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PREFACE

THE SECOND EDITION.

Tur Fmsr Eprmiox of my ‘Geological Observations
on the Voleanic 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 I 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 series. — A caloareous sedimentary deposit, with recont
el alered by the contuct of swperineunient L, ita horizonality
and extent— t eolcanic eruptions, associated with caleareous
matter in an carthy and fibrous form, and often enclosed within the
separate cels of the scorie—Ancient and oMiterated orifices of cruption
‘of amall size—Diffculty of tracing over a bare plain recent streams of
lava—Inland hills of more ancient volcanic rock—decomposed olivine in
large masses—Feldspathic rocks beneath the wpper crystalline basaltic -
strata—Unif ie i

Form of the valleys ncar the coast—Conglomerate now forming on the
wa beach,

Tug island of St. Jago extends in a NNW. and SSE.
direction, thirty miles in length by about twelve in
breadth. My observations, made during two visits, were
confined to the southern 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 voleano in
St. Jago, and only one in the group, namely at Fogo.

M ior vi
el Ry kg
on board HMS, ‘ Leven.' The square-topped hills (A, B, C, &e.)

are put tin merely by eye, to illustrate my description.

B2
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4 St. Fago. PART L.

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

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

of the island, between the square-topped hills marked
A, B, C, &e. 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 coast-rocks, with which they seem to be continuous.

Mineralogical description of the rocks of the lowest

series.—These rocks possess an extremely varying char-
acter; they consist of black, brown and gray, compact,
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omar. 1. Calcareous Deposit. 5

basaltic bases, with numerous crystals of augite, horn-
blende, 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; nor 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
u 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 Tsland, (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
Jforegoing 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 L.

the sen, 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 calcarcous matter. At Quail Island, the
caleareous 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 coneretions, 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

ions, a close examinati inced me that they
were Nullipore, retaining their proper forms, but with
their surfaces slightly abraded : these bodies (plants as
they arenow generally considered to be) exhibit undera
microscope of ordinary power, no traces of organisation
in their internal structure. Mr. George R. Sowerby
has been so0 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, atd 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 undescribed, 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
to a late tertiary period. From its mineralogical char-
acter, from the number and size of the embedded
fragments, and from the abundance of Patelle, 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 superincuwm~
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 chmgu has been greatest, two
varieties occur. 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.
In specimens, where the change has been less complete,
when 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 L.

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, ochruceous 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
patehes of earthy substance, and the stepsin 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. I was 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 I should think from my own experience, that
most geologists, when examining arenaceo-quartzose dis-
tricts, 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 crystalline,
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cur. 1. Caleareous Deposit altered by Heat. o
basis toa breceia, including small pieces of black, glossy
scoriw.  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 Island, the lime has thus been erystallised 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. T
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-L ibi this to the hanical displace~
munt of the nascent, carbonic acid gas. The calcareous

3 J am much indebtad to i E. . Bryleyin haing given me the
tubjoct : Famday, in the * Edin-
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matter beneath the lava, and especially that forming the
erystalline spicula between the interstices of the scorie,
although heated in an atmosphere probably composed
chiefly of steam, could not have been subjected to the
effects of o passing stream ; and hence it is, perhaps,
that they have retained their carbonic acid, under a
small amount of pressure.

The f scori, embedded in the cry
caleareous basis, are of a jet black colour, with a glossy
fracture like pitchstone. ~ Their surfaces, however, are
coated with a layer of a reddish-orange, transhicent
substance, which can easily be scratched 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 scoriw, which have undergone a closely
similar change.

The extent and horizontality of the ealeareous stra-
tuim.—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, Thesheet
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

@ The Comopl
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omsr. 1. Caleareous Horizontal Deposit. 11

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
oceur to the horizontality of the white stratum: at
Quail Island, 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 caleareous 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

bmarine origin and of consi 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 calcarcous
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

woodeut.  As neither the calcarcous stratum, nor the
No. 2.

SIGNAL POST WILL.

st el ks, B_Guicarons srstam.
e tauti v,

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 not 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 elovation with the ing 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.

sirdas DIaratr Corline
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m buaalh'c lava, superincumbent on the cal-
it.—This lava is of a pale gray colour,
f\u.mg into a black enamel; its fracture is rather earthy
and concretionary ; it contains olivine in small
The central parts of the mass are compact, or at most
crenulated with a few minuté cavities, and are often
columnar. At Quail Island this structure was assumed
in o striking manner; the lava in omo part being
divided into horizontal laminz, 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, & 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
distinctly counted.

Voleanio eruptions subsequent to the elevation. of
the land; the ejected matter Lwith earthy
lime.—These 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 one,
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 calcareous 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 scorie can always
be seen, and I could find none which, when dissolved in
acids, did not leave a residue of this nature. 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 scorinceous frag-
ments and the caleareous matter are associated in the
most irregular manner, sometimes in obscure beds, but
more generally as a confused breccia, the lime in some
parts and the scori 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 voleanic origin, whether they con-
tained much magnesia ; but only a small portion was
found, such as is present in most limestones.

ag of the scorim inthe
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
cylindrical ; they are rather ahove the i\ 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 detached,
50 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 mot 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
1 know nothing analogons. 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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caleareons 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 flnid lava, have been drawn
out when the whole was in motion. I carefully ex-
amined, by trituration and solution in acids, pieces of
the scoriw, takenfrom within half-an-inch of those cells
which were filled with the caleareous powder, and they
did not 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
lime 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, I 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 scori® 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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emr. 1. Caliareous Matter entangled in Lava. 17

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 clevation 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 caleareous matter forming the
horizontal sedimentary bed, especially the finer matter
with which the embedded fragments of rock are white-
washed, bas 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 earbonate of lime, filling amygda-
loidal cavities, and forming irregular masses, the nature
of which latter I was unable to understand.
Considering the abundance of earthy lime near the
summit of Red Hill,a volcanic cone 600 feet in height,
of subaiirial growth,—considering the intimate manner
in which minute particles and large masses of scorie
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 scoriz,—considering, also, the similar
occurrence of lime and scori 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 not
aware 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 Bendant in Hungary, and by
P. Scrope 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 scorie 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
guses, 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, T 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, crystalline, caleareous spar, produced by
a single thin sheet of lava (as at Quail Island)rolling over
similar carthy lime and the débris of organic remains,
at the bottom of a shallow sea.

Signal Post Hill.—This hill has already been

' Whilst dep beneath the surface, the carbonate of lime was, T

o, in o finid state. Hutton, it is known, thought that ll amy,

aloide wers produced by drope’of molten limestaoe lntig i the the
trap, like oil in water: this no doubt is erro
forming the summit of Red Hill had boen cooled under the ,m-mn
& moderataly deop sse, oe withia the wells o d1ke, we ahoud, a sl
Beobability have hid o trp rock smocated with lemge mases o cons-

pact, ine, ealcarcous spar, which, according to the views enter-
hmd ned by many gologiat, would e ‘wrongly attributed to sub-

@ The Comblate Work 6f Chares Darwin Orline.



—

our.1.  Small Orifices of Erupli

several times mentioned, especially with reference to
the remarkable manner in which the white caleareous
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 erateriform structure, and is com-
posed of basaltic rocks,' some compact, others highly
cellular, with inclined beds of loose scoriw, of which
sfome 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 volcanic action ata 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 calearcous spar, exactly like the great sub-
marine caleareous 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 scoriw 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

3 Of these, one eommon varioty s remarkablo for being full of small
fragments of & dark jasper-red earthy mineral, which, when examined
carefully, shows an indistinet cleavage; the little fragments aro clon-

tod i form, are soft, are magnetic before and after Leing heatod, and

L ty into & dull enamel. This minoral is evidently

to the oxi iron, but I cannot ascertain what it

ly is.Tho rock containing this mincral s cronulated with small

angulr cuvition, whicharo lined and lied with yullowish crysals of
of lime.

c2
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found an irregular cireular group of masses of cemented,
scorinceous breccin, 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 scorim, 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,
scems, 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 mayiemark, that in a
country, with a dry climate, and with the wind blowing

! The sides o this gone, wherstho w
sected, aro almost perpendicular. The b
e e
i ey gl Ao by el n.llq,
Dounded on each side by loose scoriaceous masses.
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always inone 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 hills of more ancient voleanic rocks.-—These
hills are laid down by eye, and marked as A, B, C, &e.,
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 part 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
height ; 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 the line 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'; although by these means L am acquainted with
only u part of the range, five or six miles in length, yet
I scarcely hesitate, from their uniform structure, to
affirm that they are parts of one great formation, stretch-
ing round much of the circumference of the island.

The upver and lower strata of these hills differ

bl
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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 finegrained or very coarsely
erystallised ; in the latter case 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 calcareous matter,
both in an earthy and in a erystalline form, including
fragments of glossy scoriw, 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 angite, and in the
grains of olivine being of much greater size ;—characters
which, together with the appearance of the associated
caleareous 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 Tsland, are curious. They consist of a pale
yellowish-green argillaceous substance, of a crumbling
texture when dry, but unctuous when moist: in its
purest form, it is of a beautiful green tint, with
translucent edges, and occasionally with obseure 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 crystals 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
1 found, to my surprise, that I could trace a nearly
perfect gradation from wnaltered 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
rocks, 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. Theirrusty 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 autharity of M. \hn:'l de Serres, masses of green earth near M
lier, which are decomposition. of olivine.
d» oty howavey, 8, that the action of this mineral undet tho blow.
ipo boing ntirely altered, as it becomes docomy beo
Rotieed; und tho knowledge of this fat is mportant, ot “first it ap-
pears \u{lhly improbuble that a hard, transparent, refractory mineral
should Do changed into a soft, easily-fused, clay, fiko this of St. Jugo.
1 shall horeafter describe o green substance, forming thrends within the
colls of some vesicular bsaltie rocks in Van Diemen's Land, which be-
Bavo under the blowpipe liks the greon wackn of St Jogu; but its
occurrence in eylindri shows it can not have resulled 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 ot 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 crystals 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 succession 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 each 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 eountry :
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 u 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 littlo of the inland parts of the island. Near the
villago of St. Domingo, there are magnificent, eliffs of ither conesly
erystallised Lasaltic lava. - Following the little stream valley,
a milo ubove the village, the base of the gren cnnu. tormed 3¢
& Compuct foe-grained Lnsetts conformmbly cove bbles
Near Fuentes, I met with pap-formed hills of the compact fespathic
series of rocks.
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and generally bounded by low clifi-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 calcareous 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-bottomed 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 lingly firm this recent
conglomerate is, I may mention, that I 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.

Fraxaxvo Nowoxus—Precipitous Aill of phonolite. 'Tarcwima—
Trachyiic rocks ; their singular decomposition by steam of high tor-
perature. Tawsri—Passage from wacke into trap ; singular voleanic
rock ith the veaicles half filed with mesotype.  Mavwrrivs—DProofs of
ita recent elevation—Structurs of ts more ancient mowntaing ; similarity
with 8t. Jago. Sr. Pavi's Rocks—Not of volounio origin—their si
gular mineralogical compusition.

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 Atlantie Ocean, in lat. 3° 50’ S., and 230 miles
distant from the coast of South America. It 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 any
one central eminence. The most remarkable feature
isa hill 1,000 feet high, of which the upper 400 fect
consist of u precipitous, singularly shaped pinnacle,
formed of columnar phonolite, containing numerous
erystals of glassy feldspar, and a few needles of horn-
blende. From the highest accessible point of this hill,
T could distinguish in different parts of the group
several other conical hills, apparently of the sume nature.
At $t. 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 fold-
spathic lava into yielding strata, If this hill has bad,

& The.Comblete Work of Charles Darwin: Online.



28 Terceira. PART L.

as is probable, s similar origin, denudation ek Doen RS
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 beds of slaty phonolite with
the planes of cleavage directed NW. and SE. Parts
of this rock, 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-
ingattention. 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 described. 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 cowrse 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 bill 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 bottom 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, and is of much too high temperature
to be endured by the hand. The manner in which the
solid trachyte is changed on the borders 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 elay, now that they are dry, cannot be distinguished
by the eye from the finest prepared chalk ; and when
placed between the tecth 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, I found small, globular,
aggregations of yellow hyalite, resembling gum-arabic,
which 1o doubt had been;deposited by the steam.

As there is no escape for the main-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

} Spallansant, Dalomien and Hoffann bavo describod similar cases

in tho Italian volcanio islands.~ Dolomieu says the iron at the Panza,
Isl is redeposited in the form of veins (p. 86,  Mémoire sur les Isles
Poncas"). Theso authors likewiso boliove that the steam doposits silica:
it is now experimentally known that vapour of u high temporature is
able to dissolvo silica.
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been succeeded by the steam; but I was not able to
ascertain how long this was ago, or anything certain on
the subject. When viewing the spot, I imagined that
the injection of a large mass of rock, like the cone of
phonolite 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 (Otaheite)—1 visited only a part of the
north-western side of this island, and this part is en-
tirely composed of voleanie 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 volcanic rocks occupy a large proportion of their
bulk. As the vesicles generally inerease 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 softened matter above it. Hence we might expect
to trace a perfect gradation from an unaltered erystal-
line rock to one in which all the particles (although
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originally forming part of the sume 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 crystals 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 mamner. 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 crystals, 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 plato of (‘Geolog.

Trans.,’ 15t Serics, vol. iv. p. 225) & trap rock, with cavities filled up.
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filled in the manner here described ; and it is difficult
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 T 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 laas,
and from the nature of the infiltrated minerals, T 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. None of these remains
have been specifically examined. On the coast, where
‘masses of coral rock would have afforded the clearest evi-
dence, I 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.).

horizontally with quartz and chaleedony. The upper halves of these
i ok s Bl by g, whioh Bl e ireogulariy of the
surface, and by little depending stalactites of the same siliceous sub-
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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 compuny 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 Astrea and Madrepora,
and of fragments of basalt; they were divided into beds
dipping seaward, in one case at an angle of 87, 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 orgauic 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, T 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.

! Captain Carmichael, in Hooker's Bot. Misc.' vol. ii. p. 301, Cap-
tain Lloyd has Iately, in’ the * ings of the Geological Society”
(ol il p. 317), detribed caneully smo of thess mases. Tn the
“Voyago i 1Tale de France, par un Officice du Roi,' many iuteresting

faots are given on this subject. Consult also * Voyage aux Quatre Isles
d'Afrique, par M. Bory St. Vincent.”
D

® The Complete Work of Charles Darwin Online



34 Mauritius. PART L.

M. Bory §t. Vincent has deseribed similar ealcareous 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 hetween 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 crystals 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 scorim.  They seem to have been of subaérial forma-
tion, and to have flowed from several points of eruption
on the central platform, of which the Piton du Milien
is said to be the principal one. There are also several
voleanic 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,

@ The Comblete Woirk of Charles Darwin Onlifs.




cmAr. 1 Mauritius. 35

delle 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 Iile versla
mer. These statements have been disputed, though
not in detail, by M. Quoy, in the voyage of Freycinet.
As far as my limited means of observation went, I
found them perfectly correct.'! The mountaius 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. Builly. 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 conclnded that
mountains with precipitons 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

. Tesson, in bis nccount of this island, in the voyage of the * Co-
q.m., ‘seems to follow M. Bailly's views.

»2
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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 voleano.

It is singular in how many respects those portions
of St. Jago and of Mauritivs which I visited agree in
their geological history. At both islands, mountains
of similar external form, stratification, and (at least in
their upper beds) eomposition, follow in a eurved chain
the coust-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
subadérial 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 seattered
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.

St. Paul’s Rocks.—This small island is situated in
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the Atlantic Ocean, nearly one degree morth 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
ot of voleanic 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 threads of dark-green serpen-
tine, and by baving calearcous matter in their inter-
stices. These rocks have an obscure, concretionary
strueture, and are full of variously-coloured angular

lo fragments. These angular pseudo fragments
consist of the first-deseribed dark green rock, of a brown
softer kind, of serpentine, and of a yellowish harsh stone,
which, perhaps, is related to serpentine rock. There
are other vesicular, calcareo-ferruginous, soft. stones.
There is no distinet stratification, but parts are imper-
fectly 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 caleareous 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 caleareous
spar, but can be scratched with a knife; under the
blowpipe it seales 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
i formed, stalactitical masses of ap y
the sume 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 us 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; mor does it
effervesce in acids. The whole mass had a collapsed
appearance, as if in the formation of the hard glossy
erust 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
thiat 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 arb form, this subst: i \!
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 IIL
ASCENSION.

Basaltic lavas—Nimerous craters truncated on the same side—Singular

strcture of wlcanie bombe—iriforn crplosions—Eject tic

sper, its manner of

in pumiceous tuff—Cale deposits ard

Frondescent incrustations on the coast—Remarkable laminated teds,

‘alternating with, and p«mlg into obsidian—Origin of dbsidian—
Lamination of voleunic

“i

Turs island is situated in the Atlantic Ocean, in lat. 8°
8., long. 14° W. It has the form of an irregular triangle
(see accompanying Map), each side being abott six
miles in length. Its highest point is 2,870 feet ! above
the level of the sea. The whole is voleanic, and, from
the absence of proofs to the contrary, I believe of sub-
agrial 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,
oceur. Nearly the entire cireumference 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

Basaltic 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 so; it is
of a black eolour, 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 T 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
ubove 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 distinguished 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 scattered 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 whence the trade-wind blows.! This
structure no doubt has been caused by the ejected
fragments aud 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.

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

Fragment of a spherical solcanic bomb, with the interlor parts coarsely cellulsr,
eontil by n concentric Inger of compact lava, and this Agaln by & crust of finely
collalaf Tock.

body; they are cither spherical or pear-shaped, or with
the hinder part (corresponding to the tail of a comet)

! M. Losson, in the ‘ Zoology of the Vayage of the * Coquille™ (p. 490),
s observed this fact. Mr. Hennah (* Geolog. Proceedings,' 1835, p. 189)

further remarks that the most extensivo beds of ashes at Ascension
invuriably oceur on the leeward side of the island.
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irregular, studded with projecting points, and even
concave. Their surfaces are rough, and fissured with
branching eracks; 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 succceded 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
scoriaceous crust is distinctly defined. This structure
is very simply explained, if we suppose a mass of viscid,
scoriaceous 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 vapours 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 softencd bomb, in

1 Nichol's * Architeeture 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 T
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 concentrie ridges and furrows,
all of which on the same ball are at right angles to one
axis: their interior is compact and glassy. M. Beudunt
supposes that masses of lava,
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 (of the natural
i The mppe heurs

vena o size) in the panying wood-
fseviewoCthe mue o ot [t wag found in ite pre-

No. 4.

) {Yoage aus Quatrs Tres dAfrique/ tom. i p. 222
*  Voyage en Hongrie.’ tom. ii. p. 214,

o B arids Ok
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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 tufaceous 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 distinetly 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 wero 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 changvd.

Aériform 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 greatest forco of the fingers.

2 On the northern side of the Green Mountain a thin seam, about
an inch in thickness, of compact oxide of iron, extends over a con-
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One white ribbon-like layer of decomposed, pumiceons
breccia, was curionsly bent into deep unbroken curves,
beneath each of the larger fragments in the superin-
cumbent stratum. From the relative position of these
beds, I presume that a narrow-mouthed 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 circus 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 subferranean
caverns were left, and that the falling in of the roof of
one of these” produced the hollow here described. At
the Galapagos Archipelago, pits of a similar character,

siderable aren. it lios eonformably in the lower part of the stratified
mass of ashes and frgments. This substanco is of n reddish-brown
<ol withan almost meallc st t T ot magrai, Bt Besomen
50 after having been hented wnder the blowpipe, by s black-
eand 420 purly fused.This snm of compact Vone, L4 Imuwl'p!mg
the litle min-witer wbich falle on tho el small
ing Kpring, fis discorered by Dampicr. . T4 the only freahewater
. o el 40 that the posebilty of s Leing inhabited hos entirely
o the occurrence of this ferruginous layer.
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but of a much smaller size, frequently oceur at the bases
‘of small cones of eruption.

Ejected. granitic fragments.—In the neighbour-
hood of Green Mountain, fragments of extraneous rock
are not unfrequently found embedded in the midst of
masses of scorie. 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, thongh 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 I was able to ascertain, by its
cleavage, to be hornblende. ZThirdly, a mass of con-
fusedly erystallised 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 distinct and
large-sized erystals of dusky-coloured Labrador feldspars!

! Professor Miller has been so kind as to examine this mineral, He
obtained two good cleavages of 86° 30' and 86° 60 The mean of
several, which I made, was 86° 30" Prof. Miller states that these
erystals, when reduced to a fine powder, are soluble in hydrochlorie

acid, lenving some undissolved silex bohind ; the addition of oxalate of
ammonia gives n copious precipitate of lime. Ho further remarks, that

‘acconding o Von Kobell, anorthite (a mineral ocenrring in the ejocted
fragmonts at Mount Somua) is always white and transparent, so that if
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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, us is the case’ with the first specimen, and
partially with the second. One ofher large fragment,
found in another spot, is deserving of notice; it isa

ing small of granitic,
cellular, and jaspery rocks, and of hornstone porphyries,
embedded in a base of wacke, threaded by numerous
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 lagers of quartz in gueiss. It is probable
that the
ejected, but were entangled in a fluid vnlnmc rock,
allied to obsidian; and we shall presently see that
several varieties of this latter series of rock assume a
laminated structure, ;

Trachytic sevies of rocks.—Those ocoupy 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 patehes; it
contains broken and bent erystals of glassy feldspar,

this be tho ease, these erystals from Ascension must be considered as
Labrador. M.hw Prof. Miller adds, that ho has seen an account, in
rmal fur technische Chemie,” of a mineral ejected from.
# voleano, 'hmh had the external characters of Labrador fe !m
differed i the analysis from that given by mineralogists of this mine-
sl the author atiributed this difference o an erroz in the analysis of
Labradoe oldspar, which o very old.

Daubeny, in' his work on Voleanos (p. 380), remarks that this is

lhe easo; wnd Humboldt, in his * Personal
uys, *In general, the masses of known pri
Which pertuely sessmble. our sranites, neie miwalte, urs
very raro in lavas : the substances we gonerally denoto by e of
eraite, umwn out by Vesuvius, are mixtures of nepheline, mics, and

pyroxene.
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grains of specular iron, and black microscopical points,
which ltter, 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 T was unable to
trace an actual junction. It contains numerous erystals
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 pusee

space is nearly included by

w
Monsiats ot} Joiaing the hills alled T Weathor o hgmat Sigoal, mz
head, and that ted (mproperly in o goological senso)

Cumul-nnm
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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 I have
ever seen. Both varieties include a few scattered 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 surfuce, and perfectly re-
semble b in a true sedi y tuff.
But as it is known that extraneous fragments of cellu-
lar 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
Pl A e R e e
e 3 lecom)
crystals opaque feldspar, o E::ﬁk., erystals
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from slight differences in the composition of the same
mass of molten stone, and from the abrading action of
one such part still fiuid 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 oceurring in the sume
proportional numbers in an aqueous deposit, and in
masses of solid trachyte. Moreover, as T 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
cireumstance of not easy explanation.

Veins in the earthy trachytic masses.—These veins
are dinaril i ing in the most
complicated manner both coloured varieties of the
earthy trachyte: they are best seen on the flanks of
the ¢Crater of the old volcano. 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
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 one
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 distinetly 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; T 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. I
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 sedimentary 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 scorinceous basalt. The
cells of the scoriuceous 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 5
other patches oceur 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
Jasper into the semi-d p ‘basalt,—it

in angular patches, which elearly do not occupy pres
existing hollows in the rock,—and its containing little
vesicles filled with chalcedony, like those in the seori-
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 asin 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 chalcedonic
layers.  After these considerations, I cannot doubt but
that the jasper of Ascension may be viewed as a voleanic
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 voleanie rock could be thus acted
on.! Iwasled to the careful examination of these rocks,
ond 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 in situ, the presence of free silica in this case
may be added as one more instance to the list.
Coneretions in pumiceous tuff.—The hill, marked

' eudant - Voyagoen Hongrie tom. i . 802 500 descries id-
-;h‘:rd nq)u-npl end into the surround.
conglomenss, o o -.uu ln u Jike chal-fizts  avd

ho comparos 1 fragments ised wood, which are
Pl L wever, appears to have
v| ‘process of their formation nm-. s one of simple infiltra-
an_of molecular exchango; but the prosence of a concretion,

vl\nlly “difeont from the nmund:n‘ matter, if not formod in a pre.
oxisting hollow, clearly seems to mo to roquire, either o molecular or
mechanical dispiacemens, of the atoms, which ocenpied. the after-
wanda flled by it. The jasper-opal of Hungary passes into chalcedony,
and therefore in_this cise, a8 in LhnwlAleuulon. Jusper seems to b

with chal
Beadant (* Voyage Min. tom. iii. p. 507) enumerates cases in Hun-
m!hnp,!hly,smu).lndlmn
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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 scoriw, of different colours, and slightly con-
solidated. Each successive saucer-shaped layer crops
out all round the margin, 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 distinctly defined near the outside ; but
those towards the inside generally become indistinet,
and blend into a homogencous 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,

T g T
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which are lined, both by black, metallic, and by other
white and crystalline specks, the nature of which I was
unable to ascertain. Some of the larger concretions
consist of a mere spherical shell, filled with slightly
i d ashes. The i contain a small
proportion of carbonate of lime: g 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 0 often the case, by the aggregation of this sub-
stance. T have not met 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 voleanic 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-
tinctly 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

+He Complete Worl:
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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
specifie gravity of ordinary limestone varies from 26 to
2:75; pure Carrara marble was found by Sir H. De la
Beche * to be 2-7. It 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
caleareous sand is accumulating, and round which the
currents sweep, become gradually coated with a calcare-
ous incrustation, half-an-inch 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

* Tho eggs of the turtle being buried by the parent, sometimes be-
come enclosd in the slid sk 3y Lyell I givon  figur (Prine.
ples of Geology,' book iii. ch. 17) of some egas, containing the bones of

young umm [uuml thus entombed.
“R in Thearetical Geology, p. 12.
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July, there was no remnant 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 moyement and dis-
f the vast ion of cal 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 théy 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, I believe, there are likewise great masses of
comminuted shells.
A frondescent calcareous inerustation.—In many
respects this is a singular deposit; it coats through-
out the year the tidal volcanic rocks, that project from

d antual matter, at
“Ascension,

the beaches composed of broken shells. Its general
¥ is well rep 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 circular, 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 accasionally 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

ists, but not one could conj its origin, except
that perhaps it was of voleanic 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 seratch
calcareous spar.  Under the blowpipe it immediately be-
comes white, and emitsa 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 extraneous, and oceurs in distinet,
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 lamellm are immediately
rendered visible. The original outline of the fronds

The Complete of Charles Dardin Grbas
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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 decply corroded, by the
dissolving power of the waves, into sharp ridges, and
then are coated with successive layers of the glossy,
gray, cal The i ies 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 calcareous 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 o 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 composition, 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, as T have remarked, is oxtranoous, and must have
been derived from the sea-water. It is an interesting circumstance
thus to find the waves of the ocean, -num-ml phlu'gnd vw.h sulphate
o llm«. to deposit it on the mn. gh.
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From this source it derives its animal matter, which
is evidently the colouring principle. The nature 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-

f frpenm and s, a¢ mach s two fs i thicknes e by the
Mlpurllvm of the spray on the rocks on the windwa atiful
stalcties of selenio, resembling in form those o{mrbruuu ot Time,
formed near theso beds. Amorphous masses of gypsun,
12 caveens in the Intetior of the iland; and. st Gross Il (sa old
erater) I saw o considerable quantity of salt oozing froma pile of scori,
Tn theso ltter cascs, the salt and gypum appear to be volcanic
"

ucts,
1 From tho fact described in my ¢ Journal of Rescarches” (p. 12), of
coaing of oxide of iron, deposited by & strewmlet on tho rosks i itsbed
(ke u oarly. smilar conting ot the great cataract of tho Orinooco and
le), becoming finely B whers um sarf acts, 1 presume that
the surf in this instance, also, agent.

Dariia Crliia
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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 moticed, but these insensibly blend
into each other by endless gradations.

First,—A pale gray, irregularly and coarsely lami-
nated? hmh—l'eeling rock, resembling clay-slate which

1 In the section deseriptive of St. Paul's Rocks, I have deseribed
Pt S rocks ind un alied sl
Sl inerustaion rom ion, the crust antles the
enumal ofteth, but o bard enongh to sertch o gase. I

lnn\mnur,md-semw e bemdezludﬁm

dung.
Mr. Horneruod S David ‘Brewstee have deseibed (- Philosophi
sactions,’ 1836, . 63) a singulr *artificial substance, rosembl
o it ddpmml in fue, transparent, highly palished,
ured lamin, posscssing pecalinr properties, on the
 veasel, in which cloth, first prepared oy it and thea with I
made

, is
revlve rapdly in watr. 1t i much ofter, more transparca,

contains more animal matter, than the natural incrustation at
S acaition: but We Dich Rgaiso tha Wiroas tandiy which sarbonate
24 Tlms sk suttond maties i 't o 4 solA abinuis STHoT o

* This term is open to some misinterpretation, ns it may bo applied
both to rocks divided into lamine of exactly tho same composition,
and to 1.,..- Semly attached to sach other, with o fasl tendency,but
composed of difforent minerals, or of different shades of colour. ~ Tho
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has been in contact with a trap-dike, and with a frac-
ture of about the same degree of erystalline 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, one behind the other, the
elonguted 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 distinetly 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 erystallised 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
torm ¢ laminated,in this chapter, is applied in theso latter senses ; whero
# homogancous rock splits, as in the former sense, in & given direction,
like clay-slate, I have used the term * fissile.

* Profossor Miller informs me that the crystals which he measured
had the fuces P, =, m of the figure (147) given by Haidinger in his
Translation of Mohs ; and he adds, that it is romarkabls, that none of
them had the slightest trace of faces r of the regular six-sided prism.
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crystallisation, and some fine, white, granular, crys-
talline matter which is probably feldspar. Minute
fragments of this rock are easily 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 J;th
to the gl;th of an inch; these layers seem to be com-
posed chiefly of feldspar, and they contain numerous
perfect crystals of glassy feldspar, which are placed
lengthways ; 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
easily fused into black brilliant beads, which become
‘magnetic,—characters that apply to no common mineral
except hornblende 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 erystalline 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 each
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
less perfect whiteness of the crystalline feldspathic
matter depends on the more or less perfect aggregation

@ The Complete Wor Darwin Online
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of diffused matter, into the black und 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 distinct 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
gueiss,

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 lamina,
to sum up their characteristics, are either quite straight,
or slightly tortuous, or convoluted ; théy are all parallel
to each other, and to the intercalating strata of obsidian;
they are generally of extreme thinness; they consist
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
distinet 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

¥
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glassy obsidian is effected in several ways: first, angulo-
modular masses of obsidian, both large and small,
abruptly appear disseminated in a slaty, or in an amor-
phous, pale-coloured feldspathic rock, with a somewhat
pearly fracture. Secondly, 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-
inds paedbbtatith 9955 sithint i
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 lamine
of the surrounding rock; they likewise generally con-
tain minute white sphewerulites, 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 perfeetly 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 deseription. It is of a very
complicated nature, and consists of numerous 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 spha-
rulties, embedded in a soft or in a hard pearly base.
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The spherulites 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 sphrulites are less perfectly round,
and vary in diameter from the J;th to y;th of an inch;
when broken they exhibit towards their centres, 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 spherulites, 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 zomes of different shades of
No. 6.

Opaque brown sphaerulites, drawn on an enlargod scale. Tha upper
ooy mapkd wih ol e, " el maiadng eructars of the
lower ones, s much 0 plalaly

colour, and externally by small ridges and furrows. In
the upper part of the accompany

¥2

ing woodcut, the

win Onlifie.
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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 manner 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.

Alager formed by the nnlcn of minute bevwn shmrlien, nteectng two otber
‘Himilar agers ; the whole represented of nearly the Ratural
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 intersécted. 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 spheerulites. These obsidian nodules
are generally angular, with their edges blunted: they
are often impressed with the form of the adjoining
spheerulites, 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 mot
found in some cases, a distinet 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, coneretions in sedimentary deposits, that one
is at once tempted to attribute to them an analogous
origin. They resemble ordinary concretions in the
following respects: 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 m their
centres,—in the st £ alaminary,
and radiating structure, as is so well developed in the
coneretions of magnesian limestone, described by Pro-
fessor Sedgwick.! Gy in sedi ry 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 occurring 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 spharulites
contain 79:12; 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 65-21 of silica; or of albite, con-
taining 69:09; of hornblende, containing 55:27,% and of
1 * Goological Transactions, vol. iii. pmx p. 87,
* The forogoing analyses are taken from Bouda

tom. ji. p. 113; and one analysis of ol
*Mincralogy

“Traité de Minér-
jan, from Phillips's

ik Von Kobell's Miner-

alogie,’ 1835,
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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 concretions 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 nodules and thin layers of o 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 sphierulites in these rocks ? very closely

3 *Traité de Glogn. tom. . p. 535,

* This is seen in the manufacture of common glass, and in Gregory

t's experiments on molten trap; also on the natural surfaces of
and on the dikes.

know whether it s generally known, that bodies having
exnctly the same appearance as sphieralites, sometimes occur in ngates.
. Robert. Brown showed me in an agate, formed within s cavity in o
n«x. some it spack, whih wre only just visble
these apeeks, when placed by him undee ;'1;.. of
high power, yﬂ!wﬂl nl:l the fectly
cireuar, Sl oy e et ] calont, sadinting
with great exnctuess from a_common nm These little mdinting
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resemble those produced in glass, when slowly cooled.
In some fine specimens of partially devitrified glass,
in the possession of Mr. Stokes, the sphwrulites are
united into straight layers with even sides, parallel to
ench 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, spherulites 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 sphwrulites in glass, to the different
ingredients obeying their own laws of attraction and
becoming aggregated. He is led to believe that this
takes place, from the difficulty in remelting sphwrulitic
glass, without the whole be first thoroughly pounded
and mixed together ; and likewise from the fact, that
the change takes plxee most, readily in glass composed
of many of M. ;
view, I may remark, um M. Fleurian de Bellevue ?
found that the spheerulitic 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 Ascension, with. those of other countries.—
1 have been struck with much surprise, how closely the
excellent deseription of the obsidian rocks of Hungary,

1+ Journal do Physiqus,’ tom. 59 {1804), pp. 10. 12.
* Liem, tom. 60 (180), p. 415,
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given by Beudant,' and that by Humbolds, of the same
formation in Mexico and Peru,? and likewise the deserip-
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 3 and Humboldt speaks of some of the
beds of obsidian being ribboned like jaspert They all
agree in the nodular or concretionary character of the
obsidian, and of the passage of thes=nodules into layers,
They all refer to the repeated alternations, often in un-
dulatory planes, of glassy, pearly, stony, and crystalline
layers: the crystalline layers, however, scem 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. Spharulites are described as
oceurring abundantly in all cas:s ; and they everywhere

! *Voyage en Hongrie.tom. i. . 330 tom. il pp. 221 and 815 tom.
i ﬂﬁv 571 377, 381,
Géognostiqn

zoved, in nes,
;:;«l!?ly sight :]lﬂ'mnc— o tnk o o{ull-.l:{nl'hy. aad of mors o les
foct degroes of glassiness. o ety ghaey
F e Aoy S 0 e i v i oV
SHAk basviue kel ot nces muense, i ot Tnt s Eaft e
Torm n distinet Inyer: on the oeher hand, & Asconsion, only the brown

glarly disseminated. Some_ specimens at tho. Geologien). Socey,

oration from Mexico, have an surthy
tracture, and are divided in the finest parallel laminm, by ks of n
black mineral, like the augitic or horablendic ‘spocks in Tmlu at
Avcension.
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seem to mark the passage, from the perfectly glassy to
the stony and erystalline 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 spharulites 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 Tceland.? In these cases,
the superficial parts are the most perfectly glassy, the
obsidian passing at the depth of a 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 coneretionary 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-

& Beudan's: Voynge! tom. i, o
xiff, sce Von B des Tsles Canarios,’ pp. 184
iow's  Voyage,' p. 34; for

369.
" e poue srie o s s Bneiac o e T Beants’ fo
tv.p. 8
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posed with nodular obsidian, it would ouly be necessary,
in accordance with the foregoing fucts, 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 voloanie rocks of the trackytic series.

‘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, eorrespond-
ing with the zones of different degrees of glassiness:
Hnmboldt,? moreover, found on the Peak of Teneriffe,
a 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. Serope? has
described a remarkable columnar trachyte in the
Panza Islands, which seems to have been injected into
an overlying mass of trachytic conglomerate: it is
striped with zomes, often of extreme tenuity, of dif-
ferent textures and colours; the harder and darker

1 MacCulloch n-:u (¢ Classification of Rocks,' p. 531), lhm lh-
ikes in Arran are furrowod, ¢

ulting lines m nbling eertain varietin of marbed paper e
wh!eh lently result. from some corresponding difference of lamina
uctare.”
78 Pacsocl Narrative, vol. i. p. 2
© Geagieal Trosmetiom’ v i (econd eics) p. 198,
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zones appearing to contain a larger proportion of silica.
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 ina 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. Dolimien?
also states; that the gray lavas of the modern cone of
Vuleano, 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 T
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 presenced 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-

! “Description des Tles Canaries,’ p. 184.
* Voynge aux Isles do I3 5.
* In this case, and in that of the fissile pumico-stone, tho structare
yery diffizont from tha i tho freguing xses whoro tho lamine con-
t of alternato layers of different composition or toxture. In some
imentary formations, howeves, which appacetly. ars homogeneous
2o il oo in glosay clay-alate,there i roason 10 belire, acconding
‘Aubuisson, that”the’ laminie are really duc to excossively thin
e its ot s
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tain, at the base of which they are situated ; and they
do ot 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
laminz, also, of some of the lava-streams above referred
to, as far as T can understand the deseriptions given
of them, appear to be highly inclined or vertical. T
doubt whether in any of these cases, the laminw have
been tilted into their present position; and in some
instances, as in that of the trachyte deseribed by Mr.
Serope, it is almost certain chat 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 laming; and some of the layers, sepa-
rating the spharulitic 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 spharulites in laminated obsi-
dian rocks from Mexico, and Mr Scrope has described
other cavities behind fragments embedded in his lami-
nated trachyte, and which he supposes to have been

1 Soo Phillips's * Mi; for the thnnl.lu.d. 136, F
p."" "ﬁs{ 1 'S, Biwande,

Meaico un s ¢ Exsni
bes the et Bl S
al v.rq.. e Geolog. Soc' for Juve, 1838.
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produced during the movement of the mass.! From
such facts, most authors have attributed the lamination
of these voleanic 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 see, 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
spherulites seems, judging from many analogous cases,
to connect the concretionary and erystalline forces: the
separate crystals, also, of feldspar all lie in the same

! * Geological Transactions, vol. i, (second series) p. 200, &e.. These
embedded fragments, in some instances, consist of the laminated
trachyte broken off and “enveloped in thoso purts, which still re-
muined liquid.” Beudaut, also, froquently refers, in his great work on
i. p. 386), to trachytic rocks, irregulurly spotted with
sume varieties, which in other parts form the parallel

we must supposo, that after part of the molten
mass had nesumed o laminated structure, a fresh irruption of lva broke
up the mass, and involved fragments, und that subsequently the whole
beeame relaminated.

# Dolimicu'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,
but 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
mot been produced by weathering.

Some of the finest streaks of colour in the stony
layers, alternating with the obsidian, can be distinctly
seen to be due to an incipient crystallisation of the
constituent minerals. The extent to which the minerals
Dave 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 erystallisation is much favoured
by space.  Hence, I conclude, that, if in a mass of
cooling voleanie 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 crystal-
lisation of the constituent parts, and probably the for-
mation of concretions, 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 Tho formation, indeed, of n large crystal of any mineral in n rock
of mixed composition implies un ngzrogtion of the reqisite tome.
fel

alled o conertionary action: Tho caas o the crytals of
these being all placed engtiway, i probably the
Tt i ngates and ) tho. brown epbwsaiitis

Flobulas (which behave Tiko foldspar eyt e
direction.
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tension in voleanic rocks, during their consolidation, we
must admit in the case of the thin alternate layers of
obsidian and pumice deseribed by Humboldt, and of
the small, flattened, crenulated air-cells in the lami-
nated rocks of Ascension ; for on no other 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,
maust have been subjected to some, probably prolonged,
action, causing the tension slightly to vary in the suc-
cessive planes.
Several causes appear capable of producing zones of
d-ﬁmc tension, in masses semi-liquefied by heat. In
ent of devitrified glass, I have observed layers
of spherulites 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-
seribed 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
“mm pour sarvir! &e, tom. iv. p. 131,
Eliuibirgh New Phil. Journal, 1942, p. 350.
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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 zones may
be compared to those in the finest agatess 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 laminw 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 laming, we see an analo-
gous case?  All geologists, who have examined trachytic
regions, have come to the conclusion, that the lavas of

* 1 presume that this is nearly the sume explanation which Mr.
Serope in his mind, when he Tm(v eolog. Transact. vol. i,
second sris . 228)of tho xilbonel stractars of his truchyie rocks

having arisen, from *a linear extension of the mass, Wl
imperfect liquidity, coupled with a concretionary proeess.
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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 zomes 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 lamine 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 rocks 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
crystals 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 crystal-
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 other rocks, are not uafrequently divided
into thick lmine or plates, of the same composition, which are either
sight or curvod; these bing crasod by vartical lines of e
sometimes become united into columns, This structure seems related,
in its ongm, edimentary,

0 travi nrud |., ‘parallel systems of fissures.

@
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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 voleanic 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. Bays—
Basaltio ring—Central crateriform ridge, with an. internal ledge anda
parapet—Conea of phonolite—Superficial beds of calcarcous sandstone
—Extinct land-shells - Beds of detritus—Elcvation of the land—

Tu whole island is of volcanic origin; its circumference,
according to Beatson,' is about twenty-eight 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 cjected in the
form of scorie and ashes: other beds of a purple tint,
porphyritic with crystal-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 brecciated structure, and
0 doubt have been formed by the decomposition of
! Governor Beatsou's * Account of St. Helena."
a2
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scorize. 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 sealy, 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 mearly 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.
Its 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

@ The
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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 now 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, conere-
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

¢ Geognnly of the Island of St. Helena! Mr. Sealo has con-
mf“ ntic model of St. Helnnn. wnll vunh visiting, which is
gl AL

lae Darwgin b
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augite ; others are of a brown colour, either lami-
nated or in a rubbly condition ; and muny parts are
highly amygdaloidal with caleareous 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,
I 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.
Flagstafi Hill and the Barn.—I will now deseribe
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
Barn, at once show that it belongs to the basaltic

No. 8.

The double lines represent the basa tic strata ; the single, the basal snbmarinestrata ;
the dotted, the upper feldspathio strata ; the dikes aro shaded transversely.

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 woodent) 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 obseured by innumerable
dikes ; under this hill, they probably change from being
vertical into being inclined into an opposite direction ;
for the upper or basaltic strata, which are about 800
or 1,000 feet in thickness, are inclined north-castward,
at an angle between thirty and forty degrees.

This ridge, and likewise the Barn 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. Mot of these dikes
are conted 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 nearly uniform thickness:* Mr. Seale

» Thise n,
vol. iv, chap. x. p. 9) in the dikes of the Am rm (Arn\lo. bnl appa-
rently it is not of very common occurrence. ~Sird. zie, however,
states (' Travel i Tesand p. 372) e il the veine o T

X vitreous coating on their sides.” O
of the dkes i Teitan 1Y Acuba,
Atlantie, says (‘ Linnwan Transacti

“ where they come in contact with the rocks,

vitrified state.’

*Geognosy of the Island of St. Helena,’ plate 5.

invariably in @ semi-
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states, that one near 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 numerous on this ridge, are even more
numerous in the valleys a little south of it, and to a
degree I never 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, T am not surprised
that this singular section has been misunderstood. It
has even been supposed to form part of a erater ; but
so far is this from having heen 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
Afeet, 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

@ The Complete Work of Charlee Darwin Online



onse. v, Flagstaff Hill and the Barn. 89

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 set 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 volcanic 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 Flagstafi Hill presents a
distinet anticlinal line extending north 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, a dark-coloured, 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 In Soc. Golog.’tom. if) observes,
that “les produits voleaniques n'ont que localement ot rarement méma.
dérungd le sol, & travers lequel ils so sont fait jour.”
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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

Tlagstaft 1L,

The Barn.

T doe, the wpper fedpabie wraes

or feldspathic series, which rest, though unconform-
ably, on the basal submarine strata, as we have seen
that they do at Flagstaf 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 minnte 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 Prosperons 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 ernp-
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 erater.
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 tuffi, 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 3 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, T 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 woodcut. The ridge ends on the

No. 10.

R eme o ok, o o s saehy mathr!
3 Breinioh o arilacosns il
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 occur
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not unfrequently within voleanic craters, 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 T 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 scoriw firmly connected
together; being externally perpendicular, and extend-
ing round nearly the whole circumference of the crater,
it rendered it almost. maccﬁnbl& The Peak of Tene-
riffe and Cotopaxi, to similarly
constructed ; he states ? that ‘at their summits a cir-
cular wall slum\mds 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 not 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,

* A most remarkable instance of this structuro s deseribed in Elliss
* Polynesinn Researches (socond edit.), whoro an admirablo drawing is
iven of the susessve ledges o frracs, o the bordersof th mmense
ot Hawai i thsSandwieh Ll
Personal Narmiive, vol. &
+ Humbaldt Petaseagus At foi, L. 10.
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projecting in the form of a cylinder or circular

pet.

From the points of stmcmre in the central ndge,
now ly, from the
wards it of the beds of the upper series,—from t.he
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-
coast ; 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 further, 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 volcanic
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 voleanic 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-
lacod by dikes, and without any regular stratification.
The chief part consists of red decomposing scorie,
associated with various kinds of tuff and yellow argil-
lnceous beds, full of broken crystals, 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 lamin, in another, into angular concretionary
Dalls, and in a third part into outwardly radiating
columns. At its base the strata of lava, tuff, and
scorite, 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 ; 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
m which beds, under nearly m.m\m' circumstances, are tilted up. The

uppor beds aro more turn the lower'; and he aceounts for
:il:,l,‘ :1, lhwmg Tt it Tava tnstmuatan” LIl horizontally between

s Thie height i givea by M. Selo, in bis Geogaosy of the fiand.
e hight of the sumit above the levl of the s, i i 1o be 1444
oct.
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less regular shape, namely, Lot's Wife, and the Asses’
Ears, 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 Flagstafi Hill, which, as
before stated, is crossed by numerous dikes running
in this direction, and which has a disturbed structure,
vendering 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. OFf
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 beneath 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-
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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 scems 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 Lo, 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
ocours 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 obscure 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, uccording 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 h!l "A‘nnréde Géoguosie ' (tom. ii. p. 540, -
hrly remarks that thi : B Rt
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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. Tt is remarkable that at the present day
there are no shelly beaches on any part of the coast,
whence caleareous 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 of ter has

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 couted pebbles.

! In the eanhy dutitus on seversl parus of this bl ireguar
massos of very impure, erystallised sulphate of lime occur.
substancein now being sbundantly doposited by the et at i
it is powible tha thete mases may thus bave riginated bt if o, it

ust have been at a period when the land stood at & much lower o
'rm carthy selenite is now found at & height of between 600 and
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Von Buch has described 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 ocours at the height of 800 feet above the sea,
but only on that side of the island exposed to the viclent
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 mueh exposed coast, 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, according to Von Buch, is quite similar
to speeimens which he has seen 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 water-fowl. It is pro-
bable that these upper beds remained long in an uncon-

1 “Deseription les Canaries,’ p. 293.
' H. . 314 lnd 174
logue presentad with some specimens to
the Gnluﬁml Bociey, statos osgings mazy a8 ten oggs wor found by
Dr. Buckland has remarked (* Geolog. Trans, vol. v, p. 474)
-t
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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, whieh I
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 extinet, 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 consists 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 part
of this earth is slightly consolidated by ealcareouws
‘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 collection 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 eleva-
tion of this island thus deduced! It 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-
spiouous shell, T 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 oceur embedded, as far as it is yet known, with
the extinet species. T 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 we have scen that the
embedded land-shells are especially numerous, 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 Resenrches,’ 1845, p, 480,

@ The Com

Work of Charles Darwin Online



cHAP. TV Elevation of the Land. 103

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, I
. 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 peeuliar 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

ure-like gorge, near Stony-top, is said by Mr. Seale to be 840"
foot deap, 2 caiy 116 fof 10 widih,
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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
ring, 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

@ The Complete Work of Charles Darwin Online



cmap, 1v. Craters afEkvalm 105

nearest island, namely, Asoeusion, is very strikings Ak
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, whenee
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
circuit of theisland 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 tho * Nautical M,:::me' for 1835, p. 642, and for 1838, p. 361,
and i the  Comptes Rendusy April, 1835, aecountsarogivenaf  srics
of voleavie phenomena— cs—trouled water—floating scorire
and_columns of smoke— i

open

wnv.h n! u.. .q....m

s facts om0 show that an ieland o s arch i process

of foraaticn in the middls of the Atlantc: a line ,n-mn. s Helena
foeus

and Ascension, prolonged, intersects this slowly nascont
canie action.
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the parts which I was able to examine) by a ring of
basaltic mountains, now much broken, but evidently
onee conti These ins have, or
once hud, 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.
1 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
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whether the rings were ever completely formed, for the
portions which now exist have so uniform a structure,
that, if they do not 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
oceurrence is so frequent, that I can hardly persuade
myself to adopt this explanation. Moreover, I suspect
that the following circumstances, from their frequent
concurrence, 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" (fifth 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,
oceurred to me, when,—with my mind fully convinced,
from the phenomena of 1835 in South America,! that
the forces which eject matter from volcanic 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 cone at St.
Jago, and as does a large part of the cireumference of
Teeland,? but that they are separated from it by curved

! I have given a detailed account of these phenomena, in a pay
ns‘d brlon lhe Genlqpml Society in March, 1838. At the instant of
umense area was convulsed and o large tract elovated,
the Gitrct immodistely sursoundiog several of the et vt n the
Cordillers remained quiescent ; the subterrancan forc
ently relioved by the sruptians, which then recommenced W
the same kind, but on an ininite]

itely

m.uanh...wmh taken place, acconding to Abich (* Views
o Vesuvin L RMTRY wAM B et e o Vet
on one side of a fissure was raised in mass twenty

lnL vhn.n on th other side, & train of mall volesnos burst forth i

t appears, from information communicated to me in the most
it misme: Iy M. E. Robert, that the circumferontial parts of
hich are composed of mmbu.ie strata alternating with

‘tuf, dip inland, thus forming a gigantic saucer, M. Robert found that
i wha the dase, wilh 8 Tow aad quite ol cxcptions, for a space
of cout seveml bundred miles in lngth, 1 20 s sntement
as regards one place, by Mackeuzie, in his * Travels"

(y xm e i u. -mﬂ.ht place by somo MS. notes kindly lont me by
coast is deeply indented by creeks, at the head of
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faults. We might expect, from what we see along.
ordinary faults, 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 upmsed to a less height.

:hi.ny cousist,
oauly erupted matter, | Tho gret sian, howerer, of el
the by gt o wn.p. o exclude it from the

clasm of have been considering; but I cannot avoid. suspect-
ot ot f e coastmouataing, ostond o 1 gvily .u,pm, into the loge
glovted centrnlarss b bon bparated fom it I y irrogularly eurv
faults, the strata would havo been tilted sea o o
elevation,' like that of St. Jago or that or -rmu. but of much vaster
dimonsions, would have been formed. further
¥ ol gt B Ko large volcanos,
aod the fraquent assocation of volanie and fresh-water s, seem 15
i:axmmu‘;:'.“ 3t around ylesnos a1s ap o be deprossed Leneth
o general o adjoining country, from having beea
ess elevated, or from the effects of subsidence.
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CHAPTER V.
GALAPAGOS ARCHIPELAGO.

Chatham Idand—Craters composed of a peculiar kind of tufl—Small
Albemarle

diverging strata, and. structure of their interior converging strata—
James Ioland, segment of @ small basaltic crater ; fluidity and compo-
sition of its lava atreams, and of s gjected fragments—Concluding re-
marks on the craters of tuff, and on the breached condition of their
southern sides—DMineralogical composition of the rocks of the archipe-
lago—Eiecation of the land—Dircetion of the fissures of eruption.

Tims archipelago is situated under the Equator, at a
distance of between five and six hundred miles from
the west coust of South Ameriea. 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 Tonian Islands. They are
all volcanic: on two, craters have been seen in erup-
tion, and on several of the other islnds, 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
* 1 exclude from lhu ‘measurement, the small 'nlan:iﬂlnd-ﬂ
Culpepper and_ Wenman, lying seventy ‘miles northward of the

were visiblo "on a1l 1he ilande of the group, except on
Teland, which i ono of the lowest; this islaad i, Boweve, formed of
‘voleanie rocke.
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in size from mere spiracles to huge caldrons several
miles in ; they are

numerous, so that I should thmk, 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
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"
Weninan 1. (2.0
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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.

Cuarmay Isuaso.  Craters composed of a singular
kind of tuff.—Towards the eastern end of this island
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there vceur 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
scoria : 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 remder its 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, basaltic lavas in the monthn of craters -nndmg in
the sea. It may be asked whether the heated water
within these eraters 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 ? I ask
these questions from having found at St. Jago, in the
Cape de Verde Tslands, that where a great stream of
molten lava has flowed over a caleareons 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-
mariue origin. This crater consists of a circle of hills,
some of which stand quite detached, but all have a very
regular, quiquil versal dip, at an inclination of hetween
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

conertions contaiving lime, which T have described ot
Ascension, as formed in a bed of ashes, presont some degree of rose
blance to this substance, but they have not & rosinous fracture. At S
Helena, also, I found veins of a somewhat similar, compact, but non-
resinous substance, occurring in w bed of pumiceous ashos, npparently
frve from caleareous matter: in neither of these cnses could heat have

it weho estrict the term o -l 0 ashesof u white
colour, nmlung from the nn-mon of feldspathic lavas, would call these
brown-coloured strata * peperino.

I
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formerly have occupied the hollow of the erater, 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 crater (520 feet in height) must
have existed until the eruption of a recent, great stream
of lava, as a separate islet 5 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,

fissures were formed and filled up with the finer mud
or tuff from the crater, before its interior was occupied,
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 scorinceous parti-
cles to the substance with a semi-resinous fracture,
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could be clearly 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
basaltie craters with which it is studded. They consist,
either of a mere conical pile, or, but less commonly, of
a cirele, of black and red; glossy scoric, 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, I 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.?

! M. Elie de Beaumont has described (* Mém. pour servir, &e., t
iv. p. 113) many cirques d’éboulement” on Etna, of some o of
which the origin is Em rically known.

* Sir G, Mackenzio (- Travels in Toeland, pp. 389 to 392) hasdescribed
plain of lava at the foot of Hecla, everywhere heaved up into great
bul)hlu o Dlisters, Sir Georgo states that. this cavernous uv- com-
go uppermost stratum; and the sam on.
juch (‘DmmpL des Tsles Canaries,’ p. 139), mm s uw bﬂsnlhc
tream near Rialejo, in Teneriffs, It appeurs singular that it should
be upper streams that are chiefly (et g i g
why thé apper Wl lowes alouId ok bav bede:eguslly aibeted ot
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Auppsance Tsuaxp.—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 difierent 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,
casily 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 inferio streams flowed beneath the pressuro
of the sea, and thus been flatiened, after the passage through them, of
bodiesof e
he mehllm of Chile, T h\-a seen In\rn vy elo-ulyrmmbhng
m. \'v m at the Galapagos Archipelago. ined, hower
sides the albite, well-formed r:ryltlh ulnuglle‘ aod the v (pachey
omsequencs of the wggregation of the it parieles) wus o
Tightor n eclour, 1 vty hers remnck, that i ll hess enses, T all o
. albice, from their cleavage-planes (s measured by

ometer) ‘soresponding with those of that mineral.
As, however, other species of this gevus have lately beon discovered to
cloavo in nearly the same phues with albite, nlermm ion

onsidered us_only provisional. I examined the crystals in the
lrus of many diffent pts of the Gulapagos group, an &1 found. that
note of them, with the exception of some erystals from one part of
Jumes Tsland, cleaved in the direction of orthite 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
crystals 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, deseribed by Von Buch,! as projecting in
great Dalls 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, a similar lava contained true olivine.
I 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 mothing; 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,
hounding many of the basaltic streams at Ascension, is
very remarkable, It has generally been supposed that
lavas abounding with large crystals, and including

! * Description des Tsles Canaries! p. 20;
* Humboldt meations that he mistonk
curring in the voleanic rocks of the Cordille

roen_ augitie mineral, oc-
of Quito, for olivine.
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angular vesicles,! have possessed little fluidity; e
see that the case has been very different at Anmaﬂe
Island. The degree of fluidity in different lavas, docs
not seem t; with any apy

amount, of difference in their compoaltmn 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 asa
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

! The irregular and angular form of the vesicles is probably cansed.
by the unequal yielding of a mass eomposed, in almost equal proportion,
of solid crystals and of n viscid baso. It cortainly seems a goneral cie-
cumstano, as might have boeon ospected, that in lasa, which hs
possessed & high degree of flui s an even-sized grain, the
vesicles are m(zrnnlly ‘emooth and spher’ eal.

* A specimen of bastic ava, with a fow small broken erystals of
altite, given mo by one of the offcers, is perhaps worthy of description.
Tt consists of cylindrical ramifications, some of which aro ouly the
twentieth of an 2 inch in diamotor, ond aze drawn out into the shuxpest
points. The mass has not been formed like n stalactite, for the points
terminate both upwards and downwards. Globules, only the fortieth of
an inch in diameter, have dropped from some of the points, and adhers
to the adjoining The lava is vesicular, but the vesicles never

the surfice of the branches, which are smooth an lnlv As lr.
is gonerally supposed that vesiclos are always elongate
the movemont of the fluid mass, I may observe, that in these .-,xm-
drieal branches, which vary from a quarter to only the twentieth of an
inch in dismeter, every air-cell is speric
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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 féet 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 ribs 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 sume crater, I 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 mudsstream, instead of,
as in the former case, of the uppér 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
either 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 fect above the surface
of the internal brine-lakes 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 not, as far as they could be
followed, thicken towards their lower extremities.
Banks' Cove.—This harhour occupies part of the
interior of a shattered crater of tuff larger than that
last deseribed. 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-
verging 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 conelusion u o some iteret, ecauso M. Dufrincy (¢ Mém.
pour servir,’ tom. iv. p. 274) has argued from strata of tuff, apparently
3¢ simtlar compintion, with that here deesibod, bsing Tnchned st
angles between 18° and 20°, that Monte Nuevo and some other craters
of Southern Italy have beon formed by upheaval. From the facts
given above, of the vaulted character of m separato rills, and from the
0T not catending in borizontl sheets o these enterform bile, uo
one will suppose ihab the strata have here been produced by el
and yet wo see ha lination is above 20°, und often as mug
oot e e
immediately soen, dips at an angle of above 80°.
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proper, diverging, iform_strata, a
in the accompanying rude, sectional sbetchof the head
No. 13.

A sectional sketoh of the headianis forming Tanks' Cove, shawing the diverging
ratetform, st and the converging siraiided tals. " The ighest pofat of
Hhese bl s 817 feat above th

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 erateriform
ata. From the great development of these inner
beds, a person walking round the rim of this crater
might faney 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.!
Janes Istaxp.—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

! 1 believo that this case nctually oceurs in tho Azor
Webster (- Delx-rlphnm . 168) baa daseribed b oemod,
composed o state. of 1, digping imwaels and bounded external

ol il Gl Duubeny supposes (on Volewnos, p. 366,
That this cavity most ave been formad by 3 chralar subuidencs
¢ appears o far mope probable, that w hero have stratn, which
were originally dqum yitia thebollow of » ceaer of which the
exterior walls have sines been removed by th

where Dr,
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Grande: it is circular, about the third of a mile in
diameter, and 400 feet in depth. It 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. 1tsexternal sloping surface presented
a curious appearance from the smoothness of the wide
layers of tuff, which resembled a vast plastered floor.
Brattle Island is, I 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 south; its great size is probably due, in
part, to internal degradation, from the action of the sea.

Segment of a 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
crystals 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,

No. 14,

Segment of u very small orifico of eraption, on the beach of Presh-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
crystals of albite appear to be more comminuted, and
the grains of fused augite are absent. Each streum
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 scori, apparently derived from the abrasion
of the streams in passing over each other. All these
streams are very remarkable from their thinmess. 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 scariaceous 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, I 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 possessed a high degree of fluidity.

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 burnt condition, closely resembled
those fragments of primary rocks which are oceasionally
ejected, as at Ascension, from volcanos. 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
erystals 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 pinnacle,
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
syenité, yet I believe that the lava has originated from
the melting and movement of a mass of rock of abso-
lutely similar ition with the 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 angite more perfectly 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 exaetly 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 eithér of a mass of
primary rock which has undergone considerable change
from voleanic 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 vemarks on the tuff-craters—These
craters, from the peculiarity of the re ke 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 eraters, 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 oria gigantic seale, the ¢ salses,’ or hillocks of
mud, which are common in some parts of Italy and in
other countries.! Their closer connection, however, in
this Archipelago, with ordinary voleanic 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. T sawand received accounts of twenty-
eight of these craters; of these, twelve form separate

! D'Aubuisson’s ‘ Traité de Géognosie,' tom. i. p. 189, I may remark,
that T s a Tereuin, i the Asore, o crate of tuf oF poperin, very
similar to these of the Galspagos Archipelago. From the description
given in Freycinet's Voyage, similar ones occur at the Sandwich
Tslands ; and probably they are present in many other places.
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islete;)/and now ekisbjenimeraicresoente qiitendpén fo
the south, with oceasionally a few points of rock mark-
ing their former circumference ; of the remaining sis-
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 not 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 scori@. 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 rock, 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 not 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 ecraters, it is probable that some have
been entirely washed away. As there is no reason to
suppose, that the craters formed of scori@ and lava

! These consist of the three Crossman Tslets, the largest of which is
600 ot i beight; Enchanted el ; Garluer Il (760 fet i)
Champion Iland (331 et ety Telaod; Biitle Lo

two islets nenr xnd.r..u..hl. ad, oo James Tsland.
A secand crater near (wih . sl Take in it eentre) haa
it southern shle only about twonty o g o e e parts of
the cireumference 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 craters 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.
I did mot observe in any specimen distinguishable
erystals 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 crystals 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 scorie, 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.

+ *Description des Tsles Canaries, p. 328.
'S
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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
50 imperfect that they can be recognised only as be-
longing to recent marine genera. On Charles Island,
I 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 rather it is probable, that the rounded boulders,
now lying on its summit, are merely the remuant 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 8. Narborough Island, and the great crater
on the jection of Alb le Island,
form a second parallel line. To the east, Hood’s
Island, and the islands and rocks between it and James
Tsland, 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 Island, 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 manver 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 volcanic 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.

Darin b
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CHAPTER VI

TRACHYTE AND BASALT.—DISTRIBUTION OF VOLCANIC
1SLES,

The sinking of crystals in fiuid lava—Specific gravity of the conatituent
parts of trachyte and of basalt, and their consequent separation—Obsi-
dian—Apparent. non-separation of the elements of plutonic rocks—
Origin of trap-dikes in the plutonic Jﬂ'»u—l)u(nlmmm pjuleam
islands ; their_prevaleace in the great oceans—They aregenerally
arranged in TR0 omiee i of Von Buch louN/ul—l ol
canic islands bordering continents—Antiquity of olcanic inlands, and
their dlevation 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
been 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

* + Description des Isles Canaries” pp. 190 and 191,

© The Complete Work of Charles Darwin Online




cmAR. VI Trachyte and Basalt. 133

the crystals 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
erystals of feldspar always tended to precipitate them-
selves to the bottom of the crucible. In these cases, I
presume there can be no doubt ! that the crystals sink
from their weight. The specific gravity of feldspar
varies? from 2-4 to 2:38, whilst obsidian seems com-
monly to be from 2:3 to 2'4; and in a fluidified state
its specific gravity would probably be 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 erystals through a viseid 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

a6n of molen fron, it it found ( Edinburgh New Philoso-
Dhal Jouemaly ol zai. b 66) tat tho subsancen, which baze »
elose uflnity for caygen hin & o v fon ket o b
.. But & similur cause can hadly apply to the sepa-
ration of the crystals of these lava streams. The cooling of the
of laa seoms, ‘in some cases, to have affeeted its composition; for
Dufiénoy (*Miém. o sevie’ om. iv. p- 271) found that the terior
parts of a stream near ur tained two-thirds of » mineral wl
s acte on by acid, whilet the sufuce consited chify of wineral
.-.uuhm. by aci
* I have taken lhn specific gravities of the simple minerals from Von
Kobell, one of the latest und best nuthorities, and of the rocks from
yurions authoritos.  Olsidin, scconling to Philips. is 335; and
says it nover excoeds 2'4; but a specimen from Ascension,
‘wghed by myself, 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 erystals.
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 one of these
minerals became, whilst the others remained fluid,
united into erystals 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 mutual 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 mearly 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,

' Al lnmm' account of uu- diseovery, by Mr. Pattinson,
was read before the British Assogiati

September, 1838, In soms

cmistry,’ p. 210), the heaviest metal
that this takes plm whilst both metals are l}lid.

ore,
gt L s g
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the formation of detached granules. The specifie
gravity of silver is 104, and of lead 1135 : the granu-
lated lead, which sinks, is never absolutely pure, and
the residual fluid metal contains, when richest, only
vty part of silver.  As the difference in specific gravity,
caused by the different proportions of the two metals,
i 80 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
fluid,

In a body of liquefied voleanie 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 erystals 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
2:4t0 274 of hornblende and augite, varying from 30
t0 845 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 24531
whilst basalt composed chiefly of augite and feldspar,
often with much iron and olivine, has a gravity of about
30. 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 voleanic focus. This order of eruption bas been
observed by Beudant, Scrope, and by other authors;
three instances, also, have been given in this volume,
As the later eruptions, however, from most voleanic
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, perhap, 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 contemporaneously, or
at short recurrent intervals, from its summit, and
basaltic streams from its base: this seems to have taken
place at Teneriffe’ 1 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

» © from Java, was found by Yo Tuck 216 BT i
Do 1In Boch, it was 2:42 ; from myself, it
% g e and other. Asborsgir o u....u .. e iy
but epeim;
ho-lv27l -dhoul.\ul}m:&nm-y oy
* Consult V¢ well-known and ndmirabile Description Phy
sique of thi hhl-uLvluel ‘might. serve a5 & model of deseripive geology.
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usual order of eruption be inverted. From the high
degree of fluidity of most basaltic Javas, these perhaps,
alone, would in many cases reach the surface,

As we have seen that crystals of feldspar, in the
instance described 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 foeus, 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 erystalline paste of phonolite is (mqucnuv penetrated by long
needles of lorablende ; from which it apy hat the hornblende,
though the more fusible mineral, has crystalised before, or a6 the
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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 separation 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
erystals 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 voleanic
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, aceording
to their specific gravity.

Although in plutonic 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

ame time with. 8 more efactory mh-hua. Phonali

every inst ected rock,
Tiks Thos o the platonts serees n.m ,mw,w, Tike these Inter, it
Jun generally been coled withont ropeted and iolnt ditar

nlnru my

forme
fusibility impross och O el B o e e
aware of the fact of erystallised horablondo penetrating phonolite, a
ok mdoubiedl s origin. The viscidity, which it s now
eldspar and. Totain At a temperature much
o i poine om.m el mpdivn i mitsalpriomien.
orner's paper on Bonn, rnsact.”

Uasiess s Respect to Quact, 1635, . 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 Austra'ia, and at the Cape
of Good Hope: many dikes likewise occur in the great
granitic tracts of India, in the north of Europe, 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 heneath the granitic
series, which composes, as far as we know, the founda-
tions of the earth's erust ? Is it not more probable, that,
these dikes have been formed by fissures penetrating
into partially cooled rocks of the granitic and meta-
morphic series, and by their more fluid parts, consisting
chiefly of hornblende, oozing ont, and being sucked
into such fissures? At Bahia, in Brazil, in a district
composed of gneiss 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
gueiss 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-coma ; some few of these threads could be
traced to their junction with the dike. When examin-

? Portions of these dikes have been broken off, and are now sur-
rounded by the primary with their laminm conformably winding
round them. Dr, Hubbard, ‘also (Silliman's Journal, vol, xxxiv. p.
119), has described an interlacement of trap-veins in the gratite of th
White Mountnins, which he thinks must have been formed when both
rocks wero soft.
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ing them, I doubted whether such hair-like and curvili-
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 plutonic 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 occasion 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

0 il Landnace Cplopmia o . . 119 qutas You
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Soloniis or of inadecn Goral rosks: /i Towould bertadionst
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-voleanic 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.

'he 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
or mechanical, 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
not voleanie. Dr. Allan is my informant with regard to the %yr_hellos.
1 dn ot kaow of what formation Rodrigue, i the Indian Ocoun, is
e ' Tl\ll is stated on the authority of Count V.de Bedemar, with

et o Flore i Grcioss (Charlsworth - Magaaing of Nat. Hist

oL i p. 08T}, 86 Maria fias 5o veloanis took, Bascriing to. Cptain
Bt (on Hacts ‘Descript p. 365). Chatham Tsland has been do-
scribod by Dr. Dicflenbach, 1n the * Geographical Journal, 1811, p. 201.

Ayt we lavo resived only.impurtect notices on Kerguclen Land,
from the Antarctic Expedition.
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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 5 and yet we are led to suppose that where our
continents now stand an ocean once extended. Do
voleanic eruptions, we may ask, reach the surface more
readily through fissures formed during the first stages
of the conversion of the bed of the acean 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
much, in a mnmmr md fore the American Association, on the regu-
ly ation in parts of the Appalachian range,
T it i oo Glolag tom, i 110,

@ The Complete Work of Charles Darwin Online



cmAr. YL Volcanic Islands. 143

group, which appears to be the least symmetrical of
any oceanic voleanic archipelago, a NW. and S.E.
line formed by several islands, if prolnged, 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 voleanic chains. -In the examples given
of the first class, as far as position is concerned, I can
see mo grounds for their being called ¢centrals’ and
the evidence of any difference in mineralogical nature
between contral voleanos and voleanie chains appears
slight. No doubt some one island in most small
volcanic archi is apt to be considerably 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 elass of volcanic ehains 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, volcanic 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 diffcult to believe that
there exists any essential difference between short and
long voleanie chains. Von Buch? states that his
volcanic 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
volcanic forces, converted into mountain-ranges, it

! * Description des Tsles Canaries,’ p. 324.
* Ldem, p. 393.
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would naturally result that the inferior primary rocks
would often be uplifted and brought into view.  *

Some authors have remarked that volcanic islands
occur seattered, 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 volcanic 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 one 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 onght 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 voleano, 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, T 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
Island, 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-
axisdiffers essentially from a volcano, only in plutonic
rocks having been injected, instead of voleanic 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 ssme geological period.

' A similar conclusion is fnre«l nn us, by the phenomena, which

secompanied the casthquake of 1835, at Concoption, and which are
dotll i Ty pope (v v B 601) b the Geological Transactions.

Darwin GOnlne
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CHAPTER VIL

Now South Walce—Sendstone formation—Ewivided ,.-a-/m,_n.

e and— Tl
— Travertin with leaves q/u(hd ,-la-ta—mmim/;flh land—New
Zealand—King George's Sound—Superficial ferruginons bods—Sit-
peeficial caloareous depovits, with casts of branches—Their origin from
drifted particles of shells and corals—Their extent—Cpe. of Good
Hope—Junction of the granite and clay-slate—Sandatone Jormation.

Tue 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
wmhy 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 edge 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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crystals 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
lamin® 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 so 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
const, 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 acuon, I was surprised at observing ﬂm 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 erystallised state. Is it
possible that rounded grains of quartz may have been
acted on by 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.

In several parts of the sandstone I noticed patches
of shale which might at the first glance have been
mistaken for ; their hori
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 along 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
Patch of the shale shows, also, how slowly many of the
successive layers of sandstone were deposited. These
pseudo-fragments of shale will perhaps explain, in some
cases, the origin of apparently extraneous fragments in

p; n;l:m lntly sen in . pager Ly Smith (the father of Engls
s), in the * Magasin istory, o
s millstone gri drnghndmmayudlls Sir

- ina pp!l-dbdunlh British Association, 1840,
m-gwnlnddd-mnp-dﬂl-.dnnhxnd soparate into
centric rings, and that the silex regaius its crystalline structure, as

{4 shown by i sction on light.
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erystalline metamorphie rocks. I memwn 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 layers, enclosed
in the ordinary, stratified, porphyritic gneiss of the
country. The lamin 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 strata of
the porphyritic gneiss, before they were
but there is sufficient analogy between the two cases to
render such an explanation possible.

of the The strata of
the Blue Mountains appear to f.he 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 aceurate charts of sea-
coasts, where sediment is accumulating, will be aware,
that the surfaces of the banks thus formed, generally

s stated on the authority of Sir T. Mitchell, in his* Travels,’
7.
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slope from the coast very gently towards a certain line
in the offing, beyond which the depth in most cases sud-
denly becomes great. 1 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 thisnature,
if uplifted, would probably have nearly the same ex-
ternal form as the platform of the Blue Mountains,
where it abruptly terminates over the Nepeun.

Current cleavage.—The strata of sandstone in the
low coast country, and likewise on the Blue Mountains,
are often divided by cross or current laminw, 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.
1t is well known to surveyors that mud and sand are dis-
turbed during storms at considerable deptbs, at least from
300 to 450 feet,? so that the nature of the bottom even
becomes temporarily changed ; the bottom, also, at a

! e describod these very curions bk the Appendis: (2nd
adit. p. 255) to_my volume on'the structuro
ination of the edges of the i

messaring the horo: ween
Iuak and the fist in the doep water. Widely esteaded lanks in all
parts of tho West Indies bave the sme general form of surface.

4 1Soo artin White, on * Soundings in the Brish Channe pp. 4
an

@ The Complete Work of Chardes Darwin Online



cmar, vir. Great Valleys. 151

depth between 60 and 70 feet, has been observed ! to be
broadly rippled. One may, therefore, be allowed to

t, 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. Sisu 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. Mitchell,! 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 eliffs,
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
amile, 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 fon, from seeing the

? Travels in Australia,’ vol. i. p. 154.—I must express my obliga-
tion to Sir T. Mitehell, for several interesting personal communications
on the subject af these great valleys of New South Wales.

# *Idem, vol. i. p. 368,
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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-coust. 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
occurs the startling dificulty, 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
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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 Bahamn Banks.
Such Lanks, 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 sen; and that the valley-like spaces thus left un~
filled might, during a slow elevation of the land, have
bad 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 thisisland is mainly formed of
mountains of greenstone, which often assumes a syenitic

Conioo e Appeadix' (2nd ofit, pp. 61 and 209) to the +Paxt on
A Rt heaping up mud round u submarine
uudwl. is -mhynlr.h- motios of guolagisie: tor 7 autlyers of the ame
composition with the coust-banks are thus formed; nnd these, i
Uphtared and woefato G would sacarily bo thoght to heve Seon
once connected together.
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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 S. rotundata, resemble,
as faras their imperfect condition allows of comparison,
British mountain-limestone shells. Mr. Lonsdale has
had the kindness to examine the coruls; they consist
of six undeseribed species, belonging to three genera.
Species of these genera oceur 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,
Detween flinty-slate, clay-slate passing into gray-wacke,
pure limestone, sandstone, and porcellanic rock; and
some of the beds can only be deseribed as composed
of a sili layslate. The ion, as far
as 1 could ,udge, is at least a thousand feet in thick-
mess: 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 erystalline limestone, near Newtown,
a layer of white soft calcareous matter is quarried, and
is used for whitewashing houses. From information
given to me by Mr. Frankland, the Surveyor-General,
it appears that this Palmozoic 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 la
with olivine ; and close by there was a mass of breeci-
ated scori, 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 maguetic,
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.

! Chloropluite, described by Dr. MacCulloch (* Western Islands,’
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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 distinct 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 do they resemble that class of exceptions to
the common form of the leaves of the Eucalyptus, which
occur 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 penetrated 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 calcareous spring entering a
small pool or narrow creck. 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,
o L" e ”““‘““...,L“a.:g‘:d“éi;:;'a.’.“é?l':i it

remaining el wpipe, and in b

from exposuro to the air. May wo suppose that olivine, in under-

gmﬁ the remackable change desibed ot St Jogo, passes throngh
soveral stat
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as if a volcanic 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 land.—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 scattered,
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, und 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 3 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.!

' n ol agpene that somo changesaxe ow i progees i Tl
by an intelligent, farmer, that oysters wore

iy
Hling up.of the shallow hgmml wod chanalt, o3, the”sheees o e
southorn United States. At Chiloo, in South America, I heard of a
similag Joss, sstnined by the inhabitants
part of the coast of an edible species
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Evidence more or less distinet 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. const of Australin. 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 _acenmulation of rounded pebbles, exactly
correspond with each other: the escarpment of each
terrace is about fifty foet in height. No ome after
baving examined the terraces in the valleys on the

! Proceedings of the Gealogieal Society,’ vol. iii. p.

* 1 will horo m 2 catalogus of the rocks which T met with near the

Bay of Inlunds, in New Zeaand :—lut, Much basaltio lava, and seori-
formin

mamner, corroding its surface into & miniaturo modol of an Alpine
country': 1 obwerved hero Iyers of chert and clay imn-stone . and in
e bed of n stream, pobbles of clay-slate ;—3rd, The shores of the Bay
6 Ialanie ses et o & GGl ok o S gray colour,
often much ducompoeed, with an angulur fuctare, and e 'y
numerous ferruginous seams, but, without any distinct stratification
cleavage. Somo varicties ave highly crvstalline, and would t onco bo
pronctneed to b trp_ other srkingly resomt lato, slightly
alered Ly hest: X was unable to form any deided opinion o this for-
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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 doubt
that the New Zealand terraces have been similarly
formed. I may add.that Dr. Dieffenbach, in his de-
scription 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, Tn
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-granite at Rio de Janeiro,
and those deseribed by Humboldt at Venezuela. These
plutonic rocks are, in many places, intersected by trap-
pean-dikes ; in one place, I 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-
Tence of systems of dikes parallel and close to each other.

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

* “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 und 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
abounding with iron.

i gt e
posit on the summit of Bald Head, containing branched
bodies, supposed by some authors to have been corals, has
byt g A Reshen

many

voyagers.! It folds round and conceals irregular hum-
mocks of granite, at the beight 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
dircctions. These beds are sometimes crossed by
oblique and even-sided lamine. The deposit consists
either of a fine, white, calcareous powder, in which not
a trace of structure can be discovered, or of exceedingly
minute, rounded grains, of bréwn, yellowish, and pur-

1 I visited this
0 a similar conelr

, in company with Captain FitzRoy, and we came
‘reganding theso branching bodies. 4
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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
caleareous 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, 1 cannot
doubt, thet the coloured calcareous 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 aby varieties of

sandstone frequently alternate with, and blend into,
thin layers of a hard substalagmitic ' rock, which, even

* T 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 s nccompanies superficial calcareons” ace:
have observed such superficial betalagmitic rock,
at the Cape of Good Hope, in several parts of Chile, and over wide
spoces in La Plata and Patagonin, Some of these beds have been

ypared with the rainy one, I should have thought that the

resents of the subetalagmit was connacted with tho climate, had not
ey !lahnn found this substance forming under sea-water, 'Disinte-
shy 1 found

husks
e T ) i
5 calenraous matter (a8 often happens '3.'.-. beachen), and. which
sibsequently had decayed, and been dissolved by water, that must havo
penet: etrated through the ealeareous husks, without corroding mllﬂ,—d
Riich procosses, every stage could be 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 1 and

as if they had been broken by the slipping of the sand
when soft. I did not find a single fragment of a sea~
shell; but bleached shells of the Heliz melo, an existing
land species, abound in all the strata; and I likewise
found another Helix, and the case of an Oniseus.

The branches are absolutely undistinguishable 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 calearcous matter, or
with a substalagmitic variety ; this central part is also
frequently penetrated by linear crevices, sometimes,
though rarely, containing a traco 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 calcarcous 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

Darwin Olires
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casts on Buld Head; for it is certain, that many cen-
turies must have elapsed 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 appearance 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 cracks 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
easts, of exactly the same formu, from Madeira? and
1 Seo M. Péron's * Voyage,' tom. i.
2 Dr. J. Macaulay bas fully du(—nlnd (Edi . Journ.
vol. xxix. p. 350) the casts from Madei He mnnden (\hﬂenmly
Mr. Smith ul’]nrv.lnn Hill) these I»dlr o be corals, and the eal-
of subaqueous origin. His arguments ipopirase
(for his remarks on their structure are vague) on the great quantity of
the caleareons matter, and on the casts containing animal matter, as
showa Ly their evolving ammonia. Hud Dr Macas nhhy seen the onar-
on the besch of

A one ok 14 daning v i

octs of tle. in drifting up the finer particles,

he would I\nnfd‘;;nhnn ls-vanud the argument of quantity, \rhu:h is

soldom trusty Jm goology. If the calearcous matter has originated

from dumugnl hells and_ corals, the prescnce of animal matter is

‘what might have been expectod. Mr. Anderson analyzed for Dr.
Macaulay part of a cast, and he found it composed of —

Corbonateoflime . . . . . . 7315
Siliea . . . . . . 190
Phosphatoof lime . . . . . . B8
Animal matter . . . . . . . 42

Sulpbateoflime” . . . . . . atme
9811
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from Bermuda; at this latter place, the surrounding
calcareous rocks, judging from the specimens collected
by Lient. Nelson, are likewise similar, as is their sub-
aérial formati l on the stratification of
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 eorals,—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 mo 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 north-western coasts.
1t 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 Seott?
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 amplo detailson thisformation, cansult Dr. iton's: Appendix
to Capt. King's Voyago. tmn is inclined 1o attribute a_con-
ertionary origin Foas? may
seen in beds of dm La Plata cylm 1 stems which no doubt thus
originated ; but they d|ﬁend much  Appearance

Hgad, ued the other places aboe spec
Proccedings of the Geolog: Soe. =} P. 820,
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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-

uérial 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. In other parts of the world,
for instance in South America, there are superficial
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 scales 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 several places I observed in the granite, small dark-coloured

balls, composed of minute scales of black mica in a tough basis. In
another place, T found erystals of black sehorl radiating from & common
oo 3

er
ity, thore are imens of grnie. vilh
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for a separate formation. I was guided by Dr. Andresw
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 erystalline. 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 erystallised 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,
brilliant, 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

See M. Keilhau's *Theory on Grauite,' translated in the * Edin-
bnrgl.\ Now Philosophical Journal,” vol. xxiv. p. 402,
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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 parailel
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 lamine 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-slute, 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 lamine
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 crystals, 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
sacdstone-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
Inyer of ferruginous shale, or by four or five inches in
thickness of the re-cemented erystals 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
bling to a k y in ition 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. W. B,
Procoedi

Clarke, however, states, to my surprise (* Geolog.
ings, 422), that the sandstono in some parts is pene-
trated by granitic dikes: such dikes must belong to an epoch altog
subsequent to that when the molten granito acted on the clay-slate,

* * Geographical Journal, vol. x. p.-246.
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170 Cape of Good Hope. PART 1.

matter. No fossil remains have been discovered in
these three vast deposits. Finally, I may add that I
did not 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.

@ The Complete Work of Charles Darwin Qnline



APPENDIX TO PART I,

DESCRIPTION OF FOSSIL SHELLS.
Br G. B. SOWERBY, Esa, F.LS,

SuErss 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. Lirmomisa prasaxis. G, Sowerby.

Testd_subovatd, Levigatd, anfractibus quatuor, .,m:.:er
g g s s i
anfractis ultimi planatis: long. 0, lat. 045,

Inlhmnln\‘lnur}ymfwmﬁmmnhl small periyinkde;
it diffirs, Bowever, vry materil vlngdnluwc:nrnnn.he
Mvolnnan,uuld.w chbimallr lp s 1t wese ot off oy Gt bned,

in the the recent shells from the same locality,
o e bl pevatly N s this and which may bo identical, bt
which is & very young shell, and cannot therefore be strictly com-
pared.

2. OmrmmroN EMULON, GSowu»by

Tesd ohlongo-turitd, subvntricon, iblnto, anfractiua
decen levitiy wpiralite striati ,m..... serie unicd tuberculorum
instructis, intermedi irregularityr obwoletd tubereulfaris, ltino

inat
longd majori_absque tubereulis, sulcis duobus feré basalibus in-
e %ﬁm externi margine interno intiis crenulato: long. 18,
lat. 07, poll.

This species resembles so nearly one of the shells brought to<
gother by , under the name of Cerithium Vertagus, that at

thnlate Wiork: of Chares Datin Onkne
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first sight T thought it might be identical with it; it may be casily
distinguished, however, by its being destitute of the fold in the
centre of the columella 6o conspicuous in thoso shells. There is
only ane lg‘eemun which has unfortunately lost the lower part of
ﬁmmﬂm— that it is impossiblo to describe the form of the

3. VEUs seviaxs.  G. Sowerby.

Testi_rotundatd, I-wiwld,lammum Mu:zlm,
utis ;

%

 roslin of Rong of the westrn coust of Aficn bt suicientl
distinguished from both by its broad, obtuse, concentric
A inio hamies ot Dotk € Tantnd: TMiaalacr e
more circular form than cither of those species.

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

4. Pomevma Fucus.
5. AMPHIDESMA AUSTRALE. Sowcerby.
6. Coxus vENULATUS. Lam.
7. Eissummiia ooutoraia. - King
8. Phnxa—two odd valves, but 1a such condition that it can~
not 'hn identified.
Jsriia corxvcorrs.  Lam.
10. RCA OVATA. Lam.
11, PaThuLA N1GRITA.
12, TURRITHLIA BICINGULATA?  Lam.
15, Sruostugs—too much worn and mutiated to be ideniied.
15. ’:::2 ‘hich i Vr"lm“z'm opercularis, but which
6. which in form resembles it wl is
severnl chameters.

There is only a single val

wl-.-‘i'm 1 cannot consider myself wlmnh-‘l o d—mmq &
17, Pors momnemins, K
indeterminable,
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EXTINOT 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 Heliz biplicata were
found, togother with a species of Suceineanow living on
the Island, in a very modern calcarcons sandstone.
These Shells are referred to at p. 101 of this volume.

1. Cocuioomsa Avkis-vuLrIs. Do Fir.
Thi is well described aid figured in Martini and Chem-
it slovauth yolis.” Ohspustia s doulis as to what
fonus it might properly bo referd,

shell. u,..p.um e bougit st e

aving been sent there by tho Hmphm, who appears

numd S Tt ekl o o who

i ‘thaen for eatabill Ohanmu,howlnr, mentio
n

,afer passing through o or three bands,
oM Ol el T ok e o possible that a shell of
it specioscould Lave beon enly found il and among the
immense_quantities of shells that come to this country from the
Colestil Biapire; T kvo never soac oue:. Ohouinits Gould ot beiog
imselftoestabilh A o gemu o theEocopional this emarkable
shell,though ho ovidetly could not colate it with any o the then

own groners, and though be did not u.m oy bl R
olled it duiowipin. Lammek s ,.hmx it a8 the second

and there can

of De Ferussac's views, who

Jaces it In fhe foucth division of his mb-gnmm Cochlogena's and
Famarel would have bess careect, socording fo bis own principles,

I o bad placd it with bis Auriule. A varioy of this specien
oceurs, which may be characterised as follow,
COCHLOGENA AURIS-VULPINA, var,

Testd subpyramidali, aperturd breviori, Jobio teyiori: long. 1:65,
apertur 076, lat. (& pnu e

f the usual

Ons.—The proportions of from those
perture 1-,

this fer
varioty, which are as follows:—Length Yoot

& The Comblete Work of Charles Darwin. Oniline
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width 096 inch. It is worthy of ohwn':mon that all the s.l\olls
of this variety eame -from  différent. part of the island, from th
foregoing specimens.

2. Cocmroarsa Yosstus. G, Sowerdy.

Test oblongi, crassivsculd, spird subacuminatd, obfusd, rmfr'ndl'bvu
senis, subventricosis, leviter striatis, suturd profunde tmpressi
apm'twdmba»ata perity amata contimo, mibicrionl  vanbiios

+ lomg. 08, lat. 0°37, poll.

'n species s of the stature of C. Guadaloupensis, bt may
easily be distinguished by the form of the yolutions and the deeply-
marked suture. The specimensvary . little in their pro

e species wes st obtained by . G g
collection of the Geologieal Soci

1. CocmrIcora SUBPLIOATA. . Sowerdy.

Testd chiongt, sibucuminato-pyramidal, pice btuse m.fmzw.a
novem levibus, postich subplicatis, suturd crenulatd
90, postiod kel I, asterno tons s comalld abwtsté p
truncatd ; wmbilico minimo: long. 0:93, lat. 028, pol

This and the following are placed with De Ferussac's sub-ge s
Cochlicops, hecanse they are most nearly related to his Cochlicopa
follioua, " A8 species they are, however, both. porfestly distinct
‘heing much larger, and not shining and smooth like . folliculus,
which is found in the South of Europe and at Madeira, Some very
young shells and an egg were found, which I conjecture to belong
%o this species.

2. COOMLICORA TERERRLLUN. . Sowerby.

Test oblongd, eylindraceo-pyramidali, apice obtusiusculo, m.rmmm
septents, lam'bu.v: suturd postic} crenulatd ; aperturd o
posticd acutd, labio externo tenui, anticd declivi ; pibini )
obsoletd tmm-mi, umbilico minimo: long. 077, lat. 025,
poll.

This spocies differs from the last in being more cylindrical, and
in being nearly free, when full grown, from the obtuse folds of the
posterior volutions, s well as in the form of the aperture. Tho

oung shells of this species aro longitudinally strinted, and they
Tave some very checlete longitudinal folds.

1. HEUIX BIANELIATA, . Sowerby.

Teatd, orbiclatodepresd, spid pland,. anfroctibus sni, wltimo
subtits ventricoso, supernd angulan umbilico parco ; aperturd
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semilunari, supernd extivs angulatd, labio externo tenus ; int
plicia duabus spivalibus, posticd. magjors - long. 016, lat. 0-55,

o young shells of this species have very difforent proportions
from lhmml:xrkvd above, their axis being nearly as great as their
h., Tho largest spcimen s white, with irrogular ferruginous

y from any A 5
thera are several to which n ay to have some analogy, mch as
Helic epistylium ov C: g e of e
However; the ontamp spieal plaits are placed within the outer wall
of the shell,and not upon the imner lamina, as in Heliz bilamellata.
Thero is another recent species, which is ‘somewhat analogous to
this; it i II u yet undescribed, and differs {rom this and from
Cookiana, in the circumstance of its ing four internal spiral
pl-m, ot seh soe placed within the outer, and two upon
nner wall of the |hul|, it was brought from Tahiti, in the

2, HEux povvovoy. G. Sowerby.

mdmm Ww“u quingue tnstructo;
s et ,(Hrl, Tt 0 015, poll.

is is somewhat related to Helir contorta of De Ferussac,
“Moll, tarr. et fluv.” Tab. 51 A, f. 2; but differs from it in several
particulars,

8. Hurx spures. G Somrby

Testd suborliculars usd s anfractibus quatuor
tumidis, ww apatvrd gn‘,pﬂ‘tmmm ‘umbilico
parco, profundo : long. 0°, lat. 0-13, poll.

Easily distinguished from Helir polyodon, by its wide, toothless
\perture,

4. Heur mrenoars. O&nverby

Testd orbiculato-depressd, anfractibus quingue
aperturi semilunari, labio interno plicis mm.,mm... post
‘major ; wmbilico magno .b-,ouwox,»u

an account of it form it umbilicus is much lasze, r .He is noc
flat, nor is the posterior edge of each volution an,

lpwlmsnl which s e iy found with the
foregoing species, and with the Cochlogena )Mm which Intter is
Sanoninto with e, vl Haeciass, o e s dere eioesecis sund

stone.
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PALAEOZOIC SHELLS FROM VAN DIEMENS LAND,

REPERRED T0 AT P. 155 oF THIS VOLUME.

1. PRODUCTA RUGATA.

i oy Phie G of Briabi s e 2 lu
a g of Yorkshire, part ii. plate vii. f.
n hov{evur, Ly LCld Q".u“ mo to d

2. Probucta mRACKYTRAERTS, G, Soweriy.

Producta, Testd subtrapesiformi, compressd, parte antiod latiors, sub-
bilobi, posticd ...g..:.oﬁ, lined cardinali breci.
st remarkabl characters of this s the sl

of e hm,m -1ine, and. the comparative wilth of the antetior
its whlde is ornamented vndl small, blunt tubercles,

lace: it i in iestone, of the orliary grey colour “of mountain
Jimestoon, Another apemmen which T suppose to be an impression
of the tide of the ft it valve, s in stono,of a light rusy-brown
colour. There is a third specimen, which I believe to be the im-
prossion of tho inside of the decper valve, in & nearly similar stone,
accompanied by other shells.

1. SPIRIVERA SUBRADIATA. ~ . Socerby.

Spirifera, Testd Iamumd. parte mediand latd, radiis lateralibus
itriuaque lats , tnconspicuis.

The breadth of this dnl.lundwrgm ter than its length. The

fiye ofthe' Itaral sarfices are very fow s indistinet, and.the
lobe is uncommonly large and wide.

2. SPIRIPERA ROTUNDATA ?Mr “ Geology of Yorkshire,

Although this shell is not exaetly ik tho figure above referred
towit would rbaps bo impasibl o find any good dis
specimen weh distorted’; it is, moreover, an
;:.m‘&ho( thnnfmdmﬂvwmnp&h-:‘;hnm how little
lonce, ought, in some instances, to
el rduhnxnho{oulﬂeofomnl‘nmmmh
munum-nulnll than those ou the other side of the same
Ive.
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Appendix to Part 1. 177

3. SPIRIVERA TRAPEZOIDALIS. . Sotwerby.

Spirifora, Tostd sbetrogond, modiond parte profund, radiie now-
radiia lateralibus septem
, lat

nlndu distinctis : long. 1'5,
e o s pecizoons of tis, i & dask, rasky, gray Hiastons,
pmhhly tuminous.

SHRITERA TRAPRIOIDALI, var-P G Sowerdy.

Spirifr, Tostd adiis atealiba tripartiti v, inia incrementi

antiquatis, cateroquin omnind ad Spiriferam  trapezoidalem
sinilimd,

At first 1 hesitated to unite this to Spirifera trapesoidalis, but
abserving that at the commencoment the radiating ribs wore simple,
and knowing that these are subject to variations, 1 have thought it
best merely to distinguish this specimen as a varity.

Ther aro severl other, robubly distnct, spocis of Spiifre,
ut s theso a1 only cast it s ooy impasible to give e
external characters of the species. however, they are very
remarkable, T have ﬂwnghl it .dv-.m. to give a nams, together
with & short deseription of each.

4. SPIRIFERA PAVCICOSTATA. G, Soicerby.

Longth oqual to about two-thids of it breadth  ribe fow and

variable,

5. SeimtvmRa VispERIO. G, Soterly.

its length, ribs rather lazge,
distinet, and not numerous ; posterior inner surface covered with
‘punctulations in both valves,

6. SPIRIFERA AVICULA. G, Sowerby.

‘The proportions of this species aro very remarkable, inasmuch
¢ sppears o havo ben ey thrve ines an wido aw . s lovg
erior

ribs are not very numerous, and the internal
surfico of one valve alone (the le g punctulated,
In it proportions it resembles ‘s Spirifera convoluta, but a5

ur Sp. avicula is only u cast of n.. ¢ nsle, v proporions are ot
%0 shiorroa e thoce 01 5 conls oo i
cimen, whith s vory much pisssed ot of it nataral shape;
but whieh s ) ri'smmwtm injta proportions, shows
not only the east of tha inside, but also d: lmgmnn of the out-
sl s radining ribars sty ol wnd mmeros bt ¢

nd oum- nnly interstitial : theirirregularity n(.dmmunpnullila
.
1 *Geology of Yorkshire,' part ii. plate ix. f. 7.
X
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DESCRIPTION OF SIX SPECIES OF CORALS,
THE PALAOZOIC FORMATION OF
VAN DIEMEN'S LAND.

Br W. LONSDALE, Esa, F.GS.

1. Srivoross Tiswimmeran a3 .

Branched, brancies cylindrical, inclined or_contorted ;
tues more or Lot divergent; mm{. oval, divisional ridges
strongly tuberculated ; successive narrowing in

each tube, 1—2.

s coml,in it general. mode of growth, resnbles Crlamopora
{Stenopora?) tumida, (Mr. Phillips, * Geol. of Yorkshire, part i.
1 T Be, 03), but i the form of the mouth and other structural
otafls the differences are very great. Tasmaniensis
attains considerable dimersions, one upﬂumen Kimg 4 inches in
length and half an inch in diameter.

e branches havo individually great uniformity in their cireum-
foronce, but thoy diffor with respect to sach other fn the e speci-
men, and there is no definite method of subdivision or direction
of growth. The extremities are occasionally hollow; and one
epotimen, kbout 14 nch in langth, and half aa inch fn teosdth is
crushed completely flst. The tubes, in the best exposed cases, have
considerable’ length, springing almost solely from the axis ol‘ the

iverging very gentlytll they nearly reach the circum-
r;mm, where they bend outwards. In the wy of the branch
the tubes g
the outer mrfwe, they become oval in ammqnamx o of wha ko

by the grostr divergence, Ther diamete s very
aghout,wi ‘exception of the narrowings near
tubes. The walls in the interior of

m-:hrm‘nnﬂhumumnnﬁhﬂud. it has been
thes notice, a very few
baon ctamitiod.  The goral i sasental

along the crest a row of tubercles. ly oval is

d;mm:!ﬂ(mﬁ)b’lhnd[m?ﬂngm b e val of the

eition sty lh-bd!evadlhhum.lnwmw
we been included in the genus Thamnopors of Steininger.]
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Dbranches were apparently very thin, but there is a relatively
considerable thickness of matter at the circumferonce. No traces
of transverse diaphragms have been noticed wldnn |h- mba:

Cases illustrative of the changes to maturi final of
0 1 the o Cenmtoation of s B ety thefoloming
have been observed. Where the mouth becomes free and oval, the
alls ar thin and sbarp,and perpendicuar within the tube.” In
some cases they are in contact; but, in ofh tod
By grooves of wariable dlmmmum, in which \ary ‘inote forssion
v As ‘the month spproaches towards
gnnl\'es are morsor lews illed up,aod the walls

w of very minute tubercles being discoverable along
et A Tk T tn of Bateis et
ertical beng lined by u very narrow inclined bund,  The s
mouths’ are separated by u bold ridge, generally simple, but not
unfroquently divided by a oote; the double ae wal as the siogle

i urmounted by a row of prominent tubercles almost
n Gontact.with osch, other. | Osly one exampleof the tling up
of the mouths lias been observed, but it affords stisfactory evi-

band, beforo allud

and & final meeting in the centre. In this extreme state, there is
Agamnlhl:m‘hng of details, but the tubercles are for the

distinct.
s o e e Stk o eriet
o tho formation o0 e poroct tl, :E'ﬂ:q final contraction, are
not ves ently e in d lindrical straight
hm;’ﬂ’ o it ylera tha ok Ik outmade thice
3o &n snular indaptations o e o i
iy e‘“l,mmm.mt ity dp:‘:t. g alls
nArro the wi
nr d:e tubes wer ligly rugose. other short
el 10 ths, epacias Tt i whieh th tubee dnomml
it ey raidly the narsovwing s trongly masled, bt ot
o an equal extent mm
‘matrix, in wi the {_TI is imbedded, is a coarse calea-
* reous shale, or 4 gray limestone ; and in which oceur also Feneatella
internata, Se.
2. STENOPORA OVATA, SP. 1

Branched, branches ovel ; tubes relatively short,. dicergence
moutls round; contractions or irregularities of grotwt
merous.

The charactersof thi spaces have been very imperfctly ascer:
tained. hndumnmmlln oval, even in apparently
the same f:gmm Tho tabow divarged sy long e line o¢
o major is, o had but & verylnited vrtia growth, Their

& repid succowion of lrnguhrmu of devolopment
oo -nnﬂn, %0 e ey ekm o dotormiued, oo owil ot

= The Camnlete Work of Charles Darwin Online
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slightly oval, and the dividing, tuberculated ridges sharp; but in
m‘f.qm:}f the outer surface not being ﬁpmddw ‘thele porfoct
characters, and the changes ineidental upon growth, could not be

ined.
The coral is imbedded in a dark gray limestone.

1. FENESTRLLA AMPLA, sp. 1.

Cup-shaped ; ferous surface internal ; branches dichotimous,
broad, ﬂm] meshes oval; rows of cells numerous, rarely
limited to ma,nkmn. transverse connectin me-
times cellular ; -m-layery mywwy_ﬂbmu.

small.

Somo of the casts of this coral have a general resemblance to
ol palgporia, s sepseent n Oapain Porilock

on the Geology of Londonderry,’ fig. 1a,1 d; but
there is 1o agreement between the Van Diemen's hml fosil and
the structure of that sj given in Pl xxii. fi

same work, or in Mr. Phﬁ?pu original Sgures, ¢ Geology urYork-
shire," part ii., pl. i. figs. 19,20, A general resemblance also exists
between Fenestella ampla and a coral obtained b Mr. Muriien
from the carboniferous limestone of Kossatchi Datchi, on the eastern
flank of the Ural Mountains, but there is again a marked differencs
in structural details.

Fenestella ampla attained considerable dimensions, fragment
apparently of one specimen covering an area of 43 inches by S
inches; u.a it displays considerable massiveness of outline, the

at the points where they dichotimose often exceeding the

temh ofaa fachin breadt
n the general aspect of the coral a considerable uniformity pre-
mn, Dt th brales vary et swelling out roaty e the

mmn lhelm‘:nd the upperp‘n of the cup, even in du Biile
of the rows of ccl

Bt it st of i slinlss eurhcs, whioh Daa Dislieian’
the mouthe of tho cellsars sty ) ln;:s, round or oval, and are
defned by digly mi an undulnting, thread-like

meshes; and the transverse cownecting processes are somefimes
ee.l]uhx 1Tk intacephcte; botreeh tho mosths, 4 woll 8 the e
ating ridges, are granular, or very minutely tuberculated.
tunul.lv,tht cells exhibit the usual oblique mngmn,mﬁ.{ving
e..:h oﬂur and terminating abruptly against the dorsal part of
The perfect casts of the cellular surface give the reverse

© The Complete Work of Charles Darwin Online
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of the characters just noticed, but more gonerally the impressions
sy scarcely a ‘trace of any other structure than longitudinal
Tows of circalas mos
On the inner layer of the non-cellular surfuce, twenty well-
marked parallel fibres, with intermediate narrow grooves of corre-
ding casts, may sometimes be detected, and the number is
Iways 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 species, it is inferred that they are
tubular, Their range is considerable, but in the specimen, which
exhibits their structure most fully, they are frequently cut off by
ar foramina. Their perfect surfice is minutely granular.
The outer layer, or back of the branches, is composed of an uniforn
crust without any indications of fibres, but covered with numerous
scroscopic pag pille, and corresponding pores penetrating the sul
stance of the layer.
1 1l circular

its occasionally situated over oy ‘mouth, and agreeing in position
with the nnd’n, which in_other cellular genera, have been con-

sidered as r‘lnm Inthe Russian A\P‘cmmu before alluded
to, casts of similar pits are very unifornily distributed between the

«casts of the mouths.
’l'ha vonn{utmh of the coral has not been noticed, nor have

upon age, exce)
totitie non—ullu]n Fby e cunpng over of the fibrous

Inyer.
T matriof the sposimensio’s dark ey splitery or an earthy
limestone.

2, FENPSTRLLA INTERNATA, sp. D,

Oupshoped; odlllifirons s interals bravhs dichotimons
ikt llng, erro: rove o
onli 35 d-uu bylunyltvdual ridges ; tranaverse connecting
processes short without cells ; non-celiular mfm, inner layer,
.Aa;lyﬂ-w outer layer, minutely granular.
By the delicacy of its structure, this species is easily disti s
lh!eh-vm ‘u‘y . nnrlmthem?:;'cdl s varying ug\n
five, s woll s I their mode of development, thors aro further
i Jifrences ' 1t apposts 1o have tiained coneidersle
dimensions, fragments having been noticed an inch and a-half in
length and an inch in breadth.

0 branches vary in wmh y weling out grdusly towardsthe
Hﬂxmhom, but without any alteration in the form or size of the
A o i hte o the specimens will permit an
upmlnn ot formed, 1o marked changes ocourred during the deve-

nt of the cup, except one about o be noticed. On the cellu-
h osous. nurl'm of the Brancios, considerable, but uniform, altera<

lace between the successive bifurcations. For & short

Biarwin Crlae

tark of Charls
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distance above the point. of separation, the branch is narrow and
, and trvorsd along tho centzo by a g, and thero is oy
one row of cellular mouths on each side. i grow,tho

i .

.pdrﬁpng from its placo (infernata). The thren rangos of cellular

openings are, in this stato of the branch, separated by two ridges,

abd those, o th development advaneed, again widenod and booamd

colllar,the five rows being divided by four ridgw. This appears
on

o :
it et e ity o omairy isivaly gy
round or oval, and th nlightly raised, In the middle
xows they aro panlll, or  neacly parallel e in the diseoion ofthe
i of tho branch; but in tho ide rows they amo often oliquely
placed, inclining towards the meshes, In these nearly perfoct.
s the dividing rilges oo thrad-fke and pllghdy waved, but
there i o trco of tho lozenge-haped e distinel
exhibited in Fenestella ampla. The i mpmlmwun ‘the mouths
aro flat or slightly convex. I et e R preserved, or
deprived of the original surface, the momh. o not uniform in out-
line, and have no projecting margin. ng ridges are also
oo riise ey el el i e o
connecting procesces, is grannlar or minutely tuberculated.

e imnraer of the non-cluarsurfu is sharply fibous, and
the same structure may bo more or less clearly dotocted in’ the
e meursoling s | Ths mcuiber of Al s 8
e do not sppaently excond twelve and hey ar n genenl
Toos mumerous.  Thols range is constderatle, additional ones being
lnlerpal.llud 54456 beaoeh Whlese: 40 Viokz purce 8 minulely

o separate, circular foramina. were noticed.
S coapleted, Dk evey falors
mediate state from the nl.u.rplv fibrous may be traced on the same
spocimen, _

hmen. i
e St ol {mpressions of thia
specios, aro occasionally to_be detected, near the mouths,
lwmupilenml casts, porfectly rounded on the surfuce, and evidentl
nected immediately with the interior of the calls, and whi

1108 pesmmsod may st thow Tosidlen, Fimisisie delnsis

t0 bo an abundant fossl, one slah nearly eight inches long
..'18"" S e eln T & Sl o

numerous smaller spocimens oceur in the collection.

mln'xhnh‘uﬂylmgnyulﬂm\uahh,lmtnumm
a splintery limestone, or a hard forruginous or light-coloured clay-
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3. FENBSTILLA PoSSULA, sp. 1.

m celluliferous nrfma mlm-l branches dichotimous,

meshes oval ; rows of cells, two ; transverse processes

non-cellular ; inner layer of mm-ullul fmm surface minutely
fibrous ; external layer smooth or granular.

In general t and structural details, this species hears a great
resemblance to Fenestella, flustracea of the. nugnsmul limestone of
Engl:md (Retepora flustracea, ¢ Geol. Trans.,’ 2nd series, vol. iii.
xil. f. 8), but it differs from it in the pecnlm character ex-
i md in the cast of the celluliferous surface, the nature of which
wll.lTl]zle given in nohmng that mf.c] i i "

@ princi] imen is a nearl fect cuj inch in hei
L R s Wt e e
are no marked variations of character, but occasionelly, irregu-
hﬁnu of gmwth, apparently, to accidents during progressive

Tlu fnumngmhuhmnomm from casts, no perfect
surface having been noticed.—The branches had great uniformity of
dimonsions, swelling but very slightly at uu pre v points of bifur-
cation, and their thickness was Appnndy nearly equal to their
breadth. The cast of the cellular surface is traversed along the
centre by a sharp narrow trench a-ula), with nanly vertoal
sides, the distinguishing character between this
Austracea. The cylmdnen! casts of the mouths, or ﬂ:u mhnnr of
the cells, are. arranged in a single row on ench side of the trench,
byl R n]urly ‘perceptible at he bifurostions,
Along the centre of the trench is  row of indentations o ‘minute
oomal ylu. o chnm noticeable in other tpauﬁ ularly in
|,.. 1 M“l .vmﬁﬁd:nx not casts of enlular open;:g!,

it of rel of su jeetions have
also been u{i in several other instances. e

‘The mouths of the cells, in the minute fragment which has been

obtained exhibiting them, are large, round, slightly projecting, and
i tom is an imperfect keel. The

jracters requiring
notice, but indications of a striated and smooth layer have bean
observed.
The two specimens which afforded these structural details have
a matrix of dark-coloured, hard limestone,
FIRMITRYPA SEXANGULA, 8. 0.
Net-work fine, heragonal ; meshes round in dowble rows.

‘The coral to which the above maﬁcmnc characters are nyplmd
is imbedded in the shaly surface of & ;, hard limestor Itis

s ralato Weark Dimrdides Ol
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.l-mll;m mcl{x in breadth and half an inchin height, and eonan:l:{
two layers of net-work,—one
itha .,Ei""‘a..“"‘w..:"".ﬁ"im A o
k has

able part uadrengular netoworl
removed, whmbymenm?zfm mmuwfxﬂy

'ﬂm fossil is believed wm‘pllhl in its essential generic
"With thote of Herey ‘ss. Cornwall, p. -r)
'but its -me of preservation, m muxdm afforded by it for
ining structural details, luv- led to an inforence Tesecting
st A over Lo from that given in the work just

The inner surface of Hem nrg?anuhl(lwn&)hdum'bedn
mdiaf intervening ¢ oval

“marked with ridges,

sians which pcnetnt:?;.lly half’ m.n"u;fm. subtance of thecomal,
there reach the e oquivalent portion of

Tl Van: Dicmen's hndipumn n lghm: peﬂ‘uuy'wilh this state-

or ; it i

as ‘wholly covered with numerous mnnd pores or
BT vaiaia 1 Tows, o corresponding portion
of Hem. sexangula has been ascertained to consist also of a similar
mrfm.m of doublerows of round meshes or  pores,’ but w!th hexa~
gonal boundaries ; and they are shown, as exhibited by the -
men in its imbedded state, to penetrate to the surface afﬂm
stella or quadrangular net-work,
These details are conceived to be sufficient to mbh;h a generic
Wment between the Van Diemen's l‘ndh coral -nni

f that genus
s ki I the “Saner
ly, the name of Hemi-

with the external net-work. ’rm it was o parasite \m.h dme
is entertained ; and the interesting ngreement between the space
oceupiod l?v the_double row of meshes, and_that of the paralle]
‘branches of the Fenestella, sls, arisenapparently froa d:h. Intter having
ent. In
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Fenestella and the weshes of the ¢ inner ’ net-work. ~Similar con-
formitce are admirably dhown in Mr. Phillps's exccllent figures

. 38).
The solid wmm:lnl’ the structure being excoedingly fine, resem
bling the thread of die

factorily i place, s

where a true cellular arrangement was believed to be visible.!

Of the nature of o investing crust, nothing also has been deter-
mined.

Though the name Hemitrypa may be nb_|ecuomhle, - applied

to the corals under consideration, it zn been tho ht 1o re-

tain the word, unul the full characters of the genu- Ve
n nscertained

Faxxovrs, January 1844

Codrington lens, half-an-inch in dumﬂcr. ‘was invariably used
PR b e o
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CHAPTER VIIT.

ON THE ELEVATION OF THE EASTERN COAST OF SOUTH
AMERICA.

Upraised Shells of La Plata—Baki_Blanca, Sand-dunes and Pumice-
Step-formed Plains of Patagonia, with upraised Shells—

area—Equability of ths movements, as shown by the similar heights of
the plains—Slowness of the clevatory procrss—Mode of formation of
the step-formed plains—Summary—Great Shingle Formation of Pata-
gonia; its extent, origin, and distribution—Formation of sea-ciifs.

Ix 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 ; T 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 next chapter,
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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
lke, 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, dOrbig., Paludestrina Isabellei,
dOrbig., and the Solen Caribaus, Lam., which last was
embedded vertically in the position in which it .had
lived. These shells lic 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 bumnt for lime.
Those which T examined near the A. S. Juan were much
worn: they consisted of Mactra Isabellei, d'Orbi
mingled with few of Venus sinuosa, Lam., both in-

* * Voyage duns I'Amériquo Mérid. : Part. Géolog. p. 21.
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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 nearly 100 feet (English)
above the surface of that river. The Azara inhabits
brackish water, and is not known to be found nearer to
San Pedro than Buenos Ayres, distant above 100 miles
in a straight line. Nearer Buenos Ayres, on the road
from that place to San Isidro, there are extensive beds,
as I am informed by Sir Woodbine Parish,? of the 4zare
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 deseribed. 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 IAmérique Mérid.: Part. Glolog! p. 43.
* ‘Buenos Ayres; &e., by Sir Woodbize Parish, p. 168,
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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. lbiata. Besides these
shells, cellular, highly crystalline 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,

Buccinanops  globulosum, | 4. Cytherea (imporfoct).
d'Orbig, 5. Mactes Isabellei, d'Orbig.
it g sk

3. Venus flexuoss. Lam, ‘

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

7. Voluta (-u|ncfvm|\im | 9. Buccinum (not spee. 2).
8. V. angulata. |

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

;& by Sir . Pasish,p. 168,
2 DOrbigny's * Voyage, Géolog.” p.
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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° 8.) is formed either of a horizontal
range of cliffs, or of immense accumulations of sand-
dunes. Within Bahia Blanca, a small piece of table-
land, about twenty feet above high-water mark, called
Punta Alta, is formed of strata of cemented gravel and
of red earthy mud, abounding with shells (with others
lying loose on thé surface), and the bones of extinct
mammifers. These shells, twenty in number, together
with a Balanus and two corals, are all recent species,
still inhabiting the neighbouring seas. They will be
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

fore proceding tothe disricts sonthward of La Plata, it may
s 0 Just o sate, that. thers s some evidencs that
const.of Brazil AL gt
Burchell i

tidal estennd of Rio do Janeiro, Capt. Eiliot is assertod (see

Saciun, ¢ Mod. s Py Bon. p. 85, 450 Dr. Moiga, in *Tenns. Az
il Soe) 0 have found human bones, encrustod vith sea-sbein bo-
wasi ALl ko Bwoaty feok abovs the Jvel o the wa. etween Tio
de Jaasizo and Cape Pk, 1 crommed sandy tracts abousding with sea-
shells, at the distance of & league from the const; but whether these
s fivo bon formod by upheaval, or through the merssccumulation

R T Camnlate Work



104 Elevation of Bahia Blanca. v m.

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 measnrement) 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
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height than twenty feet ; and therefore the age of the
sea-drifted pebbles of pumice, now standing at the height
of 120 feet, must remain uncertain,

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

Southward of Bahia Blanca, the river Colorado
flows between two plains, appurently from thirty to
forty feet in height. Of these pluins, the southern one
slopes up to the foot of the great sandstone plateau of
the Rio Negro; and the northern one against an esca
ment of the Pampean deposit ; so that the Colorado
flows in a valley fifty miles in width, between the upper
escarpments. 1 state this, because on the low plain at
the foot of tho northern escarpment, T crossed an im-

mense ion of high
the Gauchos at no less than eight m|les 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-

02
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ceed ; but if, as I 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 Colorad, 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 4 Voyage,’ &e. p. 54
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place southward, where T landed, was at Port. Desire,
340 miles distant; but from the intermediate districts
T reccived, through the kindness of the Officers of the
Survey, especially from Lieut. Stokes and Mr. King,
many specimens and sketehes, quite sufficient to show
the general uniformity of the whole line of coast. T
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 porphyritie 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.

Yo,
Section o Step ormed Plins South of Nuevo Gult,
BomALM. © 0m0n. oma.
West, - Bast.
Lavel o . cule 3 o o 0 100 fot vericl.
. sy e o g r el mewsrement.
b nimaion b the Ofere o o Burvey.
The upper plnin is here well defined (called Table
Hills); its edge forms a cliff or line of escarpment
many miiles 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

B The Complete Work of Chares Danwin Online.
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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.
George (100 miles south of the Chupat), two well
marked plains of 250 and 330 feet were measured :
these are said to sweep round a great part of the Bay.
At its south headland, 120 miles distant from the north
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.

0,16,
Section of Plain i the By of St. George.
120ft Bst.  Not measured.

FRe

80 An. M.

Level of sea, eale J; of fnch to 100 foet vertioal,

At the south hendland 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 235 feet in

@ The Complete Work of Charles Darwin Online



emar, vut.  Elevation of Patagonia. 199

height: this plain abuts against the foot of a higher
plain of 330 feet, which extends also, far northward
along the coust, and likewise into the interior. . In the
distance a higher inland platform was seen, of which
1 do not know the height. In three separate places, I
observed the cliff of the 245-255 feet plain, fringed by
a terrace or narrow plain estimated at about 100 feet
in height. These plains are represented in the fol-
lowing section :—

No.17.
Scction of Plains at Part Destre.

Level of sea. Scale  of fnch 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 adbering to the leaves of the kelp. These
species are the commonest now living on this coast.
The shells -all appeared very old: the blue of the
mussels was much faded ; and only traces of colour
could be perceived in the Patellas, of which the outer
surfaces were scaling off. They lay scattered on the
smooth surface of the gravel, but abounded most in
certain patches, especially at the heads of the smaller
valleys : they 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, broud, winding, flat-bottomed valleys, in
which, judging from the bushes, streams never flow.
Those 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 ft, An. ).

560 An. X, A

90 Eat,
Shells on
surfase,

Tevel of sea. Scale  of tnch to 100 feet vertioal.

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 extensive; 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, and 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 northern 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 :—

Na.19.
Section of Pisins at the mouth of the Rio Santa Cruz.
840t An. M. 710 An. M.

FH

Level of sen. eale of el 0 100 et vetical,

The plmn marked 355 foct (as ascemuned Ly the
by angular

tion of the nbove-menhoned 330 feet plsm 2 n 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, I 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 deawrita ; Fusus, 1 believe, Magellanicus, but
the specimen has been lost ; and at the distance of four
miles from the coast, at the height of about 400 feet,
there were fragments of the same Patella and of a
Voluta (apparently V. ancilla) partially embedded in
the superficial sandy earth. All these shells had the
same ancient appearance with those from the foregoing
localities. As the tides along this part of the coast
rise at the Syzyial period forty feet, and therefore form
a looked out for
ndges in crossing this plam, 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 gr: 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
Atlantic.

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.' In 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 in the * Geological
Transactions,’ vol. vi. p. 415. Lol
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th: exmtmg one: the escarpments, nlm, of the 840 feet
lain (with a p g 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 ouly 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.
I 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 const), there is, I think,
1o eause 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 a sea-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 consists of a straight broad cut,
about ninety miles in length, bordered by gravel-capped
terraces and plains, the escarpments of which at both
ends diverge or expand, one over the other, after the
manner of the shores of great bays. Bearing in mind
this peculiar form of the land—the sand-dunes on the
plain at the head of the valley—the gap in the 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, I 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 S. 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
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.
o,
North and 8outh Section nerus the Torraco boining the Valley of
s e g o s o
oy Anorth.
\ e o
6u, 'Da m ‘Da O,

LT T TS Belot  ewn. s umm
iver.

“The el o cac trraco aboe the lere of the ivr, {4 hown by the nmber
“umder 1t. Vertioal sealo gy 100 ot bat terrace B being only
Soent Tt pore e T nacomarly' becs faie. T Borleuiet i
e el conieseod i irtancn fro he odgoof A i o' . being on

erage from seven to ten i,
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 () was 869 above
the river: very near to where A (n) was measured,
€ (n) was 639 above the same level : the terrace D (n)’
was nowhere measured : the lowest E () was in many
places about twenty feet above the river. These plains
or terraces were best developed where the valley was
widest ; the whole five, like gigantic steps, occurred
together only at a few points. The lower terraces are
less continuous than the higher ones, and appear to be
entirely lost in the upper third of the valley. Terrace
© (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

B8 Tha Camalate WISH, < it s M8 aalie ot



206 Valley of Santa Cruc. PART 1L

plain was generally wider than the lower ones—as
indeed follows from the valley from A (1) 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 continnous with the 840 feet plain on the coast, but it
is sooh 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 . Cruz;
where it trends northward towards Port St. Julinn.
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 coust 840 feet, all above the sca-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 (n), 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 occur, are filled up and smoothed over with sandy
earth. The pebbles, especially on the higher plains,
are often white-washed, and even cemented together by
a white aluminous substance ; and I oceasionally 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 not think that terrace D was river-
formed. As the terrace E generally stands about
twenty feet above the bed of the river, my first 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 coast of Tierra del Fuego: at two
places here, 110 miles apart, this plain was found to be
950 and 970 feet in height.

From Coy Inlet, where the high summit-plain
trends inland, a plain estimated at 350 feet in height,
extends for forty miles to the river Gallegos. From
this point to the Strait of Magellan, and on each side
of that Strait, the country has been much denuded and
is less level. It consists chiefly of the boulder 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 Inner Narrows of the
Strait of Magellan, I found on the summit of a cliff,
160 feet in height, shells of existing Patelle 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., T 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.

Coneluding remarks on the vecent 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 *Geolug. Transactions, vol. vi. p. 419,
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as the lavel 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 eleventh
Chlpter, that both at Bahia Blanca and P. S. Julian, the

which isted with these
shells belong to extinet species. I have said that the
upraised shells were found only at intervals on this line
of coast, but this in all probability may be attributed
to my not baving 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 I
am far from knowing that 410 feet is the maximum of
elevation of these upraised remains. The shells are
those now most abundant in a living state in the
adjoining sea Al of them have an ancient appear-
anee ; 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 Mytilus is so enduring, thut it is pre-
served when the shell itself is completely disintegrated.?

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

138

B0 N Ti i f & Gride! R hn Bvrla o &
* Phil Transact” 1835, p. 1. Seo also Mr. Smith, of Jor'an qu
i the" o, New El. Jowmaly vol xev. P. 893,

?
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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 bas been uplifted within the recent period, and a
similar formation ocours? 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 8. 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 the provinces of La Plata, this
l\onglmq{n"';:y:: ?nd;:nmc and Beagle, vol. ii. p. 227. And
ave

this fact {o the hnd.nu:qulpg Sulivan R, a bighly
mmp-tum bsarver, T mention, 1t mare snpecilly, 46 in my Papor

nurthern and mlddh dlo pats o the ensern ilaad, enid that thoformation
was hero wholly
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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 indieate 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-

is volcanic forma e descibd iy Chapter XL, Tt isnok
i-pmhbhmlhn g len i uprsised shll st the s

estuary of greater tha
Tuay Do o 5 the ughcaval of these ntiee lnton having beons con:
neted with the distant lino of tho Condillers, whilst that of the
rovinces of La Plata ws in connection with the adjoining tertiary
voleanie nxin
o ow Sic W. Paca's workon I Plnta/ p 242, For a noics of
an earthquake which drained a lake n sc0 also Temple's
Trvvalaln Poru’ i W. Parish iy andenp
and Tucuman (north of Cordovs) was formerly utterly overtrown by an
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ingly tabulated all 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 myself:—

Gallogos River o Coy ot (pmx angularmeas; ad parly esin.) ano
South Side of 5 e 00s.) .

Noneh Sdnot b (lng m) ; 3073 01l T 5300
Bind Leand, plain opposts to (ung. m.) T
lain extonding Tt Sloay coast (l.mmm_ m, ) e 1]
& ﬁwrgas]';ny nonth promontory (sng. m.) i
Tuble Land, south of New Bay (ang.m.) . ., . . .30

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

Foct,

Cop Intat, south of (pm-uy aug, 1 oo ptly estim) - 2000300

Prt Desiro (ba 245 t0 255

€ Blanco ang, =)

North Promontory of St. George's Bay (nng m) 25

w.mm of New Bay (ang. m.) . 200t0220
hof S, Josef (estim) . . . . . .  200t0300

i of Rio ¥ egro (ang.m) . . . . .  200t0220

Buhia 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 mensurements
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 ome 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 these
three lower plains have been modelled, so undoubtedly
have all the higher ones, up to a height of 950 feet at
S, 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 distinet; for,
from Cape St. Diego, in lat. 54° 30" to the mouth of
the Rio Negro, in lat. 31° (a length of more than 800
miles), the shore is formed, with singularly few 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 hus been removed. Nearly this
whole line of const 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 cliffi, 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 pliin at the same place. If, therefore, the
const, with the bed of the adjoining sea, were now sud-
denly elevated 100 or 200 feet, an inland line of eliffs,
that is an escarpment, would be formed, with a gravel-
capped plain ut 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 elevatory and denuding
process would produce a series of gravel-capped, sloping
terraces, rising one above another, like those fronting
the shores of Patagonia.

The chief difficulty (for there are other 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 seattered observations on this and other consts,—
that the pebbles at the bottom of the sea quickly and
regularly decrease in size with the increasing depth
and distance from the shore, whereas in the gravel on
the sloping plains, no such decrease in size was 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 wero of largs
sizo mingled with some small ones.

Distance. Depth.
840 4 mlles from the shore. | 110 13 futhoms. | As large s walnata ; mingled
in trery cuse with tome

G0 Twfles  do, 1010 do. | Abiarge e ase note.
106011 miles  do. o35 do. | From threo to four tenths of
‘an fuch n diameter.
miles  do, 304040 do. | Two-tenths of an inch.
Heoubute o Fs

@ o, | Onetenth of an inohy to tho
finest sand. =

T particularly attended to the size of the pebbles on
the 855 feet Santa Cruz plain, and I noticed that on
the summit-edge of the present seacliffs 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 seo that the theory
of a slow and almost insensible rise of the land, will
expluin all the facts connected with the gravel-capped
terruces, better than the theory of sudden elevations of
from one o two hundred fect.

M. d'Orbigny has argued, from the upraised shells
at San Blas being embedded in the positions in which
they lived, and from the valves of the Azara labiata
high on the banks of the Parana being united and 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
acenmulating extensive mud-banks, or where the winds
quietlyheap up sand-dunes, beds of shells mi
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 seen at Bahia
Blanca the immense sand-dunes, with water-worn pebbles
of pumice, ranging, in parallel lines, one behind the other
up a height of at least 120 feet ; if he had seen the sand-
dunes, with the countless 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 crossed that
Tong 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,—
1 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
henee T do not doubt that the last 100 feet of elevation
of La Plata and Northern Patagonia has been exceed-
ingly slow.

1f 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-
tienlar 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 tidul 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
surfuce, thickly capped by well-rounded pebbles of
about the same size, would be ultimately left. On the
gravel now accumulating, the waves, aided by the wind,
sometimes throw up a thin covering of sand, together
with the common coast-shells. Shells thus cast 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 enstern side of Chiloe, which hlnud we shall see in the next.
chapter is now rising, at all tho beaches and extensive
tidal flats wero formed of shingle.
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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.

Summanry of Results.—It 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 periods 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
Islands; that northward, in La Plata, the breadth is
unknown, there having been probably more than one
axis of elevation; and finally, that, anterior to the
elevation attested by these upraised shells, the land was
divided by a Strait where the river Santa Cruz now

2 1 oy omparating and nok ebts rn, b the st aci.tawe
bave seen, with grat oy pwss o 1 this whole lne e cous an

thersues, usiog o levaton ofthe lasd, if exweively slow (end (and o

mnmdm,-nh»dpmulm-hnd sn. ite
cliff might be formed. e e
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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° 8., the plains have been uplifted at least
1,400 feet, since the period when gigantic boulders
were transported between sixty and seventy miles from
their parent rock, on floating fcebergs.

Lastly, considering the great upward movements
which this long line of coast has undergone, and the
proximity of its southern half to the voleanic axis of
the Cordillera, it is highly remarkable that in the many
fine sections exposed in the Pampean, Patagonian
tertiary, and Boulder formations, I 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 T 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
nort 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
peculiar gallstone-yellow siliceous porphyry, frequently,
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but not invariably, containing grains of quartz. The
pebbles are embedded in a white gritty caleareous
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 (not rounded)
of erystallized gypsum, some as large as a man’s head.
I traced this bed for forty-five miles inland, and was
assured that it extended far into the interior. As the
surface of the calearco-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 sindstone on
the southern side, it is probable, considering the appa-
rent equability of the subterranean movements along
this side of America, that this gravel of the Rio Negro
and the upper beds of the Pampean formation north-
ward of the Colorado, are of nearly contemporancous
origin, and that the caleareous matter has been derived
from the same source,

Southward of the Rio Negro, the cliffs along the
great bay of 8. 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 oceur here abundantly in 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 crestals 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 those found farther northward, and there are fewer
of the gallstone-yellow kind; pebbles of compact black
clay-slate were here first observed. The gravel, as we
have seen, covers the step-formed  plains at the mouth,
head, and on the sides of the great valley of the Santa
Cruz. At a distance of 110 miles from the coast, the
plain has risen to the height of 1,416 feet above the
sea; and the gravel, with the associnted 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 feet. In ascending the valley, the
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gravel gradually becomes entirely altered in character :
Tigh up, we have pebbles of crystalline 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 mear 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 const 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 occurrence 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
mautical 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-

'

e B o Vs B B ot et T from
Detween tho two Falkland Islands. - Out of theso well-rounded. pebbles,
varying in sizo from & waluut to o hen's egg, with some luger, thirty-
eight_evidently bolonged to the rocks of these islands; twenty-six
wero similar to the pebbles of porphyry found on tho Patagonian plains,
which rocks do not exist in situ in the Falklands ; ono pebble belonged

to_ the peculiar yellow siliccous porphyry ; thirty were of doabtful
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 Tushes
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 in 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 ecarried
away again. Ground-swells, which are believed to be

2 ymey menton that t s distanceof 160 miles fom the Paagonian
hoxe T carstlly examined, the minte-rounded partcls in the rand,
and found them to be fusi hyries of the great shingle
w T e e i 1 plud T tho llstoneyollow por-

yry. It was nteresting to notice h ually
e quurts Tncresed, aa 3o appevached Tt Falblad Tt opicy
aro thus constituted. 'Tn the wholo line of soundings between these
inlands and. tho cost of Patagonia doud o living orgunic romains
On the relations between the dopth of water and the

Tatare o e tokoss see Marts Wi on *Soundings in the Channel,

w40 176¢ nllob t. Beechey's ‘Voyugo to tho mmc chap, xviii.
Soundings in o Claunelpp. 4 106. M. siau saies (il

New P Jont v e 246), that he found th sediment, at &

dﬂplb of 18 mitree, arranged in ripples of difforent t degrees of finenoss.
ro are some excellent discassions on this and allied subjects in Sir
H De 1a Boche's “Theoreticas Resenrehen;
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caused by distant gales, scem especially to affect the
bottom : at such times, according to Sir R. Schom-
burgk,' the sea to a great distance round the West
Indian Islands, at depths from five to fifteen fathoms,
becomes discoloured, and even the anchors of vessels
have been moved. There are, 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 ot sufficient veloeity to
move stones of even moderate size: moreover, I have
repeatedly found in the most exposed situations that
the pebbles which ke 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. Soe. vol. v. p. 25. Tt appears from
M. Seott Rusells. investigations (see M. Marchison's + Annivor.
A Goolog. Soc’ 1843, p. 40), that in waves of translation the
motion of the particles of water is nearly ns great at the bottom as at

 pabble, one sad o batt och sars and balfanfahtick, was
glvnn ne dredged vy from twenty-eren fachoms dpth of the
and of tho Falkiand Tlunde, where the sea s romatknbly stormy, and
.}}"" to violant tides. o p.bhx. was encrusted on all sides by
ate living comlline. T bave soon many, pablos from depiks
forty and seventy fathoms thus enerusted ; one from the latter
dqnh i Cape Tora,
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force, a little onwards. We can thus understand how
oceanic or 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 breaking 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
tlfe distribution of pebbles, namely by the waves on the
beach. Mr. Palmer,? in his excellent memoir on this
ject, 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 powerfal
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

o Lmay take th mity of remarking on a singular tu

o L o ot Moo 1 the eeskts Which Sy
Penetite the wetara shores of Tieer Gl Fasgo: mamaly, hat they b
nimost inearably much aballower cos tothe open en a ther, muths
than_inland. Thus, Cook, in entering Christmas Sound, first had
soundings in m,«m fathoms, then in fifty, then in sixty, and a
ikl urther 1n %o botiom, with 170 iboms Tho ‘sealers are 10
familiar with this fact, that they always look out for anchorage near
the entrancen of the creeks. See, also on this sulject, the - Voyuge of
the Adventure and Beagle," vol. i. p. 875, and * Appendix, p. 313. This
shoalness of the sea-channels near their entrances probably results from

ratod from the sca apparently only by u tract of detritus, were
ontinally sen i banks of this' nature near Uhir mouhe,

phear
#  Philosophical Transactions;’ 1834, p. 576.
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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 oceasion 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 present line of coast);
and that the newly-spread out bed had in its turn been
upraised, eaten into, and re-spread out; and so onwards,
until the shingle, which was first accumulated in great
thickness at the foot of the Cordillera, had reached in
thinner beds its present extension. By whatever means
the gravel formation of Patagonia may have 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
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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. Seals 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 Coast Cliffs azd Bottom of Ses, off the Tsland of St. Helena.
1,600 fest
above sea.
510 feet.
above sea.

90 fath. 1006 350fa.

‘Lovel of sen. T
five or sx futhoms, Mud and saad, :
Vertical ane al scale, two mautioal mile. The point marked
L0 ok 1 ak th. foo Gt Tigh Kl it marked D1 fo s on the el of

‘Ladder Hill. "The strata consists of

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 thiey 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 exact measurements; thus, on the wind-
ward side, the cliffs are about 2,000 feet in height and
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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 130 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
on its bare and uneven surface: after the formation
near the shore of a new rocky shoal, fresh subsidence
would carry it down and allow it to he 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 subsided : the time will, I
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.

Chonas Archipelago—Cliloe, recent axd gradual devation of, traditions of
the inkabitants on_this subject—Concepeion, carthquake and elevation
of—Varranaiso, great devation of, upraised shells, earth of marine
origin, gradual vise of the land within the historical period.—Coaursimo,
elevation of, in recent times, terraces of marina origin, their inclination,
their escarpments wot horizontal—Guasco, grave terraces of—Copiapo.
—Prav— Upraised shells of Cobija, Lyuique, and Arica—Lima, shell-
beds and sea-beach on San Lorenzo, Human remains, fossil earthen-
ware, carthquake debacle, recent subsidence—On the decay of upraised
shella—General summary.

CommenciNG 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

! * Nurmative of the Lows of the W
+ Comptes Rendus; October 1538, . 706,
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of this archipelago, I observed two terraces of gravel,
abutting to the foot of each other: at Lowe's Harbour
(43° 48"), under a great mass of the boulder formation,
about 300 feet in thickness, I found a layer of sand,
with i of hell
having a fresh aspect, but too small to be identitied.
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, a few 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 creeks, 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
reach 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.

I received several accounts 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 serpule 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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In a bed of shells, a few feet below the 350 feet bed, I
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,
womn into irregular plains capped by gravel. Near
Custro, 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 Gambea, 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 panses 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. In the same manner
the term Pulo in Sumatra is appended ' to the names
of promontories, traditionally said to have been islands;
in Sumatra, as in Chiloe, there are upraised recent
shells, The Bay of Carelmapu, on the mainland north

1 Mursder'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 distinct 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.—1I canmot 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 purt 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 murk; 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 Chilod’ p. 78. From the
iven by the old Spanish writers, it would appear that several

account
other harbours, between this point and Concepeion, were formerly much

desperthan my now are.
Xll.‘
 Voraglsof Advasturs and Beagle: vol. i, P 415
+ Iid.vol. i i p 412 ¢t g, Tn vol. v (p. 601) of tho ¢ Geological
ctions,” I have given an account, of tho remarkable voleanic

phunnmunn‘ A ompanied this eathquake. Theso phenomena

tomo to tmv e action, by which large tracts of land
- uphmd, Rk s eruptions are prodaced, is n sery
respet i
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It appears from the researches 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 the great Bay of Concepeion, it was
most difficult, owing to the obliterating effects of the
great accompanying wave, to recognise any distinet
evidence of this considerable upheaval; one spot must
be excepted, where there was a detached rock which
before the earthquake had always been covered by the
sea, but afterwards was left uncovered.

On the island of Quiriquina (in the Bay of Concep-
cion), I found, at an estimated height of 400 feet,
extensive layers of shells, mostly comminuted, but some
perfectly preserved and closely packed in black vege-
table mould ; they consisted of Concholepas, Fissurella,
Mytilus, Trochus, and Balanus, Some of these layers
of shells rested on a thick bed of bright-red, dry, friable
carth, capping the surface of the tertiary sandstone,
and extending, as T observed whilst sailing along the
coast, for 150 miles southward : at Valparaiso, we shall
presently see that a similar red earthy mass, though
quite like terrestrial mould, is really in chief part ot
recent 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 Taleahuano, 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 peittacus. 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 T 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.! 1In some places round the
bay, 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 shells ;
but from the summit of one hill, 625 feet high, he
Drought me specimens of the Concholepas, Mytilus
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 morth of Concepeion.—The first point exam-
ined was at the mouth of the Rapel (160 miles N. of
Concepeion and sixty miles S. 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

! + Zoology of Capt. Beechey's Voyage. p. 162,
* 4 Annales des Scienc. Nac Avel] 1830
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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 lmugmﬁcant streamlets) with their sides cut into
successive wall-like escarpments, rising one above
another, and in many places, according to M. Gay,
worn into caves. The one cave (C. del Obispo) which
T examined, resembled those formed on many sea-coasts,
with its bottom filled with shingle. These inland
plains, instead of sloping towards the coast, are inclined
in an opposite direction towards the Cordillera, like the
‘successively rising terraces on the inland or eastern side
of Chiloe: some points of granite, which project through
the plains near the coast, no doubt once formed a chain
of outlying islands, on the inland shores of which
the plains were accumulated. At Bucalemu, a few
miles northward of the Rapel, I observed at the foot
and on the summit-edge of a plain, ten miles from the
coast, many recent shells, mostly’ 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, I noticed a considerable bed, composed exclu-
sively of Mesodesma donaciforme, Desh., lying on a
bed of muddy sand: this shell now lives associated
together in great numbers, on tidal flats on the coast of
Chile.

Valparaiso.

During two successive years I carefully examined,
part of the time in company with Mr. Alison, into all
the facts connected with the recent elevation of this
neighbourhood. In very many parts a beach of broken
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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
one 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
by 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
proserved shell; but T extrarted perfectly preserved

i of the Fis 1, a Trochus and
Balanus (both well known, but according to Mr. Sowerby
yet unnamed) and parts of the Mpytilus 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

Otsiag Iuiseus s s be doos. oot Shisk e spocien

denteny i though coely ssembiin, the trua 2
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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 ; nor could some of the species
have adhered when alive to other larger shells. On
another hill, some miles distant, and 648 feet high, I
found shells of the Concholepas and Trochus, perfect,
though very old, with 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

d of minute fragments of the spines, mouth-
bones and shells of Echini, and of minute fragments,

! Measured by the barometer: the highest point in the mnge
b.nmd Valparaiog 1 found o bo 1,036 fost sbove the level of the

R

'mplete W,




242 Elevation of Valparaiso. PaRT L

of chiefly very young Patellie, Mytili, and other species.
T found similar microscopical fragments in earth filling
up the central orifices of some large Fissurell. 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
init. This earth resembles in general appearance, as
before remarked, that capping the rocks of Quiriquina
in the Bay of Concepcion, on which beds of sea-shells
lay. I have, also, shown that the black, peaty soil, in
which the shells at the height of 350 feet at Chiloe
were packed, contained many minute fragments of
marine animals. These facts appear to me interesting,
as they show that soils, which would naturally be con-
sidered of purely terrestrial nature, may owe their origin
in chief part to the sea.

Being well aware from what I 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, iv 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,
T was repeatedly struck here, at Concepeion, and at
other places, with the frequency of their occurrence on
the summits and edges cither of separate bills or of
little flat headlands often
over the sea. The several above-enumerated species of
Mollusea, which are found strewed on the surface. of
the land from a few feet above the level of the sea up
to the height of 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 species
of Concholepas, Fissurella, Trochus, Monoceros, Chi-
tons, &e. living in abundance from the beach to a depth
of seven fathoms ; and dead shells occurred 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 *Procecdings of the Geolog. Soc.’ vol. ii. p. 446, I have
i a brief account of the upraised shells on the coast :f Chile, and
of elevation are not sstisfactory above
t that timo unlurlunluly overlooked a
separate puge written my sy iso, describing
the shells now in my possession from the 657 o W Y e e
my collections, and had not reconsidered the obvious appear-
amce of grenter antiquity of tho shells from the greater heights, nor had
Tat that time diweoterad the macing rign o the carh in which many
of the shells aro packod. ring thess fuct, 1 do v pow fol a
ot o dinbe ot sl s gt o 300 T v
upraised by natural causes nto their present position.
w2
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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, cither that these
shells were thrown during gales on flat ledges of rock
Jjust above the level of high-water mark, and that
uring 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-
losnsis, a species which lives below the lowest tides ;
and likewise with respect to the great beds, oceurring
both north and south of Valparaiso, of the Mesodesma
donaciforme,—a shell which, as T am informed by Mr.
Cuming, inhabits sand-banks at the level of the lowest
tides. But even in the case of shells having the habits
of this Mytilus and Mesodesma, beds of them, wherever
the sea gently throws up sand or mud, and thus protects
its own accumulations, might be upraised by the slowest

and yet remain undisturbed by the waves of
each new beach-line.

It is worthy of remark, that nowhere near Valparaiso
above the height of twenty feet, or rarely of fifty feet,
I saw any lines of 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
indistinet step-formed beaches, composed of broken
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shells, which together covered a space of about eighty
feet vertical.

Tecan add nothing to the accounts already published
of the elevation of the land at Valparaiso,' which ac-
companied the earthquake of 1822: but I 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, I am able to give an interesting aceount 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
exmuwn of the beach in so shon- time cannot be

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. )lwu(‘lhluuml’.nh. Th. L s. 221) found in 1831 sea-
on il alincing 80 woune rooke which dusing tha
Thock of 1632 waro 1fted abore 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 clevation cannot have been as much
us 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 near the beach, has sensibly
emerged; hence here, as at Chiloe, a slow rise of the
land appears to be now in progress. It seems highly
probable that the rocks which are corroded ina band
at the height of fourteen feet above the sea were acted
on during the period, when by tradition the base of
§. 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 I 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, hut 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, vol. i. pp. 438, 395. T received several similar
accounts from the iuhabitants, and was assured that there are many
ahells on the plain of Cass Blanca, between Valparaiso and Santiago, at
the height of 800 feet,
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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 furrowed by dry, flat-bottomed, winding valleys.
Northward of this place I turned inward ; and therefore
found no more shells : but the valleys of Chuapa, Illapel,
and Limari, are bounded by gravel-capped plains, often
including a lower terrace within. These plains send
bay-like arms between and into the surrounding hills ;
and they are continuously united with other extensive
gravel-capped plains, separating the coast mountain-
ranges from the Cordillera.

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 coast. The
ulrhcend't.haﬁ’mge—hke]hmnppunhval 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 lose, 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 caleareous
matter, of the size of small seeds : a series of specimens
unequivoeally showed that all these capsules once con-
tained minute rounded fragments of shells which have

In many respocts this upper haed, and_the underlying mors
H-hhnrlmu.mmhht.h- + supeeiial bods at King George’

Sound in Austris, which T ave doscrbed in Chater VL . 161,
'rhu-mub.nuhamu  that the upper layery thero have bocn
hardened by the action of ‘mater, and
thet the whtla mkss bas celgoated in'the dacay of mamialy commnt
nuted sea-shells and corals.
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since been gradually dissolved by water percolating
through the mass.!

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

1. Venus opuea. 6. Monoceros costatum.

2, Mulinia Byronensis. 7. Concholepas Peruviana.

8. Pecton purpuratus. 8. Trochus (common Valpa-
. Mosodosma donaciforme. riiso spocien).

5, Turritella cingulata. 9. Calyptriea Byronensis.

Althougli 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 Calyptraa radians, of which
I did not find one in the calcareous beds. I will not
pretend to determine how far this difference in the
proportional numbers depends on the age of the deposit,
and how far on the difference in 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 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 oecasion to deseribe 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, 1
observed a narrow strip of stratified sand, containing
similar shells in similar proportional nurabers : a section
of the ravine s represented in the following diagram,
which serves also to show the general composition of the
plain.  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 Coquimbo.
B Surface of plain 232 foet above sea. 8

A tho beach, halfflling.
up & ravin

. Surface of latn with seattered shll in nearly samo fame proportions s o the boch.

C: Upper }-imm‘ph- ot in same propar.

D. sandy bed (Loss), |~ tions as on the

E Jﬂ:?f“ﬂ:."’.—,‘“" o ey siam, | i 8 -|| o neasly all, extinct.

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. Tts surface was there formed of gravel,
cemented together by calcareous matter ; and out of it
I extracted the following recent. shells, which are in
a more perfect condition than those from the upper
plain :—
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1. Calyptrea radians. 9. Amphidesma rugulosum,
2. Turritell cingulata. amall esegular wriskles of the
ra Poruriamn. posterior art of this shell are

rather st than in  the

) lh)(.ld-nnu.l "Vih » Hiving Tost l;&:::;n:;l m(-o.vme
6. Tolen Dombeiaoa. Sowerly.)

7. Pocten purpuratus. 10. Balanus (identical with living
8. Venus Chilensis. | spocies).

On the syenitic ridge, which forms the southern
boundary of Herradura Bay and Plain, I found the
Concholepas and Turritella cingulata (mostly in frag-
ments), at the height of 242 feet above the sea. I could
not have told that these shells had not formerly been
brought up by man, if I had not found one very small
mass of them cemented together in a friable calcareous
tuff. I mention this fact more particularly, because I
carefully looked, in many apparently favourable spots,
at lesser heights on the side of this ridge, and could not
find even the smallest fragment of a shell. This js only
one instance out of many, pmvmg 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 caleareous plain, at the height of 252 feet above
the sea.

It would appear from Mr. Caldeleugh’s rescarches,!
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 occasionally 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

* “Proseedings of the Geologieal Socioty,’ vol. ii. p. 446.
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Feuillse, were d flour dlsan, 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. Caldcleugh, 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

; 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 mot 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. 28,

st i West Scton throngh he Toraces s Conuimbo, wher they debonch fromm
o Valley, and frout the .
@)

et () .
a0,

| o w
s z
S

vnmnh.mummwm horizontal seale much contracted.

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

1 «Principlestof Geology” (1st edit.), vol. jii. 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 distinct 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 o 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 width; but
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 Soath Section acrows the Valley of Coquimbo.

North, South.
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thongh ot coinuouy wiied with () of the former secion,
.
 Thie e mpu. and is continoonaly writed with that which siretehes
o fringe alo Tn wicending ley 1t gradually beoomes
Dmrower, Sad 1 o st o1 {6 disttn f byt ton miley fr e St pedeed
oo o it topred baches an th rides o the mouniatas Nono of the lower
terruces extend so fa up the valley,

8.yl dovsopet onthe s, e b bsens on he nrts i o the ey <

These five terraces are formed of shingle and sand ;
three of them, as marked by Capt. Basil Hall (namely,
B, C, 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 notice, 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
mot being hovizontal.—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; nor 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 not 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 a narrow
creck, 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 seaward ;
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 one 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
sea will generally have greater power at the mouth than
at the protected head of a bay, so will the escarpment
at the mouth be cut deeper into the land, and its

it-odge be higher; quently it will not be
horizontal.  With respect to the basal or lower edges
of the escarpments, from picturing in one’s mind ancient
bays entirely surrounded at successive periods by cliff-
formed shores, one’s first impression is that they at least
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necessarily must be horizontal, if the elevation has been
horizontal.  But here is a fallacy : for after the sea has,
during a cessation of the elevation, worn cliffs all round
the shores of a bay, when the 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

st near the mouti ; 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 T mean more intelligible; it represents a
bay in a district which has begun slowly rising. Before
the movement commenced, it is supposed that the
waves had been enabled to eat into the land and form
cliffs, as far up, but with gradually diminishing power,
as the points A A : after the movement had commenced
and gone on for a little time, the sea is supposed still to
have retained the power, at the exposed mouth of the
bay, of cutting down and into the land as it slowly

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 dingram more com-
plicated, suddenly converted into a valley: the basal
line of the cliffs will of course be horizontal, as far as
the beach is now seen extending in the diagram; but
in the upper part of the valley, this line will be higher,
the level of the district having been raised whilst the
low land was accumulating at the foot of the inland
cliffe. 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 recornmence 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, so 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 tramsversely,
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
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conquered by the elevatory movement, as often as it
Tecommences, at about the same period ; and hence the
or accumulated beach-lines, will commence
‘being formed at nearly the same levels: at ench suc-
ceeding period of rest, they will, also, be eaten into at
mearly 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,
asat Glen Roy in Scotland,' a distinct line marking an
old sea-level, and which will be strictly horizontal, if
the sibsequent 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 costs, such as those
described in this and the preceding chapter, the terraces
themselves are accumulated during the slow elevatory
process, the accumulation commencing soomer in pro-
teeted than in exposed situations, and soomer where
{here 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-
? “Philosophieal Transnctions,’ 1839, p. 39.
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oot Eori-thie - considerabls seaward' alope’ ol ithb
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 Coquimbo,
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 calcarcous
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 const
to Ballenar : in nearly the whole of this distance, five

! Mr. Place, in the ‘Quarterly Journal of Science,’ 1824, vol. xvii.

* Voyages do Ia Comm. du Nord, &e.: also, * Comptes Rendus,”
Oct. 18420
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grand terraces, running at corresponding heights on
both sides of the broad valley, are more conspicuous
than the three best developed ones at Coquimbo. They
give to the landscape the most singular and formal
aspect; and when the clouds hung low, hiding the

i i the valley in the
most striking manner that of Santa Cruz. The whole
thickness of these terraces or plains seems composed of
gravel, rather firmly d 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 distinct for the length of a mile: the
fifth is very broad: the sixth is the summit-plain,
which expands inland into a great basin. Not
having a barometer with me, T 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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I conceive, be some hundred feet above the sea. A
north and south section across the valley in this part is
here represented.

No. 26.
North and Valey of Guaaes, and
North, o Soath.
"™ B A River of Gaaso,
Y TRV ST

‘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 cliffs. 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 fect in height, of which the
upper part. consists chiefly of gravel, abounding with
recent shells, chiefly of the Concholepas, Venus Dombeyi,
and Calyptraa trochiformis. A little inland, on a
plain estimated by myself at nearly 300 feet, the upper

! * Reiso um die Erde.’ Th. 1. . 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 morthward, 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 it, except at
one spot near the mouth of the great lateral valley of
the Despoblado where there are only two, one above the
other: lower down the valley, in one place I observed
that the solid rock had been cut into the shape of a
beach and was smoothed over with shingle.

Northward of Copiapo, in lat. 26° S., the old voyager
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, Calyptraa, Fissurella,
and Patella, still attached to the spots on which they
had lived. M. d'Orbigny argues from this fact, that
the elevation must have been great and sudden:? to

' ‘

» Nopuge. Tore Gl 3 B Oy (. 99) i sum-
ming up ey 81l ot curaln (a8 ho bliers) que St 1 torraine en
‘pente, compris entre 1a mer ot les os sont Lancien rivage de ln
‘mer, on doit supposer, pour unumbln ' exbuusoment qui v sersit
pas ‘moindre de deux cent my ‘suppose encore que co

ieomient B's b gmdu.l % mnuqnlh‘lulumlldnn-

ot mime csuse foruite; &. “Now, on this view, when the sea

‘tho baach, it the oot of the mountatne, Tany. shells of
Conr.holnpu. Chiton, Calyptrwa, Fissurella, and Patella (which are
known to live elose to tho 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 carth-
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° 28'), M.
d'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. Lient.
Freyer has given some more precise facts: he states?
that the Morro of Arica is about 400 feet highs it is
worn into obscure terraces, on the bare rock of which
he found Balini and Millepore adhering. At the

300 feet, and n a d.pn: of 600 fest several of these same shells were

sccumulating in tbers in horizontal beds.
mysclf seen in dmdgln 1 believs ths t bs improbubl i the highest
d not impossiblo ; k evory one who has read Prof. E.
Forbes's excellent mumhu 5 the sukiot, il without hestetion
agree in this conclus

‘ vlhnun 3 Amnr, Jmlr. of Science,’ vol. xliv. p. 2.

* Voyage,

01.
§1a & Tothae o M, Lyell, * Geolog. Proe.’ vol. ii. p. 179,
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height of between twenty and thirty feet the shells
and corals were in a quite fresh state, but at fifty feet
they were much abraded ; there were, however, traces
of organic remains at greater heights. On the road
from Tacna to Arequipa, between Loquimbo and
Moguegua, 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

! *Bdin. New Phil. Jour? vol. xxx. p. 155.

2 ML Chevalier, in the * Voyage of the Bonite, observed these shells;
but his specimens were lost.— LInstitut,’ 1838, p. 151.
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common salt. T 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 Serpul.
All, according to Mr. G. B. Sowerby, are recent species :
they consist of—

1. Mytlos Magellnicua: st | 7. Fgsrel sty G
that found at Valparaiso, and | 8 —— biradiata, 'gnmhly
thare stated o, be pr ymbubly % o hoiks Do
distinet. from the true 10. ——— Peruviana, Gray.

apuantgus ot st ok inta, Gray.
2. Venus costellata, Sowb. * Zool. | 12, — buxea (Murex, Brod.).
; ‘eruviana.

3." Pocten purpuratus, Lam. 14. Nassa, related to reticulata.
" 4 Chama,”probably echimlta, is, Brod.
i " - Trochus, not yet described, but
. ot B o well known and very common.
3 radians (Trochus, | 17 and 18. Balanus, two specien,
Tam.) both comman on the coust.

These upraised shells appear to be nearly in the
same proportional numbers—with the exception of
the Crepidul® 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 Fissurelle still
partially retain their colours. It is remarkable that
these shells, taken all together, have fully as ancient an

although the ly 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

e P e
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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, I found light corallines,
the horny ovule-cases of Mallusca, roots of sea-weed,*
bones of birds, the heads of Indian 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 cotton 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 sandstone contains true layors! of salt; so that
o mit may posibly bave come from the bels i the higher parts

of the Nnnd but I think more probably from the sea-spray. It is
rally asserted that rain never falls on the coust of Peru; but this
it ot e nerecia or, ou seviel g g (e YL MO 00

eruvian dew fell in sufficient quantity to make the streets
muddy, and it would certainty have washed 50 del
e st ntothe il 1 stte this bocauso M. dOrl ing
an sonlogous mujct, svpposes that [ bod foroiten that i, never riog
o0 thi whole lng of ot Soc Dl Vo F
- 67) for an_account of the muddy stroets”of
{inuanco of the mists during tho wholo wnier Tt ol e oo
oven in the driest , s, for instance, during forty a.y..

in 1736, a ‘hocope @ m this rain entirely ruined (" Ullon,
- 18) the mud-houses of the inhabitants.

M, Smith of delnlnl] found pieces of scawood inan upraited
leistoemo depost n Seotand. f.. admirablo Paper in the * Eiin.

ew Phil. Journal,' vol. xxv.

n-
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be cut into the sandstone, all. show that these remains
were not thrown high up by an earthquake-wave: on
the other hand, these facts, together with the number
of dead shells, and of floating objects, both marine and
terrestrial, both natural and human, render it almost
certain that they were aceumulated 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 unrolled 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 respect to the m of
nearly angular, salt ted of

which lie under the shells, and which are so unlxk-_ 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 Concepcion,
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 8o often experienced here.

' T have described 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 obseure 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 acci-
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 obseure 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 rows, 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 of
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 explained. I must add, that at a

©® The Comi
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lowsslavelimeasithe:polutiiwherauthespreseat low land
round Callao joins the higher plain, there are appear-
ances of two distinct deposits both apparently formed
by debacles: in the upper one, a- horse’s tooth and a
dog’s jaw were embedded ; so that both must have 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 fur as I
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 fragmentss 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
5o extremely low and narrow, that it is improbable in
the highest degree that a town should have been founded
onit 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-
ceeded the eighty-five feet. In several places? in this

1 I amindebted for this fact to Dr. E. Dieffonbach. I may add that
there is & teadition, that the islands of San Lorenzo and Fronton wers

once joined, and that the channel between 8, Larenzo and the mainland,
now above two miles in width, was so narmw that cattle used to swim

over.
# + Observaciones sobro ¢l Clima del Lima,’ par Dr. H. Unaniie,
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neighbourhood, marks of sea-action have been observed :
Ulloa gives a detailed account of such appearances at a
point five leagnes 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.—T 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 I.\Ave n m\uh more ancient

than the speci greater
heights on the coast of Chile. T hnve, also, stated that
these shells in the upper part of the ledge, at the height
of eighty-five feet above the ses, 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 bhed, 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 T con-
clude from the following facts, through a different
means.
Bt checration S - Lyl Pumapic of Gslogy (16 s

ol. . p. 130.
+ Sco my discussion on a caleareous incrustation in Chapter IIL.
«
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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 collapsed and quite disintegrated. I could not
discover with the microscope a trace of organic structure
in it; but its chemical constituents, according to Mr.
Reeks, are the same as in the powder extracted from
amongst the decaying shells on the lower ledge, with
the marked exception that the carbonate of lime is
present in only very small quantity. On the third and
highest ledge, I observed some of this powder in a
similar position, and 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

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. Recks, that a mnnl:‘

imo aro
to mutual decomposition in soil. Ber,D-l-Mninlommu.
o il aro often cor-
voded in o mur;mn\nmmil Illmnh-nt‘Gu\‘lﬂun
Chron.” p. 675, 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 ledge. There is, however,
a great difficulty on this view, for the resultant salts
should be carbonate of soda and muriate of lime; the
latter is present, but not the carbonate of soda. Hence
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 manner in which masses of shells,
gradually upraised above the sea-level, decay and finally
disappear.

Summary on the vecent Elevation of the West
Coast of South America.—We have seen that upraised
marine remains occur at intervals, and in some parts
almost continuously, from lat. 45° 35’ to 12° 8, along
the shores of the Pacific. This 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

1 T may take this opportunity of ating that in & M. v the

Geological Soc. er, it is stated that beds of oysters and
other rosent aells aro found tiry fct above the levl of fa sy 1
Tmany parts of Tampico, in the Guld 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 stecp-
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 ; but the marks of sea-uction
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 Concepeion
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 Cir-
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
Coquimbo 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 ecast up on the beach. From this cireumstance,
and from not finding, upon eareful examination, near
Coquimbo any shells at a greater height than 252 feet,
I 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 Concepcion. 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 force
and number of the shocks now yearly affecting different
parts of this coast; and, secondly, the fact of single
areas, such as that of the province of 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 sheils 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 oceurrence 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
riso 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
connceted 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. Al 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, there 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 const, as near
Valparaiso and Concepeion, is highly instructive, for as
it is improbable that the elevation at these places alone
should have been continuous, we must attribute the
absence of such marks to the nature and form of the
coast-rocks. Seeing over how many hundred miles of
the coast of Patagonia, and on how many places on the
shores of the Pamﬁc, the elevatory process has been
periods of comp: rest, we may
conclude, cnn;olntly with the evidence drawn from
other quarters of the world, that the elevation of the
land is generally an intermittent action. From the
quantity of matter removed in the formation of the
escarpments, 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 clevation 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 conelusion.
‘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 bave 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 ; 50 do I on this western coast, from the analogy
of the movements now in progress, and from the vast
numbers of shells now living exclusively on or close to
the beach, which are strewed over the whole surface of
the land up to very considerable heights, conclude, that
the movement here also has been slow and gradual,
aided probably by small occasional starts. We know
at least that at Coquimbo, where five escarpments oceur
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 oceasional 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-heach from a line of low cliffi, wlnch 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 aquick 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 eliff-
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
surfince 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 reasong 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 Inner 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
not visited by me, has been elevated within the period
of recent Mollusca: if so, the shores of the Pacific
have been contintously, 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.

Basis-like plains of Chile; their drainage, their marine origin—DMarks
of sea-action on the eastern flanks of the Cordillera—sSloping terrace-
like fringes of stratified shingle within the valleys of the Cordillera ;
their. marine origin—Doulders in the valley of the Cachapual—Hori-
ontal da«m of the Cordillera—Formation of valleys—Boulders
moved by carthquake-waves—Saline superficial deporite—Bed of
nitrate of soda at Iquique—Saline incrustations—Salt lakes of La
Plata and Patagonia ; purity of the salt; its origin.

T space between the Cordillera and the const of Chile is
ona rude average from eighty to above one hundred
miles in wxdth, it is formed, cither of an almost

mass ins, or more ly of
several nearly pmuel 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 3 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 s
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 caleareous
tuff, the uppermost layers being generally 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 8. 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 situ) are coated and united together
by a white, friable, caleareous tuff, like that found at
Podaguel.  When this matter was deposited on the
summit of 8. 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,
T plin s o pertally sparated o two basine by amot

Bill the south 0 Meyen (* Reise um Erde,’
5.274), fuls in heigh, Ly a sbropt tep. of batween iech and tmty

* Or 2,090 foet above the sen, as mesarod barometrcnlly by M.
ek, This tuff appears to the eye nearly paro : but when placed in
ncid it Tonves o considernble residuo of sl ol ki it
apparentl; r. Dr. Meyen 5 e
T o n’:nghgnurmg hill of Dﬂmlm)co (and T
found it alao on the Cerro Blanco), and o attributes it to the weather-
ing of tho stono, In some places which T cxamined, its bulk put this
view of its origin quite ont of question; and T should much doubt
‘hether tho decomposition of o porplyry would, in any cuse, lenvo &
erust chiofly composed of carbamate of lime. The white crust, which is
commonly woon on. weathered feldsgathic.rocks, does ot $ppeas &6
contain any free cabonate of lime,
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passes through a remarkable level gap in the moun-
tains, forming a true land-strait,and called the A
It then immediately expands into a second basin-formed
plain: this again to the south, contracts into another
Iand-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 S. 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 basinsare connected to-
getherlike a necklace,inanorth and south line, bysmooth
land-straits, the streams which drain them do not all flow
north and south, but mostly westward, through breaches
worn in the bounding mountains; and in the case of
the second basin, or that of 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 flowing
northward to and through the northern land-strait ;
then, without crossing any marked ridge or water-shed,
we see it flowing south-westward towards the northern
one of the two breaches in the western mountainous
boundary ; and lastly, again without any ridge, it flows
towards the southern breach in these same mountains.
Hence the surface of this one basin-like plain, appear-
ing to the eye so level, has been modelled with great
nicety, so that the drainage, without any conspicuous
* Tho plain of 8. Fernando has, according to MM. Moyen and Gay
(‘Reiso,"&c. Th, i. s5. 205 and 298), near the Condillora, un upper step.
formod plain of clay, on the sarface of which they found numerots
blocks of rocks, from two to three foet long, either lying singls ar
piled in heaps, but all arranged in nearly straight lines.
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vnbemheds, is djrecbed 'mm-d- three opemng: 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 deseribed 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.

I might have given descriptions of numerous other
plains of the same general form, some at the foot of
the Cordillera, some near the coast, and some half-way
between these points. I will 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
imaart Gl o S o S
prciely -nlhlnn—rhlpplylnlhdmu"uﬁhplnu
ween those grest mour
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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 inhabitants believe that these
plains were once occupied by lakes, suddenly drained ;
but I conceive that the number of the separate breaches
at nearly the same level in the mountains 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
ir 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 convince me that the mountains bound-
ing these basin-plains were breached, their islet-like
Pprojecting 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 plaips 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
occupied 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 ean
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
remainesanil with) Tespect: o' shells ot 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.

T observed some appearances on the plains at the
eastern and opposite foot of the Cordillera which are
worth notice, us showing that the sea there long acted
at nearly the sume 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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gentle, slope, from five to ten miles in width (as repre-
sented in-the following diagram), entirely composed of

No. 27

Section of the Plain at the Eastern Foot of the Chilian Cordiliera.

——y
Condilers, Talus-plain, Level wurfnce, Graver
2,700 foot above ses. termaces.

perfectly rounded pebbles, often white-washed with an

luminous 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 caleareous concretions as in the Pampean
deposit,—of fine white sand with small pebbles in
layers,—and of the above-mentioned white aluminous
carth, 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 o many points on the coasts of Chile and
Patagonia.

The talus-like plain slopes up with a smooth
surfice into the great dry valleys of the Cordilléra. On
each hand of the Portillo valley, the mountains are

]
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formed of red granite, m:m—shf.e, and basalt, wlucb a.l.l
have suffered a truly

the gravel in the vu]ley,ax well as on the talus-] l.lke
plain in front of it, is composed of these rocks; but at
the mouth of the valley, 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 circumseribed distance. Now,
it is difficult, to conceive any other agency, except the
quiet and long-continued action of the sea on these
hillocks, which could have rounded and white-washed
the fragments of porphyry, and caused them to radiate
from such small and quite insignificant centres, in the
midst of that vast stream of stones which has descended
from the main Cordillera.

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 ; clifi-bounded fringes, more or less continuous,
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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inclined 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-
larly well exhibited, as is represented in the following
diagram.  The thickness of the gravel forming these

No. 28.

e s (3 A 43 o o o coue f o v ot i "%
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 have
frequently been removed on one or the other side, and
sometimes on both sides; but in this latter case they
re-appear after a short interval on the line, which they
would have held had they been unbroken. Where the

2
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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 plaees 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 calcareous, 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-
cation,—and in the irregularity of the upper surfaces.
This difference was likewise well shown at points low
down the valleys, where precipitous ravines, cutting
through mountains of highly coloured rock, have thrown
down wide, fan-shaped accumulations of detritus on the
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
df 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 I could perceive no difference in their struc-
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 rountains
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 oceur in the neighbour-
hood: I observed these blocks, as well as others of
andesitie syenite (not oceurring here én sitw), 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. Al these
blocks were rounded, and though large, not gigantic,
like the true erratie boulders of Patagonia and Fuegia.
M. Gay' states that granite does mot occur in situ
within a distance of twenty leagues; I suspeot, for
several reasons, that it will ultimately be found at a

1 * Annales des Sciene. Nat,! (L séries. tom. 28). M. Gay, as T was
informed, penetrated the Cordillers by the great oblique valley of Los
Cupressos, and not by the most direct line.
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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 a 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
Vallgy, 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
secks 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 ot 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 from the 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

¥ *Reise, &e. Th. I, 5. 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, seeing that these same
rivers not only are now removing and have removed
much of this deposit, but are everywhere tending to cut
deep and narrow gorges in the hard underlying rocks.
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
occupied 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 surfuce levelled by the blending together of the
sticcessive beach lines.! As the land rose, the torrents
yme o Bocoph Teontciont 630, .59yt waiye o Lochabes
i Scotland, where, at higher levels, the parallel roads of Glen Roy

show the marks of the loog asd quict resilenco of a ghheial laks. T
have no doubt that sloping terraces would have been present in the
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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,
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
bea hat more gentle inclination, with ri

instead of sea-worn detritus on the surface.

T 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 European ranges, had not evary trace of them, and

of sea-nction, been swopt away by the glaciers which have

since occupied them. T have shown that this is the caso with the
wm " London sud Edin. Phi,Journal vol. xci. p. 187) of North

: l have attem) a mare detailed
in a lettor lﬁr m:‘:‘:n, ynbhm the + Edinburgh New
l’lul Journal,’ vol, xxxv. p. 2
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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 uges, moreover,
in this and other valleys, events may have occurred like,
but even on a grander scale than, that described by
Molina,! when a slip during the earthquake of 1762
banked up for ten days the great viver 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, T
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

!+ Compandio doIa Hiet? . &, 1,7, 80, M. Bronguias in s

report on M. Gay's Iabours (* Annales des Scionces, 1833) considers
that the bu-ldrn in,the Cachnpual balong to the same caes with the

"which runs paralel o, barat
some distanco from, the cmmm Thia sidgs bns been mijcied to
burst from it, and hot spring:
lm! Ibn mnrmmu amount of udation of whd
rts of this valley where it

S St e ol g
now protects the great range, 1 could not help believ
10 in the text) that this ridge with its trachytic eruptions had been
thrown up at a much later period than the Cordillern. If this has been
tho e, the boulders, aher liaving boe transpoted to low levl by
thetarrents (which extilit in every valley proofs of their power of
oving great fagments), may bave boen sl up o their prescat

Teighes with the laod o whick they e
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successive levels, in the same manner as we see mnow
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 is 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 have been uplifted quite
equally; alight differences in the elevation would loave no perceptible
effect on tho termees. It may, however, be inferred, perhaps with one
exception, that since the period when the sea occupied these valleys, the
several mnges have not been dislocated by great and abrupt faults or

wve been continuous. The one exception is at the
lower end of u plain in the Valle del Yeso (a branch of the Maypu),
where, af the terraces and valley appear to have been
broken through by a line of upheaval, of which tho evideneo is plain in
the adjoining mountains ; this dislocation, porhaps, oceurred qfter the
clevation of this purt of the valley abovo the lovel of tho sea. The
‘valloy here is ulmost blocked up by a pile above 1,000 feet in thickness,
formod, as fiur as I could judge, from throo sides, entirely, or at least in
chief part, of gravel ' derits. On the onth o, thovive b cux
ito 1) i i

uit this mass; on the northern side, and on the very summit
ravines, parallel to the line of the walley, aro worn, as if the
two lines before

following its present course.
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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, bat
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 hurrying downwards ; and as
was attested by the vast size of certain fragments, which

@ The Complete Work of Charles Darwin Online
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I was assured had been carried onwards during floods ;
yet we have seen in the lower parts of the valleys, that
the torrents have seldom removed all the sea-checked
shingle forming the terraces, and have had time since
the last elevation in mass only to cut in the 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 Pacifie, I never ceased
during my many and long excursions to feel astonished
at seeing every valley, ravine, and even little inequality
of surface, both in the hard granitic and soft tertiary
districts, retaining the exact outline, which they had
when the sea left their surfaces coated with organic
remains. When these remains shall have decayed,
there will be scarcely any difference in appearance 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
distriets, no doubt it would be rash to attribute all the
modifications of outline exclusively to the sea-action;
for who can say how often this lately submerged coast
may not previously have existed as land, worn by run-
ning streams and washed by rain ? This source of doubt,
however, does not apply to the districts superficially
formed of the modern tertiary deposits. The valleys
worn by the sea, through the softer formations, both on
the Atlantic and Pacific sides of the continent, are
generally broad, winding, and flat-bottomed : the only
district of this nature now penetrated by arms of the
sea, is the island of Chiloe.

Finally, the conclusion at which I have arrived,
with respect to the relative powers of rain and sea water
on the land, is, that the latter is far the most efficient
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agent, and that its chief tendency is to widen the
valleys; whilst torrents andrivers 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
America; 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 briekwork, between three and four feet square,
some way out seaward. During the course of ages, the
effect thus produced at each successive level, cannot
Dave been small; and in some of the tertiary deposits
on this line of coast, I observed great 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:
1 will begin with the most interesting case, namely,
the superficial saline beds near Iquique in Peru. The
porphiyritic 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
distriet, 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 cammon alluvial action from the layers
of salt which occur interstratified in the surrounding
‘mountains: but from the interesting details given by

' 1t is singular how slowly, according to the observations of M.
Ouldnr iy the uh.mmnmn of c.nh.u. m ‘(pl.\n ('Ann des Mines,
t is dissolved, where

m--mn-ldn!nu-:mndu e T R e
only five feet in thickness is dissolved in the

‘course of a century.
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M. dOrbigny, 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, 50 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, leavy 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. dOrbigay found this deposi
tecte, in many places, by docp ravinen, in which thero was o sl
ough historically uaknown, hiove flowed inthem ;
ST o s S Ak g ol
hols surrounding counte, that the streams must havo avisn from
main or suow having fallen, not in the adjoining e
rid Cordillera, 1 may semark, that from hvI0g Shserved
Tndin buildings in absolutely sterile parts of the Chilian Cordillers
(‘Tournal, 20d edit. . 3573, 1 am lod 1o balievo that the climae, t.a
i ‘when Indian man inbabi part of the continent, was in
rumid than it is at
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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 clay) 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 cracked fragments of foreign
rock are penetrated by the anhydrite, and portions have
evidently been thus mechanically displaced: at St.
Helena, I observed that calcarcous 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
bed of clay, lying above a mass of upraised recent shells,
which was saturated with sulphate of soda, and included
thin layers of fibrous gypsum. These widely extended,
superticial, 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.
1t 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

4 +Voyage Giolog.' &. 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 fallen 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
Llasted with gunpowder; it slopes gently upwards from
the edge of the plain to between ten and thirty feet
above its level. It rests on sand in which, it is said,
vegetable remains and broken shells have heen found ;
shells have also been found, according to Mr. Blake,
both on and in the nitrate of soda. It is covered by

1 mass of sand, i nodules of common
salt, and, as T was assured by a miner, much soft gyp-
seous matter, precisely like that in the superficial crust
already deseribed : 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
silvéraries from twenty to seventy-five per cent. An

* oo an admirablo paper, ‘Geolog. .mu
in Silliman's * American Journal, vol. xliv. p.
x

cll. Notices of Tarapaca,
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analysis by Mr. A. Hayes, of an average specimen,
gave—

Nitrate of Soda . . . . . . 6408
SuphateofSoda. . . . . . 800
Chloride of Soda . . . . . . 2869
Yoo it v 04 il b 0w
ShellaandMarl . . . . . . 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
iodic 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.?

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

Literary Gazetto,’ lsu p- 475,
From an offcial docament, shown me by Mr. Belford Wilson, it

that the first u’pon.nl niteate of soda to Earope wax in July
1830, on French aceounty i & Britah ahip -

Quintats,

In 1830, the entire export was . . . 17,300
83, . ... 4088
" w . 51400

" . 91,835

1834, - 149,508

Tho Spauish quiatal neasy equale 100 Eoglish pouada.

© 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
Blanea: square miles of the mud-flats, which near that
place are mised only a few feet above the sea, just
enough to protect them from being overflowed, appear,
after dry weather, whiter than the ground after the
thickest hoar-frost.  After rain the salts disappear, and
every puddle of water becomes highly saline; as the
surface dries, the capillary action draws the moisture up
pieces of broken earth, dead sticks, and tufts of grass,
where the salt effloresces. The incrustation, where
thickest, does not exceed a quarter of an inch. M.
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 8. Lorenzo,
should not be forgotten.

The saline incrustations, near Bahia Blanea, are not.

v A-.m  Travels,

i, p. 55) considers that the Parana is
undacy of the salifcons region; bt 1 heard of e
b u.. Provineo of Entre

*M. dOrtigay's *Voyage; &e. Part, Tist. tom. . p. 604,
x2
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confined to, thongh 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 oceasionally 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
M. 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-bottomed 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 incrustations occur most frequently
on low damp surfaces of mud, where the climate is
rather dry; and these low surfaces have, in almost
every case, been upraised above the level of the sea,
within the recent period.

Salt-lakes of Patagonia and La Plata.—Salinas,
or natural salt-lakes, occur in various formations on the
eastern side of the continent,—in the argillaceo-calca-
reous deposit of the Pumpas, in the sandstone of the
Rio Negro, where theyare 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 8. Julian is the most southerly
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point (lat. 49° to 50°), at which salinas are known to
oceur.!  The depressions, in which these salt-lakes lie,
are from a 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 occur at different elevations
above the sca; they are often several lengues in dia-
meter; they are generlly very shallow, but there is a
deep one in a quartz-rock formation near C. Blaneo. 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 obsesved that this black mud
rested on gravel with a caleareous matrix, similar to
that spread over the whole surrounding plains: at Port

* According to Asra (“Travels vol. . p. 56) thero are salt lakes as
i narth 4 Cliaco (Iat, 5% on the banks of the Vormejo. Tho it

Siberin appoar (Pallas'sTravela, English Toana. vol. . p.264)
to o‘('e.n‘l; Jo vt ;lxn;!lnr depressions to those of Patagonia.

* Prof. Ehrenberg mmln-d some of this muddy sand, but was
wnable to find ia it vy tnfurora.
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St. Julian the mud, also, rested on the gravel : hence
the depressions must have been formed anteriorly to,
or contemporancously 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 erystal-
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 crystals of sulpbate 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
ean be no doubt that these remarkable crystals 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 both are found
under the same circumstances 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.

! Voyago Géolog! p. 04.

* iy i what ight have boon expocted for M. Ballard aserts
{;Acad dem Seiences’ Oct. 7, 184 that. eulphato of sodais prcipitatel
from salution more readily from water containing muriate of sods in
excoss, 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. Itis a singular fact, that the salt from these
salinas 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; 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.t

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
so probable considering the recent elevation of this line
of const, 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
know not whether aceurately) 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

1 Hort, and Agricult. Gazette, 1843, p. 95.
I¢ would protably well answeefor i merchanisof Busnos Ayes
(eonsideing the gren consumption ther of sl for prvceving meat)

salinas : 1 may eall attention to the fact, that at lqmqnn. a large

quantiy of muriate of lime, 1o in the mother-water during the rofine.
ment of the nitrate of soda, is annually thrown away.

© The Complete Wor




312 Salt Lakes. PART 11

fresh-water can often be procured in wells,' and is some-
times found in small lakes, quite close to these salinas.
I 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
been the residue of sea-water, left in depressions as the
land was slowly elevated.
1 Sir W. Parish states (* Buen &e.pp. 123 and 170) chat
b (5 i ek Wi g M wisbwerd 3 ka5 Yeutana T
i e e sncient M. Journal lnuly publuhe.l
by S Avgelie, At Iooique, whers the is 0 thickly encrusted
matter, 1 tasted water only nhFh!ly brackish, pmnd ina
i Shircyals yarda dacp  but s ons fels Lo mergrise o e reecncey
22 e wate night perclate under ground fvm the not very disant
Cardill
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CHAPTER XI.
ON THE FORMATIONS OF THE PAMPAS.

: e e
embedded in tosea-rock—Buenos dyres to the Colorado—S. Ventana—
Balia Blanca; M. Hermoso, bones and. infusoria of; P, Alta, shells
Bones and infusoria of ;, eo-ezistence of the reoent shells and extint mam-
mifers—Buenos Ayres to St. FirSkelctons of Mastodon—Infusoria
—Inferior mavine tertiary strata, their ago—Horse's tooth, Baxva
OnnraL—Superficial, Pampean formation—Inferior tertiary strata,
cariation of, connected_with voloanic_ action'; Macrauchenia Puta-
chonien ot ufen s Pelgone, e o, oot o lingmalces
ond othe craie ok pend. - Sustant—Aren of Pampean fornation
—Theories of origi

porancous with exiating s o iy iy
strata—Ancient deposit of estuary crigin—Elevation and successive
depasition_of the Pumpean formation—Nunber and state of the
romaing of mammifers; their Rabitation, food, extintion, and range—
Conclusion—Localities in Pampas at which manniferous remains have
been found.

Tur Pampean formation is highly interesting from its
vast extent, its disputed origin, and from the number
of extinct gigantic mammifers embedded in it. It 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 coneretions of marl, and frequently
passing into a compact marly rock. The mud, where-
ever I 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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nme« smheufomed they are of a compact scmctum,
but often penetrated (as well as the mud) by hair-like
serpentine cavities, and occasionally with irregular
fissures in their centres, lined with minute ecrystals 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 concre-
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 mem—

hosis 3 in other i he finds mi
minute rounded coneretions of an amorphous substance
(resembling 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

PART IL
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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 opaque
amorphous state ; and he is inclined to believe that the
long-continued attrition of a calcareous body in a state
of crystalline or semi-erystalline 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, I will call the marly rock by
the name given to.it by the inhabitants, namely, Tosca~
rock; and the reddish argillaceous carth, Pampean
mud. This latter substance, I may mention, has been
examined for me by Professor Ehrenberg, and the
result of his examination will be givep under the proper
localities.

T will commence my deseriptions 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
Agyres, 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. I have slready 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 comparison, are embedded in
a reddish, softish, somewhat areniceous marly rock :
after careful comparison, with the aid of a microscope
and acids, T 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) oceur embedded in a stratified
earthy mass, including small marly coneretions 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
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southern part is generally formed of the harder and
more caleareous varieties. I will briefly deseribe my
route: about twenty-five miles SSW. of the capital,
in a well forty yards in depth, the upper part, and, as T
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 clifis 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 extinct quadrupeds
(see the list at the end of this chapter) were found.
Large quantities of crystallized gypsum (of which
specimens were given me) occur in the cliffs of this
river ; and likewise (as T 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 tosea-rock, some highly compact and even semi-
erystalline, 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 sisty miles, the country is swampy,
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with the tosca-rock appearing only in four or five spots :
this sierra, precisely like that of Tapalguen, is bordered
by horizontal, often cliff-bounded, little hills of tosca-
rock, higher than the surrounding plain, Here, also,
a new appearance was presented in some extensive and
level banks of alluyium or detritus of the neighbouring
metamorphic rocks 3 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
ofthe 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, T 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 trans-
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 caleareous
plain at its foot (from observations taken by some

1 Schmidtmeyer (*Travels in Chile; p. 150) states that he first
noticed on the Pampas, very small bits of red granite, when fiy 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 ') 840 feet above the sea-level. On the
flanks of the mountains, at a height of 300 or 400 feet
abave the plain, there were a few small patches of con-
glomerate and breceia, firmly cemented by ferruginous
matter to the abrupt and battered face of the quartz—
traces being thus exhibited of ancient sea-action. The
high plain round this range sinks quite insensibly to
the eye on all sides, except to the north, where its
surface is broken into low cliffs. Round the Sierras
Tapalguen, Guitru-gueyn, and between the latter
and the Ventana we have seen (and shall hereafter
see round some hills in Banda Oriental), that the
tosea-rock forms low, flat-topped, clifi-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 mot 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 sen ;—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

! “La Plata,’ &e. by Sir W. Parish, p. 1
* M. dOrbigny, * Voyage, Part, Giolog” w 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 tosea-rock ; but the
sections which I examined appeared more like a re-
deposited mass of this reck, 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 morth. The uppermost stratum in
this ridge consists of pale, highly caleareons, 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. I have seen no other instance of a chain of hills
belonging to the Pampean formation: and as the
strata show no signs of disturbance, and as the 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 shove-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 caleareons tosca-rock, over which lies sand
with small pebbles three feet in thickness—the first
appearance of that vast shingle formation described in
+ M. d'0rbigny, * 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
Polygustrica and six Phytolitharia.! Of these, only
one (Spongolithis Fustis?) is a marine form; five of
them are identical with microscopical structures, of

° flloving lst s givenin th * Monasberichten der K.
A oo Dot April 1

Pm.mumu

Fragilaria rhabdosoma. Pinnularia ?
Gallionella distans.

Purrourmania.
Lithodontium Bursa.

Lithostylidium rade.
» reatum,
Lithostylidium exesum.

% rri.
Spongolithis Fustis ?
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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 3 secondly, a fragment of the remains
of a rodent ; thirdly, molar teeth and other hones of a
large rodent, closely allied to, but distinct from, the
existing species of Hydrocheerus, 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 number of the remains of
rodents gives to this collection a peculiar character,
compared with those found in any other locality, All
these bones are compact and heavy ; many of them are
stained red, with their surfaces polished; some of the
smaller ones are as black as jot.

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 alrendy
assigned, do not appear to owe their greater height to
unequal elevation?  When the tosea-rock was accumu-
lating round the Ventana, and when, with the exception
of a few small rugged primary islands, the whole wide

) Seo: Fossil Mammalia, (p. 100 Pmluer'tn,mec Zoology
of the Ve of the Z'm{' b 36) of ‘Foul
Remains in Museum of Roy Collmuf
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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? T 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 Hydrocharus lived) drifted their bodies
into the adjoining sea, into which the Pampean mud
continued to be poured from the north. As the land
continued to rise, it appears that this source of sediment
was cut off; and in its place sand and pebbles were
borne down by stronger currents, and conformably 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 mar], 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

12
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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.
Bection of Teda with Receat Shells snd Bxtinct Mamiaifors, ot Punta Alta fn
Bahia Blanca.

rean

The second bed (B)lsabont fifteen feet in thxckness,
but towards both extremities of the cliff (not included
in the diagram) it either thins out and dies away, or
passes insensibly into an overlying bed of gravel. It
consists of red, tough clayey mud, with minute linear
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 Dasypeid 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 successively rising
parallel ranges of sand-dunes.

The bed (C) is of stratified gravel, like the lowest
one; it fills up furrows in the underlying red mud, and
is sometimes interstratified with it, and sometimes 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, I found several bones and a tolerably per-
feet 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 three lower
beds are covered by an unconformable mantle (D) of
stratified sandy earth, including mauy 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 eonsist of—

1. Vlutell tngnl-u. J0ckig. | 12. Cropidula murena, Lam.
and Pal. n Venns purpurata,
2. Vel Sraaiiasason Tostrata, mu.m
5 Ofiancilesa " Brastenss, | 18: Ilyannrmmuu.
(dOrlig. | 16. Naculn semiornata,
uricaarin do, | 17, Cardits Ptagonies, ok
5 Olnxupnvlchﬂu. do. (18 Corbula () do.
& Buechoanope erebidium, do. | 1. Puten teblobus . do-
globulosum, do. | 20, Ostrea puclchaan,  do.
s. Colofbell dertlnriarin, o | 21 A Hving specos oF Blamus,
9. Trochus Patagonicus, and var. | 22, and 23, An Astriea and en-
s it dOrti, erustiog Flustra, apparently
0. Paludestring ~ austealis, identical with species now
(@Orbig. living in the Bay,

11, Fissurella Patagonica, do.

All these shells now live on this const, 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 Zoology of the Voyage of the Beagle, has so much

fresher an appearance, than the marine species, that 1 suspect it must
Bavo fllen amonge the others, sad beon collacted by mistuke.
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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 crystalline car-
bonate of lime.

The remains of the extinet mammiferous animals,
from the two gravel beds have been described by Pro-
fessor Owen in the  Zoology of the Voyage of the Beagle:’
they consist of 1st, one nearly perfuct head and three

of heads of the Megatherium Cuvierii; 2nd,

a lower jaw of Megalonyz Jeffersonii; 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, vertebra,
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
cither to T. Platensis, or to a second species lately dis-
covered near Buenos Ayres; 7th, a tooth of Fquus
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 S. Julian, here-
after to be referred to. Lastly, and 9thly, in a cliff of
the red elayey bed (B), there was a double piece, about
* three feet long and two wide, of the bony armour of a
large Dasypoid quadruped, with the two sides pressed
nearly close together : as the cliff is now rapidly 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, Serpulw and
corallines are attached to many of the bones, but I
neglected to observe! whether these might mot have
grown on them sinee 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 Secelido-
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-

! Afer having packed up my specimens . Baia Blane, this oint
cecurred to me, and I noted it; but forgot it on my returs, until the
e et
recalled to the subject by some remarks by M. d Orbigay.

® The Comblete Wo dmrlae Py asarie STt



328 Pampean Formation. PART I

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 Polygas-
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 eountry, is
here remarkable : themost probable explanation appears
to be, that these microscopical organisms were washed
out of the adjoining great Pampean formation during
its ion, and afterwards

‘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 kinig. Akad. zu Berlin,' April, 1845. The
list consists of, —
Porvoastaica.

Gallionella suleata. | Stauroptera nspera? fragm,
leurl.nn.
tus. | Spongolithis acieularis.
hlbmyhdium L;lx-nld:m
2: skt
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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 tosea-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

and ited 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, not
falling into any existing family, should have co-existed

! “Voyage, Part. Giolog.’ p. 49.
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with Mollusea, all of which are still hvmg species; but
analogous facts have been observed in N. America and
in Europe, In the first place, it should not be over-
loolked, that most of the co-embedded shells have a
more ancient and altered appearance than the bones.
In the second place, is it probable that numerous bones
not hardened by silex or any other mineral, could have
retained their delicate prominences and surfaces perfect
if they had been washed out of one deposit, and re-
embedded in another ;—this later deposit being formed
of large, hard pebbles, arranged by the action of currents
or breakers in shallow water into variously curved and
inclined layers? The bones which are now in so perfect
a state of preservation, must, I conceive, have been
fresh and sound when embedded, and probably were
protected by skin, 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
having 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 certuin, 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 fresh condi-
tion, in the strata in which they were found entombed.
These gigantic quadrupeds, therefore, though belonging
to extinet genera and families, co-existed with the
twenty above-enumerated Mollusea, 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
seen, 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, I observed both pale and dark
reddish Pampean mud, with small, whitish coneretions
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
Takes; I 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 Blanea, a dis-
tance of 400 miles of latitude, is very striking.

At Resario there is but little tosca-roek: 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
vest of the cliff at Gorodona, is formed of red Pampean
mud, with, in the lower part, many concretions of
tosea, some stalactiformed, and with only a few in the
upper part: at the height of six feet above the river,
two gigantic skeletons of the Mastodon Andium were
here embedded ; their bones were scattered a few feet
apart, but many of them still held their proper relative
positiom: they were much decayed and as soft as cheese,

Tquote thess words from my note-book,as written down on the
account of the absence of stratifieation in the Pampean

Tormation having becn. neisted on by M. d'Orbighy as & proof of the
dilurial onigin of this great deposit.
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o that even ome of the great molar teeth fell into
pieces in my hand. We here sce 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 tosea, 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 mastodons at Gorodona, Professor Ehrenberg.
finds seven P ica 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 species of Coscino-
discus and a Spongolithis show the direct influence of

! * Monatsberichten der kinig. Akad. zu Berlin,' April, 1845 The
consists of :—

Porvoastmica,
Campylodiscus. em Gallionella granulata.

grueile,
—— alap Pinnularia borealis.
‘Eunotia,
PurrouTaRA.
Li L Hamus,
Lithodoutium bursa. w polyedrum.
»  fureatum. g quadratum,
Lithontigi . W rude.
hostylidium Amphiodon. rra.
Clep- uniden-

sammidium, tatam,
Spongolithis Fustis.
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the sea s 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 Lhere is evidence from two other species of
P that the beds 1! in brackish
water. The traces of corals, sponges, and Polythalamia,
found by Dr. Carpenter in the tosca-rock (of which T
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 hal
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-
tallised gypsum and many shells of Ostrew, Pectens,
and Arcee : 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,
broken shells, teeth of sharks, and sometimes, as I was
informed, large bones: it often contains so much sand
as to pass into a calcarcous sandstone, and in such

* 3L Ostigny s givn ( Voyuge Past, Giclog! p 47 o dtiled
section, not mention this lowest bed,

o discrepancy between el T
anly secount for for By 4 bos themuelves vazying mndmbl: in ahort
istances.
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parts the great Ostrea Patagomica ® 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 ]‘ntngnmu, @'0rbig. | 5. Veuus Mnmnem, d'Orbig.

*Voyage, Part. Pal. * Voyago,' Pal,

'nn.m l.|n 6. Arca Bon 'lumhlmn, do.
a Pu-u.u Paranensis, do. (and | 7. Cardium Plates lo.
of this work, fig. 30.) | 8. Tellina, pmbnhh nov. spec.,

“ rmmnmm do. and PL. but too imperfect for descrip-

V. of this work, figs. 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, 8. 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 described 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 cliffi at Point Cerrito, hetween twenty and thirty miles
above the Bja
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there is a thin stratum with a coucretionary 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 I 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 T was informed, the almost
entire skeleton had been lately removed. I found single
teeth of the Mastodon Andiwm, Toxodon 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 circum-
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: T 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
= g{l.'yg:& ri‘u;."“';a:‘.m America,” vol. i. p. 164, aud *Proc. of
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R. Nankay; and at P. Gorda in Banda Oriental, a
distance of 170 miles, I found the same limestone,
containing the same fossil shells, lying at about the
same level above the river as at St. Fé, Ina 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 Tozodon 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 Uruguay : it
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 concretions 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 mow 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  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
tosea-rock. 3
In the extreme western parts of this province, be-
tween the Uruguay 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, cliff-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, I 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 cliffi-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 coneretions of tosca-rock arranged in
horizontal lines, so as perfectly to resemble, except in
containing a little caleareous matter, the formation in
. the eastern parts of Banda Oriental, in Entre Rios, and
at other places: in this estancia the skeleton of  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, and full of little cavities, and con=
sequently of little specific gravity ; nor does it contain
any concretions or ealcarcous matter: I here procured
a head, which when first discovered must have been
quite perfect, of the Tozodon Platensis, another of a
Mylodon,! perhaps M. Darwinii, and a large piece of
dermal armour, differing from that of the Glyptodon
clavipes. These bones are remarkable from their ex-
traordinarily fresh appearance ; when held ‘over a lamp
of spirits of wine, they give out a strong odour and
burn with a small flame ; Mr. T. Reeks has been so kind
as to analyse some of the fragments, and he finds that

! This head was ot first considered Ty Professor Owen (in the
* Zoology of the Beagle's Voyage”) as belonging to & distinct geous,
=

namely, Glossotherit
22
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they contain about seven per cent. of animal matter,
and eight per cent. of water.!

The older tertiary strata, forming the higher isolated
hills and 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
limestone with agate, caleareous tuffs, and marly rocks,
all passing into each other,—red and pale mud with
concretions of tosca-rock, quite like '.he Pampean for-
‘mation, =
bright red sandstones passing emm 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 distinct sections :—in the cliffs between P. Gorda
on the Uruguay and the A. de Vivoras, the upper bed
is erystalline cellular limestone often passing into 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 pale-coloured
clay, with many shells of the great Ostrea Patagonica:
beneath this, in the vertical eliff, nearly on a level with
the river, there is a bed of red mud absolutely like the
Pumpean deposit, with numerous dften large concre-
tions of perfectly characterised white, compact tosca-
rock. At the mouth of the Vivoras, the river flows
over a pale cavernous tosea-rock, quite like that in the

! List (Chemisty of Asricutar’ & nn) states that tol

bones contain from thirt

See also Dr. Daubeny in 3
nmys Journal” (p. 171, nt. -IAL),IB- hnﬂylndinnmnulv

stated that the Pampean mud, which is fund over the ustern past of

B Oriental, liosowr the limssine at 2. 1 should have said

tha p«l et ot s 3 s 5 nbnq'n-nl or superior

e
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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 S. 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-
gomica (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 eould 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. 'é Bajada, I could not
be deceived in the mineralogical character of the Pam-
pean deposit.

Morcover, in a precipitous part of the ravine of
Las Bocas, a red sandstone is distinetly seen to overlie
a thick bed of pale mud., ulm quite like the Pampean

jons of true tosca-
rock. This sandstone extends over many miles of
country : it is as red as the brightest volcanic scorit 3
it sometimes passes into a coarse red conglomerate
composed of the underlying primary rocks; and often
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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
calcareous sandstone, interstratified with pure sand;
and as the red sandstone likewise passes into soft white
sandstone, and is also the uppermost bed, T believe
that these two beds, though so different, dre equiva-
lents. A few leagues southward of these two places,
on each side of the low primary range of S. Juan,
there are some fat-topped, clifi-bounded, separate
little hills, very similar to those fringing the primary
ranges in the great plain south of Buenos Ayres: they
are composed—1st, of calcareous tuff with many 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-crystalline limestone,
ineluding nodules of agate: these three varicties pass
insensibly into each other, and as they form the upper-
most stratum in this district, I believe that tl\ev, l]so,
are the equi of the pure
and of the red and white sandstones and cong]omenm.
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 8. 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 s their uppermost beds consist of the same bright
red sandstone, passing into a i
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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 calcareous 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; occur 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 is a 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 caleareous 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 sandstonmes, I was l‘omhly struck with
their resemblance to deposits formed in the neigh-
bourhood of voleanic action. I mnow 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 scorie
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. d'Orbigny, ‘ Voyage, Part. Géolog,' p. 20.
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where the Parana makes a remarkable bend, M.
Bonpland found some  singulor amygdaloidal rocks,
which perhaps may belong to this same epoch. I may
remark that, judging from the size and well-rounded
condition of the blocks of rock in the above-deseribed
conglomerates, masses of primary formation probably
existed at this tertiary period above water: there is,
also, according to M. Isabelle, much 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 u similar
action at a period before that of the deposition of the
‘marine tertiary strata with extinet 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 S. Julian, lat. 49° 14’
8. 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,
Setion o th Lowest Piatn t Port 8 Juln,

“ msae

and B }

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 tosea-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 ium, but with affinities to the Rumis
especially to the American division of the Camelid.
Several of the vertebre 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,
or at the Barrancas de. S. 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, lies 560 miles of latitude morth 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-
ness of the mass was contemporaneous with these indi-
vidual specimens. That the Macrauchenia lived sub-
sequently to the spreading out of the gravel on this

! In tho succeeding chapter I shall have to refer to o groat deposit
of extinet mammifsrous ramaius, lately discorored by Copts Saltvan,
RN, at  point still farther south, namely at the R. Gallegos; theis
age must at present remain doubl.,
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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 8. Julian,
recent species of shells are strewed on (or embedded in)
the surface of the 250 feet plain, and of the 350 feet
plain up to a height of 400 feet. These wide step-
formed plains have been formed by the denuding action
of the coast-waves on the old tertiary strata; and
therefore, when the surface of the 350 feet plain, with
the shells on it, first rose above the level of the sea,
the 250 feet plain did not exist, and its formation, as
well as the spreading out of the gravel on its summit,
must have taken place subsequently. So also the
denudation and the gravel-covering of the ninety feet
plain must have taken place subsequently to the 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 havebeen 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 Mytilus, two of Patella, one
Fusus, Voluta, and Balanus), are undoubtedly recent
species, and are the commonest kinds now living on
this coast. At Punta Alta in B. Blanca, I remarked
how marvellous it was, that the Toxodon, a mammifer
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 ouly a
little less anomalous than the Toxodon, also co-existed
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with eight other still existing Mollusea: 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 almast 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 mammifers (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 ageney
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 icebergs,
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 {Geological Procoedings, vol iv.p. 96,
in Embh Americn it thi mn]pnrluruly avciont periol; forin Terra del

mpeasonly wid it
o .uuqmuy ot e fmmm the minety feet plain at . Julian,
other purts of Putagonia.
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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. d'Orbigny believes it extends 100 miles farther
inland : from Mr. Caldcleugh'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 3,000 feet), south of Mendoza, 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 ageney 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 contemporancousness of
origin, but from the similarity of the rocky framework
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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 scems founded chiefly
on ths absence of n.rnnﬁuhon, and on the number of
drupeds.  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 zénes 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
watter would have segregated itself irregularly, and
not into nodules arranged in horizontal lines, one above
the other and often far apart: his 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 is 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 ion and ition of the

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, T 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.
I 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
plaing, 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 tre marine
shell. We further know from I’rofusor Fhmnbergs
ination of the twenty mi
the mud round the tooth of the \Instodon high up the
course of the Parana, that the botto
this formation was of brackish-water ori
conclusion must be extended to the beds of like com-
position, at the level of the sea and under it, at
M. Hermoso in Bahia Blanca. Dr. Carpenter finds
that the harder varieties of tosca-rock, collected chiefly
to the south, contain marine spongoid bodies, minute
fragments of shells, corals, and Polythalamia ; these
perhaps may have been drifted inwards by the tides,
from the more open parts of the sea. The absence of
shells, throughout this deposit, with the exception of
the uppermost layers near 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
origin, can the estraordinary numbers (presently to be
alluded to) of the embedded’ mammiferous remains be
explained.!
With respeet 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 granitie rocks,
which have suffered decomposition, and been converted
into a red, gritty, argillaceons 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 primary
ridges south of the Plata not having been then elevated,
than the mud of the Plata at present is; for it was
formerly deposited as far south as the Colorado. The
quantity of caleareous matter in this formation, espe-
cially in those large districts where the whole mass
passes into tosea-rock, is very great: I have already
remarked on the close resemblance in external and

icroscopi between this t k and
the strata at Coquimbo, which hate certainly resulted
from the decay and attrition of recent shells:? T dare

! Tt is almost superfluous to give the numerous cases (for instance,
in Sumatm; Lyell's *Principles, vol. iii. p. 325, sixth edit.),
earcases of animals having been washed out to ses by swollen rivers;
but I may refur to  recent account by Mr. Bottington (* Asiatic Soe.
1845, Juno 21st), of oxen, deer, and bears Leing earriod into the Gulfof
Camlray ; see, also, the aecount in my *Jonrnal (2nd dit, p. 133),
the numbers of animals drowned in tho Plata during the great, often
recurrent, droughts, 3

VT roay add that there s nearly similar superficial calearcous
beds at King George's Sound in Australi theso undoubtedly
have been found by the disintegration of marine remains (sce Chay
ter VIL). Thero is, aowever, something very remarkablo in the
froquency of superficial, thin beds of carthy calearoous matter, in

. Aa
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not, however, extend this conclusion to the calcareous
rocks of the Pampu, more especially as the underlying
tertiary strata in Western Banda Oriental, show that at
that period there was a copious emission of carbonate
of lime, in connection with voleanic action.

The Pampean formation, judging from its similar
composition, and from the apparent absolute specific
identity of some of its 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
remains occur 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 near the
Guardia del Monte were embedded close to the surface:
and this appears to have been the case with many of
those discovered in Banda Oriental : on the 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 existence of Mollusca,

in o Paper read boforo the Royal (:mgmpluml Socioty (Aprll 13th°
1840, and wbstracted in the * Atheneum, p. 317), stato um this s the

€ Wi, and thet e bas pbesrved smiar. Sppatmaces
in many parts of South Afrien. The circumstanco of the uppermaoss
Saiom v o the rugewd Sierm Ventawn, coussing of clearvous o

, without any eovering of alluvial matter, strikes me as
'K-!nm:hr. in whatever manner we view the deposition and elevation
o
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the only evidence within the limits of the true Pampas
which is at all trustworthy, is afforded by the still living
Azara labiata being embedded in tosea-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 Mollusca, a barnacle and two corals, all still
living on this same coast;—for when we remember
that the shells have a more ancient appearance 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 Seelidothe-
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
i remains were in a fresh state,
and therefore that the living animals co-existed with
the bedded shells, M the Me iy
Patachonica (of which, according 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. d'Orbigny believes (‘Voyage, Part. Géolog’ p. 81) that this
formation, though, *trés voisine de Ia nitre, cst néanmoins de beaucoup

ioure & notre création.
adz
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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
Jjunction 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 I admit,
that it is erroneous, though in some’ degree excusable,
from their conformability and from both.abounding
with calcareous matter. It would, indeed, have been a
great anomaly if there had been a true passage between
a deposit contemporaneous with existing species of
Mollusea, and one in which all the mollusca appear to
be extinct. Northward of St. Fé, M. d'Orbigny met
with ferruginous sandstones, marly rocks, and other
beds, which he considers as a distinct and lower forma-
tions but the evidence that they are not parts of the
same with an altered mineralogical character, does not
appear to me quite satisfactory.

In Western Banda Oriental, whilst the marine ter-
tiary strata were accumulating, there were volcanic
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-
porancous voleanic 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 erystalline strata of the more western parts
of the provinee ; and am induced to suspect that it is
of subsequent origin. If that section mear 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 eon
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 twa
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 extinet. 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
heen deposited on nearly the same spot, during an im-
mense lapse of time, namely, from a period equivalent
perhaps to the Eocene of Europe to that of the 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 houndary to the south,—
the Cordillera or the plains in front of them to the-
west,—the whole province of Corrientes probably to
the north, for, according to M. d'Orbigny, it is not
covered by the l?mpem deposit,—and Brazil, as known
by the remains in the caves, to the north-east; and as
again, during the older tertiary period, land already
existed in Western Banda Oriental and near St. 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. d'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 sume 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. T believe, also, that the
Pampean mud continued to be deposited, after parts of
this formation had already been elevated, in the same
manner as mud would continue to be deposited in the
estuary of the Plata, if the mud-barks 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
Sibrras, 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 sume 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 hanks of rivers,
and that, until lately, they excited no attention amongst
the inhabitants: I am firmly convinced that a deep
trench could not be cut in any line across the Pampas,
without intersecting the remains of some quadruped.
It is difficult to form an opinion in what part of the
Pampas they are most numerous; in a limited spot
they could not well have been more numerous than
they 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 I 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 I heard of teeth having
been similarly found in other parts: may we suppose
that the skeletons or heads were for a long time gently
drifted by currents over the soft muddy bottom, and
that the teeth occasionally, here and  there, dropped
out?

It may be naturally asked, where did these numerons
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 Andiwm is embedded at great
heights in the Cordillera from north of the equator ' to
at least as far south as Tarija ; and as there isno higher
land, there can be little doubt that this Mastodon must.
have lived on the plains and valleys of that great range.
Theso counties, however, appenr too fur distant. for
the itation of the i d in the
Pampas: we must probably look to nearer points, for
instance to the provinee of Corrientes, which, as already
remarked, is said not to be covered by the Pampean
formation, and may therefore, at the period of its
deposition, have existed as dry land. I have already
given my reasons for believing that the animals 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 respeet to the food
of these many great extinct quadrupeds, I will not
repeat the fucts 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

1 Humboldt states that the Mastodon has been ered in New
Granada, it hns been found in Quito. When at Luu. Toaw s tooth of
)lnudun in the p.-.mn of Don M. Rivero, found at Playa Chica
he Maranon, near the Guallagn. Every one has heard of the
s Sl Mgl o Bl
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mammiferous inhabitants. I do mot 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 mot 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 respeet 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 ubove cited (second
edit. p. 173), in which I have endeavoured to show, that.
however unable we may be to explain the precise canse,
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 extinet genera, and
some even to extinct families or orders, and which differ
nearly, if not quite, as much as do the Eocene mammifers
of Europe from living quadrupeds having existed 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
bave 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 extinet North American animals naturally leads
me to refer to the former closer relation of the
mammiferous inhabitants of the two Americas, which
I 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 tempetate regions, does
not appear to me any great difficulty, seeing that at
the Cape of Good Hope several quadrupeds, such as the
elephant and hippopotamus, range from the Equator to
lat. 35° south. The case of the Mastodon Andiwm 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
fm-sat,—c]nd land of Southern Tierra del Fuego; the

eervtons, and o summary. on his subec, azo
it nfr Ly«ll'n paper in the - Geolog. Proc vl . Gkl i
*Travels in North America,’ vol. i. 60. For the
Eumpunlnllugo u.._mi,nn Gealogy” (6th
edit.) vol. i, p. 137.

s Prumphl &
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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 extinet mammifers existed, the two Americas
must have swarmed with quadrupeds, many of them of
gigantic size ; for, besides those more particularly
referred to in this chapter, we must include in this
same period those wonderfully numerous remains, some
few of them 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 extinct and living species in
any one class of animals ;—we ought even to be cautious
in accepting the general proposition, that change in
organic forms and lapse of time are at all, necessarily,
correlatives,

SUPPLEMENT.

On the Thickness of the Pampean Formation, near
Buenos Ayres.

Republistred 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 ical
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Soclety, 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, &e., 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 extinet 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 be added 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 ninteg-three feet.! So that the

* The fllowing extraet from the Report of the borers relates to this
bed :—* The bed of yellow, fluid sands between 18=-60 and 47' 0 below

e ground contains & subterranean ascending current, the level of which
s nob varied by & centimétes for threo gours. . Tho lovel is 060
(2 Tt over the level o the. walla at Burmene). This bed (‘aapa’)is
powerfully absorbent. At 68%30 & second subterrnean current
( overlowing’) was mat, which roe one foot ovr the surfaee of the
ground at Barracas, The discharge was about 50 pipes dnlz. but the
S ki st At 73=30 vasfound o third subter
ranean current (* overflowing ), which reached with diffculty the level
o the gromd. - The discharge might be ealeulated. at 100 pipes daily.

The wate was very wlt, and absoebd that of th i ovefowing
current, The great spring was met with at

quality and Nk eoce, 1 thg matec, 1. Coghian

that *The quantity of water disch our through a
S of st 4 mla o B w8 el
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entire thickness of the great estuarine or Pampean for-
mation near Buenos Ayres is nearly 210 feet,

No. 31.
‘Comparative sections of the Artesian Wells of Barmcas and Buenos Ayres,
(Distance, 3¢ miles.)
Barracas. Rischuelo. Euenos Ayres.

Ll of eqol:
it
o prini

. Very waudy cl g

Lnn:{hlmpmndn } 5
e

7 Yoy vy S it o “

ruer mark, vas 3668 gulons, Its tampersture was 21° Cent, aud
had a slightly dulgmub o taste from it being improguated with slts
of limo and magnesia, and a small quastity of sulphuretted hydrogen.”
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Thicknes Thickness
‘st Barracas, ot Buenos
Feot  Ayres. Feet

£ Teriny sy aut mndsion (o denie 't i1 - 51 =
ard mndstane ot the bottom of the Barmos well . 1} =

:,.m—ymms. 3, icoming more tarly be. *
bored through to a depth of - P

‘This formation rests on various marine beds of in-
durated green clay, sand with corals, sandstone, and
limestone, altogether 107 feet in thickness. These

No. 32,
Detalied section of the Artesian Well at Barracas.

2
nnu, with quarts

asic dnd caloaisons;
i shells, and nodules
20

s
1
% G “and, m, e and” gk, it drtd
E

beds contain fragments of the great Ostrea Patagonica,
0. Alvaresii (2), 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 ab
various points on the coast of Patagonia. The alréady
enormous continuons extension of the Patagonian ter-
tiary formation is thus largely increased. Beneath
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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
io 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, scemed 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 numerous
. gigantic Mammalia ; and that, finally, the whole had
been elevated into the present plains of the Pampas,

Locaities within the region of the Pampas tchere great bones have
eyt

'l'hn fo‘.ln ng list, which ineludes every account which I have

rted.
stations in Bahin MM“. tihs chapter, where, at P.
Alta, the Mogatherium, Megalonyx, Scelidotherium, Mylodon,
Holophractus (or an allied sy, Toxodan, Macrauchenis, and
an Fquus were collected ; and at M. Hormoso o Ctenomys, Hydro-
chierus, somo_other rodents a m e nf o great megthoroid
. Oloso north-east of en, we have the
s i tones). wich pml.mhlv e i e from
rge fossil bones. 'Villa Nusvo, and nt Las Averies, not
T e i) s nearly perfoct skolotons, ono of the
Megatherium, one of the Glyptodon clavipes, and one of some great
Dasypoid quadruped, were found by the agent of Sir W. Parish

+ It was supposed by Dr. Burmeister to be Silurian.
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(see his work * Buenos Ayres, &e. p. 171). Ihwuﬂnllwwo!h
of a Mastodon from the Salado ; a little northwand of this river,
on the borders of a lake near the G. del Monte, T saw many bones,
Andomllll' of dermal armour; higher up u!dlﬂn,thm
unphmulldlmu'ﬂm’ Onlh)llm twenty
miles south of Buenos Ay lhhlnn(ridlp”ﬁ o{‘B«nnol
Ayres,” . b,vsu . Parih) of & a Glyptodon about
ﬂnfnthm the surface ; hm-:n(-u'o.v.umny-lcolun
Surgeons’) remains. of Glyptodon clavipes, G. ornatus, and. G.
v'dmdom found. Signor . lu,lnllnll-t whmhl have
m, ro'm to some nnmm in Buenos Aynl, at t}
Seven morth of

twenty varas from the

e elt’y the same author found m- o M oo

lon_ornatus. i neighbouriood b las lntly
Seein useum the fol Tossila
threo or four individuals of Mogatheriush; of throe e
Glyptodon; of threo individuals of the Mastodon dndiwn : of
Mscrauchedia; of u scond species of Toxodon, diffeent from 7.
Platensis ; the

solrg

Tate (“ Voyage, by » u.n, ‘e Buenos A\m,: tooth of Torodon "
Platensis.
Proceoding northward, along the west bank of the Parana, we

come to_the Rio Luxan, where two skeletons of the Megatherium
Bavo boen found , nd lately, within cight leagues of the town of
Luxan, Dr. F. X. Muniz has collected (‘British Packet,’ Buenos

Ayres, September 250.1: 1841), from an average depth of eighteen
foot, very numerous remains, of 1o less than, s he believes, nine
distinet species of mammifers. At Areco, large bones have been
found, which are believed, by the inhabitants, to have been changed
l'Gnl)m dmll ‘bones, ht;h:cw?l o[flhe viver! At m:{e:,mth;
yptodon, sent to ollege of Surgeons, was fo
e ol ﬂw«an Trom, this quarier.

icolas, M. d'‘Orbiguy found remains of a Canis, Ctenom;
Kerodon; and M. Isabelle (‘ Voyage, p. 592) refers to n. mnne
Armadillo found there. At S. Cs Jarlos, I heard of great bones. A
little below the mauth of the Carcarana, the two -kelemns of
Mastodon were found ; on the banks of this river, near S, Miguel,
1 found teeth of the \hnadun and Toxodon; and ‘ Falkner *
(p. 55) describes the osseous armour of some great animal ; 1
of many other bones in this neighbourhood. I have seen I may
add, in the possession of Mr. Caldeleugh, the tooth of & Mastodon
Andium, said to have been found in Paraguny ; I may here also refer
ton mnwnun this gentleman's travels (vol. i. p. 48), of a great
skelef wing been found in the province of l.logvu in Brazil, on
the Ed- Ins Contas. The farthest point westward in the Pampas,
at which T have Aeard of fossil bones, was high up on the banks of
the R. Qul

tre Rios, besides the remains of the Mastodon, Toxodon,
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""‘"‘"""""{L“’h..., n.,.a..."‘ﬁ“'«

r.e-a-f-a. Parana), and of an entire skeloton
the Armoyo el Animal,

In Banda Oriental, besides th-ndn-ollh'l‘nxndm,)lvlc—
don, and two skelotons of great animals with osseous armour (dis-
Egzﬂrzgﬂnul M{,m),fourdnn\hAmy s-lndu

uelo, “ Vo, 322) says, muny bones
Bave been found near the R, X ,’:ﬁmfm. K. Augv, -nlﬂllunt
of tho Paraguay, in lat. 30° 40’ south. o
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CHAPTER XII

ON THE OLDER TERTIARY FORMATIONS OF PATAGONIA AND
CHILE,

Rio Negro—S. Josef—Port Desire, white pumiceous mudstone with in-
fusoria—Port 8. Julian—Santa Cruz, basaltic lava of—P. Gallegos—
Eastorn Tierra del Fuego; leaves of extinct beech troes—Summary on
the Patagonia tertiary formations— Tertiary formations of the Western
Coust—Chonas and Chiloe groups, volcanic rocks of —Concepion—
Navidad—Coquimbo—Summary—Age of the tertiary formations—
Lines of elovation—Silicified wood—Comparative ranges of the extinot
and living Mollusca on the West Coast of 8. America—Climate of the
tertiary period—On the causes of the absence of recent conchiferous
deposits on the coasts of S. America—On the contemporancous deposi-
tion and presereation of sedimentary formations.

Rio Negro—T 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 of p in hard
sandstone were strewed at the foot of the cliff, and had
evidently fallen from above. A few miles NE. of the

+ +Voyage, Past. Géolog” pp. 57-65.
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town, I found, low down in the sandstone, a bed, a few
inches in thickness, of a white, friable, harsh-feeling
sediment, which adheres to the tongue, is of easy fusi-
bility, and of little specific gravity; examined under
the microscope, it is seen to be pumiceons tuff, formed
of broken transparent crystals. In the cliffs south of
the river there is, also, a thin layer of nearly similar
nature, but finer grained, and not so white; it might
easily have been mistaken for a calcareous tuff, but it
contains no lime: this substance precisely resembles a
most widely extended and thick formation in sonthern
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 terti: i

In a bed at the base of the southern cliffs, M. d0r-
bigny found two extinet fresh-water shells, namely, a
Unio and Chilina. This bed rested on one with bones
of an extinet rodent, namely, the Megamys 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 :—

Ot Patagonicn, 40rbig, “Voyage Pal. (alsoSt. Fé and
*Voyage Pal' (also at S, Jou
FL-ndvhuhmdP-n— 4. Pecten Patagoniens

§ Vioms Mmoot o (ﬂns)_
2. Ostrea Fermn

o.
3. Ostrea  Alvaresii, 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 I
traced it to the southern side of the Rio Colorado, where
it forms a low denuded plain. This formation, though
contemporancous with that of the rest of Patagonia, is

Bu2
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quite different in mineralogical composition, being con-
nected with it only by the one thin white layer: this

may be ibuted to the sediment
brought down in ancient times by the Rio Negro; by
which agency, also, we ean understand the presence of
the fresh-water shells, and of the bones of land animals.
Judging from the identity of four of the above shells,
this formation is contemporaneous (as remarked by
M. d'Orbiguy) with that under the Pampean deposit in
Entre Rios and in Banda Oriental. The gravel capping
the sandstone plain, with its calcarcous cement and
nodules of gypsum, is probably, from the reasons given
in the eighth chapter, contemporancous 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 highs the lower third
consists of yellowish-brown, soft, slightly calcareons,
muddy sandstone, parts of whick when struck emit a
fetid smell. ‘Tn this bed the great Ostrea Patagonica,
often marked with dendritic manganeso and small coral-
lines, were extraordinarily numerous. I found here the
following shells :—

1. Ostre Patagonicn, 4 Orbig. ‘Voyags Pal (sl t . Fé and whols

atngonia).
2. Orten Al Orbig. *V. Pal. (also St. Fé and R. Negro).
3. Pecten Paranensis, d'Orbig * V. Pal.’and PL. I1L. £. 30 of this work
(alao St. Fé, S. Julinn, and Port Desire).
ten Darwiniamus,dOrbig V. Pal and PL 111 1. 28 d 20 (also
5. Pecten actinodes, G. B, Sowerby, P1. TIL £, 93,
6. Torebratula Patagonica, G. B. Sowerby,
(ulso 8. Julian).
7. Casts of a Turritella.

IL f. 26 and 27

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 lamine 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 surfuce 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,
@'Orbig., casts of a Turritella and Scutella. On this
there are two strata of the pale brown mudstone, also
like that of 8. Josef, separated by a darker coloured,
more argillaceous variety, including the Ostrea Pata-
gonica. Prof. Ehrenberg has examined this mudstone
for me: he finds in it three already known microscopic
organisms, enveloped in a fine-grained pumiceous tuff,
which I shall have immediately to deseribe 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 strata, such as are here described, appear
to extend along the whole coast between the Rio Chupat
and Port Desire, except where interrupted by the under-
Iying claystone porphyry, and by some metamorphic
rocks; 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

@ The Comblete Work of Charles Darwin Online



374 ‘Tzrl'mry Formations. PART I

the harbour. The shells sufficiently perfect to be
recognised consist of i—
1. Ostrea Patagonica, d'Orbig. (also at St. ¥é and whole cosst of
2. Pocten Pn: nensis, d'Orbig. © Pal.’ and PL IIL £. 30 of this

Voy.
work (also at St. Fé, 8. Josef, 8. Julian).
3. Petan o . B. Sowerby, PL I1L . 31 (also §. Julian and

& Cucallin alt, do. PL IL£ 22,23 (o 8. Orus).
6. Nucula ornata, do., PL.
6. Turritella Patagonica, dm, i 1 s,

The fossiliferous strata, where not denuded, are
covered by a i 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
touch, 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 lamin) 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-

! “Monatsberichten der konig. Akad. zu Berlin, vom April, 1845
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teen P ica 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, imes int ified 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
volcanie 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 lmrbaul',
the following section, which I here repeat, gives the
nature of the beds seen in the cliffs of the ninety feet

No. 33.

plain. Begmmng at the top,—lst, the earthy mass
(A A), including the remains of the Macrauchenia, with
recent, shells on the surface; 2nd, the porphyritic
shingle (B), which in its lower part is interstratified
(owing, I believe, to redeposition during denudation)
with the white 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
Scutelle; and the lowest bed (F) is an indurated,
greenish, sandy clay, including large coneretions of
caleareous sandstone, many shells of the great oyster,
and in parts almost made up of fragments of Balanide.
Out of these three beds, I procured the following twelve
species, of which the two first were exceedingly numerous
in individuals, as were the Terebratul® and Turritell=
in certain layers :—

1. Ostren Patagonics,

YOrb. * Voyago Pal.’ (also at St. Fé and whale

‘Orbig. do, and P1. TIL £. 30 of this work (St.
ire)

v, G B. Soverby, P1. TIL. £. 1 (sis0 P, Desre and

&

ect
8. Cruz).
Pecten gemingts,do, PLIL £ 34
Terebratula Patagoni

£.26 and 27 T & Tosef).
Struthiolaria ornata, d
de

PL 1\' 5 az (also 8. C:
£ 61

pmnans

und L

o 2L
10-Txnii nmimlnnrnlm do., Pl. i ¥ (nzns Cruz).
11. Pyrula, east of, like P. ventricosa of Sowerly, Tank Cat.
13, Biianes vasiaon O B. Sowerby, PLIL f. 4, 5,6,
13. Scutella, differing from the species from Nuevo Gulf.

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 laminz
of transparent gypsum, often about an inch in thick-
ness. Further inland, with the exception of the
superficial gravel, the whole thickness of the truncated
hills, which represent a formerly continuous plain 950
feet in height, appears to be formed of this white mud-
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stone: here and there, however, at various heights, thin
earthy layers, containing the great oyster, Pecten Para-
nensis and Turritella ambulacrum, are interstratified ;
thus showing that the whole mass belongs to the same
epoch. I nowhere found even a fragment of a shell
actually in the white deposit, and only a single cast of
aTurritella. Out of the eighteen microscopic organisms
discovered by Ehrenberg in the specimens from this
place, ten are common to the same deposit at Port
Desire. I may add that specimens of this white 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 S. Julian, where, on the old charts, the cliffs
are marked as ¢ Chalk Hills.

Santa Crus,—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 :—

wtrea Patag um.a'oms “Voyage Pal’ (also at St. Fé and
lo const

¥ Pm-sn lc-n:nln-, g&n‘r‘y.l’l II1 £. 31 (also P, Desire and
s,

Venus meridionalis of G. B. Sowerby, P1. IL £. 13.

Grusttella Lyell, do FLIL £ 10.

Cardinm puelehum, do. LTI £, 1,

s@upose
=
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10. Trigonocelin iasolita, do. P IL £. 20, 21,

11. Nucula (7) glabes, do. PL IL. £. 18.

12, Crepidula groguia, do. 71111 £ 4.
IV.A.7

6. i V. £ unl'(-lu P. Desire).

17. Turritells ambulacrum, do. PL. TIL. . 49 (also P. 8. Julian),
Tmpeefoct of the geners 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 : T
believe that this salt has not heretofore been found in
veins, Of the 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 eompact, s almost to resemble por-
celain-rock : I have seen exactly similar coneretions 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 i inous layer, there
mens of the Cucullaa alta (found at Port Desire i m 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 coastcliffs 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 plaios of Patagonia, cn the banks of the §, Cruz.
Sarface of plain with erratic boulders ; 1,416 ¢, above the sea.

River of 8. Crus; here 80 ft. above ses.

a. Gravel and boulders. 5. Basaitio lava.
€. Sedimentary lagers. d. Bed of small pebbies. e Talos.

concretions of marl like those in the Pampas. At 100
miles from the coast, that is at a central point between

1 At this spot, for a spaco of threo quarters of a milo along the
north side of the river, und 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
basaltie lava, consists of innumerable zones of perfectly
white, bright green, yellowish and brownish, fine-grained,

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

ﬁ:’“ sl which bas formel il between 60 4o 70 ot i oight and
stria into bighly inelined and even

el l dipped at an angl of 45° tywards tho il rom
which they hnd shided. I have observed in slips, both on  small and
Jumge sale,that, this nvand dip is very goneral, T it du to
Bylrostatis prsee of water percolatng with diffulty (

nm-{-l gn-lnkn:nlh s base f the masm than against the
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of the basaltic lava) composing the great boulders ou
the surface of the plain, and probably composing the
neighbouring Cordillera.  Five miles higher up the
valley, and again thirty miles higher up,! (that is twenty
miles from the nearest range of the Cordillera) the lower
plain included within the upper escarpments, is formed,
as seen on the banks of the river, of a nearly similar
but finer-grained, more earthy, laminated sandstone,
ing with ill beds, and i nu-
‘merous moderately sized pebbles of the same rocks, and
some shells of the great Ostrea Patagonica. As most
of these shells had been rolled before being here em-
bedded, their presence does not pmve thnt the smld—
stone belongs to the great P
for they might have been redeponm e it, when the
valley existed as a sea-strait; but as amongst the
pehblei there were none of basalt, although the cliffs on
both sides of the valley are composed of this rock, I
believe that the sandstone does belong to this formation.
At the highest point to which we ascended, twenty
miles distant from the nearest slope of the Cordillera, T
could see the horizontally zoned white beds, stretching
under the black basaltic lava, close up to the mountains ;
0 that the valley of the S. Cruz gives a fair idea of the
constitution of the whole width of Patagonia.

Basaltic Lava of the 8. Cruz.—This formation is
first met with sixty-seven miles from the mouth of the
Tiver; 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 imes grey and laminated ;
it contains some olivine, and high up the valley much

* 1 found at both places, but not i sifw, quantities of eoniferous and
ordinary dicotyledonous silicifiod wood, which was examined for me by
M. 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-
mess: 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,
as it 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 I
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 hummaocky
surface I believe to have been cansed by the crossing
and heaping up of different streams. In one place,

@ The Complete Work of Charles Darwin Online



cmar, 1. Santa Cruz. 383

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 somposed of im-
perfect columns radisting 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 uniform inclination has been calculated
from its total height at a point 135 miles from the
‘mouth) slopes towards the Atlantic at an angle of only
0° 7 20”: this must be considered only as an 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
071" 22”; 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, T 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 nowall 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,’ &e., pp. 178 and 217.
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5

of 8. Cruz), I am informed by Captain Sulivan, R.N.,
that there is a gravel-capped plain from 200 to 300 feet
in height, formed of numerous strata, some fine-grained
and 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 of voleanie
rocks; there are, also, included layers of gravel. This
formation is highly remarkable, from abounding with
mammiferous remains, which have not as yet been
examined by 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, T was inclined to
believe that they corresponded with the upper beds of
the 8. Cruz ; but Professor Ehrenberg, who has examined
some of the specimens, informs me that the included
microscopical  organisms are wholly different, being
fresh and brackish water forms. Hence the 200 to
300 feet plain at Port Gallegos is of unknown age, but
probably of subsequent origin to the great Patagonian
tertiary formation.

Eastern Tierra del Fuego—Judging from the
height, the general appearance, and the white colour
of the patches visible on the hill sides, the uppermost
plain, both on the north and western side of the 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 coneretions
of calearcous 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. lentioularis, 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 deciduons
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.

Summary on the Patagonian Tertiary Formation
—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 S. 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 8. 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,
1 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.

4 *Botany of the Antaretic Voyage,' . 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 not
improbable that some of the species may hereafter be
found living. Some few of the species are closely related
with existing ones  this is especially the case, according
to M. d'Orbigny and Mr. Sowerby, with the Fusus
Patagonicus ; and, according to Mr. Sowerby, with
the Pyrula, the Venus meridionalis, the Crepidula
gregaria, and the Turritella ambulacrum, and 7.
Patagonica. At least three of the genern, namely,
Cucullea, 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 S. Cruz. Out of the twenty-seven
marine microscopic 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 oceurs

cec2
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at the Rio Negro. At Port 8. Julian it is from 800 to
900 feet in thickness; and at 8. Cruz it extends, with
a slightly altered character, up to the Cordillera. From
its microscopic structure, and from its analogy with
other formations in voleanic districts, it must be con-
sidered as originally of volcanic origin: it may have
been formed by the long-continued attrition of vast
quantities of pumice, or judging from the manner in
which the mass becomes, in ascending the valley of S.
Cruz, divided into variously coloured layers, from the
long-continued eruption of clouds of fine ashes. In
either case, we must conclude, that the southern volcanic
orifices of the Codillera, 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 S. 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 P ian tertiary i

ously, judging from fossils alone, from 8. 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 8. Cruz and, accord-
ing to M. d'Orbigny, 120 miles north of St. Fé.
At 8. Cruz we have seen that it extends across the
continent; being on the const 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
plutonie and metamorphic rocks. Including the neswer
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Pampean deposit, and those strata in eastern Tierra del
Fuego of doubtful age, as well as the boulder formation,
we bave 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
caleareous sandstone.  Out of these concretions at Ypun
(lat. 40° 30’ 8.), I extracted the four following extinct
species of shells :—

l “Turritella suturalis, G. B. Sowerby, P1. IIL. £. 50 (also Nnvu'hd)

. Sigaretus subglobosus, do. PL. TI1. % 36, 7.
siriiaat (r)nlmlm(!).da PLIL £ 14 (also Chl.l\n.md

. mm..n-m

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 nature, being
compact, or brecciated, or cellular, or
with zeolite, agate and bole, or porphyritic with glassy
albitic feldspar. There is also much imperfect rubbly
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of li
These lavas are uonformab]y 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 thirty yards in breadth. This volcanic formation
resembles one, 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 & nucleus of metamorphic rocks. The strata which
T examined consisted of fine-grained muddy sandstones,
with fragments of lignite and concretions of calcareous
sandstone. I collected the following extinet shells, of
which the Turritella was in great numbers :—

pitelstone, wnh the interstices charged with powdery
of

Bulla cosmophila, G. B. Sowerby, P1. s
Pleurotoma subiequalis, do. PL.
3 Futus cleryunos, dOsbig.
Coquin!
Triton Ymmouomnlde\ G. B. Sowerby. PL IV. 1. 64.
Turritelln Chilen 1V, £. 51 (also Mocha).
Venus, probably ct #pecies, but very imperfect.
Oytherwea (7) «ulcnlm 1) do. PLIL
Dentalium majus, G

Voy. Pal PL. XIL £. 6, 7 (alsoat

LRSS

Chiloe.—This fine island is about 100 miles in
length. The entire southem 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 const, and
large 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 T ex-
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amined are easily fusible, and some of the beds might
be called volcanic grit-stones. These latter strata are
perhaps related to a mass of columnar trachyte which
occurs 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 mearly 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 I 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 :—

1 ’hllxnidn ;r) uumg-_, e). B. Sowerby, PL. IL £. 12 (a solenella in
by,

i \“l““)(gmh' - mdn.‘:'?‘l 10 £. 14 (also Ypun and Huafo?)
At the northern extremity of the island, near .
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 pitehstone (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 strenms.
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
brecciated, and it was generally impossible to discover
whether the recementing process had been an igneous
or aqueous action.! The beds are obscurely separated
from each other; they are sometimes parted by seams
of tuff and layers of pebbles. In one place they rested
on, and in another place were capped by, tuffs and 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 described.
The tuffs are pale-coloured, alternating with laminated
mudstones and sandstones (all easily fusible) and passing
sometimes into fine grained white beds strikingly re-
sembling the great upper‘infusorial deposit of Patagonia,
and sometimes into brecciolas with pieces of pumice in
the Inst stage of decay; these again pass into ordinary
coarse breccias and conglomerates of hard rocks.  With-
in very short distances, some of the finer tuffs often

into each other in a peculiar manner, namely,
by irregular polygonal concretions of one 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-
1In a lffof the bardest fragmentary mase T fomnd seversl
o, vaying in, hickocasfrom  fow tenh of
1o0h o o sk wd & alt of & sbecanes which I e tt s des
eribed. It is glossy, and A Tbrown colour: it i thinly laminated,
with the laminm transparent and elastic ; it is o little than eals
e 108 s e the  blowiipe, somisines deers
pitates, g ip, blackens and becomes magnetic
(i d.\uo!ru. considarable qunhty of it, and_ gives o glass

nnxnd groen. 1 have no xd-n what its true nature is.  On first
Soog i T ook 1 o Hgnie!
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tions. In a straight line of cliffs, at Point Tenuy, I
examined the following remarkable section :—

No. 36,

Level ot sen.
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 against the tufaceous 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, T 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 antiei-
pated under such circumstances.

The various tufaceous and other beds at 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
near 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,
careous spar, and agate. It was here seen vuth re-
markable disti: Low inti
action and the production of fissures and veins are re-
lated together. The following diagram is an accurate

No. 36,

Tepresentation of a horizontal space of tuff, about four
* Tho froquent tendeney in iron to form hollow coneretions 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
nnd nglxe the cumlmeur hnel show the course of the
zones of different
shades of colour and of coarsences in the particles of
tufi. Th and
gave the surface an elegant lppelnnm 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 concretionary
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 distinet, 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

containi

incoberent mat singular ; D'Aubuisson ( Traité do
ml.pau).—&umum

@ The Camplete Wark of Charles Darwin Online



cmar, Valdivia. Concepeion. 397

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 lnyers of lignite, T
did not land on Mocha (lat. 38° 20), but Mr. Stokes
brought me specimens of the gray, fine-grained, slightly
caleareous sandstone, preeisely like that of Huafo, con-
taining ligniteand 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 (’hll-nnl. 5. B, Sowerty, PLIV. {. 61 (,.l-nunnln)

2. Fusus, very ewhat resembling F. subroflox:
Navidad (¢ (mA e 1, but probably diffarnt.

3. Venus, fragments of.

Concepeion.—Sailing northward from Valdivia, the
const~cliffs are seen, first to assume near the R. Tolten,
and thence for 150 mﬂu northward, m be enntmned
with the same
be deseribed at Concepeion. 1 heard in many plu:es
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 o more lofty tract between points Rumena and
Lavapie. Here the heds have been broken up by at
least eight or nine parallel Lines of elovation, 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
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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 band of
symmetrically troubled country is about eight miles in

The island of Quiriquina, in the Bay of Concepcion,
is formed of various soft and often ferruginous sand-
stones, with bands of pebbles, and with the lower strata

passing into a resting on the
underlying metamorphic schists. These beds include
nhdinu layers of greenish impure clay, soft mica«
ceous and calcareous sandstones, and reddish friable
earthy matter with white specks like decomposed crystals
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 ; 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 mnst have taken place under
the sea.

A collection of shells, from the island of Quiriquina,
has been described by M. d'Orbigny : they are all extinet,
and from their generic character, M. d'Orbigny inferred
that they were of tertiary origin: they consist of i—

1. Scalaria Chilensis, d'Orbig. | 8. Cordium _acuticostatum,
* Voyage, Part, Pal’ 0. ‘Vopuge Pul

Arsueana, do. enus auca,
3. Natiea anstralis, do. Mactra cecileana, do.
ifficilis, do. 1. Mactra Aruncaca, do.
5. longirostra, Area Arascana,
¢ Plewrotoms Aryuean, do 13. Nueuln Largillierti, do.
7. Cand 14. Trigonin Hanetinns, do.

During a second visit of tbeBanolchOmmpdon.
Mr. Kent collected for me some silicified
shells out oﬂ.hemauinﬂu-nd-mfmm Tm
situated a short distance north of Lirguen ; they consist
of:—

. Natis lis, & Ve for deseri|
R L AL L S
3. Mactra Arsucana, do. PLV.L3.

3. Trigonia Hanetiana, do. 6. x-l__::t nco;u?a-;..““n
4 Pt Sngiiiint Jestatty g310 2
wo species, but ol imperfect (o)

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 vertebra
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 diseription 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-
hourhood certainly belong to the same formation. Al-
though the generic character of the Quiriquina fossils
naturally led M. d'Orbigny to conceive that they were
of tertiary origin, yet as we now find them associated
with the Baculites vagina and with an Ammonite, we
must, in the opinion of M. d'Orbigny, and if we are
guided by the analogy of the Northern Hemisphere, rank
them in the Cretaceous system. Moreover, the Baculites
wagina, 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
Indiay where it is associated with numerous decidedly
eretaceous 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 dOrbignyanus, 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 Concepeion being cre-
taceous, which I shall afterwards allude to; and I will
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here only state that the Cardium avca 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 st 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 extinct,
and several of the genera do not now range (as we shall
hereafter show) nearly so far south :—

1. Gastridium cepo, G, B. Sowerby, P1. IV. £. 68, 60.
2 Monoceros, fragments of, considered by M. d'Orbigny as a new
spocios.

11 was (d-duz!.hlna.h on M. Gay's * Geologi-
un.-.a‘.'g A a:’m kv tom 35
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. Pusus wbrefiexus, o, BLIV. £ 67
o, Fusus p,.umnmi., du PL.IV.
10, Fusus, allied to s,

18, igaretus subglobosts, G B. Sowerby, P1, TIL , 36, 37.
19, Natiea sclidn, do., PL. TIL. £, 40, 41 i ol hothae the .

solida of S. is the same
l& T('mbm undulifers, G. B, ml’l v, f 7). 7.
ellata, do., P1. V. £. 70, 71
25 Tl (fragmente of.
m giganteum, do., P1. TL . 1.
24: Dentalinm slevsum, do. .11 . 2.
25. Cor wvigata, do. L 11
26. Carlium multimistum, W BT T 6.
27, Venus meridior lo., 3.
28, Pmunculul dupm-, (2) Desh, (considered by M. d'Orbigny ns &
istinet spocies).
20,30, Cytheren, and Mactrn, fagments of (comsidered by 3.
‘Orbigny as new specios’
3 Puﬂmﬁ'ﬂgm ents of.

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
No. 37.
Section of the Tertiary Pormation st Coquimba.
Sarfaco of plai, 22 feet above wea.

Level of Sea,

bones, | with fow] shells, all. or
A Uppor femsinonssandtone, with numerous el | nealy i xtinr.
D Calenrmons bl wich recent shelle, A —Siraified sand fn 8 ravive, sleo

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 caleareous 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 tecth,
closely those of the Carch
Shells of the following species, of which the gigantic
Oymr-ndl’erum&amaunlp(mm.mnm
ously embedded in the concretions :—

6. Artemis ponderosa; Mr. s«-ey o tod no cnn.n..m..
h‘mn" by bk ot
certainly an jown by the pallial impressio
r-hi-mu( Hr. Su'lrb:’ p&nnv.nutnzdlnlngu
rcta betwoon in specinaad tht poeminently ch.mmﬂu:
tm t Patagonian formation ; but will not preter
10 affem thet they ate ideationl
8. Fragmunts of n Venus and Natica.

The cliffs on one side of Herradura Bay are capped
by & mass of stratified shingle, containing a little calea~
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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 als itirely composed of the abs
oyster.

Ata 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 Balanide; it includes some pebbles, and
layers of yellowish-brown mudstone, The embedded
shells consist of :—

. Monoceros Blaiavillii, ¥Orbig. ¢ Voyage Pal
ambiguas, werhy, Pl e 66, 67,
Ao iteranas, do. PL 11 2,
Pecten rudis,

is,
Perun Gaudichasdi, 0 O
rea Patagonica

in :mmrm state it

Tt very raro in
wesby can fd no iitloguishing cha-
(20 n. ot vry perfet condiion

rod to me like &

Bulanus Coquimbensis, 6. B, "n'arlvy BT £ 7,

. Balanus peittacus? King. Thix appears to Mr. Sowerhy and
myself identical with 4 very large and common species now

living on the coast,

The uppermost layers of this ferrugino-sandy mass
are conformably covered by, and impreguated 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 ; but as
all the spesies are recent in the bed (D), whilst the

tch istic shells of the layers of (E)
are the extinct Perna, Pecten, and Monoceros, T 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,

6. Vor itiana,  d'Orbig.
al.!

ilensis,

8 urtus hanetianus,  do.
9. Muctrs aues, do.
10. Oliva sorens, do.

5, - Cleryunn,

OF these twenty-four shells, all are extinct, except,
according to Mr. Sowerby, the Artemis 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 soloured 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 oconr at English Harbor, a few miles north
of Capinpo.

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 Rosallci Gadichuutl, 0rbig, Vorage Pal”

2. Pectuncalus Payte

5 Venus petitia, =

4. Ostren Patagonica? This great oyster (of which specimens have
e given me) unum e disinguichel by i, Sowary from
som varieties from Patagonia; though it would be
Baaandous to assert it s the samo with that species, o with that
from Coquimbo.

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, [
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
1 feel sure is here much more trustworthy than it can
be 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, T
must believe that the coast-formations from central
Chiloe to Concepeion, a distance of 400 miles, are of
the same age : from nearly similar reasons, I suspect
that the beds 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 distinet from those
found in any other part of this coast. Coquimbo has
Cardium 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,
especinlly 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 at O isa
one ; I will, in my remarks on the fossils from the other
localities, put on one side those from Coneepcion 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 Coneepcion 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 been broken up in the same variously-
directed manner as have the old plutonic and meta-
morphic rocks in this same district. The second point
is, that the sandstone between 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 is 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 ; but I 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, T 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 Paleontological
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
TuTﬂlslIll Chilensis from Hlmfo and Mocha, the 7.

ica and Venus lis from Navidad,
come very near to recent South American shells, namely,
the two Turritellas to 7. cingulata, and the Venus to
V. ezalbida : 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. Panopma, 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

Gonern wit iing | Latlaon n which found | Bouchemnmont

“pecies on the hioh n-a... e
west ot o 8, Amerien'|
Balla . . . | 80° to 43° 30" 12° near Lima
Cussis 340 103
Pyrula . 5° Payta
Fusus 23° Mexillones ; re-ap-

at the St of
ngellan
Pleurotoma . | 84° to 43° 30 2° 18" 8t. Elena
Terebra . 2 4° Payta
Sigaretus . . [ 34° t0 440 30 129 Lima
Anomia . NE 7048
Perna. .| 30° | 1028
Cardi . | 30° 10 34° (and 36° 30’ | 5° Payta
at Concepeion) }

Attemis .. |30° &P,
Voluta . . 1|34 t044° 30/ uming does not
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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 ; 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 mow 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 Hemi; ?

Comparing the fossil remains from the coast of Chile
(leaving out, as before, Concepeion and Chiloe) with
those from Patagonia, we may conclude, from their
generic resemblance, and from the small number of the
species which from either const approach closely to
living forms, that the formations of both belong to
nearly the same epoch; and this is the opinion of M.
dOrbigny. 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 Pur-
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 eonchological
provinees 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-
baps 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
parfect idenmy only of the Trochus.

Zemperature of the Tertiary Period.—As
the mlmber 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
Attemis) likewise formerly ranged farther south than
they now do; and as these genera are far from being
characteristic of hot climates, their former greater
southern range may well have been owing to causes
quite distinct 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.
Sowerby, two or three other species, formerly ranged
from Navidad as far south as Santa Cruz in lat. 50°. If,
instead of comparing the fossils of Navidad, as we have
bitherto 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
latitudes ; for instance, in the southern parts of the
Mediterranean or of Australia, there is no 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,

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 morthern hemisphere, the
conclusion that the climate of the southern seas at this
period was not hotter than what might have been ex-
pected from the latitude of each place, appears to me
highly important ; for we must believe, in accordance

! Tt may bo worth whilo to mention that the shells living at tho
present day on this eastern side of 8, America, in lat. 40° have perhaps
& more, tropical character than those in mrmyondmg laitodes on the
shores of Furope: for at Bahia Blancs and . Blas, there aro two
species of Valuta 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 locil
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 eontempora-
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-
rancousness 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
accumulation of sediment,—the absence of exfensive
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
orin 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.

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 erust.

c.n any light be thrown on this remarkable absence
of deposits on th sts, on which,
at an lnmenls 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 Patagonin),—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 resultand 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
supenncumbent strata, be of great thickness. Tn this

we are only fons contain-
ing the remains of marine animals, which, as before
ioned, live, with some fons, 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 i

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 consts 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 chanee 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 unfayourable 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
concliferous 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
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list of these fossils to Professor E. Forbes, he thinks
they must have lived in water between one and ten
fathoms in depth: hence the bottom of the sea on
which these shells once lived must have subsided at
least 700 feet to allow of the superincumbent matter
being deposited. I must here remark, that, as all these
and the following fossil shells are extinct species, 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. At 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 850 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
feot 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,
yet it should be borne in mind that the lower fossili-
ferous strata with several of the same species of Mollusea,
the upper tufaceous beds, and the high summit-plain,
stretch for a considerable distance southward, and for
hundreds of miles northward; secing 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
conﬂned to these two points, but was co-extensive with

i portion of the P ian tertiary forma~
hon. 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 fnvoumble, (’.hnn when the level is sinking,
tothe of deposits of sufficient
thickness and extension to resist, when upheaved, the
average vast amount of denudation. This result appears
to me, in several respects, very interesting: everyone is
at first inclined to believe that at innumerable points,
wherever there is a supply of sediment, fossiliferons
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
Yemg-contined supply of seliment: (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 superincumbent
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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 accu-
mulate at the proper rate, so that the depth should not
become 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 appeaz to throw
some light on the fact that certain periods appear to
have been flvnumb]e to the deposition, or at 1east to
the p of very
dlmmt points. \Ve have seen that in South Amenca
an enormous area has been rising within the recent
period; and in other quarters of the globe immense
spaces appear to have risen contemporaneously. From
my examination of the coral-reefs of the great oceans,
T have been led to conclude that the bed of the sea has

1 Professor 1.1 Rogers, in his excellent address to the Association
of American Goo]ogllu (Silliman's *Journal,’ vol. xlyii, p. 277), makes tho

preserving
action,’ I think the correctness of such remarks is moro than doubtful,
oven if wo exeept (ulwhwuﬂd)md‘mnmmm
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 distinet evidence that at nearly
the same tertiary period, the bed of the sea off parts of
the coast of Chile and off Patagonia was sinking, though
these regions are very remote from each other. If,
then, it holds good, as a general rule, that in the same
quarter of the globe the earth’s crust tends to sink and
rise contemporaneously over vast spaces, we can at
once see, that we have at distant points, at the same
period, those very 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 subject, in his
2-’*3"5?:; '”ﬁ.?i‘d‘ﬁms‘mi‘sim?,‘;mm
this dis u!!:n,ud endeavoured lk::vql.hnn
that upraised stolls or burrier- o thongh of great wm

owiui to their small extansion. oe Broadth, R pmm-dm distavt
future period.
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CHAPTER XIIL.

PLUTONIC AND METAMORPHIC ROCKS i—CLEAVAGE AND
FOLIATION.

Bahia, gneiss 'ul disjointed hosed dikes— Strike of
jdmm-—b’wg de Janci ‘guwfm.:::w:bmﬁ!yn B
m;om of—La g righivmeas »w and_ old volcanic mlu ,,,_,
8. Ventana—Claystone "”7"13 of Patagonia; singidar
metamorghicrocks ; speudo-dikes~ Fkland lsands, pormion j‘ounlc
Tierra do s oy

Fuego,

and foliation forn of land—Ohonas Archipeligo, miea sehists

Poaion Ssuried y grewtic aci dibese-Chd Pdﬁ".m

oy tond it el eyl e

remarks on daamage and folition—Their lote enlsgy and imiter
origin—Bipatifeativh of et iation of intrusive

mh——«eralml e e o 5 U of i oy
metamorphosis.

Tur 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
rock is gneiss, often passing, by the disappearance of
the quartz and mica, and by the feldspar losing its
red colour, into a brilliantly grey primitive green-
stone. Not unfrequently quartz and homblende are

in layers in almost amorphous feldspar.
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Thers 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 blnd( finely

e rock, ining 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
gueiss 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
geiss, had, from their exact correspondence in size
and shape, evidently once been united ; henee I cannot
doubt that most or all of the fragments have been
derived from the breaking up of the dikes, of which we
see the first stage in the above-mentioned laterally
digjointed one. The gneiss close to the fragments
generally contained many large crystals of hornblende,
which are entirely absent or rare in other parts: its
folia or lamine were gently bent round the fragments,
in the same manner as they sometimes are round concre-
tions. Hence the gneiss has certainly been softened,
its composition modified, and its 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, 1 imply those planes of
division which render a rock, appearing to the eye
quite or nearly homogeneous, fissile. By the term folw
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 hasa
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 alternating so-
called strata of mica-slate, gneiss, glossy clay-slate, and
marble.

The folia of the gneiss within a few miles round
Bahia generally strike irregularly, and are often 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 nearly 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 describes 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

Schom! observati Geograph. Journal,' 1842, p. 190. See
‘also Huml .ldw:—hndﬂl:;nM'M%mu.‘
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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 same direction.!

Rio de Janeiro.—This whole district is almost
exclusively formed of gneiss, abounding with garnets,
and porphyritic with large erystals, 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 distinct
folia or laming. There are, however, several other
varieties of gneiss regularly foliated, and. alternating

Lisndel sty one place north of Babia, namely, . Pernambuo.

Ifomndthnul Iun:luh.ll strtife mater,formod fro
rocks, and some lowish imj lm ro-
1.5? nfnumnrylpmh v deseribed & mol:tnl:lngu.lnr m;mi

th
work, * The Structure and Distribution of Coral Ru(n.' 2nd edit. p. 265.

s Tsuers, lat. 18° S. off the coast of Brasil.—. not
-v.-u.-uy mplm, T do not know where I can more conveniently describe
this littlo group of small islands. ‘Tho lowest bed fa o sandstone with

Torraginons viges

bovo it thero is o dark-coloured argillaceons shalo; above royged
foot; and Tastl, sbovo

i of
lpnm o strucimes. Al th simita, ag ll e
s m ongleof sbout 12°to N, by W, Sotte of
o islets aro mmpumr entirely of the sedimentary, others of the trap-

pean rocks, generaly, howerer, with the sandstones croppng outon the
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with each ohher in so-called strata. The stratification
and foliation of the ordinary gneisses, and the folia-
tion or “grain’ of the gneiss-granite, are parallel 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 so prevalent over the more northern parts of this

tinent. The ite are to a
remarkable degree abruptly ooniunl, ‘which seems caused
by the rock tending to exfoliate in thick, conically
concentric layers : these peaks resemble in shape those
of phonolite and other injected rocks on voleanic
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 distinetly defined edges, composed of
a peculiar variety of gneiss with dark layers of mica
and gamets, is surrounded on all sides by the ordinary
gueiss-granite; both having been dislocated by a
grunitic 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 gmeiss-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

nlete Waork of Cl
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rock, i, as far as T know, a unique case: and I will
not attempt any explanation of its origin.

No. 38
Pragment of Grelss embedda] fn another variety of the same 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

! Spix and Martius have collected inan Appondix to their ¢ Travels,’
{he Jargest body of fucta on thie aubjoct, S, alad, ome remacks by,
M, Lund, in his communications to o Acadamy ot Copenbagen; sad
others by AL Gndmh-ud. in Freyeinet's *

. Benza, d ?nmemek(m ras Jowrnal of Lit! &e.
Da, 1838, p. 24, n the Relgherries, decomposod 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 I could see
1o 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 quict bays, there were no
marks of erosion at the level of the water, and the
parts both beneath and above it preserved a uniform
curve. At Bahia, the gneiss rocks are 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, T 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
course-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 cleavage
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 lamine 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 Brazil), in
the same line with the vertically ribboned quartz rock
of which it is composed. The 8. de las Animas is the
highest range in the country ; 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-

{ TN L A
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age, generally ranging east and west. E.and SE. of
Las Minas there is a confused district of imperfect
gueiss 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
lamine of red crystallised feldspar—with white or black
marble, sometimes containing ashestus and crystals of
P e v

ite—and lastl
gyps qQ Ly,
with much granite. The marble and granite alternate re-
peatedly in app vertical masses : iles north

ward of the Polanco, a wide district is said o be entirely
composed of marble. Tt 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
gueiss 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 voleanic rocks are worth
mentioning, from their rarity on this eastern side of
the continent. In the valley of the Tapas (ffty or
«sixty miles N. of Maldonado) there is a tract threo
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
cluystone 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, foldspar, and im-
perfect hornblende: this fact perhaps indicates that
these voleanic rocks have been metamorphosed, and
their constituent parts re-arranged, at the same time
and aceording 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 gnmu and an extensive

di of red which (like
that at the foot of the 5. 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
varicties 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 conrse grained,
dark-green hornblendic slate; this again often
into chloritie schist. These passages seem chiefly due
to changes in the mica, and its replacement by other
minerals. At Rat Island I examined a mass of chloritie
schist, only o 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

' u...- the Pan do Asucar there is some greenish porphyry, in one
‘amygdaloidal with agute.




432 La Plata : PART IT.

schist and the foliation of the gneiss were exactly
parallel.  Eastward of the city there is much fine-
grained dark-coloured gneiss, almost assuming the
character of hornblende-slate, which alternates in thin
lamin with lamin® of qu.m, the whole mass being

large veins of
quartz: T plmlmlnrly absarved that these veins were
with the al laminz of

quartz. Tn this case and at Rat Island, the passage of
the gneiss into imperfect hornblendic or into chloritic
slate, seemed to be connected with the segregation of
the veins of quartz.!

The Mount, a hill believed to be 450 feet in height,
from which the place takes its name, is much the
highest land in this 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 erystallised, 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 ontwnrdx. "his greenstone must, T conceive, be

te. The

Qanitn, the nost 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, I heard
of marble.

! Mr. Groenough (p. 7 ‘Gnum] Enulnnunu &o.) observes that
uartz in mica-slate sometimes appoars in beds and sometimos in_veins.
rmDuhnho.mh'l'Ch-vl‘lmNomy (p. 236), remarks on alterna-

ting laminw of quartz and hornblende-slate replacing mica-schist.
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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 8. 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 . 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 8. 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 gnxml.lr quartz, remarkable fmm forming tabular

d small plains, diffs :
«other parts of the range are nnito:tof granite:
and marble is found at the S. Tinta. It appears from
M. Parchappe’s' observations, that at Tandil there is a
range of quartzose gueiss, very like the rocks of the S.
Larga near Maldonado, running in the same NNE. and
SSW. direction ; so that the frame-work of the country
here is very similar to that on the northern shore of
the Plata.

The Sierra Guitru-gueyu is situated sixty miles
south of the S. Tapalguen: it consists of numerous
parallel, sometimes blended together ridges, about
twenty-three miles in width, and 500 feet in height
above the plain, and extending in a 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 nearly vertical, striking in a NW. by W.
and SE. by E. line, nearly, though not 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

' .
st o i poning R s mrts i of Topalgne. 2o

el in @ melamorphic ormation, i my  Jouroalof Researhis’ (2nd
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@ The Comblete Work of Charles Narwin Online



CHAP. XuL Patagonia. 435

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
lamine 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 457 and upwards. The principal line of
ius, with some quite dinate 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 8. 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° 507), 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 us 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 o 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 often with grains
of quartz. Thereare other varieties, withan almost truly
trachytic base, full of little angular vesicles and crystals
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 volcanic
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 erystals, 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

o Ml oy
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bl

common sandsts These beds are
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 u pale purple tint,
being singularly banded and veined with different shades,
and often become plainly porphyritic with erystals of
feldspar. The formation of these crystals could be
most clearly traced by minute angular and often par-
tially hollow patches of earthy matter, first assuming a
Jibrous structure, then passing into opaque imperfectly
shaped crystals, and lastly, into perfect glassy crystals.
‘When these erystals have appeared, and when the
Dasis bhas become compact, the rock in many places
could ot be distinguished from a true claystone por-
phyry without a trace of mechanical structure.

In some parts, these earthy or tufaceous beds pass
into jaspery and into beautifally mottled and banded
porcelain rocks, which break into splinters, translucent
at their edges, hard enough to scratch glass, and fusible
into white transparent beads : grains of quartz included
in the porcelainous varieties can be seen melting into
the surrounding paste. In other parts, the earthy or
tufceous beds either insensibly pass into, or alternate
with, breccias composed of large and small fragments
‘of various purplish porphyries, with the matrix gene-
ally porphyritic: these breccias, though their sub-

B 1
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aqueous origin is in many places shown both by the
arrangement of their smaller particles and by an oblique
or current lamination, also pass into porphyries, in
which every trace of mechanical origin and stratifica-
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 apparently the result of a

process of n
another common variety of a finer texture, 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 serics was
so perfect that I could not doubt that these large
erystals, which had their longer axes placed parallel to
each other, had primarily originated in the metamor-
phosis and aggregation of alternating layers of tuffs
and hence their parallel position must be attributed
(unexpected though the conclusion may be), not to
laws of chemical action, but to the original planes of
deposition. I am tempted briefly to deseribe threo
other singular allied varieties of rock; the first with-
out examination would have passed for a stratified
porphyritic breccia, but all the included angular frag-
‘ments consisted of a border of pinkish erystalline felds-
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pathic matter, surrounding a dark translucent siliceous
centre, in which grains of quartz not quite blended
into the paste could be distinguished : this uniformity
in the nature of the fragments shows that they are not
of mechanical, but of coneretionary 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 varicty is a reddish
non-porphyritic - claystone, quite fill 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
tballs, 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-Dilkes.—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 o purplish-
red or brown colour, and is formed chiefly of rounded
grains of quarts, with broken crystals of carthy 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 ; yet it
thinned out upwards, and did not 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
crystals and of fragments.

Fullland Islands.—I have described these islands
in a paper published in the third volume of the ¢ Geo-
logical Journal.” The mountain-ridges consist of quartz,
and the lower country of clay-slate and sandstone, the
latter containing paleozoic fossils. These fossils have
‘been separately described by Messrs. Morris and Sharpe :
some of them resemble Silurian, and others Devonian
forms, In the eastern part of the group the several
parallel ridges of quartz extend in a west and east line;

i POl fires azo known to ocenr both i voloano sad in
‘i e s s rstagn niiptoey
plmdo—dm composed of hard tuff,
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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-slate.

Tierra del Fuego—My notes on the geology of
this country are copious, but as they are unimportant,
and as fossils were found only in one district, a brief
sketch will be here sufficient. The east coast from the
Straits of Magellan (where the boulder formation is
largely developed) to St. Polyearp’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 I have reason to believe,
stretches far up the eastern side of the Cordillera. The
western and broken side of Tierra del Fuego towards
the Pacific is formed of metamorphic schists, granite
and various trappean rocks: the line of sepnmtion be-
tween the crystalline and clay-slate i
generally be distinguished, as remarked by Cﬂ.pta.m
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° 8.].

! *Geographical Journal,' vol. i. p. 155,
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The clay-slate is generally fissile, sometimes siliceons

or ferruginous, with veins of quartz and caleareous
spar; it often assumes, especially on the loftier moun-
tains, an altered ma;pme ehuuw, passing into
with

porphyry is
breosia and granwacke: - At Good wéricns Bay, there
is a little i black Iline limests 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. Ancylocoras simples, & Orbig. * Pal Franc. (7. V. . z):lmrr-m.
2. Fusus (in

nlrum a. B Soecty (B V. 83.81) Pors mene‘
impertect tate)

o. b

. Homites |.mm-, G. B. Sowerby, do.

M. d'Orbigny states' that MM. Hombron and
Grange found in this neighbourhood an Ancyloceras,
perhaps A. 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 A. simplez of Europe, that
the formation belongs to an early stage of the Cretaceous
system. Professor E. Forbes, _mdg.ng ouly from my

coneurs in the p: ity of this
The Hamites elatior of the above lwt, of which a des-
eription is given by Mr. Sowerby in the Appendix, and
which is remarkable from its large size, has not been

+ “Voyage, Part. Giolog.’ p. 242,
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seen 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 districts, pro-
bably have been considered as belonging to the Palwo-
2oic 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 fissile, 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 laminm of clay-slate. T was unable
to persuade myself that these great parallel masses had
been injected, until I found one dike which abruptly

tone-dike in the Magdalen Chanoel, the feldspar

In

cloavod it tho angle of albite, - This dike was crossed, as well as the

surmnending slate, by & Iacgs P of quats, o clocumsteace of WaNEEL
e.

of Charles Darcsrcries
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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
cam 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 while 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 scorize,
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 porpbyritie lava. In
crossing Hardy Peninsula, the slate still retaining
traces of its usual cleavage, passes into columnar feld-
spathie 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,

! Datermined by Professor Jameson, Weddell's ¢ Voyage, p. 169,
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to be d, but i ite.! In the
midst of these singular rocks, no doubt of ancient sub-
marine voleanic 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 erystals of
hornblende (both ascertained by the reflecting gonio-
meter) and mica; but with no quartz. No recent
voleanic district has been observed in any part of Tierra
del Fuego.

Five miles west of the bifurcation of the Beagle
Channel, the slate-formation, instead of becoming, as
in the more southern parts of Tierra del Fuego, feld-
spathic, and associated with trappean or old voleanic
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 contuining garnets. The folia of these
‘metamorphic schists strike parallel to the cleavage-
planes of the clay-slate, which have a very uniform
direction over the whole of this part of the country:
the folia, however, are undulatory and tortuous, whilst
the cleavage-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 arm 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 seen 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

* Seo Mr. Brooke's Paper in the *London Phil. Mag.’ vol. x. This:
mineral occurs in an ancient voleanic rock nesr 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

il 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 8. 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 resulted, often accompanied by sub-
‘marine volcanic eruptions.

Only one other rock, met with in both arms of the
Beagle Channel, deserves any notice, namely a granulo-
erystalline 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 perfoct similarity with that
(hereafter often to be referred to under the name of

1 See the by Capt, King,inthe uwxmu slso

a Lettar to D ¥iion i - Geokg. Poc. vl + also some ob-
Servations by, Cagt. FitaRoy, « Vorages: vol, B 700 T o adebiod
alad to M, Zyoll for a sries of specimens collocved by Lieut. Grares.

@ The Cormplaia W aete sl ttee et e



CcHAP, X1 Cleavage of Clay-Slate. 447

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 Island, and everywhere found the laminm
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 consts,
T crossed at right-angles the cleavage-planes fora space
of about eight miles, and found them dipping at 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
dhough 4o the eye appearing. straight, being ports
of large abrupt curves, with their summits cut off and
worn down,

In several places T was particularly struck with the

* Tho clay-slato in this island was in many places crossod Ly paral

1o smooh ojats. Out of five casee, tho angle of iatersection’ bapween

o strike of these jints s that ofthe closvge lumine was ia o
cases 45° andin two'others 79°.
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fact, that the fine laming 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 lamine having a rather
‘more jaspery appearance then 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 fissilo structure, has altered in a slight degree
the mineralogical character of the rock in the same
planes. The bands of stratification, just alluded to,
can be distinguished in many places, especially in
Navarin Island, but only on the weathered surfaces of
the slate ; they consist of slightly wndulatory zones of
different shades of colour and of thicknesses, and re-
semble the marks (more closely than anything else
to which I can compare them) left on the inside of a
vessel by the draining away of some dirty slightly
agitated liquor: no difference in composition, corre-
sponding with these zones, could be seen in freshly
fractured surfaces. In the more level parts of
Navarin Island, these bands of stratification were
nearly horizontal ; but on the flanks of the mountains
they were inclined from them, but in no instance that
I saw at a very high angle. There can, I think, be no
doubt that these zones, which appear only on the
weathered surfaces, are the last vestiges of the 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 ssme 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; alfhough in these two

@ The Combplete Work of Charles Darwin Online
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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 Island, 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 hifurcation 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
rocks, 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 Gabriel 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, Journaly’ vol. i. p. 170.
Ga
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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 Tierr del Fuego
have burst through the trammels both of stratification
and cleavage ; most of them may have been formed during
the elevation of the land by long-continued erosion,
‘but others, for instance the Beagle Channel, which
stretches like a narrow canal for 120 miles obliquely
through the mountains, can hardly have thus origi-
nated.

Finally, we have seen that in the extreme eastern
point of Tierra del Fuego, the cleavage and coast-lines
extend W. and E. and even WSW. and ENE.: over a
large 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° 8. Between this point and the northern Chonos
Islands, 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

mplete Work
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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.

layers of feldspar, swelling at intervals into well crystal-
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
breceiated 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 Island, a
similar rock gradually becomes granulo-crystalline and
acquires scales of mica ; and this variety at S. Estevan
becomes highly laminated, and though still exhibiting
some rounded grains of quartz, passes into the black,
glossy, slightly anthracitie schist, which, as we have
seen, repeatedly alternates with and passes into the
micaceous and chloritic schists. Hence all the rocks
on this line of coast belong to one series, and insensibly
vary from an altered feldspathic clay-slate into largely
foliated, true mica-schist.

The cleavage of the homogencous schists, the folia~
tion of those composed of more or less distinct minerals
in layers, and the planes of alternation of the different
varieties or so-called stratification, are all parallel and

inr, abruptly conieal form of the hills in this neighbour-
hmd wo . have lod_ 4ny one s fst to. bave supposed that they had
‘formod of Injocted or intrusive rocks.

aa2
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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 S. 19° E.; and even the point of dip
varied very little, being always directed to the west and
generally at an angle of forty degrees : I should mention
that I had here good opportunities of observation, for 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° 8., but in some places
almost vertical. Still farther south, in the neighbour-
hood of the harbours of Anna Pink, S. Estevan, and S.
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 [8. 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 casterly, 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° 8.), as soon as the angle
became very high, the planes struck in & 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
is pretty well established. The

throughout the northern half of this line of coast, of a
dip in one direction, that is to the west, instead of being
sometimes west and sometimes east, is, judging from
what I have elsewhere seen, an unusual circumstance.
In Brazil, La Plata, the Falkland Islunds, 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
«oust far into the interior,! in a ESE. line, or more
strictly E. 28°S. and W. 26°N. In a bay, at the north-
ern foot of this range, there are a fw islets of mica~
slate, with the folia in some parts horizontal, but mostly
inclined at an average angle of 20° to the north. On
the northern steep flank of the range, there are a few
patches (some quite isolated, and not larger than half-a-

! Tn the distanco, other mountains could be scon apparently ranging
NNE. and SSW., at right angles to this one, I may add, that not far

rom Vallenar Bay thero i & fine range, spparently, of graaite, which
s burst through the mica-slats in & NE. by 1. and SWE by S
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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 feet in thickness, with the folia all dipping
north, at angles varying from 5° to 20°, but sometimes
mounting up to 30° The southern flank consists of
bare granite. The mica-slate is penetrated by small
veins! of granite, branching from the main hody.
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-
matical investigations, has most kindly caleulated the
problem: the proposition sent was,—take u district
composed of laminw, 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

! he grsite ithin, ume e, avwell ap generlly st thejunction
with » ‘mica-slate, is uartzose than elsewhere, granite, I

oty udd, it truvorsed by doken Tunming for n e gn-ll in the
m.oofmmm eiqmm xT;facxufmr.’mm EI

* On the south ..d.um-m-(w e
mica-snte) tho dip o the fli woud be o mangl of 17055, dieted o
‘Hence the two points of dip on th 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 diffioult, without varying considerably the clo-
ments of the problem, thusto
and dip of the foliated mica-schist, especially in thoss
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 theso
would account for considerable deviations from the
caloulated results : considering that the granitic 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 through-
out the rest of the archipelago, T 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 great
band of trappean and ancient volcanic rocks on the
south-western coast of T. del Fuego. At S. Andres I
observed in the space of half-a-mile, seven broad, parallel
dikes, composed of three varieties of trap, running in a
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 voleanic formation described in the last
chapter. North of Tres Montes, I noticed three dikes

of the ran, of being as s directly opposed to
(ki e ‘anglo o 180%, would o To oaly 867 50" upart
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differing from each other in composition, one of them .
having an euritic base including large octagons of
quartz ; 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
pyrites. 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 fragients originally formed wedge-shaped

portions of a vault or erust,
once extending over the dike, but gince 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 distinet, 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 sume direction, namely, between N. 11°
and 22° W. Again, at Valdivia, we meet with the
same mica-schist, exhibiting neurly the sume 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 distinctly trace, of large flat curves :

heless, both near the settl 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 curvilinear, and
inclined, seldom at a high angle, towards various points
of the compass; ! but here, as at Valdivia, 1 NW. and

+ 1 observed in some parts of the lumin of the clay-
slato (b of the diagrum) e tho mp‘r‘?:l.l detritus and soil (a) wero
bent, sometimes with ;n being broken, No'to,
in the

" vol.

this phenomenon ; he attributes it to the netion
.,1 ts, bt ut the ame tim doubls whether tho frosts of the present

day pontsta to o soffent depth. A i s nown tat crtiquakes
aatay sk tha gt o i o 3t oreurod o m that. this

appearsico might prhops bo due, at. least . oncoeion, o thiefr-
guent occursenca; tho euperfisial layors of dau-mu Deing cither jerked
{000 Qrection, o, whars Eh euctee wan clned, puskel o ttedova-
wards during eseh steong vibration. . In North
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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: one, 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 erystalline
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 elose 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
8. line; and again, during the great earthquake of
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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, Novthern Chile—Northward of Con-
cepcion, 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: coneretionary
balls formed of feldspar, hornblende and mica, from
two to three feet in diameter, are in very many places
conformably enfolded by the folisted gneiss: veins.
of quartz and feldspar, including black schorl and well-
erystallised epidote, are numerous. Epidote likewise
oceurs in the gueiss 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

\, Goolog. Trins vol. vi p. 602and 017. +Jouraalof Rssazches”
(20d edit) p.
* Hu .maz (- Pesonal Nlmhrn, ol. i, p. 60) has described with
cancentrio divisions, com)
o:pm:'f, iseons Izldlgnr Roribloods, sad garsets, inclaied vithin
great veins of gueis across the mica-slato near Venezucla.
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E. is the commonest direction ; this likewise holds good
with the cleavage of the altered feldspathic clay-slates,
accasionally met with on the coast for nincty miles north
of Some ic slate, al ing with
strata of clay-stone porphyry in the Bell of Quillota
and at Jajuel, and therefore, perhaps, belonging to a
later period than the metamorphic schists on the coast,
cleaved in this same direction, In the Eastern Cordillera,
in the Portillo Pass, there isa grand mass of mica-
slate, foliasted 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 mica-slate, 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 8.] 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 taleaceous 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.

Concluding Remarks on Cleavage and Foliation.

In this southern part of the Southern Hemisphere,
we have seen that the cleavage-lamin 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

1 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 Islands,
namely, from west with some morthing to east with
some southing, is also common to the several ridges in
northern Patagonia and in the western parts of Banda
Oriental ; in this latter 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 the Falkland Tslands (vol. i, p. 267 ¢ Geclogical
Journal "), 1 have given o curious case on the authority of Capt, Sulivan,
RN, of much folded bed of elay-slat, in somo of which the cieavagais
perpendicular to the horizon, and in others it is porpendicular to each
‘curvature or fold of the bed : this appears  new case,
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great strata of porphyritic conglomerate in central
Chile, and where there could be but little doubt about
“the bedding, I observed similar slight differences in com-
position, and likewise some distinet thin layers of
epidote, parallel to the highly inclined cleavage of the
‘mass,  Again, I incidentally noticed in North Wales,!
“where glaciers had passed over the truncated edges of
“the highly inclined laminm of clay-slate, that the surface,
though smooth, was worn into small purallel undula-
“tions, caused by the component laminm 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-
slate 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.

Let us now turn to the foliation of the metamor-
phic schists, a subject which has been much less at-
tended to. As in the case of cleavage-laminm, 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,

mem e
* « Personal Narative, vol. n’.xp. 591, et seq.
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granite, mica, and clay-slate, striking very uniformly
NE. and SW., and dipping at an angle of between 60°
and 70°to NW. : it would even appear from the facts
given in this chapter, that the metamorphic rocks
throughout the north-eastern part of S. America are
generally foliated within two points of NE. and SW.
Over the eastern 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 8. line. For a space of 300 miles on the shores
of the Chonos and Chiloe Islands, we have seen that the
foliation seldom deviates more than a point, of the com-
pass from a N, 19° W. and 8. 19° E. strike. As inthe
<case of cleavage, the angle of the dip in foliated rocks
is generally high but variable, and alternates from one
side of the line of strike to the other side, sometimes
being vertical : in the northern Chonos Islands, however,
the folia are inclined almost always to the west; in
nearly the same manner, the cleavage-lamine 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 Islands, however, this coincidence
fails, and I have given my reasons for suspecting
that one granitic axis has burst through and tilted the
already inclined folia of mica-schist: in the case of
cleavage,! 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 his ¢ 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 cleavuge-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 cleay-
age and foliation, in all cases which I have seen, are
‘Where in one district the rocks are fissile,
and in another adjoining district they are foliated, the
planes of cleavage and foliation ate 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:

+ 1 have seen_in Brazil and Chilo concretions thus enfolded by foli-
atedguciss; amd Maceulloh ( Highlands’ vol. i . 64) b dowribed o
similar case. For analogous cascs in clay-slate, see Prof, Honslow'

Bemate i + Oombridg Bhil, Trans. vol. 5. pr 379, and Maceulloc's
“Class. of Rocks, p. 851. With respee o both folition and clesvage
Lecoming tortuon whoro Guaets-neng bound, Lave sen instanes o
Monte Video, st Conapeon and i tho Chanos Talands. - Soo sl M.
Greenough's  Critica! ion,’ p.
e n B, New Phi. Jnnml..‘ vol. xxiil. p. 1
+ T have given a easo in Australia, Seo Chapter VIL. oy
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metamorphosed. This view, in the majority of cases, T
believe to be quite untenable. In those not uncommon
instances, where u mass of clay-slate, in approaching
granite, gradually passes into gneiss,! we clearly seo
that folia of distinet minerals can originate through the
‘metamorphosis of a homogeneous fissile rock. The de~
position, it may be remarked, of mumberless alternations
of pure quartz, and of the elements of mica or feldspar
does mot, 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-lamin, 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
at an 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
m‘; .{ Jivs dedcrlbad (18 CEapias VIY.cf thia wosk) oo fatanes o

t the Cape of
o cxouiot remarka on "this subjeet, in’ D/Aubuisson’s
Tnms de I‘Lng pom. 1. p. 297, Alko sume remarks by M. Dasa in
sl et L 00
nm
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sometimes produced by the metamorphosis of homo-
geneous fissile rocks; seeing that foliation and cleavage
are so closely analogous in the several above-enumerated
Tespects; sceing that some fissile and almost homo-
gencous Tocks 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 erystallisation.
The fact often referred to in this chapter, of the
foliation and the so-called strata in the metamorphic
series,—that is, the alternating masses of different
varieties of gneiss, mica-schist, and hornblende-slate,
&c.—being parallel to each other, at first appears quite
opposed to the view, that the folia have no relation to
the planes of original deposition. Where the so-called
beds are not very thick and of widely different minera-
logical 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 voleanic
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
have 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 absolutely continuous with the numerous intersect-
ing veins of quartz. T 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
folin, 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 s of sedimen-
¥ Maceulloch states (* Classification of Rocks, p. 304) that primary

limestones are often found in irregular masses or great nodules, * whi
‘ean scarcoly bo said to possess a stratified shape !’
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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 u 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

ips in some instances, the foliation of a rock may
have been determined by the original planes of deposi-
tion or of oblique current-lamin®: 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’ (s expressed by Professor Sedgwick), and some-
times being composed of distinet folia or lamine of dif-
ferent compositions. Tn the earlier chapters of the pre-
sent work, T have given several instances of this strue-
ture in volcanie 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

! A remarked in a former part of this chapter, T suspect that the
Doldly eonieal mountains of gneiss-granite, near Rio do Janeiro, in
which the constituent minerals are arranged in parallel planes, are of
intrusivo origin. We must not, however, forgot. the losson of caution
taught by the curious clay-stone porphyries of Port Dosire, in which
we hiave seen that the breaking up and aggregation of a thinly stratificd
tufaccous mass, has yielded a rock semi-porphyritic with crystals of fold-
par, 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 voleanie 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. Ome of the varieties of rock thus
produced at Ascension, at first sight, singularly resembles
a fine-grained gneiss; it consists of quite straight and
parallel zones of excessive tenuity, of more and less
coloured erystallised feldspar, of distinet crystals of
quartz, diopside, and oxide of iron. These considera-
tions, notwithstanding the experiments made by Mr.
Fox, showing the influence of electrical 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 aren 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-
ment.

? Seo Chapter IIL. of the prosent work.
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CHAPTER XIV.
CENTRAL CHILE ; STRUCTURE OF THE CORDILLERA.

Central Chile—Basal formations of the Cordillera—Origin of the por-
horitic o e dontlo—Folooil Scction of

the Cordillera by the Penquencs or Portillo Pass—Great gypseous for-
mation—Peaquenes line ; thickness of strata, fo.nh of—Portillo line,

‘mica-schist, and ke of —Com-
dluding remarks on the dewudation and. clevation of the Portillo line—
Section by the Cumbre or Uspallata Pass—. Gypeeous
strata—Sction near Puente del Inca; fossils of—Great subsidence—
Intrusive porphyries—Plain of Uspallata—Seotion of the Uspallata
chain—Structure and nature of the strata—Silicified vertical trecs—
Great subsidenco—Granitic rocks of axis—Concluding remarks on the
Uspallata_range ; origin subsequent to that of the main Cordillera ;
two periods of subsidenca ; comparison with the Portillo chain.

Tur 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 ; but in the more northern parts of the provinee,
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 granitie 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 numerous, Nearer the Cordillera
the ranges (such as those of S, Fernando, the Prado,!
and Aconcagua) are formed partly of granitic rocks,
and partly of purple porphyritic conglomerates, clay-
stone porphyry, greenstone porphyry, and other rocks,
such as we shall immediately see, form the basal strata
of the main Cordillera. In the more northern parts of
Chile, this porphyritic series extends over large tracts
of country far from the Cordillera; and even in Central
Chile such occasionally oceur in outlying positions.

I will 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 conspieuous
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 ﬂmlu e formed of great strata
of itic clay-st with

various true
with thick masses of a lngbly feldxplﬂne, sometimes
porphyritic, pale-coloured slaty rock, with its cleavage-
laminze dipping inwards at a high angle. At the base
of the bill there are syenites, o granular mixture of
quartz and feldspar, and harsh quartzose rocks, all be-
longing to the basal metamorphic series. 1 may ob-
serve that at the foot of several hills of this class, where
the porphyries are first seen (as near S. Fernando, the
Prado, Las Vacas, &c.), similar harsh quartzose rocks
and granular mixtures of quartz and feldspar oceur, as
if the more fusible constituent parts of the granitic
series had been drawn off to form the overlying por-
phyries.
* Meyen, *Reise um Exde; Th. 1. 5. 235,
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In Centnlchﬂe,ﬁheﬂmhofdmmnn(mrdﬂhn,
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
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 occur 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
rock is a purphsh or greenish, porphyritic claystone
vary in size
from mere p‘nlclen 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 distinet; where they were
large, such evidence could rarely be detected. The
basis is generally porphyritic with perfect crystals of
feldspar, and resembles that of a true injected clay-
stone porphyry : often, however, it has a mechanical
or sedimentary aspect, and sometimes (as at Jajuel) is
jospery. The included fragments are either angular,
or partially or quite rounded;' in some parts the

1 Some of the rounded in the porphyritic conglomerate
sonr the Tthe of Geaquenas ween saskol Sk ot s omeeets
o i s o s 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
breccia ought strictly to be nppended to the term por-

Phyriti consist of many
varieties of clay-stone porpbyry, usually of nearly
the same colour with the surrounding basis, namely,
purplish-reddich, brownish, mottled or bnght reen

of a

feldspathie rock, like altered clay-slate ﬂre included ;
as are sometimes grains of quartz, but only in one in-
stance in Central Chile (namely, at the mines of Jujuel)
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. Caleareous 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 m ever been separately deposited
as tufaceous sediment

All the varieties nf porphyritic conglomerates and
breccias pass into each other, and by innumerable
gradations into porphyries no longer retaining the least
trace of mechanical origin: the transition appears to
have been effected much more easily in the finer-grained,
than in the coarser-grained varieties. In one instance,
mear Cauquenes, I noticed that a porphyritic conglo-

pebbles, for instanee fiint pebbles from tho chalk, are sometimes zoned

ncenrically with their worn and rounded surfaces, might havo been

Jod to infer, that these balls of porphyry were not trus pebbles, but had
ariginated in coneretionary action.
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merate I-nmed:qﬂmmn‘hl structure, and tended to
‘become col
and the perfectly characterized porphyries of meta~
morphic origin, there are other porphyries, which,
tho\lghdx%ngnatntlﬂaronly-hghﬂymmmpm

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 ﬁ'am
several and often

silex, agate, carbonate of lime, green and brown bole.‘
These several porphyritic and amygdaloidal varieties

* This boleis & very common mineral in the amygdaloidal rocks; it
is genorally of a greenish-brown colour, with o radiating structure; ex-
tecually it o black vith s almost mfali usrs bt often estad by o
bright green flm.  Itis soft and ean be scratched by a quill; under the
I:luwplpu .mn. gmuy o e scaly, then fuses, easily into a
black magnetic This substance is ovidently similar to that
e gk, wleiicins s atic W A CA MR

some yery curious specimens of s fino parphyry (from Jajuel) leads mo
to suspect that some of theso mygdnlmdd' Jalls, nstend of aying boen
dopouitd in pre-exising ai-vescle,aro o rigi
some of the pea- slmfmd huxn ‘masses (often canml'li

oo pits) are formed
stony matter, like the basis of the porphy: juding minuto imperfect
erystals of feldspar ; and these pea-shay
anygdaloidal with minute spheres of tho green earth, cach enveloped by
€ white, apparently fldspathic, earhy : s that the por-
iygdaloi

phyzy is doubly am , however, be overlool
Ehas 11 the srat eko have undergono metatmarphi action, which may
hnve caused crystals of feldsy changes to

it
lmity of alluding to « curious case, describod in Ohapter IT.
work, of an amygialoidal xock, with many of the cells only
ullllllodupwhhdn neienht” © Wi
i’ amyelo . Meyen
(*Reiso um Ende, Th 1. . 3 e a containg ot coalioet
quartz, with erystals of ﬂmmﬁl. lm]lhﬂimnl]yby
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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 voleanic masses. These
breceiated 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
St. Jngo) necmed ‘more common even than the purplish
dikes likewise
consist of this greenstone porphyry; others are formed
of various fine-grained trappean rocks; but very few
of clay-stone porphyry: T saw no true hasaltic dikes.
In several places in the lower part of the series, but
not everywhere, thick masses of o highly feldspathic,
often porphyritic, slaty rock occur interstratified with
the porphyritic conglomerate: I believe in one o 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 fusiblos where porphyritic,
the erystals of feldspar are generally small and vitreous;
it is distinetly laminated, and sometimes includes
parallel layers of epidote;* the lamination appears to

! "This mineral is extremely common in all the formations of Chile;
in tho gucisy near Valparaiso and in tho granitio veins crossing it, in
tho injocted groeitone crowning the C. of Quillota, in some graniie
porphyris 1 the porpliyritis Siaglomaerate, and . the. fudppatite
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be distinet from stratification. Occasionally this rock
is somewhat carious; and at ome 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
nowhere else: at the same place I was able to follow
for a considerable distance the junction between the slate
and the conformably underlying porphyritic conglo-
merate, and they certainly passed gradually into each
other. Wherever these slaty feldspathic rocks abound,
greenstone seems common 3 at the C. of Quillota a bed
of well-cry 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, I 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 T 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 al ing strata of i d i
conglomerate, and with the oceasionally 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 5
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 conclude that the
pile was formed in deep water ; how then came so many
fragments to be well rounded and so many to remain
angular, sometimes the two kinds being equally mingled,

one and imes the other
ing? That the clay-stone, greenstone, and other por-
phyries and ids, which lie conformably be-

tween the beds of conglomerate, are ancient submarine
lavas, T think there can be no doubt; and I believe we
must look to the craters whence these streams were
erupted, as the source of the breccia-conglomerate :
after a great explosion, we may fairly imagine that
the water in the heated and scarcely quiescent crater
would remain for a considerable time! sufficiently
agitated to triturate and round the loose fragments
lying within it these rounded fragments, few or many
in number, would be shot forth at the next eruption,
associated with a few or many angular fragments, ac-
cording to the strength of the explosion. The porphy-

! This certainly scems to have taken place in somo recent voleanio

archipelngoes, s at. the Galapagos, whero numerous craters are exclu-
sively formed of tuff and fragments of Luva,
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ritic conglomerate being purple or reddish, even when
alternating with dusky-coloured or bright green por-
phyries and amygdaloids, is probably an  analogous
‘circumstance to the scorim of the blackish basalts be-
ing often bright red. The ancient submarine orifices
whence the porphyriesand their fragments were ejected
having been arranged in a band, like most still active
voleanos, the thickness, the 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
close relationship in_origin, I have seen fragments of

taken from a
—from a neighbouring stream of lava—from the nuclens
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 clevation, and
from having apparently been instrumental in meta-
morphosing the superincumbent. strata, may be con-
veniently described in this preliminary discussion. 1t
has been called by some authors Andesite : it mainly

@ T
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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 erystal-
lised green homblende, often associated with much
mica, with chlorite and epidote, and occasionally with
a few grains of quarts: in one instance in Northern
Chile, I found erystals 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-
sitie porphyry, which hears nearly the same relation to
andesitic granite that euritic porphyry does to common
granite. These andesitic rocks form mountain masses
of a white colour, whicb,in their gmnl outline nnd

Joinke=—i

cluding dark-coloy iy 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

! Ihero, and elsewher, eall by this name, thoso foldspathic mine-

Tals which cloavo liko albite: m it nowappenrs (* Edin. Now Phil,
nalysed o mineral from t

Cardillors, nssociated with hornblende and quartz (probably the samo
Tock with'that hero under discussion), which cleaves liko albite, but
which is o new and distinet kind, called by him Andesine. It is alliod
o loust, with th grvatee proporion of il poash replaced by limo
and sodn,

copt by ..nnl,...
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450 miles, I found it under most of the axes of elevation
in a collection of specimens from the Cordillera of Lima
in Peru, I immediately recogmised it; and Erman®
states that it occurs in Eastern Kamtschatka. From
its wide range, and from the important part it has
played in the bistory of the Cordillera, I think this
rock has well deserved its distinet name of Andesite.
The few still active volcanos in Chile are confined
to the central and loftiest ranges of the Cordillera; and
voleanic 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 voleanic origin, inter-
mediate in character between the above feldspathic
porphyry and common trachyte, and containing needles
of hornblende and granular oxide 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 erystals 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

+ “Geograph. Journal,’ vol. ix.
* +Reiso um Erdo’ Th. 1, AH:uudIﬂ
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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
northem 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-
ritie 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 vesicular
rock, approaching in character to trachyte; in no other
part of Chile did I observe vesicular or amygdaloidal
dikes, though these are 0 common in ordinary voleanic
distriets.

Passage of the Andes by the Portillo or Peuguenes
Pass.

Although T crossed the Cordillera only once by this
pass, and only once by that of the Cumbre or Uspallata
(preundy bo be duerlbed), riding slowly and halting
there are many
circumstances ﬁvonnble 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-
spherois clear; the stratification distinet ;
and the rocks brightly and variously coloured : some of
the natural sections might be truly compared for dis-
tinetness 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

1
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fig. 1, which I now describe in detail, is on a
horizontal scale of a third of an inch to a nantical 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 T can judge from the maps, which differ from each
other and are all ezcsedingly 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
8,500 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 line (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 thronghout
Chile, consist of several parallel, anticlinal and uniclinal
mountain-lines, ranging morth, or morth 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
udga grndully bemxmng lugher und higher, as the

in from one end
where its hmghtmtnﬂlngmdm strata gently inclined
* *Journal of Nat. and Geograph, Science,' August, 1830,
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to the other end where vertical strata formed snow-clad
pinnacles. Even outside the main Cordillera, near the
Daths 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 I.] 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 granite and syenite,
which probably (for I neglected to collect specimens)

12
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belong to the andesitic class. These are succeeded by
some rugged hills [B] of dark-green, crystalline, feld-
spathic and in some parts slaty rocks, which I be-
lieve 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
Jjunction of the rivers Yeso and Volean. As the valley
here runs in a very southerly course, the width of the
porphyritic congl ion is quite conjectural
and from the same cause, I was unable to make out
much abont 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 junetion of
the Yeso and Volcan [D] there is an extensive mass, in
white conical hillocks, of andesite, containing some
mica, and passing either into andesitic granite, or into
u 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 Ende’ Th. 1. ss. 338, 341
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Beyond the junction of the Yeso and Volcan, the
porphyritic strata appear to dip towards the hillocks of
andesite at an angle of 40°; but at some distant points
on the same ridge they are bent up and vertical.
Folloing the valley of the Yeso, trending NE. (and
therefore still unfavourable for our transverse section),
the same porphyritic conglomerate formation is pro-
longed to mear 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

i A saloaved it 1

, porp gl
Tates. At the line of junction the two formations are
wonderfully mterlaeed together : in the Iower part of
the the has
been quite obliterated, whilst in the upper part it is
very distinet, 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
‘mass of 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
@ 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
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great. Tt consists in most parts of snow-white, hard,
compact gypsum, which breaks with a saccharine frac-
ture, having translicent 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 stll eshibiting lines of aqueous
) of blackishi-gray, but imes white,

<coarsely and  brilliantly , hard anhydri
S0t el coin o gypiiin:’ “HL{T1dks) Torinea
of the hardest and purest varietics 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 is probable that these gypseous beds have undergone
some metamorphic action. The strata are much hidden
by detritus, but they appeared in most parts to be
highly inclined ; and in an adjoining lofty pinnacle they
could be dmmctlv seen bpndmg up, and becoming
vertical,
conglomerate. In very mnny Fpucks of the'gresb motin
tain-face [F], composed of thin gypseous beds, there
were innumerable masses, irregularly shaped and not
like dikes, yet with well-defined edges, of an imperfectly
granular, pale greenish or yellowish-white rock, essen-
tially composed of feldspar, with a little chlorite or
epidote, iron-pyrites, and 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 vertieal
strata of impure limestone and of black highly calcare-
ous shale including threads of gypsum : these rocks, as
we shall presently see, belong to the upper parts of the
gypseous series, and hence must here have been thrown
down by a vast fault.

Proceeding up the valley-basin of the Yeso, and
taking our 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
a fault 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 into 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 T
understate the thickness) of gypsum, exactly like the
beds before described; and this again is capped by
another great bed [M] of purplish-red sandstone. AIL
these strata dip eastward; but the inclination becomes
less and less, as we leave the first and almost vertical
bed [I] 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 ncoloured.
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,
calcareous, shaly rock [O7, which has been thrown
into four lofty, though small ridges : looking northward,
the strata in these ridges are seen gradually to Tise in
inclination, becoming in some distant pinnacles abso-
lutely 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 estimafed the neighbouring
pinnacles at from 14,000 to 15,000 fect. The lowest
stratum visible in this ridge is a red stratified sandstone
[P]; on it are superimposed two great masses [Q and
§]'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 T 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
ST, 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 eastern 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,
till 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 [1], 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 P*]
in corresponding order and of similar composition, with
those on the western flank of the Penquenes 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 eastward 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,
<alcareous, 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, indetorminable, nea to L. recticostatus, DOrbig. *Pal.
Frane.’ (N jan formation)

2 quh-h\. ‘neazto.G. Conlond (Neocomian formations of France and
eafehil
lndm

Cypri Pal. Frane.’ (Neocomian formation).
3 Roktaliarn & nncn!n- (r) D'Orbvg vm do PAmér. Mer?
6. Tercbratula?

Some of the fragments of Ammonites were as thick
s 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, found a nearly
similar, but ‘more cal with
much gypsum, and no doubt the equivalent of that
here deseribed : 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. Exogyra (Gryphaea) Couloni, absolutcly identical with specimens
from the Jir and South of France.

2. Trigonia costata, identical with those found in '.ht upper
3, Pocton striatus, Jurassic beds at Hildesheim,

! *Reise um Erde,’ Th. 1. 5. 355.
# ¢ Deseript. Phyl den s Cimain; PATL
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. (?ar.nll.m coreesponding in form t0C. ongiotris, o fraquent. i
Sipee Jeppeie bede oL Y esphali
5. Anuwnlle-, resembli

Von Buch ludes that this is

between the limestone of the Jura and the chalk, and
that it is 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 westem 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
not now attempt to do so. This, however, would have
been a highly interesting point, as indicative of a great
amount of subsidence, of which we shall hereafter find
in other parts of the Cordillera 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, us 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 i—shortly after leaving the
lower beds [P*] of the gypseous formation, we come to
grand masses of a coarse, red conglomerate [V, totally
unlike any strata hitherto seen in the Cordillera. This
conglomerate is distinetly stratified, some of the beds
being well defined by the greater size of the pebbles : the
cement is calcareous and sometimes erystalline, 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
caleareons, compact shale precisely like that in situ in
the Peuquenes range, and containing some of the same
Jossil shells ; also very many pebbles of quartz, some of
micaceous schist, and numerous, broken, rounded crys-
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
rocks 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 range

The road crosses ths vnllay of Tenuyan in a nearly
east and west line, and for several miles we have on
both hands the conglomerate, everywhere dipping west
and forming separate great mountains. The strata,
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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 43°. 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
gypscous 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 not
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 [W],
which I could not reach to examine ; and these again
rest conformably on athick mass of micaceous, thinly

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

Charles Darwin Online
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whitish sandstone was beumf\llly dutmut Uw mnd—
stone being penetrated by numerous, great, tortuous
dikes branching from the granite, and having been
converted into a granular quartz rock (singularly like
that of the Falkland Islands), containing specks of an
ochery powder, and black crystalline atoms, apparently
of 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 %0 extremely abundant. Tn 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 con-
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 I 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. Caldcleugh,' however, collected
here specimens of ribboned jasper, magnesian lime-
stone, and other minerals. A little way down the
eastern slope a few fragments of quartz and mica-slate
are met with ; but the great formation of this latter
rock [2], 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 : I am the more inclined to this view, from
having found at the foot of the range the mica-schist

* *Travels,’ &, vol. p. 308.
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surrounding a hummock [Y 2, exclusively composed of
white granite. Near Los Arenales, the mountains on
all sides are composed of the mica-slate; and looking
backwards from this point up to the bare gigantic
peaks above, the view was eminently interesting. The
colours of the red granite and the black mica-slate are
so distinet, that with a bright light these rocks could
be readily distinguished even from the Pampas, at a
level of at least 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
castern face of the Portillo range, the red colour far
exceeds in area the black ; yet it was scarcely possible
to doubt that the granite had once been almost. wholly
encased by the mica-schist.

At Los Arenales, low down on the eastern flank, the
mica-slate is traversed by several closely adjoining,
broad dikes, parallel to each other and to the foliation
of the schist. The dikes are formed of three different
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 AJ, 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 cither quite compact, or crenu~
lated with air-vesicles arranged in lamine. The
streams are separated from each other by beds of frag-
mentary brown scorie, firmly cemented together, and
including a few well-rounded pebbles of lava. From
their general appearance, T suspect that these layva-
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
T 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
mﬂmﬁomlalAmnﬂmmtbemmlﬂlnfﬁmvﬂleyil
s great, that at the time (though ignorant of M. Elie
de on the y small slope
over which lava can flow, and yet retain a compact
structure and considerable thickness) I concluded that
they must subsequently to their flowing have been

! This conclusion might, perhaps, even have been auticipated, from
the genoral rarity of voleanic netion, exeopt near the sea or large bodies
of water. Conformably with this rule, at the prosent day, ther are no
active volcanos on this eastern side of tho Cordillera ; nor are severs
earthquakes experienced here,
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upheaved and tilted ﬁ-om Lhe 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-channel 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 B], a few hundred feet in height, and
‘mere mole-hills compared with the gigantic mountains
behind them, which rise out of the sloping, shingle-
covered margin of the Pampas. The first little range
is composed of u 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 ina 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
piunacles 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 islets composed
of mica-slate, white granite, and perhaps to a partial
extent of red granite. These two chains, whilst thus
bordering the old sea-channel, must have been exposed
for u 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
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ved orthitic granite now forms, as we have scen, 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 perhups is probable,
previously existed) was injected in a liquified state after
the dccumulation 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
elevation 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, T ean 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 denudation 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 see the last vestiges in the coloured beds on
the crest, in the little caps of mica-schist on some of
the loftiest pinnacles, and in the isolated patches of this
same rock at corresponding heights on the now bare and
steep flanks.

The lava-streams at the eastern foot of the Portillo
are interesting, not so much from the great 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 so, the shallow bed of the sea on
which the pebbles were first deposited must necessarily
have sunk to allow of the aceumulation 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
Pass.

This Pass crosses the Andes about sixty miles north
of that just described: the section given in Plate I.
fig. 2, is on the same scale as before, namely, at one-
third of an inch to a mile in distance, and one inch to
a mile (or 6,000 feet) in height. Like the last section, it
is 0 mere sketeh, 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
o 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 ususl 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 erystals 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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Gonformably. ospping. s pilerof | stratified., porphiyzies,
Hence, both in composition and in stratification, the
structure of the mountains on this western side of
the divortium aquarwm, is far more simple than in the
corresponding part of the Peuquenes section. In the
y the i
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, 4]
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 crys-
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
ones, 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 deseribing in some
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detail an analogous 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
rond, 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 porplyritic conglomerate with absolutely 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
runs 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 unielinal axis of elevation
which does not run parallel to the other neighbouring
ranges, and which is of short length ; for on'the south
side of the valley its prolongation is marked only by a
small flexure in a pile of strata inclined by a quite
separate axis. A little 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
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oblique fault on another mass of the same strata [,
llm inclined westward, but at an angle of only about,

[I', 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 road runs, and
the strata composing it will be immediately described.
On the south side of the road, in the space correspond-
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 Cmnbre, in the sandstones, con-
and fe tion, there have been

at least two or three other great elevatory axes.
The uniclinal axis [I] intersected near the Puente
del Tnea! (of which the strata at [H] form a part)

! At this place, thero ave some hot and cold springs, the warmest
having a temperature, aceording to Lieut, Brand (* Travels, p. 240), of
919 they omit. mach s, According o Jr. Druade, “tthe Reyal
nstitution, ten Lubmmcm contaiu forty-five graing of solid mater,
ofly of salt, gypsum, earbonto of limo, nnd oxide of iron,
s charged with carbonic acid and suiphuretted by
ogs depoit wnch tufa n the form of sphoria alls,
Durst, § lo those of Cauquenes, and probably those of Villa
Wisenelo, o  Tise of elevition.
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ranges N. by W. and S. 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 mature for 1,000 feet higher,
making a total thickness of 5,000 feet, to which must
e added about 1,000 feet of the inferior strata seen a
little lower down the valley. I will deseribe this one
section in detail, beginning at the bottom.

1st. The lowest mass is the altered clay-slate des-
cribed in the preliminary disoussion, 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 feldspathic, and passes into a true greenstone often
including grains of quartz. The clay-slate, in its upper
half, is freq i the embedded angular
fragments being of nearly the same mature with the
paste.

2nd. Several strata of purplish porphyritic con-

1 of no very great thickness, rest.

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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red, with included layers brecciated and re-cemented.
Obscure marks of shell are distinguishable in it.

4th. A red, quartzose, fine-grained conglomerate,
with grains of quartz, and with patches of white earthy
feldspar, apparently due to some process of concretionary
erystalline action: this bed is more compact and
metamorphosed than any of the overlying conglome-
Tates.
5th. A whitish cherty limestone, with nodules of
blueish argillaceous limestone.

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

7th. Highly siliceous, fine-grained white sand-
stone. 8th and 9th. Red and white beds not ex-
amined.

10th. Yellow, fine-grained, thinly stratified, mag-
nesian (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
mwmerous crystals 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
analcime, 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 corse, hard, red conglomerate, 300 feet thick, having
a calearcous cement, and ineluding 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 toa 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 erystalline 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, calearcous, fine-
grained, compact sandstones, which pass into coarse
white conglomerates with numerous particles of quartz.

18th. Several altenations 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.

arls Yarwin Online
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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 distinctly
observed that not only the gypsum, but the alternating
sandstones and conglomerates were lens-shaped, and
repeatedly thinned 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 ition,—in  the of
calcareous matter,—in the greater coarseness of some
of the —and in the 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
porp an tz-rock. The fc ion of por-
Phyritic clay-stone conglomerate does not in this section
attain nearly jts ordinary thickness ; this may be partly
attributed to the metamorphic action having been here
much less energetic than usual, though the lower beds
have been affected to a certain degree. If it had been
as energetic as in most other parts of Chile, many of
the beds of sand and congl
rounded masses of porphyry, would doubtless have been
into ; and these
woull.l hm 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 sce 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 T 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, bard, 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 ineludes traces of shells, has a different appearance.
These fossils (as named by M. d'Orbigny) consist of—

Gryphaa, near to G. Coul
Arca, perhaps 4. Gabriclis,
‘mation),

eocominn formation).
‘Orbig. *Pal. Franc. (men for-

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

Trigonia, T g Sl T s,
lnmdumm-. it dsatioa Wi St o the e,

Two of these shells, namely, the Gryphma 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. T 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 palmontologists who have seen these
fossils nearly coincide in opinion regarding their age.
The limestone, however, with these fossils here lies at
the very base of the formation, just above the porphyritic
conglomerate, and certainly several thousand feet lower
in the series, than the equivalent, fossiliferous, black,
shaly rocks high up on the Peuquenes range.

It 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

! 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 T 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 fect to allow of the deposition of the superinoun-
bent strata. Without supp

*of this kind, it would, moreover, be unpom'b]e 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
I believe to have been the case with much of the
porphyritic conglomerate formation. I may add that,
in Professor Forbes's opinion, the above-enumerated
species of Mollusca probably did not live at a much
greater depth than twenty fathoms, that is only 120
feet.

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 Tnca, of which a section has just been
given, and-looking north-east, great tabular masses of
the gypseous formation [K K] could be seen in the
distance, very slightly inclined towards the east. Lower
down the valley, the mountains are’ almost exclusively
composed of porphyries, many of them of intrusive
origin and non-stratified, ofhers stratified, but with the

fon_seldom di 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 bﬂckwnrds, 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. In 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, ing the At
the Casa de Pujios [L], there is a hummock of (ande-
sitio ?) 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 superinenmbent 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
I mention, because I do not remember having elsewhere
seen dikes in this lowest and latest intrusive rock.
From the R. Vacas to the plain of Uspallata, the valley
runs 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 pnns highly porphyritic, and erossed. by

dikes of 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
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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 both having been
upheaved and injected by a granitic dome. One brick-
red porphyry, which above the Jaula forms an isolated
mass in the midst of the porphyritic conglomerate
formation, and lower down the valley a magnificent
group of peaked mountains, differs remarkably from
all the other porphyries. It consists of ared feldspathic
base, including some rather large erystals of red feldspar,
numerous large angular grains of quartz, and little bits
of a soft green mineral answering in most of its 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
resemblance 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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f.hlt the grand mountain-masses compoled of this brick-
red porplyry belong to the same axis of injection with
the granite of the Portillo line : if so, the injection of
this porphyry probably took place, as long subsequently
to the several axes of elevation in the gypseous forma-
tion mear 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 deseribed
in Chap. X.; it resembles the basin-plains of Chile;
it is ten or fifteen miles wide, and is said to extend for
180 miles northward; its surface is nearly 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

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
rve the i ities of beds accu-

mulated 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 &mﬂi. of la!hnhﬂl. has doscribed (Edinburgh

New Phil. Journ.’ vol. xxv. p. 392) beds of sand and gravel, near Edin-
burgh, tilted at an nngi‘ of 60°, and dislocated by miniature faults.
112
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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-

and has been tilted at e
siderable inclination ; the gra
S redi ek emas e 1 peobablysof higlur

antiquity.

The Uspallate 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
rock, firmly recemented ; and both together have been
injected and broken up by very numerous hillocks,
ranging morth and south, of lilac, white, dark and
salmon-coloured porphyries: one steep, now denuded,
hillock of porphyry had its face as distinctly impressed
with the angles of a fragmentary mass of the slate, with
some of the points still remaining embedded, as sealing-
wax could be bya 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 dij .mmmm\m posite n:,m-sw.
tut'to SSW.. W’p'jn cscarpments trond Pd
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formation is seen 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 I noticed in other neighbouring places) per-
fectly resembles a curious variety described at Port
Desire, and occasionally occurs in the great porphyritic
conglomerate formation of Chile : (4th), a thin stratum
of greenish-white, indurated tuff, fusible and containing
broken 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 T 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. Th bly stratified porphyries, though
none are either 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 not probably belong to
the same age, as the porphyries here rest unconformably

other, and somo miles southwand they become actually united : this is a
form of elovation which I have not elsewhere scen.
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on the altered feldspathic clay-slate, whereas the por-
phyritic conglomerate formation alternates with and
rests 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.

1 will now give, first, a sketch of the structure of the
range, s represented in the coloured section, and will
then describe 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 [0] 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 and red porphyries, which have been in-
jected in a liquefied state through and into the under-
lying 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 PJ, above the
little anticlinal ridges just mentioned, the strata dipat
an average angle of 25° to the west; the inclination in
some places being only 10°, in some few others as much
s45° The masses having these different inclinations,
are separated from each other by parallel vertical faults
[as represented at Pa), often giving rise to separate,
porallel, uniclinal ridges. The summit of the main

® The Complete Work of Chares Darwin Online
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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,
I 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 Homnillos [R], there is a well-marked synclinal
axis, beyond which the strata are inclined at nearly the
same angle, namely from 20° to 30°, inwards or west-
ward. Owing to the amount of denudation which this
chain has suffered, the outline of the gently inelined
eastern flank scarcely offers the slightest indication of
this synclinal axis. The stratified beds, which we have
hitherto followed across the range, a little farther down
are seen to lie, I 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 mearly 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 Thave 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.
I will now describe the nature of the beds, begin-
ning at the base on the eastern side. First, for the

Wi Onlie
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clay-slate formation: the slate is generally hard and
bluish, with the lamine coated by minute micaceons
scales; it alternates many times with o coarse-grained,
greenish 'k ining rounded of
quartz and bits of slate in a slightly calearcous 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
is a 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 distinetly saw the white conglomerate
and overlying beds inclined at from 25 to 80° to the
west, and at the bottom of the same mountain, the
clay-slate and grauwacke inclined to the same point, but

! 1 infer this from the height of V. Vicencio, which was ascertaived
by Mr. Miersto be 5,328 feet above tho sea.
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at an ugle 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, T 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 deseribed ; and this shows that the
clay-slate must have been consolidated and dislocated
before their deposition. On the other hand, the strati-
fieation 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 strietly 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, bnt whxlxt under the sea, a fresh and
lay-slate took place, on which
the white wnglomenw 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 superimposed, varying

1 The conrae, mechanical structure of many grauwackes has alwnys
appeared to mo 4 difficulty ; for the texturo of the associated clay-slato
o tho untur o the embedded organic remaios where presenty ndicnto

o whole has ater depos ‘Whence have m., some-
i inchoded s
of quartz and other rocks, P
it is well known, havo 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 calcareous, 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 info an indurated shale : most of these varicties
are casily fusible.

Fourthly : a bed,about 100 feet thick, of a compact,
partially columnar, pale-gray, feldspathic lava, stained
with iron, ineluding very numerous crystals of opaque
feldspar, and with some crystallised and disseminated
caleareous 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
porphyry.

Fifthly : thin beds, 400 feet in thickness, varying
much in nature, consisting of white and ferruginous
tuffs, in some parts having a concretionary 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 voleanic stratum, 250 feet in thickness,
of so varying a nature that I do not believe a score of
specimens would show all the varieties ; much is highly
amygdaloidal, much compact; there are greenish,
‘blackish, purplish, and gray varieties, rarely including
crystals of green augite and minute acicular ones of
feldspar, but often erystals 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

The
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speckled with green earth and with white crystalline
carbonate of lime ; others are largely amygdaloidal with
green earth and calcareous spar. Again, other earthy
varieties, of greenish, purplish and gray tints, mnum
‘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 carbonate’of lime.  All these
varieties are easily fusible. Viewed from a distance,
the line of junction with the underlying semi-porcel-
lanic strata was distinet; but when examined closely,
it was impossible to point out within a foot where the
lava ended and where the sedimentary mass began: the
rock at the time of junction was in most places hard, of
a bright green colour, and abounded with irregular

1 masses of ferruginous 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
jron. 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 : o 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. I have

i Orilicie
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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
erystals, 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 :—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. 65 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 deseribed 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 mature; they are either compact and
fine-grained, including minute erystals of angite and
feldspar, or they are ined and abound with
rather large coppery-brown crystals of an augitic mine-

@ The
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ral.!  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: there” 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 erys-
tals and particles of rock, and occasionally single large
pebbles.  There was one stratum of a bright red, coarse,
voleanic gritstone; another of conglomerate ; another
of a black, indurated, carbonaceous shale marked with
imperfect vegetable impressions ; this latter bed, which
was thin, rested on a submarine lava, and followed all
the 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 castern flank)
evidently of sedimentary origin, and remarkable from

! Vory casily fusiblnto a jt black bead, nitractd by the magust:
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 ot resembling extraneous fragments) of this same
rock arranged in horizontal lines : I conceive that this
bed, which is only a few feet in thickness, must have
assumed its present state 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 crysalline
b

te of lime them.
Some of the beds exhibit a singular concretionary ar-
with the curves d 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 enriously 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 great 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 particularly looked
out for silicified wood, and found it under the following
extraordinary circumstances. High up on this western
flank,! at a height estimated at 7,000 feet above the
sea, in a broken escarpment of thin strata, composed of

3 Fur the information of any future traveller, I will deseribe f-!lu
spot, in dntml  Proceeding eastward from the Agna dol Zorro,

wing on the north side of the road a rancho nlu::hed m
some o nld Wm m\nu, s, Tou poss through o gully with low \mc atep
‘bends, and the ascont becoms
hw hund.lvd yudl f-nhn on, a stone’s throw on the mnl.h side al fhe
road, the white calcareous stumps may be scen, Tho spot is about half
o mile cast of the Agua del Zorro.
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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 particles
of rock almost blended together, I counted the stumps
of fifty-two trees. They projected between two and
five feet above the ground, and stood at exactly right
angles to the strata, which were here inclined at an
angle of about 25° to the west. Eleven of these trees
were silicified and well preserved: Mr. R. Brown has
been so kind as to examine the wood when sliced and
polished ; he says it s 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 ciroularly 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-
bonau of lime, with cavities lined hy quartz crystals :

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
dinmeter, 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 appeared
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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1l bed The ing 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
into a fine-grained, purplish sedimentary rock: these
strata, which, together, are from 400 to 500 feet in
thickness, rest on a thick bed of submarine-lava, and
are conformably covered by another great mass of fine-
grained basalt,! which I 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, moreover, 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

! This rock is quite black, and fuses into a black bead, nttracted

a a’:s’i,,.... bt s Gtagishabie 5t pe ey, WA o8
u of wngite aro distinguinhabla by the eye, but are
not perfoct, enough to be measured : there are many minute acicular
o g Mg 3
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110 doubt, by the great accumulation of lavas and sedi-
ment, is also indicated.!

In nearly the middle of the range, there are some
hills [Q], before alluded to, formed of a kind of granite
externally resembling andesite, and consisting of a
white, 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 scales
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: I'have heard
of other analogous cases : can we account for this fact,
by the long-continued vicinity of quartz* when cooling,

' At first T imn'ln-d, that the strata with the trees might havo been
accumulated in a lake: but this scems highly improbable ; n:‘:m, a

y, however,
s U el ey fifty miles
e el g floating upright, owing t6 their roots
belng mm with carth.

* Seoa papor by M. Elio do Beaumont, * Soc. Philomath.' May, 1839
(‘TTnstitat. 1899, p. 161).
MM
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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 granitic 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,
but they are now changed into porcellanic, jaspery, and
crystalline rocks, and into others of a white colour with
a harsh texture, and having a siliceous aspeet, 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.—I
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
Deds 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 earth’s
crust, and having consequently been erupted at a later
period over the lighter and upper lavas of the trachytie
series,!  Both the basaltic and feldspathic submarine

* Soo on this subject, Chapter VL.
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streams ere very compact; none being vesicular, and
ouly o 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 alternating sediments, the
intrusive granite and porphyna, und the underlying
by veins. The

lmlMLmtl 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 varieties of indurated tuffs, with their numerous

ax2
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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
by a plain only between ten and fifteen miles in width ;
and that the Uspallata lavas, as well as no doubt the
alternating tufaceous beds, have proceeded from the
west, from points apparently between the two ranges.
To imagine that these two piles of strata were 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 been contempo-
raneously 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
basalts also accumulated to so great a thickness, would
have extended a little westward. Hence I conclude,
that it is far more probable that these two series are
not contemporaneous ; but that the strata of one of the
chains were deposited, and even the chain itself uplifted,
before the formation of the other :—which chain, then,
is the oldest? Considering that in the Uspallata range
the lowest strata on the western flank lie unconforma-
bly 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 Chades Darwin Orkne



CHAP. XIV. Uspallata Range. 533

considering that in the Uspallata range some of the
beds, both low down and high up in the series, are
marked with vegetable impressions, showing the 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
aceumulated at a period when a deep sea studded with
submarine volcanos 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 distinct, 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 previously remarked, almost necessarily
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 distinet from, and subsequent to, that
sinking movement which probably accompanied the
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deposition of che Peuquenes strata, and which certainly
he ion of the i ‘beds near
the Puente del Inca, in this line of section.

The Uspallata chain corresponds in geographical
position, though ona small scale, with the Portillo line
and its clay-slate formation is probubly the equivalent
of the mica-schist of the Portillo, there metamorphosed
by the old white granites and syenites. The coloured
beds under the conglomerate in the valley of Tenuyan,
of which traces are seen on the crest of the Portillo,
and even the conglomerate itself, may perhaps be
synchronous with the tufaceous beds and submarine
lavas of the Uspallata range ; an open sea and voleanic
action in the latter case, and a confined channel between
two bordering chains of islets in the former case, having
been sufficient to account for the mineralogical dissimi-
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 Zlapet to Combarbala ; Gypseons fwmtw» with silicified
woood—Panwncillo—Coquinbo ; mines of Arqueros ; scction up vp vally;
fossils—Guasco, fossils of —Copiapo section wp valley ; Las
‘silicifed wood, conglomerates, nature of former land, /mu e
,/ strata, great eVl of Dopilads, fwsl,ifucres

deposit, complicated dis —Relations
of-ﬂhﬂﬂq-ﬂmdw«k—hﬂT_TLﬁ-ﬂtd‘
glomerate and Gypseous formations— Great mubsidence with partial
devations during the Cretaceo-odlitio period—On the devation and
structure of the Cordillera—TRecapitulation on the Tertiary series—
Relation beteen movenents of subsidenos and, voloanic action—Pam-

paan f
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, conssting of granites, syenites, green

lny-slat Neu(!oqmmho
f.hm 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.byN. The
beds consist of le 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 nd is i with carbonate of lime.
The layers altemate with numerous varying ones of a
hale (with strong alumii odour,
adhering to u.e 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 erystal-
line fracture, and contain granules of erystallised 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 calcareous clay-shale rock, but
without any gypsum, and varying extremely in nature :
it passes from a soft, coarse, earthy, ferruginous state,
including particles of quartz, into compact clay-stones
with erystallised oxide of iron,—into purcdlanm layers,

ing with seams of d into
green porcelain-jasper excessively lmrd “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,

© The Comblete Work of Chares Danwin: Online:




v, xv. Zllapel to Los Hornos. 537

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 o 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, aud locally
contorted by numerous hillocks of intrusive porphyries
crowded together in an extraordinary manner. These
hillocks ist of purple clay-stone and of various oth
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 contemporancous with
them; for I have endeavoured to show that the Uspal-
lata beds were aceumulated subsequently to the gyp-
seous or Neocomian formations of the Cordillera.

This pile of strata dips at an angle of about 20° to

At
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NE. by N., close up to the very foot of the Cuesta de
Los Homos, a erooked range of mountains formed of
intrusive rocks of the same nature with the above de-
scribed 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-castward 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 narrow anticlinal fringo of
gypseous strata at its SE. foot, this range forms a
seeond 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 monntain-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  nucleus formed of

and of a slate-coloured porphyry i
crystals of glassy feldspar, deserves notice, from the
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gular nature of the almost vertical strata com-
posing it. These cousist chiefly of a finer or coarser
granular mixture, not very compact, of white earbonate
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 alternate with  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
bluish or reddish compact feldspathic matter, in which
a few acicular erystals of feldspar can sometimes be
seen. The fragments often blend at their cdges into
the surrounding granular mass, and seem due to a kind
of coneretionary 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 u sandstone) of
quartz, mica, hornblende, and feldspar; and this on
fine-grained, common gneiss; and this ona laminated
mass, eomposed 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 Arqueros.—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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euritic base. In proceeding to the mines of Arqueros,
the strata.of porphyritic conglomerate are at first nearly
an unusual and

they dip gently to SSE. After having ascended to a
considerable beight, we come to an undulatory district
in which the famous silver mines are situated: my
examination was chiefly confined to those of 8. 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-breccinted 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;
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
crystalline arrangement, and occasionally in parts it
becomes soft and slightly translucent like soapstone.
These red and green rocks are often quite distinct, and
often pass into each other: the passage being sometimes
affected by a fine brecciated structure, particles of the
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 Inot ex-
amined, a fow leagnes eastward of this point,a fine series
of analogous but less y beds

belonging to the gypseous formation, and probably de-
rived from a volcanic source,
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This formation is intersected by numerous metal-
Tiferous 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;!
generally embedded in sulphate of barytes. I was
assured by Mr. Lambert, that native copper without a
trace of silver has been fonnd 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-
mentarymass. I have a specimen of one of these green
rocks, with the usual granules of white caleareous 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, wp the Valley of Coquimbo.—
After passing for a few miles over the coast gramitic
series, we come to the porphyritic conglomerate, with
its usual characters, and with some of the beds dis-
tinetly displaying their mechanicul origin. The strata,
where first met, with, are, as before stated, only slightly
inclined ; but near the Hacienda of Pluclaro, we come
to an anticlinal axis, with the beds much dislocated and
shifted by a great fault, of which not a trace is ex-
ternally seen in the outline of the hill. T believe that
this anticlinal axis can be traced northwards, into the

! Seo the Report on m Dnmqkm account of thcse mines, in the
+ Comptes Rendus, t. i,
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district of Arqueros, where a conspicuous hill called
Cerro Blanco, formed of a harsh, cream-coloured euritic
rock, including a few ecrystals of reddish feldspar, and
associated with some purplish claystone porphyry, scems
to fall on a line of elevation. In descending from the
Arqueros district, I crossed on the northern border of the
valley, strata inclined eastward from the Pluelaro axis:
‘on the porphyritic conglomerate there rested a mass,
some hundred feet thick, of brown argillaceous limestone,
in parts crystalline, and in parts almost mmposed of

Ohilensis, d'Orbig. ; above thi: lack
Omloszeonathala, and on'ih o -red oonglomerate, 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 oceupy nearly the same position with those at
the Puente del Tnca,—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 northern side of the valley, to examine
the superincumbent gypseous strata, which I estimated
at 6,000 feet in thickness. The uppermost beds of the
porphyritic conglomerate, on which the gypseous strata
conformably rest, are variously coloured, with one very
singular and beautiful stratum composed of purple
pebbles of various kinds of porphyry, cmbedded in
white calcareous spar, including cavities lined with
bright-green crystallised epidote. The whole pile of
strata helonging 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, erystalline sand-
stone.

Secondly: a thick mass of smooth-grained, calcareo-
aluminous, shaly rock, often marked with dendritic
manganese, and having, where most compact, the ex-
ternal appearance of honestone. It is easily fusible.
I shall for the future, for convenience sake, call this
variety pseudo-honestone. Some of the varieties are
quite Dlack 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 crystalline
‘specks of carbonate of lime. In some of the jaspery
lnyers, 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, calcareo-argillaceous stone,
easily fusible, and emitting a strong aluminous odour :
the whole has a highly angulo-coneretionary structure ;
and it resembles, to 4 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.
ly: red y matter or sandst

like that of bed One, several hundred feet in thickness,
and including juspery layers, often having a finely
brecciated structure.

Eighthly : white, much indurated, almost crystalline
tuff, several hundred feet in thickness, including
rounded grains of quartz and particles of green matter
like thatof bed Six. Parts pass into a very pale green,
semi-porcellanic 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
to 200 feet in thickness: it lies strictly confnrm-\bly
on the underlying and is
submarine ]nvs.

This great pile of strata has been broken up in
several places by intrusive hillocks of purplo 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

ce 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 calcareous matter, often
having a finely brecciated structure, often passing into
each other and often alternating together: hence I
cannot doubt that the only difference between them,
lies in the Arqueros beds having been more metamor-
phosed (in conformity with their more disloeated and
injected condition), and consequently in the calcareous
‘matter, oxide of iron and green colouring matter, having
‘been segregated under a more crystalline form.

The strata are inclined, as before stated, from 20° to
30° eastward, towards an irregular north and south
chain of andesitie porphyry and of porphyritic green-
stone, where they are abruptly cut off. In the valley
of Coquimbo, near to the H. of Gualliguaca, similar
plutonic rocks are met with, apparently a southern
prolongation of the above chain ; md eu’twnrd of it we
have an of the
with the strata inclined at a small angle eastward,
which makes the third escarpment, including that
nearest the const. Proceeding up the valley we come
to another north and south line of granite, andesite,
and blackish porphyry, which scem 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. T did mot 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.

I 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 siliceons sand-
stone, with a calcareous cement, containing seams of

d: and of hard yellowish-bs i
hmesums, 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
(ffthly) a great bed, several hundred feet thick, of
conglomerate, composed of pebbles of white, red, an
purple porphyries, of sandstone and quartz, cemented
by calcareous matter. I observed that some of the
fizer 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
segregated into white crystallised particles; some parts
were stained green from the colouring matter of the
dxke. Sixthly, a thick mass, obscurely stratified, of a

' stone or sandstone, fall of cry
mlmvons 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 clongated and glassy, of reddish albite.
Seventhly, a conformable stratum of fine reddish por-
phyry with large erystals of (albitic?) feldspar; pro-
bably a submarine lava. Eighthly, another conformable
bed of green porphyry, with specks of green carth and
eream-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 eonglomerate 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, d'Orbig. ¢ Voyage, Part. Pal.’
gy il Sl LRn s [ RSN

Ostrea hemispherica, d'Orbig. ¢ Voyage, &e.’
Also resembles, acconding to the same author, cretaceous forms.

Terebratula. wnigma, d'Orbig. ¢ Voyage, & (PL
XXIL figs, 10—12), and PL V. figs, 10, 11, 12 of this
work.

Is allied, according to M. d'Orbigny, to T. concinna from "the Forest
Marble. A series of this species, collected in several localitios here-
after to bouMIrM ln,fhlhl been laid before Prof. E. l‘;ﬂr‘n&; m}l.fblll.
informs mo that many of the specimens are almost und listinguishable
from our oolitic dT / s nng that the varieties nll;mngat them :hra
#uch as aze found in that variable species,  Generally, speaking the

Jihod troms the

American specimens of T. wenigma may be distinguish

xx2

b T3 mroien A




548 Coguimbo. —

T. totraedra, by the surface having tho ribs sharp and
eined o the ok, "whilst in the British spcis they bocome i
and smoothed dowa; but this difference I8 not constant, Prof, Forbes
adds, that, possibly, interul, haracors may um. which would distia-
guish the American species from its European alli

Spirifer linguiferoides, E. Forbes, P V. figs. 17, 18.

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.

T specimen of this i, us wella those I colectd in
descent rqueros, are very imperfect; but in M. aom,u}
i gl oo o e s

Nautilus Domeykus, d'Orbig. do. do.

Terebratula nigma, do. do.

Terebratula ignaciana, do. do.

This mm .pmu was found l.y M. Domeyko in the samo block of

wnigma. Aecording to M. d'Orbigny, it comes
toT. rtml.huph-ll from the Lu.- series is species eol-
l-dld at Guaseo, has been examined by Professor E. Forbq -nd he
states that it is difficult to distinguish between some of the
S0 (14 Reatiin from the montiainimescone; aiv ias 10 o equally
difficult h) draw a line between them and some Mnlnonn ’l'enbmml-
‘Without a. stractus i
to decide on their identity with lnl!ngvnl Enmpe-n forms.

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 Gryphma 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 distinet formations; but the
Spirifer aud T. mnigma were certainly included
in the same bed with the Pecten and Ostrea, whence I
extracted them; and the geologist M. Domeyko sent
home the two Terebratulw with the other-named shells,
from the same locality, without specifying that they
came from different beds.  Again, as we shall presently
see, ina collection of shells given me from Guasco, the
ies, and others p i i
are mingled together, and are in the same condition ;
and lastly, in three places in the valley of Copiapo, T
found some of these same species similarly grouped.
Hence thero cannot be any doubt, highly curious
though the fact be, that these several fossils, namely,
the Hippurites, Gryphea, Ostrea, Pecten, Turritella,
Nautilus, two Terebratulw, 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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fon.  Consideri and that the
il Frona A Punata fGal Tnds. i tha ‘base) oftie
gypseous formation, and throughout the greater part of
its entire thickness on the Penquenes range, indicate
the Neocomian period,—that is, the dawn of the cre-
taceous system, or, 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 sume great
which T have

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.
In the valley of Guasco, an escarpment of porphyritic
conglomerate is first seen high up the valley, about two
leagues eastward of the town of Ballenar. I heard of a
great gypseous formation in the Cordillera ; and a col-
Tection 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'Orbigny, ¢ Voyage, Part. Géolog,' p. 242.
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Tursitella Andii, d'Orbig. ¢ Voyage, Part. Pal’
Pecten Dufreynoyi,  do.

Terebratula ignaciana, do.
The relations of thes®species bavo been given under the head of

Coquimbo.

Terebratula wnigma, d'Orbig. ¢ Voyage, Part. Pal’
(var. E. Forbes, PL. V. figs. 13, 14),

This shell M. dOrbigny docs not consider identical with his T.
migua, bt ear 1o obclta  Profoso Forbae thinks it I e
tainly & nxuly of T nigms,and his obserstions on this species are

i i of lolnil.l from Coqui shall

Spirifer Chilensis, E. Forbes, PL V. figs. 15, 16.
Professor Forbes remarks that this fossil resembles soveral carboni-
forous limestone Spirifers; and that it is also rolated to some linssic
epecies, s 8. Wolootil.
If these shells had been examined independently of
the other eollectwnn, they would probably have’ bem
idered, from th of the two b
and from the S‘pmfer, 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 hnve mm, be provisionally called eretaceo-oolitic.
alley of Copiapo—The journey from Guasco to
Copmpo, owing to the utterly desert nature of the
country, was necessarily so hurried, that T do not con-
sider my notes worth giving. In the valley of Copiapo
some of the sections are very interesting. From the
sea to the town of Copiapo, a distance estimated at
thirty miles, the ins are composed of
granite, andesite, and blackish porphyry, together with
some dusky-green feldspathic rocks, which T believe to
be altered clay-slate: these mountains are crossed by
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‘many brown-eoloured 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 L.,
gives an eye-sketch of the structure and composition
of the mountains on both sides of this valley : a straight
east and west line from the town to the Cordillera. is
perhaps not more than thirty miles, but along the
valley the distance is much greater. Wherever the
valley trended very southerly, I have endeavoured to
contract the section into its true proportion. This
valley, I may add, rises much more gently than any
other valley which I saw in Chile.

To commence with our section, for a short distance
above the town we have hills of the 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 Grypseous 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 innumerable alternations, of black,

1 late-rock, 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 strata are 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

‘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 castward. This latter formation, however, hiere
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

er.

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, castward 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 [}, composed
of various green and brown intrusive porphyries en-
veloped with strata, apparently belonging to the upper
parts of the porphyritic conglomerate, and dipping

* Meyen's *Reise,’ &e. Th. 1. 5. 304.
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both eastward and westward. I will describe the
section seen on the eastern side of this mountain [D],
beginning at the base with the lowest bed visible in
the and ing upwards
through the gypseous emation 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 thronghout 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
Dut 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 balis 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 o 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 described, be considered as
belonging to the porphyritic conglomerate, and those
above it to the gypseous formation, marked [E] in the
section. The part of the valley in which the following
beds are seen is near Potrero Seco. Bed (5), compact,
fine-grained, pale greenish-gray, non-caleareous, indu-
rated mudstone, easily fusible into a pale green and
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 nodular structure. Bed (7), bhckilh-guy,
much indurated, dst
particles of unequal size; the whole bemgmpl.rts
finely brecciated. In this mass thereis 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 interlnced with
ferruginous veins. This stone closely resembles some
of the commonest varieties in the Uspallata chain.
Bed (10), a thick bed of rather bright green, indurated
‘mudstone or tuff, with a coneretionary 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 feet. Bed
(11) is at least 800 feet in thickness: it consists of thin
layers of whitish, greenish, or more commonly brown,
fine-grained indurated tuffs, which crumble into angular
fragments : some of the layers are semi-porcellanic,
‘many of them highly ferruginous, and some are almost,
composed of carbonate of lime and iron with
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-
ness: 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 crystalline carbonate of lime charged”
with iron, The mass has a nodular structure, and is
divided by only a few planes of stratification : there
are, however, two layers, each about eighteen inches
thick, of a dark brown, finer-grained stone, having a
conchoidal, semi-porcellanic fracture, which can be
followed with the eye for some miles across the country.
I believe this last great bed is covered by other
nearly similar 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, us 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 calcareous shaly rocks, alternating together.
The white indurated tuff, bed (11), here contains little
or no_gypsum, whereas on the northern and opposite
side of the valley, it is of much greater thickness and
abounds with layers of gypsum, some of them 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
[BB], in the lower part of the valley ; nevertheless, T
do not doubt that they are equivalents.

Fourth Azis of Elevation, (Valley of Copiapo.)—
This axis is formed of a chain of mountains |F], of
which the central masses (near La Punta) consist of
andesite containing green hornblende and eoppery 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 hummocks of andesite. Tho 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
lines, 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 few
pluces (one of which is represented in the section)

o
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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 [HJ, 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 is associated with some black calcareous slate-roclk,
and with green psendo-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).—I will describe in some detail the
beds [I] seen here, which as just stated, dip to WSW.,
at an angle of from 30°to 40°% I had not time to
examine the i itic congl of
which the lowest beds, as seen at the mouth of the
Jolquera, are highly compact, with crystals of red oxide
of iron; and I am not prepared to say whether they
are chiefly of voleanic 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 oceurred in
the sections hitherto deseribed. Above this conglome-
rate, 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
limit 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 purts of the
conglomerate, there was an ablique 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, siliccous sandstone,
passing into a granular quartz-rock, used for grindstones
(hence the name of the place Las Amolanas), and
certainly belonging ﬁo the gypleonl fom.ﬁn‘n, as does
probably the
In this yellowish sandstone there are layers of white
and_pale-red siliceous conglomerate; other layers with
small, well-rounded pebbles of white quart, like the
bed at the R. Claro at Coquimbo; others of a greenish,
fine-grained, less siliceous stone, somewhat resembling
the pscudo-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,

iy CIE
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was, in a marvellously short horizontal distance, after
frequent alternations, replaced by it. When this
oceurred, & mountain-mass, several thousand feet in
thickness was thus composed; the black calcareous
shale-rock, however, always included some layers of the
pale-yellowish siliceous sandstone, of the red conglome-
rate, 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
caleareous 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
last chapter.

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

Pecten Dufreynoyi, d'Orbig. ¢ Voyage, Part. Pal’
Turritella Andii, do.
Relations given in the list from Coguimbo.
Astarte Darwinii, E. Forbes, PL. V. figs. 22, 23.
Gryphaa Darwinii, do. PL V. fig. 7.
An intermediate form between G. gigantea and G. incurva,

Gryphwa, nov. spec. ? do. PL. V. figs. 8 and 9.
Perna Americana, do. P1. V. figs. 4, 5, 6.
Avicula, nov. spec.
Considered by B. Sowerb the A. echinata, by M.d'0z
mm..ﬂ,....!. B e
specimen bias been unfortunately lost.
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Terebratula enigma, dOrbig. (var. of do. E. Forbes,
PL V. figs. 13, 14).

This is the same variety, with that from Guasco, considered by M.
(E0sbigay o ba s disined apesias o is T palene iad. ol fo
obsoleta,

P and i of.

The lower layers of the limestone contained thou-
sands of the Gryphwas and the upper ones as many
of the Turritella, with the Gryphwa (nov. spec.) and
Serpule 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, I may
state, that higher up this same valley we shall again
meet with a similar association of shells; and in the
great Despoblado Valley, which branches off near the
town from that of Copiapo, the Pecten Dufreynoyi,
some Gryphites (I believe G. Darwinii), and the true
Terebratul enigma of d'Orbigny were found together
in an equivalent formation as will be hereafter seen.
Aspec)men also, I may add, of the true T. mnigma,
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, I 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 Coquimbo.

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

00
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Coguimbo.
Pt
Tarebratala eaigma }”‘ hS #bse s R Clecr,
Spirifor linguiferoides

Hippuritr Cilenis | s bod, near Asgueo.
Tmhmm-num. } in same block

of limestone. Collected M. ke
Poston Dut Dxm\mwyl e
apparently near Arque-
ros.

mm"’l‘nrrhalh “Andii
Nautilus Domeykus
Gaseo.
Pecten Dafreynoyi
Turritella Andit Tn a collstion from the Condillers, given
“Perobratulu ignuciana mo : the specimens all in the samo con-
wnigma, var. |  dition.
Spirifer Chilensis.
Copiapes
Pocten Dufreynoyi
Tursitella And T g
Tersbratala snigma, ver. a8 at Gussco ”“‘,“l;;‘“’ e

Astarto Daryi

loy of Copinpo near Ls
e g A
Perna Americans. ‘higher up tho valley.
Avieala, nor. spec. J

Tl enignn (o) { Y, ey of Coiops spprmtly
Terebratula wnigma (true) !ln tho same bed, high up the gtnnb
Peeten Dufreynoyi eral valley of tho Despoblads
Gryphiea i? provgeadlis, Maricongo,

Considering this table, I think it is impossible to
doubt that all these fossils be\ong to the same formation.
If, however, the species from Las Amolanas, in the
Valley of Copiapo, had, as in the case of those from
(Guasco, been separately exhmined, 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 eretaceous character of these three shells, and of
the Hippurites, Gryphwa orientalis, and Ostrea, from

mimbo, 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 near Las Amolanas:—
Above the yellow siliceous sandstone, or the equivalent
calcareous slate-rock, with its bands of fossil-shells,
according as the one or the other prevails, there is

* apile of strata, which canuot be less than from 2,000
t0 3,000 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

dstone, with crystalline cal 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 Mer. 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
Jjunction between this upper black slate-rock and the
upper red sandstone, I found the Gryphaa Darwinii,
the Turritelle Andii, and vast numbers of a bivalve,
too imperfect to be recognised. Hence we see that, as
far as the evidence of these two shells serves—and the
Turritella is an eminently characteristic species—the
whole thickness of this vast pile of strata belongs to
the same age. - Again, above the last-mentioned upper
red sandstone, there were several alternations of the
black, ealearcous slate-rock ; but I was unable to ascend
to them. All these uppermost strata, like the lower ones,
vary extremely in charucter in short horizontal distanees. -
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 fect; and only a small portion of the
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, calcareous, semi-jaspery
mudstones, rising from a mearly level surface and
thrown into an absolutely vertical . position ; so that, by
pacing, T 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 ata depth of from about
thirty to forty fathoms, that is from 180 to 240 feet ;
anyhow, it is impossible that they could have lived at
the depth of from 5,000 to 6,000 feet. Hence in this
case, us 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 reccive the superincumbent

strata : and this subsidence must have taken
place during the existence of these shells; for, as T
have shown, some of them oceur 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 fect 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 sp:
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 searcely 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 fossiliferons 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 decp under the sea. From these facts T
conclude, that during the formation of the conglome-
rates, land existed in the neighbourhood, on the shores
of which the, innumerable pebbles were rounded and
thence dispersed, and on which the coniferous forests
flourished—for it is improbable that so many thousand
logs of wood should have been drifted from any great
distance. This laud, probably islands, must have been
mainly formed of porphyries, with some mica-slate,
whence 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 eretaceo-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

® The Comblete Work of Charles Darwio Online



AR XV, Ravine of Folquera. ; 567

white mndshma 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 Las Amolanas: here, however, the con-

consists almost i of pebbles of
granite, and of disintegrated crystals of reddish feldspar
and quartz firmly recemented together. In this case,
we may conclude that the land whence the pebbles were
derived, and on which the now silicified trees once
flourished, was formed of granite.

The mountains near Las Amolanas, composed of
the 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
erater: north and south lines, however, predominate.
These dikes are composed of green, white, and blackish
rocks, all porphyritic with feldspar, and often with
large crystals of hornblende. The white varieties
approach closely in character to andesite, which com-
poses, s 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-érial lava-streams are often vesicular.
‘This porphyritic formation is conformably covered, as
seen some way up the Tavine 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 gypseous formation, as
seen here [M], is of yellowish siliceous sandsione, pre-
cisely like that of Amolanas, interlaced in parts with
veml of gypmm, and mcludmg h.yen of the black,
ile slat + the Turritella Andii,
Podten Defreynoys; - Tevebratules awviganasvarsiand
some Gryphites were embedded in these layers. The
sandstone varies in thickness from only twenty to eighty
feet ; and this variation is caused by the inequalities in
the upper surface of an underlying ‘stream of purple
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, caleareous clay-stone, allied in nature to the
e fomads bliak: el CTEINEE
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 one part into a ferruginous
quartz-rock. The folio are curved and highly inclined, *
generally dipping eastward. I is probable that {his
ist is an old 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 irom lt. The mica-schist
is ded by stratified [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
[NNJ; but Tam far from sure that the two masses
s not have been independently upheaved.

Awis of Elevation.—Proceeding up the
Tavine, 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.
I 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 volcanic
grit-stones, together with much of a singular, compact
rock, having an almost crystalline basis, finely brec-
ciated with red and green fragments, and oceasionally
including a few 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 ove common variety, like some of the
streams at the Puente del Inca, having a gray mottled
basis, abounding with erystals of red hydrous oxide of
iron, green ones apparently of epidote, und a fow 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: I saw, however, in the bed of the
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valley, one fragment of porphyritic breceia-conglome-
rate, exactly like those great masses met with in the
more southern parts of Chile.

Finally, T 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
not be supposed that thiey 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 I seen more numerous faults and dikes. The
whole district, from the sea to the Cordillera, is more
or less metalliferous; and I heard of gold, silver,
copper, lead, mereury, 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 harren 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 ; I followed its dreary course to the foot of
the first main ridge. I will not give a detailed section,
because it would be essentially similar to that already
given, and because the stratification is exceedingly
complicated. ~ After leaving the plutonic hills near the
town, Tmet 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

d of of clay-sts ies, both
nnguhr and rounded, with the smaller ones partially
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blended together and the basis rendered porphyritics
these beds separated distinet streams, from sixty to
eighty feet in thickness, of clay-stone lavas. Near
Paipote, also, there was much true porphyritic breccia~
conglomerate ; nevertheless, few of theso 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 dendritie spots of
oxide of iron. There were also some mountains of a
porphyry with a brick-red basis, containing irregular
often lens-shaped, patches of compact feldspar, and
crystals of feldspar, which latter to my 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, I estimated at about 10,000 feet, I found beds of
white mnd:tonu and of limestone including the Pmu

@nigma, and

Tlun ridge throws the wnmr on the one hand into the
Pacific, and on the other, as I was informed, intoa
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-

win Online
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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
T 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 voleanic 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 enlargement;! 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 volcanic formation, which I am informed by
Mr. Lambert extends far northward, is of interest, as
typifying what has taken place on a grander scale on
the corresponding western side of the 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 a height of
between 8,000 and 9,000 feet ;* and now, judging from
this tufaceous deposit, we may conclude that the hori-

! T have endeavoured m show in my *Journal,' &e. (20d uhL)p
356, that this arid valley was lef by the zeml. ing ses, as the
e i the ante'In whigh we

hers moation that on the south e of the main valley of
c«,.mp-,. near Pot , the mountuins are eapped by thick mass of
horisoatally ctatifed shingie, ot hiight vhich 1 rsimated at

500 and 2,000 feet above the bed of the valley. This shingle, I
clicve, forms the edgo of & wide plan, which strotches soathwands

Tanges.

jetween two mountain ru
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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. T 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 heen 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-
pllyntlc conglomerate also assumes o dip towardsithe
trough, not. gradually, as on the right hand, but by
means of a vertieal fault and synelinal 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 d.lppmg to adirectly opposite point :
these i by infinitely num
dikes, some of iR, ‘hummocks
of greenstone, and can be traced for thousands of feet.
Tn the second case, two low ridges trend together and
unite fat 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 45°: 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 Evuptive Sowrces of the Porphyritic Clay-
stone and Greenstone Lavas.—In Central Chile, from
the extmme mshnmrplno u:non, it is m most plru

between

lava and the porphyritic breecmnghmm but
here, at Copiapo, they are generally perfectly distinct,
and in the Despoblado, I 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: nevertheless, 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 flanks, without a
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trace of stratification in their central and basal parts:
in most cases, T believe this is simply due either 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
voleanos, and that the stratified parts marked the
points whence the streams flowed. In one 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 eonfnrmably 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
aguin, though the liquefied intrusive matter might not
‘be any longer enabled to reach the submarine surface
and flow as lava. I have been led to this conclusion,
from hnvmg &0 frequently observed that, where 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.! I 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,
I believe, with some purple sandstone. In the lime-
stone shells are found : the three following species were
gi\'cn me :—

Tho owest point, where the soad cromos the coast-escarpment, is
1, 900 fom by the baromoter above the level of the sea.

Mr. Bollaert hasdescribed (-Geolog. Proceedings, vol. ii.
065) s singuias mase Of sixabfied deiiten, geave, and scod, ughly—one
yards in thickness, overlying the limestone, and abounding

it
‘masses of silver ore. Th ‘miners belicve that they can attribute l.hm
‘masses to their proper veins.

2P
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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 closo 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-oolitie formation of 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 Iquique, 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, dOrbigny, 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, I
crossed, in a space of about thirty miles, an elevated
undulatory district, with the beds dipping in various
directions. The rocks are of many kinds,—white

i imes siliceous sandstone,—purple and
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red sand: 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 T hmdafgrmw.ofgmumin
the Cordillera. The only novel point in this formation, is

the pmnf innumerable thin layers of rock-salt,

with the lami hard, b

earthy, 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.

'Ith-d!hmﬂnaﬁhd-\lhbudll-v-llp!mm
the shores of Peru. The island of San Lorenzo, off Lima,
ess,

curious.

layers of conl and au-p-n limestone have boen discovered. Henco

wa here have sat, Eypesim; and coul assocated together.  The sirata
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.

Metalliferous Veins.

I have only a few remarks to make on this subject:
in nine mining districts, some of them of considerable
extenb, which I visited in Central Chile, I found the

ipal veins ranning 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-
billos, south of Coquinibo, T saw one large copper vein
extending east and west. It is worthy of notice, that
the foliation of the gmeiss and mica-slate, and the
cleavago 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 or

fect, cleavage of the ing granitic rocks.

include yeins of quartz, carbonate of lime, s2d ion pysites; they lure
-brown feldspathic

e dlisocated by an njcted maes of gl

district between the cra i the Pacifc b, necording 10 Helma,
v found i the unllym‘ Tow hill on the eastern fank of the Condil:
lera. me opposed to the theory, that rock-salt is
ety saking oF wetee: Sharged with mit, in mediterranoan spos
ofthe v, The geaerl haracte of the geology of theso countries
would e mreated £y A mrebs )
Ractad with volaaio heat a tho bobum of the s ve 0 e PG
i R Murchion's Anniversay Adiross to Geslog. Soc. 1843, p. 6.
' uﬁ aquil nea whero
direetion of the ehief veins, to which only in all cases I rofor, is north
i . the prevailing lino is NNW. and
and BSES; neae Tlnpel, iois . N.by
fornos, the direction varies from bety
[N = mv 5}"‘“‘? it the C. do on Hornos (further north-
), it is at Panuncillo, it is NNW. and SSE.:
and, lastly, at Arqueros, the direction is NW, and 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, gueiss, and as near Guasco mica-schist. The
copper-ores consist of sulphurets, oxides, and carhon-
ates, sometimes with laminm 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 occurs
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 superficiil 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 fect
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

i, The same fuct bas boen abserd by M. Tylor in b *London
il
Y ot il . .29
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Tatter case, it is said that if the vein ceases to contain
sron-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, yot 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 T was informed that the
copper-ore, with 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 mear 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 Peru. 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 suspeet
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 ina
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 occurs with silver both
at Arqueros and at Copiapo: at the base of C. de los
Hornos (SE. of Coquimbo, a different place from Los
Hornos, before mentioned) I saw in a syenitic rock
‘numerous quartzose veins, containing o little cinnabar
in nests: 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; sucha vein is called a veta real. More
commonly the mines are worked only where one, two,

! At tho Durazno mine, the gnm i ssoined with oppenpyrites

Timo i ono of the commonest mlumh i the matrix of the Chilia veine.
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or more thin veins or strings running in a different
direction, intersect a poor ¢ veta real :” it is unanimously
Delieved 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
crueéros or points of intersection, the metals extend
even beyond the walls of the main, broad, stony vein.
Tt is said that the greater the angle of intersection, the
greater the produce ; .and that nearly parallel strings
attract each other in the Uspallata range, I observed
that thin veins

ran into knots, and then branched out again. I have
already described the remarkable manner in which rocks
of the Uspallata range are indurated and blackened (as
if by a blast of gunpowder) to a considerable distance
from the metallic veins. ]

Finally, 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: T have in several
places traced the metalliferous veins from the in-
trusive masses into the emcasing 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-

= nn- R Marchison and bis falow travellers have given somo
‘on this subject in their account of the Ural Mountsins.
‘G‘elog Bove ol i 748,
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pared with the erupted beds, often of submarine origin,
but not metamonphosed, which compose the numerous
islands in the Pacific, Indian, and Atlantic Oceans; for
in these islands metals are entirely absent, and their
nature even unknown to the aborigines.

Summary on the Geological History of the Chilian
Cordillera, and of the Southern Parts of South
Ameriea.

‘We have seen that the shores of the Pacific, for a
space of 1,200 miles from Tres Montes to Copiapo, and
I 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 eraters.
the compactness of the streams and fragments, it is
probable that, with the exception of some districts in
Northern Chile, thé 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,
both north and south, and east and west, for the ejected
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

A Tha
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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, I have generally called the Gypseous formation
was deposited, and feldspathic lavas, together with
other singular volcanic rocks, were occasionally poured
forth: Tam far from pretending that any distinct line
of demarkation can be drawn between this formation
and the i ies and itic 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 seems first to have been peopled by shells,
not many in kind, but abounding in individuals. At
the P. del Inca the fossils are embedded near the base
of the formation ; in the Peuquenes range, at different
levels, half-way up, and even higher in the series;
hence, in these sections, the whole great pile of strata
belongs to the same period : the same remark is 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,
however, of these two districts, I cannot but think that
they all belong to nearly the same epoch, which I have
provisionally called cretaceo-oolitic.

The strata in this formation, composed of black
caleareous shaly-rocks of red and white, and sometimes
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siliceous sandstones, of ecoarse 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 casily fusible, and have appa-
rently been derived either from voleanos still in quiet
action, or from the attrition of voleanic products. If
we picture to ourselves the bottom of the sea, rendered
uneven in an estreme degree, with numerous craters,
some few oceasionally 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 voleanos 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. hmn Dr, Gilhu’s account, this gypseous or

Pass of Planchon, and I followed it northward at in-
tervals for 500 miles: judging from the character of the
beds with the Terebratula enigma, 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 mineralogical

* Von Buch's * Descript. Physiquo des Tles Canaries,’ p. 428,
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characters and external features, might be compared to

the Silurian regions of North Wales. The gypscous
ion, like that of the

merate on which its rests, is of ml:onndemble brendth 5

though of greater breadth in Northern than in Central

Chile.

As the fossil shells in this formation are covered, in
the Peuquenes ridge by a great thickness of strata, at
the Puente del Inca by at least 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 eretaceo-oolitic period, so as
to allow of the of
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 Homnos, 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 northern 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 busal 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 quaitz. It follows from these facts, that in
some parts of the Cordillera the upper beds of the
+ gypseous formation must lie unconformably on the
lower beds; and the whole gypseous formation, in
parts, by on the p ey 1 i
although I saw no such cases, yet in many places the
gypseous formation is entively 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 Jujuel, near Aconcagun, 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
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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 gypscous 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 tufaceous matter and submarine
lava 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 contemporancous 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

mbléte Worl



cHAR, XV. of the Cordillera. 591

cretaceo-oolitic strata, so this later subsidence appears
to have been complicated by alternate or local elevatory
movement—ifor the vertical trees, buried in the midst
of the Uspallata strata, must have grown on dry land,
formed by the upheaval of the lower submarine beds.
Presently I shall have to recapitulate the facts, showing
that at a still later period, namely, at nearly the 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 hlghly inclined pontlom. Besides the elevation thus

Tinfer, without any hesi~
utmn—ﬁvm 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
const—that this great range has been upheaved in mass
by a slow movement, to an amount of at least 8,000
foet, 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. It is
very possible, or rather probable, that this elevation in
mass may not have been strictly horizontal, but more
energetic under the Cordillera, than towards the coast
on either side: nevertheless, movements of this kind
may be conveniently distinguished from those by which
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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 disloeations,
however violent, were quite subordinate in importance
to the great upward movement in mass, and that they
had been caused by the edges of the wide fissures,
which necessarily resulted from the tension of the
elevated 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
extremo flanks. The violence has been very unequal
on the same short lines; the crust having apparently
tended to yield on certain points along the lines of
fissures. These points, I have endeavoured to show,
were probably first foci of eruption, and afterwards of
injected masses of porphyry and andesite. The close
similarity of the andesitic granites and porphyries,
thronghout Chile, Tierra del Fuego, and even in Peru,
is very remarkable. The prevalence of feldspar 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-st and g hyries, and to

Sir R, Murchison, and his companions state (* Geolog, Proe. vol.

747), that 0o true granite appears in tho higher Ural Mountains ;
bt that syenitic groenstono—a ok closely analogous 8 out andesito—
is by far tho 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
iate agent in the
conglomerate formation, and often likewise the gypseous
strata, to the extraordinary extent to which they have
suffered.

With respect to theage 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 voleanic archipelagoes lavas are contem-
poraneously ejected on the parallel lines of fissure.
But the pebbles apparently derived from the wear and
tear of the porphyritic conglomerate formation, which
mmﬂonﬂymﬁhﬁawmd%m
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 gigantie 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,

 Soo the latter past of Chapter VI.
* 1 have endenvoured to_ show in my * Journal’ (2nd edit. p. 321),
S G sng el e W i tha vlly bovonsths
os, passing o and higher lin, i jessplind
b, sl s ibsaguent slevation, Thers are miay
in the (Inunm Tvess: s Biiabargh New PO, Jouroal, Yol
xxviil. pp. 33 and 44,
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to the upheavement of the Cumbre chain, that of
Uspallata was formed and elevated ; and afterwards, I
may add, in the plain of Uspallata, beds of sand and
gravel were violently 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
stretehed 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 Concepcion—have been upheaved long
after the formation of the Cordillera. Even during the
earthquake of 1835, when the linear north and south
islet of St. Mary was uplifted several feet above the
l\u-roundmg St e perhaps see one feeblo step in the
i In some
cases, moreover, for instance,near Lhe baths of Cauquenes,
T was foreibly 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 searcely 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: T 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 Europe,—on the almost entire dissimilarity,
though the fons are y
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
1 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 proporition
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
extensive formations containing recent shells, either on
the eastern or western coasts of the continent,—though
these coasts now abound with living Mollusca,—though
they are, and apparently have always been, as 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 deduction, 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 continning
slowly to subside from one ‘whole period to another, or
even during a single entire period; and secondly, that
certain epochs having been favourable at distant poiuts,
in the same quarter of the world for the synchronous
accumulation of fossiliferous strata, would follow from
of

i having like those
of elevation, uontemponneﬂully “affected 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 eontaining gypsum, and in many other cha-
racters, show a connection, cither intimate or remote,
with voleanic action; and as the strata in both were
accumulated during subsidence, it appears at first
natural to connect this sinking movement with a state

© The Comblete Work of Chares Darwin Orlina.
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of high activity in the neighbouring volcanos. 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 thistime to have existed as submarine solfataras, and
were certainly quiescent compared with their state
.during the ion of the

formation. During the deposition of the tertiary strata
we know that at S. Cruz, deluges of basaltic lava were
poured forth; but as these lie in the upper part of the
series, it is possible that the subsidence may at that
time have ceased: at Chiloe, I was unable to ascertain
to what part of the series the pile of lavas belonged.
TheUlplﬂlhtuﬂ'lnndng&e‘m!ofnhnlnm
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 voleanic 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
contemporancousness of high volcanic activity and

of id 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 Tho Structure, &e of Coral Reefs,’ 1st ed. p. 140; 2ud od.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 8. 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 mollusca,
one balanus, and two corals, all mow living in the
adjoining sea : this is likewise the cnse in Patagonia
with the Macrauchenia, which co-existed with eight
shells, still the commonest kinds on that coast. T 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. It 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-
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parative rest, At several places the land has been
lately, or still is, rising both insensibly and by sudden
starts of a few feet during earthquake-shocks; this
shows that these two kinds of upward movement are
intimately connected together. For a space of 775
miles, upraised recent shells are found on the two 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 oe-
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 nor-
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; so 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 inf or whether
the view of those plains, composed of lhingle and sedi-
ment hence derived, which stretch 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 voleanie orifices, and those now in action
are connected in great trains. The intimate relution
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

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 alternating
with the porphyritic conglomerate strata, then occa-

' On the Conneti in Voleanic Ph in South A
* Geolog. Transact.,’ vol. v, p. 600.
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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 voleanic 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 voleanic matter from an
epoch anterior to our eretaceo-oolitic formation to the
present day ; and now the earthquakes, daily reeurrent
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; wo 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
drawn from the changes now in progress in the earth’s
crust, whether to the manner in which voleanic matter
is erupted, or to the manner in which the land is 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.

Nore.—As, both in Franee and translations of & passage

hmmh{-mmmnhmmh%d
gt:mvg.mn. have implying that Prof. Ehrenberg ves,

doposited by o sea-dl
autharity of a letter to me, that theso translations are incorroct. Tho
following is the pussago in question :— Durch Beachtung der mikro-

am La Plata und die Knochen-] am Monte Hormoso, so wie
i der in bei Bahia Blanea,
dm ummnd(da um obersten Plnu:‘ub:uh dos Meeres im
estlande '— Monatsberichte der konigl. Akad. ee %
H-rlu vom April 1
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APPENDIX TO PART II

DESCRIPTIONS OF TERTIARY FOSSIL SHELLS
FROM SOUTH AMERICA.

Br G. B. SOWERBY, Esa., F.LS, &

Macrra? RvoaTa—PL IL fig. &,
Mactra? testd dbu'l, !wyldl latere antico altiore, rotun-
incrementi rugas con-

dato, postico long Mut- lineis
b

The shell itself is changed into Giypsum.
Santa Oruz, Patagonia.
Maorzs Damwisir—PL IL fig. 9.

Mactrs (ot oy subventricosd, tenuivsould, levi,
ncentricd Mwm rotundatd, postici obsoletisimé sul
1luldrﬂla

It is impossible o get at the hinge, wherefore it cannot be
ascertained positively :o?:. Mactra.

Santa Cruz, Patagonia.
Orassarmizd Lysur—PL IL fig, 10,

Crassatella testi oblongd, planiusculd, tenviusculd, posticd angulatd,
‘margine_postico dor-lc declivi, superficie sulcis obtusis, remotis,
longitudinalibus ornatd,

This species most nu.rly resembles Crassatella lamellosa of
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Lam. it i howerer, detitute of the eroet Iamelle which ora-
‘ment the surfuce of that species.

s.nnoﬂu,m.@m
Conus? vavioas.—PL IL fig. 11.
Corbis testd ovato-rotundatd, ventricosd, lavigatd, margine intis

lavi: wu lat, 25 ait. 27, pol.

X s ot without ome hsitation that [ have plced this in the
fremus Cordiy ltough it s of the sume genersl orm s most ofthe
of that genus.  Ttis quite freo from external rugosity

5

Trursmes? oprovea—PL IL fig. 12,

Tellinides? testd oblon .ubquﬂtlemh, anterius _altiore,
teriua nmnmmlim,yiulruqu pasislon Sl el s
inerements solummodo signato : long. 13 alt, 07 poll
This shell is very thin, and bemg .mheddad in a hard com|

mnn,-.u-mmpmm et at the hinge have proved abortive : 1t is

therefore placed in Zellinides as the genus to which it approaches

most dv;:'nrlym mumnx characters, M. d'Orbigny considers it a

Solen

Ohiloe, eastern coast.

Vaxus amrmroxALIs—PL 1L fig. 1.
Venua testd ovali, plmu»mrxd concentrict Wd, strits acutis,
dis lubdcmtv, interstitiis radiatim obsoleté striatis ;

h'l'humclol;ld’nmhlml’mb-ﬁ, in shay th:xg:dto
Tadiating stis an ly
i g T .

Santa Oruz, Patagonia ; and Navidad, Ohile,!
Ovrmmes. svrovsoss.—PL, 1L fig. 14.

Cytherea testd subovatd, antici. rotundatiore, posticd lon
nativsculd, obtusd i suleis concentricis, confertiusculis, medio

= 1 Wherever a fossil has been found at two mnuu, the name first
given implies that the best specimens came from that
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wiw,mm acutioribus ornatd: long. 1'; alt. 07 ;
1 have compared the single vale of this with numerous

rocent
and ol Veners and Cyther without being ablo to idantty | .¢

with any. As T have not been able to see the hinge, T have ool
judged it to be a Cytherea from analogy.

Chiloe, eastern coast : islands of Huafo and Ypun ¢

Camorox Posscnvx.—PL IL fig. 16.

Cardium testd subglobosd, tenui, leviuaculd, latere postico suboari-
‘nato, superficie striis vadiantibs, numerosissimis, confertissimis
instructd.

int ho intersti equal. Nearly
the whole outer surface is gone from both specimens,
Santa Oruz, Patagonia,

Carnrox svTrmRADIATON.—PL 11 fig. 16,
Cordiumtotd aglobnt, oulls roionibs pouiis 1 rtundti

medianis plurims
denticulato.

These are all the éharacters that can bo given, 8 there is only
the poserior porion of on vl o oo o enent s
only & the proportions cannot be ascertained.

Navidad, om.
Camviza Paracoxtes.-PL. I1 fig, 17,

Cardita testi i
hqul mw&umww

e el B etiotte,and may b isinguished by
‘wer and more distant ribs.

Smh()rux,?-hgomn.

Nuovia? eranma—PL IL fig. 18,

Nucula testd ovato-oblongd, glabrd, nitidd, latere antico breviore,
Imd:cu magis aouminato’; marginbus ovastins duis,

havo referred this to Nucula, because there is 1o external ful-
Bty the cartilage and ligament ; the natura
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of the stone in which n-mhddulhumdnadkimpodua to
expose any part of the insi
Santa Cruz, Patagonia.
Nvovia orxara.—PL IL fig. 10
Nueula tetd postid trencath emargined, supefics linis. clvati

A beautiful species which apparently resembles N, Thracis
fnnnu in geeralshape, bt inench s L Rl s had beee
cannot give a more complete character.

PunDndm,Pnhgmu. :

Trrgoxockrra Tsorrra.—PL 1. figs, 20, 21,
it ubovli, cromivsould, valdh oMigud, e ared
llgmnentl trigond, lateribus elevatis : dentibus paucis, magnis.
This species is moro unlike the typical form of Pectuncudus
than iy whlehhab ootas ke 117 chams o, EMiig! bvets Moo
oblique than the P. of De France, from which it differs
‘moreover in being smooth on the outside, and destitute of radiat-
ing ridgos.
Santa Cruz, Patagonia.

Ovovtnes arra—PL IL. figs, 22, 23,
(,‘w-nllma tostd ovato-trapesform, suboblipnd, sbragoed umbonibus
ared ligamants profindd ndmtd impressionis mus-

culam,w-m margine

There it o considernble primd facie resomblance between this
es and Cucwllaa decussata, *Min. Con.' This from 8. Cruz
may, however, be easily distinguished from the British, by its
gn‘ner hught, m more ubllqun fnrm, and by the greater number

Santa Omx url Port Duuv, ngumn,

Axoxta avrmrxaxs—PL 11 fig, 25,
Anomia test suborbiculars, costellis radiantibs plurimis, subsgua-
‘miferis, alternis minoritus,

There is only o single valve of this specics.
Coquimbo, Chile.
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Tammmraroia Paracoxtos—PL IL. figs. 26, 27.

Terdiratula tstd ovai, lw,valis frs qu-l.m converis, dorsali

srodutd, ineursd, foramine o, ad iem valvarum mfir)
parlido; deidi i plustipd gt
tudinis testa mvymc antico integro.

t from the 7. variabilis of the British Orag,
J‘% Con.’ :.570 2 t0) to which howorer it s very

nPnrly Tlated, a it s also T biswusta, Lo, v?:a the
‘aris basin. 1t may hng\luhn m_both by its o
‘the anterior margin.

sinus in
San Josef and San Julian, Patagonia.

;lu\neﬂ.l resembles Pecten textorius (Schlot.

de’h,i?:hts’::! has very fow more than half t 'l'h:
ib, which in the prosent species aro in pairs.

B tortan moesoves; elamgs S Aba T m i el {00, v

cording to Gioldfuss.

San Julian, Patagonia.

Promey Damwistaxvs—DOrbig. ¢ Voyago, Pat, Pal!
(PLIIL figs, 28, 29, of this work.)

cire its internal radiating Fn-d
This specios has been named and o e r.,"{x d0rbigny, {um
s deseripion i vory s, owing to tho conditon of i spc
mens, and is unaccompanied by any figure, I hnu :haughc i
advisable to append the above specific characte
San Josef, Patagonia ; and St, Fé, Enm Rios.
RR
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Prorey PAraxwssts—D Orbig. ¢ Voyage, Part. Pal? (PL IIL
fig. 80 of this work.)

s has Bgnnd d fully described by M. d0r-
mm,.nmlmm rofgured e,

San Josef, San Julian, Pm Desire, Patogonin; and St. Fe,
Entre Rios.
Promy cuvmanis—PL 1L fig. 81,
Tuctentets i, depresd, s qingue suomlfriscn

Milmmio,wbcyuﬂw! i

A single fragment of this remarknble species was found at
Ly e brought from Port Deire, These
fragments are all of the samo side, 80 that we are as yet hut very
imperfectly acquainted with the

San Julian, Port Desire, Santa Cruz, Patagonia.

Promx scrixonss.—P1. IIL. fig. 33,

fen test tenui, valviy
i !rmnpalabw subelevatiy _cirea 306, 3, intermedia 3~7
us,  omnibus

squamliferis, allﬂdd!fmﬂd porrectd, s Korad,

Remarkatle for its princpal rils being mumerous and only
dlightly clovated, and for its intermedinte ribs being very nu-
merous.

San Josef, Patagonia.

Preres zvos.—PL 111 fig. 82.

Petentott by, gl cresonly . et
adienves 3 ot interat forits ; intermediis
‘nonnunguam fers obsoletis’; margine it wniudoto

imen is only a fragment ; nnothex agment ‘accompanies
it, wmlp:.y pn-bly,{)e the opposite val

Coquimbo, Chiloe,
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OnEprovra eseazzs.—PL IIL. fig. 34.

Crepidida testd oblongi, intortd, crassd, subrugosd ; septo. clongato,
‘eubpirali, lavi ; vertice submarginali.
This species is_remarkable for its lengthened form: it is found
uped togother in an argillaceous sandston of o mh colour,
£ boara a strong. goveral resemblance to Crapidla fornicata,
which s found, similarly grouped, on the cosst of New York,
New. England, 'sud goaseslly on the Atiaatio consts of North
Amgsion”

Santa Oruz, Patagonia.
Busza cossormra—PL 1L fig. 35,

Bulla tetd wbeylindroced; estremicativg .u...-, rtundatie
gl i ooy o o
Tdo not find any character to di mmm

which eboadaia, the of and which is

also found near Paris and in ; and which Deshayos has

w..m,.m Auct., from which

however it may easily be distingui its much moro cylindri-

cal form.
Huafo Tsland, Chile,

Stoannrus svnezonosvs.—PL. TIL figs. 36, 97.

&grmluah-“nm” *O&-c-rmm

ral grooves and intermediate ridges are very nearl
cqun.lmmnerll though sometimes rather irregular. Tiiis A
x:n concave rl}!d. of Adanson’s. Mm‘. ever seen,
1 tion of its aperture the longi-
tmlxg:l"uuthnnu-vmmms. Lam., a recent
species common at Valparaiso. ;
Navidad, Chile; and Ypun Tsland, Chonos Archipelago,

Narica poaara—PL I1L fig, 38,
Hatin tastd ovti-wgialos, lasrd, enfroctbus quatuor, wnbitico
magno, patulo,

A single individual of this small spocies, which appears as far
221 can Jud to be distiace from any of the receat spocie, occure
®R2
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in the e st of rock, & very hard and very dark olive
sandstone, the The of
mmmmmmw:m“mlp
with certainty whether or not there bo an wmbilical

Chiloe, eastern coast.

. Namea strronra.—PL TIL fig. 30,

‘This species resembles Swainson's Natica melastoma in general
form, aa wel a i tho umbilical clls: it howevor athor mora
cireular and g:lnmbihisl calus mrmdu.rl .vi.agmg':m the
‘apparent gens fnrm, at i,whsn only saw
surfce, b taken it £ .Kh alag

e ke i mng“n mmmnu-
coverad. tho. wnbilical callus. Knn ’ of this

omm, enstern const.

Narrea sorxoA.—PL TIL. figs. 40, 41,

wmbilico i callo parvo =
icé crassissimo, ic iy : long. 1'8; lat.
i 3 7
This most nearly resembles a very common

L ly been confounded with . mamilla, T b
Thave lt neaimd from DD Orbigny under the name of N, Uer

it ma from being
.mm destitute of the umbilical callosity. The only specimen is

o
very much worn, puhcuhdy about the spire, so that the true
chnrlc(ar of ﬂ.\e suture is only discernible in one part, and the

ens conveys the dmpﬂvﬂ notion
ota dup and brond d.mnmm )

AL epecimens of s Natios, cloely reserabl il
dintinot Ty spcic, oo < fend i g ]
in o uch dsguised, saie,and nly sl portion of the dhell
itself romains, particularly of the outer conts about

which consequently appears very deep and distinct, whereas when

@ The Comblete Work of Charles Darwin Online
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resrved the suturs s scaly distinguishabl M. 4 0rbi
i e species aro cartainly distin ik

Navidad, Chile; Santa Oruz, Patagonia ?

SearawiA wUGULoss.—P IIL figs. 42, 43

Scalaria testi acummdo-pynmulall,' uwla nqulud,
varicibus. tumerows, craeiy refundati; interstitils sparalier
obsoleté sulcatis,

Volutions about eloven or twelve, increasing ually
in size; with fourteen or fifteen round mmamhzvi‘::-m

San Julian, Patagonia.

Thoomys contams.—P1, IIL figs. 44, 45,

Navidad, Ohile, Santa Cruz, Patagonia.

Trocmvs Lavis—PL 1L figs. 46, 47,

Trochus testd conicd, s
dinacudi i, anticd Lem pheesd mm:‘f,ﬁu prdd
gy angulo

cavis,
e aouto’s Sl it mdf Lovisimo, lobi, itero
subincrassato ; long. 1'8; lat. 2, poll.

The remains of the pearly inner coats are beantifully iridescent
in this species ; the outer surface is dull.

Navided, Chile.

\arles Darwin Online
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Tumermenna Parscoxtos—PL 1L fig. 48.
Turrialatost clongat-conedy anfrctibus dcem, 3 ad 4 cottis,

costis, intermedid_anticique subobsoletd minoribus, posticd
goutd, eubgranoss major, tetid carinam. eformante; outurd

Turritla s probably anly  vaiety of 7. cinglate and
e odely Seshon thin oncicn Lo AR Ay ones,

e Nt L Ll rapidly
sithe the 7. Chilnss o 7. i, In some sesocts thia
carinifora ot howevor nearls o

bn%‘omnmmm luva:npudlnmanggu

Port Desire, Patagonia ; and fragments at Navidad, Chile.

ToRRIOLA AMBULACKUM.—PL. TIL fig. 49.

Turritella tetd. elngato-turrid, anfrctiu decem, piveiter
costatis, posteriorum @qualibus, anteriorum_costd anticq
posticdquie majoribus, T R it pro-

jum positd.
A very remarkable species, which somewhat resembles o ro-
cont one in my possession'; e two may huwu\ er o cusls dtin-
guished. In the recent. species the fw

‘two spiral ridgos are much
e o e ol e i fhe A Y By AT
groove at the suture is much deeper and narsower in th fossil than
in the recent.

Santa Oruz and San Julian, Patagonin.

Tursnigua Camessss—PL IV, fig. 51.

Turitell, tetd. dongeto-turritd, anfrecibus docem, venricois,
apiraliter tricostatis, costis granulosis, intermedid mejors, muturd
in sulcum positi.

Nearly related to Turriella cingulata (Sowh. Tank. Oat.); it
is oven questionable whether it might not be regarded as o vi
of that species, with 7. Patagonica and . ombulacrum.
Tn deforence to the opinion of D'Orbizny, who has suggested the
nome, T have bon indieed. o descrio il. The principal differ-
meo hetwoen this and 7. cingulata nre, the form of the volutions,
Wl e 8 oiflcons ¢ She oance of mrow intermediate
and_the greater depth of the groove in which the suture
s placed. From' 7. ambulacrum it differs principally in the cir-
Ohbustances of the ostteal ib being the mosy prossioeutsWhile 1
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7. ambulacrum it is the least prominent. The ribs in the latter
m are but slightly granose, and the groove at the suture is

Huafo and Mocha Islands, coast of Chile.

ToRRITRLLA SUTURALIS,—PL. TIL. fig, 50.

wrritella te turritd, tenuiter transversim striatd, setibus
9-10, e s dii i postichque tumidiisculis, posticd
eminentiore.

rngmnumm can b separated from the hard stone in which
they are imbedded ; it has therefore been impossible to give the
proportions,

Navidad, Ohilo; and Ypun Tsland, Clhonos Archipelago.

Purvroroxa svnmavaLss—PL 1V, fig. 52.

tubercaliferous
other marks of difference, bntﬂ:kmthmidu‘dluﬂmt,
forming at once a distinef eriterion.

Huafo Tsland, coast of Chile.

Prrvroroxs TuRBINELLOWES.—PL IV. fig. 53,
Pleurotoma, ic

cato-striatd, anfractibus quinis, vent

culatis, tuberculis acwminatis, jneis_ quatuor vel

quingue obsolets tuberculatis ; eyl lonq 1:35; lat. 082,

poll.

Very different from any other known Pleurotoma, either rocont
or fossil ; but most ,;umd, .h.,., p-mm.llrl\ to the recent
species named Vor imperialis by

Navidad, Ohile,

A The Camnlete Work ¢
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Pmmnwu—l’LIV.Bg.“

futiformi-

tenuiter striato; columelld ndd: Ioug 185 lat.
0632, poll.
to be nearly xelated to_ P, catenata,

Lam, m'u.us TR 112,13 (.m’.u of tho Paris Basin),
and which may perhape bo merely o varioy of that speces. Iu

stature and general characters it resembles it closely ; its strie
are howeves E very different. M o

Fusvs meevrams —PLIV. fig. 55,

A single,vory imprfoct specimen which may probliy b
vacloty of this sgacies num,..mmuymm;ﬂ
its being decided, or of its characters being given. n..m-m
cartain that it belongs to the genus. M. d Orbigny considers it as
a species.

Navidad, Chile.

Fusus pyrvnroras.—PL. 1V. fig. 56.

M testd turbinatd, anticd spiraliter sulcatd, spird subde
conicd, rudi ; an/nclfbln 3-4, medio ti nbamlntu, m
im sulcatis, in costas subdecurrenti ui
transversim sulcato.
This somewhat resembles the Zriton clavator, Lam. (a recent
u:mm), in form; its spire is however more elenmd, and its
shorter in proportion, I judge it to be o Fusus d-
gumnl external appearance, but cannot be quite certain, for
stone about the mouth is s much indurated that it cannot h
cleared away.

Navidad, Chile.
Fusvs svsmerzexvs.—PL. 1V. fig, 57,
Puaus testd fwu/omt-(un‘td, transversim striatd, striis irvequ-
Taribua, iny

ibus_novem, medio tuberculatis, prope suturas
;:b“alprmu. canali mediocri subreflero: long. 21, lat. 1,

Charles Darwin Online.
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The shell to which this bears the greatest resemblance is & fossil
Faciolaria « Defr by Do Bastort T the

£ n:u. the o

‘however, no of oblique on anterior

o appearance of obliq ,wmf‘.'.f

Navidad, Ohile,

Fusvs Noacurxus.—PL. IV. figs, 58, 50.
Funss toth mzo-fu./m, rique wibocuminatd, quk, -

Td- Ph-nh'-,h-.
-mm n-rly
hldlllwmﬂy hthhqun-dmmu
nh.l:elnldh.r
San Julian, Patagonia.

Fusus Paracoxtovs.—PL V. fig, 60.

aridm
fmmmama,um;w aricost, v
defleis, md-l interstitiis transversim ukdu
nrd'wud-kmwvbm%

Nearly related to Fusus lamellosus and F. Magellanicus, and
pparently connecting the two.

Pruvia misraxs—PL IV. fig. 61.

Pyrula testd ficiformi, tenuiusculd, apird brevissimd obtusd,

tibus .,.,.ﬁ‘}f, wltimo mmo,’“Mm striato, et «mutﬁ‘:,
carinid 11—13,  dittantibus, nonnudlis - intersttialibus minis
dlecatia: long. 185 lat, 1:3, pol.

A yory clegant spcesof true Tyruleysomevhat resembling
ecilia (u tertingy fose) n gonera] appearance, but diferd
Trom  that pecion 1n its proportiont, being much wider in com-
parison with its length, and having a much shorter spi

Navidad, Ohile,

@ The
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STRUTHIOLARIA 0RNATA.—PL IV. fig. 62.
l‘d ovatd, ‘acuminato, nj lau,
e ofractibus

' ulwmdu-bu-pvmlglu,zhmu
;:ta)mdumﬁ- suturd profundd : long. 07; lat. 045,

i Thia i the ouly fosl specos of this raro gonus T avo ever

8 I varity aro found in  looso clayey sand
mma o dOrbigny entertains soms doubt
about this being a Struthiolaria.

Santa Cruz and Sen Julian, Patagonia.

TRrroY vERRUCUL0SUS.—PL IV, ﬁg. 63.

costis tribus subobsoletis tuberculiferis, tuberculis coste posti
majorius, reliuiarum is : varicibua validis, trits
Jeris: long. 16; lat. 105, poll.

Thia may bo disinguished from Zriton letcostona (Ralla
leucostoma, Lam.), to which recent species it is most nearly
related, by the paucity of tubereles forming the posterior
well a8 by the ‘strongly tuberculated varioes, and by its being
destitute of the pits which are so distinet behind the vrices in that
species.

Navidad, Ohile.

Tarmox tEvcostoMoroms.—PL. IV. fig. 64,
Triton testi ovato-oblongi, spird obtuad ; anfractibus senis, sub-
+ varicibus
subv-irregularibus, rotundatis, transversim sulcatis.
Lo T speces reseubles Triton leucoston (Ranela, lecostoma,
Lam.) more nearly than any other species : it diffors, however, in
the fillowing patimlary, viz, n s gonoral form, which i moro
oblong;; in its longitudinal i are smaller and more
numerous, wnd extend nurl{ e oo length of each volution;
whereas in 7. ey are little more than clongated
o= ‘of th whorls.
Huafo Tsland, coast of Chile.
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Oassis Moxtrer.—PL. 1V, fig. 65.
Cassis testd , tronmersion tameter striatd, wpird
tiusculd, an senis, witimo gibboto, serio unicd tuber-
’nd-‘d' labio externo_tenuiusoulo,
Mmmlau labio columellari ezpanso, laeci : long. 1°5; lat. 11,

A socond row of small tuberclos may be observed occasionally.
T know of no-species to which this is nearly related.

Navidad, Ohile.

Moxoczros AxpreTs.—PL IV. figs. 06, 07.

Monoceros testd subglobosd, crassivaculd, leviusculd, siraliter obsolet?
e-um, ,.ma ‘magnd, labio mm"m incrassato,

nghlpu!mm condition; considered by

M. 0 closel

AL dOrimy us ymﬂw,mmwm
Coquimbo, Chile.

Gastroroaci—Norm Gents,
T hiave thought it Sy o dosignato this singola shell by

a new generic name,
its union vkh

Deshayce, under the names of Buecinum Tiara wnd B. fissuratum.
One shell rosembles this somewhat in form, but in other respects
s vory different, and this has been placed with the Buccina in
Wood's ‘ Suppt., and with the Fusi by Gray, The characters by

1 From yaompltion,

* This s gy ours i by which Swainson has designatod. the
Buceinum plumbeum of Ohunmls and which hos boen adopted by
ey ovhlaly apbcaabl sed akueed, boanse employ
an mag/nnv qﬁy iy o Ouii, whieh dov ot it

o genus is nearly relat

s De-h-yu. Coqm fossiles des-environs do Paris,’ tom, ii. pp-

655, 636
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hich. this be known and distinguished from its
w e genus may be known and B
Testd ventricond, subglobosd, spird fractitus powicd ad
m-n‘p;-u -:Z postico
-,m;-u-hu,rg'm ldwmpdndmr—dn,
antich tenuiore, dente brevi, sulco dorsali idoneo, prope anticam

,mmmunm&umllmmo,w,wapu

Gastumroe Osea—PL IV. figs, 05, 00
Gaatridiun testt copaformi, levigatd, antich pivalitir auleatd, labii
g K hege bl waa lat. 17, pol.

Navidad, Chile.

TEREbRA cosTRILATA.—PL V. figs, 70, 71,
Terebra testd turritd, leviuscula, anfractibus medio tumidisculi,
lined impressi obsoletd mm-, coselli numerosis longitu-
dinalibus, elevatis ; aperturd columellique lavibus.
The number of volutions and the proportions cannot be given,
for there is only o single fragment of thi spocies.
Navidad, Chile.

TrrEbEA UNDULIPERA—PL TV. figs. 72, 78,
Tﬂ'sbm testd clongato-turritd, lavm.wln lincolis undulatis
g':‘tn, mmbu, toctd ;  anf
tumidiaculis, lined impressi Ma, ‘medio
aperturd subrhomboided, columelld

Thero are only two it is cbvioust
e L e S
tions.

Navidad, Chile,

Vorvra Trreiears—PL IV. fig. 74,

Voluta testd elongato-oblongd, spird al(mudtl, m.fm«ma senis
apiraliter confertim _striatis, ad suturas  adpressis, deinde
tub-;hh'l, Lubereulis in costas antic wa’emmmp' ‘aperturd
oblongd, longitudinem spire e ; columelld triplicatd, plicis
nbhqun:mbagukha Tong: 395

ies is placed among the mw.., hnelun the
ar upper $lda on the colamalla’ o retber Snaller £
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anteror; it nu.rl_y roembls in goneral o

arance
Desh,,
mnhnbla ﬁmn bof.h by um cucummncu of the 'z'ﬁm Mda on n.e
ella being very nearly equal in es, w]

m o above mentionad the posterior folds. sbe more ey
all very much smaller than the anterior: moreover, the posterior

part of tho volutions i not, adpressed in either of thoss species,

and the proportions are also different.

Navidad, Chile,

Vorvra aura—PL IV. fig. 75.

is only one very remarkablo
whu:hthau!enmpﬁ mmpmthnmpm g
Tip or of the canal js to be seen, ly the
il el e Gy The species is nearer
o V. Magellanica, than to any other known species ; it
owover, ‘csily ia ished from that species by the
e species, but considered
dp&'umuaxﬁme.

Navidad, Ohile; Santa Cruz, Patagonia #

Orrva pooiara,—PL IV, figs. 76, 77.
Dlwahdﬂabhgo—a acuminatd, obtuso ; M
e i o i o, 1
plicis quingue obliquis, posticd majori: long. 017; lat.
087, pol.
This spocies varies in its proportions; it differs from all other
spocies with

recent or fossil with which T am acquainted, in the remark-
able circumstance of its having  broad band of enamel covering
o mbmioe I the last volution sbovo or bakind the
columellar is disti 1 rior of
o solution by a very ana il me Aol
ngitudinal line: wth, the on the
i mmmcl s species
a gene o et species.

Darwin Online
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mmm:mmx—mn.ng.x.
Dentalium test tereti, rectiusculd, sulcis longitudinalibus numerosis,
interstitiis rotundatis : bqu uo , poll.

w to o very size,
furunl ‘ nlnnnmhnml md ’”Kﬂ‘
inch in width ot its smaller extremity, and nx-unt)u nhn inch at

it lar whi n s tickest part he hel e s 018 of an
Navidad, Ohile,

Destanroy surcosve—Pl, 1L fig. 2,
Dentalivan testd tereti, rectiusculd, costellis longitudinalibus
elevatisculis, subdistantibus 19, interatitis planwatis.
roportions cannot be given; for there is only one frag-
‘ment, e ] two pieces par e P
by the sandstone in which it occurs.
Navidad, Chile.

Dextauro aasvs.—PL IL fig. 5.
Dentalium testd tereti, rsdnaadd, costis longitudinalibus 24, alternis
‘majoribus, interstitiis rotundatis.

The proportions of this species cannot be given, because there
are ouly some fragments; it_appears to be oue of the larger
ios of the g.nn.bpmw reaching the dimensions of
. sezangulare of Deshayes, tab. 8, fig. 4. It differs from that

Species in the cirumstance of ita pever having un.lr six
it dil D. of Desh hich mi-u

m
elsewhere proved not to be the D). ey Linneus) in
being less rapidly attenuated, and in being straighter.

Huafo Island, coast of Chile.

Baraxvs vARIANs—PL IL figs, 4, 5, 6.

Bulanws tott Lavibus, nownunguam
acuminatis ; valod basali

i mma. o sy
ry romarkable as well as o veryhnrhbla specion

Its p;nmx aven aro sometimes smooth, only
of growth, and obbade Fadiating vike;
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tho specics belonge to that section of the gomus which has
acuminated and solid parietal valves. But the most variablo part,
in form, is the basal valve. Itis to be observed that in most, it
not in all, the species of this genus which have been brought from
S0 Eoutharn. Hauiapbars, 15, theubase. thas. hectense f
whenever any accidental ‘circumstance causes the shell to be
elongated ; whereas in the clongated and clavate varicties of our
common species, it is the parietal valves that are lengthened and
st th bl Thus, with espect o he present epcie, we fnd

¢ when any number of individuals are placed close together
when very young, as they increase they form  group, of Which
the basal valves grow up ide by side and bocome tubular, without
the parietal valves changing in form hence in_some spec

San Julian, Patagoni.
Baraxvs Coqunomsss—PLL 1L fig. 7.
Balanus testii valvia Levilus, nonmunquam vadiatim
sriatis mm% angustiordbus ; apicibus eubtruncatis
aperturd parvuld.

A remarkable fact is observable in the k;“ both from

separated by calcareo
e, very in‘gulnofhdad, ut v::icmud{d, hne\'el:t::lle’,
answer the purpose of supporting the of the animal in
‘z_hu tube, 0 as 1o cnable’ the ‘animal o, continue Hts vital
functions.

Coquinibo, Chile.

A Tha Camplete Waork of Charles Darwin Online
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DESCRIPTIONS OF SECONDARY FOSSIL SHELLS
FROM SOUTH AMERICA.

Br Provsssor E. FORBES, F.RS, &e. &e.

Navrms vOrmraxTANTSE—PL V. fig. 1. (a) 1. (3).
el cenricoss (probbly smooth nd dightly umbiiated?). Mouth
¢ veniform. Black rounded. e
tmm$ andnmrto,tluunb\lmu on the back they are very

‘This specimer roct. 'nurmnrmmmben
munblnthltm:ry Soverbyanus,  species described
mmm ‘general form more
noarly resem} Lmym du-mmhorurpeau
also from the Craie

Uonenpeion,vhih

Haxrrss mamior—G. B, Sowerhy.

e lia
dwmhwm“m%

tho langost Haite T have son; it i nearly eyindrcal
mdltshrpltﬂmhris?}mh«,ih smallor being 24 " Th
e of which is much larger thin tho other,

T e Gy o e et of tha tov
extremities. The specimens havo been lost
to England, and so cannot be

Prnxa Asmrreaxa—PL V. figs. 4, 5, 6,
Shell lancelate? ventricose, carinated, compressed in_ the cardinal
region, m,mmwww,mmm
sution o the two valves is triangular and son
The sulcations qmwmmmmw
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The =
e of the sl cpper o heve bon comomirial,

The specimen consists of the cardinal and ical portions of
Copiapo, Ohile.
Astanre Danwix—PL V. figs, 22, 23,
Mb-ﬂyuwle, compresel, merked. wi recher dikenty
regular “concentric ridges; the interstices broad concentri-
uﬂylnm aulalwmm-iyquaybn-l;
Mﬁ,lﬁ;m“;l&*mu'fﬂm.
Oopinpo, Chile.

Gryrices Danwrstt—PL V. fig. 7.

Lower valses very tumid, elongat laterally compressed,
pob oyt oy s e  its surface undu-
m""’”m“‘-““""u},,.* e Rl

or concare,
Length, 3%; breadth, 2; from summit of beak to

Gueins Nov, Sp. P—PL V. figs. 8, 9.
Lower valce not very convex, rugged, angulated ; upper vales concave,
orbicular, furrowed with deep concentric sulcations.  Apparently
a young -pm
Length, 113 breadth, 21 thickness % of an inch,
Gopiapo, Gl
Lversa Axzmioasa.—PL V. fig. 24.
Sl arbicar, much dorewed e surface. yough, with sharp, ro-
yular ted, ditant, conceniric :Zm wentyfive on
interstices are A‘rul ly.
Inyﬂ, 183 bm-u, the same ; thickness, % of an inch.
In shape this species resembles the recent Lucina radula.
Tquique, Southern Peru.
58
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Luvorsa mxcENTRICA—G. B. Sowrrsy, PL V. fig. 1.
Testd wbamh, lesitr inaquivaly lovi, unbone adinco, pouicd
ad marginem inferam »
] valed, minis profundo tn alterd: long. w
Tat, 15 alt. 3 poll.

Like Zucina Childreni, the two valves are hat
WLt o the right e the o, nln is the 1.3::
 gosterioe domal griovs is nearer the
in, Zucina Prunsleanic, and. the wholo i
orbcular. The proset spcios may ba'regarded os nhhquo!y o]

Port Famine, Tierra del Fuego.

Serrrerr Onruesss.—Pl. V. figs 15, 16.

| Shell suborbicular, tumid. Dorsal valve deper than the ventral;
cardinal area_ shorter than_the transverse diameter of the valve,

Mmm.mmafﬂum the one much more tumid
than the other.

Dimensions of largest y 155 breadth of
cardinal line, 1,~:f;MaFm1 le, 1‘,, ventral er{
Linch; thickness of valves, 1§ of an

Thie shell, newly soumbls soveral casboniforus limestono
fers, It is also related to some liawsic species, s Spirifer

Cordillera of Guaseo, Chile.

Server LxeurFERomEs —Pl. V. figs. 17, 18,

Shell M, surface smooth, undulated towards the mar-
are also a few
u-rly equal.
esial, furrow of idarplon e shallote, o
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lmtmlldgﬁmd a:uulaark:'::unlndgnofw vertral. Area
cadth, T3 length nearly the samo; thickness, 1 of an

ma

cox Spiifer Linguifr of Philips (u carbniferous lime-
o foml), but probably distinct B

Rio Claro, Valley of Goqrumbo, Ohile.

TemmsraTvLA 1CA.—PL V. figs. 19, 20.
Shell orbicular, face obsoletely striated concentrically ;
the ﬁmu’f? o . phoce g,

ing more towards

margin. D::'-u ‘alve most. conver. al margin ob-
solutely bisinuated, in young specimens slightly truncate,
Beak of dorsal i and , obtusely

ness, 1 tnch.
Tquique, Southern Peru.

Darwin Online
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BEL, M., on calcarcous casts
a.o.p.uonanop.m
‘Aich on o pew variey of feidsar,

Acosta on un unhqu.n-wm, 472
A

Ag;nm- on clovation of Imperial,
Albatross, driven from St. Helena,
103

Albemarle Tsland, 117
Albite at _the Galay

07
Amolanas, Las, 550
Amygdaloidal colls, half flled, 3
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