental quadruped.

In some of the red mud scraped from a tooth of
one of the at Gorod Professor Ehrenb
finds seven Polygastrica and thirteen Phytolitharia,! all
of them, I believe, with two exceptions, already known
species.  Of these twenty, the preponderating number
are of fresh-water origin; only two speeies of Coscino-
discus and a Spongolithis show the direct influence of

! * Monatsberichten der kinig. Akad. zu Berlin,’ April, 1845. The
list consists of

PoLycasTrICA.

Campylodiscus clypeas. Gallionells granulata,
Coscinodiscus subtilis, Himantidium gracile.
P Pinnularia borealis.

Eunotin.

Puyrouiaia.
‘ L fum Hamos.
»  polyedrum.
3 quadratum.
rude,

o g
Lithodontium bursa,
" um.

o Serra.
” uniden-

. rostratum,

Lithostylidium Amphiodon.
,, Clep-

sammidinm. tatam.

l Spongolit

is Fustis.

@ The Complete Work of Charles Darwin Online



334 Pampean Formation. PART

the sea ; therefore Professor Ehrenberg arrives at the
important conclusion that the deposit must have been
of brackish-water origin. Of the thirteen Phytolitharia,
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, esti-
mated 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
distinet traces of vegetable remains.! Above this there
is a thick bed of yellowish sandy clay, with much crys-
fallised gypsum and many shells of Ostrew, Pectens,
and Arcw : above this there generally comes an arena-
ceous 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 erystalline,
and full of cavities : it includes small pebbles of quartz,
Droken shells, teeth of sharks, and sometimes, as I was
informed, large bones: it often contains so much sand
2s to pass into a calcareous sandstone, and in such

+ M. 4 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 concealed when ho was there by the river. There is a
consideralle diserepancy between his description and mine, which I can
;?w ‘account. for by the beds themselves varying considerably in short.

isiances.
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parts the great Ostrea Patagonica® chiefly 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. Ostrea Patagonica, d'Orbig. | 5. Venus Munsterii, d'Orbig.
“Voyage, Part. Pal. “Voyage, Pal.
. Alvarezii, do. 6. Arca Bonplandiana, do.
Pleten. Puraneneis, do. (a0 | 7. Carditm Platense, do.
L 1v umn work, fig. 80.) | 8. Tellina, probably nov. spec.,

us, do. and P1 but too imperfect for descrip-
IV, ofthi works fgs 28, 29.

These species are all extinct: the six first were
found by M. d’Orbigny and myself in the formations of
the Rio Negro, S. Josef, and other parts of Patagonia;
and therefore, as first observed by M. d'Orbigny, these
beds certainly belong to the great Patagonian forma-
tion, which will be deseribed in the ensuing 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 distinet species from the 7. Platensis
of the Pampean formation. Much silicified wood is
found on the banks of the Parana (and likewise on the
Uruguay), and I was informed 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 arenaceons
variety of tosea, and a few small concretions of the
ordinary kind. Close above the marine limestone,

! 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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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 formations ; but I have since become convinced
that T was deceived on this point. In the section on
the Parana, I did not 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, Tozodon Platensis,
and Equus 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 I 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 cireum-
stance, 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 North
America, than to those of any other species of Equus.
The underlying marine tertiary strata exend over a
wide area: I was assured that they can be traced in
ravines in an east and west line across Entre Rios to
the Uruguay, a distance of about 135 miles. In a SE.
direction I heard of their existence at the head of the

yell's “Travels in North America, vol. i. p. 164, and “Proc. of
Geolog. Soc. vol. iv. p. 39.
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R. Nankay; aud 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 S. Nicolas, belongs to this same
formation ; as perhaps do the beds of sand at Buenos
Ayres, which lie at the bottom of the Pampean forma-
tion, 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 original form
of the bottom of the sea, sloping from land situated to
the north; for that land existed at no great distance,
we have evidence in the vegetable remains in the lowest
bed at St. Fé; and in the silicified wood and in the
bones of Zozodon Paranensis, found (according to
M. d'Orbigny) in still lower strata.

Banda Oriental.—This province lies on the north-
ern side of the Plata, and eastward of the Urugua
has a gently undulatory surface, with a basis of primary
rocks; and is in most parts covered up with an un-
stratified mass, of mo 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 coneretions of marl or
tosca-rock, and others of highly ferruginous sandstone ;
in one 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 thickness; and the re-
mains 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

z
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8. Gregorio, which extend westward of the Rio 8. Lucia,
the lower half is formed of coarse sand of quartz and
feldspar without mica, like that now cast up on the
. beach near Maldonado; and the upper half of Pampean
mud, varying in colour and containing honey-combed
veins of soft calcareous matter and small concretions of
tosca-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 in
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 existing Mytilus, still partially retaining 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 con-
tains small of quartz; the jons are
much smaller, and there are no extensive masses of
tosca-rock. 3
In the extreme western parts of this province, be-
tween 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 primary
rocks, we meet with extensive tracts and many flat-
topped, horizontally stratified, clifi-bounded, isolated
hills of tertiary strata, varying estraordinarily 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 low tracts of country covered with a
deposit containing mammiferous remains, precisely like
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that just described in the more eastern parts of the
province. Although from the smooth and unbroken
state of the country, T never obtained a section of this
latter deposit close to the foot of the higher tertiary
hills, yet I have not 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 formation, 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 concretions of tosca-rock arranged in
horizontal lines, so as perfectly to resemble, except in
containing 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 de-
posit has a somewhat different character, being whiter,
softer, finer-grained, aud full of little cavities, and con-
sequently of little specific gravity; nor does it contain
any concretions or caleareous matter : I here procured
a head, which when first discovered must have been
quite perfect, of the Zozodon Platensis, another of a
Mylodon,! perhaps M. Darwinii, and a large picce of
dermal armour, differing from that of the Glyptodon
clavipes. These bones are remarkable from their ex-
traordinarily fresh appearance ; when held ‘over a lamp
of spirits of wine, they give out a strong odour and
burn with asmall flame ; Mr. T. Reeks has been so kind
as to analyse some of the fragments, and he finds that

! This head was at first considered by Professor Owen (in the
“ Zoology of the Beagle's Voyage”) as belonging to a distinct gonus,
namely, Glossotherium,
22
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they contain ahout seven per cent. of animal matter,
and eight per cent. of water.!

The older tertiary strata, forming the higher isolated
hills and extensive tracts of country, vary, as I have
said, extraordinarily in composition: within the dis-
tance of a few miles, I sometimes passed over erystalline
Timestone 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 for-

tion, 1 and b
bright red sandstones passing either into red con-
glomerate, 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 deseribe only
a few distinet sections :—in the cliffs between P. Gorda
on the Uruguay and the A. de Vivoras, the upper bed
is erystalline cellular limestone often passing into cal-
careous sandstone, with impressions 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 palecoloured
clay, with many shells of the great Ostrea Patagonica :
Deneath this, in the vertical cliff, nearly on a level with
the river, there is a bed of red mud absolutely like the
Pumpean deposit, with numerous often large concre-
tions of perfectly characterised white, compact tosca-
rock. At the mouth of the Vivoras, the river flows
over a pale cavernous tosca-rock, quite like that in the

+ Liebig (*Chemistry of Agriculture, p. 104) states that frosh dry
bones contiin from-thirty-iwe o thirty-threo per cent. of dry gelatine,
See also Dr. Daubeny in * Edin. New Phil. Journ. vol. xxxvii. p. 203.

* In my *Journal’ (p. 171, st edit.), T have hastly and inaccurately
stated that the Pampean mud, which is found over the eastern part of
B. Oriental, lies over the limestoneat P. Gorda ; I should have said
that there was reason to infer that it was a subsequent or superior
deposit.
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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 denuded strip of land ; but they must once
have extended much farther ; for on the next stream,
south of the §. Juan, Captain Sulivan, R.N., found a,
little cliff, only just above the surface of the river, with
numerous shells of the Venus Munsterii, d’Orbig.,—
one of the species occurring at St. Fé, and of which
there are casts at P. Gorda: the line of cliffs of the
subsequently deposited true Pampean mud, extend
from Colonia to within half a mile of this spot, and no
doubt’ once covered up this denuded marine stratum.
Again at Colonia, a Frenchman found, in digging the
foundations of a house, a great mass of the Ostrea Pata-
gowica (of which I saw many fragments), packed to-
gether just beneath the surface, and directly superim-
posed 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
surprised at it as he could have been; but the vertical
cliff at P. Gorda allowed of no mistake, and I must be
permitted to affirm, that after having examined the
country from the Colorado to St. F'é Bajada, I could not.
be deceived in the mineralogical character of the Pam-
pean deposit.

Moreover, in a precipitous part of the ravine of
Las Boeas, a red sandstone is distinetly 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 scori
it sometimes passes into a coarse red conglomerate
composed of the underlying primary rocks; and often
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passes into a soft white sandstone with red streaks.
At the Calera de los Huerfanos, oply a quarter of a
mile south of where I first met with the red sand-
stone, the erystalline 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 equiva-
lents. A few leagues southward of these two places,
on each side of the low primary range of 'S. Juan,
there are some flat-topped, clifi-bounded, separate
little hills, very similar to those fringing the primary
Tanges in the great plain south of Buenos Ayres: they
are composed—1st, of calcareous tuff with many par-
ticles of quartz, sometimes passing into a coarse con-
glomerate; 2nd, of a stone undistinguishable on the
closest inspection from the compacter varieties of
tosca-rock ; and 3rd, of semi-erystalline limestone,
including nodules of agate: these three varieties pass
insensibly into each other, and as they form the upper-
most stratum in this district, I believe that they, also,
are the equivalents of the pure crystalline limestone,
and of the red and white sandstones and conglomerates.

Between these points and Mercedes on the Rio
Negro, there are searcely any good sections, the road
passing over limestone, tosca-rock, calcareous and
bright red sandstones, and near the source of the S. Sal-
vador over a wide extent of jaspery rocks, with much
milky agate, like that in the limestone near S. Juan.
In the estancia of Berquelo, the separate, flat-topped,
cliff-bounded hills are rather higher than in other parts
of the country; they range in a NE.and SW. direc-
tion ; their uppermost beds consist of the same bright
red sandstone, passing imes into a congl
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and in the lower part into soft white sandstone, and
even into loose sand: beneath this sandstone, I saw
in two places layers of caleareous and marly rocks, and
in one place red Pampean-like earth; at the base of
these sections, there was a hard, stratified, white. sand-
stone, with chalcedonic layers. Near Mercedes, 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 acalcareo-sili-
ceous paste. In sinking wells in this district the
chalcedonic strata seems to be the lowest. Beds, such
as here described; oceur aver the whole of this neigh-
bourhood ; but twenty miles further up the R. Negro,
in the cliffs of Perika, which are about fifty feet in
height, the upper bed isa prettily variegated chalce-
dony, mingled with a pure white tallowy limestone ;
beneath this there is a conglomerate of quartz and
granite; beneath this many sandstones, some highly
culcareous; and the whole lower two-thirds of the cliff
consist of earthy calcareous beds of various degrees of
purity, with one layer of reddish Pampean-like ntud.
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 neigh-
bourhood of voleanic action. I mow find that M.
Tsabelle, in his ¢ Voyage & Buenos Ayres,’ has described
closely similar beds on Itaquy and Ibicuy (which enter
the Uruguay some way north of the R. Negro) and these
beds include fragments of red decomposed true scoriz
hardened by zeolite, and of black retinite: we have
then here good evidence of voleanic action during our
tertiary period. Still farther north, near S. Anna,!
* M. &'Orbigny, * Voyage, Part. Géolog., p. 29.
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where the Parana makes a remarkable bend, M.
Bonpland found some singular amygdaloidal rocks,
which perhaps may belong to this same epoch. T 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. Isabelle, mucl conglomerate
farther north, at Salto.

From whatever source and through whatever means
the great Pampean formation originated, we here have,
I must repeat, unequivocal evidence of a similar
action at a period before that of the deposition 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 tosca
undistinguishable from that of the Pampas, evidence
of the same action, though continued only at intervals
and in a feeble manner. We have further seen that in
this district, at a period not only subsequent to the de-
position of the tertiary strata, but to their upheavement
and most extensive denudation, true Pampean mud
with its usual characters and including mammiferous
remains, were deposited round and between the hills
or islets formed of these tertiary strata, and over the
whole eastern and low: primary districts of Banda
Oriental.

Earthy mass, with extinct mammiferous remains,
over the porphyritic gravel at 8. Julian, lat. 49° 14’
S. in Patagonia.—This case, though not coming
strictly under the Pampean formation, may be con-
veniently given here. On the south side of the
harbour, there is a nearly level plain (mentioned in
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the eighth 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 represented.

No. 30.
Section of the Lowest Plain at Port S, Julian,

A& Supeccal b of reddic arth with the xemalus of the Macrauchenis, and
b recent sea.shells on the sarface.

Cand D } 5
E und ¥. Sandstone and argilaceons bods,

The lower old tertiary strata (to be described in the
next chapter) are covered by the usual gravel bed;
and this by an irregular earthy, sometimes sandy mass,
seldom more than two or three feet in thickness, except
where it fills up furrows or gullies worn mot 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 varieties of Pampean
mud in Banda Oriental; it includes small calcareous
concretions, like those of tosca-rock but more arena-
ceous, and other concretions of a greenish, indurated
argillaceous substance: a few pebbles, also, from the
underlying gravel-bed are also included in it, and these
being occasionally arranged in horizontal lines, show .
that the mass is of sub-aqueous origin. On the sur-
face 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, T
found a large part of the skeleton of the Macrauchenia
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Patachonica—a gigantic and most extraordinary
pachyderm, allied, according to Professor Owen, to
the Palwotherium, but with afiinities to the Ruminants,
especially to the American division of the Camelidze.
Several of the vertebra 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 posi-
tions: hence the skeleton was certainly united by its
flesh or ligaments, when enveloped in the mud. This
earthy mass, with its concretions and mammiferous
remains, filling up furrows in the underlying gravel,
certainly presents a very striking resemblance to some
of the sections (for instance, at P. Alta in B. Blanca,
cr at the Barrancas de. 8. Gregorio) in the Pampean
formation; but I must believe that this resemblance is
only accidental. I suspect that the mud which at the
present day is accumulating in deep and narrow gullies
at the head of the harbour, would, after elevation, pre-
sent a very similar appearance. The southernmost
part of the true Pampean formation, namely, on the
Colorado, lics 560 miles of latitude north of this
point.!

With respect to the age of the Macrauchenia, the
shells on the surface 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 thick-
mess of the mass was contemporaneous with these indi-
wvidual specimens. That the Macrauchenia lived sub-
sequently to the spreading out of the gravel on this

! In the succeeding chapter I shall have to refer to a great deposit
of extinct mammiferous remains, lately discovered by Capt. Sulivan,
RN, at a point still farther south, namely at the R. Gallegos; their
age must at presont remain doubtful.
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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 eighth 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 bave 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 eleva-
tion 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 plain, but also to those on
the 350 to 400 feet plain: these shells, eight in number
(namely, three species of Miytilus, 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
s0 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
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with eight other still existing Mollusca: it should,
moreover, be borne in mind, that a tooth of a pachy-
dermatous animal was found with the other remains at
Punta Alta, which Professor Owen thinks almost cer-
tainly belonged to the Macrauchenia.

Mr. Lyell ! has arrived at a highly important con-
clusion with respect to the age of the North American
extinet mammiters (many of which are closely allied to,
and even identical with, those of the Pampean forma-
tion), namely, that they lived subsequently to the period
when erratic boulders were transported by the agency
of floating ice in temperate latitudes. Now in the
valley of the San Cruz, only fifty miles of latitude south
of the spot where the Macrauchenia was entombed, vast
numbers of gigantic, angular boulders, which must
have been transported from the Cordillera on icchergs,
lie strewed on the plain, at the height of 1,400 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 super-
ficial bed containing the remains of the Macrauchenia,
must have been formed very long subsequently to the
period when the 1,400 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

1 +Geologioal Proccedings, vol.iv. p. 36,
thatthe i
i ol Rt e comparaively anciont period ; for in Terra X
Fuego boulders were probubly transported contemporancously with, if
Dot mbseqnently to,the formation of the nincty feet plain at 5. Jullan,
and at other e coast of Patagonia.
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mammifers which so lately swarmed over the two
Americas.

Summary and. concluding remarks on the Pam-
pean Formation.—One of its most striking features is
its great extent; I passed continuously over it from the
Colorado to St. Fé Bajada, a distance of 500 geographical
miles; and M. d'Orbigny traced it for 250 miles farther
north. In the latitude of the Plata, I examined this
formation at intervals over an east and west line of
300 miles from Maldonado to the River Carcarana; and
M. dOrbigny believes it extends 100 miles farther
inland : from Mr. Caldeleugh’s travels, however, I should
have thought that it had extended, south of the Cordo-
vese range, to near Mendoza, and T may add that T
heard of great bones having been found high up the
River Quinto. Hence the area of the Pampean forma-
tion, 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 8,000 feet), south of Mendora, there
is, as described in the tenth 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 contains, as we have just seen, mammiferous
remains. In the provinces of Moxos and Chiquitos
(1,000 miles northward of the Pampas), and in Bolivia,
at a height of 4,000 métres, M. d’Orbigny has described
similar deposits, which he believes to have been formed
by the same agency contemporaneously with the Pam-
pean formation. Considering the immense distances
between these several points,and their different heights,
it appears to me infinitely more probable, that this
similarity has resulted not from contemporaneousness of
origin, but from the similarity of the rocky framework

© The Complete Work of Charles Darwin Online



350 Pampean Formation. PART IF

of the continent: it is known that in Brazil an immense
area consists of gneissic rocks, and we shall hereafter
see, over how great a length the 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 forma-
‘tion 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
tosea-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 calcareous matter.
In western Banda Oriental, beds of a similar nature,
but of a greater age, conformably underlie and are
intercalated with the regularly stratified tertiary forma-
tion. As a general rule, the marly concretions are
arranged in horizontal lines, sometimes united into
irregular strata : surely, if the mud had been tumul-
tuously deposited in mass, the included calcareous
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 composi-
tion, was successively and quietly deposited. On the
theory of a debacle, a prodigious amount of mud, with-
out a single pebble, is supposed to have been borne over
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the wide surface of the Pampas, when under water: on
the other hand, over the whole of Patagonia, the same
or another debacle s supposed to have borne nothing
but gravel,—the gravel and the fine mud in the neigh-
bourhood of the Rios Negro and Colorado having been
borne to an equal distance from the Cordillera, or
imagined line of disturbance : assuredly directly oppo-
site effects ought 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 chemi-
cal 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 present 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. Hermoso, are all quite opposed
to this view. Nor do I believe that there is a single
instance of a skeleton of one of the extinet mammifers
having been found in an upright position, as if it had
been mired.

The third theory, of the truth of which I cannot
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entertain the smallest doubt, is that the Pampean for-
mation was slowly accumulated at the mouth of the
former estuary of the Plata and in the sea adjoining it.
1 have come to this conclusion from the reasons assigned
against the two foregoing theories, and from simple
geographical 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 deposited
in, the brackish water of the ancient La Plata. South-
ward and seaward of Buenos Ayres, the plains were
upheaved from under water inhabited by trne marine
shells. We further know from Professor 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 or: A similar
conclusion must be extended to the beds of like com-
position, at the level of the sea and under it, at
M. Hermoso in Babia 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 Ruenos 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 concre-
tions of tosca-rock are often penetrated by minute,
linear cavities, such as frequently may be observed in
fresh-water calcareous deposits :—were they produced
by the burrowing of small worms? Only on this view
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of the Pampean formation having been of estuary
origin, can the extraordinary numbers (presently to be
alluded to) of the embedded mammiferous remains be
explained.!
With respect to the first origin of the reddish mud,
I will only remark, that the enormous area of 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 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 neighbouring and
underlying primary rocks, The estuary mud was drifted
during the Pampean period in a much more southerly
source, owing probably to the east and west prim:
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, espe-
cially in those large districts where the whole mass
passes into tosca-rock, is very great: I have already
remarked on the close resemblance in external and
between this t k and
the strata at Coquimbo, which hate certainly resulted
from the decay and attrition of recent shells:? I dare

! 1t is almost superfluous to give the numerous cases (or nstance
in Sumatra; Lyell's * Principles, vol. . p. 325, sixt
carcases of animals having been washed out to sen by i
but I may refer to a recent, account by Mr. Bettington
1845, June 21st), of oxen, deer, and bears bei
Cambray ; see, also, the account in my *Journal” (2 p- 133), of
the numbers of animals drowned in the Plata d\mng FLte T
Tecurrent, droughts.

* 1 may add, that there aro nearly similar superficial calcaroous
beds at King George's Sound in Australia; and theso undoubtedly
e been found by, b disintegetion of mains remains (se _Chap-

ter VIL). Thero is, aowever, something very remarkablo in the
e of superficial, thin beds of earchy calearcous matter, in
AA
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not, however, extend this conclusion to the calcareous
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 volcanic action.

The Pampean formation, judging from its similar
composition, and from the apparent absolute specific
identity of some of its mammiferous remains, and from
the generic resemblance of others, belongs over its vast
area—tliroughout Banda Oriental, Entre Rios; and the
wide extent of the Pampas as far south as the Colorado,
—to the same geological epoch. The mammiferous
Temains 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
denudation: some bones which I found mear 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 Matanzas,
twenty miles south of Buenos Ayres, a Glyptodon was
embedded five feet beneath the surface; numerous
remains 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
Parana I have described two skeletons of the Mastodon
only five or six feet above the very base of the deposit.
With respect to the age,of this formation, as judged of
by the ordinary standard of the existenco of Mollusca,

dinsicts
a Paper read before the Royal Gu)gmphwnl Society mml 13th°
mo‘ and abstactd i the ¢ Atheneum, 1. 917).statastha this s the
of Mexioo and that b hny observed sinilax appearances
AR Tait cf Dowih Atn,. T Sreemgates o Bhd pppersmnet
stentum round tho rugged Siexma Ventana, consisting of caleatoous or
marly mater, without any corering of alluvial mnter, trike
very singular, in whatever manner we view the deposition and elevation
of the Pampean formation.
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the only evidence within the limits of the true Pampas
which is atall trustworthy, is afforded by the still living
Azara labiata being embedded in tosca-rock near
Buenos Ayres. At Punta Alta, however, we have seen
that several of the extinet mammifers, most character-
istic of the Pampean formation, co-existed with twenty
species of Mollusea, a barnacle and two corals, all still
living on this same coast ;—for when we remember
that the shells have a more ancient appearance than
the bones; that many of the bones, though embedded
in a coarse conglomerate, are ‘perfectly preserved ; that
almost all the parts of the skeleton of the Scelidothe-
rium, even to the knee-cap, were lying in their proper
relative positions ; and that a large piece of the fragile
dermal armour of a Dasypoid quadruped, connected
with some of the bones of the foot, had been entombed -
in a condition allowing the two sides to be doubled
together, it must assuredly be admitted that these

remains were in a fresh state,
and therefore that the living animals co-existed with
the bedded shells. the 2

Patachonica (of which, acoordmg‘ to Professor Owen,
remains also oceur in the Pampas of Buenos Ayres, and
at Punta Alta) has been shown by satisfactory evidence
of another kind, to have lived on the plains of Pata-
gonia long after the period when the adjoining sea was
first tenanted by its present commonest molluscous
animals. We must, therefore, conclude that the Pam-
pean formation belongs, in the ordinary geological
sense of the word, to the Recent Period.!

At St. Fé Bajada, the Pampean estuary formation,
with its mammiferous remains, conformably overlies

* M. &Orbigny believes (‘Voyage, Part. Géolog. p. 81) that this
formation, thoogh, *trls oisne de la nitre, est néanmoins de beaucoup
antérieurs & e extotic

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

In Western Banda Oriental, whilst the marine ter-
tiary strata were accumulating, there were voleanic
eruptions, much silex and lime were precipitated from
solution, coarse conglomerates were formed, being de-
rived probably from adjoining land, and layers of red
mud and marly rocks, like those of the Pampean for-
mation, were oceasionally deposited. The true Pampean
deposit, with mammiferous remains, instead of as at
St. Fé overlying conformably the tertiary strata, is
here seen at a lower level folding round and between
the flat-topped, clifi-bounded hills, formed by the up-
heaval and denudation of these same tertiary strata.
The upheaval, having occurred here earlier than at
St. Fé, may be naturally accounted for by the contem-
poraneous volcanic action. At the Barrancas de S.
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Gregorio, the Pampean deposit, as we have seen, over-
lies 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 crystalline 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 con

clude that Banda Oriental must 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 uplifted to ‘its
present level.

In Western Banda Oriental, we know, from two
unequivocal sections, that there is a mass, absolutely
undistinguishable from the true Pampean deposit, be-
neath 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 ter-
tiary strata in which all the shells are extinct. Never-
theless, the lower and upper masses, as well as some
intermediate layers, are so similar in mineralogical
character, that I cannot doubt that they are all of
estuary origin, and have been derived from the same
great source. At first it appeared to me extremely
improbable, that mud of the same nature should have
been deposited on nearly the same spot, during an im-
mense lapse of time, namely, from a period equivalent
perbaps to the Eocene of Europe to that of the Pam~
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pean 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 Cordillera or the plains in front_of them to the:
west,—the whole province of Corrientes probably to
the morth, for, aceording to M. d'Orbigny, it is not
covered by the Pampean deposit,—and Brazil, as known
by the remains in the eaves, 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 débris,
from the quantities of silicified wood, and from the
remains of a Toxodon found, according to M. Orbigny,
in still lower strata, we may conclude, that at this an-
cient 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 im-
mense lapse of time, though highly remarkable, does
not appear ineredible.

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, eliffs, 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 contiuue to be deposited in the
estuary of the Plata, if the mud-banks on its shores
were now uplifted and changed into plains: I believe
in this from the improbability of so many skeletons
and bones having been accumulated at one spot, where
M. Hermoso now stands, at a depth of between 800 and
1,000 feet, and at a vast distance from any land except
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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, supporting mammiferous animals. At Punta
Alta we have good evidence that the gravel-strata,
which certainly belong to the true Pampean period,
were accumulated after the elevation in that neighbour-
hood of the main part of the Pampean deposit, whence
the rounded masses of tosca-rock were derived, and
that rolled fragment 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 exclu~
sively 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.
1t 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 were at P. Alta ; the number, however, lately found
by Sefior F. Muniz, near Luzan, in a central spot in
the Pampas, is extraordinarily great: at the end of
this chapter I will give a list of all the localities at
which T have heard of remains having been discovered.
Very frequently the remains consist of almost perfect
skeletons ; but there are, also, numerous single bones,
as for instance at St. Fé. Their state of preservation
varies much, even when embedded near each other: I
saw none others so perfectly preserved as the heads of
the Toxodon and Mylodon from the white soft earthy
bed on the Sarandis in Banda Oriental. It isremarkable
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that-in two limited sections I found no less than five
teeth separately embedded and T heard of teeth having
been similarly found in other parts : may we suppos
that the skeletons or heads were for a long time gently
drifted by currents over the soft muddy bottom, and
that the teeth occasionally, here and there, dropped
out?

It may be naturally asked, where did these numerous
animals live? From the remarkable discoveries of
MM. Lund and Clausen, it appears that some of the
species found in the Pampas inhabited the high-lands
of Brazil: the Mastodon Andium is embedded at great
heights in the Cordillera from north of the equator * to
at least as far south as Tarija ; and as there is no higher
land, there can be little doubt that this Mastodon must
have lived on the plains and valleys of that great range.
These countries, however, appear too far distant for
the habitation of the individuals entombed in the
Pampas : we must probably look to nearer points, for
instance to the province of Corrientes, whicki, as already
remarked, is said mot to be covered by the Pampean
formation, and may therefore, at the period of its
deposition, have existed as dry land, T have already
given my reasons for believing that the animals em-
bedded at M. Hermoso and at P. Alta in Bahia Blanca,
lived on adjoining land, formed of parts of the already
elevated Pampean deposit. With respect to the food
of these many great extinct quadrupeds, T will not
repeat; the facts given in my Journal (second edit. p. 85),
showing that there is no correlation between the luxuri.
ance of the vegetation of a country and the size of its

! Humboldt states that the Mastodon has been discovered in New
Granada :, it has been found in Quito. When at. Lima, I saw a tooth of

lon in the sion of Don M. Rivero, found at Playa Chica
.

a
on the Maranon, near the Guallaga. Every one has heard of th
‘numerous remaivs of Mastodon in Bolivia.
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mammiferous inhabitants, I 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 plains of Southern Africa. The
climate, however, may perhaps have somewhat deterior-
ated 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 nd 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 astonish-
ment, 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 extra-
ordinary agency.

The several mammifers embedded in the Pampean
formation, which mostly belong to estinet 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 con-
temporaneously with Mollusea, all still inhabiting the
adjoining ‘sea, is certainly a most striking fact. It is,
however, far from being an isolated one; for, during
the late tertiary deposits of Britain, an elephant, rhi-
noceros, 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,
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megatherium, megalonyx, mylodon, an extinct horse
and ox, likewise co-existed with numerous land, fresh-
water, and marine recent shells.! The enumeration of
these extinct North American animals naturally leads
me to refer to the former closer relation of the
mammiferous inhabitants of the two Americas, which
1 have discussed in my Journal, and likewise to the
vast extent of country over which some of them ranged :
thus the same species of the Megatherium, Megalonyz,
Equus (as far as the state of their remains permits of
identification), extended from the Southern United
States of North America to Bahia Blanca, in lat. 39° S,
on the coast of Patagonia. The fact of these animals
having inhabited tropical and temperate regions, does
not appear to me any great difficulty, secing 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 Mastodon 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, and 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 overlook the fact of the guanaco rang-
ing at the present day over the hot low deserts of Peru,
the lofty pinnacles of the Cordillera, and the damp
forest-clad land of Southern Tierra del Fuegos the
Many or md uhaermuom, and a sy o0 thﬂ mbject are
given . per in the * Geolog. Proc.
'lnvels in Nonh Amerlt‘ﬂ-. vol. i. p. 164, and \nl

Eaopean aualogous cases,'seo Ms. Lyells * Prin i 5F Geslogy (1
edit.) vol. i. p. 187.

@ The Complete Work of Charles Darwin Online



e xt.  Mammiferous Remains of. 363

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 perpetual snow in the Cordillera of
Chile.

At the period, so recent in a geological sense, when
these extinct 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 specifically, and others generically related
to those of the Pampas, discovered by MM. Lund and
Clausen in the caves of Brazil. Finally, the facts here
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 extinet 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.

SUPPLEMENT.

On the Thickness of the Pampean Formation, near
Buenos Ayres.

Republished from the *Proc. of the Geological Soe.’ Dec. 3, 1862.

M. Sourdeaux and J. Coghlan, Esq., C.E., have had the
kindness to send me, through E. B. Webb, Esq., C.E.,
some excellent. sections of, and specimens from, two
artesian wells lately made at Buenos Ayres. I beg

ission to present these specimens to the Geological
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Society, as they would be of considerable service to any
one investigating the geology of that country. The
Pampean formation is in several respects so interesting,
from containing an extraordinary number of the remains
of various extinet Mammifers, such as Megatherium,
Mylodon, Mastodon, Tozodon, &c., and from its great
extent, stretching in a north and south line for at least
750 geographical miles, and covering an area fully
equal to that of France, that, as it appears to me, a
record ought to be preserved of these borings. South-
ward, at the Rio Colorado, the Pampean formation
meets the great Tertiary formation of Patagonia; and
northward, at St. Fé Bajada, it overlies this same for-
mation with its several extinct shells.

In the central region near Buenos Ayres no natural
section shows its thickness ; but, by the borings there
made in two artesian wells (figs. 31 and 32), the Pampean
mud, with tosca-rock, is seen to extend downwards
from the level of the Rio Plata to a depth of sixty-one
feet, and to this must beadded fifty-five feet above the
level of the river, These argillaceous beds overlie
coarse sand, containing the Azara labiata (a shell
characteristic of the Pampean formation), and attaining
a thickness of about nintey-three feet.! So that the

! The following extract from the Report of the borers relates to this
bed:— The bed of yellow, fluid sands between 1860 and 4720 below
the ground contains a subterranean ascending current, the level of which
has not varied by a centimétre for three years. The level is 0n60

(2 feet over the level of the wells at Barracas). This bed (napa’)
powerfully absorbent. At 68730 o second subterranean current

water was salt and undrinkable. ~ At 7330 was found a third subter-
ranean current, (‘ overflowing "), which reached with difficulty the level
of the ground. ~ The discharge might be calculated at 100 pipes daily.
‘The water was very salt, and absorbed that of the first overflowing
current. The great spring was met with at 77265,

As rogards the quality and abundance of the water, Mr. Coghlan
remarks that ¢ The quantity of water discharged per hour through a
tube of about 4} inches in diameter, at a level of 6 feet above high-
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entire thickness of the great estuarine or Pampean for-
mation near Buenos Ayres is nearly 210 feet.

No. 81.
At ke o 4 Buenos Ayres.
(Distance, 3§ miles.
Barracas. Rinchnelo. Zuenos Ayres.

Torek st}
e
the peng
pal spring High water
M
i
.
Jrp— a
. .
. o 2 i
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)..“nd

xy sandy cia :

a D ark e piatio lay - B oo & 2
i noduls

7 Yollow sands, very fne and fuid . . . . 9 @

pter mark, vas 2658 gulons, s tempersturs was 21° Cent, and it
had a slightly disagreeablo taste, from its being impregnated with salts
of lime and maguesia, and a small quaatity of sulphuretted hydrogen.”
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Thickness Thickne
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This formation rests on various marine beds of in-
durated green clay, sand with corals, sandstone, and
timestone, altogether 107 feet in thickness. These

No. 32.

‘Detaled section of the Artesian Well at Barracas.
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beds contain fragments of the great Ostrea Patagonica,
0. Alvarezii (?), Pecten Paranensis, and other shells,
apparently the same (but they have not been rigorously
compared) with those enumerated by M. A. d'Orbigny
and by myself as found at St. Fé Bajada, as well as at
various points on the coast of Patagonia. The alréady
enormous continuous extension of the Patagonian ter-
tiary formation is thus largely increased. Bemeath
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these beds a mass of red calcareous clay, becoming in
the lower part more and more marly, containing layers
of sand, and of the thickness of 213 feet, was bored
through to a depth of 470 feet from the level of the
Rio Plata. This lower mass contained no fossils, and
its age is of course unknown ;! but, I may add, that T
saw at two points in Western Banda Oriental, beneath
the marine tertiary strata, beds of red clay with marly
concretions, which, from their mineralogical resemblance
to the overlying Pampean formation, seemed to indicate
that at an ancient period the Rio Plata had deposited
an estuarine formation, subsequently covered by the
marine tertiary beds, and these by the more modern
estuarine formation, with its remains of mumerous
gigantic Mammalia ; and that, finally, the whole had
been elevated into the present plains of the Pampas.

Locaities within the region of the Pampas there great bones have
been found,

The following list, which includes every account which T have
Hitherto met with of the discovery of fossil mammiferous remains
in the Pampas, may be hercafter useful to a geologist investizating
this region, and it tends to show their extraordinary abundance,
T heard of ‘and saw many fossils, the original position of which T
could not ascertain ; and I received many statements too vague to

here inserted. Beginning to the south:—we have the two
stations in Bahin Blanca, described in tibs chapter, where, at P.
Alta, the Megatherium, Megalonyx, Scelidotherium, Mylodon,
Holophractus (or an allied genus), Toxodon, Macrauchenia, and
an Equus were collected ; and at M. Hermoso a Otenomys, Hydro-
chierus, some_other rodents and the bones of a great megatheroid

uadruped. Oloso northeast of the 8. Tupalguen, we hve the
io ¢ Huesos’ (i. e. bones), which probably takes its name from
Tnrge fossil bones. Near Villa Nuevo, and at Las Averins, not
far from the Salado, three nearly perfect skeletons, one of the
Mogatherium, ono o tho Glyptadon caipe,und ono of some grent
Dasypoid quadruped, were found by the agent of Sir W. Parish

1 Tt was supposed by Dr. Burmeister to be Silurian.
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(so» i work -Buenos Ayaes) &, . 171).  Lhisvs sen the tooth
o0 8 Matioion foom (18 Raladai- A il sixfiwhodoot thia iver,

an tho borders of & 1ako near the G. de] Monte, T saw many hones,
and. ono arg piecs of dermal armour; higher up the Salado, thers
is a place called Monte ¢ Huesos. On the Matanzas, about twenty
miles south of Buenos Ayres, the seleton (vido p 178, of * Buenos
ir W. Parish) of a_Glyptodon was found_about

seen, refers to some gmlt remains found in Buenos Ayres, at a
depth of twenty varas from the surfuce. Seven eagues morth of
thiscity tho samo suthor Eoune the sksiaton of Mylodon robuatss

Glyptodon_ornatus. From this neighbourhood he has lately
Sant %0 the Beitial Museuin tho following fossils:—Romains’ 6f
three or four individuals of Megatherium; of three species of
Glyptodon; of three individunls of the Mastodon Andium ; of
Macrauchenia ; of a second species of Toxodon, different from 7.
Platenis; und lastl, of the Maclairodus a wonderful large car-
nivorous animal. M. d'Orligny has lately received from the Reco-
Inte (“ Voyage, Pal. p. 144), near Buenos Ayres, a tooth of Zozodon
Platensis.

Prm‘eedmx northward, along the west bank of the Parana, we
come to_the Rio Liuxan, where two skeletons of the Megatheriun
have been found ; and Jately, within eight leagues of the town of
TLuxan, Dr. F. X. Muniz has collected (‘ British_Packet, Buenos
Ayres, September 25th, 1841), from an average depth of eighteen
Teot, very mumerous 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
from smallbones, by the water of the river| At Arrecifes, the
Giyptodon, sent ‘o the College of Surgeons, was found; and I
have seen two teeth of & \lmmu from {his quarter. At S.
Nicolas, M. d'Orbiguy found remains of a Canis, Ctenomys, and
Korodon;, and M. Taxbelle (‘Vovage; p. 539). refers 0 o, ghsaatio
T S i AN e e i b
Jittle below the mouth of the Carcarana, the two skeletons of
Mastodon were found ; on the banks of this river, near . Miguel,
T found teeth of the Mastodon and Toxodon: and ¢ Falkner’

(3. ) datribe the gesaous smmour of soma gread snimal, Theard
of many other bones in this neighbourho ave seen I may
add, in the possession of Mr. Caldeleugh, the tooth of a Mastodon
Audium, said to bave been found in Paraguay ; Tmay here also refer
fo a statement in this gentleman's travels (vol. 1. p. 48), of a great
skeleton having been found in the province of Bolivia in Buail, on
the R, e las Contas. _The farthest point westward in the Pampas,
at which T have /ieard of fossil bones, was high up on the banks of
the R. Quinto.

In Entre Rios, besides the remains of the Mastodon, Toxodon,
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Equus, and quadruped near St. Fé Bajada, 1

l_v-l an lmmmt of hvmg found a hnle SE. of
P. Gorda (on the Parsna), sod of an entir skeleton

on the Arroyo del

In Banda Oriental, h-ududu remains of the Toxodon, Mylo-
don, and two skeletons of great animals with osseous armour (dis-
i todon), found on the Arroyos Sarandis
and , M. Isabello (‘ Voyage, p. 322) says, muny bones
have beon found noar th R. Nogro, and on tho K. Arapey, an affluent
of tho Pamguay in at. 30° 0 south. L bourd of Vones pear tho

source of the A. Vivoras. I llw ﬂw remains of a Dasypoid quad-
e ‘and M. 4 Orbigy
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CHAPTER XII.

ON THE OLDER TERTIARY FORMATIONS OF PATAGONIA AND
CHILE.

Tio Negro—S. Josef—Port Desire, white pumiceous mudstone with in-
Jfusoria—Port 8. Julian—Santa Cruz, basaltic lava of—P. Gallegos—
‘Eastern Tierra del Fuego; leaves of extinct beech trees—Summary on
the Patagonian tertiary formations—Tertiary formations of the Western
Coast—Chonos and. Chiloe groups, volcanic rocks of—Concepcion—
Navidad—Coguimbo—Summary—Age of the tertiary formations—
Tines of elevation—Silicified wood—Comparative ranges of the extinct
und living Mollusca on the West Coast of 8. America—Climate of the
tertiary period—On the causes of the absence of recent conchiferous
doposits on the coasts of . America—On the contemporancous deposi-
tion and preservation of sedimentary formations.

Rio Negro—I can add little to the details given by
M. d'Orbigny on the sandstone formation of this dis-
trict. The cliffs to the south of the river are about
200 feet in height, and are composed of sandstone of
various tints and degrees of hardness. One layer, which
thinned out at both ends, consisted of earthy matter, of
a pale reddish colour, with some gypsum, and very like
(I speak after comparison of the specimens brought
home) Pampean mud : above this was a layer of compact
‘marly rock with dendritic manganese. Many blocks of
a congl of pumice-pebbl ded in hard
sandstone were strewed at the foot of the cliff, and had
evidently fallen from above. A few miles NE. of the

! Voyage, Part. Géolog. pp. 57-65.
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town, T 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 fusi-
bility, 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 ot so white; it might
easily have been 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 re-
‘markable for being partially formed of Infusoria. These
beds, conjointly with the conglomerate of pumice, are
interesting, as showing the nature of the volcanic action
in the Cordillera during this old tertiary period.

In a bed at the base of the southern cliffs, M. d'Or-
bigny found two extinct fresh-water shells, namely, a
Unio and Chilina. This bed rested on one with hones
of an extinet rodent, namely, the Megamys Patagoni-
ensis; and this again on another with extinet marine
shells. The species found by M. d'Orbigny in different
parts of this formation consist of :—

1. Ostren Patagonics, dOrbig, “Voyage Pal. (alsoSt. Fé and
“Voyage Pal’ (also at St. S. Josef).
Fé, and whole coast of Pata- | 4. Pecten Patagoniensis, do.
gonia). 5. Venus Munsterii, do. (also St.

2. Ostrea Ferrarisi, do. .

3. Ostrea  Alvarezii, d'Orbig. | 6. Arca Bonplandiana, do. (do.)

According to M. d'Orbigny, the sandstone extends
westward along the coast as far as Port S. Antonio, and
up the R. Negro far into the interior: northward T
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

w2

@& The Complete Work of Charles Darwin Online



372 Tertiary Formations. PART I,

quite different in mineralogical composition, being con-
nected with it only by the one thin white layer: this
diffe may be attributed to the sediment
brought ettt S by the Rio Negro; by
which agency, 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 formution is contemporaneous (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
nodules of gypsum, is probably, from the reasons given
in the eighth chapter, contemporaneous with the upper-
most beds of the Pampean formation on the upper plain
north of the Colorado.

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

1. Ostrea Patagonica
coust of Patn

&0rbig. “Voyage Pal. (also at St. F4 and whole
i

n
&'0rbig. * V. Pal. (also St. Fé and R. Nog

2. Ostrea Al o).

3 Pocten Paranoneis, 0rbig, V. Paland PL IIL. £. 30 ofthis wark
(also St. Fé, S. Julian, and Port Desire).

e Bectin Darwiniezus, 10rbig.* V. ol and LI .28 and 20 (also

5. Pecten actinodes, G. B. Sowerby, PL. TIL £, 33.
6 T?nlbmnh“‘ Patagonica, G. B, Sowerby, PL. IL £. 26 and 27
uls inn).
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
Rio Negro. Above this fossiliferous mass, there is a
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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, 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 sandstone, 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 S. Josef, separated by a darker coloured,
‘more argillaceous variety, including the Ostrea Pata-
gonica. Prof. Ehrenberg has examined this mudstone
for me: o finds in it three alzeady known microseapic

in a fine-g tuff,
which T shall have immediately to describe in detail.
Specimens brought to me from the uppermost bed,
north of the Rio Chupat, consist of this same substance,
but of a whiter colour.

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

Port Desire—A good section of the lowest fossili-
ferous mass, about forty feet in thickness, resting on
claystone porphyry, is exhibited a few miles south of
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the harbour. The shells sufficiently perfect to be
recognised consist of :—
1. Ostren Patagonica, d'Orbig. (also at St. 6 and whole coast of
Patagonia
2. Pecter nP.uunenuu, @'Orbig. ‘ Voy. Pal.’ and PL IIL £. 30 of this
work (also at St. Fé, . Josef, 8, Julian).
3. Pecten centralis, G. B, Sowerby, PL IIL £. 31 (also . Julian and
22, 23 (also S. Cruz).

L IIL £, 48,

8§, Cruz).
4. Cucullza alta, do.. PL IL.
unnl ornata, do., PL
tella Patagonica,
The fossiliferous strata, where not denuded, are
covered by a consi 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 nail; it
includes laminz 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
towch, adheres to the tongue, and when breathed on
exhales a strong aluminous odour; it sometimes con-
tains a very little calcareous matter,and traces (besides
the included laminz) of gypsum. Under the microscope,
according to Prof. Ehrenberg,! it consists of minute,
triturated, cellular, glassy fragments of pumice, with
some broken erystals. In the minute glassy fragments,
Prof. Ehrenh organic which
have been affected by voleanic heat : in the specimens
from this place, and from Port S. Julian, he finds six-

1 “Monatsberichten der kinig. Akad. zu Berlin, vom April, 1845
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teen Polygastrica and twelve Phytolitharia. Of these
organisms, seven are new forms, the others being pre-
viously known : all are of marine, and chiefly of oceanic,
origin. This deposit to the naked eye resembles the
crust which often appears on weathered surfaces of
feldspathic 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 porphyry. From
examining specimens under a common 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 volcanic nature.

Port 8. 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 fect

No. 33.

Sationof ibitd i tho s of 4 Fort

py

plain. Beginning at the top,—lst, the earthy mass
(A A), including the remains of the Macrauchenia, with
recent shells on the surfice; 2nd, the porphyritic
shingle (B), which in its lower part is interstratified
(owing, I believe, to redeposition during denudation)
with the white pumiceous mudstone; 3rd, this white
mudstone, about twenty feet in thickness, and divided
into two varieties (C and D), both closely resembling
the lower, fine-grained, more unctuous and compact
kind at Port Desire; and, as at that place, including
much selenite ; 4th, a fossiliferous mass, divided into
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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 sandstone abounding with
Scutellz; and the lowest bed (F) is an indurated,
greenish, sandy clay, including large coneretions of
calcareous sandstone, many shells of the great oyster,
and in parts almost made up of fragments of Balanida.
Out of these three beds, T procured the following twelve
species, of which the two first were exceedingly numerous
in individuals, as were the Terebratule and Turritellz
in certain layers :—

1. Ostrea Patagonicn, d0rb. Voyago Pl (sleo at St Fé and whole
const of Patagonia).

ig. do, and PL. TIL £. 30 of this work (St.

osef, ire).
3. Pecten erntmlvs, G. B. Sowerby, P1. 1L . 81 (also P. Desire and
8.

Cru
4. Pocien gesinatnd, do, PLIL £ 21

5. Tercbratula Patay 1. 26 and 27 (alm S. Josef).
6. Struthiclaria ornate, d 62 (also . Cruz

7. Fusus Patagonicus, d

8. Fusns Noachinu spand oo,

9. Sealaria rugulosa, do., PI. I

10 T e et L I ok ) aeo's. Crm).

11

Pyrula, cast of, like P. ventricosa of Sovsiy, Tﬂn Cat.
12. Balanus varians, G. B. Sowerby, P1. IL {. 4, 5, 6.
13, Scutell, differivg from the speien rom Nvews Gl

At the head of the inner harbour of Port S. Julian,
the fossiliferous 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 pumiceous mudstone,
which here includes innumerable, far-extended, some-
times horizontal, sometimes inclined or vertical laminw
of transparent gypsum, often about an inch in thick-
ness.  Further inland, with the exception of the
superficial gravel, the whole thickness of the truneated
hills, which represent a formerly continuous plain 950
feet in height, appears to be formed of this white mud-
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stone: here and there, however, at various heights, thin
earthy layers, containing the great oyster, Pecten Para-
mensis and Turritella ambulacrum, are interstratified ;
thus showing that the whole mass belongs to the same
epoch. T nowhere found even a fragment of a shell
actually in the white deposit, and only a single cast of
aTurritella. Out of the eighteen microscopic organisms

red by Ehrenb in the speci from this
place, ten are common to the same deposit at Port
Desire. I may add that specimens of this white mud-
stone, 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 mouth
of the river are 355 feet in height: the lower part, to
a thickness of fifty or sixty feet, consists of a more or
less hardened, darkish, muddy, or argillaceous sandstone
(like the lowest bed of Port Desire), containing very
many shells, some silicified and some converted into
yellow caleareous spar. The great oyster is here
numerous in layers; the Trigonocelia and Turritella
are also very numerous: it is remarkable that the
Pecten, Paranensis, so common in all other parts of
the coast, is here absent : the shells consist of :—

1. Ostren Patagonica, dOrbig. *Voyage Pl (also at St. Fé and
whole coast of Patagonia).
Pecten centralis, G. B. Sowerby, P II1. £. 31 (also P, Desire and
S, Julian).

‘enus meridionalis of G. B. Sc'arby, PLILf18.
Crassatella Lyelli, do. PL L. {.
Cardium puelehum, do. mnlls
Cardita, Patagonica, do, PL. ILE 17
Mactra roga'a, do, L 11 £
(actra Darwinii, do. PL. II l
vt aia, o BLTL. £ 3, 33 (ol P. Desre).

:°.w>-.m.=n:-.°-
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10 Dgonoralio i, o, PL 114 20,2,
11. Nucula (?) glak do. PL IL {. 18.
do. PL I

. Crepi duhgngu

15, Voluta alis dor PL IV, £ 73,

1. Touehus colariy, do. P, 111 £ 44, 45.

15. Natiea (#), do. PL IIT. £, 40, 41,

16. Struthiolaria ortata, do. Pl 1V, £ 63 {also P. Desire).

17. Turritella ambulacrum, do. PL. TIL. £. 49 (also P. S. Julian).
Tmperfect fragments of the genera Byssoarea, 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, however, 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
were too short to reach across the vein, have their extre-
mities curved or bent : in the same veins with the gyp-
sum, and likewise in separate veins as well as in little
nests, there is much powdery sulphate of magnesia (as
ascertained by Mr. Reeks) in an uncompressed form : I
believe that this salt has not heretofore been found in
veins. Ofthe three beds, the central one is the most com-
pact, and more like ordinary sandstone : it includes nu-
merous flattened spherical concretions, often united like
a necklace, composed of hard calcarcous sandstone, con-
taining 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 have
been 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, containing calcareous matter, and so
fine-grained and compact, as almost to resemble por-
celain-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
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one includedsoft ferruginous layer, there weresomespeci-
mens of the Cuculleea alta (found at Port Desire in the
lower 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 gradual and scarcely perceptible
manner, to be banded with white lines; and after as-
cending ten miles farther, we meet with distinct thin
layers of whitish, greenish, and yellowish fine-grained,
fusible sediments. At eighty miles from the coast,' in
a cliff thus composed, there were a few layers of ferru-
ginous sandstone, and of an argillaceous sandstone with

No. 34,
Section of the plais of Patagonis, on the banks of the §, Cruz.
‘Surface of plain with erratic boukders ; 1,416 . ubove the sea.

212 £ thick.

River of 8, Crus; bero 280 t. above.

a. Gravel and bou) 5. Basaltia lav,
e Sedimentary layers. d. Bed of smail pebbles. e. Talus,

concretions of marl like those in the Pampas. At 100
miles from the coast, that is at a central point between

! At this spot, for a space of threo quarters of a mile along the
north side of the river, and for  width of half a mile, thero has been &
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the Atlantic and the Cordillera, we have the preceding
section.

The upper half of the sedimentary mass, under the
basaltic lava, consists of innumerable zones of perfectly
white, bright green, yellowish and brownish, fine-grained,
sometimes incoherent, sedimentary matter. The white,
pumiceous, trachytic tuff-like varieties are of rather
greater specific gravity than the pumiceous mudstone
on the coast to thenorth : some of the layers, especially
the browner ones, are coarser, so that the broken crys-
tals are distinguishable with a weak lens. The layers
vary in character in short distances. With the excep-
tion of a few of the Ostrea Patagonica, which appeared
to have rolled down from the cliff above, no organie
remains were found. The chief difference 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 dis-
appear 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, apparently of great thickness (but much hidden
by the talus), of soft sandstone, almost composed of
minute pebbles, from one-tenth to two-tenths of an
inch in diameter, of the rocks (with the entire exception

reat slip, which has formed hills between 60 and 70 foot in height, and
has tilted the strata. into highly inclined and even vertieal positions.
The strata generally dipped at an angle of 45° towards tho elif from
which they had slided. I havo ohserved in slips, both on a emall and
large scale, that this inward dip is very general. Is it due to the
bydrostatic pressure of water percolating with diffieulty through the
etrata acting with greater force at the base of the mass than against the
upper part?
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of the basaltic lava) composing the great boulders on
the surface of the plain, and probably composing the
neighbouring Cordillera. Five miles higher up the
valley, and again thirty miles higher up,! (thatis 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 nearly similar
but finer-grained, more earthy, laminated sandstone,
lternating with argill beds, and ining nu-
merous moderately sized pebbles of the same rocks, and
some shells of the great Ostrea Patagomica. As most
of these shells had been rolled before being here em-
bedded, their presence does not prove that the sand-
stone belongs to the great Patagonian tertiary formation,
for they might have been redeposited in it, when the
valley existed as a sea-strait; but as amopgst the
pebbles there were none of basalt, although the cliffs on
both sides of the valley are composed of this rock, T
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, closeup to the mountains ;
5o that the valley of the S. Cruz gives a fair idea of the
constitution of the whole width of Patagonia.

Buasaltic Lava of the 8. Cruz.—This formation is
first met with sixty-seven miles from the mouth of the
river ; thence it extends uninterruptedly, 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 i rey and laminated ;
it contains some olivine, and high up the valley much

2 1 found at both places, but not in situ, quantities of eoniferous and
ordinary dicotyledonous silicified wood, which ws examined for me by
Mr. R. Brown.
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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 one place I saw
‘magnificent columns, each face twelve feet in width,
with their interstices filled up with calcareous tuff.
The streams rest conformably on the white sedimentary
beds, but I nowhere saw the actual junction ; nor did T
anywhere see the white beds actually superimposed on
the lava; but some way up the valley at the foot of
the uppermost. escarpments, they must be thus super-
imposed. Moreover, at the lowest point down the
valley, where the streams thin out and terminate in
irregular projections, the spaces or intervals between
these projections are filled up to the level of the now
denuded and gravel-capped surfaces of the plains, with
the white-zoned sedimentary beds; proving that this
‘matter continued to be deposited after the streams had
flowed. Hence we may conclude that the basalt is
contemporaneous with the upper parts of the great
tertiary formation.

The lava where first met with is 130 feet in thick-
ness : it there consists of two, three, or perhaps more
streams, divided from each other by vesicular spheroids,
like those on the surface. From the streams having,
asit appears, extended to different distances, the terminal
points are of 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 T
afterwards saw the streams extending continuously on
both 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 believe to have been caused by the crossing
and heaping up of different streams. In one place,
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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 eomposed of im-
perfect columns radiating from common centres, like
the spokes of wheels.

The basaltic mass where first met with is, as T 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 appa-
rently very umiform 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 approxi-
mate measurement, 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
caused by some of the uppermost streams having
extended thus far and no farther. From the measure-
ments made at these two points, thirty-five miles apart,
the mean inclination of the sedimentary beds, over
which the lava has flowed, is now (after elevation from
under the sea) only 0° 7/ 52"+ for the sake of compari-
son, it may be mentioned that the bottom of the present
sea in a line from the mouth of the S. Cruz to the
Falkland Islands, from a depth of seventeen fathoms to
a depth of eighty-five fathoms, declines at an angle of
0° 1" 22”3 between the beach and the depth of seven-
teen fathoms, the slope is greater, From a point about
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half-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 aggre-
gate streams have flowed from the Cordillera to a dis-
tance (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 subaérial eruption in 1783
from Skaptar Jukul in Iceland ; 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. I 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

* “Mémoires pour servir,’ &c., pp. 178 and 217.
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of 8. Cruz), I am informed by Captain Sulivan, R
that there is a gravel-capped plain from 200 to 300 feet
in height, formed of numerous strata, some fine-grained
and pale-coloured, like the upper beds at the mouth of
the S. Cruz, others rather darker and coarser, so as to
resemble gritstones or tuffs; these latter include rather
large i of voleanic
rocks; there are, also, included layers of gravel. This
formation is highly remarkable, from abounding with
mammiferous remains, which have mot as yet been
examined by Professor 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 corresponded with the upper beds of
the S. 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 patehes visible on the hill sides, the uppermost
plain, both on the north and western side of the Strait
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

! Described in the ¢ Geologieal Transactions,’ vol. vi. p. 415.
ce
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200 feet in height, and are composed of fine sandstones,
often in curvilinear layers, including hard concretions
of calcareous sandstone, and layers of gravel. In these
beds there are fragments of wood, legs of crabs, barnacles
encrusted with corallines still partially retaining their
colour, imperfect fragments of a Pholas distinet 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 lamine of
the muddy sandstone ; they belong, as T 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 conjecture, whether
we here see the basal part of the great Patagonian
formation, or some later deposit.
wn onthe P ian Tertiary F
—Four out of the seven fossil shells, from St. Fé in
Entre Rios, were found by M. d’Orbigny in the sand
stone 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 8. Julian, which two places have
together fifteen species, out of which three are common
to both. Santa Cruz has 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, I conceive the above pro-
portional number of species in common, is sufficient to
show that the lower fossiliferous mass belongs nearly,
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.
+ “Botany of the Antaretic Voyage, p. 212.
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The thirty-six species (including. those collected by
myself ‘and by M. d'Orbigny) are all extinet, or at least
unknown ; but it should be borne in mind, that the
present coast cousists of shingle, and that no one, [
believe, has dredged here for shells; hence it is mot
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 Twrritella ambulacrum, and T.
Patagonica. At least three of the genera, namely,
Cuculliea, Crassatella, and (as determined by Mr.
Sowerby) Struthiolaria, are not found in this quarter
of the world ; and Trigonocelia is extinet. The evidence
taken altogether indicates that this great tertiary
formation is of considerable antiquity ; but when treat~
ing 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, 8. Julian, and 8. Cruz. Out of the twenty-seven
marine microscopie structures found by Prof. Ehrenberg
in the specimens from 8. Julian and Port Desire, ten
are common to these two places: the three found at
Neuvo Gulf are distinet. I have minutely described
this deposit, from its remarkable characters and its
wide extension. From Coy Inlet to Port Desire, a dis-
tance 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 ocours

cc2
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at the Rio Negro. At Port 8. Julian it is from 800 to
900 feet in thickness; and at S. Cruz it extends, with
a slightly altered character, up to the Cordillera. From
its microscopic structure, and from its analogy with
other formations in volcanic districts, it must be con-
sidered as originally of voleanic 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 ascendmg 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 voleanic
orifices of the Cordillera, 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-
conglomerate with pumice, and demonstrative proof of
it, at 8. Cruz, in the vast deluges of basaltic lava: at
this same tertiary period, also, there is distinct evidence
of volcanic action in Western Banda Oriental.

The Patagonian tertiary formation extends continu-
ously, judging from fossils alone, from S. Cruz to
near the Rio Colorado, a distance of above 600 miles,
and reappears over a wide area in Entre Rios and Banda
Oriental, making a total distance of 1,100 miles; but
this formation undoubtedly extends (though no fossils
were collected) far south of the S. Cruz, and, accord-
ing 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 thick-
ness (and rather more at S. Julian), and rising with
the contemporaneous lava-streams to a height of about
3,000 feet at the base of the Cordillera. It rests,
wherever any underlying formation can be seen, on
plutonic and metamorphic rocks. Including the newer
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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 Straits 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 observation went,
unequally tilted or dislocated by a fault.

Tertiary Formations on the West Coast.

Chonos Archipelago.— The numerous islands of
this group, with the exception of Lemus, Ypun, con-
sist of metamorphic schists 3 these two islands are formed
of softish grey and brown, fusible, often laminated sand-
stones, containing a few pebbles, fragments of black
lignite, and numerous mammillated concretions of hard

dst Out of these jons at Ypun
(lat. 40° 30’ 8.), I extracted the four following extinct,
species of shells :—

1. Turritella suturalis, G. B. Sowerby, PL IIL. £. 50 (also Navidad).

2 Siguretus subglobosus, do, PL IIL . 36, 37. (do.)

3. Cytherma (?) suleulosa. (7), do. PL IL f. 14 (also Chiloe and
Tusto?

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 voleanic formation, probably of tertiary origin. The
iavas attain a thickness of from 200 to 300 feet ; they
are extremely variable in colour and mature, being
compact, or iated, or cellular, or
with zeolite, agate and bole, or porphyritic with glassy
albitic feldspar. There is also much imperfect rubbly
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pitchstone, with the interstices charged with powdery
carbonate of lime apparently of contemporancous origix.
These lavas are conformably associated with strata of
breceia and of brown 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 thirfy yards in breadth. This volcanic formation
resembles ane, presently to be described, 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
1 examined consisted of fine-grained muddy sandstones,
with fragments of lignite and concretions of calcareous
sandstone. 1 collected the following extinet shells, of
which the Turritella was in great numbers :—
1. Bulla cosmophila, G. B. Sowerby, PL IIL f. 85.
2. Pleurotoma subsequalis, do. PL. IV. f. 5
3. Fusus cleryanvs, d'Orbig. * Voy. Pal.
Coquimbo).

4. Triton leucostomoides, . B, Sowerby, PL IV. £. 64.
uritela Chilen #

PL XIL £. 6, 7 (alsoat

enus, probabl et épo
. Oythersea (2) sulm\lnm (8o PLIL
Dentalium majus, G A

Chiloe.—This fine island is about 100 miles in
length. The entire southermn part, and the whole
western coast, consists of mica-schist, which likewise is
seen in the ravines of the interior. The central moun-
tains rise to a height of 3,000 feet, and are said to be
partly formed of granite and greenstone: there are
two small voleanic districts. The eastern coast, and
Jarge parts of the northern extremity of the island are
composed of gravel, the boulder formation, and under-
lying horizontal strata. The latter are well displayed
for twenty miles north and south of Castro; they vary
in character from common sandstone to fine-grained,

all the specimens which I ex-
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amined are easily fusible, and some of the beds might
be called voleanic grit-stones. These latter strata are
perhaps related to a mass of columnar trachyte which
oceurs behind Castro. The sandstone occasionally in-
cludes pebbles, and many fragments and layers of lignite;
of the latter, some are apparently formed of wood and
others of leaves: one layer on the NW. side of Lemuy
is nearly two feet in thickness. There is also much
silicified wood, both common dicotyledonous and coni-
ferous : a section of one specimen in the direction of
the medullary rays has,as T am informed by Mr. R. Brown,
the discs in a double row placed alternately, and not;
opposite as in the true Araucaria. I found marine
remains only in one spot, in some concretions of hard
calcareous sandstone : in several other districts I have
observed that organic remains were exclusively confined
to such concretions ; 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 pre-
served only where concretions were formed ? The shells
here are in a bad state, they consist of :

den (0) blongs, G, B, Bowerly, F1. 1. £ 13 (s slenella i

iguy's opinion).

2, Natiea sl lata, owerl
x Natica ?) pumila, do. P1. IIL 1. 38;

4. Cythersea (#) sulcalosa, do. PL. IT. £. 14 (also Ypun and Huafo?)

by, PL IIL £. 39.

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 amygda-
loidal with calcareous spar and bole: most even of the
darkest varieties fuse into a pale-coloured glass. The
next commonest variety is a rubbly, rarely well charac-
terised pitchstone (fusing into a white glass) which
passes in the most irregular manner into stony gray
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lavas. This pitchstone, as well as some purple clay-
stone porphyry, certainly flowed in the form of streams.
These various lavas often pass, at a considerable depth
from the surface, in the most abrupt and singular
‘manner into wacke. Great masses of the solid rock are
breceiated, 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 grit-
stones, apparently of submarine origin.

The neighbouring peninsula of Lacuy is almost
wholly formed of tufaceous deposits, connected probably
in their origin with the voleanic hills just desribed.
The tuffs are pal d, alternating with lami
mudstones and uxmdstones (all easily fusible) and passing
sometimes into fine grained white beds strikingly re-
sembling the great upper infusorial deposit of Patagonia,
and sometimes into breceiolas with pieces of pumice in
the last stage of decay; these again pass into ordinary
coarse breceias and conglomerates of hard rocks.  With-
in very short distances, some of the finer tuffs often
passed into each other in a peculiar manner, namely,
by irregular polygonal concretions of ome variety in-
creasing 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 concre-

' Tn a cliff of the bardest fgmentary mass, T found several
tortuous, vertical veins, varying in_thickness from a few tenths of an
ineh to one inch and a half; of a snhﬂm\ce ‘which I have not seen des-
eribed. It is glossy, and of a brown colmlr it s ﬂnnly Taminated,
with the laminw transparent and elastic; it is r than calt
careous spar; it is infusible under the e e

pitates, gives out water, curls up, blackens and hemmen ‘magnetic.
s easily dissolyes a considerable quantity of it, s

a
Vmged with green. I bave no dm what its true n-mm l! On first
seeing it, I mistook it for lignite
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tions. In a straight line of cliffs, at Point Tenuy, I
examined the following remarkable section :—
No. 3.

Tevel of sea.

On the left hand, the lower part (A A) consists of regular,
alternating strata of brown tuffs and greenish laminated
‘mudstone, gently inclined 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 (BB right) 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 indistinetly divided into strata quite con-
formable with the underlying beds (A A): moreover, a
few hundred yards farther 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 (AA) of this section. In the middle
of the diagram, the beds (AA) are seen to be abruptly
cut off, and to abut sgainst the tnfaceous non-stratified
mass ; but the line of junction has been accidentally
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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 sub-
marine channel, and at the same time or afterwards
filled it up with the tufaceous and brecciolated matter,
and spread the same over the surrounding submarine
beds; the matter becoming stratified in these more
distant and less troubled parts, and being moreover
subsequently covered up by other strata (like AA) not
shown in the diagram. It is singular that three of the
beds (of AA) are prolonged in their proper direction,
as represented, beyond the line of junction into the
white tufaceous matter : the prolonged portions of two
of the beds are rounded; in the third, the terminal
fragment has been pushed upwards: how these beds
could have been left thus prolonged, I will not pretend
to explain. In another section on the opposite side of
a promontory, there was at the foot of this same line
of junction, that is at the bottom of the old submarine
channel, a pile of fragments of the strata (AA), with
their interstices filled up with the white tufaceous
matter: this is exactly what might have been antici-
pated under such cireumstances,

The various tufaceous and other bedsat thisnorthern
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 silicified and pyritous
wood, often embedded close together. They also con=
tain many and singular concretions : some are of hard
calcareous sandstone, in which it would appear that
broken voleanic crystals and scales of mica have been
better preserved (as in the case of the organic remains
mear Castro) than in the surrounding mass. Other
concretions in the white brecciola, are of a hard fer-
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ruginous, yet fusible, nature; they are as round as
cannon-balls, and vary from two or three inches to two
feet in diameter; their insides generally consist either
of fine, scarcely coherent voleanic sand,! or of an argil-
laceous tuff; in this latter case, the external crust was
quite thin and hard. Some of the spherical balls were
encircled in the line of their equators, by a necklace-
like row of smaller coneretions. ~Again there were other
concretions, irregularly formed, and composed of a hard
compact, ash-coloured stone, with an almost porcelain-
ous fracture, adhesive to the tongue, and without any
caleareous matter. These beds are, also, interlaced by
many veins, containing gypsum, ferruginous matter,
calcareous spar, and agate. It was here seen with re-
markable disti: Low inti i 3
action and the production of fissures and veins are re-
lated together. The following diagram is an accurate

No. 36,

Ground plan showing between veins and
‘in 0 mass of tuf,

{
o]

07;‘ 0 \_J

representation of a horizontal space of tuff, about four

1 The frequent tendency in iron to form hollow concretions or shell
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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
i i fonary zones of different
shades of colour and of coarseness in the particles of
tuff. The symmetry and complexity of the arrangement
gave the surface an elegant appearance. It may be
seen how obviously the fissures determine (or have been
determined by) the shape, sometimes of the whole con~
cretion, and sometimes only of its central parts. The
fissures also determine the curvatures of the long undu-
lating zones of concretionary action. From the varying
composition of the veins and coneretions, the amount
of chemical action which the mass has undergone is
surprisingly great; and it would likewise appear from
the difference in size in the particles of the coneretionary
aones, that the mass, also, has been subjected to internal
mechanical movements.

In the peninsula of Lacuy, the strata over a width
of four miles have been upheaved by three distinct, and
some other indistinct, lines of elevation, ranging with-
in a point of north and south. One line, about 200
feet in height, is regularly anticlinal, with the strata
dipping away on both sides, at an angle of 15°, from a
central “valley of elevation,” about 300 yards in width.
A second narrow steep ridge, ouly sixty feet high, is
uniclinal, the strata throughout dipping westward ;
those on both flanks being inclined at an angle of from
ten to fifteen degrees ; whilst those on the ridge dip in
the same direction at an angle of between thirty and
forty degrees. This ridge, traced northwards, dies away;
and the beds at its terminal point, instead of dipping
westward, are inclined 12° to the north. This case

containing incoherent matter is singular; D'Aubuisson (‘Traité do
Géogn. tom. i. p. 318) remarks on this circumstance.
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interested me, as being the first in which I found in
South America, formations perhaps of tertiary origin,
broken by lines of elevation.

Valdivia : Island of Mocha.—The formations of
Chiloe seem to extend with nearly the same character
to Valdivia, and for some leagues northward of it : the
underlying rocks are micaceous schists, and are covered
up with sandstone and other sedimentary beds, including
as T was assured, in many places layers of lignite. 1
did not land on Mocha (lat. 38° 20'), but Mr. Stokes
brought me specimens of the gray, fine-grained, slightly
calcareous sandstone, precisely like that of Huafo, con-
taining lignite and numerous Turritelle. The 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. Tarritella (‘lnlausn G. B. Sowerby, PL IV. f. 51 (also at Huafo).
2. Fusus, very imperfect, somewhat resembling F. subreflexus of

Navidad (7L 1V £ 57, but probably diffrent.
3. Venus, fragments of.

Concepeion.—Sailing northward from Valdivia, the
coust-cliffs are seen, first to assume near the R. Tolten,
and thence for 150 miles northward, to be continued
with the same mi to
be deseribed at Concepeion. I heard in many places
of beds of lignite, some of it fine and glossy, and likewise
of silicified 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 heds have been broken up by at
least eight or nine parallel lines of elevation, ranging
E. or ENE., and W. or WSW. These lines can be
followed with the eye many miles into the interior;
they are all uniclinal, the strata in each dipping to a

@ The Complete Work of Charles Darwin Online



398 Tertiary Formations. PART 1L

point between S. and SSE. with an inclination in
the central lines of about forty degrees, and in the
outer ones of under twenty degrees. This Land of

ly 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 sand-
stones, with bands of pebbles, and with the lower strata

into a resting on the
underlying metamorphic schists. These beds include
subordinate layers of greenish impure clay, soft mica-
ceous and calcareous sandstones, and reddish friable
earthy matter with white specks like decomposed erystals
of feldspar ; they include, also, hard concretions, frag-
ments 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 in-
deed is the whole formation. At Lirguen and other
places on the eastern side of the bay, there are good
sections of the lower sandstones, which are generally
ferruginous, but which vary in character, and even pass
into an argillaceous nature; they contain hard concre-
tions, fragments of lignite, silicified wood, and pebbles
(of the same rocks with the pebbles in the sandstones
of Quiriquina), and they alternate with numerous, often
very thin layers of imperfeet coal, generally of little
specific gravity. The main bed here is three feet thick;
and only the coal of this one bed has a glossy fracture.
Another 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 spontaneously. The cliffs on this side of
the bay, as well as on the island of Quiriquina, are
capped with red friable earth, which, as stated in the
ninth chapter, is of recent formation. The stratifica-
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tion in this neighbourhood is generally horizontal 5 but
near Lirguen the beds dip NW. at an angle of 23°;
near Concepcion they are also inclined : 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 been deseribed by M. d’Orbigny : they are all extinet,
aid from their generic character, M. d'Orbigny inferred
that they were of tertiary origin: they consist of :—

£ Chilensis, dOrbig. | 8. Cardium _acuticostatum,
Part. Pal’ &Orbig. *Voyage Pal.!

2. wueana, do, 9. Venus auca, do.

3. Natiea australis, do. 10. Mactra cecileana, do.

4. Fusus difficilis, do. 1 Araucana, do.
b. Ps irostra, do. 12. Area Araucana, d

6. Plenrotoma Araucana, do. 1. Nucula Largillierti, do.
7. Cardium auea, do. 14. Trigonia Hanetinns, do.

During a second visit of the Beagle to Concepeion,
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 Lirguen ; they consist
of :

1. Natica australis, d'Orbig * Voy- for d on.
it ”1 n.n—"w

age. lites vagina, E. Forbes.
2. Mactra Araucana, do. . 3.

3. Trigonia Hanetiana, do. 6. Nuuul\u dﬁrlnunyn ms, E.
4. Pecten, fragments of, probably Forbes, PL V. .1 (a) and 1.

o specics, but too imperfect ().

Besides these shells, Captain 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 vertebrm
of some very large animal. From the identity in

+ “Zoology of Capt. Belcher's Voyage,’ p. 163.
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mineralogical nature of the rocks, and from Captain
Belcher’s minute discription 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 neigh-
bourhood certainly belong to the same formation. Al-
though the generie 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 Professor E. Forbes certainly to be identical
with a species, so named by him, from Pondicherry in
India; 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 sur-
prising. Again, the Nautilus d'Orbignyanus, as far
as its imperfect state allows of comparison, resembles,
as I am informed by Professor 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 Pon-
dicherry strata. There are, however, some difficulties
on this view of the formations at Concepcion being cre-
taceous, which I shall afterwards allude to; and I will
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here only state that the Cardium awca is found also at
Coquimbo, the beds at which place, there can be no
doubt, are tertiary.

Navidad.)—The Concepeion formation extends some
distance northward, 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 ions of hard sandsts In one
part, there were many pebbles of the common meta-~
morphic porphyries of the Cordillera: and near the
base of the cliff, I observed a single rounded boulder of
greenstone, nearly a yard in diameter. I traced this
sandstone formation beneath the superficial covering of
gravel, for some distance inland : the strata are slightly
inclined from the sea towards the Cordillera, which
apparently has been caused by their having been aceu-
mulated against or round, outlying masses of granite,
of which some points project near the coast. The sand-
stone contains fragments of wood, either in the state of
lignite or partially silicified, sharks’ teeth, and shells in
great abundance, both high up and low down the sea-
cliffs. Pectunculus and Oliva were most numerous in
individuals, and next to them Turritella and Fusus. I
collected in a short time, though suffering from illness,
the following thirty-one species, all of which are extinet,
and several of the genera do not now range (as we shall
hereafter show) nearly so far south :—

1. Gastridium cepa, G, B. Sowerby, P1. IV. £. 68,

2. Monoceros, fragments of, cousidered by M. d'Orbigny as & new
species.

' Twas gmded to thia loslity by the Report on M, Gay's - Geclogi
eal Researches,’ in the * Annales des Scienc. Nat.’ (1st serics) tom. 28,
D
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. Voluta alta, G. B. Sowerby, PL IV. £. 75 (mndued by M.
d'Orbigny as distinet. fmm the V llm of% Cru
174

!
4. Voluta triplicata,

5 Otiva dimidiata, do. PL IV.£. 15 17
6. Pleurotoma discors, do. PL. T
7
8.
9.

. Pleurotoma tubinallide, do i w €53
| Fusus subreflexus,
- Fusus pyrulifornis o BT
10, Fusus, allied to
&Orbigny as n distinet speci
11, Turritella suturalis, G. B. crllx Bl IIL£. 50,
ca (d0.), PL IT1. £. 48 (fragmonts of).
15, Trochus levie, G B. Sowerhy, . 46, 47.
14, Trochus collaris, do, PL IIL f. 44, 45 (considersd by M.
&Orbigny ns the young of the T. Yevis).
15. Cassis monilifer, G. B. Sowerby, Pl. V.1 65,
.

’m V. £. 55 (considered by M.

la of 8.
. Teroben andl 3
. Terebra muum, do,, PLIV. £.
. Balla (fragments of).
9

meridionalis, do, PL. T
. Pectupenlus dispr, (#) Dish. (considered by M. d'Orbigay as a
distinet s
2, 30, Cythorea nd Mactra, fragments of (considered by L.
Osbiguy aa new spociee)
AX P icab gt 02

Coquimbo.—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 Tonguay, twenty-
five miles south of Coquimbo, tertiary beds recommence.
T have already minutely described in the ninth 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
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beds, represented in the following diagram (here given
again) by the letters F and E:—
o. 87,
Section of the Tertary Formation st Coguimbo.
Sartace o plaa, 242 tee above e,

Lavel of Sea.
F—Lower Sandstone, with concreions and ilicifed boner, | with fol ahell, i, or

ith namerons Dalan, | nearly al,
Cand D, Catcareons beds with receat shel. - Scruified sand 1n a Pavine, lso
recent shelle.

T obtained good sections of bed (F) only in Herra-
dura Bay: it consists of soft whitish sandstone, with
ferruginous veins, some pebbles of granite, and concre-
tionary layers of hard calcareous sandstone. These
concretions are remarkable from the great number of
large silicified bones, apparently of cetaceous animals,
which they contain; and likewise of a shark’s teeth,
closely resembling those of the Carcharias megalodon.

Shells of the following species, of which the gigantic

Oyster and Perna are the most eonspicuous, are numer-

ously embedded in the coneretions :—

Bulla ambigua, d'Orbig. * Voyage Pal
Monoesree m.ﬁmwda e
Qurdium wace,
cwmmhenm, do.

) Swudichuudi, do.

Artenis pondose; M, Sowerby em 1d, no ditingo
cartar bebween thip “fonsil and the recent A, pond
certainly un Arter shown by the pallial imp

Outrea Patagonica (1) M, Bowerby can poiat out oo
characer babwosn ¢ i pecics and that so eminently characteris-

ian formation ; but he will not pretend
to affirm that a..y are identical.
8. Fragmeats of a Venus and Natica.
The cliffs on one side of Herradura Bay are capped
by a mass of stratified shingle, containing a little calca-

pv2

,=n.=-.*.~.-.~

tie of the
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reous matter, and I did not doubt that it belonged to
the same recent formation with the gravel on the sur-
rounding plains, also cemented by calcareous matter,
until to my surprise, I found in the midst of it, a single
thin layer almost entirely composed of the above gigautic
oyster.

At a little distance inland, I 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
fragments of Balnmdm, it includes some pebbles, and
layers of yellowish dst The
shells consist of :—

1. Monoceros Blainvillii, dOrbig. < Voy

Y ambiguus Sower

5. Anomin nlternans, do., PL I f. 25,

4. Pecten rudis, do., . £, 32,

5. Perna Gaudichaud; “Voyage Pal

°

Ostrea, small species, in imperfect state; it aEpﬂmd tome like a
ut very rare in 4
Mytilus Chiloansis; M. Sowerby san fdd no dietlsguiahing oh
neter betwen this foul, s for aa itw mot very pertecs condicion
allows of comparison, and the recont species.
Balanus Coguimbensis, G. B, Sowerby, PL I £, 7.
- Bulnnus peitacus?: King. This appasre 10 . Soworly. and
Pential with  very large and common species now
mg on the coust.

Se

The uppermost layers of this ferrugino-sandy mass
are conformably covered by, and impregnated to the
dapth of several inches with, the calcareous matter of
the bed (D) called losa: hence I at one time imagined
that there was a gradual passage between them s but as
all the spesies aso recent in the bed (D), whilst the

istic shells of the up layers of (E)
are Lhe extinct Perna, Pecten, and Monoceros, I agree
with M. d'Orbigny, that this view is erroneous, and that
there is only a mineralogical passage between them,
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and no gradual transition in the nature of their organic
remains. Besides the fourteen species enumerated from
these two lower beds, M. d'Orbigny has described ten
other species given to him from this locality ; namely,

. Fums Oleryiaus, d0:big. | 6. Vonus petitinn, - d0cbiz
“Voyage Pal.” y

9. petitianus,  do, 7= oottt do.
3. Venus hanetinna,  do. 8. Solecurtus hanetianus, do.
4 —incerta (?) do. 9. Mactra auea, do.
5. -— Cleryana,  do. 10. Oliva serena, do.

OF these twenty-four shells, all are extinct, except,
according to Mr. Sowerby, the Arfemis ponderosa,
Mytilus Chiloensis, and probably the great Balanus.

Coquimbo to Copiapo.—A few miles north of Co-
quimbo, T met with the ferruginous, balaniferous mass
(E) with many silicified bones; I was informed that
these silicified bones occur also at Tonguay, 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, I again saw this same formation,
capped with the recent caleareous beds. I here left
the coast, and did not see any more of the tertiary
formations, until descending to the sea at Copiapo:
here in one place I found variously 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 extinet gigantic oyster: beds with these oysters
are said to ocenr 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 of twenty-two degrees of lati-
tude north of Copiapo, until coming to Payta, where
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there is said to be a considerable calcareous deposit : a
 fow fossils have been described by M. d'Orbigny from
this place, namely :—

1. Rostallci Gandichuuti, T0sti, +Voyage Pal”
2. Pectuncalus Poytensi

3 iana, s
4. Ostren l’-hgvniu! This great o

which specimens have
.S by Mr. Sowerby from

0 varieties from Patagonia; though it would be
Bl onm S maetet 834 s $cms Vi thet spesiss o6 wich thes
from Coquim!

Concluding Remarks.—The formations deseribed
in this chapter, have, in the case of Chiloe and probably
in that of Concepeion and Navidad, apparently been
accumulated in troughs formed by submarine ridges

ing parallel to the ancient shores of the continent ;
in the case of the islands of Mocha and Huafo 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 West Indian archipelago. Hence, I
may remark, it does not follow that the outlying ter-
tiary masses of Mocha and Huafo were ever continuously
wnited at the same level with the formations on the
mainland, though they may have been of contempora-
neous origin, and been subsequently upraised to the
same height. In the more northern parts of Chile, the
tertiary strata seem to have been separately accumu-
lated 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
T feel sure is here much more trustworthy than it can
he in such broken continents as that of Europe), from
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the identity of mineralogical composition, from the
presence of fragments of lignite and of silicified wood,
and from the intercalated layers of imperfect coal, I
must believe that the coast-formations from central
Chiloe to Concepeion, a distance of 400 miles, are of
the same age : from nearly similar reasons, I suspect
that the beds of Mocha, Huafo, and Ypun, belong also
to the same period. The commonest shell in Mocha
and Huafo is the same species of Turritella; and I
believe the same Cytherea is found on the islands of
Huafo, Chiloe, and Ypun; but with these trifling ex-
ceptions, the few organic remains found at these places
are distinct. The numerous shells from Navidad, with
the exception of two, namely, the Sigaretus and Tur-
ritella found at Ypun, are likewise distinct from those
found in any other part of this coast. Coquimbo has
Cardinm auea in common with Concepeion, and Fusus
Cleryanus with Huafo; I may add, that Coquimbo has
Venus petitiana, and a gigantic oyster (said by
M. d'Orbigny also to be found a little south of Concep-
cion) 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 immediately see, must
be a very ancient tertiary one. But as the Baculite,
especially considering its apparent identity with the
Cretaceous Pondicherry species, and the presence of an
Ammonite, and the resemblance of the Nautilus to two
upper greensand species, together afford very strong
evidence that the formation at Concepeion is a Secondary
one ; I will, in my remarks on the fossils from the other
localities, put on one side those from Concepeion and
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from Eastern Chiloe, 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 Cardium auca
is found both at Concepcion and in the undoubtedly
tertiary strata of Coquimbo: nor should the possibility
be overlooked, that, as Trigonia, though known in the
Northern Hemisphere only as a Secondary genus, has
living representatives in the Australian seas, o a Bacu-
lite, Ammonite, and Trigonia may have survived in this
remote part of the Southern Ocean to a somewhat later
period than to the north of the equator.

Before passing in review the fossils from the other
Tocalities, there are two points, with respect to the for-
mations between Concepeion and Chiloe, which deserve
some notice.  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
NE. and SW., and NW. and SE. This fact is of some
interest, as showing that within a period which cannot
be considered as very ancient in relation to the history
of the continent, the strata between the Cordillera and
the Pacific have heen 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 Concepeion and Southern
Chiloe is everywhere lignitiferous, and includes much
silicified wood ; whereas the formations 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 s entirely concealed by forests,
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which thin out at Concepcion, and in central and
northern Chile entirely disappear. This coincidence in
the distribution of the fossil wood and the living forests
may be quite accidental 3 but T incline to take a diffe-
rent 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 accumulating, I conceive it is not improbable
that the climate, during the lignitiferous period, varied
on different parts of the coast in a somewhat similar
manner as it now does. Looking to an earlier epoch,
when the strata of the Cordillera were depositing, there
were islands which even in the latitude of Northern
Chile, where now all is irreclaimably 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 Palzontological
part of M. d'Orbigny’s ¢ Voyage’: if we put on one side
the twenty species exclusively found at Concepeion and
Chiloe, fifty-nine species from Navidad and the other
specified localities remain. Of these fifty-nine species
only an Artemis, a Mytilus, and Balanus, 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 series of speci-
mens to render this conclusion certain. Only the
Turritella Chilensis from Huafo and Mocha, the 7.
I ica and Venus idionalis from Navidad,
come very near to recent South American shells, namely,
the two Turritellas to 7. cingulata, and the Venus to
V. exalbida : some few other species come rather less
near; and some few resemble forms in the older Euro-
pean tertiary deposits: none of the species resemble
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secondary forms. Hence I conceive there can be no
doubt that these formations are tertiary,—a point ne-
cessary to consider, after the case of Concepeion. The
fifty-nine species belong to thirty-two genera; of these,
Gastridium is extinet, and three or four of the genera
(viz. Panopa, Rostellaria, Corbis?, and I believe
Solecurtus) are not now found on the west coast of South
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

Genera, with living and | Latitades, in which found | Southernmost latitude, in
tertiary species on the | fosil on the coasta of | which found living on the
[t coust o . Americat|  Chile and Fern ‘st coust of 5. America

Bulla . . . BO” to 43° 30" 12° near Lima
Ousis . 0] 137
smrim g s (and 36> 30 at | 5° Payta
Cnncepcmn)
Fusus 30°to 28° Mexillones ; ro-ap-
pears at the St. of
Magellan
Pleurotoma . . | 84° to 43° 30 2° 18" 8t. Elena
‘erebra . ole B, 5° Payta
Sigaretus . . | 34° to 44° 30° 12° Lima
nomia . . |80° '
Perna

- 10 23’ Xixapps
Cordium .~ . 7| 30° to 34° (and 36°30' | 5° Payta
at Coneepeion)

Artemis . . |80° 5 Pa

Voluta . . . |34°to 44° 30° Mr. Cuming does not

know of any species

living on the west

coust, between tho

equator and lat. 43°

Tierra del Fuego.

2 GLOrtigny sates tht the gomus Natiea i o found o the
st of ltle; but Mr. Ouming foun i a¢ Vlpasin. Salaia s
found at. Valfamiso; Area at Iguique, in lat. 20°, by Mr.

Area, also, was found by Capt. King, at Juan Fernandez, in St
30,
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table on the previous page, in which the difference
between the extension in latitude of thefossil and existing
species is shown, is taken from M. d'Orbigny’s work 3 but
the range of the living shells is given on the authority
of Mr. Cuming, whose long-continued researches on the
conchology of South America are well known.

When we consider that very few, if any, of the fifty-
nine fossil shells are identical with, or make any close
approach to, living species; when we consider that some
of the genera do not now exist on the west coast of
South America, and that noless 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 deposits are of considerable antiquity, and
that they probably verge on the commencement of the
tertiary era. May we not venture to believe, that they
are of nearly contemporaneous origin with the Eocene

of the Northern Hi

Comparing the fossil remains from the coast of Chile
(leaving out, as before, Concepcion and Chiloe) with
those from Patagonia, we may conclude, from their
generic resemblance, and from the small number of the
species which from either coast approach closely to
living forms, that the formations of both belong to
nearly the same epoch; and this is the opinion of M.
d'Orbigny. Had not a single fossil shell been common
to the two coasts, 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 2,000 living species from the opposite sides of
South America, only one in common, namely, the Pui-
pura lapillus from both sides of the Isthmus of Panama:
even the shells collected by myself amongst the Chonos
Islands and on the coast of Patagonia, are dissimilar,
and we must descend to the apex of the continent, to
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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 per-
Daps the large oyster from Coquimbo, are considered by
Mr. Sowerby as identical with species from Santa Cruz
and Port Desire. M. d'Orbigny, however, admits the
perfect identity only of the Trochus.

On the Temperature of the Tertiary Period.—As
the number of the fossil species and genera from the
western and eastern coasts is considerable, it will be
interesting to consider the probable nature of the
climate under which they lived. We will first take the
case of Navidad, in lat. 34° where thirty-one species
were collected, and which, as we shall presently see,
must have inhabited shallow water, and therefore will
necessarily well exhibit the effects of temperature.
Referring to the Table given in the previons 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 admitting this, for Cardium, Bulla, and
Fusus (and, if we include Coquimbo, Anomia and
Artemis) likewise formerly ranged farther south than
they mow 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
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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.
Sowerhy, two or three other species, formerly ranged
from Navidad as far south as Santa Cruz in lat. 50° If,
instead of comparing the fossils of Navidad, as we have
hitherto done, with the shells now living on the west
coast of South America, we compare them with those
found in other parts of the world, under nearly similar
Ititudes ; for instance, in the southern parts of the
Mediterranean or of Australia, there is mo evidence
that the sea off Navidad was formerly 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 Navi-
dad ; 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
conelusion that the climate of the southern seas at this
period was not hotter than what might have been ex-
peeted from the latitude of each place, appears to me
highly important; for we muss believe, in accordance

' Tt 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 perhaps
a mors (rop\ml character than those in corresponding latitndes on the

shores of T for at Bahia Blanca and 8. Blas, there are two fine
epecies of Voluga and four of Oliva.
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with the views of Mr. Lyell, that the causes which gave
to the older tertiary productions of the quite temperate
zones of Europe a tropical character, were of a locdil
character and, did not affect the entire globe. On the
other hand, I have endeavoured to show, in the ¢ Geo-
logical Transactions, that, at a much later period, Europe
and North and South America were nearly contempora-
neously subjected to ice-action, and consequently to a
colder, or at least, more equable climate than that now
characteristic of the same latitudes.

On the Absence of extensive modern Conchiferous
Deposits in South America; and on the Contempo-
raneousness of the older Tertiary Deposits at distant
points being due to contemporaneous movements of
subsidence.—Knowing from the researches of Professor
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
South America have been upraised within the recent
period by a slow, long-continued, intermittent move-
ment,—seeing the diversity 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
aceumulation of sediment,—the absence of extensive
deposits including recent shells over these vast spaces
of coast is highly remarkable. The conchiferous cal-
careous 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 imperfect casts
of shells, which possibly may belong to the recent period:
parts of the boulder formation and the shingle-beds on
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the lower plains of Patagonia probably belong to this
same period, but neither are fossiliferous: it also so
happens that the great Pampean formation does not in-
clude, with the exception of the Azara, any mollusca.
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 alluvial action : this probably will be the case even
with the calcareous beds of Coquimbo, so liable to dis-
solution by rain-water. If we take into consideration
the probability of oscillations of level and the conse-
quent action of the tidal waves at different heights,
their destruction will appear almost certain. 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 South America, being preserved to this
imaginary distant epoch. 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 conchiferous deposits on these coasts, on which,
at an ancient tertiary epoch, strata abounding with
organic remains were extensively accumulated ? I think
there can, namely, by' considering the conditions neces-
sary 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  evi-
denced 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
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faults and dislocations,—hy 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

iscussion, we are considering only ions contain-
ing the remains of marine animals, which, as before
mentioned, live, with some exceptions, within (most of
them much within) depths of a bundred 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 re-
maining at a stationary level : under these circumstances
it is evident that conchiferous strata can accumulate
only to the same thickness with the depth at which
the shells can live ; on gently inclined 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 con-
solidated : such formations 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 re-
mained stationary, shall have gone on slowly rising
during the deposition of the strata, for in this case their
total darkness must be less, and each part, before being
eonsolidated or thickly covered up by superincumbent
matter, will have had successively to pass through the
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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 South America, we have had clear
proofs that the land has been slowly rising, and in the
long lines of lofty cliffs, we have seen that the tendency
of the sea is almost everywhere to eat into the land.
Considering these facts, it ceases, I think, to be sur-
prising, 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 conse-
quently abounding with those shells which cannot live
at great depths: the pressure, also, I may observe, of
each fresh bed would aid in consolidating all the lower
ones. Even on a rather steep coast, though such must
ever be unfavourable to widely extended deposits, the
formations would always tend to increase in breadth
from the water encroaching on the land. Hence we
may admit that periods of slow subsidence will com-
monly be most favourable to the accumulation of
conchiferous deposits, of sufficient thickness, extension,
and hardness, to resist the average powers of denudation.

We have seen that at an ancient tertiary epoch,
fossiliferous deposits were extensively deposited on the
coasts of South America; and it is a very interesting
fact, that there is evidence that these ancient tertiary
beds were deposited during a period of subsidence.
Thus, at Navidad, the strata are about 800 feet in thick-
ness, and the fossil shells are abundant both at the level
of the sea and some way up the cliffs; having sent a

EE
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list of these fossils to Professor E. Forbes, he thinks
they must have lived in water between ome and ten
fathoms in depth: hence the bottom of the sea on
which these shells once lived must have subsided at
Teast 700 feet to allow of the superincumbent matter
being deposited. I must here remark, that, as all these
and the following fossil shells are extinct species, Pro-
fessor Forbes necessarily judges of the depths at which
they lived only from their generic character, and from
the analogical distribution of shells in the Northern
Hemisphere ; but there is no just cause from this to
doubt the general results. Af Huafo the strata are
about the same thickness, namely, 800 feet, and Pro-
fessor Forbes thinks the fossils found there cannot have
lived at a greater depth than fifty fathoms, or 300 feet.
These two points, namely, Navidad and Huafo, are 570
miles apart, but nearly half-way between them lies
Mocha, an island 1,200 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 St. Cruz, at the foot
of the 350 feet plain, which has certainly been formed
by the denudation of the 840 feet plain, and therefore
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 St. 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 occasionally 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
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a great thickness of superincumbent submarine strata,
et it should be borne in mind that the lower fossili-
ferous 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 conceive it may be fairly concluded that
the subsidence by which the shells at Santa Cruz and
St. Julian were carried down and covered up, was not
confined to these two points, but was co-extensive with
a consi portion of the P ian tertiary forma~
tion. 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, circumstances
are far less favourable, than when the level is sinking,
to the accumulation of conchiferous deposits of sufficient
thickness and extension to rsit, when upheaved, the
average vast tofd This
to me, in several respects, very interesting : e\er_yone 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 accumula-
tion of a widely-extended thick mass of superi

EEB2
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strata. In how few parts of the world, probably, do
these conditions at the' present day concur! We can
thus, also, understand the general want of that close
sequence in fossiliferous formations which we might
theoretically have anticipated; for, without we suppose
a subsiding movement to go on at the same spot during
an enormous period, from one geological era to another,
and during the whole of this period sediment to aceu-
‘mulate at the proper rate, so that the depth should not
Decome too great for the continued existence of mollus-
cous animals, it is scarcely possible that there should be
a perfect 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 fos-
siliferous deposits accumulating.

Lastly, these same considerations appear to throw
some light on the fact that certain periods appear to
have been fxvonmhle to the deposition, or at least to
the preservati ions at very
distant points. “e have seen that in South America
an enormous area has been rising within the recent
period ; and in other quarters of the globe immense
spaces appear to have risen contemporancously. From
my examination of the coral-reefs of the great oceans,
T have been led to conclude that the bed of the sea has

) Profesor HLD. Rogars, i his excelent addres

o tho Association
‘makes the
4l the

following remark : * I question i 2t oll wware how com

whols History of all doparted. th ly recorded with the
mplest minateness of detai in the successiva bt b globe,

Jhow effctunly,in other words, every perod of timo fas written te own

Ristory, carefully proserving every created form

s, T think e soroctases f such romecks i oo thas, doGbil,

ven f wo escopt (s T supgose ho wonld) all thoso numerous organic

forms which contain no hard parts.
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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
South 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 sink and
rise contemporaneously over vast spaces, we can at
once see, that we have at distant points, at the same
period, those very conditions which appear to be re-
quisite for the accumulation of fossiliferous masses of
sufficient extension, thickness, and hardness, to resist
denudation, and consequently to last unto an epoch
distant in futurity.!

Professor Forbes has some admirable remarks on this uubJeeﬁ, m his
* Report on the Shells of the Egz an Sea.” In a letter to
(¢ Edinburgh New Phil. Journal” January 1843), I partially mmd into
this discussion, and endeavoured to show that it was hlghly improbable,
that upraised stols or barrierrees, thotgh of great thickness, she

owing to their small extension or breadth, be proserved to u distavt.
future peric
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CHAPTER XIII.

PLUTONIC AND METAMORPHIC ROCKS :—CLEAVAGE AND
FOLIATION.

Brasil, Bakia, guoiss with disjointed metamorplosed dikes—Strike of
it de Jaeiro, gueiss-granite, cmbedded fragment in, di-
'—La Plata, ‘metamo; Mc and old voleanic rooks of—

8. VeutanaCloysions orphyny Jormation of Patagonia; singler
metamorphia rocks; speido-dikes Falkland Jolands, o fossits
F—Terva e Puag, oag-sate formation, cettcamss founts o
age and foliation; form of land—Chonos Archipelago, mica schists,
jglw,hnu dxrturbtd by graniti axis ; dikes— Chiloe— Concepoion, dikes,
ionof—Central ‘and. Northern_ Chile—Concluding

vemarta i cledvage and olntion—Thair cloe analogy and similar
of intrusive

rocks—Reltion of i s e By e T during

famorphosis.

Tas 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.

Bahia, Brazil: lat. 13° south—The prevailing
Tock 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.
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There is some fine-grained syenitic granite, orbicularly
marked by ferruginous lines, and weathering 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
erystallised, 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 remark-
able from having been in two or three places laterally
disjointed, 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 gneiss included angular, well-defined, sometimes
bent, masses of hornblende rock, quite like, except in
being more perfectly crystallised, that forming the
dikes, and, at least in one instance, containing (as
determined by Professor Miller) augite as well as
hornblende. In one or two cases these angular masses,
though now quite separate 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 fiom the breaking up of the dikes, of which we
see the first stage in the above-mentioned laterally
digjointed one. The gneiss close to the fragments
generally contained many large erystals of hornblende,
which are entirely absent or rare in other parts: its
folia or lamin were gently bent round the fragments,
in the same manner as they sometimes are round conere-
tions. Hence the gneiss has certainly been softened,
its composition modified, and its folia arranged, sub-
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sequently to the breaking up of the dikes,! these latter
also having been at the same time bent and softened.

T must here take the opportunity of premising,
that by the term cleavage, I imply those planes of
division which render a rock, appearing to the eye
quite or nearly homogeneous, fissile. By the term folia-
tion, I refer to the layers or plates of different minera-
logical 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 forma-
tions, I mean those alternate, parallel, large masses of
different ition, which are
either foliated or fissile,—such as the altenating 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 cur-
vilinear, dipping in all directions at various angles:
but where best defined, they extended most frequently
in a NE. by N. (or East 50° N.)and SW. by S. line,
corresponding mearly with the coast-line northwards
of the bay. I may add that Mr. Gardner?® found in
several parts of the province of Ceara, which lies
between 400 and 500 miles north of Bahia, gneiss with
the folia extending E. 45° N.; and in Guyana, accord-
ing to Sir R. Schomburgk, the same rock strikes E.
57°N. Again, Humboldt deseribes the gneiss-granite
over an immense area in Venezuela and even in Colombia,
as striking E. 50° N., and dipping to the NW. at an

x Mitchoock (Goolog. of Massachusetts! vol. i, p. 673)
gxm a closely similer case of a greenstone dike in syenite.

« Geols ion of the Brit. Amoo’ 180, For Sir R,
Schomburgk's observations, see * Geograph. Journal,’ 1842, p. 190, Soo
also Humboldt's discussion on Loxodrism in the * Personal Narrative.”
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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 sume direction.!

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 orthoclase 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 Villegagnon, and
likewise on the coast some miles northward, two large
trappean dikes. The porphyritic gneiss, or gneiss-
granite as it has 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 lamine. There are, however, several other
varieties of gneiss regularly foliated, and. alternating

ibuco.

1 found there only soft, horizontally stratified matter, formod from. dis
integrated granit e ish i
Dably of  tertary apoch
sandstone, which protects e s Aol oy

o e St sl Dbeoston of Com oo Sobtadit P.265.

Asnouios Tsuurs, lat. 18° 8. off the coast of Brazil.—Although not
strictly in place, T do not know where I ean more conveniently describe
hislitlo group of amal ieands. Tho lowest bedis o sandtone with
ns; it weathers into an extraordinary honey-combed mass;

nbovo St thero is o dark-coloured angillacons shal ; abovo this o conrser
yfoet s andlastly sboro

ume

ome parts having a columaar Lol e gl
‘ueface of the Ined, dip at om anglo of about 12° to N. by W, Sorie of
the islets are composed entirely of the sedimentary, others of the trap-
Pean ocks, gneraly, howava, with the sudtones croppingouton e
southern sh
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with each other in so-called strata. The stratification
and foliation of the ordinary gneisses, and the folia-
tion or ‘grain’ of the gneiss-granite, are paallel to
each other, and generally strike within a point of NE.
and SW. dipping at a high angle (between 50° and 60°)
generally to SE.: so that here again we meet with the
strike 50 prevalent over the more northern parts of this

e ite are to a
ramnrknble degree abruptly comca.l, ‘iighiboeixinsissd
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; nor is the grain or foliation (as we shall after-
wards see) any difficulty on the idea of the gneiss-
granite having been an intrusive rather than a meta-
morphic formation. The lines of mountains, 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 Botofogo Bay, I observed the appearance here
represented.

A fragment seven yards long and two in width,
with angular and distinctly defined edges, composed of
a peculiar variety of gneiss with dark layers of mica
and gamets, is surrounded on all sides by the ordinary
gneiss-granite; both having been dislocated by a
granitic vein. The folia in the fragment and in the
surrounding rock strike in the same NNE. and SSW.
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 SSE. This fragment, con-
sidering its great size, its solitary position, and its
foliated structure parallel to that of the surrounding
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roek, is, as far as T know, a unique case: and T will
not attempt any explanation of its origin.

No. 38,

Progment, of Gnelss embedded in another varicty of the samo rock.

The numerous travellers * in this country, have all
been greatly surprised at the depth to which the gneiss
and other granitic rocks, as well as the talcose slates of
the interior, have been decomposed. Near Rio, every
mineral except: the quartz has been completely softened,
in some placestoa depth littleless than one hundred feet.?
The minerals retain their positions in folia ranging in
the usual direction; 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

ix and Martius have co]lsctsd inan Appendix to their  Travels,
|lm lu-gut Dody of facts on this
W T in e eomiyamatstioi to tho. Amdemy at Copenbagen; and
others by M Gandichaud, in Freycinet’s * Voyage.

2 Dr. Benza describes itie rock (‘ Ma mu “Journal of Lit.” &e.
Qt. 1830, b 246), in the Neelghereis, docomposed o & depth of forty
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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 gneiss had been softened before
the excavation (no doubt by the sea) of the existing,
broad, flat-bottomed valleys; for the depth of decom.-
position did not appear at all conformable with the
present undulations of the surface. The porphyritic
gneiss, where now exposed to the air, seems to with-
stand decomposition remarkably well; and T could see
10 signs of any tendency to the production of argilla-
ceous masses like those here described. I was also
struck with the fact, that where a bare surface of this
rock sloped into one of the quiet bays, there were no
marks of erosion at the level of the water, and the
parts both beneath and above it preserved a uniform
curve. At Bahia, the gneiss rocks are similarly decom-
posed, with the upper parts insensibly losing their
foliation, and passing, without any distinct line of
separation, into a bright red argillaceous earth, includ-
ing 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 decom=
position  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
%0 some observations 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-

1 M. Tsabelle, ¢ Voyage & Buenos Ayres, p. 479,
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five miles west, and_for about seventy miles north of
Maldonado: near this town, there is some common
gneiss, and much, in all parts of the country, of a
coarse-grained mixture of quartz and reddish feldspar,
often, however, assuming a little dark-green imperfect
hornblende, and then immediately becoming foliated.
The abrupt hillocks thus composed, as well as the
highly inclined folia of the common varieties of gneiss,
strike NNE. or a little more easterly, and SSW.  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 cleayage
of these rocks and their stratification, that is the alter-
nating masses thus composed, strike NNE. and SSW.
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 ferruginous,
having an arenaceous feel, and divided into excessively
thin, almost vertical laminz or folia by microscopically
minute scales, apparently of mica, and striking in the
usual NNE. and SSW. 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 Brasil), in
the same line with the vertically ribboned quartz rock
of which it is composed. The S. de las Animas is the
highest range in the country ; T estimated it at 1,000
feet; it runs north and south, and is formed of feld-
spathic porphyry ; near its base there is a NNW. and
SSE. ridge of a conglomerate in a highly porphyritic
basis.

Northward of Maldonado, and south of Las Minas,
there is an E. and W. hilly band of country, some miles
in width, formed of siliceous clay-slate, with some quartz,
rock and limestone, having a tortuous irregular cleav-
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age, generally ranging east and west. E.and SE. of
Las Minas there is a confused district of imperfect
gneiss and laminated quartz, with the hills ranging in
various directions, but with each separate 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
[NNE. and SSW.] strikes. Northward of Las Minas,
the more regular northerly ranges predominate : from
this place to near Polanco, we meet with the coarse-
grained mixture of quartz and feldspar, often with the
imperfect hornblende, and then becoming foliated in
a N. and 8. line—with imperfect clay-slate, including
laminge of red crystallised feldspar—with white or black
marble, sometimes containing asbestus and crystals of

S ith quartz-rock—with syenite—and lastly,
with much granite. The marble and granite alternate &
peatedly in vertical masses : somemiles north

ward of the Polanco, a wide istrict is said to be entirely
composed of marble. It is remarkable, how rare mica
is in the whole range of country north and westward
of Maldonado. Throughout this district, the cleavage
of the clay-slate and marble—the foliation of the
gneiss and the quartz—the stratification or alternating
masses of these several rocks—and the range of the
hills, all coincide in direction; and although the
country is only hilly, the planes of division are almost
everywhere very highly inclined or vertical.

Some ancient submarine volcanic rocks are worth
‘mentioning, from their rarity on this castern side of
the continent. In the valley of the Tapas (fifty or
wsixty 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
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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 crystals, and arranged in planes,
dipping at an angle of 50° to the east, and striking
parallel to the foliation of an adjoining hill composed
of the common mixture of quartz, feldspar, and im-
perfect hornblende: this fact perhaps indicates that
these volcanic rocks have been metamorphosed, and
their constituent parts re-arranged, at the same time
and according to the same laws, with the granitic and
metamorphic 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
surrounding formation of red conglomerate, which (like
that at the foot of the S. Animas) has its basis porphy-
ritic 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 crystallised, alternating with,
and passing insensibly into, beds, from a few yards to
nearly o 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 Tsland 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 quartz, which gradually
blend into the gneiss: the. cleavage of the chloritic

+ Near the Pan de Azucar there is some greenish porphyry, in one
‘place amygdaloidal with agate.
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schist and the foliation of the gneiss wero esactly
parallel.  Eastward of the city there is much fine-
grained dark-coloured gneiss, almost assuming the
character of hornblende-slate, which alternates in thin
lamin with lsmin of q\mrtz, the whole mass being

large veins of
quartz: T partioularly obsemd that, these veins vero
with the ing lamine of

quartz. In this case and at Rat Island, the passage of
the gneiss into imperfect hornblendic or into chloritic
slate, scemed 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 neighbourhood : it consists of horn-
blendic 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 be-
comes more and more coarsely crystallised, and less
plainly laminated, until it passes into a heavy, sonorous

with a slaty ‘hoidal fracture; the

laming on the north and south sides near the summit

dip inwards, as if this upper part had expanded or

bulged outw:u‘d& This greenstone must, T conceive, be

late.  The

Cerrito, Ll\e next highest, but much less elevated

point, is almost similarly composed. In the more

western parts of the province, besides gneiss, there is

quartz-rock, syenite, and granite; and at Colla, T heard
of marble.

M. Greeaingh (p.78, ¢ et Examiation; &) obéterss sk

axtz in mica-slate sometimes appoars in beds and sometimes in veins.

Von Bach also, in bis  Travels i Norway " (. 236), remasks o altora-
ting lamine of quartz and hornblende-slate raplwng
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Near M. Video, the space which I more accurately
examined was about fifteen miles in an east and west
line, and here I found the foliation of the gneiss and the
cleavage of the slates generally well developed, and ex-
tending 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 east by south and west by north; their dip
is generally almost vertical, and scarcely anywhere
under 45°: this fact, considering how slightly undula~
tory the surface of the country is, deserves attention.
Westward of M. Video, towards the Uruguay, wherever
the gneiss is exposed, the highly inclined folia are
seen striking in the same direction ; I must except one
spot where the strike was NW. by W. The little
Sierra de S. Juan, formed of gneiss and laminated
quartz, must also be excepted, for it ranges between
[N. to NE.] and [S. to SW.] 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 folia-
tion, cleavage, so-called stratification and lines of hills,
all ranges NNE. and SSW., which is nearly coincident
with the adjoining coast of the Atlantic. Westward of
the 8. 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 near Las Minas, where these two great
systems appear to intersect each other, the cleavage,
foliation, and stratification run in various directions,
but generally coincide with the line of each separate
hill.

F¥
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Southern La Plata.—The first ridge, south of the
Plata, which projects through the Pampean formation,
is the Sierra Tapalguen and Vulcan, situated 200 miles
southward of the district just described. This ridge is
only a few hundred feet in height, and runs from C.
Corrientes in a WNW. line for at least 150 miles into
the interior: at Tapalguen, it is composed of unstrati-
fied granular quartz, remarkable from forming tabular
‘masses and small plains, surrounded by precipitous eliffs :
other parts of the range are said to consist of grani
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.
TLarga near Maldonado, running in the same NNE. and
SSW. direction ; so that the frame-work of the country
here s very similar to that on the northern shore of
the Plata.

The Sierra Guitru-gueyu is situated sixty miles
south of the §. 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 NW, and SE.
direction. Skirting round the extreme SE. termination,
1 ascended only a few points, which were composed of
a fine-grained gneiss, almost composed of feldspar with
alittle mica, and passing in the upper parts of the
hills into a rather compact purplish-clay state. The
cleavage was mearly vertical, striking in a NW. by W.
and SE. by E. line, nearly, though mot quite, coinci-
dent with the direction of the parallel ridges.

The Sierra Ventana lies close south of that of Guitru-
gueyu; it is remarkable from attaining a height, very

1 M. dOrbigny's Voyage, Part. Géolog. p. 46. Thave givena short
account of the peculiar forms of the quartz hills of Tapalguen, so un-
‘usual in & metamorphic formation, in my * Journal of Researches’ (2nd
edit.) p. 116,
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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
laming 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
ins, with some quite inate parallel ridges,
range about W. 45° N.: but at their SE. termination,
only W. 25° N. This Sierra is said to extend between
twenty and thirty leagues into the interior.
Patagonia.—With the exception perhaps of the
hill of S. Antonio (600 feet high)in the Gulf of S.
Matias, which has never been visited by a geologist,
erystalline 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, beneath the Patagonian tertiary
formation for a space of about 300 miles southward, to
near Bird Island, in lat. 48° 56'. Judging from speci-
mens kindly collected for me by Mr. Stokes, the pre-
vailing rock at Ports St. Elena, Camerones, Malaspina,
and as far south as the Paps of Pineda, is a purplish-
pink or brownish claystone porphyry, sometimes la~
minated, sometimes slightly vesicular, with erystals of
opaque feldspar and with a few grains of quartz; hence
these porphyries resemble those immediately to be des-
cribed 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 hereafter
see, has a vast range, and attains a great thickness.
At the bottom of the Gulf of St. George, only tertiary

rr2
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deposits appear to be present. At Cape Blanco, there
is quartz rock, very like that of the Falkland Islands,
and some hard, blue, siliceous clay-slate.

At Port Desire there is an extensive formation of
the claystone porphyry, stretching at least twenty-five
‘miles into the interior : it has been denuded and deeply
worn into gullies before being covered up by the ter-
tiary deposits, through 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 NNW. or SSE.
By gradual passages and alternations, the porphyries
change incessantly in pature. 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
erystalsof earthy oropaque feldspar,and oftenwith grains
of quartz. Thereare other varieties, withan 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 casual inspection, the whole series would
be thought to be of the same plutonic or voleanic
nature with the trachytic varieties and pitchstone ; but
this is far from being the case, as much of the porphyry
is certainly of metamorphic origin. Besides the true
porphyries, there are many beds of earthy, quite white
or yellowish, friable, easily fusible matter, resembling
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 formation. 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
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bl

common sandstone. These beds

‘marked with true lines of aqueous deposition, separat-
ing 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 par-
ticles, though singularly resembling them. The more
indurated varieties often include many small and some
larger angular cavities, which appear due to the re-
moval of earthy matter: some varieties contain mica.
All these earthy and generally white stones insensibly
pass into more indurated sonorous varieties, breaking
with a conchoidal fracture, yet of small specific gravity;
‘many of these latter varieties assume a pale purple tint,
being singularly banded and veined with different shades,
and often become plainly porphyritic with crystals of
feldspar. The formation of these crystals could be
most clearly traced by minute angular and often par-
tially hollow patches of earthy matter, first assuming a
fibrous structure, then passing into opaque imperfectly
shaped erystals, and lastly, into perfect glassy crystals.
When these crystals have appeared, and when the
Dasis has become compact, the rock in many places
could not be distinguished from a true claystone por-
phyry without a trace of mechanical structure.

Tn 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 seratch 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
tufaceous beds either insensibly pass into, or alternate
with, breccias composed of large and small fragments
«of various purplish porphyries, with the matrix gene-
Tally porphyritic: these breccias, though their sub-
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aqueous origin is in many places shown both by the
arrangement of their smaller particles and by an obhqne
or current also pass into

which every trace of iy origin and stratifea.
tion 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, interested
me much from the peculiar manner in which here and
there some of the layers terminated in abrupt points,
quite unlike those produced by a layer of sediment
naturally thinning out, and appmnﬂy the result of a

process of In
another common variety of a finer Lexture, the aggre-
gating 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 fur-
ther 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
erystals, which had their longer axes placed parallel to
each other, had primarily originated in the metamor-
phosis and aggregation of alternating layers of tuff 3
and hence their parallel position must be attributed
(unexpected though the conclusion may be), not to
Taws of chemical action, but to the original planes of
deposition. I am tempted briefly to describe three
other singular allied varieties of rock; the first with-
out examination would have passed for a stratified
porphyritie breccia, but all the included angular frag-
ments consisted of a border of pinkish crystalline felds-
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pathic matter, surrounding a dark translucent siliceous
centre, in which grains of quartz mot quite blended
into the paste could be distinguished : this uniformity
in the nature of the fragments shows that they are not
of mechanical, but of concretionary origin, having re-
sulted perhaps from the self-breaking up and aggrega~
tion 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-porphy~
ritic 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 crystals of quartz.
Pseudo-Diles.—Some miles up the harbour, in a
line of cliffs formed of slightly metamorphosed tuface-
ous and porphyritic claystone beds, I observed three
vertical dikes, so closely resembling in general appear-
ance ordinary voleanic dikes, that I did mot doubt,
until closely examining their composition, that they
had been injected from below. The first is straight,
with parallel sides, and about four feet wide; it con-
sists of whitish, indurated tufaceous 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 con-
siderable 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 feld-
spar, 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
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that it is of mechanical and sedimentary origin; yeb it
thinned out upwards, and did mot cut 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
to 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 feldspathic dike. The
matter composing these three pseudo-dikes, especially
the second one, appears to have suffered, like the sur-
rounding strata, a certain degree of metamorphic
action; and this has much aided the deceptive appear-
ance. At Bahia, in Brazil, we have seen that a true
injected hornblendic dike, not only has suffered meta-
‘morphosis, but has been dislocated and even diffused
in the surrounding gneiss, under the form of separate
arystals and of fragments,

Falkland Tslands.—I have deseribed these islands
in a paper published in the third volume of the ¢ Greo-
logical Journal, The mountain-ridges consist of quartz,
and the lower country of clay-slate and sandstone, the
latter containing palwozoic fossils, These fossils have
Deen separately described by Messrs. Morris and Sharpe :
some of them resemble Silurian, and others Devonian
forms, In the castern part of the group the several
parallel ridges of quartz extend in a west and cast line

! Upfilled fissures are known to oceur both in voleanic and in
ordinary  sedimentary Sotions: At fthe Galapagos Archipelago

(eee Chapter V. of this work) there are somo etriking examples of
seudo-dikes composed of hard fuff,
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but farther westward the line becomes WNW. and ESE.,
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 direction 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-slute.

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
Straits 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 mountainous 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 Straits of Magellan, and T 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 be-
tween the crystalline and clay-slate formations can
generally be distinguished, as remarked by Captain
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.].

1 «Geographical Journal,’ vol. i. p. 155,

@ The Complete Work of Charles Darwin Online



442 Tierra del Fuego : PART I

The clay-slate is generally fissile, sometimes siliceous
or ferruginous, with veins of quartz and caleareous
spar; it often assumes, especially on the loftier moun-
tains, an altered feldspathic churacter, passing into
porphyry :

breceia and grauwacke. At Good Suwess Bay, there
is a little i black crystalline limestone. At
Port Famine much of the clay-slate is calcareous, and
passes either into a mudstone or into grauwacke, in-
cluding odd-shaped concretions of dark argillaceous
limestone. Here alone, on the shore a few miles north
of Port Famine, and on the summit of Mount. Tarn
(2,600 feet high), I found organic remains; they con-
sist of :—

1. Ancylocers simplex, d Orbig *Pal Fruae.” (B V. £ 2) Mount Tara,
2. Fusus (in imperfect state)
atien do. .

entacri do.
5. Lucina, excentrlcn, 'G. B. Sowerby (PL V. fig. 21, Port Famine,
8. Venus (in impertct tate) do.
7. T o. do.
& Tt elatior, G. B. Sowerby, do.

M. d'Orbigny states! that MM. Hombron and
Grange found in this neighbourhood an Ancyloceras,
perhaps 4. simplez, an Ammonite, a Plicatula and
Modiola. M. d'Orbigny believes from the general
character of these fossils, and from the Ancyloceras
being identical (as far as its imperfect condition allows
of comparison) with the 4. simplex of Europe, that
the formation belongs to an early stage of the Cretaceous
system. Professor E. Forbes, judging only from my
coneurs in the of this
The Hamites elatior of the above list, of which a des-
cription is given by Mr. Sowerby in the Appendix, and
which is remarkable from its large size, has not been

* “Voyage, Part. Géolog.’ p. 242.
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sen either by M. d'Orbigny or Professor 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 appearance of the country,
which, without the evidence afforded by the fossils,
would form the analogy of most known distriets, pro-
bably have been considered as belonging to the Palwo-
z0ic series,—or whether we view it as showing that the
age of this terminal portion of the great axis of South
America, is the same (as will hereafter be seen) with
the Cordillera of Chile and Peru.

The clay-slate in many parts of Tierra 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 greenstone: in one case, however,
it became more fisile, of a red colour, and contained
minute scales of mica, which were absent in the un-
altered 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 car-
pentry) and perfect parallelism of their junctions with
the almost vertical lamin of clay-slate. I was unable
to persuade myself that these great parallel masses had
Deen injected, until I found one dike which abruptly

' In a greenstone-dike in the Magdalen Channel, the feldspar-
cleaved with the angle of albite, This dike was crossed, as well as the

surrounding slate, by a largo vein of quartz, a circumstance of unusual
occurrence.
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thinned out to half its thickness, and had one of its
walls jagged, with fragments of the slate embedded
in it.

In southern T. del Fuego, the clay-slate towards
its SW. boundary, becomes much altered and feld-
spathic. Thus on Wollaston Island slate and grauwacke
can be distinetly traced passing into feldspathic rocks
and greenstones, including iron pyrites and epidote,
but still retaining traces of cleavage with the usual
strike and dip. One such metamorphosed mass was
traversed by large vein-like masses of a beautiful
mixture (as ascertained by Professor Miller) of green
epidote, garnets, and white calcareous spar. On the
northern point of this same island, there were various
ancient submarine voleanic rocks, consisting of amyg-
daloids with dark bole and agate,—of basalt with
decomposed  olivine,—of compact lava with glassy
feldspar,—and of a coarse conglomerate of red scori,
parts being amygdaloidal with carbonate of lime. The
southern part of Wollaston Island and the whole of
Hermite and Horn Islands, seem formed of cones of
greenstone:: the outlying islets of Il Defenso and D.
Raminez are said! to consist of porpbyritic lava. In
crossing Hardy Peninsula, the slate still retaining
traces of its usual cleavage, passes into columnar feld-
spathic rocks, which are succeeded by an irregular tract
of trappean and basaltic rocks, containing glassy feld-
spar and much iron pyrites: there is, also, some harsh
red claystone porphyry, and an almost true trachyte,
with needles of hornblende, and in one spot a 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,

* Determined by Professor Jameson, Weddell's * Voyage, p. 160.

B The Comblats Bt ar ol s SR o eline



ome. xar.  Cleavage of Clay-Slate. 145

to be measured, but bli ite! 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 gonio-
meter) and mica; but with no quartz. No recent
volcanic district has been observed in any part of Tierra
del Fuego.

Five miles west of the bifurcation of the Beagle
Channel, the slat instead of becoming, as
in the more southern parts of Tierra del Fuego, feld-
spathic, and associated with trappean or old volcanic
rocks, passes by alternations into a great underlying
mass of fine gneiss and glossy clay-slate, which at no
great distance is succeeded by a grand formation of
mica-slate containing garets. 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-lamine of the slate are straight. These
schists compose the chief mountain-chain of southern
T. del Fuego, ranging along the north side of the north-
ern am of the Beagle Channel, in a short WNW.
and ESE. line, with two points (Mounts Sarmiento and
Darwin) rising to heights of 6,800 and 6,900 feet.
On the south-western side of this northern arm of the
Beagle Channel, the clay-slate is scen with its strata
dipping from the great chain, so that the metamorphic
schists here form a ridge bordered on each side by clay-
slate. Farther north, however, to the west of this

1 Seo Mr. Brooke's Paper in the London Phil. Mag’ vol. x. This:
‘mineral occurs in an ancient voleanic rock near Rome,
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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 informa-
tion 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 en-
trance 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 appear to
predominate. I am 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, green-
stones, etc., have Tesulted, often accompanied by sub-
marine 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 con-
firmed by Professor Miller), and more or less of brown
mica, but without any quartz. This rock oceurs 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

1 Seo the Pupor by Copt, King, fn tho Googragh. Joural alto
a Letter to ton in ¢ Geolog. Proc.,’ vol. i. p. 20; also some ob-
P Gapt. FitaRoy, + Vosages, ol i p. 875. T am indebted
Siea 10 B, Tyl foe  serie of specimans calosted by Tieut. Graves.
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andesite) forming the great injected axes of the Cordil-
lera 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 near the St. of Le Maire strike
cither W. and E. or WSW. and ENE., and are highly
inclined; the form of the land, including Staten Island,
indicates that the axes of elevation have run in this
same line, though I was unable to distinguish the planes
of stratification. Proceeding westward, I accurately
examined the cleavage of the clay-slate on the northern,
‘eastern, and western sides (thirty-five miles apart) of
Navarin Tsland, and everywhere found the lamine
ranging with extreme regularity, WNW, and ESE.,
seldom varying more than one point of the compass
from this direction.! Both on the east and west coasts,
T crossed at right-angles the cleavage-planes fora space
of about eight miles, and found them dipping ab an
angle of between 45° and 90°, generally to SSW.,
sometimes to NNE., and often quite vertically. The
SSW. dip was occasionally succeeded abruptly by a
NNE. dip, and this by a vertical cleavage, or again by
the SSW. dip; as in a lofty cliff on the eastern end of
the island the lamine of slate were seen to be folded
into very large steep curves, ranging in the usual WNW.
line, T suspect that the varying and opposite dips may
possibly be for by the cleavag
SHiongh'/to thoteyes Bppestingstriight,  being . parts
of large abrupt curves, with their summits cut off and
worn down.

In several places I was particularly struck with the

lato in this island ws in many places crossod by paral-
Tel smooth joints.  Out of five cases, the angle of intersection’ botween
the strike "of these joints and that of the cleavage-lamin was in two
cases 45° and in two others 7

@ The Complete Work of Charles Darwin Online



448 Tierra dei Fuego. PART 1L

fact, that the fine lamine of the clay-slate, where cut-
ting straight through the bands of stratification, and
therefore indisputably true cleavage-planes, differed
slightly in their greyish and greenish tints of colour, in
compactness, and in some of the laminge 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 Tsland, but only on the weathered surfaces of
the slate ; they consist of slightly undulatory zones of
different shades of colour and of thicknesses, and re-
semble the marks (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 slightly
agitated liquor: mo difference in composition, corre-
sponding with these zones, could be seen in freshly
fractured surfaces. In the more level parts of
Navarin Tsland, these bands of stratification were
nearly horizontal ; but on the flanks of the mountains
they were inclined from them, but in no instance that
T 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 ori-
ginal 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 WNW. and ESE.
direction, as on Navarin Island, on both sides of the
Beagle Channel, on the eastern side of Hoste Island, on
the NE. side of Hardy Peninsula, and on the northern
point of Wollaston Island; although in these two

@ The Complete Work of Charles Darwin Online



omAp, . Cleavage of Clay-Slate. 449

latter localities the cleavage has been much obscured
by the metamorphosed and feldspathic condition of the
slate.  Within the area of these several islands, in-
cluding Navarin Tsland, the direction of the stratifica-
tion and of the mountain-chains is very obscure ; though
the mountains in several places appeared to range in
the same WNW. line with the cleavage: the outline
of the coast, however, does not correspond with this
line. Near the bifurcation of the Beagle Channel,
where the underlying metamorphic schists are first seen,
they are foliated (with some irregularities), in this same
WNW. 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
Tocks, forming the outermost islets. Hence the area,
over which the cleavage of the slate and the foliation of
the metamorphic schists extends with an average WNW.
and ESE. 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 stratifi-
cation 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 NW. (or a little more westerly),
and SE. : south of the. port, as far as Admiralty Sound
and Gabricl Channel, the outline of the land clearly
indicates the existence of several lines of elevation in
this same NW. direction, which, I may add, is so uni-
form 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

1+ Geograph. Journal,’ vol. i. p. 170,
GG
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the headlands on the opposite 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 throngh the trammels both of stratification
and cleavage ; most of them may have been formed during
the elevation of the land by long-continued erosion,
but others, for instance the Beagle Chanmel, which
stretches like a narrow canal for 120 miles obliquely
through the mountains, can hardly have thus ori
nated.

Finally, we have scen that in the extreme eastern
point of Tierra del Fuego, the cleavage and coast-lines
extend W. and E. and even WSW. and ENE.: over a

e area westward, the cleavage, the main range of
‘mountains, and some subordinate ranges, but not the
outlines of the coast, strike WNW. and ESE.: in the
central and western parts of the Strait of Magellan, the
stratification, the mountain-ranges, the outlines of the
coast, and the cleavage all strike nearly NW. and SE.
North of the strait, the outline of the coast, and the
mountains on the mainland, run nearly north and
south. Hence we see, at this southern point of the
continent, how gradually the Cordillera bend, from
their north and south course of so many thousand miles
in length, into an E. and even ENE. direction.

West Coast, from the' Southern Chonos Islands to
Northern Chile.—The first place at which we landed
north of the St. of Magellan was near Cape Tres Montes,
inlat. 47°S. Between this point and the northern Chonos
Tslands, a distance of 200 miles, the ¢ Beagle” 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
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into a chloritic, or into a black, glossy, often striated,
slightly anthracitic schist, which soils paper, and be-
comes white under a great heat, and then fuses. Thin
Tayers of feldspar, swelling at intervals into well erystal-
lised kernels, are sometimes included in these black
schists; and T observed one mass of the ordinary black
variety insensibly lose its fissile structure, and pass intoa
singular mixture 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 farther northward. At Inchemo Tsland, a
similar rock gradually becomes granulo-crystalline and
acquires scales of mica ; and this variety at S. Estevan
becomes highly laminated, and though still ehibiting
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 ono serics, and insensibly
vary from an altered feldspathic clay-slate into largely
foliated, true mica-schist.

The cleavage of the homogeneous schists, the folia-
tion of tliose 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

} Tho peculiar, abruptly conieal form of the hills in this neighbour-
Tood, would have led any one at first to have supposed that they had
been formed of injected or intrusive rocks.

a2
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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 T had here good opportunities of observation, for T
followed the naked rock on the beach, transversely 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, Lieutenant 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. Farther south at Vallenar Bay, the strike was
almost universally N. 25° W. and the dip, generally at
an angle of about 40° to W. 25° S., but in some places
almost, vertical. Still farther south, in the neighbour-
hood of the harbours of Anna Pink, S. Estevan, and §.
Andres, and (judging from a distance) along the southern
part of 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 inclina-
tion to vertical. At A. Pink's Harbour, where the
schists generably 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° §.), as soon 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
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N. 19° W. and S. 19° E.: considering that in each
specified place my examination extended over an area
of several miles, and that Lieut. Stokes' observations
apply to a length of 100 miles, I think this remarkable
ity is pretty well i The 1
throughout the northern half of this line of const, 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 be-
tween 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 archi-
pelago, 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 exception 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 3,000 feet in height, runs from the
coast far into the interior,' in a ESE. line, or more
strictly E. 28°S. and W. 28°N.  In a bay, at the north-
ern 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
‘patehes (some quite isolated, and not larger than half-a-

* In the distance, other mountains could b scen apparently ranging
NNE. and SSW. at right angles to this ono. I may 8dd, that not far
‘trom Vallonar Buy there i o fino range, apparently of graate, vhich
has burst througl the mica-slate in a NE. by E. and SW. by 8.
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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 fect 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
veins! of granite, branching from the main body.
Leaving out of view the prevalent strike of the folia in
other parts of this 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 considera~
tions it occurred to me, that perhaps we here had the
novel and curious case of already inclined laminm
obliquely tilted at a subsequent period by the granitic
axis. Mr. Hopkins, so well known from his mathe-
matieal investigations, has most kindly calculated the
problem: the proposition sent was,—take a district
composed 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 laminw be
on the northern flank after a tilt, we will first suppose,
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
! Tho granite within theso veins, as well as geucm“y at the junction
with the mica-slate, is more quartzose than elsewhere. ~Th vy nite, T
may add, is traversed by dikes runnmg foravery, great length in tho
Iine of the mountains; they are comy mewhat laminated
cusite containing crystals of feldspar, rabbiiand octagons of quarta.
n the south side of the axis (where, however, I did not see any

mics-sate) the dip ofthefoli woud be at mangle of17° 55, dieted to
ost 35° %' south.  Henco tho two points of dip on tho opposite sides
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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 north,
and therefore not aceord with the actual position of the
folia of mica-schist on our granitic range. Hence it ap-
pears very difficult, without varying considerably the ele-
‘ments of the problem, thusto trike
and dip of the foliated mica-schist, especially in 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 gramitic axis,
as shown by the veins, has indisputably been injected
after the perfect formation of the mica-slate, and con-
sidering the uniformity of the strike of the folia throngh-
out the rest of the archipelago, I cannot but still think
that their anomalous position at this one point is some-
way directly and mechanically related to the intrusion
of this WNW. and ESE. mountain-chain of granite.
Dikes are frequent in the metamorphic schists of the
Chonos Tslands, and seem feebly to represent that grent
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 varicties of trap, running in a
NW. and SE. line, parallel to the neighbouring moun-
tain-ranges of altered clay-slate; but they must be of
long subsequent origin to these mountains; for they
intersected the volcanic formation described in the last
chapter. North of Tres Montes, I noticed three dikes

of the range, instead of being a3 in ordinary cases direetly opposed to
cach other at an angle of 180°, would hera be only 86° 50 apart.
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differing from each other in composition, one of them
having an euritic base including large octagons of
quartz 3 these dikes, as well as several of porphyritic
greenstone at Vallenar Bay, extended NE. and SW.,
nearly at right angles to the foliation of the schists,
but in the line of their joints. At Low's Harbour,
however, a set of great parallel dikes, one ninety yards
and another sixty yards in width, have been guided by
the foliation of the mica-schist, and hence are inclined
westward 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
pyvites. In the ninety yard dike several large, appa-
rently 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 fragments originally formed wedge-shaped

ing portions of a i vault or crust,
once extending over the dike, but since worn down and
denuded.

Chiloe, Valdivia, Concepeion.—In Chiloe, a great
formation of mica-schist strikingly resembles that of
the Chonos Islands. For a space of eleven miles on
the SE. coast, the folia were very distinct, though
slightly convoluted, and ranged within a point of NNW.
and SSE., dipping either ENE. or more commonly
WSW., 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 obscure,
though, where best defined, it ranged within a point of
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N. by W. and 8. by E., dipping either easterly or
westerly, at varying and generally very small angles.
Hence, from the southern part of Tres Montes to the
northern end of Chiloe, a distance of 300 miles, 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 minera-
logical passages as in the Chonos Archipelago, often,
however, becoming more ferruginous, and containing
so much feldspar as to pass into gneiss. The folia were
generally well defined; but nowhere else in South
America did I see them varying so much in direction :
this seemed chiefly caused by their forming parts, as T
could sometimes distinetly trace, of large flat curves :
nevertheless, both near the settlement and towards the
interior, a NW. and SE. 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 eurvilinear, and
inclined, seldom at a high angle, towards various points
of the compass;! but here, as at Valdivia, a NW. and

abserved in some parts that the tops of the lamin of the cluy-

slate (b ofthe disgram) under the supefical detritus and sol (¢) wero
sometimes without being broken, No. 25
as Topresented in the. accompanyin >89

diagram, which s copied from ono given @,
by Sie H. Do la Becho (p. 42, ‘Gwlu r\\\%\%\s%\ S
gieal Manual’) of an exactly similar & N\ W it
phenomenon in Devonshire, Mr. R A, y
C. Auten,ulo, in s excellens paper
on ( Geolog. Transact.’ vo

S p. 437), has a&mbga thi phcnﬂn\nnnn, ho attributesit to the action
of frosts, bt at the whother the frosts of the present
day pesetrate to'a mufibicah dupth As it Is known that surthquakes
particulary altict tho surface of the ground, it occurrd to mo that this

appearance might perhaps bo due, at least at Coneepeion, to their fre-
quent occurrenco; the superficial Tayors of detritus being cither jerked
in one dircction, or, where the surface was inclined, pushed a little down-
wards during cach strong vibration. In North Wales I have seen a
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SE. 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 folia-
tion of the schists in the Chonos Archipelago, became
extremely tortuous.

At the northern end of Quiriquina Island, in the
Bay of Conception, at least eight rudely parallel dikes,
which have been guided to a certain extent by the
cleavage of the slate, occur within the space of a quarter
of amile. They vary much in composition, resembling
in many respects the dikes at Low’s Harbour: the
greater number consist of feldspathic porphyries, some-
times containing grains of quartz: ome, however, was
black and brilliant, like an augitic rock, but really
formed of feldspar; others of a feldspathic nature were
perfectly white, with either an earthly or crystalline
fracture, and including grains and regular octagons of
quartz; these white varieties passed into ordinary green-
stones. Although, both here and at Low’s Harbour,
the nature of the rock varied considerably 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 close 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 NW.
and SE. line, and since their injection the overlying
cretaceous or tertiary strata have been tilted (whilst
still under the sea) from a NW. by N. and SE. by
S. line; and again, during the great earthquake of

somevbat azalogous but los regular appearnce, though on a greator
scale (‘London Phil. Mag. vol. xxi. p. 184), P5a), and produced bys,qmte
different, w\lu, a3 e srunding of grest icshega; s

o has also been observed in North
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February 1835, the ground in this neighbourhood was
fissured in NW. and SE. 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 Con-
cepeion, us far as Copiapo, the shores of the Pacific
consist, with the exception of some small tertiary basins,
of gneiss, mica-schist, altered clay-slate, granite, green-
stone and syenite: hence the coast from Tres Montes
to Copiapo, a distance of 1,200 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 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-
erystallised epidote, are numerous. Epidote likewise
oceurs in the gneiss in thin layers, parallel to the folia-
tion 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, including acicular crystals of glassy
feldspar and of hornblende : I have never seen any other
such case.?

1 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

1 +Geolog. Trans’ vol. vi. pp. 602and 617. *Journal of Researches™
(20d edit) p.307.
boldt( Personal Nnmtlvu, vol. iv. p. 60) has described with
surprise, coneretionary balls, with concentrie divisions, compos:
of patially ioous Hldsges, Besablends, and garnets, included within
great veins of gneiss. which cut across the mica-slato near Venczuela,
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E. is the commonest direction ; this likewise holds good
with the cleavage of the altered feldspathic clay-slates,
cccasionally met with on the const for nincty miles north
of Valparaiso. Some 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, thero isa 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, nearly north and
south cleavage, though in some parts the strike is irregu-
lar: in the main or Cumbre range, the direction of the
cleavage in the feldspathic clay-slate is NW. and SE.
Between Coquimbo and Guasco there are two con-
siderable formations of micaslate, in one of which the
rock passed sometimes into common clay-slate and some-
times into a glossy black variety, very like that in the
Chonos Archipelago. The folia and cleavage of these
 rocks ranged between [N. and NW. by N.] and [8. and
SW. by S.] Near the Port of Guasco several varieties
of altered clay-slate have a quite. irregular cleavage.
Between Guasco and Copiapo, there are some siliceous
and talcaceous slates cleaving in a north 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 ahigh easterly dip. In the whole space between
Valparaiso and Copiapo an easterly dip is much more
common than an opposite or westerly one.

Coneluding Remarks on Cleavage and Foliation.

In this southern part of the Southern Hemisphere,
we have scen that the cleavage-lamine range over wide
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areas with remarkable uniformity, cutting straight
through the planes of stratification,' but yet being
parallel in strike to the main axes of elevation, and
generally to the outlines of the coast. The dip, how-
ever, is a3 variable, both in angle and in direction (that
is, sometimes being inclined to the one side and some-
times 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

memoir in the ¢ Geological T ions,’ and'
by Sir R. I Murchison in his various excellent dis-
cussions 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 outlines of the coast, gradually changing
together their courses. The direction which prevails
throughout Tierra del Fuego and the Falkland Tslands,
namely, from west with some northing to east with
some southing, is also common to the several ridges in
northern Patagonia and in the western parts of Banda
Oriental ; in thislatter province, in the SierraTapalguen,
and in the western Falkland Island, the W. by N., or
WNW. and ESE,, ridges, are crossed at right angles by
others ranging NNE. and SSW.

The fact of the cleavage-lamin in the clay-slate of
Tierra del Fuego, where seen cutting straight through
the planes of stratification, and where
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, feld-
spathic and altered clay-slate, interposed between two

! In my paper on tho Fulkand Telands (vol
.T()u al), T have given a curious case on the authority of

R.N., of much folded beds of dny-lln(c in some of which the cleavage is.
perpendicular to the horizon, and in others it s perpendicular to cach
curvature or fold of the bed : this appears a new case.

. 267 ¢ Geologieal
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great strata of porphyritic conglomerate in central
Chile, and where there could be but little doubt about
‘the bedding, T 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, T incidentally noticed in North Wales,'
“where glaciers had passed over the truncated edges of
“the highly inclined lamin of clay-slate, that the surface,
though smooth, was worn into small parallel undula-
“tions, caused by the component lamin 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,
generally slightly convoluted, folia, composed of micro-
scopically minute scales of mica. From these several
facts, and more especially from the case of the clay-
dlate in Tierra del Fuego, it must, I think, be con-
cluded, that the same power which has impressed on the
slate its fissile structure or cleavage has tended to
modify its mineralogical character in parallel planes.
et us now tumn to the foliation of the metamor-
phic sehists, a subject which has been much less at-
tended to. As in the case of cleavage-laminz, 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 space, gneiss,
s :Londml Phil. Mag.” vol. xxi. p. lm
i -Pmoml NTlrmnvc, vol. vi. p. 501, et seq.
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granite, mica, and clay-dlate, striking very uniformly
NE. and SW., and dipping at an angle of between 60°
and 70°to NW. : it would even appear from the fucts
given in this chapter, that the metamorphic rocks
throughout the north-castern part of S. America are
generally foliated within two points of NE. and SW.
Over the castern parts of Banda Oriental, the foliation
strikes with a high inclination, very uniformly NNE. to
SSW., and over the western parts, in a W. by N. and
E. by S. 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 com-
pass from a N. 19° W. and 8. 19° E. strike. As in the
<ase 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-laming in
southern Tierra del Fuego certainly dip much more fre-
quently to SSW. than to the opposite point. In
castern 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 Tslands, 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,! the coincidence between its strike and that
of the main stratification seems sometimes to fail.
Foliation and cleavage resemble each other in the planes
winding round concretions, and in becoming tortuous

! Cases aro given by Mr. Jukes, in lis ¢ Geology of Newfoundland,’
130.
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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 fre-
quently dip at a high angle inwards; and this was long
ago observed by Von Buch to be the case in Norway :
this fact is perhaps analogous to the folded, fan-like or
radiating structure in the metamorphic schists of the
Alps,? in which the foliain the central crests are vertical
and on the two flanks inclined inwards. Where masses
of fissile and foliated rocksalternate together, the cleav-
age and foliation, in all cases which I have seen, are
parallel.  Where in one district the rocks are fissile,
and in another adjoining district they are foliated, the
planes of cleavage and foliation are likewise generally
parallel: this is the case with the feldspathic homo-
geneous slates in the southern part of the Chonos group,
compared with the fine foliated mica-schists of the
northern part; so again the clay-slate of the whole
eastern side of Tierra del Fuego cleaves in exactly the
same line with the foliated gneiss and mica-slate of the
western coast; other analogous instances might have been
adduced.?

With respect to the origin of the folia of quartz,
mica, feldspar, and other minerals composing the meta~
morphic schists, Professor Sedgwick, Mr. Lyell and
‘most, authors believe, that the constituent parts of each
layer were separately deposited as sediment, and then

T have seen in Bracil and Chilo coneretions thus enfulded by 11
ated gneiss ; and Maceulloch ( Highlands, vol. 3. p. 64) has described a
similar case. For analogous cases in cla -sluh&. see me Henslow's
“Memoir in ‘ Cambridge Phil. Trans.’ vol. i. p. 379, and Maceulloch's
¢Class. of Rocks,’ p. 351. With rexspect. m ‘both foliation and cleavage
becoming tortuouswhere quartz-voins abound, I have seen instances near
Mtonte Video, ot Concepeion, and in tho Chunos Tlands, See also Mr.
s * Critieal Examination,’ p. 78.

Edin. New Phil. Journal,’ vol. xxiii.

2 T have given o caso in Australia. See Chapter Bt s work.
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metamorphosed.  This view, in the majority of cases, T
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 seo
that folia of distinct minerals can originate through the
metamorphosis of a homogeneous fissile rock. The de=
position, it may be remarked, of numberless alternations
of pure quartz, and of the elements of mica or feldspar
does not appear a probable event.? In those districts
in which the metamorphic schists are foliated in planes
parallel to the cleavage of the rocks in an adjoining
district, are we to believe that the folia are due to
sedimentary layers, whilst the cleavage-laminz, 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 folia-
tion is uniform, with what we see in disturbed districts
composed of true strata : and especially, how can we
understand the high and even vertical dip throughout
many wide districts, which are not mountainous, and
throughout some, as in western Banda Oriental, which
are not even hilly? Are we to admit that in the
northern part of the Chonos Archipelago, mica-slate was
first accumulated in parallel horizontal folia to a thick-
ness of about four geographical miles, and then upturned
atan angle of forty degrees; whilst, in the southern
part of this same archipelago, the cleavage-laminw
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

! T have deseribed m Chapter vn of this wark) a good instanco of
such a passagoat the Ca of Gond

tosomo.cxeallont remarks on s subjoct, in D'Aubuisson's
Cmitia Gog” tom. i. p. 297. Al some remarks Ly M. Daza in
Silliman's  American Joura.’ vol. xl¥. p. 108

nH
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sometimes produced by the metamorphosis of homo-
geneons fissile rocks; seeing that foliation and cleavage
are so closely in th
respects ; sceing that some fissile and almost homo-
geneous rocks show incipient mineralogical changes
along the planes of their cleavage, and that other rocks
with a fissile structure alternate with, and pass into
varieties with a foliated structure, I cannot doubt that
in most cases foliation and cleavage are parts of the
same process : in cleavage there being only an incipient
separation of the constituent minerals; in foliation a
much more complete separation and crystallisation.
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,
&e.—being parallel to each other, at first appears quite
opposed to the view, that the folia have no relation to
the planes of original deposition. Where the so-called
beds are not very thick and of widely different minera-
Togical composition from each other, I do not think that
there is any difficulty in supposing that they have
originated in an analogous manner with the separate
folin. We should bear in mind what thick strata,
in ordinary sedimentary masses, have obviously been
formed by a concretionary process. ~In a pile of volcanic
rocks on the Island of Ascension, there are strata, differ-
ing quite as much in appearance as the ordinary
varieties of the metamorphic schists, which undoubtedly
have been produced, not by successive flowings of lava,
but by internal molecular changes.  Near Monte Video,
where the stratification, as it would be called, of the
‘metamorphic series is, in most parts, particularly well
developed, being as usual, parallel to the foliation, we
Tave seen that a mass of chloritic schist, netted with
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quartz-veins, is entangled in gneiss, in such a manner as
to show that it had certainly originated in some pro-
cess 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 with the numer intersect-
ing 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 I strongly suspect 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 metamorphic series, which
are of totally different composition 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 foliation’; 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 meta-
morphosed schistose district, it would require especial
attention to discriminate between true strata of depo-
sition and complex foliated masses. - The mere presence
of true strata in the midst of a set of metamorphic
schists, is no argument that the foliation is of sedimen-

* Maceulloch states ( Classifieation of Rocks,’ p. 364) that primary
Timestones azo often found in irrogular masses or great nodules, *whi
‘can scarcely be said to possess a stratified shapo!

w2
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tary 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 exposed 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 deposi-
tion or of oblique current-laminm: I have, however,
‘myself, never seen such a case, and I must maintain that
in most extensive metamorphic areas, the foliation is
the extreme result of that process, of which cleavage
is the first effect. That foliation may arise without any
previous structural arrangement in the mass, we may
infer from injected, and therefore once liquefied, rocks,
both of voleanic and plutonic origin, sometimes having a
« grain” (as expressed by Professor Sedgwick), and some~
times being composed of distinet folia or lamine of dif-
ferent compositions. In the earlier chapters of the pre-
sent work, T have given several instances of this strue-
turein volcanic rocks, and it is not uncommonly seen in
plutonic masses—thus, in the Cordillera of Chile, there
are gigantic mountain-like masses of red granite, which
have been injected whilst liquefied, and which neverthe-
less, 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

1 As remarked in a former part of this chapter, T suspect that the
Doldly conical mountains of gneiss-granite, near Rio de Janeiro, in
which the constituent minerals are arranged in parallel planes, are of
mm..m, origin. We must not, however, forget the lesson of caution

bt by the curious clay-stone porphyries of Port Desi ‘mw mh

wwe seen that the breaking up and aggregation of a thil

tufaceous mass, has yielded a rock semi-porphyritic with ot Blar
epar, arranged in the planes of original deposition.
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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), ac-
cording 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), T have endeavoured to show,!
that the lamination of the several varieties, and their
alternations, have been caused by the moving mass, just
before its final consolidation, having been subjected (as
in a glacier) to planes of different tension; this differ-
ence in the tension affecting the crystalline and concre-
tionary processes. One of the varieties of rock thus
produced at Ascension, at first sight, singularly

a fine-grained gneiss ; it consists of quite straight and
parallel zones of excessive tenuity, of more and less
coloured crystallised feldspar, of distinct crystals of
quartz, diopside, and oxide of iron. These considera~
tions, notwithstanding the experiments made by Mr.
Fox, showing the influence of clectrical currents in pro-
ducing a structure like that of cleavage, and notwith-
standing the apparently inexplicable variation, both in
the inclination of the cleavage-lamin and in their dip-
‘ping 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 sub-
jected, 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 move-
ament.

+ Seo Chapter IIL of the present work.
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CHAPTER XIV.
CENTRAL CHILE ; STRUCTURE OF THE CORDILLERA.

Contral Chile—Basal formations of the Cordillera—Origin of the por-
hyritic 4 Section of

»
the Cordillera by the Peuquenes or Portillo Pass—Great gypseous for-
‘mation—Peuguenes line ; thickness of strata, fossils of—Portillo line,
conglomerate, orthitic granite, mica-schist, and volcanic rocks of—Con-
cluding remarks on the dewudation and elevation of the Portillo line—
Section by the Cumbre or Uspallata Pass—Porphyries—Gypseous
strata—Seation near Puente del Inca, fossils of—Great subsidence—
Tntrusive porphyries—Plain of Uspallata—Section of the Uspallata
chain—Structure and nature of the strata— Silicified vertical trees—
Great subsidence—Granitic rocks of axis—Concluding remarks on tho
Uspallata_ range ; origin subsequent to that of tho main Cordillera ;
two periods of subsidence ; comparison with the Portillo chain.

Tup district between the Cordillera and the Pacific, on
arude average, is from about eighty to one hundred
miles in width. It is crossed by many chains of moun-
tains, of which the principal ones, in the latitude of
Valparaiso and southward of it, range nearly north and
south 3 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 porphyry ; 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 grauwacke and
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quartzose and jaspery rocks, the latter occasionally
assuming the character of the basis of clay-stone por-
phyry: trap-dikes are 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 occur in outlying positions.

I will describe the Campana of Quillota, which
stands only fifteen miles from the Pacific, as an instance
of one of these outlying masses. This hill is conspicuous
from rising to the height of 6,400 feet: its summit
shows a nucleus, uncovered for a height of 800 feet, of
fine greenstone, including epidote and octahedral mag-
netic iron ore; its flanks are formed of great strata
of porphyritic clay-stone conglomerate, associated with
various true porphyries and i i
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 be-
longing to the basal metamorphic series. I may ob-
serve that at the foot of several hills of this class, where
the porphyries are first seen (as near 8. Fernando, the
Prado, Las Vacas, &), similar harsh quartzose rocks
and granular mixtures of quartz and feldspar ocour, as
if the more fusible constituent parts of the granitic
series had been drawn off to form the overlying por-
phyries.

1 Meyen, ¢ Reise um Erde;’ Th. 1. s. 235,
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In Central Chile, the flanks of the main Cordillera,
into which I penetrated by four different valleys, gene-
Tally 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 unfre-
quently 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 oceur in
extraordinary numbers. 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 4,000 or
5,000 feet, on the flanks of the outer lines.
Basal Strata of the Cordillera.—The prevailing
xock is purphsh or greenish, porphyritic claystone
vary in size
from mere part\cles 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 depo-
sition were unequivocally distinct; 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 sometimes (as at Jajuel) is
jaspery. The included fragments are either angular,
or partially or quite rounded;' in some parts the

* Some of tho rounded fragments in the porphyritic conglomerate
near the Baths of Cauguenes, were marked with rdii and concentric
zones of different shades of colour: any one who did not know that,
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rounded, in others the angular fragments prevail, and
usually both kinds are mixed together: hence the word
breceia. ought strictly to be appended to the term por-
phyritic conglomerate. 'The fragments consist of many
varieties of clay-stone porphyry, usually of nearly
the same colour with the surrounding basis, namely,
purplish-reddish, bmwmsh momed or bngm reen

feldspathic rock, like .thered clay-slate are included ;
as are sometimes grains of quartz, but only in one in-
stance in Central Chile (namely, at the mines of Jajuel)
a few pebbles of quartz. I nowhere 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 origin. Calcareous spar occasionally oceurs
in small cavities; 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: T doubt, however, whether in this
instance the layers had ever been separately deposited
as tufaceous sediment.

AlL the varieties of porphyritic conglomerates and
breceias 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 coarser-grained varieties. In one instance,
near Cauquenes, I noticed that a porphyritic conglo-

pebbles, for instanco fiint pebbles from the chalk, are sometimes zoned

concentrically with their worn and rounded surfaces, might havo boen

Jed to infer, that these balls o(porphyry ‘were not true pebbles, but had.
originated in concretionary actio
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merate assumed a spheroidal structure, and tended to
become col Besides the

and the perfectly characterized porphyries of meta~
morphic origin, there are other porphyries, which,
though differing not at all or only slightly in composi-
tion, certainly have had a different origin : these consist
of pink or purple claystone porphyries, sometimes
including grains of quartz,—of greenstone porphyry,
and of other dusky rocks, all generally porphyritic with
fine, large, tabular, opaque crystals, often placed cross-
wise, of feldspar cleaving like albite, (judging from
several ), and often with
silex, agate, carbonate of lime, green and brown bole.!
These several porphyritic and amygdaloidal varieties

* This bolois a very common minezal in the amygdaloidal rocks ; it
s genemlly ofu grenial brown colour, with o dintng srueture; ex-
ternally it s black with an almost metalli nste, but aften conted

brght grsen fim. s soft and eun bo sesuthd by quill; m\dnuhe
blowpipe mlls greatly and becomes sealy, then Tues ot
Dlack magnet D eohbtande Vi Ty e 0

orhidh] fen dk s i ciaasviléniic Tosknineh GuitlonbnGir
some very curious specimens of a fino porphyry (from Jajuel) leads mo
o suspac that some of thego amygcalidal bafl, istend of hnvmg been
deposited in pro-existing air-vesicles, aro of concretionazy origin ; for i
thoso pocimens some of the passhuped littl mnsses (omn cxturm\lly
marked with minuto pits) are formed of a m
promm sttt i e e e S
erystals of feldspar; and these pea-shaped littl masses are themselves
amygdaloidal with minute spheres of the groen earth, each enveloped by
a il of white, apparently feldspathic, earthy matter: so that the por-
phyzy is doubly amyglalidal. 1t showld not, howevee, be oveslooked,
that ull tho strata hiero have undergono metamorphic action, which may
v sunmad ceystl of ldsges 30, appess, Safl
effctad, in the originally simplo Amygqaloidal balls.  Mr. 3. D. Danty
inan exeellent paper on Trap rocks (* Edin. Now Phil. Journ vol. xli.
P- 198), has argued, with great foreo, that all amygdaloidal minerals
hiave been deposited by aqueous infiltration. I may take this oppor-
lumty of aluding to o eurous cus, doserbed i Chapter 1T, of Qha
work, of an amyadaloidal rock, with many of tho cells onl
hulf i ld up with » mesotypic mineral,
s has d brought by Dr. Meyen

amyg
(¢ Relce oy Ento? The s ©316) foom i as consisting of crystallized
qux.rhu, with erystals of stilbite within, and lined externally by green
earth.
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never show any signs of passing into masses of sedi~
mentary 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 distinct, yet not seldom
blended together. In some of these intrusive masses,
the porphyries exhibit, more or less plainly, a brecciated
structure, like that often seen in volcanic masses. These
brecciated porphyries could generally be distinguished
at once from the metamorphosed, porphyritic breccia-
conglomerates, by all the fragments being angular and
being formed of the same variety, and by the absence
of every trace of aqueous deposition. One of the por-
phyries above specified, namely, the greenstone porphyry
with large tabular crystals of albite, is particularly
abundant, and in some parts of the Cordillera (as near
$t. Jago) seemed more common even than the purplish
N 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 hasaltic dikes.
In several places in the lower part of the series, but
not everywhere, thick masses of a highly feldspathic,
often porphyritic, slaty rock occur interstratified with
the porphyritic conglomerate: I believe in one or two
cases blackish limestone has been found in a similar
position. The feldspathic rock is of a pale grey or
greenish colour ; it is easily 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

2o T minera i extramely common fn'allthe formations of Chile;
in tho gneiss near Valparaiso and in the granitic veins crossi
the injected_greenstone crowning the C. 5% Gulictn, s ivee (enilie
porphyries, in the porplyriio “englomerate, aad in the feldspathie
clay-siates.
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Ye 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,
porphyritic slate, there was a layer of hard, blackish,
siliceous, infusible, compact clay-slate, such as I saw
mowhere else: at the same place I was able to follow
for a considerable distance the junction between the slate
and the conformably underlying porphyritic conglo-
merate, and they certainly passed gradually into each
other.  Wherever these slaty feldspathic rocks abound,
greeustone seems common 5 at the C. of Quillota a bed
of well lay bly in the
midst of the feldspathic slate, with the upper and lower
junctions passing insensibly into it. From this fact,
and from the frequently porphyritic condition of the
slate, T should perhaps have considered this rock as an
erupted one (like certain laminated feldspathic lavas
in the trachytic series), had I not seen in T. del Fuego
how readily true clay-slate becomes feldspathic and
porphyritic, and had I not seen at Jajuel the included
layer of black, siliceous clay-slate, which no one could
have thought of igneous origin. The gentle passage
of the feldspathic slate, at Jajuel, into the porphyritic
conglomerate, which is certainly of aqueous origin,
should also be taken into account.

The alternating strata of porphyriesand iti
conglomerate, and with the occasionally included beds
of feldspathic slate, together make a grand formation ;
in several places within the Cordillera, I estimated its
thickness at from 6,000 to 7,000 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
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of between 2,000 and 3,000 feet, is thus composed. In
several parts of Northern Chile this formation extends
much farther towards the Pacific, over the granitic and
metamorphic lower rocks, than it does in Central Chile
but the main Cordillera may be considered as its cen-
tral line, and its breadth in an east and west direction
is never great. At first the origin of this thick, mas-
sive, long but narrow formation, appeared to me very
anomalous : whence were derived, and how were dis~
persed the innumerable fragments, often of large size,
sometimes angular and sometimes rounded, and almost
invariably composed of porphyritic rocks ? Seeing that
the interstratified porphyries are never vesicular and
often not even amygdaloidal, we must conelude 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,

one and imés the other
ing? That the clay-stone, greenstone, and other por-
phyries and daloids, which lie conformably be-

tween the beds of conglomerate, are ancient submarine
lavas, I 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 searcely 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 a few or many angular fragments, ac-
cording to the strength of the explosion. The porphy-

! This certainly seems to have taken place in some recent voleanic
archipelagoes, as at the Galapagos, where numerous craters are exclu~
sively formed of tuff and fragments of luva,
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sitic conglomerate being purple or reddish, even when
alternating with dusky-coloured or bright green pot-
phyries and amygdaloids, is probably an analogous
circumstance to the scori® of the blackish basalts be-
ing often bright red. The ancient submarine orifices
whence the porphyriesand their fragments were ejected
having been arranged ina band, like most 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 erystals of albitic
feldspar and of epidote—in the blending together
of the fragments —in the appearance of a lami-
nated structure 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 metamorphic action, and partly to the
elose relationship in origin, I Liave seen fragments of
porphyries—taken from a
—from a neighbouring stream of lava—from the nucleus
or centre (as it appeared to me) of the whole submarine
voleano—and lastly from an intrusive mass of quite
subsequent origin, all of which were absolutely undis-
tinguishable in external characters.

One other rock, of plutonic origin, and highly im-
‘portant 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 meta-
morphosing the superincumbent strata, may be con-
veniently described in this preliminary discussion. It
has been called by some authors Andesite : it mainly
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consists of well-crystallised white albite,! (as determined
with the goniometer in numerous specimens both by
Professor Miller and myself), of less perfectly crystal-
lised green homblende, often associated with much
mica, with chlorite and epidote, and occasionally with
a few grains of quartz: in one instance in Northern
Chile, I 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 imper-
fect and blend together, the rock may be called ande-
sitic porphyry, 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 outline and

eir joints—in their in-
cluding dark-coloured, angular of
some pre-existing rock—and in the great dikes branch-
ing from them into the superincumbent strata, manifest
a close and striking resemblance to masses of common
granite and syenite: I never, however, saw in these
andesitic rocks, those granitic veins of segregation
which are so common in true granites. We have seen
that andesite occurs in three places in Tierra del Fuego ;
in Chile, from St. Fernando to Copiapo, a distance of

! There, and clsowharo, call by this name, thoso feldspathic mine-
7als which cleave liko albite: but it nowappears (‘ Edin. New Phil,
Journ! vol. xxiv. p. 181) that Abich has analysed o mineral from th
Cordillera, associated with hornblende and_quartz (probably tho samo
Tock with that hero under discussion), which cleaes ke, albite, but

to leucite, with the greater proportion of its potash replaced by limo

a0 sod. This mineral soome scavoly distinguiahable feom albise, ox-
cept by analysis.
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450 miles, T found it under most of the axes of elevation
in a collection of specimens from the Cordillera of Lima
in Peru, I 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
volcanic matter, such as appears to have been of sub-
aérial eruption, is everywhere rare. According to
Meyen,? 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 volcanic origin, inter-
mediate in character between the above feldspathic
porphyry and common trachyte, and containing needles
of hornblende and granular oside of iron. Near the
Baths of Cauquenes, between two short parallel lines of
elevation, where they are intersected by the valley, there
is a small, though distinet voleanic district; the rock
is a dark grey (andesitic) trachyte, which fuses into a
greenish-grey 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_cliff-bounded, horizontal, narrow

1 «Gevgraph. Journal’ vol. ix.
e v ey Th T, 538 and 362,
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strip on the steep southern side of the valley, at the
height of 400 or 500 feet 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 of lava. On the summit of a
lofty mountain some leagues higher up this same valley
of the Cachapual, T found columnar pitchstone porphy-
ritic with feldspar; I do mot suppose this rock to be
of voleanic origin, and only mention it here, from its
being intersected by masses and dikes of a vesioular
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 Peuquencs
Pass.

Although T crossed the Cordillera only once by this
pass, and only once by that of the Cumbre or Uspallata
(presently to be deseribed), riding slowly and halting

i to ascend the ins, there are many
circumstances favourable to obtaining a more 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 atmo-
sphereis clear; the stratification distinet ;
and the rocks brightly and variously coloured : some of
the natural sections might be truly compared for dis-
tinctness to those coloured ones in geological works.
Considering how little is known of the structure of this
gigantic range, to which I particularly attended, most
travellers having collected only specimens of the rocks,
I think my sketch-sections, though necessarily imper-
fect, possess some interest. Thesection given in Plate L

b 7 ¢
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fig. 1, which I will now describe in detail, is on &
horizontal scale of a third of an inch to a nautical mile,
and on a vertical seale of one inch to a mile or 6,000
feet. The width of the range, (excluding a few out-
lying 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 2,300 feet, and the Pampas at
3,500 feet, both above the level of the sea. The height
of the Peuquenes line, according to Dr. Gillies,! is
13,210 feet ; and that of the Portillo Tine (both in the
gaps where the road crosses them) is 14,345 feet ; the
lowest part of the intermediate valley of Tenuyan is
7,530 feet—all above the level of the sea.

The Cordillera here, and indeed I believe throughout
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, pro-
jecting like oblique spurs from the main ranges: in
the district towards the Pacific, the mountains, as be-
fore remarked, extend ‘in various directions, 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

increased in i from one end
where its height was trifling and its strata gently inclined
* *Journal of Nat. and Geograph. Scicnce,’ August, 1830
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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 south ridge had its strata in the valley in-
clined 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 dis-
tances than five miles : this peculiar form of upheaval
probably indicates that the stratified crust was thin,
and hence yielded to the underlying intrusive masses un-
equally, 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 south 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 through the ranges
at 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 the coloured
section [Plate L] where the R. Maypu debouches on the
plain of St. Jago, we immediately enter on the por-
phyritic conglomerate formation, and in the midst of
it find some hummocks [A] of gramite and syenite,
which probably (for I neglected to collect specimens)

112
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belong to the andesitic class. These are succeeded by
some rugged hills [B] of dark-green, erystalline, feld-
spathic and in some parts slaty rocks, which I be-
Tieve belong to the altered clay-slate formation. From
this point, great mountains of purplish and greenish,
generally thinly stratified, highly porphyritic conglo-
merates, including many strata of amygdaloidal and
greenstone porphyries, extend up the valley to the
junction of the rivers Yeso and Volean. As the valley
hero runs in a very southerly cours, the width of the
is quite
and from the' same canse, I was' tnable to make out
‘much about the stratification. In most of the exterior
mountains the dip was gentle and directed inwards;
and at only one spot T observed an inclination as high
as 50°. Near the junction of the R. Colorado with the
main stream, there is a hill of whitish, brecciated,
partially decomposed feldspathic porphyry, having a
voleanic aspect but not being really of that nature : at
Tolla, 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
mica, 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 por-
phyritic rocks, and above them by the ordinary por-
phyritic conglomerates,—the strata all dipping away at
a small angle from the underlying mass. The surround-
ing lofty mountains appear to be entirely composed
of the porphyritic conglomerate, and I estimated its
thickness here at between 6,000 and 7,000 feet.
1 *Reise um Erde’ Th. 1. ss. 338, 341.

@ The Complete Work of Charles Darwin Online



ome. xtv.  Section by the Portillo Pass. 485

Beyond the junction of the Yeso and Volcan, the
porphyritic strata appear to dip towards the hillocks of
andesite at am angle of 40°; but at some distant points
on the same ridge they are bent up and vertical.
Following the valley of the Yeso, trending NE. (and
therefore still unfavourable for our transverse section),
the same porphyritic conglomerate formation is pro-
longed to nedr the Cuestadel Indio, situated at the
western end of the basin (like a drained lake) of Yeso,
Somé way before arriving at this point, distant lofty
pinnagles capped by coloured strata belonging to the
great gypseous formation could first be seen. From
the summit of the Cuesta, looking southward, there is
a magnificent sectional view of a mountain-mass, at
least 2,000 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 conglome-
rates. 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 distinct, the beds composing the crests 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 great
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 7,000 feet above the level of the sea, we first reach
at [F] the gypseous formation. Its thickness is very

@ The Complete Work of Charles Darwin Online



486 Section by the Portillo Pass. v,

great. Tt 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 crystallised, blackish
carbonate of lime. Large, irregularly shaped concre-
tions (externally still exhibiting lines of aqueous
deposition) of blackish-gray, but sometimes white,
comsely and brilliantly crystallised, 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 T had not time to reach. I saw only one frag-
ment of selenite or transparent gypsum, and that
perhaps may have come from some subsequently formed
vein. From the mineralogical characters here given,
it s 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 seen bending up, and becoming’
vertical, bly with the ing porphyriti

conglomerate. In very many parts of the great moun-
tain-face [F], composed of thin gypseous beds, there
were innumerable masses, irregularly shaped and not
Tike dikes, yet with well-defined edges, of an imperfectly
granular, pale greenish or yellowish-white rock, essen-
tially composed of feldspar, with a little chlorite or
hornblende, epidote, iron-pyrites, and ferruginous pow=
der: T 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
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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 here overlic a hillock [G], composed of vertical
strata of impure limestone and of black highly calcare-
ous shale including threads of gypsnm : 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 section sometimes on one hand and some-
times 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 between 300 or 400 feet thick of gypsum [I] dip-
ping eastward at a very high angle : here then we have
afault and anticlinal axis. On the opposite side of
the valley, a vertical mass of red conglomerate, con-
formably underlying the gypsum, appears gradually to
lose its stratification and passes into a mountain of
porphyry. The gypsum [I]is covered by a bed [K],
at least 1,000 feet in thickness, of a purplish-red,
compact, heavy, fine-grained sandstone or mudstone,
which fuses easily info a white enamel, and is seen
under a lens to contain triturated crystals. This is
succeeded by a bed [L], 1,000 feet thick (I believe I
understate the thickness) of gypsum, exactly like the
beds before deseribed; 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 [1] of gypsum.

Leaving the basin-plain of Yeso, the road rapidly
ascends, passing by mountains composed of the gypseous
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and associated beds, with their stratification greatly
disturbed and therefore not easily intelligible: 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 mud-
stone, 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 abso-
Tutely vertical.

The ridge of Peuquenes, which divides the waters
flowing into the Pacific and Atlantic Oceans, extends in
a nearly NNW. and SSE. 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 sea-level, and I estimated the neighbouring
pinnacles at from 14,000 to 15,000 feet. The lowest
stratum visible in this ridge s a red stratified sandstone
[P]; on it are superimposed two great masses [Q and
S]of black, hard, compact, even having a conchoidal
fracture, calcareous, more or less laminated shale, pass-
ing into limestone : this rock contains organic remains,
presently to be enumerated. 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
generally quite black, it everywhere weathers into an
ash-gray tint. Between these two great masses [Q and
], a bed [R] of gypsum is interposed, about 300 feet
in thickness, and having the same characters as hereto-
fore described., I estimated the total thickness of these
three beds [Q, R, 8] at nearly 3,000 feet; and to this
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must be added, as will be immediately seen, a great
overlying mass of red sandstone.

In descending the castern slope of this great central
Tange, the strata, which in the upper part dip eastward
at about an angle of 40°, become more and more curved,
ill they are nearly vertical ; and a little farther onwards
there is seen on the farther side of a ravine,a thick
mass of strata of bright red sandstone [T], with their
upper extremities slightly curved, showing that they
were once conformably prolonged 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 juxtaposition. Continuing to
descend, we come to a synclinal valley filled with
rubbish, beyond which we have the red sandstone [T#]
corresponding with [T], and now dipping, as is seen
both north and south of the road, at 45° to the west ;
and under it, the beds [S% R* Q% and I believe P2]
in corresponding 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 farther
end of the series it increases to 60° Here the great
gypseous formation abruptly terminates, and is suc-
ceeded castward by a pile of more modern strata.
Considering how violently these central ranges have
been dislocated, 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,
caleareous, compact shale, whilst in the valley-basin of
the Yeso the purplish red sandstone or mudstone pre-
dominates,—both being associated with gypseous strata
of exactly the same nature. It would be very difficult
to ascertain the relative superposition of these several
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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 in number, and are in an imperfect
condition ; they consist, as named for me by M. d'Or-
bigny, of—

1. Ammonite, indstorminable, neu to.4. retiusatus, D'Orbig. +Pal.
Frane.’ (Neocomian formation).
Gryphzea, near to G. Couloni (Neocomian formations of Franceand
demm)
‘Jv\u%md-wnm inable.

'yprina rostrata, D'Orbig. * Pal. Franc. (Neocomian formation).
Hatelann: ang\l.lo:-u (7) DOrbig. * Pal. do PAme. Mor
rebratula ?

©

paes
=

Some of the fragments of Ammonites were as thick
as a man’s arm: the Gryphea is much the most
abundant shell. These fossils M. d'Orbigny considers
as belonging to the Neocomian stage of the Cretaceous
system. Dr. Meyen,! who ascended the valley of the
Rio Volean, a branch of the Yeso, fomd a nearly
similar, but more fon, with
much gypsum, and mo doubt the equivalent of that
here described : the beds were vertical, and were pro-
longed up to the limits of perpetual snow : at the height
of 9,000 feet above the sea, they abounded with fossils,
consisting, according to Von Buch,? of—

1. Exogyms (Gryphie) Conloni, abslutely. identienl with specimens

from the Jura and South of F
2. Trigonia. costata, | identical with those fouad in the upper
3. Pocten striatus, Jurassic beds at Hildesheim.

! ¢Reise um Erde, Th. 1
+  Deserpt. Bhye de Ths Caarles’ PATL
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4 Cnunlb!u. corresponding in form to C. longirastris, o frequent in
jurassic beds of Westphalia.

5. Ammomle«, ‘resembling A. biplez.
Von Buch concludes that this formation is intermediate
between the limestone of the Jura and the chalk, and
that it s analogous with the uppermost Jurassic beds
forming the plains of Switzerland. Hence M. d'Orbigny
and Von Buch, under different terms, compare these
fossils to those from the same late stage in the Secondary
formations 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, independently
of the now denuded, thick, overlying masses of red
sandstone. I neglected at the time to estimate how
many hundred or rather thousand feet thick the
superincumbent strata must have been: and I will
ot 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 analogous 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 pro~
longed up to at least from 14,000 to 15,000 above the
level of the sea.

The Portillo or Eastern Chain—The valley of
Tenuyan, separating 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 (1,100 feet
higher than that on the Peuquenes), and the neigh-
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bouring pinnacles must, I conceive, rise to nearly 16,000
feet above the sea. The river draining the intermediate
valley of Tenuyan, passes through the Portillo line.
To return to our section :—shortly after leaving the
Tower 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 Cordillefa. This
conglomerate s distinctly stratified, some of the beds
‘being well defined by the greater size of the pebbles : the
cement s calcareous and sometimes crystalline, though
the mass shows no signs of having been metamorphosed.
The included pebbles are either perfectly or only par-
tially 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
‘micaceous schist, and numerous, broken, rounded erys-
tals of a reddish orthitic or potash feldspar (as deter-
mined by Professor Miller), and these from their size
must have been derived from a coarse-grained rock,
probably granite. 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
Tocks of the western ranges; but, on the other hand;
it may well have come, together with the quartz and
metamorphic schists, from the eastern or Portillo line,
for this line mainly consists of coarse orthitic granite.
The pebbles of the fossiliferous slate and of the purple
sandstone, certainly have been derived from the Peu-
quenes or western Tanges.

The road crosses the valley of Tenuyan in a nearly
«ast and west line, and for several miles we have on
both hands the conglomerate, everywhere dipping west
and forming separate great mountains. The strata,
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where first met with, after leaving the gypseous forma-
tion, are inclined westward at an angle of only 20°,
which farther 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 Peuquenes range, a most deceptive appear-
ance is presented, 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 mountain of unstratified lilac-coloured porphyry
(with erystals of hornblende) projects; and farther on,
a little south of the road, there is another mountain,
with its strata inclined at a small angle eastwards, which
in its general aspect and colour, resembles the porphy-
ritie conglomerate formation, so rare on this side of the
Peuquenes line and so grandly developed throughout
the western ranges.

The conglomerate is of great thickness: I do mot
suppose that the strata forming the separate mountain-
masses [V, V, V] have ever been prolonged over each
other, but that one mass has been broken up by several,
distinet, parallel, uniclinal lines of elevation. Judging
therefore of the thickness of the conglomerate, as seen
in the separate mountain-masses, I estimated it at least
from 1,500 to 2,000 feet. The lower beds rest con-
formably on some singularly coloured, soft strata [W1,
which I could not reach to examine ; and these again
Test conformably on a thick mass of micaceous, thinly
laminated, siliceous sandstone [X], associated with a
little black clay-slate. These lower beds are traversed
by several dikes of decomposing porphyry. The lami-
nated 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
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whitishgandstone wastbeautifully, distinot; the, seud-
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 erystalline atoms, apparently
of imperfect mica. The quartzose strata in one spot
were folded into a regular dome.

The granite which composes the magnificent bare
pinnacles and the steep western flank of the Portillo
chain, is of a brick-red colour, coarsely crystallized, and
composed of orthitic or potash feldspar, quartz, and im-
perfect 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 8o 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 coni-
taining large erystals of feldspar ; I neglected to collect
specimens, so 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 nume-
rous veins of flesh-coloured and greenish eurite (into
which I occasionally observed the brick-red granite
insensibly passing), I conclude that the white granites
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probably belong to an older formation, almost over-
whelmed and penetrated by the red granite.

On the crest T saw also, at a short distance, some
coloured stratified beds, apparently like those [W] at
the western base, but was prevented examining them
by a snow-storm: Mr. Caldelengh,! however, collected
here specimens of ribboned jasper, magnesian lime-
stone, and other minerals. A little way down the
enstern slope a few fragments of quartz and mica-slate
are met with ; but the great formation of this latter
rock [Z], which covers up much of the eastern flank
and base of the Portillo range, cannot be conveniently
examined until much lower down at a place called Mal
Paso. The mica-schist here consists 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 disap-
peared, the whole mass became 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 distance : 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 I think it
more probable, considering its more perfect metamor-
phic character and its well-pronounced foliation, that it
belongs to an anterior epoch, connected with the white
granites : T am the more inclined to this view, from
having found at the foot of the range the mica-schist

 *Travels, &e., vol. p. 308.
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surrounding a hummock [Y %], exclusively composed ot
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 distinct, that with a bright light these rocks could
be readily distinguished even from the Pampas, at a
level of at least 9,000 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 clearly
seen: here and there isolated patches of this rock
adhered to the mountain-flanks, and these often corre-
sponded in height and position on the opposite sides of
the immense 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
is traversed by several closely adjoining,
s, parallel to each other and to the foliation
st The dikes are formed of three different
varieties 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
1,200 feet above the dikes, and perhaps connected with
them, there is a range of cliffs formed of successive
lava-streams [A Al, between 300 and 400 feet in thick-
ness, and in places finely columnar. The lava consists
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of dark-grayish, harsh rocks, intermediate in character
between trachyte and basalt, containing glassy feldspar,
olivine, and a little mica, and sometimes amygdaloidal
with zeolite : the basis is either quite compact, or crenu-
lated with air-vesicles arranged in lamine. The
streams are separated from each other by beds of frag-
mentary 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 sea, 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 considerable breadth, and as nearly as
1 could estimate 1,500 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
clay-stone 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
50 great, that at the time (though ignorant of M. Elie
de B on the small slope
prosiic flow, and yet retain a compact
structure and considerable thickness) I concluded that
they must subsequently to their fHowing have been

! This conclusion might, perhaps, even have been anticipated, from
the general rarity of voleanic action, exeept near the sea or largo bodies
of water. Conformably with this rule, at the present day, are no
active volcanos on this eastern side of tho Cordillera ; nor are severo
earthquakes experienced here,

KK
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upheaved and tilted from the mountains: of this con-
clusion I can now entertain not the smallest doubt.

At the mouth of the valley, within thé cliffs of the
above lava-field, there are remmants, 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, volcanic
crystals, scales of mica, and fragments of lava. This
‘mass has suffered much denudation, and the hard mica-
schist has been deeply worn, since the period of its
deposition ; and this period must have been subsequent
to the denudation of the basaltic lava-streams, as at~
tested 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-chanmel of the valley. Must
we then look back to that ancient period, when the
waves of the sea beat against the eastern foot of the
Cordillera, for a power sufficient to denude extensively,
though superficially, this tufaceous deposit, soft al-
though it be ?

There remains only to mention some little water-
worn hillocks [B BJ, 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 clay-
stone, with obscurely marked strata dipping at 70° to
the SW.; the other ranges consist of—a pale-coloured
feldspathic porphyry,—a purple clay-stone porphyry
with grains of quartz—and a rock almost exclusively
composed of brick-red crystals of feldspar. These
outermost small lines of elevation extend in a NW. by
W. and SE. by §. direction.
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Coneluding Remarks on the Portillo Range.—When
on the Pampas and looking southward, and whilst travel-
ling 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 inter-
ruption for 140 miles southward to the R. Diamante,
where it unites with the western ranges: northward,
according to this same author, it terminates where the
R. Mendoza debouches from the mountains; but a
little farther 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 in-
jected amidst many other porphyries, and having so
close an analogy with the coarse red granite of the Por-
tillo line, that I 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 14,365 feet, and some of the
pinnacles 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 ata 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 formation ; and on
the other hand, by a ridge or chain of idlets 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 littoral action,
during which the rocks were shattered, the fragments
rounded, and the strata of conglomerate accumulated
to a thickness of at least 1,500 or 2,000 feet. The

xx2
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ved orthitic granite now forms, as we have seen, the
main part of the Portillo chain : it is injected in dikes
not only into the mica-schist and white granites, but
into the laminated sandstone, which it has metamor-
phosed, and which it has thrown off, together with the
conformably overlying coloured beds and stratified
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 liquified state after
the decumulation both of the laminated sandstone and
of the conglomerate ; this conglomerate, we know, was
accumulated, not only after the deposition of the fossil-
iferous 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 forcing the mind
to grapple with the idea of the thousands of thousands
of years requisite for the demudation 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 moun-
tain-masses, yield sufficient evidence. Of the encasing
strata we seo 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 denudation
which they have suffered at a comparatively late period
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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 eleva-
tion. 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 3,500 feet, and
probably to a much greater height, for the smooth
shingle-covered margin of the Pampas is prolonged in 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 Cor-
dillera, 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, in-
deed, in the valley of Tenuyan, the accumulation of the
coarse stratified conglomerate to a thickness of 1,500
or 2,000 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 5o, the shallow bed of the sea on
which the pebbles were first deposited must necessarily
have sunk to allow of the accumulation of the super-
incumbent strata. ‘What a history of changes of level,
and of wear and tear, all since the age of the latter
Secondary formations of Europe, does the structure of
this one great mountain-chain reveal |
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Passage of the Andes by the Cumbre or Uspallata
ass.

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 (o 6,000 feet) in height. Like the last section, it
is a mere sketch, and cannot pretend to accuracy, though
made under favourable circumstances. We will com-
mence 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
former section; as does the Uspallata range, though on
a much smaller scale, to that of the Portillo. Near the
point where the river Aconcagua debouches on the basin
plain of the same name, at a height of about 2,300 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
amygdaloidal porphyries, which have flowed as sub-
marine 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 por-
phyries is of a green colour, highly amygdaloidal with
the various minerals described in the preliminary dis-
cussion, and including fine tabular crystals of albite.
The mountain-range north (often with a little westing)
and south. The stratification, wherever I could clearly
distinguish it, was inclined westward or towards the
Pacific, 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
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conformably. capping o pile of stratified porphyries.
Hence, both in composition and in stratification, the
structure of the mountains on this western side of
the divortiwm aquarum, is far more simple than in the
corresponding part of the Peuquenes section. In the
porphyritic clay-st the ical
structure and the planes of stratification have generally
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 dis-
played. 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 con-
tained some quartz, but the greater part consisted of
andesitic porphyry, with only a few well-developed erys-
tals of albite, and forming a great white mass, having
the external aspect of granite, capped by much dark
unstratified porphyry. In many parts of the moun-
tains, there are dikes of a green colour, and other white
omes, which latter probably spring from underlying
‘masses of andesite.

The Cumbre, where the road crosses it, is, according
to Mr. Pentland, 12,454 feet above the sea; and the
neighbouring peaks, composed 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 east 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 sand-
stones, and of often calcareous conglomerates, and pene-
trated by green, yellow, and reddish dikes ; but I shall
presently have an opportunity of describing in some
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detail an analogons pile of strata. These vertical beds
are abruptly succeeded by others [B], of apparently
nearly the same nature by more metamorphosed, alter-
nating with porphyries and limestones ; these dip for a
short space westward, but there has been here an extra-
ordinary dislocation, which, on the north side of the
road, appears to have determined the excavation of the
north and south valley of the R. de las Cuevas. On
this northern side of the road, the strata [B] are pro-
longed till they come in close contact with a jagged
lofty mountain [D] of dark-coloured, unstratified, in-
trusive porphyry, where the beds have been more highly
inclined and still more metamorphosed. This moun-
tain of porphyry seems to form a short axis of elevation
for south of the road in its line, there is a hill [C]
of porphyriti with vertical
strata.

We now come to the Gypseous formation: I 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
Tuns in an east and west valley, the mountain of por-
phyry [D] is succeeded by a hill [E] formed of the
upper gypseous 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 s 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 farther 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 superimposed by an

@ The Complete Work of Charles Darwin Online



CHAP. XIV. Gypseous Farmnlmn. 505

oblique fault on another mass of the same strata [EL],
also inclined westward, but at an angle of only about
30°: the complicated relation of these three masses
[F, G, H] is explained by the structure of a great
mountain-range lying someway 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 distinet 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 rond runs, md
the strata ing it will be i
On the south side of the road, in the space coﬂ'espund—
ing with the mountains [E, Fand G, the strata every-
where dip westward generally at an angle of 30° occa~
sionally mounting up to 43° 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 common in the Cordil-
lera. We thus see that within a narrow space, the
gypseous strata have been unheaved and crushed to-
gether by a great uniclinal, anticlinal, and one lesser
uniclinal line [E] of elevation ; and that between these
three lines and the Cumbre, in the sandstones, con-
glomerates 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 which the strata at [H] form a part)

! At this place, thero are some hot and cold springs, the warmest
Jigiie s tampersiars Secong 9 Hout Fiand ( Travols, p 240, of
1°; they emit much gas. According to Mr. Brande, of the Royal
Tnstitution, ten cubieal inches contain fo ains of solid matter,
cousisting chiefly of salt, psun, carbonato of d oxide of iron,
The water is charged with ca and suiphuretted hydrogen,
Theso springs doposit much, tufo in the form of spherieal bull - They
burst forth, as do those of Cauquenes, and probably those of Villa
Vicencio, on a line of elevation.
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ranges N. by W. and 8. by E., forming a chain of
‘mountains, apparently little inferior in height to the
Cumbre : 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 4,000 feet, and could clearly dis-
tinguish their general nature for 1,000 feet higher,
making a total thickness of 5,000 feet, to which must
be added about 1,000 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 des-
eribed in the preliminary discussion, and which in this
line of section was here first met with. Lower down
the valley, at the R. de las Vacas, I had a better oppor-
tunity of examining it; it is there in some parts well
characterised, having a distinct, nearly vertical, tortuous
cleavage, ranging NW. and SE., and intersected by
quartz veins: in most parts, however, it is crystalline
and feldspathie, and passes into a true greenstone often
including grains of quartz. ‘The clay-slate, in its upper

half, is 1 the angular
fragments being of nearly the same nature with the
paste.

2nd. Several strata of purplish porphyritic con-
glomerate, of no very great thickness, rest conformably
upon the feldspathic slate. A thick bed of fine, purple,
clay-stone 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 impure whitish limestone, weathering bright
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Ted, with included layers brecciated and re-cemented.
Obsoure marks of shell are distinguishablo in it

4th. A red, quart: fi
it graing of quarts; and with patclcs!of white carthy
feldspar, apparently due to some process of concretionary
erystalline action: this bed is more compact and
metamorphosed than any of the overlying conglome-
rates.

5th. A whitish cherty limestone, with nodules of
Dlueish argillaceous limestone.

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

7th. Highly siliccous, fine-grained white sand-
stone. 8th and 9th. Red and white beds not ex-
amined.

10th. Yellow, fine-grained, thinly stratified, mag-
mesian (judging from its slow dissolution in acids) lime-
stone: 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 conformable with the underlying ones, composed
of a hard basis, tinged lilac-gray porphyritic with
numerous erystals of whitish feldspar, with black mica
and little spots of soft ferruginous matter: evidently a
submarine lava.

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

13th. A most singular rock; basis purplish gray,
obscurely erystalline, easily fusible into a dark green
glass, not hard, thickly speckled with crystals more or
less perfect of white carbonate of lime, of red hydrous
oxide of iron, of a white and transparent mineral like
analeime, and of a green opaque mineral like soap-stone ;
the basis is moreover amygdaloidal with many spherical
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balls of white erystallised carbonate of lime, of which
some are coated with the red oxide of iron. I have no
doubt, from the examination of a superincumbent
stratum (19), that this is a submarine lava; though in
Northern Chile, some of the metamorphosed sedimentary
beds are almost as crystalline, and of as varied com-
position.

14th. Red sandstone, passing in the upper part into
a coarse, hard, red conglomerate, 300 feet thick, having
a calearcous cement, and including grains of quartz and
broken erystals of feldspar ; basis infusible ; 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. Grand 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 numerous
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 alternations of red conglomerate,
purplish sandstone, and submarine lava, like that singu-
lar rock forming bed 13.

19th. A very heavy, compact, greenish-black stone,
with a fine-grained obviously erystalline basis, contain-
ing a few specks of white calcareous spar, many specks
of the erystallised hydrous red oxide of iron, and some
specks of a green mineral; there are veins and nests
filled with epidote : certainly a submarine lava.
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20th. Many thin strata of compact, fine-grained,
pale purple sandstone.

21st. Gypsum in a nearly pure state, about 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 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.

27th. Alternating layers of pure and impure gypsum,
of great thickness.

Iwas not able to ascend to these few last great
strata, which compose the neighbouring loftiest pinna-
cles. The thickness, from the lowest to the uppermost
bed of gypsum, cannot, be less than 2,000 feet : the beds
beneath I estimated at 3,000 feet, and this does not,
include either the lower parts of the porphyritic conglo-
merate, or the altered clay-slate ; I concdive the total
thickness must be about 6,000 feet. I distinetly
observed that not only the gypsum, but the alternating

d and 1 were lens-shaped, and
repeatedly thined out and replaced each other : thus
in the distance of about a mile, a bed 300 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 mi logi, ition,—in the ah of
calcareous matter,—in the greater coarseness of some
of the conglomerates,—and in the numerous particles
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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
an tz-rock. The ion of p

phyritic clay-stone conglomerate does not in this sectmn
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
a3 energetic as in most other parts of Chile, many of
the beds of sandstone and

rounded masses of porphyry, would doubtless have been
converted into porphyritic conglomerate; and these
would have alternated with, and even blended into,
crystalline and porphyritic strata without a trace of
mechanical structure,—namely, into those which, in the
present state of the section, we see are unquestionably
submarine lavas.

The beds of gypsum, together with the red alternat-
ing 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
contained some layers of black, calcareous, compact,
shaly rock, precisely like that seen in such vast masses
on the Peuquenes range.

Near the Puente del Inca, numerous fragments of
limestone, containing some fossil remains, were scattered
on the ground: these fragments so perfectly resemble
the limestone of bed No. 3, in which I saw impressions
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of shells, that I have no doubt they have fallen from it.
The yellow magnesian 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—

Gryphia, near to G Couloni (Neocomian formation),
Area, perhaps 4. Gabriclis, dOrbig. *Pal. Frane.’ (Neocomian for-
mation),

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

ia, resemtling in form 7. costata.

igonia,
Phnmlnm,-, Tike one found by M. Dufresnoy near Alengo
excentrics, Volt, identical with thot from the Jurs,

Two of these shells, namely, the Gryphwa 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 speci-
mens from {his 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 palwontologists who haye seen these
fossils nearly coincide in opinion regarding their age.
The limestone, however, with these fossils here Jies at
the very base of the formation, just above the porphyritic
conglomerate, and certainly several thousand feet lower
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. 3), must have been covered up, on the least
computation, by 4,000 feet of strata: now we know

1 “Deseript. Phys, des Tles Can.’ p. 472.
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from Professor E. Forbes's researches, that the sea at
greater depths than 600 feet becomes exceedingly
Barren of organic beings,—a result quite in accordance
with what little I have seen of deep-sea soundings.
Hence, 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 thou-
sand feet to allow of the deposition of the superincum-
bent submarine strata. Without supposing a movement
*of this kind, it would, moreover, 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, could hardly have been rounded in
submarine craters and afterwards ejected from them, as
1 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.

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 fowards the east. Lower
down the valley, the mountains are’ almost exclusively
composed of porphyries, many of them of intrusive
origin and non-strafified, ofhers stratified, but with the

ion seldom disti except in the
upper parts. Disregarding local disturbances, the beds
are either horizontal or inclined at a small angle east-
wards: hence, when standing on the plain of Uspallata
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and looking to the west or backwards, the Cordillera
appear composed of huge, square, nearly horizontal,
tabular masses : so wide a space, with such lofty moun~
tains so equably elevated, is rarely met with within the
Cordillera. Tn this line of section, the interval between
the Puente del Inca and the neighbourhood of the
Cumbre, includes all the chief axes of dislocation.

The altered clay-slate formation, already deseribed,
is seen in several parts of the valley as far down as Las
Vacas, underlying the porphyritic conglomerate. At
the Casa de Pujios [L], there is a hummock of (ande-
sitic ?) granite ; and the stratification of the surrounding
mountains here changes from W. by S. to SW. Again,
near the R. Vacas there is a larger formation of (ande-
sitic ?) granite [M], which sends a mesh-work of veins
into the superincumbent clay-slate, and which locally
throws off the strata, on one side to NW. and on the
other to SE. but not at a high angle: at the junction,
the clay-slate is altered into fine-grained greenstone.
This granitic axis is intersected by a green dike, which
T 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
Tuns NE., so that T have had to contract my section ;
it runs exclusively through porphyritic rocks. As far
asthe Pass of Jaula, the clay-stone conglomerate forma-
tion, in most parts highly porphyritic, 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 this space, the number and bulk
of the intrusive masses of differently coloured porphyries,
injected one into another and intersected by dikes, is

LL
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truly extraordinary. I saw one mountain of whitish
porphyry, from which two huge dikes, thinning out,
branched downwards into an adjoining blackish por-
phyry. Another hill of white porphyry, which had
burst through dark-coloured strata, was itself injected
Dy a purple, breceiated, and recemented porphyry, both
being crossed by a green dike, and hoth 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
formation, and lower down the valley a magnificent
group of peaked mountains, differs remarkably from
all the other porphyries. It consists of ared feldspathic
Dase, 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 charac-
ters to soap-stone. The crystals of red feldspar resemble
in external appearance those of orthite, though, from
being partially decomposed, I was unable to measure
them ; and they certainly are quite unlike the variety,
so abundantly met with in almost all the other rocks of
this line of section, and which, wherever I tried it,
cleaved like albite. This brick-red porphyry appears
to have burst through all the other porphyries, and
numerous red dikes traversing the neighbouring moun-
tains have proceeded from it: in some few places,
however, it was intersected by white dikes. From this
posteriority of intrusive origin,—from the close general
Tesemblance between this red porphyry and the red
granite of the Portillo line, the only difference being
that the feldspar here is less perfectly granular, and
that soap-stone replaces the mica, which is there im-
perfect and passes into chlorite,—and from the Portillo
Tine 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)
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that the grand mountain-masses composed of this brick-
red porphiyry belong to the same axis of injection with
the granite of the Portillo line : if o, the injection of
this porphyry probably took place, as long subsequently
to the several axes of elevation in the gypseous forma-
tion near the Cumbre, as the injection of the Portillo
granite has been shown to have been subsequent to the
elevation of the gypseous strata composing the Peu-
quenes range ; and this interval, we have seen, must
have been a very long one.

The Plain of Uspallata has been briefly described
in Chap. X.; it resembles the basin-plains of Chiles
it is ten or fifteen miles wide, and is said to extend for
180 miles northward; its surface is nearly 6,000 feet
above the sea it is composed, to a thickness of some
hundred 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 ! cir-
cumstance 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

to observe the i ities of beds aceu-
maulated under currents, T feel sure that the inclination
here has not been thus produced. The pebbles consist
chiefly of the brick-red porphyry just described and of
white granite, both probably derived from the ranges
to the west, and of altered clay-slate and of certain

* 1 find that Mr. Smith, of Jodanhill, has described (*Bdinburgh
New Phil. Journ. vol. xxv. p. 392) beds of sand and gravel, near Edin-
burgh, tilied at an anglo of 60°, and dislocated by miniature faults,

12
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porphyries, apparently belonging to the rocks of the
Uspallata chain. This plain corresponds 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 cemented into a hard con-

g and has been tilted at a con-
siderable inclination ; the gravel there app attains
a much greater thickness, and is probably of higher

antiquity.

The Uspallata Range—The road by the Villa
Vicencio Passdoes not strikedirectly acrosstherange, but
runs for some leagues northward along its western base :
and T must briefly describe 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 clay-slate, includ-
ing strata of grauwacke, and having a tortuous, nearly
vertical cleavage, traversed by numerous metalliferous
veins and others of quartz. The clay-slate is in many
parts capped by a thick mass of fragments of the same
Tock, firmly recemented ; and both together have been
injected and broken up by very mumerous hillocks,
ranging morth and south, of lilac, white, dark and
salmon-coloured porphyries : one steep, now denuded,
hillock of porphyry had its face as distinetly 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 NE.! the clay-slate

1 Nearly opposite to this escarpment, thero is another corresponding
one, with the strata ipping not {to the exactly opposite point, or SW.,
Tut to SSW.: consequently the two escarpments trend tow
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formation is scen to be covered by (1st), a purple clay-
stone porphyry resting unconformably in some parts
on the solid slate, and in others on a thick fragmentary
mass: (2nd), a conformable stratum of compact blackish
rock, having a spheroidal structure, full of minute
acicular erystals of glassy feldspar, with red spots of
oxide of iron: (3rd), a great stratum of purplish-red
clay-stone 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) per-
fectly resembles a curious variety described at Port
Desire, and occasionally oceurs in the great porphyritic
conglomerate formation of Chile : (4th),a thin stratum.
of greenish-white, indurated tuff, fusible and containing
broken crystals and particles of porphyries: (5th), a
grand mass, imperfectly columnar and divided into
three parallel and closely joined strata, of cream-
coloured claystone porphyry : (6th), a thick stratum of
lilac-coloured porphyry, which I could see was capped
by another bed of the cream-coloured variety: I was
unable to examine the still higher parts of the escarp-
ment. These conformably stratified porphyries, though
none are cither vesicular or amygdaloidal, have evi-
dently flowed as submarine lavas: some of them are
separated from each other by seams of indurated tuff,
which, however, are quite insignificant in thickness
compared 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 ot probably belong to
the same age, as the porphyries here rest unconformably

other, and some miles southward they become actually united : this is a
form of clevation which I have not elsowhere seen.
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on the altered feldspathic clay-slate, whereas the por-
phyritic conglomerate formation alternates with and
Tests conformably 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.

T will now give, first, a sketch of the structure of the
range, us represented in the coloured section, and will
then deseribe its composition 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 NE. and SW., obliquely
to the main Uspallata line. The cause of these dislo-
cations, which, though on a small scale, have been vio-
lent and complicated, is seen to lie in hummocks of
lilac, purple wnd red porphyries, which have been in-
jected in a liquefied state through and into the under-
Tying clay-slate formation. Several dikes were exposed
here, but in no other part, that I 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 extraordinary view was
presented, like a coloured geological drawing. On the
gently inclined main western slope [P P], above the
little anticlinal ridges just mentioned, the strata dipat
an average angle of 25° to the west; the inclinationin
some places being only 10°, in some few others as much
as45°. The masses having these different inclinations,
are separated from each other by parallel vertical faults
[as represented at Pal, often giving rise to separate,
parallel, uniclinal ridges. The summit of the main

@ The Complete Work of Charles Darwin Online



CmAP. X1V, the Uspallata Range. 519

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 9,000 feet in height above the sea.
On the castern 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 synelinal
axis, beyond which the strata are inclined at nearly the
same angle, namely from 20° to 30°, inwards or west-
ward. Owing to the amount of denudation which this
chain has suffered, the outline of the gently inclined
eastern flank scarcely offers the slightest indication of
this syriclinal axis. The stratified beds, which we have
hitherto followed across the range, a little farther down
are seen to lie, T believe unconformably, on a broad
‘mountainous band of clay-slate and grauwacke. The
strata and lamine of this latter formation, on the ex-
treme eastern flank, are generally nearly vertical ;
further inwards 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 clay-slate formation is so obscure, that I have not
marked the planes of stratification in the coloured sec-
tion. On the margin of the Pampas, some low, much
dislocated spurs of this same formation, project in a
north-casterly line, in the same oblique manner as do
the ridges on the western foot, and as is so frequently
the case with those at the base of the main Cordillera.
T will now deseribe the nature of the beds, begin-
ning at the base on the eastern side. First, for the
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clay-slate formation: the slate is generally hard and
bluish, with the laminw coated by minute micaceous
scales; it alternates many times with a coarse-grained,
greenish ining rounded fi of
quartzand 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 consists
of mere splinters. Transverse veins of quartz are
numerous. At the Calera, some leagues distant, there
isa dark crystalline limestone, apparently included in
this formation.  With the exception of the grauwacke
being here more abundant, and the clay-slate less altered,
this formation closely resembles that unconformably
underlying 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
composed of it rise to a height of about 2,000 feet
above the edge of the Pampas, or about 7,000 feet
above the sea.!

Secondly: the most usual bed on the clay-slate is
a coarse, white, slightly calcareous conglomerate, of no
great thickness, including broken crystals of feldspar,
grains of quartz, and numerous pebbles of brecciated
clay-stone porphyry, but without any pebbles of the
underlying clay-slate. I nowhere saw the actual junc-
tion between this bed and the clay-slate, though I spent
a whole day in endeavouring to discover their relations.
In some places I distinctly 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
clay-slate and grauwacke inclined to the same point, but

! T infer this from the height of V. Vicencio, which was ascertained
by Mr. Miersto be 5,328 feet above the sea.
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atan angle from 70° to 80°; in one instance, the clay~
slate dipped not only at a different angle, but to a
different point from the overlying formation. In these
cases the two formations certainly appeared quite un-
conformable : moreover, I found in the clay-slate one
great, vertical, dike-like fissure, filled up with an in-
durated whitish tuff, quite similar to some of the upper
beds presently to be described ; and this shows that the
clay-slate must have been consolidated and dislocated
before their deposition. On the other hand, the strati-
fication of the slate and grauwacke,! in some cases gra-
dually and entirely disappeared in approaching the
overlying white conglomerate; in other cases the
stratification of the two formations became strictly con-
formable; and again in other cases, there was some
tolerably well characterised clay-slate lying above the
conglomerate. The most probable conclusion appears
to be, that after the clay-slate formation had been dis-
located and tilted, but whilst under the sea, a fresh and
‘morerecent deposition of elay-slate took place, on which
the white conglomerate was conformably deposited, with
here and there a thin intercalated bed of clay-slate. On
this view the white conglomerates and the presently to
be described tuffs and lavas are really unconformable
to the main part of the clay-slate; and this, as we have
seen, certainly is the case with the clay-stone lavas in the
valley of Cafiota, at the western and opposite base of
the range.

Thirdly: on the white conglomerate, strata several
hundred feet in thickness are supen'mposed, varying

! The coarse, mechanical structure of man;
eared to me a difficulty ; for the texture of s, o clay-slate
e, mccmhedawl organic remains where pre ssnt, indieate
that o & deep-water deposit. Whenee have the some-
times included mg\.m L slaininnd the sokded radmed

of qmru and other rocks, been derived ? Many deep-water limestones,
it i8 well known, have been brecciated, and then firmly recemented.
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much in nature in short distances: the commonest
variety is a white, much indurated tuff, sometimes
slightly caleareous, with ferruginous spots and water-
lines, often passing into whitish or purplish compact,
fine-grained grit or sandstones ; other varieties become
semi-porcellanic, and tinted faint green or blue; others
pass into an indurated shale: most of these varieties
are easily fusible.

Fourthly : « bed, about 100 feet thick, of a compact,
partially columnar, pale-gray, feldspathic lava, stained
with iron, including very numerous crystals of opaque
feldspar, and with some crystallised 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 clay-stone

rphyry.

Flﬂ:hly thin beds, 400 feet in thickness, varying
much in nature, consisting of white and ferruginous
tuffs, in some parts having a coneretionary 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-
gray 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 showall the varieties ; much is highly
amygdaloidal, much compact; there are greenish,
Dlackish, purplish, and gray varieties, rarely including
erystals of green augite and minute acicular ones of
feldspar, but often crystals and amygdaloidal masses of
white, red, and black carbonate of lime. Some of the
blackish varieties of thisrock have a conchoidal fracture
and resemble basalt: others have an irregular fracture.
Some of the gray and purplish varieties are thickly
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speckled with green earth and with white crystalline
carbonate of lime ; others are largely amygdaloidal with
green carth and calcareous spar. Again, other earthy
varieties, of greenish, purplish and gray tints, contain
much iron, and are almost half composed of

balls of dark brown bole, of a whitish indurated felds-
pathic matter, of bright green carth, of agate, and of
Black and white erystallised carbonateof lime.  All these
varieties are easily fusible. Viewed from a distance,
the line of junction with the underlying semi-porcel-
lanic strata was distinct ; but when esamined closely,
it was impossible to point out within a foot where the
lava ended and where the sedimentary mass began: the
Tock at the time of junction was in most places hard, of
a Dright green colour, and abounded with irregular

idal masses of inous and pure cal

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 fifty feet thick, of greenish-
gray, compact, feldspathic lava, with numerous small
crystals 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 frag-
ments of a more perfect variety, arranged in horizontal
lines in a less perfectly charaéterised variety. 1 have
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much difficulty in believing that this thin layer of
pitchstone flowed as lava.

Eleventhly : sedimentary and tufaceous beds as
before, passing into sandstone, including some con-
glomerate: the pebbles in the latter are of clay-stone
porphyry, well rounded, and some as large as cricket-
balls.

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. Four-
teenthly : a thick bed of greenish or grayish black,
compact basalt, (fusing into a black enamel) with small
crystals, occasionally distinguishable, of feldspar and
augite: the junction with the underlying sedimentary
bed, differently from that in most of the foregoing
streams, here was quite distinet i—the lava and tufaceous
matter preserving their perfect characters within two
inches of each other. This rock closely resembles
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 stra-
tum, there were several other great tufaceous beds
alternating with submarine lavas, which T had not time
to examine ; buta corresponding series, several thou-
sand 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 angite and
feldspar, or they are coarse-grained and abound with
rather large coppery-brown crystals of an augitic mine-
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rall  Another variety was of a dull-red colour, having
a clay-stone brecciated basis, including specks of oxide
of iron and of calcareous spar, and amygdaloidal with
green earth: {here’ were apparently several other
varieties. These submarine lavas often exhibit a sphe-
roidal, 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 west~
ern 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 crest 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 including grains of
quartz,—others into mudstone containing broken crys-
tals and particles of rock, and occasionally single large
pebbles,  There was one stratum of a bright red, coarse,
voleanic gritstone; another of conglomerate ; amother
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 considerable 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

" Very sasily fusiblo nto & jt black bead, atructod by tho magnst:
the erystals are too much tarnished to be measured by the goniometer.
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closely approaching in character to an imperfect pitch-
stone, and from including extremely thin layers of perfect;
pitchstone, as well as nodules and irregular fragments
(but not resembling extraneous fragments) of this same
rock arranged in horizontal lines : T conceive that this
bed, which is only a fow feet in thickness, must have
assumed its present state through 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
carbonite of lime disseminated throughout them.
Some of the beds exhibit a singular concretionary ar-

with the curves ined by the lines of
fissure. There are many veins of agate and calcareous
spar, and innumerable ones of iron and other metals,
which have blackened and curiously affected the strata
to considerable distances on both sides.

Many of these tufaceous beds resemble, with the
exception of being more indurated, the upper beds of
the grent Patagonian Tertiary formation, especially
those variously coloured layers high up the river Santa
Cruz, and in a remarkable degree the tufaceous forma-
tion at the nortliern end of Chiloe. I was so much
struck with this resemblance, that I partieularly 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

1 For the information of any faturo traveller, I will deseribo the
spot in detail. Proceeding eastward from the Agua del Zorro, and
afterwards lennng on the north side of the road a rancho attiched to
some old gold-mines, you pass throngh o gully with low but steep rocks
on each hand : the rond then bends, and the ascent becomes steeper.

fow handred ynds farthr on, a tonesthrow on the south s of the
road, the white caleareous stumps may be scen. ‘The spot is abous half
b kA
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compact green gritstone passing intoa fine mudstone,
and alternating with layers of coarser, brownish, very
heavy mudstone including broken crystals and particlos
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 so 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 irregu.
lar lines, for the mudstone round them is thus plainly
marked. One cast consisted of dark argillaceous lime-
stone ; and forty of them of coarsely erystallised car-
bonate of lime, with cavities lined by quartz erystals :
these latter white calcareous columns do not retain any
internal structure, but their external form plainly shows
their origin. All the stumps have nearly the same
diameter, varying from one foot to eighteen inches;
some of them’ stand within a yard of each other; they
are grouped in a clump within a space of about sixty
yards across, with a few scattered 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 preserved, are buried and
concealed. No one layer of the mudstone appearcd
much darker than the others, as if it had formerly ex-
isted as soil, nor could this be expected, for the same
agents which replaced 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,
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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 conformably covered by much indurated,
compact, white or ferruginous tuffs, which pass upwards
intoa fine-grained, purplish sedimentary rock: these
strata, which, together, are from 400 to 500 feet in
thickness, rest on a thick bed of submarine-lava, and
are conformably covered by another great mass of fine-
grained basalt,! which T estimated at 1,000 feet in thick-
ness, and which probably has been formed by more than
one stream.  Above this mass I could clearly distin-
guish five conformable alternations, each several hun-
dred feet in thickness, of stratified sedimentary rocks
and lavas, such as have been previously described.
Certainly the upright trees have been buried under
several thousand feet in thickness of matter, accumu-
lated under the sea. As the trees obviously must once
have grown on dry land, what an enormous amount of
subsidence is thus indicated! 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, morcover, on which
the trees grew, is formed of subaqueous deposits, of
nearly if not quite equal thickness with the superin-
cumbent 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

1 This rock is quite black, and fuses into a black bead, attracted
strongly by the magnet; it breaks with a_conchoidal fracture; the in-
cluded erystals of augite are distinguishable by the naked eye, but are
Dot perfect enough o be measured : there are many minute acicular
crystals of glassy feldspar. 5
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no doubt by the great accumulation of lavas and sedi-
ment, is also indicated.!
In nearly the middle of the range, there are some
Bl [Q], before alluded to, formed of a kind of granite
ing andesite, and g of a
white, imperfectly granular, feldspathic basis, 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 pen-
insula of Tres Montes, I observed that quartz was more
abundant in them than in the main rock: T have heard
of other analogous cases : can we account for this fact,
by the long-continued vicinity of quartz? when cooling,

acon s  imagnel, that the wsta with th troea might liys bos
ulated in & lake: but his seoms bighly improbable; for,
Tery dosp lak was nscesn ury to recivo the mt.ur B e e
it must have been drained for their growth, and afterwards re-formed
and made profoundly deep, so as to receivo o e St
¢ matter sera honacnd et n thicknos, . Ao al this must lavo
taken place necessarily before the formation of the Us rango,
and therefore on the margin of the wia level expanso of she Pomput
Henco T conclude tht it s infintely moro probable that tho strata
‘were accumulated under tho sea : the vast amount of denudation, more-
over, which this Tange has mﬂgred as shown by the wide valleys, by
o cxposure of tho very res and by other appearances, could have
‘been efficted, T cvnuelre, ‘only by the long-continued action of the sea ;
and this shows that the Tange was cither upheaved from under the sea,
or subscquently let down into it. From the natural manner in which
the stumps (ﬁl‘e) two in number) are grouped in a clump, and from
their all standing vertically to tho strata, it is superfiuous to’ speculato
on the chance of the trees having been drifed om adjoining lens, 2nd
doposited. upright : T may, however, mention that the late Dr. Mal-
colmson assured me, that ke once met in the Indian Ocean, fifty miles
from land, several coeou-nut trees floating upright, owing tb their roots
bsmgl ded 1

s rby M. mm de Beaumont, Soc. Philomath.’ May, 1830
(‘Tnstitat 1609, p. 101).
3
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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 gramitic or
andesitic masses, and forming a thick cap on one of
their summits, appear originally to have been of the
same tufaceous nature with the beds already described,
Dut they are now changed into porcellanic, jaspery, and
erystalline rocks, and into others of a white colour with
a harsh texture, and having a siliccous aspect, though
really of a feldspathic nature and fusible. Both the
granitic intrusive masses and the encasing strata are
penetrated by innumerable metallic veins, mostly ferru-
ginous and auriferous, but some containing copper-
Pyrites and a few silver : near the veins, the rocks are
‘blackened as if blasted by gunpowder. The strata are
only slightly dislocated close round these hills, and
hence, perhaps, it may be inferred that the granitic
masses form only the projecting points of a broad
continuous axis-dome, which has given to the upper
parts of this range its anticlinal structure.

Concluding Remarks on the Uspallata Range.—1
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 feldspathic, 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 volcanic districts of the trachy-
tic and basaltic lavas,—the latter from their greater
weight having sunk to a lower level in the earths
crust, and having consequently been erupted at a later
period over the lighter and upper lavas of the trachytic
series! Both the basaltic and feldspathic submarine

1 See on this subject, Chapter VI
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streams ore 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
highly curious. Independently of this local meta-
morphic action, all the strata undoubtedly display an
indurated and altered character; and all the rocks of
this range—the lavas, the #
intrusive granite and porphyries, and the underlying
by veins. The
lava-strata can often be seen extending for great dis-
tances, 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 composed 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 look to the plain of
Uspallata for the now deeply buried points of eruption.
Comparing our section of the Uspallata range with
that of the Cumbre, we see, with the exception of the
underlying clay-slate, and perhaps of the intrusive rocks
of the axes, a striking dissimilarity in the strata com-
posing them. The great porphyritic conglomerate
formation has not extended as far as this range; nor
have we here any of the gypseous strata, the magnesian
and other limestones, the red sandstones, the siliceous
beds with pebbles of quartz, and comparatively 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 end-
less varicties of indurated tuffs, with their numerons
w2
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veins and concretionary arrangement, and those grit
and mud stones, and singular semi-porcellanic rocks,
so abundant in the Uspallata range. The submarine
lavas, also, differ considerably ; the feldspathic streams
of the Cordillera contain much mica, which is absent in
those of the Uspallata range: in this latter range we
have seen on how grand a scale, basaltic lava has been
poured forth, of which there is not a trace in the
Cordillera. This dissimilarity is the more striking,
considering that these two parallel chains are separated
Dy 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 con-
temporaneously 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 hypothesis. And had they heen contempo-
rancously deposited, without any such dividing ridge,
surely some of the gypseous and other sedimentary
matter forming such immensely thick masses in the
Cordillera, would have extended this short distance
eastwards; and surely some of the Uspallata tuffs and
Dasalts 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 3 but that the strata of one of the
chains were deposited, and even the chain itself uplifted,
Defore the formation of the other :—which chain, then,
is the oldest? Considering that in the Uspallata range
the lowest strata on the western flank lie unconforma-
Dly on the clay-slate, as probably is the case with those
on the eastern flank, whereas in the Cordillera all the
overlying strata lie conformably on this formation :—

@ The Combplete Work of Charles Darwin Online



cmAP, IV, Uspallata Range. 533

considering that in the Uspallata range some of the
Deds, both low down and high up in the series, are
marked with vegetable impressions, showing the con-
tinued existence of neighbouring land ;—considering
the close general resemblance between the deposits of
this range and those of tertiary origin in several parts
of the continent;—and lastly, even considering the
lesser height and outlying position of the Uspallata
range,—I conclude that the strata composing it are in
all probability of subsequent origin, and that they were
accumulated at a period when a deep sea studded with
submarine voleanos washed the eastern base of the
already partially elevated Cordillera.

This conclusion is of much importance, 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 coniferous trees grew, and that this area then
subsided several thousand feet to receive the superin-
cumbent, 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 distinet, great periods of subsidence, by
reflecting on the thick mass of coarse stratified conglo-
merate in the valley of Tenuyan, between the Peuquenes
and Portillo lines; for the accumulation of this mass
seems to me, as p remarked, almost i
to have required a prolonged subsidence; and this
subsidence, from the pebbles in the conglomerate having
been to a great extent derived from the gypseous or
Neocomian strata. of the Peuquenes line, we know must
have been quite distinct from, and subsequent to, that
sinking movement which probably accompanied the
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deposition of the Peuquenes strata, and which certainly
ied the ition of the equi beds near
the Puente del Tnca, in this line of section.

The Uspallata chain corresponds in geographical
position, though on a small scale, with the Portillo line;
and its clay-slate 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 Temuyan,
of which traces are seen on the crest of the Portillo,
and even the conglomerate itself, may perbaps be
synchronous with the tufaceous beds and submarine
Tavas 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 dissimic
larity of the two series. From this correspondence
between the Uspallata and Portillo ranges, perhaps in
age and certainly in geographical position, one is
tempted to consider the one range as the prolongation
of the other; but their axes are formed of totally diffe-
rent intrusive rocks; and we have traced the apparent
continuation of the red granite of the Portillo in the
red porphyries diverging into the main Cordillera.
Whether the axis of the Uspallata range 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 eleva~
tion of the Uspallata range may have been contempo-
raneous 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 XV.
NORTHERN CHILE.—CONCLUSION.

Section from Tllapel to Combarbala ; Gypseous formation with silicified
wood—Panuncillo—Coquimbo ; mines of Arqueros ; section up valley ;
Jossils—Guasco, fossils of —Copiapo section up vallzy ; Las Amolanas
silicified wood, conglomerates, nature of former land, fossils, thickness
of strata, great subsidence—Valley of Despoblado, fossil, tufaceous
deposit, complicated dislocations of—Relations between ancient orifces
of eruption and subsequent azes of injection—Iquique, Peru, fossils of
salt-deposits—Metalliferous veins—Summary on the Porphyritic con-
glomerate and_Gypseous formations—Great subsidence with e
devations during the Cretaceo-oolitic period—On the devation and
structuro of the Cordillera—Recapitulation on the Tertiary series—
Relation btween movements of sulsidenco and. vleani action—Pan-

pean,
action in the Cordillera. Conclusion.

Valparaiso to Coquimbo.—I have already described
the general nature of the rocks in the low country north
of Valparaiso, consisting of granites, syenites, green-

ind altered . Near Coquimbo
chere is much hornblendic rock and various dusky-
coloured porphyries. I will describe only one section
in this district, namely, from near Illapel in a NE. 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 Tllapel, after passing for some distance over
granite, andesite, and andesitic porphyry, we come to
a greenish stratified feldspathic rock, which I believe
is altered clay-slate, conformably capped by porphyries
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and porphyritic conglomerate of great thickness, dip-
ping at an average angle of 20° to NE. by N. The
beds consist of 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 south-
ward 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 either opaque
or transparent, and is associated with carbonate of lime.
The layers altemate with mumerous varying ones of a
lay-shale (with strong al odour,
adhering to the tongue, easily fusible into a pale green
glass), more or less indurated, either earthy and cream
coloured, or greenish and hard. The more indurated
varieties have a compact, homogeneous almost crystal-
line fracture, and contain granules of crystallised oxide
of iron.  Some of the varieties almost resemble hone-
stones. There is also a little black, hardly fusible,
siliceo-calcareous clay-slate, 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 calcarcous 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 erystallised oxide of iron,—into porcellanic layers,
alternating with seams of calcarcous matter,—and into
green porcelain-jasper excessively hard, but easily
fusible. Strata of this nature alternate with much
black and brown siliceo-calcareous slate, remarkable
from the wonderful number of huge embedded logs of
silicified wood. This wood, according to Mr. R. Brown,
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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 origin-
ated in a metamorphic process. There was one bed of
a marly tufaceous nature, and of little specific gravity.
Veins of agate and calcareous 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 manner. These
hillocks consist of purple clay-stone and of various other
porphyries, and of much white feldspathic greenstone
passing into andesite; this latter variety included in
one case crystals of orthitic and albitic feldspar touch-
ing each other, and others of hornblende, chlorite, and
epidote. The strata surrounding these intrusive hil-
locks at the mines of Los Hornos, are intersected by
many veins of copper-pyrites, associated with much
micaceous iron-ore, and by some of gold : in the neigh-
bourhood of these veins the rocks are blackened and
much altered. The gypsum near the intrusive masses
is always opaque. One of these hillocks of porphyry
was capped by some stratified porphyritic conglomerate,
which must have been brought up from below, through
the whole immense thickness of the overlying gypseous
formation. The lower beds of the gypseous formation
resemble the corresponding and probably contempora-
neous 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 Uspal-
lata beds were accumulated subsequently to the gyp-
seous or Neocomian formations of the Cordillera.

This pile of strata dips at an angle of about 20° to
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NE. 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 nature with the above de-
seribed hillocks. Only in one or two places, on this
south-eastern side of the range, I noticed a narrow
fringe of the upper gypseous strata brushed up and
inclined south-eastward from it. On its north-castern
flank, and likewise on a few of the summits, the strati-
fied porphyritic conglomerate is inclined NE.: so that,
if we disregard the very marrow anticlinal fringe of
gypseous strata at its SE. 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 con-
glomerate, dipping eastwards, and forming the outer
range of the main Cordillera. The lower beds were
here more jaspery than usual, and they included 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 Panuncillo.—From Combarbala
to Coquimbo, I traversed the country in a zig-zag
direction, crossing and recrossing the porphyritic con-
glomerate and finding in the granitic districts an un-
usual 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 Panuncillo a short
NNW. and SSE. ridge, with 2 nucleus formed of
greenstone and of a slate-coloured porphyry including
crystals of glassy feldspar, deserves notice, from the
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very singular nature of the almost vertical strata com-
posing it. These consist chiefly of a finer or conrser
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 crystal. 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 altemate with a bluish, compact,
fusible, feldspathic rock. Much 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 con-
spicuous on the weathered surfaces. The fragments
are angular or rounded, small or large, and consist of
Dluish 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 surrounding granular mass, and seem due to a kind
of concretionary action.

These singular rocks are traversed by many copper
veins, and appear 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 orthitic feldspar, including
a few specks of hornblende ; and lastly, this on granite,
which together with andesitic rocks, form the surround-
ing district.

Coquimbo : Mining District of Avqueros.—At
Coquimbo the porphyritic conglomerate formation ap-
proaches 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 plutonic
rocks, with the addition of a porphyry having a red
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curitic base. In proceeding to the mines of Arqueros,
the strata of porphyritic conglomerate are at first nearly
I, an unusual and afterwards
they dip gently to SSE. 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 T
must briefly describe them. The commonest variety is
a dull-red, compact, finely-brecciated stone, containing
much iron and innumerable white crystallised particles
of carbonate of lime and minute extraneous fragments.
Another variety is almost equally common near S. Rosa s
it has a bright green, scanty basis, including distinet
erystals 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
rystallin and i 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
red and green matter being mingled together. Some
of the varicties 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, like some of
those described ‘at the Puente del Inca, had I not ex-
amined, a few leagues eastward of this point,  fine series
of anal but less v beds
belongingigoithie ypescrss formtin, aad probalilsdac
rived from a voleanic source.

@ The Complete Work of Charles Darwin Online



cmAP, xv, Section up the Valley. 541

This formation is intersected by numerous metal-
liferous veins, running, though irregularly, NW. and
SE., 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,t
generally embedded in sulphate of barytes. I was
assured 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 one of these green
rocks, 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, as I was assured, of very rare
occurrence.

Section Eastward, up the Valley of Coquimbo.—
After passing for a few miles over the coast granitic
series, we come to the porphyritic conglomerate, with
its usual characters, and with some of the beds dis-
tinetly 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 mot a trace is ex-
ternally seen in the outline of the hill. T belicve that
this anticlinal axis can be traced northwards, into the

e Teport on M, Domeyko's accoust of theee miner, i the
»Cumpu Rendus,
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district of Arqueros, where a conspicuous hill called
Cerro Blanco, formed of a harsh, cream-coloured euritic
Tock, including a few crystals of reddish feldspar, and
associated with some purplish claystone porphyry, seems
to fall on a line of elevation. In descending from the
Arqueros district, I crossed on thenorthern 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 Chilensis, dOrbig. ; above this camea black
<alcareous 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
MS.,—a cretaceous species (probably upper greensand)
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 por-
phyritic conglomerate, and at the base of the gypseous
formation.

A little above the Hacienda of Pluclaro, I made a
détour on the morthern 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 calearcous spar, including cavities lined with
Dright-green erystallised epidote. The whole pile of
strata belonging to both formations is inclined, ap-
parently from the above-mentioned axis of Pluclaro,
at an angle of between 20° and 30° to the east. I will
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here give a section of the principal beds met with in
crossing the entire thickness of the gypseous strata.

First: above the porphyritic conglomerate for-
mation, there is a fine-grained, red, crystalline sand-
stone.

Secondly: a thick mass of smooth-grained, caleareo-
aluminous, shaly rock, often marked with dendritic
manganese, and having, where most compact, the ex-
ternal appearance of homestone. It is easily fusible.
I shall for the future, for convenience sake, call this
variety pseudo-honestone. Some of the varieties are
quite black when freshly broken, but all weather into
a yellowish-ash coloured, soft, earthy substance, pre-
cisely as is the case with the compact shaly rocks of
the Peuquenes range. This stratum is of the same
general nature 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 described in our sections across the Cor-
dillera.

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 erystalline
specks of carbonate of lime. In some of the jaspery
layers, and in some of the black siliceous slaty bands,
there were irregular seams of imperfect pitchstone,
undoubtedly of metamorphic origin, and other seams of
brown, crystalline limestone. Here, also, were masses,
externally resembling ill-preserved silicified wood.

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

Sixthly: a thinly stratified mass of bright green,
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compact, smooth-grained, caleareo-argillaceous  stone,
easily fusible, and emitting a strong aluminous odour :
the whole 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 characterised layers of
that variety ; and other layers of a pale green, harder,
and brecciated variety ; and others of red sedimentary
‘matter, like that of bed Three, Some pebbles of por-
phyries are embedded in the upper part.

Seventhly: red sedimentary matter or sandstone
like that of bed One, several hundred feet in thickness,
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
Iike that of bed Six. Parts pass into a very pale green,
semi-poreellanic stone.

Ninthly : red or brown coarse conglomerate, 300 to
400 feet thick, formed chiefly of pebbles of porphyries,
with volcanic 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 compact, slate-coloured porphyry, with
numerous elongated crystals of glassy feldspar, from 150
o 200 feet in thickness: it lies strictly conformably
on the i 1 and is 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 veins have been
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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 voleanic eruptions, and to the abrasion of
voleanic rocks. Comparing these beds with those in
the mining district of Arqueros, we see at both places
rocks casily fusible, of the same peculiar bright green
and red colours, containing caleareous matter, often
having a finely brecciated structure, often passing into
each other and often alternating together: hence T
cannot. doubt that the only difference between them,
lies in the Arqueros beds having been more metamor-
phosed (in conformity with their more dislocated and
injected condition), and consequently in the calcareous
matter, oxide of iron and green colouring matter, having
been segregated under a more erystalline 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 green-
stone, where they are abraptly cut off. In the valley
of Coquimbo, near to the H. of Gualliguaca, similar
plutonic rocks are met with, apparently a southern
prolongation of the above chain ; and eastward of it we
have an of the iti 1
with the strata inclined at a small angle eastward,
which makes the third escarpment, ineluding that
mearest 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 porphy-
ritic conglomerate to the NW. by W.; but the stratifica
tion here has been much disturbed. I did not proceed

NN
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any farther up the valley, and this point is about two-
thirds of the distance between the Pacific and the
‘main Cordillera,

T will describe 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 bed visible
in this section, is a purplish hard sandstone. Secondly,
a bed 200 or 300 feet thick, of a white siliceous sand~
stone, with a caleareous cement, containing seams of
slaty sandstone, and of hard yellowish-brown (dolomitic?)
Timestone ; 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 caleareous matter. I observed that some of the
finer parts of this conglomerate were much indurated
within a foot of a dike eight feet in width, and were
rendered of a paler colour with the calcareous matter
sogregated into white crystallised 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 sandstone, full of erystalline
calcareous matter, imperfect crystals of oxide of iron,
and T believe of feldspar, and therefore closely resem=
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bling some of the highly metamorphosed beds at Ar-
queros: this bed was capped by, and appeared to pass
in its upper part into, rocks similarly coloured, con-
taining calcareous matter, and abounding with minute
erystals, mostly elongated and glassy, of reddish albite.
Seventhly, a conformable stratum of fine reddish por-
phyry with large crystals of (albitic?) feldspar; pro-
bably a submarine lava. Eighthly, another conformable
bed of green porphyry, with specks of green earth and
cream-coloured crystals 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 fossili-
ferous limestone no doubt are the equivalents of the
Hippurite stratum, seen in descending from Arqueros
to Pluclaro, which there lies conformably upon the
porphyritic conglomerate formation. The fossils found
in the third bed, consist of—

Pecten Dufreynoyi, dOrbig. ¢ Voyage, Part. Pal’

s specicn which oceurs hero in vast mumbers, aeconding to 3.
d'omgny, ‘resembles eertain cretaceous forms

Ostrea hemispherica, d'Orbig. ¢ Voyage, &e.’
Also resembles, according to the same author, cretaceous forms.

Terebratula ®nigma, d'Orbig. ¢ Voyage, &e (Pl
XXIL figs. 10—12), and PL V. figs, 10, 11, 12 of this

work.

L alied, acsording to M. &0cbigny, o T concinna from the Forost
Marble A serenof his sposics, olloted i soveral. Iocalices hre-
after to be referred to, has been laid be[uu Prof. E. Forbes; and he
informs mo that many af the apecimens szo almost, uadistingaisbable
from our oolitic T. fetracdra, and that the varieties amongst them are
such as are found i that variable specics. ~Generally, speaking the
American specimens of T. wnigma may be distinguished from
xx2
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Britsh T, totwodra, by the surfae having tho ribs sharp and wel
defined to the beak, wl ritish specics they become obsoleto
and smoothed down ;. bul. this. (].\ﬂ!telme is not constant. Prof. Forbes
‘adds, that, possibly, internal charactors may exist, which would distin-
‘guish the American species from its Buropean allies
Spirifer linguiferoides, E. Forbes, PL. V. figs. 17, 18.
fossor Forbes states (seo Appendix) that this species js very near
to 8. lingaifera of Phillips (a catboniferous imestons s, bt ro-

Tably distinct. M. d'Orbiguy eonsiders it s perhaps indicating the
Jurassie peri

Ammonites, imperfect impression of.

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

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

Ostrea hemispherica, do. do.

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

Hippurites Chilensis, do. do.

The specimens of this Hippurite, as well as those I collected in my
deseent, from Arqueros, aro very imperfect; but in M. d'Orbigny’s
opinion they resemble, as does Ty Duiistalle: Al sotadoons (uppe
greensand) forms.

Nautilus Domeykus, d'Orbig. do. do.
Terebratula @nigma, do. do.
Terebratula ignaciana, do. do.

This latter spocies was found by M. Dumuyko in the same block of
Timestone with the M. d'Orbign; y it comes
n 1l A series of this eol-
P& Gutsco han homn, sxaminod by Professor E, Forbes, aud bo
statesthat - diffal to istinguish bevoen som, of the specimens
and the T. hasata from the mouataia imestono and that tis equally
diffeats o draw a line bbwen them and some Mnrlnona Terebrat
‘Without struc

%o dacde o thie identity with amlogous TFatopean forms.

E}”

The remarks given on the several foregoing shells,
show that, in M. d’Orbigny’s opinion, the Pecten,
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Ostrea, Turritella, and Hippurite indicate the creta-
ceous period; and the Gryphza appears to Prof.
Forbes to be identical with a species, associated in
Southern India with unquestionably cretaceous forms.
On the other hand, the two Terebratul and the Spirifer
point, in the opinion both of M. d'Orbigny and Prof.
Forbes, to the oolitic series. Hence M. d’Orbigny, not
having himself examined this country, has concluded
that there are here two distinct formations; but the
Spirifer and T. @nigma were certainly included
in the same bed with the Pecten and Ostrea, whence T
extracted them; and the geologist M. Domeyko sent
home the two Terebratul with the other-named shells,
from the same locality, without specifying that they
came from different beds. ~Again, as we shall presently
sce, in a collection of shells given me from Guasco, the
same species, and others presentinganalogous 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 canmot be any doubt, highly curious
though the fact be, that these several fossils, namely,
the Hippurites, Gryphwa, Ostrea, Pecten, Turritella,
Nautilus, two Terebratulwe, 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 resem=
blance between them, both in the underlying porphy-
ritic conglomerate, and in the overlying gypseous
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Considering this 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 cre-
taceous system, o, as some have believed, a passage be-
tween this latter and the oolitic series—I conclude that
probably the gypseous and associated beds in all the
sections hitherto deseribed, belong to the same great
formation, which T have denominated—cretaceo-oolitic.
T may add, before leaving Coquimbo, that M. Gay found
in the neighbouring Cordillera, at the height of 14,000
feet above the sea, a fossiliferous formation, including a
Trigonia and Pholadomya;'—both of which genera
occur at the Puente del Tnca.

Coquimbo to 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 sometimes arranged in folia, thus compos-
ing an imperfect gneiss. There are two large districts
of mica-schist, passing into glossy clay-slate, and re-
sembling the great formation in the Chonos Archipelago.
Tn 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. I heard of a
great gypseous formation in the Cordillera ; and a col-
lection 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—

* D'Orligny, ‘ Voyage, Part. Géolog, p. 242.
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Turritella Andii, @'Orbig. ¢ Voyage, Part. Pal.’

Pecten Dufreynoyi,  do.

Terebratula ignaciana, do.

TThe relations of thes® species have been given under the head of
Coquin!

Terebratula @nigma, d'Orbig. ¢ Voyage, Part. Pal.’
(var. E. Forbes, PL V. figs. 13, 14).

Thin shall 31 J0:cblgny. doss mot consiter ddmtenl with 1ia T,
. Profussor Forbes thinks that it is cer-
z his observations on_this species aro
given in the List of fossils from Coguimbo: wo shall meet with this
variety again at Copiapo.

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

‘Professor Forbes remarks that this fossil resembles several carboni-
ferous limestone &pm[un and that it is also related to some liassic
species, as S. Wol

If these shells had been examined independently of
the other callections, they would probably have been
d, from the ch: of the two Terel \!
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 two formations no doubt are the same, and may,
as T have said, be provisionally called cretaceo-oolitic.
Valley of Copiapo.—The journey from Guasco to
Copiapo, owing to the utterly desert mature of the
country, was necessarily so hurried, that T do not con-
sider my motes 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 mountains are composed of greenstone,
granite, andesite, and blackish porphyry, together with
some dusky-green feldspathic rocks, which I believe to
be altered clay-slate: these mountains are crossed by
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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, call Jolquera, I penetrated for a
short distance. The coloured section, fig. 3 in Plate I.,
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 granitic series,
together with some of that rock, [A, which I suspect
to be altered clay-slate, but which Prof. G- Rose, judg-
ing 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, differently from in all the
sections hitherto described, any of the porphyritic con-
glomerate. 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 have a regular east~
ward dip, and form a tolerably well pronounced north
and south line of hills. This formation consists of
thin strata, with inmmerable alternations, of Black,

k, of cal luminous stones like
those at, Coquimbo, which I have called pseudo-hone~
stones, of green jaspery layers, and of pale-purplish
calcareous, soft rottenstone, including seams and veins
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of gypsum.  These strataare conformably overlaid by a.
great thickness of thinly stratified, compact limestone
with included crystals of carbonate 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 crystallised mixture, composed,
according to Prof. G. Rose,! of sulphate of iron under
two forms, and of the sulphates of copper and alumina :
the section is so obscure that I could not make out
whether this vein or stratum oceurred in the gypseous
formation, or more probably in some underlying masses
[A], which I believe are altered clay-slate.

Second, Azis 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 conglomerate,
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 NNE. and SSW. direc-
tion, with the strata dipping in most parts (as 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 porphyries en-
veloped with strata, apparently belonging to the upper
parts of the porphyritic conglomerate, and dipping

! Moyon's  Reiso,” &e. Th. 1. s, 394.
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both eastward and westward. I will describe the
section seen on the eastern side of this mountain [D],
'begummg at the base with the lowest bed visible in
and ing upwards
through the gypseous Shmtion Bed(l) consists of
Teddish 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 indistinct, and towards
the summit of the mountain [D] quite blended into
the intrusive porphyries. Bed (2), a pale lilac, hard
but not heavy stone, slightly laminated, including small
extrancous fragments, and imperfect as well as some
perfect and glassy erystals of feldspar; from 150 to
200 feet in thickness. When examining it in situ,
I thought it was certainly a true porphyry, 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 conglomerate,
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 (3),
white, much indurated tuff, containing minute pebbles,
broken crystals, and scales of mica, varies much in
thickness.  This bed is from
many globular and pear-shaped, externally rusty balls,
from the size of an apple to a man’s head, of very
tough, slate-coloured porphyry, with imperfect crystals
of feldspar : in shape these balls do not resemble pebbles,
and I believe that they are subaqueous volcanic bombs ;
they differ from subaérial bombs only in not being
vesicular. Bed (4); a dull purplish-red, hard conglo-
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merate, with erystallised particles and veins of carbonate
of lime, from 300 to 400 feet in thickness. The
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
Delonging 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
Deds are seen is near Potrero Seco. Bed (3), compact,
fine-grained, pale greenish-g indu-
rated mudstorie, easilyifusible ! utoy s palaigrsentsud
white glass.  Bed (6), purplish, coarse-grained, hard
sandstone, with broken crystals of feldspar and erystal-
lised particles of carbonate of lime; it possesses a
slightly modular structure. Bed (7), blackish-gray,
much indurated, calcareous mudstone, with extraneous
particles of unequal size; the whole being in parts
finely brecciated. In this mass there s a stratum, twenty
feet in thickness, of impure gypsum. Bed (8), a
greenish 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 varicties in the Uspallata chain.
Bed (10), a thick bed of rather bright green, indurated
mudstone or tuff, with a concretionary nodular structure
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so strongly developed that the whole mass consists of
balls. I will not attempt to estimate the thickness of
the strata in the gypseous formation hitherto described,
but it must certainly be very many hundred fect. Bed
(11) is at least 800 feet in thickness: it consists of thin
layers of whitish, greenish, or more commenly 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 pur-
plish or greenish or dark-gray, very compact and much
indurated mudstone : estimated at 1,500 feet in thick-
mess: in some parts this rock assumes the character of
an imperfect coarse clay-slate ; but viewed under a lens,
the basis always has a mottled appearance, with the
edges of the minute component particles blending to-
gether. Parts are calcareous, and there are numerous
veins of highly erystalline 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 alternations; but the section is here
obscured by a tilt from the next porphyritic chain,
presently to be described. - I 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
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and black calearcous shaly rocks, alternating together.
The white indurated tuff, bed (11), here contains little
or mo 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 alternat-
ing 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
[BBJ, in the lower part of the valley ; nevertheless, T
do not doubt, that they are equivalents.

Fourth Acis of Elevation, (Valley of Copiapo.)y—
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 por-
phyry; all these porphyries being injected and broken
up by small hummaocks 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 extending in straight
Tines, to a distance of a least two miles. The mountains
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 recognized as a
part of the porphyritic conglomerate formation. These
strata [G] are inclined at a high angle to the SE., and
form a mass from 1,500 to 2,000 feet in thickness.
The gypseous masses to the west already described, dip
directly towards this axis, with the strata only in a fow
places (one of which is represented in the section)
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thrown from it; hence this fourth axis is mainly
uniclinal towards the SE., 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 [H], which are gently,
but irregularly, inclined westward: so that there is
here a synclinal axis and great fault. Farther up the
valley, here running nearly north and south, the gypse-
ous formation is prolonged for some distance ; but the
stratification is unintelligible, the whole being broken
up by faults, dikes, and metalliferous veins. The strata
consist chiefly of red calcareous sandstones, with nume-
Tous veins, in the place of layers, of gypsum ; the sand-
stone s associated with some black calcareous slate-rock,
and with green pseudo-honestones, passing into porce-
lain-jasper. ~Still farther up the valley, near Las Amo-
lanas, [I] the gypseous strata become more regular,
dipping at an angle of between 30° and 40° to WSW.,
and conformably overlying, near the mouth of the ravine
of Jolquera, strata [K] 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 Elevation (Valley of Copiapo, near
Los Amolanas).—1I will deseribe in some detail the
Deds [I] seen here, which as just stated, dip to WSW.,
at an anglo of from 30°to 40", I had mot timo to
examine the und of
which the lowest beds, as seen at the mouth of the
Jolquera, are highly compact, with erystals of red oxide
of irons and I am not prepared to say whether they
are chiefly of volcanic or metamorphic origin. On
these beds there rests a coarse purplish conglomerate,
very little metamorphosed, composed of pebbles of
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porphyry, but remarkable from containing one pebble
of granite ;—of which fact no instance has occnrred in
the sections hitherto described. Above this conglome-
Tate, there is a black siliceous clay-stone, and above it
numerous alternations of dark-purplish and green por-
phyries, which may be considered as the uppermost
Timit of the porphyritic conglomerate 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
porphyries, but with some of red sandstone and jaspery
rocks. In some of the more arenaceous parts of the
conglomerate, there was an oblique or current lamina~
tion ; a circumstance which I did not elsewhere observe.
Above this conglomerate, 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
certainly belonging to the gypseous formation, as docs
probably the immedi
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 Coquimbos 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-rock. 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 stratified, not fissile, calcareous shale-rock, but
in one place the whole mass, especially the upper part,
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was, in a marvellously short horizontal distance, after
frequent alternations, replaced by it. When this
oceurred, a mountain-mass, several thousand feet in
thickness was thus composed; the black calcareons
shale-rock, however, always included some layers of the
pale-yellowish siliceous sandstone, of the red conglome-
Tate, and of the greenish jaspery and pseudo-honestone
varieties. It 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
calcareous shale-rock, though when freshly broken quite
black, weathers into an ash-colour; in which respect
and in general appearance, it perfectly resembles those
great fossiliferous beds of the Peuquenes range, alterna~
ting with gypsum and red sandstone, described in the
Tast chapter.

The shells out of the layers of brown limestone, in-
cluded 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 Coquimbo.
Astarte Darwinii, E. Forbes, PL. V. figs. 22, 23.
Grypheea Darwinii, do. PL V. fig. 7.
An intermediate form between G. gigantea and G. incurva.
Gryphea, nov. spec. ? do. PL V. figs. 8 and 9.

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

Avicula, nov. spec.

Considered by Mr. G. B. Sowerby as the A. echinata, by M. d Orbigny
Tho

an cetaily o new and distioct species, bving a Jurusic: aspet
specimen has been unfortunately lost.
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Terebratula @nigma, d'Orbig. (var. of do. E. Forbes,
PL V. figs. 13,14). .

This is the same variety, with that from Guasco, considered by M.
LOrbigny to bo a distinet species from his T. wnigma, and relatod to
T. obsoleta.

Plagi and A i of.

The lower layers of the limestone contained thou-
sands of the Gryphea; and the upper ones as many
of the Turritella, with the Gryphwa (nov. spec.) and
Serpulw adhering to them ; in all the layers, the Tere-
bratula 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, T 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 Copiapo, the Pecten Dufreynoyi,
some Gryphites (I believe G. Darwinii), and the frue
Terebratula @nigma of d'Orbigny were found together
in an equivalent formation as will be hereafter seen.
A specimen also, I may add, of the true T. &nigma,
was given me from the neighbourhood of the famous
silver mines of Chanuncillo, a little south of the valley
of Copiapo, and these mines, from their position, T have
no doubt, lie within the great gypseous formation: the
rocks close to one of the silver veins, judging from
fragments shown me, resemble those singular meta-
morphosed deposits from the mining district of Arqueros
near Cogquimbo.

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

0o
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e Qoguimbo.
Pecten Dufreynoy
Qetoen homisgheries | tho same bed, Rio Claro.
Spirifor linguiferoides
Hippurites Chilensis }
ety ] e b near Azquoros.
Terebratula enigma } in same block

ignaciana | of limestone. | Collected by M. Domeyko

Pecten Dufreynoyi from the samo loeality,
Ostrea hemispherica ‘apparently near Arque-
Hippurites Chilensis
Turritella Andii

Nautflus Domeykus

Guaseo.

Pecten Dufreynoyi
Turritella Andii In & collection from the Cordillera, given
Tercbratula jgnaciana ‘mo: the spocimens all in the same con-
S aigma, var. | - dition.

Spirifer Chilensis. )

Copiapo.

Pocten Dufreynoyi
Taritalla Andii 4 .
oty fled together in alternat-
Terebratuln wnigma, ear. as at Guaseo | 3 84 505 Mg Ny val
S ley of Copiapo near Las
Amolanas, and likewiso

higher up the valley.

nov. spec.
Pern Americana )
Avicala, nov. spee.

tly

same formation with that of Amolanas.

the same bed, high up the great

ateral valley of the Despoblado, in
go.

Terobratula nigma (true)

Terebratula wnigma (true) ) Tn
Pecten Dufreynoyi
Gryphiea Darwinii?

{ Main valley of Copinpo, apparentl
)— 1
) the ravine of Maricongo.

Considering this table, I think it is impossible to
doubt that all theso fossils belong to the same formation.
£, however, the species from Las Amolanas, in the
Valley of Copiapo, had, as in the case of those from
Gruasco, been separately examined, they would probably
have been ranked as oolitic; for, although no Spirifers
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were found here, all the other species, with the excep-
tion 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, Gryphwea orientalis, and Ostrea, from

quimbo, we are driven back to the provisional name
already psed of cretaceo-oolitic. From geological
evidence, I believe this formation to be the equiva-
lent of the Neocomian beds of the Cordillera of Central
Chile.

To return to our section mear Las Amolanas :—
Above the yellow siliceous sandstone, or the equivalent
caleareous slate-rock, with its bands of fossil-shells,
according as the one or the other prevails, there is

“apile of strata, which cannot be less than from 2,000
to 8,000 feet in thickness, in main part composed of
a coarse, bright, red conglomerate, with many inter-
calated beds of red sandstone, and some of green and
other coloured porcelain-jaspery layers. The included
pebbles are well rounded, varying from the size of an
egg to that of a cricket-ball, with a few larger; and
they consist chiefly of porphyries. The basis of the
conglomerate, as well as some of the alternating thin
beds, are formed of a red, rather harsh, easily fusible
sandstone, with erystalline ealcareous 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 cir-
cumference : how marvellous it is, that every vessel in
so thick a mass of wood should have been converted
into silex!  Throught 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

002
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300 feet in thickness of red sandstone ; and above this,
a stratum of black calcareous slate-rock,” like that
which alternates with and replaces the underlying
yellowish white, siliceous sandstone.  Close. to the
junction between this upper black slate-rock and the
‘upper red sandstone, I found the Gryphea Darwinii,
the Twrritelle Andii, and vast numbers of a bivalve,
too imperfect to be recognised. Hence we see that, as
far as the evidence of these two shells serves—and the
Turritella is an eminently characteristic species—the
whole thickness of this vast pile of strata belongs to
the same age. ~Again, above the last-mentioned upper
red sandstone, there were several alternations of the
black, calcareous slate-rock ; but I was unable to ascend
to them. All these uppermost strata, like the lower ones,
vary extremely in character in short horizontal distances. -
The gypseous formation, as here seen, has a coarser,
more mechanical texture, and contains much more
siliceous matter than the corresponding beds lower
down the valley. Its total thickness, together with the
upper beds of the porphyritic conglomerate, 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 gypseous formation, I
may ‘mention that in the Despoblado Valley (which
branches from the main valley a little above the town
of Copiapo) I found a corresponding pile of red and
white sandstones, and of dark, ealcareous, semi-jaspery
mudstones, rising from a nearly level surface and
thrown into an absolutely vertical . position ; so that, by
pacing, I ascertained their thickness to be nearly 2,700
feet ; taking this as a standard of comparison, I esti-
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mated the thickness of the strata above the porphyritic
conglomerate at 7,000 feet.

The fossils before enumerated, from  the limestone-
layers in the whitish siliccous sandstone, are now
covered, on the least computation, by strata from 5,000
t0 6,000 feet in thickness. Professor E. Forbes thinks
that these shells probably lived at a depth of from about
thirty to forty fathoms, that is from 180 to 240 feet ;
anyhov, it is impossible that they could have lived at
the depth of from 5,000 to 6,000 feet. Hence in this
case, 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

ine strata : and thi: i must have taken
place during the existence of these shells; for, as T
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 strata. The subsidence, also, must have been
slow to have allowed of this often-recurrent spreading
out of the pebbles. Moreover, we shall presently see
that the surfaces of some of the streams of porphyritic
lava beneath the gypseous formation, are so highly
amygdaloidal that it is scarcely possible to believe that
they flowed under the vast pressure of a deep ocean.
The conclusion of a great subsidence during the exist-
ence of these cretaceo-oolitic fossils, may, I believe,
be extended to the district of Coquimbo, although
owing to the fossiliferous beds there not being directly
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covered by the upper gypseous strata, which in the
section north of the valley are about 6,000 feet in thick-
ness, I did not there insist on this conclusion.

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, together with many particles of
quartz. In these respects there is a wide difference
between the gypseous conglomerates and those of the
porphyritic-conglomerate formation, in which latter,
angular and rounded’ fragments, almost exclusively
composed of porphyries, are mingled together, and
which, as already often remarked, probably were ejected
from craters deep under the sea. From these facts I
conclude, that during the formation of the conglome-
rates, land existed in the neighbourhood, on the shores
of which the, innumgrable 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. This laud, probably islands, must have been
mainly formed of porphyries, with some mica-slate,
whenee the quartz was derived, and with some red sand-
stone and jaspery rocks. This latter fact is important,
as it shows that in this district, 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 Despoblado,
I many mention that above the 2,700 feet of red and
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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 con-
glomerate at Tas Amolanas: here, however, the con-

consists almost excl of pebbles of
granite, and of disintegrated crystals of reddih 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 cretaceo-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 volcanic
crater: north and south lines, however, predominate.
These dikes are composed of green, white, and blackish
vocks, all porphyritic with feldspar, and often with
large crystals of hornblende. The white varieties
approach closely in character to andesite, which com-
poses, as we have scen, the injected axes of so many of
the lines of elevation. Some of the green varieties
are finely laminated, parallel to the walls of the dikes.

Siath Awis of Elevation (Valley of Copiapo).—
This axis consists of a broad mountainous mass [0] 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'N1, 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
seen some way up the ravine of Jolquera, by a mere
remnant of the lower part of the cretaceo-oolitic for-
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mation [M M], which in one part encases, as repre-
sented 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 gypscous formation, as
seen here [M], is of yellowish siliceous sandstone, pre-
cisely like that of Amolanas, interlaced in parts with
veins of gypsum, and including layers of the black,
calcareous, non-fissile slate-rock : the Zurritella Andii,
Pecten Dufreynoyi, Terebratula, @nigma, var. and
some Gryphites were embedded in these layers. The
sandstone varies in thickness from only twenty to cighty
feet ; and this variation is caused by the inequalities in
the upper surface of an underlying stream of purple
claystone porphyry. Hence the above 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, how-
ever, possible, though from the nature of all the other
sections in this district not probable, that the porphy-
ritic clay-stone 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 clay-stone, allied in nature to the
ft foned black cal late-rock.

Eastward of the broad andesitic axis of this sixth
line, and penetrated by many dikes from it, there is
a great formation [P] of mica-schist, with its usual
variations, and passing in ome part into a ferruginous
quartz-rock. The folio are curved and highly inclined, *
generally dipping eastward. It is probable that this
mica-schist is an old formation, conmected with the
granitic rocks and metamorphic schists near the coast;
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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 in-
clination: I have included this latter mountain-mass
in the same anticlinal axis with the porphyritic streams
[NN]; but Tam far from sure that the two masses
may not have been independently upheaved.

Seventh Azis of Elevation.—Proceeding up the
ravine, we come to another mass [R] of andesite ; and
beyond this, we again have a very thick, stratified por-
phyritic formation [S], dipping at a small angle east-
ward, and forming the basal part of the main Cordillera.
T did not ascend the ravine any higher; but here,
near Castano, I examined several sections, of which T
will not give the details, only observing, that the por-
phyritic beds, or submarine lavas, preponderate greatly
in bulk over the alternating sedimentary layers, which
have been but little metamorphosed: these latter con-
sist of fine-grained red tuffs and of whitish voleanic
grit-stones, together with much of a singular, compact
rock, having an almost crystalline basis, finely brec-
ciated with red and green fragments, and occasionally
including a fow large pebbles. The porphyritic lavas
are highly amygdaloidal, both on their upper and
lower surfaces; they consist chiefly of clay-stone por-
phyry, but with one common variety, like some of the
streams at the Puente del Inca, having a gray 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 consider-
ably from the basal strata of the Cordillera in Central
Chile, and may possibly belong to the upper and
gypseous-series: T saw, however, in the bed of the
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valley, one fragment of porphyritic breccia-conglome-
rate, exactly like those great masses met with in the
more southern parts of Chile.

Finally, I must observe, that though T have des-
cribed 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
ot 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 Chile, so here
most of the lines of elevation, with the exception of
the first, third, and fifth, are very short. The stratifi-
cation is everywhere disturbed and intricate; nowhere
have T seen more numerous faults and dikes. The
whole district, from the sea to the Cordillera, is more
or less metalliferous; and I heard of gold, silver,
copper, lead, mercury, and iron veins. The metamor-
phic action, even in the lower strata, has certainly
been far less here than in Central Chile.

Valley of the Despoblado.—This great barren valley,
which has already been alluded to, enters the main
valley of Copiapo a little above the town: it runs at
first northerly, then NE., and more easterly into the
Cordillera ; T followed its dreary course to” the foot of
the first main ridge. Iwill not give a detailed section,
because it would be essentially similar to that already
given, and because the stratification is exceedingly
complicated. ~ After leaving the plutonic hills near the
town, I et first, as in the main valley, with the gypseous
formation, having the same diversified character as be-
fore, and soon afterwards with masses of porphyritic
conglomerate, sbout 1,000 feet in thickness. In the
lower part of this formation there were very thick beds
composed of fragments of clay-stone porphyries, both
angular and rounded, with the smaller ones partially
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Dlended together and the basis rendered porphyritics
these beds separated distinct streams, from sixty to
eighty feet in thickness, of clay-stone lavas. Near
Paipote, also, there was much true porphyritic brecoia-
conglomerate : nevertheless, few of these masses were
‘metamorphosed to the same degree with the. corre-
sponding formation in Central Chile. Idid not meet in
this valley with any true andesite, but only with im-
perfect andesitic porphyry, including large crystals of
hornblende: numerous as have been the varieties of
intrusive porphyries already mentioned, there were here
‘mountains composed of a new kind, having a compact,
smooth, eream-coloured ~basis, including only a few
erystals 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
erystals of feldspar, which latter to my surprise 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 vege-
tation, L estimated at about 10,000 feet, I found beds of
white sandstone and of limestone including the Pecten
Dufreynoyi, Terebratula emigina, 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, including a salt-
lake, and without any drainage-exit. In crossing the
Cordillera by this Pass, it is said that three principal
ridges must be traversed, instead of two, or only one as
in Central Chile,

The crest of this first main ridge and the surround-
ing mountains, with the exception of a few lofty
pinnacles, are capped by a great thickness of a hori-
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zontally stratified, tufaceous deposit. The lowest bed
is of a pale purple colour, hard, fine-grained, and full
of broken crystals of feldspar and scales of mica. The
middle bed is coarser, and less hard, and hence weathers
into very sharp pinnacles it includes very small frag-
ments of granite, and innumerable ones of all sizes of
gray vesicular trachyte, some of which were distinctly
rounded. The uppermost bed is about 200 feet in
thickness, of a darker colour and apparently hard; but
1 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 Pacific; 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 render-
ing 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
Tain often become hard and stratified; but beds thus
originating, and owing their consolidation to atmo-
spheric moisture, would have covered almost equally
every neighbouring summit, high and low, and would
not have left those above a certain exact level abso-
lutely bare; this circumstance seems. to me to prove
that the voleanic ejections were arrested at their pre-
sent, widely extended, equable level, and there con-
solidated by some other means than simple atmospheric
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‘moisture ; and this no doubt must have been a sheet of
water. A lake at this great height, and without a
barrier on any one side, is out of the question ; conse-
quently we must conclude that the tufaceous matter
was anciently deposited beneath the sea. It was cer-
tainly deposited before the excavation of the valleys, or
at least before theiy final enlargements! and I may
add, that Mr. Lambert, a gentleman well acquainted
with this country, informs me, that in ascending the
ravine of Santandres (which branches off from the Des-
poblado) he met with streams of lava and much erupted
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 subse-
quently to these erdptions.

This voleanic 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 Cordillera of
Peru.  Under another point of view, however, it pos-
sesses a far higher interest, as confirming that conclu-
sion drawn from the structure of the fringes of stratified
shingle which are prolonged from the plains at the foot
of the Cordillera far up the valleys,—namely, that this
great, range has been elevated in mass to  height of
Detween 8,000 and 9,000 feet ;2 and now, judging from
this tufaceous deposit, we may conclude that the hori-

! I have endeavoured to show in my Journal, &e. (2nd edit.) p.
355, that this arid valley was left by the retreating sea, ns tho land
slowly rose, in the state in which we now sce it.

2T may hero mention that on the south side of the main valley of
inpo, near Potrero Seco, the mountains are capped bya thick mass of

ontally stratified shingle, at a height which L estimated at betweon
500 and 2,000 feet, above the bed of th valley. This shingle, T
Delieve, forms the edge of a wide plan, which stretches southwards
botween two mountain ranges.
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zontal elevation has been in the district of Copiapo
about 10,000 feet.

In the valley of the Despoblado, the stratification,
as before remarked, 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, ingluding beds of con-
glomerate, has been crushed together (as represented
in the woodeut) into a yoke or urn-formed trough, so
that the strata on both 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 to-
wards the trough, so that the beds radiate like the

No. 40.

spokes of a wheel: on the left hand, the inverted por-
Phyritic conglomerate also assumes a dip towardsjthe
trough, not gradually, as on the right hand, but by
means of a vertical fault and synclinal break ; and a
little still farther on towards the left, there is a second
great oblique fault, (both shown by the arrow-lines)
with the strata dipping to a directly opposite point :
these mountains are intersected by infinitely numerous
dikes, some of which can be seen to rise from hummocks
of greenstone, and can be traced for thousands of feet.
Tn the second case, two low ridges trend together and
unite Jat the head of a little wedge-shaped valley ;
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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 inclined
until they stand vertical, they then gradually fall over,
(the basset, edges forming symmetrical serpentine lines
along the crest) till at the very head of the valley they
are reversed at an angle of 43°: so that at this point
the beds have been turned through an angle of 135°;
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 on the left hand upside-
down.

On the Eruptive Sources of the Porphyritic Clay-
stone and, Greenstone Lavas.—TIn Central Chile, from
the extreme metamorphic action, it is in most parts
difficult to distinguish between the streams of porphyritic
lava and the porphyritic breccia-conglomerate, but
here, at Copiapo, they are generally perfectly distinet,
and in the Despoblado, T saw for the first time, two
great strata of purple claystone porphyry, after having
been for a considerable space closely united together,
one above the other, become separated by a mass of
fragmentary 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 litile
doubt that the sources of eruption must originally have
been numerous: mevertheless, it is now most difficult
even to conjecture the precise point of any one of the
ancient submarine craters. I have repeatedly observed
mountains of porphyries, more or less distinctly strati-
fied towards their summits or on their fanks, without a
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trace of stratification in their central and ‘basal parts :
in most cases, T believe this is simply due cither to the
obliterating effects of metamorphic action, or to such
parts having been mainly formed of intrusive por-
phyries, or to both causes conjoined ; in some instances,
however, 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 ome case alone,
and it was in this Valley of the Despoblado, I was able
actually to trace a thick stratum of purplish porphyry,
which for a space of some miles conformably overlay
the usual ing beds of brecci and
claystone lavas, until it became united with, and
blended into, a mountainous mass of various unstrati-
fied porphyries.

The difficulty of tracing the streams of porphyries
to their ancient and doubtless numerous eruptive
sources, may be partly explained by the very general
disturbance which the Cordillera in most parts has
suffered ; but I strongly suspect that there is a more
specific canse, namely, that the original 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
De any longer enabled to reach the submarine surface
and flow aslava. I have been led to this conclusion,
from having so frequently observed that, whero part of
an in mineral-
ogical character the adjoining 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
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in the Cordillera, whether anticlinal, uniclinal, or syn-
clinal, and as the main valleys have generally been
hollowed out along these lines, the intrusive masses
have generally suffered much denudation. Hence they
are apt to stand in some degree isolated, and to be
situated at the points where the valleys 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 dis-
turbance, and_consequently of denudation, it ceases to
be surprising that the streams of lava in the porphyritic
claystone conglomerate formation, and in other analo-
gous 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 2,000 and
3,000 feet in height.! T had time only for a very short
examination; the chief part of the escarpment appears
to be composed of various reddish and purple, some-
times laminated, porphyries, resembling those of Chile
and I saw some of the porphyritic breccia-conglomerate ;
the stratification appeared but little inclined. The
uppermost part, judging from the rocks near the famous
silver mine of Huantajaya,? consists of laminated, im-
pure, argillaceous, purplish-gray limestone, associated,
T believe, with some purple sandstone. In the lime-
stone shells are found : the three following species were
given me:

! The lowest point, where the road erosses the coast-escarpment, is
1,900 fect by the barometer above the level of the sca,

* Mr. Bollert has described (“Geolog. Proceedings, vol. ii. p.
598) a singular mass of stratified detritus, gravel, and sand, eighty-ouo
yards in thickness, overlying the limestone, and abounding with looso
masses of silver ore. The miners believe that they can attributo these
‘masses to their proper veins,

PP

@ The Complete Work of Charles Darwin Online



578 Iquique, Peru. PART II.

Lucina Americana, E. Forbes, PL V. fig. 24.
Terebratula inca, ~ do. - PL V. figs. 19, 20.
—— wnigma, D'Orbig. PL. V. figs. 10, 11, 12.

This latter species we have seen associated with the
fossils of which lists have been given in this chapter, in
two places in the valley of Coquimbo, and in the ravine
of Maricongo at Copiapo. Considering this fact, and
the superposition of these 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,
T have little doubt that these fossiliferous beds of Iquique
belong to the great cretaceo-oolitic formationof Northern
Chile. Iquiqueis situated seven degrees latitude north
of Copiapo ; and I may here mention, that an Ammon-
ites, nov. spec., and Astarte, nov. spec., were given me
from the Cerro Pasco, about ten degrees of latitude north
of Tquique, and M. d'Orbigny thinks that they probably
indicate a Neocomian formation. Again, fifteen degrees
of latitude northward, in Colombia, there is a grand
fossiliferous deposit, now well known from the labours
of Von Buch, Lea, d'Orbigny, and Forbes, which be~
longs to the earlier stages of the cretaceous 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 stratified deposits of the whole vast
range of the South American Cordillera belongs to
about the same geological epoch.

Proceeding from the coast escarpment inwards, T
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,—white

i imes siliceous sandstone,—purple and
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red sandst imes so highly as to
have a crystalline fracture,—argillaceous limestone,—
black calcareous slate-rock, like that so often described
at Copiapo and other places,—thinly laminated, fine-
grained, greenish, indurated, sedimentary, fusible rocks,
approaching in character to the so-called pseudo-hone-
stone of Chile, including thin contemporaneous veins of
gypsum,—and lastly, much calcareous, laminated por-
celain 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,
i ing with the i and hard, b il

carthy, yellowish, or bright red and ferruginous sand-
stones. The thickest layer of salt was only two inches,
and it thinned out at both ends. On one of these
saliferous 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 so obscure,
that every fact, even geographical position, is worth
recording.!  With the exception of these saliferous

* It is well known that stratified salt is found in several places on
o of Peru. The island of renzo, off Lima, is comy
al

Vayers

in la) of

Tanie, fosie k. T
soft forruginous rotten-stones, with layers of gypsum.

thin seams of rock-salt : I was informed that one layer has been found

1wo inches in thickness. “The munner in which the minutest fissures of

the dislocated beds have been penctrated by the salt, apparently by sub-

sequent infiltration, is very curious. On the south side of the island,

layers of coal and of impure limestone have been discovered. Henco

we here have salt, gypsum, and coal associated together, The strata
rr2
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beds, most, of the rocks as already remarked, present
a striking general resemblance with the upper parts of
the gypseous or cretaceo-oolitic formation of Chile.

etalliferous Veins.

1 have only a few remarks to make on this subject :
in nine mining districts, some of them of considerable
extent, which I visited in Central Chile, I found the
principal veins running from between [N. and NW.]
to [S. and SE.]:" in some other places, however, their
course appeared quite irregular, as is said to be gene-
rally the case in the whole valley of Copiapo : at Tam-
Dillos, south of Coquintbo, T saw one large copper vein
extending east and west. It is worthy of notice, that
the foliation of the gneiss and mica-slate, and the
cleavage of the altered clay-slate, 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 prin-
cipal auriferous veins ran nearly parallel to the grain o

fect cleavage of the granitic rocks.

include veins of quartz, carbonate of lime, and iron
een dislocated by an injected mass of greenish-brown feldypnlhlc trap.
Not only is salt abundant on the extreme western limits of
district between the Cordillern and the Pacifi, but, according to Helms,
it is found in the outlying low hills on the eastern flank of the Cordil-
Jora, Theso fucts appoar to mo oppased to he theory,that ock-salt iy
due to the. -inxmg of charged with salt, in mediterrancan spaces
2Pt on s W e moueal e of (5 geology of theso countries
would rather lead to the opinion, that its origin is in some way eon-
neeted with voleanic heat at the bottom of the sea : sce on this subject,
e & Marelison's Anniversacy Addrus to Goclog, Soc. 1848, .85,
stricts ar Yaquil near Nancagus, whero tho

d,mm:h of Lh:hcm:yf e, to which only in all coses raf-r. s nuﬁ.h

 south . in tho Usp tho prowuiling line is
B I the O-do Prado, itis NNV, and ez Thlape, itis K. by
W und 8.0y By ot Los Hormos, dre bt
[N. and NW.] to [S. and SE. ‘the C. e los Hornos (farther north-
wand) it is NNW. and SSEE o Puaniciliy itis NNW. and SSE.:
and, lastly, at Arqueros, the direction is N, end SE,
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‘With respect to the distribution of the different metals,
copper, gold, and iron are generally associated together,
and are most frequently found (but with many ex-
ceptions, as we shall presently see) in the rocks of the
lower series, between the Cordillera and the Pacific,
namely, in granite, syenite, altered feldspathic clay-
slate, ‘gneiss, and as near Guasco mica-schist. The
copper-ores consist of sulphurets, oxides, and carbon-
ates, sometimes with lamin® of native metal: I was
assured that in some cases (as at Panuncillo SE. of Co-
quimbo, the upper part of the same vein contains oxides,
and the lower part sulphurets of copper.! Gold oceurs
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 stratified detritus of Chile, which
must have been chiefly derived from the degradation of
the upper portions of the rocks. These superficidl beds
of well-rounded gravel and sand, containing gold,
appeared to me to have been formed under the sea
close to the beach, during the slow elevation of the
land: Schmidtmeyer? 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 case 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
“found in iron-pyrites: at two gold mines at Yaquil
(near Nancagua), I was informed by the proprietor
that in one the gold was always associated with copper-
pyrites, and in the other with iron-pyrites: in this

! The samo fact has been observed by Mr. Taylor in Cuba; TLondon
Phil. Journ.’ vol. xi. p. 21.
* ¢ Travels in Chile,’ p. 29.
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Tatter case, it is said that if the vein ceases to contain
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 occur both in the
porphyritic conglomerate formation (as on the flanks of
the Bell of Quillota and at Jajuel), and in the superin-
cumbent strata. At Jajuel I was informed that the
copper-ore, withi some gold, is found only in the green-
stones and altered feldspathic clay-slate, 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 metamor-
phosed strata, which have been shown to have been of
probably subsequent origin to the Neocomian or gyp-
seous formation of the main Cordillera, and in the
intrusive andesitic rocks of that range. At Los Hornos
(NE. of Tllapel), 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 Arqueros with pure
mative copper, occurs chiefly in the upper great gyp-
seous or cretaceo-oolitic formation, which forms pro-
bably the richest 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 NE. by E. and
SW. by W.), in Pern. Hence comes Molina’s remark,
that silver is born in the cold and solitary deserts of
the upper Cordillera. There are, however, exceptions
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to this rule : at Paral (SE. of Coquimbo) 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 clay-slate 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 Copiapo 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 productive
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; T 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 oceurs with silver both
at Arqueros and at Copiapo: at the base of C. de los
Hormos (SE. of Coquimbo, a different place from Los
Hornos, before mentioned) I saw in a syenitic rock
numerous quartzose veins, containing a little cinnabar
in mests: there were here other parallel veins of copper
and of a ferrugino-auriferous ore. I believe tin has
never been found in Chile.

From information given me by Mr. Nixon of Yaquil,!
and by others, it appears that in Chile those veins are
generally most permanently productive, which consist-
ing of various minerals (sometimes differing but slightly
from the surrounding rocks), include parallel strings
rich in metals; susha vein is called a veta real. More
commonly the mines are worked only where one, two,

! At the Durazno mine, the gold i associated with mype;—pyr‘ims‘,_

and the veins contain large prisms of plumbago. Crystallised c:
lime is one of the commonest minerals in the matrix of the Chilia
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or more thin veins or strings running in a different
direction, intersect a poor ¢ veta real : it is unanimously
believed that at such points of intersection (cruceros),
the quantity of metal is much greater than that con-
tained in other parts of the intersecting veins. In some
crucéros or points of intersection, the metals extend
even beyond the walls of the main, broad, stony vein.
It is said that the greater the angle of intersection, the
greater the produce ; and that nearly parallel strings
attract each other; in the Uspallata range, T observed
that mumerous 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. 04

Finally, I 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
undergone.!  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 in-
trusive masses into the encasing strata. Knowing
that the porphyritic conglomerate formation consists of
alternate streams of submarine lavas and of the débris
of anciently erupted rocks, and that the strata of the
upper gypseous formation sometimes include submarine
lavas, and are composed of tuffs, mudstones, and mineral
substances, probably due to volcanic exhalations,—the
richness of these strata is highly remarkable when com-

! Sir R. Murchison and his fellow travellers have given somo
striking facts on this subject in their account of the Ural Mountains.
*Geolog. Proc.” vol. iii. p. 748.
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pared with the erupted beds, often of submarine origin,
but not metamorphosed, which compose the numerous
islands in the Pacifie, Indian, and Atlantic Oceans; for
in these islands metals are entirely absent, and their
nature even unknown to the aborigines.

Swmmary on the Geological History of the Chilian
Cordiliera, and of the Southern Parts of South
America.

We have scen that the shores of the Pacific, for a
space of 1,200 miles from Tres Montes to Copiapo, and
1 believe for a very much greater distance, are com-
posed, with the exception of the tertiary basins, of meta-
morphic schists, plutonic rocks, and more or less altered
clay-slate. On the floor of the ocean thus constituted,
vast streams’ of various purplish clay-stone and green-
stone porphyries were poured forth, together with great
alternating piles of angular and rounded fragments of
similar rocks ejected from the submarine craters. 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 enough together,
Doth north and south, and eastand west, for the cjected
matter to form a continuous mass, which in Central
Chile is more than a mile in thickness. I traced this
mould-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
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into green-stone, was occasionally. deposited between
the beds of erupted matter: with this exception the
uniformity of the porphyritic rocks is very remarkable.

At the period when the clay-stone and green-stone
porphyries nearly or quite ceased being erupted, that
great pile of strata which, from often abounding with
gypsum, T have generally called the Gypseous formation
was deposited, and feldspathic lavas, together with
other singular voleanic rocks, were occasionally poured
forth: Tam far from pretending that any distinct line
of demarkation can be drawn between this formation
and the underlying porphyries and porphyritic con-
glomerate, 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 scems first to have been peopled by shells,
ot many in kind, but abounding in individuals. At
the P. del Tnca the fossils are embedded near the base
of the formation ; in the Penquenes 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 applic-
able to the beds at Copiapo, which attain a thickness of
between 7,000 and 8,000 feet. The fossil shells in the
Cordillera of Central Chile, in the opinion of all the
palwontologists who have examined them, belong to
the earlier stages of the cretaceous system ; whilst in
Northern Chile there is a most singular mixture of cre-
taceous and oolitic forms : from the geological relations,
Towever, 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
calcareous shaly-rocks of red and white, and sometimes
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siliceous sandstones, of coarse conglomerates, lime-
stones, tuffs, dark mud-stones, and those singular fine-
grained rocks which I have called pseudo-honestones,
vast beds of gypsum, and many other jaspery and
scarcely describable varieties, vary and replace each
other in short horizontal -distances, to an extent, T
believe, unequalled even in any tertiary basin. Most
of these substances are easily fusible, and have appa-
rently been derived either from voleanos still in quiet
action, or from the attrition of volcanic products. If
we picture to ourselves the bottom of the sea, rendered
uneven in an extreme degree, with numerous craters,
some few occasionally in eruption, but the greater
number in the state of solfataras, discharging calcareous,
siliceous, ferruginous matters, and gypsum or sulphuric
acid to an amount surpassing, perhaps, even the exist-
ing sulphureous volcanos of Java,! we shall probably
understand the circumstances 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-argillaceous matter was deposit-
ing. From Dr. Gilliess account, this gypseous or
eretaceo-oolitic formation extends as far south as the
Pass of Planchon, and I followed it northward at in-
tervals for 500 miles: judging from the character of the
beds with the Zerebratula emigma, at Iquique, it
extends from 400 to 500 miles farther; 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 largely
developed north of the equator, in Columbia: in Tierra
del Fuego, at about this same period, a wide district of
clay-slate was deposited, which in its

! Von Buck’s  Descript. Physique des Tles Canaries,’ p. 428
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characters and external features, might be compared to
the Silurian regions of North Wales. The gypseous
formation, like that of the porphyritic breccia-conglo-
merate on which its rests, is of inconsiderable breadth ;
though of greater breadth in Northern than in Central

le.

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 5,000 feet ; at Coquimbo,
though the superposition there is less plainly seen, by
about 6,000 feet; and at Copiapo certainly by 5,000
or 6,000, and probably by 7,000 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 ion of the ?
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 Coquimbo and at two dis-
tant points in the valley of Copiapo, indicate that land
existed at this period in the neighbourhood. This land,
or islands, in the mortbern part of the district of
Copiapo, must have been almost exclusively composed,
judging from the nature of the pebbles of granite; in
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the southern parts of Copiapo, it must have been
mainly formed of clay-stone porphyries, with some
mica-schist, and with much sand-stone and jaspery
rocks exactly like the rocks in the gypseous formation,
and no doubt belonging to its basal series. In several
other places also, during the accumulation of the
gypseous formation, its basal parts and the underlying
porphyritic conglomerate must likewise have been
already partially upheaved and exposed 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 pebbles 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
Tower beds; and the whole gypseous formation, in

parts, on the s
although Tsaw no such cases, yet in many places the
‘gypseous formation is entirely absent ; and this, although
no doubt generally caused by quite subsequent, denuda-
tion, may in others be due to the underlying porphy-
ritic conglomerate 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. Tn the porphyritic conglomerate formation,
i 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 Copiapo, the number of thoroughly well-
rounded pebbles of compact porphyries make me be-
lieve, that, as during the prolonged accumulation of
the gyseous formation the lower beds had already been
locally upheaved and exposed to wear and tear, so it

@ The Combplete Work of Charles Darwin Online



590 Summary of the Structure PART 11,

was with the porphyritic conglomerate. Hence in
following thus far the geological history of the Cor-
dillera, it may be inferred that the bed of a deep and
open, or nearly open, ocean was filled up by porphyritic
eruptions, aided probably by some general and some
local elevations, so that comparatively shallow level at
which the cretaceo-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 porphy-
ries, 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 up-
heaval, by which the Cumbre and adjoining ranges were
formed, a vast pile of tufaceons matter and submarine
Java was accumulated, where the Uspallata chain now
stands; also after the deposition and upheaval of the
equivalent gypseous strata of the Peuquenes range, the
great thick mass of conglomerate in the valley of
Tenuyan was accumulated: during the deposition 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 movement there
took place.  We have, then, evidence of a second great
period of subsidence ; and, as in the case of the sub-
sidence which accompanied the accumulation of the
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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 fucts, showing
that at a still later period, namely, at nearly the com-
mencement of the old Tertiary deposits of Patagonia and
of Chile, the continent stood at nearly its present level,
and thenfor the third time, slowly subsided to theamount,
of several hundred feet, and was afterwards slowly
re-uplifted toits present level.

The highest peaks of the Cordillera appear to con-
sist; 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 mext highest peaks are formed of
the gypseous and porphyritic strata, thrown into vertical
or highly inclined positions. Besides the elevation thus
gainedbyangular dis Tinfer, without any hesi~
tation—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 8,000
feet. In the Despoblado Valley, north of Copiapo, the
horizontal elevation, judging from the compact, stra-
tified tufaceous deposit, capping the distant mountains
at corresponding heights, was about 10,000 feet. Tt 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 distinguished from those by which

@ The Complete Work of Charles Darwin Online



592 Summary of the Structure  rawr 1.

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 ciused by the edges of the wide fissures,
which necessarily resulted from the tension of the
elevated area, having yielded to the inward rush of
fluidified rock, and having thus been upturned.

The ridges formed by the angularly upheaved strata
are seldom of great length: in the central parts of the
Cordillera they are generally 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 mdin lines; but it has
likewise been violent in some of the minor lines on the
extreme flanks. The violence has been very unequal
on the same short lines; the crust having apparently
tended to yield on certain points along the lines of
fissures. These points, I have endeavoured to show,
were probably first foci of eruption, and afterwards of
injected masses of porphyry and andesite.! The close
similarity of the andesitic granites and porphyries,
throughout Chile, Tierra del Fuego, and even in Peru,
is very remarkable. The prevalence of feldspar cleav-
ing 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 clay-stone and green-stone porphyries, and. to

* Sir R. Murchison, and his companions state (*Geolog. Proe.
i, . 747), tht 10 true granits appenrs in tho higher Ural Mounias
Dut that syenitic greenstone—a rock closely analogous o our andesite—
is by for the most abundant of the intrusive masses.
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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 ing the it
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 composing the Cordillera were upthrown, I have
little evidence. Many of them may have been con-
temporaneously elevated and injected in the same
manner! as in voleanie archipelagoes lavas are contem-
porancously ejected on the parallel lines of fissure.
But the pebbles apparently derived from the wear and
tear of the porphyritic conglomerate formation, which
are occasionally present in the upper parts of this same
formation, and are often present in the gypseous for-
mation, 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 successively upheaved. In
the case of the gigantic Portillo range, we may feel
almost certain that a pre-existing granitic line was up-
raised (not by a single blow, as shown by the highly
inclined basaltic streams in the valley on its eastern
flank) at a period long subsequent to the upheavement
of the parallel Peuquenes range.?  Again, subsequently

+ See the latter part of Chapter VL.

* 1 have endeavoured to show in my * Journal’ (2nd edit. p. 321),
that the singular fact of the river, which drains the valley between theso
two ranges, passing through the Portillo and higher line, is explained
by its slow and subsequent elevation. Thero aro many analogous cases
in the drainage of rivers: see *Edinburgh New Phil. Journal,’ vol
xxviil, pp. 33 and 44,

QQ
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to the upheavement of the Cumbre chain, that of
Uspaliata was formed and elevated; and afterwards, T
may add, in the plain of Uspallata, beds of sand and
gravel were violently upthrown. The manner in which
the various kinds of porphyries and andesites have been
injected one into the other, and in which the infinitely
numerous dikes of various composition intersect each
other, plainly show that the stratified crust has been
stretched and yielded many times over the same points.
‘With respect to the age of the axes of elevation between
the Pacific and the Cordillera, I know little: but there
are some lines which must—namely, those running
north and south in Chiloe, those eight or nine east and
west, parallel, far-extended, most symmetrical uniclinal
lines at P. Rumena, and the short NW.-SE. and NE.-
SW. lines at Concepeion—have been upheaved long
after the formation of the Cordillera. Even during the
earthquake of 1835, when the linear north and south
islet of St. Mary was uplifted several feet above the
surrounding area, we perhaps see one feeble step in the
formation of a subordinate mountain-axis. In some
cases, moreover, for instance, near the baths of Cauquenes,
1 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 enter-
ing 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 denu-
dation. From the manner in which the fringes of
gravel are prolonged in unbroken slopes up the valleys
of the Cordillera, I infer that most of the greater dis-
locations 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
! ¢Reise in Peru,’ Band 2. s. 8 :—Author's Journal, 2nd edit. p. 359.
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thrown up in Peru across the bed of a river, and conse-
quently after the final elevation of the country above
the level of the sea.

Ascending to the older Tertiary formations, T will
not again recapitulate the remarks already given at the
end of the Twelfth Chapter,—on their great extent, es-
pecially along the shores of the Atlantic—on their anti-
quity, perhaps corresponding with that of the Eocene
deposits of Enrope,—on the almost entire dissimilarity,
though the are
of the fossils from the eastern and western coasts, as is
likewise the case, even in a still more marked degree,
with the shells now living in these opposite though
approximate seas,—on  the climate of this period not
having been more tropical than what might have been
expected from the latitudes of the places under which
the deposits occur; a circumstance rendered well
worthy of notice, from the contrast with what is known
to have been the case during the older Tertiary periods
of Europe, and likewise from the fact of the Southern
Hemisphere having suffered at a much later period,
apparently at the same time with the Northern Hemi-
sphere, a colder or more equable temperature, as shown
by the zones formerly affected by ice-action. Nor will
T recapitulate the proofs of the bottom of the sea, both
on the eastern and western coast, having subsided 700
or 800 feet during this Tertiary period; the movement
having apparently been co-extensive, or nearly co-ex-
tensive, with the deposits of this age. Nor will I again
give the facts and reasoning on which the proposition
was founded, that when the bed of the sea is either
stationary or rising, circumstances are far less favour-
able than when its level is sinking, to the accumulation
of conchiferous deposits of sufficient thickness, exten-
sion, and hardness to resist, when upheaved, the

Qa2
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ordinary vast amount of denudation. We have seen
that the highly remarkable fact of the absence of any
etensive formations containing recent shells, either on
the eastern or western coasts of the continent,—though
these coasts now abound with iiving Mollusea,—though
they are, and apparently have always been, as favour-
able 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 deduetion, it was also
attempted to be shown, first, that the want of close
sequence in the fossils of successive formations, and of
successive stages in the same formation, would follow
from the improbability of the same area continuing
dlowly to subside from one “whole period to another, or
even during a single entire period ; and secondly, that
certain epochs having been favourable at distant poiuts,
in the same quarter of the world for the synchronous
accumulation of fossiliferous strata, would follow from

of subsi having like those
of elevation, contemporaneously aflected very large
areas.

There is another point which deserves some notice,
namely, the analogy between the upper parts of the
Patagonian Tertiary formation, as well as of the upper
possibly contemporaneous beds at Chiloe and Concep-
cion, with the great gypseous formation of Cordillera ;
for in both formations, the rocks, in their fusible nature
in their containing gypsum, and in many other cha-
racters, show a comnection, either intimate or remote,
with volcanic action; and as the strata in both were
accumulated during subsidence, it appears at first
natural to comnect this sinking movement with a state
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of high activity in the neighbouring voleanos. During
the cretaceo-oolitic period this certainly appears to have
been the case at the Puente del Inca, judging from the
number of intercalated lava-streams in the lower 3,000
feet of strata; but generally, the volcanic orifices seem
at this time to have existed as submarine solfataras, and
were certainly quiescent compared with their state
.during th of the porphy

formation. During the depommn of the tertiary strata
we know that at S. Cruz, deluges of basaltic lava were
poured forth; but as these lie in the upper part of the
series, it is possible that the subsidence may at that
time have ceased: at Chiloe, T was unable to ascertain
to what part of the series the pile of lavas belonged.
The Uspallata tuffs and great streams of submarine
lavas, were probably intermediate in age between the
cretaceo-oolitic and older Tertiary formations, and we
know from the buried trees that there was a great sub-
sidence during their accumulation; but even in this
case, the subsidence may not have been strictly con-
temporaneous with the great volcanic eruptions, for we
must believe in at least one intercalated period of eleva-
tion, 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
contemporaneousness of high volcanic activity and

bsid from the

on my mind by the study of coral formations, that
these two actions do not generally go on synchronously ;
—on the contrary, that in voleanic districts, subsidence
ceases as soon as the orifices burst forth into renewed
action, and only recommences when they again have
become dormant.

1 “The Structure, &e. of Coral Reefs, 1st ed. p. 140; 2nd ed. p. 180,
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At a later period, the Pampean mud, of estuary
origin, was deposited over a wide area,—in one district
conformably on the underlying old tertiary strata, and
in another district unconformably on them, after their
upheaval and denudation. During and before the
accumulation, however, of these old Tertiary strata,
and, therefore, at a very remote period, sediment,
strikingly resembling that of the Pampas, was depo- .
sited; showing during how long a time in this case the
same agencies were at work in the same area. The
deposition of the Pampean estuary mud was accom-
panied, 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 upheaval 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
animals characteristic of this formation, many of which
differ as much from the present inhabitants of South
America, as do the eocene mammals of Europe from
the present ones of that quarter of the globe, certainly
co-existed at B. Blanca with twenty species of mollusea,
one balanus, and two corals, all now living in  the
adjoining sea: this is likewise the case in Patagonia
with the Macrauchenia, which co-existed with eight
shells, still the commonest kinds on that coast. I will
not repeat what I have elsewhere said, on the place of
habitation, 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 Tertiary formations of Patagonia and Chile,
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show us, that the continent at that period must have
stood only a few fathoms below its present level, and
that afterwards it subsided over a wide area, 700 or
800 feet. The manner in which it has since been re-
brought up to its actual level, was described in detail
in the Eighth and Ninth Chapters. Tt was there shown
that recent shells are found on the shores of the Atlan-
tie, 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, and of 400 feet in Patagonia.
The elevatory movements on this side of the continent
have been slow ; and the coast of Patagonia, up to the
height in one part of 950 feet and in another of 1200
feet, is modelled into eight great, step-like, gravel-
capped plains, extending for hundreds of miles with the
same heights ; this fact shows that the periods of denu-
dation (which, judging from the amount of matter
removed, must have been long continued) and of eleva-
tion 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 upraised
shells have remained undecayed on the surface, it has
been 1300 feet, whilst at Coquimbo, 200 miles north-
ward, 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 district;
but the level within historical times apparently has
subsided. At Coquimbo, in a height of 364 feet, the
elevation has been interrupted by five periods of com-

@ The Complete Work of Charles Darwin Online



600 Summary of Recent Elevatory — reavr .

parative rest. At several places the land has been
Tately, 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 op-
posite 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 escarp-
ments, of sandunes and marks of erosion, we must
conclude that the elevatory movement has been mor-
‘mally 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 understanding 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 greater distance, which shall
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intersect mo formation older than the Patagonian
deposits; o equable has been the upheaval of the beds,
that throughout this long line, not a fault in the strati-
fication 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 Arctic circle. 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 spectacle of its immense
valleys, with mountain-masses of once-liquified and
intrusive rocks now bared and intersected, or whether
the view of those plains, composed of shingle and sedi-
ment hence derived, which streteh to the borders of the
Atlantic Ocean, is best adapted to excite our astonish-
ment 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 connected in great trains. The intimate relation
between their recent eruptions and the slow elevation
of the continent in mass,! appears to me highly impor-
tant, for no explanation of the one phenomenon can be

i as sati y which is not appli to
the other. The permanence of the voleanic action on
this chain of mountains is, also, a striking fact ; first,
we have the deluges of submarine lavas altemating
with the porphyritic conglomerate strata, then occa-

* On the Connecti jie Ph a in South A

in Vol
“ Geolog. Transact., vol. v. p. 609.
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sionally feldspathic streams and abundant mineral
exhalations during the gypseous or cretaceo-oolitic
period ; then the eruptions of the Uspallata range, and
at an ancient but unknown period, when the sea came
up to the eastern foot of the Cordillera, streams of ba-
saltic 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 appa-
rently very ancient volcanic formations without any
craters ; there are, also, craters quite extinet, and others
in the condition of solfataras, and others occasionally
or habitually in fierce action. Hence it would appear
that the Cordillera has been, probably with some
quiescent periods, a source of volcanic matter from an
epoch anterior to our cretaceo-oolitic formation to the
present day ; and now the earthquakes, daily recurrent
on some part of the western coast, give little hope
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 several hundred feet, and
again was brought up to its present level by a slow and
often interrupted movement ; we see how opposed is
this complicated history of changes slowly effected, to
the views of those geologists 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

! “Geolog. Transact.,’ vol. v. p. 626.
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of extreme violence, presents insuperable difficulties,
except on the admission that the masses of once lique-
fied rocks of the axes were repeatedly injected with
intervals sufficiently long for their successive: cooling
and consolidation. Finally, if we look to the analogies
drayn from the changes now in progress in the earth’s
crust, whether to the manner in which volcanic matter
is erupted, or to the manner in which the land is histo-
rically 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 con-
dition, will appear neither to have been too slowly
effected, nor to have been too complicated.

Norr.—As, both in France and England, translations of a passage
incProf, Eronbeg's Momoir, oen eforre i tho Eloventh Chaptr of
this volume, have aj implying that Prof. Ehrenberg believes,

g e e

un, A e s E e o
die der Riesen-Giirtelthiero in den Duncnhigiln bei Bahin Blanm.
beides n Patagonien,

i i wobl smtlich sy oberen Fluthgobiobe doo 3 Mems im
tisforen Fostlande htntn. —Monatsbericte de kinig. Akad. e, su
Berlin vom April 1845,
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APPENDIX TO PART II

DESCRIPTIONS OF TERTIARY FOSSIL SHELLS
FROM SOUTH AMERICA.

Br G. B. SOWERBY, Fsa,, F.LS,, &e.

Maorra? RUGATA.—PL IL fig. 8.
Mactra? testd oblongd, tenui, turgidd, latere antico altiore, rotun-
lato, postico longiore, acuminato ; lineis inerementi rugas con-
centricas fformantibus.
The shell itself s changed into Giypsum.
Santa Cruz, Patagonia.

Macrra Darwrvir—PL 1. fig. 9.

Mactra testi ovali, subequilateralé, subventricosd, tenuiusculd, levi,
concentricé striatd, anticd rotundatd, posticé obsoletissims sub-
quadratd.

Tt is impossible to got at the hinge, wherefore it cannot be
ascertained positively to be a Mactra.

Santa Oruz, Patagonia,
Crassarerza Lo —PL 11, fig, 10,
Crassatella testd_oblonga, planiusculd, temiuseuld, postics angulata,
margine postico dorsals decliviy superficie suleis obtusis, remotis,
longitudinalibus ornatd,

This species, most nearly resembles Crassatella lamellosa of
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Lam it is howorer, deatmnte of the ereet lamelle which oma-
‘ment the sutface

Santa Cruz, Paugoml.

Cornrs ? navieara.—PL IL fig. 11,

Corbis testd onate-rotundatd, ventricod, levgatd, margine intis
+ long. 323 lat. 25 ait. 27, pol.

L placed this in the
us Corbis,although it s of the same general form as most of the
ngwn spcies ofthatgonus. Tt auite fro from external rugosity
There are two specimens, both of them so imperfoct
e it i fmpossible to ascortain with certaaty the claracter of
the 3 muscular impressions,
Navidad, Ohile.

Tarnoxmes? onroxea—PL IL fig. 12,

Tellinides? testd oblongd, subeequilaterali, anterius altiore, pos-
teriusacuminatiore, utrdque rotundatd ; disco_glabro, lineis
increments solummodo signato : long. 1°3; ait. 0°T, poll.

i shell i very thin, and beng embedded n o bard compact

Btone, all attempts to get at the hinge have proved abortive : it is

re placed in_Tellinides as the gems to which it approaches

R U B e AT

Solenclla,

Chiloe, eastern const.
Vexvs amrmtoNALIs—PL I, fig. 13,
Vmu testd ovali, plano-convexd, concentricé striatd, striis acutis,
s, llevtit, interstiti radictin ool sritis
mn’ryms minutissimé cre
This so closely resembles 7, exalbida; Lam. in shape, as not to
e ngmh.hle, except by the adisting striw and. the finely
Santa Cruz, Patagonia ; and Navidad, Chile,!

Ovrmsraa svrcvross.—PL I fig. 14,

Cytherea testd sbovatd, anticd rtundatire,postict lngiore, acun-
natiuseuld, obtusd s suleis concentricis, confertiusculis, medio

"% 1 Wherever a fossil has been found at two lul-:\lmes, the name first
given implies that the best specimens came from that place.
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dltusiy antich postidque acutioribus ornatd: long. 15 alt. 075
lat. 04, poll.

1 have compared the single valve of this with numerous recent
and fosl Pencres and Cylerea, without being sble to dantity z

As Ihave not been able to see the hinge, T havo onl
S Cytherea from analo

Chiloe, eastern coast: islands of Il\mfo and Ypun?

Caroros Purrenva—PL 11 fig. 15.

Cardium testd subglobosd, tenui, leviusculd, latere postico subcari-
o, superfcc sriis radiantibus, rumerosisimis, confertissimis
mltt

™ y equal. Nearly
s gane o o specimens.

Santa Cruz, Patagonia,

Camprox vzrRADIATON.—PL 11, fig, 16,

Cardiu testd subglobosd, cosellis radiantibus postics 13, rotundatis,
frorthes plurimis. planulatis, interstitiis rotundatis; mangine
denticulato.

These are nll the haracters hat can be given, as thore is only
the post rtion of one valve; of course the. genenl form s
only surmised, and the propavtions catnot be accermsin

Navidad, Ohile,

Camprrs Paracoxtes.—PL IL fig, 17.
s 5 R,
ey 18, ang i3, 8 iy
Nearly related to C. aeuticostata, and may be distinguished by
having féwer and more distant ribs. %
Santa Cruz, Patagonia.

testd

Nvovra? erasma—PL IL fig. 18,

Nucula testi ovato-oblongd, glabrd, nitidd, latere antico , resor,
postico magis acuminato; marginbus dorsalibus declivi

T have referred this to Nucula, because there is no external ful-
crum for the attachment of the cartilage and ligament ; the naturo
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of the stono in which i s imbeddd has rendered it imposeible to
expose any part of the insid

Santa Oruz, Pnhgonu.

Nuoura orsata.—PL II. fig. 19,

Nucula testd posticd trincatd. emarginad, perfie tneis clevti
undatis concentricis ornate

A beautiful species which apparently resembles N. Thracic-
Jormis i gonerl shape but ingsuch s fogment alons s bon
found, we cannot give & more complete

Port Desire, Patagonia.

‘TrrcoNocErta Tvsorrra.—PL IL figs. 20, 21.

Trigonocelia_téstd subovali, crassiuseuld, vald> obliqud, levi; ared
lig _,nmmn trigond, lateribus elevatis ; dentibus paucis, magnis.

s pecies is moro unlks the tupical form, of Pectunculus
il any which has come under my ol n, being even more
s el e el oo whioh 1 difors
Tmorboyor in being swioott, on the outeide, and destitute of radiat-
ing ridges.

Santa Cruz, Patagonia,

‘Ovevinea avra—PL 1L figs. 22, 23,

Cucndlaea testd ovato-trapesiformi, subobliqud, subrugosd, umbonibus
s ared liamenti profunds sulatdyimpresions mus-
cularis postice margine ventrali 3

hereis o considerable prind fuce resemblanco between this
species and Cuculiea decussa Con.” This from 8, Cruz
aay, howear, b casly distinguished from.the Beitish, by ita
groater height, its more oblique form, and by the greater mumber
impressed lines on the ligamental area.

Santa Cruz and Port Desire, Patagonia.

Axoura avremsaxe.—PL 11 fig. 25.

Anomia testd suborbiculars, costellis radiantibus plurinis, subsqua-
miferis, alternis minoribus

There is only a single valve of this species.
Coquimbo, Ohile.
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TeREBRATULA PaTAGONTOA.—PL II. figs. 26, 27.

Terebratula testi ovali, v, valis frd aqualiter convxis, dorali
productd, incurvd, foramine magno, ad marginem valoarum ford
parallelo’; deltidits, msdunﬂ'bm ared cardinali concavd, } longi-
tudinis testa ; margine antico integro.

ightly difrent from the 7. aariabils of tho Brtih Crag,
(vide “Min. Con.’t, 576, ff. 2 to 5) to which however it is very
Dearly related, aa it is also to 0 T, biimigty Lam., of the
Paris basin. 1t may bo distinguished from both by its having no
sinus in the anterior margin.

San Josef and San Julian, Patagonia.

Prorny amerviros,—PlL TL fig. 94,

Pecten testd equivalvi, ovatd, auriculis inequalibus, costis radianti-
bus squamudi rie 22 geminatis interatiti,lierni ltioribus,
nonnunquam costd minore instructd ; auriculd alterd magnd

73

Tn general form this species resembles Pecten textorius
Goldt };b XO. £. 9, but it has very fow more than half Sl
T of ribs, which in the present species are in pairs. The
testri, momver, belongs to the Zias el Oolite, ac-
cording to Groldfuss.
San Julian, Patagonia.

Prorex DArWINTANUS.—DOrbig. ¢ Voyage, Part. Pal.”
(PL IIL figs, 28, 29, of this work.)

Pecten testd ferd orbiculari, subequivalvi, tenu, utrinque convexius-
ppr i lavi, it eouts radiontiu, per pria dipoiis
Srops comirus e conspicuis ; auriculis parots
Like Pect. Pleuronectes, P. Japonicus, and P obliteratus in

general characters, but en\ly d.\!hnpmhed from all three by the

cucnmmce its internal radiating ribs bein; ‘Bow EILK!

"Thisspacios han been named ...d PR v b dOrhiguy, hutas

his dalcngtmn is very brief, owing to the condition of his speci

mens, and is unaccompanied by any figure, [ have thu\lght it
advisable to append the above specific charactes
San Josef, Patagonia ; and St. F&, Entre Rlos.
RR

@ The Complete Work of Charles Darwin Online



610 Appendix to Part I1.

Paomas Pammss—DOrtig.  Voyage, Part Pal (PL 11
. 80 of this work.)

i speccs has een figured. and fully decribed by M. d0r-
higny, and has been accidentally refigure

San Josef, San Julian, Port Desire, Patngomn; and St. Fé,
Entre Rios.

Preres cextratis.—PL 111 fig. 81,

Pecten testd subcireulari, depressd, radiis quingue squanuliferis cen-
trali eminentiore, lineis radiantilus asperis numerosisque ormatd ;
auriculis magnis, subaqualibus ?

A single fragment of this remarkable species was found at

Port §. Julian:_two others were brought from Port Desire, These

ents are all of the same side, s0 that we are as yet but very
imperfectly acquainted with the species.

San Julian, Port Desire, Santa Cruz, Patagonia.

Prorex Acrivopes.—PL I11. fig. 33,

Pecten testd d, tenui, valvis
radiis ]mnupalﬂma subelevatis_circa 36, intermedits 5—T
minoribus, omnibus _squamuliferis ; auriculis ~inequalibus,
radiatin squamiferis, alterd magnd, porrectd, alterd parod,

Remarkable for its principal ribs being numerous and only
slightly elevated, and for its intermediate 1ibs being very nu-
merous.

San Josef, Patagonia.

Prorex Ropss.—PL 111 fig. 82,

Peoten testd suborbiculari, subinaquivalvi, crassiusculd, rudi, costis
radiantibs 92, rotundatis,inferstitiis angustioribus ; intermedsis
‘nonmunquam feré obsoletis; margine validé undulato.

e specimen isonly n fragment; another fragment accompanies
it, iy ‘may possibly be the opposite valve.

Coquimbo, Ohiloe.
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Oerrovra ereeAmes.—PL IIL fig. 34

Crepidul tetd oblongd, intortd, orasd, sbrugosd; spto eongato
“subspirali, levi ; vertice submarginal
This specios is_remarkable for its lengthened form: it is found
uped together in an angilaceous sundstone of & gravish colour.
B bours & strong. genamal, reserablanse to. Crapidale fornicata,
which s found, similarly grouped, on the coust of New
Ne dand, 'and generally on the Atlantic coasts of North

America.
Santa Oruz, Patagonia.

Burza cossopmza—PL IIL. fig. 35,

Euaa testd mbcylmdmud‘ extremitatibvus - obtusis, rotundatis,
m. nunm 'tu trans-

w.u, P angustioribus p(muluoulu long. 0:9; lat. 04,

T do not find any character to this from the fossil
which Sionads 1n P Ao of et o
alko found near T Pmlnn in Normandy, and wh-eknduyum
7o arioty of Bulla limaria, Auct., from which
oworer i oy sl T T T eylindri-

Hlu.fn Island, Chile.

SraARErUS sUBGLOBOsUs,—PL. ITL. figs. 36, 37.

Sigaretus testd subglobosd, anfractibus quatuor, spiraliter. concinni

suleatis : long. 09; lat., 08 ; alt, 055, poll.

Tho iral grooves und informediat s aro very nesrly
equal in general, though sometimes rather irreg: This is
most concave species of Adanson's Sigaretus that I have e
the position of its aperture being much less inclined to the longi-
tudinal axis than it is even in the . concavus, Lam., a recent
species common at Valparaiso. y

Navidad, Chile; and Ypun Island, Chonos Archipelago.

Narca poana—PL IIL fig. 58,

Natica testd ovato-subglolosd, gladrd, anfractibus quatuor, umbilico
‘magno, patulo.

A single individual of this small species, which appears as far

a8 T can judge to be distinet from any of the recent species, occurs
RR2
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n the same sort of rock, namely, a very hard and very dark olive
e sondstone, with the following species. The difficulty of

o from the shells has prevented me from ascer-
taining et ok o itk haonle Eaa R

Ghiloe,ememm

Narroa srrrorara.—PL IIL fig. 39.

Natica testd depressiusculo-subglobosi, crassiusculd, glabrd, anfrac-
s quatuor ad quingu, ltimo mazino, piraiier substriato,
atrits subdistantibus ; callo wnbilicali magno, umbilicum om-
nind abtegente, ad labium internum incrassatum antich con-
Juncto.

This species resombles Swainson's Natica melastoma in general
form, as well as in the umbilical callus is however rather more
cireular and tho wmblical eallus is rounder, ~Judging from the
apparent general form, I at first sight, when I only saw the upper

covered the umbilical callus.
species.
Ohiloe, eastern const.

Narea sorxa.—PL 1L figs. 40, 41.

Natica_testd subglobosd, crassd, lavi, spird brevi, an quin-
que, turd eubinconpioud, aperturd. ovli, laio colomallrs
potcd crasseino, mbilicomedioers calo, parvo: long. 185 at.

5, poll.

This most nearly resembles a common recent species,
which has generally been confounded with . mamilla, but which
1 have lately received from D‘Orlngn  under {ho namo 'of . Uber

of Valenciennes,it may be distinguished from that species by being
il i b sl e
vory much worn, partieularly about the spire, & that the trua

chalracter of the suturo is only disornibl in ono part, and the
genersl sppenrunce of the mocimens conveys the decoptvo notion
O & doegthud Teohd clisunelon v 3

verhl specimens of a Natica, uluely sembiing, but posbly
distinet from this species, were procured at - Oruz; they
ina much disguised state, and only @ small portion of the el
taslf remaing, partcularly of the suter conts sbout the muture,
which consequently appears very deep and distinct, whereas when
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reserved the suture is scarcely dlshnguxaluble M. d'Orbigny
B Tt species are cortainly di

Navidad, Chile; Santa Oruz, Patagonia #

SeATARIA RUGUToss.—PL IIL figs, 42, 43,
Scalaria testd acuminato-pyramidal, crassiuseuld, omnind
varicibus numerosis, crassis, rotundatis ; nterstitiis spiraliter
obsolet? sulcatis.

Volutions about eleven or twelve, increasing very gradually
i sz with fourteen or ifieen rounded and thickill varioss oa

San Julian, Patagonia.

TROCRUS coLLARIs.—PL. ITL. figs. 44, 45.

Trochus toti conidy, levi, anfractius subequais, tenvising

transversim potich propd suturas minutis
seriatim m, nﬁ- ‘subconvexts, spiraliter tenuiter striatis ;
aperture angulo eiterno acuto: long. 0453 lat, 055, pol,

. This m a young shell of tha
Thocios (e | Orhigay) aa o T
s by u o of very el tlercls o i ly under
$ho suturd, which may have existod in that apecies when yonng,
and it must be ohsersed. that tho fist volutians ovo brokn
both the specimens of Zr. lavis.

Navidad, Chile, Santa Cruz, Patagonia.

Trocmvs Lavis.—PL. IIL figs. 46, 47.

Troghus testd concd, lev, anfructivus subegualius,posticd turgi-

diusculis, anticé. tenuissim transversim striatis, infra

cavis, spiraliter tmmter striatis; aperturd rhomboided, angudo

eaterno acuto ; umbilico mediocrs, intits levissimo, labio interno

subincrassato : long. 1°8; lat. 2, poll.

The remains of the pearly inner conts are beautifully iridescent
in this species ; the outer surface s dull.

Navidad, Ohile,
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Turrrrezza Paracoxzea—Pl IIL fig. 48,

Turritellatestd elngat-conicd, froctbus decem, 3 ad & ostti,
costis, intermedid_anticdque subobsoletd minoribus, posticd sub--
acutd, subgranosd majors, tertid carinam tﬁ'onmrnle, suturd
indistintd.

This Zurritella is probably only a vaviety of 7. cingulata, and
it more closely s this species, even than the following ones,
inasmuch as its volutions increase in size move rapidly than in
either the T Chilensis or T, ambulacrum. In some respects this.
luembles carénifera of Deshayes; it is not however nearly so.

mon {0 its width, 1 have adopted aname suggested.
by "o

Port Deme, Patagonia ; and fragments at Navidad, Chile.

TURRITELIA AMBULACKUM.—PL. 1L fig. 49,

Turritll testd, dongato-turritdy anfoactives decem, pialiter tri-
is, posteriorum costis equalibus, anteriorum_costd anticd
s nejorbus, ntermabid o s ouburd n eulouts ro-

Fundum posit.

A very remarkable species, which somewhat resembles o re-
cent one in my possession ; the two may however be easily distin-
guished. In the recent species the two spiral ridges are much.
Tearer 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 San Julian, Patagonia.

TurrneurA Crrmexsrs.—PL 1V, fig, 51.

Turnitella, et donguto-turrit, anfractbus docem, ventriconis
spiraliter tricostatis, costis granulosis, intermedid majori, suturd
in sulcum positd.

Nearly related to Turpitella cingulata (Sowh. ‘Tank. Cat.); it
s even questionable whether it might not he rogarded as o variety
of that species, along with 7. Patagonica and T. ambulacrum.
Tn deference to the opinion of D'Orbizny, who has suggested the
name, I have been induced to describeit. The principal differ-
nco betveen ths and 7. cnda sr, ho form of the volutions
which in this are ventricose; the absence of narrow intermediaty
ridges; und_the greater dapits o the groove in which the subure
is placed. From 7. ambulacrum it differs principally in the cir-
i 5 Teing the most prominent, while .in

@ The Complete Work of Charles Darwin Online




Appendix to Part I1. 615

. ambulacrum it is the least prominent. The ribs in the latter
o but slightly grazose, and the groove at the suture is

Huafo and Mocha Islands, coast of Chile.

TURRITELLA SUTURALIS.—PL. TIL. fig. 50.

Turritella testd turritd, tenuiter transversim striatd, anfractibus
9-10, suturd validd divisis, antic posticique tumidiusculis, posticd
eminentiore.

Fragments alone can be soparated from the hard stone in which
they are imbedded; it Las theroore been impossile to give the
proporti

vaui.ld, Chile; and Ypun Tsland, Chonos Archipelago.

Prrvrotods sunmeuaLs.—PL IV. fig. 52,

Pleurotoma testd nblotwd turritd, umiqu extremitate acuminatd,
antiod reviord; anfractiug seniy medio carinifri, ceind
tuberculiferd ; ult o by carinis quingue, posticali tuber-
culiford?, Tong. 04 lat, 05

The specios which mast nenﬂy resemble this is an undescribed
Tecent species from S, A fossil species differs however
from the recent ome ey ponf;m- of tlm noteh i the outer Lip,
‘which in the fossil ds

carina, while in the recent one dle mm:huplwed hAl! way between

i uliferous carina and the st ’i

nee, but thu mny be wmdmd mﬂicmnt,
formiag at once o distinet criteri

Tuafo Tslund, coast of cmxe.

Prrvroroxs TuRBrNELZomEs.—PL. IV. fig. 53,

Pleurotoma transversim tenuis i
cato-striatd, anfractibus quinis, ventricosis, infra mediam tuber-
culatis, tuberculis acuminatis, ultimo anticé lineis_quatuor vel
quinque obsoleté tuberculatis ; canali brevi: long. 135 lat. 0:82,
poll.

Very different from any other known Pleurotoma, cither recent
or fossil; but most nearly allied, i n shape pariculul, to the recent
species named PY, imperialis by

Navidad, Obile,
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PrEvRoToMA prscons.—PL IV, ﬁg, 54,

posticé tmu.m{zrm mm., ‘medio :wmm.., ultimo
antice striis crassis subtuberculatis wnstructo ; canali elongato,
tenuiter_transverism striato ; columelld rectd: long. 18; lat.
063, poll.

A ‘ies which appears to be nearly related to_Pl. catenata,
s o 62, 11 12,13 (a fossil of the Paris Basin),
-.nd which may perhaps bo merely a varioty of that species. In
stature and general characters it resembles it very closely ; its strim
are however very different.

Fusus mEeULARIs P—PLIV. fig. 55,

A, single very mpertect specimen which moy probably bo o
variety of this species. It is not suffciently complete to allow of
its being decided, or of its characters being given. It is not even
cortain that it belongs o the genus. M. d'Orbigny considers it as
o distinct species.

Navidad, Chile.

Fusvs prronrorass.—PL IV. fig. 56.

Fusus testd turbinatd, antuv spiraliter sulcatd, spird aubz?rr
conicd, rudi;_anfractibus 34, medio tuberculatis, tuberculis
ransvesi ooty n cosan bdecurventius ; canals dongato,
transversim sul

This somewhat resembles the Zviton clavator, Lam. (a recent
species) i form; its spne is however moro levated, and s
canal shorter in proportion, I judge it to be a Fusus from tho
general_external appearance, but cannot be quite certain, for the
stone about the mouth is so much indurated that it cl.nnot be

Fusus susrerLExUs.—PL IV, fig. 57.
Fus e fusiformi-turit, {rangersin. i, dris iregu-
laribus,

ibus novem, medio tuberculatis, prope suturas
subadoressi; conali medieri. wbrglezo: long. 9y lats 1y
poll.
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The shel to which this bearsthegratest rseblance i 8 ol
named Fasci igalensis, Defr. by De Bastoret in the
;:Iénoma! E anfmumz e Parsy in our shll thers i
wever, no appearance of oblique folds on the anterior
colum osquently i, ia gonerically distinct; whilo in other
mpenu n e S different, as may be seen by comparison.
al;.. Aplnz is longer in proportion to the last volution, and its canal
orte

dem, Chile.

Fusvs Noacurxus,—PL IV. figs. 58, 50.

Fusus testa_ovato-fusiformi, utrique Mmmmata, aquali, an-
Fractibus qumgﬁ“{umlttur sulcatis, sulcis plerumgue seriatim
“pertusis ; longitudinaliter obtusé costatis; canali me-
dmn, o suturd distincty

A, specen which bearssome resemblance to Funs o,
still it is not nearly related to that s nﬁe In shape it unemh!ea
F. lamellosus, to which it is really related, but it is quite destitute
of the lamellar varices, so that it may mlly e distinguished.

San Julian, Patagonia.

Fusus Paracoxtovs.—PL. IV. fig. 60.

Fusus testd ovato-oblongd, multifariom varicosd, an-
Fractibus posticé mgu’zm varicibus. lamelliformibus, anticd
“deflecis, postict acuminatis, interstitiis transversim _sulcatis ;
aperturd subcirculars, canals breviusculo, umbilico valido.

Neasly relted to Fusus lamellous and F. Magellawicus, and
apparently connecting the two.

Prrura pisraxs—PL IV. fig. 61.
Pyrula testd ficiformi, tenuiusculd, spird brevissimd obtusd, anfrac-

s quitor, uliimo wimo, decvasatis trito, et carinato,
—19, distantibus, nonnullis - interstitialibus minds
s Imly 18; lat. 1:2, poll.

very elegant species of true Pyruda, somewhat resembling
P nexilia (a tertiary fossil) in general appearance, but differing
from that species in its proportions, being much wider in com-
parison with its length, and having a much shorter spire.

Navidad, Chile.
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STRUTHIOLARIA 0RNATA.—PL. IV. fig. 62.

Struthiolaria testd_ovatd, apice acuminato, anfractibus senis,
spiraliter striatis, prope suturam canaliculatis, longitudnaliter
obtusis, antico costis duabus spiralibus,  elevatis,

suturd profundd: long. 0 lat. 045,

s is the only fossil spocies of this raro gonus I havo over

cen. Onsts of a luge variety are found in a loose clayey sand-

Atone at Port San Julla. . dOrbigny entertains somo doubt
this being a Struthiolaria.

Santa Oruz and San Ju].im, Patagonia.

Trrrox vERRUCUTSUS.—PL. IV. fig. 63.

Triton testd ovate transversim_tenuiter striatd, (mfl -actibus
iy posticy serie unied madiand tubereulorum civcts, o
costis tribus subobsoletis tuberculiferis, tuberculis coste postice
maorus, religuiarun, obaoletis varicbus validis, trituberou-
feris: long. 165 lat. 1:05, pol.

This may be distinguished from Triton leucastoma (Ranella
leveostons, Lam.), to which recent species it s most nearly
related, by the paucity of tubercles forming the posterior Tow,
well ad by the ‘strongly tuberculated varices, and by its s
destitute of the pits which are so distinct behind the varices in that,
species.

Navidad, Chile.

Trrrox TEUCosToxomEs.—PL. IV. fig. 64.

Triton_testd_ovato-oblongd, spird anfractibus senis, sub-
ventricosis aplral‘ter suloatis, etlangmkﬁmlwsr ouse ot
subsirreqularibus, rotundatis, transversim

This species resembles Triton leucostoma (Ranella leucostoma,
TLam.) more nearly than any other species: it diffors, however, in
tho following partiulars, viz, in its gunoral form, whih is moro
oblong; in its longitudinal ‘ribs, which are smaller and more
numerous, sad extond nearly the whole length of each volution
1 oma, they are little more than clongated
Tobonlon At b R AT hrin

Huafo Island, coast of Chile.

i
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Oassts MoxTurFER—P1. 1V. fig. 65.

Cusis testd sibglcbsd, transersim temiter sriatl, opivd e

actibus senis, ultimo gibboso, serie wnicd tuber-

uomum. postios natructo) labio extorno. tonuiusculo, reflezo,

intis levi 5 labio columellars. expanso, levi: long. 1°53 lat. 11,
pol.

A second row of small tubercles may be observed occasionally.
T know of no-species to which this s nearly relate

Navidad, Chile.

Moxocsros Axmrauus.—PL IV. figs. 60, 67.

bglobosd, crassiusculd, leviusculd, spiraliter obsoletd
costellatd, aperturd magnd, labio externo intus incrassato,
umblico parvo, angusto.

pecimen in very bad condition; considered by

M. d‘Orhlgny - cloeely xelated to, but not identcal with, tho
M. crassilabrum of Lamarck.

Coquimbo, Chﬂa.

GAsTRIDIVM.'—Novum Genus.

1 have thought it necessary to designate this sl
a new generic name, bocause s chnnele_r' are such as will n

generic name of Preudoliva*?), and which, to avoid tﬁ naceuhy cr
sdding to the numbes of generis uames  had o ited to tl
Bburne? Such also are two fossil shells described and figured by
Deshayes, it ThE DA D T el 7, Sfissuratum.
One shell resembles this somewhat in form, but in othier respects
is very different, and this has been placed with the Buccina in
‘Wood's ‘ Suppt., and with the Fusi by Gray. The characters by

1 From -,m,ram. wnlfwvl

* This name of which Swainson has designated. tho
Buccinum plumbeum of Chemnits, and which hus been adopted by
Gray, is evidently untenable and absurd, because employed to describe
an imaginary aﬁm.‘y to Oxxva, which da(a ot exist. To Eburna and

uceinum, Lam., the genus is nearly rel

* Dsbayes, ‘quulllu aila, o conizons, do. Pacis, ton 1. P

655, 656.
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which this new genus may be known and distinguished from its

allied genera are as follow :—

Testa ventricosd, subglobosd, spird brevi, anfractibus posticd ad
suturas adpressis; aperturd  magnd, oval; canali postico

Gastrioroxe Oxea—PL IV. figs. 68, 00,

Gustridi tt t‘quzfnrnn, Ligatd, et apialitr vt o
0: long. 23; lat. 17, pol,
Nn'xdnd, Ol

TEREDEA COSTELLATA.—PL. IV. figs. 70, 71.
Terebra testd turritd, laviuscula, anfractibus medio tumidiusculis,

posticd lined impressd obsoletd notatis, costellis numerosis longitu
dinalibus, elevatis ; aperturd columellique levibus

The number of volutions and the proportions cannot be given,
for there is only a single fragment of this species.
Navidad, Chile.

TeREsRA UNDULIFERA—PL IV. figs. 72, 73.

Terebra tetd clongato-turritd, laviuseul, lineolis undulatis longi-
udinalibus  confertis, posticis. fortioribus, tectd ; anfractibus
pzumm, postict tumiditisculis, lined impressd subobsoled, madio
+ aperturd subrhomboided, columelld levi.

There are only two fragments of this species, it is obviously
impossible to ascertain the number of volutions or the propor-
tions.

Navidad, Chile.

Vorvra Trrprioars—PL IV. fig. 74.
diterconfertim .tn.uu, ad suturas  adpressis,

pivalter eonfetin,_triatis, od s

; lat. 09,

This species is placed among the Polutes, because the posterior
or upper folds on the columella aro rather smaller the

dei
4, engitudinem e apuants ; columelld triplctt, plics
au-guu, oy ! ), poll.
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anterior; it nearly resembles in general appearance the fossil
Voluta, muricina, L., and wngusta Dosh, though easily distipe
guishable from both, by the circumstance of the three folds on tho
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 cither of those species,
and the proportions are also different.

Navidad, Ohile.

Vorurs atra—PL IV. fig. 75.

Voluta testd elongato-oblongd, spird attenuati, anfractibus senis
gracilibus, spiraliter confertim striatis, adpressis
einde_subventricosis ; aperturd sblongd, io externo crassiori,
subreflezo; columelld lavi, plicis duabus acutisoulis, perobliquis -
long. 753 lat. 275, poll. circa. o

There is only one specimen of this very remarkablo 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

7. ica, than to any other known species; it may,
however, casily bo ed from that species by the
characters above stated. At Santa Cruz, there are two b;uh,
apparently belonging to this species, but considered by M.
PO iny a il

Navidad, Chile; Santa Oruz, Patagonia ®

Ourva ooz, —PL. 1V. figs. 76, 77.

Oliva testd oblongo-ovatd, spird acuminatd, apice obtuso ; anfractibus
s, iton Sl i It i ]
anticd plicis quingue obliquis, posticd majori: long. 03 lat.
037, pol.

This species varies in its proportions; it differs from all other
Tecent or fossil species with which I am acquainted, in the remark-
able circumstance of its having a broad band of enamel covering
the anterior half of the last volution above or bokind the
columellar band, which is distinguished from the posterior part of
the volution by a very fiae line, bohind which may bo scun tho
longitudinal lines of growth, these lines being hidden on the
anterior part by this last cove amel. Th's species bears
a general resemblance to O, ispidula, & common recent species.

Navidad, Chile.

@ The Complete Work of Charles Darwin Online



622 Appendix to Part I1.

DevrALION reaNTEDN.—PL IL fig. 1.
Dentalium test teret, rectiusd longitudinalibus numerosis,
interstitis rotundatis : long. 39 lat. os ,»a

s occasionally to. grow to a very large size,
e i o
ol b wifih at 1t smaller exiromity, and slx-tanths of au inch 8¢
its Targer; while in its thickest part the shell itself is 013 of an
inch thick.

Navidad, Ohile.

Destanrvy svncosva.—PL IT. fig. 2.

Dentalium tetd lertiy  rectivenld, couellis lngitudinalibus
elevatiuscudis, subdistantbus 18, interalitiis planlaiss,

The proportions cannot be given ; for there is only one frag-
‘ment, which has been broken and the two pieces conferruminated
Ty the sandstone in which it occurs.

Navidad; Chile.
Daxratro xa70s.—PL I fig. 3.

Dontatium ts teret, recisaoully coes Tongisinabin b, ateris
majoribus, interstitiis rotundatis.

The proportions of his species cannot he given, because thero
are only some fragments; it sopos o be, one’of the larger

ies of the gemus, probal imensions_of

. sexangulare of Deshayes, m 3,138 L1t differs from that
species in the circumstance of its nev hlnng only ux angles ;
and it differs from D. eley nnlmum nf Deshayes (3 h I have
elsewhere proved not to be the kphmmmun nf Lummu)
Teing less Tapidly attenuated, and in being straighte

Huafo Island, coast of Chile.

Baraxvs vARIANs—PL IL figs, 4, 5, 6.

Bolens tosth valvis plerumque Levibus, nonmunquam

s et ‘sublcumnatiss vahd. Sasals
mod mia cyat]n formi, basi acuminatd.

is_a very remarkable as well as a very variable species.

Tts p..nml valves are sometimes smooth, only showing the lines
of growt, and sometimes covered with obtuse radiating ribs ; and
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the species belongs to that section of the genus which has
acuminated and s pariotol vaives. . But the 1eost vaable past,
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 accidental circumstance causes the shell to
elongated ; whereas in the elongated and clavate varieties of our
common species, it is the parietal valves that are lengthened and
not the basal. Thus, with respect to the present species, we find
that when any number of individuals are placed close together
when very young, as they increase they form a group, of which
the hasal vilves grow upside by side and become tubular, without
the parietal valves changing in form; hence in some specimens
this valve is concave in consequence of its having been placed upon
a convex substance, and at n distance from each other ; while, in
others, which have been placed very closely together when very
oung, this basal valve has taken a more of less deep cup shapo,
being very small at its lower extremity and increasing in dimen.

San Julian, Patagonia.

Bazaxvs Coqunemmssis—PL II. fig. 7.

Balanus testi polymorphd, valvis lavilus, nonmunquam radiatim
striatis, e - posticis angustiordbus ; apicibus subtruncatis
aperturd parould.

A remarkable fact is observable in the specimens, both from
the upper and lower parts of the formation; T have selocted one
from the upper bed as showing it most distinetly. In consequence
of numerous individuals being closely grouped fogether, each one
has been compelled to lengthen the basal valve, so as fo form a
nearly cylindrical tube, closed at the lower part, and gradually
i as it ascends until it joins the base of ‘the six pari

i f th seems to have

$ore, bosn 1hlsd up with call o yeloles separaina. by celaraoce
septa, very imegular indeed, but which would, nevertheless,
answer tho purpose of supporting the base of the animal in
the tube, so as to enable the animal to continue its vital
functions.

Coquimbo, Chile.
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DESCRIPTIONS OF SECONDARY FOSSIL SHELLS
FROM SOUTH AMERICA.

By Puorsssor E. FORBES, F.R.S, &e. &e.

Navrmus DOrBraxTaxvsa—PL V. fig. 1. (a) 1. (3).

Shell ventricose (probably smooth and slightly umbilicated?). Mouth
very bmmi, (rmform Black rounded. Sutures bend suddenly
dovarde, and near to, the wniblicus ; on the ack they are very
slightly sinuat;

pecimen is very imperfect. Thu form of the chambers

resembles st soem fn A g

from the upper greensand by D()rhgny "Tho geversl form e

noarly rosembles Noutls leviputsa of the same author, a species

Concepeion, O'hde.
Hawmss muatior—@. B, Sowerby.

Testt magnd, crasivacld, i, subcylindricd, annulis elevatis,
onspicuis, .ubmymu o i it prop

Thisis the largest Hamito T have seen it is nearly cylindrical,

and its hrgest diamoter is 23 inches smaller being 2} There

are two specimens, one of which is much larger than the other.

Tho smallor shows clearly tho nesr approxination of the two

extremities. The specimens st since Mr. Darwin's
roturn to England, uldmcunnotbeﬁ d.

Port Famine, Tiorra del Fuego.

Prnxa Axsrioaxa—PL V. figs. 4, 5,6,

Shell. lancelate ? ventricose, carinated, compressed in the cardinal
region cbruptly transts concae at the opposite side, so that the
ion of tho two valoes i triangular and somewhat cordate.

e vulintions of the hinge are arge, muamerous, eqular.
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The luy‘m of m shell ﬂmlh‘l to have been concentrically,
though rveularl, uriate.
The s en consists of the cardinal and apical portions of
two united valve:
Copiapo, Uhxle.
Astarte Danwrxir—PL V. figs, 22, 23,
Shell broadly ovate, much compressed, marked with rather distant,
%uxw m.‘mtm’ ridges ; zAs mt(ntu-u broad and concentri
striate ; anal and oral extremities nearly equally broad ;
breaks very obtus, 0 4
Ermdt}) 155 length, 115 thickness, & of an inch,
Copiapo, Chile.

Grypmes DarwINIL—PL V. fig. 7.

Ma'mlnumymddwgatdm ed, laterally compressed,
uch incurved at the rostral mmnty":htyjmudui
wit]

prrigaoet Rl frocicd h lesser
ndetions or srictions, Upper el concan,
me,ibrma from summit of beak to
mal,m.’;fbnnmsﬁmf
Cvplnpo,chlle

Grypnza Nov. Sp.P—PL V. figs. 8, 9.

Lower valve not very conves, rugged, angulated ;
orbicular, fuﬂwud with deep concentric iAoty et
a young

Lmytk ] brthA 255 thickness 5 of an inch,
Copiapo, Chile.

Luersa Asericaxa—PL V. fig. 24,
Shell orbicular, much depressed, the surface rough, with sharp, re-
gular, clevated, distant, concentric Fidges (nbwt twenty-five on
specimen examined) ; the intersties are sri ated, concentrically.
Length, 1.5 ; breadth, the same ; thickness, % of an inch.
Tn shape this species resembles the recent Zucina radula.
Tquique, Southern Peru.
88
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Luomsa mxeevTrIcA.—G. B. Sowsrny, P V. fig. 21.

Testi mbawd:, leviter inaquivalvi, levi, umbone adunco, postics
ulco profundo ab umbone ad marginem inferam posticam_de-
Curvente  alterd valod, minis profundo i alterd s long. 19;
lat, 13 alt. 2 poll.

Like Zucina Childreni, the two valves are somewhat unequal,
and sometimes the right, sometimes th:hieft, mlv:d is the larger.
Tho posterar, dosel groove i3 nearer deeper than

mics, and the whol,:dfhau is_much less
m-mm Tho prasent spocies may ba zogarded os obliquely sub>-

Port Famine, Tierra del Fuego.

SprrrrEr Omruensts.—Pl. V. figs 15, 16.

(Shell wiborbicuar, tunid, Doral valve desper than the ventral ;
cardinal area shorter than the transverse diameter of the valve,
triangular, mu‘nre, b by angedietnd merginn. | Pforation
meeolo-riangur.  Conre o the doral aclse with @ rather

deep and bmadnmu,( which, o el s ‘}e side, uffuﬂawai
Ribs simple (about twm{y—wu, four belong to
oy sinus), bec amtplm/ obsolete towards the angla of the_cardinal

e v by sirongly kol momaria i of grcwthe - Boak
very prominent and somewhat incurved. Danal volvs ribbed

Tk the ventral, four of the ribs being upon the rounded b, well-
defned mesil 7;'15.;4 Havim vt o B vedoss Aln:y}xlly pssi

" Fhere are two vavieties of this shell, the one much more tumid
than the other.

Dimensions of large breadth, 15 ; breadth of
cardinal line, 1355 wu.a dorlal e, 1%; ’ of ventral valve,
1 inch ; thickness of united valves, 13 of an tnch.

Thia shell. nearly resembs soveral carboniforous limestone
spirifers. It is also velated to some lassic species, as Spirifer
Wolco

Condillrs of Guaseo, Clile.

SerriFEr LINGUIFEROIDES.—PL V. figs. 17, 18,

sm orbieutr, g lobose, surface smooth, undulated towards the mar-
. Sk eme. are: oo & . a fou ¢ strong transverse fw‘rm of
rowth.  Veloes nearly equal. Frontal margine nof

roj
bisinuated.  Mesial furrow of g Gictiow, i)
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bt el defne, a0 i o is alao the mesial ridge of the vertral.Area
ot isle g ined.
cadthy, 133 Temgth | nearly the same ; thickness, 12 of an

Very near Spirifer linguifera of Phillips (a carboniferous lime-
‘stone fossil), but probably ks

Rio Claro, Valley of Coquimbo, Ohile.

TEREBRATULA INcA.—PL. V. figs. 19, 20.

Shell orbicular, depressed, surface obsoletely striated concentrically ;
the Furrous of growth becoming more strongly marked towards
e margin. " Dorsal valve most convex. Frontal margin: ob-
Jolutdy bisinuated, and in young. specimens slightly. truncate.
Beak of dorsal valve very prominent and incurced, ey
angled @t the sides terminating in o (small ) perforation. - Area

very small but di
LZength of i value, 15 breadth, 1, of an inch thick-

ness, 1 inch,

Touigan B T
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— freestone at. Aﬁcbnslm-\, 56

incrustations at Asecnxion, 58

— sandstone at 8t. Helena,

— pupecical bada g Geceas's

‘Soun

Cape of Good Hope, 166
— metamorphie rocks of, 465
bonic acid, expulsion of, by heat,

Carcharias megalodon,
Carmichael, ., on gluuy coat-

Cuepener el mGPRETIGE:

cottro ( (Ch|luu), Tods near, 390
Casts, calearcous, of branches, 163
C‘nqunnes Baths, boulders near, 203,

- pcbblns in porphyry near, 472
— voleanic formation near, 48!
— stratification near, 483

Cares sbore_sew-lave, 289, 330,
264

CLEAVAGE

Geridhiom G

, fossi
Chadeeomte
Chaleedony in o st taietsd

Ch«thnm Island, 111,119, 130, 141,

Chmner, M., on elevation near
8, 261

cmle, elu’lmon of ooty

285
ture of country between the
Cnnhllers and the Pacific, 283

Cl wel on cmt 217
- elevnuon of, 2

iary fumutmn nl’ 390, 407
D vstaliag ok o
Chlorite-schist, near M. v:am, 431
Chloropheite, 156
Clonos Archipeago, tertary formas

= crysmllme rocks of, 4
Chupat. Rio, eoris i

Cum Bov. W on tho Gepo o
), 166
rous beds of, 546
537

Cl.y eyt

Clayslate, its de wmpalmen and
neion withgrasit, o the Caps
of Good Hope, 1

s dnl Fuego, 441

- ucn 457
 iepatie of O, 471,475, 482
- fehpalhlc ‘of the Uspallta range,
e in por-
‘phyritic formations of Ch\le, 477
Claystone-porphyry, formation of,in
'lo, 472

— gt 4Ty

of, 575
l»a\'ngc, of clayelate in Austra-
Lia,
—itntion of, 424
— at Bahia, 425
— Rio do Janciro, 245
— Maldonado, 429
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CLEAVAGE
Cleavage, Monte Video, 433
Guitru-gueyn, 434

Cumpmn, 458
— Chile,
It on, 460
Cleavage-cross, in sandstone, 134
Cleavage-lamine superficially bent,
457

Cliffs, formation of, 228
Climate, late changes in, 308
= Chil during tertiny period,

Cotyof Cunoep&l(\n. 398

—8 Lore
Coost-domadation of 5. Heloms, 104
Cobija, elevation of, 2

icopa (fosil), i

Hlogena auris vidpina, 101, 171
Colombia, cretaceous formation of,

Colnma del Sacramiento, elevation

Py m emstin oenz 543

Colorado, Rio, gravel of,

T ot Gunet of 195 o

impean fumm(mn near, 321

Golumnar basalt, 13

Combarbala, 535, 538

Comptes Rondus, account of voleanic
‘phenomena in the Atlantic, 105

Conchalee, gravel- ‘m'ms of, 247
Concretions in tuff, 5
—jn e sqicat el i

red, 6

T e 60,73

— of aypsum, at Iquique, 308

— in sandstone at S, Cruz, 378

— in tufaccous, tuff of Chiloe, 378

— in gnciss, 43

— i claystone-porghyry at Port
esis

Conrrcuons st Valparaiso, |

CRATERS

Coneretions, in metamorphic rocks,

— of anhydrite, 486

— relations of, to veins, 526

Conglomerate, recent, at St. Jago,
2

— claystone of Chile, 472, 477

— of Tomyan, 452 400, 333

— ofthe Cunbro Fus, 506, 513

5t Rio Claro, 54

s e i s

Cook, Capt., on form of sea-bottom,
227

Copiapo, clevation of, 263

and terraces of, 248
Coqmmbm “\ertiny Tormations o,

ondasy formationtof, 540
Cooalteon tvingiot ‘pebbles, 226
Conls, fosl, from Van Diener's

ind, 155, 178

Cordlllnra. \'alluys bordered by
gravel fringes, 289

—basil, strat

o 472
— fossilsof, 491, 512, 547, 550, 560,
578

— clevation of, 472, 501, 528, 531,
571, 576, 589, 503, 602
— &ypscous formations of, 485, 489,
04, 509, 536, 543, 552, 657, 517
= cagstone purphy'rxe! of, 471
desitic rocks
— Soleanos of, 480, 591 601
e, M., onclevation of Lemus, 232
Coy inlet, tertiary formation of, 384
Coaten, great. contral one ab St
Hel

8 mlurmd  Ledgos round, and para-

ﬂggme..wf at the Galapagos, 123
Craters, basaltic, small, at St. Jago,
0

— of tuff at Tercoirs, 28
— at Ascension, 41
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CRATERS
Craters, form of, affected by the
trade-wind, 41
— of clration 10
o at the Gelapagos Archi
pelago, 111, 115, 115, 131
—mlul.l s i Galapagos Archi-
pe
e et e
Crassatella Lyellii, 387
(micatunks Mz, ool oty
near Lima, 2

Chyetaliation Sy by o 78
Crystals of feldspar, gmnl\y;nmm-
tion of, M, Pm Desire, 437
Cucullea,
Gumre B o, in Cordillers, 608
Cuming, Mr.,
el
ey SRR o
coast, 410, 411

ANA, M., on foliated i ik
— on amygdaloids, 4

Dartigues, M, on sphesalites, 71
arwin, Mount, 445

Dm.\,my, Dr,on a basin-formed
islang,

= ngmcnls in trachyte, 50

D Auiniason, on the compontion of
obsidian, 70

— on the lamination of clayslate, 75

— on hills of phonolite, 98
— on conestons 895

— on foliated rock
Decay, goadual, of npmml shells,
265, 267,

Dwmp(mlum o granite rocks, 428

Dola ﬂccho, i 1L, on maguesi in

— ouspemﬂcg yof limestones,57
— his the mml Tescarches on geo-

logy,

o i o MBI

reous rocks, 273

— on bent cleavage-lamin, 457

Denudation of eoust at St. Helena,

— on coast of Patagonia, 214, 228,
415

— great powers of, 415

| ® Orbign;

D'ORBIGNY
Denudation, of the Portillo range,
495, 500
Deposits, saline, 3
Despoblado, \ullpy %, 504,500,570
Detritus, uature "of in Condilier,

Trcauties vt cleavage in, 457

Diana’s Peak, St. Helena, 93

Diialaeh "D daslerChatham
Tslands,

by a glossy layer; uniform thick-

ness of, 87
st ol anes u St Helon,

b hnie o, extending fur into

sea round St. Helena,

56 e & Aoaiats 105

Zof i 114
— of trap, in the plutonic serics, 139
— in gneiss of Brazil, 423, 429
— near Rio e Janciro, 428

it Port, Desi

4

ive, 439

— in Chonos _Archipelago,
taining quartz, 455

— near Coneepeion, with quartz, 458

— unitic pophrite, at Valpe-
raiso,

— rarely seled S

480

at in the central ridges of
" the Portillo Pass, 480

— of the Portillo range, with grains
of quartz, 496

— intersecting each other often, 513

— numerous at Copiapo, 567

Distocations s Ascansicn, 48

— at St. Helena, 8

Distribution of voleanic islands, 140
olimieu on decomposed trachyte,

con-

— on obsidian, 72, 7
— on laminated lava, 75, 77
Domeko, M,y on the siver mines,
of Goquimbo,
A sl of Coguimb, 5
A on uprased sl
of Monte Vides, 160
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D'ORBIGNY
D'Orbigny, on elevated shells at St.
Pedro, 191

— on clevated shells near B, Ayres,
193

— on clevation of . Blas,

ot it Glydbttcaere
Plata, 215

— onelevated shellsnear Cobija, 264

— on elevated shells near Arica, 265

— on the climate of Peru, 268

— umlt depsits of Cobi, 302

— on erys gypsum in salt-
lakes, 310
—on absence of gypsum in tho

Pampean formation, 317
ool remalo - rom: Belia

827, 3
el S R
of the Parana, 332
—on'the gealogy of St. b, 8
— on the age of Pampean e
tion, 341, 356
— on tho Mastodon Andium, 362
— on the geology of the Rio Negro,
0

— on the character of Patagonian
fossls, 38

— on fossils from Coneepeion, 400

= am sl from Ooguimbo, 405

— on fossils from Payta, 40¢

— on fossil tertiary sheils of Chile,
40

— on_eretaccous fossils of T.del
Fuego, 443

— on eretaceous fossils from the
Cordillera of Chile, 490, 511, 548,
551, 560, 578

Drée, M., on erystals sinking in
lava, 133

Dufrénoy, M., on the composition of
the surfaceof certain lava-streams,
78,133

— on the inclination of tuffstrata,
121

ARTH, marine oegiof 24,301
Earthenware, fossil, 2
FEarthquake, effect of,at S. i 'n,ﬂa
— elevation during, at Lemus, 232
— of 1822, at Valparaiso, 244

ELEVATION

Barth, effects of, in shattering sur-
_fuco, 260
fissures mado by, 2
— probable effects on \Juumgb, 269
Earthquakes in Pampas
Barthquake-waves, power rents
throwing up shells, 244
— effects of, near Lima, 273
— power of, in transporting boul-
fhesidol
o, M. o dep hs ot which
nhslls 1.u at Val
rle st Aschmsion
=y Sents ombeided at S Halsa,

B e
the Pampean formation, 321, 328,
3

— on infusoria in the Patagonian
formation, 373, 374, 377, 385, 387
Tjected fragments at Ascension, 47
.4 tho Galapagos Archipelago, 125
Elevation of St. Helona, 1
— tho Galapagos An.}npel.xgu, 130
— of volcani blands
L
Hapo, diaw znmm, Anstnlm,
snd Chatbam Taland 1
—La Bt

Bﬁ.hu Bl:mcﬂ,, 193, 324
— Son Blas, 1
— Patagonia, m 213, 215
— Tierra del Fuego, 208
— Falkland hlmds. 210

— Pampas

Chmms Aruhx eh go, 232
5 Ch Ipelag:

— v.lpmmn, 239, 245
— Coquimbo, 247, 261

Elv\'mmu, = dden, at 8. Maria, 216

- mwmble at Chiloe, 234

— insensible, at Valparaiso, 246
— insensible, at Coquimbo, 251
— axes of, at Chiloe, 397, 407
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ELEVATION
Elevation, axes of, at P. Rumena,
8

— axes of, at Concepcion, 399, 407
~unfavourablo for the accumu-
permanent  deposits,

— lines of, parallel to cleavage and
foliation, 426, 429, 433, 434, 441,
447, 453, 458, 4

— line of obligu to folition, 453

Se i e

—Tines o, in'0is O3 Lnnhlleﬁ. 472
4071 Gl Poriloewice 408

o petiads o i Cordilern of

Conpi Ghil,

— two periodsofin Cun

— horizortal, in the Cordillera of
Cop;.pn, 572

ident with voleanic

LR ters summary on,
589, 503, 601

Elliott, Capt., on human remains, 193

Ellis, Rev. W., on marine remains
at Otaheite, 32

s within the great erater

91
Em-nwl», elovated shells of, 191
Batro Rios, geclogy o

curvidens, 336, 3

fote in T. del Fuego, 444

— in gueiss,
— frequent in Chile, 475
— in the T

Eruption, fissures of, 131, 142, 145

Escarpments, recent, of Patagonia,
228

Extinetion of land shells at St.

elens,
— of fossil mammifers, 346

JAULATD e -
21
— pebbles on coast, 223, 225

— geology of, 440
Falkner on salino inerustations, 306

FOLIATION
Faraday, e on the esplsion of

s
Faults, groas in Gondiller, el
Feldspar, Labrador, jected, 4
— fusibility of, 138
—in rndmlmg crystals, 166
garthy, motatmorphosis of, 8
" Port Desiro, 4
- albitic, 4
— rystals of, with allite, 478
— orthitic, in conglon of
Tenuyan, 49
— in granite of Portillo range, 494
in porphyries ia. the Cunbre

Fu dxp.zhm lavas, 24
ks, alternating with obsidian,

llmmatwn, and origin of, 74

clens,

Tovtela (l‘oml), iso

Formndo Koronta, 2, 75

taons supeeicl peds, 160
on sea level at Coquimbo,

Filxous aleuwus matter at St.

Fem
252

Jago, 1
T ofmpnon, 131, 143, 145
— relations of, to eoneretions,

I

— in clayslate,
Fitan, Dr, on s v,

00 i iy oAt Povgo,
14

FitaRoy, Capt. an tho dlevation of
the Falkland Islands, 2
g the demation of iy

Flagatafehill, St Helon, 86
Flowiand Ballerus o spheeulite

Fitadity of lavas, 117, 110

Foliation, definition of, 424
Bahia, 424

— Rio de Janeiro, 425

— Maldonado, 429

— Monte Video, 433

— . del Fuego, 446
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FOLIATION

Foliation, Chonos Archipelago, 451

— Chiloe, 456

Concepeion, 458

= muu,w

— discussion on, 460

Forbes, Prof. E., on the structure of
glaciers, 80

—on m'aclnul fossils of Concep-
cion,

Is and_sub-

B e sz

— on fossils from Guasco, 5

—n fosile from Coperaon 542,

N e Copit

el Sdgehe hve’
414, 5

s Pampafm, 315

esty nm'y ongm, 352

nda Oriental, 337
= Iokeanic, i s Orental, 341
— of Patagonis,

i ol
=~ tertiary of T. del Fuego, 385
. the Chanos Archipbuge, 380

of Chiloc, 301
of Chil

subsidence during, 419
voleaic, of Tres Montes, 389
hiloe, 391

RO

Pl Bl s

—_— 8
T Sncient, in . 4ol Fuego, it
8. Ameriear

4]
— metamorphic, of claystone por-
phyry fI‘Alngonm. 435, 468
— foliation of, 4
— plutoni, with laminazstructure

- pnhmzmc. ofthe E.lklami 1, 440
— claysto

457
B s 191, 512

— \'mmmmn, of the Portillo Puss,
491 |

oAy

Formation, voleanic, of Cumbre
Pass, 511

— gypseous, of Los Hornos, 535,

549, 550

— — of Iquique, 577

— Crtaceo-olitie,of  Comuimbo,
548, 56:

——of Guuw, 651, 562

— of Copnpo, b0

oot Iy

Tomils Neoooman, of Parill Pass,
4

— of Cumlre Pass, 511
= sy ob Cequinlo, 641
——of
Rt B0
— — of Iquigue, 578
— palwozoic, from the Falklands, 440
‘Fragments cjected at Ascension, 47
—at the Galapagos Archipelago,

= of bomblendo-tok i gusias, 473
of gueie in i, &
Freshowater Bay, 123,
Freer, Licut., on Srad atail of
Arica, 266
ot e ave, at Coquimbo,

Fuerteventura, caleareous beds of,
100

ALAI’AGOS § Archipelago, 110
ts round craters, 94
= proudodikas of, 440
Gallegos, Port, tertiary formation of,
88

Garnets in gneiss, 426
— in mica slate, 445
— at Panuneillo, 539
Gn.udicmusl. M, o
Brail, 4
ay- s expulsion of car-
Tonic acid gas, 9
Gay, M., on elevated shells, 239
— on boulders in the Cordillera, 203,
29

granites of

— on fossils from Cordillera of
Coguimbo, 550
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em, M, on brickwork traported
i earthquake-wave,

smm, D, on heights o O

B s ot i oty o
499

Glaciers, their stracture, 8
Glassiness of texture, ongm of, 70
Glen Roy, parallel roads of, 260
= floing terraces of, 205

Gnelul. gt i
ment, 149
— derived from alnyshu, 168
— near Bﬂh‘ﬂr
B.\

= num, 425

4
Graiso-gronite, forms of hillsof 160
Gold, distribution of,
Good Hope, Cape of, oo
Gorge: at St. Helens, 103
Goroona; ek ke
Grunite, ‘]nnekmn with clasito, st
of Good Hope, 1
—'axis of obligue to obaion, 453
— andesitic, 478
— of Portillo range, 4
— veins of, quartzose, s, 520
pebble o, in porphyritic con-
o

t = wnélumemtm 567

Granitic, cjected fragments, 47, 125
Grauwacke of Uspallata range, 516
Gravity, specific, of lavas, 132-140

Gravel at bottom of sea, 214, 225
— formation of in Patagonia, 219
— means of, transportation of, 224

— strata of, inclined, 515
Gravel-terraces in Cordillera, 200
Greonough, Mr.,on quartz veins, 464
Greenstone, resulting from meta-
‘morphosed hornblende-rock, 432
— of T. dl Fuego, 444
on the summit of the Campana
erosin gy
— porphyry,
relation of, wdayslaw 473
is, 542

Gt clavation ot 201
— secondary furm'mun of, 550
Guitru-gueyu, Sierra, 4

RPPURITES

Gy ynm\ ;;nem:lc mu]u o[ 424

Sy

—m vulmmc m-nm, aL SL Helena,

— on_surface of the ground at St.
Helena, 98

—nodules_of, in gravel at Rio

rro, 219

— deposited from sea-water, 273

— deposits of, at Iquique, 303

— erystals of, in salt lkes, 304

— in Pampean formation, 317
— in_tertiary formation of Pata-
gonia, 371, 373, 377, 378

2 grent formation of, in the Por-

— — — near Los Hornos, 536
— — — at Coquimbo, 542

— — at Copinpo, 653, 557
— —— near Iquique, 578
— of San Lorenzo, 579

A Gopta, on termces at

Coquimbo, 255

Hall, S T, on the expulson of
carbonic acid gas, 9

‘Hasitcn, Mot o lavabicn smsee
Tacna, 266

Harlan, Dr., on human remains,

193

Hayes, Mr. A., on nitrato of soda,
5

‘Heat, action of, on calearcous matter,
8

His (i), 174

Hmmypa (fuull),
Hennah, Mr., =Ko Ascension,

Henslow, Prof, on chalcedony, 54

— on coneretions, 464

Horbert, Capt, on valleys in the
Himalaya, 286

Henm‘l\m\ Bay, clovated shells of,

S mnry formations of, 403
Himalaya, valleys in, 286
Hippurites Chilensis, 542, 548

@ The Complete Work of Charles Darwin Online



638

Indez.

‘HITCHCOCK

Hiteheock, Prof., on dikes, 424
Hoffues, ool dhaes sl

][ulhnd Dr., on Ics]anﬂ 108
Honestones, psendo, of Coquimbo,

54

. o Corinpo, 652

Hooker, Dr. J. D., on fossil beech
mm, 536
Hopking, Mr, on yxes of clvation
oblique to foliation,

e e e

Hmb'xand»mk fragments of, in
guciss, 423
}Iornblends -schist, near M. Video,

r, Mr., on o caleareo-animal
ubsiance, 03
— on fusibility of feldspar, 138
Hornos, Los, section near, 536
Hornstone, dike of, 436, 458

oes, Sosil ot of, 336, 386
Huafo Tsland, 30
— subsiden g s
Trugatajays; mines of, 577
Hubbard, Dr., on dikes, 139
Humboldt, on cjected fragments, 48
— on obsidian furnu\tluns, 72,74

on amygdaloi
Hyie ntsesmposod irasyte, 20

OEBERGS sction. on
4

cleavage,

uﬁmwn of the cireum-
T ential i,

Tilapele, section .

Tmperial, beds of el mear, 286

Tncrustations, on St. Paal’s ock, 38

— calearcous, at Ascension, 58

— saline, 306

Tnfusoria in_Pampean formation,
315, 321, 328, 333
i’ Patagonian formation, 871,
473, 374, 885, 386

TAVA
Todine, salts of, 307, 309
Tquique, elevation of, 265
taof 202

— salife

— exetac f, 577
Imﬂ. nndn of m ln\'\n!v 61.\8, 66
ls, 536, 540

e

conrstions, 39

— sulphate of, 553
Toabelle, 3, en oleanic Tocks of

inda

T, e e

i elevation, 144

AGO, St.
Somes Tland, 119, 122, 131
Jasper, origin of, 5
Joints in clayslate, 447
onnes, . Moreas do,on eaters
affected by wind, 4
Juan Fernandez, 14 i
Jukes, Mr.,, on cleavage in New-
foundland, 463

ANISCEATE S sodicact 430
e Uz o 1 sein o of
carbonate of soda,
olhan, M, an prvaio 167
Kicker Rock, 114
King George's Sound, 160
— caleareous beds of, 248

TABRADOR. foldspa, ciected,

Takes, origin of, 2
il .m Inkes, 311
Lamination of volcani

Lanctshell, extinct at 81, Holens,

T closoma el
Lawa, adhesion to sides of o gorge,

—lel-.lspnlh 2
Jrith celssomimyglalidal, a1
— basaltic, of 8. Cru
O gt e % Chitos,
392

@ The Complete Work of Charles Darwin Online



Index.

TAVA
Lava, claystone, ancient submarine,

— Tusaltic, of the Portillo range, 497
= Blieathie, of the Cumbre Poss,

unl)mnrma,oﬁ.\\s Uspallatarange,
522, 525, 531

—basaltic,ofthe Uspallata range,528

— submarine, of Coquimbo, 44, 547

— of Copiapo, 554, 565, 569

TLavas, specific gravity of, 132, 140

Larw-streams, blnding together at
8. Ji

— cnmposmeu of surface of, 73

—with irregular hummocks at As-
cension, 111

— heaved up into hillocks at the

alapagos Archipelago, 116

— their fluidity, 117, 119

— oxtremo thinness of, 125

— differences in the state of their

TLead, separation from silver, 134
Lemus Islan1, 389, 406

Lemay Islet,

Leson M. on crtersat Ascenson 42
Teucite,

Ligrits o hiloe, 302
of Coneapelon, 397
Lima, elovation of, 2
Lime, sulphate ot Ascension, 50
Y maniato of, 575, 302, 306
Limestone of Cumbre Pass, 506
n‘fCoqmmbﬂ, 542, 546

Titenins (fs;l),

Tonsdals LI ey
oo Diemes's Tant 155, 178

Lot, St. Helena, 96

Tund and Clausen on remains of
L avesin Brasi, 360,

on grusites of sl 427
Lyell. n.. on embedded tu

—on glusuy coating to dikes,
ey s

— on upraised shells retaining their
colours, 219

~— on terraces at Coquimbo, 252

— on elevation near Lima, 273

— on fossil horse's tooth, 336

nN

Lyell, M., on the boulder-formatio
being anterior to the e
North American mammifers, 348
- on gudiipads wisbadiginensby
floods, 35

—onaze of American fossil mam-
mifers, 3

—on chsugau of climate, 414

— on denudation, 416

— on foliation, 464

ACAUTAT; Dy ol aloacaomn
at Madeira, 164
s o amygdaloid,

— on laminatedpitchstons, 74

—onchl

i e

— on beds of ma.rble, 167

Mackenzie, Sir G., on obsidian
streams, 78

— on glossy contings to dikes, 87

— on stratification in Iceland, 109

— on cavernous lava-streams

Maclaren, Mr latkar to, on em'E-l
Formations

Macrauchenia Mﬁoﬂw 326, 345

Madeira, caleareous casts at, 163

- mbsldnm:n Of. 230

ine, Nautical, account of vol-
cnie S g
105

Magellan, St., elovation near of, 208

esia, sulphate of, in veins, 378
Malcolmson, Dr., on trees carried
out: to sea,

ion of, 190

— crystalline rocks of, 429
Mammalia, fossil, of Bahia Blanca,
321, 336
—_— neﬂr St. Fé, 83:
Banda Onunml 339
rsz Juli

S e xeaion ot sad zango
Mun, akuluwm ot Gty 10
ns of near Lima, 268

@ The Complete Work of Charles Darwin Online



640

Index.

nax
Han, Tndin, astiguity of, 300
Marble, beds of,
Man ite, 59
congo, ravine of, 571
l.[lnden on alerlLlon of Sumatra,

metbu A.ndwnl, remains of, 332

Mauritius, 33

— crater of elevation of, 105
Maypu Rio, mouth of, with up-
Taised lhelh 219

— gravel fringes of,

et on Contl:
lera, 483

Yogalonys, rungs of, 202

Megatherium, range o
Miers, Mr on cluvmud Shals, 246
e Uspallata

plmn, 986

Miller, Prof., on ejected Labrador
foldspar, 47

—on quartz erystals in obsidian
beds, 63

Miu
Ml e T on tombe, 44
— on the Australian valleys, 162
Moka Lsand, lewation of, 286
— tortiary form of, 397
— subsidence at, 418
Molina on a great flood, 207
Monto Hormoso slevation of, 104
— fossils of,
Monte Video, clenuan of, 190

momsi foasls of the Falklands
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