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PREFACE. 

'rilE present volume completes the Geology of the Voyage 
of' the Beagle: the first part was on the Structure and Dis~ 
tribution or Coral Reefs; the second part contained descrip
tions of the Volcanic Islands visited during the expedition, 
together with a brief notice on the Geolo¥"y of the Cape of 
Good Hope aud of pal'ts of Australia; this third and last 
part treats exclusively of South America, and contains all the 
geological observations, worth publishing, which I was en
abled to make, with the exception of three papcrs,-one on 
Erratic Boulders, in the sixth volume of the Geological 
Transactions; the second on the Connection of Volcanic 
Phenomena, in the fifth volume of the same work; and the 
third on the Geology of the Falkland Islands, in the tllird 
volume of the Journal of the Geological Society; in the 
latter volume there is a separate notice by Messrs. Morris 
and Sharpe on the palreozOlc fossils of the Falkland Islands. 

As the sum of one thousand pounds, most liberally 
granted by the Lords Commissioners of Her Majesty's 
Treasury, together with a furtller sum advanced by Messrs. 
Smith, Elder & Co. and myself, has been expended in the 
united publication of the Zoology and Geology of the Voy
age of the Beagle, no other systematic volumes will appear. 
Hence it may be convenient here to give a brief list of tbe 
works already published. The Zoology consists of five 
volumes, on Fossil :Mammalia, on J,jving Mammalia, Birds, 
Reptiles, and Fish,-respectivel~ tIle works of Professor 
Owen, Mr. 'Vaterhouse, 1\11'. Gould, Mr. Bell, and the 
Rcv. L. Jenyns. The Plants collected in South America 
have been described by Dr. J. D. Hooker, in bis great and 
admirable Flora Antarctica, and thQse from the Galapagos 
Archipelago in a separate memoir in the Linucan Trans
actions: some other parts of the collection have been treated 
of by the Rev. Professor Henslow, and Rev. J. Berkeley, in 
separate papers. 1\Ir. Bell has undertaken the Crustacea, 
and Mr. White, of the British Museum, the Arachnidre: 
several papers by Messrs. ' Vaterhollse, ' Valker, and New
man, on Insects, have already appeared, and others, I hope, 
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will follow. I have myself published a few notices on some 
of the invertebrate animals observed duting the voyage; and 
I intend that more shall soon foUow. Lastly, in my J ournal 
I have endeavoured to give a sketch of the natural history 
of the various countries visited; alld Captain FitzRoy has 
given a full and exeellellt account of the whole voyage. . 

I cannot allow this last opportunity to pass, without agam 

~c~;:~v~~1:i~g '~;;l g;f:r~eo~\~~:ti~n~a~~~l\~:a::~a~i:~r~~;~ 
hoard, and that I was permitted (through the kindness of 
Captain Beaufort, the Hydrographer) to volunteer my ser
vices. To Captain FitzRoy, and to all the Officers of the 
Beagle, I must evel' feel most grateful for the undeviatillg 
kindness with which I was treated during our long voyage 
of five years. For aid in my geological collections. I must 
more particularly return my sincere thanks to Mr. (now 
Captain) 'Stokes, to Lieutellant (now Captaill) Sulivan, to 
Mr. Kent, and to Mr. King. 

In the preparatioll of the present volume I have received 
assistance from several Ilaturalists. Professor l\Iiller of 
Cambridge has aided me in the determination of many 
minerals: through the kindlless of Sir H. D e la Beche, .!\:Ir. 
Trenham Reeks, of the Museum of Economic Geology, Ims, 
in the most obliginO' manner, analysed for me some salts and 
other substances. ')11'. G. B. Sowerby has kindly undertaken 
the description of my collection of fossi l-shells. 1\1. Alcide 
d'OrbigIlY, in his great work on South America, ha\' ing pub
lished descriptions of many fossil mollusca, I took the liberty 
of writing to him to request that he would be so good as to 
look through my collection, and to this request he acceded 
in the most obliging m'\nller: hence every species, with 1\1. 
d'Orbigny's name attached to it, has been identified by him. 
Not only did 1\1. d'Orbigny render me th is important ser
vice, but, as will be apparent in the course of this work, he 
has favoured me with his opinion on the age of the several 
groups of fossils, and 0 11 the distinctness and affinities of 
many of the species: cOllsider:ing that I had no claim on 
1\1. d'Orbigny's time, I cannot express too strongly my sense 
of his extreme kindness. Lastly, I must return my cordial 
thanks to Professor E. F orbes, who, in the midst of his 
numerous avocations, has found time carefully to examine 
and describe the Secondary Fossil Mollusca ii'om the Cor
dillera of Chile. 

SI:J'l'EMBI:II, 18 16. 
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CHAPTER J. 

ON THE ELEVATION OF THE EASTERN COAST OF SOUTH AMERICA. 

Upr~istd SII t lll of La Plato-Ballia Blanca, Saqd .dun el and Pumic~ ·p~MltI_ 
Slep4'ormed Pla;~ ' of Pala!l0~ia, with upraiud Shell,-Terr~ce_bounde(l 
Valley of Santa CTu:, fo",," I!! 0 Sea-rlrail- Upraired Shell, of 1'itrra 
dd P,J.fg~_lAnglh and hreadth qf the t levaled area-Equahility of lil t 
movemenl" u .110"-" hy the limi/ar Aeigld, of Ih e p!aill.-Slowne" of the 
elefJalory procell-~fode of formation of Ihe , tel'4'ormcd piailil-SUmmar!l
Great Shingle Forma/ion qf Patagonia,. ii, e~lffll, origin, alld di,lrihulion 
-Formation qfua-clijf •. 

IN the following volume whicll treats· of the geology of South 
America, and almost exclusively of the parts southward of thc Tropic 
of Capricorn, I hal·e arranged the chapters according to the :lgc of tllO 
deposits, Q{:l.:lIsionally departing from this ordcr, for tile sake of geo
graphical simplicity. 

The elevation of the land within the recent period, and tile Illodi
Sl.:ations of its surfal.:e through the action of the sea (to which subjeds 
1 paid particular attentiou) will be first discussed; I will then pass on 
to the tertiary deposits, and afterwards to the older rol.:ks. Only 
those districts and sections will be deserib('d in detail, which appear to 
me to deserve sonle )Jarticular attention; and I will, at the end of each 
chapter, give a summary of the results. 'VI' will I.:ommence with tile 
proofs of the IlpIJea\·al of the eastern CO:lst of the continent, fwm the 
Rio Plata southward; :lnd in the sel.:ond dmpter, follow up the same 
suLjcet along the shores of Chile and P eru. 

1HSd~!~~~:oItl~~r\~U~a~: Sl~ tllll:a~~~t :s:~~;: ;:I:~~i,n~~o h~l~~;h n~~; 
generally eontailling fresh water, a bed of muddy clay., six feet in 
thickllesl!, with numerous shells of species still existing III the Plata, 
namely, the Azara labiata, d'Orbig_, fragments of Mytiius edlliij()I"mis, 
d·Oruig., Pallldes(rina l sabcllei, d'O.ruig., .and the S~l~n f!aJ"ibm./is, 
Lam., whil.:h last was embedded ,·crt leally m the posItion 111 \\"111dl 
it had lived. These shells lie at the height of only two feet abo'·(1 
the lake, nor would they bav(I been wurth mentioning, exeept in con_ 
llexioll with analogous facts. 

At Monte VidCQ, I noticed near tlle town, and along the base of 
tl le monnt, bL>(iS of a living l\1ytillls, rai~ed SOllIe feet ;lbuI'1.: the . 
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surface of the rlata: iu a similnr bcd, at a Jwigllt from tllirt.een to 
sixteen feet, 1\1. I sabelle collected cight species, which, nccordmg !o 
M. d'Orbigny,- now live at the mouth of the estuary. At Coloma 
del Sacra mien to, furth er westwa.rd, 1 observed at the height of about 
fift een feet above the river, there of quite fresh water, a small bed of 
the same lI>lytilus, which lives ill brackish water at Monte Video. 
Near the mouth of Uruguay, and for at least tllirty-five miles nortll
ward, there are at intervals large sandy tr:lets, extending several miles 
from the banks of the river, but not raised much above its level, 
abounding with small bivalves, which occur in suel, numbers, that at 
the Agraciado, tlHly are sifted and burnt for lime. Those ~\'hieh I 
examiuNI lIear the A. S. Juan were much worn: tlLeyeonsLsted of 
Afactra ls«bdlei, d'Orbig., mingled with few of Velll($ $iJllWs«, Lam., 
hath inlmbiting, as 1 am informed by M. d'Orbigny, br:lckish water 
at the mouth of the Plata, nearly or q"it.e as salt as the open sea. 
The loose sand, ill which these shells arc 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 t an analogous phenomenon 
on a greater scalI.', ncar San P l'dro on the river Parana, where he 
found widely extended beds and hillocks of sand, with "ast numbers 
of tiLe A ,,(lm l(~~iuta, at the hl.'ight of nearly 100 feet (English) 
above the surface of that river. Thc Azam inhabits brackish watcr, 
and is \lot 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 I sidro, there are extellsi\"e 
beds, as I am informed by Sir 'Yoodhine ParisI,,: of the Azura labia/a, 
lying at abont forty feet above the le,'el of the river, and distant 
between two and three miles from it. These shells are always found 
on the higllest banks in tl,e district: they are embedded in a stra_ 
tified earthy mass, precisely like that of the great Pampean dcposit 
llereafter to be described. In one collection of these shells, there 
were some valvcs of the Ve1lus sinuos(f, Lam., the same species fvund 
with the lIIactm on the banks of tile Uru~uay, South of Buenos 

~?:f:l; S::~lr t:I\~~,:d~ee~~'C:t~lb::id~~h~: ~:~~\~fsl::t~aC:::;tt~~~lli~ 
crystalline matter; and Sir 'Yo Parish has given me from thc banks 
o! the Arroyo del Tristan, situated in this same Ilcighbourhood, at the 
dlsb.ncc of abo\'e a leaguc from the Pl:!ta, a specimen of a pale
reddLsh, ca1careo··argillaceous stone (precisely like parts of the Pam
pean deposit, the importance of which fact will be referred to in a 
succecd~ng ~hapter), abounding with al,elJs of an Azara, milch worn, 
but Willel~ III ~encra.1 form and a.~pearance closely resemble, aud are 
probably tdeultcal wLth, the A. lal)[alo. Besides these shells, cellular 
l,ighly crystalline rock, forLlled of the casts of small Lival\'CS is found 
near Ensenada; aud likewise. beds of sea-shells, which from their 
appearance appear to ha\'c lam 011 the surface. Sir 'Y. Parish has 

• Voyage dans I' ADlhique i\lo"id. Port. G~olo{;. p. 21. 
t Mm>. 1'. 4.1. 
t I.lueno. Ayres, &c., by Sir Woodbine Parish, p. 168. 
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given mo lome of these sllells , and M. d'Orbigny pronounces them 
to he, 

1. Uuetin""o~ glob~losum , d'orbig' l 4. ('ylher",. (impedeCI) . 
'2. Oh •• neI11lrla aUricularia , uo. 5. MaCIf. h a1J.ellei , d·Orbi&,. 
3. V" nUI flezuola, L~m. G. O"re. puelch.n3, do. 

ne~ides these, Sir W. Parish procurooo (a3 n:!.mOO hy U r. G. D. 
SowerLy) tile fu\lowi ng shells:-

~: ~;~lutn ~~~ra~!~i". I 9. Buccinum (1101 "pec'). 

All these species (with, pcrlmps, the exccption of tho last) a re 
recent, a.nd li\'e on the South Amnicn" coast. Tbese shcll·beds 
extcnd from one league to six leag ul's from the Plata, and mnst l ie 
lnany f'}Ct abo\'e its le .... e1. I heard, a.l!o, of bed3 of shells on the 
Somborombon , and on the Rio Salado, at which latter pl:.ce, as M. 
d'Orbigtly informs me, the Mactra ilabtllei and VtIIUt tillUOlQ are 
found. 

During tile ele .... ation of the Pro" inCe9 of L'\ Plata, the waters of 
the anciellt estuary ha,'c but little afrected (with the execption of tile 
sand-hills on the hanks of the PlIrana and Uruguay) the outline of 
the land. M. ParchapPP,t howc\'cr, has described groups of ~and
IlulicS scattered o\'er the wide- extent of the P1I.I1P1l.S southward of 
BUI'IlOS Ayres, which III. d'Orbigny attributes with much prob1l.b ility 
to the actiOI1 of the sea, before the plains were raised abo~e iLs IC\'eLt 

&)!fl//lcard of tIM P laia :-the coast as far as Dahia Blanen (in 
lat. 30° S,) is formed either of 3 Ilorizoptni range of clift's, or of 
immense aC(!nmulations of sand.dupcs. " ' it"ip Dahia. Blanca, a 
small piece of table. land, about twellty feet abo\'e high-water mark, 
called Punta Alta., is fonllcd of strat.'\ of cemented graH'1 and of red 
earthy mud, abounding with 8hdl~ (with others Iyillg loose 011 tliu 

* Bueno. Ayrel. &c .. by Sir W. PaTi~ll, p. 168. 
t O·Orbig~y · . Voyage, G~olog, .I" 44. 
1 B~fore proceeding 10 Ihe dl~trlcls IOull" .... rd of La I'lala, il may be ... orlh 

.. lnl,e lUi! ' 0 ita te . 11l3t there " some, ~.iue~ce, Iha! Ihe ,coast of Bru,l hu 
I'H,I' cil'''teu ill a omall RmOynto( elev~"on. il lr. U".chell'D(orms me. lbat htl 
coll ec l~d "I S" ~I 05 (lat . 24° S.) oy&ler_shelle, Rl'l'a~lJlly recent, BOme mile. from 
Ihe Ihore, "nol qui le above tbe tidal Mction. Westwaru of Rio de J~ne iro, Cap •. 
• :lliot i~ ,,"en ed ( ... 9 Harlan. Med. I nu Phye, Rei" p. 35, anol Dr. Meig. , 
ill l'!'11Ilo . Amer. Phil. 800.) 10 hue fou,"\ 1o ym.~ bone. , e~crUSled ... i11o U3 -

. bell~, het"'een fifteen ~nd twenty feet above the level of Ibe sea. Bel .. ~e ll 
Rio de J an~ i ro and Cape Fri:>, I c..osud nndy Intcla aboundi~g wilh "" •. ,bello, 
ftl the dislln~e of a league from Ihe cout; hut ... ·hethe r Ihne " Icl. hne been 
rormed by uploe .... l, Or Ih.ough Ibe me.e Itcumul.lioll or drift land, I 1m .... 1 
pre l' .. ed to luerl. At B.hi. (II', 13° S.) , in SOme ~.tts near . the «lUI, Ihe ra 

:l::r~~r:-.~~:,e~~.~~oo~ 3;at.~:.b;!~:a:~.&1:f"~d.e~, s!~~:t':.,:t :!~ p:~~~!!e:.:~; 
wil]' nume,oy. recenl shells, raised. lillIe abon the lea· level . I m.y add, thot 
At tl"'1 bud of l3ahia bay there is II formalion. abou t (orly feet in Ihickneu. cOlltain_ 
ing le . liary ".hell. a~l',arellt!y of fre$h_wnler. origin, now ,,·asbed hy Ibe .ea and 
encru l led w1\h Balm.: I~," ap)Jear~ 10 incl,cale R . mall nmO.nnt of ,ubsi~lc n ce 
auhlequen! 10 il s depus.illon . At P ernambuco ,<1"1, 8° ~.). In tile allu","l ~r 
terti"y ell!l'~, surrounding Ihe low lond on w)"eb the ell)' st~nds. I lookeol III 
"ain for organic ,emain" or Olher tI.idence of change. in lHeJ. 

, 2 
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ELEVATION OF BAmA BLANCA. [CUM'. I. 

surface}, and the bones of edinct mammifers. These shells, twenty 
in number, together with a Balanus and two corals, :l:re all recent 
epecies, still inhabiting the neighbouring seas. They WIll be en~me
rated in the Fourth Chapter, when describing the Pampean formatlOll ; 
five of them are identical witll the upraised ones from neaf Buenos 
Ayres. The northern shore of Ballia Blanca is, in main part, formed of 
immense sand-dunes, resting 011 gravel with recent shells, and ranging 
in lines parallel to the shore. These ranges arc separated from each 
other by flat spaces, composed of stiff impure red clay, in whicl l, at 
the distance of about two miles from the coast, I found by digging, a 
few minute fragments of sea-shells. The sand-dunes extend several 
miles inland, and stand on a plain, which slopes up to a height of 
between oue and two hundred feet. Numerous, small, well rounded 
pehbles of pumice lie seattered both on the plain and s:md.hillocke: 
at lUonte H emlOSo, on the Hat summit or a clift", I found many 
of them at a height of 120 feet (angular measurement) above the 
level of the sea. These pUlnice pebbles, no doubt, were origina.lly 
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 hrings down, pumice, aDd as the River Chupat brings 
down scorire: when once delivered at the mouth of a river, they would 
naturally have travelled along the coasts, and been cast up, during the 
ele\'ation of the land, at different height,,;. The origin of the argil~ 
laceou9 fiats, which separate the parallel ranges of sand-dunes, seems 
due to the lides here having a wndcncy (as I belie\'o they llave on 
most shoal, proteocted coasts) to throw up a bar parallel to the shore, 
and at some distance from it: this bar gradually becomes larger, 
affordin)!; a base for the accumulation of sand-dunes, and the shallow 
!!'pace within, then becomes silwd up with mud. The repetition of this 
process, without any elevation of the land, would form a level plnin 
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 tbo northern shore of Bahia Blanca. I did not obscrve any 
shells in this nfighbourhood at a greater height than twenty feet; 
and therefore the age of the sea-drifted pebbles of pumice, now 
standing at the height of 120 feet, must remain uncertain. 

The main plain sllrroundillg Bahia Blanca, I estimated at from 
200 to aoo fCtlt; it insensibly rises towards the distant Sierra Ventana. 
There are in this neighbourhood some other and lower plains, but 
they do 1I0t ab\lt one at the foot of tho 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 Paludulrina aU~lralir, d'Orbig., 
which now lives in the bay. This low plain is bounded to H,e soutl" 
at the Cabeza del Buey, by the cliff-fonned margin of a wide plain 
of the Pampean formation, which I estimated at siltty feet in Ileight. 
On the summit of this clifi~ there is a range of high sand-dunes 
clttending several miles in an east and west line. 

Southward of Bahill. Blanca, the River Colorado Rows between 
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two plain~, apparently from thirty to forty feet iri I,eight. or thClle 
plains, the southern one slopes up to the foot of the great eandstone 

~:~~a ~f ~t:l~a~~~e~ e~:;~si~~d s:I:~a~Ot!~;C~lo~~do a~~~:t i~1 ae:~~~; 
£fty miles in width, betwccn the upper Cllcarpments. I state this, 
because on thll low plain at the foot of the northern escarpment, 
I crossed an immense accumulation of high sand-dunes, estimated by 
the Gauchos at 110 less than eight miles in breadth. These dunes 
rauge westward from the coast, wllich is twenly miles distant, to far 
inland, in lines parallel to the valley; they are separated from eaell 
other by argillaccous Aats, prcciscly like those on the northern shore 
of Bahia Blanca. At prescnt thcre is no source whcnce tllis immense 
accumulation of sand could proceed; but if, as I believe, thll upper 
escarpments once formed the shores of an estuary, in that case the 
sandstone formatioll of the Rivcr Negro would have afforded an 
inuhaustihle supply of sand, wh ich would naturally have accumu
lated on the northern shore, as on every part of the coast open to the 
south winds between Bahia Blanca and Buenos Ayres. 

At San Bias (40° 40' S.), a little south of the mouth of the 
Colorado, 1\1. d'Otbigny" fOllnd fomteen species of existing shells 
(~ix of thclll identical with those from Bahia Blanca) embedded in 
their natural positions. From the zonll of depth which these shells 
are known to inhabit, they must have heen UI)liftcd thirty-two fcct. 
H e also found, at from fifteen to twenty feet above this bed, the 
remains of an ancient beach . 

Ten miles southward, but) 20 miles to the west, at Port S. A nto
nio, the Officers employed on the survey assured me, that they ~aw 
many old sea-shells strewed on the surface of the ground, similar to 

!11;~::;0~71~so~0~t~:ri l;a~!:r~~ ~~: CS:~~ °to l~~:~~~~itfou~: ~~\~O~l~ 
gravel, which caps an old tertiary formatloll, an irregular bed and 
hillocks of sand, sevcral feet in tllickness, abounding with shells of 
P atella deaurila Mytilus MagellulIiclU, yet retaining much of its 
colour; FU8U8 Magellanieus, (and a "ariety or the same) and a largll 
Balanus (probably B. T ltlipa), all now found on this coast: I esti-

~~~t:~a.thi;,o~~c a~.~~~~a:t~r :hi;nba~,utl~:: i~c~t p~~~~tt~~~~:dl ~! 
between 200 and 300 feet in Ileigl,t: this plain seems, from many 
measurements, to be a continuation of the sandstone platform of the 
River Negro. The next place southward, where I landed, was at P ort 
Dcsire, 340 miles distant ; but from the intermediate districts I 
rceeived, through the kindness of the offi cers of the survey, especially 
from Lieut. Stokes and Mr. King, many specimens and sketches, quite 
sufficient to show the general unifornli ty of thll whole line of coast. 
I may here state, that the whole of Patagonia consists of a tertiary for
mation rtsting on and sometimes surrounding hills of porphyry and 
quartz; th ll surface is worn into many wide valleys and i~to level 
step. formcd plains, rising one aboye another, all capped by lJTegula.r 

,.. "oyag~, &c. p. 54. 

The Compl ete Work of Charl es Darw in Online 



[ellAr. I. 

beds of gravel, chieRy composed of porphyritic fQ{lks. This gra\'el 
formation will be separately describE'd at the end of the chapter .. 

My object in giving tI,e following measurements of the plallls, as 
taken by the officers of the suney, is, as will hereafter be seen, to 
show the remarkable equability of the recent elevatory movements. 
Round the southern parts of Nue,'O Gulf, as far as ti,e River Chupat, 
(seventy miles southward of San J O!l€f) there appear to be se,'cral 
plains, of which the best defmed are llere represented. 

NO}. I.-SECTION OP lITEP'PORMED PLAINS SOUTH OP I<UEVO GULP. 

N.B._An.1\!. al,.,,,ys st"nd~ for angular ,!r trigonometrical measurement. 
Ba.1\! . barometrical measuremellt. 
Est. eatimation by tbe Officers of tbe 9uney. 

The upper plain is here well defined (called Table Hills); its edge 
(orlllS a cliff or line of escarpment many miles in length, projecting 
o\'er a lower plain. The lowest plain corresponds with that at San 
Josef with the recent shells on its surface. llctween this 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 gi"en in the diagram . 

Near the north headland of the great Day of St. George (100 miles 
south of the Chupat), two well marked plains of 2.1)0 and 330 feet 
were measured: these are said to sweep ronnd a great part of the 
Bay. At its south headland, 120 miles distant from the north Ilead. 
land, the 2~0 feet plain was again measured . In the middle of the 
DilY, a lligher pb.io was fOllnd at two neighbouring places (Tilli 
Roads allli C. r.larqu{'I;) to be 580 fcet in height. Above this 
plain, towards the iuterior, Mr. Stokes informs me that there were 
several other step-fonned ))Iains, the \.ighest of which was estimaU·d 
at 1200 feet, and was seen ranging at appareutly the same heigllt fo r 
] 50 miles northward. All these plains have been worn into great 
valleys and mnch denuded. The following section i" illustrative of 
the general structure of the great Bay of St. George. At the south 

No. 2.-SECTION OP PL4ll'IS IN TilE n.\Y OP ST. 

1200 feel Ell. 

~c- .......... ~ SSOy.M. : 

Le •• Lor .... S<.le l~oftn<hto 100 t •• tutti • • l . ~~ 
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he~dla~d of the Ba~ of St. George (n~ar C. Three P oints) the 250 
plaIn IS very exWns\\'c. At P ort DesIre (f<lTty miles southward) I 
made several measurements with the uarometer of a plain, which ex
tcn~s alon.g the north side of the ,Port and along the open coast, and 
whIch Yanes from 245 to 255 feet III IlOight: this plain abuts against 
the foot of a higher plain of 330 feet, wh ich eltt.euds also, far north_ 
ward along the coast, and likewise into the interior. In the distance 
a higher inland platform was scen, of which I do not know the height. 
In three separate plnees, I observed the cliff of the 245·255 fe~ t 
I)laiu, fringed by a terrace or narrow plain estimated at about 100 feet 
ill height. These plains are represented ill the following scetion;-

No. 3._ SECTlON 01' P L"INS AT PORT DE S IRE. 

i~ ~~t . 
~i Q3~~ ;~~ i:~ 

~ 
Scol. ,~ of inoh to 100 r""t .-enical. 

In many plaCell, oven at tho distance of tllrcc and four miles from 
the eoa~t, I found on tho gravel-cappetl surface of the 2oj.5-255 fCl't, 
and of the 330 feet I)lain, shells of JJlylilu$ 11Iagellatlicu$, M. duli$, 
P atella dealtrita, and another Patella, t oo muc1, worn to be identified, 
but apparently similar to onc found abundantly adhering to the 
leaves of tho kelp. Tbese species are tlu~ commonest 1I0W living 
Oil this coast. The shells all appeared very old, the blue of thc 
mussels was much faded; and only traces of colour could be pcreeil'ed 
in the Pat.ellas, of which the outer snrfaccs were scaling off. They 
lay scattcreol on the slllooth surface of tbe gravel, but abounded most 
in certain patches, especially at the heads of the smaller valleys; they 
generally contained sand iu their insidell ; and I presnme that tlley 
hal ~ been washed by alluvial action out of thin sandy layers, traces 
of which may sometimes be seen covering tllO gravel. The sel'eral 
plains hal'o very !el-cl surfaces ; but all arc scooped ont by numorous, 
broad, winding, flat· bottomed valleys, in which, judging fr om the 
ullsh()s, streams nevor flow. These remarks on the state of the shells, 
lmol 0 0 the nature of the plains, apply to the following cases, so need 
not be repeated. 

Southward of Port D esire, the plains have been greatly denuded, 
with only small pieces of table-land marking their former extension. 
But opposite Bird Island, two considerahle step-formed plains wer(! 
measllred, and found respcctively to be 350 and 590 feet in heigbt. 
This latter plain extends along the coast close to P ort St. Julian ( II 0 

m ile~ south of P ort Desire); whero we h:.vo the following section:-
1\'0. 4._SECTiON OF P LAIl<S AT PORT S. JULUN. 

g LI __ ,-\_~-,---~ -c-: --c -~-~~~,--"'_."'~M'~=: =if= 
Soale 1~ Qflnolt to 100 f •• 1 " ."ieol. 
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Tho lowest pbin was estimated at ninety feet : it is remarkablo 
from the usual gr(wel-bed l>eing ileeply worn into hollows, which arc 
fi lled 111' with, tHi well as the general surface eo,-ered by, sandy and 
rwdish earthy matter: in onc of the hollows thus filled up, the 
skeleton of the Macrauehenia Pataehoniea, as will hereafter be de
~cribed, W(&8 embedded. On the surface and in the upper parts of 
tillS e:..rtllY mass, there were numerous shells of Afytilu$ Magelial/iell' 
and M. cdulis, Palella deaurita, and fragments of other species. Tilis 
plain is tolerably level, but not extensive: it forms a promontory 
se\'en or eight miles long, and three or four wide. The upper plains 
in tho flbovodi:lgram, ~,-eremeas\lred by tho offieers of the survey; they 
were all capl>OO by Huck beds of grt\\'eJ, and were all more or less de
nuded: the 950 Illain consists merely of separate, truncated, gra\'el
c:l.pJled hills, two of whidl, by measurement, were found to differ only 
th ree feet. The 430 feet Illain elCtends, apparently with hardly a break, 
to ncar the northern entrance of the Rio 8la, Cruz (fifty miles to the 
soul1,); but it was therc found to be ouly 330 feet. in height. 

On the southern side of the mouth of the 8ta, Cruz we have the 
following sectiun, which I am able to give with more detail than in 
the forep;oing cases. 

rlo_ {i,-SECTION op PLAlYS AT TilE 1I0UTn OP TilE R I O SAYTA CRUZ, 

,-_-==='---_~'___;!~ ~ t ~~ 

~LI __ ~~~~~~ __ '--·-. __ --&-l---.-. 
& .... Q of Inch .<> 100 tHo .. "1<10.1, 

The plain marked 355 feet (:I.! a!certained by thc barometer and 
by angular measurement) is a continuation of tile abo\'e mentioned 
:>30 fcet plain: it extends in aN. \V. direction along the southeTli 
sl,ore8 of the estuary. It is capped by gr:wcl, which in most parts 
ia covered by a thin bed of sandy earth, and is scooped out by many 
flat-~ott?lUed valleys. It app!:ar~ to the eye quite level, but in pro
ceedlllg !II a S. S, \V, course. towards an escarpment distant ahout 
silC miles, and !ikewise ran~ing n:cmSl:l the conntry in aN. \Y. line, it 
was_found to rIse at first lllsenslbly. and then for the last half mile, 
scllslbly, cl05~ np, to the b~ of ~he escarpment: at this point it 
was 4fi3 feet m heIght, showmrr a n sc of 108 feet in the six miles. 
On th~8 355 to 4G3 feet ,Plain, i round sc\'eral shell!, of My!ilill Ma
gelll.llllclfl and of a Mytllus, which Mr. Sowerby lIIforms me i:l yet 
unnal1Led, though well known as recent on this coast; Patella dMfl_ 

"ita; Ji'U'UI, 1 believe, JJfagclh",iclI' , bllt tlJC specimen has bt.-ell 
lost; and fit the distance of four miles from the coast, at the height 
of flhol1t 400 feet, thcre wero fragments of the same Patella and of a 
Volnto. (npparently V, allcilla) partially embed?ed in the superfici:11 
sal1dyearth. All th~se shells, I,md the S:1.111C anCient appearance witIL 
those frOI11 the foregomg localitieS. As the tides along this IJart of 
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tIle coast rise at the Syzygal period for ty feet, and therefore form a 
well-marked beach-line, I particularly looked out for ridges in cross
ing this plain, whicl" as we have seen, rises 108 fed in about 
six miles, but I could not see any traces of snch. The next highest 
plain is 7 10 feet above the sea; it is very narrow, but level, and is 
eapped with gravel; it abuts to the foot of the 840 fed plain. This 
sUlllmit-pb.iu extends us far as the eye ean range, both inland along 
the southern side of tIle valley of the S. Cruz, and southward aloJlg 
the Atlantic. 

TIle 'Calley C!f the R. San/a Orltz.-This mlley mus in an east 
aJld west direction to the Cordillera, a distance of about ICO miles. 
It cuts through the great Patagonian tertiary formation, including, ill 
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 \'flSt bo:rulder formation.* In as
cending the ,-alley, the plain which at the mouth on the southern 

~~~I:! ~~;tl~:~ l~:~~: !~ :a~ ~~l!i::~e!~;~:~~stl~~~~:e~ik~nj:~gs~!~~~ 
of a former estuary, larger than the existing one: the es<:arpments, 
also, of the 840 feet summit_plain (with a corresponding northeru 
one, which is met with some way up the valley), appear like tho 
shores of a still larger estuary. Further Ull the "alley, the sides arc 
bounded throughout its entire length by level, gra\-e!-cappcd terraces, 
rising abo\'c each other in steps. The width between the upper 
escarpments is on an average bt!tween seven and ten miles; in ono 
spot, however, where cutting through the basaltic lava, it was only ouo 
mile and a half. Between the esearpmcnts of the seeond l,ighest 
te rraee, the average width is abont fOUf or five miles. The bottom 
of the vallt'y, at the distance of 110 miles from its mouth, begins 
sensibly to expand, nnd 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 ftet in depth. I here found, at a point 140 
Illiles from the Atlantic, and seventy miles from the nearest creek of 
the Pacific, at the height of 410 feet, a very old and WOlll shell of 
P atella deaurita . Lower down t11e valley, 105 miles from the At
lantic (Long. 7 1° W.), and at an elevation of abont 300 feet, I also 
found, in the bed of the river, two nluch WOlll and broken shells of 
the Voluta ancilla, still retaining traces of thei r colours; and one of 
the Patella deaul'ita. It appeared that these shells had been washed 
from the baoks into the river: considering the distance from the sea, 
the desert and absolutely unfrequcnted character of the country, and 
the very ancient appearance of the shells (exactly like thoso found 
on the plains nearer the coast), there is, I thiuk, no cause to suspect 
that they could have been brought here by Indians. 

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

* I Ilave described this formation in a paper io thl> Geologiul Transactions, 
vol. vi. p. 415. 

The Complete Work of Charles Darw in Online 



10 VALLEY OF SANTA CRUZ. [CllAP. I. 

worn, Ind witll Dlany sa.nd-dunes on it like those 011 a. sea.-eoast. At 
the highest point t~ which we asecnded.. it. was silt~n mile!! wide in 
a north and lIOuth hnc; and forty-five miles In length In aneastand west 
line. It is bordered by the esc:'npments, onc above the other, of two 
Iliains, which diverge liS they approacll the Cordillera., and couscqUC?tly 
resemble, at two lewIs, theshorcs of great bays facing the mOllut:uns; 
and the!e mount:lins are breached in front of the lower plain by a 
remarkable gap. Tho valley, therefore, of the Santa Cruz consi",t,s of 
a str:;ight broad cut, nbout ninety miles in length, bordered by 
gra\'cl-eapped terraces a.nd pbins, the escarpments of which at both 
ends dh'erge or expand, onc over the other, af'Wr the manner of the 
shores of great bays. Bearing in mind tllis peculiar form of the 
I:md.,-tbe S3.nd-duncg on the pla.in at the he:t.d of tilo valley-the 
gap in the Cordillera in front of it.-the presence in twO places of 
'\'ery ancient sl.ells of existing species- and lastly, thc circnmstance 
of the 355 to 453 feet pl:iin, with the lIumcrous marine romains 011 

its Surf20CC, sweeping from the Atlantic coast, far lip the \'allcy, I think 
we must aJmit, that witbin the recent period. the course of thc Santa 
Cruz formed a se:l.-strait intersccting the continent. At thi~ period , 
the soutl,ern part of South America consisted of :m archipelago of 
islands 360 miles in a N . and S. line. " re ~hall presently S~>I,l, that 
two other Straib also, since closed, then Cllt through TielT3 del Fuf'g'o : 
I may add that OIle of them 'Dust at that time IH1\'e exp.:mded at the 
foot of the Cordillera into a great bay (now Otway Water) like that 
",I,ieh formcr ly covered thc 440 feet plain at the head of the Santa Cruz. 

I have said that the valley in its whole course is bordered by 
gravel-<:apped plains. The following se<:tion, supposed to be drawn 
in aN. and S. line across the valley, can scarcely be considered as 
more than illustmti\'c: fO f during our hurried ascent it was im
possible to measure all the plains at any olle place. A t a point 

No.6.-NORT1I Al<n SOUTB SECTIO:OC ACIIO&ll TIIIlI TF.RRAC£! nOUlI'Dfll'G 

TilE VALLET 01' TlII! R. s. canl:, HIGII UP I TII eO[lasl'!.. 

Ls~ 
unit. 8CIIIft. ~r. _Of ~f1. 1MlIiIn.. 

Hi • • ,. 

nearly midway between the Cordillera and t be Atlantic, I fOllnd the 
plain (A . north ) 1122 feet above the rivcl; all the lower plains on 
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this side werc Ilcre united into one great broken elitf: at a Iloint 
sixteen miles lower down the stream, I found by measurement and 
estimation that B (n) was 86[) above the riyer: very Ilear to w!Jere 
A (11) was measured, C (n) was G30 above the S3me level: the 
terrace D (n) was Ilowhere measured; the lowest E (n) was in 
many plaees about twenty feet aboye the ri\'er. Thesll plains or 
terraces were best de"elo}led, where the valley was widest; thc wl,ole 
five, like gigantie steps, OCiOurrcd together only at a fcw points. 
The lower terraees are less continuous than the higl,er ones, and 
appear to be entirely lost in the upper third. of the ,·rllley. Terrace 
C ($), however, was tmce(! continuously for a great distance. The 
terrace B (It) at a point fifty-five miles from the mouth of the river, 
was lour miles in width; higher up the valley this terrace (or at 
least ti,e $ecolld highest Olle, for I eould 110t always trace it con
tinuously) was about eight miles wide. This second plain was 
gencrally wider than the lower ones,-as indeed follows from tlle 
, 'alley from A (11) to A ($), being generally nearly double the 
width of from B (1/) to B (g). Low down the valley, the summit
)llain A (8) is contillllouS \\"i,h the 840 fLoct plain Oil the coast, but it 
is soon lost or nnites with tl,e escarpment of B ($) . The corres
ponding plain A (n), on the north side of the \'alley, appears to range 
continuously from tl,e Cordillera to the head of the present estuary 
of the S. Cruz, whero it trends llorthward townrds l'ort S. Julian. 
Near tIle Cordillera the summit· plain on both sides of tl,e valley is 
betwcen 3200 ami 3300 feet in I,eight; at 100 miles from the 
Atlalltie, it is 141 G feet, and Oil the coast 840 fee t, all abO"e tlH~ sca
beach; so that in a distance of 100 miles the plain r ises 576 feet, and 
much more rapidly near to the Cordillera. The lower terraces Band C 
al~o appear to rise as they run up the valley; thus D (II), measured 
at two points twellty·four miles apart, was found to IJave risen 185 
feet. From several reasons I suspcct, that this gradual inclillation of 
the plains up tile "alley, hns hccll cI,iefly caused by the elevation 
of tho eontincllt in mass, baving been the grea.ter tIle ne3JfJr to the 
Cordillera. 

All tl,e terraces are capped with well-rounded gravel , wllich 
rests either Oil the delluded alld sometimes furrowed surface of the 
soft tertiary deposits, or on tl'e basaltic lava. The difl"e rcnoo in 
Ileight between somo of the lower stcps or tcrraces; seems to be 
entirely owing to a difference in the thickness of the capping gral·el. 
Furrows and inequal ities in the gravel, where such occur, are filled 
up and smoothed over with sandy earth. The pebbles, especially on 
the higher plains, arc often white-wa~hed, and oven cemented 
together by a. white aluminous substallce; alld I occru;ionally found 
this to be tho case with the gravel on tile terrace D. I could not 
pcrceive any trace of a similar deposition on the pebbles now th rown 
lip hy the river, alld therefore I do not think that terrace D was 
rivcr_formed_ As the terrace E gcnerally stands about twenty feet 
abovc the bed of UJC river, Illy first impression was to doubt whether 
even this lowest olle could hare been so formed; but it slJOuld always 
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be borne in mind, that the horizontal upheaval of a district,' by ill
creasing the tota l descent of the stn.lams, will always tend to 1I1crcasc, 
first Ilcal the SC3-coast and then further and flutiLer up the valley. 
their corroding and deepening powers; so that an al1uv.ia\ plain, . for~led 
almost on a level with a stream, will, after an elevation of tillS kill? 
in time be cut through, aud left standing at a height llever agam 
to be reached by the water. With respect to the three upper terraces 
of the S. Cruz, I think there call he 110 doubt, that they were modelled 
by the sea, when the "alley was occupied hy a Strait, in the same 
manner, (hereafter to be discussed) as the greater, step-formed, shell
strewed plains along the const of Patagonia. 

To return to the shores of the Atlantic: the 8+0 feet plain, at the 
mouth of tile Santa Cruz, is seen extending horizontally far to tl ,o 
south; and I am informed by the officers of the survey, that bending 
round the head of Coy Inlet, (sixty-five miles southward) it trends 
inland. Outliers of apparently the same height are seen forty miles 
fu rther south, inland of the ri\-er Gallegos; and a plain comes down 
to Cape Gregory (thirty-five miles southward), in the S trai t of .Ma
gellan, which was estimated at between 800 and 1000 feet in height, 
and which , rising towards the interior, is capped by the boulder 
formation. South of the Strait of Magellan, there are large outlying 
masses of apparently the same gre-at table-land, extending at intervals 
along the eastern coast of Tierm. del Fuego: at two places here, 110 
miles apart, this plain was found to he 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 
r iver Gallegos. From this point to the Strait of Magellan, and on 
cach side of that Strait, the country has been much denuded and is 
less level. It consists chiefly of the boulder formation, which rises to 
a height of between J 50 and 250 feet, and is often capped by beds 
of gravel. At N. S. Gracia on the north side of the Inner Nar_ 
rows of the Strait of Magellan, I found on the summit of a cliff, 
160 feet in height, ~hell~ of existing Patellre aud Mytili, scattered on 
the surface and partiallyelllbedded in earth . On the eastern coast, 
also, or Tierra del Fuego, in la titude 530 20' S., I found many 
Mytili on some level land, estimated at 200 feet in height. An
teriOf to the elevation attested by these shells, it is evident by tho 
present form of the land, and by the distribution of the great erratic 
boulders" on tile surface, that two sea-channels connected the Strait 
of Magellan both with Sebastian Bay aud with Otway Water. 

COlzcludilz:J remark, on the recent elecation of the toulh-easterll 
C()ast, oj America, ana on tIle «<;liOll oj tlte lea on tIle land.-U p_ 
raised shells of species, still existing as the commonest kinds in the 
adjoining sea, occur, as we have seen, at heights of between a few feet 
and 410 feet, at intervals from latitude 330 40' to 530 20' South. 

* Geo1og. Tranuction., vol. vi. p. 419. 
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This is a distance of ] 180 ge<lgraphical miles,-about eqllal fronl 
London to the North Cape of Sweden. As the boulder formation, 
extends with nearly the same height 150 miles south of 530 20', 
the most southern point where I landed and found upraised shells; 
and as the level Pampas ranges many hundred miles northward 
of the point, where M. d'Orbigny found at the height of 100 feet 
beds of the Azura, the space in a north and south line, which has 
been uplifted within the recent period, must have been much above 
the 11 80 miles. By the term recent, I refer only to that period. 
'within wllich the now living mollue<:a were called into existence ; 
fo r it will he seen in the Fourth Chapter, tJlat both at B. Blanca and 
P. S. Julian, the mammiferous quadrupeds which co·existed with 
these shells belong to extinct species. I have said that tho upraised 
shells were found only at intervals on this line of coast, but tMs in 
all probability may he attributt.od to my not having landed at the 
intermediate points; for wherever I did land, with tho exception of 
the river Negro, shells were found: moreover, the shells are strewed 
on plains or te rraces, which, as we shall immediately see, extend fOI 
great distances with a uniform heiglit. I ascended the higllcr plains 
only in a fe ..... places, owing to the distance at which their e~carp. 
ments generally range from the coast, so that I am far from knowing 
that 410 feet is tho maximnm of elevation of these upraised remains. 
The shells are those now most abundant in a living state in the 
adjoining sea.· All of them have an ancient appearance; but some, 
especially the mllssds, 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, that it is preserl'ed when the 
shell itself is completely disintegratcd.t 1I10st of the shells are 
broken; I nowhere found two vah'es united; the fragments are not 
rounded, at least in nono of tho specimens ..... hich I brought home. 

With respect to the breadth of the upraised area in an east and 
west line, we know from the shells found at the inner Narrows of 
the Strait of Magellan, that the entire width of the plain, although 
there very narrow, has been elevated. It is probable that in this 
southernmost part of the continent, the movement has extended 

~::I~ I~~: ~~d ~:/:I~!ll':,r~l:e ~:n:: o}h~e.~i~:li~:veIsL:~s'n!~i~~f\: 
several competent observers, lying on the land at a considerable 
distance fronl the sea, and at the height of some hundred feet above 
it.t :Moreo\'er, we 1:oowtllat in T. del Fuego the boulder formation 
has been uplifted within the recent period, and a similar formation 

• Capt. King, Voyage. of Ad.enture and Beagle. vol. i. p, 6 and 133. 
t See .Mr. LyeJ!'s" Proofg nf a G .... du.al Rising in Swe~en . " in Ihe Philosoph. 

T ranssct. 10.:15, I'. 1. See abo Mr. Smith, of Jordan till!, in the Edill. New 
Phil. Journal, vol. xn. p. 393. 

l VOyBg~S of the Adventure and Beagle, vol. ii. p. 227. ADd DougaiuviUe's 
Voyage, tome J. p. 112. 
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occurs· on the north-western shores ( Brron Sound) of these islands . 
The distance from tllis point to the Cordillera of Tierra. del Fuego, 
is 3GO miles, which we lIItl.y take !IS the prob:lble width of tile 
recently upraised area. I n the latitude of the R. 8. Cruz, we know 
from the shells founq .''It the mouth aud he"d, and in the middle 
of the v."llley, that the entire wid th (about 1 GO miles) of the surface 
eastward of the CordiHcra has been upraised. From the slope of 
the plains, :1 9 shown by the course of the I'il'era, for scveral degrees 
northward of the S. Cruz, it is l)robahle that the elevation attested 
by tho shells on the coast has likewise extended to the Cordillera. 
Whell , however, we look ns far northward :I~ the provinces of La 
P l:at:a, this eondnsion would be very 113z:ardons; not onl y is tile 
dist:mee from Maldonado (where I found upraised shells) to the 
Cordillera gretl.t, namely. 760 miles, but at the head of the estuary 
of the Plllt~ a N .N .E. and 8.s." r. unge Iff tertiary volcanie rocks 
hM been oh.sen-ed,t which may well indicate an axis of elevation 
quite distinct from that of the Andes. Moreover, in the centre of 
the P:ampas in the chain of Cordol':a, 8Cvere earthqnakes have b~cn 
felt ;t whereas at Mendoza, at the e:astern foot of the Cordillera, only 
gentle oscillations, transmitt.cd from the 81,ore8 of tl,e P acific, have 
e"er been eXJlerienced . llenee tho elevation of the Pampas may he 

tr~':n t~h:e~~:~i~~st~I\~~I::~~n~ ~lll~I':~~~,tr~ ~fd tI::o P~~~a~t ~tlft~~ 
breadth of the area uplifted within tllO recent period. 

Not only hns the abave specified long range of coast been elevated 
withiu the recent period, hut I tlli nk it may 00 safely inferred from 
tho simillltity in height of the gmvel-capped plains at dist.."tnt points, 
that there hns been a remarkable degree of equability in the ele ,'atory 
process. I may premise, that when I measured the plains, it wa~ 
simply to Ilscerl:lin the heights at whicll shells occurred; aft.c rwards 
comparing thC3e measurements with some of those made during ti,e 
sUf\'ey, r was str~lck with their uniformity" :and accordin,(l'ly tabu
lated:all those whiCh represented tho sU'llIll1t-cdges of plains. The 
extension of the 330 to 355 f~t plai~ is ," cry striking, being found 
o\'er a space of 500 geograplncal nules III a north and south line . 

• I o"'e 'his {ar_t {O the kindncssof Cap!. Suliun, R. N., a highl,. competellt 
obseutr. I mentIon it mo.e egpecially, u in my Paper (p, 42,) 011 Ihe Boulder 
Formatio .. , 1 h~e. Bfler bavill::' e~.mined tbe northerll mild middle parts of the 
"""wn island. said thu tbe format,oo .... I.>e.e ,,'holly.buonl. 

t Thi, .. "Iea .. ,e fmmalioll will be deoc.ibe.J ,n Ch~pl .. r I V. It is not 
impfObabl~ thn the beigbt of the upnoi aet.i _hell. at tbe head of the ulna" of 
tbe PIUt, being j: ruler lhall tt Btbll. BItnea Or tt Sa .. DIu, ma,. be o"' lng to 
tbe ol,heanl of these_laUer placeo b"'"l.g beell conneded ... i,h tbe di,t& .. t hue 
of the Cor,III1",.,. •. wb,l" that of Ihe prOVIIICei of La Pitta was in co .. nection "'ith 
tI, e t djoining terl1 ar,.. ~o1canic uis. 

~ See Sir W, r&"8h'~ work on l.a PIMa, p. ~42. f or" 1I01ice of all earthquake 
whIch dr~ined a I~ke near Cordov., lee ~I.o l"e"'1"e'8 Travel. in I'er\] . Sir IV . 

~:;if~r~:~r;~t7::\y':~~:,~~:~.I,,~~Wa~:~n~t!~~~,aakne~ Tucnrnalt (north of Co.do~n) 
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A table of the measurements is here given. The angular measure_ 
ments and all tI,e estimations are by the Officers of the sUn'ey; the 
barometrical ol1e~ by myself. 

F~et. 
Gallegos Ri.er 10 Coy Inlet (partly angolar meaS. aDd pard.v estim.) .. 350 
South S1(le of Sailla Cruz (ang. and harOlD. Ill" ••. ) .•.......•....... 355 
N?l'lh side of do. . (aog. m.l .. • ............ 330 
Bord Island, plain opposite to (1IIlg. m.) ..•... ...... 350 

~~r~~~:~; ~:~~ ~~:~~ti;:'~~~l~~;DfQ~;~S!)b~:~~: ~.::: ........ ::: ~~g 
Table Land, soutb of New Bay (ang. m. ) ... 350 

A plain, varying from 2 <1- 5 to 25!. feet, seems to extend with mucll 
uniformity from P ort Desire to the north of St. George's Ikly, a 
distance of 170 miles; and some approximato measurements, also 
gi.ven in the fullowing table, iudicate the much greater extension of 
780 miles, 

Coy Inlel.' 110mb of (partly ang. m. and partly e8lim.) .. 
l 'ol't Oe~lI"fl (barolD. m.) 
C. Blaoco (ling. 01.) .. .................. ... . 
NorlL Promonlory of SI. George's Bay (ang. m.l 
Soutb of New Day (ang. m.) . 
Nortb ors. Josef (estim.) ..... 

Feel • 
. 200 to 300 

245 to 255 
.... 250 

. ...... 250 
• 200 10 220 

. .. 20010300 
20010220 -~~~fa ~~l!~~a (:s~:g~7·. ~.:: :. . •••.•••••.•.••.•••• 200 10 300 

The extension, moreover, of the 560 to 580, and of the 80 to 100 
feet, plains is remarkable, though somewhat less ob"iolls than in the 
former eases. n earing in mind that I have not picked these measure
ments alit of a series, but have used all those which represented the 
edges of plains, I think it scarcely possible that these coincidences in 
height should be accidellt:,l, " 'e must therefow conclude that the 
action, wllatc\'er it may I,a\'e been, Ly which these plains hal'e beeu 
modelled into their present forms, has been singularly uniforn). 

These plains or great tcrr.1ces, of which three and four often rise 
like steps oue behind the otlier, are formed by the denudation of the 
old Patagollian tertiary heds, and by the deposition on their surface!! 
of a Illass of well-rounded gravd, ,mrying, llear the coast , fr om ten 
to thirty.five feet in thickness, bll t increasing in thickness towards 
the interior. The gra"el is often capped by a thin irregular bed of 
sandy earth. The plains slore up, though seldom sensibly to the 
eye, from the summit-edge of one escarpment to tIle foot of the lIext 
highest Olle. 'Vi thin a distance or 150 miles, between Sallta Cru7. 
to P urt Desire, where the plains are particularly well developed, 
there arc at least seven stages or steps, one above the other. On 
tIle tI,ree lower ones, namely, thuse of 100 feet, 250 feet, and 350 

feet ill height, e.:dstina littoral slwlls are abundantly strewed, either 
on tIle surface or partially elllbedded in the slIperficial ~andy eartll. 
ny wimte"er ~ction these three lower plains lla"e been modelled, so 
undoubtedly have all the higher olles, up to a height of tl50 feet at 
S. J ulian, and of 1200 feet (by estimat~on). along St. George's Bay. 
1 think it will not be dislJUted , eousldcrtllg the preseDce of the 
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upraised marine slaells, that tho sea has been the acti\'c power during 
stages of some kind ill the elevatory process. . . 

We will now briefly consider this subje<:t: If we look at the eXls~
ing cOllst-line, the evidence of the great denuding power of the sea 19 

"cry distinct: for, from Cape St. Diego, in lat. 5"Q 30' to th~ mouth 
of the Rio Negro, in lat. 3 10 (a length of more than 800 miles), the 
shore is (ormt-cr, with singularly few exceptions, of bold and naked 
cliffs: in many places the cliffs are high; thus, soutl,l of th~ San~:\ 
Crm:, they are between 800 and 900 feet in height, With their hOri
zontal strata abruptly cut off, showing the immense mass of l~attcr 
which has been removed. Nearly this whole line of coast consists of 
a series of greater or lesser curves, the Iloms of which, aod likewise 
certain straight projecting portions, are formed of hard rocks; hence 
the concave parts are evidently the effcd and the measure of tIle de
nuding action on the softer strain. At the foot of all the cliffs, the 
sea shoals wry gradually far outwards; and thc bottom, fur a space 
of some miles, everywhere consist!! of gravel. I carefully examined 
the bed of the sea off the Santa Grll:r., and found tl13t its inclinatioll 
was exactly the same, both in amount and in its peculiar cun'ature, 
with that of the 355 feet plain at tlds same place. If, therefore, the 

~;t~rw;t~ ~=t~~ i~l!~d h~jeo~nfi~Efiff:.\h:~r~s 1~:we:~a~;~;~~t:I~~~~~~ 
be formed, with a gravel-capped plain at its foot gently sloping to the 
sea, and having an inclination like that of the existing 355 f~t plain. 
From the denuding tendeuey 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, slopiug 
terraces, rising one abOI'e another, like tbose fronting the shores of 
Patagonia. 

The chief difficulty (for there are other inconsiderable cnes) on this 
view, is the fact,-as far as I can trust two continuous lines of sound
iugs carefully taken betwccn Santa Cruz alld the Falkland Islands, 
and sel'erai scattered observations on this and other coasts,-that the 
pebbles at the bottom of the sea quickly and /'egularly decrease in 
siw with the increasing depth and distance from the shore, whereas 
i? the gravel on tl~c sloping ~lains, no such decrease in size wa~ percep
tible. The followmg table gives the average result of many soundings 
off the Santa Cruz:-

Under t,,·o miles from Ihe shore, mllny of the pehbles wer .. of large size 
mingled wilL ~om .. small ones. 

Deplh. 

3 10 4 miles from tbe shore. I I to 12 fatbom •• 

6 to 7 miles do. 17 to 19 do. 
10 to II miles do. 23 to 25 do. 

12 miles do. 30 to ~o do. 
22 to Ii){) miles do. 451065 do. 

Sile of Pebbl ... 

Aa. large as walnu t.!! ;. mingled 
III every cas.. w,th aome 
Bmallerones. 

As large a. Lazel nut •• 
From tLr~e to four tentb. of an 

inch in diameter. 
Two_tenth, of an i"cb. 
One.tentb of 811 inch, to tbe 

finest sand. 
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1 particu1n.rly attended to the si)';c of the pebbles on the 3.>5 feet 
Santa Cruz plain, and I noticed that un the snmmit-edge of the 
present sea-cliff",; many werc as large as half of [I. man-s llcad; and in 
crossing from thesc cliffs to the foot of the next highest cscarpmcnt, 
a distance of six milcs, I could not ousen-e any increase in their siw. 
\Ve shall presently sec that thc theory of a slow and almost insC"lI
sible risc of the land, will e:tplain all the facts connected with tile 
gravel-capped terraces, bettcr than the tlleory of sudden elevations 
of from onc to two hundred feet. 

M. d'Orbigny has argued, from the upraised sllens at San BIas being 
cmb~dded in the positions in which thcy lived, and from the valves of 
the A zara labiata high on the banks of the Parana being united and 
llnrolled, that the elcvation of Northern Patagonia and of I .. a Plata 
Illust ha\'e been sudden; for lie think~, if it lind heell gradual, these 
shells would all kwe been rolled 011 suct:cssi \'e bl':lcil-linf;'S. But in 
protected bay~, sllch as in that of Bahia Blanca, wherc\'er tIle sea is 
accuJllulatilig cxtcnsi,'e mud-hanks, or where the winds qnietly he-ap 
up sand-dunes, beds of shells migllt assuredly be presen'cd buried in 
the positions in which they had lived, even whilst tllC land rdain~d 
thc same le'·cl; any, thc smallest, amount of e!C\·ation would directly 
aid in their preservation. I saw a Ulultiturl.e of spots in Bahia Blanca, 
where this might have been effected; and at Maldonado it almost 
certainly has been effectcd. I n speaking of the el<lvation of the land 
having been slow, I do Dot wisl. to exclude the small starts which 
accompany earthquakes, as on the coast of Chile; and by snell mo\'e
lIIenta beds of shells might easily be uplifted, evcn in positions exposed 
to a heavy surf, without undergoing any attritiOIl: for iust:lnce, in 
1835, a rocky flat off the island of Santa .Maria was at one blow up
heaved above high-water mark, and was left co\'ered with gaping and 
putrefyiug mussel-shells, still attaclled to the bed on wllich they had 
livcd, If.M. d'Orbigny had bcen aware of thc many long parallel 
lines of sand-hillocks, with infinitely Ilumerous shells of the Maetra 
and Veuus, at a low leve! near the Uruguay; ifhe Imd seen at Ballia 
Blanca the immCllse sand-dunes, wi.th water-worn pebbles of pumice, 
ranging, in parallel lines, one behind the other up a height of at least 
120 fect; if he had seen the sand-dunes, with the countless Paludc
strinas, on the low plain ncar tile Fort at this J)lace, and that long 

~\~:t ~~n~l::g~r:~t t~tC~r' pS~;aWe[eS~il~I~S::~:~~~i~~~ l~il:fn ~:,~~~~~ 
standing at the Ileight of from forty to fifty feet above the Colorado, 
where sand could not now collect,-I caunot believe he would lJave 
thought that the elevation of this great dist rict had been sudden. 
Certainly the sand-dunes (especially wllcn abounding with shells), 
which stand in T:1llges at so many diffcrent levels, must all h:ne 
required long time for their aceulDulation; and hence I do not dOllLt 
that the last 100 feet of elevation of La Plata and Northern Patagonia 
has been uccedingly slow. 

If we extend this cOlleiusion to Ceutral and Southern Patagonia, 
the inclination of the suecessi\'cly rising gravd-eapprd plaills call be 

c 
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explained quite as well , as by tIle more obvious vie~v ~lready given 
of a few comp:natively great and sudden elevations; III either case, we 
must admit long periods of rest, during which the se~ ate deeply mto 
the land. Let us suppose the present coast to nsc at a nea~ly 
equable, slow ratc, yet sufficiently quick to prevent the waves q~lto 
removing each part as soon as br(mght up; il\ this case every POI:iOli 
of the present bed of the sea will successively form a beach-hne, 
nnd from bciug cxposeoJ. to a like action will be similarly affected. 
It cannot matter to what height the tides rise, even if to forty fcet as 
at Santa Cruz, for they will act with equal force rmd in like manner, 
on each successive line. Hence there is no difficulty in the fact of the 
355 feet plain at Santa Cruz, sloping lip 108 feet to the foot of 
the next highest escarpment, and yet having no marks of anyone 
particlliar beach-line on it; for the whole surface all this view has 
bC€n a beach . I canllot pretend to follow out the Vreeise action of 
the tid"l waves during a risc of the land, slow, yet sufficiently quick 
to VTe,'ent Of check denudation; but if it be analogous to wh"t talles 
place on protected parts of the present coast, where grill'el is now 
accumulating in brge qnantities,· an inclined surf"cc, thickly capped 
by well-rounded pebbles of about the same size would be ultimately 
left. On the gravcl now accumulating, the w:wes, aided by the 
wind, sometimes throw up a thin covering of sand, togetber with the 
common coast-shells. Shells thus cast up by gales, would, during an 
ele"atory period , never ag[lin be touched hy the sea. H ence, on this 
view of a slow and gradu"l ri~ing of the land, interrupted by veriods 
of rest and denudation, we can understand the pebbles being of about 
the same size ol'er tile entire width of the step-like plaius,-the occa
sional thin covcring of sandy carth ,- and the presence of broken, unrol
led fragments of those shells, which now live e:tclusivcly near the coast. 

Summary oj Rmdll.-lt 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 ill 
Soutl ,ern Patagonia, wi thin the period of existing shells, but not or 
existing lIlalll lllifers, That in La P lata, tLe clevation has been very 
slowly eftilcted: that in Patagonia the movement may hayc been by 
considerable staru>, but much more probably slow and quiet. In 
either case, there hal'e been long inten'ening periods of comparative 
rest, t during which the sea corroded deeply, as it is still corroding, 
into the land, That the pl;'riods of denudation and elel'ation 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, lip to a height of from 950 

,., On .the e~stern side of Chiloe, which island "'e ab311 see inlhe ne:<' chRpt<l r 
is now Tlsing,l observed that all the beaches and e%tenSlve lidal Oats were formed 
of sh ingle. 

t I s~y comparative ~nd not ohIo/ute. rest, because tbe sea acts, as We have 

~~,:~~gw~~h e'~~~:iodn~n~/:~~. r::t i~n e::~~si::~~~ 91~:~, (!u~o:ft ~o~~s: ~Ue;ia:;"'; 
.ub~"kllce oflhe land), It 18 'IUite pO~'lble Ihat Ionu of cliff migbt be form ed, 
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to 1,200 feet, lIas been sinlilarly modelled and affeded; that the area 
clevated, in tho southernmost part of the continent, extended in hreadth 
to the Cordillera, and probaLly se~-ward to tl.e Falklnnd Islands; 
that northward, in La Plata, the breadth is unknown, there hal'ing 
been prouably more than ono axis of elel'ation; ami finall y, tha t, 
anterior to the elel'ation alte~ted by these upraised shells, the land 
was divided by a Strait where the ril'e r Santa Cruz now fl ows, and 
th:'lt furtller southward there were othe r 8ea-str:l.its, sillce closed. I 
may add, that at Santa Cruz, in lat. 50° S., the plains have heen 
uplifted at lca~t 1,400 feet, since tIle period whell gigantic boulders 
were transported between sixty aud sevcuty miles from their parent 
rock, on Roating icebergs. 

Lastly, considering the great upward movemcnts which this long 
line of coast has undergone, and the proximity of its ~outhern half to 
the volcanic axis of the Cordillera, it is llighly remarkahle that in the 
many fine sections cxposed ill the Pampean, Patagonian tcrtiary, and 
Boulder formati ons, I nowhere observed the smallest fault or abrupt 
curvature in the shab. 

G)·arci jormat i(J1I oj Patagonia. 
I will here describe in more {\etail than has been as yet incidenblly 

done, the nature, origin, and extent of thc grcat sllillgle covering of 
Patagonia; but I do not mean to affirm thnt all of this sl lingle, 
especially that on the higher plains, belongs to thc recent pcriod. A 
thin bed of sandy earth, with small pebblcs of "ariou!! porphyries and 
of quartz, covering a low pbin on the north side of the R io Colorado, 
is the extreme northern limit of this formation. These little pebbles 
have probably been derived from the denudation of a more regtl1:'lr bed 
of gravel, capping the old te rtiary sandstone pbteau of the Rio 
Negro. The gravel-bed near the Rio Negro is, on an o,l"crage, abo_u/; 
ten or twelve feet in thiekness; and the pebbles are larger than on the 
northern side of the Colorado, be ing from one to two inches in 
diameter, and composed chiefly of rather dark·tiuted porphyrie~. 
Amongst them I here first noticed. ~ variety often to be referred to, 
namt:iy, a peculiar gallstone-yel.low SIliceous porphyry, frequently, but 
not invariably, containing gr:llns of quartz. The pebbles arc em
bedded in 0, white gritty calcareous matrix '-ery like mortar, some
timcs merely coating with a whitewash tllc separate stones, and 

'sometimes forming tho greatcr part of the mass. In one plaee I saw 
in the gra\'eI coneretiollary nodules (not rounded) of crystallized 
gypsum, some as large as a man·s head. I traced this bed for forty_ 
five miles inland, and was as£\ued that it extended f:l.r into the 
interior. As the surface of the calcareo-argillaccolls phin of Pam
pean formation, 011 the northt:rn side of the wide "alley of the 
Colorauo, stands at about the same height with the mortar-like 
cemented grawl capping the sand~tone 01.1. the southern side, it is 
probable, considering tile apparent equalHhty of the subtel"Tanean 
movements along this side of America, that th!s gravel of the Rio 
Negro and t110 upper uedsof the Pampean formatlOn northward of HIe 

" 
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Color~do. ~re of nearly cootempor:'lncous origin, and th~t the cal~ 
carCOliS matter has been derired from the same souree, 

Southward of the Rio Negro, tl,e cliffs along the great bay of 
S, Antonio arc capped with gravel: at San Joscf, I found that tho 
pebbles closely resembled those 011 the pbin of the Rio Negro, but 
th~t they were not cemented by calcareous matkr. Between San 
J osef ~nd Port Desire, I was assured by tI,e officers of ti,e sUfI'ey tl~at 
the whole face of the country is coated with gravel. At Po!"t Desne 
~nd over a sp~ce of twenty-five miles inbnd, on the three s tep.forl~lcd 
plains alld ill the ytllleys, I everywhere passed o\'er gravel. which, 
",11O)ro thickest, was between thirty and forty feet. Here, as m other 
1)IlrU of Pabgonia, the gravel, or it.s &andy cO\'ering, was, as we IlavC 
SCCIl, often strewed with recellt marine shells. The sandy covering sonic
times nils lip furrolVs ill the gravel, as docs the gr:Lvel in the ullder
Iyinl'l' tert iary formations. The pebbles arc frequently whitcwaslled 
and '"cwn cemented together by a peculiar, white, friable, aluminou~, 
fusible, subsunee, which I believc is decomposed fddspar. At Port 
Desire, the gravel rested sometimes on the basal formation of por
phyry, tlnd sometimes ou the upper or the lower denuded tertiary 
,.tr.'lt~ . It is f{'markable that most of the porphyritic pebbles ditter 
from those varieties of porphyry which occu r here abund:lIItly in situ. 
T he peculiar p;allstolle-ycllow v.'lrioty w~s common, but less numerous 
thnll at Port S. Julian, where it formed nearly oue· third of tllC luass 
of gravel; the remaining Ilart there cousisting of pale gray and grccnish 
porphyries with many crystals of feldspar. At P ort S. Julian, I 
ascended one of tbe !lat.-topped Ilills, the denuded remnant of tIle 
llighest plain, and found it, at the height of 950 feet , capped wilh 
the usual bed of gravel. 

Ncar the month of tlle Sanb Cru~ the bed of gravel on the 355 
fee ~ Illai", is from twcnty to about thi rty-6.,'e feet in thickness. The 
pebbles vary from minute ones to the size of a hen's egg, and C\'ell to 
that of half a man's head; they consist of paler \'atieties of Jlorllhyry 
than those found further northward, and there are fcwer of the gall. 
stone.yellow kind; pebbles of compact blaekoclay-slate werc llcre nrst 
OhSCHcd. Thl) gravel, as we 1I:I.ve scen, covers the step-formed pl~in9 
at the month, head, and on the eide8 of tho great valley of the Santa 
Crllz. A t a distance of 110 miles from tile coast, the plain has riscn 
to the Ileight of 1416 feet above the sc~; and the gra "el, with the 
assoeiatell great boulder fo rmation, has attained a thickness of 21 Z 

:ti,c ~!~ ~;a~~~ :tl~::~;~t~! t~' i~::ei~ei;:::lof~~~!.:~·~~~~ ~~°da3~g 
floct. In ascending the valley, the gravel l!,fJ.dually becomes culirely 
altered in ch~racter: high lip, we hal'e pebbles of crystalline feldsllathie 
rocks, comllact c1ay~slate. quartz05C schists and. pale-eoloured porphy_ 

;:~f.~c!h~~ rf':7\~' ~~~:i~~lato~~~b~:f~~1 e~:~c~~~nt~n;;~;:d;~o i~~~ttli"~ 
thi~k lH.'ss uf the old tertiary strata, arc the I)[e\'ailiug kinds in lhis 

!~~:~Il~! 0~'l1a~~:i~il~~~~: a :~c~1~~~B Il~l~n~;:~!\ rl~:;~ ;~e fel~:i~~'~I:\:lr~ l:fr 
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~~:s~~ddijl~n~e o:h!h~et~II::O~:JI~I~~vo 1~:rll:I~~: ~~ ~1~~II~Z::tl~e:; !::: 
8."luta Cruz, cannot have becn derin:d (with the exception of thuse of 
compact clay-slate, which, Ilowcver, mo.y equo.lly well have come 
from the south) from the Cordillera in this latitnde; but probably, in 
chief part, from fu rther north. 

Sonthward of the Santa Cruz, tll0 gravel may be seen continuously 
capping tiw great S·W feet lllo.in: at tho Rio Gallegos, where tllis 
plain is succeeded by a lower one, there is, as I am informed by Cap
tain Sulivan, an irregular covering of gravel from ten to twelve feet 
in thickness over tho wl,vle conntry. The district on each side of the 
Strait of Magellan is covered np eitller with gravel or the boulder 
formation: it was interesting to observe tho marked diffcrenec Le
tween the perfectly ronnded state of the pebbles in the great shingle 
formati on of Pata(>onia, and the Inore or less angulo.r fragments in the 
boulder formatio;' The pebble~ and fragments uear the Strait of 
Magellan, nearly all bclong to rocks known to oeenr in Fuegia. I 
was therefore mneh surprised in dredging south of the Strait to find, 
in lat. 510 10' south, lLlany pebbles of the gallstone-yellow siliceous 
porphyry; I procured others from a great depth off Staten island, 
and others wero brought me from the wcstern extremity of tho Falk
land Islands.* The distribntion of the pebbles of thi~ peculiar Jlor
phyry, which I venture to affirm is not fonnd in situ eithcr in Fnegia, 
the Falkland Islands, or on tue coast of Pata~onia, i~ very remarl.allle, 
for they are found o,'er a space of 840 miles in a north and south line, 
and at the Falklands, 300 miles eastward of the coast of Patagonia. 
Their occurrcnce in Fuegia and the Falklands may, howel'er, perhaps 
be due to the same ice-agency by which the boulders hal'e been there 
transportcd. 

We ua\·c secn that porphyritic pebbles of a small size arc first met 
with on tho northern side of the Rio Colorn.do, the bed bccoming well 
developed ncar the Rio Negro: from thi~ latter point I harc eyery 
reason to belieye that tho gravel elltcnds uninterruptedly over tht: 
plains and ,·alleys of P atagonia for at least G30 nantieal miles sonth
ward to the Rio Gallegos. From the slope of the plains, from the 
nature of the pebbles, from their extension at the Rio Negro far into 
the interior, and at the Santa. CnlZ close lip to the Cordillera, 1 think 
it loighly probable that the whole breadth of Patagonia is thns 
cO.I'ered. If so, the average widt~l of the bed lllust be ab~ut 200 
nnles. Ncar tl,e coast the gravel IS generally from ten to tlurty feet 
in thickness; and as in tlJC valley of Sauta Cruz it attains, at somc 
distance from tho Cordillera, a thickness of 214 feet, wc may, 1 tl liuk, 

* At my request, !\fr. K~nt collected for me a hag of pehbles from the ~ach 
of Wbite Rod: barbour, in tbe nortbern part of the sound, bel.wee~ tho two 
Falkland Islands. Out of these weH·rounded pebbles, vary ,ng In ,,~e hom a 
wal"ut to a hen's. egg, w;th some larger, Ihir~y .. e;ght evidently belonged to tbe 
roch of Ihese ISla".ds: tl~enty_s.ix were S1m1lar to tbe pebb.le$ of porphyry 
found on the J'atagoman phllns, wh~th rocks do. ~,ot exist In situ", the. Falklands; 
one pehble belonged to tbe peculIar yellow Olhceous porphyry: thlTt)· were of 
doubtful origin . 
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~af~ly aS~l1llle its (l\"er~ge thiclmess over the whole area of 630 by 200 
Illiles, at fifty feet! . . 

The t ransl'vrt:li and origin of this V:Ist bed of pebbles IS all m
teresting problem. }"rolll the ma?ll~r in wllic,h they c~p . the step
formed plains, worn by the sea wlthlll the period of CXlstlllg shells, 
their deposition, at least on tl,e plains lip to a height of 400 feet, 
must lHwe b~en a reCl'nt geological e,'cnt. From the form of the 
cOlltincnt, we may feel sure that they 1I:1\"c come from tl,e westward, 
probably, in chief part from the Cordillera , but, perhaps, parUy from 
unknown rocky ridges in tl,l' cen t ral districts of Patagonia. That the 
pebbles have not b~en tran-Ilorted by ri,'crs, (rom the interior towards 
the coast, we may conclude from the few ness and snmilness of the 
streams of Patagonia: moreover, in the case of the one great and 
rapid river of Santa Cruz., we have good cvidence that its transporting 
power is very trifling". This ril'cr is from 200 to 300 yards in 
width, about scveuteen fect deep in its middle, and JIIns with a sin
gubr degree of nuiformity five knots an hour, with no lakes and 
scarcely any still l'eacllcs ; ncvertheless, to gi\'e one instance of its 
sm~ll transporting power, npon careful examination, pebbles of com
pact basalt coulll not be found in the bed of the river at a greater 
disianee tl,an ten miles bclow tIle point where the stream rushes over 
the debris of the grea t hasaltic clill:s forming its shore, fmgmellts of 
the cellular \'arieties have been washed down twice or thrice as far. 
That the pebbl~ in Central and Northern Patagonia have not been 
transported by lee-ageIlCY, as seems to lI:\Ve bPen the case to a. con
siderable extent farther south, and likewise in the northern hem i
~phere, we lIlay conclude, from the absence of. all angular fragments 
m the gravel, and from the complete contrast III mauy other respects 
betwetHl the shingle and neighbouring boulder format ion, 

Looking to the gra"e\ on anyone of thc step-formed plains, I 
canuot doubt, from the several reasons assigned in this chapter, that 
it has been spread ont and levelled by tI,e long-continued :lction 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 :lctiou. Bnt how the whole lIlass of 
shingle on the coast-plains, has been transported from the mountains 
of tl.,e int~rior, is another and more difficult qu~stion •. TIle following 
censlderatlOns, however, show that thtl sea by Its ordmary action has 
considerable power ill distributing pebbles. A table has already been 
given, showiug how \'ery uniformly and gradually· the pebbles 

~ I may menlion, that a~ the dista nce of I.?O mil~s from the Pata<>oniao sbore 
I carefully examined the mlnut~.rou"ded p9r llclea !n the sand and "found tbem 
to be fu.,bl~ li!.:e the pOl"phy,,~s of the great shIngle hed. '1 could even dis. 
lingui.b part,c\ea of the. gall stone-yellow porphyry. It WaS interesting to notice 
bow s,aduelly the p~rucles of white ~uara Increased, as we approacbed the 
Falklend latands. whIch are tLu~ constItuted .. In the wh~l~ Jin~ of lIOundings 
between these "land. and the coast of Patagoma. dnd or hnng oT"8nic remains 
W~re most rare. On the. relations betwe<)ll the d~pth of wBter an"'d the "atn .... 

:ri~hC"~~~t~:.;.,~:;,:\~~~~g~\;~\~e o;,,~1~~:':~:~,: ~~ii~~e Channel, p. 4, 6, 17:>; 
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g7s~~e:::. inAsi:ri;:it!lf !::~s E~~ur~!~si::~\~;r~a~:cr::s~~:~ c~~~\~:s~~~ 
that the sea has the power of sifting and distributing the loose matter 
on its bottom . According to Mart in White,. the bed of tbc British 
e lmnnel is disturbed duriug gales at depths of sixty-three and sixty
seven fa thoms., and at thirty fathoms, shingle and fmgmcllts of SllC1l8 
are often deposited, afterwards to be carricd away again. Ground
swells, wbich arc believed to be cansed by distant gales, seem eSI)e
cially to aWed the bottom : at such t imes, according to Sir R. 
Schomburgk,t the sea to a great distance round the West Indiali 
Islands., at dcptbs from five to fifteen fathoms, becomes discoloured, 
and C\"CII the anchors of vessels ha.ve been moved. T here arc, how
ever, somc difficulties in uuderstallding how thc sea can transport 
pebbles lyiog nt the bottom, for, from experimeuts instituted on the 
power of n umiug water, it would appear that the currents of the sea 
have not sufficieut velocity to move stoucs of even moderate size: 
moreover, I have repeatedly found in the most exposed situations that 
the pebbles which lie nt the bottom are encrusled with full· grown 
living eorallines, furnished with the most delicnte, yet unbroken 
spines: for instance, in ten fathoms water off the mouth of the Santa 
Cruz, many pebble~, under IJaif an ineh in diameter, were thus coated 
with Fl ustraeeau zoophytes.! H ence we must conclude that these 
pelJbles arc not often violcntly disturbed : it should, however, be 
borne in mind that the growth of corallines is rapid . The vicw, ])fO

pounded by Prof. P layfair , will, I believe, explain this apparent diffi
cu!ty,-namely, that from the undulations of the sea tel/ding to lift 
up and down pebbles or other loose bodies at the bottom, such arc 
liable, WhCD thus quite or partially raised, to be moved e"en by a 
very small force, a little onwards. "'e can thus understand how 
oceanic or tidal currents of uo great strength, or that recoil mO\'e
ment of the bottom-water near the land, called by sailors the 
" undertow" (which I presume must cxtend out seaward as far as the 
breaking waves impel the surfM:e-watcr towards the beach), may gain 
the power during storms of siftiug aud distributing pebbles even of 

* Soundings in the Channel, pp. 4, 166. 1\1 . Si.u statn (Edin. New Pbi!. 
Jour, vol. lcui. p. 2~6) , that he found the ~ediment at 3. deptb of 188 metres, 
a~Tanged in rip»I"," of different de~rees o( fineness . There aTe SOme excellent 
d,scu8$,Ona on Ib,s and aHied subJects, in Si r H. De La Becbe', Tbeoreticil 
Researcbes. 

t Journal of Royal Geograpb. Soc. TO\. V. p. 'loS. It appears from Mr. Scott 
Russe!!'s investigations (see Mr. Mur"bisons Anniver. ,\r\dr~u G~olog. Soc. 
1843, p. 40), tbat in waveS of transhuion tbe Dlotlon of tbe particles of ... ·ater is 
neatly as great at the bottom as at Ihe top. 

t A pebble. one and 8 balr incb square alJd half an incb tbick, wn gi~eD me, 
dredged "I' from twenty_se"en f8!boms deptb off the western e:nd oftbe Falklan.d 

!~l::I!s',,:~e~~:;Ueg~ec(i ,~:e::tr:i~:¥ b~o:mI;li::~e ;r~~~;t c~ra;;~:~t ~it:~e ,!,;;~ 
many pebbles from depth. between forty aDd $eveDly fathoms tbus encrusted; 
One from tbe lntter deptb off Care 1I0rn. 
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considerable si:.o:c, :lnd yet without so "iotently disturbing til('m as to 
illjure the cncrnstiug corallillcs.· . ' . . 

The sea acts in another and distinct manuer l\l the dlsttibutlOll of 
Ilcbbles, namely by the waves on the beach. 1>lr. P almer,t in his 
excellent memoir on this subject, 1mB shown that ,oust masses of 
:;hingle travel with surprising quickness aloug lines of coast, accord· 
iug to the direction witl, which the wal'es break on the bca~h, and th~t 
this is determined by the prevailin~ direction of the ,,:mds.. ~l11S 
agt'llcy must be powerful in millghng together and dlsscmmatmg 
pcuLlcs deril'cd from dilfcrent sources ; we may, perhaps, thus under
staml the wide distribution of the gallstone-yellow porpl'yry; and 
likewise, perllllps, the ~rcat difference in the naturc of the pebbles at 
the mouth of the Santa Cruz from those in the same latitude at the 
head of the valley. 

I will !lot pretend to assign to these several and complicated 
:lgeneies their shares in the distribution of the Patagouian shingle ; 
but from the several considerat ions given in this chaptcr, and I may 
add, from thc frequency of a capping of gravel on t<'rtiary deposits ill 
:llll)arts of tll(~ world, as I bave myself observed and seen stated in the 
works of varions authors, I cannot doubt that the powcr of widely 
dispersing gra,"el is an ordinary contingent Oil the action of the sea; 
and that e\'en in the case of the great P atagonian shin,e;le-bed we I,ave 
110 occasion to C-'l.U in the aid of debacles. I at one time imagined 
that perhaps an imlllense accnlllui:ttion of shingle had originally been 
colleeled at the foot of the Cordi!lera ; and that this accumulation, 
when upraised above the lel'el of the sea, had he€n eaten into and 
parti[lUy sl)read out (as off the present line of coast); and that the 
Il(lwly_spread out bed had in its turn he€1l upraised, eaten into, and 
re-spread out; and so onwards, until the shingle, which was first 
[lccliulIllatctl in great thickness nt the foot of the Cordillera, llad 
reached ill tlliuucr bcd~ its present exteusion. By wh:lte\'er means 
the gravel formation of Patagonia may have been distributed, the 
vastness of its area, its tllickness, its superficial lJOsition, its recent 
origin, and tile great degree of similarity ill the nature of its I)ebbles, 

* I rna>: lake this opportunity of remarl<ing on a singular hut very common 
cl,aracler In the I?~~ of Ihe ~o\lom, In the creeh which deeply penetrate Ihe 
",estern shores of 1 ,erradd Fuego; namely, that (hey ore almos~ invariahly much 

:~~~~~:;rCr,~~:~m~os ~u:s:nfil:~al:td t:oe~:d~no:s~~' t~:'i~~y~~~:~' fa~~:':!~ Ct~~; :~ 
fifty. then '" ~j~ty , "lid a little furlher in 110 bottoll;), with 170 r"tho;"a. Tbe 
sealers are So familiar ,..ilh tbis fact, that they al~ays 1001< out for anchorage neRr 
the entrances of the creah .. See, also, on thIS sU~Jec(, tbe 'Voya(:e of the 
Ad--entuI;, aod Beagle,' VOl: 1. p. 375, Slid Applmdu:, p.313. This shoalnes. 
of th~ B~a _challne ls near thelT enttances, prohably resulta from lloe quantity of 
sad,o,e"t formed by lhe wear and tCRr of the oute r rocb exposed \0 th .. full force 
of the open s~a . 1 haoe no doubt that many lukes, for in.tance ;n Scotland 
whicb are "er}" .deep wlthlfl, .and Dre separated froo;' tbe sea apruroD!lyonly by 
a [mel of det ... t" •• we .... ongina])y sea-channels wIlh balli<s of this nature lIear 
llo uir lDo,, [h~, whICh ],a ... since heel> uplJU"ed 

t PholoSOJ'hical T,all'Rctions, 1834, I" ['76, 
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all appear to me well deserving tIle attention of geologists, ill relation 
to tho origin of tllC widely-spread beds of conglomerate belonging to 
]lust epochs. 

Forma/ion ofC1ifl$.-When "iewing the sea-worn cliffs of Pata
gonia, .in some parts between 800 and DOO feet ill height, and formed 
of hOfl1.ontat tertiary strata, which must once have extended far sea
ward,~or again, whell viewing the lofty clifts round many yolcallie 
islands, in which tile gentle inclinat ion of the lava-streams illdicates 
the former extension of the land, a .difficulty oftcn occurrcd to me, 
namely, how thc strata coutd possibly Imvc iJ.ccn removed by the 
action of the sea at a considerable depth beneath its surface. The 
following sectioll, which represents the general form of the land on the 
northern and leeward side of St. Helena (taken from l\Ir. Seal's large 
model and various mea~urements), and of the bottom of the adjoining 
sea (taken clliefl), from Captain Austin's survey and some old charts), 
will show the nature of this difficulty. 

No.7. SECTION 01' COAST CLiPPS A ND BOTT011 01' SE,\ , 01'1' TliE I SL,Il,n 

I llOOf""L 
kbQ'~ "' • • 

Bottom roeky 
oolytoadeplh o f 

ftv. or . 11 fath 

100 r •. ~~ r •. 

Vertital and horizontal scale , tl"l'O inches to a nautital mile. The poiot marJ.:ed 
1600 feet!" at the fOOL of lIigh Knoll; P?int marJ.:ed 510 feet i s on the edge of 
Ladde r I IlII. The s(no(a COIlSlst ofbasalttc 8lreams. 

If, a5 seems probable, the basaltic streams were originally prolonged 
with uearly thei r present inclination, they must, as shown by the dotted 
liue ill the section, once hal'e extended at lea.st to a point, now covered by 
the eea to 0. depth of nearty thi rty fathoms: but I have cvcry reason 
to believe they extended considerably further, for the inclin:l.tion of the 
streams is less ncar the coast than further inland. It sllould also be 
observed, that other sections on the coast of this island would Iml'e 
given far more striking results, but I had not the exact measurements; 
thus, on the windward side, the cliffs arc about 2000 feet in heigilt 
and 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 sur
face of the sea, been worn away 1 According to Capt:l.in Austin, the 
lJOttolll is nneven and rocky only to that "ery small distance from tile 
beach, within which the depth is from five to six fathom.s ; outside 
this line to a depth of abont 100 fathoms, the botton.l IS smooth, 
gcntly inclined, and formed of mud alld sand ; outHdc thc 100 
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fathoms, it plunges suddenly into unfatholnable depths, as is so very 
commonly the case on all coasts ,.-vh(ne sediment is accumulating. At 
greater depths than the five or six fathoms, it seems impossible, under 
existing circumstances, that the sea can both h:wc worn away. hard 
rock, in parts to a thickness of at least 150 feet, and have depOSIted a 
smootl, bed of fine sediment. Now, if we ilad allY reason to sup
pose that St. H elena had, during a long period. gone on slowly 
subsiding, every difficulty would be Tcmo\'ed : 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 fresll and tmimpaired 
"igour, whilst the rocky ledge near the beach would be carried down 
to that depth, :'It 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 aud allo\~ it to be 
smoothly covered up. But in the case of the many cliff-bounded 
islands, for instance in some of the Canary Islands and of J\hdtlira, 
round which the inclination of the strata shows tha.t the laud oncc c,;:
t tlnded far into the depths of tile sea, where there is no apparent 
means of hard rock being worn away,- are we to suppose that an these 
islands \,ave slowly subsided? ]l.1adcira, I may remark, has, accord
illg to 1\1r. Smitl} of Jordan_I,ill, subsided. Are we to extend this 
conclusion to the high, cliff-bound, horizontally-stratified shores of 
P atagon ia, off whicll, though the water is not deep evel} at the dis. 
tance of several miles, yet the smooth bottom of Ilebbles gradually 
decreasing in size witl, the increasing depth, and derived from a 
foreign source, seem to declare that the eea is I10W a depositing and 
not a corroding agent? I (1m much inclined to suspect, that we 
shall hereafter find in all such cases, that tho laud with the adjoin
ing bed of the sea has in truth subsided : the time will, I beliel"e, 
come, when geologists will consider it as improbable, that the land 
should have retained the s:~me level during a whole geological period, 
as th(l~ the atmosphere should have remaiued absolutely calm during 
all eutlre season. 
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CH APTER II. 

ON THE ELEVATION OF TilE WESTERN COAST OF SOUTH 
Ai\lE llICA. 

C~Qn08 ATchil! tl09Q-ChiIQ~, TeCtnt and gradual elnalifm of, traditioM of the 
inhabitant. on thi. ruhjtct-Cont·epcion , ~o rthquah atld elna/ion if-VAL_ 
.. .. nAlSO, great elevation if, "praiud dell., earth 'If marine ori5Jin, gradual 
Tire afthe land wilhin the hi,b"rical pl'Tiod-CoQIJIMIIO. elevation of in rectll t 
l imn , terrae .. of marine origin, th ei r inclination, their e8carpmenl' nol hori_ 
:outal- Guasco, grofJ~1 terrac .. 'If-Copiapo-PE Ru-Uprai"d dells of Co 
Mja, l quique, oud Arico-Lima, dell-bedl and ua_beach on Sau L OTt"'o, 
lIuman Tfmaini,fos8il earillt'1lware, earthquake dtbaclt, recent nbaidrnce-On 
the deco!l 'lfuprai8ed dell,-Gmuol,u,mnar!l. 

C OMM ENCI NG at tlle south and proceeding northward, the first place 
at which llaml{'d, was at Cape Tres l\I ontc!s , in lat. '~6° 35'. H ere, 
on the shores of Christmas covc, I observed io scveral places a beach 
of pebbles wi th r~cnt shells, about twenty feet abO"e high-water 
mark. Southward of Tres Montes (between lat . . t,70 and 4-1:1"), By
ron- remarks, " we tlwught it very st range, tlmt upon the summits 
of the higl lCst hills were fOllnd beds of shells, a foot or two thick ." 
In the Cl,unos Archipebgo, the island of Lcmus (lat. 4- .,Q 30') was, 
according to ?II. Costc, t suddcnly elevated eight feet, during the 
earthquake of 1839, I,e adds" des roches jadis toujours couvertell 
par la mer, rest:mt aujourd'hni constamment decouvertes." In 
other parts of tl,is a rchipelago, I observed two terraces of gravel, 
abutting to the foot of eaeh other: at Lowe's H arbour (430 4-8'), 
under a great mll~" of til'" bouhl"'r formation, about 300 feet in thick
ness, I found a layer of sand, with 11IImerOUS eomlll iuuted fragments 
of sea-shells, ha\'iug a fresh aspect, but too small to btl identi6ed. 

The Island oj Chiloe.- Tll e Hidence of reeent ele\'atioll is here 
more satisfactory. The bay of Sao Carlos is in Illost parts bounded 
by precipitous cliffs from abont tcn to forty feet in heiJ;:ht, their 
bases being separated frOill the present liue of tidal actlOu by a 
talus, a few feet in heigh t, covered with vegetation. In ooe shel
tered creek (west of P . Arena) instead of a loosc talus, there was 
a barc sloping bank of ter tiary mudstone, perfolated, above the line 

... Narrative nfthe LOlli of tbe Wager, 
t Comptes Heodu" October 1838, p. 106. 
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of the highest tides, by Ilumerous sll~I.l s of a Pholas now com~oll 
in the harbour. The upper utrenutlcs of these shells, stalldlllg 
upright in their holes with grass growing Ollt of ~hcm, wece abra~ed 
about a quarter of an inch, to tlac same level with the surrounding 
'worn strata. In other parts, I obscfl'ed (as at Purleto) a great 
beach, fonned of comminuted sheJI!, twenty feet above the .prese~t 
slwec. I n other parts, again, there were small cal'es worn lllto tho 
foot of tllC low cliffs, and protected from the waves by the talus 
with its vcgcbtion: one such cave which I examined, had its mouth 
about twenty reet, and its bottom, which wn.s filled with sand cou-

~~~I~.~11~~~~~.:~~_~:a:~~lIsF~~~1 l~l~e:~~~~~:'f:;~s~l a~~lf!o~~ !~:~ ~;~ 
peamnee of the npraised shells, I inferred that the c1evaiion had been 
quite rccent; and on inquiring from Mr. 'Williams, the Port-master, 
he told me he was eouvinced that the laud Ilad risen, or tile sea 
fallen, four feet within the last four years.. During this period, 
there had been one severe earthqu:l.ke, but no particular change of 
level was then ob3Crved; from the habits of the people who a.ll keep 
boats in the protected creeks, it is absolutely impossiLle that a rise 
of fo ur feet could have taken place suddenly and been unperceived . 
Mr. Williams believes that the change has been quite gradual. Without 
the elevatory mO\'ement continues at a quick rate, there can be no 
doubt, that the sea will soon deotroy the talus of earth at the foot of 
the cliffs round the bay, and will then reach its former lateral exten
sion, but not of course its former le\'el: some of the inhabitauts 
assured me, that one such talus, with a footpath on it, was eyefl 
already sensibly decreasing in width. 

I recch-ed scveral accounts of beds of slwl\s, existing at consider_ 
able heights in the inland parts of Chiloe; and to one of these, near 
Catiman, I was guided by a countryman . lIere, 011 the south side 
of the peninsula of Lacuy, there was an immense bed of the VetlUS 

cQstellata and of an oyster, lying on the summit-edge of a piece of 
table-land, 350 feet (by the b:t.rometer) abo"e the le"e\ of the sea. 
The shells were closely packed together, embedded in and cov~rcd 
by, a very black, damp, peaty mould, two or three fect in thickness 
out of which a forest of gr(!:J.t trees was ~rowing. Considering th~ 
~ature and dampl~ess of this peaty soil, it IS surprising, tlmt the fine 
rIdges on the outSide of the Venu8, are perfe<:tly preserved, though aU 
the shen~ have a blackened appearance, I did not doubt tllnt the 
black soil, which, wllen dry, cakes hard, was entirely of terrestrial 
o~gin, but on examining it nnder the microscopc, I, funnd many vcry 
llllllUte rounded fragments of shells, amon,gst wInch I could distin
guish bits of scrpulro and mussels. The JTetl1lS cQatell(lta and the 
ostrea (0 . edulis, according to Captain King) are now the c~mmoncst 
shel1~ ill tilC adjoining bays. In :a bed of shells, a few feet below 

:~~~};'iIl~I!~~~ b~~h!e~o\lnd a horn of the little Cel'~118 III/milia, wll ich 

T~le eastern ~ r iuland side of Chilue~ with its 1~lany adjacent islets, 
consl st~ of tertmry and boulder U.CPOSlts, worn mto irreg\llar plains 
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capped by gravel. Ne:'lr C:'Istro, and for ten miles southwrud, and 
on lhe islet of L emuy, I found the surface of the ground to II Ilci<>ht 
of betw~n t wenty :'IUd thilty feet above Iligh.watcr mark, nnd'in 
sevcrnl plaees appnrently up to fifty feet, tllickly coated by lIlucl( 
comminuted shells., cllicHy or Hie Vel11l! cOl/ella/ii and Afytilu. Clli
loell,i.; the species now most abundaut on t his line of coast. As the 
inhnbitants carry immense numbers of these shells inland, the conti
nuity of the bed at tho same height was ort('11 the only means of 

~:fn~:II~g rl~I;~1t~lrrn!h:rta~~bo~:~~ r~a~rs~'in~: t::;~~id:rcO~;~I~ 
;1~0 ~~:~~st 5~~s ~~~,nl~::tt ath~b~~~~t~~ fi;r~~I:I1~;l~h!isfn; ~~I/~tf:~ 
{)bs<:urc trace'O, also, of theso ~ame terraces could be scell alonp: olher 
parts of tIle coast. There can be no doubt that thei r th ree escarp
ments record pauses in the c1c,·ation of the island. I llIay rrmarJ.: llHlt 
several promontories h:n'e the word H uapi, wl,ich signifies in tho 
I ndiall tongue,- iabnd, appended to them, such :r.s lluapilinao, lJ napi. 
bellY, Caucahnapi, &e.; and these according to Indian traditions once 
existed as islands. In tlle same manner the te rm Pulo in Sumatra is 
appended" to the names of promontories, traditionally said to h:wo 
heen islnnds ; in Sumntra, as in Chiloe, thero arc upraised recent 
shells. The Eay of Carclm(l,pu on the mainland north of Chiloc, 
nceording to Agiierros,t was in 1643 a good Ilarbour; it is now quite 
IISClcss, except for boats. 

V(i(dieia: I did not obscHe here any distinct proofs of recent ele
vation ; hut in a bed of ,·cry soft sandst{)ne, forming a fringe-like 
plain about sixty fed in heigh t round the 11;118 of mica-skate, there nrc 
shells of l\tytiius, Crcpidula, Solen, Novaculina and Cylherren, too 
imperfect to be specifically recognised. A t Imperial, sc,'cnty milt'S 
north of Valdivia, Agtierros! statcs that ll .ere are large beds of sll eJ1@, 
at a considerable distance from the coast, which arc burn t for lime. 
The island of iUociln, lying a little north of Imperial, was uplifted 
two fcet,§ during the earth(IUakc of 1835 . 

COllccpcir)1! :-1 cannot add anytl,ing to tho excellent accollnt by 
Captain Fitzroyll of tllO elc "ation of the bud at this place, which 
tlc<:olnllll. llied the elUtllqnakc of 1835. I will only recall to the rc· 

• Maude,,'. Sumllra. p. 31, 
I DucnpcioD Hisi. do In l'ro .. inci. de Chilo!! . p. 78. ,rom Ihl> Rccounl siren 

hy Ihe old Spanisb write •• , il 1I',," ld ~ppelt thRt Iineral olber hubourI, ~11I'ten 
Ihi, point Rnd Concepcion, were {"rmet1, much deepe r tban they 110'" are. 

I Desclipc, Hist. p. 25. 

ft ~:;:~::~ ~~=::~: ::~ ~.:~~:: ::i: ~:~ I~. 441f-i ,I "q. 
II> vol. ' •• ( I'. 6{)1) <>f Ihe (iMloglcal 'J",anucuoos , I bare 8,ve" an acccuot of tho 
remurkuble vokanic phenomena. which aCCOlDl'allic<J II.'i8 ea"hqun~e. Thne 
phonomena 'pPOM (0 me to prove. Ihat the. acll<m, hy ,"a ch l ~'ge traCIS of laBU 
arf> uplifteJ. and by which volcanic eruptIons are producetl, " in every ,up~ct 

identical. 
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colledion of geologist!l, that the soutilcm end ,of the island of St. 
Mary was uplifted eight feet, the central part mne, and the ~lOrthe.rn 
cnd ten fect; and the whole island illorc than ~he snT,roundlllS" dis
tricts. Great beds of Ulns.eeis, patcl1oo, and cllltons still adhcrmg to 
the rocks were upraised above higl,.water Illark; and ~ome acres of a 
rocky flat, which was formerly always coyere(l by the sea, was left 
standing dry, and exloaled an oifensive smell, from the many attached 
and putrefying shells. It appears from the researche~ of Capt. 
FitzRoy that both the island of St. Mary and COllccl}cl0n (winch 
was uplifted ouly four or five fect) in the course of some weeks suh
sided, and lost part of their first elevation. I will only add as a 
les;)()n of caution, that round the sandy shores of the great Day of 
Concepcion, it was most difficult, owing to the oblltcrating cffects of 
the great accompanying wave, to re<:ogn;sc 'Iny di;;tinct el'idencc of 
this considerable uphea'"!ll; one spot must be excepted, where there 
was a detaclled rock which before the earthquake lmd always been 
covered by the sea, but afterwards was left uncovered. 

On the island of Quiriqui1la (in the Bay of Concepcion), I found, at 
an estimated height of 4-00 feet, extensive layers of shells, mostly com
minuted, but some perfectly prcscn'oo and closely )Jacked in ulack I'ege
table monld; they consisted of Concholepas, Fissnrella, Mytilus, 
Trochus, and Balanus, Some of tllese layers of shells rested on a 
thick bed of bright_red, dry, friab le earth, capping the surface of the 
tertiary sandstone, and extending, as I obscn"ed whibt sailing along 
the coast, for 150 miles southward! at Valparaiso, we shall presently 
see that a similar red earthy mass, though quite like terrestrial 
mould, is really in chief part of recent marine origin. On the flanks 
of this island of Qniriqnina, at a less height than the 400 feet, there 
were spaces several feet square, thickly strewed with fragments of 
similnr shells. Dnring a snuseqnent visit of the B eagle to Concepcion, 
Mr. Kent, the assistant-surgeon, wal! so kind as to make fo r me some 
measnrements with the barometer : he found mauy marine remains 
along the shores of the whole hay, at a height of about twenty feet ; 
and from the hi!! of Scntinella behind Talcahuano, at the height of 
160 feet, he eo\lected numerons shells, packed together close beneath 
the surface in black earth, consisting of two species of i\Iytilus. two of 
Crepidnla, ene of Concholepas, of Fissurclla, Venus • .Mactl"a, Turbo, 
Monoceros, and the Balallll$ psittae!l~. The!>C shells were bleached, 
and within some of the Balani other Balani wcre growing, showing 
that they must have long lain dead in the sea. Tbe above species' I 
compared with living ones from the bay, and fonnd them identical; 
but ha\·ing since lost the specimens, I cannot give their names: this 
is of little importance, as :i\Tr. Broderip has examined a silllilnr collec_ 
tion, made during Capt. Beechey's expedition, and ascertained that 
they consisted of tell recent speci('s, associated with fmfl"ments of 
echini, crabs, and flnstrro; sOllle of these remains were estimated hy 
Lieut. Belcher, to lie at tile height of nearly a 1000 feet ahove the 
level of the sea.~ In some plnces round the bay, Mr. Kent observed 

* Zoology of Cap I. Beechey·s Voyage, 1'.16:2. 
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that there were beds formed exclusi\'elyof the Mytilu8 Chiloen8i8: 
this species now lives in parts ncyc[ uncovcred by thc tides. At 
considerable heights, Mr. Kent found only a few shells; but from ti,e 
summit of one hill, 625 feet high, he brought me specimens of the 
Concholepas, illy/ilus Clli/oel/sis, [Illd a Turbo. These shells were 
softer and more brittle than tI,ose {.rom the height of 164 feet; and 
these latter had obl'iotlsly a much more ancient appearance than the 
same species from tIl!' height of only twenty feet. 

Coast 1wI·th 0/ C01lcepcion :-The first point examined was at the 
mouth of the Rapel (160 miles N. of Concepcion and sixty miles S. 
of Valparaiso), where I observed a few shells at the lleight of 100 
feet, and some barnacles adhering to the rocks three or four feet; 
abuve t.he higlle~t. tide,;; M. Gay'" fvulld here recent shells at the 
distance of two lengues from the shore. I nland there arc some 
wide, gravel-capped plain~, intersecle{l by many broad, flat-bottomed 
valleys (now carrying insignificant streamlets) with their sides cut 
into sllccessive wall-like escarpments, rising one abo,'e another, 
aud in mnny places. according to .lIL Gny, worn into ea,'es. 
The one cave (C. del Obispo) which I examined, resemhled th08e 
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 sucee~si\'cly 
rising terraces on the inland or eastern side of Cld]oe; some points 
of granite, which project through tile plains nenr the coast, no douht 
once formed a chaiu of ontlying blanda, on the inland shores of which 
the plains were accumnlated. At Bucalemu, a few miles northward 
of the Rapel, I observed at the foot and on the summit.edge of a 
plain, tcn miles from tlle coast, lIlany rceent shells, mostly commi
nuted, but some pcrfeet. There were, also, many at the bottolll of 
the great valley of the l\Iaypu. At Snn Antonio, shells are said to be 
collected and burnt for lime. At the bottom of a great ravine (Queb
rada Ondn, on the road to Casa Blanca), at the distnnce of several 
miles from the coast, I noticed a considerable bed, composed exclu_ 
sively of Memesma donacijorme, 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. 

Valpm·aigo. 

During two successive years I carefully examined, part of the 
time in company with Mr. Alison, into all the facts connected with 
the recent elevation of this neighbourhood. In very many parts a 
beach of broken shells, about fourteen or fifteen feet abo,'e high-water 
mark, may be observed; and at this 11"'1'1 the coast-rocks. where 
precipitous, are corroded in a band. At one spot, Mr. Alison, by 
rcnlOving some birds' dung, fonnd at this same level barnacles ad
llering to the rocks. For several miles southward of the bay, almost 

* AnnaleB des Scienc. Nat. Avril. 1833. 
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every flat little headland, between the heights of GO ul~d 230 feet 
(measured by the barometer), is smoothly coated by a th.lck mass of 
comminuted shells, of the same species, and ::Ipparcntiy m the same 
proportional numbers with those existing in the adjoining sea. The 
Concholepas is much the most abundant, aud the hest prcscrn:d shell ; 
but I extracted pcrfedly presen-cd specimens of the Fiss:I1'ella 
Mradiata, a Trochus and Balanus (both well known, b;lt accor.dmg ~o 
Mr. Sowerhy yet unnamed) and parts of the ~f!ltdlls Clllionl.Sls. 
Most of these shells, as well as an encrusting llullipora, partially 
retain their colour; bllt they arc brittle, and often stained rcd from 
the underlying "brecciated mass of primary rocks; sO.me are packed 
together, either in bk\{:k or reddish mould ; some he l.o0;;e on the 
bare rocky snrfaces. The total number of these shells IS unmen3e ; 
they are less numerous, though still far from rare, up a hcig!.t of 
1000 feet abo\'e the sea. On tho summit of a hill, measured 557 feet, 
there was a small horizontal band of comminuted shell'l, of which 

::~r :~~;:~:~s(~~d tll::e~~:~ ~~~~~e~:I!~~~T!~~~, °Jr~:~~!,°P~re~~~ 
Crepiduloo, and of Jl/!J/ilu8 Alaflellallicu$ (?):. several of these shells 
were under a quarter of an inch in their greatest diameter. Myatten. 
t ion was called to this eireumst.:lnee by a native Dsherman, whom I 
took to look at these shell-beds ; and he ridiculed the notion of such 
small shells having becn 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 fonnd shells of 
the Concholepa.s and Trochus, perfect, though "ery old, with fra(J"· 
ments of My/ilm Cldloell sis, all embedded in reddish-brown mould t I 
also found these same species, with fragments of an Echinns and of 
Balanus psittacus on a hill 1000 feet high. Above this height, 
shells became very rare, though on a hill 1300 feet high,t I collected 
the Concholepns, Trochu9, Fissurella, and a Patella. At these 
greater heights the shells are allll ost invariablyelllbedded in mould, 
and sOllletimes are exposed only by tearing up bushes. These shells 
obviously had a Yery much more ancient appearance than those from 
the lesser heights; the apicCi! of tho Troehi were often worn dowJI; 
the li ttle holes made by burrowing animals were greatly enlarged ; 
~nd tho Concholepas was: often pc.rforated quite through, owing to the 
Illner plates of shelllmnng scaled off. 

J\Ianr of these ~heJls, as 1 .have said, wero packed in, alld were quite 
filled with, blackish or reddISh-brown earth, rcstin« 011 tho grallitic 
detritus. I did not doubt IIntillatcly that this mo~ld was of purely 
terrestrial origin, when with a microscope examining some of it from 
the i?side Of. a COn~llOlcpas from the height of about 100 f('et, 1. found 
that It was III conSiderable part composed of minute fragments of the 

* 11k Cuming infot~s me that h~ d OO9 Dot thin lr tLi. species identical "'ilh. 
though closely re.embhng, t~e true }.I. /lfageilimicul of tbe SOutbern and eastern 
coast of Soutb America : 1\ h"es abundantly On tbe coas t of Cbile. 

t Measured by th .. boromele,: tLQ highest point in the nnge behind V.I. 
T'~raiiiO , I found to b6 1626 feel aLo.'e llle le"el of the sea. 
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spines, mouth-bones and shells of Echini, and of llIinute fragments, 
of chiefly very young patellre, mytili, and other spe.-:ics. I found 
similar microscopical fragments in earth fiUing up the central orifices 
of some large .Fissurell re . This ea.rth wIlen crushed emits a sickly 
smell, preeiscly like that frolll garden-mould mixed with guano. 
The earth accidentally preserved witbin the shells, from the greater 
heights, has the same general appearance, but it is a little redder; it 
emits the same smell when Tubbed, but I was unable to detect witl l 
certainty any marine remains in it. This earth resembles in general 
appearance, as before remarked, thai capping the rocks of Quiriqnina 
in the Bay of Concepcion, on which beds of sea-slu~lls lay. I llave, 
also, shown that the black, peaty soil, in which the shells at the 
height of 350 feet at Chiloe were packed, contained many minute 
fragm ents of marine animals. Tllcse facts appear to me interesting, 
as they show that soils, which would naturally Le considered of 
purely terrestrial nature, may o ..... e their or igin in cllief part to 
the sea. 

fieing wen aware from what I have seen at Cl,iloe and in Ticrra 
del Fuego, that vast quantities of shens are carried during successive 
ages, far inland, whertl the inhabitants ch;eRy subsist on these pro
ductions, I am bound to state tlla.t at greater heights ~hall 557 feet, 
wltere the number of very young and sman shells pro,'ed 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 tilC distance of some of 
the places from the coast, in otllerS being inaccessible from the 
nearest part of the beach, and in the absence of fresh water for mcn 
to drink-in the shells 'lOt lying in liooJit,-and, lastly, iu tllC close 
similarity of the soil in which they are imbedded, to that which 
lower down can be unequivocally shown to be in great part formed 
from the debris of the sea animals.· 

With respect to the position ill which the shells Ii£', I was re
peatedly strnek here, at Concepcion, and at other places, with the 
frequency of their occurrence on the snmmits aud edges either of 
separate hills, or of little fla t headlands often terminathlg precipi
tously ovcr tho sea. Thc several abo,·e cnnmemkd species of mol
lusca, which are found strewed on the surface of the land from a few 
feet above the level of the sea up to ti le height of 1300 feet, aU now 
live either on the heach, or at only a few fathoms' depth: l\"lr • 

... In tbe Proceedings of tbe Geolog. Soc. vol. ii, p. 446. I Lavs gi .. en a hrief 
~ccounl of the upraised shells. On tl,s coast of Cbile~ and ha.e tbere stated thai tbe 
proofs of elevation are nut sall.factory above Ihe b,,:'sht of ~30 feet. 1 had ~l. that 
tims un~ortuoalely overlooked" separate page ,,"nU~n durmg my second o .. ,t to 

~r"a~Pna;~,~~;" due:;:~t~~g ~; ;~I~~Sti:~:' !~d'~ar'::tQO;~:o!~~:rt;; ~~; ~~e:i:~!l ~/ 
pe~r~ne~ of pHte. ant'qulty of tbe. S~'CU8 from tbe II"r<lnte! beigbls, nOr Ilad I 
at that lime discovered the Inarlne orlg'" of the eartb '0 ... h,eb many of the sbells 
are packed. ConsiderilJg tbese facts, I do not DO"· f~el a shadD,,· of douht !h~t 
the abells, at the beight of 1300 feel, bave been upraIsed hy natural caUSES miD 
Ih~i . present posilion. 
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Edmonston, in a letter to Prof. E. Forbes, states .th J. t in dre,lgillg in 
the Bay of Valparaiso. he feund the common specll'S of Concholepas, 
F issnrelb, Trochus, Monoccros, Chitoll~, &c. li\'ing' in abundance 
from the beach to a (\cpth of seyen fathoms; and dead shells occurred 
enlv a few fathoms deeper. The common TUl'l'itella cillguluta was 
dre~ged up living at eyen froUi ten to fift~n fath?ms; but this is a 
species which I did net find ilCre amongst the \lpraJscd shells. Con
sidering this fact of the species beitlg aU littoral or sub-littoral, consider
ing their occurrcnce at \'arion~ heights, thei r vast 1H1lllbers, and their 
gcnerally comminnted sta,te, there can be little donbt t1lat they were 
left on successive beach-hnes during a gradual elevation of the bnd. 
T he l)fesence, however, of so many whole and perfectly 1JreserYed shells 
appears at first a difficility 011 this view, eonsidcring that the coast 
is exposed to the full force of an open ocean : but wo lIlay suppost', 
either that these shells were th rown during gales on Rat ledges of 
rock just ahove tI,e ]p\'el of high , .. ·ater-mark, and that during the ele_ 
vation of the land they were never again touchcd by tho waves, or , 
that during earthquakes, snch as those of 1822, 1835, and 1837, rocky 
reefs eoyered with marine-animals were at olle blow upliftcd above 
the future rcach of the sea. This latter cxplanation is, perhaps, the 
most probable une with respect to the beds at Concepcion entirely 
composed of thc ,l/.Vlilus Chiloen~is, a species wbich lives below the 
lowest tide;;; and likewise with respect to the great bt-d~, occurring 
both "orth :ll\d south of Valparaiso, of the ,lJuodesma dOllacijol'me, 
a sl,ell wj,ich, as 1 :lUl inf()fm~d by ~lr . Cum.iog, ink~bits sand
banks at the level of the lowest hdes. But even III the case of sl,ells 
ha\>ing 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 move
ment, and yet remain undisturbed by the wa\'es of each new 
beach·line. 

It is worthy of remark, that nowhere ncar Valparaiso abo\'e the 
height of twenty feet, or mrely of fifty feet, I sa.w any l\ncs of crosion 
on the solid rocks, or any beds of pehbles; this, I believc, may be 
accounted fo r by tl ,e disintegrating tendency of most of the rocks in 
this neighbonrhood. Nor is the land here modelled into terraces: 
Mr. Alison, however, informs me, that on both sides of one narrow 
ral'ine, at thnlleight of 300 fect above the sea, lie found a succession 
of rather indistinct step.formed beaches, Cotlll)osed of broken shells, 
which together covered a space of about eighty f~t vertical. 

I can add notllin'" to the accounts already publisl,ed of the eleva
tion of the land at ~V~lpara;so, .. which accompanied the earthquake 
?f 1 82~: but I heard It eonfidelltly asscrt('d , that a sentinel on duty, 
Inllncdmtel,l' ~fter th.e sl,ock .. S~I: a part of. a fort, which previously 
was not wltl ll il the Ime of IllS \,IS\On, and tIllS would indicate that the 
uplifting was not horiwntal : it would even appear from some facts 

* Dr. l\IeJen (~e,se urn Erde Th. l. II. 22 1) ~ound in 1831 ~<la·wced and other 
bodies. Slill adhering to SOme rocks, wl,ich dunng Ibe shock of 18n were lifted 
.. hol'e Ibe Se • . 
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collected by !\lr. A lison, tllat only the eastern half of the bay was 
then cle\·.ated. .T hrouf;h the kindness.,f this same gentleman, I alll 
able to gIve an ulterestmg account of the ch:1.1lgcs of level, which have 
supervcned here within historical periods: about the year 1GSO a 
long sea-\~'alJ (or P refil) was built, of which only (l few fragments 
now remalll; up to tl,o year 1817, the sea often broko ol'or it, and 
washed tile IlOllscs on the oppositn side of the road (where the prison 
now stands); and even in H09, Mr. J . Martin remel~lbers walking 
at the foot of this wall, and being often obliged to chmb O\'er it to 
escape the waves. There now stands ( I S3 '~) on the sea-ward side of 
this wall, and between it and the beach, in one part a single row of 
honses, and in :lUother part two rows with a street between them . 
'Il,ia great extension of the beach ill so short a time cannot be att ri
buted simply to the accumulation of detritus; for a resident engineer 
measured for me the Ilelght between the lowest part of the wall 
,·isible. and the present beach-li ne at spring-tides, and the difference 
was eleven feet six inches. The church of S. Augustin is believed 
to have been built in 16 14, and t bere is a tradition that the sea. 
fo rmerly flowed very llE'aT it : by levelling, its found3tions were 

f~:~I;d s!o tl~!~n~.en:t~~ln a f~!ioS~X o;ll~l;e; ):~O;;',e tr,l~e e:~i:!~:~1 ~:~~~~ 
have b~l\ as much as nineteen feet six inc1,es. J' rom the facts given 
with resped to the sea-wall, and from the 1<"~timony of the elder inhabi 
tants, it appears certain tilut the cllange in level began to be mani 
fest about the year IS 17. The only sudden elC\'ation of which 
there is any record occurred in 1822, and this sccms to hal'e bef'n 
less than three f~t. Si nce that year, 1 was assured by several com_ 
petent obser\"er~, that part of an old wreck, which is firmly em bedded 
near the beach, has sensibly emerg-ed; hence here, as at Chiloe. a 
slow rise of tllC land appf'ars to be now in progress. It seems highly 
probable that the rocks wllich are corroded in a band at the height 
of fou rteen feet abol'e the SE'a were acted on during the period, 
when by tradition tile base of S. Augustin church, now ninet~l1 
feet six luches above the Iliglll~st water-mark, was occasionally 
washed by the waves. 

Valparaiw to Coguimbo.-For the first 5el'e11t),-lhe mill's north of 
Valparaiso I followed tll coast-road, aud throughout this space I 
obseJ\" e<l innumerable masses of upraised shells. About Quinter" 
there are immense accUlUIll:!.tions (worked for lime) of tIle l1feswesm« 
dmwcijonl16, packed in sandy earth, tl,ey abound chiefly about 
fifteen feet above high-water, bnt sllClls are here found, accordillg to 
Mr. lUicr~" to a height of 500 feet, and at a distance of three 
leagues from the roast : I here noticed barnacles adhering to the 
rocks three or fOllr feet above the highest t ides. I II tl,e neighbour
I,ood of Plazilla and Catapilco, at heights of between 200 and 300 feet, 

... Travel$ in Chile. 'Ql. i . pp. 458, 395. I r~ceived sever,,1 .i,"il"r accuunt. 

~~: t~~a~'~~~~:~:'~;r~;~.I;:~ai~~~rne: ~I~'I;:;;~:~~ ta~: L:~;lt ~~@~~ f:~:~,e plai" of 
D , 
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lhe numoor of cOlllluinuted shells., with some perfect ones., espeeiaJly of 
the MC9Q(\csma, p.,cked iu layer!!, was tnl~y immense; the laud at 
Plazilb had e"identlye):;sted as a bay, with abrupt rocky Illa~ 
risiug out of it, precisely like the i~lets in ~he bro.ken bays now 111-

denting this coast. On both si<1cs of the rlvers Ligna, Longotolllo, 
Guachen, and QuiEmari, there are 1)laills of gr:wc1 about 200 feet 
ill height, in many parts absoluldy covered with shells: . Close !o 
COllcllalec, a gravel-plain is frouted ~y.:1. lower and SImIlar l'b m 
:1.OOllt si):ty feet in height, aml this agalll IS separated from the beadl 
by a wide tract of low land; the surfaces of all three plains or ter
races were strewed with vast Ilumbers of the Conchoiepas, Meso
tlcsma, all uistiug V (mus, and other still uisting littoral shells. 
The two upper terraces closely resemble in miniature the I)iains of 
P lllagouia ; and like them are fu rrowed by dry, flat-bottomed, 
winding \·alleys. Northward of this place I turned inland; and 
therefore found no more shells: butthe "alleys of Chuara, IIIapel, and 
Limari, are bounded by gra"el-capred plains, often including a lower 
terrace withiu. These plains scnd hay-like arms octwccn aud into 
the surrounding hills; and they are continuously united with other 

~;ot!~I~;~~e 8:~~~III~~:~ped plains, separating the coast mountain-ranges 

COfjllimw. 

A narrow fringe-like plain, gently inclined towards the sea, here 
extt:nds for eie"en mile;, along the coast, with anus stretclling up 
between the coast-mountains, :1.nd likewise up the valiey of Co
quimbo: a t its southern edrenlity it i~ directly connected with the 
1,1ain of Limari, out of which Ililis abruptly rise like isle t~, and other 
hills project like headlands on a coast. Tbe surface of the frin ge-like 
plain appear3 leyc1, bllt dilfe~ insensibly in height, and greatly in 
composition, in different parts. 

At the nlOuth of the "alley of Coqllimbo, the sllTface consists 
wholly of gravel , and stand~ from 300 to 350 feet abovc tho le\'c1 of 
the sea, "eiug about 100 feet higher Ulan in other l,art5. In thcseother 
and lower l,arts, th.e snperfici.al beds consi~t of calcareous matter, and 
rest on anCIent tertmry depostts hereafter to be described. The upper
most calcareous layer is cream-coloured, compact, smooth-fractured, 
sub-stalactiform, and contains some sand, earthy matter, and recent 
sl~e1l8_ It lies en, and ~nd8 ,~cdge-like veins into,· a much more 
frmhlc, calcareous, tuff-hke \'aclely; and botb rest on a ma~ about 
twenty feet in thickness, formed of fragments of recent sllell~, willi a 
!~": wholc ones,. and with 8m~1l ),e?bles firmly cemented together. 
] IllS latter rock IS callt.>d by the Inllahltants lOla, and is used fo r build_ 

• In mauy resp~cts Ihis ~pper ha~J, _!,d IL& onrlerlyiog mor~ fri able varietie • • 
r~aemble th& great, superfic Ial be.do.t "tog G~rge'l SouDd in AU8IrBlia, wbicb 
I bn~& ducTObe~ ort ru. Geolo~'cal Obser .. llon, on Volcanic lsl"nd. r 144 
Th~re COUld. b& ht t le d~ubt that the up!,e r laJen Ihere have been ha,den;d hy th~ 
aC lLOn of rSort on the frl B~le calcareou s .mauu, and tbat the ... bol& mUI It .. ori
gi nated in the decay of mtnutely comminuted us_shell. and corab. 

The Complete Work of Charles Darwin Online 



CIlAI'. Il.l EI,E\' ATION OF COQU D!lJO. 

ing: in many parts it is divided into strata, which dip at an anglc of ten 
degrees seaward, and appear as if they had originally been heaped in 
suecessive hlyers (as may be SC{)n on eoral-reefs) on a steep beach. 
This stone is remarkable from being in parts entirely formed of cmpty, 
pellucid capsules or cells of calcareous matter. of the si10C of small seeds: 
a series of specimens unequivocally showed that all these capsules once 
contained minute ronnded fragments of shells which hase since been 
gradually dissolved by water percoiating through the mass," 

The shells embedded in tIle calcareous beds forming the surface of 
this fringe-like plain, at the heig!Jt of from 200 to 25Q feet abore the 
sea, consist of, 

1. V~n"s opaca.. 
2. 1\.Iulinin Byronensis. 
3. P ecten purpuratu •• 
4. Mesodes!Uu donaciforme. 
5. Tu ... itell .. cingula! •. 

6. Monoceros costatum. 
7. Concbolepa. Peruyian •. 
8. Trochus(common "alparai"aspe

des). 
!.t. Calyptr"' .. Byroneosis. 

Although these species are all recent, and are all found in the 
neighbouring sea, yet I was particularly struck with the difference in 
the proportional numbers of the several species. aud of those now cast 
up on the present beaclt. I fOlwd only oue specimeu of the Cen
cholcpas, and the Pecten was very rare, though both these ~hell s are 
now the commonest kinds, with the eXl;eption, peri laps, of the 
Cal:;ptra:a radians, of which I did not find one in tlle calcareous 
beds. I will not pretend to determine lJOW far this difl"erence in the 
proportional lIumbers depends on the age of tI,e deposit, and how far 
on the difference in nature between the present sandy beaches and 
the calcareous bottom, Oil which the embedded shells mllst ha"e 
lived . 

On the bare surl:'tce of ti,e calcareous pi:lin, or in a thin co\'ering 
of saud, there were lying at a height from 200 to 252 feet, lllany 
recent shells, which had a much fresher appearance than the em
bedded ones: fragments of the Concholepas, and of tI,e common 
My til us, still retaining a tinge of its colour, were numerous, and 
altogether there was manifestly a. do:;..-r approach iu proportional 
numbers to those now lying on the beach. In a Illass of stratified, 
sligll tly agglutinated sand, which ill some places cOI'ers up the lower 
half of tile sea-ward escarpment of the plain, the inclnded shells ap_ • 
peared to be in exactly the same proportional numbers with tho~e on 
the heach. On one side of a steep-sided ravine, cutting through the 
plain behind H erradura Bay, I obsen'ed a n:lrrow strip of strati fi ed 
sand, containing similar shells in similar proportional numbers ; a 
section of the ravine is represented in the following diagram, which 
serves also to show tile general composition of the plain. I mention 
this case of the ravine chiefly because without the cI'idence of the 
marine shells in tile sand, any ODe would hal'e supposed that it had 
been hollowed out by simple alluvial action. 

"' I have incidentally described (his rod: in a Do(e, p. 145, of the ahove work 
on \ 'olcallic Islands. 
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No. S.-SEt' TIO>! OF 1'1."'11< OP GOQUI:IlIIO. 

A-St,:~!r:~ .• and ... Uh "cent ,1 .. 11. In .aon e proJ'Ortiom .s .on 'he 00.0", hall filling"p ~ 

I3-S",f'<e of phln .. lth .<atl~rPd .hell. in n~Mly ,"me p""]XIrhQDO a. on n'e beach. 

~-=Y!!::, ~~l~!:':~: ~:~, t>ed ( Lo"l.l"i;~,:~:~;,. ,1 .. n., but nQ' In , .,no proporlion' If~" 
:":~:;~~::~~~\~-:1a~tf.t~!."'U''1' ,''Olum, I "ilh all, Or n.arly all, ,mine! .h.n •. 

The cscarpmcut of the fringe-like plain, which strctcllcs ror cleven 
miles along the coast, is in some parts fronted by two or three 
narrow, step-formed terraces, one of which at Hcrradura Bay (:xpands 
into a small plain. Its surface was there formed of gravel, cemented 
together by calcareous matter; (lnd Ollt of it I extracted the followillg 
I'CCGlIt shells, which are in a more Ilerfect condition than those from 
the upper plain :-
I. C.lnHrreK r"~ia!l' . 19. Arnphidurn(l. rugulosum. The. stU.ail 
2. Tunuella cingulat". lrre~ulsr ",,,,,kle" of the PO$(erlor 
3. OJi,·s Peruviona. partofthis shell nre ,ather stronger 
4. l\Iu,ex labiosu., var. than in tIle recent speciruens of 
5. N~ssa(identi ~ al "· itb~li'·ingepeeies). this species from Coquimho. (G. 
6. Sole!) Domhe'.Iln. I ll. So,,·erby.) 
~: ~~~t~; l~~I~~:~~~s . ]0. B~::~).S (identical ",ith living sre-

On the s)'cnitic \·iJgc, whieh fOJ·ms the sOllthcrn boundary of 
H erradura Bay and Plain, I found the Concholepas altd Tllrrilell(j 
cin(Jula/a (mosUy in fragments) at the IlCight of 242 feet above the 
sea. 1 could not have told that these shells had not fomlorly been 
brought up by man, if I r,ad not found one ~' ery small mass of them 
ccmented together in a friable calcareous tuff. 1 mention this f:lct 
more particularly, becallse I carefully looked, in m:luy apparently 
favourablc spots, at lesser IleigMs on the side of thiil ridge, and could 
not find even the smai!est fragntent of a shei!. This is only one 
instance out of many, proving that the absence of sea-shells on the 
surface, though in mrmy respects inexplicable, is an arguillent of very 
little weight itt opposition to other evidcllee Otl the recent ele\'ation of 
the land. The highest point ill th is neigl,bourhood at "hieh I found 
\lpraised shells of existing species, wail on an inland calcareous phin, 
at the height of 252 fcet above the sea. 

It would appear frolll Mr. Caldcleugh'" researches," that a rise has 
taken place here within the last century and a half; and as no sud
den change of level has been obserred during the not very sevcre 
earthquakeB, which ha\'e occasionally O(:curred here, the rising has 
probably been slow, like that now, or quite lately, ill progress at 
Chiloe and at ValpaTaiso: there arc three well-known rocks, called 

• p ,.o-ceedillgs of the GeoloS"ic.,\ SOCiety. 001. ii. p. 416. 
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the Pelicans, wllich iu 17\0, accordillg to Feui!l~c, were dfleurd'cau, 
but now arc said to stand twelve feet above low water-mark· .tht! 
spring-tide~ rise here only five f~et. T here is another rock, now nine 
f~t above high water·mark, which in the time of Frrzier and of 
Feuillee rose only fi ve or six feet out of water. l'l"l r. Caldclellgh, 
I may add, also shows (and 1 reeei l'ed similtl. r accounts) that there 
has been a considerablo decrea5e ill the soundings during the last 
t welve years in the Bays of Coquilllbo, Concepcion, Valparaiso, and 
Guasco; but as in these cases it is nearly impossible to distinguish 
between the accumulation of sediment and the upheavcment of the 
bottom, I have nut cntered into auy details, 

Valle!! of Coquimf,o.-The narrow coast-plain scnds, as Lefore 
stated, an arm, or more correctly a fringe on both sides, bllt chiefly 
on the sOlltherll side, several miles lip the valley . These fringes are 
worn into steps or terraces, whidl present a most remarkable ap_ 
pearance, and have heen compared (though not "ery correctly) by 
Capt. Basil H all, to the parallel roads of Glen Roy in Scotland; 
their origin has been ably discussed by Mr. Lyell.· The first sec
tion wl,i,J1 I will give, is not drawll across the "alley, but ill an east 
and west line at its mouth, where the step· formed terraces debouch 
nnd present thei r ,'cry gently inclined surfaces towards the P acific. 

No. O.-Il"ST "NO WEST SEcna:N TUROUGU TilE TERR ACES AT COQUI:I1BO, 
WIIEIIE TIIE'l I>EBOUCIi PROll TilE VALLEt:, ASD FRONT TilE ~EA. 

:J;J\FiL (In 

~
2'O'(C') =_ .... _ ..... 12\1 (""I. ( D.) ( A.) 

Ii .. t . _ .. '::::====~~'"~'"~'~. ~~~:':"::". __ 
Level of Sen, Town otCoqulonbJ. 

V. !"Iical «ale n,lh o(i"ch 10 100 f •• ~: ho,I,onl.1 ocale much rool.o<loo. 

T he bottom plain (A) i ~ about a lIIi1e in width, and rises quite 
insensibly from the beach to a height of twenty-fi\'e feet at the foot 
of the next plain; it is sandy and abundant ly strewed with shells. 

P lai n or terrace (ll) is of smnll extent, and is almost concealed by 
the llOI1 Se5 of the tOWII, as is likewise the escarplllent of terrace (e) . 
On both sides of a ravine, two miles south of the town, there are two 
little terraces, one above the other, evidently correspondlnf!: with B 
and C; and on them marille relllains of the species already enumerated 
were plentiful. Terrace (E) is very narrow, but quite distinct and 
level; :J. little sOllthwnrd of the town there were traces of a terrace 
( D) intermediate bet ween (E) and (C). Terraee (F) is part of the 
frillge-like plain, which she.tchcs for tl:e elel'en lll il~~ along the coast; 
it is here composed of slllugle and IS 100 feet lligher than where 
composed of calcareous matter. This greatn height is oLviou~ly due 
to the qU:J.utity of shingle, which at .some former period has Leell 
brollght down the great n.lley of Coqlllmbo. 

* Principle$ ofG.wlogy ( l SI edit.), _01. iii. p. 131. 
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Considering the many shells strewed over the terraces ~A) (B) all,d 
(Ch and a few miles southward on the ~alcare?us 1)latn, winch IS 

continuously united with the upper step.like plalll (F ), there cannot, 
1 apprehend, be any doubt, that these s~x te rrat-cs h:we been formed 
by the action of the sea; and that their five escarpments mark so 
many periods of comparati,'e rest in the elevatorY,mol'ement, uuring 
which the sea wore into the laud, The elevatIOn between thesc 
periods may have been sudden and on (111 a~erage not more than 
seventy-two feet each time, or it lIlay hal'c been grad\\al aud insen· 
sibly slow, From the shells on the thUle lower terraces, and on the 
upper one, and 1 may add on tile three gravel -capped terraccs at 
Concllalcc, being all littoral and sub-littoral species, and from the 
analogical facts given at Valparaiso, aud lastly from the e"idenee of a 
slow rising lately or still in progress here, it appears to me far more 
probable, tlmt the movelllent lms heen slow_ The existence of the:re 
successive csearpmcllts, or old cliff-lines, is in anotl,er respect highly 
instructive, for they show periods of comparative rest in the ele,'atory 
movemeut, and of denudation, which would never e"en have been 
suspected from a close examination of many miles of coast soutllward 
of Coquimho, 

'" e G..,me now to the terraces on the opposite sides of the cast and 
we~t ,'alley of Coqllimbo; the following section is takun in a. north 
and south line across the valley at a point about three miles from the 
sea, Thc "alley mea9lued from the edges of the escarpments of the 
upper plain (F) (F) is about a mile in width; but from the bases 

~:rr~l~:s b~n~~:.ti;i ::i~l~n~~:u~n~~::o~:;~'etl~r:ellt:t f~~is~l~~S t~~'~~c~iJ:n~f 
the valley, but are introduced merely to render thc diagram marc 
iuteUigible_ 

No , 1O. - C'!Ol<TII AC'!D SO UTU ~ECTIO.I< ACROSS T il>: VA LLEy 01' cOQUJlIa O , 

North, 8."1/, , 

~~ 
Levelofs.,.. ' 

" enic~IICBI. ~Lh of inch La 100 '..,L : horizoouL ... I.mucb CODI"cLed: te"'c .. m .. ked ""U, 
(t) do ~ot "",cur on that .. d~ of .bo .~liey, Bnd ale introduced only to I"a~e 'he diagram more 
~:~fl'~~f;, ~7~;;;"ann~ '::..,:j°f:·tP!~.:~h!I::;.;1 ~f ~,.B~/, on Ihe .oulb .Id~ of ,.alley, 3r. 

A A The boltom. of Ihe valley, behaved to be 100 feet abooe the sea: it is COIl 
!IlIuou,1y un.te? witb the lowe~t plain ( A) of th~ for",er secl;on, 

( B) TIllS . terrace h'gher up,lbe va,Hey e ~pands conSIderab ly; sea,,'ard it i9 SOO n 
lost, '19 escar~menl be'Dg uUlled wnh tbat of (C): il is nOt de~eloped nail 
On the 80ulh olde of tbe vall~y, 

(C) Thill te,race li ke tbe laO!, 10 considerablY ,e>:panded higher up tile vaUey 
These tl'l'O terrsees al'pa~en tly correspond.wlth ~ and C of Ihe former sectioll ' 

(D) !" n(lt well d~veloped In the hne of Ih'a 8e~1I0n; hut .eal'l'ard it "xl'and~ 
,n,to II plalll: .t IS IIOt present on the "(luth, .,de of the '-aile,'· bUI it is mel 
'I')th, M st.led undilr tbe former .ecliOD, II little soull. of tile 'in'wn, 
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(1::) is well developed on tbe Bouth side, hut .b.ent On tIle north side oflhe .ali€\' : 
though uot cO.Dti".uously united witb (E) of tbe former .ectio~, it apparenlly 
c.or!e~poDds w,th ,to 

( t' ) ' I.hls IS t~e snrface-plain, and i. continuo~sly united witb that which stretches 
hke a fnnge along the COBst. In. ascendmg the valley it gradually hecomes 
norrower, and i. at hst, 81 the d,st.Dce of ahout len miles from the sea, re
duced to a row of fiat.topped patches on the sides of the mounlains. N une 
of Ibe luwer terrac~s e,tend 90 far up the _sUey. 

These five terraees are formed of sltingle and sand; three of them, 
as remarked by Capt, B. Hall (namely, B, C, and I'), are much 
illore conspicuous than the others. From the marine remains co
piously strewed at the mouth of the valley on the lower terraces, 
and southward of tile town 011 the upper one, they are, as before 
remarked, undoubtedly of luarine origin; but within the miley, and 
this fact well deserves notiee, at a distance of from only a mile and a 
half to three or four miles from the sea, I C()uld not find even a 
fragment of a shell. 

On tile inclination 0/ the terraces 0/ Coqltimoo, and 011 the tIPpe'· 
and basal edgu 0/ tllei,· escarpments 'lOt being /,ori,,;oJltal.-The ~lIr' 

f~:s~tt~::"t~~::;~cce:nj~~~:l~:l ~o~::g~~tw~:J~e~ilCa:es~~~~\> t~f bJlet!~~ol~:~~ 
and seawards towards its mouth. This dO\thle or diagonal inclina
tion, w!lieh is not tho same in the several terraces, is, as we s!lall 
immediately see, of simple explanation. There are, however, some 
other points whic11 at first apllear by no means obviou~,-namely, 
first, that each terrace, taken in its whole breadth from the Sllmmit
edge of one escarpment to tlte base of that abol'e it, and followed up 
the valley, is not horizonta!; nor ha\·e the se\'eral terraces, when fol 
lowed up the valley, all the same inclination; thus I fOllnd the 
terraces C, E, and F, measured at a point about two miles from the 
mouth of the nlley, stood severally betwccn fifty-six to seventy-seven 
feet higher than at the mouth. Again , if we look to anyone lineof 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 lIlany intervals of rest as there are 
escarpments, it appcar~ at first very surprising that horizontal lines 
of some kind should not ha\'e been left on the land. 

The directioll of the diagonal iltclination in the different terraces 
being different,-in some being directed more towards the middle of 
the "alley, in others more towards its moutlJ,-naturally follows on 
tIle view uf each terrace, being an accumulation of successive bcach
lines round bays, which Illust have been of different forms and sizes 
when the bud stood at different le\'els: for if lI"e look to the actual 
beach of a narrow creek, its slope is directly towards the middle; 
whereas, in an open bay, or slight concavity Oil a coast, the slope is 
towards tllC mouth, that is, almost directly seaward; hence as a 
bay alters in form and size, so will the direction of the inclination of 
its successive beaches become changed. 

1£ it were IJos5iLIe to trace anyone of the many bcach-linCf!, COIlt-
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posing each slopin" terrace, it would of cour~e be horizontal; but tile 
only lines of dcm~rcation are the summit and basal edges of the 
escarpmcnts. Now the sU~ll\lit+cdg~ of one of these .escarpment:> 
marks the furthest line or pomt to willch the sea has cut UltO a mass 
of gravel sloping seaward; and a!'l the sea will generally hal'e greater 
power at the lll011th than at the protected head of a bay, so will t.he 
cscarpment at the mouth be cut deeper into the land, aud its sumlmt+ 
edge be higher; consequcntly it will not be horizontal. W!th r~Bpe~t 
to the basal or lower cdges of the escarpmcnts, fronl picturing III 
oue's mind ancient bays entirel!l slirroulldcd at succe!>sil'e periods by 
cliff+formed shores, onc's first impression is that they at least neecs+ 
sarily must be horizontal, if the elevation has been horizontal. But 
here is a fallacy: for after the sea has, dllring a cessation of the 
elevation, worn cliff~ all round the sllores of a bay, whcn the move+ 
ment recommences, and especially if it recommences slowly, it might 
well happcn that, at the exposed mouth of the bay, the wave~ might 
continue for some time wearing in to the land, wllilst ill the protected 
and nPller parts, successivc beach-lines might be acculIluJatiug in a 
sloping surface or terrace at the fuot of the cliff~ which had beclt 
lately reached: hcuce, supposing the whole line of escarpment to be 
final!y uplifted abol'c the reach of the sea, ih basalliue or foot near 
the mouth will rllO at a lower lel'el than in the upper and proteeted 
IJarts of the bay; consequently this basal line wil! not be horizontal. 
And it ~las already been sl.lown that the summit-edges of each escarp+ 
ment WII! generally be lugher ncar the month (from the seaward 
sloping land beiug there most exposed and cut into) than near tile 
head of the bay; therefore the total heigl,t of the escarpments will 
be greatest nenr the mouth; and further UI) the uld bay or valley 
they will on both sides generally thin out and die away: I have ob+ 
sell'cd this thinning out of the successil'e escarplllent at other places 
besides Coquimbo; and for a long time I was quite unable to nnder+ 
stnnd its meaning, The following rude diagram will perhaps reuder 
what I mean more intelligible; it represents a bay in a district \\'llich 
has begun slowly rising. Before tile movement COllllllcuced, it is 
supposed tilat the wal'e~ had been enabled to eat into thc laud and 
for,lll cliffs, as far lip, but with gradually dimini:;l,ing power, as the 
I)omts A A; after the mOl'Cment had commenced alld gone ou fo r 
a little time, the sea is snpposed still to have rdained the pow~r, at 
the exposed mouth of the bar, of cutting dowll and into the laud as it 
slowly emerged; but in the upper parts of the uay it is supposed soon 
to hal'e lost this power, owing to the more protected situation and to 
the quantity of detritus uronght down by the ril'er; consequently low 
land was there accuUlulated: As thi3 I,ow bud lI'as formed during 
a slow elevatory mOI'cmcnt, Its surface wtl! gently slope upwards from 
the beach on an bides. Now, let liS imaginc the bay, not to make the 
diagra.rn more compli~ated, suddenly converted into a valley: the 
basal hne of the cliffs WIll of course be hvrizontal, as far as the bcach is 
IIO.\\' ~een c~tendiu~ in thc diagram; but in tl~e npper part of the l'alJey, 
ilns lme WIlJ bc lugller, the level of the dl ~trict hal'i llg Lcm raised 
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whilst the low land was accumulating at tlle foot of the inland cliffs. 
If, instead of the bay in the diag-mm being suddenly I;onverted into a 
valley, we suppose with much more probability it to be upraised slowly, 
then the waves in the tIpper parts of tilC bay, will continue ,"cry gra
dually to fail to reach the cliffs, which arc now in the dingram repre
sented as washed by the sea , and which, consequently, will be ltft 
standing higher nnd higher above its level; whilbt at tl lC still ('xposed 
mOllth, it might wen happen that the waxes might be enabled to cut 
deeper and decper, both dowu and into the cliffs, as the laud slowly rose. 

The greater or lesser destroyiug power of the wa,'es :It the months 
of successive bays, comparatively with this same [lOWer in their upper 
and prot('ctcd parts, will vary as the hays, become changed in form 
and size, and therefore at dillerent leycl~, at their mouths and heads, 
more or less of the surfaces bdween the escarpments (that is, the 
accumulated heaell-lines or terraces) will be left undestroyed : from 
what has gone before we can see t hat, according as the do,'atory 
movements after each cessution recommence mOTe or less slowly, 
according to tile amount of detritus deli vered by the river at the 
heads of the sueeL"Ssive bays, and according to the degree of protecticn 
afforded by tlleir altered forms, so will a greater or less extent of ter
race be accumulated in tIle upper part, to whicll there will be no sur
face at a eorrespouding ICHI at the month : lICHee we can percei,"e 
why no one terrace, taken in its whole breadth and followed up the 
valley, is horizontal , though eaell separate beach-line mllst ha,"e been 
so; and why the inclinatioll of the feveral te rraces, both tr:ms,'ersely, 
and longitudinally li p the ,'aller, is not alike. 

I lm\'e entered into this case in some detail, for I was long per
plexed (and otilCrs have felt the same difficulty) in nnderstanding 
IIOW,OIl the idea of an equable c1el'atioll with the 5<.'a at in tcCI"als 
eating into the land, it came, tilat neither the terraces nor the upper 
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nor lower ed«es of the escarpments were horizontal. Along lincs of 
coast, e,'en of great lengths, such a,s that of Patagonia, if theX are 
nearly uniformly exposed, the corrodmg power of the wa"cs wdl ~e 
checked and conquered by the elevatory movement, as often as 1t 
recommences, at about the same period; and hence the terracel!, or 
accumulated beach-lines, will commence being formed at nearly the 
same levels : at each succeeding period of rest, they will, ~I so, be 
caten into at nearly tho same rate, and consequently there wIiI be a 
Illllch eloser coincidence in their levels and inclinations, than in the 
terraces and esearpnlonts formed round bays with their different parts 
very differently exposed to the action of tile sea. It is only where 
the waves arc enablcd, 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 thc surface being steeply inclined, a narrow bcach or 
mound, that we can expect, as at Glen R oy in Scotlo.nd," a distinct 
line marking an old sea-level, and which will be strictly horizontal, i f 
the subsequent elel'atory mOl'emcut;.s hal'e bccu so: for ill thel!e cases 
110 discernible effects will be produced, except during the long inter
yening periods of rest; whereas in the case of sto::p-formed coasts, 
sllch as those described in this and the llreceding chapter, the ter
races themseh'CS aro accumulated during the slow elel'atolY process, 
tho accumulation commencing soouer In protected than in exposed 
situations, and sooner wher~ there is copious supply of detritus than 
where there is little; on the other hand, the steps or escarpments are 
formed during the stationary periods, and are more deeply cut dowll 
and iuto the coast-land, in exposed than in protected situations ;-the 

~~~i:n~ua~~i~n't~Or~~;~~;li~~n~n~ro~~:d1~~,ini;ll:l~~~,&t o~x~~~e~ll~~~~d 
lllOI'cment, 

Alth ough in the foregoing discussion I ha\'e assumed the elevation 
to hal'e been horizontal, it may be suspected, from the considerable 
sea-ward slope of the tcrrace~, both up tho I'allcy of S, Cruz and lip 
that of Coquilllbo, that the rising has been greater inland than nearer 
tho coast, There is reason to helieve,t from the cffeets produced on 
the water,course of a mill during the earthquake or 1822 in Chile, 
that the upheaval ono mile inland was nearly double, namely, be
tween fi,'e aud sc,'en feet, to w],at it was on.the Pacific, \Ve know, 
also, from the admirable researches of J'lL ilea,'ais.! that in Scandillada 
the ancient soa-beaches gently slope from the iuter ior mountain-ranges 
towards the coast, and that they are not parallel one to the other, 
showing that the proportional difference .in the amount of elevation 011 

the coast and in the interior, nfied at ddferent periods. 

CoqltimiHJ to Guasw.-In this distance of nillety miles, I found in 
almost ovcry part marine Bhcl1~ up to a height of al)parentiy from 200 
to 30{l feet. The desert plain near Choros is thns covered ; it is 

* P hilosophical T,anBactions. 1839. p, 3f). 
t Mr. Place in thaQuartcrl.,· Journal of Science. 1824, '01 . s~ii , p, 42 • 
.t , 'opgas de la Com"'. du Nord, &c. ' als~. Compt~s Hendus. Oct. 1842. 
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bounded by the escarpment of a higher Illain, consisting of pale
coloured, earthy, calcareous stone, like that of Coquimbo, with the 
same ncent ~hclJs embedded in it. I n the valley of Chanewl, a 
similar bed occurs in which, differently frolll in that of Coquimbo, 
I observed many shells of the COlleholepas: near Guaseo the same 
calcareous bed is likewise lIIet with. 

I n the vaUey of GU:lSCO, the step-formed terraces of gravel are dis
J)\ayed in a more striking manner th:ln at any other point. I followed 
the vaUey for thirty-seven miles (as reckoned by the inhabitants) 
f WIll the coast to Ballenal ; iu nearly the whole of this distance, five 
grand terraces, running at corr:sponding heights 011 both sides of the 
hroad \'alley, are more consplcnous than tile three best dC\'clopcd 
ones at Coquilllbo. They give to the landscape the most singular and 
fonllal aspect: and when the clouds hnng low, hiding the neigh
bouriug mountains, the valley resembled in the most striking manner 
that of Santa Cruz. The whole thickness of these terraces or plains 
seems composed of gravel, rather firmly ag-gregated together, with 
occasional parting seams of elay; the pebbles on the upper plain are 
oHell white-washed with an aluminous substance, as ill Patagonia. 
Ncar the coast I observed many sea-shells on the lower plains. At 
F reyri na (twelve miles up the valley), there are six terraccs beside 
the bottom-surface of the valley : the two lower oncs are here only 
from 200 to 300 yards ill width, but higher up t ile yalley they 
expand into plains: the third terrace is generally narrow: the fourth 
I sa.w only in one place, but there it was distinct for the length of a 
mile : the fi fth is very broad : the sixth is thu summit-plain. which 
expands inland into a great basin. Not ll(\ving a barometer with me, 
I did not ascertain the heigl,t of these plains, Lut they appeared con
siderably higher than those at Coqtlimbo. Their width varies much, 
sometimes being very broad, and ~omctillle!l contracting into mere 
fringes of separate, flat-topped p rojcction~, and then quite dIsappearing: 
at the one spot, wher~ the fourth terrace was visible, the whole six 
terraces were cut ofl:' for a short space by one single, bold, escarpment. 
Near Ballenar (thirty-sevell miles from the mouth of the ril·er), the 
"alley between the summit-edges of the highest escarllments is several 
miles in width, and the five terrace$ on both sides arc broadly dovc
loped : the highest cannot be less than 600 feet above the Led of the 
r iyer, which itself must, I conceive, be some hundred feet above the 
sea. A north and south section across the \":Illey in this part is here 
represented, 

No. 1 2 ._NORT II AND SOUTH SECnOl' ACROSS TilE VALLEY OP Gu,,"seo, 

On the northern side of the \":IlJey the summit-pl3i n of gravel ( A ) 
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has two escarpments, one being tile vaHey, ano the otill'r a great 
basin-like plain (13), which stretches fo r several leagues, northward, 
Th is narrow plain (A) with the double, es~arp!nent, c\'I~e!lt,ly once 
formed a spit or promontory of gravel, proJectIng IOto and dl\'ldlllg' two 
great bays., a]ld snbsequelltly was \:'orn ,on both sides into steep di,ffs, 
"'hether the several escarpments 10 tlus "al1cy ~ were for~ed durmg 
the same stationary perinds, with those of Coqullnbo, 1 WIll not pre_ 
tend to conjecture ; but if so. the iuten'ening aud suhsequf'nt eleva
tory lllovements must have been here much more energetic, for these 
pla'ins certainly stand at a much higher lc\'el, than do those of Co
quimbo. 

Gopiapo,-From G uasco to Copiapo, I followed tlle road ncar the 
foot of thc Cordillera. aud therefore saw no upraised remains, At the 
month, however, of the I·alleyof Copiapo there is a plain, estimated 
by l\Ieyen " between fifty aud seventy feet in heigllt, of wllich the 
upper part consists c1liefJy of gra\'el, abounding with recent shells, 
chiefly of the Concholera.~, Ve/IU8' Domwyi and Cal,l!plnra troclli

jormis, A little inl:l.ll<1, on a I)i:tin estimated by Illyself at nearly 
300 feet, the uPI}!'r stratum was formed of broken shells and sand 
cemented by white calcareous matter, and abounding' with embedded 
recent shells, of which the Jilllillia BYl'olUmsis and P ecten purpuratm 
were the most numerous. The lower plain stretches for some miles 
southward, and for an unknown distance northward, but not far up 
the valley; its seaward face, according to Meyen , is worn into caves 
abol'e the level of the present hench. The vnlley of Copiapo is much 
less steeply inclincd and le8~ direct in its COUT'C, than any other valley 
which L saw in Chile ; and its bottom docs not gencraBy consist of 
gmvel; there arc no step· form ed terraces in it, except at olle spot 
ncar the mouth of the great lateral valley of the Despoblado where 
tbere arc only two, one above the other : lowcr dowlI the valley, in 
one place J observed that the solid rock had been cut into the shape 
of a beach, and was smoothed over with shingle. 

Nor~hward of Copi:,po, ill Int. 26° S., tl~e old voyager "Wafert 
found Immense numbers of sea-shells some nl lies from the coast, At 
Cobija (lat. 22 0 34-'), M, d'Orbigny observed beds of gravel nnd 
broken shells, containing ten species "f recent allells; he also found 
011 projecting points of porphyry, at a heigllt of 300 feet, shells of 
COllcholepas, Chiton, Calyptrl2.1., F issurella, and Patel1a, still at-

::~C~h~~ V~:t~~~~St ~~,c\\~;~~~t~~~yn::~~ llli;'\?:bCfl~ lgr~~?~~if~d~~~u~; 
.. R~ise urn die Erde. Th, !. s , 3i':! , el seq. 
t Burnett's Collection of Voyages, yo\. iv. p. 193, 
:::. \'oY3g-e. .PSTt. Geolog. p. 94. 111. d 'Orbigny(p, 98) in summing up, says, 

"8',1 e51 ce't~'n (R' be belie .. e.) que .touS les lerratnS en pellle, comp.is entre la 
mer et les mo"t~g"es sout r.aocien tlvage de l.a mer, 0" dOlt .uprose" rour )'eu. 
semble. un e~hausse"'eut 'lUI ne serait pas n,olnd,e d~ deux cen! ",elres; " il fau_ 
d"", Su!!pOler encore que ce Boul~ .. ement "'3 1'0int ete gradue!; ....... malS 'lu'il 
", Iulleratl d'one seule et merne cause fortulte," &c. Now, on lh,s vIe .. ·• wben 
tbe.ea ,,"as forming lhe heach at the (oul of Ihe mountains, many shells of Con. 
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to me i~ appears far more probable that the movement was gradual, 
witll small starts as dming the ear tl'fluakes of 1822 and 1835, by 
",I,ich whole beds of shells attached to tl,e rocks were lifted nbu\'e 
the sub~eq'1Cnt reach of tlm wa\·cs . M. d'OrLigny also found rolle(i 
pebbles, extending up tile lIlolllltnin to a height of at least COO 
feet. At Iquique (lat. 20° J2' S.), in a great accumulation of sand, 
at a height estimated betwccn 150 and 200 feet, I observed many 
large sea· shells which I thought could not have bl~n blowll up by 
the wind to that height. Mr. J. II. Blake has lately~ described these 
shells: he states that "in laud toward the mountains they form a 
compact uniform bell, scarcely a trace of the original shells being di~_ 
cerniLle; but as we approach the sl,ore, the rOflllS be<:ome gradually 
more distinct till we meet witll the living shells on tIle coast:' 
T his intcresting- observation, showing by the gradual d~ay uf tloc 
shells how slowly and gradually tile coast must have bccn uplifted, we 
shall presently sec fully confirmed at Lima. At Arica (lat. 1 So 28'), 
l\f. d 'Orbignyt found a great range of sa."d-dunes, fourteen Jr"agues in 
length, stretching towards Tacna, includmg recellt shells and bones of 
Cetacea, and reaching lip to a loeight of 300 fed abOI'e the sea. 
L ieut. Freyer lias gi,'en some lII ore precise facts: he states! that the 
Morro of Al'ica is about 400 feet high; it is worn into obscurc ter
raee3, on the bare rock of which he fonnd Balini and i\lillcpora> ad-

~~~n~~ral~\,~!lr: I~~~g~t q~l~t~~;:~n s~~~:I: tbl;:" ~tt~~~i f~~~t t~:~~, s:.:I:: 
lIluch abraded; there were, ho\\,e\'er, traces of organic remains at 
g reater hcights. On the road from TOlen:!. to Arequipa, between 
Loquimbo and i\loquegua, Mr. l\T. I1 ::lInilton § fou"d uUlllcrous rcceut 
sea· shells in sand, at a considerable distance from the sea. 

Lima. 
Nortllward of Arica, I know nothing of the coast for about a 

spa.ce of five degrees of latitude; but near Callao, tl,e port of 
Lima, there is abundant and ,'ery curiuus cvidence of the elevatiuu of 
the land, The island of San Lorenzo is upwards of 1000 feet high; 
the basset edges of the strata cOIIIJ)osi ng the lower part arc worn into 
three obSCl\re, narrow, sloping steps or ledges, which call be seen 
only when standing on them: they 1lToLmbly resemble those descri~ed 
by Lieut. Freyer nt Arica. The surface of the lower ledge, wlmh 
extends from a low cliff o,'erhangiug the S{'a to the foot of the next 
upper cscarpment, is covered by all ~norm')II S accumulation, of recent 

cholepas, Chiton, C.lyptra>a, Fi.surella. And PalelJa (",hid, are known 10 live close 
to Ihe b~ach). "'ere attached 10 rocks at n ,Iepllo,of 3UO r~el , nnd <tI a deplb of 600 
feet several or these Same .I,ell. were "ccurnelauDj! in gre"! "",:"b;,rs i,,- bon.olltal 
hed. . F rom what 1 ha,'" D1y8e~f8ce" in dredging. I. believe 11"$ to bo " "probable 
in tbe highest degree . ir not ,mllO.soble; and 1 think. eve~y ono wLo .has rud 
P rof. E. Forhes's excellent re",arche. on the suhJecl, w,n wlIbout heSll"llOn agree 
in this conclusion. 

* Silliman's Amer. Jour. "f Science. vol. xliv. p. 2. 

: ~:~~3E::I :c;oP~1~~ ~:yell , Geolog. I' to<:. 1'01, ii . p. 179. 
§ Edin. New 1'1,,1. Jour. vol. xu. p. 155. 
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shells.- The bed is level, and ill some parts more than two feet in 
thickness; I traced it O\'er a space of one ~lile.in length, and heard of 
it in othcr places; the uppermost part IS clghty-fh'e feet by the 
barometer above high_water mark. The shens aro packed together, 
but not ~tratified; they are mingled with earth and stones, and are 
generally co\'ored by a few inches of detritus; they rest on a mass of 
neatly an(l'ular fragments of the nnderlying sandstonc, somctimes 
ccmcnted togetl,cr by common salt. I co!lectedeigMce~ sp<'cies of she I. Is 
of all ages and sizes. Several of the 1I11l"al,'cs had c\"ldently long lam 
dead at tllo bottom of the soa, for their insides were incrusted with 
Balani and Serpnlre. All, according to Mr. G. B.Sowerby, are recent 
silecies : they consist of-

I . j\?o~i~ds3~~:!t~~:;~~:~ds:~~ea:t~~e~ 
to be probably distinN frorn tbe 
~~~:t~/. A/agellallicu8 of tile eail 

2. Venus costellata, Sowb. Zoo!' Proe, 
J. Peclen purpurntus.!:sm. 
4. Cbama, probably echlnulata, Brad. 
S. Calyplrrea l:Iyronensis, Gra)'. 
6. ___ radian< (Trochu., Lam.) 
7. Fio"urella affioi., Gray. 
8. __ btradiota, Trombly. 

9. Purpura cbocolatla, Dudos. 
10. __ reru.j~n8, Gray. 
I!. __ lab;.t. Gray. 
12. __ bU'l"ea (Murex, Brod. ) 
13. Concholepas l'eruv;aD8. 
14. Na ... , related to reticuhta. 
IS, Triton rudis, Brod. 
16. Trocbu., not yel described. but \.~II 

known and very common: 
17 aod 18. JJaianl1i, '"'0 "pecle', both 

common on lire coast . 

Thcse upraised shells appear to be nearly ill the same proportional 
number~, with the exception or tho Crepidulre being more numcrous, 
with those on the (·xisting beach. The state of preservation of the 
different species differed much; bnt most of them were much cor
roded, britUll, and bleached: the upper and lower surfaces of the 
Concholepas had generally quito scaled off; some of the Trochi and 
Fissurellre still partially retained their colo1!fs. It is remarkable that 
these shclls, taken all together, have fully as ancient an app·earancc, 
althongh the extremely arid climatc appears highly favonrable for 
their preservatioll, as those from 1,300 feet at Valparaiso, and cer
taillly 11 more ancient appearance than those from 500 or 600 feet 
from Valparaiso and Concepcion; at which places I have seen grass 
and otller ,·cgctables actually growing out of the shells. Many of 
the untvalves herc nt S.:m Lorelllw wcrll filled with and 'lOtted to
gether by pnre salt, probably left by thc evaporation of the sea.
spray, as the land slowlyemcrged.t On the highest parts ~f the 

• 1\f. Chevalier. in tire Voyage of tbe Bon;te, obaerved these slrells; hut his 
specimens wue 1?S(.-L'lnstilUt, 1836, p. 1,,1. 

t :r he undcrlytng .a"dstooe contain. true layers of ult; So tbol the sah may 
poSSIbly ha"" com'l from Ihe bed. ;u tlra hlglrer pllrt , of the island; but I think 
more probably frum tbe sea .• pray. It iij g'lnerallyasserled that raio never fall. 
on tb? ~oa.t of Peru; but thi.s is not quite. aceura~e; for, o~ several days, during 
our " .,t , the .,o.ea1\ed Per~\·I.n dew fell III .ulli~l,mt qU~"hty to make Ihe slreet. 
muddy, arr.d '1 would certaInly have " 'ashed 00 deliqueseent a sub.lanee as sal t 
Into the 9011. I stote tLis beeaus" lII. d'Orbigny, in dl.cu •• in1: an analogous .ub_ 
jeel. supposes tlllt I bad forgotten tht it never rai ns on ,hi. whale line of coaat. 
S"" Ulloa. Voyage (vol. ii. En~. 'Iran •. p. 67) for an account of tbe muddy 
street. of Llm3, and on tbe conttnuance or the ImalS during the whole winter. 
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ledge, small fragments of the shells were mingled witll , and evidemly 
in process of reduction into, a yellowi sh-white, soft, calcareous powder. 
~:~~fna~t~~11~1::' of salt, and in some places as fine as prepared 

Fossil remains of HUmaIl A f·t.- In the midst of these shells on San 
Lorenzo, I found light comllines, the horny ovtl le-caS<'S of mollusca, 
roots of sea-we{ld,. bones of birds, the heads of Indian corn and other 
ve~t.able nlatter, a pi ~'Ce of wo~erl rushes, and anoUler of nearly 

~~~:.~ ~ott::'~l ~~:~I;~. anl tl~:;r~~~~ntt~~~s;~';:tl~s ~n ~:~td~~~ 
with the shells. 1 compared the plaited rnsh, the cottOIl string, and 
I ndian corn, :It the IIOUse of an antiquarian, with similar objects, 
taken from the I-I nacas or burial-grounds of the ancient l>crnvians, 
and they were undistinguishabh.:; it should l>e observed that thc 
Peruvians used string only of cotton. The sm:..l\ quantity of sand 
or gravel with the shells, the absence of large stones, tI.e width and 
thickness of the bcd, and the timc requisi te ror a ledge to be cut into 
the sandstone, all show that these renlains were not thrown high up by 
an eartbquake-wave: on the other hand these facts, together with 
the number of dead shells, and of fl oating objects, both marine and 
terrestrial, both natural aud lmman, render it almost certain that 
they were accumulated on a trne beach, since upraised eighty-live 
feet, and upraisetl this much sinee bidian man inha6itcd Peru. The 
elevation may have hccn, either by several small sudden starts, or 
quite gradual; in this latter case the nurolled shells having been 
thrown up during gales bcyond the Teach of the wavcs wlliell after
wards broke on the slowly emergil lg land. 4 I havc made these re
mark s, chiefly because 1 was at first smprised at the complete 
difference in nature, between th is broad, smooth, upraised bed of 
shells, and the present shingle-beach at the foot of the low sandst(\ne
cliffs; but a beach rormed, when the sea is cutt ing into the land. 
as is shown now to be the case by the low bare sandstone-cliffs, 
ought not to be compared with a beach accumulated on a gently 
inclined rocky surface, at a period when the sea (probably owing to 
the elevat.ory Illovement in process) was not able to cat into the 
land. With respect to the mass of nearly angular, salt-cemented 
fragments of sandstone, which lie under the a1101Is, and. wh.ich arc 
so unlike the materials of an ordinary sea-beach ; I tlllnk 1t pro
bable, after having seen the remarkable cffects+ of tile earthquake or 
1835, in absolutely shattering as if by gunpowder the surfilce of tl ,e 
primary rocks near Concepcion, that a smooth bare surface of stoOl' 

Rain also falls at rare inlenals e.en in the driest districto, as, for instance . du r
ing f~rty days, in 1i'l6, at C~ocope (7° 46'); Ihia rain emirely rui!led (Ul loa, Sic. 
p. 18) the mud_houses of the inhabllan.ls . . _ . 

ce~e I\:;po~~iit~ So:o!t~~~~n h~~e f~~;dal~etr:Sbl:f t>saep";r,,;~e~,~nE;:~. ,~~~.~e~h~.' j'~~~~ 
nal. vol. %Xv. p. 384 . . 

t I ha.e described Ibis in noy J ournal;f Researches, p. 303, 2nd edJ!. 
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was left by the sea covered by the shelly mass, and that afte f~ 
wards when upraised, it was sllpcrficilllly shattered by the Severe 
shocks so often experienced here. 

T he ,-cry low !:lud surrounding the t~wn of ~allao, is to the 
south joined by an obscure csc:arpmcntto a lllgher plam, (south of ~ella 
Vista) which stretches along the coast fo r ,n length of about eIght 
miles. This plnin appc::u:s to the eye qUite level; bllt the sea
cliffs show that its heigllt varies (as far as I could estimate) from 
70 to 120 fcct. It is composed of thill, sometimes waving, beds 
of clay, of tell of bright-red and yellow colours, of layers of impute 
sand, and in one part with a great strntified mass of granitic pebbles. 
These beds arc capped by a remarkable mass, varying from two to 
six feet iu thickness, of reddish loam or mud, containing many 
scattered and broken fragments of reeent marine shells, someti,mes 
though rarely single large round pebble, more frequently short Irre
gular layers of fine gravd, alld very many pieces of red coarse earth
enware, which from their CUII'atures must once hal'e formed parts 
of large vessels, The earthenware is of Indian manufactnre; and 
I fouml exactly similar pieces accidentally included within the 
bricks, of which the neighbouring ancient Peruvian burial-mounds 
arc built. These fragments abounded in such numbers in certain 
spots, tlwt it appeared as if waggon-loads of earthenware had been 
smashed to pieCCll, The broken sea-shells and pottery arc strewed 
both ou the surface, and throughout the whole thieklles.s of tllis 
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 soy'eral Qliles further over the entire plain . Besides 
the little included irregular layers of small pebbles, there are occa
sionaHy "cry obscure traces of stratification, 

At onc of the highest parts of the clift~ t-stimated 120 feet above 
the sea, where a little ravine came down, there were two sections, at 
right angles to each other, of the fl oor of a shed or Luildiug. I n 
Loth sections or faccs, two rows, one o"er the other, of large round 
stones could be distinctly seen; they were packed close together on an 
artificial layer of sand two iuche8 thick, which had been placed on 
the natural clay-beds; the round stones were covered by three 
f~et iu thickne~s of the loam with broken sea-shells and pottery. 
Hence, before this widely spread-ont bed of loam was deposited, it is 
certain tbat the plain was inlmbited; and it is probaLle, from thc 
broken v~ls being so milch more abuud:mt in certain spots than 
in others, and from the ~mderlying clay being fitted for their manu
facture, tilat the kilns stood here, 

'fhe smoothlH:9S and wide extent of the plaill, the bulk of matter 
deposited, and the obscnre traees of stf3tincation seem to indicate 
that the loam was deposited under water; on the other hand the 
l)resence of sea-shells, their broken state, t1w pebbles of various sizes, 
and tIle artificial floor of round stones., almost prove that it. mllst 
have originated in a rush of watcr from tbe sea over the land. The 
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height of tIle plnin, T1:lTllely, 120 feet, rendf' rg it improb:lLlo th:lt all 
earthquake-wave, vast :lS some h:\\'o Ilere been. could ha\'e broken 

~~.~r f~~ i~~:.f::,en~\;I~ &::i~dT\~~:~1 ;h~t~~I:l;~lc~~e~~Ct::~I~~"~ltol~~ ~~h:h~ 
ledge at S. I.orenzo, and when :lS we k now man inhabited this dis
trict, such an evcnt might well have occnrred; and if we may fur
ther suppose, that the plain was at that time converted into a 
temporary lake, as actually occurred, dnring the earthqn:lkes of 1713 
and 17 ·~6, in the case of the low land round Caltao owing to its beiog 
encircled by a high shingle-beach, all tllC appearances :lbovo described 
will be llOrfeet!y explained. I Illust add, that at a lower level near 
the point where the present low land round Callao joins the higher 
plain, there are allpcarances of two distinct dUllosits both apparently 
formed by debacles; in the upper 0110, a horse's tooth aud a dog'sjnw 
were embedded; so that both must have been formed after tlJC settle
ment of the Spaniards; according to Acosta, UJC earthquake-wavo of 
1586 roso eighty- fou r feet. 

The inhabitants of Callao do not believe. as far as I eonld ascer
tain, that any change in level is 1l0W ill progreS!l. The great frng
ments of brickwork , wllich it is asserted C:1II be seen at the bottom 
of the sea, and which have been addnced as a proof of a late subsi
dence, nrc, as r nm informed by Mr. Gill, a rC9idcnt ellginccr, loose 
frngments; this is probable, for I found on the beach, and \lot near 
the remains of any building, mas;ocs of brick-work, three and fonr 
feet square, which had been wnslled into thei r present pbees, and 
811100thed over with shingle, during the eartl'quake of 1746. The 
spit of land, on which the ruins of Old Callao stand, is so extremely 
low and lIanow, that it is improbable in the highest degree that a 
to\\'1I slJOuld have been foullded 011 it ill its }lresent state; and [ 
ha\'e lately heard- that M. 1'sehudi has come to the conclusion, 
frolll a comparison of old with modern charts, that the coast both 
south and north of Callao has subsided. I have shown that thc 
island of San Lorenzo has been npraised cighty-fiyc fcct since the 
Pemvians illhabitcd this country; and whatever may h:lye been the 
alllOnnt of recent subsidence, by so Illnch more must the elevation 
have exceeded the eigl,ty·five feet. I II sevcrallllaeest in this neigh
bourhood, marks of sca·action have bccn observed; Ulloa gives a 
detailed neconnt of snch appearances at a point five leaguw northward 
of Ca!!ao: Mr. Cmiksl,ank fonnd near Lima, sllccessive lines of sca
cliffs, with rounded blocks :It tileir u:lse~, at a height of 700 fcct above 
tlJC present level of the sen . 

.. I am indebted for thi. fuct to Or. E. Dieffeob:lcb. I may ad~ .thal there is a 
tradition that tbe islaods of S.o Loten~o aod Fronton were once Jomed, and Ihat 
dJe cha,,~el between S. Loren'lOo aod the mainland, now above 1"'0 miles io width, 
WaS so narrOW that cattle used to swim over. 

t ObS<lrvaciones sobre el C]oma del Lima par Dr. 1I. Unanue. p. 4.-;--UHoa·s 
Voyage, vol. ii. Eng. Trans. p. 97. - For Mr. ~_ruichhallk" oh.eroauons. see 
lilT. Lyell'. Pnnciples of Geology (1st edit). vol. 111. p. 130. 

E 2 
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Oft the Dec(lY of upraised Sea·Bltells.-I have stated that many 
of the shells 011 the lower inclined ledge or wrrace of San Lorenzo 
are corroded in a peculiar mallllcr, and that they have a much 
more ancient appearance than the s.'1me species at considerably 
greater heig11ts on tht) coast of Chile. I h:n'e, , also, st.ated that 
these ~hells in the upper part of the ledge, at the heIght 6f eighty-five 
feet above the sca, are 1:'1liing, and in some parts are quite change,d 
into, a fine, soft, saline, calcareous powder. The finest 113.rt of tillS 
powder has been allalysed for me, at the request of Sir H. Delabccl,e, 
by the kindness of Mr. Trenham Reeks of the Museum of Eeono-

~:~t?e:.lldg;;u!~a:n~~st~i[~~,c~~:~n~;e I~~r!~~~e ~~d a:l~l;t~,~~e~~fs!d;~ 
The carbonate of lime is obviously derived from the shells; and 
common salt is so abundant in parts of the bed, ti,at, as before re
marked, the univalves are often filled with it. The sulplmte of lime 
Illay have been deri\'ed, as has prohably the commOIl salt, from the 

::~)~:~i:~ fi~n!h~s ~:~~P~?'Pio~~1~n5e~~:i~~erfr~~~e t~lfe t~;r~;~I; ~~; 
~hores of Ascellsioll.· The other !!aline hudies may perhaps hal'c been 
partially tlms deril'ed, but chiefly, as I conclude from the following 
facts, through a different means. 

Or. most parts of the second ledge or old sea-beach, at a, heigl.t of 
170 feet, there is a,1a,yer of white powder of variable thickness, as much 
in sOlue llarts as two iuches, lying on the angular, salt-CClnellted frag
mCllts of sandstone a,nd under about four inches of earth, which powder, 
from its elose resemblance ill nature to the upper and most decayed 
parts of the shelly mass, I can hardly doubt originally existed as a b('{l 
of shells, DOW much collapsed and quite disintegrated. I could not 
diseOI'cr with the microscope a trace of organic structure in it; but 
its chemical constituents, according to Mr. Reeks, arc the same as 
in tlJC powder extract\'d 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 tl,ird and highest 
ledge, I observed some of this powder in a. silllilar position , and like_ 
wise occasionally in small patches at considerably greater lleigh1s ncar 
the summit of the island. At Iquique, where tllP. whole face of the 
country is co\'ered 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 ncar the beach become, in ascending, 
gradually less and,less perfect, u~til scarcely a trace of tllei r original 
structure can be dIscovered, It IS known that carbonate of li'tle and 
common salt left in a' mass togetber,+ and slightly moistened, par-

* Volcanic Islands, &c, hy th" Aulhot, p. (i'l, 

t I ,am infnrm~d hr ~r. ~.ne. througb lI!r. ~ch, tbat a manufactnry was 
e,tsbhsbed nn th,s pnne'ple ID France, but faIled from the small quantity of car_ 
bouate of soda produced , Sprengel (Gardener'sChrnn, 1845. p. 1(7) .tates, that 
salt and carbonate of lime are liahle to mutual decomposition in tile 9Oil. Sir H, 
Delabecbe iufor?l8 me. th~t calcaroous roc\:;s, washed by the 'pray of Ihe sea, are 
of leI> corroded ID a pecuhar manDcr; see also on tIna latter subject Gardener's 
Cbron. p. 6.5. 1844. 
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tially decompose eaeh other: now we have at San Lorenzo and a~ 
Iquique, in the shells and salt packed together, and occasionally 
moistened by tho so-called Peruvian dew, the prope r elements for 
this ::u::tion. We can thus understand the peculiar corrodcd appear
ance of the shells on San Lorenzo, and the great decrease of quantity 
in tho carbonate of lime in the powder on tho upper ledge. There 
is, however, a great difficulty 011 this ,·jew, for the resultant salts 
sllould be carbonate of soda and muriate of lime; thll latter is present, 
but not the carbonate of soda. Hence I am led to the perhaps unau
thorized cOlljecture (which I shall hereafter have to refer to) that the 
carbonaw of soda, by some unexplained means, becomes converted 
into a snlphate. 

If the above remarks be just, we are led to the very unexpected 
conclusion, tlmt a dry climate, by leaving the snit from the sea-spray 
undissolved, is much less favourable to tIle presell"atioll of uprai~ed 
shells, thau a humid climate. H owever this may be, it is interCllting 
to know the manner in which masses of shells, gradually upraised 
above the sea-level, decay and finally di~appear. 

Summary on the recent EICC(I/iOIl of the lVcst O()(U/ of South 
Amcrica.- 'Ve have seen that upraised marine remains occur at 
intervals, and in 90me parts almost continuously, from lat. 45° 35' 
to 12° S., along the shores of the Pacific. This is a distance, in 
a north aud south line, of 2075 goographicalmiles. }"rOIll Byron's 
observations, tile elevation has 110 doubt extended sixty milO!S further 
south ; and from the similarity in the form of the country Ileac 
Linla, it has probably extended many leagues further north.
Along this great line of coast, besides the organic remains, t!Jere are 
in very mauy parts, marks of erosion, caves, ancient beaches, sand
dunes, and sueoossi\'e te rraces of gravel, all above the present level 
of the sea. From the steepness of the land on this side of the con
ti neut, shells have rarely been found at greater distauces inland than 
from two to three leagues; but the marks of sea-action are evident 
rarther from the coast; for instance, in the valley of Guasco, at a 
distance of between thirty and forty miles. Judging fro m the up
raised shells alolle, the elevation in Chiloe has been 350 f<let, at Con
cepcion certainly 625 fect, and by estimation 1000 feet; at Valpa
raiso 1300 feet; at Coquimbo 252 feet; northward of this place, 
sea-shells have not, I believe, been found abo"e 300 (t'Ct; :llld 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 aud cirripedes; but their 
proportioual numbers in th~ neigllbouring sea have in most cases 
remained the same. Near Lima, however, a small change in this 
respect between the living and the upraised was observed: at Co-

* I may taJ.:e tbi~ opportunity of stating tbat in a MS. ill tl'e Geological 50<;. 
by i1Ir. Weaver, it IS stated that beds of. oysters BDd otber .tece~t 8b~lIs are found 
thirty feet above tbe level of tbe sea., III mallY parts of l alllp'co, In tbe Gulfor 
Melico. 
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quimbo this was more evident, all the shells being existing species, 
bllt with those embedded in the uppermost calcareous plain not ap
rroximating so closcly ill ll roportional numbers, 1IS do those Ul1lt lie 
loose on its slHf.'l.cc at the height of 252 feet, 1Ind still less closely 
than those which 1Ire strewed on the lower plains, which latter are 
identical in proportional numbers, with those now cast np on the 
beach . From this circumstance, and from not fiudins, upon careful 

~:e~~l~n~!\f;;en::t ~h;\~:e~Ot :~!v:~~l[:s t~[:~ flr::~:e~l~~g~~~l ~:: t~~! 
.'l.t Valparaiso, where it has been 1300 feet, and I lIlay add, than at 
Concepcion, This considerable inequality in tIle amount of elevation 
at Coqllimbo and Valparaiso, places only 200 miles apart, is not im
Ilrobable, considering, first, the difference in the force and number of 
the shocks now yearly affect ing different parts of this coast; and, 
secondly, tile fact of single areas, snch as that of ti,e province of 
Concepcion, ha\'ing been uplifted " ery unequally during thc same 
e;uthquake. It would, in most cases, bc \'ery hazardous to infcr 
an inequality of c\cyation, from shells being fou nd on the surface 
or in superficial beds at different heights; for wc do not know on 
what their ra te of decay depcnds; and at Coquimbo one instance out 
of many has been givcn, of a promontory, which, from the occur
rcncc of onc vcry small co\kct;on of lime-cemented shells, has indis
putably been elevated 2+2 feet, and yet on wllich, not cven a fragment 
of shell could be found on careful examination betwecn this height 
and the bcach, although many sites appeared very favourable for the 
preservation of organic remains: the absence, also, of shells on the 
gravcl-terraCl?S a short distance lip the vallcy of Coquimbo, though 
ahundant on the corresponding terrac('-s at its mouth, should be 
borne in mind_ 

There arc other epochs, besidcs that of the existence of recent 
mollll~a, by which to judge of the changes of leyel on this coast. 
At Lima, as we have just seen, the elevation has been at least ei(Yhty
five f~'Ct, witllin the I ndo-human period; and since the arrival of the 
Spaniards in 1530, there has apparently been a sinking of the snr
face. At Valparaiso, in the course of 220 years, the rise must have 
occn less than nineteen feet; but it has becn as much :'IS from tcn to 
eleven feet in the seventeeu years subsequently to 1817, and of this 
rise only a part can be attributed to the eartllquake of 1822, the 
remainder having been insensible and apparently sti ll, in 1834, in 
progress. At Chi loe the elevation has been gradual, and about four 

r~le~h: 1I;~I~~s~o~f ~~~Spea! ~l ~od~~i~~'~~d'l~S~, ~~!~~~ ~:C~~ g~;~~I~~ld~~~ 
small uphea"als, accompanied by earthquakes, as in 1822 at Valpa
raiso, in 1835 at Concepcion, and in 1837 in the Chonos Arehi
llelago, are familiar to most geologists, but the gradual rising of the 
coast of CI.lile has been hardly noticed; it is, however, very important, 
as connectlOg together these two orders of events, 

The rise of Lima Ilaving he<ln eighty-five feet within tlte period 
or mall , ;s tIle morc surprising if we refer to the eastern coast of ti,e 
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cuuliucut, for at Pwt S. Julian, in Patagoni:l, thcrc is good cvidencc 
(as wo shall hereafter sec) tllat when the land stood ninety fcet lower, 
the Macrauchenia, a. mammiferollS beast, was alive; aud at Ballia 
Blanca, when it stood only a few feet lowcr than it now does, many 
gigantic quadrupeds ranged ovcr the adjoining country. But the coast 

~e~a~~~;~;8;1~7::a 'i'~'~!il~~;~t ~~Ol~,,~~~: ~~:~~~:~, '~~lt t!;~is m;~~~ 
range, but rather with the tertiary volcanic rocks of Band:.. Oriental, 
alld thereforo the elevation at these places may have been infini tely 
slower than on tllll coast of P erno All such speculat ions, howcvcr, 
must be vague, for as we know with certainty that the elevation of 

~1~~I~~o:h~o:~lo~!:::~o~!a ~~s t~::l i~t:~';:IP~e~: :;:: ::: ~~~~ 
poriods of subsidence may not also have been intercalated ? 

In many parts of the coast of Chile and Peru, there are marks or 
tho action of the sea. at aucccssin l heights on the land, ahowing that 
tim elevation has heen interrupted by periods or comparative rest in 
tho upward movement, and of denudation in the action or tho sea. 
These are plainest at Chiloc, where, in a height of about 500 feet, 
thcre are three escarpments,-at Coquimho wliere, in a height of 
364 feet, there arc five,-at Guaseo where there are six, of which 
live may perhaps correspond with tllose at Coquinlbo, but if 50, the 
subsequcnt aud intervening elevatory movements have been here 
lllllCh lUore energetic,-at Lima where, in a height of about 260 
feet, there are three terraces, and others, as it is asserted, at con
siderably greater heights. The almost entire absence of ancient 
marks of sea-action at de£ned levels along considerable spaces of coast , 
as near Valparaiso and Concepcion, is highly instructive, for as it is 
improbable that the elevation at these places alono should Il:\ve been 
continnous, we mllst attribute the absence of such marks to the nature 
and form of the coast-rocks. Seeing over how many hundred miles 
of the CO:lst of P atagollia, alld on how many places on the shores or 
the Pacific, the clevl!-tory process has been interrupted by periods or 
cOlll llarative rest, we may conclude, conjointly with the evidence 
drawn from other quarters of the world, tll.1t the cIevation of the 
land is gencrally an intermittent action. From the quantity of 
matter removed ill the formation of the escarpments, especially of 
those of Patagonia, it appears tl13.t the periods of rest in the mo,'o
mcnt, and of denudation of the land, have generally been very lon«. In 
Patagonia, we have seen that the elevation has been equable, a;d the 
periods of denudation synchronous over \'ery wide spaces of coast; on the 
shores of the Pacific, owing to the terraces chieAy oecnrring in the 
valleys, we have not equal means or judging on this point; and the 
very different heights of the upraised shells at Coquimbo, Valpa
raiso, and Concepcion, seem directly opposed to such a conclnsion. 

Whether 011 this side of the continent the elevation, between the 
periods of comparative rest when toe escarpmentJi! wcre formed, hal' 
been by small Slldd~n starts, such as those accompanying recent 
earthqnakcs, or, as is Illost probable, by such starts conjointly with ;\ 
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gradual upward movcmcnt, or by great and sudden upheavals, I 
have no direct cvidetlcc. But as 011 thc eastern coast, I was led to 
thil11;, from the allalogyof the last hundred f~'Ct of elevation in JAl. 
Plata, and from the nearly equal size of the pebbles over the elltire 
width of the terraces., and from the upmised shells being all littoral 
species, that the ele\'ation had b<len gradual; so, do I on this western 
coast, from the analogy of the movements now 11l progress, and from 
the \'ast !lumbers of shells now living exclusively on or close to the 
beach, which are strewed over the whole ~urface of the land up to very 
considerable heights, conclude, that the movement here also has been 
slow and gmdual, aided probably by small occasional starts. We 
know at least that at Coquimbo, where five escarpments occur in a 
Ileight of 364 feet, that t}le suceCS!live elevations, if they ha\'e been 
sudden, eallllot ha\'e been very great, It liaS, I think, beell showlI 
that the occasional presen'ation of shells, unrolled and unbroken, is 
not improbable even during a quite gradual rising of the land; and 
tlleir preservation, if the mo\'ement has Leen aided by small starts, is 
quite conformable with what actually takes place during rceent earth
quakes. 

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 ele,'atory 
movement. and of dClludation of tile land. Undoubtedly this is 
the case alo!lg the wlwle great length of Patagonia. At Chiloc, 
however, we have seen that a lIarrow sloping fringe, covered with 
vegetation, separates the presel\t sea-beach from a li ne of low cliffs, 
which the waves lately reached; here, tben, the land is gaining in 
breadth and height, and tbc present period is not one of rest in tilt' 
elevation and of contingent denudation; but if the rising be not pro. 
longed at a quick rate, there is every probability that the sea will 
soon regain its former horizontal limits. I observed similar low 
sloping fringes on several parts of the coast, both northward of Val
paraiso and near Coquimbo; bllt at this latter I)iace, from the change 
in form which the coast has undergone since the old escarpments werc 
worn, it Dlay be doubted whether the sea, acting for any length of 
time at its prescnt level, would eat into the land; for it now rather 
tends to throw Ill' great masscs of sand, It is from facts such as 
these that I have generally used the term wmparatice 1'Ut, as ap
plied to the elevation of the land; the rest or cessation in the move
ment being comparative both with wllat has pre<:eded it and followed it. 
and with the sea's power of corrosion at each spot and at each level. 
Near Lima, the cliff-formed shores of San Loren;r.o, and on the main· 
land south of Callao, show tllat the sea is gaining on the land; and 
as we have here some evidence that its surface has lately subsided Or 
is still siuking, the periods of comparative rCi!t 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 COfJuimbo, when the sea with difficulty and after a 
long lapse of time lIas either corroded a narrow ledge into solid rock, 
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or kl; l'ea.ped tip all (l steep surface a nQITotO mound of detritus, 
that we can confidcutly assert that the land at that level and at that 
Ileriod long remained absolutely stationary. J n the case of te rraces 
formed of gravel or saud, although the eleva.tion may have beeD 
strictly horizontal, it may well happen that no one level beach-line 
may be traceable, and that neither the terraCl'S thcmselves nor the 
summit nor basal edges of their escarpments may be horizontal. 

Finally, comparing the extent of the elcvatcd area, as deduced 
from tile upraised recent organic remains, on the two sides of the 
continent, we have SOCII that on the Atlantic, shells have been found at 
intervals from eastern Tierm del Fuego for 1180 miles northward, 
and on the Pacific for a space of 2075 miles. For a length of 775 

mites, 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 P atagonia has been uplifted in mass; but 
from other reasons there given, it would be hazardous to extend t1,is 
conclusion to La Plata. F roTll the continent being narrow in thc 
southernmost I)arts of Patagonia, and from the slwlls found at the 
Inner Narrows of the Strait of Magellan, and likewise far up the 
valley of tho S. CrUll, it is probable that tho southern part of tho 
western coast, which was not visited by me, has been elevated within 
the period of recent moll usca: if so, the shores ot the Pacific have 
been continuously, recently, and in a geological sense synchronollsly 
npraised, from Lima for a length of 2480 nautical mi!essouthward,
a distaueo equal to that from the Red Sea to thc North Capc of 
Scandinavia! 
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CHAPTER Ill. 

ON T ilE I'l-AINS AND VA LLEYS OF CllILE: - SALlFF.ROUS SUPER. 
FICIAL DEPOSITS. 

/Jari ... liJ:t plai"1 qf Gllile; tllti~ d~ainagt, tlleir ... a~i .. e twig;,.-,~la~h if'M
actiQ" o. lilt tfUltrtI jf"nh <if til e Crwdilltra-SI0l'in9 tt .... "ce·{,b fringe. <if 
drotijiM di.gle ",illli. Iht railey' qf lilt Ctw.dilltra; thti~ ,,,,,riOle Q .. igi.~ 
/JaM/,It .. , i" Ih e Mllty of Iht t'acllap.o/-J/Q~,:o.la/ tiftJalwlt qf the Ctlrd,l
/era_Formatiolt of t1allty,-DQ"ldtr, '>IQ~td hy earlllquakt.",a~t,-Salint 
nperjicial dtpo,il,-Bed Qfnitralt qflQda ~I Iq uiqut-Salint inc.-IlItalioM
Sal/·lah, <if La Plata a"d Pa/a!lQltia; pur,ty of Ih e ,all ; itr origin. 

'fill: space betwoon the Cordillera and the coast of Chile is on a rude 
('-"Crago from eighty to abo"e (lIlO hundred miles in width ; it is 
formed, eithcr of an almost continuOlls mass of mountains, or more 
commonly of several nearly p-,rallcl ranges separated by plain!; in 
the more southern parts of this pro\'inte, the mountains are quite 
subordin:J.te to the plains; in the northern ll:lrt the mountains pre
dominate. 

The basin_like plains at the foot of the Cordillera are in SC"cral 
res)lccts remarkablc; that on which the c:l)lita) of Chile stands is 
fifteen miles iu width, in an east and west line, and of much greater 
length in a north and soll lh lino; it sunds 1750 feet above the sca ; 
its surf.1ce appears smooth, but renlly ftills and rises in wide gonUo 
undublions, the },ollows corresponding with the main "alleys of tho 
Cordillera.: the striking manner in which it abruptly eome~ np to tbe 
foot of tllis great rango lias boon remarked by overy anthor'" ~;nce 
the timo of Molina. Ncar the Cordillera it is composed of a stratified 
ma.8l! of pebbles of all sizes, occasionally inclnding rounded bonlders; 
ncar its western boundary, it consists of reddish sandy clay, eonuin
iug some pebble!! and I1l1merOIiS frll.gmcllts of pumice, and sometimes 
)lasscs into pure s:lIId or into volcanic :\.Slles. At Podagucl, on this 
wcstern side of the plain, beds of sand are capped by a calcareous 

!::~' t~:~o l~~.~~~:t ~~~~:rsan~i~r7:l~::lc~~~ ~~~tl:;rd p::~~~a~:~:~~ 
bling tho beds at Coquimbo, which contain recent ma.rino shells . 

.. Thi. plain i8 p~rli3lly sepRrRted into lwo basins .by a range of .hills;. 11.0 
'O"II,~rn half. accordmg to Mercu (Hoille um Erde, Th. 1.8.274). (all. 1\1 be'ght, 
by an .brul'l s tBI' . of b~tweea fif\~clI awl twenty feet. 
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Aurupt, Ullt rOlluded, hummocks of rock rise Ol1t of tllis plain: 
those of St3. Lucia and S. Cristoval Me formed of greenstone.por
phyry almost cntirely denuded of its original covcrillg of l)Qrphy
ritic c1aystonc brcccia; on their summits, many fragme nts of rock 
(some of them, kinds not fou nd in situ) are coatcd and uuited to
gether by a white, friable, eaicareolls tuff, like that found at Po· 
dagueL "'hen this matter was deposited on the summit of S. 
Cristo\'al, tile water must havc stood 946 feet- above tiw surface of 
the surrounding plaiu. 

To the south this basiu-like plain coutraets, and rising scarcely 
perecptibly with a smooth surface, passes through a remarkable le\'e! 
gap iu the mountains, forming a true land-strait, and called the An
gostura. It theu immediately expands into a seeond basin·formed 
plain: this again, to the Aouth, contracts into another land-strait, and 
expands into a third basin, which, however, falls suddenly in le\'cl 
about forty ft'Ct. This third basil1, to the south, likewise contracts 
into a strait, and then again opens into the great plain of S. Fer
nando, strctchin.!:l" so far south that the snowy peaks of the distant 
Cordillera arc seen rising above its horizon as above the sea. Theso 
plains, ncar the Cordillera, arc gcnerally former{ of a tllick stratified 
mass of shingle;t in other parts, of II- red sandy clay, often with 
an admixture of pllmiceolls matter. Although theso basins are con· 
Ilected together like a necklace, in a north aud south line, by smootll 
land-straits, the streams which drain them do not all flllW 1I0rth alld 
south, but mostly lVestward, through breaches worll in the bonnding 
mountains; and in the case of tho second basin, or that of Rau
cagua, there arc two distinct breaches. Each basin, moreover, is 
not draincd singly: tllllS, to give the most striking instauce, but not 
the only one, in proceeding soutbw:nd over the plaill of Rallcagua, we 
first find the water Rowing northward to :lnd through the northem 
laud strait; then, without crossing auy marked ridge or water·shed, 
we sec it flowing south-westward towards the northern oneof the two 
breaches in the western mouutainous boundary; and lastiy, again 
without any r idge, it Rows towards the southern breadl in these salDO 
mountains. Hence the surface of this one basin·like plain, appeariug 
to the eyo so level, has been modelltod with great niccty, so that the 
drainage, witl1 0llt any conspicllolls watersheds, is dirceted towards 

* Or 2690 feet ahove the sea, as m6aauud barom~trica_Ily.by Mr. Eel;. This 
tuff lIppe.ars to the eJ"e nearly pure; but wben placed >n ac,d It leaves a consider_ 
able. res,due of sand arod broke" crJ"st~ls~ apparently of {elds])a,:. Dr. l\I(ly~n 
(Heise, Tb. 1. s. ~!ig) saJ"8, Le found a """,lar substance on the "elgLboo~ing 1,,11 
of Domimco (nnd I found it also on the Cerro Blanco), and be attributes ,t to tile 
weathering af ~lt~ sto'.'e. Tn some places whicb I examined, its bolk pot this 
view of it~ ort&m quite oot of questio .. ; and I should much d?ubt whetL"r the 

~:::::,~~;i~ll~i~~~ P~1':;:hi~oc~~s't,i~~~tb ~~s~~~~~::~/:::! ~l~e:!a~~::~~'~;!%~ 
spatbic rook~, does not appear 10 contain a.ny free carbonate of lime. 

t The plalo of5. Fernando has, according to l\I~'.lIleyen and G~y(Reise,&c. 
Th. L s. 295 nnd 298), near the Cordillera, aa upper step·formed plalll af clay, 0" 
Ihe surface of wbich they found ,nUlller()~S block. of rocks" from 1"'0 to three reet 
long. either lyIng single 0\' piled In heaps, but &11 arrollged lIIoe8r1,- straight lines. 
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th ree openings in the encircling mouubins.* The streams fl owing 
from the th ree southern basin-like plains, after pallSing through the 
breaches to the west, nnite and form the ril'er Rapel, which enters 
the Pacific near Nal'idad. I followed the southernmost branch of 
this ril'cr, and found that the basin or plain of S. Fernando is COD

tinuously and smoothly united with those plains, which were de
scribed in the second chapter, as being worn ncar the coast into succes
sive cave-eaten escarpments, and still Dearer to the coast, as being 
strewed with upraised recent marine remains, 

I might have given descriptiolls of numerous other plains of the 
same geneml form, some at the foot of the Cordillera, some near the 
coast, and some half-way between these points, I will allude only 
to one other, nam()ly, the plain of Uspal!ata, lying on the eastern or 
opposite side of the Cordillera, between that great range and the pa
rallel lower range of Uspallata. A()cording to :Miers, its surfacc is 
6000 feet abo I'e the le,·c1 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 rivcrs passillg through ureacllC'il in 
the mountains to the east. On the b3nks of the R. Mendoza it is 
seen to be composed of a great accumulation of stratified shingle, 
estimated at 400 feet in thickness, I II general appearance, and in 
numerous poiuts of structure, th is plain closely resembles those of 
Chile. 

The origiu pnd mann()r of formation of the thick beds of gravel, 
sandy clay, ,'oleanic detritus, and calcareous tuff, composing these 
basin-like plains. is "ery import:mt; because, as we shall presently 
show, they send arms or fringes far up the main valleys of thc Cor
dillera. Many of the inhabitants believe that tbese plains were once 
occupied by lakes, suddenly drained; but I conceive thattbe number of 
the separate breaches at nearly the same level in the mountains sur
roundillg them, quite precludes this idea. Had not such distinguished 
naturali~ts as M M, Meycn and Gay stated their belief that these 
deposits were left by great debaclcs rushing down from the Cordillera, 
I should not have noticed a view, which appears to me from many 
reasons improbable in tI,e highest degree,-namely, from the vast 
accllmulation of well rounded p<loUu,-their frcqlwnt lItratification 
with laycrs of sand,-the ovcrlying bcds of calcareous tuff,-tl,is 
same substance coating and uniting the fragments of rock on the 
hummocks in the plain of Santiago,-and lastly even, from the worn, 
rounded, aud much denuded state of thcse hummocks, and of the 
headlands which projcct from the surrounding mountains. On the 
other hand, these several circumstanccs, as well as the continuous 
union of the basins at the foot of the Cordillera, with the great plain 
of the Rio Rapel which still retains the marks of sea-action at various 
levels, and thei r gencral similarity in form and cOIllPosition with the 
Illany plains near the coast, which afe either similarly marked or arc 

"' It appears from Capt. H."b",t's account of the Diluvium of the Hiu,alaya 
(Glea'ling~ of Scie»"", Calculla, vol. ii. 1'. 164), t~at I',ec,~ely ~imila~ ,elDar~. 
apply to the ura,na.ge of th .. plaius 0' valleys between those great mountalOS. 
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;:~n!,:atl;I~~~~~~t;-::~~~I~C~' I~!~:itS~1~1u~~:~~:~I~~~t\~:~~:e~n\:rt~~);~~fi~ 
together. This flat space funs as far as Mendoza, tlllrty miles llorth· 
ward, and stands probably at :lbout the srl1~Je IJeight, .nn~nely, 2700 
feet (Pentland and Mier~) above the sea. '10 the east It Iii bounded 
by an escarpment, eighty feet in height, running for many miles n~rth 
and south, and composed of perfectly round pebble~, and .loose, willtc-

;i~~~~e:!' aO:e:l:a~:n~ ~? n~:;:r a!~:I~~O~:a ~~~h :Nbocrl::::~a~~ll~:~~~~d~:~ 
these escnrpnlcnts becollle broken and quite obliterated; and it does not 
appear that they cver enclosed a lakc·Jikc area: I conclude, therefore, 
that they werc formed by the sea, when it reached the {oot of th~ 
Cordillera, like the similar escarpments occurriug at so many points 
on the coasts of Chile and Patagonia. 

The talus· like 1)lain slopes up with a smooth surface into the great 
dry valleys of the Cordillera. On each hand of the Portillo \'alley, 
tlle mountains arc formed of red granite, mica· slate, and basalt, which 
aU hal'e suffered a truly astonishing amOllnt of denudation; tlle gra,'el 
in the valley, as well as 011 the talus-like plaill in front of it, is conl
posed of these rocks; but at the mouth of the ,-alley, iu the middlc, 
(height probably about 3500 feet abo"e the sea,) a few small isolated 
hillocks of several varieties of porpllyry project, rouud whiclJ, on a1\ 
sides, smooth and often white-washed pebbles of these 8ame porphy
ries, to thc exclusion of all others, extend to a circumscribed distance. 
Now, it is difficult to conceire any otller agency, except the quiet and 
lung-continued action of thc sea on these Ilillocks, which could have 
rounded and white-wa~hed the fragments of llorphyry, and caused 
them to radiate frulII such small and quite insignificant centres, in the 
midst of that I'ast stream of stones which has descend"d from the 
main Cordillera. 

Sloping tcrrace8o/ Gracel in tIle ValleY8 o/tlle Conlillem.-All the 
main I'alleys 011 both flanks of the Chili:1Il Cordillera hal'O formerly 
had, or still havc, their bottoms filled np to a considerable thickness 
by a mass of rudely stratified shingle_ 1u central Chile, the greater 
part of this lllaS!:! has been removed by the torrents; cliff-bounded 
frin ges, more or less continuous, being left at corresponding heights on 
both sides of the valleys. These frmges, or as they may be called 
terrace>!, have a smooth surface, and as the "alleys rise, they gently 
rise with them: hence they are easily irrigated, and affurd grCt1.t faci
lities fOf the construction of the roads. From their uniformity, they 
give a remarkable cllaracter to theseencry of these grand, wild, Ilroken 
valleys. In widtl,. the fringes I'ary much, someti,mes 'Leing only 
broad enough fur the roads, and sometimes expandlllg into narrow 
plains. Their surfaces, besides gently rising up tile valley, are slightly 
inclined towards its centre in such a manner, as to SllOW that the 
whole bottom mllst once hal'e been filled up with II. BIUOGth and 
slightly conca,'c mass, as still are the dry unfnrrowed I'llneys of 
northern Chile_ Where two ,oalleys unite into one, these terraces arc 
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particularly well exhibited, as is represented in the foll owing diagram 

No. 14.-Gl<01lNIJ_I'LAI( OF A lHP U I<C.ATING VA LI.EY IN TUE CORDILLEIIA, 

IIOIIDI\I<ED BY SMOOTH, SLOPING GIIAVEL-.\'RINGES ( A A A), WOliN 
AI.ON6 TilE CO ll l<SE OP TilE R1VER I NTO C LIPYS. 

TIle thieklless of the gravel furming tllese fringes, on a rude average, 
may be said to "ary from thirty to sixty or eigilty feet; but near the 
Uloutlls of ti,e valleys it was in scveral places from 200 to 300 feet. 
The amount of nlatt<:r removed by the torrents has been imnl('usc ; 
yet ill the lower parts of the yalleys the terraces have seldom been 
entirely worn away 011 either side, nor has the solid underlying rock 
beell reached : higher up the vallcys, the terraces have frequently 
been removed 0 11 olle or the othcr side, and somctimes on both sides; but 
in this latter case they re-appear after a short intel\'al on the line, 
whid! they would have held bad they been unbroken. " rl,ere the 
solid rock has been reached, it ha.s been cut illto deep and narrow 
gorges. Still higher up the "alleys, the terraces gradually become 
more and more broken, narrower, a nd less thick, until, at a height of 
from 7000 to 9000 feet, they become lost, and blended with the piles of 
fallen detritus. 

1 earetiIlly examined in many places the staw of the gravel, and 
almost e\·erywhere found the pebbles equally and perfectly rounded, 
occasionally with great blocks of rock, and generally distinctly strati
fied, often with parting seams of s.1nd. The pebbles were sometimes 
coated with a white alumiullUS, and less frequently with a ealcareoliS 
c,l'ust. 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 ordi nary detritus. I was repeawdly struck 
witll the great difference betwC€n this detritus lligh lip the valleys 
and the grtl.Vel of the terraces low (Iown, namely, 111 the greater num_ 
ber of the quite angular fragments in the detritus,-in the unequal 
degree to which the other fragments have been rotlllded,-ill the 
quantity of as~ociated carth,-in th e absence of strat ification,-and in 
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the irregularity of the upper surfaOO!J. This diffcrence was likewise 
well slJO wn at points low down -the vaUeys, wl,ere IJtecil, itous tal' ine«, 
cutting through mountains of highly colou~ed rock, have thrown 
down wide, fall-shaped accumulations of detntus on the terraces : in 
SUell eases, the line Qf separation ootwccn the detritus and the terrace, 
could be pointed 'lnt to within an inch or two; tile detritus consisting 
entirely of angular and Qnly partially ronnded fragment!! of the n,ljnili' 
ing col<.lured rocks; the stratified sllioglc (as I ascertained liy c1u84) 
inspection, especially io Qne case, in the "alley of the R. l\I end07.:1) 
containing only a small IlrQPortion of tilese fragments, aud those few 
well rounded. 

I particularly attended tQ the appearance of tile terraces where 
the "alleys made abrupt aud considerable bends, but I could per· 
(;eil'e no difference in tlleir structure: they followed the Ix>nds with 
theiT usual nearly equable inclination. J obsct\'ed, alsQ, in scI'cm) 
valleys, that wherel'er large blocks of :my rock became IHlllIerous, 
either Oil tile surface of the terrace or ('ml.oeddL'ti in it, tl.is rock soon 
appeared higlH:r up in situ: thus I have nQticed blocks of Jlorr hyry, 
of andcsitic syenite, of porphyry and of ~yenitc, alternately bccomill)!; 
nllme rOIl ~, and in cac11 case succeeded by mountains thus constitu ted. 
There is, however, one remarkable cxcc)ltion to this rule : fur nlou,," 
the valley of the Cachapu:ll, M. Gay found numerous large blocks or 
white granite, which docs not occur in the neighbourhood: 1 01,. 
sen 'ed tloe!le blocks, as well as others of andesit ie syenite, (nut 'lCCur
riu)!; here in situ), ncar t l,e baths of Cauqllcnes at a height of Ik; t ween 
200 and 300 feet above the Ti" cr, and therefore qui te abo"e the teT
ra(."l;I or frin~e which borders t l,a! ri,'cr; some mi le~ higher li p ll le 
\'alley there werc other bl .. cks a t about the same height: I also 110' 

ticed, at a k'SS heigh t, j ust abo,'C the terrace, blocks of porphyries 
(a]lparent~y not f?lInd in tIle immediately impending moull u ins), 
arranged III rude ImC15, as on n. SC!l-be!lch. All these block$ wcrc 
rounded, and thQuVh Iar~e, lIut g ig~nti c, like the true erra tic houlders 
of ratagunia and Fucgm. M. Gay· states that grallit.c docs not 
occur in situ withil,l a ,distal,lce of twenty leagues; I suspect, fur 
se vernl reasons, that It '\'11\ ultimately 00 found at a much k ss dis. 
tance, though certainly nut in the imllied iate neighbourhood. Tho 
boulders {uund ,by ~~I\1. Me>:cn and Gay on the upper plain of S. 
F ernando (mentJuned III a Ilre" lous note) probahly belong to this ~alll e 
c1a~s of phenomena. 

TI ,C9Il (ri~ges of stratified g ravd oecl~r alo ~lg all the great ,'a lleys 
of ,t'~e Cordillera, a:' well as a long their malll brancht'fl ; they are 
stnkmgly develQped In the valleys of tile Maypu, Mendoza, Aconca" u:) 
Cachapual, and, accordillg to M.eycn,t ,ill the Tillgnirica. II1" tl.; 
valleys, hOWeVl'f, of nurthern Clulc, and III some on the eastern flank 
of the Cordillera, as in the Portillo Valley, where streams hal'e uCl'er 

• A"na\u des Sei.enr. Nat. ( I . "rin , ~m. 20). l\J, Gay, a. I "'M informed, 
penetrated the Co,,-!,Ilera by the gMM obhque valley of Los C"prelsos . ~ Ild not 
by the most direct hne. 

t Beile , &c. Tb, I. s. 302, 
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Oowed, Of are quite iRsignificant in volume, the presence of a mass of 
stratified gravel can be inferred only from the smooth, sligh tly eoncaw 
form of the bottom. One naturally seeks for some explanatiun of so 
gClleral and striking 3. phenomenon; tll3.t the matter forming the 
fringes alollg the I'alleys, or still filling up their cmire beds, l,as not 

~~!~n t~::l~~I:~~~R~~I~S~~~n~~~~~ 1~::p~~~~~t~v:e~ri:I~:' "i:a '~:li~~;1 
the piles of detritug, whether seen hi~h up the valleys on UWir sidl's, 
or low Jo\\'n in front of the more precipitous r.:willes; thnt the matter 
has not b~n deposited by debacles, cven if we could believe in de
bacles having rushed down ecery "allcy, and all their branches, east
ward and wcstward from the central pinnacles of the Cordillera, we 
Inllst admit frolll the following rensons,-from the distillct stratifica· 
tion of the mass,-its smooth upper surface,-the well· rounded and 
sometimes encrusted sbte of the pebbles, so different from the loose 
debris on the mountains,-alld especially from the. terraces presen'ing 
their unifonn ineliuation round the moot abrupt bends. To suppose 
that as the land now stand~, tile rivers deposited the slliugle alollg the 
course of evcry valley, and all their main branches, appears to me 
\:lreposterOI1S, s~illg that the~e same r ivers not only are now removing 
and have removed much of this deposit, but arc e,'crywherc tcndillg 
to cut deep and narrow gorges in the hard underlying rucks. 

I have stated that these fringes of gravel, the origin of which are 
inexplicable on the notion of debacles or of ordinary allu vial aetioll, 
are dir~tly continuous with the similarly-composed basin-like plaius 
at ti,e foot of the Cordillera, wl,ich, from the several reasons befure 
assigned, 1 cannot doubt weco moodlcd by the agency of ti,e sea. 
NolV if we suppose that tile sea formerly occupied tile valleys of tile 
Chilian Cordillera, in precisely the same malilier as it now dves ill th6 
more southern parts of the continent, where doop winding creeks 
penetrate into the "cry heart of, and in the case of Ob~truetion &mtld 
quite through, this grl.'3t range ; and if wesul'pose that the mountaius 
were uprai~NI in tbc same slow mallner as thc eastern and western 
coasts have becn uJlfai>ICd within the recent period, then the origin 
and formation of these sloping, terrace-like fringes of gravel call be 
ij i"'l'ly cJ<pli<;tled. For every I)art of tl,e bottom of each vaHey will, 
on this view, have long stood at the h('ad of a sea-er~k, int" which 
the then ... xistiJl'" torrellts will have delivered fragments of rocks, 
whcre, by the actiun of the tides, they will have boon rullcd, sometimes 
encrusted, rudely stratified, and Llle wilDie surface levelled by the 
blending together of the suceessi,"e beach-lines, · As the land rose, 
thc torrents in cvery I'allcy will haye tcnded to have removcd tho 

• Sloping terraces.of preci~ely .imibr structure hR~e been descr.ibed hy me 
(Philosoph, Tnm.3ctlOna. 1839, p. 5S) In lhe valleys of l..ocbabe, In Scmla"d, 
.. I,ere, a\ bigher level8, Ibe parallel roads of Glen Roy sbow the. ronks of the long 
sud quiet re,idence of the sea. I bave no doubl tbat Ihese slol',ng lerraces would 
have been present in tbe "alleys of most of the Europe.n nnges, hRd nol ev.ery 
trsce of them, aud all wreck. of "ea·action. been ... ept away hy lhe glac,ers 
whicb ~aoe sillce occup,e~ Ihe~. I lu.re shown ~hal luis i, .d,e ca"~ ~·ilh the 
mOun\~'n8 (Londun and Edm PI"L }Ou,;al. ' 01, n •. p. 181) 01 NorlL \\8Ie8 , 
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matter which just beforo had been arrested on, or near, the beach~ 
lines; the torrents, also, having continued to gain iu f?rce by the con
tinued elevll.tion increasing thei r total descent from tllelT sources to the 
sea. This slow rising of the CordiUerll., which explains so well the 
otherwise inexplicable origin and structure of the terraces, j udging 
frOIll all known analogies, will probably ha\'e been interrupted by 
many periods of rest; but we ought not to expect to find any evidellce 
of these pcriods, in the structure of the gravel~terraces: for, as the 
waves at the heads of deep crocks have little erosive power, so the 
only effect of the sea having long remained at tIle same level, will be 
tllat the upper parts of the creeks will ha\'e become fi lled up at such 
periods to the level of the water with gravel and sand: and that after
wards tile rivers will have thrown down on the filled up parts a talus 
of similar matter, of which the inclination (as at the head of a par
tiatly filled up lake) will have been determined by the supply of detri
tus, and the force of the stream.· Hence, after the final conversion 
of the creeks into valleys, almost the only difference in the terraces at 
those points at which the sea stood long, will be a somewhat more 
gentle illciinatioll, with ril'er-worn instead ofsea~worn detritus Oil the 
snrface. .. 

1 kuow of only one difficulty on tl,e fore~oillg view, namely, the 
far-transported blocks of rock Il igh on the Sides of the valley of the 
Cachapual: I will not attempt any explanation of this phenomenon, 
but I may statc my belicf that 11 mouutain-ridge near the Baths of 
Cauquelles has been upraised long subsequently to all the other 
ranges in the neighbourhood, and that when this was effected t l,e 
whole face of the country must have been greatly altered. In 
the course of ages, moreovcr, in this and other valleys, events may 
have occurred like, but even on a grander scale than, that described 
by Molina,t when a slip during the earthquake of 1762, banked up 

* I Lave aUempted to e;<plain, this pro,cess in a mOre ,detailed manner, in a 
leiter to l\Ir. l\Iaclaren, pubh~ued 111 the Edinburgh New PI,,1. JoumBI, vol. :UIV. 

p. Z88. 
t Compendio d .. la His!. &0, &~. t. I, p. 30. ilL Brog"iarl, in his report on 

ill. Gay's labour. (Annales de. SCIences, 1833) conSider, thaI the boulder$ in the 
Cocba!,ual, belong tn tba "am~ class with the et.ralie boulder. of Europe. As the 
block. which r SSw are nnt glgantic,.and e_(>eCI.lly as Ihey are not augular, and 
as th.eJ: bava not been tral1~l)(!rted fa"ly."cross IO\~' "I'ac" or .. ide .alley., I am 
ulllnlhng to cla." them ... lIh Ihose, wbleh, both In Ihe northern and southero 
~emisl'here (Geolog. Traus8c. vol. vi. p. 415) , h~,'a heen tl'an,p~r1ed by ice, It 
19 tn be boped, that when 1\\' Gay's long_contInued .and admirable lahonrs in 
Chile are puhlished, mOre Io f: ht .wIll be thro .. n on tb,s subject. However, tba 
boulder. may have been prlma.,I, transported; tbe final position of those of 
porphyry, which have been deSCribed u arr~nged at the foot of tbe mountain in 
,rude lines, [ cannot doubt, has heen due to the aClinn of waves on a beacb. Tbe 
valley .of the Cach.pual, in th~ part ,,'here tbe houlde'3 (!Ccur, bursts through tbe 
hl;:b .ndge of Cuu~uenes, wh,eh ,un, parallel to. hut at 4?me distance ffOm the 
Cord,ll~r., Thi. ridge bas bee." subjected to e.~e8sive violence; tracbyti';l~va 

~~·o~~;~f f~e~.u'~~t~nd o~~~l~r;:~ i~~tetl~;p:~ ~t:d b~s:~h ~:~:!r '~:t~n~~m~~~ 
talley ".here I, enlCTS the C<irdilier., and seeiug to wb8t uteDt the ridge of 
C"uquencs now protects the great r:ln~, I could not help belie.ing (as alluded 
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for ten days the great river Lontue, wbich then bursting its barrier 
"inundated the whole country," and doubtless transported many great 
fragments of roek. Finally, notwithstanding this one case of diffi
culty, I cannot entertain any doubt, that these terrace-like fringes~ 
which are continuously united with the basin-shaped plains at the foot 
of the Cordillera, have been formed by the arrestment of river-borno 
detritus at sue<:essive levels, in the same manner as we see now taking 
place at the heads of all those many, deep, winding fiords intersectillg 
the southern coast!!. To my mind, this has been one of the most 
important conclusions to which my observations on the geology of 
South America have led me; for we thus Jearn that one of the grandest 
and most symmetrical mountain-chains in the world, witll its several 
parallel lines.," have been together uplifted in mass between 7,000 
and 9,000 feet, ill the same gradual manner as have the castern and 
western COasts within the recent period. 

F01'mation of ValleYl , 

The bulk of solid rock which has been removed in the lower parts 
of the valleys of the Cordillera. has been enormous; it is only by re
flecting on such cases as that of the gravel heds of Patagonia, cover
ing so many thousand square leagues of surface, and which if heaped 
into a ridge, would form a mountain-range, almost equal to the 
Cordillera, that the amount of denudation becomes credible. The 
valleys within this range, often follow anticlinal but rarely synclinal 
liues; that is, the strata on tile two sides more often dip from the line 
of valley than towards it_ On the flanks of the range, the valleys 
most frequently run neither along anticlinal nor synclinal axes, but 
along lines of flexure or faults; that is, the strata ou both sides dip 
in the same direction, but with different, though often oilly slightly 
different, inclinations. As most of the nearly parallel ridges which 
together forlll the Cordillera ru n approximately north "nd south, the 

to in the te~l) tbat this ridge with it. trachytie eruptions bad heeD thrown up at 
a wuch later period than the Cord,lIera. If Ihis has boon the case, the Mulder., 
after having bee .. transporl,ed 10 .. low lev~1 by tbe lorreDts (wh'ch uhibit in 
every valley proofs of thelT po"'er of movlog great fragments), may h"'re beeD 
raised up to tbeir present he'gbl, wi,h Ihe land 011 "'bieh tbey ,,.,,ned. 

* I do nol ""ish to affirm thst all the liDes have b",," uphfted quite equally; 
slight differences iu tbe elevatioll would lea"'e no perceptl.ble effect on tbe lerraees. 
It may, however, he inferred, perhap. wllh one ell:cepUon, that sillce the petlod 
"'ben the sea occupied these vaUeys, the ieve.ral ranges hue 0.01 beeD di.loeated 
by grtot and obM/pt faults or upbeaval.; for 'f such had occurred, the ter!ates of 
gravel at these point •. "'ould not have bee .. continuo",. The one e~cep\lou i. at 
the lower eDd of a ploln In tbe Valle del Yeso (a blanch of the i\Jaypu), wher6, at 
a great heigbt, Ihe terraces and v,8116Y appea>: I~ have be~n brokell thro,;,gh by .a 
line of upheaval, of wb'ch the ev,dence ,. plaln.1D the adJom,ng mountams; th,. 
di.localion, perhaps, occurred after (J\ e elevatwn of thl8 part of t~e vaHey above 
tbe level Oflbe sea. The valley here is al'!'ost hlocked up b,y Q p,le about 1000 
feel in thickness, furmed, as rar as I c?uld Judge from three .sldes, entirely, or at 
least in chief p~l, of grayel and detruuo. ?n the south .,de, tbe rlV6r. has cut 
quite through tins mos~; on the northern s,de, and on Ihe very summ,t, deep 
.. viues, pa,aliel to Ibe Ime of the vnlle.y, are worn, as.if t~le dramage from tbe 
¥alley above bad passed by these two hne. before fo!l o,,-,ug liS I'res..t,t course. 

, 2 
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c.1.st and wesl valleys cross them in zig-z.1.g lines, Lursting tllIOligh 
tbe points wllcrc the strata I.avc bccn least inclined. No doubt the 
greater part of the denudatiull was affected at the periods whell tidal 
crooks uccupied the valleys, anf\ when the outer flanks of the moun
tains were ex posed to the fu\! force of an upen ocean. I llave already 
alluded to the power of the tidal action in the channels connecting 
great bays ; and I Illay htrtl mention that one of the surveying ves.
sels in a channel of tl,is ki nd, though under sail, wa~ whirled round 
and round by the force of the current. 'Ve shall hereafter see, that 
of tlle two main ridges forming the Chilian Cordillera, the eastern 
and loftiest one, owes the gr~ater part of its angular upheaval to a 
period subsequent to the elevation of the westerll ridge; and it iii 
likewise probable that many of the other parallel ridges have been 
angularly uplleal'ed at different periods; consequently Illany parts of 
the surfaces of tiwsc mOIUltains must formerly have I)een exposed to 
the full force of the waves, which, if the Cordillera were now sunk 
into tile sea, would be protected by Jlarallel chains of islands. The 
torrents in the valleys certainly have great power in wearing the 
rocks; as could be told by the dull rattling sound of the many frag
Olllnts night and day hurrying- downwards : and as was attested by 
the vast size of certain fraglllents, which I was assured had been 
carried onwards during floods; yet we have seen in the lower parts of 
the valleys, that the torrents b:l.\'e seldom rcmol'cd all the slIa
checked shingle forming the terraces, and have had time since the last 
del'ation in mass only to cut in the underlying rocks, gorges, deep 
and narrow, but quite insignificant in dimensions compared with the 
entire width and depth of tIle valleys. 

Along the sllOrcs of the Pacific, I never ceased dnring my many 
and long excur5ions to feel astonished at seeing every valley, ravine, 
and e,'en little inequality of surfacc, both in the hard grallitic aud 
soft tertiary districts, retaining thc exact outline, which they had 
when tlLC sea left their surfaces cuated with organic remains. " ' hep 
these remaius shall havc decayed, tlLew will be scarcely a llY differenoo 
in appearancc between this line of coast· land and mo~t other cOlln
trie~, which we are accust.omed to bdi(' I'c Ilan' a~snmed their pre
sent features chiefly through the agency of tl ,e weather and fresh
water st.reams, I n the old granitic di~tricts, no doubt it wuuld be 
rash to attribute all the m"di ncatiolls of ontline exclusively to the 
sea-action; f~r who can sa:r how nften this lately submerged coast 
may not preVLous~y have eXisted as land, worn by runnin O' streams 
and wasl~ed ,by ram; th~s source of duuht, huwcver, does ~lOt ap!!ly 
to the dIstrICts superlicmlly formed of the mouern tertiary depo~its. 
The valleys worn by the sea, through the softer formations both on 
th,e ~tlantic aud Pacific sides of the cont.inc~t" are genera!'ly broad, 
wlIldLllg, :lIId flat...bottomed: the only d,stnct of this nature now 
pelletrated by arms of the sea, is the island of Chiloe. 

F~naJ1y, the conc1n~ion at which I have arrivcd, with respect to the 
relative powers of ram and sea watcr on the land, is, that the latter 
is fa r the 1ll0St. efficient agent, and that its cl,ief teudency is to widell 
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the ,'alleys j whilst torrents and rivers tend to deepen tiJem, and to 
r~move the wreck of the sea's destroying action. As the waves have 
Illore I)ower, tho more open and exposed the space may be, so 
will they always tend to widen more and more the months of valleys 
eompared with their upper parts: hence, donbtless, it is, that most 
vl!.lleys expand at their mouths,-that part, at which the r ivers 
flowing in tilem, generally have the least wearing power. 

When reflecting on the action of the sea on the hmd at former 
levels, the effect of the great waves, which generally accompany 
earthquakes, must not be overlooked; few years pass without a 
severe earthquake occurring on some part of tho west coast of South 
A merica: and the waves thus caused have great power. AtColl~ 
cepcion, after tlle shock of 1835, I saw large slabs of sandstone, one 
of which was sill: feet long, three in breadth and two ill thickness, 
tl lrown high up on the beach; and from the nature of the marine 
animals still a.dhering to it, it must have been tom up fro m a consi_ 
derahle depth. On the other hand, at Callao, the recoil-wave of the 
earthquake of 1746 carried great masses of brickwork, betwccn 
three and four feet square, some way out seaward. During the 
course of ages, the effect thlls producerl at each successive le"el, 
cannot have been small; and in some of the tertiary deposits on this 

~~~rfl~g c~:~s, ~l~:;~edd il~r:~~ ;~:~:~~a~~ 1~~~~: t~ned t;at!~e;o~:fl~f 
which, except by ti ,e means of earthquake-waves, always appeared to 
lIle inexplicable. 

Superficial Saline Deposits. 
T his subject may be here conveniently treated of: I will begin 

with the most interesting case, namely, the superficial saline beds ncar 
Iquique in Peru. The porphyritic mountains on the coast rise abruptly 
to a height of betwccn 1,900 and 3,000 feet: between their Sllmmits 
and an inland plain, on which the celebrated deposit of nitrate of soda 
lk'S, there is a high undulatory district, covered by a remarkable 
superficial saliferou~ crust, cl,iel1y composed of common salt, citJ".: r in 
white, hard, opaque nodules, or mingled with sand, iu this latter case 
forllling a compact sandstone. This saliferous superncial ernst ex
tends from the edge of the coast-escarpment, over the whole face of 
tlle 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 s1l1all funnel-shaped 
ca"ities show that the salt has been in some parts dissolved.· In 
several places I saw large patches of sand, quite moist, owing to the 
quantity of muriate of lime (as ascertained by JUr. T. Reeks) con
tained in them. F rom the compact salt-cemented sand being either 

• It is singular how slowly, !li'cording te> the ohservation. of M. Cordier on tbe 
salt.mouDtain of Cardo~a III Sp.in (Ann. des Mines, Trans1. of Geolog. III ern. by 
Delabeche, p. 60), salt IS. dissolved, wber~ the amount of ram is supposed to ~ a. 
much as 31'4 of aD inch In the year. It IS caleulMed that ouly noe feet in tblCk. 
nets i. dissolved iu the c<lutSe of a century. 
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red, purplish, Of yellow, according to the colour of tIle rocky strata on 
which it rested, I imagined that this· substance had probably bl:cn 
derived through common alluvial action from th~ layers of salt wh~ch 
OClJUf intcrstratified in the surrounding mountams; but from the in

teresting details given by M. d'Orbigny, and fro.m ,finding .on a fresh 
examination of this agglomerated sand, that I t IS not Irregularly 
cemented, but CODsists of thin layers of sand of different tints of colour, 
alternating witll excessively fine paraJ!ellayers of salt, I conclude tl.Jat 
it is not of alluvial origin. 1\1. d'Orbignyt observed analogous salme 
beds extending from Cobija for Ii \'e degrees of latitude northward, and 
fit hoights varying from (jOO to 900 feet: from finding recent sea-shells 
strowed 011 these saliferous beds, and under them, great, well-rounded 
blocks, exactly like those on tilO existing beach, he believes that the 
salt, which is invariably superficial, has been left by the evaporation of 
the sea-water. T his same conclusiollll1llst, I now believe, be extended 
to the superficial saliferous beds of I quique, though they stand about 
3,000 feet above the level of the sea. 

Associated with the salt in the superficial beds, there aro numerous, 
thin, horizontal layers of impure, ditty-white, friable, gypseous and 
calcarcou~ tutrs. T he gypseOllS beds are "ery remarkable, from 
abounding with, so as sometimcs to be almost composed of, irregular 
concretions, from the size of an egg to that of a man's head, of very 
Imrd, compact, heavy gypsum, in the form of auhydrite. This gyp-
8um contains some foreign particles of stone; it is stained, judging 
from its action with borax, with iron, and it exhales a strong alnmi. 
nous odour. The surfaces of the coucretions are marked by sharp, 

~:~;~~:!~ °rn~:;~~I~il~tc~d~:~ ~~~!t:!~~ h:: };;:~ct~~~ ~~in:e(nk~ 
those of calcareous spar in the septaria of the London clay) of pure 
white anhydrite. These veins might natllraUy have been thought to 
have been formed by subsequcnt infiltration, had not caeh little em
bedded fragment of rock been likewise edged in a very remarkable 
manner by a uarrow border of the same white anhydrite: this shows 
that the veins must havo been formed by a ])roccss of segregation, and 
not of infiltration. Some of the little included and cracked fragments 
of forcign rock nro penetrawd by tho anhydrite, find portions ha"c 
evidently been thlls mechanically displaced: at St. Helena, I observed 
that calcareous matter, deposited by raiJl-water, also had the power 
to scparaw small fragments of rock from the larger masses.! I believe 
the superficial gypseons deposit is widely elttended: I rccei"ed sped-

,.. Jouroal of neoearchea. 1'. 444. first .. dil. 

1'1!,,~o[ya~~~~~~;'i~~~.2in !~;c:'?~::!;a:O~~dla\~~S dSf.::~Bill'::~:~C::~e:~b~~;h 
historically un'i<oowll, hB~" Row .. d in Ihem; and !If; d'Orhigny argues from Iha 
presence ofu.odlssolved 8~lt over Ihe wh~le BurrouodlDg country. thst ,he strelmll 
must have BrlSen .from r .. ~n or soow hav'ng fallen, not in the adjoining country, 
but on tbe n~w ,a,,<1 !?ordlllera. 1 may remal', that from having ohs .. rved ruins 
of Indinn hu,ldlugs ID ahsolutely Bter'le partl of the. Cbiliao CordilJer~ (Journal, 
2nd f.d,t. p. 357). I am led 10 believe that Ihe cltmale, at n time "'''en Indian 
man inbabiled tLia part of the conliu"nt, "u in Borne ,ligbt degr"" more "umid 
Ibau it is at preoent. t Volcan 'c bland., &c. 1" 87. 
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mens of it from Pisagua, forty milcs north of Iquique, anl! likewise 
from Arica, where it coats a layer of ptne salt. 1\'1. d'Orbigny· found 
at Cobija a bed of clay, lying auove n mass of upraised recent shells, 
which was snturated with sulphate of soda, and included thin layers 
of fi brous gypsum. These widely extended, superficial, beds of &'tlt 
and gypsum, appear to me an interesting geological plleuomenon, 
wbich could be presented only under a \'ery dry climate. 

The plain or basin, on the borders of which the fam ous Ued of 
nitmte of soda. lies, is situated at the distance of about thirty miles 

~~s~rit~~. se~t s~::ls ~~'tb~~~1Itf~~,~~Obre:~I;e i:l~~;;a~! 1~Sl~!~~, ja:Sj 
Borne lengucs in width; it ex tends forty miles northward, and has a 
total length (as I was informed by:Mr. Belford Wilson, tile CODsul
General at Lima) of 420 miles. In a well ncar the works, thirty-six 
yards in depth, saud, earth, nud a. little gravel were found: in nnother 
well, near Almonte, fifty yards deep, tIle whole consisted, according 
to .Mr. Blake,+ of clay, iucluding a layer of sand two fect tllick, 
whieh rcst~'<i on fine gravel, and this on coarsegra\'el, with large rounded 
fragmen ts of rock. In many parts of this IIOW lltterly desert plain, 
rushes and large prostrate trees in a ll:l rdened state, apparently Mimo
sas, ure found buried, at a deptl, from th ree to six feet ; according to 
Mr. make, they lmve all faBcn to the south west. The bed of nitrate 
of soda is said to extend for forty or firty leagues along the westero 
margin of the plain, but is not found in its C<'ntral parts: it is from 
two to Ullea feet ill thickness, and is so hard that it is gencrally 
blasted with gunpowder; it slopes gently upwards from the edge of 
tho plain to between ten and thi rty feet abovc its level. It restll on 

::~ }~u:~;c~i,:~s iil::!d~I;;t::~I:o~~d:a::or~i~g ~~o~i~. ~i:~:, ~~~~ 
on and in the nitrate of soda. It is cOYered by a superficial mass of 
sand, containing nodulcs of common salt, and, as I was assured by 

:c~in~:~s~)~~~e=~~ l!Jribed
s
: n::::r~lr~~tii~~~!~e ,!~It~; :~ ~~:::F~~= 

istic concretions of anhydrite comes close down to the edge of the 
plain. 

Tho nitrate of soda varies in purity in different parts, and often 
contains nodules of common salt. According to Mr. Blakc, the pro
portion of nitratc of soda "aries from twenty to seventy-five per cent. 
An analysis by Mr. A. Hayes. of an average specimen, gave-

Nitrate of Sod,. 64 '98 
Sulphate of Soda 3'00 
Chloride of Soda 28'69 
Iodie Salts • 0'63 
Shells alld MR'! 2'60 

99 '9iJ 

... Voyage Geolog. &c. p. 95. 
t 500 an admirable paper ... G~o!og . Dnd Mi~ell. Notice. of Tarapaca," ill 

Silliman'. AmericIII J ournal, vo l. :rhv. p. 1. 
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The" mother water" at some of the refineries is very rich in iodie 
salts, and is supposed* to contain much muriate of lime. I n an UIl

refined specimen, brought l,olllc by myself, Mr. T. Reeks baA ascer
tained that the muriate uf lime is \'cry abundant. \ Vitb respect to 

:~~Ii~~f,ne:~~~!: :l~n;o;;~~~':- :~;I:~ ~::n;:il;: t~ne ;'~'~~~st:a;;~t~ 
the plain, there can be no doubt that it was deposited from a sbeet of 
water: from the fragments of embedded sildls, from the abundant 
iodie salts, from the superficial saliferous crust occurring at a higher 
level and beiog probably of marine origin, and from the plain resem
bling in form those of Chile and that of Uspallata, there can be little 
doubt that this sheet of water was, at least originally, connected with 
the sea.t 

Thin, 8upe/jU;ial, saline itlcrultationl :- These saline incrustations 
are common ill many parts of America: Hum boldt met with them 
on tile table-land of ~l exico, and the Jemit Falkner and othcr authors~ 
state that they occur at intervals over the vast plains extendin~ from 
tile 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 nlet with these incrustations 80 abundantly as near Bahia 
Blanca: square miles of tIle mud-flats, which near that place are 
raised only a few feet above the sea, just enough to proMt them from 
being overflowed, appear, after dry weather, whiter than the gronnd 
after the thickest hoar-frost. After rain the salts disappear, and every 
puddle of water becomes highly saline; as thc surface d ries, the 
capillary action draws tIle moisture up pieces of broken earth, dead 
stieks, and tllft80f grass, where the salt effloresces. Tile incrustation, 
where thickest, does uot excet:d a qmnter of an inch. M. Par
chappe~ h;!s analysed it ; and finds that the specimcns collected at the 
extreme head of the low plain, near t1le R. lUannelo, consist of 
ninety.three per cent. of sulphate of soda, and seven of common 
salt ; whilst the specimens taken close to the coast contain Duly 
sixty. three per ccnt. of the sulphate, and thirty·sevcn of thc muriate 
of soda. This remarkable fact, to~ether with onr knowledge that 
the whole of this low muddy plam has been covered by the sea 

* Lilerary Ga'ette, 1641. p. 475. 
t From an official document. shown me by 1\Ir. Belfor'(! Wilson. it appears !!ost 

II,e fira:~xport.ofnilrale of BOlla to Europe ... as In J uly, 1830, on French Becount, 
Ina Bntlsbslul"-

In 1630. the eotire up<lrt .... as 
1631. 
1832, 
1833, 
1634, " " '. 

Quintals. 
17,300 
40,865 
51,400 
9 1,335 

149,538 
The Spanish q,,;nl~1 nearly equals 100 E?gli.h pound •. 
t Az~ra (1'",'el •• ~ol. i.p. 55) con"de.e Ihat Iho Panna is Ihe e"Olern 

boundary of Ille uhferous region; but J hear'(! of " salitraleo" in Ihe Province 
of Entre Rios. 

~ M. d'Orbigny's Voyage, &c. Pal·l. lI,st. 10m. i. p. 664. 
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within tile recent period, must lead to the suspicion tlmt the common 
salt, by sume lIuknown process, becomes in time changed into the 
sulphate. Friable calcareous matter is Ilere abundant, and the case 
of tIle apparent double decomposit ion of the shells and salt on S. 
Lorenzo, should not be forguUcu. 

Tile saline illcrustatiolls, near B;.hia Blanca, are not confined to, 
though 1I10St abundant on, the low muddy Aats; for I noticed some 
on a calcareous plain between thirty and forty feet above the sea, and 
cven a llUle occurs in still higher valleys. Low allul·ial tracts in the 
"alleys of the Ti l'ers Negro and Colorado arc also encrusted, and in 
the latter "alley such spaces appeared to be occasionally o"crflowed 
by the river. I obscTl'ed saline incrustations in some of the valleys 
of southern Patagonia. At P ort Desire a ]0 11' , flat, muddy vallcy 
was thickly incrusted by salts, wlrich on analysis by Mr. T. Reeks, 
a rc found to consist of a mixturc of sulphate and muriate of soda, 
with carbonate of lime and earthy matter. On the west('tn side of 
the continent, the southern coasts are much too IJUmid for this phe
nomenon; but ill northern Chile r again met with similar incttlsta
tiom. Ou the hard('ned mud, in parts of the broad, fbt-bottom('d 
valley of Cupiapo, the s.'iline matter incrusts tIle grou nd to the tllick
uess of some inches: specinwns, sent by Mr. Bingley to ApothecariL'S' 
H aH for analysis, were said to consist of carbonate and snlphate of 
soda. Much sulphate of soda is fouud in the desert of Atacama. I u 
all parts of S. America, the saline incrustations occur most frequ('ntly 
on low damp surfaces of mud, where ~he climate is rather dry; aud 
these low surfaces have, iu almost overy Culle, been upraised above the 
lewl of the sea, wit bin the re€(lut period. 

Sall-lake8 of Pa /«{!onia and La Plata .-Salinus, or natural salt-lakes, 
occllr ill ~arious formations on the eastern sidc of the cOlltiLlcut,-in 
the argillaceo.calcarcous deposit uf the Pampas, in the sandstone of 
the Hio Negro, where they are very numerOIlS, in the pumiceous and 
other bcd~ of the Patagonian tertiary formation, and in small primary 
di8trict~ in the midst of this latter formation. Port S. J ulian i~ the 
most southerly poillt (lat. 49° to 50°), at which Salinas are known 
to occur.- The depressions, in which these salt-lakes lie, arc from a 
few feet to si."l'ty metres, as asserted by lH. d'Orbigny,t below the 
surface or the surrounding plains; and, according to this same authur, 
Ilear the Rio Negro they all trend, either in N.E. and S.W. or in 
E. and \\r. lines, coincident with ti,e general slope of the plain. 
These depressions ill iho plain generally have olle side lower than the 
others, but there are no outlets for dra.inage. Under a less dry cli
mate, an outlet wonld soon have bcen funned, and the salt washed 
away. The salinas occur at different elevations abow the sea; they 

Cb:C~(~T~d~~~):oo~Z~h': ~~~~:~;' t~:\:~!''';~~! !\e:: ::rt i:l~el:k:; ;i:::i:~~!:():~ 
( Pallas'. Travels, Eoglisb Trln •• vol. i. p. 284) to ox:c~r in very similar depressiOOI 
10 tho"" of Palagollia. 

t "orage Geolog. p. 63. 
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arc often several leagues in diameter; they arc generally \'ery shallow, 
but there is a deep one in a quart~-roek (ormation ncar C. Blanco. 
In the wet season, the whole, or a part, of the salt is dissolved, being 
redeposited during the succeeding dry season. At tlLis period, the 
appearance of the snow-white expanse of salt crystallized in great 
cubes, is very striking. I n a large salina., northward of the Rio 
Negro, the salt at tbe bottom, during the whole year, is between two 
and three foot in thickness. 

The salt rests almost always on a thick bed of black muddy sand, 
wllieh is fetid, probably from tl.e decay of the burrowing wonns in
habiting it.* In a salilla, si tu ated about fifteen miles above the 
town of El Cannen on tho R. Negro, and th ree or fou r miles from 
the banks of that river, I observed that this black mud rested on 
gravel with a calcareous matrix, similar to that spread o"er the whole 
surrounding plains: at P ort S. Julian the mud, also, rested on the 
gravel: hence the depressions must have been formed anteriorly to, or 
contemporaneously with, the spreading out of the gravel. I was in
formed that one small salina occurs in an alluvial plain within the 
valley of the Rio Negro, and therefore its origin must be subsequeut 
10 the excavation of that valley. When I "isited the salina, £fteen 
miles above the town, the salt was beginning to crystallize, and 'on 
the muddy bottom there were lying many crystals, generally placed 
cross-ways of sulphate of soda (as ascertained by Mr. R ooks), and 
embedded in the mud, numerous crystals of sulphate of lime, from 
one to three inches in length: 1\1. d'Orbignyt sta.tes that some of 
these crystals are acicular and more than even nine iuches in len~th; 
others are macled and of great purity: those I found aU contamed 
some sand in their centres. As the black and fetid sand overlies the 
gravel, and tlmt overlies the regular tertiary strata, I think there can 
be no doubt that these remarkable crystals of sulphate o( lime have 
been deposited from the waters of the lake. The inhabita nts call the 
crystals o( selenite, tbe padre del Bul, and those of the sulphate of 
soda, the madre del sal; they assured me that both are found under 
the same circumstances in several of the neighbouring salinas; and 
that the sulphate o( soda is annually dissolved, aud is al ways crys
tallized before the common salt on the muddy bottom.t The asso_ 
ciation of gypsum and salt in this case., as well as in the superficial 
deposits of Iquique, appears to me interesting, considering how 
gcncrally these substances are associated in the older stratified for
mations. 

Mr. Reeks has analysed for me some of the salt from the salina 
ncar the R. Nefllo, he finds it composed entirely of chloride of sodium 
with the exceptIOn of 0.26 of s.ul~hate of lime, and of 0.22 of earthy 
matter; there axe no t races of lOdlc salts. Some salt from the saliDa 

'" Prof. Ebrenberg exawined eomll ef Ihi. wuddy und, hut Willi unahle to fiEld 
in it any infusoria. 

t VO,.I$"" Geolog: p. 64. 
! 1'b181$ what blight hne been eo;pectod; ~"r M. Ballard asserts (Acad. de5 

Selences, Om. 7, 1844) :hat Bu ll,hate of loda." precipI tated from solution mOre 
readily from ",aler contamlllg munate of lods III ":Icess, tban from pure water. 
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Chiquitos in tlie Pampean furmation, is equally pure. It is a singular 
fact, that the salt from these salinas does not serve so well for preserv
ing meat, as sea-salt from the Cape de Yerd islands; and a mer
chant at Buenos Ayres told me that he considered it :\S fifty per 
cent. less valuable. The purity or tl.e P atagonian salt, or absence 
from it of those othcr saline bodies found in all sea-water, is the only 
assignable cause for this inferiority; a conclusion which is supported 
by the faet btcly ascertained,. that those salts answer best for prc
serving ehecse which contain most of the deliquescent chlorides. t 

With respect to the origin of the 8ait in the salinas, the foregoing 
analysis scems opposed to the ,·jew entertained by M. d'Orbigny 
and others, and which seems so prohahle considering the r~ent ele
vation nf this line of coast, namely, that it is due to the evaporation 
of sea-water and to the drainage from the surrounding strata im
pregnated with sea-salt. I was informed (I know not whether accu
rately) that on the northern side of the salina on the Hio Negro, 
there is a small brine spring which fl ows at all times of the year: 
if this he so, the salt in thi s case at least, probably is of subterranean 
origin. It at first appears very singnlar that fresh-water can often 
be procured in wells,t and is sometimes found in small lakes, quite 
close to these salinas. I am Ilot aware that this fact bears parti_ 
cularly on the origin of the salt; but perhaps it is rather opposed to 
the view of the salt having becn washed out of the surrounding 
super6cial strata, hilt not to its having been the residue or sea-water, 
left in depressions as the land was slowly elovated . 

• lIort. and Agricult. Ga~elte, 1845, p. 93 . 
t It would probably wl\U answer for tbe merchants of Bue~oB Ayres (coosider. 

iug tbe great consumplio:, there of BaIt fot preseroiog meat) to lIupon the deliques_ 
o:cot chlorides 10 mi" • ..,th the ul~ from th~ 6a1ina~: I may caU attention to the 
tact, that at Iquique, a larSe ')uan \,ty of mUriate of I,me, left in the moo.n-·wafer 
during \be refinement of'ha 'Htrate of soda, i. ann u.lIy Ihrown away. 

f Sir W. Pari.h .tat~. (Bue,,08 Ayres. &c. p. 122 and 170) tbat this is the 
case uear tbe great salinas west""ard of Ihe S. Veotao.. T have seen similar 

;~a~~;.:~t~~~read,:n:~~~!::Ii~· ~O~h~;[I/:~!~u~:~li:}~: s~fin~·m~I~!r~li;·tast!~ 
wale r only alightly b' 8cl<i.b, procured III a well th,rty-5,." yarda deep; but 
here r)De feea leS!l aurpnse at ,ts p'/Wience, WI pure water mtght percolate under 
g,ound from the not very distant Cordillem. 
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CHAPTER IV. 

ON THE FORMATIONS OF THE PA,MPAS. 

}./inl'TalogiC61 conlfilulion-}.JicrorcopiC61 8ir"ct"r_Bunun Ayru, ,hell, em
bedded in t08Ca-rock-B: Ayre, ,/o tilt Colorado-S. Vim/ano-Ba.hia Blanca: 
M. Hermo~o. bones aud "ifusorla 0/; P. Alto. ",</1" bone, and ",/uwria 0/: 
co-eri'tence 0/ the rec", i dell, and extinct mammifer.-B. Ayr .. 10 SI. Fi
Ske/elf"" Q{ Jlfoflodon_/nlu, oriQ _ .lnferior marine lerliary alrQ/a, Iheir age 
-Horse's loolk - B."DA ORI ENTAL-Superficial Pampean/ormation-i nferior 
terliary slrQla. -carialion Q{, connected with volcanic action: J\1acrauchmia 
Palachonica al S. Julian in ,Patagan;Q, age of, n.buquml 10 Ii~;ng mO/i""CD 
and 10 Ihe erratic block perlod-Su ...... "y-Au a 01 Pampean formallou
Theorie, of origin-Source qf udimHlt-E,luary orig;n-Conlemporaneou. 
with exi,/ing mollusca_ R elation. 10 underly;ng lertiary ,troia-Ancient de_ 
po. il q( eSluary oriyi"-Elwolio,, and 8ucces';"" depo!ilion 0/ Ihe P~mpMn 
forma/lOn-Number and . tate of /~e remui", of mammiferI; IMir hab./olim., 
food, exli"ctio", and rang_ Conclu, ion_ Locali/ie. in PamPM at ",hich mam",i · 
ff:TDU(/ remoim ha-ce been found. 

TnE Pampean formation is llighly interesting from its vast extent, 

~f!~sP€~b:dd:ti~ ~~.d f;~~a:h,~p~~~I~rwo:ol:!i~:~t~:~f~;mm:l: 
racter; consisting of a more or less dull reddish, slightly indurated, 
argillaceous earth or mud, often, but not always, including in 
horizontal lines concretions of marl, and frequently passing into a 
compact marly rock. The mud, wherever I examined it, even close 
to the concretions, did not contain any carbonate of lime. The con
cretions arc generally nodular, somNimes rough externally, some
times stalactiformcd ; thoy arc of a compact structure, but often 
penetrated (as well as the mud) by hair_like serpentine cavities, and 
occasionally witll irregular fissu res in their centres, lined with minute 
crystals of carbonate of lime; they are of wllite, brown, or pale 
pinkish tints, often marked by black dendritic manganese or 
iron ; they are either darker or lighter tinted than the surrounding 
lllasS; they contain Illuch carbonate of lime, but exhale a strollg 
aluminous odour, and leave, whell dissolved in acids, a large but 
,'arying' residue, of ":hicl~ the. greater part consists of sand. These 
concretions often unite mto Irregular strata; and over very large 
tracts of eouotry, thc entire mass consists of a hard, but generally 
cavcruulls marly rock: somc of the varietiCti might \.'" called calca
reous tuli~. 
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Dr. Carpenter has kindly examined under the microscope, sliced 
and polished spet.:imens of these concretions, and of the solid marl
rock, collected ill various places ootwe€IJ the Colorado and St. Fe 
Bajada. In the greater number, Dr. Carpenter finds that the whole 
substance presents a t ..,lerably uniform amorphous character, but with 
traces of incipient crystalline metamorphosis; in other spccimens he 
finds microscopically minute rounded concretions of an amorphous 
substance (rescmbling in size those- ill oolitic rocks, but not having 
a concentric structure), united by a cement which is often crystalline. 
Iu some, D r. Carpl:ntcr can percei\'e distinct traces of shells, corals, 
Polythalamia, and rarely of spongoid bodies. For the sake of com
parison, I sent Dr . Carpenter specimens of the calcareous rock, 
formed chiefly of fragments of recellt shells, from Coqllimbo in Chilo: 
in one of thesc specimens, Dr. Carpenter finds, besides the larger frag
ments, microscopical particles of shells, and a \'arying quan tity of 
opaque amorphous matter; in another specimen from the same bed, 
he finds the wllOle composed of the amorphous matter, with layers 
showi ng indications of an iucipient crystalline metamorphosis : hence 
these latter specimens, both in external appearance and ill microsco
pical structure, closely rescmble those of the Pampas. Dr. Carpeuter 
informs me that it is well kuown that chemical precipitation throws 
down ClHbonate of lime in tl", opaque amorphous state; and lie is 
iuclined to believe that the long-continued attrition of a calcareous 
body in a state of crystalline or semi-crystalline aggregation (as, for 
iDstar,ce, in the ordinary shells of mollusca, which, wIlen sliced, are 
trallslJarent) may yield the same result. F rom the intimate relation 
between aU the Coqllimbo lipecimens, I can hardly doubt tlmt tl,e 
amorphous carbonate of lime in thenl has resulted from the att rition 
and decay of the larger fragments of shell : whether the amorphous 
matter in the marly rocks of the Pampas, bas likewise tims originated, 
it would be hazardous to conjectu re. 

For convenience sake, I will call the marly rock by tile name 
given to it by the inhabitants, namely, Tosca_rock; and the reddish 
argillaceolls earth, Pampean mud. This latter substance, I may men
tion, has been examined for me by P rofessor Ehrenberg, and the 
result of hi~ examination will be given under the proper localit ies. 

I will commence my descript ions at a central spot, namely, at 
Buenos Ayres, and thence proceed first southward to the extreme 
limit of the deposit, and afterwards northward. The plain on which 
Buenos Ayres stands is from thirty to forty feet in hcigllt. The 
Pampean mud is here of a rather pale colour, and includes small 
uearly white nodules, and other irregular strata of an unusually 
a renaceous variety of t o:,;ca-rock. III a well at the depth of se\"enty 
feet, according to Ignatio Nunez. much to~ca-rock was lllet with, and 
at several poillts. at 100 feet deep, beds of sand have been found. [ 

~:uv:d ~~re~~:n;~':;~s ~~is:h:f 8~~;a;:c~:r "~~~~eosal1y;::,u~: f:~el~: 
three and four leagues from ti,e Plata. Spooilllens from near En~e
nada, given me by Sir 'V. Parisl l, where the rock is quarried just 
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bClicath the surface of the plain, ctlDsist of broken bivalvcs, cemented 
by and convcrt.:d into, white crystalline carbonate of lime. 1 have 
already alluded, in the first cha.pter, to a specimen (also given me by 
Sir W. Parish) from the A. del Tristan, in which shells, resembling 
in every resllect the A ;:rara labiata, d'Orhig-., as far as thei r worn COIl

dition permits of comparison, are embeddc,J in a reddish, softish, 
somewhat arenaceous marly rock: after careful comparison, with the 
aid of a microscope and acids, I CRn percei,'c no difference between 
the basis of this rock and the spooimens collected by me in many 
parts of the Pampas. I hal'c also stated, 011 the authority of Sir W. 
Parish, that northward of Buenos Ayres, on the \lighest parts of th6 
plain, about forty feet above the Plata, and two or three miles from 
it, numerous shells of the Azara labiata (and I believe of Venu, 
,inllosa) occur embedded in a stratified earthy mass, including snmll 
marly concretions and said to be precisely like the great Pampean 
deposit. H cnce we may conclude that the mud of the Pampas con
tinued to be deposited to within the plJriod of this c){isting estuary 
shell. Although this formation is of sudl immense extent, I know 
of no other instance of the presence of shlJlls in it. 

B/UJ1/()S Ayres to the R io Oolorado.-With the exception of a few 
metamorphic ridgcs, the country between these two points, a dis
tance of 400 geographical miles, belongs to the Pampean formati on, 

:~I~a;~o~l~e v:¥~:~ pr~\";~l rt:7:fl~l~e!~~:~:dmo: ;~~~;a:~C;u:I~~.:~;~ 
five miles S.S.W. of tile capital, in a well forty yards in depth, the 
upper part, and, as I was assured, the entire thickness, was formed of 
dark red Pampean mud without concretions. North of the H. 
Salado, there are many lakes; and on the banks of one (near the 
Guardia) there was a little cliff similarly composed, but including 
mauy nodular and stalactiform concretions: I found here a large 
pieee of tesselated armour, like that of the Glyptodon, and many 
fragments of bones. The cliffs on the Salado eonsi~t of pale-coloured 
Pampean mud. including and passing into great masses of tosca-rock; 
here a skeleton of the J\1cgatheri llm and the bones of other extinct 
quadrupeds (see the list at the end of this chapter) were found. 
Large quantities of crystallized gypsum (of which specimens were 
given me) occur in the cliffs of this river; and likewise (as I was 
assured by Mr. Lumb) in the Pampean mud on the R. Chuelo, se"en 
leaguIJ9 from n. Ayres: I mention this because M . d'Orbigny lays 
some stress on the supposed ab.enee of this mineral in the Pampean 
formation . 

Southward of the Salado the country is low and swampy, with 
tosca-rock appearing at iOllg int('rvals at the surface. On the bank~, 
however, of the Tapalgucn (sixty miles s"uth of the Salado) there is 
a large extcut of tosea-rock, some highly compact and e"{n semi
crystalline.ovcrlyiug pale Pampea.n Illud with the usual concretions. 
Thirty miles further south, the small quartz-ridge of TaJl3lguen is 
fringcd on its northern and southern flank, by little, narrow, flat~ 
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topped hills of tosca-roek, which stand higher than the surrounding 
plain. Between this ridge and the sierra of Guitru-gueyu, a distance 
of sixty miles, the country is swampy, with the tosca-rock appearing 
ouly in four or five spots : this Sierrn, precisely like that of Tapalguen, 
is bordered by II0ri7.ontal, often cliff-bounded, little hills of tosca-rock, 
higher than the surrounding plain. H ere, ::.180, a new appearance 
was presented in some extensive and level banks of alluvium or 
dctritus of tho neigllbouring metamorphic rocks; but I neglected to 
observe whether it was stratified or not. llctween Guitru-fl'ueyu and 
the Siena Yentana, I crossed a dry plain of tasca-rock IlIgher than 
tho country Ilitherto passed over, and with small pieces of denudcd 
table land of the same formation, standing still higher. 

The marly or calcareous beds not only come up nearly horizontally 
to the northern and southern foot of the great quartzose mountains of 
the Sierra Ventana, but interfold between the paralld ranges. The 
superficial beds (for I nowhere obtained sections more than twenty 
feet deep) retain, even close to the Inountains, thei r usual character: 
the uppermost layer, howe,'er, in one place included pebbles of quartz, 
and rested on a mass of detritus of tho sarno rock. At the "cry foot 
of the mountains, there were some few piles of quartz and tosca-rock 
detritus, including land-shells; but at the distance of only half a mile 
from these lofty, jagged, and battered mountains, I could 1I0t, to my 
great surprise, find on the boundless surface of the caleareQus plain 
cven a single pebble. Quartz-pebbles, however, of considerable size 
have at somo. period been transported to a distance of between forty 
and fifty miles to the shores of Bahia Blanca.· 

The highe-st peak of the S. Ventana is, by Captain FitzRoy's 
measurement, 3340 feet., and the calcareous plain at its foot (from 
observations taken by somo Spanish officers t ) 840 feet above the sca
Ie,'e!. On the flanks of the mOlmtaills, at a height of 300 or 400 
feet above the plain, there were a few small patehes of conglomerate 
and breccia, firmly cemented by fe rruginous m<ltter to the abrupt and 
battered face of the quarv,,-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 Sier.ras Tapalguell, Guitru-gueyu, and 
betwcen the latter and the Yentana we have seen (and shall hereafter 
see round some hills in Banda Oriental), that the tosea·rook forms 
low, flat_topped, cliff-bounded hills, bigller than the surrounding 
plains of similar composition. From the horizontal stratifi(:.'ltion 
Rnd from the appearance of the broken cliffs, the greater height of 
the Pampean formation round these primary bills, ought not to be 
altogether or in chief part attributed to these several points havillg 
bocn uplifted more energetically than the su rrounding country, but to 

'I< Schrnidlmeycr (!ravels in Chile, p. ISO) slate~ that he first noticed on the 
Pampas, .ery .mall bIts of red granite, when fifty mIles distaot rrom. lhe 6oul~ern 
extremily of the mountains of Cordova, whicb project on the plam, lIke a rcarluto 
Il,~ ~ea. 

t La Plata, &c. by Sir W . Parish, p. 146. 
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the argilln.ceo-calcareous mud having collected round th~m, when 
they existed as islets or submarine rocks, at a greater heIght, than 
at the bottom of the adjoining open sea ;_lhe cliffs having been sub
sequently worn dllring the elevation of the whole country in mas~ . 

Southward of the Ventana, the plaiD extends farther t han the pre 
can range ; its su rface is not very level, having slight depressions 
with no drainage exits; it is generally covered by a few feet in thick
ness of sandy earth; and in some plac<'S, according to 1\1. Parchappe,· 
by beds of clay two ynrds thick . On the banks of the Sance, four 
leagues S.E. of the Ventana, there is an imperfect section about 2uO 
feet in height, displaying in the upper part tosca-rock and in the 
lower part red P ampean mud. At the settlement of Bahia Blanca, 
the uppermost plain is composed of very compact, stratified tosca-

~;~~' t~~en~~:~~~~:;i~:I!~d \~;:~~~IS t~~ t:::~~si~~~~d~~lil:~:s~~~~ ~;\1. 
Parchappe* as composed of solid tosca-rock ; bllt the seetions which 
I examined appeared more like a redeposited mass of this rock, with 
smail pebbles and fragments of quartz. T shall immediately return to 
t he important sedions on the shores of Bahia Blanca. Twenty miles 
southward of this place, there is a remarkable ridge, extending W. by 
N. and E. by S., formed of smail, separate, flat· topped, stccJl-sided 
Ilills, rising between 100 and 200 feet above the Pampean plain at its 
southern base, which plain is a little lower than that to tho north. 
The uppermost stratum in this ridge consists of pale, highly ealcarCQUs, 
compact tosca-rock, resting (as seen in one place) on r.eddisl! Pam
pean mud, and this again on a paler kind: at the foot of the 
ridge, there is a well in reddish clay or mud. I have seen no other 
instance of a chain of hills belongi ng to the Pampean formation; and 
as the strata show no signs of disturbance, aud as the direction of the 
ridge is the same with that common to all the metamorphic lines in 
th is whole area, I suspect th~t the Pampean sediment has in this 
instance been accumulated on aud over a ridge of h~rd rocks, instead 
of, as in tI,e case of the abo\'e mentioned Sierras, round tl,eir subma. 
rine flanks. South of this little chain of tosca-rock, a plain of Pam
peall mud dec1ino.:s towards the banks of ti,e Colarado : in tbe middle 
a well has been dug in red P ampean mud, covered by two feet of 
whi te, softish, highly calcareous t osca-rock, over which lies sand with 
small pebbles three fect in thickness,-the first appearance of that 
vast shingle formation described iu the fi rst c1mpter. Tn the first 
section after crossiug thc Colorado, an older tertiary formation, namely, 
the Rio Negro sandstone (to be described in the next chapter), is met 
with: uut from the accollilts given me by the GauchOl', I believe that 
at the mouth of tllc Colarado the Pamp~;m formation extends a little 
further southwards. 

Baltia Blal/ca.- To return to ti,e shores of this bay. At Monte 
~er.lll oso there is a go.od section, about. 100 feet in height, of fou r 
dlstlIlct strata, appcarmg to the eye hOtlzontal, bllt thickening a litHe 

• 1\1. d'Orbigny, Voyage, P art. G~olog . pp. 47, 48. 
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towards tllo N. W. The uppermost Lcd, about twenty feet in tl.ick .. 
ness., consists of obliquely lanlinated, soft sMdstonr, including muny 
pebbles of quartz, and falling at the surfaec into loose sand. The 
second bed, only six inches thick, is u hard, dark-coloured sandstone. 
T he tll ird bed is pale-coloured Pampean mud; and the fOllrth is "f 
the 5ame 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 fouml by the anchoT.i to be composed of tosca
rock and reddish Pampean mud. Prof. Ehrenberg has examined for 
me speeimcn~ of the two lower beds, and finds in them three P oly
gastrica. ami six P hyto\it\Jaria.- Of tllese, only one ($poll!fQlithi$ 
PU8li8?) is a mn.rine form; five of them are identical with micro
scopical structures, of brackish-water origin, hereafter to he men
tioned, form a eelltral point in the Pampean formation. In these 
two l,er\s, especially in the lowcr one, bones of extinct mammifers, 
some embedded in their proper relative positions and others siugle, 
are very numerous in a small extent of the cliffs. These remains 
consists of, first, the head of Cteno1llY' antUjull3, allied to the livi ng 
C. Brazili6116iz ; secondly, a fragment of the remains of a rodent; 
thi rdly, molar teeth and other bones of a large rodent, closely allicd to, 
but distinct from, the existing species of H ydrochrerus, and therefore 
probably an iuhabitant of fresh water ; fourth and fifthly, portions of 
vertcbrre, limbs, rihs, and other bones of two rodents; sixthly, bones 
of the extremities of some great megatheroid quadruped.t The 
number of the remains of rodents gh·cs to this collection a peculiar 
charru:ter, compared \\ith those found in any other locality. All 
these bunes arc compact and ho;;l\vy; many of them are staiued red, 
with their sllrfaces polished; some of the smaller ones are as black 
as jet. 

Monte Hermoso is between fifty and sixty miles distant in a S. E. 
line from the VentaDa, witl, tIle interlnediate country gently rising 
towards it" and all consisting of the Pampean formation. 'V l,at rc
Iation, tlwn, do these beds, at tl,e levcl of the sea. and under it, bear 
to those on the flanks of the Ventana, at the Ileight of lHO feet, and 
on the flanks of the otller neighbouring sierras, which, from the 

.. The follo .... ing list is given in the" i\lonatsberichten der Konig. AtaJ. IU 
Dellin, April 1845." 

P OLYGUTOUCA. 

~:~ft~:il~a'~:~~:~m8. I Pinnularia 1 

P"\' TOll ~nAlIl" 

Lilhodontium Bursa. I Litlrostylid ium rude. 
___ f.,.catum. ---- Serra. 

Litlros tyJiJium exe3UM. Spongol' llr is }"ustiy' 

t See Fossi l Mammalia (p. 109), by P ,'ofessor O"·en, in ',he ~oology of ,he 
Voyaf!;e of the Deagle; and Catalogue (1'. 36) of Fossil Rem<llllS til Museum of 
Royal Coll~ge of SUJgeon •. 
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reasons already assigned, do 110t appeal to owe their greater height to 
Il!lcqU:l.l clc\'ation? When the tosca·rock was accumulating ronod 
the Ycnt:ma, and when, with the exception of a few small rugged 

ft~I~~~r~.~~~~~d~c~~et~~~IO~:r;~·~d~t~:~~~di~rI;II:;~Sd;:~~til~~Y:tb~,~ 
bottom of a great open sea, between 800 and 1000 feet in depth? I 
much doubt this; for if so, the almost pcrfe(:t carcasses of thestlvcral 
small rodents, the remains of which are so \'cry numerous in so 
limited a spal'e, mll~t have UC€I\ dr ifted to this spot from the distance 
of many hundred miles. It appears to me far more prohaulc, that 
during the Pampean period this wh.,le area had commenced slowly 
rising (and in the cliffs, at several different heights, we have proofs or 
tIle land 111wing been exposed 10 sea-action at Eeveral levels), and that 
tract~ of land had thus been formed of Pampean sediment round the 
Ventana and the other primary r.1ngcs, on which the several rodents 
and other quadrupeds lived, and that a stream ( in ",hich perhaps the 
extinct aquatic IIydrochrerus lived) drifted their bodies iuto the ad
j oining sea, into which the Pam pean mud cOlltinucd to be poured 
from the north. As the land eontinned to rise, it appears that this 
source of sediment was cut ofl': and in its l)laoo sand and pebbles 
were borne down by stronger currents, and coufoluJably deposited 
over the Pampean strata. 

Punta Alta is situated about tllirty miles h igher up on thenorthem 
side of this same bay ' it consists of a slllall plain, between twenty 
and thirty feet in height, cut off on the sllore by a line of low cliffs 
about a mile in lell~th, represented in the diagram with its vertical 
scale ncee~sarily exaggerated, The lower bed ( A) is more extensi\'e 

No, I[>. - BECTIOI< OF nnDS WITII R E CENT SHELLS AND EXTINCT llA>I-

>lIF E RS, AT PUNTA ALTA IN BAHIA BL ASCA. 

tllan tIm IIpper oues; it consists of stra tified gravcl or conglomerate, 
cemented b.y c~lcareo-arenaceo~s mattrr, and is divided by cun.ilinear 
layers of plllklsh m:lrl, of wlllch some are preciseh' like tosca-rock 
:lnd some more sa~dy: 'l~he be(ls a ~c cl~rviline:lr, O\~jng to tI,e actiO!: 
of currents, and dl)) III different dlrcctlOns; they include all extra
ord inary nnmber of hones of gigantic mammifers and Ulany shells. 
The pebbles are of considerable Si7.Q, and arc of hard sandstone aud 
of quartz, like til at of the Yeulana: thcrc are also a fell' well-ro,;nded 
masses of tosca-rock. 

The sccoll.d. bed ( 13) is. ~bollt fiftccn ftt t in Ihickues~, but towards 
bo.th ext rOllllhe~ of tl lo clill (not il~c1udc~ ill . the ,liagram) it cithCl: 
tillllS out and JI~S away, or )las~cs lIlsenslbly mto an overlying bed of 
g ral·oJ. It cons l~ts of red, tough clarey mud, with minute linear 
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cavities; it is m:nked with faint horizontal ~hades of colour; it in
cludes a feW" pebbles, and randy a minute particle of shell: in olle 
spot, the dermal armour 0.11(1 a few bunes of a Dasypoid quadruped 
were embedded in it: it fill~ up furrows in the underlying gral·e\' 
Witl, the exeeption of the few pebbles and particles of ~hclls, this 
bed resembles the true Pampean mud; but it still more closely re
sembles the clayey Bats (mentioned in the first chapter) separating 
the successil"ely rising lmral!cl range;" of sand-dunes. 

The bed (C) is of stratified gral·el, liko tho lowest one; it 6.11s up 
furrows in the underlying red Ulud, and is sometimes interstratified 
with it, fl11d sometimcs insensibly passes into it; as the red mud thins 
out, this upper gravel thickens. Shells are more numerous in it than 
iu the lower gravel; but the bones. though some are still present, are 
less Illllllerous. In one pnrt, howe,·er, where this gravel and the re<l 
mud pas~ into each other, I found several bOllcs and a toleraLly 
perfect head of the l\I('gatberium. Some of the large Volutas, thol1gh 
embedded in the gravel·bcd (0), were filled with the rrd mud, includ
ing great numbers of the little receut Palud#willa australis. These 
three lower beds are covere<l by an unconformable mantle CD) of stra
tified sandy earth, including mallY pebbles of quartz, pumice and 
phouolite, land and sea·shells. 

M. d·OrbigllY has been so obligillg as to name for me tllO twenty 
species of mollusca embedded ill the two gravel beds : they eOllsist of, 

I. VolutelJa ,ngulata, d·O,big. Voyage 12. Crepidola moricat3, Lam. 
Mollusq. and P BI. 13. Venu3 purpurata, <.10}. 

2. Voluta Brasiliau., So!. \4. _ rosllata , Phillippi. 
3. Olicandllaria Brasilien,is, d'Orbig. 15. i'Il ytilus Dall"in~DU S, d'Orbig. 
4. --- ~uriculari a, do. 16. Nucu l~ sero ioroata, do. 
5. Oli,i~a puelch,,,., . do. 17. Cs,<.Iitt patagOllica do. 
6. llucclItaoop& cochlidlum. do. 18. Corbula - - (1) ~o. 
7. ___ gIobu)O!'um, do. 19. Pecten tethoelchua, do. 
8. Colombella sertulariarum, do. 20. Oat.re., puekban. . do. 
9. Trodms pMagonicus, aud yor. of ZI. A ltv,ng species of BalaDu~. 

ditto, d'Orbig. 22. :IIId 23. An Astr,.,a and aDoru"ling 
I ll. Paludest rina australis, d'Orbig. • lustra, apparentl) ,dentltall\ltb 
II. }'issmella patagonica, do. _pecles now hymg III the Bay 

All these shells now live on this coast, and most of them in this 
same bay: I was also struck with the fact, that the proportional 
numbers of the different kinds appeared to be the same with those 
now cast up on tho heach; in both cases specimens of Yolllta, Cm
pidub, Venus, aud Troc\,us are tlw most ahundant. Four Of fil·o 
of the spceies are the same with tJm upraised sllells on the Pampas 
ncar Buenos Ayres, All the spccimells I,al"e a ,·cry ancient and 
bleachcd appearance,- and <10 1I0t emit, when .heated, a~ animal 
odour: some of tllem ;lfe c\1:l.l1ged thtougl,out mto a willte, soft, 
fibrous snbstfllleo; others ha,·e tho space between the extern;ll walls, 
either Ilollow, or filled np with errstalline carbonate of lim". 

* A Bul ious. me",ioned in Ibe Introduction to Ihe Fossil .\lamm.lia in the 
Zoology of the Yoy"go of the tleag\e, has sn much fr~sher aD "l'peaI3nce, Ihan Ihe 
marino .pecio~, Ihm I sO~p"ct It muSl I,ave fallen amongst Ihe vthers, "nd Leen 
collected by mlslake. 

, 2 
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The remains of the ('xtinct 1Il.'l,mmifcrou9 animals, from tho two 
gravel beds have been described by P rofessor Owell in the zoology of 
the voyage of tIle Beagle; t hey collijist of lst, I?DC nearly tcrfect 
iLcad and th ree fragments of heads of the JJfegatherwlIl CU1JIerll; 2d, 
a lower jaw of MegalQllyx J q(erl(mii; 3d, lower jaw of MylodQ" 
DarUJillii; 4th, fragments of a head of some gigantic Edcnt~l qua~ru~ 
ped; 5th, an almost entire skeleton of the great ScehdolheriUm 
leptocephalltnl, with most of the bones, including the head, vertebrre, 
ribs. some of the extremities to the claw-bone, and (l ' -Oll, as remarked 
by Prof. Owen, the knee-cap, all nearly in their Prol:tC1 relative 
positions; 6th, fragments of the jaw and a separate tooth of a TOl[o
dOli, belonging either to T. pia/ellsis, or to a second species lately 
discovered near Duenos Ayres; 7th. a toot!l of Equus Cltrl!id,?fIs ; 8th, 
tooth of a Pachyderm, closely allied to Paloootherium, of wl1ich parts 
of the head Il3.ve been latdy sell t from Buenos Ayres to the Dritish 
Museum; in all probability this pachyderm is identical with the 
Macra~h/J'llia patach()1IiC(t from Port S, Julian, hereafter to be re
ferred to, Lastly, and 9thly, in a cliff of the red clayey bed (B), 
there was a double pieee, about three feet long and two wide, of the 
bony armour uf a large Dasypoid quadruped, with the two sides 
pressed Il(i"arly close together : as the cliff is now rapidly washing 
away, this fossil prolmbly was lately much more perfect: from 
between its doubled up sides, I extracted the middle aud ungueal 
phalanges, united together, of one of the feet, and likewise a sepa
rate phalang: hence one or m ore of the limhs must 1\3\'0 been 
attached to the dermal case, when it was embedded. Besides these 
scveral remains ill a distingu i~hable cnndition, there were ,'cry many 
single hones: the greater number were embedded in a space 200 
yards squarc, TI,e preponderance of the EdentaJ quadrupeds is re
markal,le; as is, in contrast with the beds of Monte liermoso, the 
absencc of Uodl'nts, 1\1ost of the bones are DOW in a soft and 
fri ahlc condition, and, like the shells, do not emit when burnt an 
animal odour, The decayed st:Lte of the bones may be partly owing 
to their bte exposure to the air and tidal waves, Darnacle~, ~e rp\ll;J\ 
and eoralliuC!J are attached to many of the bOlles, hut I nrglecUod to 

~~;~s:~· ;:h~~e~:!:snet ~~~;t a~~~I\~a~~}iOL~fie~~ ~t:~ e::~~e 0~e~71~ 
harna~les must hal·c grOI~' lJ on the Scdidotherium, soon after being 
dcpo~\ted , and before hmng 1dwlly covcred up by tl,e gravel. De, 
sides the remains ill the condition here described, I fou nd oue single 
fragment of bonc vcry much rolled , and as black as jet, so as I)er
fcctly to rcscmble some of thc remains from Monte H ermoso, 

Very lllany of the Lones had been broken, abraded, and rolled, 
before being embedded. Others, even somc of those inclnded in the 
coarsest parts uf the now Imnl eonglomcrate, still retaiu aH their 

* After having pad,,," up m.r 9pecimens at Bahia BlanCA, t.his point occurre(] to 
me, nnd I noted It; b.ut rorgOI It 00 "'y return. Dlltll tho r"ma,n9 had been c1eanetl 
~'l'~ ,,~~~tig~r. alteUllon 10o. been laldy <mild to the suhject by 80me ,cmark. 1.0)' 
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minutest prominences perfectly preserved; so that I conclude that 
t hey probably were protected by skin, fl esh, or ligaments, whilst 
heiug covcred up. In tho case of the Scelidotherium, it is quito eer-

~i~lo~;~d tl~e t~~!I~~a~:;I ~~o~v~~'i~~II~el~~5°f!~er ~~~ ~~~~:::I~~r;;~I: 
and a humerus of correspondillg size, lay so close together, a~ did 
some ribs and tho bones of a leg, tllat I tllOught that tileY must 
originally have belonged to two 5kdetou~, and 1I0t ha\'e be<.:n washed 
in siugle; but as remains were here vcry numcrous, I will not lay 
milch stress on these two cases. \\'e have just seen that the arUlour 
of tho Dasypoid quadruped was ccrt.:liuly embeddtil together with 
some of the \){llles of the feet. 

Professor Ehrenberg" lias examined for me specimens of tl,e fincr 
matter from in contact with these mammiferolls remains; he finds 
in them two P olygastrifa, decidedly marine forms; and six Phy
tolitharia, of which one is probalJly marine, and the others either of 
fresh wawr or terrestrial origin. Only oue of these eight lIIicroscopical 
bodies, is common to the nine from 1\'Ionte H ermoso; bllt fi ve of them 
are in common with those from the Pampean mud on the banks of the 
Parana. The presence of any fresh-water infusoria, considering the 
aridity of the surrounding country, is hcre remarkable; the 1lI0st 
llrobable explanation appears to be, that these microscopical organisms 
were washed out of the adjoining great Pampean formation during 
its denudatioll, and afterwards redeposited. 

We will now sec what conclusions may be drawn frolll the facts 
above detailed. It is certain that the gravel-beds and inknnediate 
red mud were deposited within the period, when existing species of 
mollusca held to each other nearly the same relative proportions as 
they do 011 the present coast. These beds, from the number of littoral 
species, must have been accumulated in shallow water; but 1Iot, 
judging from the stratification of the gravel and the layers of marl, on 
a beach. From the manner ill which the red clay fills tip fUrrows in 
the underlying gravel, and is in some parts itself furrowed by tho 
overlying gravel, whitst in other parts it either insensibly passes ioto, 
or alternates with, this upper gravel, we may infer o;cver-",l local 

f~~h:~e~~lt~; ~~~rf:~~. pe~~a~~I~a~~:~a~i~:li~:'~~=~s~p::or ~I:~; 
period the alluvial malltie with pumice-pebbles, lalld and sea shells 
belongs., the plain of Punta Alta, from twenty to thirty feet in height,. 

.. l'I1onatsberirbten der Ahd. tU Berlin, April, 1645, Tbe liS! COOS;5!S of,_ 
POLVCUTRICA. 

GaUiooella sulcala. Stauroptera aspers 1 (<as-ill. 

PHVH'LlTHARIA. 

Li tbasteriscus tuber<:u!atu9. t SJIOngolitbis acicularis. 
LithO<ltyli,Jium Clepsammidiuro 

quadr .. tum. 
r .. de. 
unldelitatulli. 
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was formed. In this lIei~huo1Lrhood them arc otl ler and, Jligher sen
({,Tilled pbine and lines of diff~ in the Pampean (OrlnatlOn worn by 
the denudiug action of the w;wcs at different lc\'e!s. H ence ",'-'c c:I,n 
casily understand the presence of round~d masS('!> of tosca-roc~ 11\ th~s 
lowest plain; and likewise, as the cliffs at Monte H ermoso With their 
mammiferous remains abud at a higher Ic\'e1, the presence of the one 

:~~!l f:~l~~ ~~~eg~:l~:ro~l):~;:e r~l':~~\~~~: ~~a~lal~~V:\!:~! S11~J~~~:; 
dcri\'cd, thou"l) I saw only the one fragment, in the same condition 
with those fr~m Monte Hermoso. M. d'Orbigny has suggested- tJlnt 
all these mammiferous remains may have been washed out of the 
Pampean formO-tion, and afterwards redeposited together with the 
recent shel1~. Undoubtedlv it is a nUrI'cllous fact that these nume
rous gigantic quadrupeds, L;elonging, with the exception of the EqllU8 
CIITOidc IlS, to soven extinct genera, and one, namely, the Toxodon, 
1I0t falling into any existiog family, should h(we co-existed with 
mollusca, all of which arc stililivillg gpl'Cics; but analogous facts have 
been obsened iu N. Americn and in Europe. In the rirst place it 
should not be overlooked, that Illost of t1,e co-embedded shells have a 
more ancient aod altered appearance than the bones. In the secolld 
place, is it probable that numerous bones, not hardened by si lex 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, armuged by the action of currents or breakers in shallow water 
iuto variously curved and inclined layers? The bon(,JI which are 
now in so perfect a state of preservation, must, I conceive, I,a \'e been 
fresh and sound when embedded, and probably were protected by skin, 
flesh, or ligaments. The skeleton of the Scdidotherium indisputably 
was deposited entire: shall we say that when held togetl,er by its 
matrix it was washed out of an old gravel-bed (totally unlike in clJa
racter to the Pampean formation), and re-emlx.'dded in allOt,]lCr ;:: ra \'el
bed, composed ( I speak after cardul comparison) of exactly the same 
kind of pebbles, in the same kind of cement? I will lay no stress on 
the two cases of scI'eral ribs and bones of the extremities having appa
Hull!! bwn embedded in their proper reiati"e posit.ion: but will allY 
one be so bold as to affirm that it is possible, that a piece of the thin 
tessellate(l armour of a Dasypoid quadruped, at least three feet long 
and two in width, and now so tendcr that I was unable with the ut-
1I10st care to extract a fragmcnt more tilan two or three inches square, 
could have been waslled out of one bed, and re-embedded in another, 
together with some of the small bones of the feet, without having been 
dashed into at0111S? \ \Te 11111St then wholly rejcd M. d'Orbi.-.ny·s sup
I)ositioll , and admit as certain, that the SeelidotheriulII aUd the large 
nasypoid quadruped, and as I'ighly probable, tlmt the Toxodoll, Mega
tlH.>J'imn, &c.) some of the bOIl{'sof which arc perfectly preserved, were 
embedded for the first ti111l', and ill a fresh condition, ill the strata in 
which they were found Clltombe<.l. Tl,cse gigantic quadrupeds, there-

• \Co.,·aG''' Part. G~olo:;. p. 49. 
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f(Jre, though belonging to extinct genera and famili es, co·existcd with 
the twenty abovo enumerated mollusc3, the b3rnaele and two corals, 
stililil'ing on this coast. From the rolled fragment of black bOllll, :md 
from the plain of Punta Alta. being lower than that of ]\[onto Hcr
moso, I conclude that the coarse sub-li ttoral depusits of PllUta. AltA 
arc of sllbseqnent origiu to the P ampean mud of ,Monte IIermoso; 
and the beds at this latter place, as we have seen, are probaiJIyof 
subsequent origin to the high to!)l;a-plaill rouud tlw Sierra Vcntan3: 
we slmll, howel'er, return at tile end of this ehapter, to the eonsidcr3-
tiou of these soveral stages ill the great Pampean for1ll3tion. 

B uenos A yres to St. Pe B ajada, ill Entre Rios,-For somo dis· 
tance northward of Buenos Ay res, the escarpment of the Pampean 
fo rmation does not approach very uear to the Plab, and it is con
cealed by vegetation: but iu sections on tbe banks of the R ios Luxan, 
Areco, aud Arreeifes, I obsened both pale and dark reddish Pampean 
mud, with small, whiti~h concretions of tosca: at all these places 
Illammiferous remains have bcon fuu nd. In the cliffs on the Pamna, 
at San N icolas, the P3mpean mud contains but little tosca: here M. 
d'Orbiglly found the remains of t wo rodents (CtenoTlt!ls BOl!arielJlia 
and Kerodolt antiqllus) and the jaw of a Canis: wheu on tho river 
1 could clearly distiuguish in this fine liue of cliffs, "horiwntlll lines 
of variation both in tint and compactness."· The plain northward of 
this point is very l"'l'cl, but with some depressions and bkes; I esti
Illatll<\ its height at from forty to sixty feet abOve the Par;ma. At 
the A. Uedio the bright red Pampean llIud 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 eavcrnous mass of two 
varieties of tosca·rock; of which one is very ccmpact and semi-crys
talline, with scams of crystallized carbonate of lime: similar compact 
varieties are DIet with Oil the SalidiUo and Scco. The absolute 
ident ity ( I speak after 3 comparison of my specimens) between some 
of thcse ,'arieties, aud those from Tapalguen, and from the ridge south 

of ~t ~~:~~ at~~!~,~~e bO:t 4~~t[~li~:Ssc~f_!~!\~~d~e~: I~~:rs s;r~~:n1' fi rst 
uoticed at the edge of the ri,'er traces of an underlying fonnation, 
which, twenty-fhe miles higher up in tile estancia of Gorodon3, con_ 
sists of a pale yellowish elay, abounding wi th concretionary cylinders 
of a ferruginons sandstoue. This bed, which is probably the equi
valent of the older te rtiary marine strata, immediately to be described 
in Entre Rios, only just ri,;cs above the level of the Parana when low. 
The rest of the cliff at Gorodona, is form ed of red Pampean mild, with, 
in the lower part, m~ny concretions of t O$ca, some stalactifOfmed, and 
with only 11 few iu tlw upper part: at tile height of six feet above the 
r il'er, two gigantic skeletons of the jfQstodon A ndium were here 

• I quote the." words from my note~l,ook, u.wrinen ~own 00 tbe sJ."Ot, on ac_ 
count of the genera l absence ,of 8trotl li cation ,n Ibe P.am~ean ~o~mallon ,h"ving 
bePD insi8t~d On by l'Il. d'Orblgny as ~ ploof of the d,\unal OriglD of thiS great 
deposil. 
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embcdded; tl,c ir hones were scattered a fow fed apart, but many of 
tl'cm still I,cld thei r proper relatl\'e pcnitiom; they were much de
cayed and as soft as cheese, so tllat even one of the great molar tcet! , 
filII into pieces in my hand. 'Ve here see that the Pampenn d'-posIt 
eoutains Illammiferous relll:l.ins close to its hase. On the banks of the 
Calearana, a few miles distant, the lowest bed visible was pale P am
pean 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 
lap:-r almost composed of small concretions of white t~a, out of 
which I cxtracted a well 11reserved, but slightly broken tooth of 
To:rw(JII Plat(J1uis: above this there was an unusual bed of very 
soft illlpure sandstonc. In this neighbourhood I noticed many singlc 
embedded Lones, and I heard of others having been found in so per
fuct a state that they were long used as gate-posts: the J esuit Falkner. 
fou ud here the dermal armour of some gigantic edental quadruped . 

I n some or the red mud scraped from a tooth of one of the mastodons 
at Gurodona, P rofessor Ehrenherg finds seven Polygastrica and 
tllirteen PI'ytolitilaria: all of them, 1 believe, with two exceptions, 
aln'~dy known s~ies. Of tilese twenty, the preponderat ing num
her are of fresh-water origin ; only two sppcies of Coscinodiscus and 
a Spongolithis show the direct influence of the sea; therefore Pro
fessor Ehrenberg arri"es at the inl}lortant conclusion that the deposit 
must have be<ln of brackish-water origin . Of the thirtccn P hytol i
tl,aria, nine arc met with in the two deposits in Bahia BlanC3, whero 
there is evidence from two other sp~ies of Polygastrica th3t the beds 
were 3ccIHuulated in brackish water. The traces of corals, sponges, 
:lIId polythalamia, found by Dr. Carpenter in the tosca-roek, (of 
which I must obsen'e the greater number of specimens were from 
tloo IIpper .beds in tho southern parts of the formation), apparently 
show a more purely marine origin. 

At St. Fe Bajada, in Entre Rios, the cliff~, estimated at bctween 
sixty and seventy feet in heigl,t, expose au interesting sectiun : the 
lower half consists of tertiary strata with marine shells, and the 
llpper half of tho Pampean formation. The lowest bed is au 
obliquely laminated, blackish, indurated mud, with distinct traces of 

• l'IIonatsber,cbten der Konig. Akad. zu Bed,n, April, 18M>. The Est consi.ts 
of_ 

Campylodiscus (Iypeus. 
COSCiHOdiscus suhlilis. 
---al.sp. 
Eunotia. I 

G~llionella granul~tB. 
H.,mantidium gra?,! ... 
P lIInularia boreahs. 

PUYTOLlTlU.,,'A . 

Li. thasterl .. " .US tUb~rCU.latus. \ Litb(l.'jlyl'dium Hamus. Lithodonrium bursa. polyedruro. 
{urcalu",. 'luadratum. 
rOSI,atum. rude_ 

L'lhoslyhd,um AUll'blOdon. Serra. 
Clepsamlllld,um . llnidentalum. 

Spongol,this fustii. 
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vegetaLle remains.* Above this there is a thick bed of yellowish 
sandy clay, with mnch crystallized gypsum and lIlany shells of Dshere, 
Pectens, ami Arcre: above this there gellerally comes an arcnaetlOUS 
crystalline limestone, but there is sometimes interposed, a hed, about 
twclve feet thick, of dark green, soapy clay, weathering into small 
fl.llgular fragments. The limestone, wl lere purest, is white, highly crys
talline, and full of cavit ies: it includes BmnllJ1ebbles of quartz, broken 
shells, teeth of sharks, aud sometinles, as I was informed, large 
bones: it often contains 80 mueh sand as to pass into a calcareous 
sandstone, and in such parts tl,e great O$e"ea Patagollkat chiefl y 
ahounds. I n the npper part, the limestone alternates witll layers of 
flue white sand. The shells included in tl,ese beds h:l"e be£n named 
for nle by J\.I. d'Orbigny; they eonsist of, 

I. 081;"a.r.a:;'II~~nica, d'Orbig. Voyage, 

2. ~ Alvarezii, do. 
3. Pecten Paranensis. do. (anti PI. I V. 

of this work, £g. 30.) 
4. _ Dn,wiuiaous, do. and Pl. I V. 

of this worl.:, figs. 28, 29. 

5. VenUi Munsterii, d'Orbig. Voyage, 
Pal. 

6. Area I3onplandi3n8, do. 
7. CardiulII Platense, do. 
a. Tellina, probably nov. SPIl<:., but too 

illlperfect for description. 

These species are all extinct: the six first were found by U . 
d'Orbigny and myself in the formations of the Rio Negro, S. Josef, 
and other parts of P atagonia; and therefore, as fi rst observed by M. 
d'Orbigny, these beds certainly belong to the great Patagonian forma
t io l) , which will be described in the ensuing cllapter, and which we 
shall sec must be considered as a very ancient tertiary one. North 
of the Bajada, M. d'Orbiguy found, in beds which he considers as 
lying beneath the strata here deseribed, remains of a Toxodon, which 
he has named as a distinct species from the T. Plaumi. of the Pam
))ean formation. !tI uch silicified wood is found on the banks of the 
P arana (and likewise on the Uruguay), and I was informed that they 
comll out llf these lower beds: fllll r specimens collected by my~clf aro 
dicotyledonous. 

The upper half of the clift~ to a thick ness of ahout thirty fect, 
consists of P ampean mud, of which the lower part is pale coloured, 
and the upper part of a brighter red, with some irregular layers of 
all arellacCQus variety of tosoa, alld 11 few small concretions of the 
ordinary kind. Close above the m:uine limcstone, there is 11 thin 
stratulll with a concretionary outline of white bard tosca-rock or 
roarl, which may be considered either as the uppermost bed of 
the inferior deposits. or the lowest of t ire P ampean formation; at 
onc t ime I considered this bed as marking a passage between the two 

• M. d'Orbigny bas given (Voyage ~arl. ~eolog. p. 37) a detailed description 

~:~~~ !';,c:~o~~ b~~a~eer:b;:: ~i::~~rl ~;;:.!:7se:t c::~idi:,::,~: ;i~;;e~:~,c~:: 
t,,'een his ~escrLption nnd ,,:,oe, wbich 1 can only account for by the beds tbem_ 
selves varymg considerably ,n sbo." distances. 

t Cal'" Suhvan. B.N:, has g,ven m~ a spccime.n of Ib.'s shell, wbicb h~ found 
in tbe cliff. al PointCemto, between twenty and thll'Y rodes above the BaJads. 
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formations; bllt I have ~ince become con\'inced that I was dcceil'cd 
on this point. In the section on the Parana, I did uot fin?, any 
mammifcrons remains; but at two miles distance on the A. l ~pas 
(a tributary of the Conchitas), they were extrcmely llllmCr?US I~ a 
low cliff of red Pampean mud with small concretions, precIsely hkc 
tl,e upper bed on the Parana. Most of the bones were ~olita~y 
alld much decayed; but I saw the dermal armour of a gIgantIc 
Edental quadruped, forming a eauldrou-like hollow, four or fivc f~t 
ill diameter, out of which, as 1 w~s informed, the almost entne 
slleleton had been latcly removed. I found single teeth of the 
j}[aiJtodon Andium, Toxodolt PlatoniA, and Eq11,U8 Cltr(>idiJI18, neU to 
cael , other. As this btter 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 lI idden ill 
the matrix with the other mammiferous remains from Punta Alta. 
It is an interesting circumstance, that Prof. Owen finds that the 
tceth of this horse approach more elO!iely in their peculiar curvature 
to a fossil specimen brought by lI.h. Lyell" from N. America, than to 
those of any other species of Equus. 

The underlying marine tertiary strata extend oyer a wide area; I 
was assured that they can be traced in ravines in .an cast and west 
line across Entre Rios to the Uruguay, a distance of auout 135 
miles. I n a S.E, direction I heard of tlleir existence at the head of 
the U. Nankay; and at P. Gorda iu Banda Oriental, a distance of 
170 miles, I found the same limestone, containing the same fossi l 
shells, lying at about the same lewl ahove the ri\'er as at St. Fe. I n 
a southerly direction, these beds sink in height, fo r 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 saudy clay, on a level 
with the river, betwccli the Carcarana and S. Nicolas, belongs to this 
same formation; as perhaps do the beds of !;!lnd at Buenos Ayres, 
which lie at the bottom of the Pampean formation, about sixty feet 
beneath the surface of the Plata. The southerly declination of these 
beds may perhaps be due, not to unequal elevation, but to the ori
ginal furm of the bottom of the sea, sloping from land situated to 
the north; for that land existed at no great distance, we lmve evi
dence in the vegetable rem~ins in the lowest bed at St. J'e; and in 
the silicified wood and in tlH! bones of Toxodm Para1l.lJl1SiB, found 
(according to M. d'Orhigny) in still lower strata. 

Banda Oriental.-This province lies on the northern side of the 
Plata, and eastward of the U ruguay; it has a gently undulatory sur
face, with a basis of primary rocks; and is in mo~t parts co,'ered up with 
an unstratified mass, of no great thickness, of reddish Pampean mud. 
I n the eastern half, near Maldonado, this deposit is more arenaceous 
than in the Pampas; it contains many though small eoneretionsof 
marl or to~ca-roek, and others of highly ferrnginous ~andstone; in one 

* Lyell's l bvels in N. I\m~rjc~, vol. i. p. 164, and Proc. of Geolog. 800. 
'·01. iv. \,. 39. 

The Complete Work of Charles Darw in Online 



eIlAI'. IV.J UAN VA ORIEN'UL. Dl 

section, only a few yards in depth, it rested on stratified sand. Ncar 
Monte Video this deposit in somc spot s appears to be of greater tl lick
Iless ; alill tho remains of thc Glyptodon fIond other extinct mammifcrs 
il:wc been found ill it. In tlw long lino of cliffs, between fi fty and 
si xty feet iu lwight. called thl! Darra.ncas de S. Gregurio, wbiel! ex-

~~I~ :t(~~\~~ ~~~h~c~~~~~' ~>~I~:~'ll~h~l:~~:el:~~a~~l~St f~~I:;~a~{ ~~:~~ 
ti le beach uear i:\'laldonado ; and the upper half of Pampean mud, 
vary illg in colour and containing hOlley-combed veins of soft calca
reous matter alld ~m:J1I COlleretions of tasca-rock arranged in lines, and 
likewise a few pebbles of quartz. This deposit fills up hollows and 
fnrrows in the underlying sand; appeariug fIoS if water charged with 
mud had invaded a saudy beach. The~ cliffs oxtcnd far westward, 
and at a distance of six ty miles, near Colonia del Sacramiento, I {oulld 
the Pampean deposit resting ill some 11b.ces on this sand, and in others 
on thc primary rocks : between tIle sand and the reddish mud, 
there aPI?eared to be interposed, but tllC se~tion was not a "ery good 
one, a thlU bed of shells of an existing Mytllus, stilt partially retain
ing thei r colour. The Pampean forl1lation in Banda Oriental might 
readily be mistaken for an alluvial deposit: coml)ared with t1m~ of 
the Pampas, it is often morc sandy, and contains sman fragments of 
qunrtz:; the concretions arc much ~maller, and there are 110 extensive 
masses of tosca-rock. 

In tim extreme western parh of this province, betw(1)ll the Uruguay 
and il line drawn frOin Colonia to the 11, Perdido (a. tributary of the 
It. Negro), the form ations :lre far 1I10re complicated. Be~ides pri
mary rocks, we moot with extellsi,'e tracts and many Oat· topped, 
l,oriwntally stratified, cliff-bounded, isolated hills of tert iary strata, 
varying extraordinarily in mineralogical nature, some identical with 
the old marine beds of St. Fe lhjada, and some with those of tho 
much 1I10re reeent Pampean formation. There are, also, extensive 1010 

tracts of country cO"cred with a deposit containing mammifcrous re .. 
mains, precisely like that j ust described in the more eastern parts of 
the province. Althongh from the smootll and unbroken state of the 
country, 1 uever obtained a. section of tllis lattcr deposit elose to tho 
foot of the higher tertiary hills, yet I I,ave not the least doubt that it is 
of quite subseqnent origin; having been dpposited after the sea had 
worn the tertb.ry strata into the difl":.bounded hills. This later for
Illation, which is certainly th e equivalent of that of the Pampas, is 
well SCCll in tI,e ,'alleys in the htancia of Berquelo, near Mercedes; 
it here consists of reddish earth, full of rounded grains of quartz:, and 
with some small eoneretiOllS of tosca-rock arrangcd in horizontal lines, 

:l~at~~r;~f!~c;~~,~:ti~~S~~)~;~ e::~~;~ ~:lrt~O~;a~:~::fa O~!!~I~I~~~~e::;: 
Rios, nnd at other places : in this estancia the sllcleton .of no great ~.dental 
quadruped was found. In tile valley of the Sarandls, at the dIstance 
" f only a few miles, this deposit has a somewhat diffl;'rellt ch aracter, 
being whiter, sofkr, ~uer.grained, and full (If. little ~vitics, aud COl.'SC
qucutly of little sj)('elfic gravity; nor does It contflom any concret1Ons 
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or calcareous matter: I Ilf,'re procured a head, which when first dis
cQ\'cred must have been quite perfC()t . of the Toxodon Plate1!sis, 
another of a Mylodon,* perhalls M. Darwillii , and a la,rgc piC(lc of 
dermal armour, differing from that of the Gl!lptod01~ ciaclpes. Tbese 
bones are remarkable from their extraordinarily fresh appearance; 
when lleld over a lamp of spiri ts of wine, they give.wt a strong 
odour ami burn with a small flame; Mr. T. Reeks has boon so kind 
as to analyse some of the fragments, and he finds that they contain 
about seven pcr cent. ofanimailnattcr, and eight per cent. of water.t 

The older tertiary strata., fonning the hisher isolated hills and ex
Ulnsive tracts of country, vary, as I have stud, extraordinarily in com
position: within the distance of a few miles, I sometimes passed over 
crystalline limestone with agate, calcareous tuffs, and marly rocks, all 
passing into each other,-red and pale mud with concretions of tosca
rock, quite like the Pampean formation,-calcareousconglomeratcs and 
S3.ndstones,-bright red sandstones passing either into red conglomer
ate, or into white sandstone,-hard siliceous sandstones, jaspery and 
ehalcedonic rocks, and numerous other subordinate varieties. I was 
unable to make ont the relations of all these strata, and will describe 
only a few distinct sections :-in the cliffs between P. Gorda on 
the Uruguay and the A. de Vivoras, the upper bed is crystalline 
cellular limestone often passiug into calcar!JQus sandstone, with im
pressions of some of the s<'\me shells as at St. Fe Bajada; at P . 
Gorda,! this limestone is iuterstratified with, and rests on, white 
saud, which covers a bed about thirty feet thiek of pale-coloured 

~a~;e"~!~i:~~rit!~rl: :~: ~:lt ~~~~~l::~!:~,o~l:~~e: isb:nb:Jhoil;!J 
mud absolutely like the Pampean deposit, with numerous often large 
concretions of perfedly characterized white, compact tosca-rook. At 
the mouth of the Vivoras, the river flows over a pale cavernous tosca
rock, quite like that in thc Pampas, and this appeared to underlie the 
crystalline limestone; but the section was not nnequivocal like that 
at P. Gorda. These beds now form only a narrow and much de
nuded strip of land; but they must once havc extended much fur
ther; for on the next stream, south of the S. Juan, Capt. Sulivan, 
U.N., found a little cliff, only just above the surface of the river, 
with numerous shells of the Venu, Munswrii, d'Orbig.,-olle of tho 
species occurring at St. Fe, and of which there are casts at p, Gorda: 
the liue of cliffs of the subsequently deposited true Pampean mud, ex
tend from Colonia. to within half a mile of tllis spot, and no doubt 
once covered up this denuded marine stratum, Again at Colonia, a 

,. This head WaS at first. con8ider~d. by P,ofeSSQr Owen (in the. Zoology of 
Beagle's yoyage) ~s belong,ng. to 8 d'stmct genus, n3ll1ely, GiossntiterlUm. 

t Li~blg (Chem,stry of Agnculture, p. 194) 8tate~.that fresh dry bones contain 
from thITty·two to thlrty·three per -:ent. of dry gelatine. See alliO Dr. Daubeny 
in ~;d;n. New PhIl. Joum. vol. :rx~Y'i. p. '293. 

~ 111 my Journal (1' .. 171, 1st edIt.), 1 have bastily and iMccur~tely stated that 
the I.'nmpean mild, willeh is found "ve. tbe eastern part of ll. OrIental, li~s ovtr 
the limestone al P. Gonl. ; 1 should havo uld thll there waa .eoron 10 infer tbat 
it ""as 8 subsequent Or supe.io. dopo.it. 
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F renclullIlII found, in digging the fou ndations of II house, a great mass 
of the 08tl'e-a Pata!Jf.mica (of which I s .... w many fragmcnts), p .... cked 
togcther just beneath the surface, find directly supcrimposed on tl,e 
gueiss. These sections arc important: M. d'Orbigny is unwllling to 
believe that beds of the samc nature with the Pampean formation, evcr 
u nderlie tIle ancient marine tertiary strata; and I was as much sur
prised at it, as he could have been ; but the ,'er tical cliff at P . Gorda, 
allowed of no mistake, and I must be permitted to affirm, tl,at after 
ha\' ing c:'famined the CQllutry from the Colorado to St. Fe Bajad .... , 1 
could not be deecived ill tho mineralogical character of the Pampean 
deposit. 

l't'loreover, in a precipitous part of the ravino of Las Boens, a red 
sandstone is distinctly seen to overlic a thick bed of p .... le mud, also quite 
like the Pampean formation, abounding with concretions of truo tosca
roek. This saudstone Cltends over nlany miles of country: it is as red 
as the brigMest volcauie scorire; it sometimes passes into a coarse red 
conglomerate composed of the underlying primary rocks; and often 
pas..."Cs iuto a soft white sandstone wilh red streaks. A t the Calera de 
los H uerfanos, only a quarter of a mile south of where I fiNlt met with 
tIle reJ saudstone, tI'e crystalline white limC8tone is quarried: as this 
bed is the UPllermost, and as it often passes into calcarCQUS sandstone, 
interstratified with pure sand; and as the red sandstone likewise 
passes into soft white sandstone, and is also the uppermost bed, I 
believe that these two bcd~, though so different, arc equivalents. A 
few leagucs southward of tlle$O two places, on each sido of the low 
primary rango of S. Juan, there are some fiat-topped, cliff-bounded, 
sepamte little hills, very similar to those fringing the primary ranges 
in tIle great plain south of Buenos Ayres; they arc CQlIlposed,- lst, of 
calcareous tuff with many particles of quartz, sometimes passing into 
a coarse conglomerate; 2nd. of a stolle undistinguishahle on the closest 
inspection from the compacter varieties of tosea-rock; and 3rl!, of 
semi-crystalline lim~stolle, including nodules of agate: these tllft~e 
varieties Ilass insens,bly into each other, and as thcy form the upper
most stratum in this district, I belie,'e that they, also, arc the equiva
lents of the pure crystalline limestone, :\lId or the feJ and white sand
stonC8 and conglomerates. 

Between these points and Mereooes on tl,e Rio Negro, there arc 
scarcely any good sections, the rDarl llassing over limestone, tosca-rock, 
calcareous and bright red sallIistones, nud ncar the source of the S, 
Salvador oyer a wide extent of jaspcry rocks, with much milky agate" 
like tll3t in the limestone ncar S. J uan. In the estancia of Berquelo, 
the separate, flat-to pped, cliff-hounded bills are rather higher than in 
other Il3rt9 of the CQuutry; they range in 3 N.E. and S. W, direction; 
their uppermost beds consist of the same bright red &"llldstone, passing 
sometimes into a conglomerate, and in the lower part into soft white 
sandstone .... nd even into loose sand: beneath th is sandstone, I saw in 
two places layers of calcareous and marly rocks, and ill one place red 
Pampean-like cart11; at tbe hase of the,;e sections there was a hard, 
stratified, whi te s.-mdstone, with chalccdollic layers. Ncar Mercedes, 
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beds of the s,1me nature and npp:uently of the s.1~e age, nrc :lSSOCi ~ted 
with OOinpact, white, crystalline limestone, including much botryoldnl 
agate, aud singubr m~ like porcelain,. but .rea!ly ~IllPosed of a 
calc:'Irco_silieeous ptl.Ste. In sinking wells iO tIlls dlstflct the ch~lee
donie strata seem to be the lowest. Deds, SUell as here descnbed, 
occur over the whole of this neighbourhood ; but twenty miles furth er 
up the R. Nogro, in tho cliffil of Perib, which are about ~fty feet. in 
llCight, the upper bed is a prettily variegated chalcedony, nllnglcd With 
a puro wiJite tallowy limestone; beneath this there is a conglomerate 
of quartl'l alld granite; beneath this lIlany sandstonel!, somo highly cal· 
careous; and tho whole lower two-thirds of the cliff consists of earthy 
~'!~I~:~~~~I~!~I~\!d~ariOus degrees of l)nrity, with one layer of reddish 

" ' hen examining the agates, the ellalccdonie and jtl.Spery rock!, some 
of the limestoncs, and e \'en ~he bright red s,1.ndstones, I was forcibly 
struck with their resemblance to deposits formed in the ncighbonrllood 
of volcanic nction. I now fiud that M, I ~belle in his " Voyage a 
BU(lnos Ayres," has described closely sim ilnr beds on the ltaqllY ami 

!~~c~~c~v~l~ 7:c~~d!hf~a~~1\~~~:~t~~~o d;~:lI;~~~~ o:r~!l es~~i=e~~~~ 
dened by l'leolite, nnd of black rctinite : we ha\'e then here ,e:ood evi. 
dellce of volcanic action during our tertiary period. Still farth er 
north, ncar S. Anna,* where tho Parana makes a remarkable bend, 
M. Bonpland found some singula r amygdnloidal rocks, which perlmps 

~1~~YSi~I~~~ ~~e~:~~~uS~~I;~ :::~ion lo~nt~re b~:~s\t:!k ji~da:~~,~~~~ 
described conglomerates., masses of prinmry formation probably cxisted 
at this tertiuy period above water: there is, also, according to M. 
Isabellc, milch conglomcrate further )lorth, at SaIto. 

From whatever source and throngh whatever means the grent 
Pnlllpe:m formation ori,e;iuntod, we here hn\'e, 1 mllst re]l('at, ullcqui. 
vocnl e\,idenoo of a similar action at a pcriod before lliat of thc depo
~iti ol\ of the marille tertiary stmla with extinct sllells, at St. Fe and 
p , Gorda. During, also, the dcposition of these strata, wc have in 
the intercalated layers of red Pam penn-like lllud and tosca.rock , and in 
the pnssage ncar S. Juan of llle scmi.cryst.1!1ine limestones with ngate 
into 108Ca ulldistinguishablo frOlli that of the Pampas, evidence of the 
same action, though cOl1tinued only nt inlen'als and in a feeblo man
DOr, We hnve furthe r seen that. in this d i ~t rict, at a period not only 
subsequcnt to the deposition of tile tertiary strata, bllt to their liP_ 
heal'emelltand most cxtcnsil'c deuudation, truc Pampean mud with its 
usual characters nnd including l1lammif~rolls remains, was deposited 
round and between the hills or islets formed of these tertiary strat..1, 
:lnd over thc wholc eastern and low I)rimary districts of Banda. Ori· 
ental. 

J,,'I1'/"/I ma88, with e.clincl m(lIIll11ifcl'O!lk remains, occr Iho porl'''!!
"ilic 9/'a/;(!! al 8, J ldiall, lat. '~Do 1~' S. ;I~ Pat<l90/lia,-Thi s ca'e, 

* i\f. d'Orbigny, V0.ra~~ I'~IL (I ~olo :; . 1', 29, 

The Complete Work of Charles Darwin Online 



CIUP. (\'. ) ) 1,HI3I1P£1I0 t.:S IIElU I NS AT S. JULl 4N. 95 

tl lOugh uot coming strictly Duder tho P:II11pean formation, may bo 
cOIl\'cniclltly gh'en here. On the south side of the harbour, therc is 
a ncarly le \'e1 plain (mentioned in thc first e1laptcr) about ge"CII miles 
long, and throo or four miles wide, estimated at ninety feet in height, 
and bordered by perl*Ullicular cliff's, o f which a. section is Ilere repre· 
sellted. 

N o. 1O.-6£CTIO;O{ 0 11 TII£ LOWIlST PLAI N 4T ,'OR T 6. JULIA :f . 

It 4. Supt,tI.loJ _ of reddi.b _tb. with thl remoJD. of "'" U.., .. u.Mllla. aod wiU. 
r«e~. ~a-"""" oll.hI ourlooe. 

n . Onul of po'l'byri'lc .od .•• 

~= Up. :~d.":::,' ,::d~. bed .. J 411dent tertia.,. rorm.lioa. 

The lower old tcrtiary strat,'l (to be descri bed in tll(l IlC,;t clmpter) 
arc covcred by the usual graycl bed; and tllis by an irregular earthy, 
sometimes sandy mass, seldom more than two or three feet in thick· 
ness. C)[CCpt where it fills up furrows or gullics worn not only througll 
the underlying gravel, but even through thc ullper tertiary beds. 
This earthy mass is of a pale reddish colour, like the less pu re \·arie· 
ties of Pampean mud in Banda Oriental; it includes small calcareous 
concrt'tions, like those of tosca·rock but more arenaceous, and other 
concretions of a grt'enish, indurated argillaceous substance; a fcw 
pcbLIcs, also, from the underlying gra"c1-hed :lre also included in it, 
and these, being occasionally arr:1ngcd in llOrizoDtal lines, show that 
the maS8 is of sub ':lqucous origin. On the surface and embedded in 
the superficial parts, there arc numerous shells, lJ!l.rtially retaining thei r 
colours, of th rC(l or four of tile now commOllest littoral species. Ncar 
the bottom of one deep fnrrow (represented in tlle diagram), fill ed "ll 
with this carthy deposit, 1 found a large part of the skeletoll of the 
MacI'(tuc!w'li(, P alachQ7l1'ca, - a gigantic and most extraordinary 
pachyderm, allied, according to Professor Owcn, to the P a!a;otherium, 
but with affinities to the Ruminan ts, eSI)ccially to the American 
di"isioll of the Camclidro. Se"eral of tho ,·crt.cbrlE in a chain, and 
nearly all the bones of olle of thtl limbs, oven to tile smallest bones of 
tho foot, were embedd~-d ill tllei t proper relath'o positions: hence the 
skeleton was certainly united by its fl esh or ligaments, wI,en enveloped 
in the Illud. This earthy mass, with its concretions aud mammife_ 
rous remains, filling lip furrows ill tI,e IInderlyillg gravc!, certaillly 
presents a "ery striking' rcscmblance to some of the sections (for in. 
stance, at P. Alta in B. Blanca, or at the Barrancas de S. Grl'gorio) 
in tl,c Pampean formation; but 1 Illust believe that this rescmhlanco 
is only ae<:idellt~l. .1 suspect that t],e mud. which at the prcscnt 
day is aeculllllhtlllg III deep ~nd narrow gullies a~ ~he head of thc 
I,arbour, w(luld, after e!C\'aholl, present 0. \'e ry s!lllllar appearance. 
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The southernmost part of the true Pampean formation, TmIDcly, on 
the Colorado, lies 560 miles of lat itude nort1, of t i l is point,· 

'Vith respect to the age of the l'>iacrauchcnia, the s1,e\ls on the sur
face prove that the Illass in which the skeleton ,~' as env~loped has 
been elevated abo,e the sea within the recent period: I did not see 
any of the shells embedded at a sufficient depth, to assure me (t1lough 
it be higl,ly probable) that the whole thickness of the mass W:L.~ con
temporaneous with these individual specimens. Th at the Macr:lll
chenia lived subsequently to the spreading out of the gravel on th is 
plain is certain; and tll:\t this gravel, at the height of ninety feet, 
was spread out long after the existenoo of recent shells, is scarcely ]csg 
certain. For, it was shown in the first chapter, that this linc of coast 
has been upheaved with remarkable equability, and tllat Over a vast 
space both north and south of S . Julian, recent species of shells are 
strewed on (or embedded in) the surface of the 250 feet plain, and of 
the 350 feet plain up to ·a height of 400 feet. These wide step
formed plains have been formed by the denuding action of the coast
waves on the oIU tertiary strata; and therefore, when tile surface of 
the 350 fret plain, with the shells on it, first rose abo\'e 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 thc gra\'el-eovcring ('of the 
ninety feet plain must llave taken place subsequently to tllC elevation 
of the 250 fed plain, on which recent shells are also strewed. H ence 
there cannot he any doubt that the Maerauehenia, which certainly 
was entombed in a fre~h state, and which ml\st have bwn alive after 
the spreading out of the ~mvel on the ninety feet plain, existed, not 
only subsequeutly to the upraised shells on the surface of the 250 feet 
plain, but also to those on the 350 to 400 feet plain: these sllell~, 
eight in number (namely, three species of Mytilu9, two of Patclln , 
one Fusus, Volula, and llalanus), are undoubtedly recent species, and 
arc the commonest kinds now lil·ing on this coast. At Punta Alta 
in B. Blanca, I remarked how marvellollS it was, that the Toxodon, 
a mammifer so unlike to all known genera, should have co-existed 
with twenty-three still living marine animals; and now we find that 
tl'e J\.Iacraueltenia, a quadruped only a liltle less anomalous than the 
Toxodon, also co-exist€'d. with eight other still existing mollusca: it 
should, mOreO\'er, be borne in mind, that a tooth of a pacllydermatous 
animal was found with the other remains at Punta Alta, whieh Pro
fessor Owen thinks almost certainly belonged to the Maemuchenia. 

Mr_ Lyellt has arrived at a highly important conclusion with 
respect to tho age of the North American extinct mamm ifers, (many 
of which are elosciy allied to, and even identical with, those of the 
Pampean fonnation), namely that they lived subsequently to the period 

ma:'~~ f!~:u:u~~~e8~~nS~ ~~~~f;e~i~~:~~~e ~a~~ ~a;te~~fi ~aan~r;:.~.~":t"i! ~otn~ti~:~l~ 
further south, Ilumely at the R. Gallegos; their age must at p .... sent r~m.in 
doubtful. 

t Geological Proceedings. "01. i ,', p. 36. 
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when erT.'ltic bouldcJ~ were transported by the a,e;ency oC fl oating iee in 
temperate latitudes. Now in the valley oftloe S. Cruz, ouly fifty miles of 
latitude sontll of ti,e spot wl,ere the 1\1:\eraucloenia was entombed, "ast 
numbers of gigantic, angu! .. r boulders, which mllst h:.\' (> b~n traus
ported from the Cordillera on icebergs, lie strewed on the plain, at 
the height of 1400 feet aboye the level of the sea. In ascending to 
this le\'el, sen'ral step-formed plains must he crossed, all of which 
have lIeccssarily requi red long timlJ' for tlleir formation; hence the 
lowest or ninety feet plain, with its superficial bed containing the 
remains of the l\1aerauchenia, must havll be<>n form ed yery long sub_ 
sequently to the period wheu the 1400 feet pl:\in was beoeath tIle 
sea, and boulders were dropped on it from flo:\ting mas~es of ice.· 
Mr. ],yell's conclusion, therdore, is tllll~ f[l,rcOIlfirmed in the southern 
hemisphere ; and it is the more ililportaut, as OUIl is naturally tempted 
to admit so simple an e:"tplanation, th:\t it was the ice-rK' riod that 
caused the e .... ti llction of the IlUlllerOUS great mammifers whid, so 
lately swarmed over the two America~. 

SUIII/IUII'!! alld c(mdudill// 7'cmark$ 011 the P ampean Purmalion.
Qne of its most striking features is its gr<oat extent; I passed COII

t inuously O\'er it from the Colorado to St. :Fe Bajada, a disl:\nee of 
500 geographical ,niles; and 1\1. d'Orbigny traced it for 2.jfl miles 
fur ther north. Tn the latitude of tile Pbt:\, I examined th is forma
tion at intervals over:\11 east ~nd we8t !ine <)f 300 miles from Mal_ 
donado to the R. Carcar:ulfI: and ],f. (l'O'1..oigny belieH s it extend~ 
100 miles further inland : from I\1r. Caldclcugh's tra\'{·l~, h ow~"er, [ 
should have thougllt that it had extended, south of the Curdon '<e 
nlUge, to near MendU?~'\, and I Illay add tll;lt 1 heard of great bones 
having been fOllud high lip the R. Quinto. Hence the arra. of the 
Pampean fortl):\tiun, as remarked by 1\J. d'Orbigny, is l)roLably at 
least equal to that of France, and perllaps twice or thrice as 
,!{fc:\t. In a basin, surrounded by gra,·el-cliff· (at a height of nearly 
3000 feet), south of Mendoza, there i~, as described in tIle third 
chapter, a deposit very like the Pampean, interstr:\tif.ed with other 
matter; and again at S. J ulian's, in Patagonia, 560 miles south of 
the Colorado, a small irregubr bed of a nearly 8imil:\r nature con
tains, as we have just seen, Ill~mmirerous remaino. In tI,e prodnces 
of l\1mos ann Chiquitos (1000 miles northward or the Pampas), and 
in Bolivia, at a height of 4000 metres, M. d'Urbigny has described 
similar deposi~, whiell he bclie,·es to ha\'e been formed by the same 
agency contemporaneously with the Palllpean formati<)n. Consider
ing ti,e immense distancl.'S between these Eeveral po i nt~, and their 
different heigills, it appears to me infinitely more probable, that this 
similarity has resnlten not from eontcmporalleou~ness of origin, but 

'" It mus!. not be infern>d from tbes .. remarh, that the ice_aetion ceMed in S. 
America al th is comparatively ancient period; for in. Tierra del Fuego, !mulders 
",ere probably Ira~sported cODt.emporaneuu<ly with, It not .ub''''luentiy 10, til" 
formallon of Ihe IIlllI!ty feet plaIn ~t S. Julinn, ~nd al other part! of the coast of 
Patagonia. 
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from the similarity of the rocky framework of the continent: it is 
known that in Brazil nn immense area cOllsists of gneissic rocks, and 
we shall hereafter see, over how great a length the plutonic rocks of 
tl,e Cordillera, tile overlyiug purple porphyries, aud the trachytie 
ejections, are almost identical in nature. 

Three theories on the origin uf the Pampean formation have been 
propounded ;-First, that of a great debacle by 1\1, d'Orbigny j this 
seems founded chiefly on UIC absence of stratification, and on the 
!lumber of cm\.M..>dJed remains of terrestrial quadrupeds. Although 
the Pampean formati on (like so m:my argillaceous deposits) is not 
didded into distinct aud separate strnta, yet we have seen that in 
one good section it was ijtrip·ed with horizontal zones of colour, aud 
that in several specified places the upper and lower parts differed, not 
only considerably in colour, but greatly ill constitution . In the 
southern part of tho Pampas tho upper mas.s ( to a certain extent 
stratified) generally consists of hard tOBea-rock, and the lower part 
of red Pampean mud, often itself div ided iuto two or more masses, 
varying in eolollr 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 tho regularly 
stratified tertiary formation. A s a general cule, the marly con
cretions are arranged in horizontal lines, sometimes united into 
irregular strata: surely, if the mud had been tumultuously deposited 
in rnase, the included calcareous matter would have segregated itself 
irregularly, and not into nodules arranged in horizontal lines, one 
ab lJ vo the other and often far apart: this arrangement appears to me 
to prove tlmt mud, differing slightly in composition, was successively 
and quietly deposited . On the theory of a debacle, a prodigious 
amollnt of mud, without a single llehble, is supposed to ha,'e been 
borne o\'er the wide sllCface of the Pampas, when under water: on 
the other hand, over the whole of Patagonia, the same or another 
debacle is supposed to hare borne nothing but gravel,-the gravel 
and the fine mud in the ueigl,bourhood of the Hios Negro and Colo· 
rado iJaving beCll borne to an equal distance frOIli the Cordillera, or 
imJgined line of disturbance: nssuredly directly opposite effects 
ougl.t not to be attributed to the same agency. Whero, again, could 
a mass of fine sediment, charged with calcareous matter in a fit state 
for chemical segregation, and in quantity sufficient to cover an area 
at least 750 miles long and 400 miles broad, to no depth of from 
twenty or thirty feet to a hundred feet., have been accumulated, ready 
to be t ransported by the supposed debacle? To my lllind it is little 
short of demonstratioll, tilat a great lapse of time was necessary for 
the production and deposition of the enormous amount of mud-like 
matter forming the Pampas; 1I0r shoul,l I have noticed the theory 
of a debacle, had it not been adduced by a uaturalist so eminent 
as M. d'Orbigny. 

A second theory, first suggest ed, I bcliel'e, by Sir 'Y. Parish, is 
that. the Pampean formation was th rown down 011 low and marsllv 
plains by the rivers of this country before they :ll'sumed tiwir Ilf;-
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sent courses. The (lppearance and composition of the deposit, 
dIll manner in which it slopes up and round the primary ranges, 
the nature of the underlyillg In3.rillO beds, tilll estuary and sea
shells on the surface, the overlying sall~stone Ucd~ at .1\1. H er
moso, are all quite opposed to this view. Nor do 1 believe that 
there is a single installce of a skeletoll of one of the exti nct mam
mifers having been found ill an upright posi tion, as if it had been 
mired. 

Tho third theory, of the truth of which I cannot eutertain t}le 
smallest doubt, is that the Pampean formation was slowly accumu
lated at the mouth of the former estuary of the Plata and in the sea 
adjoining it. I have come to this conclusion fwm the reasons 
assigned against the two forl'going theories, and from simple geogra
pllical considerations. From thc IItlluerous shells of the A zara 
labia/a lying loose on the surface of the plains, and uear Buenos 
Ayres embedded in the tosca-rock , we know that this formation not 
only was formerly con,red by, but t hat the nppermost parts wero de
posited in, the brackish water of tho ancient La Plata. Southward 
and seaward of Buenos Ayres, the plains were upheaved from nndcr 
water inhabited by true m:uine shells. 'Ve furth er know fronl Prof. 
Ehrenberg's examination of the twonty microscopical organisms in 
the mud ronnd the tooth of the Mastodon high up the course of the 
Parana, tllat the bottom -most part of this formation was of brackish
water origin. A ~imilar conclusion Illust be extended to tile beds of 
like composition, at the level of the sea aud under it, at 1\1 . H crmoso 
in Bahia Blanca. Dr. Carpenter finds that the harder varieties oftosca
rock, collected chiefly to tho south, contain marine spongoid bodics, 
minute fragments of shells, corals, and polythalamia; tho:>o perhaps 
may hnve been drifted inwards hy the tide~, from the more open parLs 
of the sea. The absence of shells., throughout this deposit, with the 
exception of the uppermost layers Ilear Buenos Ayres, is a remark
able fact: can it be explained by the brackish condition of tile water, 
or Ly the dcep mud at the bottom? I have stated that both the 
reddish mud and the concretions of t03ca·rock are often penetrated by 
minute, linear cavities, snch as frequently may be observed in fre:h · 
water calcareous deposits:-were they produced by the burrowing of 
small worms 1 Only on th is ,·iew of the Pampean fonnation having 
been of estuary origin, can tIle extraordinary numbers (presently to 
be alluded to) of the embedded malllmiferous TCmains be explained." 

With respect to the first origin of the reddish mud, I will only 
remark, that the enormous area of Brazil consists in chief part of 
gneissic and other granitic rocks, which llave suffered decomposition, 
and been eonverh.'<I. into a red, grit.ty, argill aceoll~ mass, to a greater 

* It is alm.ost superfluous to give. the numerOuS cases (for j",tance. in Somat!""; 
Lyell"s PrinCIples. yol. iii. p. 325, s~.th ell,t.). of ILH carcasses of a,umais I,avmg 
been wa,ned out to s.u Ly s .. .-olle" "vers; hut r mly ref~r to a recent account .by 
IIIr. Bellington (ASIatic Soc. 1845, J une 21st), of o:cen, <.leer . s n<.l Lears Le lng 
carried into the Oulf of Cam bray ; aee , alilD . the account in ml' Jourllal (2nd edit. 
p. 133). of the numLers of \Ln;rual s drownd in tbe P latn dutlng" tbo great, o((en 
recurrell1, drought~. 

" 2 
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deptl. than in any other country which I have seen . The mixture 
of rounded grains, and o\'cn of small fragme nts and pebbles of qll~rtz, 
in the Pampeall mud of Banda Oriental, is evidently due to the neigh . 
bouring and underlying primary rocks . The estnary mud was d rif~ed 
during the Pampean perio11 in a mue1, more southerly course, owmg 
probably to the cast and In'st primary ridges south of the P lata not 
hal-jug bc£n t1wn elevated, than the mud of tIle Plata at present is; 
for it was formerly deposited as f:u SQuth as the Colorado. The 
quantity of calcarCQlls matter in this formation, especially in those 
large district" where the whole Illass passes into tosca- rock, is "cry 
great: 1 h:wc already remarked on the close rese1l)hlanec in external 
and microl>Copical appearance, between this tosc!ldock and the strata 
at Coquimbo, which havc certainly resulted fWIll the decay and 
attrition of rcecnt shells: * I dare not, howcl'er, extend this conehl
sion to the calcareous rocks of the Pampas, more especially as the 
lllldcrlying tertiary ~trat!l in \Vestern Banda Oriental, show that 
at that period there was fI copiolls erni;;.sion of carbonate of lime, in 
connection with volcanic action. . 

The Pampcan formativn, jndgillg from its similar composition, and 
from tllU apparent ab~olute specific identity of some of its mammi_ 
fe rous remains, and from the generic l"el>Cmblanee of others, belongs 
o ... er its vast arca-througllout Banda Orienb.l, Eutre R ivs, aut! the 
"ide extent of the Palllpa~ as far SOllth as the Colorado,-to the same 
geological epoch. The mammiferOllS remains occur at an depths from 
the top to the bottum of tIle deposit; and I may add that oowhcre 
ill the Pampas is there any appearance of much superficial dennda_ 
tion: some bones which I fvund near tIle Guardia d,,1 Monte were 
emlx!ddtod close to the surface; and this appears to Il(l\'e been the 
case with mall}' of tllose ti il>Col·en>d ill Danda Oriental: on the l\h 
t.:l1lzas, twenty mile~ south of B . Apes, a Glyptodon WfiS embedded 
fi"e f~ct b,'lIeat1, tllo surface; nUlllerous remains were fou nd by S. 
r. l uniz, ncaf Luxan, at ;,n ,\\"erage depth of eighteen f~'f: t; in iluenos 
Ayres a ~keletoTl was disilltcrrcd 'It six~y fect deVill , allli on t\,e Pa
ralla J have described two skeletons of tI,e .Mastodoll oil ly fhe or six 
feet abo'·e tl,o very bao;(' of the deposit. With resp,·ct to the :lge 
of tl l i~ rUTlII:ltiun, a~ judget! uf hy the ordinary standard of the {'X4 

istence of mollusca, tile on]\" evidence witllin the limits of the t rue 
T'alllpa~, w.hieh is. at all tr·llstwo.rthy, is afford ... >d br the still living 
A zara la[,w/a Lellig pmbedde,l 111 tosca-rock neaf Bueuo~ Ayres. 

G;',~e ~alo:!~' i~~~ ut~~%~i;:e a~~a~~!es~:~j~u~Ut~;~t~v:a~'::,~~~~n~t~ ~~eK~ i:: 
IIIlegmhon of marins Te,,,",ng (oea \"o!caolc I~\ands, &c. p. 144). There ;s. 
J,owever. somelhlng very .remarkable in the frequency of su~rficial. th,n beds of 
e.,thy calra~cous m~tter, In rl,.lrict. "·here the surrounding rocb are not calca
reou • . MOJor Ch.rteu. i~ a Paper read before the Geographical Society (April 
13th. 18·\0, .nd abiOlroclW ,n tLe AlhenreulII. p. 3 17) , stMes tha t Ibi. is the caSe ;n 
pa rts of i\.leIico •• nd .lhat he bas observed .imilar ap~ar3nces;n manv pa , ts of 
50utb Africa. The tll"<;:umstaDce of tbe upl'Mmost stratum round the ru"ged 
8ierr:~ ".ntana. cons isting of calC3reou ~ '" marly matter. "i\holl~ ~ny cover,;g uf 
aIluvla) mauer, "t~'ke$ me IlS very singulm. In wbaleve. ma"n~r we vIe ... the de . 
post!ion R"d elevat"'o of tbe Pampean formal ion. 
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At P . Alt.a, 1,,)I\"t!ver, we hal'e seen that several of ti,e extinct mam~ 
Ill ifers, most charactcristic of the P ampean formation, co-existed with 
twenty species of mollu;;c~ n baruaelc and two comb, all still living 
on this same coast ;-for when we r<:mcmher tloat the shells have a 
more ancient appearance thau the bones ; that many of tIle bones, 
though emLedded in a coarse conglomerate are 1lerfectly preserved: 
tlmt almost a\l the parts of the skeleton of the Scclidutheriulll, even to 
the knee-cap, were lying ill their proper relative positions; and that 
a large piece of tl ,e fragile dermal armolll of a Dasypoid quadruped, 
connected with some of the bones of the fuut, llarl been entombed iu a 
condition allowing the two sides to be doubled togetller, it must 
assuredly be admittcd that tllesc mammiferous remains were em
bedded in a fre!!. state, and therefore that the living animal~ co
existt...J with tlw co-embeddcJ shells. Moreol'er, the Macrallc!umia 
PatadlOllica (of wllie!' , according to Prof. Owen, remains also occnr 
in the P ampas of B. Ayres, and at P. Alta) has been shown by 
satisfactory evidence of another kind, to hal'c Ih·ed on tIle plain~ of 
Patagonia long afier t he period when the adjoining sea was first 
tenanted by its present commonest molluscous animals. 'Ye mURt, 
therefore, conclnde tl][\t the l)mnpean formation helongs, in the ordi
nary geological sense of tI,e word, to tile Rccell~ P eriod, " 

At St. Fe Bajada, the Pampean estuary formation with its mam
mifcrous remains conformably overlics the marine tertiary strata, 
wl,ich (as first shown hy 1\1. d'Or1}igIlY) are contemporaneOIlS wi1l1 
tllOse of Patagonia, and wl,ich, as we shall hereafter see, belong to a 
\'ery ancient tertiary stage. 'Vhen examining the jnnction between 
these two formations, 1 thought that th e concretionary laycr of marl 
marked a passage between the murine and estuary stages. l\I. 
d'Orbigny disputes this view (as givcn in my Journal), and I admit 
that it is erronCQus, though in some degree excusable, from their con~ 
formability and from buth abounding with calcareous matter. It 
would, indeed, have been a great anomaly ir thcre had been a true 
passage between a deposit contemporaneons with existing spccies of 
mollusca, and one in which all the mollusca appear to be extinct. 
Northward of St. Fe, 1\'1. d'Orbigny met with ferruginons sandstones, 
marly rocks, and other be~h, which he considers as a distinct and 
lower formation, but the cI' idence that tlley arc not parts of the same 
with an aJter~d mineralogical character, dues not appear to lue quite 
satisfactory_ 

In '''estern Banda Oriental, IVhibt the marine tertiary strnt."\ were 
nccumnlatinj;, there wcre volcanic eruptions, much silex and lime 
were prccipltated frolll solutioll, coarse cunglomerates were formed, 
being deril'cd probably from adjuining land, alHl layers of red mud 
:lnd marly rock@, like those of tile Pampean fo rmation, were occasiol\
ally delJOsitcd. The true Pampean deposit with Illammifero\\s re
mains, instead of as at St. Fe O\'edying conformahly the tertiary 

• M, d'Orbigny bell ..... e. (Voyage, Part. Gtolog. p. 81) thal tbis formation , 
tLougb, "tres vOI.ine de Ie "litre. UI llhomoi1l3 de OOBUCOllP aDleneure i notre 
creation." 
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strata, is here seen at a lower level folding rOllnd and between the 
flat-tupped, cliff-bounded hills, formed by the upheaval ,and denuda
tion of t hese same tertiary strata. The upheaval, havlIlg occurred 
I,cre enlicr than at St. Fe, may be naturally accounted for by ~hc 
contemporaneous volcanic action. At the Barrancas de S. Gregorio, 
the Pampean deposit, as we have 8l~ll. overlies and fills up furrows 
in coarsc saud, precisely like tllRt 110W accumll.klting on th~ sliOrcs Ilcar 
the mouth of the P lata. I can h:ndlv behove th at thiS loose and 
coarse sand is contemporaneous with tho old tert iary and often crys
talline strata of the more western parts of the province; and am 
induced to slIsped that it is of subsequent origin. If that section 
near Colonia could be implici tly trusted, in whicll, 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 salld aud the 
Pampean mud, I should conclude that Bauda Oriental must Imvestood, 
when the coarse sand was accumulating, at only a little below its 
present level, and had then subsided, allowing the estuary Pampean 
mud to co\'er (ar and wide its surface up to a height of some hundred 
feet; and that after this subsidence the province had been up
lifted to its present level. 

I n \Vestem Banda Oriental, we know, from two unequivocal sec. 
tion~, that there is a mass, absolutely undistillguishable from the tme 
P ampean deposit, belleatll the old tertiary strata. This iuferior 
mass must be very much more ancient than the upper deposit with 
its mammiferous remains, for it lies beneath the tertiary strata in 
which all the shells are extinct. Nevertheless, the lower and uPller 
masses, as well as some intermediate layers, are so similar in minera· 
logical character, that I cannot doubt that tlley are all of estuary 
origin, and have been derived from the same great someI'. At first 
it appeared to me extremely improbable, tllat mud of the same nature 
should hal'e been deposited on nearly the same spot., dur ing an im~ 
mcnse lapse of time, namcly, from a period f.'qui l·alcnt perhaps to the 
Eocene of Europe to that of the Pampean formation. But as, at the 
"ery commencement of the P ampean period, if not at a still earlier 
Jleriod, the Sierra V elltana formed a bouudary to tIle SOllth,-the Cor
dillera or the plains in front of them to the wcst,-the whole pro" ince of 
Corricntcs probably to the north, for, according to M. d'Orbigny, it is 
not covered by the Pampean dcposit,- and Bra\(il, as known by the 
rcmains in the caves, to the north·east ; and as again, during the 
oldcr tcrtiary period, land already cxisted in "'estern Banda Orientlll 
alld neM St. Fe Bajada, as may be inferred from the vegetable debris, 
from the quantities of si licified wood, and from th~ remains of a 
Toxodon found, according to l\l. d'Orbigny, in still lower stra!.1, we 
may conclude, that at thi~ ancient period a great eXl)anse of water 
was surrounded by the same rocky framework which now bounds 
the plains of Pampean formation . This having been the casf.', the 
circumstance of sediment of the same nature ha"ing been deposited in 
the sam e area duriHg an i~nmcn~e l;t,pse of time, though highly re
markable, does not appear Inered,ble. 

The Complete Work of Charles Darw in Online 





I" PAltIPEA.'( l'1JHMATiO~, (ClIAP. IV. 

at gn'at heights in the Conlillcra from north of the equator* tu 
at least as far ~outh a~ Tarija; and as ther'" is no I,igher land, th('re 
can be li.tlc donbt that this Mastodon must IJ~lI'e lived on the plaiu~ 
and valleys of that great rangt:. T hese countries, hO\\"!;lver, appear 
too far distant fur the l,abitat ion of the individuals entombed III tl,e 
Pampas: we must probably look to uearer poin t~, for instance to the 
province of Oorrieutes, which, as already rt:lUarkcd, is said not to he 
cOl-cred by the Pampean formation, and may thcrefore, at the period 
of its deposition, iHlIe existed as dry land. I hal'c already given my 

~asl)l:s ~~taLCIlilev~~~'i~'~I~::~a~u::~:~s ~~l~:d~~~ir~ ;:l~d~le;~\;~:~d at~~ 
parts of tile already ele'l"ated Pampean deposit . With respect to tho 
food of these many great extinct quadruped~, I will 1I0t repeat the 
facts given in my J ournal (second edit. p. 85), showing tiJat there 
i~ no correlatioll between die luxll riance of the vegetation of a country 
(lild the sizo of its mammiferous ilillabi tants. 1 dv lIvt doubt that 
large anim als could 1I0W exi;t, as far as tile anlOUJlt, not kind, of 
vegetation is concellwd, Oil the sterile plains of Ballia Blanca and 
of the R. Negro, as well as on the equaH,r, if 110t more sterile plaius 
of Southern Africa. The climate, howe"er, may pcrlJaps have some_ 
what deteriorated since the lIIamm ifers embedded at Bahia Blanca 
lil"ed Ulere; for we must not infer, from the continued existence of the 
l;i\me sllells on the prescnt coasts, that tbere has been no cllange in 
climate; for several of the!)C sheHs now range northward along the 
shores of Brazil, where the most luxuriant vcgetation llourishes under 
a tropical tempcrature. \\'ith respect to the extinction, wllich at 
first lills tile miud with astonishm",nt, of the many great and small 
mannni fers of tllis period, I may also refer to the wurk above cited 
(second edit. p. li3), in which I ha\'e endeavoured to show, that 
howevcr unablc we may ue to explain the precise cause, we ought 
lIot pn>periy to feel more surprised at a species becoming extinct, 
than ut one beillg rum; and yet we arc accustomed to view the 
rarity or any particular species as an ordinary event, not requiring 
any extraordinary agcncy. 

The several mammifers cmbedded in the Pampean formation, 
which mostly belong to extinct g(l l1 (l ra, and some even to extinct 
famili es or orders, and which differ nearly, if not quite, as much 
as do the Eocene mallllllifcrs of Europe from living quadrnpeds 
Ilaving cxisted eonttlmponllleousiy with Illo!iusca, all st ill inhabiting 
tbe adj0ining sea, is certainly a most strikillg fact. It is, how
ever, far from being an isolated Olle; for, during the late tertiary 
deposits of Britain, an clepllallt, rhinoceros, and hippopotamus 
eo-existed with many recent land and rrosh -water shells; and in 
North America, we have the best evidence that a mastodon, 
elephant, lIlegathcrium, megalony][, lllylodon, an extinct horse and 

• Humboldt states tbat the Mastodon has been discove red in New G .... nada: it 
bos ~een found ill Quito, When at l ima, 1 Raw a tootb of a IIhslooon in tbe~_ 
oe&810n of D.on 1\1. Hi ~ero, (ound at Playa Cbica on Ine RIa"",on,. near the 
Gual1ag., J.:y ety ooc Ca. beald of the Ilumerou~ rel!lalUI of lIIastodon lD BoilYla, 
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ox, lik~lVisc co·c,Xistcd witll numerollS laud, fresh· water, and marino 
recent ~IH~lb.· TIm unumeratiOIl uf these extinct North AllIeric~1I 
anill)al~ uatnrally leads m~ to refer to the former closer relation of the 
mamlll iferuus inhabitants of tl,e two .'\lllerieas, which I have dis
cussed ill Illy Jonmal, and likewise to tl,e I·ast extent of country ol'er 
which SOUlt) uf tl,e," f;(ng"d: tllUS the 8ame species of the J,JefJa
tltl!riuln, JI[,yaloJl!}x, E quu8 (a~ far as the state of their remains per
mits of identi£cation), extellded f,"om the Southern United States of 
North America to Bal,ia Blauca, in lat. 300 8., on the coast of 
Pat~\gonia . Tbe fact of tl,ese auimf'1s having inhabited tropical and 
temperate regious, does !lot appear to me allY great difiit;ulty, seei ng 
that at the Cape of Good H ope several quadrupeds, such as the 
elt'pkmt ,lilt! hippopotamus, range from th~ equutor to lat. 350 south, 
TI,e case of the Mas/odQIi AI/ilium is one of 1II0re difficulty, for it is 
foullt! frOIll lat. 3(;0 S., over, as I I,ave reasun t() btolieve, ntarly the 
\\'I'ule of Brnzil, aud up the Cordillera, to rcgions wldch, a~cordillg 
\." ~I . J'Orbigny, border 011 )Jcrpetuai SUOW, and "hid) are almo"t 
destltutc (If \"l'getatiun: ullduubtedly the climate of tl,e Cordillera 
lIIust I,avc be~ 1l ditt"ercut wl" 'n the mastodon illhai,iled it; bllt we 
should nut forgt' t th e case of ti,e Sil>eri,lll mammoth alld rhilloc~ros, 
as shuwi'lg hOI\" severe a climate the larger pacl'yd~rmata can endure; 
l' Of overl(/( k tI,e fact of the .g ll3naCO ranging at the l)reSCllt day 
uver the hot low d~8ert" of P eru, the lofty pillnacits of the Cor
dillera, and the damp forest· clad laud of Southcrn Tierra del Fuego; 
the puma, abo, is foulld from the equator to the Strait of MageHan. 
and I l.a\"e seen its footsteps only :l. litHe bclow tIm limits of ])erpe
tual Sll<)W in the Cordillera uf Chile, 

At the period, so recent in a geological sense, when tl'ese extinct 
maUllllifelll exi~tcd, the two A merieas lllust I,ave swarmed with 
quadnliJld~, l\1any of tJ,elll of gigantic size; for, besides those more 
))articlllady referred to in tbis chapter, we lllu~t include in tlli" same 
periud tl,osc \\onderfull.v UUlllerous rrmaius, some few of them 
spcci£cally, and others generically related to those of tho Pampas. 
disconrcd by 1\llH . Lund and Clansen in the cal'es of Brazil. Finally. 
the ract~ here givell sllolV how cautious we ought to be in judging of 
the nutiquity of a formation frOIll even a great amount of ditl"ere[J<.:e 
Letwcen the extinct and lil'ing sl)ecies in any one c1a~ s of aniUluls;
wo ought onn to be cautious in acce))ting the general proposition, 
tl,at change in organic forms and lapse of time are at all, nece5.'!arily, 
currelali\'os. 
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Localitie, witM" 1M rtgilm of tile P ampa. where great bane, !taut 6unfound. 

The fol!o"'ing list, whi,ch indudes ,,>'err ace,ount wl,ieh r have hitherlo met wilh 
of the discovery or fossIl m~mm.iferou.8 rem.alOS in th,e Pampas, may be he,e.fler 
u\eful to a geologIst Inveshgatmg tlus reglo". and It tends to show their~"'tra _ 
ol'\hnary abundance. 1 ~eard of and ~~W m.ny fossils, the wigi".l poaihon of 
~b,ch I could I\(}I ucertaln; Rnd I rece"'ed ma ny $Ulemenl~ 100 vague ~o he he", 

~:::~~~ i~~f;:~~na~I~~, ~~e:,"~~ p~~~~:8;hee ~I::~~e~::~~D~[~~~:~;:,Bk8cDe~~~ 
dOlherium, l\Iylodon, lI olopbt~clus (Ul' 811 allied genus), To~odon, Macraucheoia, 
and aD Equu. were collected; and at M . He,moso .. Clenomys, Hydroch""us, 
&Ome otb .. r wde~t. and tbe bones ofa great megMberoid q~adruped. CJ~ north
ea.t of the ~. l apalguen, we have the Hio" Hueso~" ( •. e. bone,,). "'h,eh pro
hably cakes " 9 name from large fossil bones . Near V,lIa Nue~o, and at UIS 
A~e rias. not far from the Salado, tb'e" nearly perfe<:t skeletoos, one of tbe J\Iega_ 
tberium. one nf tbe GlyptQdotl cll1.~;ptl. and one of some gr .... t Dasypoid qua_ 
druped, wer .. found by the agent of Si, IV. Parish ("ee hia work Bu~no. Ayras, 
&c. p. 171). I hue seen the tooth of a l\I""toooo from the Salado; ahttle nortb _ 
ward of this 'i~ er, on the bordor .. of a lake near the G. del Monte. I Saw many 
bones, and one large pie<:e of dermal a!'JUour; high~r up the Salado, there i . a 
place caHed i\lome "llue$O"" On Ibe Mntanzas, abou t twenty mIles south of 
Bueoos Ayre •• the "kelelOn (vide p. 176. of Bueoos Ayres , &c. by Sir \V . Parish) 
of a Glyptodon was found ahout five feet beneath the surface; here also (see Cal. 
nf Royal College of Surgeons) remaills of Glyptodon cl6~ipel, G. 0""61",,, aQd 
G. ~t licuI6lu' WeTe (ound. Signor An~lis, iu a letter which I ha~e seen, I.,fers 
to some great r~main. found in Uueoo9 Ayres, at a depth of twellty varas from the 
,urface. Seven leagues nortb of this city tbe same author fouod the ske letons nf 
Mylodon robu.iu, an~ Glyplodon orn(JIUI. F.rom \hi. neighbourbood be bas 
J~tely sent .10. the BTltish i\lll~um the follOWIng fossils: _ Rem,ins of th~e 
or rour 'nd"',duah of ~ I egathe"um; of three species ofG~yptodon; of three on. 
diy,duals ~r tLe Ml!rtodon andiu ... , of i\ lacrauehenia; nt a ~econd spec'es of 
TOIwon, different from T. pl~l~u, and la.tlr. of the iUochaltwus, a wonder. 
ful large carnivorous Mirna!. l\l . d'O,big-Dy La. lately r~c~,v~d from the Reco _ 
iate (Vor~ge, Pal. p. 144). uear B. Ayres, a tootil of To.£odon platen~i, . 

Proceeo.hng n'>rtL,,·ard, aloog tl,e weat bank of the P orana. "'e cOme to the Rio 
Lu~ ~u. ",ber~ two sl.:eletons of the M~gatherium ba.e heen found; and lately, 
with," eight leagues of the town of Lu:un, Dr. F. X.Muniz ha$ colltcted ( Briti.h 
P aclret . Bueuo. Arras, S~ptember 25110, 1841), from an average dept.h of eighteen 
feet, very numerous remaIns, of no les8 Ihan, as he believes, nine d,gll:,ct spe<: ies of 
mammlfers. At Areco, large bone. b,,,e been found, wbleh a ... heheyed, 10,1" the 
;nnabitants, to h~ve been changed f,om small bones, by tbe water of Ihe rive r! 
At ArreClfes , tLe Glyptodon, seut to tbe Col.lege of Surgeons. w".s fouod; and I 
have seen two le.etb of a M~{odon f,om Ib .. quarter. At S. NIcolas, M. d'O , _ 
bigny found remmnS of a Canr • . Ct~nomy5, ~nd Kerodon i ~nd lIT. Isabelle (p . 332, 
Vnyage) refers TO.a gigaotic ArmadIllo found there . At S. Carlos, I heard of 
great bones. A lillIe below the mouth ..,f tlie Carc~r"oa. the two skeletons of 
l\1a.todon were found; on tbe OOu\;.s of tbi s ri.er. near S. ~ Jiguel, I found leeth of 
the Mastodon and TOIOdou; aod .Falkner (I" 55) ~esCT ibe. :he ""eons armOUr of 
Mme great animal; I heard of n'any olher bones III thIS ne'gbbou.bood. I have 
lI<l~n.' I may add . in the pos",,". i.ou of Mr. CIIldcleugh. the tooth of a ~[fl$lodo,. 
a~dlUm, "ai.d to h.ye been fouod III Pa raguay; I may here also refe r to. a state_ 
melll in th,. gentleman's tra.els. (vol. i. p. 4B). of a g reat skelelon havwg beeo 
found in the pro.inc~ of Bolivia In Hm.il , on tbe )t. de las Contu. The fa,thest 
point westward in rbe Pampas, at wbich I have heard of fossil bones, wu high up 
on Ihe banks of tbe R. QUInto. 

In Entre Hios, besides the remains of the Mastodoo, To~odon, Equu. , alld a 
gre~t D~)'poid 'Iuadrul'ed near St. Fe Bajada. 1 recei,·ed an account of Lones 
IJ •• ,ng l:oeen f.-.und a httle S •• :. of P. Gorda (on the Paran.), and of an entire 
s~eleton al i\ln' . nn., 00 Ihe Arroyo de l l\ ni", "I. 
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In Banda Oriental . "e";d.e. I),e rems;". of t"e 1'010doo, ill)'lodoD, and 'wo 
skelNoDs of great animal. w'lh osseou. armour (distinct from lLat of I),e Glyplo_ 
dOD). fo""d on the ArroyoB Sarandis alLd Be'qu~ jo, M . Isa""lle (\'oyag-e, p. 3n) 
says , mony bones have been fouull near the H. Kppo, and 0" the R. Aral'''Y. an 
atH"ent of the P .l'IIg-uay, ,n lat. 30" 40' south. [ hurd of bones near the .ourCe 
oflhe A. Vivora •. I.saw the remains of ~ Oasypoid quadruped from the Arroyo 
Seco, close to M. VIdeo i and iU. <I'Orb'gny refers (Vopge, Gc~log. p. 24) .10 
DDother found on ,he l'ederoal, an am"ent of the St, LucIa; "nd SIgnor AllSeh., 
in a letter, .t81". lhat a third .k"lelo" of I~i. family has bee" found near CaM_ 
10fle.. J saw a toolh of th~ Jllasla<loll from Tal." another amuent of the St. LUCIa. 
'ne ".'os~ easter" IlOint at ",hid, I ~eard of gr~at bClDes baO'jug been found, "'lOS 
8t Soll s Grande, between 1\1. V"Jeo a"d .Maldonado. 
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CHA P TER v, 

ON TH F. OLDER TERTIARY FORMATIONS O F PATAGONIA 
AND CHI LE. 

lIio Nt9~O-S. JI).if-Por/ J)efi~t, 1C"~tt pumictou, m .. art,me with injiuor:e"a
Pori S. Julia_Sanla Cruz, bal a/t,e la~a of-Po Gallego. -Ea,tern Tiffra 
del PUlga; [ea~tl 0/ ~rtinct betell ire., -Summary On 1M Palagoni(Jt. 
tertiary jormalilJu- Teriiary forma/lou of the IVe,!/"ffl. Coo.,/- Cllfmo. 
and Chiloe group8. ~olcan;c Tach 0/- Cancepc;o"-Naridad~C()q,,;mbo
Summary-Age of file tertiary formation,-Line, of ein o/um-$i/,eijied 
wlX/d-Compara/iDe range, of the extinct and living mollu. ea 0" the JVe,1 
Coast of S . America_ Climate of /he tertiary period _ On th . cause. of Ihe 
abltnet ofrecenl conc"if~rou, depol it. on the COIJ.s(N of S. Amerk~- 0" the 
CQntemporaneo". depo . .,'l&n and pruerflation of u dimenlary JONna/.ant . 

Ria N egra.-I call add little to the details gil'en by M. d'OrLigny· 
on the sandstone formatioll of this district. The cliff~ to the south 
of the fi"cr are al.>o11t 2UO feet in heigl,t, and are composed of sand
stone of various tints and degrees of hardness. One layer, which 
thinned out at both ('nds, consisted of eartl,y matter, of a I)ale red
dish colour, with some gyp~um, and very like (I speak after compa
rison of the specimens brought home) P amjwtlll mud : above tl,is 
there was a laycr of compact marly rock with dCIHlritic manganese. 
!\bny blocks of a COli glomerate of jllllllioo-pcbbles embedded in hnrd 
sandstone were strewed at tloe foot of the cliff, and had evidently 
fallen from abovc. A few miles N.E. of the town, I found, 
low down in the ~ands tO lle, a bcd, a few inches ill thickuCS!!, of a 
white, friable, harilh-feclillg sediment, which adheres to the tongue, 
is of easy fnsibility, and of little specific gra"ity; c:.:amined under 
the microscope, it is seen to uc pumiceous tuft~ fo rmed of broken 
transparent crystals. In the clirfs south of the river, tilere i ~, also, 
a thin layer of nearly similar naturc, but finer grained, and not so 
white j it might easily h ... ,·c been mistaken for a calcareous turf, but 
it contains no lillie: tl lis substance precisely re*IIILle~ a most widely 
e:.:tendcd aud thi"k formation in southern Patagonia, hereafter to bo 
described, and which is remarkable for being partially forilled of iufu
soria. These oods, conjointly with the conglomerate of IlUlllice, are 
interesting, as showing tlHl nature of the \'okanic action in the Cor
Jillera duriug this old tertiary period . 

.. Voyage (Part. G~"I"g .) 1'. 57 to 65. 

The Complete Work of Charles Darwin Online 



109 

Iu a ~ed at the base of the southern c1iff~, M. J'OrLil?ny found 
t wo cxtmct fresh-wate r shells, namely, a Dnio and ChillUa. This 
bed rested on one with hones of all extinct rodent, namely, the 
Jl/c[}am!J!' P alagrmie1!8i8; and this again on another with extinct 
marine sllells. Tile species found by M. d'Orbigny iu diftcrent parts 
of this fo rmation consist of, 

1' :1.1.(11.1,0 3t St. Fe, and "'hole C03>ll l'a1. (31.0 St. Fe and S. J ose(). 
1. Ostre~ P atago.nica,d'Orbig., Voyage 13' Ostrea Al~(\rez .. ii' d.'Orbig. Voyage 

of I'atagollla). 4, Pecten l'aI"gonien",", do. 
2. Ostrn Ferrarisi, do , 5. Venu~ J\lunSierti, do. (al.o St. Fe). 

6. Area Bonpland,ana, dn. (do.) 

Accordi ng to l\L d'Orbigny, the sandstone extends westwanl along 
tho coast as far as P ort 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 dennded plain. This formatioll, 
though contemporaneous with that of tile. Tt'st of Patagonia, is quite 
diff~r('nt iu mineralogical composition, bemg connect~d with it only 
by tIle one thin white layer : this difference may be reasonahly attri 
huted to the sediment hrought down in ancient times by the Rio 
Negro; by which agency, also, we can understand the presence "f 
tho fresh-water shells, and of the bOlles of land animalB. Judging 
frO Ill the identity of four of the above slleHs, th is f"rmation is eon
temporancllus (as remarked by i\f . d'Orbigny) with that under the 
P am pean d('po~it in Eutre R illg and in Banda Oriental. The gra\'d 
capping t Ile sandstone plain, with its caleareous cement and n,,
dules of gypsum, is probably, from the reasons given in the fir~t 
chapter, contemporaneous with the uppermost beds of the P ampea ll 
formation on the upper plain north of the Colorado. 

Sail JO$if.-M,I' examination here was wry ~IJ (,rt: t he cliffs arc 
ahout 100 feet high; tile lower third consists of yellowish-brown, 
soft, slightly caleareoll~, muddy s.1ndstone, part.q of which WI.lOli 
stmek em it a fetid smell . In this bed the great Oslrca P alu!10,w:a, 
often marked with dendritic manganese and small cor~ll i ne~, were 
extraordinarily numerOllS. I found l,cre ti,e following shells :-

l. Oglrea Patagoniea, d'Orbig. Voy3ge rat. (also at St. H and whole coast of 
Patagonia). 

2. OSlrea Alvarezii, .d ·Orhig. ~'. Pal. ( also St. Fe and R . Negro.) 
3. Pecten P"rane~sl<, d'Orh,g. V, Pa!., and PI. 111. f. 30 of tbis work (als" 

St. Fl:. S. Juli.n, and Port Desire). 
4. Peelen Darwinianus, d·Orbi:;. V. Pal., and PI. III. f . 211 and 29(a180 St. H). 
5. PeClen ac t in<xles, G. D. Sow .. Pl. Il l. f. 33. . 
6. T~,..,bra1Ula Patagonie., G. n, So,,"_, P I. 11. f. 26 and 27 (01"" S. Juhan). 
7. Casts ofa TurriteHa. 

T he four first of these species o(.'cur at St. Fe in Entre Rios, and 
tllO two first ill the salld~tunc of tlle R. Negro. Aho"e tllis fo:sili· 
ferolls mass, there is a. stratUIll of very fino-grained, pale brown 
Illndstoue, including nUlllerouS !aminre of selenite, An the. strata 
appear horiz"ntal, bnt, when followed by the eye fu r a long dlstance, 
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thoy are seen to have a small easterly dip. On the surface we have 
the porphyritic grtwel, and on it sand with recent sht:olls. 

NI#J"f) Gulf.-From specilllcns and notes given me by Li~ut. 
Stokes, it appears that the lower bed consists of soft muddy sand
stOllC, like that of S. Josd, with many imperfect shells, including 
~he Pecten Parane1lsis, d'Orbig., casts of a Turritclla and Scntella. 
On this there are two strata of the pale brown mudstoue, also like 
that of B. Jogif, separated by It darker coloured, more argillaceous 
variety, including tile O~tre(, Patogonica. Prof. Ehrenberg k\9 
examined this IllUdstOIiC for tile: he find>! in it three already known 
microscopic orgallislll~, enveloped in a fine-grained pumiceous tuff, 
which I shall have immediately to describe in detail. Spedmcns 
brought to me from the uppermost bed, north of the Rio Cltupat, 
consist of this same subst,LHce, but of a wllikr colour. 

Tertiary strab, such as are here described, appear to extend along 
tile whole coast between the Rio Chupat aud Port Desire, except 
where iuterrupted by the underlying claystone porphyry, and by 
some metamorphic rocks: these hard rocks, I may add, are fOllnd at 
inten'als over a space of about fil'e degrees of latitude, from Point 
Union to a point between Port S. Julian and S. Cruz, and will be 
described in the ensuing chapter. JUany gigantic specimens of the 
Ostrea Pata!JQnica were eolleded in the Gulf of St. George. 

Port Desire.-A .good section of the lowest fos9i\ifcrous mass, 
about forty fect in thickness, resting on claystone porrllyry, is ex
hibited a few miles south of til" harbour. The shells sufficiently 
perfed to be recognised consist of, 

t ~:~'t~~ ~~~;;en~:i;, ~',g'rtt. \~:;. a~"t ~~da~,t ~~~.!ef.c~~s!t~J:t~oo,~i(;i.o 
at St. Fe, S. JOAtf, S. Julian). 

3. Pecten «ntrali~, G. n. SO"N., PI. III. f. 31 (also S. Julian and S. Cruz). 
4. Coculb,a alta, do., PI. II. f. 2~. 23 (also S. Crut). 
ii . Noeul .. ornata, do., PI. II. f . 19. 
6. Turritella Patagonic3, do., PI. 111. f.48. 

The fossiliferons strata, wilere not denuded, are conformably 
covered by a considerable thiclmess of the fine-graincd pumiccous 
mudstone, divided into two llla.SSC~; thc lower half i ~ very fine_ 
gmined, slightly unctuous, and so compact as to break with a semi
conchoidal fractu re, though yielding to the nail; it includes lamiulC 
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 J osef and Nuevo Gulf. I II neither mtl.lls is there any trace to 
the naked eye of organic forms. Taking the entire dcpo~it, it is 
gcnerally quite white, or ye!lowisll, or feebly tinted with ween; it is 
either almost friable under the fin ger, or as liard as chalk: it is of 
easy fllsibility, of little specific gravity, is not Ilar~h to the touch, 
adheres to the tougue, and when Lreathed on exhales a strong alumi-
1I0US odour ; it sometimes contains a very little calcareous maiter, and 
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t races (besides the included [aminoo) of gyps\\m. Under the mi
croscope, according to Prof. Ehrenberg,* it consists of minute, tritu
rated, cellular, glassy fragments of pumice, with some broken crys
tals. I n tI,e minute glassy fragments, Prof. EhfCnberg recognises 
organic structureS, wl,ich lla\'e been aft'~cted hy volcanic heat: in the 
specimens from this place, and from Port S . Julian, he finds sixteen 
P olygastrica and tweh'e Phytolitharia. Of these organi~ms, seven 
are new fo rms, the others iJeing previously 1wown: all are of marine, 
and chiefly of oceanic, origi n. This deposit to the naked eye re
sembles the crust, w\lich often appears on weatJlered surfaces of feld 
spatiJic rocks; it likewise resembles those beds of ~a rthy feldspath ic 
matter, sometimes iuterstratified with porphyritic rocks, as is the 
case in this very district with Ule underlying llUrple cbystone por
}lhyry. From examining specimens under a common microscope, 
and comparing them with other specimcus undoubtedly of volcanic 
origin, I had come to the sallle conclusion with Prof. Ehrenberg, 
namely, that this great deposit, in its fi rst origin, is of ,'oleanic 
nature. 

Pori S. J ulian.-On the south side of the barbou r, the following 
section, which I here repeat, gives the nature of the beds sccn in tht! 
d ift's of the ninety feet plain. Beginniug at tIle top,- Ist, the 

17.-SECTf ON 01' TilE STRATA EXIIIBITED I N T U E CLiPPS 01' TIIII 
9O_PEET P LAIN AT PORT 8. JULIAN. 

earthy mass (A A), including the rcm:l.ins of the Maeraucheuia, with 
reccnt shells on tlJC surface; 2nd, t he porphyritic shingle (B), which 
in its lower part is interstratilied (owing, I believe, to redeposition 
during denudation) with the white. pun.liceous Dludst.o~e; ~ rd, this 
white Illudstone, about twenty feet III thickness, and dWlded mto two 
' "arieties (C and D), both closely resembling the lower, fine-grained, 
morc nnetuons and compact kind at Port Desire; and, as at that 
place, including much selenite; 4th, a fossi~ifer~us mass, d!vided 
into three Illain beds, of which the uppermost IS tlnll, and consists of 
fellllginous sandstone, with many shells of the great oyster and 
PectC11 P al"UlIcn8i$,. the middle bed (E) is a yellowish earthy sand
stone abounding with scutellre; and the lowest be~ (F ) is an indu
rated, greenish, s..-mdy clay, including large concretions of calcareous 
sandstone, Illany shells of the great oyster, and in parts almost made 
up of fragments of Bala~idre " OU.t of these three beds, I IlTO?ured 
the following twelve specICs, of wlilch the two fnst were e.xccedlDgly 

* Monalsberichlen del Konig. Ahd. zu Berlin, "om April, 1845. 
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numerous in indiyiduah, as were the Terebratnlll! and Turritellll! ill 
ctl rtain layers:-

I. Omen Patagonic., d'Orh. Vopge l'al. (also at St. Fe and "hole eMS! of 
P atagonia). . 

2 . Pecten Pnranensis, d'O,h;g. do., and PI. III. f. 30 of th.s "Or. (St. ~·c, 

3. l'e~~!o::!~r;I~~: ge~~·~~wer., PI. H I. f. 31 (alao P. Desite and S. Cruz). 
4. Pecten geru;o8lus, do., PI. II. f.2 4. 
5. Terebratula Patagonie • . do., 1'1.11. f. 26 and 27 (also S. Josef) . 

. 6. Stntl),iol.ri. o.Mla, do., PI. IV. f. 6'~ (al<o S. C.uz). 
7. Fusus p,tagonicus, do., 1'1. 1\ '. f. 60. 
8. Fusus No.chill"', do., PI. IV. f. 56 and 59. 
9. Se<rla ria '''gulos. , do .. PI. III. f . 42 and 43. 

HI. Turritelln arubul~c,um. do., PI. 1]1. f. 49 (al50 S. Cruz). 
11. I'y.o lo, cast or. li ke P . ventrico"a of Sorre •. , T ank C~l. 
12. Balanu. varian., G. B. Sow~r .. 1'1. II. f. 4, 5, 6. 
13. Scut~l1a, differing from the spede< from ~'uevo Gulf. 

At ti le head of the inner harbollr of P. S. Julian, the fOSili liferous 
mass i ~ not (Iisplayed, and the sea-e\iff~ from the w:-rtc"'~ rdge to a 
height of between 100 and 200 feet ate formed of the whIte pn
miceons mudstonr. wllich I'ere includes innumerahle, far-cxtended, 
sometimcs horiwntal, sometimes inclined or vcrtieal \aminal of tr:1.tlS

parent gypsutn, uftcn ahout an inch ill thickness. }'Iuther inlall,l, 
wi th th~ exception of the superficial gravel, the whole thickness "f 
the truncated hills, wldeh represent:-r formerly cnntinuous pb.in 950 
feet in height., appears to:> he fo rmed of this white lIludstone : here 
and there, however, at \':-rriQlls heights, thin earthy l:-ryers, containing 
the great oyster, Pecten Paranel!8i, and Tllrrieellit amlml(U;I'llm, 
:-r re interstratifieJ.; thns showing t hat the whole mass belongs to the 
same epoch . l nowhere found even a fragment of a shell actually 
in the wlrite deposit, and only a single cast of a T urritella. Out of 
the eigllteen microscopic organisms discu"ereel by Ehrcnberg ill the 
~peciUJens from this place. ten are common to the ~ame depo~jt at 
Port Desire. I may add th at specimens of this white mudstoue, 
with the same identical characters were brnugllt me from two points, 
-une twenty miles north of S . J ulian, where a wide gravel-capped 
llhill, 350 feet in hcigllt, is t.\lUS com pOlled ; and the other forty 
milps south of S . .l IlHan, where, on the old cll:-rrt8, the e1iff~ are 
marked as "C/talk Hilh." 

Santa Crrlz.-Tbe gravel-capped cliff~ :-rt the moutl, of tIle river 
arc 355 feet in height: the lower p,,- .t, to a. thickness of £fty or 
sixty feet, consists of a lIIore or less hardened, darkish, muddy or 
arginaceou~ sandstollo (like the I(lw('~t bed of Purt Desire), COll
t:-rining very mall)' shell., some silicified and 80111(1 cOllverted into 
yellow calcareous spar. The great or~ter is here numerous in layers; 
the Trigonocdia and Tnrritel!a are also "ery n\llll{'f(fll~: it i~ relllark
alole that the P eetell ParallC1lSis, so common in :-rl! other 1).'\Tt~ of the 
eoast, is here :-rbscnt : the slJ(~lls consist of, 

I. O"l.ea P~t~gonic", d·Orb;;:;. \' oyage Pal. (~lso ut St. Fe and whole co~st of 
Pntag-oma). 
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2. PeClen celltralis, G. n. Sowerby, PI. TIL f. 31 (also P. Desire and S. 
Julian). 

3. Venus meridionalis ofG. B. &''''erby, PI. I I. f. 13. 
4. C'T3ssatella Lyelli;, do. PI. II. f. 10. 
5. Cardium puelcbum, do. PI. II. f. 15. 
6. Ca.dita PaI3g0nic~, do. PI. I I. f. 17. 
7. Mactra rugata, do . PI. II . f. B. 
B. Muctra Dnr"'inii, do. Pl. TI. f. 9. 
9. Cucullrea a,lta! do ., PI. II. f. 22, 23 (also P. Desire). 

10. T rigonoceha .nsohta, do. 1'1. H . f . 20, 21. 
II. NllCula (1) glabra, do . 1'1. II. f. 18. 
12. Crepidula grcgaria, do. PI. III. f. 34. 
13. Voluta aha, do. PI. IV. f. 7". 
14. T rocbus collaris, do. PI. TIl. f. 44, 45. 
I ". Nation solid3 t1), do. PI. I II . f. 40, 41. 
16. Struthiolariaornata, do. PI. IV. f. 62 (also P . Desire). 
17. T u"itella ambulacrum, do. PI. II I. f. 49 (also P . S. J ulino). 

Imperfect fragments of the genera lIys6oarca, Artemis, aod Fuaus. 

T he upper part of the eliff is generally divided into three great 
strata, differing slightly in composition, but essentially resembling the 
Ilumieeous mudstone of the places farther north; tho deposit, how_ 
ever, here is more arenaceous, of greater specific gravity, alld not SO 
wllite : it is interlaced with numerous thin veills, partially or quite 
fil!ed with transverse fi bres of gypsum; tllesc fibres whe,e too short 
to reach across thc ,'cin, hM'e thei r extremities curved or bent: in 
the same veins with tile gypsum, and likewise in sepnrate veins as 
well as in little nests, there is much powdery snlphate of magnesia 
(as ascertained hy i\"Ir. Recks) in an ullcompressed form: I beliel'e 
t hat this salt lIDS not heretofore bi'Cn found in l'eins. Of the three 
beds, the contral one is tl,o most compact, and more like ordinary 
sandstone: it ineludes numerous fl attened spherical concretions, oftcll 
united like a necklace, composed of hard calcareous sandstone, contain
ing a. few "hells : some of tI,eS!: concretions were fou r feet in diameter, 
and in a horizontal line nine feet apar t" showing that the caleareOllS 
matter must hal'ebeen dra \Vn to the centres of attraction, from a distance 
of four feet and a half on both sides. In the upper and lower fincr 
grained strata, there were other concretiOllS of a grey colour, con
taining calcareous mat ter, and so fine-grained and compact, as almost 
to resemblo porcelain-rock : 1 ha"e seen exactly similar concretions in 
a volcanic tufaceons bed in Chiloe. Although in this upper fine
grained strata, organic remains were yery rare, yet I noticed a few 
of the great oyster ; and in one included soft ferruginous layer, there 
were some specimens of the G«cull(l!(t alia (found at Port Desire in 
the lower fossiliferous mass) and of tl,e 1Ilaclm 'rugal!l, which latter 
shell ha9 been partially converted into g-ypsum. 

In ascending the ,'alley of tile S . Cruz, the upper strata of the 
coast-cliffs are prolonged, with nearly the s.'1me characters, for fifty 
miles: at about this point, they begin in the most gradual and 
scarcely perceptible mannrr, to be banded with white lines; and after 
ascend in"" tell miles further, we flIt'et with Jistinct tlJin layers of 
whitish,"'grecllish, and yellowi~h lille·grained, fusible scJimtnts. At , 
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eighty miles from the coast,. in a cliff' thus composed, there were 
a few layers of ff'rrugillouB sandstone, and of an argillaceous sand
stono with concretions of marl like those in the Pampas. At 100 
miles from the const, that is at a central point betweell the Atb.ntic 
and the Cordillera, we h:,,'c the following section. 

NO}, 18 .-SECT IO N 01' TilE PLAIN S O F P.!.TAOONIA, ON TtlE BHlKS 

OF TIlE S . CRU .... 

Surto"" of plain "Hh •• mHo Mulde .. ; !.jIO fl. abo,. the ..... 

R i ,'" or8. Cru.; hec~ 280 fl. above "" •. 

'fhe upper llaJf of the sedimentary Illass, under the basaltic lavn, con
sists of innumerable zones of perfectly white, bright grecn, yellowish 
and brownish, fine-grained, sometimes incoherent, sedimentary matter. 
The white, pumiceous. tu.chytic tuff-like "aricties are of ratl.er greater 
specific gravity than the pumiccolls mudstone on tho coast to the north : 
some of the layers, especially the hrownor ones, are coarser, so that the 
Lroken crystals arc di,tinguisilUble with a weak lens. The layers 
vary in character in short dibtances. , Vith the exception of fl. few 
of the OSlrea Patogonica, which appeared to llave rolled down from 
the cliff above, no organic romains were found. The chief dif
ference hdween these layers taken as a whole, and the upper beds 
both at the mouth of llw ri"er and on the coast northward, seems to 
lie in tho occasional presence of more colouring matter, and in the 
snpply having Leen intermittent; theso characters, as we have seen, 
w ry gradually disappear in des<.:ending the valley, and this fact lIlay 
perhaps be acconnted for, by the currents of a moro open sea having 
blended together the sediment from a distant and intermittent so\uee. 

The colu!Hrd layers in t lw fen'going section rest on a mass., appa
rently of groat thick ll~~S (but much hidden by the talus), of suft 

'" At !~i8 spot, ror n space or three quarters of B mile along the,north ,Bide of 
the river, .a"d for a "'iJth of hlf a mIl"" d,e:e bas beeD a s:'eat shp, wh,ch _ h3 9 
formed b,]]. betweeD 60 aDd 70 feet III he'ght, and bas ulte<l the strata ,ntO 
highly indined Md even ~er\jcal pos.ition.. Tbe slr!,!a generally dipped al an 
ang'l~ of 4,,° towurds !he cI,ff from w~'eh they bad shd~d._ 1 ha ... e .bserved i,n 
shl's . botb On a . mall. and large scale, t hM tb,s inward d,p ,s "err general. Is It 
due to !\ ~ e bytlroslaUe pressure of wate r percolating with difficult.Y Ihroush (he 
~lrata! aellng ..-itl, greater rOTCe at th .. base of the mass tban ~gaJ n.t tbe upper 
p_rt l 
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s:l.UdstOlle, nlmost compm!Cd of minnte pclJLles, froln one-tenth to 
two-tenths of an inch in diameter, of the rocks (with the entire exeell
tion of tl\e b:l.~altic lava) composing the gr<':l.t boulders 011 the su r
face of the plain, and probably composing the neigMJOuring Cor
dillera. Fivo miles higher up the \'alley, and again thirty miles 
loigher up,· (that is twenty milL'S from the nearest range of the 
Cordillera) tile lower plain incl uded within the uppcr cscarpmcnt~, 
is formed, as seen on tlle banks of the ri ver, of a nearly si milar but 
finer-grained, more earthy, laminated sandstone, alternating with 
argillaceous beds, and containing numerolls moderately sized pebbles of 
the smne rocks, and some sllcll" of the great O,/rta PatafJOliita. As 
Illost of these shells had been rolled before being here embedded, thei r 
)lrcsenee does not prove that the sandstone belongs to the ~reat Pat..'l
gonian tertiary formation, for they Ill ight have been redeposited in it, 

;;;~:= \~.~~ ~~!~J o~t!~t,a~l~h:~~~lt~~li: ~l i~;tO:sboat~~~1: S~~l~~t~~ 
arc eOIll ))osed of this rock, J believo that tho s,'lndstone does belong to 
thi~ formation. At the highest point to which we ascended, twcnty 
miles distant from the nearest slope of the Cordillera, I could see the 
hori;-.ontally "'.oncd white beds, stretching 11IIder the black basaltic I:wa, 
close IIJ) to tho mountains; so thnt tho valley of the S, Cruz gi"es a 
fa ir ide:), of the constitution of the whole width of Patagonia. 

Balalfie lara oj Ihc S. Cruz.- This formation is fif!lt met with 
si)l;t.y*sc\·en miles from the mouth of the rh'er; thence it e)l;tCllds un
interruptedly, generally but not exelush'elyon the northenl side of 
the \'alley, close up to the Cordillera. The has:l!t is generally black and 
fin e.grained, hilt sometimes grey and I:\minated; it contail1S SOme 
olivine, and high up the val ley 1Il uch glassy feldspar, where, also, it 
is often amygdaloida!; it is ne,'or highly "esieular, e)l;cept on tho 
sides of rents and on the upper and lower, spherically laminated sur
faces. I t is often eolnllluar; alld in one 111:\00 I saw magnificent 
col umns, each face twelve feet in width, with their interstir-es filled 
111) with calcareous tuff. Tho strea ms rest conformably 011 tbe wllito 
sedimentary beds, but I nowhere s.'l'" the actual junction; nor did 
I anywhere sec the white beds actually superimposed on the la"a; 
but somo way np the .. alley at the foot of the uppermost escarp
ments, they Illust be thus superimposed. MorconT, at the lowest point 
down the "aHey, where the streams thin ont and tenninate in irre_ 
gular proj~tion s, the spaces or inter\'als between these projections, 
are fi lled up to tile le"el of tho now denuded and gr:l\'el-eapped sur
faces of the pl:\ins, with the wl1ite-1.oned sedimentary beds; pro\'ing 
that this matter continued to bo del)osited after the streams hnd 
fl owed , lienee we may coneludo that the basalt is contemporaneous 
with the UPI)er parts of the great t ertiary formation. 

The Ia\'a where first met with is 130 feet in t hick ness : it tlle ro 

'" I f\lund at bo.th places, but "ot in , it .. , qu.a nti ties of cOlliferous and ordinary 
~icotyledono\ls slhcified wood, which Wa!! exommed for me by JIIr. R. Brow". , , 
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consists of two, three, or perhaps Inorc streams, dil' ided from each other 
by vesicular spheroids, like those 011 the surface. From the streams 
having, as it appears, extended to different distances, the terminal 
points a~f unequal heights. G enerally the surface of the basalt is 
smooth; but in ono p:nt l,igh up the valley, it was so IllJeI"Cn and 
hUlllillocky, that until I afterwards saw the streams extending 
continnollsly on botll sides of tho valley up to a llCight of abo,.t 
3,000 feet close to the COJdii!era, I thoup;ht ti,at the craters of 
eruption were probably close at hand. This hummocky surface I 
believe to have been caused by the crossiug and heaping up of diffe
rent streams. In one place, thrre wcre SCI'oral rounded ridges about 
twenty feet in height, some of them as broad as hig", and some 
broader, which certainly had been formed whilst thc lava was flu id, 
for in transverse sections, each ridge was seen to be concentrically 
laminated, and to be eOlllposed of imperfect colnmns radiating from 
common centres, like the spokes ()f wheels. 

The basaltic mass where first me: with i~, as 1 have said, 130 feet 
in thickness, and, thirty-five miles Jligher up the \'alley, it increases 
to 322 feet. In the first fourteen and a half miles of this distance, 
the IIJlper surfm.:e of the lava, judging from tlJree measurements taken 
above the level of the river, (of which the apparently ... ·cry uniform 
ine1ination has been calculated from its total height at a point 135 
miles from the mouth) slopes towards the Atlantic at an angle of only 
00 7' 20": tbis must be considered ollly as all approximate measure
ment, but it cannot be br wrong. Taking the whole thirty-five 
miles, the upper surface slopes at an angle of 00 10' 53"; but this 
result is of no ":1Iue in showing the inclination of anyone stream, for 
half way between the t\\'o points of measurement, the surface suddenly 
rises betwccn 100 and 200 feet, apparently caused by SQmo of the 
uppernlOst streams having extended thus fa r and no farther. From 
tl,e measurements made at these two poiuts, thirty-five miles apart, 
the mean ioclination of the sedimentary beds, over wldeh the lava has 
flowed, is nolO (after ele,-atioll from under the sea) only 00 7' 52": 
for the sake of conlparison, it \\lay be mentioned tllat the bottom of 
the present sea in a line from the mouth of the S. Cruz to the Falk
land hb.nds, from a depth of seventeen fathoms to a depth of eighty_ 
live fath oms, declines at rm angle of 00 I ' 22"; between the beach 
and the depth of Se\'er.teen fathoms, the slope is greater. From a 
point about half-way up the valley, the basaltic mass rises more 
abruptly towards the fuot of the Cordillera, namely, from a height of 
1,204 feet, to about 3,000 feet n.ho\'e the sea. 

1'his great deluge of lava is worthy, in its dimensions, of the great 
continent to wllich it belongs. The aggregate streams Ilal'e flowed 
from the Cordillera to a dist;lnce (utlparaUClled, I believe, in any eaSel 
yet known) of about 100 geographical miles. Near their furthest 
extremity their total thickness is 130 feelt, which increase thirty-five 
miles fartlior inland, as we ha"o just seen, to 322 fect . The least 
inclination given by M. E. de Beaumont of the upper snrface of a 
!a\'a stream, namely, nO 30', is that of the great subaerial eruption in 
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1783 from Skaptar Jukul in Icclo.nd; and 31. E. dc Deaumont shows" 
that it must have flowed down a mean inclinatiun of less than 0° 20'. 
But we now see that under the pressure of the sen, successive streams 
have Rowed O\'er a smooth bottom witll a mean inclino.tion not more 
than 0° 7' 52"; and that the upper surface of the terminal portion 
(over a space of fourteen and:\ Imlf miles) has an inclination of not 
more than 0° 7' 20". If the elevation of P atagonia hag been greater 
nearer the Cordillera, tilan near the Atlo.ntic (as is probable), then 
these o.nglcs are now all too large. I must repeat, tlmt although the 
foregoing measurements, which were all c:Hcfully taken witll tbe 
barometer, may not bo absolutely correct, tllcy cannot be widely 
erroneolls. 

Southward of the S. Cruz., the clift':! of the 840 fcct plain extend to 
Coy Inlet, and owing to the naked patches of the white sediment, 
tlley are said on the charts to be" like the coast of K ent." At Coy 
Inlet tIle high plo.in trends inland, leaving flat · topped outliers. At 
Port Gallegos (lat. 51 ° 35', and 11inety miles south of S. Cruz), I am 
infurmed by Captain Sulivan, R.N., that there is a gravel-capped 
plain from 200 tv 300 feet in heigltt, formed of numerous ~trata, 
some fine-grained and paL,-eolollred, like the upper beds at the mouth 
of tile S. Cruz, others rather darker and coarser, so as to resemble 
gritstones or tuffs; these latter inclmle rather large fragments of 
apparently decomposed volcanic rocks; there are, also, included byers 
of gravel. This formation is highly remarkable, from abounding with 
mammiferous rerno.ins, wllich have not as yet been ex :t.mined by Pro
fessor Owen, but which include some i:t.rge, but mostly Sill all, species 
of Pachydermata, Edentata, and Rodentia. From the appearance of 
the pale-coloured, fine· grained heds, I was incliutJd to bclie\'e that 
tlley corresponded with the upper beds of tile S. Cruz; but Professor 
Ehrenberg, who has examined some of the specimens .. informs Inc 
that the included microscopical organisms are wholly different, being 
fresh and brackish water forms. H ence the 200 to 300 feet plain at 
Port Gallegos is of unknown age, but probably of subsequcnt origin 
to the great Patagonian tertiary formation . 

E astel7l Tierra del Fuego.-Judging from the heigllt, the general 
nppearanCt', and the white colou r of the patches visible on the hilt 
sides, the uppermost plain, both on the north and westem side of thc 
St. of Magellan, and along the ca~tcrn coast of Tierra del Fuego as 
far south as near P ort St. P olycarp, probably belongs to the great 
Pabgonian tertiary fo rmation. These higher table-ranges are fringed 
by low, irregular, extensive plains, belonging to the boulder formation, t 
and composed of coarse unstratified masses, sometimes associat~rl 
(as north of C. Virgin's) with fine, laminated, munny sandstones. 
The cliffs in Scbastian Bay are 200 feet in h~ight, and are composed 
of fin e sandstonos often in curvil inear layers, inclnding 1t:ml euncre_ 

• Memoires pour Sarv; •• &>:: .• 1>.178 and 217. 
I De!crihed in the Geological TransacliuDS, vol. ,·i.p. 41~. 
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tions of calcareous sandstone, and layers of gravel. In these beds 
there arc fragments of lYood, legs of crabs, barnacles encrusted with 
corallincs still partially retaining their colour, ilu perfect fragment~ of 
a P holas distinct from any known l'pccics, and of a Yenus, approach lllg 
"cry closely to, but slightly different in form from, the V.lelllicularis, 
a species lidng on the coast of Chile. Leaves of trccs are numerous 
between the iaminre of the muddy sandstone; they belong, as T am 
informed by Dr. J . D. H ooker,· to three species of deciduous beech, 
different from the two species which compose the great proportion of 
trees in this forest-clad land. F rom these facts it is difficult to con
jecture, whether we here see tile ha.s..,,1 part of the great Patagollian 
formation, or some later deposit. 

Summal"!! 011 tIle Patago/liun Tertiary FOl"malio'I .-Four out of 
the seven fossil shells, from St. Fe ill Elltre Rios, were found by M. 
d'Orbigny in thll sandstone of the Rio Negro, and by me at Sail 
Josef. Th ree out of the six from San Josef are identical with those 
from P ort Desi re and S. Julian, which two places iJave together fif
teen species, out of which tllree aro COllllllOn to both. Santa Cruz 
lIas scvcntccn species, out of which five are eommOIl to P ort Desire 
and S. J ulian. Considering the difference in latitude between these 
sc\'eml places, and the small number of speeies altogether collected, 
uamely thirty-six, I conceive the above proportional number of 
species in common, is sufficient to show that the lower fossilife rous 
mass belongs nearly, I do not say absolutely, to the same epoch . 
'What this epoch may be, compared with the European tertiary 
stages, 1\1. d'Orbiguy will not pretend to determine. The thirty-six 
species (including those collected by myself and by 1\I. d'Orhigny) 
are all extinct, or at least unknown; but it should be borne in mind, 
that the prescnt coast consists of shingle, and that no one, I be
lieve, has dredged here for shells; hence it is not improbable that 
some of the species Illay hereafter be found living. Some few of 
the species arll elosely related with existing ones; this is especially 
the case, according to 111. d'Orbigny and Mr. Sowerby, with the 
Fusus P ata[Jollicus; and, according to Mr. Sowerhy, with the 
P!!/"ula, the Venu8 meridiOllali:;, the Crepidula gre,qaria, and the 
l'u"l'/"iulla amf.,ulacl"!l1n, and T. Pa/(/goliiea. A t least three of the 
genera, namely, Cucullrea, Crassatclla, and (as determined by l\Ir. 
Sowerby), Struthiolaria, are not found in this quarter of ti le world ; 
and Trigonocelia is extinct. The evidence taken altogether indicates 
that tltis great tertiary formation is of considerable antiquity; bnt 
when treatillg" of the Chilian heds, I shall have to refer again to 
this suhj~'et . 

The white pumiceous mudstone. with its abundant gypsum, belongs 
to the same general epoch with the underlying fossiliferous mass, 
as may he inferred from tbe sbells included in the intercalated layers 
at Neuvo Gulf, S. J ulian, and S. Cruz. Out of the twenty-scI'en 
lIIarine Illicroscopie structmcs found by Prof. E hrenberg in the speei-

... llQtany oflbe Antarctic Voyage, p. 212. 
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nwns from S. J ulian and P ort Desire, ten are common to these two 
plac('s: the three found at Neuvo Gulf are distinct. I havo mi
lIutely descr ibed this deposit. from its remarkable eharncters and its 
wide extension. F rom Coy Inlet to Port Desire, a distance of 230 
miles, it is certainly continuous; and I have reason to believe tllat it 
likewise extends to the Rio CllUpat, Neuvo Gulf and San Josef. 
a distance of 570 miles: we have, also, seen that a single layer 
oceur8 at the Rio Negro. At Port S. Julian it is from 800 to !)OO 
feet in thickness; and at S. Cruz it extends, with a slightly altered 
ciJaracter, lip to the COJdilJenl.. From its microscopic structure, and 
from its analogy with other formations in voleauic districts, it Illust 
bo considered as originally of volcanic origin; it Illay have been 
fornled by the long-continued attrition of vast quantities of ptlmice, 
or judging from the manner in which the mass bccome9, in ascending 
the valley of S. Crnz, di\'ided illto "ariously coloured layers, from 
the long-continue!l eruption of clouds of fi ne ashes. In either case, 
we lIlust conclude, that the sOlltliern volcanic orifices of tne Cordil
lera, now in a dormant state, were at about this period O\'er a wide 
space, and for a great length of time, in action. Vlre h:we evidence 
of tllis fact, in the latitude of the Rio Negro in the sandstone-con
glomerate with pumicc, and dcmonstrative proof of it, at S. Cruz, in 
the vast deluges of basaltic la\'a: at this same tertiary period, also, 
there is distinct evidence of \'olcanic action in W l'~tcrn Banda Oriental. 

The Patagollian tertiary formation cxtends continuously, j udginJ!: 
from fossils alone, from S. Cruz to ncar the Rio Colorado, a distnllcc 
of above GOO miles, and reappears o,'er a wide area. in Entre Rios and 
llanda Oriental, making a total distance of 1100 miles; Ollt this 
formation undoubtedly extelld~ (though uo fos~i l s were collected) far 
south of the S. Crllz, and, according to l\L d'Orbigny, 120 llIilcs 
north of St. Fe. At S . Cruz we have seen that it extends across 
t he continent; being on the eoa~t about 800 fuet in thickness (and 
rather more at S. Julian), and rising with the contemporaneous la\'a
streams to a height of about 3000 feet at the base of the Cordillera . 
It rests, wherever any underlying formation can be scon, on plutonic 
and metamorphic rocks. Including the newer Pampean deposit, and 
thoso strata in eastern Tierm del Fuego of doubtful age, as well as 
the boulder formation, we have a line of more than twenty-seven 
degrees of latitude, equal to tha.t from the St. of Gibraltar to the 
south of Iceland. continuously composed of tertiary formations . 
Throughout this great space the land has been upraised, without the 
strata having been in a single inst3nce, as far as my m~ans of observa
tion went, unequally tilted or dislocated by a fault. 

Tertiary P()/'matio1!S on the lVegt Coast . 

ChQllolJ ArcMpcluflo.-The nUlIlerous i~l ands of this group, with 
the exception of Lemus and YpUll, consist of metamorphic sehi$h; 
these two islands arc fOfmed of softish grey and brown, fusible, often 
lall1inated sa\ld~tones, cOl1hining a few pebbles, fragme uts of libek 
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lignite, and Ilumerous mammillated concretions of hard calcareous 
sandstone. Out of these concretions at Ypun (lat. 400 30' S.), I 
extracted the four fullowing extinct species of shells:-

I. Turri'clla suturalis , G.B. Sow. P I. I II. f. 50 (also Na .. idad). 
2. Sigatetus subgloboslls, do. PI. 11[. f. 36, 37. (do.) 
3. Cythe'3l" C) suIculosa (1). do. PI. II. f. 14 (also CI'iloe and lIu8f01). 
4. Voluta, fragments of. 

Tn the northern parts of this gronp there arc some cl iff~ of gravel 
and of the uoulder formation. III the ~outhern p[lrt (at P. Andres 
in Tres Montes), there is a volcanic formation, probably of tertiary 
origin. T he lavas attain a thickness of from 200 to 300 feet; they 
arc extremely variable in colour and nature, being compact, or brec
ciated, or cellular, or amygdaloidal with zeolite, agate and bole, or 
porphyritic with glassy aloitie feld8pa r. There is also much imper~ 
feet ruboly pitchstune, with the interstices charged with powdery 
carbonate of lime apparcntly of eontempor:meou~ origin . These 
lavas are conformably a~sociated with strata of breccia and of brown 
tuff containing lignite. The whole mass has been broken lip and 
tilted at an 31lgle of 45Q

, by a series of great volcanic dikes, one of 
which was thirty yards in brea.dth. T his volcanic formatioll resem
bles one, presently to be described, in Chiloe. 

Hua/o.-This island lies hetween tile Chonos and Cbiloo groups : 
it is about 800 fcet hig!., and perhaps has a nucleus of metamorphic 
rocks. The strata which I examined consisted of fine-grained muddy 
sandstones, with fragments of lignite and concretions of calcareOIlS 
sandstone. I collected the following extinct shells, of which the 
l'urritc!la was ill great nUlllbers. 

1. Bulla cosmophila, G. ,B. Sowerhy, PI. III. f. 3::'. 
2 . P leurotomasuhrequalts. do. PI. I\'. f. ::..~. 
3. Fusus c1eryanus, ~'Orhig. Voy. ""I. 1'1. X II. r. 6, 7 (aho at Coq"imho). 
4. Trl1o" leucostomOldes, G. O. Sow. PI. iV. f. 64. 
5. TurritellaChilensi&, do. I'L IV. f. 51 (al.o Mocha). 
6. Venus, probabl)' .. distinct 8pecie., but very imperfe<:!. 
7. Cytber:ea(ll sulculosa (l) do. 1'1. II. f. H. 
6. Oent.hum maju., G. B. So..-erhy, 1'1. n. f.3. 

Olliloe.-This fine island is about 100 miles in length. The ent ire 
southern part, and the whole we5tern coast, consists of mica-schist, 
which likewi~e is seen ill tIle ravines of the interior. T he central 
mouutains r i.se to a height of 3000 feet, and arc said to be partly 
formed of granite and greenstone : there are two small volcanic dis
tricts. The eastern coast, and large parts of the northern extremity 
of the island are composed of gravel, the boulder formation, and 
underlying horizontal strub. The latter arc well displayed for twenty 
miles north and south of Castro; tItey vary in character from common 
sandstone to fine-grained, laminated mudstones: all the specimens 
which I examined arc easily fu sible, and some of the beds might be 
called volcanic grit-stones. Thcse lattcr strata are perhaps related to a 
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mass of columnar trachyte which OCCllTS behind Castro. The sand
stone occasionally includes peLbles, and many fragments and layers of 
lignite; of the latter, some arc apparently formed of wood and otbers of 
leavE'S: one layer on the N.i\,. side of Lemuy is nearly two feet in 
thickness. There is also mIlch silicified wood, both common dicotyle_ 
donous and coniferous: a section of one specilnen in the direction of 
the medullary rays !Jas, as 1 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 sOllie concre
tions of hard calcarcous sandstone : ill several other districts I have ob
Ben'ed, that organic remains were exclusively confined to snch con
cretions; are we to account for this fact, by thc supposition that the 
shells lived oolyat these points, or is it not more probable, that tbei r 
remains were prescrve..! only where concretions were formed? The 
shells here are in a bad statc, thcy consist of, 

1. Tdlinides (1) oblonga, G. B. Sowerby, Pl. II. f. 12 (a Solenilla in M. 
,d'OrbigllY's opinion). 

2. Nattca striola!a . G. B. So,,'. P I. HI. f.39. 
3. Natica (1) pumila, do. PI. Ill. f. 38. 
4. Cythe'alB (1) 6ulculosa, do. PI. II . f. 14 <aloo Ypun and Huafo!) 

At tile northern extremity of tlle island, near S. Carlos, there is a 
large "oleanic formation, between 500 and 700 feet ill thickness. 
The commonest lava is blaekisll-grey or brown, either vesicular, or 
amygdaloida! with calcareous spar and bole: most evcn of the darkest 
YMieties fuse into a pale-coloured glass. The next commonest 
,'ariety is a rubbly, rarely well characterized pitchstone (fusing into a 
wllite glass) which passes in the most irregular manner into stony 
grey lavas. This pitc1lstone, as well as some purple claystone 
porphyry, certainly Howed in the form of streams. These various 
lavas often pass, at a considerable depth from tbe surface, in the most 
abrupt and singular manner into wacke. Great masses of the solid 
rock arc brecciated, and it wa.s generaBy impossible to discover 
whether the rccementiog process had been an igneous or aqueous 
netion.. The beds nrc obscurely separated from encll other; they are 
sometimes parted by scams of tuff and Inyers of pebbles. In one 
place they rested on, nnd in another place were capped by, tuffs aod 
gritstones, apparently of submarine origin. 

tu~~:ol~seif~~~~~~:lgc!:nei:t~dlap~~b~b~;rniStl~~~o::i gi~IO\~~h:O~ee~o~~ 
canic hills just described. The tuffs are pale.coloured, alternating 
with iamitlated mudstones and sandstones (aU easily fusibl e) and 
passing, sometimes into fine-grained white beds strikingly rescmbliug 

• In n cliff of tbe harde!! fngmentary mass, I found 8I!VerallOrtuous, vertical 
"eins, varying in thickness flOm a few t~mhs of an inc~ to one inch and a balf, 
of a subs13nce wbicb I. have no~ seeu d<lscribed. It IS glossy, and O! a ~ro"'n 
colour; it i. thinly lnmtuated, ""~h .tb~ la~inal tran.parent and elssuc; It is a 
littlo harder thou calcareous spn<; It 18 m{usl~le under the blowpipe, .sometiPles 
decr~pet~les, gives out. water, curls ,up, blsckeos a~d becomes ,:,agnetl~. Bora:!\" 

ia,~~l!e ~~i~;:~"i,~~~::~~~:h~:t~~~~t? ~n'~rsatD~7~~eit~ il~i8;:fei~ fut:lli~~r~n! 
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the great upper infusorial deposit. of Patagonia, and sometimes into 
bre<:eiolas with pieces of pumice in the last stage of deeay; these 
again pass into ordinary coaJ"SC breccias and conglomerates ?f hard 
rocka. " 'ithin ,cry short disi.'1llccs, 80me of the finer tuft~ ofwn 
passed into each other in a pet:uliar manner, Ilamely, by irrl'gular 
polygonal concrctions of one \'aricty incrl'as,il1g 80 mucll and 80 

suddenly in size, that the second \'ariet~, 1II~tcad. of any longer 
forming tho ontire mass, was left merely III tl,m ,'ems between tho 
concretions. In a straight line o( cliffd, at Point 'fcnIlY, I examined 
the following remarkable section :-

No. 11). 

011 lI,e Icft hand, thc lower part (A A) consists of regular, alternating 
strata of hrown tuffs and greenish laminated lIludstone, gently in. 
dined to tho right, and couformably covercd by a 1Ilas.<! (ll left) of a 
wllih', tllfaC{!OlIs and breceiolated deposit. On the right hand, the 
whole cliff (B n 1'ight) consists of tho sarno white tufaceQlls matter, 
which on this side prescnts scarcely a trace of stratification, but to 
the left heeollles Yery gradually find rather indistinctly di\'idcd into 
strata quitc conformable with the underlying beds A A; moroo\'er, a 
few hundred yards furth er to the left, where the surface has been less 
denuded, the tufaceous strata (B left) arc conformably cowrcd by 
anotllcr sot of stmla, like tile underlying one8 A A of this seetion. In 
tI,e middle of thc diagram, the beds A A are seen to be abruptly cut 
ofl~ and to abut against the tufaceous non-stratified mass; but the 
line of junction liaS been accidentally not represented steep enougll, 
for I particularly noLiced that berore the beds had been tilted to tho 
riglot, tllis line must ha\'o been Hcarly \'ertica!. It appears that a 
currellt IIf water cut for i!.self a de<,p and steep submarine channel, 
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and at the same time or :lfterwards filled it \IP with the tllfaccons :Ind ' 
brecciolatcd matter, and spread t.he sallie over the surrouudiug snb_ 
lll:lrine beds; the matter becoming: stratified ill these more distant and 
less troubled p:lrts, and being moreover subsequently covered up by 
other strata (like A A) 1I0t SllOWll in tI,e diagram. It is singular 
that three of tho beds (of A A) are prolonged in tl,eir proper direc
tion, as relJreseated, beyond tlJC Ii lie of jUlletion into the white tu
fae COliS matter; the prolonged portions of two of the beds arc 
rounded; in tho third, the termillal fragment Ims been pushed up
wards ; how these beds could kll'e been left thus ]lrolonged, I will 
1I0t pretend to explain. In anotl,er section on tlw opposite side of 
a promontory, there was at the foot of this s."\111e line of junction, 
that is at tim bottom of the old SlIbmarioo ohanncl, a pile of frag
ments of the strata A A, with their interstices filled up with tho 
white tufaecolls matter : this is exactly what might have been ant i
cipated under such circumstanccs. 

The various tufaceous and otl,er beds at this northern end of Chiloe 
probably belong to about the HLme age with tho&O near Castro, and 
they cOlltain, as there, many fragments of black lignite and of silici
fi ed and pyritous wood, often embedded close togethcr. They also 
COlltain many and singular cOllcretions: some are of hard calcareous 
sandstone, in whid, it would appear ihat brokeo \'olcanic eryst ... lis and 
scales of mica have becn better preserved (as ill the case of the organic 
remains Ilcar Castro) than in the surrounding mass. Otl,el cOllcre
tions ill the white brecciola, arc of a hard ferruginous, yet fusible, 
nature ; they arc as round as cmmon-balls, aod vary from two or 
t hree inches to two f~et in diameter; their insides gcnerally consist 
either of fin e, scarcely coherent volcanic sand,. or of an argillaceous 
tuff; in this latter case, the external Cfust was quite thin and hard . 
Sonle of these spherical balls were Clleircled io the line of their equa
tors, by a necklace-like row of smaller concretions. Again there 
were other concretions, irregularly form ed, and composed of a hard, 
compact, ash· coloured stone, with an almost porcclainous fracture, 
adhesive to the tongue, and without any calcareous matter. Those 
beds are, also, interlaced by many Yeins, containing gypsum, ferru
giuous matter, calcarCQIl9 spar, and agate. It was Ilcre secn with 
remarkable distinctoess, how intimately concretionary action and 
the production of fi ssures and veins are related together. The follow
ing diagram is an accurate representation ~f a l!orizontai space of ~lItf, 
about fOllr fect long by two and a half 1Il width: the double Im08 
represent the fi ssures partially filled with oxide of irou and agate; 
the curvilinear lines show the COlllse of tJle innumerable, concentric, 
concretionary zones of different shades of colollr and of ooarsene-;;s in 
the particle3 of tuff. The symmetry and complexity of the arrange
ment ga.ve the surface an elegant appearancc. It may be seen how 
obviously the fissures determine (or loave been determined by) the 

• The frequeot t.end.eoll}' io iroo to form Iiollow Iloocretioos 0' shells ~nta;nio.g 
lRcoberent matte, IS slOgular: D'Au\luisson (Trait" de Ceogn. tolU. l. p. 318) 
remarks on this circum,moce. 
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of the grey, fine-grained, slightly calcareous sandstone, precisely like 
that of Huafo, containing lignite and numeroug tllrritclloo . The 
island is Hat-topped, 1,240 feet in height, and appears like an outlier 
of the sedimentary beds on the mainland. Tile few shells collected 
consist of-

I. Turritella Chilensis, G. B. Sow. PI. IV. f. 51 (alllO at Hnafo). 
1. Fusus, very Imperfect, somewbat resemhhng F. IUbrtjfe=8 of Navidad 

( 1'1. IV. f. 57), but probably different. 
3. Venus, fragments of. 

CQ1!cepciQlI,-Sailing northward from Valdivia, the coast-cliffs are 
seen, first to assume neaf the R. Tolten, and tiJenee fur 150 miles 
nortlnvard, to be continued with the same mineralogical characters, 
immwiately to be described at Concepcion. I heard in many places 
of beds of lignite, some of it fine and glossy, 3ud likewi$C of silici
fied wood; ncar tI,e Tolu-n the cliRs are low, but they soon ri$C in 
height; and the horizontal strata. arc prolongw, witll a nearly level 
~urface, until coming to a more lofty tract between points Humena 
and L::wapie. H ere the beds han} been broken np by at least eight 
or nine paralic! lines of elevation, rangiug cast or E . N. E., and west 
or W .S. iV. These lines can be followed wilh the eye mauy miles 
into the iuterior; tlley are all uniclinal, the strata in each dipping to 
a point between sonth and S.S.E, with an inclination in the central 
lines of about forty degrees, aud in tllO outC'r ones of nnder twenty 
degrees. T his band of symmetrically troublC'd I:ountry is about eight 
miles in width. 

The island of Quiriquina, in the Bay of Concepcion, is formed of 
various soft and often ferruginous sandstones, with bands of pebbles, 
and with the lo\\"er strata sometimes passing iuto a conglomerate 
resting on the underlying met:lmorphic ~chists. These beds include 
subordinate layers of greenish impure clay, soft micaceous and calca
reous sandstones, and wddish friable eartlly matter with white specks 
like decomposed crystals of feldap;\( : they include, also, hard concretions, 
fragments of shells, lignite, and silieifiw wood. I n the upper par t 
they pass into white, soft sediments and brecciolas, very like those 
described at Chiloe; as indeed is the whole fo rmation. At Lirgueo 
aud other places on the eastern side of the bay, there are good sc<:
tions of the lower sandstones, which are generally ferruginous, bnt 
which vary iu character, and even pass into an argillaceous nature; 
they oontain hard concretions, fragrnents of lignite, silicified wood, 
and pebbles (of tIle same rocks with the pebbles in the sandstones of 
Quiriqnina), and they alternate with numerous, of ion \·ery thin 
layt: rs of imperfect coal, generally of little slleeifie gravity. The 
main bed llere is three feet tldck; and only t1.e coal of this one bed 
lIas a glossy fmcture. Another irregular, curvilinear hed of brown, 
compact lig-nitr, is rcmarkable for beiug iucluded in u. mass of coarse 
gra,·cl. These imperfect coals, , .... hen placed in a heap, ignite spon
taneously. T he cltffs on this side of the bay, as well as 011 the i~1and 
of Qniriquina, arc capped lI"ith red friable cartl" which, as stated 
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ill the seeond chapter, is of rcecnt formation. The str:ltificati"n in 
this nei!!;hbourhood is generally horizontal; but near Lirgllcn tIle b~ds 
dip N.W. at an angle of 23"; noar Concepcion they ar~ also 111-

elined; at the northern end of Quiriquin;l. they have been tilted at an 
augle of 30° and at the southern elld at angles varying from 15° to 
40" : these dislocations must ha"c taken place undcr the sea, 

A collection of shells, from the island of ~uiriqllina, has bee,lI 
described by M. d'Orbigny: they arc all extmet, and from t~lclr 
generic ch aracter, M. d'Orbigny inferred that they were of tertmry 
origin: they consist of, 

I. Scalar;,. Chilensi$, d'Orbig. Voyage 
P ar!. P al. 

2. Natica Araucalla, do. 
3. Nalica australis, do. 
4. rusus difficilis, do. 
S. Pyrula longirostra, do. 
6. Pleurotom~ Araucaoa, do. 
7. Cardium auca, do. 

8. Cardium acutiCOslatum, d'Orbig. 
Voyage Pal. 

9. Venus auea. do. 
10. jl,lactra cecileaoa, do. 
II. Maetra Araueana, do. 
12. Arca Araueaua, do. 
13. Nueula Largillie'li . do. 
14. Trigonia Hanetian., do. 

During a second visit of the Beagle to Concepcion, Mr. Kent 
collected for me some silicified wood and shells out of the concretions 
in the sandstone from Tome, situated a short distance 110f th of Lir
guen j they consist of, 

\. NB.tica aU'ITlIli.', d'Orbig. Voyage \ 4. peCI~o ... rragm . . "' .... f. pn)loablY tl\'08pe_ 
Pal. c,ea, but 100 imredeCI for dascr;p\lon . 

2. Maetra AmucBn3, do. 5. Ihcuhtes v~glna,~ .. Forbes. PI. V.f.3. 
3. T"gonia Hanetlana, do. 6. NaulIIu3 d Orblg-nya"U~. E. }'o,hes, 

1'1. V. r. l. (a) and l. (b). 

Besides these shells, Capt. Beidler· found here an A mmOllite, 
nearly three feet in diameter, and so heavy that he could not bring 
it away; fragments arc deposited at Haslar H OSl)ital; he also 
found the silicified vertebral of some very large animal. From the 
identity in mineralogical nature of the rocks, and from Captain 
Belcher's minute description of thlJ 1J0ast between Lirguen and Tom{", 
the fossiliferous concretions at this latter place certainly belong to the 
samlJ formation with the bds examined by mys€lf at Lirguen j and 
these again (lrc undoubtedly the aame with tho strata of Quiriquina : 
moreover, the three first of the shclls from Ton}(', though associated in 
the same concretions with the Baculite, are identi~al \~ith the species 
from Quiriquilla. H ence all the sandstone and hgni tl£erou8 beds in 
this lIeighLourhood certainly belong to the same formation. AltllOugh 
the generic character of ti,e Quiriquilla fos~i1s natnrally led M. 
d'Orbigny to conce;I'e that they wore of tertiary origin, yetas we now 
find them associated with the Bacllliles ragilla and with an Ammonite, 
we must, in thlJ opinion of lH. d'Orbigny, and if we are guided by 
the analogy of the northern hemisphere, rank them in the GrIJtaceOU9 
system. .Moreover, the B aculilea ra,?ina, which is in a tolerable 
state of preservation, appears to Prof. E. Forbes certainly to be 
identical with a species, so named by him, from POlldicllery in India; 

* Zoolog-y orCapl. lleec],ey ', Voy~g-e, p. 1(i3. 
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where it is associatcd with numerous deddcdly cretaceous species, 
which approach most nearly to lower Greensand or Ncocomian forms; 
this fact, considering the vast distance bebwen Cl,ile and India, is 
truly surprising. Again, the Nautilus d'Orbignyanm, as far as its 
imperfed state allows of comparison, resembles, as I am informed by 
Prof. Forbes, both in its general form and in that of its chambers, two 
species from the Upper Grccnsand. It may be added that every olle 
of the aho\'e-named genera from Quiriquina, which iJave::m apparently 
tertiary character, are found in the POlldich~ry strata_ There are, 
however, SOllie difficulties on tl,is view of the formations at Con
cepcion hf'illg cretaceous, which I slmll afterwards allude to; an(t I 
will herc only state that the Om'dim1t (/Ilea is found also at Co
quimbo, the beds at which place, there cun be no doubt, are tertiary. 

Nacidad.*-T hc COlleepciol1 fonllation extends some distance 110rth
ward, but how far I kllow not; for thc next point at which I landed 
was at Navidad, lGO miles north of COl1ccpcion, and 60 miles eouth 
of Valpamiso. The cliffs here arc about 800 feet ill height: they 
consist, wherever I could exami ne them, of fine-grained, ycl1owisll, 
earthy sandstones, with ferrugi nous veins, and with concretions of 
Ilard CJlcareOIlS ~alldstone. In one part, there were many pebbles of 
the common metamorphic porphyries of the Cordillera: and near tbe 
base of the cliff, I observcd a single roundt>d boulder of grccnstone, 
nearly a yard in diameter. I traced this sandstone formation bencath 
the superficial covering of gra"ei, for some distance inland: the stmta 
arc slightly inclined from the sea towards tile Cordi1lera, which 
apparently hJS been caused by their having been accnmulated against 
or round, outlying masses of granite, of wl,ich SOUIC points project 
ncar the coast. The sandstone contains fragments of wood, either 
in the state of lignite or partially silicified, shark's teeth, and 
shells in great abundance, both high up and low down the sea~ cliffs. 
P ectunculus and Oliva were most numerous in individuals, and next 
to them 'l'urritella and Fusus. I collected in a short time, thollgl. 
suffering from illness, the following thirty-one species, all of \\'hich 
are extinct, and several of tIle genera do not now range (as we shaH 
hcreafter show) nearly so far south ;-

1. Gastridiurn cepa, G. B. Sowerhy, Pl. IV. f. 68. 69. 
2. Monoceros, fra gment. of, coosider.eri hy III. d'Orbigny as a neW species. 
3. Voluta alta, G. n. Sowerby, PI. IV. f. 75 ( collildered by M. d'Orblgny as 

di.tinct from the V. ullu of S. Cru~ ) . 
4. Voluta tripliC&la, G. B. Sowerhy. PI. IV. f. 74. 
5 . Oliva dimidiala. do. PI. IV . f. 76, 77. 
6. Pleurotoma discof3, do. PI. IV. f. 54. 
7. Pleurotoma turbioeliOldes, do . Pl. IV. f. 53. 
8 . Fusus suhr<lfleIUs, do . PI. I V. f.57. 
9. Fusus pyruliformis. do. PI. 1\'. f. 56. 

10. ru~us, alli ed co F. reguIaris, PI. IY. f. ::.5 (cons idered by III. d'Orhigny 
as a distinct species). 

* J "'as guided to '.l'islocnlity hy l11e HepOlt 0 11 M. Goy's g«, logical resea rdles, 
in til" Annal~s de. Sc,ene . Nat. ( 1st series ) tOIll. '28. 
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11. Turritella suturalis, O. B. Sowe,hy, PI. Ill. f. :;0. 
12. Tor,ileUa Patagoniea, (do.), P I. J II. f. 48 (fragments of) . 
13. TrocbU8 hevi8! G. B. So"·erby. PI. 111. r. 46, ~7, 
14. Trochus collarl~ . do .. PI. lIl. f. 44, 45 (conSIdered by 1\I. d'Orbigny as 

the young Dfthe T.l""vi~). 
15. C8llsismonilifer, G. R SOl'!"erhy. PI. I\' . f . 65. 
16. Pyruladislans, do .. PI. i\' . f.61 . 
17. Triton .erruculosus, dn., P I. IV. f. 63. 
IS. Sigaretus 8ubglobosu8. G. D. Sowerhy, PI. HI. f. 36, 37. . 
19. Natica solids, do. , PI. Ill. f . 40, 4 1 (it is doubtful whethert!>e N. sohda of 

S. Cruz i. the ij8lne species wilh this). 
20. Terebra undulifern, G . K Sowerb,., PI. I V. f. 72, 73 . 
21 . T"",b,a c""tellat,., do., PI. 1 V. f. 70, 71. 
22. Bulla (fragments of). 
23. Dentahum glganteum, do., PI. II. f. I. 
24. DeotaJium suleo.um, do., PI. II . f.~. 
~5 . Corb~s (!) talVigal~, dn., PI. II. r. II. 
~6. CardIUm muluradmtum, dn., PI. I I. f. 16. 
27. Venus meridionali~, dn., Pl. II. f. 13. 
:28. Pectunculu. di.par. (') Des},. (considered by i\I. d'Orbigny as 3 distinct 

species). 
29, 30. Cytber""~ aDd lIlaCUa, fragment!! of, (considered by M. d'Orbigny 3S 

new "pedes). 
31. Pecten, fragments of. 

Coquimw.-For more than 200 miles northward of N:widad, the 
coast consists of plutonic and metamorphic rocks, with the exception 
of some quite insignificant 8uperficial beds of recent origin. At T OII

gny, twenty-five miles sOllth of Coquimho, tertiary beds reeommence. 
I have al ready minutely described in the second cllflpter, the step
formed plains of Coqnimbo, aud the upper calcareous beds (from 
twenty to thirty feet in thickness) containing shells of reeent sp€eies, 
bnt in different proportions from thuse on the beach. There remains 
to be described only the nnderlying ancient tertiary beds, represented 
in the follo wing diagram (here gi\'en again) by the letters F and E. 

Nn. 21.-U:CT W N OF THE TERTIAR\' FORMATIO:<" AT COQUHIBO. 

Surface of ptain, 25~r'*tabo~ ... a. 

l obtailled good seetions of b~d (F ) only ill H erradura B.'1.)': it COIl

sists of soft whitish ~andstolle, with ferruginous veins, some pebbles 
of granite, and concretionary layers of hard calcareOlls sandstone. 
These concretions are relll.'1.rkable from tin.: great number of large 
silicified bones, apparently of cetaceous animals, which they contain; 
and likewise of a sltark's teetl l, closely resembling those of the Car-
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dl(fl'ias 71U,./a[QIlQn . Shells of the followiug spC<'ies, of which the 
gigantic Oyster and Perna arc tiw most conspicuolls, are uUUlerously 
eUlucdded in the concretions. 

I. 13,.11 .. ~mbi!!ua. d·Orbi!;'. V"}'age Pal. 
2. ~lonocero8 Blaiuvillu, do. 
3. Cardium auea. do . 
4. I',,"oprea Coqui,nbellsis, do. 
5. Pernn Gaudichaudi do. 
6. Art~mis ponderosa.; J'lJr. Sowerby CII" fiod no dis ti~guishi~g character be· 

tWef!U this foss') olld tbe rec~nt A. ponderosa ., it •• certa",ly an Artemis, 
as sbow" by tI,e pallial impression. 

7. Ostrh~\~:!~g~~,\~a s~!ci!~"aSnodw~;~l ~~ner;:~~~~~ :~:::;~:~i~::~)i:f :::~~!:~ 
Pat"gonia" fot ruatiGU i but he will not pretend II> IIffirm that they are 
ide"tic.\' 

8. Fragments 01'11 Veou8 bod Natica. 

The cliffs 011 oue side of lIerradura Bay are capped by a maes of 
stratified shinglc, containing a littlc calcareous matter, and 1 did not 
doubt that it belonged to the same recent furmation with tlte gr:l\'c\ 
on the surrounding plains, also ccmented by calcarcolts matter, until 
to my su rprise, I found in the midst of it, a single thin layer alnto~t 
entirely composed of tI'e abol'o gigantic oyster. 

At a little distance iuland, I obl::tined several &ctiOllS of tho hed 
(E), which, though different in appearance from tl,e lower bed (F) , 
belongs to the same formatio n : it consists of a highly ferrugi nous 
sandy mass, almost composed, like the luwest bed at Port S. Julian, 
of fragments of BalaHidoo; it includes some pebbles, and layers of ycl
lowish-bruwn mudstone. The embedded shells consist of, 

1. Mono~ero8 l3lai".illii, d'Orl.>ig. V"yage Pal. 
Z. -- umbiguus. G. B. f';Qwerby. PI. I V. f. 66. 67. 
3. Allomia altcm~ns, do., P l. I I. f. 25. 
4. Ptet_!> rudis, do., P I. Ill. f . 3'2. 
5. Peru" Gaudichaudi, d'Orbig. Voyage Pal. 
6. O.trea Patagonica (!) do;>. 
7. Os":,,a, sman ~l"'Cies. ill imperfect state; it .ppeared 10 me Jih a sm.ll 

k',nd now Jiv'n~ in. buI very 'rare in the bay. 
8. Mynlus Cl>i l""oSl~; Mr. Sowerby can fiod no di.tiog .. ~ •. hing cbarac\er be_ 

tweeD thi. fo •• ,I. a. far a. it. not very perfect cond.tlOll nllows of cOm· 
par"oo, nnd the re~eOl species. 

9. Balanus Coq"imbensi~ . G. 1:1. ~owerby, PI II. f.7. 
10. Bal~nus psinacus? KIng. 'fb," appear. to j\[r So~'erby aod myself ;~~n_ 

tical with a very large and corum on species uow living on the (oast . 

The uppermost layers of th is fcrrugino-sandy mass a re conformably 
covered by, aud impregnated to the depth of se\'eml inches with, tho 
calcareous matter of the bed (D) called lOla: hence I at olle time 
imagined tltat there was a gradual passage between thelll; but as all 
the ~pecies are recent in the bed (D), whilst the most cltaraetmistic 
shells of the uppermost layers of (E) are the extinct Perna, Pecu.: lt , 
aud Monoceros, I agree with !II. d'Oruigny, tltat this view is erro
neous, and tltat tl,e re is only a IlJineralugicaJ passage between them, 
and 110 gradual transition in the uat,nre of their organic remai lt ~, 
Besides the fuurtcell ~peei cs cnUlllCt·:\teJ from these t wo lowcr beds, 

. I: 
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1\[. J'Orbigny hC\s dcscribeJ tell other specic~ given to him from tl,is 
locality; namely, 

I. FUSU8 ClcrY3."US, d'Orbi!;". Voyage 16. VC."US p<l.litiana,. d'Orbig. Voyage 
Pa l. Pal. 

2. _ pelitianus , do. 7. _ Ch,l"DSi~ , do. 
3. Venus Lanenana, do. 8. So]""urtus hallett.ous. do. 
4. ~ incerta U ) do. 9. Mactra <1u,a, do. 
r;. - Cleryan", do. 10. 01, •• serena, do. 

or lhese twenty-four shells, all arc extinct, except, according to 
Mr. SowerLy, the Artemis pmdcrola, Iffy/jlw; ChilQC7/.s;s, aud pro
bably the great Dal:lIIus. 

Coqltimbo to CQpiapo.-A few miles north of Coquimbo, I met 
with tile ferrugillou~. halaniferous mass (E) with many silicified 
hOlles; I was informed tllat these silicified bones occur, also, at Tonguy, 
~outh of Coquimuo; their number is certainly remarkable, and tl.ey 
seelll to take the place of the silicified wood, so common on the coast_ 
formations uf southern Chile. In the valley of Clmfieral, I again saw 
tl'is sarno formation, capIJed with the recent calcareous beds. I here 
left the coast, and did not sec uny morc of the tcrtiary formations, 
until descending to the sea at Gopiapo: hcre in onc place I found 
,'arivusly culourcd layers of sand and soft sandstone, with seams of 
gypsum, and in another place, a comminuted shelly mass, with layers 
of rotten-stone and scams of gyp~um, including many of the ex
tinct gigantic oyster : beds witlt these oysters are said to occur at 
English Harbor, a few miles north of Copiapo. 

Ooast oj Pet'It._With the exception of deposits contaiuing recent 
shells and of quite insignificant dimensions, no tertiary formations 
llave ht~n observed on this coast, for a space of twenty-two degrees of 
latitude north of Copiapo, nnti l coming to Payta, wl'cre there is 
said to be a considerablo C:l.lcareous deposit: a few fossils hal'e 
been described by M. d'Orbigny from this place, namcly,-

I. R06tellaria Gaudieha"di, d'O,big. Voyage Pal. 
2. I'e cluncul~ ~ 1'''yl''''$' ' . do. 
3. Venao pellt,ano, do. 
4. O. tre" Patagonica 1 This great oy. ter (of which specimens have been given 

me) cannot be di,tiugaish,ed by Mr. So"'erby from so",e o~ tbe varieties 
from Pat3gon;~; thoug~ It would be ba~~,dous to assett It is the same 
"'ith that speCIes, or ""th Ibal from Coqu,mbo. 

Concluding R cmarh.-The formations described in tl.is chapter, h:n'e, 
in the case of Chiloe ani! probably in that of Coneepcion and Na\'idad, 
apparently been accumulated in troughs forllled by submarine ridges 
extending parallel to the ancient shores of the tontinent; in the case 
of iht islands of Mo<:ha and llllaJo it is highly probablc. and in that 
of Ypun and Lemus almnst certain, that they were aCClIllllll:l.ted 
ronnd isolated rocky centres or nuclei, in the same manner as mnd 
and saud is uow collecting round the outlying islets and rcefs ill thc 
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""est luditlu archipelago. Hellce, 1ma)' remark, it does not follow 
that the outlying tertiary masses of Mocha and llM£o were ever COI1-

iinuously united at the same level witll ti,e formations ou the main· 
bud, though they may ha H' ueen of contcmpor:mcous origin, and bc~n 
subsequcntly upraiscd to the same Ileight. lu the morc lIurtllcru 
parts of Cldle, the tertiary strata seem to h:wc bccn separately aceu
lllubted in bays, now fo rming the mouths of valloys. 

The relation between these several deposits 011 the shores of the 
Pm;ifie, is not neady so clear as in tl,o case of thc tertiary formations 
ou the Atlantic, Judging from thc form and height of the land 
(evidcnce which I feel sure is here mile!, moro trust-wortllY than 
it can ever bc in such broken contineuts as that of Europe), from 
tho identity of mineralogical composition, from the presence of frag
ments of lignite and of silicified wood, and from tho intercalated 
layers of illlperfect coal, I mllst believe l],;\t the coast-formatiolls 
from ceutral Chiloe to Concepcion, a distauce of 400 miles, are of 
the same age: from Ilearly sinlilar r<.'a80n8, T suspect that tIle beds 
at Mocha, H uafo, and Ypnn, belong also to the same period. T he 
commonest shell in Mocha and Huafo, is the ~anw species of Turri
tella; and I bclieve the saine Cytl,enm is found on the islands of 
Jiuafo, Cl,ilOl.', and Ypun; but with thesc triAiug excelltions, the 
few organic rmuains found at these places arc distinct, Tho nu
merous shells from Naddad, with the exception of two, uamely the 
Sigarctus and Turritolla found at Ypuu, arc likewise distinct from 
those found in any other part of this coast. Coquimbo has Cartiiullt 
aueu ill commeu with Conccpcion, and F u:u: Clet'yafw: with 
Huafo ; I may add, that Coquimho has V etlUS P etitialla, and a 
gigantic oyster (said by 1\1. d'OrbigllY also to be fouud a little south 
of Concepcion) ill common with P"yta, tllOugh this latter pb ce is 
situated twenty-two dcgrccs nortll1yard of lat. 2io, to which lloint 
the Coql1i mbo formation extends. 

From these fac ts, and frOIll tho gcneric Io?scmblance of the fossils 
from the different localities, I cannot ayoid tI,e snspieion that they a ll 
bclollg to nearly the same epoch, which epoch, as we shall innue
diately sec, mllst be a very ancient t ertiary one. But as the Baculite, 
oSI)eciallyeonsidcring its apparent identity with tile Cretaceous P un· 
dichery species, and the presence of an Ammonite, aud the resem
blance of the Nautilus to two upper greensand spC(:ies, together 
afford Yory strong e"idence that the formation at Concepcion is a 
Secondary ono; I will, in my remarks on ti,e fos~ils from the other 
locali ties, put on one side those from Concepcion and from Eastern Chi_ 
101.', which, w!.atevcr their age may be, appear to me to belong to oue 

~;~~;~II!a ~su;:~I:d:~I:r~ta~~nc~~i:l~t~~~~~ !~et::!~:tb~~~~/~r~~;; 
strata of Coquimbo: nor should the possibility be overlooked, that as 
Trigonia, thougl, known in the northcl'll hemisilhereonlyas aSecondary 
genns, has living representatives in the Australian seas, so a Baclliite, 
Ammonite, and Trigonia Illay have s\lfvj" ed in this remote part or the 
southern ocean to a somewhat later peliod than tothenorth of the equator, 

K2 
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B"rore passing in review the fossils from tl,e other localities, 
there arc two points, with respect to the formations between Concep
cioll and Chiloc, which (\esene sOllle notice. F irst, that though tho 
strata arc generally llOrizont:l.l, they have be€n UphCfwcd in Chiloc in 
a set of parallel anticlinal and Iluicliual lines ranging north and south, 
-in the district ncar P. Rnmcna by eight or nine f:!.r-cxtcndcd, most 
symmetrical, uniclinallincs ranging nearly east and wcst,-and in the 
IIcighhourhood of Concepcion by 168 regular single lines, directed 
l)()th N. E. :l.nrt S. 'V., and N. 'V. and S. E . This fact is of somo 
interest, as showing- that wit1,in a period which cannot he considered 
as ~'c ry ancient ill relation to the history of tIle COlltilieIlt, the strata 
betwC(:1l the Conli!lcra and the Pacific have beeu broken up iu tile 
same variously-directed manner as have the old plutonic and meta
lllorpi,ic rocks in this same di~lrict. The second point is, that tllO 
sandstone b~tweell Concepcion a.nd southern Chiloe is everywloere 
lignitiferous, and includes mucl, ~ilicifie<l wood; whereas the forma
tions in northern Chile do not include beds of lignite or coal, and in 
place of tI,e fragmonts (,f silicified wood, there are silicified bunes. 
Now, at the prescnt day, from Cape H orn to near Concepcion, the 
land is eJitirely concea1eJ by forest ~, which thin out at Cuncepcioll, 
and in central and northern Chile entirely disappf'ar. Thi~ coincidence 
in thc distribution of ti,e fossil wood and the lil'ing fore~ts may be 
quite accidental ; bllt I incline to take a different I,iew of it; fUT, as 
the d ifference in clilllat<', on which the presence of forests depends, is 
here obviously in eldef part due to the form of thc land, and as the 
Cordillera undonLtedly existed when tI,e lignitiferous beds were accu
llIulating, I cuneci,'e it is not improbable th(l.t the climate, duri ng the 
lignitiferons perioJ, varied 011 differ<,nt parts of the coast in a some
what silllilar nlanlJCr (l.S it now does. Lookiug to an earlier epoch, 
wilen tile strata of tlw Curdillera were Jepositing, there were islands 
wllich evcn in tlJO latitude of northern Chilc, wl,ere now all is irre
claimably desert, snpported large coniferous forests. 

Seventy-nine species of fossil shells, in a tolerably recognisable 
cundition, from the coast of Chile and Peru, are d.:scriLed in this 
volume, and in the l'alreontological pari of 1\1. d'Orbigny's voyage: 
if we put Oil one side the twenty spccies exclusively found at Concep
cion aud Cl,iloe, flfty_nine species from Navidad aud the other speci
fled localities remain. Of these fifty-nin e 8p"cie~, only an Artemis. a 
Mytilus, and Balanus, all from Coquimbn, are (in the opinion of I"'r, 
Sowcrby, but not in that of 1\1. d 'Orhigny) identical with lidng 
shells; and it would certaiuly require a better series of specimens to 
render this conclusion certain. Only the Turritella Chile'!8j,fl from 
lluafo and Moci,a, the T. PatagQnica and Ve,ma meridir)llolis from 
Navidad, come very near to recent S. American shells, namely, the 
two Turritellas to T, cillg1data, and the V,'nus to V. e.I;(l.'bida: 
some few other spe<::ies eome ratllOT leS3 near; and some few resemble 
forms in the older European tertiary deposits: none of the species 
rcsemLlil secondary for1lls. ifence [ conceive there can be no dO'lLt 
that these formations are tertiary, - 3 point necessary to consider, 
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nfter the e~sc of Concepcion. The fifty_nine species belong to thirty
two genera; of tlle~e, GastridiullI is extinct, and tl'roo or four of ti,e 
genera (viz. P anoprea, Rostcllaria, COlLis ?, and I believe Solecurtus) 
are not now found on the wc;;t eoast of S. America. !ciftecn of the 
gellcra IiM'e on this co~st living reprcstlltatives in a!x.ut the same 
btitndes with tho fossil species; but twehe genertl 1I0W range very 
diffe rently to what they forllIerly did. 'He idea of the follvwing 
taLl ... , in which the difference between thc extensioll in latitude of the 
fossi l and existing species is shown, is taken from ]\L d'Orbigny's 
work, but tlw range of the li~' i"g shells is gil'en 011 the authority of 
]\lr. Cnming, whose long-contillned researches on the conchology of S. 
America a re well known. 

Genera, wilh 1I"iD~ .n~ 
lerliarY ' po<:ies on tbe we" 

coaOlof S . .Amerioa." 

B~ll!l 
Cas.is • 
Pyrula 

P leurowma 
Terebra. 
Sigaretus 
Anomia 
Perna . 
Cardiuln 

Arterni" 
Voluta . 

Lal iludes, in .. hich found 
fo" iI on !~~ c;:~~ of Cblle 

30" to 43" 30' 
",' 
34° (.nd 36° 30' at Con· 

cepcion) 
30° to 43° 30' 

340 1043° 30' 
",' 
34° to 44° 30' 
30' 
30' 
30° 10 34° (and 36° 30' at 

Con~el'c i on) 
30' 
34° (0 44° 30' 

12° Dear Lima 
1° :W' 
5° Payta 

23° 1I1e.<i\]ones ; re.appears 
at ILe 81. of ~lagellan 

2° 18' 81. Elena 
5° Payta 
12° Lima 
7° 48' 
1° 23' XiIappa 
5° l'aYla 

~;r~t'~:'illg do."S Dot know 
of any speCies living on 
(he west coa,t. bet .. een 
tbe equator "n~ lat: 43° 
soutb; frum (!as latitude 
" species is found aa 
rar ..,uth ". Tierra del 
Fuego. 

When we consider HIll.t w~ry few, if any, of the fifty-nine fossil 
shells arc identical with, or make any close approach to, !i\'ing spe
eies; when we consider that some of the genera do not now exist on 
tlw west coast of S. America, and that no lc;;s than twelve genera 
out of the thirty-two, for merly ranged very diftcrently from the 
existing species of the same genera, we must admit that these de. 
posits are of considerable antiquity, and that tbey probably verge on 
the commencement of the tertiary era. ]\Iay we nut vCllture to be
lieve, that they are of nearly contemporaneous origin with thc Eocene 
formations of tl,c northern hemispherc? 

bu~ 1I~~: ~'~~~!~nlo::,~t~~ ~~a~,~:':a~a~::.8 NS:~l:~: ~~~ f;o:~~ ~~ ~~:l~~::~s':!, Ct~:: 
at Iquique, in lnt. 20°, by 1I1r. Cuming; Arc". also, was found by Capt. King, at 
Juan F~rnandez, iu lal. 33° 30'. 
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Comparing the fossil rcm~ins from the coast of Chile (lensing out., 
as before, Concepcion and Chiloe) with those from Patagonia, we 
may conclude, from their generic rcsembbnce, and from the small 
number of the sp<'cies which from either coast approach closely to 
living forms, that the formations of both belong to neatly the same 
epoch; and this is the opinion of 1\1. d'Orbigny. Had not a single 
fossi l shell been common to the two coasts, it could not have been 
argued th:l.t the formations belonged to different ages; for Messrs. 
Cuming and Hinds have found, 011 th('l comparison of nearly 2000 
living species from tile opposite sides of South Anlcrica, only one in 
common, namely, the Purpura lapillus from both sides of the 
isthmus of Panama: e\'en the shells collected by myself amongst the 
Chouos islands and on the coast of Patagonia, are dissi milar, and we 
lllu4 de.ooend to the apex of the continent, to Tierra del Fuego, to 
tind these two great concilOlogical provinces nnited into one. Hence 
it is remarkable that fOlii or five of the fossil shells from Na\'idad, 
namely, Voluta alta, Turritella Patogollim, Tt'OChu8 collaris, Venm 
mel'idionolis, perhaps Na/ica solida, and perhaps the large oyster 
from Coquimbo, are eonsidcred by Mr. Sowerby n.s identieal with 
species from S. Cruz and P. Desire. 1\1. d'Orbigny, however, admits 
the perfect identity ollly of the Troehus. 

011 the TClllperatltf'e of the Tn·tiary P u ·iod.-As the number of 
the fossil species aud genera from the weswrn and eastern coasts is 
considerable, it will be interesting to consider the probable natnre of 
the climate under which they lived. We will first take the case of 
Nal'idad, in lat. 3.1°, where thirty-one species were collected, and 
which, as we shall presently sec, lnust Inwe inhabited shallow water, 
and therefore will necessarily well exhibit the effects of temperature. 
Referring to the table given in the previous paj!."e, we tind that the 
cxisting species of the genera Cassis, Pyrula, Pleutotoma, Terebra, 
and Sigaretus, which are generally'(though hy no means im'ariably) 
eharacteristie of warmer latitudes, do not at the present day range 
llearty so far south on this line of coast, :19 the fossil species formerly 
did. Including Coquimbo, we have Perna ill the same predicament. 
The first impression from this fact is, that the climate must formerly 
have hePll warmer than it now is; but we must be \'cry cautious ill ad
mitting this, for Cardium, nulla, and Fugus (and if we include Coquim
bo, Anomia and Artemis) likewise formerly ranged further south than 
they now do; and n.s these gcnera are far from being cknactcristie of hot 
climatcs, their former greawr southern range may well have been owing 
to ea llses quite distinct from climate: Yoluta, again, though generally 

:~ tl:~Sr~a~o~IS~~r~IS 'I!~i~~!e::set~,~~O~fi~.~~ d~l:i~~ \\~fl~t ~~:t~~r~op~~~~d: 
The Tt'oclml c()Ual'is, moreover, and, as we ha\'e just seen according 
to " Ir. Sowerhy, two or three other specie9, forme rly ranged frOIll 
NaviJ aJ aq far south 11.9 Santa Cruz in lat. 50°. If, instead of 
comparing Uw fo~sil9 of N;widad, as "e ha"e hitherto done, with the 
shells now living on the west coast of S. America, we eODlpnre them 
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with those found in other parts of the worM, under nearly similar 
latitudes; for instancc, ill the southern parts of the 1\1 editerrlmcall or 
of Australia, there is no evidence that the sca. off Navidad was for
merly hotter than what migl,t have beell el'peeted from its htitude, 
even if it was Eiomewhat warmer than it now is when cooled by thc 
greo.t southern polar elllrent. Several of the most tropical genem 
have no representative fossils at Navidad; and thew are only single 
species of Cassis, Pyrula, and Sigarctus, two of Pleurotoma and two 
of Terebra, but Ilone of these species arc of conspicuous size. III 
Patagonia, tl,ere is e\'en still less evidence in the character of tlm 
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 northeru bemisphere, the conclnsion that the climate of the 
southern seas at this period was not hotter than what might have been 
expected from the latitude of each place, appears to me highly im~ 
]lortant; for we must believe, in accordance with the views of 1\[r. 
Lyell, that the causes which gave to the older tertiary productions of 
the quite temperate ;:ones o( Europe a tropical character, ieere of a local 
character and did 7/ot affict tile enlire globe. On tI,e otl,er hand, 1 
have endeavoured to show, in the Geological Transactions, that, at a 
much later period, Europe and North aud South America were nearly 
contemporaneously subjected to ice-action, and conscquently to a 
colder or at least more eq uable climate than that now characteristic 
of tho same latitud.es. 

On thc AbsenCil of extensive modern OOllchifeJ'olll! D ejXJSitl! in &1111, 
A merica; and on tl16 COlltemporalleOUI!I!C$8 oj tIle older Tm·eiarg 
D eposit!! at dislalll points being dlle to cOlltemp)I'Unl)OIU mocemeJlts oj 
I!ubsidence. - Kuowing from the researches of Prof. E. F orbes, that 
)llolluseOliS animals chiefly abound within a depth of J 00 fathoms 
and under, and bearing in mind how many thousand miles of both 
coasts of S. AnlCriea have been upraised within the recent period 
hy a slow, long-continued, intumittcnt Illoyement,-seeing the di~ 
versity in nature of the shores and the nnmber of shells now living 
on thetll ,-seeing also that the sea off Patagonia and off many parts 
of Chile, was during the tertiary period highly fav ourable to the 
accumulation of sediment,-the absence of exten.si\<e.deposits including 
recent shells over these vast spaces of coast IS highly remarkable. 
The conehiferol1s calcareoll~ beds at Coquimbo, and at a few isolated 
points northward, offer the most marked exception to this statemcnt; 
for these beds arc from twenty to tllirty feet in thickness, and thcy 
stretch for some miles along shore, attaining, however, only a very 
triflillg breadth. At Valdivia there is some sandstone with imper~ 
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feet casts of SllClls, which IJO$siUy may belong to the recent period: 
p:lrts of the boulder formation and the shingle.. beds Oil the lower 
plains of P atagonia prohably belong to tILls same period, but neither 
are fossiliferous, it also so happen~ that the great Pampean forma
tion does not include, with the exception of the Azara, :my mol
lusca. There cannot be the smallest ,Joubt that tlu~ upraised shells 
along the shores of the Atlantic and Pacific, whether lying on the 
bare surface, or embedded in m0111d or in sand-hillocks, will in the 
course of ages be destroyed by a1\u\'inl action: this probably wilJ be 
the case even with the ca!carcOtlS beds of CoquimiJo, so liable to 
dis.solutirlO by rain-watrr. If we take into consideration the pro
babilityof oscillations of level and the consequent action of the tid~l 
w.wes at different heights, their destruction will appear almoet eer· 
tain. Looking to an epoch as far distant in futurity as we now nre 
from til1' past lniocene period, there seems to me sc:nccly a chance, 
nuder existing eonditiong, of the numerous sllells now living in those 
zones of depths most fertile in life, nnd found exclusi\'ely on the 
western nnd south-enstern conats of S. America, being preserved to 
this imaginary distant epoch. A whole conchological series will in 
time be swept away, with no memorials of their existence prescrved 
in the earth's crllst. 

Can any light be thrown on this f€'markable absence of recent con
ehifero\ls deposits on these coasts, on \lhic!., at an ancient tertiary 
epoch, strata abolmding with organic remains were extensivelyaccu
mulated? I think there can, namely, by considering the couditions 
necessary for the preservation of a formation to a distant age. 
Looking to the enormous amount of denudation wllich on all sides of 
us lws bcen effected,~as evidenced by the lofty cliffs cutting off on 
so many coasts horizontal aDd once far extended strat-n of no great 
antiquity (as in the case of Patagonia),- as evidenced by the level 
surface of the ground on both side;, of great faults and disloca
tions,-by inland lines of esca.rpments, by outliers, aud numberless 
other facts, and by that argument of high generality advanced by 
jUt. Lyell. namely, that cI'cry $cdimelltal"!/ fo rmation, whate\'er its 
thickness may be, and o\'er however many hundred equare miles it 
)\lay extend, is the resuit :lnd the measure of an equal amount of 
wear and tear of pre-existing formations; consideliug th('sc facts, we 
must conclude that, as an ordinary ruh.·, a formntion to resist such 
vast destroying powers, and to last to a dist:l.nt epoch, must bc of 
wide extcnt, and either in itself, 01' together with supcrincumbentstrata. 
bc of great thickness. In this discussion, we nre consider ing only 

~~~~~~!:~;ds, e~~~:i~~I;fil t~:~:~~~~~~~l:~a:~~~l~:li(~~~~t '~~i~l:l'e~s :~~;~ 
wit!,in) depths of a hundred fathoms. How, then, can a th ick and 
widely extended formation be accumulated, which sl,all include such 
organic remains? Virst. let us take the case of tJ.e bed of the sea 

~:I:~C~~llU:I~~ n ~Q~I~t Jet::~~n:~~a~:v~a:n ~~nc!~~n~::~~ ~i,~~; '~~ta ~;~;S'~~ l~~ 
thickness with thc d~pth at wllich the slu:ol!s can li\'c; on gcntly in-
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c1ined coasts alone can they accumulate to any considerahle width; 
and from the W:lIlt of snperincumhcnt pressure, it is llrohable that Lhe 
sedimentary matter will seldom be much consolidated: such forma
tions have no vcry good chance, when in the cour:se of time they are 
upraised, of long resisting the powers of denudation. The chance 
will he less if the submarine surface, instead of l'aving remaiued 
stationary, shall have gone on slowly rising during the deposition of 
the strat~, for ill this c~se their total tl,iekness must be less, and ench 
part, bcfvre being consolidated or thickly covered up by superin 
cumbent matter, will ha\'e had sucC€ssil"ely to pass th rough the ordeal 
of the beach; and 011 most coasts, the waves on the beach tend to 
wear dowil and disperse every object exposed to their action. Now, 
both on the sonth-eastern and western shores of S. America, we Ilal'e 
had clear proofs that the land has been slowly rising, and in the long 
Iillcs of lofty cliffs, we have 5Cen that the tendency of the sea is almost 
everywhere to cat iuto tI,e hnd. Considering these facts, it ceases, I 
think, to be surprising, that extensive recent eonchiferous deposits arc 
entirely abscnt 011 the southern and western shores of America. 

Let us take the oue rClllaiuing case, of the bed of tl,e sea slowly 
suLsiding during a length of time, wl,ilst sediment has gone on being 
deposited . I t is evident t1,at strata might thus acculllulato to 
aily thickness, each stratlllll being deposited in shallow water, and 
consequently abounding with those shells which cannot linl at great 
depths: the pressure, also, I may observo, of each fresh bed would 
aid in consolidating all the lower onego Eyen on a rather steep coast, 
though such lIIust e,'cr be unfavourable to widcly extended deposits, 
the formations would always tend to increase in breadth from the 
water encroachillg on the land. Hence we may admit that periods 
of slow subsidence will commonly be most fa"ourable to the accnmu
lation of cOrlcitijcrous deposits, of sufficient thickness, extension, and 
hardness, to resist the average powers of denudation. 

\Ve have seen that at an ancient tertiary epoch, fossiliferous deposits 
were extcnsively deposited 011 the coasts of S. America; and it is a 
very interesting fact, that there is (H'ideuee that these ancient tertiary 
beds were deposited dnring a period of subsidence. Thus, at Na\"idad, 
the strata arc auout t>UU feet in thickness, and tllO foss il sheUs are 
abundant both at the level of the sea and 80me way up the cliff~; 
having sent a list of these fossils to Professor E. Forbes, he thinks 
they must lJave lived in water between one and ten fathoms in dcpth: 
hence the bottom of the sea Oil Wllich the~ slJClIs once lived must 
lHl.\"e subsided at least 700 feet to allow of the superincumbent lll:l.twr 
bcing deposited. I must here remark, that, a~ all these and the 
following fossil shells arc extinct species, Professor Forbes necessarily 
judges of the deptl's at which they lived only from their generic ella
racier, alld from the analogical distribution of shelJ~ in the northern 
hemisphere; but there is no just ca\l~ from this to doubt the general 
results. At Huafo the strata arc ahout the saille thielmess, n:l.lllely, 
800 feet, and Professor Forbes th inks the fossils found there cannot 
kwe lived ~t a greater deptll than fifty fathoms, or 300 feet. These 
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two points, nam~ly Navidad and Huafo, are 570 miles apart, but 
nearly half-way betweeu them lie~ Mocha, an island 1200 feet in 
height, apparently formed of tertiary strata up to its lel'cl summit, aud 
with many shells, including the same 'l'urritella with that found at 
Huafo, embedded close to the 1e\-elof the sea, In Patagonia, sheils 
are numerous at S, Cruz, at the foot of the 350 feet plain, which has 
certainly been formed by the denudation of the 840 feet plain, and there
fo re was orirrinallv co\'ered by strata that number of feet in thickness, 
and thesesh~JlB, a~eording to Professor Forbe~, probably lived at a depth 
of between Beven and fifteen fathoms: at Port S. Julian, sixty miles 
to the north, shell~ are numerous at the foot of the ninety feet plain 
(formed by the denudation of the 950 feet plain), and likewise occa
sionallyat the height of several hnndred feet in the upper strata; 
these shells must have lived ill water somewhere between £I'e and 
fifty fathoms in depth. Although in other parts of Patagonia I hal'e 
no direct evidence of shoal-water shells having been buried under a 
great thickness of superincumbent submarine strata, yet it should be 
borne in mind that the lower fossiliferous strata with sel'eral of the 
same species of mollusca, the upper tufaceous beds, and the Illgh 
summit-plain, stretch for a considerable distance southward, and for 

~~~c~~:!S i ~fm~;I~e ~~~~~ ':~~~lu~~intta!h:~e us~;~~~~~~e O,yst:~i~i~l:;{h! 
shells at S. Cruz and S. Julian were carried down and covered up, 
was not confined to these two points, bnt was co-extensive with a eon
siderahle por tion of the Patagonian tertiary formation. In a succeeding 
chapter it will be seen, tl'at 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, 

F rom the foregoing reasoning, and from tile facts just gil-en, I think 
we must admit the probahility of the following prollOsition; namely, 
that when the bed 'of the sea is either stationary or r ising, circum
stances are far less favourable, than when the level is sinking, to the 
accumulation of concltijcrQu$ deposits of sufficient thicKness and 
extension to resist, when upheaved, the average ":lst amount of denu
dation, This resllit appears to me, in se,'eral respects, very interest
ing: everyone is at first inclined to heliel'e that at innumerable 
points, wherel'er there is a supply of sediment, fossiliferous strata are 
now forming. which at some future distant epoch will be nllheaved 
and preserved; but on the views above given, we mnst conclude that 
this is far from heing tl'e case; on thc contrnry. we require (1st) a
long-continued supply of sediment, (2nd) an extensive shallow area, 
and (3rd) that this area shall slowly snbside to a grt!at depth, so as to 
admit the acculllulation of a widely-exteuded thick mass of superin
cumUcnt stratn. In how few parts of the world, probably, do these 
cOllditioll~ at the present day concur! 'Ve can thus, also, understand 
the general want of that dose IWqnenee ill fossiliferous formations 
which we Ill igl,t theoretically have anticipated ; for, witllOut we SlIp
pose a subsiding movement to go on at the same spot during an enor-
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mous period, from one geological era to another, and during the whole 
of this period sediment to accumulate at the proper rate, so that the 
depth sl,ould not beeome too great for tile continued existence of 
nwlluscou~ auimal8, it is scarcely possible that there ijhol1ld be a Iler
feet sequence at tile same spot ill the fossil shells of the two geological 
f<Jrmation~ .* So far from a "cry long.eontinued subsidence being 
)lrobable, lllany facts lead to the belief tlmt the earth's surface oscillates 
up and down; and we have seen that du ring the c1evatory movements 
there is but a small chance of dUl"alile fussiliferous deposits accu
lllulating. 

Lastly, the~e ~ame considerations appear to throw some light on 
the fact that certain periods appear to Iwvo been favourable to the 
deposition, or at least to the pre&-rvation, of oontemporaneous forma
tions at very distant points. \Ve bave seen that in S. America an 
enormous area has bren rising within the recent period; and in other 
quarters of the globe immense spaces appear to have risen con· 
temporaneously. From my examination of the coral· reefs of tIle 
gr~at oceans, I Il1Ive been led to conclude that the bed of the sea has 
gone on slowly sinkil\g within the present era, oyer trnly vast areas: 
til is, indeed, is ill itsclf probable, from tho simple fact of the rising 
areas I,aving bccn so large. In S. America we h:we distinct e\'idellce 
that at nearly the same tertiary period, the bed of the sea off parts of 
tl ,e coast of Chile and off Patagonia. was siuking, though these regions 
are very remote from each other. If, then, it holds good, as a general 
rule, that in tile same quarter of the globe tho carth's crust tends to 
sink and rise contemporaneously on~r vast spaces, we can at ouce see, 
that we have at distant points, at the same period, thosc vcry condi
tions which apl,ear to be requisite for the accumulation of fossiliferous 
masses of sufficientel: tension, thick ness, and hardness, to resist denu
datioll, and consequently to last unto all epoch distant in futurity. t 

,. !'rofessor H. D. Rogers, in hi s e"reilell t aololreu to the Assoc;alion of 
American Geologists ,(SiI100l an's Journal, vol. 47, p. 277), make. tbe f?llowiog 
remark: " [ q."est;on ,f we, are at all aware ho"· complele/illbe wbole h,"lo~y ~ f 
all departed tllne h,es Uldehhly recorded ",;110 Ihe am ples' minuteness of dela,l In 
tbe . success,"" sed'meuos of ,Ibe globe~ ho"· effectually, in od"er words, eve,y 

~;:':'''~ Il~f el;:~ ~r::e w;/~:lio~I.~ , o~"tb~~·:ol~' c:~~~:~;59 P;fs:~;;,o;e:':;~ i~ro~:~! 
than do ubtful, eHll if we £Icept (as I soppose he would) all tbose lIumerous 
organic forms wbich contain 110 b.,d parTs. 

t P rofeslSOr fo],bes has some admirehl .. remarks on this subject, in his Report 
on ,the Shells of Ihe iEgean Sea. I n a h' lter 10 !II" . Maclaren, (Edinburgh New 
Ph,l. Jou",al, January 1.843), ' , partiall.v entered JIlto tb .. d'scus.ioD, and .en. 

~e:'fs~~~:~g~O o~h~::t\ah\~i~~~:, h9'~;~ \d ~:~:~~a~!c~h~~~~;~:t~s:;e:s~~~s :: b~:~d~b~ 
be preserved to a distant future period. 
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CHAPTER VI. 

PLUTONIC AND METAMOltPllIC ROCKS:- CLE ,\VACE AND 
FOL I ATION . 

Bra:;/, DIlAiIl, g .. ti .. ~ifn disjo;lfltd "'ttll"'Orpllllltd dil:n- Slrih of /o/ill/ioll.
Rio de J o .. tiro, g"""-gruilt, tmlmldtd froglHtd ill., dtcO"'jXUitio" of
La Plato, mtlo",orp"ic alld old roiuII.ic nx:1t. of-So VtNlaJlII - Cloy,/oll.t 
porl'''Yr"1l fon"a/io_ of P alt>gollill; ,i"g~/t>r "'t!t>",orpnic ",cit.; .pt><do. 
di/ttl-FoIl:/aHd ldo~d" paf~=oic /o .. ifl of-Titrrt> dtl ""'tgo, clay_.IMe 
/onnalio", crttacffl~'fonil. rif; cluI:II9t a .. d foliolioll; form of lalld
C"o~w Archipelago, mica , chid,,/oiiatioll. didNr&td by grt>ltilic lUi,; di/t_ 
Chilot-Co"c'1!ci~n, dilte, lucctuiVfI form"lio" of - emlral olld N ortlltr" 
Ch.tt-CONcl~ding remar'" a" clulJllgt aNd fo/ioljo,,-Th"r clou altalogy 
alld "milar orig,,, - Stratifiealill" of mttamorphic ,eh~/, - Fa/jalion of 
;,,/,.,.,itt roc/t,- RtIMio .. of dtat:llgt a .. d foliotio" 10 tht /j"t. of t tll';OIl 
d~rin9 mtlamorp!w';,. 

TIIB metamorpllic and plutonic formations of the SHeral di~hieill 
visited by the Beagle, .... ill be here chiefly treated of, but only such 
cases as appear to me new, or of some epeeial interest, will be described 
in detail; at the f'nd of the chapter I will SUIll up all the faci.s on 
elca"age and fuliation,-to which I p:'lrt icularly attended. 

B(I/'i(l, BrQ~il; 1111. 130 IOU/h.-The pre,·ailing rock is gneiss, often 
passing, by the diS:J.ppearance of the quartz and mica, and by the 
feldspar losing its red colour, into a brilliantly grey primitive grC(!n. 
stonf', Not unfrequently quartz and hornblende are arrangcd iu 
layers in almost amorphous feld spar. Thcrc is some fine-grai ned 
~yeniti c gran ite, orbicularly marked by ferruginous lines, and wcather. 
ing into ,'ertical, cylindrical hole8, almost touching" caeh other. In 
the gneiss, concretions or granular feldspar and othcrs of garneh with 
mica occur, The gneiss is tr:wcrsed by nUmf'rous dikes composed of 
black, finely crystallized, horublendic rock, containing a little glassy 
f .... ld-par and sometimes mica, and "arying in thickness from mero 
threads to ten feet: these threads, which are often cunilinl;'ar, could 
som('times be traced running into the larger dikes. One of these dikes 
was rrmarkahle from havin¥ bccn in two or three places la",rally dis· 
jointed, with unbroken gneiss interposed between the brokcn ends, aud 
in one 11art with fI portion of the gneiss dri,'cn, apparently whilst in a. 
8l\ ft~ l1ed etate, into its side or wall. In scvcral ncighbonrillg places, 

~:~~.!11!;~,~~~e ~!~~~:d;~it~nlf~I!~~'x~~~:!-i~lct~~~g ~~:~t::~:;cc~~l~r)~l~lli~~~ 
that forming the di~es, and, at least in one instance, containing (as 
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determilled by Profe~sor Miller) augite as well as hornblende. In one 

~~e~lll~Oth::e~yt~~~S:ll;f~::i:,a~:: :~~~~~\~e?r°:X~~i~~r~;;~~I~~n~:::~ 
siw and shape, evidently once been united; hence I cannot douht that 
most or all of the fragmenls have been derived from the breaking up 
of the dikes, of which we see the fir;Jt stage in the above mcutioned 
laterally dii!jointtJd onc. The gneiss close to the fragments generally 
contained many large cryst.lls of horllblellde, which are entirely absent 
or rare in other parts; its folia or lamin'ie were gcutly bent rouod the 
fragments, in the ~me manner as they sometimeg are round concrc-

~~o~d~fied~1::dei:!I~u1~e!~~a~~:d~~~~~~u~n~l~ ::~\~~lb~e!~il~~l~l~o~~t~~l~ 
dikes,· these latter also having been at the same time hent and softened. 

1 must here take the opportunity of Ilremising, that by ihe term 
cle(~M[Je. 1 imply tllOse planes of division which render a rock, appear
ing to the eye quite or nearly homogeneous, fissile . By the term 
jolialirnl. I refer to tile layers or plates of different mineralogical 
natllTe of whic11 most metamorphic schists arc composed; there are, 
also, often included in such masses, alterna.ting, homogeneous, fissile 
layers or folia, and in this case the rock is both foliated and has a 
clcal'age. By stratificatioll, as apl'lied to these formations, I mean 
those alternate, parallel, large masses of different composition, which are 
themselves frequently either foliated or fiasile,-snch as the alternating 
so-ca\1e<.l strata of mica-slate, gneiss, glossy elay-,;late. and marble. 

The folia of tIle gnei~s within a few miles round llahia generally 
strike irregularly, and arc often curvilinear, dipping in an direct ions at 
l'ariOllS :iIlgles: but where best defined, theyextcudcd most frequently 
in aN. E. by N. (or cast 500 N.) amI S. W. by S. line, correspond
ing nearly with the cOllst-line Ilortl,wards of the bay. I may add 
that Mr. Gardncr t found in 8eI'eral parts of the proyillce of Ceara, 
wI del, lies between ,~oo and 500 miles north of Bahia, gneis;; with the 
fulia rxh'nding E. 45<> N .: and in Guyana, according to Sir R. 
Schotnburgk. the samc rock strikes E. 57<> N. Again, H umboldt 
describes the gneiss-granite over an immense aT<~a in Ycn('zuela nnd 
even in Colombia, as striking E. 50<> N., and dipping to the N . W. 
at an angle of fifty degrees. Hence all the observations hitherto 
made, telld to show tlwt the gneissic rocks ol'er the whole of this part 
of tile continen t, have their foli .. extending genera!!y within abnost a 
point of the COlnpass of the sallle direction.::: 

... P rofessor Ilitchcoci< (Geolog. of i\1a.gacbus~tts, vol. ii. p. 673) gives a 

clorZe~;:~:~:lcS:c~,fo~, g~;et'~:to~eri~~kt:~~e~~~o. For Sic R. ScI>omb"cgk's 
ob"e .. ~lion8, see Geograpb. Journal, 184'2, p. 190. Se~ a1.>o Humboldt's discu. · 
sion ou Loxodrism in the P ersooal Narrative. 

:t. I landed at only one place north of B.bia, ~amely, 81 Pernamhuco. I found 

~:~: ,o::;d S~:';'~>O;~~~'!?il~r, ~~np~~:dl i::~~::'e~o~n::~"~~;~f d~si~I,~f:;e:p~~~)':i li ~ 
loa"" descrihe,d a "most singular nalural bar of bard sandstolle, which .1"Olects 
'he h.rho\l r, lJ\ tho) 19th vol. (1841). p. 258, of the Lomlon and I,.doo. Phil. 
lIlagazine._ABnOlllos Iocns, lal . 18<> S . off Ihe CfJQsl of Bra:il. Althougl, 
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Rio de Janeiro.- This whole district is :llmost cxclusi\'cly forllled 
of gneiss, aLollnding with garnets, and porphyritic with large ,crystals, 
even three and four inches in length, of orthoclase feldspar: III tlie!;c 
crystals, mien. and garnets arc often enclosed. At the western base 
of the Corcovado, thert) is some fcnugin ous c:Hio~IS quartz. rock ; 
and in the Tijeuka ran<10, llIuel, fine-grained granIte. I <Jbse~\'ed 
boulders .... f greenstone i~ severnl placC!l; and on the islet of Yille
gagnon, and likewise on the COa-5t some miles northward, two ,large 
trappt'an dikes. The porphyritic gneiss, or guciss-grrmitc as It has 
been called hy Humboldt, is only so far foliated that the constituent 
minerals are arranged with a certain degree of regularity, and lllay be 
said to have a 'grain,' but they are not separated into distinct folia 
or laminre. Therc are, howcl'cr, SIlvernl othcr varieties of gneiss 
regularly foliated, and alternating with each other in so-called stmta. 
The stratification and foliation of the ordinary gneisses, alld the folia
tion or "grain" of the gneiss· granite, are parnllel to each other, and 
generally strike within a point of N.R. and S.W. dipping at a high 
angle ( between 50° and GOO) generally to S. E.; so tl,at here again 
we Ineet with tI,e strike so prevalent ol'er the more northern parts 
of this continent. T he mountains of gnei~s.granite arc to a re
markable degree abruptly conical, wbich seems caused by the rock 
tending to exfoliate in thick, conically concentric layers: these peaks 
resemble ill shape those of ll\lOllolitc and othcr illjeeted rrn;ks on 
volcanic islands; nor is the grai" or foliation (as we shall afterwards 
see) any difficulty on the idca of the glleiss.grallite hadng been an 
intrusive rather than a mctamorphic formation. The lines of lllonn
taius, but not always each separate hill, range nearly in the saTlle 
direction with the fo liation and so-called stratification, but ratl,cr 
more easterly. 

fog~IB~:,aIe o~s~~\~!n~~~~;'~::~~eol~C!~er~;~::s~~':~~i.e gneiss in Boto-

A fragment sel'en yards long and two in width, with angular and 
distinctly defined edges, composed of a peculiar variety of gneiss 
with dark laycrs of wica and garnets, is surrounded ou all sides hy 
the ordinary gneiss-granite; both l,aving been dislrn;ated by a granitic 
vein. The folia in the fragment :lnd in the snrronnding ruck strike in 
the same N .N.E. and S.S.W, line; bnt in the fragllle nt they are 
vertical, wloereas in the gneiss-granite they dip at a small angle, as 
shown by the arrows, to S.S.E. This fragment, considering its great 
size, its solitary position, aud its foliated structure lJatallei to that 

~ot striClly in place, I do nol I.now where I can mOfe conl'eniemly delltribe this 
lu!l ... group of small island •• The low.eat bed is a sandstooe ... 'th ftrr.ugtnous 
~e'O$; it ,,'eathers into nn extraordinanly honey.comhed rna •• ; ~oove u there 
's a da~k_coloured argi\\aceou. sh"le; aho~e tb,s a coaroer "and.too_making a 
total ~ll1Ckne •• of .bout sixty feet; and lastly, noove these sed.imentary bco.l_, 
Ihere IS " fine conformable lI,D.S of greenstone. in aOrue paru. hnvlng "columnar 
.tructure. All the strat8. U weH 8S the $urrace of the land. dil'.t an (Ingle of 
aoou! 1 2~ tn N. by W. Some of the isle18 are comp"'led ~ot!rcly of tLe sedi_ 
mentary. othtts of the Iral'paall rocks. genera lly. however .... lIh the .,ndst.;>ne" 
cro)!l"ng out on tbe 80utherll 8~ore •. 
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of tho surrounding roek, is, as far as I know, a unique caw: and I 
willllot attempt allY c:lI:planation of its origio. 

No;>. 22._PRAOMENT OF GNEISS EMBEDD E D I N ANOTIlER VA..RIETY OF 
TUI' SAME .tOCK . 

The numerous trayellerg· in this country, havo all becn greatly sur
prised at tho dopth to which the gneiss alld other granitic locks, as 
well as the talcose slates of the intenor, kwo been decomposed. 
Near R io, every mineral except the quartz 1mB been completely 
softened, in some places to a depth little less thau one hundred feet.t 
The mincrals retain their positions in folio. ranging in 1110 usual direc
tion; and fractured quartz veins \llay bo traced from the solid rock, 
runniug fo r some distance into the softened, mottlod, l,igl'ly coloured, 
argillaceous mass. It is said that these decomposcd roeks abound 
with gems of l"llrious kinds, often in a fractured state, owing, as some 
ha"c supposed, to tho collapse of geodes, and that they oontain gold 
and diamonds. At Rio, it appeared to me that the gniess had been 
softelled before the excayation (no doubt by the sea) of the existing, 
broad, flat_Lottomed valleys; for the depth of decomposition did not 
appear at all confofln able with tho prescnt undulations of thc surface. 
T he porpl,yritic gneiss, wherc now exposed to the air, seems to with4 
stand decomposition remarkably well; and I could sec no signs of 
any tendency to the production of argillaceous masses like those hero 
described . I was also struck with the fact, that where a bare surface 
of this rock ~lopcd into one of tIle quiet bays, there werc no marks 
of erosion at the le\'c\ of the water, and the parts hoth beneath and 
abovo it prcserved a unifonn curve. At Bahia, thc gneiss rocks arc 

... Spix and Martius have collected, in an Appendix to their Travels. the l~rgest 

~~;m~~i~:~it~n~~o;> 1~~: ~~~deeC~y a~eC~pa::'~~g-:~e a~~m:~~:rsbr,y ~~i. ~Ua:~ic':a:~~ 
in FreyciD~ t' B Voyage. 

t Dr. Beuza describ<ls granitic ro;>ck (lIIadras Journal of Lil. &0. Oct. 1836, 
1' . '.!46) . in the Neelgllerrie., decomposed to a deptb of forty fetl. 
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similarly decomposed, with the upper parts j!)sen~iloly I~sing. their 
foliation, and passing, without any distinct line of sepamtlOll, mto a 
bright red argillaceous earth, including partially rOlluded fragments 
of quartz and granite. From this circumstance, and frolll the rocks 
appearing to hav~ suffered decompositiuD before ti,e exc;\I'atioll of the 
valleys, I suspect that here, as at Rio, the decomposition took place 
under tIle sea. The subject appeared to me a curious one, and woul(t 
probably well repay careful examination by an able mineralogist. 

T he Nortlli/rn Provinces oj La Plata.-According to some obser
vations communicated to me by l'IIr. F ox, the const from Rio de Janeiro 
to the mouth of the Plata seems everywhere to be granitic, with a 
few trappean dikes. At Port Alegre, ncar the bouudary of Brazil, 
there are porphyries and diorites. - At the mouth of the Plata, I 
examined the country for twenty-fire miles west, and for about 
seventy miles north of l\Ialdonado; ncar this town, there is some com
mon gneiss, and mnch, in aU parts of the country, of il coarse-grained 
mixture of qultrtz and reddish feld spar, often, howe\'er, assuming a 
little dark_gr~~n imperfect hornhlende, and then immediately be
coming foliated . The abrupt hillocks thus composed, as well as the 
highly inclined folia of the common varieties of gneiss, strike N .K.E. 
or a little more easterly, and S.S. 'V. Clay. slate is occasionally met 
with, and ncar the L. del Potrew, there is white marble, rendered 
fissi le frOIll the presence of hornblende, mica, and asbestus; the 
ele3.'I"age of these rocks and their stratification, that is tlle alternating 
nlaSseS thus composed, strike N.N.E. and S.S.·W. like the foliatetl 
gneisses, aud have au almost \'ertical dip. The Sierm Larga, a low 
range the miles west of Maldonado, consists of quartzite, often ferru
ginous, luwing an arenaceous feel, and dil'ided into excessively thin, 
almost vertical laniiuoo or folia by microscopieally minute scales, 
apparently of mica, and strik ing in the usual N.N.E. and S.S.'''. 
direction. The range itself is formed of one Jlrincipalline with SOU\() 

subordinate ones; (Illd it extends with remarkable ulliformity far 
northward (it is said even to the confin('s of Brazi l), ill the same liuc 
with the \'ertieally riLboned qU;lrtz rock of which it is composed. 
The S. de bs Animas is the highest range in the country; I e~timatf!(1 
it at 1000 feet; it runs nortl, and south, and is formed of feldspathic 
porphy ry; near its base there is a ~'.N. 'Y o and S .S.E. ridge of a 
conglomerate in a hig1lly porphyritic basis. 

Northward of l\h\donado and sonth of Las i\t inn.s, there is nD E. 
and 'V. hilly band of country, SOll\e miles in width, formed of sil;
ee<!ns clay-slate, with some quartz rock and limestone, l,a\'ing a tOltUQUS 
irregular cleavage. generally ranging cast and west. East and S. E. 
of Las iUinas there is II. confused district of imperfect gneiss and 
laminated quartz, with the hills ra.nging in Yruions directions, Lnt with 
each separate hill generally nllming in the same line witl, the folia 
of the rocks of \\ hieh it is compo~ed: this confusiull appears to ha.·c 
becn cansed by the intersection of tiw [E. and W.J and [N.N.E. and 

.. i\1. hBbelle, \'oyage " B. Apes, p . 479. 
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S.S.W.] stri kes. Northwar(i of Las Minas, the more regular nortl,
erly ranges predominate: from this place to near P olanco, we mect 
with the coarse-grained mixture of quartz and feld spar, often with 
the imperrect hornbkDd .. ,. and then becoming foliated in a N. and S. 
line,-with imperfect clay-slate, including laminoo of red crystallized 
feldspar,-with white or black marhle, sometimes containing ashetus 
andcrysta!sof gypsum,-with quartz-rock,-with syenite,-and lastly, 
witl. nluch granite. The marble and granite alternate repeatedly in 
apparently vcrtical masses: some wiles northward of the Polanco, a 
wide district is said to be entirely composed of marblc. It is remark 
able, how rare mica is in the whole range of country north and west
ward of I\ laldonado. Throughout this district, the cleavage of the 
clay_~b.tc and marble,-the foliation of the gneiss and the quartz-the 
stratification or alternating masses of these several roeks,-and the 
range of the hills, all coincide in direction; and although the conntry 
is only hilly, the planes of division are almost everywlJCre very higl,ly 
inclined Of vertical. 

SOllie ancient submarine \'o!eanic rocks are worth mentioning, from 
their rarity on this eastern side of the continent. In the valley of the 
Tapas (fifty or sixty mile9 N. of Maldonado) there is a tract three or 
four miles in length, composed of various happean rocks with glassy 
feldspar,-of apparently metamorllllOsed grit-stones, - of purplish 
amygdaloiJs with large kernels of carbonate of lime,·~and much of a 
harshish rock with glassy feldspar intermediate in character between 
claystone porphyry and trachyte. This latter rock was in one 
spot remarkahle 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 au adjoining hill com · 
posed of tl,e common mixture of quartz, feldspar, and imperfeet horn
blende; this fact perhaps indicates that these volcanic rocks have heen 
metamorpiJOsed, and tl.eir constitueI,t p~rts re-arranged, at the same 

~ltl~~ i~I;~1~~i:O:sd!~11;i~ ~l~o~~~~~:~~\:s, J'~t:;,!I~~~IT:;[~}i~h~l~a~~t:;~~~: 
a few miles south of the Tapas, a band of trappean and amygdaloidal 
rock is interposed between a hill of granite and an extensive surround 
ing furmati on of red conglomerate, whieh (like that at the foot of the 
S. Auimas) has its basis porphyritic with crystals of feldspar, and 
wl,ich hence has certainly sulfered metanlOrphosis. 

lV(mte JTjde9.-The rocks here consist of sevcml "arieties of gneiss, 
with tI,e feldspar often yellowisll, granular and imperfectly crystallized, 
alternating with, and passing insensibly into, bt:(ls, from a few yards 
to nearly a mile in thickness, of fine or coarse grained, dark-green 
l,ornblendic slate; this again often passing into chloritie schist. These 
passages seem chiefly dne to changes in the mica, and ita replacement 
by other minerals. At Rat Island I examined a mass of ehloritie 
sch ist, only a few yards square, irregularly surrounded on all sides by 
the gneiss, and intricately pcnetrated by many curvilinea.r "eins of 

* Near the Pan de Azucar there is some greell ish porphyry, io one rla~a 
amyg<laloidal "'ith agate. 
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qllartz, which gradually MeI!d into the gneiss: the c!e:n'age of the 
cbloritie schist and the folintion of the gneiss were exactly paral!el. 
Eastward of the city there is much fine-grained dark-coloured gneIss, 
almost assumiug the character of hornblende-slate, which . alternates 
in thin laminm with laminm of quartz, the whole mass beillg. trans
,'ersely interS('cled by numerous large I'eins of quartz : I partIcularly 
observed that these veins were absolutely continuous with the r.lter
nating lamina: of quartz. In this case aud at Rat Island, the paSs.1ge 
of the gneiss iuto imperfect hornblendic or into chloritie slate, seemed 
to be connN;ted with the segregation of the veins of quartz.-

The Mount, a hill believed to be 450 fcet in height, from which 
the place takes its name, is much the highest land in this neighbour
hood: it consists of hornblcndic slate, which (cxcept on the eastern 
and disturbed base) has au east aud west nearly vertical clcM'age; 
the longer axis of the hill also rangcs ill this same lille, Ncar tho 
stllllmit the hornbknde-slate gradually becomes more aud more 
coarsely crystallized, and less plainly lamiuated, until it passes into a. 
heavy, sonorous greenstOIl C, with a slaty conchoidal fracture; the 
laminm on the north and south sides near the summit dip inwards, as 
if this upper part had e;o;:panded or bulgcd outwards. This greenstone 
must, I conceive, be considered as metamorphosed I,ornblelldc-slate. 
The Cerrito, the next highest, but much less elevated point, is 
almost similarly composed. I II the more western parts of the pro
"inee, besides gneiss, ti,erc is qu,ulz-rock, syenite, and granite; and at 
Colla, I lleard of marble. 

Ncar l\L Video, the space wllieh I more accurately e:tamincd was 
about fifteen miles in an cast and west line, and here I foulld the 
foliation of the gneiss and the c1eavagc of the slates generally well 
deyeloped, and extendin~ parallel to the alternating strata composed 
of tho gneiss, hornblcndlC and chloritie schists. These planes of 
division all range within one l)oint of east and west, frequently east 
by south, and west by north; their dip is g('nerally almost yertical, 
and scarcely anywhere under 450 : this fact, considering how slightly 
uudulatory the surface of the country is, deserves attention. West
ward of M. Video, towards the Uruguay, where"er the gneiss is ex
posed, the highly inclined folia are sccn strikiog in the samo dirce
tion; I must except one spot where the strike was N.W. by \V_ 
'fhe little Sierra de S. Juan, formed of gneiss and laminated quartz, 
must also he excepted, for it r:luges betweeu [N. to N.E.] and [So to 
S."'.] aud secms to belong to the same system with the hills in the 
J\Inldouado district. Finally, we have seen t1mt, for many miles 
northward of Maldonado and for twenty-fh'e Illiles westward of it, as 
far as the S. de las Animas, the (oliatiol1, cleavage, so-called stratifica
tion and lines of hills, all range N.N.E. and S.S.W., which is nearly 
coincident with the adjoiniug coast of the Atlantic_ 'Vestwanlof 

.* i\h. Greeno~gh (p.70, Critical E:ramioation. &c.) observes tbatquartz in 
mlc~_slate sometimes appears ,n beds and someOmes in vems. Von lluch also, 
ID LIB Travels in Norway (p. 236), ~emark8 on ahemMing lamin ae of quartz and 
bornblende·slate .apl"cing mica-schISt. 
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tho S. de las Animas, as far as even the Uruguay, tho foliation, 
cleavage, :md stratification (but 1I0t lines of l,iIIs, for there nro no 
defined ones) at! range ahout E . by S. and W. by N., which is 
ncarly coincident with the dircdion of the northern shore or the 
Plata: in the confused country ncar Las Minas, whcre these t wo 
great systems appear to intersed each other, the cle::l.\'agc, foliation, 
and stratification run in various directions, but gencrnlly coincide with 
the line of each separate hill. 

Soulhern La Plala.-The first ridge, south of the Pinta, which 
projects througl} the Pampean formation, is the Sierra Tapalguen and 
Vulcan, situated 200 miles southward of ti,e district just described. 
This ridge is only a few hundred feet ill hcight, and runs from C. 
Corrientcs in a \V .N. \V. line for at least] 50 miles into the interior: 
at Tallalgucn, it is COlllllosed of unstratified granular quartz, renlark 
able from forming tabular masses :"Ind small plains, surrounded by 
precipitons cliffs: other parts of tile rango arc said to consist of 
j!ranitc; and marble is fonnd at thc S. Tinta. It appears from M. 
Parchappc's* obscrvations, tl,at at 'J':lI\dil thcre is a range of qnartzose 
gneiss, "ery like the rocks of the S. Larga ncar Maldonado, running 
in the same N.N.E . and S.S.'V. di.rection ; so that tI,e frame· work 
of the country here is very similar to that on the northern shore of 
the P lata. 

The Sierra Gnitm-gueyu it situated sixty mile9 south of the S. 
Tapalguen: it consists of numerous, parallel, sOllletime~ blended 
together ridge>l, about twenty-three miles in width and 500 feet in 
height ahove the plain, and extending in a N.'\'. and S.E.:. direction. 
Skirting fOl1nd the extreme S.E. termination, I ascended only a fcw 
points, which were composed of a fine-grained gneiss, almost com 
posed of feldspar wi th a little mica, and Ilassing in the upper parts of 
the hills iuto a rather compact purplish clay-state. The cleavage was 
nearly vertical, striking in a N .W·. by \Y. and S.E. by E. line, 
nearly, tllOugh not quite, coincident with the direction of the parallel 
r idges. 

The Sierra Vcntan~ I.ies close, south of that of Guitn~.gu~yu; it is 
remarkable from attalOlng a height, very unusual on thiS Side of the 
continent, of 3,340 feet . It consists, lip to its sunlmit, of quartz, 
,,"cnerally pure and white, bnt sometimes reddish, and divided into 
t hick ialllill!e or strata : in one part there is a little glossy clay-slate 
with a tortuous cleavage. Tbc thick layers of qnartz strike in a 
\V. 30° N . line, dipping southerly.'1.t an angle of 45° and upwards. 
The IlIincipalline of mountain~, with some quitc subordinate parallel 
ridNes, range :"Ibout \Y. 45° N. ; but at thei r S.E. termination, only 
·W~25° N. This Sierra is said to extend betwet!n twenty and thirty 
leagues into tl,e interior . 

• ill. d'Orhigny"s Voyage, Part. Geolog. p.46. I have giyen a short .ceount 
of the peeuli .. forms of the quartz bill. of Tapalguen., so unusual in a mel .. -
morphie formation, in my Journnl of Researche. (2nd edIt.) p. 116. 

, 2 
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P aluyonia.-With the exception I>erhaps, of the hill of S. AI1.~llio 
(GOO feet high) in the Gulf of S. Matias, Wh1C~\ lms oever been vIsIted 
by a geologist, crystalline rocks are not Illot with on the I;o ~ st of Pat~
gonia for a space of 380 miles south of the S. Ventan~. At thIS 
point (lat. 43° 50'), at Points Union and ~Vlll~)o, plutOniC rocks a rc 
said to appear, and are found, at rather WIde mtcrvals, ~neath the 
Patagonian ter tiary forUlation for a space of abou~ 300 nnles 8.outh 
ward, to IIcar Bird Island, in lat. 48° 5G', Judglllg from specimens 
kindly collected for me by Mr. Stokes, the prevailing rock at Ports 
St. Elena, Camerone~, Malaspina, and as far south as the Paps of 
Pineda, is a purplish-pink or brownish claystone porphyry, some
times laminated sometimes sl i".htly vesicular, with crystal~ of opaque 
feldspar and with a few gfai~s of quartz; hence these porphyries 
resemble those immediately to be described at Port Desire, and likewise 
a series which I have seen from P. Alegre on the ~outhern confin es of 
Brazil. This porphyritic formation further rCllemblCll in a singularly 
close manner the lowest stratified formation of the Cordillera of Chile, 
wl.ich, as we silall l,ereafter see, 1m£! a vast rangl', and attains a great 
thickness. At the bottom of the Gulf of St. George, only tertiary 
deposits appear to be present. At Cape Blanco, tbere is quartz rock, 
very like that of the Falkland I slands, and some hard, hlne, si liceous 
clay-slate. 

At P ort Desire there is an extensi ve formation of the claystone 
porphyry , stretch ing at least twenty-five milCls iuto tllCl interior: it 
ha.s been denuded aud decl)ly worn into gullies before being CO"ered 
up by the tertiary deposits, through which it here alld there projects 
ill hi lls; those north of the bay being 4-40 feet ill heigM. The strat.'], 
have in se"eral places been tiltcd at small anglcs, gellerally eitllcr to 
N.N .W. Of S .S.E. By gradual passages alld alternatious, the 
porphyries change ince~salltly ill nature. I will describe only some 
of the principal mineralogical chaliRes. which are highly ilistructil'C, 
and which I carefully examined. 1 10e prevailing rock has a compact 
purplisl, base, with crystals of earthy or opaque feldspar, and often 
with grains of quartz. There are other varieties, with an almost truly 
tracl'ytic base, full of little angular vesicles and crystals of glassy 
feldspar; and there :.ore beds of blaek perfect pitchstone, as well as 
of a concretionary im perfect variety. On a casual inspection, the 
whole series would be thought to be of the same plutonic or \'oleanic 
nature with the trachytic varieties and pitchstone; bnt this is far 
from being the case, as much of the porphyry is certainly of meta
morphic origin. Besides the true porphyries, there are many beds of 
earthy, quite wl.ite or yel!owish, friable, easily fusible matter, resem
bling challl, which under the microscope is seen to consist of minute 
broken crystals, and wl,ich, as remarked ill a fonner chapter, singub.rly 
resemhles the upper tufaceous beds of the P atagonian tertiary forma
tion. This earthy substance often becomes coarser, aud contains 
minute rounded fragments of porph yries and rounded grains of quart?., 
and in one ease so many of the latter as to resemble a common sand
stone. These beds are sonletimes marked with true lines of aqueous 
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depositioll, separating particles of different deg,'ees of coarseness; in 
otllcr cases there arc parallel ferruginous lines not. of true deposition, 
as shown by the arrangement of the particles, thougl, singularly re~ 
sembling them. The more indurated varieties oft('11 include many 
small and some larWlf angular o[l,\-iti08, wl,iell appear due to tho 
removal of earthy matter ; some varieties contain mica. All these 
earthy and generally white stones insensibly pass into more in3u
rated sonorous varieties, breaking with a eOllchoidal fracture, yft 
of small specific gravity; many of these latter varieties assume a 
pale })urplo tint, being singularly banded ~Ild \'ciued \Viti. different 
slmdes, and often become plainly porphyritic with crystals of feldspar. 
The fo rmation of thesc crystals could be most clearly traced by minute 
angular and oftell partially hollow patcllcs of earthy matter, first 
assuming a fibrous illrllelllre, thcn llassing into opaqne imperfcetly 
shaped crystals, and lastly, into perfect glassy crystals. When these 
crystab h:wc appeared, and whcn tho basis has become cOlllpact, the 
rock in many lllaees could not be d istinguished from a true claystone 
porpllyry without a trace of mechanical structure. 

I n some parts, these earthy or tufaCCOIlS beds pass into ja.spcry and 
into beautifully mottled and handed porcelain rocks, which break into 
splinters, transluccnt at their edges, hard cnough to scratch glass, and 
fusible into white transparent beads: grains of quartz included in thc 
porcelainous varieties can be sccn melting into the surrounding paste. 
I n other parts, the ('a rthy or tufacCQus beds eillll'r iuscnsibly pass 
into, or alternate with, breccias COIll )lOSL..J. of large and small fragments 
of various purplish porphyries, witll the matrix gcllcrally )lorphyritic : 
these breL"1:: ia.s, though their subaquoous origin ill in many )llaCes shown 
both by the arraugement of their smaller particles and by ail obliquc 
or current lamination, also pass into porphyries, in which e\"ery tracc 
of mechanical origin and stratification has been obliterated. 

Some highly porphyri tic though coarse-grained masses, evidell tly 
of scdimelltary origin, and dividcd into til in layers, dilf"ring from 
each other chiefly in the number of emLedded graius of quartz, inter_ 
ested mc much from tile peculiar manner in which here and Ulere 
somo of tIle layers terminated in abrupt poiuts, quite unlike those 
produced by a layer of sediment naturally thinning out, and apI)arcntly 
the result of a subsequent process of metamorpl,ic aggregation. In 
another common variety of a fi ner texture, the aggregating process 
had gone fu rther, for the whole mass consisted of quite short, parallel, 
often slightly cnlVed layers or patches, of whitish or reddish finely 
granulo-crystalline feldspathic matter, generally tcwlillatillg at both 
cnds in blunt points; these layers or patchcs further tended to pass 
into wcdge or almond shaped little lIlas~es, and thcse filially into 
true crystals of felds par, with their centres ofteu slightly drusy. 
The scries ~ms so pe r~t.'Ct that I could lIot doubt ihat these large 
crystals, wilich had their longer axcs placed paraHcI to cach other, Iw.d 
primarily origiuatcd in the metamorphosis and aggregation of alterua _ 
ti llg laycrs of tuft·; aJld llcnce their parallel position must bc attri
buted (lluelillecwd though the conclusion may be), not to laws of 
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chenlicn,l action hut to the original planes of deposition. I am 
tempted briefly' to dcscl' ibe three other singular allied vaTieti~ of 
rock; tllC first without examination would have passed for a stratified 
porphyritic breccia, but all the included angular fragments con~isted 
of a border of pinkish crystallillc fddspathic matter, surroundm~ a 
dark translucent siliceous centre, ill Wllich grains of quartz not q Ultc 
blended into the paBte could be distinguished: this tllliformity in the 
nature of the fragments shows that tlley are not of mcehanical, ,but of 
concretionary origin, having resulted perhaps from the llclf-breakmg up 
and aggregation of layers of indurated tuff containing numerous grains 
of quartz,-into which, indeed, the whole mass in one part passed. 
The second variety is a reddish non-porphyr itic claystone, quite full 
of spherical cavities, about balf nn inch in diameter, each lined with a 
collapsed crust formed of crystals of quartz. The third variety also 
consists of a pale purple non-porpllyritic claystone, almost wholly 
formed of concretionary balls, obscurcly arranged in la~·ers, of a less 
compact and paler coloured claystone; each ball beiug on one side 
partly hollow and lined with crystals of quartz. 

Spe!ldo-dikes.-Some miles up the harbour, in a line of cliffs 
formed of slightly metamorphosed tufaceous and porphyritic claystone 
beds, I obseryed three vertical dikes, so closely resembling in general 
appearance ordinary ,·olcanic dikes, tlmt I did not doubt, until closely 
examining thei r composition, that they had been injected from below. 
The first is straight, with parallel sides, and about four feet wide; it 
consists of whitish, indurated tufaeeous matter, precisely likc 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 cunsiderable distance along the beach; it is of a purplisll-red or 
brown colour, and is formed cllieRy of rounded grains of quartz, with 
broken crystals of earthy feldspar, scales of black mic.."l, and minute 
fragments of claystone porphyry, all firmly united together in a hard 
sparing base. The structure of tlois dike shows ob"iollsly that it is 
of mecllanieal and sedimentary origin; yet it thinned out upwards, 
and did not cut tIl rough the uppermost strata iu the cliffs. This 
fact at first a})pears to indicate that the matter could 1I0t have been 
washed in from abo\"e;· but if we reflect all the slIction which 
would result from a deep-seated fi ssure heing formed, we may admit 
that if tlle fissure were ill :IllY ]lart open to the surface, mud and 
water migllt well be drawn into it along its wIlDIe course. The 
third dike consisted of a Imrd, rough, white rock, almost composed of 
broken crystals of glassy fe lds])ar, with numerous scale~ of black 
mica, cemented in a scanty base; there was little ill the a})pcar:lI1ee of 
this rock, to prcdmle the idea of its havillg been a true injected fcld
spathic dike. The matter composing these tlnee speudo-dikes, espe
cially the ~econd one, appears to ha,·e suffered, like the surrounding 
strata, a. certain degree of metamorphic action ; and this has much 

• Upfilled fissures a,e known to OCCur both in volcanic and in ordinary 
sedimentary formations. ~t the Galapagos A,·dipelago (Volcanic h lands, &c. 
p. 100) , there are ~Ome 8tn killg exam pIes of spcudo-dikes composed of Lard lu ff. 
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aided thc deeeptil'e appearance. At Dallia, in Brazil, we kwe seen 
that a true injected hornblendic dike, not only has snffered metamor. 
phosis, but has been dislocated and even difl'used in the surrounding 
gneiss, under the form of sep:uate crystals and of fragments. 

Falkland Islafld.,.-I h:we described these islands in a paper pub
lished in the third volume of the Geological J ournal. The mountain
ridges eOllsist of quartz, and the lower country of clay-slate and sand
stone, the latter containing palreozoic fossils. These fossils have been 
separately described by Messrs. Morris and SIJarpe: some of them re
solnble Silurian, and others Devonian forms. lu the eastern part of 
the group the se\'eral parallcl ridges of quartz extend in a west and 
e:l!it liue; but further westward the line becomes 'V.N.'V. and 
E.S.E., and even still nlorc northerly. The cleavage-planes of the 
clay-slate are higil ly inclined, generally at an angle of above 50°, 
and often \'ertical; they strike almost invariably in the same direc
tion with the quart;.: ranges. The outline of the indented shores of 
the two main islands, and the relati,'e positions of the smaller illiets, 
accord with the strike both of the main axes of elevation and of the 
cleavage of the clay_slate. 

Ticl'ra del F uego.-My notes on the geology of this country, arc 
copious, but as they arc unimportant, and as fossils were fouud only 
in one district, a brief sketch will be here sufficient. The east coast 
from tllC St. of Magellan (where the boulder formation is lars-ely 
developed) to St. P olyearp's Day is formed of horizontal tertiary 
strata, bonnded some way towards the interior by a broad moun
tainous baud of clay-slate. This great clay~slate formation extends 
from St. Lc IHaire westward for 140 miles, along both sides of the 
Beagle channel to near its bifurea.tion. South of this channel, it 
forms all Na\'arin Island, and the eastern half of H oste Island and of 
Hardy P eninsula ; north of the Bcagle Channcl it extends ill a north
west line on both sides of Admiralty Sound to Brunswick P eninsula 
iu the St. of Magellan, and I ha\'e .reason to believe, stretches far up 
the eastern side of the Cordillera. The western and broken side of 
Tierra <lei Fuego towards the racifie, is formed of metamorphic 
schists, granite and "arious trappeall rocks : the line of separation 

~~:t'~;:;:i s~::d, c~;'s::~~~~e~n~/~~~~~a~i~~:~nt~o~~~ ;:~alfe~~s%a~l{ t~: 
clay-slate districts of the shores and channels, ranging in a line betwecn 
[W. 20° to 40° N.] and [E. 20° to 40° S.]. 

The clay-slate is generally fissile, sometimes siliceous or ferruginous, 
with ,'eins of quartz and calcarCQus spar; it often assumes, especially 
on the loftier mountains, an altered feldspathic character, passing into 
fddspathie porpllyry ; occasionally it is associated with breccia and 
grauwaeke. At Good Success Bay, there is a little intercalated 
black crystalline limestone. At Port Famine nlUch of the clay-slate 

* GcographiCll Journal, vol. i. p. 1M. 
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is calc:ueoulI, and ptl.S-«es either into!l mudstone .or into g~uwacke, 
including odd-shaped concretions of d:lrk arg'lla~us limestone. 
H ere a10.1c on the shore a few miles 1I0rth of Port Famme, and on the 
summit of'l\l. Tarn (2600 feet high), I found organic remains; they 
consist of, 

I. Ane11G('~tu simple"_ d'Orbig. r al. .-rane. (PI. \t. f. 2) Mount Taro. 
l .• ·u~u. (In imperfect 8\ale) do. 
3. Nal;eR do. d\>, 
4. P~nl8Ctimus do. do. 
S. t..ucinaexcentriea, G. D. Sowe.by, ( Pl. V. fig. 21,) Port Famine. 
6. Vellue (iD im~rfecl 01a1e) do. 
7. Turbinoli.l do. do. 
8. Hamil" elati"r, G. B. So .. @,b.1. do. 

M. d'Orbigny states" that MM . Uombron and Grange found in 
this neighbourhood an Ancyloceras, perhaps A. 6implu, an Am_ 
monite, a Plic.ltula and Modiola. M. d'Orhigny belie'l"e!:I from the 
?'ncral character of these fo!!!!.ils, and from the Aucyloceras being 
Identical (as fa r as its imperfect coudillon allows of comparison) with 
the A. simpler of Eu rope, that the format ion belongs to an early st.'lge 
of the Cretaceous system . Prof. Eo Forbes, judging only from my 
specimcns, concurs in the probability of this eonclusnon . The 
l1amites clatior of the above list, of which a description is gi\'en by 
Mr. SowerLy in tho Appendix, and which is remarkable from its 
large: Sil.c, has not been seen either by 1\1. d'Orbigny or Prof. E. 
F orbes, lIS., since my return to England, the specimens ha\'e been lost . 
The great clay-slate formation of Tierra del Fuego being cretaceou~, 
is certainly 3. very interesting fact,-whether we consider the ap .. 
pearance of the country, which, without the e\;dcnce afforded by the 
fossils, would form the 3.nalogy of most known districts, probably 
ha\'e been considered as belonging to the Palreozoic series,--or whether 
we ,'iew it a9 showing that the age of this terminal portion of the 
great a:tis of S. America, is the same (as will hereafter be seeD) ",itl! 
the Cordillera of Chile and Peru. 

The clay-slate in many parts of T. del Fuego, is broken by dikest 
and by great masses of ~eenstolle, of len highly hornblendic: almost 
all the small islets withm the clay.slate districts are thus composed. 
The slate neal the dike-!! generally llCComes paler-coloured, harder, lC\ls 
fi ss ile, of a feldspathic nature, and passes into a porphyry or green
stone: in one case, bowe'l"er, it became more fissile, ofa red colour, and 
contained minute scales of mica~ which were absent in the unaltered 
rock. On the east side of P onsouby Sound, BOrne dikes composed of 
a pale BOuoroU! feldspathic rock, porphyritie with a little feldspar, 
were remarkable, from their numbcr,-there being within the space of 
a mile at least one hnndred,-from their nearly equalling in bulk tile 
intermediate slate,- and more especially from the excessive fineness 
(like tile fillest inlaid carpentry) and perfect llarallelism of tileir juuc-

.. Voyage, Part. G~o~og •. p. 242. 
t In a gTeen.llone.dlke IU the l\Iagdalan Channel, the feldspar cleaved .. ith 

the Bngle of alhlt~ . ThIS dIke ... as croned, •• "'ell as the Burroundicg alate , by 
" large vein of qu"tz, B circum8tance of unulual occurrODce. 
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tions with thc almost ,'crtieal "\omime of clay-slate. I was un:l.Lle to 
persuade myself that these great parallcl masscs had been injected, 
until 1 found ouc dike which abrulltiy thinulld out to half its thick_ 
moss, and Ilad onll of its walls jagged, with fragments of the slate elll
bedded in it. 

In southern T. del Fuego, the ela.y-slate towards its S.W. bound
ary, becomes mllcll altered and feldspathic. Thus on "'oll3.8ton 
Island slate aud grail wacke call be distinctly traced passing into 
feldspatllic rocks and greenstones, including iron pyrites and epidote, 
but still retaining traces of eleavage with the usual strike and dip. 
One such ml!tamorphosed mass was traversed by large vein-like 
masses of a beautiful mixture (as ascertained by Professor Miller) of 
green epidote, garuets, and white calC:l.reous spar. On the northern 
point of this same islanrl, there were various ancient submarine vol
canic rock s, cunsisting of amygdaloids with dark bole and agate,-of 
basalt with decomposed olivine,--of compact lava with glassy feld
spar,-and of a coarse eonglOlneratc of red scoriw, parts being amyg
daloidal with carbonate of lime. The southem part of '''ollaston 
Island and the whole of H erm ite and H orn Isbnds., seem fOfmed of 
cones of greenstOlle; the outlying islets of II Defenso and D. Ramizez 
nre 9aid * to consist of porphyritic !:lYa. In crossing H ardy Penin
sula, the slate, still retaining traces of its usual cleavage, passes into 
colnmnar fddspatllic focks, which nre snceeeded by an irregular tract 
of trappean and basaltic rocks, containing glassy feldspar and much 
iron pyrites; therc is, also, some ImNh red claystone porphyry, and an 
:l.lmost true trachyte with needles of hornblende, and in olle spot a 
curious slaty rock, divided into qU:l.drangnlar colullllls, having a base 
almost like traehyte, with drnsy co. vities lined by crystals, 100 imperfect, 
according to Professor Miller, to be llleasurcd, but resembling Zengo
nite. t In tho midst of these singular rocks, no doubt of ancient sub
marine volcanic origin, a high hill of feldspathic elay-slate projected, 
retaining its usual cleavage. Near tllis point, there was a smalillillock, 
havillg the aspect of granite, but fOfmed of white albite, brilliant 
ery~tals of hornblende (both ascerta.ined by the reflecting goniometer) 
alld mica; but with no quartz. No recent volcanic district has Leeu 
obscn'ed in any part of Tierra del Fuego. 

Fh'e miles west of the bifurcation of the Deagle Channel, the slate
formation, instead of becoming, as in the more southern parts of Tierra 
del Fuego, feldspathic. and associated with trappean or old volcanic 
rocks, passes by alternations into a g reat underlying mass of fine gneiss 
and glossy clay-slate, which at no g reat distance is succeeded by a 
grand formation of mica-slate eonta.ining garnets_ The folia of these 
metamorphic schists strike parallel to the cleavage-planes of the elay_ 
slate, wbich have a very uniform direction o\'er the wlwle of tllis part 
of the country; the folia, however, arc undulatory alld tortuous, 
whilst the elea\'age-laminre of the slate are straight. These schists 

; ~ete~7:.ne~.~~k~~:f~~,~~~/~:~~~Dio~~:~dIW:ii. Vl\%~~e~~: ~~9. Tbis mineral 
occurs III all anCIent volcanle rock near Rome. 
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compose the chief mountain-dmin of southern T. del Fuego, ran~ing 
along the north side of the northern arm of the Beagle CIJanucl, III ,a 
short ' V,N. W. and E.S.E. line, with two points (Mounts &rnll
cnto and Darwin) rising to heights of (I,BOO and 6,900 feet. On the 
south-western side of this northern arm or the Beagle Ch:lIlnc1, the clay _ 
slate is seen with its slrala dippill" from the great chain, .so that the 
metamorphic schists here form a ridge bordered on, each side by clay
slate. Further north, however, to the west of tins ~rcat range th.ere 
is no clay-slate, but only gneiss, mica, and hornblemfic slates, res.tmg 
on great barre ll J,illB of true granite, and forming a tract about sixty 
miles in width. Again, westward of these rocks, the outermost 
islands are of trappeall formation, which, from information obtained 
during the voyages of the Ad venture and Beagle,· seem, together with 
granite, chiefly to prevail along tlul western coast as far north as the 

~:~t:a:rC~~r!:;e Si;l~!/!~~e~~n De:o~~~\~en,m;;:n;~,al~%;nnst~~ee~:\~:~ 
slate, and gneiss appears to predominate. I am tempted to believe, that 
where tIle clay-slate has been metamorphosed at great depths beneath 
the surface, gnei~s, mica-slate, and otller allied rocks have been formed, 
hut where the action has taken place nearer the surface, feldspathie 

;:b~:7ri~C:'v~~~:i~~~~~'ti!~: have resulted, often accomllanied by 

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

The stratification of the clay-slate is generally very obscnre, 
whereas the c1cav:lge is remarkably well defined; to begin with the 
extreme eastern IJarts of T. del Fuego; the clea,age-planes Ilear the 
St. of Le :Maire, strike either W-. and E. or W.S.W. and E.N.E., 
und are highly inclined: the form of the land, including Staten 
Island, indicates that the ;J;'{es of elevation have run in this same line, 

!:d\~ll~ ~v::~v~~~bl; ~e:l::~~:f;li;~a~:~n~~I~~~e o:l:~r,~:~:c~~o:;;e cY:;= 
slate on the 1I0rtheru, easteru. and western sides (thirty-five miles 
apart) of Navarin Island, and everywhere found the lamilloo ranging 
with extreme regularity, W.N.W-. and E.S.E., seldom \"arying more 

.. S,:,e the. P aper by Capt. King, in the Goograpb. Journal; al~o 8 Letter 10 
Dr. }'III<>n Hl Ccolog. l'roc .. ~ol. i. 1' •. 29; alao WIDe observatIOns by Cart • 
• ' it .. oy! Voy"g~s, ,ui. i. p •. 37':'. I ~m Indehted 8180 to l\Ir Lyell, for Q SerleS 
of speCImens COllCC1Cd by Lieut. Grave .. . 
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than one point of the compass from this tlireetion.- Both on tile 
east and west coasts, I crossed at right angles the cleavage.pbnes for 
a space of about eight miles, and fonnd tlJem dipping at an auglt: of be
tween 450 and 90°, generally to S.S.W., sometimes to N.N.E., and 
often quite vertically. T he S.S.·W. dip was occasionally succeedcd 
abruptly by a N . N.E. dip, and this by a yertical cleavage, or again 
by the S.S. W. dip; as in a lofty clift' ou the eastern end of the 
island, the bminre of slate were seen to be folded into very large 
steep CUrI'OS, ranging in the nsual \\'.N.'Y. line, I suspect that the 
,'arying and opposite dips may possiLly be accounted for by tho 
clot1.\"age-laminre, though to the eye appearing straight, Leing parts of 

lar~~ ~~~'~;:l ~~:::'i\~~!Js t;:;~i:~:;~;:~t:t~::!~~vrt~ld t~~~r~a~t~~l~t the 
fine lamina: of the clay-slate, whcre cutting straight th rough the 
band~ of stratification, and thcrefore indisputably true cleavage. planes, 
differed slightly ill their greyish and greenish tints of colour, in eom
]Jactuess, aud in some of tbe laminre Ilaving a rather more jaspery 
appearance than otbers. I haye uot seCll this fact recorded, and it 
appears to me important, for it shows that the same cause which 
has llrodnced the higlily fissile structure, has altered ill a sliglit de¥,rce 
the mineralogical charactcr of the rock in the ~ame l)ianes. The 
bands of stratification, just alluded to, can be distinguished in many 
places, especially in Navarin Island, bnt only on tho weathered sur
faces of the slate; they consist of slightly Imdulntory zones of dif
furent slmdes of colour and of thicknesses, and resemble the marks 
(more closely than anything else to which I can compare them) left 
on the inside of a "cssel hy the draiuillg away of some dirty slightly 
agitated liquid: 110 difference in composition, corresponding with 
these zoues, could be seen in freshly fractured Slufaccs. In the more 
level parts of Navariu Island, these hands of stratification werc neatly 
horizontnl ; bnt 011 the flnnke of the mountains they were inclined 
from them, bnt in no instance tlJat I saw at a very Iligh angle. 
There can, I think, be no doubt that these zones, which appear only 
on the weathered surfacCl!, are the last vestiges of the original planes 
of stratification, now almost obliterated by the highly fiS.'lile and 
altered structure which the mass has llssmn~d. 

The clay-slate cleaves in the same W.N.'V. alld E.S.E. di rection, 
as on Navarin Isiand, on both sides of the Beagle Channcl, on the 
castern side of H oste Island, on the N.E. side of Hardy Peninsula, 

~~t~e~io~~ii;::t!JI~~n cf~~~!;: ~~~1l:~~1 ~S~~JI1Jd~b~~:~~9\~n i:::s~!;~~ 
morphosed and feldspathic condition of the slate. 'Vit!lin tho area 
of these several islands, including Naval·ill Island, tlle direction of the 

:l~~a:~~~rl~~o~J;nS~\:fra\h~I:::~ll!;i~~!~~I~So i~a:~~{ i~b:l~~rs:~!h~~.~. ~~~~ 
* The clay_slate in tbis island .. as in many ~13ce8 clossed by parallel smooth 

JOiIlLs. Out of five cases, the angle of iUlcrsecho.n bet ... een Ibe stnke of tbese 
joints and tbat of lhe cleavage . lami""" "'as In 111"0 cases 4~o and in tll"O 
others 79°. 
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line with the cleavage: the outline of the coast, however, does not 
correspond with this line. Near the bifurcation of the Beagle Chan
llcl, where the underlying metamorphic schists are first seen, t!leY 
arc foliated (with some irregularities,) in this s,ame :W.N.,,,:". lillO, 
and parallel, as before stated, to the main mount:mHl.XIS of thIs pa~t 
of the country. Westward of this maio range, th~ Ul?tamorp!uc 
schists arc foliated, though less plainly, in tIll: ~ame dlrectlOll, winch 
is likewise common to the ZOllO of old erupted trappeau rocks, form
ing the outermost islets. Hence the area, over whIch the clca\'agc of 
the slate and the foliation of tllC metamorphic schists extends with an 
:werngo \V.N.\Y. and E.S.E. strike, is about fo rty miles in a north 
and sonth line, and ninety miles in all east and west line. 

Further 1I0rtllward, near Port Famine, the stratification of the 
day.slate and of tlU.l associated rocks, is well defined, and there 
alone the cleavage and strata-planes are parallel. A little north of 
this port there is an anticlinal axis ranging N.W. (or a little more 
westerly) and S.R : south of the port, as far as Admiralty Souml 
and Gabriel Channel, the outline of the land clearly indicates the 
existence of se\'eral lines of elevation in this sallie N.W. direction, 
which, I may add, is so unifornl in the western half of the St. of 
Magellan, that, as Captain King· has remarked, "a llara!lel ruler 
placed 011 the llIap upon the projecting points of the south shore, and 
extended across the strait, will also touch the headlands on the oppo
site coast." It would appear, from Captain King's observations, that 
over all this area tllc cleavage extends in tile sallie line. Deep.water 
channels, however, in all parts of Tierra del Fuego, have burst 
through the trammels both of stratification and cleavage; most of 
them Illay have b~n formed during the elevation of the land by 
long-continued erosiou, but others, for instance the Beagle Channel, 
whieh stretches like a narrow canal for 120 miles obliquely throngh 
tIl(' 1Il0uutaillS, can ha.rdly have thus originated. 

Filially, we ll:ioVe seen that in the extreme eastern point of Tierra 
dcl Fucgo, the clea,'a.ge and coast-lines extend W. and E. and even 
'V.S. W. and E.N .E. : over a large arca westward, the cleavage, the 
main range of mountains, and some subordinate ranges, bnt not the 
outlines of the coast, strike W.N.'V. and E.S.E.: in the central 
and western parts of the St. of Magellan, the stratification, the 
mountain-ranges, the outlincs of thc coast, and the cleavage all strike 
TlCarly N .'V. and S.E. North of the strait, the outline of tile coast 
and the mountains on the mainland, rnn nearly north and south. 
Hence wo see , at this southern point of the eontincnt, how gradually 
the Cordillera oond, from their north and south course of so Illany thou
Sflnd miles in length, into an east and even E.N.E. direction. 

West Coa,t, from the Southern Chonos I slands to Norther'! Chik. 
-The first place at which we landed north of the St. of Magellan 
was Ilear Cape Trell Montes, in lat. 47° S. Between this point and 
the 1>0rthem Chonos Islands, a distance of 200 miles, the Beagle 

.. Geograpb. Journal, vol. i. p. 170. 
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visited several points, and speeimens were collected for me from 
the intormediate spaces by Lieut. Stokes. The predominant rock is 
mica-slate, with thick ful ia of quartz, very frequently alternating with 
and passing into a c1Jloritic, or into a black, glossy, often striated, 
slightly anthracitic schist, which soils paper, and becomes whito under 
a great heat, and thon fu ses. Thin layers of feldspar, swelling at 
intervals into well crystallized kurneb, are sometiml'S included in 
these black schists ; and I observed olle mass of the ordi nary black 
variety insensibly lose its fissile stnlciure, and pass into a l;ingular mix
ture of chlorite, epidote, feldspar, and micn. Great veins of quartz arc 
numerons in the mica-schist; wherever the~e occur tI,e folia aremnch 
eOJwoluted. In the southern part of the Peninsula of Tres Montes, a 
compact altered feld spathic rock with crystals of feldspar and grains 
of quartz is the commonest variety; this rock" exhibits occasionally 
traces of an original brecciated stnlcture, and often preseuts (like the 
altered state of Tierra del Fuego) traces of cleavage-planes, which 
strike in the same direction with the folia of mica-schist further uorlh-

~:;:~;lIiI~ta~:~t~~~ll~i !:I~~~ie: ~~~~~~ ~~~l~~fsu~~~e~;~~Ss. ~~~I~.l:~ 
becomes highly laminated, alld though still exhibiting some roullded 
grains of quartz, llasses iuto the black glossy slightly antlnacitie 
schist, which, a~ we have seen , repeatedly alternates with and passes 
into the micaceous and chloritic seilists. H ellce all tile rocks on this 
line of coast belong to one serics, and insensibly vary from an altered 
fcldspathic clay-slate into largcly foliated, tru~ mica-sell ist. 

The eleavage of the homogeneous schists, the foliati on of those 
composed of more or less distinct minerals in layers, and the planes of 
alternation of the different varieties or so-called stratific:J.tion, are all 
par:J.Ilel and preserl'o ol'or this 200 miles of coast a rcnlarkable degree 
of uniformity in direction. At the northern end of the group, at 
Low's Harbour, the well-defiued fol ia of mica-sellist everywhere 
ranged within eight degrees (or less than olle Iloint of the compas~) 
of N. 19" 'V. and S. 19" E.; and even the point of dip l'aried very 
little, being always directed to the west and generally at an angle of 
forty degrces ; I should mention that I had here good opportuni ties 
of obsenation, for I followed tho naked rock on the beach, trans
yer9ely to the strike, for a distance of four miles and a half, and all 
the way attended to the dip. Along the outcr islands, fo r 100 miles 
south of Low's Harbour, Lieut. Stokes, during his boat-suney, kindly 
observed for me the strike of the foliation, and he assures me that it 
was illl·ariahly northerly, and the dip with one single exception to the 
west. Further south at Vallenar Bav, the strike was almost univer_ 
salty N. 25° W. and the dip, genenlllyat au angle of about 40" to 
W. 25°S., but in some places almost vertical. Still further south, 
in the ncighbomhood of the harbours of Anna P ink, S. Este\'an, and 
So Andres, and (judging from a distance) along the southern part of 

.. The peculiar, abruptly cooical form oftbe hills in this ne ighhourhood, wouhl 
h(l.ve led anyone at first to h",e supposed tbat tbey h3d been formed of injected 
or irllrusive loch. 
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Tres Montes, the foliation and clea\'nge extended in :l line l)etween 
[N. 110 to 22° W .] and [8. 11° to 22° E.]; and the pl.anes dipped 
generally westerly, but often easterly, ;It ;Ingles v;lrymg from a 
gentle inclination to ,'crtieal. At A. Pink's Harbour, ",I ,ere .the 
scllists generally dipped easterly. whcrever the angle became IlIgh, 
the strike changed from N . II" 'Y. to even as IlIneh a~ N. 45° 'V. : in 
an analogous manner at Yallenar Bay, where the dIp was westerly 
(viz. on an average directed to 'Y. 25° S.), as soon as the angle 
became very high, the planes struck in a line more than 25° west of 

~~~~'of ~~:st:v~:a~es:~~~tot~r I ~l! ,~~l.e a~~S~V~~~I~. :o~o:}~t~e~~~ 
that in cadI specified place my examination extended Ol'er an area of 
several miles., and that Lieut. Stoke's observations apply to a length 
of 100 miles, I think this remarkable uniformity is pretty well 
established. T he prevalence, throughout the northern half of this 
line of coast, of a dip in one direction, that is to the west, instead of 
being sometimes wcst and sometimes east, is., judging frolll what I 
have elsewhere seen, an unusual circumstance. I n Brazil, La Plata, 
the Falkland Islands, and Tierra del Fuego, there is generally an 
obvious relation between the axes of elev:\tion, the outline uf the 
coast, and the strike of the cleavage or foliation: in t\,e Chonos 
Archipelago, howe\'er, neither the minor details of the cOllst-line, nor 
the chain of the Cordillera, nor the subordinate transverse mountain
axes, accord with the strike of the foliation and cleavage: tlJe 
seaward face of the numerous islands composiug this archipelago, and 
apparently tI'e line of the Cordillera, range N. II " E., whereas 
as we have just sC1'n, 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 Trea 1\1ontes (lat. 45" 52') 
a bold chain of grauite, between 2,000 :\nd 3,000 feet in height, runs 
from the coast far into the anterior,· in a E.S.E. line, or more strictly 
E. 28" S. and W. 28° N. In a. bay, at the nortlwrn foot of this 
range. there are a few islets of mica-slate, with the folia in some parts 
horizontal, but mostly inclined at an al'erage angle of 20" to the nortll. 
On the northern steep flank of the ran~, there are a few patches 
(some quite isolated, and not larger than half a crown!) of the mica
schist, foliated with tbe ~ame northcrly dip. On the broad summit, 
as far as the southern crest, there is Illl\ch mica· slate, in some places 
e\'cn 400 feet in thickness, with the folia all dipping \lorth, at an~les 
\'arying from 5° to 20°, but sometimes mounting up to 30°. The 
snuthern flank consists of bare granite. The mica-slate is penetrated 
by sm:l.ll veinst of granite, branching from the main body. Leaving 
out of view the prevalent strike of the folia in othcr parts of this 

• In the di.t~n"e. other moun.t1Iins could he seen apparently r<lugillg N,N.E. 
~n<l S.S.w .. at TJghlangle. to thl' Olle. 1 mar add. tbat not far from Vallenar 
Bay tber ... " a fine rnnge. apparently (If gran'te. which has hurst through the 
mica·slate m 8_ N. E~ h,r C. a.,<J S. \V. by S. line. 

t T.lle gramte. "·,thu, these ."i., •. as well as genernlly at the junction with 

:~:v:~:I~I;t~;k~'8 ~~~::i,r~~;z:~veer~;~e::"';:~;~~'in .~::: 11;.:n~~e'thle ":;',~~~:~si: 
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archipelago, it might ]mye Leen eNpcctcd that here they would h::l\'e 
dipped N. 28° E., that is directly from the ridge, and, considering: its 
abruptness, at 11 high inclination; but the real dip, ag we havo just 
seen, both at the foot aud on the northern flank, and Ol'er the entire 
summit, is at a small angle, and directed nearly due north, From 
these considerations it occurred to ll1C, that pcrhaps wo here had the 
nOl'el and curious easo of already incliucd lamillffi obliquely tilted nt 
a subsequent period by the granitic axis. 1\Ir, H opkins, so well 
known from his mathematical investigations, hag most kindly calcu
lated tho problem: the proposition sent waa,-take 11 dist rict com
posed of laminoo, dipping at an angle of 40° to "r. 19° S., and let an 
axis of cle,'ation traverse it in an E . 28° S. line, what will the position 
of the laminre be on the northern flank after a tilt, we will first sup
pose, of 45°1 Mr. H opkins informs me, that tho angle of the dip 
will be 28° 31', and its direction to north 30° 33' west.- By varying 
the supposed angle of the tilt, our previously inclined folia can be 
thrown into any nngle between 2G", whieh is the least possible angle, 
and 90°; but if a small inclinntion be thus given to them, their poiut 
of dip will depart far from the north, and therefore not accord with 

i~l:l1~:t~\:la~~:~;~~::y t!\~~~il~, o'~'i~~c\~;~~~~in~n c:~S~d::~~\~e tl~:ne1:~ 
ments of the problem, thus to explnin the anomalous strike and dip of 
the foliated miea.schist, especially in those parts, namely, at the base 

~~I!'~~e;~~a~s,'\~;~:: g~~:t t~:g~I;:r~:~~S!nrf~~~~tt;hr~~:s' ~f~~tin~ 
expected in every great line of elevntion, and thM these would account 
for considerable d~I'iations from the calculated results: considering 
that the granitic axi~, as sllOwn by the \'cin~, has indisputably been 
injected nfter the perfect formation of the mica-slate, and considering 
the uniformity of the strike of the folia throughout the rest of the 
archipelago, 1 cannot but still thillk that their anOlllalous position at 
this one point is someway directly and mechanically related to the 
intrusion of this 'V.N. W. and B.S.£' mountain-chain of granite. 

Dikes are frequent in the met.1morphic schists of the Chonos Islands, 
and seem feebly to represent that great band of trappean and ancient 
\'olcanic rocks on the south-western coast of T. del Fuego. At S, 
Andres I observed in the space of half a mile, seven broad, paral1cl 
dikes, composed of three varieties of trap, running in a N. W. and 
S.E. line, parallel to the neighbouring lllountain·ranges of altered clay
slate; but they must be of long subsequent origin to these mountains; 
for they intersected the volcanic formation described in the last 
chapter. North of Tres Montes, J noticed three dikes differing from 
each other in composition, one of them having an euritie base includ_ 
ing large octagons of quartz; these dikes, as well as seyeral of por-

}!I7.p:;~h:r:bre'::~, :!d ~:;:,::~~\;::.~iz~"ted eurite, containing crystals of 

* On the sOUlh side of the UIS (wbere, however. I did not see any mica. slate) 
tbe dip of tbe folia woul~ be al an angle of 77 0 55', dIrected to west 3:>° 33' 
soutb. HeDce the two pomts of dip on Ille opposite sides of the range, instead 
of being ail in ordinary cases directly opposed 10 each olher at an aogle of 180°. 
would here be only 86" 50' apart. 
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phyritic greenstone at Vallennr Bay, c~tcudcd N.E; and S:'W., ncarix 
at right angles to the foliation of the schists, but In the hlle of ~hClr 
joints. At Low's Harbour, hO'l.vc\,cr, a set of great parallel dt.kes, 
one ninety yards amI another sixty yards ill width,. ha~'c been gtuded 
by the foliation of the mica-schist, and hence ~re lnchned ~"~stward 
at an angle of 45°: these dikes arc formed of ~~nous porphyritiC traps, 
some of which are remarkable from conbmmg llUmerous rounded 
grains of quartz. A pOrJlhyritic trap of this latter kind, p.a.ssed. in 
aile of tile dikes into a Illost curious hornstone, perfectly: white, \\'Jth 
a waxy fracture :md pellucid edges, fusible, and containing many 
grains of quartz and specks of iron pyrites. In tile ninety yard dike 
se\'erallarge, apparently now quite isolated, fragments of mica-slate 
were embedded; but as tlleir fuliation was exactly parallel to that of 
the surrounding snlid rock, no doubt tl~ese now. separate fragmenu 
originally formed wedge-shaped depeod.mg portl?nS of a contmllOIlS 
vault or cm~t, once extellding over tile dIke, but smee worn down and 
denuded, 

ChilO<), Valdi1Jia, lConcepcio11. - In Chiloe, a great formation of 
mica-schist strikingly resembles that of the Chonos Islands. For a 
space of eleven miles on the S.E. coast, the folia were very distinct, 
though slightly convoluted, and ranged within a point or N.N.W. 
and 8.S.E., dipping either E.N.E. or more commonly W.S.W., at an 
average angle of 22° (in one spot, however, at 60°), and therefore 
decidedly at a lesser inclination than amongst the Chonos Islands. 
On the west and north-western shores, the foliation was often 

b~s~~e~n~I~~I~~~ E.I:cd~p~~~ !~~;~~'a~:e;r;g:; ;~;l:~~l}:, ~~~n!a~~i~g 
and generally very small angles. Hence, from the southern part of 
Tres Montes to the northern end of Chiloe, a distance of 300 miles., 
~\'e hal'e close.ly a!lied rocks with their folia striking on an average 
In the same dIrection, Ilamely between N. 11 ° and 22° 'V. Again, at 
Valdivia, we meet with the ~ame mica-schist, exllibitin" nearly the 
same mineralogical passages as in tile Chollos Arcl,ip~lago, often, 
howe\'er, becoming moro ferruginous, and containing so mnch feld
spar as to pass into gneiss. .The folia were generally well ddined; 
bnt nowhere else in S. Amenca did I see them ,'ary ing so much in 
direction: this S{'emed chiefly caused by their formin" parts, as I 
conld sometinles distilletly trae(" of large flat curves t' nel'crtheles;>, 
both near the scttlement and towards the interior, aN."'. :md S.E. 
strike seemed more frequent than any other direction; the lm"le of 
the dip was generally small. A t Concepcion, a highly glossy"'clay
slate had its clea\'age often sli"htly curvilinear, and inclined seldom 
at a high angle, towards ,'ario~s points of the compass;· but here, ag 

• I o?served in BOmo parts. tb,t the lOpS of 
tho lamID"" of the .'~Iay .• late (b of th? diagram) 
under the ~uperfic,lal detrl!us ~nd SOli (a) Were '" 

=~;;tl,oi,:e~~n:e:;~~';~!,.~~n~i~;~!~· :.i,r:n~ " 
copIed ~lom nne g,.en by Sir H. De In llecha (p. 4'2, 
Gl!(llog~cal Manual) of ~n eXllclly similar jll,,,no_ 
meDon In Devonshire. Mr. R. A. C. AU61en, nl~o, 

No. '23. 
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at Yllidil'ia, a N.W . and S.E. strike seemed to be the most frequent 
one. Iu certain spots large qu~rtz veins were uUlllcrous, and near 
them , the deav~ge, as was the case Ilith ti,e foliation of t[,e sellists in 
the Chonos archipelago, became extremely tortuous. 

At the northern end of Quiriquina hland, ill the Bay of Con
cepcion, at least eight rudely parallel dikes, which Inlse been guided 
to a certain exteut by the cleavage of the slate, occur witlllll the 
space of a quarter of a mile. They vary Illuch in composition, 
resembling ill lIlany rrspeets the dikes at Low's Harbour; the 
greater nUlllber consist of feldspathie porphyries, sometimes con· 
tn.ining grains of qu~rtz; one, however, was black aud brilliant, like 
an augitic rock, but really fornH:,d of feldspar; others of a fddspatllic 
nature were perfectly wh ite, with either all earthy or crystalline 
fracture, and including grains aud rcgular octagons of quartz; these 
white varicties pa~sed iuto ordinary greellstolles. Al thougl l, both 
here and ~at Low's Harbour, the nature of the rock ,'aried cun
siderably in the same dike, yet I canuot but thiuk that at thew t wo 
places aud ill other parts of the Chonos grollll, where the dikes, 
though eluse to each other and running paralld , are uf different 
composition, that they must ha n ). Lecn formed at diAerellt periuds. 
In the case of Quiriqull1a this is 1\ rather interest ing conclnsion, for 
t1wsc eight parallel dikes cut tllrough the metamorphic scllists in a 
N ,\Y. and S.E. line, (Iud since their injection the overlying eret3ceuus 
or tertiary strata have been tilted (whilst still under the sea) frOIll a 
N.W . by N. and S.E. by S.linc; aud agaill, duriug the gr<!at ~arth
quake of .Feb. 1835, the grolllld ill tllis neighbourhood was fi ssured in 
N.W. anJ S.E. lines; and from tI,C manner in which buildings wero 
thrown down, it was evident tbat the surface undulated in this saUle 
direct ion .· 

Central mid Norther/! Cllile.-NortlJ\mrd of Cuncepcion, as far as 
Cupiapo, the shores of the racifie consist, with the e~ception of some 
small tertiary basins, of gneiss, mica-sel. ist, altered clay-slate, granite, 
green~tOlle and syenite : hence the coa~t from 'Ires Montes to 
Copiapo, a distance of 12(JO mil tls, and I have reason to belie"e for 
a much grc3ter space, is almest similarly cun~titutetl . 

Near Valparai.;;o the prel'ailing rock is gllei,!>, generally including 

in hi~ excel.lent paper on S.E. D~,on (Geolog. T ra.nsnct. vol. vi. p. 437), h •• 
descTlbed Ib,. phenomenon; he nltnbut"" it !O tbe ac!Jon of frosts , hut a.t tbe .ame 
time ~oubts wbelher Ihe f,osts of the p~senl day penetrate to a suffiCIent dept~. 
As it 18 known that earthq ua kes partlcuhrly afleet the ""rface of the I>round, It 

occurred to me that this appearance might. perhap. be due , at le'~1 at Concepcion, 
to their frequen t occurrence; Ihe superfic,al layers of detritus bell~g either jerked 
in 0"" .hreClio", or, where the aurface was Indined, pusbed a httle downwards 
during each strong vibration. In North ·Wales I h.,·e 8ee" 8 somewhat analogous 
but Ie,. regular "ppearance, though on a greate r scale ( London Phi!. lIIag. 
,, 01 . :l<1i . p. 184), ~"d produced by a quite ,hffer"l1\ c~"..., . namely, by II,e 
.tranding of grea t lc~berga; Ibis btter apl' ear.nce has also been observed Itt 

N. America . 
.. Geolog. T row;;. vol. vi. p. 602 and 617. Journal of R~searcLes (2nd edit.) 

p.307. 
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mnch homblen!!e: concretionary balls for med of fcJdsp~r, hornblende 
and mica from two to three feet in diameter, are In vcry many 
places co~formably enfolded by the foliatl'<i gneiss: .veins ?f quartz 
and feldspar inc\udin()" black schorl and well-crystallIzed epIdote, are 
numrrous. 'Epidote "'likewise occurs in the gneiss i.n thin layers, 
parallel to the foliation of the ma.ss. One large ,'em of a coarse 
granitic character, was remarkable from in one part quite changing 
its character, nnd insensibly llussing into a blackish porphyry, in
cluding acicular crystals of glassy feldspar and of hornblende: I hal"c 
nC\'c r seen any other sllch casc, '" 

I shall in the few following remarks 011 the rocks of Chile, allude 
exclusively to tilcir foliation and cleavage. I n the gneiss round 
Valparaiso the strike of the foliation is "ery ,'ariaLle, but I think 
about N. by W. and S. by E. is the commonest direction; this 
likewise llOlds good with the cleavage of the altered fe!dspathic clay
slates, occasionally met with on the coast for ninety miles north of 
Valparaiso. Some fcldspathie slate, alternating with strata of clay
stone porphyry in the Bell of Quillota and at Jajuel, and therefore, 
llerhaps, belonging to a later period than the metamorphic schists on 
the coast, cleaved in this same direction. I n the Enstern Cordillera, 
in the Portillo Pass, there is a grand mass of mica-slate, fol iated iu a 
north and south line. and with D. high westerly dip: in the Uspallata 
range, clay-slate and gmuwaeke h3ve a highly inclined, nearly north 
and south cleavage, though in some parts the strike is irregular : in 
the main or Cumbre range, the direction of the cle3vage in the feld
spathie clay-slate is N.W. and S.E . 

Between Coquimbo and Guaseo there are two considcrable fo r
mations of mica-slate, in Onll of which the rock passed sometimes into 
common clay-slate, and sometimes into a glossy black variety, very 
like that in the Chonos arcllipelago. T he folia and cleavage of these 
rocks ranged between [N. and N. W. by N.] and [So ami S. \V . by S.] 
Near the P ort of Guasco several varieties of altered clay-slate have a 
quite irregular cleavage. Between Gnasco and Copiapo, there nre 
some siliceous and talcaceons slates clcaving in a north and sontn 
line, with all e3sterly dip of be~ween GO~ and 70° : lligh up, also, tlie 
main vailey of Copiapo, there is mica-slate with a high easterly dip. 
I n the whole space betWtlcn Valparaiso and Copiapo an easterly dip 
is much more common than an opposite or westerly one. 

Coneluding "emarkt OI~ Cleavag6 and Foliation. 

I n this souti,ern part of the southern hemisphere, we llave seen 
that the clcavage-laminoo range o\'er wide areas with remarkable 
IInifonnity, cutting straight through the planes of strati6catioll,t but 

* Humboldt ( Personal Narra:ive, vol. iv. p. 60) has described with much 
BUrr rlse , concre\lOnary balls , with concentric <li~iBi,:n •• compllsed of partlslly 
vitreous feldspar, hornblende, Bod garnelS, included Within great veins of gneiss, 
"'bic!> cut nCroSS tbe mica·slate Ilear Venezuela. 

t I n my paper on the Falkland lslands, ("O\. iii.\,. 267 Geological Journal,) 
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yet bcing parallel in strike to the main axes of ele,"ation, and 
generally to the outlines of the coast. The dip, however, is as 
,'ariahlc, both in angle and in di rcdion (that is, sometimes being 
inclined to the one side and sometimes to the directly opposite side), 
as thc strike is uniform. In all til esc respects there is a close agree
ment with the facts gil"en hy Professor Sedgwick ill his celebrated 
memoir in the Geological Transactions, and by Sir R. 1. Murchison 
in his ":Iriou8 excellent disClIssio lis on tll;S subject. The Falkhmd 
Islands, and more c~pccially Tierra del Fuego, offer strikin ..... instances 
of tbe lines of cleavage, the principal axes of elevation, and the Ollt

lines of the coast, gradually changing together tbei r courses. The 
dircetion which ))rcI'a;ls throughout Tierra dcl Fuego and thc Falk
land Islands, namcly, from west with some northing to east with 
some sou thing, is also common to the sel"eral ridges in northern Pata
gonia and ill the western parts of Banda Oriental: in this latter pro
vince, in the Sierra Tapalguell, alld in tile western Falkland I sland, 
the W. by N., or "'.N.'V. and E.8.E., ridges, arc crossed at right 
angles by othcrs ranging N.N.E. and S.S.W . 

T he fact of the cleavage.laminre ill tho clay-slate of Tierra del 
Fuego, where seen cutting straight through tllO plaues of stratifica
tion, and where consequently there could be no doubt about thei r 
nature, differing slightly in colour, texture, and hardness, appears to 
me very interestiug. In a tllick mass of laminated, feldspathic nnd 
altered clay_slate, interposed between two great strata of porphyritic 
conglomerate ill eelltral Chile, and where there could be but little 
doubt about the bedding, I obscrl'cd similar slight differences in com
position, and likewise some distinct thin layers of epidote, parallcl to 
the highly inclined c1ea.vage of the l\lass. Again, I incidentally no
ticed in North Wales,· where glaciers had passed oWr the truncated 
edges of the highly iuclined laminre of c1ay-~late, that the surface, 
though smooth, was worn iuto smalt parallcl undulations, eaused by 

~~~t~I01;:r;~e~~e l atl~lil~~e b:;~~sofo;liM~~~ d~~~I:~.t ~r~rf~s!o~f ~d:~\~i~9k 
describes the plancs of ciea,age, as "eoated ol'er with cblorite and 
semi-crystalline matter, wldcll Ilot only mcrely define the pianos ill 
question, but strike in parallel flakes through the whole mass of the 
rock ."t I n some of those glossy and hard ,"arieties of clay-slate, 
wldch may often be seen passing into mica-schist, it has appeared to 
me that the clca\'age-plalles were formcd of excessively thin, gene
rally slightly COD voluted, foiia, composed of microscopically minute 
scales of mica. From these 8e'"er:-.1 facts, nnd 1I10re especially from 
the case of the clay-slate in Tierra. del Fuego, it must, I think, be 
concluded, that tiJC same power which lIas impressed 011 the slate its 

I haoe given a curious ~ase on the a~thority of Capt. ~u1i.aD, R;N., of milch 
folded beds oy day_slale, '" .ome of. whu;h tbe dea"age IS p"tpendlcul~, to thu 
hori~on. and to oth~rs it is perpeDdlcular to eadl curvatule or fold of the bed: 
tbis appear~ a DeW CaSe. 

* Londol~ l'hil. Mag. yol..ui. p. ISZ. 
I GeologIcal TrollS. \'01. ill. p. 47l. 
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fi ssile slnlciurc or clea\'agc, has tended to modify its mincrnlogical 
character in )):l rallei planes. . . 

Let us now turn to the Foliation of the mctamorpinc SChISts, a sub
j ect which J.:\S been much k'SS nttcndcd to. As in the ca;;e of 
dCiwage_lau,inre, the folia 1)rcscn'c O\'~\" "cry Inrgc arc?S a. 1lI1~form 
strike: thus Humboldt* found fo r a dIstance of 300 nnles III ' ('111'-
7.ucla and indeed over a much larger ~pac(', "'neiss, granitl;, mica and 
cJay-~latc, striking vcry Imifn rm ly N. E. aud S."'" and dipping' at all 

angle of between GOo and 700 to N. \V.: it would even appear from 
the facts gil"l'll in this chapter. that the metamorphic rocks through
out the lIorth-castctll part of S. Arncric:!. are g~ncralJy foliated within 
two points of N.E . and S.\\'. On'r tile e:l.Stern parts of Banda 
Orient:ll, the foliation strikes, with a high inclination, ,"ery uniformly 
N. N. E. to S.S. W., and over t ile western parts, in a W. by N. :lnd 
E. by S. line. F or a space of 300 miles on the shores of the ChonQ9 
atld Chiloe island~, we h:n'e seen that the foliatioll seldom uel'iates more 
t1mn a point of the compass from a N. HI" ' V. and S. 19 0 E. strikl". 
A s in the case of cleal'age, the angle of the dip in foliated rocks i~ 
gcner~l1y high, but l'ariablc, and alWrnatc~ fro m one side of tln,l line 
of strike to the other sid", somctimc~ beinA' vertical: in the nortlu:rn 
Chonos islands, howcl'er, the folia. arc inclined almost always to the 
west; in Ilcarly the same manner, the cle:wage-laminre in southern 
Tierra del FI1~o certninly dip much Illorc frl'qul'ntly to S.S. W. than to 
the opposite point. In l"astern Baurla Oril"ntal, in parts of Brazil and in 
SO Ule other districts, the folintion TUns in tile same direction witll the 
moull1ain-ranges and adj oining coast· lines : amongst the Chonos 
islands., howel'er, this coincidence fails, and I ha"e given my rea~ons 
for suspecting that oue granitic axis has burst through and tilted the 
already inclined folia of mica-schist: in the case of cle:wage,t t],e 
coincidence between its strike and that of the main stratification seems 
sometimes to fail. F oliation and clcam!!,o resemble each other in the 
pianos winding round concretions, and 111 becoming tortuous where 
veins of quartz abound. t On thc flau ks of the mOllntaius both in Ticrm 
del Fuego aud in other countries, I hrlYc ol,sencd tl,at the cleM'age
plancs freqlw1l1ly dip at a high angle in\\'~r(ls; ~nd this was long ago 
obsen 'cd by Vou Buch to be the case in Norway: this fact is per
haps analogous to the folded, fan· like or radiati ng structu re in tIle 
lUetalll orpl,ic schists of the Alps,~ ill which the folia ill the ccntral 
crests are vertical, and all thc two flank s inclined inwards. Where 
masses of fi ssile nnd foliated rocks aJtcmate together, thc de3\'age 

• Perwonal Nlrnali.e, 1'01. vi. p. :>91, til 'e<]. 
t Casel nre gwen by Mr. )lllr9$, ill bi, Geology of ;\e"·roll,,dIBnd. p. 130. 
: I have aeell III Brazil Rnd Cbil'! NlIlCr<!tionl t1"u e~rolded by foliated gOfiu; 

Bod i\l aecul1och (IIJll-'bland8, vol. i . I'. 64 ) b .. desCribed B similar case. For 
analagoul ~~sel ill dRy-slate, ."e Prof. l1ellllo .. ·, Memoir in Cmll.bridge Pbil. 
T''\Iol . vol.. I, p, 3;9. Hnd l\IBccul1och'. Claal, of Rock.. p. 351. Will, resp"ct 10 
both foli~hon ""d cleavage becom"'g 10rluouI, ,,·ber~ ~uarlz.veills .hUUlld , I bne 
&e~" i"uunce. neST Monte Video, at Co,,,:epc,on, and In tLe Chon051slalldl, See 
.1,0 l'o l •. Greenough' Critical .;u"""&lion. p. 78. 

~ Studer ill Ed.o. Ne ... P hil. J Oll rn ol , 1'01, u, ii. p. 144. 
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lIud fuliation, in 1111 ca~c~ wldc], r Ilave seen, are paralleL " ' here in 
ouo di~ triot the rocks arc fiss ile, and in :mother adjoining district 
they are foliated, tile planes of clea,·age and foliation are likewise 
generally parallel: this is the case with the feldspathic homogeneous 
slates ill the sout!lern part of the Chonos group, compared with the 
fil1c foliated miea-sehists of tile northern part; so again the clay
slate of the wllOlo eastern side of T ierra del Fuego clerwes in exactly 
tile same line with the foliated gneiss and mica_slate of till! western 
euast; other analogous instances might have been adduced.-

With respect to the origin of the folia of quartz, mica, feldspar, and 
otllor minorals composing till! metamorpllic schists, P rofessor Sedg
wick, Mr, Lyell and most authors believe, that the constituent parts 
of each layer W(lre separately deposited as sediment, and then meta
morphosed, This ,·iew, in the majority of cases, I belic,·c to be quite 
untenable. I n those not uncommon instances, where" mass of clay
slate;in approaclling" granite, gradually passes into gneiss,t we clearly 
see that folia of dIstinct minerals can originate th rongh the meta.
morphosis of a homogeneous fissile rock. The deposition, it may be 
remarked, of nlllllb~rl l'SS alternat.ions of pure quartz, and of the 
elemellts of mica or feldspar, does not appear a probable evcnt·l 
I u those districts in which the !nctamorph ic schists are foliated in 
planes, parallel to tllC cleavage of the rocks in au adj oining distri.ct, 
are we to believe that the fulia are due to sedimentary layers , wlilist 
the cleavage-lamin~, though parallel, have no relation whatever to 
such planes of deposition? On this '·i ~w, how can wc rcconcile the 
\"astness of the areas over which the strike of the foliation is nniform, 
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 
throughontsome, as in western Banda Oriental, which are not even hilly? 
Arc we to admit that in the 1I0rthern part of the Chonos archipelago, 
mica-slate was first accumulated ill parallel horizontal folia to a thick
ness of abont fonr geographical miles, and then upturned at an angle 
of forty degrees; wl>lbt, in tile southern part of this same archipelago, 
tl,e cleavage-Iaminoo of closcly allied rocks, w/lich none wonld imagine 
had ever been horizontal, dip at nearly the same angle, to nearly the 
same point? 

Seeing, then, that foliated schists indisputably are sometimes pro
dnced by the metamorphosis of homogeneous fis~ilc rocks; seeing that 
foliation and cleavage are so closelyanalugous in the se \'~ral above 
enumerated respects; seeing that some fissile and almost homogeneous 
rocks show iucipient lIlineralugical changes along tl,e planes of thei r 
clea,'age, and that other rocks wit h a fi ssile structure alternate with, 

·1 hue gi,,~n. a C38e jn Au~tr"lia. S~e my volumeo? Volcanic Islands, p. 131. 
I I have uesCTlbed (Vokanic hland~. p. 149) a good ,nstallce of auch B passage 

at tb" Cape of Good Hope. 
t S~e some excellen! remarks on !lIis suhject, in D 'Auhuisson's Trai!" d" 

G &>g. tom. i. p. 297. Also, $(Ime rem<Lrh by 1\1r. Dana;[I Silliman's American 
Joum. vol. ... lv. p. 106. 
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and pass into yaricties with n. foliated structure, I canllot doubt that 
in most cases foliation i:md cleavage 'are parts of the same process: in 
cleavage there beiug only an incipient separation of the constituent 
minerals; in foliation a much more complete separation and crystal
lizo.tion. 

The fact often referred to in thi~ chapter, of the folintioll and the 
eo-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 ,-jew, that the folia have no relation to the planes of original de
pooition. ",Vhere the so-called beds are not ycry thick and of widely 
different mineralogical composition from each other, I do not think that 
theT(lis any difficulty in supposing that they h:n'eoriginated in an analo
gous m:mncr with the separate folia: we should hcar in mind what thick 
stra1..1, in ordinary sedimentary maSJlcS, have obviously bcen formed 
by a concretionary process. I n a pile of volcanic rocks on the island 
of Ascension, there are strata, differ ing quite as much in appearance 
as the ordinary \'aricties of tlIC metamorphic schists, which un
doubtedly have been produced, not hy successil'e flowings of lava, but 

~~a~~~~:n~~ i~l~~~~i~\r b:h:'~fe~: or ~~l~r 1~~~:I~~O~~~i~\;:::r<:~hin s~a:!t 
parts, particularly wdl developed, being, as usual, parallel to the 
foliation, we h(we seen tlmt a. mass of chloritic schist, netted with 
quart:z..\'eins, is entangled in gneiss, in such a. manner as to show that 
it had certainly originated in some process of segregation : again, in 
another spot, the gneiss tended to paSJl into hornblcndic schist by 
alternating with layers of quartz; bnt these layers of quartz almost 
certainly had ne\'e r been separately deposited, for they were abso
lutely continuous with the nnmerous intersecting veins of quartz. I 
have ne\'er had an opportunity of tracing for allY distance, along the 
lilJe both of strike and of dir, the so. called beds in the metamorphic 
schists, but 1 strongly suspect til at they would not be fonnd to extend 
with the same character, very far in thc line either of their dip or 
strike. H ence I am led to belie\"e, that most of the so_called beds 
are of the nature of complex folia, and IJa\"c not been separately de
po~itcd. Of course, this "iew cannot be extended to thick masses 
ineluded in the metamorphic series, which are of totally different com
position from the adjoining schists, and which are far.extended, as is 
sometimes tIle case witl , quartz and marble ; these must generally be 
of the nature of t rue strata,- Such strata, howe"er, will almost 
always strike in the same diredion with the folia, owi l1g to the axes 
of elevation being in most countries parallel to the strike of the folia
tion; but they will generally dip at a different angle from that of the 
foliation; and tlIC angle of the foliation in itself almost always varies 
much: hence, ill crossing a metamorpllOsed schistose district, it would 
require especial attention to discriminate between true strata of depo • 

• l\lacculloch 8181e. (C13ssir.cstion of Rocks, p. 364) (hal 'primary limestonu 
ar~ often founo.! ,n ITresular masses or great nuo.!uJes, "whIch call sureely be 
sa,d to possess a stratified .bap" !" 
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sition, and complex foliated masses. Thc mere presence of true l'itrata 
in the midst of a set of metamorphic schists, is no argument that tho 
foliation is of sedimentary origin, withoot it be furthor showll in each 
case, that the folia not only strike, but dip throughout ill parallel 
plane9 with those of the true stratification. 

As in some cases it appcars that wllcro rio fissile rock lias been cx
posed to partial metamorphic action, for instancc from the irruptioll of 
granite, the foliation has supervellcd 011 the already existing cleavage
planes; so, perllaps in some instances, the foliation of a rock may have 
been dekrmined by th6 original planes of deposition or of oblique 
currellt-laminre: I have, however, myself, never seen such a case, and 
I must maintain that in most e1(tcnsive metamorphic areas, the folia
tion is the extreme result of tllat process, of wl,ich cleavage is the 
fi rst effeet. That foliation may arise without any previons structural 
arrangement in the mass, we may infer from injeded. alld therefore 
once liquefied, rocks, both of volcanic and plutonic origin. sometime~ 
having a "grain" (:1.3 expressed by Professor Sedgwick), and sonle
times being composed of distinct folia or laminre of different composi
tions. In my volume on Volcanic Islands, I have given se\'eral in
stances of this structure ill volcanic rocks, and it is not uncommonly 
seen in plutonic Imasses,-thus, ill the CorJiilera of Chile, there arc 
gigantic mountain-like masses of red granite, which have been injected 
whilst liquefied, and which, ne\'ertheless, display in parts a decidedly 
laminar structure.-

.FiUtllly, we have secn tllat tI,e planes of clcavage and of foliation, 
tllat is, of the incipient process and of the final result, generally strike 
parallel to the principal axes of elevation, and to the outlille of the 
land: the strike of the axes of elevation (tbat is, of the lines of 
fissures with the 9trata on tlleir edges upturllcd), accordillg to the 
reasoning of Mr. H opkins, is determined by the form of tIle area 
undergoing changes of level, and the consequent direction of the lines of 
tension and fissure, Now, in that remarkable pile of volcanic rocks at 
Ascellsion, which has several times been alluded to (and in some other 
cases), I have endeavonrcd to show, · that the lamination of the 
several varieties, and their alternations, have been caused by the mov
ing mass, just before its final consolidation, haviuj; been subjected (as 
in a glacier) to planes of different tension; tIllS difference in the 
tension afrccting the erystallino and concretionary processes. One of 
the varieties of rock thus produced at Ascen~ion, at first sight, singu 
larly resembles a fine-grained gneiss; it consists of qnite straight and 
parallel zones, of excessive tenuity, of more and less coloured crystal
lized feldspar, of distinct crystals of quartz, diopside, and oxide of iron. 

* As remark.ed in a former p~rt of this chapter, I ".uspect th~t the holdly 
conical mountmn. of gneiss_gramte, nea, Rio de J aneIro, in which the con_ 
stilufnt minerals are arranged in parallel planes, are of intl'usive o,igio. \\'e 
must no~ , however, for~et .the lesson of caution laught hy the curious clay."tone 
porphyries 1)[ Port DealTe, 1n which we have seen that the breaking up and agg.re · 
gauon of a thinly stratified tufaceeu. mass, has yielded a roclr. ~eml -porpb,rlUc 
with crystals of feJd&par, arranged in the planes of original depoSItion. 

t Volcanic Islands, p. 65. 
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These considerations, notwithstanding the eXp<'riments made by Mr. 
}~ox, showing the influence of electrical currents in producing a struc
h u e like that of cle:nn,lic, and notwithstanding tile apparently inc:'!:
plicaL]e YanatiOll, both ill the inclinatioll of the cleavage-Inmiuoo and in 
their dipping fi rst to one side and then to tllo other side of the line of 
strike, lead me to suspect that the plane!! of deal'age and Coliation arc 
intimately connected with tile planes of different tension, to which the 
area was long subjected, after the main fissu res or 3.l:es of uphc:lI'cment 
imd been formed , but before the final consolidation of the mMS and 
the total cessation of all molecular mo,'ell1ellt. 
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CHAPTER VIT. 

CENTRAL CHILE; STRUCTURE OF THE CORDILLERA. 

Central CMI!-Basal formation, of Iht Cvrdillera_Origin of tM parphyritic 
clay_.lone conglomerale-Ande,ile-Valcanic rocb- Section of Ill e Cordill"a 
by tM Peuquenel or Portillo Pas. -Greal gyp,eow formation _ Peuqwmel 
line: IMcknfS' of ,traia, f08,il, of - Porlillo line, crmglomerate. ortMlic 
granilt, mica_.chid. and volcanic rock. of-Crmduding remarb on 1M denu 
dation and eln atian of tlte Partillo liNe-Section by tM C"mbrt Or U.pallata 
Pail-Porphyrie, -GypStoUlstraia-Section nt ar Pumle del Inca: fOllil. of
Greal ".b,id.,.ce-Int",ri~e porphyriu-Ploin <if U.pallafa-Seclioll <if 1M 
U.pallata dain - Structure alld nalure <if Ihe ,Irata-Silicified ,,"UclIl Iree. 
-Great .ub'idmce-Gralli/ic rocb of a~i, -Concludi~g remllrb o~ Ihe 
U.pallaia ra~ge : origi~ ,uhequenl to Ihat of 1M main Cordillera.. Iwo 
periods <if ,ubridtllce .. compari,oll with the Porlil/o Chain. 

TlH:: district between the Cordillera and the Pacific, on a rude average, 
is from about eigl,ty to one hundred miles in width. It is crossed by 
many chains of mountains, of which the principal ones, in the latitnde 
of Valparaiso alld southward of it, range Ilearly north and south; 
but in the more northern parts of the pro\'ince, tbey run in almost 
every possible direction. Near the Pacific, the mountain-ranges arc 
genera!ly formed of sycnite or granite, or of an allied enrit ic por
TJh yry; in the low couutry, be~ides these granitic rocks and green_ 
stone, and much gneiss, there are, especially northward of Valparai~o, 
sOllle consillerable districts of true clay-slate with quartz vcins, passing 
into a fddsp~thic and porphyritic slate; there is also some grau
wacke and qnartzose and jaspery rocks, the latter occasionaHy as
suming the charactcr of the basis of clay-stOlle porphyry: trap.dikes 
are numerous. Nearer the Cordillera, the ranges (such as those of S. 
Fernando, the Prado,· anll Aconcagua) are formell partly of granitic 
rocks, anll partly of purple porphyritic cOllglomerates, clay-stone 
porphyry, greenstone· porphyry, and other rock~, such as, we shalL 
im mediately see, form the basal strata of the main Cordillera. In the 
more northern parts of Chile, this porphyritic series extends over 
large tracts of country far from the Cordillera; and even in central 
Chile such occasionally occur in outlying positions. 

I will dcscribe tho Campana of Quillota, which stands only fifte€n 
milcs from the P acific, as an instance of one of these outlying masses. 

* Mey~!I, Reise um Elde, Th. J. s. 23[>. 
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This hill is conspicuous from rislug to the height of 6400 feet: its 
summit shows a llucleus, uncovered for a height of ~O~ feet, of fi,ne 
greenstone, including epidote and octahedral magnetIC ITon ore; Its 
fl anks arc formed of great strata of porphyri~ic clay-stolle con~lo
merate associated with various true porphyries and amygdalolds, 
alterna'ting with thick masses of a high l);' fel~spathic. someti~cs 
porphyri t ic, pale-colo\lred slaty rock, wIth Its clcav~gc-1ammre 
dipping inwards at a lligh :lngle. At tile base of tIle lull there are 
syenites, a granular mixture of quartz: and feldspar, aud harsh 
quarLwse rocks, all belonging to the bn,sal mcta~lIorphic series. I 
llIay observe that a t the foot of several ll\Jls of tillS class, where the 
porphyriea arc first sccn (as near S. F Crllando, the P rado, Las Vacas, 
&c .), similar llarsh quartzose rocks and granular mixtures of quartz 
and feldspa r occur, as if the more fusible constituent parts of the 
granitic series had been drawn off to form the overlying porphyries. 

1 n central Chile, the flanks of the main Cordillera, into wbich I 
penetrated by four different valleys, generally consist of distinctly 
strati6ed rocks. The strata aro inclill()d at angles varying from 
sometilll()s evell und()r ten, to twenty degrees, ,"cry rarely exceeding 
forty degrees: in some, however, of the quite small, exterior, spur
like ridges, the inclination was not unfrequently greater. Thc dip of 
the ~tmta in the main outer lines was usually outwards or from the 
Cordillera, but in northern Chile frequently inwards,- that i8, their 
basset-edges fronted the Pacific. Dikes OCCllr in extraordinary nUIll
hers. In the great, central, loftiest ri d~es, the strata, as we shall 
presently sec, are almost always highly melined and often vertical. 
Before gi,·ing a detailed account of Illy two se<:tiolls across the Cor
diller~, it will, I think, be COllvenient to describe the bas~ 1 strata as 
seen, often to a thickness of 4000 or 5000 feet, on the flanks of the 
outcr lines. 

B asalatrata of the Cordillera.-The llrcvailing rock is a p\uplish 
or grecnish, Jlorphyritic claystone conglomerate. T he cnlbedded frag
ments yary in &iw from merc particles to blocks ~s much as six or 
eigl,t inches (rarely more) in dinmeter; in many places, where the 
fragments were minute, the signs of aqueous deposition were unequi. 
vocally distinct; when) they were large, such evidence could rarely be 
uetectcd. The basis is generally porpbyritic with perfect crystals of 
feldspar, and resembles that of a true injected clay.stone porphyry: 
often, lJowever, it has a mechanica.l or sedimentary aspe<: t, and some
times (as :1.t Jaj ucl) is j aspery. The included fragmcnts arc either 
angular, or partially or qui te rounded; - ill some lJarts the rounded, 
in others, the angular fragments prevail, and USU:1.l!y both kinds are 

... Some of tbe ro"nJed fragmen.ts in tbe porphyrit!c conglome~Rte near tbe 
lhth. of C.uquene., were marked ,,"lIh radii and CODcenlne Wnes of d,tfere"tshBdes 
of co\our: any OllO ":ho did "ot know tba~ pebble.", for i.nstanco ~iut pebbles from 
thO) cha\~, are 50metllnea zoned concentrically Will> tbelr wOrn and .ouoded 6ur· 
faces , might have beeD led to infer,.tbal !hese ball. of porphy.y were not true 
pebbl~s, but had oliginaled ,n concrehon.ry .. ~!iOD . 
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mixed together: hence the word ~rcccia oug-llt strictly to be appended 
to tho term porpllyritic wng!omerate. The fragments consist of 
many varieties of clay-stone porphyry, usually of nearly the same 
colour witb the surrounding basis, namely, purplish-reddish, brownish, 
mottled or bright grccn; occasionally fragments of a laminated, palc
coloured, feldspathic rock, like altered clay-slate, arc included; as are 
sometimes grains of quartz, but only in one instance in central Chile, 
(namdy, at the mines of Jajuel) a few pebbles of quartz, I no
where observed mica in this formation, and raroly hornblende; where 
the latter mineral did occur, I was generally in doubt whether the 
mass really belonged to this formation, or was of intrusive ori
gin. Calcareous spar oecasionlllly occurs in small ca~'ities; and 
ncsh and layers of epidote are common, In some few places in the 
tiner-grained varieties (for imtancc at Quiliob), thcre wero short, 
interrupted layers of earthy feldspar, which could be traced, exactly 
as at Port Desiro, passing into large erysbls of feldspar: I donbt, 
lJowe~'e r, whether in this instance, ti,e laycrs had ever becn separately 
deposited as tufaceons scdiment. 

All the varieties of porphyritic conglomerates and breccias pass into 
each other, and by innumerable gradations into porphyries 110 longer 
retaining the least trace of mechanical origin: the transition appears 
to have been effected much more easily ill the finer-grained, th:1Il ill 
the coarser-grained varieties. I n one instance, near Cauqucnes, I no
ticed that a porphyritic conglomerate assnmed a spheroidal structnre, 
and tended to becomo columnar, Besides the porphy ritic conglo
merates and the perfectly characterized porphyries of metamorphic 
origin, there are other porphyries, \ ... ·hich, thongh differing not at all or 
only slightly ill composition, certainly have had a different origin: 
these consist of pink or llurple claystone porphyries, somctimes includ
ing grains of quartz,-of greenstone-porphyry, and of other dusky rocks, 
all generally porphyritic with fine, large, tabnlar, opaque crystals, 
often placed crosswise, of feldspar cleaving like albite, (judging from 
se\'eral measurements), and often amygdaloidal with silex, agate, 
carbonate of lime, green and prown bole." These several porphyritic 

* This bole is a very common minErai i~ the amygrlaJoi~al rocks; it is gene. 
rBlIy of a greenish_hr.own colour, with a rad,atiog structure; extErnally it i. black 
with ao almost metall," lustre, but often coated by 8 bright gleen film. 11 is soft 
Bod can be scratched hy a quill; uoder tbe ~lowpil'e, sl<"~lls greatly ~.nd b~comeg 
~ealy, tben fuses eaSIly into a black magnen~ bead. l."l"s "ubs!ance '" e"'den.tly 
sill"lar lU that whleh often occurs in subm."ne volcamc rocks. An e:lamlnahon 
of some "ery curious specimt'ns of a Dne porphyry (from J.j~eJ), lead . me to su~_ 
pect tIltH some of .these amygdaloidal. balls, mste.d of hanng been deposited '" 

~~ethe: ~S~~~~h~~~~~;~ll:~:::e~[ oCf~:~r:;::;::fJ /~~~~;df~~:I~ ~~~:~~e·;~~~":.~~·fo~~: 
of a mixture of green earth WJlh stony matter, like the baSI" of the p'.ophyry, in_ 
cluding minute, Imperfect. crystals of feld.par; and tbe.e p~a·sh3ped lutle masses 
are themselves amygdaloldal ,",Ill, minute spheres of the green earth, e.ch eu_ 
. elopEd by a film of wblte, apparently feldspathit, ealtby matter: so that Ihe 
porpbyry i~ doubly amygdalotdal. It .b?uld ~O!, however, be o ... ,.,.looked, Ibat alllhe 
Slrata herE have uDdergone melamorphlC actlOll, which may ba,·e cause~ c'Y3tol. of 
feld.par to appear, ond olher chan~e'lo be effect~d, in the o~gioally SImple amyg_ 
daloidal balls. lIlr. J. D. Dana, JO an excellent paper on hal' rocks (Elliu. New 

The Complet e Work of Charles DClJw in Online 



172 BU,\L STRATA OF TUE CORDILLER,L [CHaP. V!I. 

and amygdaloidal varieties ne\'c r show any signs of passing into 
masses of sedimentary origin: they occur both in w~at and small 
intrusive masses, and likewise in strata alternating wl~h th~se of the 
porphyritic conglonJerate, and with the pbnes of J unction often 
quite distinct, yet not seldom blended together. In SO~lle of these 
intrusive masses, the porphyries exhibit, more or less plamly, a brec
ciated structu re, like that often seen in ,'oleanic masses. These brce
eiated porphyries could generally be distinguislled at once from the 
mctamorphosed, porphyritic breccia-conglomerates, by all the frag-

~:~:l:~~iF~I~~r!~~c:n~lf ~~~I~~:~~l~:~o:r t;~~. saIO~;'~rr;[; ~:~p~l~' ~i:! 
abol'c spceificd, namely, the greenstone-porphyry with large tabular 
crystals of albite, is particubrly abundant, and in some parts of the 
Cunlillera (as near 8t. Jago) seemed more common even than the 

~~ITI~ii~h &~:;~~r~~t~c I~Z;P'~~.I;~e;a~~he:ll~l;:rof~~n~!~e~~ik~~::::o~~i~~ 
grained trappean rocks ; but very few of clay-stone porphyry: I 
saw no true basaltic dikes. 

In several pbccs in the [ower part of tlw series, but not el'erYlI'hcre, 
thick masses of a higilly fddspatiJic, often porpllyritie, slaty rock 
occur interstratifieu with the porphyritic conglomerate: I believe in 
olle or two cases blacki~h limestone has been found in a similar posi
tion . The feidspatllic rock is of a pale grey or greenish colour; it is 
easily fu siole ; where porphyritic, tl,e crystals of feldspar are generally 
small and vitreous ; it is distinctly laminated, and sometimes includes 
parallel layers of epidote;* the lamination appears to be distinct from 
stratification. Occasionally tl,is rock is somewlJat carious ; and at 
one spot, namely, at the C. of QlIillota, it had a brecciated structure. 
Near the mines of Jajuel, in a thick stratum of this fcldspathic, por
phyritic siate, there was a layer of hard, blackish, siliceous, infusible, 
compact clay-slate, such as 1 saw nowhere else: at the same place I 
was able to fullo w for a considerable distance the junction hetween 
the slate and the conformably underlying porphyritic conglomerate, 
and tlley certainly pas!:Ied gradnally into each other. " ' here"er these 
slaty feldspathic rocks abound, grCl'nstone seems common ; at the C. 
of Quillota a bed of well-crystallized greenstone lay conformably in 
the midst of the felolspathic slate, with the Ilpper and lower junc
tions IJassing inscn~ibly into it. From this fact, and from the fre _ 
quently porphyritic condition of the slate, 1 sh01lld perllaps hal'e 
Phil. J ourn. vol .• li, p_ 1~ 8), l,as argue<l, witb great force, that all amygdaloi~al 
minp,al~ ha"e been d~poslled by ~que"u~ in61'ralion. I may take this opporton'ty 
of allud,ng to a ~U TlOU~ ~asc. descTl~ed In my .olume on VoJeame lsland$ (p. 26), 
of an amygdalo,d, w'th many of tts c~ll. only half filled u!' wilb a meso ty!"" 
mineral . 

M_ Hose has de~ribed ao amygJ~loid , brought bY. Dr_Meyan (~ei.e um Erda, 
Th. L $. 316) fron , Chile, as con ... LlDg of crystalhzed quartz .... ,th eryslals of 
"1IIbit." .with~D, and lined exterllally by green earlh. 

"' 'I Ins lmneral i. eXlremely CO'''mOn io .all the formalions Of. Chile ; in the 
gneiss Hear .Valpara,.o and in the gronihC verns erosaing it, in tLe rnjected gre~n_ 
slcne crowm ll" rhe. C, of Qu,lIotd,. In some granilte porphyrie., '" the porphyrnic 
(n"glomerate, and III lhe feldspatlne clay·olates . 

The Complete Work of Charles Darw in Online 



cn,\p. VIT.] PonpnynTTlC CI.,l \·STONF. CONGLO~lEn_\n:. 173 

considered this rock (l.9 an erupted one (like certain laminated feld_ 
spathic Ia\-as in the trachytic series), had I not seen in T. del Fuego 
how readily true clay-slate becomes fcldspathic and porphyritic, and 
had I not seen at Jajuel the included layCl" of black, siliceous clay
slate, which 110 0111' coul(1 have thought of igneous origin. Thc gentle 
passage of thc feldspatl,ie slate, at Jajnd, into the porphyritic conglo
merate, IVllich is certainly of aqueous origin, should also be taken into 
acconnt. 

The alternating strata of porphyries and porpl'yritic conglomerate, 

~~dk ;v~ l~ratl~'~ f~~~~~~~~~~l: ~~ '~~~~~~f I~~~:S ~~i[f,\~sil~!I~::J~I~!~:,o1e::ti~ 
mat~d its thickness at from GOOD to 7000 feet. It extends for many 
llUndred miles, forming the western flank of the Chilian Cordillera; and 
even :;.t Iquiqne in P eru, 850 miles north of the soutllernmost point 
examined by me in Chile, the coast-escarpment, whicl, rises to a hcight 
of between 2000 and 3000 feet, is thus composed. I n several ])arts 
of northern Chile this formation extends much further towards tim 
Pacific, over the granitic and metamorphic lower rocks, than it does 
in central Chile; but the main Cordillera may be considered as its 
central line, and its brcadth in an cast and west direction is nevcr 
great. At first the origin of this thick, massive, long bllt narrow 
formati on, appeared to me ,·ery anomalous; whence were deril'ed, and 

~~:e:7:1reeS d~~l~:: !~d i;~~l;;i%~~lero~~~~::n~~do~fr~o~~ :~:~aeri~~l~ 
composed of porphyritic rocks? ~ing that the interstratified por
phyri('s arc nc,·cr vesicular and often not even amygdaloi,lal, we must 
conclude that tlJC pile was formed in deep water ; how thcn came so 
many fragments to be well rounded and so many to remain angular, 
sometimes the two kinds being eqllally mingled, sometimes one and 
~onretimes the other preponrleratilrg? That the c1ay~stone, green
stone, and other porphyries and amygdaloids, which lie con/onnab/.II 
between the beds of conglomerate, are ancient submarine lavas, I 
think there can be no doubt; and I believe wc must look to the 
craters wlrencc these streams were erupted, as the somee of the 
breccia-conalomerate: after a great explosion, we may fa;rlyimn~inc 
that the \~atcr in the heated and scarcely quiescent crater would 
remain for a considerable timc" sufficiently agitated to triturate and 
round the loose fragm cnts lying within it: these rounded fraggrents, 
few or llIany in number, wonld be shot forth at the next eruption, 
associate..! witll few ur many angular fragments, according to the 
strength of the explo~ion. The porphyritic conglomerate being 
purple or rcddish, even when alternating Witll dusky-.. :ololltcd or 

;r:~~"~lft:~~ ~~T~,:~c:ri~n:f a~~:g~~~~:il i~a~~:~~i~~~~ft:~a~:l;::~ 
red. The ancient submarine orifices whence the porphyries and their 
fragments were ejected, having L~cn arranged in a Laud, like most 

• Tbi~ certainly SeemS to have taken plnc" in SOme reeen.t volcanic arcl,ipelagnes, 
u at the Galapagos, wbere numerous craters are e"elusIVely {olmed of tuff and 
fra.:;mentsof lava. 
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still active volcanos., accounts (or thc thickness, the narrowness, and 
linear extension o(thi~ formation. 

This whole grcat Ilile of rock bas snffcrcd much metamorphic 
action, as is \'ery obvious in the gradual formation and appearance 
of the crystals of albitie feldspar and of epidote,-in the bleuding 
together of the frngmcnts,-in the app,e:\Tance of a laminated struc
turc in the (eldspathie slatc,-alld, lastly, in the disappearance of the 
planes of stratification, which could sometimcs be seen 011 the same 
mountain quite distinct in the "pper part, less anrlless plain on the 
Aanks, alld quite obliterated at the base. P artly owing to this meta
morphic action, and pllrtly to the close relationship in origin, I have 
seen fragments of porpllyries,-takcn from a metamorphosen. conglo_ 
merate,-from a neigl,bouring stream of Iava,-from tile nuclells or 
centre (as it appeared to me) of the old snhmarine volcano,-and 
lastly from an intrusll'e mass of quite subsequent origin, all of which 
were absolutely undistinguishable in external c1laracters. 

One other rock, of plutonic origin, and highly important in the 
history of the Cordillera, from lm'\'ing been injected in most of tll(~ 
B"reat axes of cle\'ation and from Ilarillg .:tpparently Ilcen instrumental 
III metamorphosing the superincumbent strata, may be conveniently 
described in this preliminary discnssion . It has been called by some 
autl,orsA lIdesile : it mainly consists of well-crystallised white albite,. 
(as determined with the goniometer in Il\llllerons specimens hoth by 
Professor Miller and myself), of less perfectly crystallised grrell horn
blende, often associated with much mica, \\'itl, chlorite and epiuote, 
and occasionally with a few grains of quartz: in one instance in 
northern Chile, I found crystals of orthitie or potash feldspar, 
mingled with those of :llbite. 'Vhere the mica and quartz are 
abundant, the rock caunot be distinguished (rom gmnite ; and it may 
be c,'\lled :mdesitic granite. \Vhere these two minerals nrc quite 
absent, and wIlen, as of tell then lwppens, the erysbls of albite are 
imperfed and bicnd together, the rock may be called andesitie por
phyry, which bears nearly the salllC relation to andesitie granite th:lt 
euritie porphyry does to common granite. T hese andesitic rocks 
form monnt,'\in-masses of a white colour, which, in their generalont_ 
line and appearanee,-in their joints,-in their occasionally including 
dark-coloured, angular {mgments, apparently o( some pre-existing 
rock,-and in the great dikes branching from them into the super
incumbent slmb, manifest a close and st riking resemblance to masses 
of common gmnite lind syenite; I IIC\'er, however, saw in these 
andesitic rocks, those granitic rcins of segregation which arc so COIll-

,. I bere, n~d elsewhere • • all by this oame, tbose fe]Jsratbie minerals wbicb 
cleave I~ke a]b,te: but it no,:,' npl"'ars (Edin. Ne"" Ph,l. J ourn . vol. uiv. p. lSI) 
tLat Ablch Laa analysed e mmen,l from tbe CordilieTtl, usociated with horoblende 
oDd '1uara, (probably the Same rock "ith tbut bere under diocussioo) , wbich 
cleave, I.ike allli!e, but wbich is a oew and disti.uct kind, called hy him Ande8!ne. 
It IS all'ed 10 leuci!e, wilL lhe greater rropoTllon .of 11$ potu], rep.]aced by hme 
and $?da. 'J'lus mlOerol seems aearcely dislingu,~babla from alb,te, except by 
~na]y"s, 
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mon in true granites. \Ve have seen tllflt andesite occurs in tluee 

~l~f:~~~;r~r:~od~l~ir:~I.etof~ui:d ?fl~~'d:;o:o~'oV~~I:a~;:s!~ e~~~~~~~; 
in a collection of specimens from tlHl Cordillera of Lima in Peru, I 
immediately recognised it; and Erman * states that it occurs in 
Eastern Kamtschatka. From its wide range, and from the important 
part it has played in the history of the Cordillera, I thiuk this rock 
has well deserved its distinct name of Andesite. 

The few still active voicanos in Chile are confined to the central 
and loftiest ranges of the Cordillera; and volcanic matter, such as 
appears to have been of subaeria] eruption, is e\"erywhere rare. Ac
curding to Meyen,t there is a hill of pumice higll up the ,'alley of 
the Maypu, and likewise a trac\'ytic formation at Colina, a "illage 
situated north of St. Jago. Close to this latter city, there are two 
hills formed of a llale fcldspathic porphyry, remarkable from being 
doubly columnar, great cylindrical eolumus bein~ subdil'ided into 
smaller four or !he sided ones; alld a third hillock (Cerro Blanco) 
is formed of a fragnlclltary mass of rock, which I believe to be of 
,·oicanic origill, illteolledinte in charactcr btltween the above felrls
pathic porphyry and comlflon trachyte, nlld containing ncWles of 
hornblende and granular oxide of iron. Ncar the Baths of Cnuquenes, 
between two short paral!cl lines of elevation, where tllCy are inter
secteu by the valley, there is a small, though distinct yolcanic district; 
the rock is a dark grey (andcsitic) trachyte, which fuses into a 
greenish-gray bead, and is formed of long crystals of fractured. glassy 
albite (judging from one measurement) mingled with well-formed 
crystals, often twin, of nugitc. The whole mnss is vesicular, but the 
surface is darker coloured and mnch lllore vesicular than any other 
part. This trachyte fOllllS a cliff-bounded, horiwllb.l, narrow strip 
011 the steep southern side of the valley, at the height of 400 or 500 
feet ahove the river-bed; judging from nil npparently corresponding 
line of cliff on the northern side, the "alley must once I,ave been filled 
up to this height by a ficld of lava. On the summit of a lofty moun
tain some leagues higher up this same vnlley of the Cachapual, I 
found columnar pitchstone porphyritic with feldspar; J do not sup
pose this rock to be of volcanic origin, and only mention it llcre, 
from its being intersected by masses nnd dikes of a t'C$icular rock, 
approaching in character to trachyte; in no other part of Chile did I 
observe vesicular or amygdaloidal dikes, though these are so common 
in ordinnry volcanic districts. 

Passage oj the Atldes by tlte P ortillo or P euljuene8 P aS8. 

Although I crossed the Cordillera only once by this pass, and only 
ollce by that of the Cumhre or U spnllata (presently to be de
scribed), riding slowly and halting ()(:casiollally to ascend the moun
tains, there nre many circumstances fa\'ourable to obtaining a more 

* Geograph. Journal. vol. ix. p. 510. 
I ReIse urn E,J~ , Tb. I. s. 338 und 362. 
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faithful sketch of their structure, tl,an would at ~rst be tllOught 
possible from so sllort :lll examin::ltion. The mountallls arc steep and 
absolutely bare of vl;'gelation: the atmosphere ~s resplendently ~lear; 
the stratification distinct; and the rocks brightly and ,'anously 
coloured: somc of the natural sections miaht be truly compared fur 
distinctness to those coloured ones in geol;'gical works. Considering 
how little is known of the structnre of this gigantic rangc, to which I 
particnlarly attended, most travellers hal'ing col1('cted only spccimene 
of ti,e rocks, I think my sketch·scctions, though necessarily imperfect, 
possess somc interest. The section given in Plate I. Fig. I, which I 
will now describe in detail, is on a horizontal scale of a third of an 
inch to a nautical mile, and on !\. '·erlic..'ll scale of one inch to a mile 
or 6000 feet. The \ddth of the range, (exc1udillg a fcw outlying 
llillocks) from the plain on which St. Jago the capital of Chile 
stands, to the Pampas, is sixty miles, as far as I can judge from the 
maps, which differ from each other and are all exceedingl!1 imperfect. 
The St. Jago plain at the mouth of the l\Iaypn, I estimate frolll ad
joining known points at 2300 feet, aud the Pampas at 3500 feet, 
both above the le\'el of the sea. The height of the Peuqllelles line, 
according to Dr. Gillies,· is 13,210 feet ; *and that of the Portillo line 
(both ill the gaps where the road crosses them) is B,3'H feet; the 
lowest part of the intermediate valley of Tenuyan is 7530 fect,
all above the le\'el of the sea. 

The Cordillera here, and indeed I belie\'c throughout Chile, consist 
of se\'eral parallel, anticlinal and unielinal monutain.lincs, ranging 

~~~!~:'l~:v~~r:ild;:!t~f~e~it~~~y\:~:!ri~r:bl; ~~Ou~l~hisS~~~:,x~~~j~~~~: 
like oblique spurs from tllc main ranges: in the district towards the 
Pacific, the mO\llltains, as before remarked, extend in various direc
tions, C\'en east and west. In tile main exterior lines, t!Je strata, as 
also before remarked, are seIJom inclined at a high angle ; !Jut in the 
ecntrallofty ridges they are almost always !Jighly inclined, broken by 
many great faults, and often vertical.. As far as I could judge, few 
of the ranges are of great length; and 1lI the central I-'arts of the Cor-

t:l~~~~in~ \~l~~l~~~q~~~t:~g~~l~ ~~ ~~~~O~~r~~\~l~a~~~ne~:c~~~~aei;ri~~~'t~~ 
tion, from one end where its height was trifling and its strata gently 
inclined, to the other end whcre vertical strata formed snow.clad 
pinnaclc~. Even outside the lIlai" Cordillera, ncar the Baths of 
Cauquenes, I obsen'cd one such case, where a north ::lnd south ridge 
had its stmta in the valley inclined at 37°, and less than a mile 
south of it, at 67 0

: another porallel and similarly inclined ridge, 
rose, at the distance of about five milC!', into a lofty mounbin with 
absolutely vertical strata. " ' ithin thc Cordillera, the height of the 
ridges and the inclination of the strata oftcn became dun bled and 
trebled ill mneh shorter distances than fil'e miles: this p(.'euliar form 
of uphcaval probably indicates that the stratified crust was thin, and 

... Journal of Nat. and Geograph. Science, .-\uguat 1830. 
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hence yielded to the underlying intrusive masses unequally, :1t certain 
points on tile lines of fissure. 

The "alleys, by whieh the Cordillera aro drained, follow tile 
;mticliual or rorely synclinal troughs, which de"iate most from the 
usnalnorth and south course; or still more commonly those lines of 
faults or of unequal cnrl'ature (that is, lines with the strata 0 11 hoth 
hands diTJping in thc same direction, hut at a somewhat different 
angle) which de"iato most from a Ilortiwrly course. Occasionally 
the torrcnts run for some distance in tIle north and sonth valleys, and 
then recover their eastern or western conrse by bursting through the 
rfIuges at those points, where the strata have been least inclined and 
the height consequently is less. lIenee the yalloys , along which the 
roads rnn, are generally zigzag; and, in drawing an east and west 
scction, it is necessary to contract greatly that wbich is actually secn 
on the road. 

Commencing at the western end of our section [No.1.] where 
thc R. Maypu debouches on the plain or St. Jago, we immediately 
enter on tho porphyritic conglomerate formation, aud in thc midst of 
it find some hummocks [A] of granite and syenite, which probably 
(for I neglected to collect spccinlcns) bclong to tho andesitic class. 
These are succeeded by sollle rugged hills [8] of dark-green, erys-
talline, fehlspathic. and in some parts slaty-rocks, which I belie"e 
belong" to the altered clay-slate formation . From this point, great 
mountains of purlJ1ish and greeltish, generally thinly stratified, highly 
porpllyritic conglomerates, including many stra ta of amyg"daloidal and 
greenstune porphyries, extend up the "alley to the junction of tho 
riyers Yeso and Vnlcan. As the yalley here runs in a "uy southerly 

~~~J:tu:I~~ ;W~~~l ~~n~h~l~or!ll~~it~:u~~~~o~~,::a~ll!tl~n~:o~;~oq~~; 
much about the stratification. In most of the exterior mountains, 
the dip was gentle and directed inwards ; and at only one spot I 
ohseryed an incliuation as high as 50°. Near the junction of the 
R. Colorado with the main stream, there is a hill of whitish, brec
ciatod, partially decomposed feldspathic porphyry, haying a volcrmic 
aspeet but not being really of that naturo : at Tollo, however, in 
tim ,'alley, Dr. !\ileyen" met with a hin of pumice containing mica. 
At the junction of the Yeso and Volcan [D] there is an extensi"e 
mass, in whitc conical hillocks, of andesite, containing some mica, and 
passing cither into andesitic granite, or into a spotted, semi-granular 
mixture of albitic (n feldspar and hornblende: in the midst of this 
formation Dr. Meyen found hue trachyte. The andesite is covorcd 
by strata of dark-coloured, crystalline, obscurely porphyritic rocks, 
and above them by the ordinary llorphyritic congiomerates,-tho 
strata all dipping away at a small angle fWIll tho underlying mass. 
The snrrouuding lofty mountains appear to be entirely composed of 
the porphyritic conglomerate, and I cstimated its thickness here at 
bctween 6000 and 7000 feet . 

• Reise U!ll £rd .. , Tb. I. S~. 338, 34 1. 
N 
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Beyond the junction of the Yeso and Volean, the porpllyritie strata 
appear to dip towards the llillocks of andesite at an angle of 40°; but at 
some distant points on the sarno ridge, tlmyare hent up and verti
cal. Following the valley of the Yeso, trending N.E. (and therefore 
still unfavourable for our transverse sediou), the same porphyritic 
conalomcrate formation is prolonged to near tIle Cllestadel rudio, 
situ~ted at the wcstern end of the basin (like a drained lake) of Yeso. 
Some way before arriving at this point, distant lofty pinnacles capped 
by coloured strata belonging to tho great Gypseous formation could first 
be seen. From the summit of the Cuesta, looking southward, there 
is a magnificent seetioual view of a mountain-mass, at least 2000 
feet in thickness [E], of fine andesitic granite (containing much black 
mica, a little chlorite and quartz), which sends great white dikes far 
into the superincumbent, dark-coloured, porphyritic conglomerates. 
At the line of junction the two formations are wonderfully intilrlaced 
togetller: in the lower part of the porphyritic conglomerate, the 
stratification has ~n qnite obliterated, whilst in the upper part it 
is very distinct, the beds composing the crests of thc surrounding 
mouutains being inclined at angles of between 700 and BO°, and somc 
being even vertical. On the Ilorthern side of tho valIcy, thcre is :I. 

great corresponding mass of andesitic granite, which is encased by 
porphyritic conglomerate, dipping both on the western and eastern 
sides, at about BOO to west, but on the eastern side with the tips of 
thc strata bent in such a manncr, lIS to render it probable that tho 
whole mass had heen on th:l.t side thrown over :l.nd inverted. 

In the vallcy-basin of the Yeso, which I estimated at 7000 feet 
above the level of the sea, we first reach at [FJ the gypseous forma· 
tion. Its thickness is very great. It consists in most parts of snow· 
white, hard, compact gypsum, which breaks with a saccha(ine frac
turc, hM'ing translucent cdges; under the blowpipe gives out much 
vapour; it frequently includes nests and cxceedingly thin layers of 
crystallized, blackish carbonate of lime. Large, irregularly shaped 
concrctions (externally still exhibiting lines of aqneons deposition) of 
hlackish-grey, but sometimes white, coarsely and brilliantly crystal
lized hard anhydrite, abound within the common gypsum. Hillocks, 
formed of the hardest and pnrest varieties of t he white gypsum, 
stand np above the surrounding partE, and have their surfaces cracked 
and marked, just like newly baked bread. There is much pale 
brown, soft, argillaceous gypsum; and there were some intercalated 
green beds which I had not time to reach. I saw only one fragment 
of selenite or transparent gypsum, and that perll:lps may have come 
frum some subseqtlently formed ,-oin. From the mineralogical cha
racters here given, it is probable that these gypseous beds ha\'o 
nndllrgone some metamorphic action. The strata are mnch hidden 
by detritus, but they appeared in most parts to be highly inclined; 
~nd in an adjoining lofty pinnacle they could be distinctly seen bend
IIlg ';l~, and becoming vcrtical, conformably \Vitli the nnderlyiug l)or
phyntlc conglomerate. In ,-cry many parts of tho great mount.'1in-
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face [F], composed of thin gypscous beds, there were innumerablo 
masses, irregularly sllaped and not like dikes, yet with well-defined 
edges, of an imperfectly granular, pale greenish or yellowish-while 
rock, essentially composed of feldspar, with a little chlorite or horn
blende, epidote, iron-pyrites, and ferruginous powder: I believe that 
thcse curious trappean lllasseS have been injected from the 110t far 
distant mountain-mass [EJ of andesite whilst still fluid, and that. 
owing to the softness of the gypscous strata they have not acquired tho 
ordinary forms of dike~. Subsequently to the injl'Ction of these 
fcldspathic rocks, a great dislocation has takcn place; and the much 
shattered gypscous strata IlCre o\'crlio a hillock [OJ, composed of 
" erlieal strnta of impure limestone and of black highly calcaroous 
shale including threads of gypsum: thC9(l rocks, as we shalll)resenliy 
see, belong to the upper parts of the gypseoUB series. and hence must 
hcre lHl.\'e bccn thrown down by a vast fault, 

Proceeding UI) the valley-basin of the Ycso, and taking our sec
tion sOllletimc-s on one hand and sometimes Oil the other, we COllie to 
a great Ilill of stratified porphyritic conglomerate [ J-I ] dipping at 45° 
to tho wcst; and a few hUlIdrcd yards Carther on, we Ilave a ht.>d be
tween 300 or ·~oo feet thick of gypsum [ll dipping eastward at a 
very high angle: here then we lJave Il. fault and anticlinal axis. 0" 
the opposite side of the \'alley, a ,'ertieal mass of red conglomcrate, 
conformably underlying the gypsum, appears gradually to lose its 
stratification and pa!JS(lS into a 1JI0UlItaiti of porphyry, The gypsum 
[I] is CO\'cred by a bed IK], at least 1000 feet iu thickness, or a 
purplish-red, compact, heavy, fine-grained sandstone or mudstone. 
which fuses easily into a white eoamel, and is seen under a lells to 
contain tritnrat.cd crystals. This is succeeded Ly a bed [L], 1000 feet 
thick (1 belicve I understate the thickness) of gypsum, exactly liko 
the hecla Lofore described; and this again is capped by another great 
bed (M] of purplish-red sandstone. All tllC9(l strata dip eastward; 
but the inclination becomes less and les9, as we lea\'c the first and 
almost ,"ertical bed [IJ uf gypsum, 

Leaviug the basin-plain of Yeso, the road rapidly MCCllds, passiug 
by mountains composed of the gypscous nnd associated beds, with 
their stratification greatly disturbed and therefore not easily intell i_ 
gible : hence this part of the section has been left uncoloured. Shortly 
before reaching the great Peuquencs ridge, the lowest stratum visible 

l~~k:sc:m;et:a~:!~:u:r s~a~~S~;~ [6~vtrcl~ h=\:~~~\:\\?! 
into fou r lofty, though small ridges: lookillg 1I0rthward thc strut.." ill 
thC9(l ridges arc seen gradually to rise in Inclination, becoming in 
SOl\\e distant pinnacles absolutely vert icaL 

Pa~ilfi~ ~~~ae;[la~~~q~:~~, :~~i:!d~\::da~I!~~I;\'~~~.~~:vi:;di~~~~~ 
line; its strata dip eastward at an anglc of betwecn 30° and 45°, 
but in tho higher peaks bending up and becoming almost ,·ertical. 
Wilere the road crosses this lange, t he height is 13,2 10 feetabo\'e the 

N 2 
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sea-level, ana I estimated the ncigMJOuriog pi uu:tcles at from I <},OOQ 
to 15,000 feet. The lowest stratum "isiblc in this ridge is a red 
stratitied ~andstone [PJ; on it arc superimposed two great l11:lSSCS 

[Q and 8} of black, hard, compact, oven having a conchoidal frac_ 
ture, calcareous, more or less laminated shale, passing into limestone; 
this rock contains organic remains, presently to be cuumcmted. The 
compacter ,'arictics fusc c:J.Sily in a wll ite glass; and this I may 
add is a very general clw.racter with all the sedimentary beds in 
the Cordillera; although this rock when broken is generally qui to 
black, it c\'crywllcrc weathers into an ash-gray tin t. llctwoon these 
two great 1l1 :lSSCS [Q ;lIld S], a bed [R] of gypsum is interposed, 
about 300 feet ill thickness, and lHl.ving the same charactcrs as here
tofore described. I estimated the total thickness of these three beds 
[Q, R, S] at nearly 3000 feet; and to this must be added, as will 
be immediately seen, a great overlying lllasS of fcd sandstone. 

Tn desccnding the castern slope of tllis grcat central range, ti le strata, 
which in the upper I)art dip eastward at about an angle of 40°, be
comc morc and more curved, till they a rc nearly vcrtical; and a little 
further onwards there is seen 0 11 the furthe r side of a ravine, a thiek 
mass of strata of bright red sandstone [T], with their upper ext remi
ties slightly curved, showing that they werc once conformably pro
longed over the beds [SJ; on the southel'll and opposite side of the 
road, tlli5 red sandstone and thc underlying black shaly rocks stand 
w'rtical, and in actual juxtaposition . Continuing to descend, we 
come to n synclinal valley filled with rubbish, beyond which we have 
tIm red sandstone [ T ~J corresponding wilh [T], and now dipping, as 
is sccn both north and south of tho road, at 45<> to the west; and 
under it, the beds [8 " R \ Q,~. and I belicve P"] in correspond
ing order and of similar composition, with those OIl the western flank 
of the Pcuquenc$ range, bnt dipping westward. Close to the synclinal 
vaney the dip of these strata is 45°, but at the ea31ern or further end 
of the series it increases to GO°. H ere the great gypscous formation 
abru ptly terminates, and is succeeiled eastward by a pile of more 
modern strata. Considering how violently the~ central ranges have 
been dislocated. and how very numerous dikes aru in tIle exterior :\TId 
lower par ts of the Cordillera, it is remarkable that I did not here 
notice a single dike. The prevailing rock in tl lis neighbourhood is 
the black, calcareous, COnlpact shale, whilst in the "aney-basin of tIle 
Y ew the llUrplish red sandstonc or mudstone predominates,- both 
being associated with gypseolls strota of exactly the same nature. Jt 
would bc very difficult to ascertain tlle relative superposition of these 
several masses, for we shall afterwards sec in the Cumbre P ass that 
the gypseolls and intercalated beds are lens-sllaped, and that they thin 
out, even wher!) very thick, and disappcar in sllOrt horizontal distances : 
it is qui te possible that the black shales and red sandstones llJaY be 
contemporaneous., bnt it is more probablc that the former conlpose 
the uppermost parts of tho series. 

The fossils aboyc alluded to in the bln.ck calcareolls shales are few 
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in number, nnd arc in an imperfect condition ; tlley consist, ns named 
for me by M. d'Orbigny, of-

I. Ammoo;le, ;?detetmin~ble, near 10 A.. rtcll'co,taill., D·O.big. Pal. F'aIlc. 
(Neocomlao formallon). 

2. G.ypbre., near to G. Couloni, (NcOtooian formations of France Iud Nellr· 
chntel.) 

3. Nulica, ;ndete.minllble. 
4. CYP,;11ll rOmatrl, D·Orbig. PBJ. Fra."c. (Neocomian format io n). 
5, Rolte!!arin 8ngulosa (') D'Orbig. p",1. de l 'Amer. Mar. 
6. TcrebmlUla' 

Some of the fragments of AmmonitC!l were as thick ns a man'8 
arm: the Gryphrea is much 1he most abundant shell. These fossils 
M, d'Orbigny con5iders as belonging to Ihe Noocomian stage of tho 
cretllCeous system . Dr. Meyen,· who ascended the \'alley of the 
Rio Volcan, a branch of the Ycso, found a nearly similar, uut 
apparcntly more calcareous formation, with mucll gypsum, and 110 

donUt the equi \'alent of that hero described: the beds were \'ertical, 
and were Ilrolonged up to tho limits of perpetual SIIOW : at the height 
of 9000 feet nbove tho sea, they abounded with fossils, cOllili~ti"g, 
according to Yon Buch,t of-

I. ~;l"0~~ ~: 8~~r~~:~a~8;;.1:;;: ~baolut~ly iden~ical ... itL specimens from ~"o 

i: y,~:i:t~f:tt:;~, } identical .,.ith t1'c»e f~';~~e~~e~'::, upper JUl'lIlI sic beds at 

4, CUCUIlIllJ, (orre_poDding ill rorm to C. IONgiro''''jl, 10 fre<'juent in ILe upper 
JllfUsic bed. of Westphalia, 

[i. Ammonite! , resembliug A. 6ipltJt. 

Von Duch concludes tlli\t this forma.tion is iJltermediate between the 
limcstollo of the Jura and tho chalk, arH1 that it is analogous witl . 
the uppermost Jurassic beds Conning the plains of Switzerland. 
H enco M. d'Orhigny and Von Duell, uudcr different terms, cOlllllaro 
these fossils to those, from tho same lato st.'\ge in the secondary {ur· 
mations of Europe. 

S0l110 of tho fossils wllich I colleeled wero round a good way dowl\ 
the western slope of the main ridge, and honce must otigiua!1y have 
been covered up by a great thickness of the Llack shaly rock, indc· 
pendently of the 1I0W denuded, thick, overlying lII:1sseS of red ~aud· 
stone. I neglected :It the timo,: to estimate how m:llly hundred or 
rather thOIlS:lnd feet thick, the superincUUlUclit stmta must havo Lecn ; 
and I will not now attempt to do so. This. lIOWe\'er, would have beeu 
a ltig!tly iutercsting point., as indi~ati ,'0 or a great amount of. subsidence, 
of which we shall hereafter filld III other par ts of thc Cordillera analo· 
gOIlS e\' idl.'nce during this same period, The altitude of the Pell' 
quenes Hang!", considering its not great. :mtiquity. is very re\1larkaLle; 
many of the fossils were embedded at tl lO hcight of 13,2 10 feet, and 
the sal1lo beds arc I)wlongcd np to at least from 14,000 to 15,000 
aoo\'e tlte level of the sea. 

'" Reise urn, &c., Th , I. ! . 3;)[', 
t Descript, Pbys. des lJel C~unrie" p. 471. 
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TII ~ Portillo or EalfCl'n C.~ain,-The "alley of Tenllyao, separa
ting tlJC PCllquenes and Portillo ]joes, is, as estimMed by Dr, Gillies 
and myself, about twenty miles in width ; tho lowest part, where tho 
road crosses tbe river, being 7,500 feet above ti ,e sea-level. The pass 
on the P ortillo line is 14,365 feet high (1100 feet higher than that 
on the Peuquenes), and the neighbouring l)innaclcs must, I conceive. 
risc to nearly 16,000 feet above the sea, The ril'er draining the inter
mediate ,-ailey of Tenuyal1, passes through tho Portillo line. To 
return to our section ;-shortly after JClning the lower beds (P7] of 
the gypsrous formation, we come to grand ma>lSCS of a coarse. red 
conglomerate [V], totally unlike any st.rata hitherto ~ecn in the Cor
dillera, This conglomcrate is distinctly stratified, some of tho beds 
heing well defined by tl,o greater size of tho pebbles: the ccment is 
calcareous alld sometimes crystalline, though the mass shows nO signs 
of having been metaJllorphoi!Cd. Tho included pebbles are either per
fe<:t1y or only partially rounded; they cousist of purpli~h s"lnd~tones. 
of various porphyries" of brownish limestone, of black calcareous. 
compact shale precisely l ike that in situ in the Peuquelles range, and 
cl)N!aillill9 81)>110 of tIM ,aI/it! jonil 8htlle; also very many pebbles of 
'Junrtz, some of micaceolls schist, aud numerous, broken, roullded 
crystals of It redJi~h 01thitio or potasll feldspar (as determined by 
Professor Miller), and these frem their size must ]'a,'e bcen derived 
from a conroo-grained rock, probaUly granite, From this feldspar 
being orthitie, and even from its external appear.lnC(", I ,'entule posi
ti vely to affirm that it has not been derived fro m the rocks of the 
western Tllllgcs; but 0 11 the other hand it may well have comlJ, to
~tber with the qllarh: and metamorphic schists, from the eastern or 
Portillo line, fo r thi! line maillly consists of coarse orthitic gralliw. 
The pebbles of the fossiliferous slate nod of tile purple sandstone, cer
tainly have been derived from tbe P euquellcs or western range9, 

The road crQSSCs tlI O valley of Teuuyan iu a nearly east and west 
line, and for !lC'"eral miles we hal'e on both hands the conglomerate, 
evcrywhere dipping weet and forming scp:lrate great mountains. Tho 
stmta where first met with, after leaving tho m>seous formation, are 
inclined we!1tward at all angle of only 20°, wluch further on increases 
to about 45°, The gypseous strata, :19 ""e have seen, nre also inc1inoo 
w~tward : hence, when looking from tllO eastern side of the ,'alley 
towards the PcuqncnCll range, a most deceptive appearance is pre~ 
sented, as if the newer bods of conglomerate dipped directly nuder tho 
much older beds of tho gypseous formation, In tile middle of the 
"alley, a bold mOllntain of unstratified lilac-coloured porphyry (with 
crystals of hornblende) projects; and furth er on, a little south of the 
road, there is auother mountain, with its strata. inclined at a. small 
angle eastwards, which in its genera.! aspect and eolollr, rc:semblcs the 
porphyritic conglomerate forma.tion, so raro 011 this sido of tile Pcu
qncnes liuc and so grandly developed tllToll"hout tho westem ranges. 

'l'ho conglomcrate is or great thickness :° 1 do not suppose that the 
str:lta forming tho &cpnrato mount:lin-mnsscs [Y, V, V] !J:l.\'e Cl'er 
ht'(lll prolonged o\'cr t:acl. other, bILt that one mass has beell broken IL l) 

The Complete Work of Charles Darwin Online 



CHAP. VII.] SECTION OF TilE PonTILLO CII,\IN. 183 

byseveral, distinct, parallel, unielinallines of elevation. J udgin ... , there
fore, of the thickness of the conglomerate, os secn in the :Cparate 
mountain-masses, I estimated it at least from 1500 to 2000 feet_ 
The luwer beds rest conformably on some singularly eolouroo, soft 
strata [W]. which I could not reach to examine; and these agaill 
rest eonformaLly on a thick mass of micaccous, thinly laminated, 
siliceous sandstono [X], associated with a little black clay-slate. 
These lower beds arc traversed by several dikes of decomposing por
phyry. The laminated sandstone is directly superimposed on the vast 
masses of granite [Y Y] whieh mainly composo tho Portillo range. 
The line of junction between this latter rock, wllich is of a bright red 
colour, and the whitish sandstone was beautifully distinct; the ~and
stolle being penetrated by numerons., great, tortuous dikes branching 
from the granite, and having been converted into a grannlar quartz 
rock (singularly like that of the Falkland Islands), containing specks 
of an ochery powder, and black crystalliue atoms., apparently of im
perfect mica. The quartwse strata in one spot were folded into a 
regular dome. 

The granite wllich composes the magnificent bare pinnacles aud the 
steep western flank of tho Portillo chain, is of a brick-red colour, 
coarsely crystallised, and composed of orthitic or potash feldspar, 
qllart:G, and imperfl'<Jt mica in small quantity, sometimes passing 
into chlorite. These minerals occasionally assume a laminar or 
foliated :mangement. Tho fact of the feldspar being orthitic ill this 
range, is very remarkable, considering how rare, or ratber, as I believe, 
entirely absent, this mineral is throughout the western ranges, iu 
which soda-feldspar, or at least a ,'ariety cleaving like albite, is so 
extremely abundant_ In one spot on the western flank, and on the 
eastern flank nclU" Los .. Mauanti:'lles and near the crest, I noticed some 
great masses of a whitish granite, parts of it fine-grained. and parts 
containing large crystals of feldspar; I neglected to collect specimens., 
so I do not l(lJow whether this feldspar is also ortllitio, though I am 
inclined to think so from its general appearancc. I saw also somo 
syenite. and one mass which resembled andesite, butofwllich I likewise 
neglccted to collect specimens. From thc manner ill wllich tlul whitish 
granites formed separ:'lte mountain-masses in the midst of the hrick
red "ariety, and from one SUcll mass near the crcst being traversed by 
numerous "eins of flesh-coloured and greenish eurite (into which I 
occasionally obsen'ed the brick-red granite insensibly IJassing), I con
clude that the white granites probably belong to an older formation, 
almost overwhelmed and penetrated by the red granite. 

On the crest I srlw also, at a short distance, some coloured stratified 
beds, apparently like those [W] at the western base, but was pre
vented examining them by a snow-storm: Mr. Caldcleugh," howevcr, 
collected here specimens of ribboned jasper, rnagnesianlimestonc, alld 
othcr minerals. .A little way down the eastem slolle a few fragnlcuts 
of quartz and mica-slate are met with; but thc great formation of 
this latter rock [Z], whicll covers up milch of tIm eastern flauk aud 

* TUI·eh. &c., '-01.'- p. 308. 

The Compl ete Work of Charl es Darw in Online 



184 SECT10N OF TUE PORTILLO CIIAIN. fClTA P , VU' 

hase of the Portillo range, cannot Le conveniently examined until much 
lower down at a place called Mal P aso. The mica-schist here con
sists of thick layers of quartz, with intervening folia of finely-sea!y 
mica, often passing iutD a substance like black glossy clay-slate' III 

onc spot, the layers of quartz having disappeared, the whole mass be
came converted into glossy clay-slate. ' Vhcro the folj[l, were best 
defined, they were inclined at a high angle westw:ud, tilnt is, towards 
the r:lnge. The line of junction between the dark mica-slate and the 
coarse red granite, was most clearly distinguishable from a ":19t dis
tance : the granite sent Illally small \'eins into the mica-slate, alld 
included some angular fragments of it, As the sandstonc 011 the 
western base has been converted by ti le red granite in to a granular 

~~t~;I~~~~;oSr~ I~~!!I~t~I~~r:~~o~I~~ :id'L~I~;~! ~:~eP~~!~b~;; hb~~ 
I think it more probahle, considering its more perfect metamorphic 
character and its well-pronounced foliation. that it belongs to an ante
rior epoch, connected with the wbite granites: I am the more incliued 
to this view, from Ilaving found at the foot of tile range the mica
schist surrounding a hummock [Y :1], exclusively composed of white 
granite. Near Los Arellalcs, the mountains on all sides arc com posed 
of the mica-shtc; and looking backwards from this point up to tIle 
bare gigantic peaks above, the view was eminently interestiug, The 
colours of the red granite and the black mica-slate are so distinct, 
t hat with a bright light thesc rocks could he readily distinguished 
even frolll the Pampas, at a le\-el of at itlast VOOO fcct below . The 
red granite, from bciug di \'ided by parallel joint~, has weathered into 
slmrp pinnacles., on some of which, even on some of the loftie~t, little 
caps of mica_schist could be clearly seen: here and there isolated 
patclles or tl\is r()(:k adhered to the mountain-Hanks, and these oftell 
corresponded in height :md position ou the opposite sides of tIle im
mense ,-alleys. Lower down the schist preyailed more and m ol'<', 
with only a few quite small points of granite projecting through. 
Looking at the entire eastern face of tlJC 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 Arellales, low down on thc eastern flank, tho mica-slate is 
t rayersed by scl-eral eloscly adjoining, broad dikes., parallel to each 
other and to thc foliation of tl10 schist, The dikes are rormed of 
tluee different '-arieties of rock, of whieh a pale brown fcldsrathic 
porphyry with grains of <Juartz was much the most abundant. These 
di~cs with thei r granules of quartz, as well as the mica-schist itself, 
strIkingly resemble the rocks of the Chonos Archipela<>'o. At a 
Ileight of abont 1200 feet above the dikes, and perhap: connected 
with them, there is a ran"'e of cliffs form ed of sllccessive la,'a'streams 
[A A], between 300 and 400 feet in t hieknees, amI in places finely 
columnar. The ].wa consists of dark-grayish, llarsh rucks, interme
diate iu ,cl,Jaracter bet,,:een tra,chytc and basalt) containing glassy feld. 
spar, Ohl'LIIC, and a Iltl~c nHca, aud sometimes amygdaloidal w ith 
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zeolite : tile basis is ei ther qu ite conlpnct, or crenulatcd with air
vesicles arranged in laminro. The streams arc separated from each 
othc~ by ~ds of fragmentary brown scorile, fi rmly cemcnted together, 

~~~e~n::!,n1 as~:;~~e~h~~\l~l~:! ):~~~:~~fa~~:aflo\~~n~~h:~r ~~~~~! 
period under the pressure of the sea, when the Atlantic covcred the 
Pampas and washed the eastern foot of the Cordillera.- On the 
opposite and northern side of the valley tIl ere is another line of lrwa
cliffs at a corresponding height ; the "alley between being of consider
able breadth, and as nearly as 1 could estimate 1500 feet in depth. 
This field of lava is confined on both sides by the mountains of mica
schist, and slopes down rapidly but irregularly to the edge of the 
Pampas, where, having a thickness of abont 200 feet, it terminates 
again~t a little range of elaystollc porphyry. Tho vallt'Y in this lower 
part expands iuto 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 strenms from Los A renales to the mouth of tho 
vatley is so great, that at tile tillle (thongh ignorant of 1\1. E lie de 
Beanmont's researches on the extremely sllla!! slope o"e[ which la"a 
can flow, and yet retain a com}l:tct structure and considerable thick_ 
ness) r concluded thnt they must subsequently to their flowing have 
been upheaved and tilted from the mountaius; of this conclusion I 
can now entertain not the smallest donut. 

At the mouth (If the ,'alley, witllin the cliffs of the aoove la,'a
field, there arc remnants, in the form of Sel)arate sma!! hi!loeks and of 
lines of low cliffs, of a considerable deposit of compact white tuff 
(quarried for filtering-stones), cOlllposed of uroken pumice, vo1c:mie 
crystals., scales of mica, and fra gments of ]a\·a. This mass has suf
fered much denudation, and the liard mica-schist has been deeply 
worn, since the period of its deposition; and this period lllnst haye 
becn subsequent to tho denudation of the basaltic l:l.I'a-streams, as 
attested by their encircling cliffs stllUdiu$ at a higher level. At the 
present day, under the existing arid ehmate, ages might roll past 
withont a squnrc yard of rock of any kind being dennded, eseept 
perhaps in the rarely moistened drainage·channel of the valley. Must 
we then look back to dlat ancient period, when the waves of 
tho sea beat against the eastern foot of the Cordillera, for a power 
sufficient to denudo utensivcly, though superficial!y, thi.':l tufaceous 
deposit, soft although it be ? 

Thero remains only to mention some littlo water-worn hillocks 
[D B], a few Imndred fcct in height, and mero nlOle-hills compared 
with the gigantic Illountains behind them, which rise out of the 
sIQpin<r, shi ngle· covered margin of the Pampas. The first little range 
is eompo~d ofa brecciated purple l)orphyritie claYiltonp., with obscurely 
marked strata dil)ping at 70° to the S.W.; the other ranges consist 

• This condusiOD might, perhaps, even have been ftDt icipatcd, from the gener:ll 
rarity of volcanic aClion, excopl near tho Sol or large ~odie" of water. <;onform. 
ably .... ith thia rule, at II,,, prosent day, til.."" aro no nell"e volcanoes on tillS eastern 
Bide of the Cordillera; Dor are ~evere ~",Ihquakes errerienced bere. 
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of-a pale-coloured feldspathic porpliyry,-a purple clay-stone por
phyry with grains of quartz,-and a. rock almost exclusively composed 
of brick-rcd crystals of {cldspat'. These outermost small lines of 
elevation extend in aN. W. by W. and S. E. by S. direction. 

Concludin[J remark: on the Portillo ranf/6.- ,Vhen on the Palllpas 
and looking southward, and whilst travelling northward, I could see 
for very many leagues the red granite and dark mica-schist forming 
the crest and eastern Ilrmk of the Portillo line. This great range, 
according to Dr. Gillies, can be traced with little interruption for 140 
miles southward to the R. Diamanta, where it unites with the west
ern ranges: northward, according to this same author, it terminates 
where the R. Mendoza debouches from the mountains; but a little 
furth er north in the easteru part of the Cumbrc section, there are, as 
we shall hereafter see, some mountain-masses of a brick-red porphyry, 
the last injected amidst many other porphyries, and having so close 
an analogy with tllC coarse red g ranite of the Portillo line, that I am 
tempted to believe that they belong to the same axis of injection; if 
so, the Portillo line i~ at least 200 miles iu length. Its height, e,'en 
in the lowest gap on tIle road, is 14,365 feet, and some of the pinna_ 
cles apparently attain an clevation of about 16,000 fcct above the sea. 
The geological history of this grand chain appears to me eminently 
interesting. We may safely conclude, that at a former period the 
valley of Tenuyan existed as an ami of tIle sea, about twenty miles 
in width, bordered on one hand by a ridge or chain of islets of the 
blaek calcareous shales and purple sandstones of the Gypseous forma
tion; and on the otller 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, 
mnst have been exposed for a vast lapse of time to alluvial and litto
ral action, during which the rocks were shattered, the fragments 
rounded, and the strata of conglomerate accumulated to a thickness of 
at least 1500 or 2000 fcd_ The red ortiliticgrrillite now forms, as we 
have seen, the main part of the Portillo chain: it is injected in dikes 
not only into the mica-schist and white granites, but into the lamina
ted sandstone. which it has met."ullorphosed, and widell it bas th rown 

~:1 ~oo~~:~%;!~~, ~~~e a:o~~o;I~~~lro;t;~r~~~n~e~~I~~~ed '::I~a~~dt1~~:~~.i~ 
off so vast a pile of strata at this angle, is a proof that the main part 
of the red granite (whether or not portions., as perhaps is probable, 
previously existed) waS injected in a liquefied state after the accumu
lation both of the laminated sandstone alld of the conglomerate; tllis 
conglomerate, we know, was accumulated, not only after the deposi
tioll of the fossiliferous 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 geolog;cal sense, as mllst be the age of the main pmt of 
the red granite, I can coneei\'c notiling more imprcssil"e than the 
eastern view of this grcat range. as forcing the mind to grapple with 
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t he idea of tile thousands of thousnnds of year.<, requ isite for tile dcnu
dation of the strata whieh originally encased it,-for that tile fluidified 
granite was once encascd, its mineralogical composition fllld strncture, 
and the bold conical shape of tll(~ mountain- masses, yield sufficient 
cvidence. Of the encasing strata we see the last vestiges in tile 
coloured beds on the crest, in the little caps of miea·scllist on some of 
the loftiest pinnacles, ami in the isolated patches of ihis saille rock at 
corresponding hcights on the now bare and steep flanks. 

The lava-streams at the eastern foot of tbe Portillo are interesting, 
not so milch from the great denudation which they ha,'e suffered at a 
comparatively late period, as from the evidence they afford by their 
inclination taken conjointly with their tll ickness and compactness, 
that after the great range had assumed its present general outline, it 
continued to rise as an axis of elevatioll . T he plains extending from 
the base of the Cordillern to the Atlantic, show that the continent hns 
been upraised in mass to a height of 3500 feet, and probably to a much 
greater height, for the smooth shillgle-covered margill of the Pampas is 
prolonged in a gentle unbroken slope far up many of the great valley~ . 
Nor let it be assumed that the Pcnquenes and Portillo rauges 
Ilave undergone only movements of elevatiOIl; for we shall herearter 
see, that the bottom of the sea subsided several tllOl1sand feet during 
the deposit ion of strata, occupying tlle same relative place ill the 
(Jordillera, with those of the P euquellcs ridge; moreover, we siJali see 
from the llUcqnivocal evidence of buried upright trees, that at a 
somewhat later period, duri ng the formation of the Uspnllata chnin, 
which corresponds geographically with that of the Portillo, thcrc was 
another subsidellce of many thousand feet: llCre, indeed, in the valley 
of l'e lluyan. tbe aecunlli la tion of the coarse stratified conglomerate to 
n thickness of 1500 or 2000 feet, offers strong presumptive e\'idence 
of subsidence; for all existing analogies lead to the belief that Inrge 
peLLles can be transported only in shallow watcr, liable to be affceted 
by cllrrents and mcvements ofundulation,- and if eo, the sllDiiow bed 
of the sea 011 which the pebbles were first deposited must net:essarily 
hnve sllilk to allow of the accumulation of the superincumbent strata.. 
\\' hat a history of changes of level, alld of wear and tear, all since the 
age of the later secondnry formations of Europe, docs the structure of 
this OIlO great mountain-chain reveal ! 

P(u8oge of the A ndes hy the Cumhre or U8pallata P ass. 

This Pnss crosses the Andes about sixty miles north of that j ust 
described: the section given in Plate I , tig. 2, is all the same scale as 
before, namely, at one-third of an inch to a mile ill distance, and one 
inch to n mile (or 6000 feet) in height. L ike the last section, it is a 
Illere sketch, and cannot pretend to accuracy, though made under 
favourable circumstances. \Ve will commence,-- as beforc, with the 
western half, of which the main ronge bears the nnDle of tile CUlllbrc 
(that is the Uidge), and corresponds to the Peuquelles line in the for. 
mer scction; as docs the Uspallata. raDge, though on a much smaller 
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scll.ie, to that of tho Portillo. Ncar the point where the river,Acon
C3<"fua debollc11cs on the ha.sin-pl::J.in of the same name, at a hClght of 
ab~ut 2300 feet above thC" sea, we meet with the usual pu.rple and 
grecnisll porphyritic clay-stone conglomerate. ncd~ of this n:lt~lre 
alternating with numerou~ compact alld amygdal~,dal p~rphYrles. 
which luwe flowed as submarino lavas, and (l.I;sO<:I:ltod with great 
Illountain-masses of various, injected, non_stratified porp!lyries, arc 
prolonged the whole distance "I' to the Cumbre or central ridge. One 
of the commOlicst stratified porphyries is of a green colour, highly 
nmy"daloidal with the various minerals dcscriboo in the preliminary 
disCllbssion, and including fine tabular crystals of albite. The moun
tains range north (often with a little westillg) and soutb. Tbe strati. 
fication, where\'er I eonld clearly distinguish it, was inclined westward 
or towards the P acific, and, except near the Cnmbre, seldom at angles 
above 25°. Only at one spot 011 this western side, OIl a lofty pinnacle 
Ilut far from the Cumbre, I saw strata apparently belonging to the 
Gypseous formation, and conformably capping a pile of stratified 
porphyries. H ence, both in composition and in stratification, the 
structure of tlH~ mountains on this western side of the dillortium 
aquarullt, is far more simple th:m in the corresponding part of the 
P cuqnenes section. In the porphyritic clay-stone conglomerate, the 
mechanical structure and the planes of stratification have gene
rally been milch obscured and even quite obliterated towards the 
base of tho series, whilst in tIle upper parts, near the summits of the 
mountaill9, both are distinctly displayed. In these upper portions the 
porphyrics arc /!enerally lighter coloured. In three places [X, Y, Z] 
masses of andesite are exposed: at [Y], this rock contained some 
quartz, but the greater p:ut consisted of andesitic porphyry, with only 
a few well developed crystals of albite, and forming a great white mass, 
having the external aspect of granite, capped by much dark unstrati
fied porphyry. In many parts of the nlOuntains, 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, i~, according to Mr. Pent· 
land, 12,·154 feet above tim sea; and tho neighbouring peaks, com· 
posed of dark purple and whitish porphyries, some obscurely stratified 
with a westerly dip, and others witllOllt a trace of stratification, mnst 
exceed 13,000 feet in IlCight. Desccnding the eastern slope of the 
Cumbre, the structul'C becomcs very complicated, aml generally differs 
on the two sides of the east :md west line of road and section. First 
we come to a great mass (A] of nearly vertical, singularly contorted 
strata, composed of hi~lliy compact rcd saudstones, and of often 
calcareous conglomerates, and penetrated by green, yellow, and red
dish dikes ;-but I shall presently h:n'e an opportunity of describing in 
some detail an analogous pile of strata. These vertical beds arc 
abruptly succeeded by others [B], of apparently nearly the same 
~aturc but morc mctamorphoscJ , alternating with porphyries and 
htnes lolle~ ; th~'SC dip for a sl lOrt simce we>;tll :ud, bllt tllCre has ueru 
here an c)(.traordinary dislocatioH, Wllich, 011 thc north side of tilC 
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rO!l.d, !l.ppear$ to h:we determined the e:r;:c!l.vfl.tion of the north and 
south vallcy of the R. de las Cuevas. On this lIorthem side of tIm 
road, the strata [B] are prolonged till they COIllC in close contact with 
a j!l.gged lofty mountain [D] of dark-coloured, unstratificd, intrusive 
porphyry, where tho betle havo been moro highly in~lined and still 
more motamorphosed. This mountain of porphyry seems to form a 
short axis of elevation, for south of the road in its Iino, there is a hill 
[C] of I'orphyritic conglomerate with absolutely vertical strata. 

We now come to the Gypscous formation; I will first describe the 
strncture of tlle several nlouutaillS, and then give in one section a 
detailed account of the nat\ITC of the rocks. On the north side of the 
road, which here runs in an cast and west valloy, tho mountain of 
JlOrphyry [DJ is succeeded by a hill [EJ formed of the upper gyp
scous strata tilted, !l.t an angle of betwcen 700 and 800 to the west, by 
an uniclinal axis of cle\'atioll which docs not rnn parallel to the other 
neigllboming ranges, and whieh is of short length; for on the south 
side of the vaJlIlY its prolongation is Illarked only by a small f10xnre 
in a pile of strata inclincd by a quite separate axis. A little further 
on, the north and south valley of Horcolles enters at right angles our 
line of section; its western side is bounded by a hill of gypseous 
strata [F], dipping westward at about 15°, and its eastern side by a 
mountain of similar strata [0] inclincd wostward at 70°, and super
imposed by an oblique fault Oil another mass of the same strata [H], 
also inclined ",('Stward, bllt at an angle of only about 30°: the com
plicated rclation of these three masses [F, G, 11] is e:xplaiued by tho 
stnlcture of a great mountain-rangc lyillg SOllie way to the north, in 
which a regular anticlinal axis ( represented in tI,e section by dotted 
lincs) is seen, witll the strata on its eastcrn side again bending up and 
forming a distinct uniclinal axis, of which the beds marked [H] form 
the lower part. This grt'at uniclinal line is intersected, near tho 
Puente dcl Inca, hy the "nlley along' which the road rUIl S, and tile 
strata composing it will be immediately described. On the south 
side of the road, in the space corresponding with the mountains 
[E, F and G], the strata everywhere dip wf.!stward gencrally at an 
angle of 30", occasionally monnting up to 45", bllt not ill an unbroken 
lille, for tllere arc several "ertica'! faults, forming separate ulliclinal 
masses, all dipping in the same direction,-a form of elevation com
mon in tho Cordillera. 'Ve thus sec that within a narrow space, the 
gypscous strata have been upheaved and crushed together by a 
great uniclinal, anticliual, and one lesser unic1inalline [E] of elcva
tion; and that between these tllT('e lines and the Cumbre, in tho 
sand~tones, conglomerates and porphyritic formatioD, there have been 
at least two or three otller great elevatory axes. 

The uniclinal axis [I] intersected near the Puente del Inc.'l.4 (of 

• AI Ihis place, !.here are some hot and cold sprir.g8. thll ",srmes! having.8 

~~c\~8nts~re'A ;~~~dt~;~o t~l;i~~~~d~:a:fd ~:~:;~l' I~~~~!~?~n ~~e~ I ;~bi~~i~n:~~: 
contain fotty·five grains of whd ma\~er, conslSlLng ch,efly of ~ult. g},psu!". car_ 
hOUMa of lime, and o~ide of iron. n." water is c"urb·~d w'lh carhoDlC aCid 
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which the strata at iH} form a part) ranges N. by W. and S. by E., 
forming a chain of mountains., apparently little inferior in height to 
the Cllmbre: the strata, as we h:l,\'o seen, dip at an average angle of 
300 to the west. The flanks of tile mountains arc here quite bare and 
steep, aWarding an excellent section; so that I Wru! able to i~s~ect ~bc 
strata to a thickness of about ·1000 feet, and could dearly dl~tlngU1sh 
their general nature for 1000 feet higher, making a total thic~ness. of 
5000 f~et., to whicll must be added about 1000 feet of the Illfenor 
strata seen a little lower down the valley. I will describe thiB one 
section in detail, beginning at the bottom. 

1st, The lowest mass is the altered clay-slate described in the pre_ 
liminary discussion, and which in this line of section was hero fust 
met with. Lower down the valley, at the R. de las Vacaa, I had a 
better opportunity of examining it; it is there in some parts well 
characterised, h:loving a distinct, nearly vertical, tortuous cleavage, 
ranging N.W. and S.E., and intersected by quartz veins ; in 
most prats, however, it is crystalline and feldspathic, and passes 
into no true greenstone often including grains of quartz. The clay
slate, in its upper half, is frequently brecciatcd, the embedded 
angular fragments being of nearly the same nature with the paste. 

2nd, Several strata of purplish porphyritic conglomerate, of no very 
great thickness, rest eonformahly upou tile feldspathie slate. A thick 
bed of tine, purple, claystone porphyry, obscurely breeciated (but not 
of metamorphosed sedimenbry origin), and capped by porphyritic 
conglomerate, W:loS the lowest bed actually eX:lominro in this section at 
the Puente del Inca. 

3rd, A stratum, eiglity feet thick, of hard and very compact im
pure whitish limestone, weathering bright red, with included layers 
brecciated and re-eemented. Obscure marks of shell are distinguish
able ill 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-erystallino action: this bed is more 
compact and metamorphosed tllau any of the overlying' conglomerates. 

5th, A whitish cherty limestoue, wiih I\odules of blueish argilla
ceous limestone. 

Gth , A white conglomerate, with many particles of qnartz almost 

hle;~ti:\11~~~I;hs~lr:::~~, fine-grained white sandstone. 8th and 9th, 
Red and wllite beds not uamined. 

l Ot.h, YcUo\~, fine .. gra~ncd, .thinl'y stratifie~, .magnesian (judging 
from Its slow dIssolutIOn 11\ aCIds) hmestone; It Ineludes somo white 
quartz pebbles, and little cavities, lined with calcareous spar, some 
retaining the form of shells. 

I I th, A bed, between twenty and thirty feet tllick, quite conform
able with the underlying ones, eompoS<ld of a hard basis, t inged lilac-

::~e,~~~ft~f:~edTt~~r~~:t fo;~~~e= ;~r~~~~e d:tc~~;'~~~S~U::d i ;~~:b[;r:;:o;! 
of Villa VIcencio, on 3 line of eleval;on. 
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gray, porphyritic with mmwrOU8 crystals of whitish feldspar, with 
black mica and little spots of soft fcnllglnous matter: evidently a 
submarine In,·a. 

12th, Yellow magnesian limestone, as before, part-stained purple. 
13th, A most singular rock; basis purplish gray, obscurely crys

talline, casily fusible into a dark green glass, not hard, thickly spccklcd 
with crystals more or lcss perfect of white carbonate of limc, of 
red hydrous oxide of iron, of a white and transparcnt mincral like 
analcime, . . 
moreover 
carbonate vith the red oxide of 
iron. I I of a superincumbent 
stratum (HI), that this is a submarine lava; though in Northern 
Cllile, some of the metamorphosed sedinlCntary beds ale almost as 
crystalline, and of as varied composition . 

14th, Rcd s:mdstone, passing in the upper part into a coarse, luud, 
red conglomerate, 300 feet thick, having a calcareous cement, and in
cluding grains of quartz and brokell crystals of feldspar; basis infu
sible; the pebbles consist of dull purplish porphyrie~, with some of 
quartz, from the size of a nut to a man's head. This is the coarsest 
conglomerate in this part of the Cordillera: in the middle there was a 
wh ite layer not examined. 

15th, Grand thick bed, of a'very hard, yellowisll-whitc rock, with a 
crystalline fclds patbic base, including large crystals or wllite reldspar, 
many little cavities mostly full of soft ferruginolls matter, and nume
rous llexagonal plates of black mica. The upper part of tllis great 
bed is slightly cellular; the lower part compact: the thickness varied 
a little ill different parts. Manifestly a submarine lava; and is allied 
to bed I I. 

I Gth and 17th, Dull pllrplisl., calcareous, fine.grained, compact 
sandstones, which pass into coarse white conglomerates with numerous 
particles of quartz. 

18th, Several altemations of red conglomerate, purplisll sandstone, 
and submarine lava, like that singular rock formillg bed 13. 

19th , A very heavy, compact., greenish-black stone, with a finc
grained obviously crystalline basis, containing a few specks or white 
calcareous spar, many specks of the crystallised hydrons red oxide of 
iron, anti some specks of a green mineral; therc arc veillS and nests 
filled with epidote: certainly a submarine lava. 

20th, Many thin strata or compact, fine-graine"d, pale purple sand
stone. 

21st, Gypsum in a nearly pnre state, about 300 feet in thickness: 
this bcd, ill its concretions of anhydrite and layers of small blackish 
crystals of carbonate of lime, exactly resembles tho great gypscolls 
beds ill the Pcuquenes range. 

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

23td, A thick mass composcd of layers, often as thin as paper and 
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convoillt.cd, of pure gypsum with othct'3 "cry ilnlJUre, of a purplisiJ 
colour. 

24th, Pure gypsum, thick mass. 
25th, Red sandstones, of great thickness. 
2Gth, Pure gypsum, of greallhickncss . 
27th, Alternating layers of Ilure and impuroo gypsum , of great 

thickness. 
I was not able to ascend to these few last great strata, which com

pose the neighbouring loftiest pinnacles. The tlliekness, from the 
lowest to the uppermost bed of gypsum, canuot be less than 2000 
feet: the beds beneath I estimated at 3000 feet, and tllis does not 
include eithtlr the lower parts of tilC porpllyritie eOIl;!,lomt'rate, or the 
altered clay-slate; I conceive the total thickness mllst be about 6000 
feet. I distinctly observed that not only the gypsum, but the alter
nating sandstones and conglomerates were lens-shaped, and repeatedly 
thinned out :'IOd replaced each other: thus in tile distance of abont a 
mile, a bcd 300 foct thick of sandstone betwecn two heds of gypsum, 
thinncd out to nothing, and disap[K'ared. The lower part of this 
section differs remarkahly,-in the mueh greater diversity of its 
mineralogical eompesition,-in the abundance of ca\carC(lus matter,
in the "reater coarseness of some of the conglomerat{'s,-and in the 
llumer;'us particl('5 and well rounded pebbles, sometimes of large size, 
of quartz,-from any other section hitherto described ill Chile. F rom 
thC>:!e pecllliaritic.s, and from the lens-form of the strata, it is probable 
that this great pile of strata was accumulated on a sllallow and very 
uneven bottom, near somc pre-existing land formed of various por
)lhyrics and quartz-rock. The formation of porphyritic claystone con
glomerate does not in this section attain nearly its ordinary thickness; 
this may be parity attributed to the metamorphic action haying been 
here much less energetic tban nsual, tllOugh the lower beds ha,·c been 
affected to a certain degree. If it had been as ellergetic as in most 
other parts of Chile, many of the beds of sandstone and con
glomerate, containing rounded masses of porphyry, would doubtless 
have been converted into porphyritic conglomerate; aud these would 
l!ave alternated with, and evcn blended into, crystalline and ]lorphy_ 
r itic strata without a trace of mechanical structure,-namely, into 
those which, in the prc2ent state of tiJC section, we see are nnques
tionably submarine la":1$. 

T he beds of gypsum, together with the red alternating sandstones 
and conglomerates, present so perfect and eUlious a resemblance with 
those seen in om former section in the basin-valley of Yeso, that I 
eallnot doubt the identity of the two formo.tions; I may add that a 
little westward of the P. del Inca, a mass of gypsum passed into a 
fine-grained, liard, browlI sandstone, which contained some lo.yers of 
black, calcareous, compact, s\Jaly rock, precisely like that seen ill such 
vast masses on the Peuqnenes range. 

Near the Puente del Inca, numerous fragments of limestone, con
taining some fussil remains, were scattered on the ground; tllesc 
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fraglllCnts so perfe<:t1y resemLle the limestone of bed No.3, in which 
I saw impressions of shells, that I hal'e no doubt they have fallen 
from it. The yellow magnesian limestone of bed No. 10, which also 
includes trace:; of shells, Ims a differellt aJ1liellrance. Thestl fossils 
(as named by M. d'Orbiguy) consist of-

Gryph,.,a, near to G. Cqulqni (Neocomian formation). 
Arca, perhaps,d, Gabri~lig, d·Orbig. Pal. Franc. (Neocomian formation). 

lUr. Pentland made a collection of sllells from this same spot, aDd 
V OIl Bueh'" considers them as consistiug of-

TTlgonia, resembling in forUl T . co.lala. 
Pho\adomya, )i!.:e One found by M. D ufresDOy nea. AleD~on, 
hocardia excentricB, VO!t2., iueutical ",ilb that from \.he Jura. 

Two of these shells, namely, the Gryphooa and Trigonia, appear 
to be idcntical with specics collect"d by Meyen and myself on the 
Pcuqucncs rangc; and in thc opinion of Von Buch and l\L d'Orbigny, 
the two formations belong to thc same age. 1 mnst here add, that 
Professor E. Forbes, who has examined my specimclIs frolll this place 
and from the Peuquelles range, has like"ise a strong impression that 
they indicate tile cretaccous period, aud probably an early elJoch in 
it: so that all thc palteontologists who ha\'e seen these fo~sils ncarly 
coincide io OIJinion regarding thcil' age. The limestonc, however, 
with these fossils here lies at the very base of the formation, just 
above the porphyri tic conglomerate, and certainly sc\'eral thonsand 
feet lower in the series, than the equivalcnt, fossilifcrous, black, 811aly 
rocks Il igh up on the Pcuquenes range. 

I t is well worthy of remark ti,at thcse shell9, or at least those of 
which I saw impressions in the limestone (Led No. 3), mlls~ hase 
been covered up, on the lcall computation, by 4,000 feet of strata: 
nolV we knolV from Professor E. Forbes's researches., that the sea at 
greater depths than 600 fect becomes exceedingly barrcn of organic 
bcings,-a result quite in accordance with what little I have seen of 
decp-sea sonndings. H ence, after this Iimestolle widl its sheUs was 
dcposited, the bottom of the sea wl,ere the main line of tl,e Cordillera 
now stands, mnst have subsided some thousand fl'Ct to allow of the 
deposition of the superincnmbcnt submarine strata . "'ithout sup
posing a movement of this kind, it would, Illorcover, be impossible to 
understand thc accumulation of the several lower strala of coarse, well
rounded conglomerates, wbicll it is; scarcely possible to believe were 
spread out in profoundly deep water, and which, especially thosa 
containing pebbles of quartz. could llardly have bco;l\ rounded in sub · 
marine cratcr~ and afterwn.rds ejected frum them, as I believe to have 
been the case with much of the porphyritic conglomerate formatiou. 
I may add that in P~ofessor Forbes's opinion, the abovc ellumerated 
species of mollusca probably did not lil'e at a much greater dcpth 
than twcnty fathoms, that is only 120 fect . 

• DescrlFt. Phys. dps Ile3 Cal!. p. 472, 
o 
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To return to onr scclion down the ":lllcy: Slanding on the great 
N. by W. and S. by E. uniclin:ll axis of the Puente del Inca, of 
which :l scetioll has just been gi\'cn, and looking nocth.cast,.great 
tabular III~ of the gypseous formation [K K] could be seen III the 
distance, very slightly inclined towards the cast. Lower down ~ho 
valley. the mountains are almost cxclusi\'e\y composed of porphyriC8. 
Illany of thom of intrusive origin and Mn.stratified, others stratified, 
but with the stratification seldolll distinguishable except in the u}JPcr 
parts. Disregarding local disturb:lllces, the beds RIC either horizont31 
or inclined at a small angle eastwards: hence, when st::Lllding Oli the 
plain of Uspallata. and looking to the west or backwards., the Cor
dillera. appear composed of huge, square, nearly horil.Olllal, tabular 
masses: so wide a space, with snch lofty mountains so equ3.hly ele
vated, is rarely met with within the Cordillera_ In this line of sec
tion, tIll, inten'al between the Puente del Inca and the neighbour
hood of tho Cuulbre. includes all the chief a::tes of di~location. 

The altered clayslate formatioll, already described, is seen in several 
PMts of the valley as (fir down as Las Vacas, undcrlying tim por
IJhyritic conglomcratc. At the Cas3 de Pujios [LJ, there is a hum
mock of (andesitic 1) gr::mite; and the stmtification of the surroulld
illg mou ntains Ilere changes from 'V. by S. to S.W. Again, lIe3.r the 
It. V3.caa there is a larger formation of (andcsitie?) granite [M], 
which scnds a mesh-work of \'eins iuto the superincumbent ciay
slate, and which locally throws ofr the strat,.". on one side to N .W·. 
and on the other to S.E. but not at a high angle: at the jUliclion, the 
c1ayslllte is altered into fine-grained gr~lIstuue. This granitic axis 
is intersected by a green dike. which I mcotion, bec:luse I do not 
remember having elsewhere sectL dikes in thi3 lowest and latest 
intrusive rock. From the R. Yacas to the plain of Usp3.llata, the 
Willey rUIiS N .E., so that] ha,·e had to contract. llly section; it runs 
exehlsi" ely through porphyritic rocks. As far as the Pass of Jaula, 
tho claystone conglolllerate formation, in most parts highly por
phyritic, and crossed by numerous dikes of grecnstolle-porphyry, 
attains a great thickness: there is also much intrusive porphyry. 
Frolll tho Jauia to the plain, tllo stratification has heen in most 
places obliterated, except near the tops of some of the mountains; 
lIud the metamorphie action haa been extremely great. I n this spaeo, 
the number and bulk of tile intrllsi"e masses of differently coloured 
porphyries, injected one into another and intefSCCted by dikes, is 
truly extraordinary. I saw one mountain of whitish porllhyry. 
from which two huge dikes, thiuniug ont, bmnched dO!eJITcard, into 
an :ldjoining blackish porphyry. Another hill of white porphyry, 
which had hurst through dark coloured strata, was itself injl~<:ted by 
n l)Urrlc. brecciated, and recemented porphyry, both being crossed by 
a green dike, alld both hM'ilig bcclI uphc:ned 3.nd injected by a 
granitic d?llle. Guo brick-red pOTJlllyry, which 3.bove the Jaula 
forms .an Isolated mass in the midst of the porphyritic conglomcrate 
forUlatl~II, al1~ lower down the ... alley a magnificent group of peaked 
Illountams, differs remarkably rrom all the other porphyries. It 

The Complete Work of Charles Darwin Online 



C!Up. YII.] 195 

consists of a led feldspnthic baSI', including aome rather brge crystals of 
red feldspar, numerous large angular smin8 of quartz, and little bits 
of a 80ft green mineral answering ill most of its characters to soap
stone. The crystals of red feldspar resemble in exkrnal appearance 
those of orthite, thougIl, from being partially decomposed, I was 
unable to measure th",m; and they cer tainly arc quite unlike the 
variety, so abund:mtly met with in almost all the other rocks of th i~ 
line of section, and which, wherever I tried it, cleaved like albite. 
This brick-red porphyry appears t{) have burst through all tile other 
porphyries, and numerous red dikes trrwersing the ueigllbouring 
mountains have Ilfoeccdcd from it: in some few plnces, however, it 
was iutersected by white dikes. From this posteriority of intrusive 
origin,-from the close general resemblance betwccn thi~ red por
phyry and the red granite of the Portillo line, the only difference 
being that the feldspar here is less perfectly gr:mular, and that 
soapstone replaces the mica, wll ich is there imperfect and passes into 
eh~rite,-and froll} the Portillo line a little southward of this poiut 
appearing to blend (according to Dr. Gillies) into the western ranges, 
- I alii strongly urged to beliore (as formerly remarked) that the 
grand mountaill·masses composed of this br ick-red porphyry bc!oug 
to the same axis of injedion witll the granite of the Portillo line: 
if so, the injection of this llorphyry probably took place, as long snb
sequently to tho several axes of ele"ation in the gypSOOllS formatio n 
near the Gumbre, as the injection of the Portillo granit.e has been 
shown to have been subsequent to tho elevation of tbe gypseous 
strata composing the Peuquenes range; aud lhis interval, we hasc 
seen, must Ilave been a ,'cry long one, 

T he P lain of Uspallnta has been briefly described in Chap. II I. ; it 
resembles the basin-plains of Chile; it is ten or fifteen miles wide, 
and is said to extend for 180 miles northward; its surface is nearly 
6000 feet above tIle sea; it is composed, to a thickness of some hun
dred feet, of loosely aggregated, stratified shingle, which is prolonged 
with a gently sloping surface up the valleys in the mountains on 
both sides, One section in this plain [Z] is interesting, from the 
u nuSt\a l* circumstance of alternating layers of almost loose red and 
white sand with lines of pebbles (from the size of a nut 1<> that of an 
apple), and beds of gravel, being inclined at an angle of 45°, and in 
some spots even at a higllCr angle. These beds are dislocated by 
small raults; and are capped by a t llick mass of horil.Ontally strati fi ed 
gravcl, evident ly of subaquC(lUS origin. Haying been accllstomed to 
observe the irregnlarit ies of beds accumulated uuder cnrrents, I fed 
sure that tho inclination here has not been thus rroduced~ The 
pebbles consist chiefly of the brick-red porphyry just deseribed and 
of whi t.e grauite, both probably derived from the ranges to the west, 
and of alt.ered clayslat.e and of certain porphyries, apparently be-

• 1 6nd that Mr. Smith, of Jordanhi)), has destrihed (Edinburgh New Phil. 
Journ. ,'oJ. 1.1,', p. 392) beds of saud aud gra~el. near Edinburgh, lilted Bt an 
angle of 60", and dislocate<l by miniature faults. 

o 2 
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longi ng to the rocks of the Uspallata chain. This plainC{lrr~sponds 
geographically with the ,·alley of Tcnuyan ,?ctween ~he ~ortl:lo and 
l'euquenes ranges; but in that yalley the slungle, whICh likewIse hns 
been deri \'ed both from the eastern and westc)'ll mnges, ha~ been 
cemented into a hard conglomerate, and has been througho~lt tilted at 
a considerable inclination: the gravel there apparently attains a much 
greater thickness, and is probably of higher antiquity. 

TIUJ U8pallata Ral1ge. - The road by tlle Villa Vicencio P ass 
docs 1I0t strike directly (lcross the range, but runs for somc leagues 
northward along its western base. and I must briefly describe the 
rocks here seen, beforc continuing with tIle coloured east and \~est 
section. At the mouth of the valley of Canota, aud at several pOints 
uorthwards, there is au extensive formation of a glossy aud harsh, 
and of a feldspathic clayslate, including strata of grauwacke, and 
having a tortuous, nearly vertical cleavage, traversed by numerous 
metalliferous veins and others of quartz. The clayslate is iu mnny 
parts capped by a thick m[L~ of fragments of the same rock, 
firmly recemcnted; and both togcther have been injected aud 
brokcn np by very numerous hillocks, Tanging north and south, 
of lilac, white, dark and salmon· coloured porphyries : one steep, now 
denudcd, hillock of porpllyry had its facc as distinctly impressed with 
the angles of a fr!lgmentary mass of the slate, with sollle of the 
points sti ll remaining embedded, as scaling-wax could be by a seal. 
At thc mouth of this samc valley of Canota, in a fine cscarpmcnt 
113ving the strata dipping from 500 to 60° to the N.E.,· tile clay
slate formation is seen to be covered by (1st), a purple claystone 
porpllyry resting unconformably in some parts on the solid slate, 
and in others on a thick fragmentary mass: (2d), a conformable 
stratum of compact blackish rock, ha"ing a spheroidal structurc, full 
of minute acicular cry~tals of glassy feldspar, with red spots of oxide 
of iron: (3d), a great stratum of purplish-red claystone porphyry, 
abounding with cryst~ls of opaque feld~par, and laminated with 
thin, parallel, ofteu sllOrt, layers, and likewise with great irregular 
llatches of white, earthy, semi_crystalline feldspar; this rock (which 
I noticed in other neighbouring places) perfectly resembles a curious 
variety described at Port Desirc, and occasionally occurs in the 
great porphyritic conglomerate formation of Chile: (4th), a thin 
stratum of greenish-white, indurated t uff, fusible, and cont,1ining 
brokcn crystals and partieles of porphyries: (5th), a grand mass, 
imperfectly columnar and divided into three parallel and elosely joined 
strata, of cream_coloured claystone porphyry: (t>th), a thick 
stratum of lilac-coloured porphyry, which I could see was cappcd 
by another bed of the cream-coloured variety: I was unable to ex-

• N~arly_ opposite to Il.ois escarpment , there is anotl.oer wrresponding one, with 
tl.oe sinHa d'PI"ng not to tl.oe euctly opposite point, Or S. W., hut to 8.S. W., COD _ 
8~quen'ly the IWO escarpments trend towards each otber, aod some miles soulb_ 
ward they hecome actually united; this is a form of elevation which I ha.s nol 
el8~wbere seen. 
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amine tI,e still higber parts of the escarpment. These conformably 
stratified porphyries, though none arceithcr vesicular or amygdaloidal, 
II ave evidently flowed as submarine lava.s: some of them arc separated 
from each other by seams of indurated tuff, wl.ich, howel'er, arc 
quite insignificant in thickness compared with the porpllyries. This 
whole pile rcscmbles, but not very closely, some of the less brecciated 
parts of the great porphyritic conglomerate formation of Chile; but 
it docs not probably belong to HIe same agr, as the porphyries here 
rest unconformably on the altered feldspathic clayslate, whereas the 
porphyritic conglomerate fonnation alternates witll and rests con
formablyon it. These porphyries, mOreo\"er, with the exception of 
the one blackish stratum , and of the OIlC indurated, white tufaceous 
bcd, differ from the beds eOlllllosillg the Uspallata rauge in the linc 
of the Villa Vicencio Pass. 

I will now gil'e, first, a sketch of the structure of tliC range, as 
represrnted in the colonred seetion, and will then describe its compo
sition and interesting history. At its western foot, a hillock [N] is 
scen to r ise Ol1t of the plain, with its strata dipping at 70° to the 
west, fronted by strata [OJ inclined at 45° to the east, thus forming 
a little north and south nuticlinal axis. Some othcr little hillocks of 
similar composition, with their strata highly inclined, r:mge N.E. 
and S.W., obliquely to tIle main Uspallata line. The cause of these 
dislocations, which, though on a small scale, have been ,·jolent and 
complicnted, is seen to lie in hummncks of lilac, purple, and red por· 
phyries, which have been injected in a liquefied state through and 
into the underlying clayslate fo rmation. Several dikes were exposed 
here, but in no otl,er part, that I saw, of this range. As the 
strnta consist of bbck, white, greenish, and brown coloured rocks, 
and as the intrusive porphyries are so brightly tinted, a most extra· 
ordinary view was presented, like a coloured j:eological drawing. On 
the ,gcntly inclined main western slope [prJ, abo"e the little anti
clinal ridges just meutioued, the strata dip at an average angle of 25° 
to the west; the inclination in some places being only 10°, in some 
few others as mnch as 45°. The masses having tllese different incli
nntions, are separated from each other by parallel vertical faults [as 
represented at PaJ, often giving rise to separatl', }lara11el, uniclinal 
ridges. The summit of the main rang(l is broad and undulatory, 
with the stratification undulatory and irregular: in a few places 
granitic and porphyritic masses [Q] protrude, whicll, from the smnll 
effect they ha"e 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 9000 feet in height 
above the sea. On the eastern slope, the strata in the upper l)art 
arc re<rularly inclined at about 25° to the cast, so tlmt the summit of 
this clmin, neglecting small irregularities, forms a broad anticlinal 
axis. Lower down, however, near Los Hornil1os (n], there is a well
marked synclinal axis, beyond which the strata are inclined at nearly 
the same angle, namely from 20° to 30°, illwards OJ westward. Owing 
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to the nmount of demldation which this clmin has suffered, the out~ 
line of the gently inclined eastern flank scarcely offers ~he slightest 
indication of this synclinal axis. 'fhe stratified beds. WlllCh we have 
hitherto followed across the rao""e, a little furthe r down are seen to 
lie, I believe unconformably, on'" a broad mountainous band of clay
slate and grauwacke. The strata and laminre of this ~atterfornJati?ll, 
on the extremcert.stern fbnk, are generally nearly vertical; further ~n
wards they become inclined from 45° to 80° to the west: near V Ilia 
Vicencio [8] there is apparently an anticlinal axis, but the structure 
of this outer part of the c13Y9lato {ormation is so obscure, that I 
have not marked the planes of stratification in the coloured section. 
On the margin of the Pampas, some low, much dislocated spurs of 
this same formation, project in a north-easterly line, in tile sarno 
oblique manner as do the ridges on tile western foot, and as is so fre
quently the case with those at the base of the main Cordilleu .. 

I will now describe the n[lture of the beds, beginning at the base 
on the eastern side. First, for the clayslate formation: the slate is 
generally hard [lnd bluish, with the laminre coated by minute mica
ceous scales; it alternates many times with a coarse-grained, greenish 
grauwacke, containillg founded fragments of quartz and bits of slate 
in a slightly calcareous basis. The slate in the upper part generally 
becomes purplish, and the cleavage so irregular that the whole con· 
sists of mere splinters. Trans\'crse veins of quartz a re numerous. 
At the Caler.'!., some leagues distant, there is a dark crystalline lime_ 
stone, apparently included in this formation. 'Vitll the exception of 
the grauwaeke being here moro abunrlant, and the clayslate lees 
altered, this formation closely resemhles that unconformably under_ 
lying the porphyries at the western foot of this same range; and 
likewise that alternating with the porphyritic conglomerate in the 
main Cordillera. This formation is a considerable one, and extends 
several leagues southward to near Mendoza: the mountains com
posed of it rise to a. height of about 2000 feet abo"e the edge of the 
Pampas, or about 7000 feet above the sea. OIl 

Secondly: tl,o most usual bed on the dayalate is a coarse, white. 
slightly calcareous conglomerate, of no great thickness, including 
broken crystals of feldspar, gmins of quartz, and numerous pebbles 
of brecciated claystone-porphyry, but without any pebbles of tue 
llllderlying clayslate. I nowhere sa.w the actual junctioll between 
this bed and the clayslate, though I spent a whole day in endea_ 
"ouring to disco'"er their relations. In some IJiaces I distinctly saw 
the white conglomerate and overlying beds inclined at from 25° to 300 
to the west, and at the bottom of the same mountain, the claysla16 
and grauwacke inclined to the same point, but at an nngle from 70" 
to 800

: in one instance, the dayslnte dilJped not only at a different 
angle, but to a different point frolll the overlyill'" formation. In 
thcse cases the two formations certainly appeared quite lmconform_ 
able: moreover, I found in tl,e clayslate one great, "ertical, dike_ 

.. I infer this from the height of v. Vitencio, whiclJ ",as a.scertained by !II,. 
"'lian to be 5326 feet ahoye the sea. 
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like ossure, filled up WitIl an indurated whitish tuff, quite similar 
to some of the upper beds presently to be described; and this shows 
that thc clayslatc must hal'c been consolidated and dislocated before 
their deposition. Oil the other hand, the stratification of the slate 
and grauwackc,· in some cases gradually and enti rely disappeared in 
approaching the overlying white conglomerate; in other cases the 
stratification of the two formations became strictly conformable; 
and again in other cases, there was some tolerably well characterized 
clayslate lying ahove the conglomerate. The most probable conclu. 
sion appears to be, tlmt after thc clayslate fomlation had becD dislo
cated and tilted, but whilst under the sea, a fresh and mOre recent 
deposition of clayslatc took place, on wllich the white conglomerate 
was conformably deposited, with here and there a thin intercalated 
bcd of clayslate. 011 this view the white conglomerates aDd the 
presently to be described tuff~ and lavas are really unconformable to 
the main part of tl,e clayslate; and tllis, as we have seen, certainly 
is the case with the claystone lavas in the miley of Canota, at the 
western and opposite base of the range. 

Thirdly: 011 the white conglomerate, strata several hnndred fcet in 
thickness are superimposed, varying much in nature in short dis_ 
tances: thc 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 be<:ome semi-porcellanic, and tinted faint 
green or blue; others pass into an indurated shale: most of these 
,'arieties are easily fusih!e. 

F ourthly; a bed, about 100 feet thick, of a compact, partially 
columnar, pale-grey, feldspathic lava, stained with iron, including 
very numerous crystals of 0llaquc feldspar, and witll some crystallized 
and disseminated calcarcolls matter. 'file tufaccous stratum on which 
this feldspathic lava rests is much hardcned, stained purple, and 
has a sphcrico·concretionary structure ; it here contains a good many 
pebLles of claystone-porphyry. 

F iftilly ; thin beds, 400 feet in tl,ickness, varying much in nature, 
consisting of white and ferruginous tufts, in some parts having a con
crctiollary structure, in others containing rounded grains and a few 
pebblcs of quartz; also passing into hard gritstones and into greenish 
mudstones: there is, also, much of a bluish-grey and green semi
porcellallic stone. 

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

* The coarse, mechanical structure of Plany grauwackes has always appeared t01 
me a difficulty; for the texture of tbe a&5?Ciated days!at". and the nature of tbe 
embedded organIc remains where j)resent , ",dicate that the whole has heeD a deep. 
w.ter deposit. Whence have the somehme. included angular fragmeDi. of clay_ 
81ate, and tbe rounded m~saes of quart~ and other rocks, beeD derived 1 l\hnl 
deep_,vater hmestones, it I I wen known, bave beeD brecciated, and tben firlD!y reo 
cemented. 
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greenish, blackish, purplish, and grey varieties., rarely including erys· 
tals of green augite and minute acicular ones of feldspar, hut often 
crystals and amygdaloidal masses of white, red, and bbck carbo~ate 
of lime. Some of the blackish varieties of this rock h(\I'c a conclloldal 
fracture and resemble bilSalt: others have an irregular fracture. Some 
of the weyand purplisll varieties arc thickly speckled with green 
earth and with white crystalline carbonate of lime; others arc largely 
amygdaloidal with green earth and calcareous spar. Again, othn 
earthy '<'arieties, of greenisll, purplish and grey tints, contain much 
iron, and arc almost half compo~ed of amygdaloidal balls of dark 
brown bole, of a whitish indura.ted feldspathie matter, of bright green 
earth, of agate, and of black alld white crystallized carbonate of lime. 
All these ,'arieties are easily fusible. Viewed from 1\ distance, the 
lille of junction with the underlying semi~porcellanic strata was dis
tinct; but when examined closely, it was impossible to point out 
within a foot where the lava ended and wllere the scdimentary mass 
began: tho rock at the time of junction was in most places llflrd, of a 
brigllt green colour, and abonuded with irr~gular amygdaloidal masses 
of ferruginous and pure calcareous spar, and of agate. 

Seventhly: etrata, eighty feet in thickness, of \'arioIl9 indurated 
tuffs, as before; many of tile varieties Ila\'e a fine basis including 
ratller coarse extranootls particles; some of them are compact and 
semi-porcellanic. and include ,'egetable impressions. 

Eighthly: a bed, about fifty feet thick, of greenish.grey, compact, 
feldspathie lava, with nUmerollS small crystals of opaque feldspar, 
black augite, and oxide of iron. The junction with the bed 011 

which it resud, was ill defined; balls and masses of the feldspathic 
rock being enclosed in milch altered tulf. 

Ninthly: indurated tulf~, as before. 
Tenthly: a conformable layer, less than t\\'o feet in thickness, of 

pitchstone, gCJlerally brecciated, and traversed by "eins of agate and of 
carbonate of lime: parts are composed of apparently concretionary 
fragments of a more ))crfect nriety, arranged in horizontal lines in 3. 

less perfectly characterized variety. J hal'c milch difficulty ill believ
ing that this thin layer of pitchstone flowed as la\·a. 

Eleventhly: sedimentary and tufaceous beds as before, passing into 
sandstone, including some conglomerate; tl,e pebbles in the latter are 
of claystone-porphyry, well rounded, and some as large as cricket
balls. 

Twelfthly: a bed of compact, sonorous, fcldspatllic lam, like that 
of bed No.8, divided by numerous joints into large angular blO(:ks. 

Thirteenthly; sedimentary beds, as before. Fourteenthly: a thick 
bed of greeni~h or greyish black, compact basalt, (fusing into a black 
enamel) with small crystals, occasionally distinguishable, of feldspar 
and augite: the junction with the underlying sedimentary bed, diffe· 
rently from that in most of the foregoing strcams, Ilere was quite 
distinct ;-Ule lava and tufaceous matter preserving their perfect 
characters within two inches of each other. This rock closely resem-
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bles certain part.1I of that varied and singular lava·stream No.6: it 
likewise resembles, as WI;: slmll immediately sec, many of thc great 
upper bcds on tile western Aank and on the summit of this range. 

The pile of strata here described attains a grcat thickness; and 
above the last mentioned volcanic stratum, there were se\'eral other 
great tufaeCQus beds alternating with submarine lavas, which I had not 
time to examine; but a corresponding series, several thousand feet in 
thickuess, is well exhibited on the crest and western flank of the 
range. 1I10st of the Ia\'a-streams on the western side are of a jet
black colour and basaltic nature; they are either compact and fine
graiued, including miuute crystals of augite and feldspar, or they are 
coarse-grained and abound with rather large coppery-brown crystals 
of an ::mgitic mineral.- Another variety was of a dull red colour, 
having a claystone brecciated basis, including specks of oxide of iron 
and of calcareous spar, and amygdaloidal with greeu earth; there 
were apparently Se\'eral other ,·arieties. These submarine lavas often 
exhibit a spheroidal, and semetimes an imperfect columnar structure; 
their upper junctions are much more clearly defined than their lower 
junctions; but tlle latter are not so n\llch blended into the llllderlying 
sedimentary beds, as is the case in the eastern Aank. On the crest 
and western Hank of the range, the streams, viewed as a whole, are 
mostly basaltic; whilst tho~e 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 yarying nature; but a Inrge 
proportion of them closely resemble those already described 011 thc 
eastern flank; therc are white and brown, indurated, easily fu sible 
tuffs,-some pas~ing into pale blue and green scmi-porcellanic rocks,
others into brownish and pllrplieh sandstones and gritstones, often 
including grains of quartz,-others into mudstone containing brokcll 
crystals and partieles of rock, and occasionally single large pebbles. 
T here was one stratum of a hrigllt red, coarse, yolc':lDic gritstone: 
another of conglomerate; another of a black, indurated, carbonaceous 
shale marked with imperfect vegetable' impressions; this latter bcd, 
which was thin, rested ou a submarine lava, and followed all tIle con
siderable ioequalities of its uPller surface. Mr. Miers states that coal 
has been found in this range. La~tly, there was a bcd (like No. 10 
on the eastern flank), cvidently of sedimentary origin, and remarkable 
froUl closely approacldng in character to an imperfect pitchstone, and 
from including extremely tllin layers of I'erf~ct pitchstone, as well as 
nodnles and irregulnr fragments (but not resembling extraneous frag_ 
ments) of this same rock arranged in horiz(lntallines: I conceive that 
this bed, which is ollly a few ft:et ill thickness, must have assumed its 
present state throngh metam(lrphic and concretionary action. Most 
of these sedimentary strata are much indurated, and no doubt klVC 

been partially metamorphosed; lllallY of them are extraordinarily 
llcavy and compact; others have .ligate and crystalline carbonate of 

*" Very easily fusible ill10 a jet black bead, 8th~cted by the ma~net: the cry,_ 
tals are too mueh tarnj~hed to be measured by the gOniometer. 
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lime disseminated throughout them . Some of the beds exhibit a 
siogulat; concretionary arrangement, with the cnn'es determined by 
the lines of fissure. There are many veins of agate and calcare;:JIlS 
spar, and innumerablll ones of iron and other metals, which Imve 
blackened and curiously affected the strata to considerable distances 
on both sides. 

:Many of these tufaceous beds :resemble, witll the ex~cption ,of being 
more indurated, the upper beds of the great Patag-oman terlmry for
mation, especially those ,'ariously coloured layers high up the rh'cr 
Santa Cruz, and in a remarkable degree tlw tufaceons formation at 
the northern end of Chiloe. I was 60 Illuch struck witll this re
semblance, that I particularly looked out for silicified wood, and 
found it under the following extraordinary circumstances. High up 

~:a,tlil:ls a"~~~r:n ~~~:;;;!n~ ~~ifi!;~ :::!~~t:m~:o~~~r~ ~:~pa!~\;r~~ 
gritstone passing into a fine mudstone, and alternating with layers 
of coarser, brownish, "cry heavy mudstone including 'broken crystals 
and particles of rock almost blellded together, I counted the stumps 
of fifty-two tr~, They projected betwecn two and five feet above 
the ground, and ~tood at exactly right angles to tlle strata, which 
were here inclined at an angle of about 2Sc to the wcst. Ele\'en of 
these trees were silicified and well preserved: Mr, R. Brown hag been 
so kind as to examine the wood when sliced and po1i~hed; he s."ys 
it is coniferous., partaking of tlle characters of the Araucarian t ribe, 
with 80me etltious points of affinity with the Yew. The bark 
round the trunks must have been circularly furrowed with irregular 
Jines. for the mudstone round them is thus Jllainly marked. One 
cast consisted of dark argillaceous limestone; and forty of them 
of CQar~ly crystallized carhonate of lime, with cavities lined by 
quartz crystals: these latter white calcareous columns do not retain 
any internal structure, but thei r external form plainly shows their 
origin. All the stumps have nearly thc salllC diamcter, varying from 
olle fuot to eigllteen inches; some of them stand within a yard of 
each other; they arc grouped in a clump within a space of about 
sixty yards :lcross, with a few scattered round at the distance of ) 50 
yards. They all st:lnd at about the saIne level. Tho ]UlIgCllt stump 
stood sewn feet out of the ground: the roots., if tlleyare still pre
servcd, are buried and concealed, No olle layer of tI,e mudstone 
appeared much darker than tile others, as if it had fOnllerlyexisted 
as soil; !lor could tl,is be expected, for the same :lgents which re
placed with silex and lime thc wuod of tho trl'CS, would naturally 
ha\'c removed all vegetable matter from the soiL Besides the fifty
two upright trees, tl,ere were a few fmgmellts, like broken hranches, 

.. For tbe information (If ~ny future trnveller, I ,,·ill describe the spot in detail. 
~roceediog ea.tward from the AgU8 del Zorro, and ofterward9 leaving on tbe HOtth 
81de (If .the wad s rancho !lUached 10 some (lId gold,mines, Y(lU pass through a 
golly WIth low hut sleep roch (In each hand: lhe road then bends, ood Ihe ascent 
becomes ~leel'er. A few bundr~d yards fur!l,er on, 11 stone'. thmw On II>., soutb 
6ide of Ihe load, the wl,ite calco,cous ~tumps lnay be seen. Th" SP(l\ is about 
half 11 mile easl of tbo Agun del Zorro. 
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horizontally embedded. The surrounding strata are crossed by "eins 
of carbonate of lime, agate, and oxido of iron ; and a poor gold vein 
has been worked not far from the trees. 

The green and brown mudstone beds inclurling the treC'S, arc con
formably covered by much indurated, compact, white or ferruginous 
tu ffs, which pass upwards into a fine-grained, purplisll sedimentary 
rock: these strata, ..... hidl, together, arc from 400 to 500 feet in 
thickness, rest on a thick bed of sub-marino lava, and are conform
ably covered by another great mass of fi ne-grained basalt,· wllieh 
J estimated at 1,000 feet in thickness., and wllieh probably has been 
formcd by more than one stream. Above this m:lSS I could clearly 
distinguish fi ve conformable alternations, each se\'eral hundred feet 
in tllickncss, of stratified sedimen tary rocks and lavas, such as llayc 
been prev io\,sly described. Certainly the upright trees have been 
buried under several thouEand feet in thickness of matter, accumu
lated under the sea. As the trC€!'! obviously must once 111\\'0 grown 
on dry laud, wll1'lt an · enormous amount of subsidence is thlls illdi~ 
cated! Nevcrthek,ss, Ilad it not been for tI le trees, there was no 
appearance wllicll wouM have led anyone even to have conjectured 
tllnt the~e strata had subsided. As the land, moreOl'er, on which 
tile trees grew, is formed of subaqucous dCllosits, of nearly if not 
quite equal tll ickness with the superincumbent strat:J., and as these 
deposits aro regularly stratified and fiue-grained, not like the mattcr 
thrown up on a sca_beach, a previous upward movement, aided no 
doubt by the great accumulation of lnvas and sediment, is also 
indicated. t 

Til nenrly the middle of tllO ran ge, there :l.re some hills [Q], before 
alluded to, formed of a kind of grallite, exterllally resembling andesite, 
and consisting of a white, imperfectly granular, feldspathic basi~, 

* This rod, is quite block, and fuses into a black ~ad, ~ttracted strongly ?y 
th" m,ag,net; it breaks wllh a concboida l fracture; Ihe oncluded cryslah of augite 
are dtstlnguishable by Ihe naked eye, buI are Dot perfett enougb to be rueasured : 
Ihere nre mauy minule ac icular crystals o~ glossy feldspar. 

t ~t 6,"11 imagioe~, that tbe, ~trala with the Irees might bave been aeeumu· 
hted 1Il a h.ke: hut thIS seemS hIghly improbable; for, fi ~t, a very deep lake ... a. 
necessary '0 recpivp Ihp. maUer below IhA Ir"" •. Ih .. n it must ba~ .. b .... n ,Imi""d fo r 
Iheir gro"'th, and afterwards re·formed ",nd made profoundly. deel:. so as to recei,e 
a 8ubsequellt nctumulation of malle' 8tl)eral tlloul and feet on th,ckness. And all 
this must have laken place necessarily before the formation (Jf Ihe U~pallata range, 
and tberefore (In Ihe roaTgin of Ihe wide level expanse cf Ibe Pampas! Hence I 
conclude, that it is infiniTely more probable thaI the Slr&ia we~e actumuhted UDder 
the sea; th" ~ a't amounl of denudallnn, mOlen,'cr, wllleh Ih,S range bas suffe.ed, 
as shown by Ibe wide valleys, by Ihe exposure ?f tLe very trees and by olher 
appcD.ancu, could have, been cfteeted, I ((Jntel"e, (July by the long·continued 
action of Ibe sea; and Ib IS shows tbat Ihe range "'as either upheaved from under 
the sea, or subsequently let down into it. From the Datural manner i!l wh ich the 
stumps (Mly _t"'o in ""lObe.') ~te !lro~ped in a clump, aod from tbelr all sland_ 
i"", "ertically to the a.trMa. It IS suverlluolls 10 speculate ':'" Ihe cbaoee of Ihe 
Ir~e. !.a.ing h~e" dnfted from adjoiHiog land, aod deJKIsued upTlgbt: I may, 
however, meutlon thaI the lale Dr. i\lalcolmson a •• ured me. tbat be o~ee met in 
t~e Indian oeeall, fih'y miles froOI boJ , se"e,~1 C(;eoa·nut Ire~g fto"l iug uprigbt • 
.. "ing to thei, rOOl8 bew;; loaded ,,,,11. earlL. 
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including some perfect crystals npparently of albite (Lut I was un~blc 
to measure them), much black mica., epidote in "cins, :'ind very httle 
or no quartz. Numerous small veins branch from this rock into the 
surrounding strata; and it is a singular fact that these veins,. tholl!1h 
composed of the same kind of feldspar and small scales of nuca as III 

tht) solid rock, abound with innumerable minute "01tt/Jed grains of 
quartz; in the \'cins or dikes, aiso, branching from the great granitic 
u:'II:is in the peninsula of Tres Montes, I observed that quartz was more 
abundant in them tlmn in the main rock: I have heard of other :malo
gous C:l.ses: can we account for this fact, by the IOlig-COlltillued vis_ 
cidityof qnari.z· whell cooling, and by its having been thus more 
c:lsily sucked into fissures than the oti,er constituent minerals of 

fr~:~~!:: a l~h~o:~~~~ e~e~t?! t~~pA~:k~:! ~lfe~~JC1;a~~%Cn~i~s:n:;;~~~ 
originally to have been of the same tufaceous nature with the beds 
already described, but they arc now changed into porcdlanic, jaspery, 
and crystalline rocks, and into others of a white colour witl, a harsh 
texture, and having a siliceous aspect, though really of a feldspathic 
llature and fusible, Both the granitic intrusive masses and the cu
casing strata, are penetrated by innumerable metallic veins, mostly 
ferruginous and auriferous, but some containing copper-pyrites and a 
few silver: near the veins, the rocks arc blackened as if blasted by 
gunpowder. The strata arc olily slightly dislocawd close round 
these hill~, and hence, perhaps, it may be inferred that the graniti 
masses form only the projecting points of a broad continuous :lxis
dome, which has given to the upper parts of this range its anticlinal 
t udllre. 

CMclw:/i119 Remarks 011 tlte U;;pallata RaJlge.- I will not attempt 
to estimate the total thickness of the pile of strata forming tllis range, 
but it must amount to many thousand fect. The sedimentary and 
tufaceous beds }laye throughout a general similarity, though with 
infinite ,·ariations. The submarine lal'as in the lower part of the 
series arc moslly feldspathic, whilst ill the upper part, on the summit 
and western flank, they are mostly basaltic. We are thus reminded 
of tho rehti ve position in most recent "olcanic districts of tl.o tra
chytic amI. basaltic hvas,-the latter from their greater weight ha"ing 
sunk to a. lower leyel in the earth's crust, and haying consequently 
heen erupted at a later period oyer the lighter and upper lal'as of tim 
traehytic series.t Both the basaltic and feldspathic submarine 
streams arc very compact; nOlle being \'esicular, and only a few 
amygdaloidal: the effects which somo of them, especially those low in 
the series, have produced on the tufaeeons beds over which they have 
flowe(l is higl,ly curious. Independently of this local metamorphic 
action, all the strata undoubtedly display an indurated and altered 
c1,iuacwr; and all the rocks of this range-the lal'as, the alteruating 

* See a paf>!!r by 1\1. Elie de BeaumoDl. So<:. Philomath. lIIay, 1839 (L·ln. 
stiM. 1839. 1'. 161). 

t Volcanic hlapd~, &e. by the Author, p. 117. 
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sediments, the intrusive granite and porphyries, aRd -the underlying 
dayslate---are interseded by metalliferous \'eius. The lava-strata 
can often bc seen extending: for great distances, conformably witl , the 
under and o\'or lying beds; and it was obvious that they thickened 
towards the west, Hence the points of eruption must have been 
situated westward of the prcscnt nnge, in the direction of the main 
Cordillera : as, however, tho Hanks of the Cordillera are entirely eom~ 
po~ed of various porphyries, chiefly claystone and greenstone, some 
intrush'e, and others belonging to the porphyritic conglomerate for~ 
mation, but aU quite unlike these submuine lava-streams, we must 
in al1 probability look to the plain of USl1allata, for the now deeply 
buried points of eruption . 

Comparing our section of the U spallata range witll that of the 
Cumbre, we sec, with the exception of tho underlying elayslato, 
and perhaps of the intrusive rQ(:ks of the axes, a striking dis.similarity 
in the strata composing them. The gn:at porphyritieconglomerate for
mation 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 si liee<o us beds wi th pebbles of quart.,;, and compa
ratively litt le of the conglomerates, all of which form such vast 
masses over the basal series in the main Cordiltcra. On the other 
hand, ill tile Cordillera, we do not find those endless varieties of in
durated tu ffs, with thei r numerous veins and concretionary arrange
ment, and those grit and mnd stones, and singular semi-]lorcellanic 
rocks, so abundant in the Uspallata range. The submarine lavas, 
abo, differ considerably; the feldspathie streams of the Cordillera 
contain much mica, which is abscnt ill those of the UspalJata range: 
in this latter range we have sC€n on how grand a scale, basaltic lava 
lms been ponred forth, of which there is not a trace in the Cordillera. 
This dissimilarity is tile more striking, considering that these two 
parallel chains are separated by n plain only between ten and fiftee n 
miles in width; and that the U spallata lavas, as well as no doubt 
the alternating tllfaceons beds, have proceeded from the west, from 
points apparently between the two ranges. To imagine that these 
two piles of strata were contcmporaneously deposited in two elosely 
adjoining, vory doop, submarine areas, separated from each other by a. 
lofty ridge, where a 111ain now extends, would be a gratuitous hypo
thesis. And had they been contemporaneously deposited, withou~ 
any such dividing ridge, surely some of the gypseous and other sedi
mentary matter fOfming such immensely thick masses in the Cor
dillera, would have extendeJ this short distance eastwards ; and 
surely some of the U spallata tuffs and basalts also accnmulated to so 
great a thickness, would have el!: tended a little westward. H ence I 
conclude, that it is far more probable that these two series are not 
contemporaneous ; but that tho strata of one of the chains were de
posited, and evell the ehain itsclf uplifted, before tIle formation of the 
other :-which chain, then, is the oldest? Considering that ill the 
U spallata range the lowest strata on tl,lO western flan,k lie unconform_ 
auly Oil the clayslate, as probably lS the case With those 00 the 
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eastern flank, whereas in the Cordillera all the overlying strata lie 
conformably on this formation ;-considl'ling: that in the Uspallata 
range somc of the beds, hoth low down and high up ill the series, 
(lIe marked witll vegetable impressions, showing the continued 
existence of neighbouring land ;--considering the close general re
semblance between the deposits ()f this range and those of tertiary 
origin in several parts of the continent ;-ulld lastly, c\"cn cOllsideriug 
the lesser height and outlying 1?osit!on of, the Uspal1a~. range,-I 
conclude that tile strata composlllg It are In all probablhty of sub-

~J:~\tsc~r~~~nJd:d~"i~ta~ut~~~ri:::r:O;c~~~:lll!~~edt t~/::!~!n'~~~~ 
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 Ileocomiall strata, the 
bed of the sea mnst iJ:n'e subsided many thousaud feet : we now 
learn that at a latH period an adjoining area first recei\'ed a great 
accumubtion of strata, and was upheaved into land on which coni
ferous trees grew, and that th i~ area then subsided several thousand 
feet to receive the superincumbent submarine strata, afterwards being 
broken up, denuded, and elevated in mass to its prcsellt height. I 
am strengthened in this conclusion of there having been two distinct, 
great periods of snbsidenee, by reflecting on the thick mass of coarse 
stratified conglomerate in the valiey of Tenuyall, between the Peu
qnenes and Portillo lines ; for tile accumulation of this lllass seems to 
me, as pre\'iously remarked, almost necessarily to have required a pro
longed subsidence; and this subsidence, from the pehhles in the con
glomerate ha\'ing becn to a great extent deri\'cd from the gypseous or 
neocomian strata of the Pcnquenes Jine, we kllOw must ha"e been quite 
distinct from, and subsequent to, that sinking movement which pro
hably accompanied the deposition of the Peuquenes strata, and which 
certainly accompanied the deposition of the equivalent bcds lIear the 
Puente dcl Inca, ill this line of section . 

Thc U spallata ehaill corresponds in geographical position, though 
on a small scale, with the Portillo line; and its cJayslate formation 
is probably the equivalent of the mica-schist of the P ortillo, there 
metamorphosed by the old white grauites and syenites. Tilc culoured 
beds under the conglomerate in the valley uf Tenuyan, of which 
traces are seell on the crest of the P ortillo, and even the conglomerate 
itself, may perhaps be synchronous with the tufaceons beds and sub
marine lavas of the Uspallata range ; an open sea and ,'olcanic action 
in the latter case, and a confined channel between two bordering 
chains of islets ill the fonner case, having been sufficient to account for 
tho mineralogical dissimilarity of the two series. From this correspon_ 
dence betwecn the Uspallata and P ortilla ranges, pcrlmps in age and eer· 
tainly in geograJlhieal pusition, one is tempted to consider the one range 
as the prolongation of the other; but their axes arc formed (If totally 
different iutrusive rocks; and we have traced the apparent continua_ 
tion of the red granite of the P ortillo in the red porphyries di\'ergillg 
into the main Cordillera. Whether the a1(is of the U spalJata range 
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was illjeeted before, or, as perhaps is more probable, after th3t of tIle 
P ortillo line, I will not pretend to decide ; but it is well to remember 
that the highly inclined Java-streams on the eastern flank of the 

;:dt;~~J~II~e~ic~~tv;e a~~~h~~f~;egtlll~; t~~~~~~:l~l~~~l;~::~i;~o~f ~h:t¥!~ 
pallata rango may h:we been contemporaneous with some of the later 
angular movements, by which the gigantic Portillo range gained its 
present lLoigbt abo~·o tho adjoining plain. 
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CHAPTER VIl l. 

NORTHERN CHILE: CONCLUSION. 

Stc/ionjrom I llaptl to Combarba/rz, GYMtoUl formrztion witA . ilicijitd wood
Prz~uncillo-Coqu;mho, mine, rif Arquero" u c/ion up trzlley: fOll;I, 
GUa8co,fo8si/r rif-CopirzjNJ u ction up talley, Lrzl Amalonru, silicified woad, 
conglomerate" no/uN of form er land,fruBUs, thickn •• , of , tra/rz, great subi· 
!knce-Valley of De,poh/rzdo, fOllib, tufrzCf1(JU8 depolit, compiicrzted d;,iocrz. 
tion, of-Relation, bet",."" rznc;l!'nt orificer rif eruption rznd ",huguent a:U' Qf 
injectio~_lquiqlle, Peru, fOllil, of, srzU·depo8itl-Metalliferour tlt ill.l-Sllm. 
f1i4ry On the Porphyritic conglomerate and GYP8eoll,forma/ion,-Great ,lib· 
hdtnce with parlial elevation, during the Cre/aceo·oolitic period-On Ihe 
eietlotion and ,/ruc/ure of II.. Cordillera- RecrzpUula/ian an Ih t Terliary 
,erie_Relation htlweffi mov"",enf, of lllUhsidence and flolcanic rze/ion-Pam· 
peanformatian-JUcl!'n/ elerJalo.ry m017emen/. -Long,colltinlled to./calliC action 
in the CQrdillera-Conc/urion, 

Valparaiso to Coquimbo,-I have alrcady described thc gCJlcral 
nature of the rocks in thc low country north of Valparaiso, consist
ing of granites, syenites, greenstolles, and altered feldspathic clay. 
slate. N~arer Coquimbo there is much hornblcndie rock and various 
dusky-coloured porphyries. I will describe only one se<:tion in this 
district, namely, from near 1Ilal)el in a N.E.linc to the mines of Los 
Horllos, and thence in a north by east directioJl to Combarbala, at the 
foot of the main Cordillera. 

Ncar lllapel, after passing for sonle distance over granite, andesite, 
and andesitic porphyry, wc come to a greenish stratified fcldspathic 
rock, which I believo is altered clayslate, conformably capped by 
porphyries and porphyritic conglomerate of great thickness, dipping 
at an average angle of 20° to N,E. by N. The uppermost beds 
consist of conglomerates and sandstone only a little mrtamorphosed, 
and conformably cO\'ered by a Grpseous formation of "cry great 
t hickness, but much denuded, ThiS gypseous formation, where first 
met with, lies in a broad "alleyor basin, a little southward of tile 
mines of Los H omos: the lower half alone contains gypSUIlI , not in 
great nlasses as in the Cordillera, but in innumerable thin layers, 
seldom more than an inch or two in thkkness, Thll gypsu m is 
either opaque or transparent, and is associated with carbonate of 
lime. The layers alternate with numerous varying ones of a cal
careous clay-shale (with strong alUtllinOllS odour, adhering to the 
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tongue, easily fusiblo into a palo green glass) , 1II0ro or less in
durated, either earthy and crealll-eoloured, or greenish and hard. 
The more indurated varieties have a compact, homogcneous almust 
crystalline fracture, and contain granules of crystallized oxide of iron. 
Solile of thll varieties almost rClSem ble !Jone stones. There is abo a 
little black, lH.lrdly fusible, siliceo-calcaroous clayslate, like some of 
the varieties alternating with gypsum on the P euquencs range. 

The upper half of th is gypseoliS forlilation is mainly formed of 
the same calcareous clay-shale ruck, but without auy gypsum, and 
varying extremely in nature: it po.s.scs from a soft, coarse, earthy, 
ferruginou:'l state, including particles of quartz, into compact clay
stones with cryst.111i:red oxide of iron,-into porceUanic layers, alter
nating with scalus of calcareous matter,-and into green porcebin
j aspcr excessively hard, but easily fu sible. Strata of this nature 
alternate wi th mnch black and brown siliceo-ca!cartlOus slatc, remark
able from the wonderful number of hugo em\.Jt,dded logs of silicified 
wood. This wood, according to Mr, R. Brown. is (judgin)Z frolll 
seveml spccimclls) all coniferous. Some of tile layers of the black 
siliceous slate contained irregular angular fragulCnts of imperfect 
pitchstone, wl,ich I believe, as in the Uspalbta range, has originated 
in a metamurpllic process. There was one bed of a marly tufa
ceous natmc, and of little specific gravity. Vcins of agate and cal
cateom~ spar arc numerous, The wholo of tltis gypscous formation, 
especially the upper half, has been injected, metamorphosed. and 
lat:ally contorted by numerOUS hiUock~ of intrusivo porphyries, 
crowded together in an extraordinary manner. These hillocks con
si~t of purple claystone and of various othcr porphyries, and of 
lll uch white feldspathic greenstone passing into andesite; this lat
ter variety included in one case crystals of orthitic and albitic feld_ 
Spat touching each other, and others of hornblende, chlorite, and epi_ 
dute. The strata surrounding tl,ege intrusi\'e hillocks at the mines of 
Los H OJDos, are intersected by many ,'cins of copper-pyrites, asso
ciatt.J with much micaceous iron.ore, and by some of gold: in the 
neighbourhood of these vcins the rocks are blackened and much 
alt", red, The gypsulll near the intrusive masses is always opaque. 
One of these hillocks of porphyry was capped by some stratified 
Ilorpl,yritic conglomcrate, which must have been brought up from 
below, through the whole illlnltmse thickness of the overlying gyp
seolis formatiun. 'The lower bt'<ls of the gypseous fo rmation resemble 
thc corresponding and probably contemporaneous strata of the main 
Cordillera; whibt llw upper beds in several rcspects resemblc those 
of the U~pallata chain, and possibly may he contemporaneous with 
them; for I lJave endeavoured to show that the U spallata beds were 
accumulatcd subsequeutly to tile gypseous or neocomian formations of 
the Cordillera. 

Th is Ilile of strata dips at all auglc of about 200 to N.E, by N., 
close up to the I'cry foot of the Cuesta de Los HOrDos, a croohd 
range of mounta ill~ forrnt,d. of intrnoi"c rocks of the same nature 
with tho above dc~crihcJ lllllocks, Only in one or two place~, on , 
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this south-eastern side of the range, I noticed a narrow fringe of the 
llpper gypseons strata brushed up and inclined soutll-eastward from 
it. On its north-eastern flank, and likewise on a few of tIle summi~, 
tlll~ stratified porphyritic conglomerate is inclined N.E.; so that, If 
we disregard the very narrow anticlinal fringe of gypscous strata at 
its S.E. foot, thi~ range forms a second uniclinal axis of e1c\':1tioo. 
Proccediug in a north by east direction to the :i!lage of Combarb~la, 
we come to a third escarpment of the porphyritiC conglomerate,. dip
ping eastwards, and forming the outer range of the main Cordillera. 
The lower beds were 1,cre morc jaspery thau usual, and tlley in
cluded some white cherty strata and red sandstones., alternating 
with purple claystone porphyry. Higher np 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 rcmoved. 

Copper Mines of Pml1mcillo.-From Combatbala to Coquimbo, I 
traversed the country in a zig.zag direction, crossing and rccros.sing 
the porphyritic conglomerate, and finding in the granitic districts an 
unusual number of mountain-masses composed of ,'arions intrusil'e, 
porphyritic rocks, many of them andesitic. 0ne common variety 
was greenish-black, with large crystals of blackish albite. At Panun
cillo a short N. N. W. and S.S. E. ridge, with a nucleus formed of 
greenstone and of a slate-coloured porphyry including crystals of 
glas.sy feldspar, desen'es notice, from the "ery singular nature of tile 
almost "ertical strata composing it. These consist chiefly of a finer 
or coarser granlllar mixture, not vcry compact, of white carbonate of 
lime, of protoxide of iron and of yellowish garncts (ascertained hy 
Prof. Miller), each graiu being an almost perfect crysta\. Some of 
thc varieties consist exclusively of granules of the calcareous spar; 
and some contain grains of copper ore, aud, I believe, of quartz. 
These strata altcruatc with a bluish, compact, fusible feldspathic 
rock. Much of the above granular mixture has, also, a IJseudo
brecciated structure, in wl.ich fr~gment~ are obscurely arrauged in 
planes parallel to those of the stratIfication, and arc conspicuous on the 
weathered surfaces. The fragm ents are angular or rounded, small 
or large, and consist of bluish or reddish compact. feldspathie 
matter, in which a few acicular crystal9 of feldspar can sometimes 
be seen. The fragments often blend at t11eir edges into the surrouud
ing grannlar mass, and seem due t o a kind of concretionary action. 

These singular rocks are traversed by many copper \'eins, and ap
pear to rest conformably on a granular mixture (in p:nls as fine
grained as a sandstone) of quartz, mica, hornblende, and fcld~par; 
and this on fine · grained common gneiss; and this on a lamin:l.ted 
mass, composed of pinkish ortl.itic feldspar, including a few speeks 
of hornblende; and lastly, this on granite, which, together with ande
sitic rocks, form the surrounding district. 
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COfJuimbo; Jllillitlfl District oj Arqueros.-At Coqllimbo the por
pllyritic conglomerate formation approaches nearer to the Pacific, 
than in any other part of Chile visited by me, being separatcJ from 
the coast by a. tract only a few miles broad of the nSllal plutonic 
rod!.s, with the addition of a porphyry ha"ing a red euritic base. 
In proceeding to the mines of Arqneros, the strata of porphyritic 
conglomerate are at £rst nearly horizontal , an nnusual circumstance, 
and afterwards they dip gently to 8.S.E. After having ascended to 
a considerable height, we come to an undulatory district iu which 
the f:!.mous silver mines arc situated; my examination was chiefly 
confined to those of S. R osa. Most of the rocks in this district arc 
stratified, dipping in various direct ions, and Illany of them are of so 
singular a nature, that at the risk of being tedious I must briefly de
scrioo them. The commonest \·ariety is a dull-red, compact, finely
brce<:iated stone, containing much iron and innumerable white crys
tall ized particles of carbonate of lime and minnte extraneous frag_ 
ments. Another variety is almost equally common ncar S. Rmm. : 
it has a bright green, seanty hasis, including distinct crystals and 
patches of white carbonate of lime, and grains of rcd, scmi-micaceous 
oxide of iron; in parts the basis becomes dark green, and assumes an 
obscure crystalline arrangellle l1t, and occasionally in parts it becomcs 
soft and slightly translucent like soapstone. These red and grcell rocks 
are often quite distinct., and oftcn pass into each other; the passage 
being sometimes affected by a. fine ?recciated structure, particles of 
the fcd and green matter bemg mmglcd together. Some of the 
varieties appear gradually to beeome porphyritic with feldspar; and 
all of them arc easily fusible into pale or dark-coloured beads, strongly 
attracted by the Ulagllct. I should perhaps have mistaken sc'·eral of 
these stratified rocks for submarine lavas. like some of thosc described 
at tl,c P uente del Inca, had I 1I0t examined a fcw leagues eastward of 
tl,is point, a fine series of analogous but less metamorphosed, sedi
mentary beds belonging to the gypseous formation, and probably 
Jcri ved from a velcanic sonrce. 

This formation is intersected by numcrous met,'~l1iferous veins, 
runnin<r, though irregularly, N .W. and S.E., and generally at right 
angles "to the many dikes. The '·eins consist of native silver, of 
muriate of sill·er, an amalgam of silver, cobalt, antimony, aud arsenic,· 
,l!."eneral1y embedded in sulphate of barytes. I was assured by 
Mr. Lambert, that native copper without a trace of silver has bcen 
fOllnd in the same v",in with IIatil'e silver without a traee of copper. 
At the mines of Aristeas, tile silver veins arc said to bc unproductive as 
soon as they pass into the green strata, whereas ~t S. Ro~a, only two 
or threc miles distant, the reverse happens; and at the time of my 
visit, the miners were working .thro~gh a red strah~m, in the hop~s 
of the yein becomin<r product'\'e I!l the underlymg grccn sedI
mentary mass. I IHl.~e a specimen of one of theoe green rocks, 

* See the Report on M. Domeyko's account of these mines. in the Comptes 
Ren\lu~ . t. xiv. p. 560. 
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~\'itb the usual granules of white calcareous spar and red oxide of 
uon, abounding with dissemiuated particles of glittering native and 
muriate of silver, yet takcn at the dista.uce of one yard from any 
vcill,-a circumstance, as I was assured, of very rare occurrence. 

Section (!as/leard, tIP the tJalley of Coquimbo.-After passing for a 
few miles over the coast granitic series, we come to the porphyritic 
conglomerate, with its usual characters, and with some of the beds 
di$tinctly displaying their mechanical origin. The strata., where first 
met with, are, as before stated, only ~light1y inclined; but near the 
Hacienda of Pluclaro, we comc to an allticlinal axis, with the beds 
much dislocated and shifted by a great fault, of which not a trace is 
externally seen in ti,e outline of the hill. I believe that this anti_ 
clinal axis can be traced northwards, into the district of Arqueros, 
where a conspicuous hill called Cerro Blanco, formed of a harsh, 
cream-coloured euritic rock, including a few crystals of reddish feld
spar, and associated with some purplish claystone porphyry, seems 
to fall on a line of ele\·ation. In descending from the Arqueros 
district, I crossed on the nothern border of the vaUey, strata inclined 
eastward from the Plncl:uo axis: on tbe porphyritic conglomerate 
there rested a mass, some hundred fect thick, of brown argillaceous 
}imestOllC, in parts crystalline, and in parts almost composed of 
lJjppurita ChileJlSis d'Orbig.; abuve this came a black calcareous 
shale, and Oil it a red conglomcrate. In the brown limestone, with 
the Hippurites, there was an impression of a Pecten and a coral, and 

i:~a~o:L:~;oo~ahl~ar~:~r!.sh:fth:·e(J ~~~'~:l~;,a;~~l!~n\i~s~~~ 
cretaceous specics (probably upper grecn-sand) from Verdachellum, in 
southern India. T hese fossils seem to occupy nearly the same 
position with those at the Puente del Inca,-namely, at the top 
of the porpl,yritic conglomerate, and at the base of the gypseous 
fonuation. 

A little above the Hacienda of Pluclnro, I made a detour on the 
northern side of the valley, to examine the superincumbt'nt gypseous 
strata, which I estimated at 6,000 feet in thickness. The uppermost 
beds of tIm porphyritic conglomerate, on wl,ich the gypseous strata 
conformably rest, are wlriously coloured, with one very singular and 
beantiful stratum compo~ed of purple pebbles of various kinds of 
porphyry, embedded in white calcareous spar, inclnding cavities lined 
with brigM-grecn crystallized epidote. The whole pile of strata 
Lelongillg to both formations is inclined, apparently from the abol'e 
mentiom:d axis of Pluclaro, at all angle of between 200 aud 300 to 
the cast. I will here give a section of the principal beds met with 
in crossing the cntire thickness of the gypseous strata, 

Firstly: above the porphyritic conglomerate {ormation, there is a 
fine-grained, red, crystalline sandstone. 

Secondly: a thick mass of smooth-grained, calcareo-aluminous, 
sha!y rock, often marked witb dendritic manganese, and having", 
where mo~t compact, the external appearancc of honestone. It i~ 
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easily fusible. I shall for the fllture, for convenience sake, call this 
variety pseudo-hollestone. Some of the I'arieties arc quittJ black 
wh~n freshly broken, but all weather into a yellowish.ash coloured, 
soft. earthy substance, precisely as is the case with ihe compact shaly 
rocks of the Peuquenes rangf.'. Tiois stratum is of the same general 
nature with many of tl,c beds ncar Los Hornos in the I11apel section. 
In this second bed, or in thc underlying red sandstone, (for the 
surface was partially concealed by detritus) there was a thick mass of 
gypsum, lmving the same mineralogical characters with the great 
beds described in our sections across the Cordillera. 

Thirdly; a tllick stratum of fine -grained, red, sedimentary matter, 
easily fusiblc into a white glass, like the basis of claystonc porphyry; 
but in parts jaspery, in parts brecciated, and including crystalline 
specks of carbonate of lime. In some of the jaspery layers, and in 
some of the black siliceous slaty bands, thcre were irregular seams of 
imperfect pitchstone, undoubtedly of metamorpllic origin, and other 
scams of brown, crystalline lime>ltone. Here, also, were masses, 
externally resembling ill preserved silicified wood. 

Fourthly and fifthly: calcareous pseudo-honestoDc; aDd a tllick 
stratum concealed by detritus. 

SixtlJly: a thinly stratified mass of bright green, compact, smooth
grained calcarea-argillaceous stOIlO, easily fusible, and emitting a 
strollg aluminous odour: thc whole has a highly angulo-concretionary 
structure; and it resembles, to a certain extent, some of thc upper 
tufaceo-infusorial deposits of the Patagonian tertiary formation. It 
is in its Ilature allied to our pseudo-honestoDc, and it includes well 
clmracterized layers of that ,'ariety; and other layers of a pale green, 
harder, and brecciated variety; and others of red sediment-·uy_ mattcr, 
like that of bed Three. Some pebbles of porphyries are embedded in 
the upper part. 

Scventilly: red sedimentary matter or sandstone like tllat of bed 
One, several hundred feet in thickness, and including jaspery layers, 
often having a fincly brecdatcd structurc. 

Eightilly! wllite, much indur:lted, almost crystalline tuff, scveral 
hundred feet in tllickneS!', including rounded grains of quartz and 
particles of green matter like that of bed Six . Parts pass into a 
vcry pale green, semi -porccllanic stone. 

Nintl,ly: red or brown coarse conglomeratE', 300 to 400 fect tllick. 
formed chiefly of pebbles of porphyries, with volcanic particles, in 
an arenaceous, non-calcareous, fusible basis: the upper two feet are 
arenaceous without any pehbles. 

Tenthly: the last and uppermost stratum here exhibited, is a com
pact, slate-coloured porphyry, with numerous elongated crystals of 
glassy feldspar, from 150 to 200 feet in thickness! it lies strictly 
conformably on t11C underlying conglomerate, and is undoubtedly a 
submarine la,'a. 

This great pilc of strata has been broken up in scveral places 
by intrusive hillocks of purple elaystone porpllyry, and by dikes of 
porphyritic greenstone: it is said tllat a few poor metalliferous veins 
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have been discovered here. From tile fusible nature and general 
appearance of the fiucr-grained strata, they probably owe thei .. 
origin (like the allied beds of the Uspallata range, and?f ti,e Ilpper 
Patagoniall tertiary formations) tu gentle volcamc crupb?lls, and ~o 
the abrasion of volcanic rocks. Comparing these beds with those In 

the milling district of Arqueros, we see at both places, rocks ~a~ily 
fusible, of tile same peculiar bright green and r,ed colours, cOlltamlllg 
calcareous matter, often having a finely breccmted structure, often 
passing into each other and ofkn alternating togetl.cr: hence I cannut 
doubt that the only difference between them, lies in the Arqueros 
beds having been more metamorphosed (in conformity with their 
more dislocated and injected condition), and consequently in the 
calcareous Illatter, oxide of iron and green colouring matter, ha"ing 
been segregated uuder a more cryshlline form . 

The strata arc inclined, as before stated from 20° to 30° eastward, 
towards au irn'gular north and south chain of alldesitie ]Jorphyry 
and of porpllyritic greenstone, where they are abruptly cut ofT, I n 
the ,·alley of Coquimbo, lIear to the II, of Gualliguaca, similar 
plutonic rocks are Illet with, apparently a southern prolongation of 
the above clulin; and eastward of it we have an escarpment of the 
porphyritic conglomerate, with tl ,e strata inclined at a small angle 
eastward, whiell makes the third escarpment, including that nearest 
the coast. rtocceding up the I-alley we come to another north 
and south line of granite, andesite, and blackish porphyry, which 
seem to lie in an irregular trougll of the porphyritic couglomerate. 
Again, on the south side of the R . Claro, there ale some irrrgular 
granitic Ilills, which I.ave thrown off the strata of porphyritic conglo
merate to the N . \V. by W. ; but tI,e stratification here lJa~ been 
mnch disturbed. I did not proceed any further u]l tbe valley, and 
this poillt is about two-th irds of the distance between the P acific 
and the main Cordillcra. 

1 will describe only one othcr section, namely , on the north side of 
the R . Claro, which is interesting frolll containillg fossils: thc strata 
ate Illuch dislocated by faults alld dikes, and arc inclillcd to the 
north, towards a mountain of andesite and porphyry, into which they 
ap]lcar to hecome aillio~t blelldt:J. As tile beds approach tl.is 
1Il0untain, their inclination increases up to all angle of 70°, and 
in the upper part, the rocks become highly metamorphosed. The 
lowest bed visible in this section, is a purplish Imrd sandstone. 
Secondly, a bed 200 or 300 feet thick, of a white siliceous saudstone, 
witll a calcareous cement, eontailling scaws of slaty sandstone, and 
of hard yellowish.brown (dolomitic?) limestone; numerous, well· 
rounded, little pebbles of quartz are included in the sandstone. 
Thirdly, a dark coloured limestone with some qnartz pebbles, fro m 
fifty to sixty feet in thickn.ess, containing numerous silicified shells, 
pre~ently to be enumerated. Fomthly, yery compact, calcareous, 
jaspery sandstone, paflSilig into (fifthly) a great bed, several hundred 
fcct thick, of conglomerate, composed of pebbles of white, red, aud 
}luI}lle porphyries, of salldstoue and quartz, cemented by calcareous 
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matter. I observed that some of tbe finer parts of this eonglo-. 
merate were milch indnrated within a foot of a dike eight feet in 
width, and were rendered of a paler colOllr with the calcareous 
matter segregated into \\'I,ite crystalliz.ed particles ; some parts were 
stained green from the colouriug matter of the dike. Sixtl,ly, a 
thick mass, obscurely stratified, .... f a red sedimentary stone or sand
'stone, fun of cry~talline calcareous matter, imperfect crystals of 
oxide of iron, and I bclic\'e of feldspar, and therefore closely re
sembling some of the highly metamorphosed beds at Arqllcros: 
this bed was capped by, and a llpeared to pass in its Ilpper part 
into, rocks similarly coloured, containi llg calcareous matter, and 
abounding with minute crystals, mostly elongated and glassy, of 
reddish albite. Se\'cnthly, a conformable stratum of fine reddish 
porpl,yry with large crystrtls of (albitic?) feldsprtr; probably a 
sllbmarinll lava. Eighthly, allot her conformable bed of green por
pl'yry, with specks of green earth and cream coloured crystals of 
feldsllar. I believe that there are other snperincumbent crystalline 
strata and submarine lavas, but I had not titoe to examine them. 

TI,e upper beds ill this section probably correspond with parts of 
the great gypseolls formation; and the lower beds of red sandstone 
conglomerate and fossiliferous limestone no doubt are the eqniva
lents of the Hippuritc strat\Ull, seen in descending from Arqueros 
to Pludaro, wloich there lies conformably upon the porphyritic con
glomerate forrnrttion. The fossils fonnd in the third bed, consist of-

Pecten Dufreynoyi, d·Orbig. Voyage, Part. Pal. 
Thi. species, wbich occu,' here iu . ast uumbtrs, .cco,die!) to 111. d'Orbigey , 

resembles certaie cretaceous fo,m •• 

06trea hemispherica, d·Orbig. Voyage, &c. 
Also res~mble9, according to the ume author, metaceous forms. 

Tercbratula. renignll'l, d·Orbig. Voyage, &c. (PI. xx n. 6g. 
10-12,) and PI. V . 6g. 10, 11 , 12 of this work. 

Is alli ed. accordin;; to 111. d'Orbigey , to T. conc,inna f,om the Forest lIIarhle. 
A series of tbis specIe,. collected In several localit.,es hereafter to be referred to, 
has Leen laid befo,e Pr.;of., E •. FOIbes ; and be .nforms me that many of the 
speciolens a,e almost und'Slingmshahle from our oolitic T. te(,aedr., and that tbe 
,·",iet.ies amOngsll~em are ",uch aa 3re found io that vanahle "yen.... Generally 
spea.klng. the Ameflcan apeClmao" of T: aenigm:o may be distlngu'shed from the 
Ilri"'!' '1 '. tetraedra, hy the surface hav,ng lite ribs sharp aod well defined (u the 
heak, whilst in the Briti.b species they heco",e obsolele and smootbed do,,·o; 
Lu( Ibis difference i. cot constant. Prof. Forbes adds, th3l, possihly. iuternal 
characters may exia(, which would distinguish the American species from il-'l 
Eu ropean all ies. 

Spirifer linglliferoidcs, E. F orbes, PI. Y. fig . 17, 18. 

Professor Forbe.s .tales (see Appeod!,,) tbat this 5pecies is very near ~o S. 
li ng"if~ra of P hill ,ps (8 . carboniferoo~ h.me~tooe fossil), ~ut p.robahly distinct. 
ill. d'O,bigny conside rs It as perhaps Illd.ealmg the JurassIC period. 

Amillonites, imperfect impression of. 

M. Domeyko has sent to France a collection of fossils, which , I 
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prU9umc, from the descri ption gh .. en, must have come from the neigh
bou rbood of Arqucros; they consist of-

P ecten Dufreynoyi, d'Orbig . Voyage, Part. Pal. 
Ostrea hcmispherica, do. do. 
TllrriteHaAndi i, do. do. (Pleurotomaria H umboldtiiof Von Buch.) 
H ippu ri te>4 Chilcnsis, do. do. • 

T he "pe<:iOleD. of tbis Hippuri!e, as well as th'?59 I (olle.;ted i n my descent 
from Arqueros, are very i,?perfect; but in ~l. d'Orb,gny'. opinion they resemble, 
80 does toe TurriteUa And,i, cretaceous (upper greensand) form._ 

Nalltilus Domeykns, d'Orbig. do. do. 
Terebratula !'enigma, do. do. 
Tcrebratula ignaciana, do. do. 

Thi$ lMter "penin was found by 1\1. Domeyko in ,the same block of lim~toDe 
with rhe '1'. ""mgma. According to M. d'Orhij("ny, It COme. ,,,,or to T. or"'tho
~ephala from the Liu. A series of tbis "pec,es coHeded at Guasco. has beeD 
examined by Prof. E. Forbes, and be "I3Ie8 lhat it is difficult t? d.islingllish 
helween some of Ihe specimen. and Ihe T. hUI3Ia from the monnta,n hmeSlone; 
anel that it is eq~811y difficult to drs ... a. line between them and. 80me r.h~lstone 
Terebrntul",. WlIbout.8 .kno,,:ledge of Ihe iOle,nRI structure, "is impos",ble at 
present to decide (m their Id~otLly "",,b analogous European for ms . 

The remarks given on the several furcgoing shells, sl ,ow that, in 
M. d'Orbigny's opinion, the Peden, Ostrea, Turri telb , and Hip
puritc indicate the cretaceous period; and the Gr.fphrea appears to 
Prof. F orbes to be identical with a species, aSSOClated in southern 
India with unquest ionably cretaceous fonns, On the other hand, 
the two Terebratu lre and tile Spirifer point, in the opinion botll 
of M. d'Orbigny and Prof. F orbes, to the oolitic series, H ence 
l'I1. d'Orbigny, not having himself examined this country, has con
cluded that there are here two distinct formations; but the Spirifer 
and T . o:migma were certainly included in the s,1me bed with the 
P ecten and Ostrea, whence 1 extracted tllem; aud the geologist M. 
Domeyko sent home ti,e two Terebratulre with the other-named shells 
from the same locality, without spe<:ifying that they came from different 
lJCds, Again, as we shall presently sec, in a collection of ellells 
g1\'en me from Guasco, the same species, and others presenting 
analogous diff"rences, aT(l mingltJ,j togethtJr, ami are in t i,e same 
condition; and lastly, in three places in the valley of Copiapo, [ 
found some of these same species 8imilarly grouped. H ence there 

~;:;r~~ %S;i
1;r, ~~~!i;:i~::~ ~~~;~~t~I;~US~y~;:oo~:c~~te;.,!~la~~~~:. 

Turritella, Nautilus, two Terebratul re, and Spirifer all belong to tho 
same formation, which would appear to form a pass.1.ge between 
the oolitic and cretaceous systems of Europe. Although aware how 
1\lI1lsual the term must sound, I sltall, for convenience sake, call this 
formati on cretaceo-oolitic. Comparing the sections in this valley of 
Coqllimho with those in the Cordillera described in the last clmpter, 
and beating in mind the character of the beds in the intermediate 
district of Los H OTll rn; , there is certainly a close general mineralogical 
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resemblance between them, - both in the tmderlying porphyritic 
conglomerate, and in the overlying gypsoous formation. Considcring 
this rcsemblallcc, and that the fossils from the Pucnte del Inca at the 
vusc of the gypseQus fonnation, and throughout the greater part of 
its entire thickness on tho Pcuquenes range, indicate tile neocomian 
period,-that is, the dawn of the cretaceous system, or, as some have 
believed, a passage between this I:1tter and the oolitic series,-I con
clude tllat probably the gypseous and associated beds in all the 
sections hitherto descriht'd, belong to the same great formation, 
which I have denominated-cretaceo-oolitie. I may add, before 
leaving Coqnimbo, that 1\1. Gay found in the neighbouring Cordillera, 
at the height of 14,000 feet above tho sea, a fossiliferous formation, 
iucluding a Trigonia and Pholadomya ;'"-both of which genera occur 
at the Puente del I nca. 

Coqltimbo to Guasco.-The rocks ncar the coast, and some way 
iuland, do not differ from those described northwards of Valparaiso: 
we have much greenstone, syenite, feldspathie and jaspery slate, aud 
grauwaekes h:wing a vasi~ like t hat of claystone; there are some 
large tracts of grallite, iu wllich th~ constituent minerals are some
times arranged in folia, thus composmg an imperfect gneiss. There 
are two large districts of mica-schist, IJassing into glossy clayslate, 

:I~: ::I~:;~~uall~:o;:~t ~~::;!:~~t i~ftl~o~~~~~eA;~~~~~~te Ii~ 
first seen high up the ,'alley, about two lcagutls eastward of tile town 
of Ballellar. 1 heard of a great gypseous fonnation ill the CordiUera; 
and a collection of shells made there was gi \'en me. These shells are 
all ill the same condition, and appear to have come from the same Led: 
they consist of-

Turritella A IIdii, d'Orbig. Voya.ge, Part. Pal. 
Pecten Dufreynoyi, do. 
Terebratula igllaciana, do. 
The relation. of these species haye been given uoder lhe head of Coquimbo, 

Terebratula reuigma, d'Orbig. Voyage, Part. PaL (var. E. Forbes, 
PI. V . 13, B.) 

This sha11 1\1. d'Orbiguy does not coosider identicsl with hi . T. ",oigma, 
hut near to T . oh801ela. P~feS30r Fo~bes th.ioks tha.t it is cerl3inly a nriety of 
T. ",~igma. and his ohsenatlOn. 0." tb18 speele~ are g,veo io tbe hst of f08Sils from 
Coqultobo: ... e sball meet witb th,s variety 'ga,o at Copiapo. 

Spirifer Chilensis, E . Forbes, PI. V. fig, 15, 16. 
Professor Forbes r<!mtth tbat tbis fossil resemble~ several carboniferou.lime

stooe Spirife.s; and that it is alllO related to 80me li~ic specie" IS S. Wolcotii. 

If these shells llad been examined independently of tllO other col
lections, they would probably have beeu eODsid~r~, from th? ~harac
t.ers of the two Terebratulre and from the Spmfcr, as oohtlc; but 
considering that tho three first species, aud according to Professor 
Forbes, the four first, are identical with those from Coquimbo, the 

• D'Orbigny, VOY.~ , Pm.t. Geolog. p. 24'2, 
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two formations 110 doubt arc the same, and may, as I have said, be 
provisionally called cretacco-oolitic. 

Valle!! oj Copi(lJXl.-The journey from Gllaseo to Copiapo, owing 
to the utterly desert nature of the country, was necessarily 50 hurried, 
that I do not consider my notes worth giving. In the ,·alley of 
Coriaro, some of the scetions arc ycry interesting. From the sea to 
the tOlVlJ of Copiapo, a distance estimated at thirty miles, the moun
tains are composed of greenstone, granite, andesite, and blackish 
porphyry, together with SOUle dusky-green feldspathic rocks, which I 
believe to be altered clayslate: these mountains are crossed by many 
brown-coloured dikes, running north and south. Above the town, 
the main valley runs in a south-cast and e!"en more southerly COIlrSC 

towards tI,e Cordillera; where it is divided into three great ravines, by 
the northem OlLe of which, called Jolquera, I pen~trated for a short 
distance. The coloured section, fig. 3 in Platc 1., givcs an eye
skeh:h 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 pcrhaps not morc than thirty miles, but along 
thc valley thc distance is much greater. '\Therever the valley 
trended ,·ery southerly, I have endea"oured to contract the section into 
its true proportion. This I·allcy, I Ulay add, rises much more gently 
than any other "alley which I saw in CIlile. 

T o commence with our scction, for a short distance above thc town 
wc have hills of the granitic series, together with some of that rock, 
[A], which I suspect to be altered clayslate, but which Prof. G. 
Rose, judging from specimens collected by Mt'yeu at P. Negro, states 
is serpentine passing iuto greenstone. We then come suddenly to the 
great Gypseous formation [il] without having passed over, dif_ 
ferently from in all the sections hitherto described, any of the por
phyritic conglomerate. Tbe strata are at fi rst either horizontal or 
gently inclined westward; thcn higl.ly inclined in various directions, 
and contorted by underlying masses of intrusil'e rocks; and lostly, 
they have a regular eastward dip, and form a tolerably well pro
nounced north and south line of hills. This formation consist.s of 
thin strata, with innumerable alternations, of black, calcareous slate_ 
rock, of caleareo-aluminous stones like those at Coquimbo, which I 
bal'e called pseudo-honcstolle~ , of green jaspery layers, and of pale
purplish, calcareous, soft rottenstOllC, includinf>" scams and \'eins of 
gypsum. These strata :lre conformably o"erlaid lly a great thickness 
of thinly stratified, compact limestonc, with included crystals of car
bonate of lime. At a place called Tierra Amarilla, at the foot of a 
mountain thus composed, there is a broad ,·cin, or perhaps stratum, 
of a beautiful and curious crystallized mixture, composed, according to 
Prof. G. Rose,· of sulphate of iron under two forms, and of the Sill . 
phatcs of copper and alumina: the section is so obscure that I could 
not [nake out whether this vein or stratum occurred in the gypseous 

• MeJeD·s Reile, &c. Th. I. 5. 394. 
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for~l( .. tion, or more proba.bly in some underlying masses [A], which I 
bcheve arc altered clayslate. 

Second Axi$ 0/ Elecatioll.-After the gypseous masses [D], we 
come to a line of hills of unstratified porphyry [C], which on their 
eastern side blend illto strata of g reat thickness of porphyritic con
glomerate, dipping eastward. This latter formation, however, here has 
not b~en nearly 90 much mctamorplwsed as in most parts of cenhal 
ClJile; it is composed of beds of true }llIrple claystone porphyry, 
repeatedly alternating with thick beds of purplish-red conglomerate 
with the well-rounded, large pebbles of n riOliS porphyries, not 
blended together. 

Tldl'd Aori$ 0/ EleMtion.- Near the ravine of Los H ornitos, there 
is a well marked line of ele\'atiou, extending fo r many miles in a 
N.N .E. and 8.S. 'V. direction, with the strata dipping in most parts 
(a~ in the second axis) only in one direction, namely, eastward at an 
avewge 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 mouotain [D], composed of various green and hrown intrusi\·c 
porphyries ellvcl(,pcJ with strata, appareutly belonging to the upper 
parts of the porphyritic conglomerate, and dipping hoth eastward 
and westward. I will describe the section seen on the eastclll side 
of this mountain [D], beginning at the base with the lowest bed 
visible in the purpllyritic conglomerate, amI proceeding upwards 
through thc gypseous formation. Bed (I) consists of reddish and 
brownish porpbyry varying in clirllacter, and in many parts highly 
aillygdaloidal with carbonate of lime, and with bright green and brown 
hole. Its upper surface is throughout clearly defincd, but the lower 
surface is in most parts indistinct, and towards the summit of the 
mountain [0] quite blended illto tho intrusive porphyries. Bed (2), 
a pale libc, hard but not h~avy stOlle, slightly laminated, including 
small extraneous fragmellts, and imperfect as well ~s SQllle perfect 
and glassy crystals of feldspar; fro m 150 to 200 feet in thickness. 
"'hell examining it in situ, I thought it was certainly a true por
pllyry, 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 
10llg distance, ol'erlying in one part, quite conformably to the porphyry 
of bed I , and in another not distaut part, a very thick mass of con
glomcrate, composed of pebbles of a porphyry chiefly like that of 
bed I: this fact shows how tbe nature of the bottom formerly varied 
in short horizontal distances. Bed (3), wllite, mnell indurated tllft~ 
containing minute pebbles, brokel\ crystals, and scales of mica, varies 
much ill thickness_ This bed is remarkable from containing m~Dy 
globular and pear-sll3.ped, externally rusty balls, from the size of au 
apple to a man's head, of "ery tough, slate-coloured porphyry, with 
imperfect crystals of feldspar: ill shape these balls do not resemble 
pebbles, alld I believe tl/at tiM!! ar..e 8!(lm'lI~1t~ 'Vo.lcrmic bombs; they 
diffcr from $uooel'ial bombs ollly III oot b Clllg veSicular. Bcd (4); a 
dull purplish -red, hard ~ollglomerate, with crystal!ized. particles and 
"eins uf carbonate of lime, from 300 to 400 fwt III tlnckue9!!. The 
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phyritic e1lain, presently to be dl'Scribed, I have given this section 
in detail, as ueing illustrative of the general character of the mountains 
in this neighbourhood; but it must not be sUllposed that anyone 
stratum long llresen'es the same character. At a distance of betweeu 
only two and three miles, the green mudstones and white indurated 
tuffs are to a great extent replaced by red sandstone and black calca
reous shaly rocks, alternating together. The white indurated tuff, 
bed (I I ), here contains little or no gypsum, whereas on the northern 
and opposite side of the valley, it is of much greater thickness and 
abounds with layers of gypsum, some of them alternating with thin 
seams of crystalline carbonate of lime. The uppermost, dark-coloured, 
hard mudstone (bed 12) is in this neighbourhood the most constant 
stratum. The whole series differs to a considerable extent, especially 
in its upper part, from that mct with at [B BJ, in the lower part of 
the valley; ne"ertheiess I do not doubt that they are equivalents. 

Fourth A.1:is of Elc'lJaticm, (Valuy of Gopiapo.)-This axis is fo rmed 
of a chain of mountains [FJ, of which the central masses (ncar 
La Punta) consist of andesite containing green hornblende and coppery 
mica, and the ollter mas.scs of greenish ::md black porphyries, together 
with some fine lilac-coloured c1aystolle porphyry; all tbese Ilorphyries 
being injected and broken up by small hummocks of andesite. The 
eentral great lIIass of this latter rock, is covered on the easterll side 
by a black, fin e_grained, highly micaceous ~Iate, which, togEther with 
the succeediug mountaills of porphyry, are traversed by numerous 
white dikes, branching from the andesite, and some of them extend_ 
ing in straight lines, to a di~tauce of at least two miles. The moun
tains of porphyry eastward of tile micaceous schist soou, but 
gradually, aSSUllle (as observe(l in so many other cases) a stratified 
structure, and can tllen bc recognised as a part of the porpl,yritic eon
glolilerate formation. These strata [OJ are illclin~d at a high angle 
to the S.E., and form a mass from 1,500 to 2,000 feet ill tl,ickness. 
The gypseous masses to the west already described, dip directly to
wards this axis, with the strata only in a few places (one of which is 
represented in tl,e section) throwll from it ; hence this fourth axis is 
mainly uniclinal towards the S. E., and just like our third axis, only 
locally anticlinal. 

The above strata of porphyritic conglomerate [GJ with tllei r 
sonth-eastward dip, come abruptly up against beds of the gypseolls 
formation [ H J which are gently, but irregularly, inclined westward: 
so that there is here a synclinal axis and great fault. Further up 
tl lC valley, here running n('ariy north and south, tlill gypseous forma 
tion is prolonged for some distance: but the stratificatlOli is unintelli_ 
gible, the whole beiug .brok~ll up by faults, dikes, aud metal!ifer~lls 
veins. The strat.1 conSist chwfly of red calcareous sandstones, With 
numerous veins, in the place of layers, of gypsum : the sandstone is 
associated with some black calcarllous slate-rock, and wi th green 
pscudo-llOuestones, passing into porcelain-jasper. Still further lip 
the valley, near Las Amolanas, [lJ the gypseous sbata become more 
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regular, dipping at rill angle of between 30° and 40° to W .S.W., llnd 
conformably overlying, ncar the month of the r:lY;ne ~f J olquera, 
strata [KJ of porphyritic COlla\omerate. The whole senes has been 
tilted by a partially concealed'" axis [LJ of granite, andesite, and a 
granitic mixture of white fcldspnr, quartz, and oxide of iron. 

F ifth Axis oj El£tation (Valley oj Copiapo, lIcar L or Amolanas). 
-I will describe iu some detail the beds [IJ seen herl', which as 
just stated, dip to "'.S.'W., at an angle of from 30" to 40" . 1 
bad not time to examine the underlying porphyri tic conglomera te, 
of which the lowest beds, as scen at the mouth of the J olqucra, 
are highly compact, with crystals of red oxide of iron; and I am 
not prepared to say whether they nre chiefly of volcanic or metamor
phic origin. On tl,ese beds there rests a eoarse purplish con glom .... 
ra te, very little metamorphosed, c()mposcd of pebbles of porphyry, 
but remarkable from containing one pebble of granite ; - of which fact 
no instanC(l has occurred in the sections hi therto described. Above 
this conglomerate, there is a black siliceous claystone, and above it 
numerous alterations of dark-purplish and green porphyries, which 
may be considered as the uppermost limit of the porphyritic con
glomerate formation. 

Above thcse porphyries comes a coarse, arenaceous conglomerate, 
tlle lower half white and the upper half of a pink colour, composed 
chiefly of pebbles of various porphyries, but with some of red sand
stone and jaspcry rocks. In some of the more arenaceous parts of 
the conglomerate, thcro wa.s an ohlique or current lamination; a 
circumstance which I did not elsewhere ob~e[\·e. Above this con
glomerate, there is a vast thickncss of thinly stratifierl, pale-yellowish, 
siliceous sandstonc, passing into rio granular quartz-rock , used for 
grindstones (hence the name of the place L aa Amolallas), and cer
tainly belonging to the gypseous f,)rmation, as does probably the 

!;:):~ee!~:t~:I~e~d;;I~~~Kcc~~al~:~1::~ s~~ce~~li: ~~~~~~%S~~a~:~d~i~l:~ 
layers witl , sma[[, well-roullded pebbles of white qilart.z, like the bed 
at the R. Cbro at Coquimbo: others of a greenish, fine-grained, less 
si liceollS stone, somewlmt rese11lbling the pgeudo~honestones lower 
down the valley; and lastly, others of a black calcareous shale-rock. 
I n one of the layers of conglomerate, there waSl.'mbedded a fragment of 
mica-slate, of which this is the first instance; hence, perhaps, it is 
from a formation of mica-slate, tklt the nUlIltlTOUS small pebbles of 
quart7-, both here and at Coql\imbo, have been derived. Not only 
does the siliceous sandstone include byers of tl,e black, thinly strati
fied, Ilot fi ssile, calcareous shale-rock, but in one place tl,e whole 
mass, especia[[y the uppcr part, was, in a mal"l'ellollsly short horizontal 
distance, after frequent alternations replaced by it. When this 
occurred, a mountaill-mass, several thousand feet in thickness was 
thus composed : the bbck calcareous shale-rock, howevflr, always 
included some layers of the pale-yellowish siliceous sandstone, of the 
red conglomerate, and of the greenish jaspery and pscudo-honestone 
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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 tra\'ersed by many veins 
of gypsum. The calcareous shale-rock, though when freshly broken 
quite black, weathers into an ash-colour; ill which respect and in 
general appearance, it perfectly resembles those great fossiliferous beds 
of the PClIquenes range, alternating with gypsum and red sandstone, 
described in thtl last chapter. 

The shells out of the layers of brown limestone, included in tllc 
black ea!careQus 81Iale- rO£k, which lrttter, as just stated, replaces the 
white siliceous sandstone, consist of-

P ecten Dufreynoyi, d·Orbig. Voyage, Prtrt. Prtl. 
Turri tella Andii, do. 
Relations gi~en in tbe list f,olll Coquimbo. 

A starte Darwinii, E. Forbes, PI. V. fig. 22, 23. 
Gryphma Darwinii, do. PI. V. fig. 7. 

An intermediate form belween G. gigantea and G . incur.a. 

Gryphrea, no\". spec . ? do. PI. V. fill:. 8 and 9. 
Perna A mericana, do. PI. V. fig. 4, 5, G. 
Avicula, nov. spec. 

Considered by!\l r. G. B. Sowerbya. the A. echinata, by M. d·Orbigny 39 
~e't3inly R n~w and distinct species, haying a Jurassic aspeet. The specimen h38 
been unfortunately lost . 

Terebratula renigma, d'Orhig. (var. of do. E. Forbes, PI. V . fig. 
13, 14. ) 

to'~~i: ~~s~~:c::~cTen:ir~~:; ~!;\~h~~t~:~,~~:·~;i,.t~:nt~~~:e:bs~1e~: d·Orbigny 

Plagiostoma and Ammonites, fragments of. 

The lower layers of the limestone contained thousands of the 
Gryphrea; and the upper ones as many of the Turritelb, with the 
Gryphrea (nov. spec.) and Serpulre adhering to them; in all the 
layers, the 'l'erebratula and fragments of the Peden were included. 
It was e\·ident. from the manner in which the species were grouped 
together, that they had lived where now. embedded.. Before m:.kiug 
anv further remarks, I may state, that Illgher up tillS same yalley we 
shall again meet wi th a similar association of sl,ells; :"!nd in the great 
D espoblado valley, which branches oft· near the town frem that of Co~ 
piapo. the Pecten Dufreynoyi, some Gryphites (I believe G. Darwinii), 
and the It·/le Terebratula mnigma of d'Orbig. were fOllnd together in 
an equivalent formation as will he hereafter seen. A specimen also, 
I may add, of the true T. renigma., was given me from the neighbour_ 
hood of the famous silver mines of Ch::ultlncillo, a little south of the 
valley of Copiapo, and these mines, from tll.eir position, I haye no 
doubt, lie within t he great gypscons formatIOn : the rocks close to 
oue of the sih·er.veins, judging from fragments shown me, resemble 
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tli0ge siDguln.r ID@tamorpbo!led deposits from the mining district of 
Arqueros, Dcar Coquimbo. 

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

Ooquimbo. 

Pecten' Duf.eynoyi } 

~!::~~~:~i~n~;~:a in the same bed, Rio Cia.". 
Spinfer lillgulfe'OIdes 

~~j~;:~:e:.~~:~~~.is } same bed, near Arqueros. 

Terebratula :enigma ~ ill .ame blo<:k I 
___ ignaciana ~ of limestone. 

~:~::: l?e~~:~~:~~a ~ CO:~:C:~~YI:el~i?r~ma~~~:~~ . 
Hippu.ites Chilensi. I lIear Arqueros. 

~~:rii~:~aD~~~ku, J 
Guasco. 

Pect~n DufTey~oyi } 
TO.. ,.aella AI,ldi . . In a collection from the Cordillera, gi.ell me: tbe 
TeTcbratu:" ~~~:~:~:ar. .pedPlens aU in tbe same condition. 

Spmfer Chilensis. 

CQpiapo. 

r:~~t:l~ul':Ji~Oy i 1 
Tereb,atula:eni~ma,""r.aSBtGua~o 11IIingied ,together in a\te~n8ting bed. in 

~~~a;~:?D:r~:~ii i ~~o~a~:'..:·a~~J !f[e~:i~'~~h:;a:p ~ 
Perna Am:.~:~:fec.1 J valley. 

A.ieula, nOv. spec. J 

Tercb,atu!a :enigma (t.ue) ~ lII~i;D v:!l:;;t~~t~~'ia!.:i8:!trent1y same forms_ 

~e.ebU~I~"'nigma{true) l IQ the sallie hed, higb up tbe great btern! ulleyof 
G~;;;h''''B ~:%,'i~{i'1 the Despoblado, ;n the .nine of l\laricongo. 

Considering thi~ table, I think i t is impossible to doubt that all 
these fossils belong to the same furmation . If, IlOwcver, the specie>! 
from Las Amolanas, in the Valley of Copiapo, had, as in tl,e case of 
those froll) Guaseo, been separately examined, they would probably 
have been ranked as oolitic; for, although no Spirifers were found 
here, all tbe ollIe! species, with the exception of the Pecten, Turritella, 
and Astarw, have a more allcient aspect than cretaceous forlll~. 011 
the other hand, taking into account the evidence derived from the 
cretaceous c!laracwr of these three sllells, and of the H ippuritcs, 
Grypbrea orieDtalis, and Ostrea, from Coquimbo, we are driven back 
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to the prDvi~ional nallle already used of cretaceo-oolitic. F rom 
geological evinencc, I belicve this formati on to be the cquivalent of 
the neocomian beds of tho Cordillera of central Chile. 

To return to our section near L as Amolanas:-Above the yellow 
siliceous sand~tone, or the equi\'alent calcareous sla1c-rock, with its 
bands of fossil-slrel!s, according as the one or tile other pre\'ails, there 
is a 1)ile of strata, which cannot be less than from 2,000 to 3,000 feet 
in thickness, in main part composed of a coarse, bright. red conglo
merate, with many in1crcalated beds of red sandstone, and sOllie of 
green and other colour<,d porcclain-jaspery layers. The included 
pcbLles are well rOl1ndud, varying from the si:r.c of all egg to that of a 
cricket-ball, with a few larger; and tlley consist chicfly of porphyries. 
T ile basis of the conglomerate, as well as some of the al1crrrating', thin 
bcds, are formed of a red, rather loarsh, cu;;ily fll siulu sandston<" with 
crystalline <,;alCMeouS particles. This whole great pile is rema.rka.blo 
from the thon~nnds of hu~e, ernucdded, ~ilicitied trunks of trees, one 
of which was eight feet long, nnd another eighteen feet ill circum
fcrellce: how man"ellous it is, that every vessel in so thick a mass of 
wood should have been converted into silex! I brought home many 
specimens, and all of them, a<,;cordiug: to .Mr. R. Brown, present a 
coniferous structure. 

Abow this great conglomerate, we ~Iave from 200 to 300 feet in tllick-
11ess of red sandstonc; and above thIS, a stratum of black, calcareous 
slate-rock, like that which alternates with alld replaces the underly
ing yellowish-white, siliceous sandstone. Close to the junction ktween 
j,his upper black slate-rook and the upper red sandstone, I found 
the Gryp/uJt(J D«l'!cinii, the Tltrritella AtJdii, and ";lost numbers of 
a bi\'ah'e, too imperfect to be recognised, H ence we see that, as far 
as the evidence of these two shells serves-and the Tnrritella is an 
eminently dwracteristic species-the whole thickness of this ,'ast pile 
of stratn, belongs to the same oge. Again, abo'/e the last-mentioned 
upper red sand~tol1e, there were several alternations of the black, cal
careous slate-rock; but I was unable to ascend to them. All these 
llppcrmost strata, like the lower ones, vary extremdy in character in 
short llOrizontal distances. T he gypscous formation, as here seen, has 
a coarser, more mechanica.l texture, and contains much more siliceous 
matter than the eOTTC!l ponding beds lower down the " alley, Its total 
tl ,ickness, togctl'er witlr tire upper heds of the porphyritic conglo
merate, I l'stimated at least at 8,000 feet; and only a small portion of 
thc porphyritic cunglomerate, which on the eastcrn flank of the 
fourth axis ()fele\'ation appeared to be from 1,500 to 2,000 fect thick , 

:~~~e:ef:;II~ll~~~~: I !~ ;~~1~~~~~~ t~;"~;~n t!~~e ~::~~t;~~~e~.:~~;I(eIV1~~I~ 
branchC$ from the main valley a little ah()\'e the town of Cupiapo) I 
found a corresponding pile of red and white sand~toDes, and of dark, 
calcareous, semi-jaspery mudstones, rising. from ~ ,nearly level sur
face, and thrown into an absolutely vertIcal posItron; su that, by 
I)acing, I ascertaincd their thicknc3s to be ncarl," 2,700 fed; taki ng 

Q 
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thL~ as a standard of eOlllpari~{}n, I eslimated the tl'Lckness of the 
strata aOOu. the porph.rritilJ C() l1g-lollleratc at 7,000 fed. . 

The fossils Lefure enumerated, from the limestone--layer~ III the 
whitish siliecons sandst...,ne, arc nuw eUI'crrd, on thc least computation, 
\)y strata, frOIll 5,000 to G,OOO feet in thickness, Professor E. F...,rhes 
thinks tllat tllt~se ~hen~ proLably lived at a depth of frum about 
thirty to forty fathom~, that is from 180 to 240 feet; anylJQw, it is 
ill1po~s ilolc that they could h:l.Ve liw,d at the depth of from 5,000 to 
6,000 feet. H ence in this case, as in that of tho P'lentc dcl Inc.1, we 
In:ly safely conclude that the bottom of the sca on which the sl,ells 
lil'ed, suusided, so :Ill to recei \'1' the superincnn,bent submarine strata : 
and this sllbsidellce Illust I'~n'e taken place dnrillg thc existence of 
these shells; for, as I hal'e shown, some of tl,em occur high np as 
well as low down in the seriO!s, That the bottolll of the sea. suL
sided, is in hnrmony with tl,e presence of the layers of conese wcll
rounJed pebLles included throughout this whole pile of strata, as well 
as of the great upper Illass uf conglomerate from 2,000 to 3,000 
fed thick; for coarse !;r:ll'cl could Ilaroly I,ave been funned or 
sj)rC'ad Ollt at the profound depths indicated by the thiclmess of the 
strata. The subsidence, also, mnst have heen slow to hal'e allowed of 
this often_recurrent spreading ont of the pebblt's. l\1oroo,'er, we shall 
presently sec t\mt tIle surfaces of some of thc strenms of porphyritic 
lava bt'llca th the gyp&.'Ous formation, are so higl,ly amygdaloidal 
that it is scarc~ly possible to believe that they flowed undcr the "ast 
llressure of a deep ocean, The conclusion of a great subsidence 
during ll,e existence of these crdaceo·oolitic fossils, may. J beliel'e, 
loe extende(l to the district of Uuquimbo, altl,ougll, owing to tIm 
fossiliferous bed~ there not being dirl'Ctly COl'ered by the npper gyp
...cous stmb, which in tl,e section north uf the I-alley arc about G,OOO 
feet in thickne~, I did not there insist 011 this conclusion. 

Tht' pebbl~ in the auove conglomerates, both in the upper and 
lower beds, are all well ronnded, and, though chiefly composed of 
,-arious porpllyrie~, tl,ere arc some of red sandstone :lOd of a jaspery 
stone, both like llw rocks int;:n:rolnted in layer>! in thi~ same gypscous 
formation; there w~s ~ne pebble of mica· slate and so",;: of quartz, to
gether with many particles of quartz, In these respects there isa wide 
difference betwccn the gypseous conglolllerates aUlI those of the por
phyritic-conglomerate furmation, in which latter, angular and rounded 
fragm ents, almost exc\usi"ely composed of porphyries, are mingled to
gether, and which, as already often remarked, Jlrobably were ejected 
froll! craters deep uuder the sea. From tllesc facts I conclude, tlmt dur
ing tile formation of tile eOllglomerates, land existed in the neighbour_ 
Ilood, 'on. the shorel of wi,ic\, the imlUlllerable pebbles were ronnded alld 
thence d'spel;'SCd, and on which t],e coniferous forests flourished-fur 
it is improbable t\lat so mally thousand logs of wood should ha,'e been 
drifted from any great distance. This land, probably i~lands, must have 
b~en Illainly formed of porphyries, with some mica-slate, whence 
tl:o quartz was dcri,'cd, lllld with f'OnIC red sandstone and ja~pery 
rucks. This latter fact is importallt, as it shows that in th is district, 
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even previously to the deposition of the IOlVer gypseous or eretacoo. 
oolitic ocd~, strata of an analogous nature llad elselVhere, no doubt 
in the more ccntral ran;:('cs of tbe Cordillera, bcen elel'ated ;-thus 
n-calling to ollr minds the relations of the Cumbre and Uspallata 
cll:I;n8. H a"<"ing ulre:l.dy referred to the great lateral I-alley of the Des-
poblado. I may mention that abo I'e the 2,700 f"oct of red and white 
sand~tone and dark llIud~tune. there is a I'ast m;lS9 of coarse, II:l.rd, 
leU conglomerate, some tholl~and f~"Ct in thickness, which contaius 
muth silicified wood , ami cI'idcntly cnrrespondoS with the great upper 
c?nglomcratc:l.t Las Amolanas : here, howel'cr, the tongloTllerate con· 
slsh almost exclusil'ely of pebbLcs of granite, and of disintegrated 
cryst~Ls of wddish fold$par and quartz, firmly rcccmente<l together. 
In tillS case, we llI:l.y conclude tha. t the land whence the pebb!..'9 were 
deril'ed, and on which the nolV silicified trees ouce flouri shed, Wa.!l 
fu rmed of granite, 

The mount.1ill~ ncar Las Amoianas, composed of the cretaceo-. 
oolitic strata, are interlaced wilh dikL'9 like a spider'~ web, tv an 
extent which I have nCI'er seen "'qualled, except in the denuded 
iuterior of a volcanic crater: north and south li nes, however, l)re· 
dominate. T hcse dikes are composed of green, wbite, and blackish 
rocks, all porphyritic with fddspar, and often with large cryst,11s of 
hornblende. The white varieties approach closely iu character to 
:l.nriesite. which composes, as we have secn, the injected axes of 50 

many of the lines of elel·ation. Some of the A"rcen I'arieties are finely 
lam inated, p:l.rallel to the walls of the dik~. 

Sixth Axi, 0/ Elevation (Valley of Copiapo).-This axis consists 
of a broad monnt:l.inous mass [OJ of andesite, composed of albite, 
brown mic:I., rlUd chlorite, passing into andesitic granite, with quartz : 
on its western side it has thrown off, at a considerahle augle, a 
thick mass of stratified porphyries, including much epidote [N NJ, 
alltl rcnlarkaLte only from being dil'ided into Tcry thin beds, as 
highly :unygdaloidal on their surfaces 3.S sub-aiirial Ial'a-stl1'ams 
are often vesieular. This porphyritic fo rmation is conformably 
cOl'ered, as secn some way np the ravino of JoJ'lucra, by a mere 
remnant of the lower part of the crctact'O-oolitic formation [M lI1J, 
wldch in one part encases, as represented ill the coloured ~ection, the 
foot of the andesitic axis [ LJ, of the already described fifth linr, and 
in another part enti rely conceals it: in this latt!:r case, the gypseous 
or cret.'\ceo--oolitic stmta falsely appeared to dip under the porphyritic 
conglomcrate of the fifth axis. The lowest bed of the gypseous 
(ormation, as seen here [ M], is of yellowish siliceous sandstolle 
precisely like tlJat of Amoianas, interlaced in parts with ,"cins of 
gypsum, and including layers of t he black, c~lca reou~, non·fissile 
slate-rock : the TlIl'riulla AlIdii, Pte/til Dujrtyllo!li, Tel'd,,'aj/Ila 
omi,qma, r.u'l'. and some Gryphitcs were cmbedded in these lllyel's. 
Thll S:l.lldstone varies in thickness from only twenty to eigllty feet: 
and tllis yariation is caused by the illcq\lalitil.'~ ill the upper eurfnee of 
an underlying stream of purple claystol e porphyry, H",uce tile above 

Q , 
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fussils here lie at ti,e very base of the gypscous or crctaceo-oolitic 
furmati on, and hence they were ]lrobaLly once covered up by stmt.1. 
;'Ihout i ,000 h·t in tllkkness: it is, howe\'er, pOSl'ible, thOllgh from 
t.he nature of all tI,e {.ther sections in this district not probnble, that 
the porphyritic cbptoue lava may in this case have invaded a higher 
levcl in the serirs. Ahol'e the sandstone there is a considerable mass 
of mueh induratrd, pl1 r pli~h. bbck, calcareous claystone, allied ill nature 
to the often-mentioned black en1careou5 slate- rock . 

Ea-tward of the broad andesitic nxis of tllis sbith li~e, and pene
trated by many dikes from it, there is a great formation [PJ of 
mica-schist, witll its usual ,ariat.iol\9, and passing in one part into 
a f~rl"1l.zin0l!s quartz-rock. The folia arc cUrI'ed alld lIigllly inclined, 
generally dipping eastwar<l . It is probable that this mie;l·schist is 
:In old formation, conneded with ti,e granitic rocks and mej,;jmorrhie 
schists near the coast; aod tllat the one fragment of mica-slatc, ami 
The peLl>les of quartz low down in the gypseolls formation at r .. a~ 
Amobnas, ha,'e bcen deri,"cd frolll it. The mica· Echist is succeedcd 
I,y stratified porphyritic conglomerate [QJ of g-rcat thicknes~, dipping 
I.'astward with a high inclination : I have included tlds latter moun
tain-mass in the same anticlinal axis with the porphyritic streams 
[N NJ; but 1 am rar from sure that the two lIla~SC$ lIlay not ha"c 
been independently upheaved. 

Sel:cnllt Axis of Elcuatiou.-Proceeding IIp thc ravine, wc come 
to another mass [ltJ of andesite; aud beyond this, we again have 
a "cry thick, stra.tified porphyritic formation [SJ, dipping at a small 
nngle eastward, and forming the basal part of the main Cordillera. 

!x~:I~in~t :~~~t ~!~:i~~s~i~; \~;:rchhit:~ili l~~: ~;~~:' t:::a.~~~I~:r~~;I.! 
observing, that the porphyritic beds, or sllbmnrine lavas, lJrepondct:Jte 
greatly in hulk over the altcrnating sedimentary layers, which h:J\'e 
been but little meiamorpllosed: these latter consist of fine-grained 
red tuffs and of whitish \'olcanie gritstones, logethcr with much <I f a 
sillgubr, compact rock, haying an almost cry~tallioe basis, finely brec
cinted with red and green fragments, and o.ccnsionally including a. few 
largc pebbles. The porphyritic Javus are highly amygdaloidal, both 
on tlleir upper and lower surfaces; they consist chidly of clay-stone 
Jlorphyry, but with one common v:niety, like some of the streams at 
the Puente del Inca, having a grey mottled basis, abonnding with 
crystals of red l,ydrol1s oxidc of iron, green Olles apparently of epidotc, 
and a few glassy ones of feldspar. This pile of strata differs con _ 
siderably from the hasal strata of the Cordillera in central Chilr, 
and may possibly belong to the upper and gypscous series: 1 8:1.W, 

however, in the bed of the valley, one fragment of porl)l,yritic 
breccia-coDglomerate, eX!lctly like those great masses met with in 
tfle more southern parts of Chile. 

Finally, I must obscT\'e, that tllOugh I have described between the 
town of Copiapo and the wcstcrn flank of the main Cordincra, sc\"en 
or eight axes <If e1e,oation, exte1lding nearly north and SQUtll, it must 
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lIot be supposed 11,at they all TIm c::ontintlol1sly for grcat di~hnec~. 
A~ W!l.3 stat~d to be the C::.1SC in our sections aeross the COfllillcnl. "f 
central CI,ile, so herc most of the lines ()f ch:vation, "',itl! the e)(ception 
of the first, tl,ird, and firtl" are very short. The ~tratlfication is cI'ery4 
where disturbed and intric::ate; 1I0wlICrc havc I ii-CC II more nllm~r()l1~ 
faul1;j: and dikes. The whole district, from the sea til the Curdillera. 
is more or ICf:S metallircrou~; and I heard of gold, ~ill'ct, copper, h'ad, 
mcrcu ry, and iron veins. The lIletam"rpl,ie actioll, C\'ell in the lo\\n 
btmta, has certainly been far less here tl,an in <:entral Chilc. 

Valle!! cif the Despoblmlo.-This grotl.t barrell \'alley, wllic1, !':'s 
already been nlludcd to, enters the main \'a11cy of Copiapo a little 
auo~c the town; it runs at fitst northcrly, tllen N.E., aud lI1uro 
easterly into the Cordillem; I followed it! dreary C::OUrStl to tIle foot 
of the fir~t maiu ridge. I will not gi"e" detailed sec:tion, bec::ausc it 
would be essentially simibr to that already gh'cn, and hecanse the 
stratification is exceedingly c::omplic:lted. After lea"iog tbe plutonic:: 
hills near t11eto\\'n, [ met first, lUI in the main \'alley, with the g)'P4 
seous formation ha~ing the s."tllle diversificd clmncter as beforl', a",1 
soon afte r wa.rd~ with masses of porphy ritic eenglomemte, about I,UUU 
feet in thickness. In the luwer Ilart of this forlllatiuo, theru wen.: 
\'Cry thick beds c::omposed of fra.gments of claystone porpllyriL'P, bull, 
:tngular and roundctl, \\itll the smaller ones partially blended togctlll' r 
and the hasis rendered porphyritic::; these beds separated di~tillct 
streams, from sixty to eighty feet ill thickness, of ciaY8tollc i;l.\';ls. 
Ncar Paipote, aiso, there was IllUC:: t. true porpl,ytitie brecc;ia
conglomerate: ne~erthclcss, few of tllese Illasses were metamorpho.wd 
to the same degree with the eorrespondi"g {ommtiofl in cClltnll Cliile. 
I did not meet in thi ~ \'alley with any truO andesite, bnt only "ill. 
imperfed andcsitic:: porphyry including large crystals uf hornulendc : 
Ilumcrous :l£I Ilare lx'Cn the varieties of intrusivc porphyries a1rt-ady 
mcntioned, there were here Illountains composed of 3. new kil!d. 
I,aving a CQlIlpact, Slnootl" crcam4coloured IJasi~, inclntling olily 
a few crrstals of fddspar, and mottled witll dendritic ~pots uf oxide 
of ir01>. There were abo son:e muuntains of a porphyry with n 
briek4red basis, containing im'gular. often Icus-sllapcd. patches \if 
compact feldspar, and crystals of feldspar, Wllicll latter to my sur~ 
)lrisc I find to be ortllitc. 

At the foot of the first ridge of the main Cordillera, in the ra\'iue 
of J\laricongo, and at an e\cI'alion, Wlliel" from the extreme c::oldncss 
and appearance of the \'l"getatiun, I c..tinmt...'tl at about 10,000 feet, 
1 found berls of wllite Santlstone and of limestone inclutling the Peclen 
DII/rr!lIIO!li, Tcrebratula W11i!lllla , and some Grypbil e5:. This ridge, 
thruws the water on the one II:lnd into the Pacific, and 011 the other, 
as 1 was informed, into a great gra\'c!-co"cred, basin-like plain, iU4 
eluding:l salt4bke, and without any drail1:lge4exit. I n cros.;.i ng the 
Cordillera by this Pass, it is said tl ..... t three Ilrincipni ridges must be 
traversed, instead of two, or only one as in c€lItral Chile. 

The c::rt:St of this first main ridge and the liurrouudillg lJiountniu", 
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with the exception of .:r. few lofty pinnacles, are capped br a great 
thickness of a horizolltnlly stratified, tufaceous depOSIt. I he lowest 
bed is of a pale purple colour, hard, linc-grained,. and full ~f broken 
crystals of feldspar and scaltls of mica. The nmhl!IJ. bed IS c~ar~er 
and less hard, alld hence weathers iuto very sharp pinnacles ; It 111 _ 

cludes many SlIlalL fragments of granite, ~I1d inl1\lm.e r~ble Olles of all 
sires of grey "tl$icuiar trachyte, sollie of winch wcrc dlst lllctly rounded . 
The uppermost bed is about 200 feet in tllickness, of a darker colour 
and apparently Imni; but I had not time to ascend to it. These 
three horizontal beds may be seCIl for the distance of ulany leagues, 
cspeda-lly westward or in the directiou of the Pacific, capping tIle 
summits of the mountains, aud standing 011 tIle opposite sides of the 
immense valleys at exactly corresponding heigh/,,; . If nnited they 
would form a plain, inclined very slightly towards the P acific; the 
beds become tl,inner in this direction, and the tuff (judging from olle 
point to which I ascended, some way down the \'alley) fi ner-grained 
and of less specific gravity, though still compact and sonorous under 
the bammer. The gently inclined, almost horizontal stratification, 
the presence of some rounded pebbles, and the compactness of the 
lowest bed, though rendering it probable, would not ha"e convinced 
me that this maS!! had been of subaqueous origin . for it is known 
that volcanic ashes falling on land and moi~tened by rain of tell 
become hard and stratified ; but beds thus originating, and owing 
thei r consolidation to atmospheric moisture, would have covered 
almost eqMlly every neighbouring summit, iligh and low, and would 
110t have left those above a ccrtain exact level absolutely bare; this 
circumstance seems to me to prove that the volcanic ('jectiolls were 
arrested at thei r present, widely ('xtendt'd, equable le\'d, and there con 
solidated by some oth('r means than simple atmosplucric moisture; 
and this no doubt must have been a sheet of water. A lake at this 
great height, and without a harrier on anyone side, is Ollt of the 
question; consequently we must conclu(ie that tiw tuf"Cl>OUS matter 
was anciently depositld beneath tile sea. It was certainly deposited 
before the excamtion of the "allep, or at least before their fina l 
enlargement ;- and 1 may add, that Mr. Lambert, a gentleman wcll 
acquai nted with this country, informs me, that in asC('ndillg the 
ravine of S~ntandres (which branches ofl:' from the Despoblado) he 
111et with streams of la"a and lllllCh ernpt~d matter capping all the 
hills of grauite and porphyry, with the exception of some projecting 
points; he, alsu, remarked that the valleys had been excavated sub
sequently to these eruptiuns. 

This \'olcallic formation, whicl1 I am informed by lIl r. Lambert 
extends far northward, is of interest, as typifyillg what has taken 
Il lace on a grander scale ou the corresponding western side of tho Cor
dillera of 1'(' rl1. Under another point of "iew, I'o\\'e"er, it possesses 
a far higher interest, as confi rming that conclusion, drawn from the 

." I bave ende3.our~d !o .bow. ill my Journ~l, s.c. (2<1 edit .) p. 355, !hat Ibis 
:rb1cba!~:YIl:: "~e!ti~Y Ibe r"treahng .ea, as the lalld ~lowly ro"e, ig the $ta!e in 
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structure of tl.e fringes of stratified shin"\e wl.ich are prolonged frolll 
the plai!,s at the rout of the Cordillem. far up the yalleys.-namely, 
tha t tillS great range has betoll c1e,'atcd in mass to a Ilcigl'l of 
bctw~n 8000 aud 9000 feet;- and now, judging frOIll thi.'! tufaecous 
depOSit, we m3Y conclude that the IluriZOlital l'lcnltiou has been in 
the distrid of Copiapo abollt 10,000 f~t . 

In the "alloy of the Dcspol,ladl', the stratification, n.'! bofon" re
marked, has beell much disturbed, amI in ~ome points to a grc:ltc r 
degree than J 11:1.1'0 a~ywherc else seen. J will gi,·c two caSt's: 1\ 

, ·ery thick mass of tll111ly str:lti fl cd retl S:llltbtone, inehuling bo,l~ (if 
conglomcrate, 11:1.3 been erushcd together (a~ represented ill t lLll \\ OW
cut ) into a yoke or urn-forlUM trougl l, so that the strata ou Loll. 

No, '!l. 

sidL'Ii h:uc been folded inward.'! : on the right hand tlHI propedy 
Iinderlying IloTphyritic tbystone conglomerate is seen o\"('rlying 111<l 

~and"ton(', but it 80011 becomes I'ertie:ll, and thcu is inclined toward~ 
the trough, so that the hed~ radiate like the spokes of a "het! : 0 11 
the lert hand, the in'·erted porpllytitie conglomerate nl~o a~~l1mt1J 
n dip towarilit tile trou):\'h, not grndually :IS OIl the right hand, bllt Ly 
m(':ln9 of 1\ ,·crtic3l fa llit and synclill:ll break; nnd a little still furth,r 
on to\\"nrds the left, there is a secon,J grNlt oblique falllt, (hoth sIlO" II 
by Ihe arrow-lines) with the strata di pping to a directly oppo~itf) 
point: these mountains are intersected by iufillitely numerous \lik-'S, 
SOllie of which can he Sct;1I to rise from IiUnHlloclls uf greenstone, :lnd 
can be trac~ .. d for thousands of fed , I n tllll H'eOI1(\ C:l~I', tw" low 
r idges trend together and unite at the head of a little wedge-shaped 
,·alley; throughout the right-band ridge, tl.e strata dill at 4S0 to the 
east: in the Idt-hand ridge, \\ella"e the ,"cry same 5trnta :lnd at first 
with exactly the ~ame dip; but in follo\\iug this ridge up the lal\(,y, 
tl lO strat. ... arc S('<;'II \"Cry regularly to bt.-eoUie more and more inclin\ d 
until th('y stand Yetticai, tht'y tllcn gr.ldually fall over, ( tlw ba~t'l
edges forming syulInctrical serpentine lincs along the crest) till at the 
"cry head of the y;.lley tbey arc reYt>l"$'d at an angle or 450

: so 
that at this point tIle beds IlI\ye becn turned through an :mgle of 1350

; 

8 - I mny here mention tha~ un the ,oulh "<.Ie o~ Ibe main valley of Copiapo. 
near POlrero 51'<;0, Ihe mounlalDS a'e capped by a 11l1ck maSS of bo",wmally , Ir. li_ 
lied ~hinglc. al a height whicb 1 {,Ilimald. at bet"·eell 1500 ""d 2001:l f~el Hoove 
Ih .. bed of the .alley. Th,s sllingle, I i.teile,·p •. folP's the (d~e of a ,,·,de plain. 
,.'bieb "I,etebe, ~oulbw~rds bel"·t'~ u IWO ll,ount3ln nnse!, 
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and here there is a kind of antidiual axis, wit.h tbe strata on both 
... ides rl ippin~ to opposite points at an angle of 45°, but with tlloS(! on 
the left hand upside-down, 

011 tl/{] Eruptire & 111'(($ oj tIle P Olphyri/I'c Cla!l81011C (ln~ GJ'~m-
1/0' 16 L (lc(lS :-1 n central Chilc. frum tl.e extreme metlllilorplile adlOn, 
it is ill most parts difficult t.o distinguish betwet!n the streams of por
phyritic 1:lv:I and the porphyritic hreecia_coliglomewte, but here, at 
Copiapo, tlmy are gen~mlly perfectly distinct, and in the DespoLlado, 
I S:IW for thc first tUlle, two great strata of purple claystone por
phyry, afwr having bet.-n for a. considerable space closely uUlted 
together, one above the other, bcconle sep:lrated by a mass of frag
mellt.::ary matwr, and then both tl , in out. ;-tlte lower one more rapidl,v 
than the upper and greater stream. Con~idering the nllmber aud 
thicknC$8 of the streams of porphyritic 1:\\ . .1., and the great thick nrss 
of thc beds of breccia-eonglomemte. there can be little doubt that tlw 
~ourcus of eruption must origin:ally II rl\'e been numerous: ne\·erthc1CSS'. 
it is now mo~t difficult e\'en to conjt!cture the precise roint of ally 
one of lln,l ancient subm:trine craters. I Ilave repeatedly obsen'eil 
mountai ns of porpl.yries, more or It)u distinctly stratifieu towards 
thcir $111))1nit" or on their flanks, without a trace of stratificatiun in 
their central and has:11 parts: in most cases, I belicve thi~ is simply 
due, either to the ubliterating eff~'Ct9 of IllctalilOrpllic action, or to 
such parts hu."iug been mainly formed of intrusive porr\,yrics, or to 
Loth causes conjoined ; iu rome inst<lnccs, howe,'er, it appeared to in ti 

vcry IlrobaLie that the I!rcat cfntral ulist rati6ed n,a-'SC~ "f porpllyry 
were the now partially delllided Bucld of the old submarine \'olean08, 
and that the stratified parts marked tho points whence the streams 
fl owed, 111 one case a10n." and it was in til is "al1E'Y of tile Des
POblaflo, [ wa~ alJle actually to trace a th ick stratum of llUrplish 
purphyry, wh ich fur a space of gOllie miles conformably ov.,rlay the 
u~u:,l altl;nmting beds of brcccia.·conglomcrates and cI:tystonc la\'ns, 
ulltil it b..~allle united with, and blended into, a mountainous mau 
of "ariOIiS IInstr:ttificd porpllYI'ics. 

T ho difficulty of tracing the streams of porphyries to their anci~'l'It 
and do\,l>tl..:s~ numcr"" ~ CTU I)ti,·c sources, may he rartly \:xplaincd by 
the \'cry general di~turLance whioh thc Cordillera in most parts li as 
suffered ; but I ~troll g1y su~pect tlmt ther\: is a mOTe specifie CallS<', 
namely, lI.fll the oJ'i9illui poinl' of cI'UP/iOll lClid w become tl16 pail/ lit 
aj i'lljutialj , This in i~lf d()C;l nut ~l'Cm im probable ; for wl te re the 
",Irtlo:s crust h~ olle? yielded, it ,\'?"ld be liable to yielJ again, though 
the llquefi erl 111 t rIlSI\'e mat ter IIIlgh' not be any longer enablcd to 
reach tile SlIblllarillC surface and fl ow a~ Ia" a, 1 ha\'e been led to tllis 
con c1 l1~ io n, frOlll ha\'ing so frc'l"cll tly obscn-ed that, wl.crc part of 
an u",tratificd IlInnlltain_mass resembled in llIincralogical ehamcter 
thc adjoining strcams or strata, there were scvcral other kinds or 
il1t rusi,'c porphyries and andesiti c rocl;s injected into the s,1.me point. 
,As these intrnsive mountain-ma'>SC>I form mosl. of the axes·liut.'S ill 
the Cordillcra, "hether ant.iclinal, unic!inal, or synclinal, and as tlte 
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m,lin valleys han) gem'rally loeen l,ollowed out :l.long" tllese line~, the in
trll~lve !Ila~ses h'lve geut'rally sufiered much Jenud:ttiun. l1cllee they 
arc apt to stand. in some degree i~o1ated, and to loe situated at the poim~ 
where the valle)"s alo ruptly bend, or wliCre the mai" triloutarics enter. 
On this view of there being a teudcney in the old point~ of eruptio" 
to become the l)oint9 of subsequcnt inj~ct i on and disturloancl', and 
consequently of denudation, it ceascs to be lIl1rpri~ing that the strealll~ 
of lava in the porphyritic elaystone conglomera te formatioll, and in 
other analogous cases, should most rarely be traecable to their actual 
sources. 

f'llli'l !lC, SQut//Cnt P cru.-Differelltly from what we hal'e ~eell 
througllQut Chile, tile coast here is formed not by the granitic serit'S, 
lo ut by all escarpment of the porphy ritic conglomerate formation, 
between 2000 and 3000 feet in heigllt." I had time unly for a vcry 
short examination; the chief part of the escarpment appears to be cum
p osed of " arioIlS reddish and purpi(·, sometimes iamillated, porphyrit"s, 
resembling tllOSC of Chile; and I saw some of the porphyritic lorrccia
conglomerate; the stratification appeared lout liltle inclined. The 
uppermost part, judging from the rocks near the falllous sih·cr 
mine of H uantajayn,t consists of laminatcd, impure, argillacCQu~, 
purplish-grcy lime~tone, associated, I Lclle\'e, with sOlne purpl.., 
sand.stolle. I~ the iime~ tonc, slleJ1s are found: the three fol1o\\ing 
speClcs were given me:-

Lucina Americana, E. F orues, PI. V. fip·.24. 
TereLratula inca, do. PI. V. fig. 19, !?O. 
- - :;enigma, D·Orloig. PI. V. fig. JO, II , 12. 

This latter species we have scen ass"eiatcd with the fueoils of which 
lists have Leen given in this chapt("r, in two pl:J(;es ilL the vaHe), 01" 
Coquilllbo, a"d in the ravine of MaricoJigo at Copi:Jl'o. COllsidering 
this fad, and the superposition of these lJt.,d$ on the porpl'yritic con
glomerate formatiull ; and, as we shall immediately see, from tl,cir 
cuntaining much gypsum, and from their otllerwisc c1o~e genrni 
resemblance in miucralogicalnature with the strata dc,;cribed in t).e 
,·alley of Copiapo, I hal'e little doubt that these fossiliferous beds of 
Iqu iquc belong to the great eretaeeo-oolitic formation of northern 
Cl,ilt". I quique is situated seven degrces latitude north of Co 
piapo ; and 1 m:l.y here mention, that an Alllillonitc~, nOI·. spec., alHl 
A~tarte, nOI". spec ., were gil·en me frolll the Cerro Pasco, about tell 
deo-rees of latitude Ilorth of Tquique, and "111. d·Orloigny thinks tlmt 
th:y prohably iudicate a lleocoOlian formation. Again, fifteen de
crrc('s of latitllde llorthward, in Colombia, there i~ a grand fos~i1,f('r"us 
deposit, now well known fwm tlte labuurs of ,'011 BlIch, Lea, o.'Or-

* Tb~ lowest point, ... herc the ro;,d coo.se. the c03st_e..,arpment , is 1,900 
feet by the barometer above the le"e1 of the sea . 

t lII r . .lkonaert has .d .. ,cribed (Geolog. I'ro<;~edings, vol. ii. p. 598} a singular 
mass of strM . fi~d det rotus, gra"el, and .saud, e,ghty·oue yOt.d. in Il,idoe.s, Over_ 
ll'iog the Jime5to~e, m,d .aboundlng Wllh loose m •. s5e~ of oll'er OTC. .J he mloers 
belie~e tbat they caD attrIbute these masses 10 the" proper ,eIDS. 
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higny, and ForLes, which belongs to the earlier ~tagcs of the cre
taceous system. Hcnce, bearing in mi1l(1 the ch.vaeter of the few 
fossils from Tierra del fu ego, there is some e\'iu~nce that a great 
portion of the stratified deposits of the whole V:I>t range of .the 
South American Cordillera, belongs to about the same geulog,cal 
epoell. 

Proceeding from the coast-escarpment inward~, I crossed, in n space 
of about thirty luiles, an elevated undulntory dIstrict, with the beds 
dipping in "ariou8 directions. T he rocks are of many kin,h,-whitc 
laminated, sometimes si liceous, sandstone,-purple and red sandstone, 
sometimes so highly calcareous as to lmnl a crystall ine fracture,
argillaceous limestone,-lJIack calcnreous ~btc-roek, like that so often 
described at Copiap" nUll other places,-tl,inly laminated, fine_ 
~r:lincd, greenish, indurated, sedimentary, fusible rocks, approaching: 
In character to the so-called pseudo-honestone of Chile, includillg thin 
contemporaneous I'eins of gypsum,-:md lastly, much calcareou~, 
laminated porcelain jasper, of a green colour, with red spots, :md of 
extremely e~sy fusibility: I noticed one conformable stratum of a 
freckled-brown, fcld~pathic lava. 1 may hero meution that I heard 
of g reat beds of gypsum in the Cordillera. The only no\'d IJoint in 
this formation, is the presence of innumerable thin layers of rock-salt, 
alternatiug with t!.e lalllinated and hard, but sometimes earthy, yel
lowish, or bright red and ferruginous ~andstones. 'fI'e thickest laYl'r 
of salt was only two inclle~, :lud it thinned out at both cuds. On 
one of these saliferous Illasses I noticed a stratum about tweh'e feet 
thick, of dark-brown, lornd, brecciated, easily fusible rock, containing 
grains of quartz and of bind: OJ,:ide of iroll , together with lIum erou,; 
imperfect fragments of ~hdk T he problelll of the origin of salt is 
so obscure, that e"pry fact, e"en gcograpllical position, is worth 
recording." "With the exception of these saliferous beth, most of the 
rocks, as already remarked, present a strikiug geueral resemblance 
with the upper parts of the gypseous or erctaceo-oolitic formation of 
Chile. 

MetalliferOU8 Veins. 

I have only a few remarks to make on this subj~ct: in nille 
mining districts, some of thelll of eonsid~rable e.-dent, wbieh 1 \"i~itcd 
in central Chile, I found the principal I'eins running frOIl) bct-wtll 

.. II i. well k.nown that st ratified salt is found in se"eral plaet's OD Ihe shores 
of I'eru. The I.I~nd. of S?n Loten'o, off L'ma, '" compostd of :' pile of II,," 
strata, obout 800 fMt JO tlllchess, compo.ed of ypllowi.h alJd purphsh. Lurd, sili. 
ceous, .or earthy san~stones, Rlt~rnatlDg wnh , t bin lay~," o~ sh~le. wh'cb in I'I.c~s 
paSks lnlO a g'"eenisb, .emi.porcellanic, fus,ble rock. 'J bfre ale some tI"" Ltds 
of reddish rnu~stone, aud soft ferruginous rotl~n .• toue., wilh layers of gy p"urn. 
10 nearly all these variel ie •• espedally in tbe softe r sondstones, there are nu_ 
merous thin .... am. of rock·salt: I was iufor,med tbat oDe layer h~s been found 
two inches m thickness. The manner 10 whIch tbe mioutesl !lssuresofthe dl~'o_ 
coted bed. hue ,been pen~lraled by the salt, "pp.r~ntly by subsequent infiltra_ 
tion, is ,'ery Curlons. On the south side of the I.l"n~, I.yer. of co.1 and of 
imp"'e IIm,",lOu~ ban; bean ,) "c\)~e,ed. I Jeuea. wa l~ere Io •• ,'e salt, gJI"!"m. ~nd 
coal assOCIated togetler. Tbe ~t,ata illduJe .~lns 01 'luartz, c",bo"at~ of hrue, 
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[ N . and N .W.] to [So and S.E.J: - in sOllie otl,er places, however, 
thei r ~ol1n;e appeared quitc irregular, as is said to bc generally the 
case 10 the whole valley of Cupiapo : at 'l'ambillus, suuth of Cu~ 
quimbo, I S3W one large copper vein extending east und west. It is 
worthy of notice, tl lat the fuli3tion of the gneiss and mica-slate, and tlill 
c1ca\"3ge of the altered clayslate, where such rocks occur, certainly 
tend to lUn like the metalliferolls vcins, though oftI'll irregularly, ill OJ. 

direction a little westward of noril,. At Yaquil, I obsen'ed that the 
principal auriferous VI'ins ran nearly parallel to tile grain or imperfect 
cleavage of the surrounding 9ralliti;; rocks. With respect to the dis· 
t ribution of the diftcrcllt metals, copper. gold, and iron arc generally 
associated together, and arc most frcquently found (but "itll many 
exceptions, as we sllalJ presently see) in tile rocks of the \(lwer 
series, betweell thll Cordillera aml the Pacific, namely, in granite, 
syenite, altered fcldspathic clayslate, gnei~, aUfl as near Guasco mica
schist. T he copper-ores consi~t of slIlphurels, oxides, and e:ullOnates, 
sometimes with laminre of nati,"c metal ; I "as a,sured that in 
some cases (as at P~llllllCillo S.E. of Coquimbo) the upper I'art of 
same vein contains oxides, and the lower part sulpllllrets of copper. t 
Gold occurs in its native form; it i ~ belie\·ed that, in lllany cases, 
tho npper part of thc voin is the most productive part: this fact, 
probably, is connected with thc abundance of this metal in the stra
t ified detritus of Cloile, which lllllst have beeu chiefly deri\>ed frolll 
the degradation of the upper portions of tile rocks. Tllesc superfi. 
cial heds of well- rounded gravel and mnd, containing gold, ap_ 
peared to me to h~\'e been formed under the sea elose to the beach, 
during tho slow dovation of the blld : Schmidtuwycr! remarks that 
in Chi!e gold is sought for in shehing banks at t he height of some 
feet on the sides of the stre~ms, 31l(\llot in their beds, as would ha'"e 
been the case had tllis metal bco.' l1 deposited by common allu,"i:J1 
:Jction. Very frequently ti,e copper ores, including some gold, are 
associated with aLundant micaceous specubr iroll. Gold is oftell 

and iron pyrites; they La.e bee" disloc~ted by an injected mas. or greenish· 
brown felds{,atbic trap. 

Not only,. OBIt abuoda"t on Ihe exlrem~ western limit.~ of tLe district betweeo 
the Cordillera and (be Pacific, but, accoH.iong to Helm~, n is found In theoullyiug 
)0"· bills DO the easter" BanI.: of the Curd,llera. '.I"h~se facts "ppear to me 01' _ 
posed to tL~ theory, that rod_suit i. due to tbe s1Ok1Og Dr waler, charged wllh 
~alt, in med'terr~Dcan Ipaces of Ihe ocean. The general charaCler or Ibe 9~0l ogy 
of ILese counlrleS would ralber lead tu ,he ol'inio", 11001 Its origin 1810 oome 
way connected "·itb VOI.CaDic beat at Ibe hOllonl of Ihe &ea: see on this suhject, 
SIr H. j\ l urcl~ison·. A"~,versary add~ess to Geolog. Soc. 1843, p. 65: 

• These mining districts. are Yaqull lIear N~ncogua, "here rhe direction of Ibe 
cbief vems, to wl,ich only '" all caSeS 1 ,efer, IS nOrlb ao~ south; in Ihe Uopallata 

~~&~hr~baenls~s~~~ni; n~:re I\~a!~t iti. aN~ b;·~{·a;o~n st.h~y ~:. ;d:t i:d;;o;~~~ 
the directiou ~arie8 from bet,,·een [N. and N.W.] to [So alld S.f,;.); atth .. C. de 
1O.'i H ornos (f"'ther nortbward), it i,; N.N.IV . a~d S.S.E.; at l'aouneillo, it is 
N.N. w. and S.S.E.: and lastly at Ar'lueros, the dIrection is N .W. and S.E. 

t 'I he some fact has beeD obsened by .!'tlr. Taylor in Cuba; London, Phil . 
Jou" ,. vol. :r.i. p. 21 . 

; T,clye!S iu Chile, p. '.W . 
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fuuuti ~n iron·pyritc~: at two gold lllio('s at Y:!qllil (otar Ka"cagu.1), 
I was mformed uy the proprietor that in oue the gold \'~S al~,·ny~ 
asso~iatcd with coppcr.pyritc_~, :Iud in the other wHh HUII~ 
pyrites : in thi~ btter ea~, it is said that if tho,) vein ceases to con
tain iron-pyrites, it is yet worth while to o.:<.>n~inue the ~arch, but 
if the iron-pyrite;!, when it r~.1ppearS, is not aunferous, it IS better at 
once to give up working the vein. Althongh I helieve copper and 
gold are mo~t frequently foulld ill the luwer granitic and metamorphic 
schistose scrics; yet these meta!,; OCC lIr hoth in tIle porphyritic cun
glomerate formation (as on the llallks of the Bcll of Quillotn. aod at 
Jajuel), and in the superincumbcnt strata. At Jajuel I was in~ 
formed that the copper-ore, with some gnld, is found ouly ill the 
greenstones and altered feldspathic clay~I:~te, which alternate with 
the purple porphyritic conglomerate. tic\'cral gold veins and sumt: 
of copper-ore arc worked in sC"eml parts of th(l Uspall~ta r:lIlge, 
hoth in the metamorphosed strat."I, wllich have been shown to ha\'l' 
been of probahly subsequent origin to the ncocomian or gypseous 
form:ltiun of the main Cordillera., and in the intrusive ande~itic rocks 
of that range. At Los Hornos (N .E. of 1I1apel), likewise, tllere 
arc numerous veins of copper-pyrites and of gold, both in thc strata of 
the g}'pscous formation :md in thc injl'Cted hills of andesite and 
various porpllyrics. 

Silver, in t111) form of a chloride, sulpll11ret, or an amalg:lm, or in it;; 
nati"e state, and associated with ie:ld aud other met;:lb, aud at Arquc
ros witlt pure nati"e copper, ul;curs chiefly in the upper great 
gypseolls or cretaceo-oolitic formation, wl,ich forms p~ohal>ly the rid,
cst mass in Cbile. 'Ve lIIay instance the minmg districts of 
Arqllero~ ncar Coquillloo, and of nearly the whole vaHey of Copiapo, 
and of I quiqlle (where the principal vcins run N.E. by E. and S. w. 
by \V.), in P erno Hence comes Molina's remark, that sih'er is born 
in tI,e cold and solitary desnts of the nppcr Cordillera . There are, 
howe,-er, exceptions to this rule; at Paral (S.E. of Coqllinlbo) sih'er 
is found in the porphyritic conglomcrate formatio .. ; as I ~u~pcct is 
likewise the case at S. Pedro de Nolasko in thc Peuquenes Pa!;~. 
Rich ar<'Teutiferous lead is found ill tI,e dayslate of the Uspallata 
range; :nd 1 saw an old silver mine in a hill of syenitc at thc f,!Ot of 

. the Be!! of Quillota: I wa~ also assured that silver has been found 
in ti,e andesitic and porphyritic region hetweell the tOWII of Copi~pu 
and the Pacific. I ha\·e stated in a previous part of this chapter, that 
in two ncigllbouring mines at Arqneros the \'cins in one were pro-
ductive when they tra\'clS('d the singular green sedimcut.uy beds, 
and IInproducti,·e when crossing thc reddish beds; whercas at the 
other mine exactly the reverse takes place ; I have also described the 
singular and rare case of numerous particles of nati'l"e sih'er and of 
the chloride being disseminated in the grcen rock at the distance of a 
yard from the vein. Mercury occurs with sih'cr both at Arqllcros 
and ~t Copi~po: at the ba~e of C. de los H oroos (S.E. uf Coq uimbo, 
a diflercnt place from Los J-Iorno~, before lllClltioncd) I ~.lw in a 
syenitic rock numerous quartw~e '-Cill~, contaiuillg' a little cinnabar ill 
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fwstS: t), ere were here other parallel I'cins of copper and of a ferru·, 
gino-auriferous ore, I believe tin k\s never been found in Chile. 

From info rmation given me by Ur. Nixon of Yaquil, · and byothen, 
it aprcars Uw.t in Chile those veins arc generally most permanently 
lJroductive, which consisting of vari ous minemls (sometimes di/f"rin,2; 
but sl ightly from the surronnding rock s), inelude parallel strings rid. ill 
metals ; SUel l a vein is called a t:eta real. More commonly the mincs 
arc worked only where one, two, or morc thin veins or strings running 
in a dilferent direction, intersed a poor 'veta real;' it is unani~ 
mOllsl}, believed that a t such points of intersection (crucenn), the 
quantity of metal is much greater than that contained in other 
parts of the intcrsecting vein~. In some cruceros or points of intersec
tio]), tIle metals extend CI'en beyond the walls of the main, broad, 
stony ,'cin. It is said tll.1t the greater the angle of intersection, the 
greater the produce ; and that nearly parallel strings attract each 
other; ill the Uspallata rauge, I observed that numerous thin auri
ferrug-inolls ,·eins repeatedly ran into lmots, and then brandIed out 
again. I have already described tIle remarkable manner, in which 
rocks of the Uspallata range nrc illdurated and blackened (as if by 
~e~:~.~t of gunpowder) to a considerable distance f!'Om the metnllic 

l'inally, I may observe, tha t the pre~ence of metallic "eins ~ms 
obviollsly connectl'd witll the llresen(;C of intrusive rock~, and with 
the degree of mctamorpllic action wlliel , the dilferellt distr icts of 
Chile hal'e Ilndcrgollc.t Such met:l111orpll<lscd areas arc genemlly 
accompanied by llnmerous dikes and injected masses of andesite and 
various porphyries: I h:l.I'c iu scn>ml places traced the metallifcrous 
,'eins from the intrusil"lJ ma~ses into the encasing stmta. Knowiug 
that the porphyritic conglomerate formation consists of alternate 
streams of 8ubmarine hwas and of the debris of anciently efup ted 
rocks, and tlmt ti,e strata of t1>r: uppcr gypscous formation some
times include submarine i:I,'as, and arc composed of tu/fd, mudstones. 
and mineral substances, probably due tn volcanic exhalations,-thc 
richness of these strata is higlily remarl,ablc when compared with the 
erupted beds, often of 8ubmariue origin, but flot metamorph()$ed, 
which compore the numerOIlS i~la.nds in the Pacific, Indian, and 
Atlantic Oceans; for in theFe islands metals are eutirely absent, and 
their nature el'en unknown to tIle aborigine~. 

SUll/fIlary on tl16 Geological H i$fOI:J of Ihe Chilian Cordillera, and 
of the $(Jutlwrn paris of S. America. 

\Ve kwe seen that the shores of the Pacific, for a space of 1200 
miles from Tres Montes to Copiapo, and I belie,'e for a vcry milch 

* At tl,,' Dura.~o mine, Ihe gold is associated ,,·; th copper'pyrites, and tne 
""ins (0010;0 lnrg,,, prioms of I,lumbago. Cr.'"8t~1.Ii.cd carbonate of lim~ is one of 
the commonest mlne," ls io the malri,. of the Chll,a" veins. 

t Sir H. ~ Inrchiso" nnd his f~I\"". travellers ba¥e given Some str iking faCls on 
th is suuje~t ill their arC(>uU! of the lir.1 Mountains. Ge-o]og. Proc. "0]. iii. p. H8. 
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greater distance, are composed, with the exception of the tertiary 
b~sins, of mctanl()rphic schists, lliutonic rocks, and moru or less 
altered ch vslate. On the floor of the ocean thus constituted, ,"ast 
streams or" variOI\S pu rplish claystone and greenstone porphyries were 
poured forth, together with grea t alternat ing pilcsofangular:md rounded 
fragments of similar rocks ejected from the submarine cr:l.ters. From 
the eomractnes_~ of the streams and fragments, it is probable that, 
with the exception of some districts in northern Chile, the eruptions 
took place in profoundly deep water. The orifices of eruption appear 
t o have been studded over a breadth, with some outliers, of frurn 
50 to 100 lIlile~; and closely €Hough togethcr, !'oth north and 
sonth, and east and w~t, for tllC ejectcd matter to form a continuous 
mass, which in ecntral Chile is more than a mile in thickness. I 
traced this mound-like mass, for only 450 miles; but judging from 
what I saw at I qui 'lue, from specimens, and from published accounts, 
it appmlrs to have a manifold greater lengtll. In the basal parts of 
the series, and especially towards the flanks of the range, mud, since 
converted into a felJ~pathic slaty rock, and sometimes illto greenstone, 
was occasionally deposited hetween the beds of erupted matter : with 
this exception the unifurmity of the porphyritic rocks is yery re· 
markable. 

At the period when tlw claystone and greenstone llorphyries 
nearly or quite ceased heing crupted, that greM pile of strata which, 
from oftcn abounding with gypsum, I have generally catIed the Gyp
seous formation, was d~posited, and fc1dsp athie ]:was, together with 
cU,er singular volcanic rock~, were occasionally pcnred fcrth : I am far 
fr om pl"eunding that any distinct line of denlarllation can be drawn 
between lilis formation and the underlyillg porpllyries :l.lld porphy_ 
r itic conglumcrate, but in a mass of such great thickness, and between 
beds of such widely different mineralogical nature, some didsion was 
ll('cessary. At about ti,e commencement of the gypseous period, the 
bottom of tIle sea here seems first to have been peopled by shclls, not 
many ill kind, but abounding in individuals. At the P. del Inca the 
fosails arc embedded near the base of the formation; in the Peuqucnes 
range, at different lel'e\s, half-way li P, and eyen higher in the series; 

!l:,~~~e'~~lri~e~ t~:t~~'l~~~ t~l:m:!~I~s~~~~~i~~~e ~~ ~~~:~ed:e~t~~~~a~~: 
which attain a. thickness of between 71)00 and 8000 feet. The fossil 
sllclls in ti,e Cordillera of central Chile, in the opinion of all the 
llalreontoiogiats who have examined them, belong to the carlier stao"cs 
of the cretaceous system; whilst in northern Chile thcre is a m~st 
singular mixture of cretaceous and oolitic forms: from the ~ological 
relations, however, of these two districts, I cannot but tllink that 
they a.1I belong to nearly the ~ame epoch, which I have provisiollally 
called crctaeco-oolitie. 

The strata in this formation, composed of black calcareous shaly_ 
rock~, of lcd alld white, and sometim~ siliceous sandstoncs, of coarse 
conglomerates, limestones, tuffs, dark mudstones, and those singular 
fine-gr:l.ined rocks" Ilieh I have called psendo-honestolles, \'ast beds 
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of gypsum, and m:m)" other jaspery ani! scarcely de!!criLable varieties, 
"(Lry (Ind rerb.ee each otl,cr ill shor~ horizuntal distances, to an extent, 
1 Lelie,'c, IUlell ualled evcn in :my tertiary ba~in. Most of these sub· 
stances arc ea$ily fllsible, anJ havc apparently been dcrived l'ither 
frol11 "olcanos still in quiet action, or from the attrition (If volcanic 
llToducts. I f we pictnre to ourselves the bottom of the sea, rendcred 
Ilnevcn in an extreme degree, with numerous craters, some few occa
sionrll1y in emption, but the greater number in the state of solfataras, 
liisch:nging calcareous, siliccou~, ferruginons matters, and gypsum or 
sulph uric acid to an amount surpnssing. perhaps, e,'en the existing 
sulpllllreolls ,'oleanos of Java," we shall probahly understand the 
eircuillstanees under wldch this sillgnlar pile of varying strata was 
aceuillulated. The slldls appear to have lived at the quiescent 
periods when only limestone <l[ caleareo.argillaceous matter was 
dcpositing. From Dr. Gillies's account, this gypseous or eretaceo
oolitic formation extends as far south as tlte Pass of Planehon, and 

!h~;!~;:~doift ~~:t:~:rdW~~' i1~:I~\';e9I'f~~;~~~ :~:;~I~~~~inr;~i~71~,tli~ 
extends from 400 to 500 mile!! further; and perhaps e\'eD for ten 
degrees of latitude north of Iql1iqne to the Ccrro Pasco, not far fronl 
Lima; a.~ain, we knlOw that a cretaceous formation, abounding with 
fossils, is largely developed north lOf the equator, in Colombia; in Tierr!l 
<lei Fucgo, at about this iiame period, a wide district of clayslate 
was deposited, which, in its mineralogical characters and external 
featurcs, might be compared to tile Silurian regions of North \Vales. 
The gypseuus furnlation, like tlH1_t of the ]lOrplJyritic breccia-con 
glomerate on ",llich it rests, is of inconsideral>le breadth j though of 
greater breadth in northern tilan in central Chile. 

As the fos"il shells in this formation are co,'ercd, in the Peuqnenes 
ridge Ly a great thickness of strata, at the Puente del Inca by at 
lenst 5000 feet; at ClOquimho, though the superposition there is less 
plai"ly seru, by al'lout r,000 feet; and at Cupiapo certainly by 5000 
or 6000, and probably by 7000 feet (tlw same ~pedes there recurring 
in ihe upper and lower parts of the series), we may feel confident 
that the bottom lOf the sea snbsided during this cretaceo-oolitie 
period, so as to allow of the accumulation of the superincumbent 
suloillarine strata. This condusion is confirmed by, or perhaps 
rath('r explains, the presence of the many beds at many le"ds of 
coarse conglomerate, the well-rounded pebLles in which we cannot 
bd;~ve were transport~d in vcry dCt'p water. E"ell the underlying 
porphyries at Copiapo, with their highly amygdaloidal surfaee~, do 
Dot appear to kl.l'e flowcd Illlder great pressure. The great sinking 
movemont thus plainly indicated, must have tlxtended in a north aud 
south line for at least 400 milC:l, and probably W;l.S co-cxtensi,'e with 
the ;rrp~cous formntion. 

Tile beds of conglomerate just referred to, and the extrnordinarily 
nUllH' rons silicified trnuks of fir-trees at Los Homos, pcrhnps nt Co
qllimbo and at two dis.tant poiuts in tile ,'aUey of Copiapo, indicate 

~ \' on Bucl.'~ Descript. J'I'ysi'lue des lIes CAnaries. p. 428. 
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that land existed :'It this period in the neighbourllood. This land, or 
hlands. in the northern part of the di~trict of Copiapo, Inust hose 
been almost exclusively composed. judging from the nature of the 
pebbles, of granite: in the southern parts of Oopiapo, it must h~\'e 
been mainly formed of claystone porphyries, with some lllica~sclll~t, 
and with muell sandstone and jaspery rocks enctly lik~ the roek~ In 

the gypseous formation, and no doubt belonging to its basal series. 
I n ~c\'eral other pbces, also, during the acculllulation of the gypseOllS 
formation, it~ basal paru and the underlying porphyri tic conglo
merate must lihwise im"c been already partially upheaved and ex
posed to wear and tear; ncar tho Puente del I nca and at Coquimbo, 
there must hal'e exi ~ted masses of mica-scldst or some such rock, 
whence were derived the many snmll pchbies of opaque quartz. I~ 
follows from the!e facts, that in some parts of the Cordillera the 
IIpper beds of the gypseous formation must lie llOconformably on 
the lower beds; and the whole gypseous formation, in p:nts, uncon 
form ably on the porphyritic conglomerate; although I saw no such 
cases, yet in many places the gypseous formation is entirely absent; 
and this, although no doubt generally caused by quite subsequent 
dl'llUdation, may in otbers be due to the underlying porphyritic con
glomerate IHl\'ing been locally upheaved before the deposition of the 
gypscous strata, and thus having become tIle source of the pebbles 
of porphyry embedded in them. I n the porphyritic couglomerate 
fo['mation, in its lower and middle parts, there is very rarely any 
evidence, with the exception of the small quartz pebbles at Jajuel 
near Aconcagua, and of the single pebble of granite at Copiapo, of the 
clI:istcnce of neighbouring laud: in the upper parts, however, and 
especially in the district of Copiapo, the number of thoroughly well
rounded pebbles of compact porphyries make me beliel'e, that, as 
during the prolollged accumulation oftl,egypseous formation the lower 
beds had already been locally upheaved and exposW to wear aud tear, 
~o it was with the porphyritic conglomerate. lIence ill following 
thus far the geological history of the Cordillera, it may be inferred that 
tile bed ofa deep and open, or nenrlyopeu, ocean was filled up by por
phyritic ewpliom, aided prohably by some general and some local ele
vations, to that comparatively sh"lluw lel'ei at which the crelaceo_ 
oolitic shells first 1il·ed. At this period, the submarine craters yielded 

~to~~~e~:~I::cr:i~~i~\;'~Sil~~~;~~no~I~~~S:u;~\~~~ ~!!~~~ ~!.::~~ll~:~;I:f 
a feldspathic natnre: at this period, islands clothed with fir -trees 
and composed of porphyries, primary rocks, and the lower gypSCQ\i9 
$trata had already been locally upheH'ed, and c:tposed to the action of 
the waves ;-the general movement, hOll'ever, at this time ll:lvi ng 
heen ol'er a "cry wide area, one of slow subsidence, prolonged till the 
bed of the sea saok several thousand feet. 

I o central Chile, after the deposition of a great thickness of the 
gypseous strata, and after thei r uplll~aval, by which the Cumbre and 
adjoining raoges wero formed, a vast pile of tufaceous nmtter and 
sublllarine lava was accumulated, where tile USIJallata. chain now 
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stands; also :lfter the deposition and upheaval of the cquivalellt gyp~ 
seous strata of the Peuqucnes range, the gr('at thick mass of cOllglu. 
Illeratc iu tile "alleyof Tenlly:,," was accumulated: during the de
position of the Uspallata strata, we k now absolutely, from the buried 
vertical trees, that there was a subsidence of some thousand feet; 
alld we may infer from the nature of the conglomerate in the nlley 
of Tenuyan, that a simil:u and perhaps C(Intempornncous move-
ment there took place. We have, theil, evidence of a second great 
period of subsidence: and, as iu tllo case of the subsidence which 
accompanied the aecumulation of the cretaceo·oolitic strata, so this 
later suhsidence appears to have been complicated by alternate or 
local clovatory movemcnt-for the vertical trC!CS, buried in the midst 
of the Uspallata strata, mllst have grown on dry land, formed by the 
uphclll'al of the lownr submarine heds. Presently [ shall have to 
recapitulate the facts, showing that at a still later period, namely, at 
nearly the commencement of the old tcrtiary deposits of Patagonia aud 
of Chile, the continent stood at nearly its pr~-'SCnt len,l, and thcn, for 
the third time, slowly subsided to the amount of sol'eral Ilundred 
f~'llt, and was afterwards slowly re.uplifted to its present level. 

The highest peaks of the Cordi.llera appear to consist of active or 
more commonly dornlant volcanoi'l,-slIch as Tl1pllngato, l\Iaypu, and 
Aconcagua, which latwr stands 23,000 foot above the level of the 
sea, and many otl,crs. The next highcst peaks are formed of the 
grpseous and porphyritic strata, th rown into vertical or highly ill· 
elined positions. B~'Sides the clel'ation thlls gained by al1gular dis· 
placements, I infer, without any hesitation,-from the strati fi ed gra\'el. 
fringcs which gently slope up the \'a.!leys of the Cordillera from the 
gravel·capped plains at their base, wluch latter are connccted with the 
plains, still covered with recent shells on the coast,-that this great 
range has been IIphcal'ed in mass, by a slow movement, to an amount 
of at least 8000 feet. I n the Despoblado \,alley, north of Copiapo, 
the horizontal elemtion, judgiug from the comp;,ct, stratified, tufa. 
c~'Ous deposit, capping the distant mountains at corresponding heights, 
was about 10,000 f~'Ct. It is very possible, or rather probable, that 
this elevation in m:LSS may not have becn strictly hOfi7'(mtal, but 
more energetic under the Cordillera, than towards the coast on either 
side; nc,'ertheless, movements of this kind Illay be conveniently dis~ 
tinrruishcd from those by which strata hal'e been abruptly broken 
and upturned. When viewing the Cunlil!era, beforo having read 
Mr. Hopkins's profolwd Researches on PhYSICal Geology, the eonl'ic· 
tion was impressed 011 me, that the angular dislocatio llS, however 
"violent, were quite subordinate in importance to the great upward 
movement in mass, alld that they had been came(l by the edges of the 
wide fissures, which necessarily res\llted from the tension of ti,e 
elevated arru, h3\'ing yielded to the inward rush of fluidiJi ed rock, 
and having thus been upturned. 

The, r idges formed by the angularly upheaved strata, arc seldom of 
great length: in the central parts ~f the Cordillera, they arc generally 
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parallel to each other, ami n m in north and south lioes; but towards 
tI,e flanh, they often extend more or less obliquely. The angnlar 
~lispll\cement I;as been much motc violent in the central tI,an in tl,e 
exterior main lines; but it has likewise been \' iolent in some of the 
MiMI' lines on the extreme fla.nks. The violeuee has been very 
lmequa! 011 the same short lines; the erust Imving apparently tended 
to yield on certain points along the lines of fissures,' These I!oi nts, I 
have endcrwoured to show, were IJrobably first fOCI of ernptiOu, and 
afterw"rds of injeded masses of IJorpl'yry and and~'Site.· The close 
similarity of the alldesitic granites and porpl'yries, throngllOut Chile, 

-'Tierra delli'uego, alld evcn in Pem, is vcry remarkahle. The prevalence 
of feldspar cleaving like alhite, is common not only to the andesi tes, 
hut (as 1 infer from the high authority of yrof. G. Rose, as weli as 
from my own m~;,snrements) to the "anons claystune and green
stone porphyries, and to tile trachytic lavas of the Cordillera, The 
ande8itie rocks have in most cases been the last injected Olles, and 
they probably furlll a eontinuOIlS dome under tllis great r:lnge : they 
stand in intimate rclation ~h ip with the modem lavas ; and they seem 
to have bccn the immediate agent in metamorphosing the porphyritic 
conglomerate furmati on, and often likewise the gypseous strata, to 
the extraordinary extent to which they have suffered, 

With resped to the age at which the several parallel ridges com
posing the Cordillera were upthrown, I h:we little eddence. Many 
" f tl,em lIlay have bccn contemporaneously ",Ievated and injected, ill 
the same nmllnert as in \"olcani~ archipelagoes Ia\'as aro contem 
poraneously ejl·eted on the parallel lines of fissure. But the pebbles 
apparently dcr;\'ed from the wear and tear of the porphyritic con_ 
glomerate formati on, which arc ottasionally present ill the upper 
parts of tl,is same furmation and are often present in the gypseous 
fO flllation, togdlH'<r with the pehbles from the basal parts of the 
latter formation ill its upper strata, render it allllost certain that 
Jlortions, we Illay infer ridges, of thrse two formatio:}s were sue, 
..;essively IIphea\'Cd. 1"11. the case of t.he. giganti~ . po.rtino tange, 
we may fccl almost certa\ll that a pre-exlstlllg gramtlC hne was up
raised (not by n. single blow, as shown \.Iy the Ilighly illelille.[ 
basaltic streams in the valley on ih castern flank) at a periud 1,,11).; 
subsequent to the upheavemcnt of the parallel Penqnenes . range. t 
Again, snbsequently to the npheavement of the Cumbre eI,all1, dlat 
of U~pallata was formed and elevated; and afterwards, 1 Illay add, 
in the plain of U~pallata, beds of sand and gra\·cl were violently IIp-

... Sir R. Murchison. and I'i.~ compar:,ion. slale (Geo10g. Ptoc. vol. iii. p. 747), 
Ihat no true gr~ n't" 3pp"~r. III Ihe h . gh~r Ural J\lounl~""; bUI tbol sy"niric 
g,eens!on.,.......,a ,ock clos~ly analogou8 to ou r andeslie-is rar tbe most abulld;.nt 
01 the Intrusive m""'e~. 

t V" lcamc hlonds, &c. by Ihe Author, p. 129. 
'i: I h ~ve e"deavo"r~d 10 sLow in "'y J ournal (td edi t . p. 32 1) , tl!at Ih" singubr 

fact of the ,iver, whoch dr~<09. the valley. b .. tlVce~. thes .. two r"n~"8 , passi"g 
through Ih .. l'ortoHo and h'gl,er ]"'"," e~ pbllled hy '18 slow ."d subS"'lueut ,'1 .. 0._ 

~:':; pr~~~e""a;'~1 1nJ::r. ;~:!~~~~·3;a::~i~4t.h e d,aiuage of ,.i,·era: 800 J>d;hburgh 
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thrown. The m:mner in which the various kinds of porphyrie~ and 
andesites have bem injected one into the other, and in w[lich th.., 
infinitely nUlllorous dikes of various composition intersect each other, 
plainly show that the ~tratified crust has boen stretched and yielded 
many times over the same points. With respect to the age of the 
axes of eleyation between the Pacific and the Cordillera, I know 
little: but there are some lines which must-namely, thoi!e running 
north and south in CI,iloe, those eight or nine east and west, parallel, 
far-cxtunded, most symmetrical Ullidinal lines at P. Rnmcna, and 
the short N. W .-S. E. and N. E.-S. W. linc~ at Concl'pcion-h:H'c 
been uphea,'ed long- aftl'l the formation of the Cordillera. E\'Cn 
durillg the earthquake of 1835, whcll thc lillcar north and south islet 
of St. Mary wa.'! uplifted se"cral fed. above the surrounding area, we 
perhap~ see one feeble step in the fcrmation of a subordinate moun
tain-axis, Tn some cases, moreover, for inst:m~"e, ncar the baths 
of Canquenes, r was forcibly struck with the small SI?-\) of the 
breaches eut through the exterioT mountain_ran!?cs, compared with 
the size of the same valleys hi"her up where entermg the Cordillera ; 
and this circumstauce appeare~ to me scarcely explicable, except on 
the idea of the exterior lines Ilaving been subsequently npthrown, 
and therefore h:wing been exposed to a less amount of denudation. 
From ti,e manner in which the fringes of gravel are prolonged in 
Imbroken slopes up the yalleys of the Cordillera, I infer that most of 
i.he greater dislocations took place during the earlier parts of the great 
elevation in maS.'!; T have, howe\'cr, elsewhere given a case, and 
lIL do Tsell\\di- l}!loS given another, of a ridge thrown up in Peru 
across the bed of a river, and consequcntly t,fter the 61\;11 del'ation of 
the country abovc the lel'd of the sea. 

Ascending to the older tertiary formations, r will not ajl;ain re
capitulate the remarks already giwn at the end of the Fifth Chapter, 
-on their great extent, especially along the shores of the Atlnntic,
on their antiquity, perhaps corresponding with that of the eocene 
lIeposits of Europe,-on the almost entire dissimilarity,. though the 
formations are apparently contemporaneous, of tIl('. fossll~ frolll the 
enstern and western coasts, as is likewise the case, cven ill a still more 
marked degree, with the shells 110W living in these opposite though 
approximate seas,-on ti,e climate of this period not having been 
lIlore tropical d,an what nlight hal'e been expected from the latitudes 
or the Ilial"eS under which the deposih occur; a circumstance ren
dered weli worthy of notice, from the CQntr;J.St with wh:-.t is known 
to ha\'e been ti,e cn.sc during the older tertia.ry periods ~f Europe, and 
likewise from the fnct of the southern henmllilere ha\"lng suffered at 
a much later pHiod, apparently at the same time with the northern 
helllisphere, a colder or more eqnable temperature, as shown by the 
wnes formerly affected by ice-action_ Nor win I recapitulate the 
proofs of the bottom of the sea, both on ~he ea~tern ~nd w~tern 
coast, having sub~ided 700 or 800 feet dUring t hiS t~rtlary penod; 

• Reise in Peru, Band 2. s. 8 :~AUlbof" Journal, Zd edlt.!" 3,,1), 
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the movemeRt having apparently bccn eo_edensive, or nearly co
extensive, with the deposits of tllis age. Nor willI again gi ve the 
facts and reasoning on which t lie proposition was founded, that 
when the bed of the sea is either stationary or rising, circumstances 
are far less favourable, than when its level is sinking, to the ~ceumu
lation of conchiferous deposits of suffIcient thickness., extenSIOn, and 
hardness to resist, wIlen uphea,·ed, the ordinary vast amount of de
nudation . We have seen that the highly remarkable fact of the 
absence of any czlensire fo rmations containing recent shells, either on 
the eastern or wClltern coasts of the continent,-though these coasts 
IIOW abound with living molluscrt.,- though they are, and apparently 
have always hccn, as favourable for the deposition of sediment as they 
were when the tertiary formations were copiously deposited,-and 
though they lla'·e been upl,eaved to :m amount qui te sufficient to 
bring up strata from the depths the most fertile for animallife,--can 
be explained in accordauce with t he above proposition. As a deduc
tion, it was also attempted to be shown, fi rst, that the want of close 
sequence ill the fossils of snccessi'-e formations, and of successive 
stages in tile same formation, would follow from the improbability 
of the same are:!. continuing slowly to subside from one whole period 
to another, or el'en during a single entire period; and SC(:ondly, that 
cert:!.;n epochs ha,·;ng been favourable at distant points in the same 
quarter of the world for tbe synch ronous accumulation of fossiliferous 
strata, would follow frolU movements of suLsidence having apparently, 
like those of elevation, contemp0r:J.neously aifeeted ,·ery large areas. 

There is another point which deservcs some noticc, uamely, tile 
analogy between the upper parts of the Patagoniau tcrtiary fl! rma~ 
tion, as well as of the upper possibly contemporaneous Lcds at Chiloc 
and Conccpdou, with the great ~ypseous formation of Cordillera; 
for in both formatious, the rocks, in thei r fu.,iUle nature, in their con
taining gypsum and in many other characters, show a connection, 
either intimate or remote, with volcanic action; and as the strata in 
hoth wero accumulated during subsidence, it appears at first natural 
to connect this sinking movement with a state of high acti,·ity in tIle 
neighbouring volcanos. During the cretaceo·oolitic period this cer
tainlyappears to have been the case at the Puente delillca, judging 
from the IlUln ber of intercalated lava· streams in the lower 3000 feet 
of stmta; but generally, the ,·olcanie orifices seem at this time to 
have existed as submarine solfataras, and were certainly quiescent 
compared with their state during the accumulat iOll of tIle porphyritic 
conglomerate formation. During the depositil!lI ofthc tertia ry stmt.1, 
we know that at S. Cn!?., deluges of basaltic lava weIe poured fort.h; 
but as these lie in the upper part of the series, it is possiLie that the 
subsidence may at that time kll·c ccased : at ChilO<', 1 was unable to 
ascertain to what part of the series t he pile of la"as belollgl>d. The 
Uspallata tuffs and great streams of submariuo la,'as, were IlTobably 
iutermediate in nge between tho cret.1ceo-oolitie aud older ter tiary 
for Il Jati()us, ali<I we kllnw from the buried trees that tl,ere was a 
great sub~ i dellce during their accumulation ; bllt e'·en in this case, tllll 
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subsidence may Ilot lIa\"e been strictly contemporaneous with tho 
great volcanic (lrulltions. for we must believe 1Il at least. Olle iuter
calated period of elevation, during which tlloground was upr::Lised 0 11 

which tl,u now buried trees grew. 1 havo b~n led to make these 
remarks, and to throw some doubt on tho strict coutcmporaneous
lIeS9 of l,igh volcanic acti\'ity and movements of subsidcllcc, from the 
conviction impressed 0 11 my mind by the study of coral formations,· 
that these two actions do not generally go on synchronously;-on 
the contrary, that in volcanic di:ltricts, sub~idence ceases as soon as 
the orifice9 burst fortll into renewed action, and only rt":; Oll llnences 
when thcy again have become dormant, 

At a later period, the Pampean mud, of estuary origin, was depo
sited over a wide ::trea,-in one diHrict conformably on the under
lying old tertiary strata, and in another district uucollformably on 
them, after their upheaval and denudation . During and i>efofl) the 
accumulation, however, of th ese old tertiary strata, and, tlwrefonl, at 
a vcry remote period . sed iment, strikingly resembling: that of tlu~ 
Palllpa~, was deposited; showing during how long a time in thi~ 
C:1.SC the same agencil.,!! wcre a.t work in the same arca. Tho deposi
tion of the Pampean estuary mud was accompanied, at least in the 
southern parts of the Pampas, by an elevatory movement, so that 
the M. Hermoso beds probably were accumulated after the upheaval 
of those round the S, Ventalla; amI those at P. Alta after tllC 11p
heaval of the Monte H ermoso strata; but there is some reason tv 
snspect that olle period of snbsidenee intervened, duriug which mud 
was dl'IJOsitcd O\'cr the coarsc s.md of the Barrancas de S. Gregorio, 
and on the higher parts of Banda Oriental. The mammiferous ani. 
mals tharacteristic of this formation, many of which differ as ninth 
from thc present inhabitants of S. America, a~ do tbe eocene nmUl
mals of Europe from the present ones of that quarter of the glubto, 
certainly co-existed at B. Blanca with twenty species of mollusca, 
one baianus, and two corals, all uow living in the adjoining sea; 
this is likewise the case in Patagonia with the l'IIacrauchenia, which 
c.o-cxisted with cigl,t shells, still the commonest kinds on that coa~L 
I will not repeat what I have elocwhere said, on the place of habita·· 
tion, food, wide range, and ex~inction of tI'e numerous gigantic 
mflmmifers, wbieh at this late period inhabited tile two Americas. 

The nature and grouping of the shells embedded in the old ter_ 
tiary formati ous of Patagonia aud Chil!', show us, t\lat the continent 
at that period must have stood only a. few fatllOllls below its present 
le\'el, and that afterwards it subsided over a wide area, 700 or 800 

;~~al ~~~:l ,n:~~~~re~~ri~!~c:~ i~}::~l ~~n~l~e h~;~~ ~~;~r~Uc~~II~ ~l:a~~e!~~ 
It was there shown that recent shells are found on tbe sl,ores of tl,e 
Atlantic, frolll Tierra del :Fuego northward for a space of at lcast 
11 80 ufluiical miles, and at the height of about 100 feet in La P lata, 

~ T be Structur~, &c. ofCorul Reefs, 1" 140. 

The Complete Work of Charles Darw in Online 



and of 400 fcct in Pata<>onia. Th e elel-ntory mO"ements Oil this sido 
of the eontinent h:l.\"e ~II slow; and tI,e coast of Patllgoni:l.. up t:o 
the height in one part of 950 feet, and in another of 1200 feet,. IS 

modelled into eight, great, step-like. gravel-capped plains, cxtendmg 
for hundreds of mile~ with the same heights ; this fact shows that 
the periods of denunation (which, judging from the amount?f matter 
remol-ed, must have been long-continued) and of ele\-at!ou were 
synchronous over surprisi llgly great lengths of coasts. On the shores 
of the Pacific, upraised shells of recent species, generally, th ough not 
always. in the same proportional numbers as in the adjoining sea, 
have actnally bccn found over a north and sonth space of 2075 mill'S, 
lind there is reason to believe that they occur o,"er a space of 2480 
miles. The elel·ation on this western side of the continent has not 
been equable; at Valparaiso, wi thin the period during which up
raised shells have remained nndecayed on the smface, it hal:! been 
1300 fcet, wlJilst at Coqnimho, 200 miles northward, it has beel! 
within this saUle period only 252 feet . At Lima, the bud has been 
llplifted at least eighty-feet since Indian man inhahited that dis
t rict; hut the level within historical times apparently liaS subsided. 
At Coquimho, ill a height of 364 feet, the e1ev:l.tion has been inter
rupted by fi ve periods of comparative rest. At sc\'eral pbces the 
land has been lately, or still is, rising hoth insensibly and by 
sudden starts of a few feet during earthquake-shocks; this show .. 
that these two kinds of upward movement are intimately connected 
togetber. For a space of 775 miles, upraised recent shells are fOllnd 
011 the two opposite side>< of the continent; and in the soutllern h~lf 
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, aud high up the river Santa Cruz, that the entire 
brea.dth of the continent has been . upli~ted. F rom the general oc
currence 011 ooth coasts of successIve hnes of escarpments, of sand
dunes and marks of erosion, "c must conclude that the clel·atory 
movement has been normally interrupted by periods, when the lan(1 
either was stationary, or when it rose at so slow a rate as not to 
resist the average denuding powcr of t~Je waves, or when it subsided. 
J n the case of the present high sea-ehffs of Patagonia aud in other 
analogous instances, we h:l.\'e seen that the difficulty in understanding 
how strata can be removed at those depths under the sc~, at which 
the currents and oscillations of the water are depositing a smooth 
surface of mnd, sand, and sifted pebbles, leads to the suspicion tll:lt 
tlw fo rmation or denudation of such cliffs has been accompanied 
by a sinking mo,'emcnt. 

In South America, ererything has t.aken place on a grand scale, 
and all geological pilcnomclJa are still in aeti,·e operation. ' Ve know 
how violent at the prcsent d:l.y the eartllquakes are, wc have seen how 
great an area is uow rising, and the plains of tertiary ori<>ln are of 
vast dimensions; an almost straigllt line can be drawn f~m Tierra 
del Fuego for 1 GOO miles north ward, amI. probably for a much 

The Complete Work of Charles Darw in Online 



CII,II ' , \'111,] AXO \' OLCAIOC .ICTIOX I X SOUT H A)JlmICA, 2~7 

greater di ~ta!lcc, which sllall intersect no fornlation ohler liiall t llo 
Patngoni:m deposit~; ~o equaLle has been the uplH>aval of thc Leds, 
that througllout tllis loug: lillC, not a fault in tlw stratification or 
abrupt dislocatio n \\' :111 auywhere observable. Looking to the basal, 
metalllorphic aud plutonic rock~ of the contineut, the nrens furtn ed uf 
thcm arc likewise vast; and tlleir planes of cleavage and foliation 
"'trike U\'cr surprisingly great spaces in uniform directions, Tho 
Curdillera, lI'ith it~ pinnacles here and there risiJlg upward~ of 20,00U 
f~t abol'e the lel·d ur the sea, rallge~ in nil unbroken line frolll 
TICrra del Fuego, apparently to the Arctic cirele. Tllis gr;llId rauge 
lIas sutrered Loth the most violent dislocat~ons, and slow, though 
grand, npward and downward m ovements 1J\ mass : T know n"t 
whdher the spectacle of its immeuse valleys, with nlountain-maSl'e" 
of once-liqueficd and illtrnsi,'e rocks now !Jared nnd iuterseckd, or 
whetlier the view of tllose I,lains, composed uf shingle aud sediment 
hcnce derived, which stretc1 1 to the borders of till) Atlantic Oceall, 
is l>e~ t adapted to excite our aston islull eut at the amount of wear and 
tenT which these Illounta.ins have undergone, 

The Cordillera from Tierra dcl Fuegu to Mexico, is penetrated !Jy 
"olcauic orifices, nud those now in action are connected in great 
trains, Tho intimate relation between tl 'l'i r fI ~cellt eruptions and ti,e 
s low elevation of the c01,tinent in mass,· apI,ears to me Ilighly 
important, for no explanation of the oue yiLelloUlcllon can be cou
~idercd as satisfactory which is 110t applicable to the otllcr. The 
permanence of the volcanic action on this chain of mountains is, also, 
a striking bet; first, we h;LI'e the deluges of submarine ia,'as alter_ 
11lI.tiug with the porpllyritic cOJlglolllerate strata, thell occasionally 
fcld~IKlthic streams and abundant mineral exhalations durin'" tile 
grpscous or cretaceo-oolitie }lerio·d ; thcn the eruptions of the Uspal
lata range, and at an .'lucien! Lut UII,kIlOll'n period, when the l;Ca 
came \lP to the eastern foot of the Cord,llera, stfcall)S of basaltic lam 
at tI,e foot of the Portillo range ; then the old tertiary eruptions; aud 
lastly, there are here and there amongst tile monntains much worn 
and apparently very ancient ,·ol c~ l1ic formations withuut any craters; 
there are, :t1~0, crators quite extmct, and others in the cOlldition of 
"ulfatams, and others oceasionally or !.abitual!y in fierce action, 
Ilence it would a}lpear tlmt the Cordillera, has been, prohably with 
so tlJe quiescent periods, a source of yolcanic matter from an epoch 
auterior to our cretaceo-oolitic formation to tl,e present day; and 
nllw the eartl'qu:Jkes, daily recurrcnt on some part of the wcstern 
coast, give little Ilopes tllat the subterr;."n~an energy is expended, 

Uecurring to tl,e evidence L.y which It was 5110wn that some at 
least of the IJaTailel r idges. wll1C;h together compose tile Cordillera, 
were slLccessil'eiy and slowly npthrown at widely different p(>rioos ; 
ant! that the whole range certainly Ollce, and almost certainly twictJ, 
~ubsid{:d some thousand fect, and being then brought up by a slow 
movement in mass, again, dlLring tile old terti:ny form:'Ltions, subsided 

* On the Connect ion of certain Volcanic J'henomen. in S. America. Geolog:, 
Tran~ " ct. ~')\. '., p. 6()<J. 
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se,'eral hundred feet, and again was brought up to its present lel'~1 
by a slow and often interrupted mOl'ement; we see how opposed Ii! 

this complicated history of changes slowly effected, to the l'iews of 
those geologists WllO believe that this great mountain-chain was 
formed in late times by a single blow. I hal'e endeal'oured elsewhe~e 
to show,· that the excessively disturbed condition of the strata III 

the Cordillera, so far from indicating single periods of extreme violence, 
prescnts insuperable difficulties, except on the admission that the 
masses of once liquefied rocks of the axes were repeatedly injected, 
with inten'als sufficiently long for their successive cooling and conso
lidation. Finally, if we look to the analogies drawn from tlle changes 
now in progress in the earth's crust, whetl,er to the manner in which 
volcanic matter is erupted, or to t\'e manner in which the land is 
historically known to have risen and sunk; or again, if we look to the 
vast amount of denudation which every part of the Cordillera lias 
obviously suffered, the changes through which it has been brought 
into its present condition, will appear neither to have been too slowly 
effeeted, nor to have heen too complicated . 

.. Geolng. Transact. vol. y. p. 626. 

Non.-As, both io ~'raoce and England. translations of a passage in Prof. 
Ehrenberg's wemoir. of teo referred to in the fourlh chapter of this volume, have 

m:.:~ri~: t~~t~l~o5a~~:~nP~~a~:.~e:~:'5e:~:~eY;~y f:09~a_t~:h:l:~~t:~in~ o~; 
the !and, J may 81aM, on I.be aUlhorIly of a letter to ':le, that Ihese trall91alions 
are ,o?orrect. The follo",lII£" is the pa.suge ill quesuon :_" Dumh BeachlUng 
de. m,kroscopiachen Formen hat sioh nun feslelleo las'WIl, dS!III die Mastodooten_ 
Lager alll.La PI~ta und die K~ocheo. Lager 8.Ol .!\Iollle Herrno~, s~ ".ie die der 
Riese~.G';rtehh,ere in d~1I Dlioeoh~gelo bei Bahia Blanca, be,des I~ l'alagonieo, 
unveranderte brakische SusswllSllcrb.ldungen sind, die einst wobl ,;'nmtlrch zurn 
ohersten Fluthgebiathe des Meares im tieferen Festlaude gehorlen."_MQnalr· 
/)"ichit n dar Konigl. Ahd. ,Ie., zu Berlin t'om April 1845. 
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APPENDIX. 

DESCRIPTIONS OF TERTIARY FOSSIL SIIELLS 
FROM SOUTH AME RICA. 

ll y G. B. SOWERB\', ESQ., F.L S., &c. 

MAeTRA? nUO,.\TA.-PI. II. £g. 8. 

Mac/ra'? tu tti ob[(ftlga, ten/Ii, IIlrgidl1, [(lIt r e antieo aifjore, rotlln
datD, }JO'tico iOllgiare, acwnillato; lilll:i. j )lere/llellli " /190' elm
am lrica, ej[M'IIUllltj{,III, 

The ~hcll itself is changed into G rrsum. 
Sant:l. Cruz, P atagonia. 

~L"'CTIU. D.RWINIl,-PI. II. fig. 9. 
Mactra tutti oMii, llWa:quilaterali, ",bm!J!trictNli, te11uiuJtulU, IWD;, 

wlct:1ltrice'triola, (mtice J"o/umJall1, JXWtice oblOktissime , u.lJ · 
qlloliraui. 

It is impossible to get at the hinge, wherefore it cannot be ascer
tained (lositi\'cly to be a j\'l a(:tm. 

Santa Cruz, Patagonia. 

CKASSATELLA LnLLII.-PI. 11. fig. 10 . 

era •• lerta oblQlIgu, piallil4lCUid, tel/IIi/IleuM, ~tice aI/guiala, 1IIar· 
gin /J poI/ico do/',ali clcdi6i, IUJMrfici8 ,ulci, ob/u,it, flW/QlU , 

[oIlOiwdillalibu, Ol·IUI/a. 

This species most I\early resembles Cra ssat ella lamcllosa of L1.m. ; 
it is however destitute or the erect lamell re which ornament tho 
5urf;Lco of tlmt species. 

S, Cruz, P atagonia. 
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CORBIS 1 LA::: nOATA.-PI. 11. fig. II. 

C<JI"f.,iz tczui olJato-rollmdatd, IJclItriC08a, ll}!loigatd, 7IIarginfJ inlii, 
la'~i; {ollg. 3'2, lat. 2', alt. 2'" poll. 

lt is not without SOlllC hesitation that I ha\'e placed this in tllO 
genus Corf.,is, altlwugh it is of the sallie general form as most of ~I,c 
known species of that genus. I t is quite fto..-e from external rugosIty 
or lamdla'. There are two spceimens, botl, vf them so imperfect that 
it i~ illlpos~i bl\J to ascertain with certainty the character of the 
hingc :lnd lllu8cular impres;;iQns. 

Navidad, Chile. 

TELLINIDES? OBLONOA.-Pl. n. fig. 12. 

Tclb'i ides? testd oblollgli, suba.YJ!tilatendi, oll/eriu9 altiore, lJOs
IN'ius (/(Jumil!(lli~"e, r/lrague ro/ulldllla; disco g/a/;ro, iiI/cis 
illcrementi soil/modo sigllato; 101/g . 1'3, alt . U'7, poll. 

This shell is very thin, :lnd being imbedded in a hard compact 
8tVlle, all attempts to get at the hinge have proved abortive; it is 
therefore placed in l'ellillides as the genus to which it approaches 
lllost nearly in external e1Jaraeters. 111. d'Orbigny cuusidcrs it a 
SoleI/ella. 

Chiloe, eastern coast. 

Yl:~ US Mr:;1I1!1I0NALIS.-P1. II. fig. 13. 

V. /estll oMti, plm/O,colll:e.zu, cOlicentrice s/riaui, 8triis (leldis, dis
/llIItif.,U8, auf., - deratis, illt(Jl"stilii~ nldiatim owole/e $triatis; 
margine 1Iliuulis8ime amula/o. 

Tltis so clooely resembles V. e.::canida Lam. ill shape, as not to 
be ,listillguishable, except by the radiating slri:e and the fint.'ly ere
lIula~ed margin. 

S. Cruz, Pat:lgollia; and Navidad, Chile.* 

CYTUERIlA SULCULOSA.-PI. II. fig. 14. 

e!lOlCrea testa suboootd, antice '1·otlmdotiol"e, pos/ice lon!Jio1'c, aCllmi~ 
f/atiu9cldd, of.,tulli; silicis COllCClltrici$, collfertiusculis, medio 
of.,tusis, antice 1XJlticcg!lc aeuliorif.,us o1'lIauJ; [ollg. }', alt . 0';, 
lat. 0'4-, poll. 

I kwe compared the single \':lh'e of this with numerous recent and 
fussil Veller," and O!Jtherem, witllOut beillg able tu identify it with 
any. As I have not Leen able to see the hinge, I have only judged 
it to he a C!Jtherea from analogy. 

Chiloe, eastern eOMt: is lands vf lIuafo and Ypu n? 
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CAltlHUM PUEI.CllU~I.-PI. II. fig. 15 . 

em.,}. lesM S1Ib[!lo/;osii, lelllli, IWIJttUlcldu, lalere posliro Su/;carillalo, 
superjicio strji~ nuiiall/i/;ul!, numcl'lUli8limil!, collfer/i~si1llis in
strnc!a. 

Tho radiating 9trioo and tILe interstices aro nearly equal. Nearly 
tho wllDI" outl:r su rface is gOI\\) fr(Hn both specimens. 

S. Cruz, Patagonia. 

CAnDIU~1 ~I Ul.TmADJ.\TU~I .-P1. II. fig. 16. 

Cardium le8/(1 6/1/;g!o&mi, costclli~ mdialili/;u8 1XJ8licis 13, l'OI«ndati.f, 
medial/is plll/'imi8 pl{ll!!llati.~, 'ill/cr~tj!iis "'O/ul/datu; 1l1a''!Ji'!8 
del/lic,dato . 

These arc all the cliar3et.ors that can be given, as there is only tllo 
posterior portion of one valve ; of coursc the gelleral form is only 
surmisod, and the proportions cannot bc ascertained . 

Na\'idad, Chile. 

CAIlOITA P.\TAGO:-:ICA.-Pt. II. fig. ]i. 

C. lesul sa/;lrape_-iJUI"Ini_rot,mdii, tl!tllidJ, sl//;CQrdU01'mi, sl/ooUiqllu, 
c(Js/is nuliull/ilms 24-, (II/[Jlls/is, all[Jl/fatis, ~quam(J8o-scrratis, 
inters/iliislatiOl'i/;us. 

Nearly rcbted to C. aCI!/icostala, aud llIay be distingui~hed by 
having fewer and more distant ribs. 

S. Cruz, P atagonia. 

N UCULA? GI,AUR,\ .-PI. IT. fig. IS. 

f{lIcula testii OlJatO-OU01lgJ, [JlabrJ, ililida, la/ere (1lllico /;recio/,<l, 
IMs/ieo ilw(Jis aCll'lnill(l lo i mary illi/;u8 do/,suli{,lIs deciiei, . 

I I,a,·o referred tI,i" to NuclIla, because tllCre is 11 0 extemal fu[~ 
crum for the attac1 lment of the cartilage amI ligament; the nature 
of the stonc in which it is imbedded has rend«reJ it impossible to 
expose any part of tbe insiue. 

S. Cruz, Patagonia . 

Nucul.A ORYATA.-PJ. II. fig. 19 . 

.1YuclIla Ic..<ta POllid! Inmcatfi emal'fJillatd, SlIpCl:ficie linci, ciaalis 
u1Idati$ CQ1ICClItricis or/wid. 

A beautiful species which apparcutly resembles lV. 'l'lr.raciro
(u rmis ill ,.,eneral ~Impc, but in:tSIIl lich as a fragmcnt aluue has been 
'fuund, wc"canllot give a more COD1Il\etC character. 

P ort Desire, PatagOllia. 
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TnIGOI\OCELJA INSOJ,IT.\.-PI. II. fig . '.20, 2 1. 

'1'1·igollociJlia lesla sll~o~ali, CIY18siIlSCUit1, valde oUi'llla •. ZaJci; (1:(.1 
ligarnellli trig(mli, lalcri~WI eie1Jalis ; denlilm8 plf1/Cla, m"gm8. 

This species is more unlike tile typical form of P CCtltt/CUlIl8, ~h;l.n 
any which has come nnder my observation, being even more obhque 
than the P. OUi'lUII8 of De France, from which it .differs .moreo\'er 
in bei ng smooth un the outside, aud destitute of radlatmg ridges. 

S. Ccu1l, Patagonia, 

CUCULLA>A ALT,I..-Pl. II. fig. 22,23. 

Cucullrea tuta Q~a~o- tr(lpc::iJorll1i, liIlboUiquii, ~ubru!Joili, ~lIn':olli~1I8 
djstanli~ljS, (lrea ligamenti pro/lind': suicalti, impres~w1l1s '111111$
eularis pwticaJ margine t;entrali decatli . 

There is a considerable prillui.fifcie re:SellJblnnce between tllis spe
eies and ClWullwa dec/usala, ].Iin . COil. This from S. Cruz may 
IlUwever be easily distinguished from the llritish, by its greater 
lleight, its more ohlique form, and by the greater number uf im
pre;;sed lines on the ligamental area. 

S. Cruz and P ort Desire, Patagonia. 

ANomA ,l.LTEUN.'l.NS,-PI. II_ fig, 25, 

A llomia testa ,uborbieulm-i, CO$tc!lis ,ywianti"us ptl/rimis, su~''l/j(j-
1I1ijJrU, alterni/i minori~l(l. 

There is only a single yahe of this ~pecics , 

CuqUilllbo, Chile. 

TEREDRATUL,I. PATM;ONIC,I..-PL II. fig. 26 and 27. 

1'. festa orali, ireti, calvis/ere aYJualitcr eulltiexil, dorlU/i prOOllclii, hl
cur~d,for(l.mil1l;'TIl(l.9uO, ad 7IIU1yinem caltarlfm/~re JJaralleLlo; 
deltidiu, tJwdiocribu8; (I)'eli cardi1wli eonc(/~t1, -t lOllgitudjllis 
128M: margiwJ ml/ico 111((9"0. 

Slightly different from the T. 7:a7·iaUlis of the British Cr:lg, (vide 
1\l in , Con. t. 576, L 2 to 5) to which however it is "ery nearly re_ 
latt.>d, as it is also to tho 1'. bisinuata, Lam. , of the Paris ba~in . It 
may he distinguished frOm both by its ha\·ing 110 sinus ill the 
anterior margin. 

S. J oscf and S. J ulian, Patagonia, 

PECTEN GEllISUUS.-Pl. II. fig. 24. 

Peelen. tc8ta WfjltitJaltJi, ovatli, al/riculis itUl:qllalilms, CO$tis radiallfi
~IU squamulifej·u 22,gemiualis; illferalilii8 altenlis lati(;ribus, 
JlQllmmq!f<lm c()8ld millore illstrw;tli; a!friclllii alto·1i magnd 
mdjalim costatd. 

In general form this sJ>Ccies resembks P cctCl! (O,loriIIS (SeldOf,) 
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C"ldf. Tab. XC. f. 9, but it hag vcry f~w more tJl an lmlf thc num
ber oJf rib ~, which ill the Pn'SClit speeies arc disp('scd in pair~. The 
!'. tr.c/orius more<;JI'er bclollg~ to the L iWi and inferior Ooliw, accord
IIIg to Goldfuss. 

San Julian, Patagonia. 

P£CTE~ DAllWINIASUS.-D'ORIHG. Voyage, P.ut. Pal. (PI. lIT. 
fig. 28, 29, uf this work.) 

P cc/m testa jel'/! orbicular;, suba:qui'CalfJi, tlmui, IItril!qllc cOrl'Cuil/s
clt/d .. OJ/lis lw~ i, iNlus C08/;S radialltiblU, lJeI' p(lria diaposieu, 
pro!,/! cell/r um mimla cOl!spicuis .. auriculis par~is. 

Like P eel . P P. obiiteratus in 
general clmractcr all three by the 
circumstance of i disposed in pairs. 
This spccies has d'Orbigny, but as 
his description is '-ery brief, olVing to the condition of his ~pecimens, 
and is unaccompanitld by any tigure, I hnse thought it advisable 
to append the abol'c specific character. 

San J osef, Patagonia; and St. Fe, Entre Rios. 

PECT!>S P .\RANESSIS.-D'O,tfllG. Voyngc. Part , Pal. (PI. III. fig. 
;;0 of this work.) 

This species lms been figured and fully described by lH. d'Orbigny, 
and liaS btlen accidentally refigured here. 

San Josef, S. Julian, Port Desire, Patagonia; aud St. Fe, 
Eutre Rios. 

PECTEN CENTRALIS.-Pl. III. fig. 31. 
P ecten testa suJ)circulari, depressd, 1'adiis qUlnqWJ Bql/(IlJlldiferis Ce1l

trati eminetltiore, lineis radiautibus (Upcris I/umerosisqul 
ornata .. !luriculis mogllis, su!xxqualibus? 

S. ~111~~~g;ICt::g:lt~~:rsO~,,:!~sb::\~~lr;~~I~ sf:~eb:s~:e.fou;'~e:: fr~~~ 
ments nrc all of the same side, so that we arc as yet but wry im
perfectly acquainted witb the species. 

Sau Julian, Port Desire, S. Cruz, Patagonia. 

PEC'I'F.N ACTINODES.-Pl. l IT. fig. 33. 

P. testa subor{;iCl!la1'i. cOIZ'Ce,l:i!tsc!dd, tCllUi, ralvis $ubwqlffllibu8, 
l'adii$ princijXllibfls $ubekratis circa 36, inti!rmcdiis 3-7 
millOn'lms, omnibus squamfllijeris; altricuii~ illa:qllalibus, 
1'adia/im squamuliferis, alterti ma[l1l6, porrecta, aitera pardi, 
declici. 

Remarkahle for it9 principal ribs beiug uumerous and only slightly 
cltlvated, and for its intermediate ribs being vcry numerous. 

San Josef, I'ntngollia, 
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PEl~rE~ RUDIS -PI. III. fig. 32. 

Peclen testa 8uborbiClIlari, 811/;illlrquivaif!i, crassiusclilti, ,'udi, .costis 
rariiall/ibllS 22, 1'Olulldatis, intersli/iis anglUli01'iblls; Hller-
7llooiis1WlmtOlqttamjere obsoletis; margine f:alide /lndulato. 

The spccirllcn is only a fragmcut; another fr:tgment accompanics 
it, which may possibly he the opposite vah·e. 

Coquimbo, Chiloe. 

CREPIDU LA GREGAllEA,-PI. III, fig. 34. 

Crepidula tegtli obiol!:;d, iutorui, cl'aslll, su[;rugosli; septo eloll9ato, 
subspirali, lwvi; w/'tice sllbmal'gillali. 

gr:::}:)i~ Sio~~~IC~S i~el:~lr~:~:~~~::~ ~:~8!!~~~c~to~n~r:a}~~sl:S ::l~:~: 
I t bears a. strong general resemblance to Orepidlda jOl'lIicata, wlliclr 
is found, similarly grouped, on the coasts of New York, New Eng
land, and gcnerally 011 the Atlantic coasts of N. America. 

S. Cruz, Patagonia, 

BULLA COS)I(lPllIL,I.-PI. III. fig. 35. 

Bulla tcsta s/I[,cylilldracea.. ea:tl'cmitatilJlu O[,IIIS;,', I'o/unda/is, 
maica paulullllll latiore.. Bt/'ii! 111t1lWl'osis, cOIifcrtis, traul!
t:el'lis, iliterstitijsallf}usti()l'j~1t8 platliuseulis ,. {OIl!!. 0'9, lut. 0'4. 

I do not find any character to distingu i ~h this from the fossi l 
which allounds in the nei)!bbourhood of Bordeaux, find which is 11.], 0 
fuund ncar Paris and in Normandy, and ",hidl Dcsllayes has re
garded as merely a \'ariety of Bulla {tip.aria, Allct., frolll wl,ich how
c\'er it llIay easily he distinguisl,cd by its much more cylindrical form. 

H uaro I sland, Chile. 

SW,lI1ETUS SllBGLOBOSUS.-PI, III . fig. 36, 37. 

Si!1arclUs testa sub!1[obosa, mifractiblls qlwtuor, spiralitel' C(mcifln~ 
s1fleatis; 101lg. 0'9, lat. U'8, alt. 0'55, poll. 

The spiral groO\'cs find intcrarcdiate ridges nre \'cry IIcarly equal 
in gCllcral, though sometimes rather irregular. This i ~ the most 
concavc species of Adanson's 8igaretu8 that J hM'e evcr seen . the 
position of ih apC'rturc !.ocillA' much Ics~ inclined to tI,e longitndillll 
axis than it is C'I'cn in the S. co/uarus, Lam., a rel;ent species eOIn
mon at Valparaiso. 

Navidad, Chile; and Ypun bland, Chonos Archipelago. 

NATICA pumLA.-PI. Ill. fig, 38. 

Natica testa orato-subfllr;lx;sti, glabdi, alifraclilJUs qll(ltu,ol', Ull1.bilico 
1IIOgIIO, patulo. 

A siu)!lc individual of this small species, which appears as far as 
1 can judgc to Ilc distinct frolll any of tile rcccnt spccic3, occurs in 
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the ~a11le sort, of rock, ll:l.mc1.l', flo very hard amI very thrk oli,'c green 
salHbtullC, wIth the 1"Huwilig species. The difficulty of detacl,ing 
tho stolle from the shclb h;\ll p rllvcntcd me from asccrtailliu" with 
certainty whether or not there be an umbilical callus. .. 

ChilO!', easteru coast. 

NATICA STIl.IOL,\TA.-PI. III. fig. 39. 

Nfl/iea tutu deprcssiuscrt/Q-subglofJosli., cmssju$cllld, !llabrd, an/rao
tif.,!I!! quat/wI' ad 111;IIQI«1, Ititim.1) ma.eillw, spiralitcr . ubstria /e, 
#riis Huf.,Jist,mtibus .. calla umf.,jlicali magliO, um[,ilicllm 0/11-
nillo obtegCllttl, ad iu{,ium illtcrllltm ·jllcnusatum mllid WII' 

jllllcll), 

This sp.ceies resembles Swainson's iValic{/, 1lIe{tuioma in general 
form, as well as in the umbilical callus: it is however rathpr more 
circul:ir and the umbilical callus is rounder. Judging from thc appa
rent general form, I had at fi rst sight, when J only saw tl,c upper 
surfacc, taken it fo r Si[!arell(~ COllcarll8, which it also resembles; 
and I was not undCt:civcd lIotil loy dearing away tho stonc T di ~
cO"crod the nmuilical callus. TIH.:l"o arc two specimens uf tl,is 
species. 

Chiloc, eastern coast . 

NA"rICA SOLIDA.-Pl. III. fig. 40, 41. 

J..Va lic(1 testa subglob()$/i, erasea , l<evi, 'pira {;I"clli, mifractilms qllill_ 
qU(J, su/w'a sltbillix)//spieua, (fpc"lura ollali, labio CO['ltnC{l{//"t 

]JQ3tiei: c/"assissiIlW, "It/n{;ilico mctiioa;, cullo p<lI'VO: loufl. I' S, 
lat . 1'5, poll. 

This most nearly resembles a vcry common recent species, which 
I,as generally been confoum\ed with N. mamilla, but wldeh I 
have la tely rcceived from D'Orbigny undcr the name of N. U/.;n· of 
Valeocicll llCi', it may be distingnished from that species by being 
almost destitute of the umbilical callosity. The only specimln I,. 
very much worn, partic~larly about the spin', so that the true 
character of the suture IS ouly di~cerniLle in one part, and tIl(! 
general appearance of the ~pecimcn9 conveys the deceptive notion of 
a deep and broad channelled suture. 

Sc"cral specimclls of a Naticn, closely resembling, but possibly 
distiuct frolll this species, II"crtl procured at Santa Cruz; tl,cy are in 
a mud I disguised state, and only a small portion of the sllcH itself 
n:maills, particu[;(rly of the outer coats about the suture, which con
seqnently appears \"Cfy dl-ep amI distinct, wll('reas when well ]lre
!lCfI"ed the suture is scarcely distinguishable; 1\"1. d'Orbigny consi
dcrs tile S. Cruz species as certainly distinct. 

Na,·idad, Chile; S. Cruz, Patagonia? 

SCALAlUA RUGUL OSA,--Pl. III. fig . 42 and 43 . 

Sea/aria tesla aC!lminalo-pyramiil«li, crassiu$cuid, omnino 1'//f/U -
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losd, varicibus mmwrosil, cr(l,'Jsis rotunda!il; illter$titiis spi. 
ralit6r of."olele mlcatis. 

Volutions about del'en or tweh'e, increasing very gradually in 
size; with fourteen or fiftee n rounded and thickish "arices OD each. 

SaD Julian, Patagonia. 

T nOCRUS COLLARIS.-Pl. HI. fig. 44, 45. 

Tr()C1WB testa conica, lreoi, a-t~lrI.utibus subrequalibus, telluissimc 
transver8im stria/is, pogticii propt suturas tuberculis mill litis 
seriatim cinc/is, illfra slllJCQ1H!e.xil, spiraliter tenltiler slria:il ; 
apertul"lx all:;IIlW externo acuto: 101l!J. 0'45, lat. 0',';5, poll. 

A very small portion of the outer surface remaino, the inner coat 
is wholly covered with (l, yellowish green and reddish iridCS<lence. 
Umbilicus as far as I can judge the same as in the following species, 
Tr , lwoil. This may possibly he only a yonng shell of that species, 
(and is so considered by M. d'Orbigny) as it is only distinguisllCd by 
a row of very small tubercles placed immediately under the suture, 
which may have existed in that species when young; and it must 
be observed that the first l'oiutioDs are broken from lmth the speci. 
lllellS of 1'r, lW1'is. 

Navidad, Chile, S, Cruz, Pabgonia , 

TROCIIUS L,EVIS.-PI. Ill. £g. 46, 47, 
Tl'od/us testa cOllica, iani , anfractibus rU'-1Ilalibw!,POSlice t!fl,!!;. 

dill3cuiil, anlice tenuissime lransrersim striatis , infra su&xm
cal:is, spiraliter tenuiler slt'ialis ; aperwl'a t'homboideii, all!Julo 
n;tel'tlo aeuto; umbilicQ m,ediocri, il/trll lwvissimo, labio inlerl/O 
lIu'-'incraIl8ato; long, 1·3, lal. 2', poll. 

The remains of the pearly inner coats are beautifully iridescent in 
this species; the outer surface is dull. 

Navidad, Chile, 

TUR!lITELLA PATA.GONICA.-Pl. III. fig. 48 . 

Turritella testa eloll!Jato·coll ica, aJl/raetibu, decem, 3 wi 4 eIMtatix, 
Cmltis, iI/tar-media alltica'llle sllb()bs()leta millQribu8, postiai sub· 
aeula, su~ql'anosii majori, tertia carillum If/Jormante; su/un; 
indistincla. 

This T urri/ella is probably only a variety of T, cin!Jula/a, and it 
!llorll closely ,rcsembl?s th~s 5pec ie~, C.I'e11 than tl~e followin,!\' onCEl, 
Jna~m!U.:h as Its volutlOns mcrease m SIze more rapidly tll.11l in either 
ti,e T. Ohilensis or 1'. ambulacrnnl , In some respects this re· 
~emhles 'IF., cal'inif,era of Deshayes; it i ~ not. however nearly SI) long 
III proportIon to Its wIdth. I ha"tJ udoptl,'(\ a name suggested by 
D'Orbigny. 

Port Desire, Patagunia; and fragments at NaviJaJ , Chile. 
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TURRITELLA AMDULACRUM.-Pl. III. fig. "·v. 
T urri/ella testa elougato turri/a, aJ!jractiblu decem, spiraZiecr tl"i

C()s(atis, posteriorum co&tis WljlWliblU, antoriOl'um costa allticd 
p o&ticu'lue maj()riblt" jJlternudiJ minori: sutura in aulcum 
pro/ltlldum positii . 

A very remarkable species, which somewhat resembles a recent 
one in my possession; the two ma.y however be easily distinguished. 
In tho recent spe1:: ies the two spiral ridges are much nearer to eaell 
other than they are in the fossil; and the spiral groo"e at the 
suture is much deeper alld Ilunower in the fossil th:m ill the reC('nt. 

SUllta Cruz and S. Julian, Patagoni:l. 

TURIl.ITELLA CHlLEl';SIS.-PI. IV. fig. 5 1 . 

T urritella testa eloJlguto-turritii, alljr(U;ti['!(s decem, relltricQ8ia, 
Jlpi1'aliler triC()stalis, costisgralluiQ8is, iJllermedia majori, sltluI'il 
ill SUicltl1l positii . 

Nearly related to Turritella cingulata (Sowb. Tank. Cat.); it is 
even questionable whether it might not be regarded as a ,'aridy of 
that species, along with T. P ata[JOIlica and T. ambulacrwn. In 
deference to the opinion of D'Orbigny, who has suggested the 1I.'I.llW, 

I ha,'o been induced to deseribe it. 'fhe l)rincipal di fferences be
tween this rmd T. cingulata arc, tho form of the voilltions, which in 
this arc \'entricose; the absence of narrow intermediate ridges; and 
the greater depth of the groo"e in whieh the suturo is placed. 
From T. ambulacrum it differs p rincipally in the circumst.'I.t/ee of 
tIle central rib being the most prominent, while in T. amlJljlacnm~ 
it is the least prominent. The ribs in the latter species aro but 
slightly grallosc, and the groove at the suture is d~per. 

Hllafo and I\10eha Isbnds, coast of Cl1ile. 

T UR RITELLA SUTURA LIS.-Pl. III. fig. 50. 

T urritella usta tltrrjui, tdlluiler traJI8cenim rtrialli, mljractiiJus 
9-10, 8uturo "Calida did!!i,;, allli.;!! lXMtici!tpw lumidiutculi8, 
postice emillentiore. 

Fragments alone can be separa ted from the hard stone in which 
they are imbedded; it has therefore been impossible to gl,'e the pro
portions. 

Navidad, Chilc; and Y pun Island, Chonos Archipelago. 

PLEUROTOMA SUB.£QUALlS.-PI. IV, fig_ 52 . 

Pleltroloma tcs/o obloJlga, turri/a, 'Utraque eXlremitate aCUmiJlat«, 
olltica. bretJiori i mljraceibus sellis, medio cm'iniferi" carilla 
tubeJ'cu1ifeJ'a i ulli7lw all/mct" cm-illt8 quillque, poIlicali tuber
culijeJ"a; lOllg. 0'6; lae. 0'25. 

The species which most nearly resembles this is an undescribed , 
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recent 8p('Cies from S. America; this fossil sJWcies differs howc;er 
from the recent one in the posi tion of the notch in the outer IIp, 
which in the fossi l corresponds with the posterior tubcrculifcrous 
,,:)rina, while in the recent oue the notch is plac~d half way between 
the posterior tnhcrClI!iferous carina and the suture. There arc other 
marks of difference, hut this lllay be considered ~ufficiellt, as forming 
at once a distinct criterion. 

I-Iuafo Island, coast of Chile . 

PLicUIlOTOJIA TURDINELLOlOt·;S,-PI. IV, fig. 53. 

Pleurat. testa OblORg&, subventricosa, lransversim tenuissime muri· 
cuto-striaNi, wifractibus quinis, venlricosis, infra mediam 
tubfrculatis. tuberculis acuminatis, ultimo antice lineis qua
luor vel quinque obsolete tubercula/is; canali brevi; long. 
1'35; lat. 0'82, poll. 

Yery different froln any other known Pleurotoma, either recent 
or fossil; but most nearly allied. in shape particularly, to the recent 
specieil named Pi. impc1"ialis by Lamarck. 

Navidad, Chile. 

PLEuRoTo~rA DISCORS.-Pl. IV. fig. 54. 

Plt:urot. lestafusiformi~tl(rritti., spirit aCllminutr/, anfractibus octo, 
postice tenllissime tml'ls"crsim striatis, medio tubtrClliatis, 
f,ltimo aMici! striis crassis subtubercuiafis instructo; canali 
eiollgato, tenuiter transtJerSlm stria to; columeihi recta : long. 
I·S .. lat.062,poll. 

A sl~cies which appears to be neatly related to Pl. calellala, 
Lam. Desh. I I. t. 62, r. 1 1, 12, 13 (a fossil of the Paris Basin), 
and which may perhaps be mer!.'ly a variety of that species. In 
st:lture and genenl char:lCters it resembli'S it vcry closely ; its strire 
are h"wcI'er I'ery ditierent. 

Nal·idad, CI,ile. 

Fusus REGU~ARlS ?-PI. IV. fig. 55. 

A single very imperfe<:t spe<:imcn which may probably be a Y:l.riety 
"r this spe<:ies. It is nut sufficiently complete to allow of its bcing 

~te<:~~~;g:r ~! i~:l;:~~~rs ~~~na.Sr~~~y ~~~:i;:! ei:e~ee~aj~s~l~~! 
species. 

Navidad, Cbile. 

Fusus PYflULl FOR!OIIS._PI. IV. fig . 56. 

Fusu s testa, turbinatn, antice spiraliter sulcat/t, spira subdepressl). 
conica., rudii anfractibus 3- 4, medio tuberculatis, tuberculis 
Imn$versim su{calis, in cosias subdecurnntibus; cam;di elon· 
galo, transveTsim sulcato. 

This 1I0mewhat resembles the Triton olavatol', Lam. (a rceent 
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species), in form; its spire is howevcr 1Il0re elevated, and its c:'mal 
shorter in proportion. 1 judge it to be a Pusus from the general 
external appearance, but cannot be quite certaiu, for the stone about 
the mouth is so much indurated that it cannot be eleared away. 

Navidad, Chile. 

Fusus SUBREFLEXUS.- P l. I V. fig. 57 . 
Fusus tesr{t fusiformi-turritil, rransversim striata, striis irregu

iaribus, anjractibu$ f!ovem, medio tuberculatis, prope suturas 
subadpressis; canali 7IIediocri subreflexo : long . 2' I; lat. I' , 
poil. 

The shell to which tltis bears thc greatest resemblance is a fossi l 
named Fll$ciolaria Burdiflulenns, Defr. by De Basterot in the 
Memoires de la Soc. d'H ist. Nat. de Paris; in our shell there is, how
ever, no appearance of oblique folds on tho anterior part of the 
columella, consequently it is generically distinct ; while in other 
respects it is sufficiently different, as may be seen by comparison . 
Its spire is longer in proportion to the last ,"olution, and its canal 
shorter. 

N:widad, Chile. 

Fusus NOACIIINUS.-PI. I V. fig. 58 and 59. 
F US/IS tesla Qvato-fusiformi, utraque subacuminal(t, a:qua/i, af! 

frae tibus 911inqlle spiraliler sulcatis, sulcis plerum?ue seriatim 
pertusis; poslicis longitudinalitcr obtuse costalis; cal/ali me
diocri, subascendente; $ulura distinc/a. 

A species which bears some resemblance to F U81lS ]I,'OOJ, Lam.; 
sti ll it is not nearly related to that species. In shape it resembles 
F. lamrllOfJU8, to which it is really related, but it is quite destitute 
of the lamellar varices, so that it Illay easily be distinguished. 

San J ulian, P atagonia. 

Puaus P .... TAGONlC US.-PI. I V. fig . 60. 

F. testa ovalo-oUonga, tenuillseuia, multifariam varicosa, an/rac_ 
tihus postice atlgulafis; varicibus lamt:lliformiblls, antice 
de flex is, posriee acuminatis, inlerstiliis transversim su/calis; 
aperturli subeirculari, callali breviuscu[o, umbilieo valido. 

Nearly related to F lulu lamellQSus and F. N ugillmiicus, and ap
parently connecting the t wo. 

P YIlULA DISTANS.-Pl. IY. 6 g. 6 1. 

P yrula tesf~ ficiformi , tenuiusculli,. spiTlt brevissimu .obtusd" 
anfractlbus qu.atllor, ultimo ma.xl1/w, decus~atim 5irlato, et 
carinato, cannl$ 11-12, distantlbus, nonnullu j'lterltitialibus 
min/lstlevatis : long . 1'8; lat.l ·2,poll. 

A very elegant species of tIn: ~!lrula. somewhat resembling P . 
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lIIxil"$ (a tertiary fussil) in general appe:l.rfmCC, lmt diffe~ing fr?m 
that sp(:Cies in its proportions, being much wider in eomp3rlsoll with 
ih length, and Ila" ing a 1lI11~h shorter spi re. 

Navidad, Chilc. 

STRUTllrOLARIA onNATA .- PI. IY. fig. 62. 

Strltlhiolaria lesla oVatii, ollice acuJl1ir;~to, anfract~bu$ senis, 
spil'aiiler striat;s, prope suturam canallcula lis, iOn!]lfUdilloliler 
costa/is, coslis OblllSis, alllico cos/is duabus spiral/bus, eleva tis, 
ante mediam positis; sutlln~ profunda; {ollg. 0'7; laf, 0'45, 
poll. 

This is the only f0S9il species of tllis rare genus I hal'e evcr seen. 
Casts of a largc "aricty aro fonnd in a loose clayey sandstone at P ort 
S. Jllliall. 1\1. d'Orbigny entertains some doubt about this being a 
Strll thiularia . 

Santa Cruz and S. J ulian, Patagonia. 

TRITC:" VEllIWCULOSUS.-PI. IV. fig. 63. 

Triton testli ovalo,col/ioti, tral/5t;ersim tenuiter striatti, anfmctibus 
senis, postieis serie ul/ica medianli tuberculorwn cinctis, ultimo 
costis tribus subobsoletis tuberculijeris, tuberculis eos/re pos
tic~ mnjoriblls , reliquiarum obsolctis : varicibus validis, / ri/II
berculiferis : Ion!] . 1'6: lat. 1'05, poll. 

Thi~ may be distinguished from Tt·i/oll lellcosloma (Rmwfla [w
cos/ollia, Lun. ), to wl,ieh rceent species it is mo~t nearly rdated, by 
tl,t) paucity of wlwrc1es forming tbe posterior row, as well as by the 
l'lrougly tubcrculated "arices, aod by its bci llg destitute of the p it:'! 
whie!, are so distinct behind the I'ariees in that species. 

Na,·idad, Chile. 

TRlTO;o; LIWCOSTO~!oJI)ES.-PI. IV. fig. 64. 

Tri/oll tesfa oualo.oUollgll , spirit oblus/i..: atifractibus senis, suh_ 
velliricosis spimliter sulcatis, el Zongitudinaiiler costatis ; 
vuricibus sub-irregularibus, rotunda/is, transversim suicalis. 

This species resembles T ritun ieucostofna ( R01wlla ieucos/orua , 
I .am.) more neatly than any other species; it diffe rs, IlOwel'cr, in 
the fullowing particulars, I'iz., in its genetal form, which is more 
<oblong ; in its longitudinal ribs, which are smaller aud more nu
merous, and extend Il c:l.Tly the whole length of cach I"oilition; 
whereas in T. leu~ostoma, they arc little morc than elongated 
tubercles ncar the nuddle of the whorls. 

H llafo Island, coast of Chile. 

CASSIS AIO;o;1J.1PER .~PI. I V. fig. U5. 

Cassis tes/ri subglobo~(" trmuversim tenuiter striatfl, spirt}, eielJa
Iwscuili, anfraclibus scnis, ultimo gibbosQ, $cric ImiCII. luber_ 
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culoru m INsticc ius/rue/o; I.ab io ex/enw Iwuiuscuio, rcjlexo, 
ill/us l~vi; lubio eollJ.meUuri exPU1!SO, llevi: {ol.y. 1'5; lat. 
1·I,poll. 

A I:{.'(!ond row of slllali tubercles may be ubserve.] occa~ionally. f 
know of no species to IVhich this is nearly related. 
• Nn,vidad, Chile. 

MONOCEIlOS A~IUlG UUS.-PI. I V. fig. GG, G7. 

ill. tes/it subgfoboslt. crassiuscII//i, ia:viuscultl, spiralilET obsolete 
costellallt, apertura lIIUglul, labio cxtf!T1lQ iII/liS ilicruuato, 
umbilieo parvo, (tngusto. 

A singlo specimen in very bad condition; considered by 1\1. 
d'Orbigny as closely relnted to, but not idellticallVitll, the M. crussi· 
labrum of Lamarck. 

Uoquimbo, Chile. 

G",STIIIDI UM.·-Norum G~IiIlS. 

I Il1I.vo thougllt it lH'cessary to dO!:lignatc this singuhu shell by a 
new generic name, because it:; characters are such as wilt not permit 
it:; uuion with any hitherto O!:ltablisbed genus. 'fhe 81,e11s to IVhieh 
it appears to be most nearly allied have hitherto been arranged with 
Baccill um , EbnT11a, and F1l8!18. Such is the Bwx. piltmwmlt of 
Chcmnitz (which Swainson has designated by the generic namc of 
Pgcudoiivat), and which, to avoid the necessity of adding to the 
number of generic names, I had united to the Hbllrll«J . Such also 
arc two fossil shells described and figured by Deshayest under the 
names of B!lccinul/I Tutra alld B.fi&81Iratnm. One other shell Te· 
sembles this somewlmt in forlll, but in otherrO!:lpects is very different, 
and this has been placed with the Buccina in 'Vood's Suppt., anll 
with the Fusi by Gray. The characters by which tl,is new genus may 
be kllOwn and distinguished from it:; allied genera are as follows:

Te6/a venlrieosa, subglobosu, spira brevi, alifractibus poI/icc ad 
suluras adpressis; aperturti magna, ovaii; canali po.~tieo 
aU!Justo,' antieo lalo, rejlexo ; labio exlerliO pos/iei; incrassato, 
antici'; lelluioTe, de?,te brevi, sulcodorsali idOlleo, prope all/ieam 
partem posito; {abio coiumellari iJ!crassato, expallso, postice. 
apud eanalem crassiore. 

GASTRIDIUM CEP.-I,.- Pl. IV. fig. G6, 69. 

Gastr. testa cepreformi, lawigat(t, ant icc spiraliter sulca/a, lubii 
extemi margine antico crena to : long. 2'3; lat. 1'7, poll. 
Navidad, Chile • 

• From 1a~Tp,.l.OV' T>entTiculuI. 
t This name of Pleudoliva, by which S"'ainiOn Laa designated tLe. Buccinun. 

plumbeum of Chemnitz, and ",h;ob has bee",- adopted by Grny. is. ""dently nU_ 
tenable and absurd, because employed to deSCribe an i",agillary affinit!ltl> OLlV"" 
which doel no/ exi,t. To Eburna and Buco;num, Lam., the genus IS nearly reo 
Iated. 

: Deshayes CQquiUes fouiles des cn.irons de Puis, tom. ii. pro 655, 656. 
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T£REDRA COSTELLATA.-Pl. IV. fig. iO, 71. 
Tere6ru testa turrita, liZViusculii., anjractib~$ media t~midiusculi~. 

pos/ici; linea impl'essa obsolettt twlatls, costdllS numerosU' 
longitudinaliblls, elevatis; apertura columellt1que la:vibus. 

Tho number of vo]utions and the proportions cannot be gi\'cn, 
for there is only a single fragment of tl,is spel:ies. 

Navidad, Cll ile. 
T Ellt:llRA UNDULlFEIIA.-PI. I V. fig. 72, 73. 

'l'erehra testa eIQngato·furritd, iceviusculit, lineolis undula /is lOll9i
tudinallhus confer tis, posticis jortioribus, tecta; anfractibus 
piurimis, pas/ice tumidiusculis, Lineft impressa subobsolel(i, 
tIIedio subconcavis; apertura su.brhomboidea, columella {aim. 

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

Navidad, Chile. 

VOLUTA TRIPLlCA'fA.-PI, IV. ng. 74. 
Voluta testa elongato-obloflgd spirft attenuata anfractibus senis, 

spiraliter conferllm sl1iatis, ad suturas adpreHis, deiude 
tuberculatis, tuberculis in costas antice decurre,dibus; aper
(tmlob/onga, /ollgitudinem spine requan le; columeli(t tr ipli
calii, plicis obliquis, suba'qualibus: long. 2'25,,' lal. 0·9 poll. 

This species is placed among tho Volutel, because the posterior or 
upper folds 011 the columella are rather smaller than the anterior; 
it nearly resembles in general appearance the fossil Volatm, muricina, 
Lam., and (l1l9usta Delh" thnugh easily distinguish:t.ble from both, 
by the circumstance of the three folds on the columella being very 
nearly equal ill our species, whereas in the two above-wentioned the 
posterior folds are more numerous and all very much smaller than 
the anterior: moreover, tbe posterior part of the volutions is not 
adpressed in eit.her of those species, and the proportions are also 
different. 

Navidad, Chile. 

VOLUTA ALTA.-PJ. I V. fig. 75 . 
Voiula testa elongata-oblongd, spirit altelluaUi, anfrae/ibus senis 

gracilibus, spiraliter confer tim stria tis, prope suturas ad
pressis, deillde SUblJelltricosis; aperturd oblvny(t, Iabio ex
terno crassiori, subreflexo; columella la!vi, plieis d.abus 
acutiusculis, peroblirjuis; lo!!!]. 7'5, lal. 2'75, poll. circa. 

There is Dilly olle specimen of this \'ery remarkable shell, of which 
the ante'io~ part is so imperfect, that no part of the inner lip or of 
the canal IS to be seen, consequently the proportions giYell above 
may be liable to a slight error. The spedcs is nearer to V. Magel. 
lal/ica, than to any other known species; it may, howewor, easily be 
distinguished from that species by ti,e characters above stated. At 
Santa Cruz, there arc two casts, apparently heloll"iu(J' to this 
species, but considered by 1\1. d'Orbigny as different. ., ., 

Navidad, Chile; S. Cruz, Patagonia ? 
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OLI VA DIMlDIATA .-PL I V. 6g. 76, 77. 

Oliva testd ohlonyo-ovatlt , spira acwni.lotli , apice ohtuso ; oT.frac
tihu$ srmis, ultimQ linea tenuissima trallsueTSilli dimidialo; 
columella antiCI; plicis quinque ohliquis. postic4 mojori; lOllY. 
O·g, lat. 0'37, polL 

This species varies in its proportions; it differs from all OtilCt 
r(!(:ent or fossil species wiib which I am acquainted, in the remark_ 
abl l;l ci rcumstanCI;l of its h:wing a broad band of cmlmel cOHring the 
anterior half of the last ,·olution above or l>c1,ind the columellar band, 
which b distinguished from the posterior part of the volution by a 
very fine line, behind which may bc St'ell the IOllgitudinal lincs of 
growth, these lines beillg hiddcn on tho anterior part by this last 
covl;lring of enamel. This species bears a general resemLlanct: to O. 
ispidula, a common recent species. 

Navidad, Chile. 

DENTAL1UM GIOANTEUll.-PI. II. fig . I. 
Dentalium testa tereli, TectiuscuM, sulcis longitudinalihus numc

rosis, interstitiis Totundotis; lOllY , 3'2, lat. 0·5, ]JfJfl. 

This species appears oceasionally to grow to a " ery large size, for 
ono fragment that is ono inch and 3. third in length, is half an inch in 
width at its smaller extremity, and six-tcllths of all iuch at its larger; 
while in its thickest part the sildl itself is 0'13 of an inel t thick . 

Navidad, Chile_ 

DENTALIUlII SULCOSUM.-PI. II. fig. 2. 
Dentalium testa tereli, rectiusculti, costellis IOllyitudillalihus, 

elevatiusculis, subdistantibus 14, interstitiis planula tis. 

wlI~;~ 1~:~p:!:n~r~:~lo~~ tl::e;~o f;[e!:~o:~fC~~~l1il~:t!;ti;e;~t; 
saudstoue in which it occurs. 

Naviuad, Chilc. 

DENTAL IUM MAJUS.-Pl. II. fig. a. 
Dentalium testa lereti, rectiuscu/(i., costis IQllyitudillaiilJUs 24, 

altenlis majorihus, inteTslitiis rotundalis. 
The proportions of this species canllot 00 gi\'cll, because there are 

only some fragments; it appears to be one of the larger species 
of the gellus, probably reachi llg tile dimensions of D. uZ(ltlfluiare 
of Deshayes, taL. 3, fig. 4. It differs from tha.t species in the circum
stance of its never having only six angles; and it differs from D. 
elepl,antimtm of Deshaycs (which Iliave elsewhere proved not to be 
the D. elephaTltillum of Liolloous) in being less rapidly attenuated, 
and in being straighter_ 

H uaro hlaud, coast of Chile. 
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BAL.!.l<iUS ",!.RIA:S"._PI. II. fig. -1-, 5, C. 
Balanus /utU polymorphii, valvis plerll.mqlle l,nibus, I'IOIIIIU'lqIl01l' 

radia/im obtusa costa/is. apicibus subacumill(Itis; valva 
basali modQ concavd, m(}{/Q cyathijormi, basi acumillatit, 

This is a vcry remarkable as well as a very "ariahle species. I ts 
pariet.:l.l \'nh'es are sometimes SlilVoth, on ly showil,g the lines Df 

growth, and sometimes covered with outuse radiating rihs; and the 
ijpecics belDn~ to that section Df the genus which has acumina~ 
and solid panetal valves. But the mO!lt variable part, in form, IS 

ti,e baE.a1 vahe. It is to be ob~l\'C(1 that in most, if nDt in all. the 
species of this genus which lul.\'o boon hroug!.t frD m the southel:n 
Ilemisphere, it ill the base that becomes tubular whenever any accl· 
dental circumstance causes the shell to be elongated; whereas in the 
elongated and clavate "arieties of our common species, it is the 
parietal "ahes that are lengthened and nDt the basal. Thus, with 
respect to thc present species, we find that when any number of 
individual~ a re placed close together when very young. 3.9 they in ~ 
crease they foml a group, of which the basal vahes grow up side 
by side and become tubular, without tho parietal 'Valves changing 
in fDrlll ; hcnce in some specimens this valve is eonca'Vc iu couse· 
quence of its having been placed upon a eon~ex 9ubstancl', and at a 
distance from each other; while in others, which have been placed 
very closely together when very young, this basal valve has takeu a 
moro or lCS!l deep cup shape, being \'e ry small at its lower extremity 
and increasing ill dimensions witla age. 

San Julian, Patagonia. 

BALANUS COQVUIDENSIS,-PI. U. fig. 7. 
Bala"us t05M polymorph(t , flalvis llelJibu5 , nO'lnunquom radialim 

striatu, latera/ibus pC/sticis aJl9lutioribJIS; apicibus subtrun
ca/is; aper/ura parlJuM. 

A rcnmrkable fact is observable in the speeimens, both from the 
upper and lower )larts of tho formation ; I ha\'e selected one from 
the upper bed as shDwing it most distinctly. III cDnscquence of 
numerous individuals beiug closely grDuped together , each one h3.9 
been compelled to lengthen the b:&sal vahe, so 3.9 to foml a nearly 
cylindrical tube, clOiled at the lower part, and gradually increasing 
as it ascenru. until it joins the base of the six pari~tal vah'es: this 
increase in tbe length of the base seems to hafe taken place more 
rapidly than tho growth of tbe animal would permit, A portion 
of the lower part of this basal tubo h:lS, therefore,' been filled up with 
cells or. vesicles separated byealcaroous septa, very irregular ~ndecd, 
but winch would, Ilevertheless, answer the purpose of supportmg the 
baso of tile animal in the tube, so as to enablo tho animal to continue 
its vital functious. 

Coquimbo, Chile. 
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OESCHIPTIQNS OF SECONDARY FOSS IL SII ELLS 

FROM SOUTH A!lIERICA. 

8y I'RonSSOR E. FO RIJES, F.H..S., .'\:c., .'\:c. 

N A.UTJI.I/S U'OIl.D10NY ANUS.-PI. V. fig. I. (a) I. (h). 

Shell t:e'llt riC()le ( p "olxlbly , moo/h and rli!J/ltl!lIlIllWicaled,?) . MoutH 
"U"!! broad, r eniform. B ack TowlIled. Sulll re, lHmd '1uJde1lly 
tOlCar(/" and 'lear to, the /lmb il ic,fI" OIl 1116 back they a re rcr!l 
,li:Jht1y,iIlUfltl!d. 

This specimen is very imperfect. The rorm or the chambers re
sembles that 8CCn in N IJIIJ ill1S &lIccr bYalil/f, 3. species described rrom 
tile upper grceusand by d'Orhigny. The gencral form morc nearly 
resembles N autillu IWll igat!u of the same author, a species also from 
the e m ic cMoritie. 

Concepcion ; Chile. 

HAMITES ELATIOR._H G. D. SoWERBY . ~ 

'j'e,ta 1I1U[p'o. , crauiusculti, lanli, I/Iocylindricd, UlIfIU[j, elew(i/, 
ccllI)Jicui" ,uloconfcrtu, oNlaM; utremitalibll' im:icem pro~ 
admo/u. 

T his is the Iar~t Hamite I 113." 0 seen ; it is nearly cylindrical, 
and its largest diameter is 2i iuches., its smaller being 21. There 
are t wo specimens, one or which is m uch larger than the other. Tho 
smaller SllOWS clearly the near approxilllation or the two extremitiCl! . 
The specimens have been lost since :Mr. Darwin's return to England, 
and so caullot be figu red. 

P ort Famine; Tierra del Fuego. 
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PERNA AMl::RICANA.-PI. V. fig. +, 5, 6 •• 

Shell lanccolate? ventricosc, cari1lQted, comprc8setl in the cardinal 
region, abruptl.r; trur.cale, COllcaM at the opposite side, so that tIle 
sectio'll of tile tUm '/Jalces is Irj(Hlgulal" alld someldlal cordate. 
The slIlcatjOl!S oj tlte Ilillge arc large, llum~'OUs, wId ref!lIlar. 
The Mr/ace oj the shell appears to Ilare been concelltncally, 
tllO/lgh ii-regularly, striated. 

T he specimen consists of the cardinal aud apical portions of two 
united \·alves. 

Copiapo; Chile. 

ASTARTE DARWINll.-PI. v. fig. 22,23 , 

Shell broadly oJ)a/e, much comprl!lsed, maded 1cith rather distant, 
rrglliar cOllceiltric "itlges; the interstices brood and Concell · 
trically striate; allal and oral extremities lIeadg equally 
broad,. beah eery obtwe. 
Breadtll , 1 '2/12; lellgth, 11112; thick/lcss,5/ 12 oj(millch. 

Copiapo; Chile. 

G rWPU.£A D,\nw t:m,-PL V. fig. 7. 

L 01ccr Ml-us -cer!l tlt/nid, elongated, arcualed, laterally wmprused, 
and muclt incllrved at tIle rostral eJ:tremity ; it~ suiface IIlIdu~ 
lated b!J dig/ant distinct simWIIS furrO lcs, marked 1(!ith le88(f1' 
sulcaliclI!s or stria/iOlls. Upper calee COl/cave, spatulate, allli 
concelltrically fltrrolced. 

L mgtll,3 ll'l; bread/lt, 2; di#atICe, from 8ummit of book to 
10lt:erJnost and c~l/ral pal·t oj 100ur 'rair;e, 2 7/ '20 inc/ws. 

Copiapo ; Chile. 

GR\"PII.£A No\'. Sp. ?-Pl. Y. fig. S, O. 

Lou:e;a:,l~~6';:I~I=:j:;:::;d r:ct~xe~~e;l~::~~~!i'c ~!:f::;i:~!~ ~;~ 
par~ltl!J a youll9 specimen . 
Let191/1, I I f'!.; bread/II, 2 8110; tllidness, 5/ 1 0 of at~ illc/t . 

Copiapo; Chile. 

LUCrNA. AMERICANJ...-PI. v. fig. '24. 

SliCll orbicular, mud! depre8Setl, the '!trfac!; T<J!lgh, 1citll shal'p, re
gulal', eict!aled, dutallt, concentric "idgC8 (about tlcelll!J-ji't!6 Oil 
.pecimetl e:ramilled); the illtenticct are 'triated co'lc~ltl'ically . 

L el/gtl" 1 6/10; breadth, the same; thic!..·/less, +/10. oj all inc/t . 

In shupe tl,is species resembles the rcc,'ut L u.:i1!(t radllia. 
I 'lui'lue; Southern P eru . 
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LUCINA £ XCENTRlCA.-" G. n. SOWERBY," PI. V . fig. 2 1. 

Tata :Itbocali, lelliler inwlJltivalvi, lWlIi, um&me adUlICO, p08tici} 
gulco projlllldo ab umlKme ad fllaJy/inem iltjenlln pwticam de · 
currenle in altcrtt flalca, mimi' projundo in altera ; l(mg , 1'9 ; 
lat . I '; alt . 2 ' poll. 

Like L ucina C/lildreni, the two vah'es are somewhat untl(jual, 
and sometimes the right, sometimes the left, valve is the larger. Tho 
posterior dorsal groove is nearer the edge and deeper than in h ucilla 
P enruJ!llcallica, and the whole shell is mudl less orbicular. The 
present species may be regarded as obliquely suboval. 

P ort Famine; Tierra (tel Fuego. 

S PlRiFER CDiLENSIS.-PI. V. fig. 15, I G. 
S/lell luliorbicular, tumid. D Ori!al t;alce deeper than the t;Clt-

tral ; cardiJ/al area shorier Ihml the IlYm8'CCI'80 diameter of 
tIM r:alve, triallgular, COl/care, lKmnded {,y angula/ed margills. 
P erjorati())1 lallccolato-triUJ/[J!liaJ' . ew/lre oj' tile dor8al caire 
1cith a ratller deep alld {,road lIillllS, tcl.iclt, as well ar tho sides, 
is fllrrou:ed alld ,·jbbed , R ibs simple (aoolll Iu:ellt!!.aix, oj 
fohiclt fOllr beloflg If) the sinus), becomillg obsolete tw:ards the 
angles oj tIle cardinal area, cro8sed by strongl!! marked simlOu8 
lines oj [Jrowth. B eak Iler!! prominellt and some/elmt incw'ud. 
lJor,lal r:alcc riMcd like tIle vell/ral , jOft1' oj the 1'ibs (,eing upon 
till) roltnded but foell.defined mesial rid[l<J. F 'I"(mlal margiu oj' 
both 'Dalua sligMlyli1lgllifonli. 

T lterc are tl()O 'C{frietie8 of IIli, 8ltell, the 0'11(} 1/Hld, more 
tumid than tIle other. 

D imensions oj largest specimen. ; breadth, 1 4/12; bread/II, 
oj' cllrdillalline, 1 2/12; lm![ltll oj dorsal calr;o, 1 3/12 ; oj 
r:entral r:ali:e, 1 incll; thicJ.:1!f!u oj ullited r:alua, 10/12 oj all 
inch. 

This shell ne1LJly resembles several carbonife rous limestone spiri
felS . It is also related to some liassic species, as Spiriftr llTo/cotii . 

Cordillera of Guasco; Chile. 

SrIRIFElt LINGUIFEROIOES,-PI. V . fig. 17, 1 8 . 

Shell or{,icillar, glolJo6e, 8urjace smooth, /l lIdllla/ed tQ1carda tIle rnar_ 
[lin, u://ere there are also a f ew #rollg trallscene jltrrf)U;S of 
growth. Valees nearly equal. P rofltai margin 1If)/ projeetillg, 
bisjlluateil. Mesia l furrow 0/ dorsal call:e shall(}f(), lallceolate . 
{,lIt teeU defi?led, as is also the mesiol J·idge oj' the 'tell/ral. 
A rea 1Iot cisible ill speciJlun e.ramined. 

B readth, 1 ] /2 ; Im![Jth nearly tile lame; thicknes8, I 2/12 oj' 
all i nc/I. 

Very near Spirifef' linguijera of Phillips (a carboniferous lime
stone fossil), but probably distinct. 

R io Claro, VaHey of Coquimbo, Chile. 
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TlmEBRA TULA }XC .... . - pJ. V. fig. 1 9, 20. 

811dl or/;icular, ({epregged, Iltrface obsoletel!! I/I"iated cQllcelitrierdly; 
the fitTrQIOS of grou;th bewlJling more strQllgig marked /mcat'ds 
the mnr."jn. DQrsal Ml1Je mlm C()1llJ/U;. Frontal margin ob
soletely 6isinll.ated, and il' YOu,,!! 8pecimens slightly truncate. 
Beak of dorlat 'CalDC fJCTy prominent IIlId illCIlTCCd, Qbtll8(Jiy 
angled at the ,ide" termiliatinfJ in a (,mall ? ) pujQratwn. 
A rea tJ(try smali but di81illct . 

Lengt!. oj dorsal 'Calce, J Sil O; breadth, 1 7{IO oj an i1lcll; 
thicklle8' 1 illcll. 
I quique, Southern Peru. 
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on eute,n foot of Cord illera, 61 
of U,pallat., 60 
of Iqoique, 71 

Pbta, La,ele,atioo of,l 
tertiary fo,ro . of, 19, 76 
crystallioe rocks of, 144 

Ployfair, P rof. on the transportation of 
Sra,el,23 

Pluclaro, aX'S of. 212 
Poudieheory, fussil. or, 127 
Porcelain-roch ofP. Des"e .149 

Olf the Uspallata raoge, \99, 201, 204 
POlrphyry, pebbles Olf, strewed o,er .\;'at.· 

goma,20 
p0'l'hyry_clayHone of C~;loe. 121 

of PatagoP,a, 148 
ofCLile, 170, 173 

greenslone of Chile, 172 
douhly cOllumnar, 175 
daystone .."re, on the ea,tern side 

of the l'ortillo 1'""", l a~ 
brick.red and oltbitic, of Cum lore 

Pass, 186, \94 
intrusive, repea l~dly injected, 194 
c1a)"stoncof1he Uspallatara"ge, UJ6 

of Co pia po, 219, 229 
erupti,e sou rces Olf. 232 

Port Desire, ele,ation Qntl pl"ins Olf, 7 
te rtiary formation of, 110 

Port. Desire, porphyries of, 148 
Port,lIo Pass in the Cord,nera, \75 
PortillOl chain. 182, 186 

eompueu ",; Ib that ofUspallata,206 
P,efil Or se" · ,,,an of Valp",aiso, 315 
Puente del J ~ca. section of, 189 
P"m'ce, pebbl~. of,4 

c?nglomerste of, I{ .. Negro, 108 
I"lls of". tbe Cortl , llerd, 1715 

Punta Alta, e;efatioo of, 3 
beds Olf, 82 

Quarlt_rock of the S. Ventana, 147 
C. Ul~nco, I ~8 
FoP,land I . 151 
POtt'l1o nnge, 183 
viscid'ty of, 20~ 
veins of near J\l. Video , 146 
vein. of, in dike ofgreeo~tone, 152 
grai"" of, in dike_, \59. 161 
veins of, in mica_slate, 1·57 
veio8 of, relations to cleavage , 16~ 

Qu;Uota,C. of. 169 
Qu;~tetO, elevation of, 35 
fJoiriquina, el~vation of, 30 

d~po~it" of, 125 

Rancagua, piain Olf, 59 
Rapel, R. elHation near, 31 
Reeks . AI r . T. analysis of decomposed 

sbells,52 
anal.,.i. of salts, 69 

Remains; human, 49 
Hio de Janei,o, elevation near, 3 

c.y~talline rocks of, 142 
Ri"ers, small power of t"'nsporting 

pebbles, 22 
small power of, io forming Yalleys. 

68 
droi""ge of, io t],e Cordillera, l n, 

24:! 
Roa~s, parallel. OlfGleo Ho\" 44 
ll.ocks, "olcanie, of B. Oriental, 93, 145 

Tres l\lootes, 120 
Cbito... , 121 
T .. del F~ego, 153 t 
"'11], laml~ar structure, 167 

Ro~ems , fossil, rema;". of, 81,109 
BOg<>'s, Prof . • dJ""SII to Assoc. of 

.\rn~r;c"TI G""lOlg;s!$, 139 
Hose, Prof. G. on sul phate of iroo at 

COp'"po,218 

S . mas, elevation of. 5 
.s. Crut, ele,.tiou anti plains of, 8 

"alley of, 9 
nature ofgra,"el in valley of, 20 
!>Oulder formatIon of, 97 
terti ary formation Olf, 112 
subsidence at, 1311 I S. Fe BajJda, formationl of, 86 
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8. George·. Bar, plaill! of, 6 
S. lIelena island. o.ea_clill"s and I",b l i. 

dMce of.~!i 
S. Jago, Chile, 59 
S. Josef,. el"ution of, ~ 

lerha', form ation of. :09 
~. Juan, cleutioll near. ~ 
S .. ruliHn. elention and "Iaing of, 7 

sn lt·l ake of, 73 
tetlinry formation of. III 
eu.thy .depo. it ",ilh mammiferous 

reIDRon a, !J~ 
" ,Ilsiclence Rl t 138 

S. LQren.o, elevalion of, 47 
old IRl t form~tion of, ~34 

S. M~"' , i, land of, ,,1".1\\lon of, 30 
s. Peol;:~, "Ination of, '2 
Salado, It. elented sb,,1\5 of, 3 

J>amr>ean format ion of, 78 
Sllinu,73 
Sail .. ilb uprnised , b"Il" 48, !i~ 

lakes of, 73 
puri,y of, in sail Ia\;es, 75 
d e li'lues~ellt, uecusary for !lle p'e· 

servat lon of meal, 75 
allcient {a.mntion of, at iquiqll" , 
~34 

at S. Lorenzo. ~3~ 
II rata of, arigin of, '.!35 

~:~t:::~~:~7~~~O:~:a~:: ;9 
orlhe r aD1l'u, 3 
lie .. nabia Blanca , 4. Ii 
of ,b" COla,.do, 5, 17 
ofS. e ru" 10 
of Anta, 47 

S~noielllo, Mount, 154 
Scbmid'nl~ye . On ourif".o",. detri,us, 

~35 
Schom~l'rsk, Si r n. on !lea_bottom, 23 

on the roob ofGuyan' t 141 
Scotland. sloping lermces of, 6:> 
Sea, na lure of bottom off P atagonia, 16. 

'2~ 
power of, ;n fo.ming valleys, 68 

&a chll". , format ion of, ~5 
Sui, lIIr. model ofS. Helena, ~S 

~~~~:~~,llp~;.e~~a;ie!~I;::~:3of, III 
Serpentine of ('oP; 'PO, :!18 
Sbale·rock of the l'o'ILlio P as.s , 180 

ofeopilpo, ~'.!2 
Shells "prallled, IIII"of,;n Pat~gonia, 13 

elevaled, too small ror human food. 
32 

!Ianspo.!ed f~r inland for foD<l, 33 
"l'r~;5e(l, proportional nUlllbera 

warying, 37, 48 
uprli!ed, gradual decay of, 47, 48, 

" 

~hell" uprniled, absen l on high plains of 
C,dle,6 . 

"p .. ;sed. nea, Babia llIaDCa, 83 
~.elfr.ed in con.cretions, 121, 1'23 
living and fouil "mge of, On .. ·e,t 

COU\, 133, 13:> 
li.,.;nl\', difftrell' on Ihe east l nd Wei, 

couto 13~ 
Shingle of Pnlagonia, 19 
Siau. M. an u&.bouom, ~3 
Silver mi~es of Arqueros, ~11 

mine.. of Cbanll"ci"o, '223 
miDei '.'flqulque, ~33 

di,ltlbullon of, '236 
Slip, greA t, It S. Cruz, 114 
Smi,I,. Mr. of Jo.da.l Hill, on up";1&I1 

,hell, retdning Ibe .. colo .. ", 13 
on i\bde,,·~ , ~6 

on ele.ued seaweed, 49 
on inclined gruel bed' l 195 

SOO., u rbonat& of, 73 
nilrale of, 71 
lulphal"of, IIUr Babia Blanca, 12, 

73,14 
So\",.din~' 011" Patagonia, 16, 22 

In '1', ciel Fuego, 2~ 
Spi.ifer., ~15, '.!17 
Spi •• nd Martiu. on Brazil, 143 
Sprenge l On Ib~ nroduc tion of ca,bonate 

of ..001. 5~ 
Sp,in!:" "';"erai, in th" Cumbre I'au, 

18' 
Stnllllkation in metamorphic rod:. , 141 

ofd.,.III' .. ;n T. del f neso,I54 

of It~'~, f;~':~9 of central Chile, 

Jiltle dislul!>ed in Cumb.e PUll , 
188, 194 

dilturballce of, near Copi.po, ~3 1 
Streams of la08 at S. Cruz, inclill"1I0n 

of, 116 
in th~ rorliU,:, range, 18~ 

Strin ;t' of (otton ""th fnasil shell., 49 
S(l'tllliio/"rj" 0.""(,,, 118 
Slud~r,1\1. Oil metamnrphic rock. , 164 
.subsidence durillg formatiou of 50:' •• 

dilf~, 2:> 
lIur l.ima,51 
probable. du ring P amr>eao forma_ 

tion,IO':! 
!Ieee, pry fnr tb" .• cc',mullti"" of 

permanent deposits, 137 
duripg th" teniary fonoatiao l of 

Cbil"and Patagoo;a. 137 
proba~le during Ihe n~ocomian fo •. 

mat,an of t~e Portillo r oss, 18 1 
prob~ble, durwg Ihe formatioll af 
(~nglomerale of Tenuyan , 187 

dOling !be neocomian fo rm~tion oC 
th~ Cumbre I'~S9, 193 
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Subsidence of the V.pall ltli MInge, 203, 
206 

great, at Copiapo, 226 
great, ~uring tbtl formation of the 

CordIllera, 239 
SulpLur, .olcanic exhalations of, 239 
Sumura, promontori ... of, '19 
Summary on tbe re<:lInt 1I111"'o,y InOytl

menu, 18,:.3,245 
on the Paml"'llD formation, 97, 245 
On the tertiary formation. of Pala. 

goma and Cbilll , 118, 130, 243 
~ n 11," Chilian Cordillera, 231 
on Il,e crlllaceo_ooliTie formalion, 

238 
Oil thtl suhsidencuof the CordilleD, 

239 
on tbe eleyation of tbe Cordillera, 

240,247 

TRcM, deution-or, 47 
T lmpico, elented abell, nelT,:.3 
Tand il, crystallioe rock. of, 147 
'fupal~uen , P ampean form alion of, 78 

crystall intl rocks of, 147 
Tu,' lor, Mr. On copl'"r yeioa of Cuba, 

235 
')"emperalu~ of Chile durillg tbe tertiary 

~riod.134 
Tension, lines of, ori!(in of .. III of ele. 

yatioo aod of dnu;e, 168 
T en"y l'oil'.ll, .ingular aeellO" of, 122 
'I'e"",.o, ulloy of, 182,206 

'retr~f:;~at: :il;Lt:~~;o~~~:~ : ?'ata . 
goma, 14 

of Patagonia, formatioo of, 16 
orChil"",29 
at Concbalee , 36 
<tfCoq~imbo, 39 
not bon20nt.al at Coquimbo. 41 
of Gul5CO, 45 
of Sa !I Lo,eIJ10, 47 
o~ gnlv~1 " 'itbin tbe Cordille .... 6'l 

Thermelon the urigin Qf \he I'ampean 
formation . 98 

Tierra amarilla, 218 
'fierra del Fuego, form of lea·hollom, 

" tertiary fonoation, 0(. 11 7 
.,lay,tile fnrmltion of, 151 
c,etaceouB formation of, 152 
crytralline rocks of, 152 
cleavageofclay.late, 154,1 63 

Tr»CB rock. 76 
Trachyte of eblloe, 12() 

01' i-'. Deaire, 148 
!,~ the Cordille'a, 175 

Tra~ 'h~)rIS of p.omontori u h3.i n;:- heen 
r~l."d., 29 

en chaug-u of level nnr L,ma, 51 

Trees h"ried in plain of I'luique, 71 
,ilidlid, vertical, of tbe U~I.,lIlat~ 

r~nf:'e , 20'2 
Trel monte. , eleut ion of, 27 

YO\CBn;~ rocks of, 120 
Trigalt()celi" i~alita, 1 18 
Tr iltan Arrofo. eleuted ,bell, of, 2 
T.cbudi, M: on subSIdence ne~, L,ma, 

" Tuff, C,k •• eou., .t Coquimbo, 38 
on basin.pl~io, near St. J af:'o. :;8 
I t ructure of, in Pampa •• 77 
OTlgin of, in Pampa. , 100 

Pum'ceous. of H. Negro , 106 
Nuevo gulf, 110 
I'o.t D .... i,e, 110 
S Cru1, 113 
1'alagonia, summa, ... 0 0 , 11 8 
CI,iloe , 12 1 

form.lton of, in Portillo Chain, 185 

TUff~~::~!~~ir.:~:r~:~<;:~~ru~~I~ata, 
199 

of CO'luimlto, 213 

UUo~ on rai" in Peru, 48 
on elevuion nCat I.irna, 51 

Urugll~'. Hio, el~ .. tionofr;qDntry ne~r, 
2 

Ulpanata, Pas. of, 1117 
pl.in of, 60, 195 
range of, 196 
eoncludiog remarb on, 204 

V~1di.iu. t~n i ary beds of, 1 Z4 
tD ic ..... late of, 160 

Valley of S. Cruz, structure of. 9 
8, Cruz. terliary fo rmationl of, 113 
CO<I"imbo, 39 
Ct>q"''''bo, geology of, 2 12 
Gu"co, ,tfuctllre of. 45 
G""sco, aeeondary form3Iio". 

'2 17 
COI"apo, at.Dcm.e of, 46 
CopiRI)(I, lecondary formatioll' oj, 

218 
D~.pob lad~, 225, 227 , 229 

\',II .. ys, formation of, 61 
in tbe Ca,d,llera bordered b, gruel· 

fringes,6.'l 
III Ihe Conhllera, 177 

\'~Iparaiao, ele~alton of, 31 
glleiu or, 162 

Vein of'luanz near M. Video, 146 
in mica-slate , 157 
.rel.,io". of, to c1u.age, Itl ~ 
III a 1"'1' dike, 152 

of G"filnite. 'lu~rnOll~ , 158,20,\ 
re,uurkal>le. in gnel .. , "e~ r \'~l

l'u~iloO, 162 
\ . ell,s. rela tion, 0(, 10 conctet ionl, l23 
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Veins rnelallifcrous, of Uspali'lnrange, 

'"' metalliferous, discussion on, 235 
Venez"ela, gneissic rocks of, 141 
"entanR,Sierra, Pampean formation near, 

79 
quartz.rook of, 147 

\'illa Vioceneio l'as6, 196 
Volcan, Rio, mouth of, 17S 

fossils of, lSI 
Volcanos of the Cordillera, 119, 175, 

'" ancient submarine in Cordillera, 23'2 
long nction of, in the Cordin.r., 247 
.bs.nt e~cept neat bodies of water , 

185 
act ion of in rdalion to changes 01 

level,244 

2i9 

Wafer, On ele"Med shells, 46 
Waves cauoed byearth'luRkes,power of, 

in tranSIKlrting bould"rs, 51 , 69 
power of, m throwiog up sbells, 34 

Weaver, Mr. on elevated shells, 53 
White, Marlin. on sea·bottoms, 22,23 
Wood buried at l quique, 71 

siliti6ed, of Eotre Rios, 89 
S, Cruz. l i S 
Cbilo~, I 'll, 123 
Uspallata range, 202 
Los Horoos, 209 
Copiapo, 125, 227 

Yeso Rio a"d plRin of, 178 
Ypun Island, lertio,y formatioDof, 119 

Zeago"ite, 153 
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Willi ~ view to the gf'<!lIleSl p05sibI(> ~mo"nt of AeeO)lMODATlOl<, 
en E"'l'~'>:: SS , aud SAI'Y.TY. By TUORNTO l< H UIIT. III 800., pri •• 2,.611 . 

" TlJ is is the b est pOII:phlct on Itail~'ays Ibal "e .'o,,"e SOlen fo. ~ long lime: inform_ 

~~~; n~~~~~: ; ~~::M, ;~~s;~~~;I~~l~ :~i~f::~!.'::.;s~~~~~~~;~ n,. a"alysl~; "<,,, in .be 

RAIL WAY SPECU LATIO N. 
THE LIA BILI TIES INCURRE D BY THE PROJECTORS, 

I 
MANA GE R S , & S H A REHOLDER S OF RAILWAY 

And ot h e r J OI NT SToe" COMP"'~' IES C ON$IOERl> n ; and also the 
Jti~hts nn d Liabilit ies ",ising upon Tra",fenof Sh.re • . Written~xpreS!ly 

I 
for Non_l'ro fessinnal ,,<e . Dy Ol>ORGE J[E!\'RY L EW I S, of t he Middle 
Temple, F,.q . Third Edi ti on, in po~t 8vo., price ld. Cd. se wed. 

" 1'TojeCI<ll'S, a nd pro, is;onal and. ma naging oon. rnittee-me.n .,'ill find maUu of 
.13rllin~ interest in Mr. l.e.l'ls·, ~ns,ble hille lI"act. h coma,", also som~ CUrw"s 

I 
int imation of the " ,sJ>Ilm ibili tl' incurred by the sale of l.etters or AllGlmen t, ~ Dd Banker's 
receipts before I~e 'Sioe of .crip, 3"d of scr,p il .. 1f be"for~ the compon ): ,5 completely 
r~i'lered . It is, in , hol't, a ve ry useful ond limely publ,co.hOD. "_ E .• 'aI"m er. 

* '* 
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TAE JESUITS IN ENGLAN D. 
THE NOVITIATE: 

Or, A Y.eAlI "''''O!'G THI': £ SG LI 51.1 J UUITS: a. P~rsODIll Narrotive . 
With an £ .9ay On the Constitution., the Confef'iitmal MOl'1llity. and 
His\m-y or the Je811it~. Dy A:; OR!:;W Sl'l1110[I':TZ. In one vol. post 
S.D. price 10,. 601. bound in c lo t h. 

" This is ~ rernarbble book_a re.'ealcr of "':rels, and full of materials for thought. 
. • • It is "Tilleo wilh c'"er,), ~ppearance of striCI and honourahlc truthfulness. It 
descriiJes, ,,'!Ih a ,,'doome minutene .. , the doily, nightly, houl'ly OCtuf"'lio~s of Ihe 
JesuIt lIo,-,llates al SI<Hllhul'il, Ibeir religious e.CrC' i<)i aLld Dianne",. '" I",,-a,to and 
IOgC\ltcr i and depIcts, "',Ib ronside .. ble "cuteness and "",.CT, lite oonO,cls of a D 'DleHi _ 
gent, susceptible, honest_purposed spi ril, ... hile passing Ihrough such ~ prO~5$. If our 
readers .I,ould be disposed 10 pOsses, lbe",seh'es of Ih'i . ulume, ,I .. ill be Iheir own 
f~nll if the readmg of il he proGlle.s."_ B'iti'h Qua,url!l Redew. 

" This is as . ingular a boo~ of ils kind 35 has appeared si nce Ill,nC'<) While'. ' Lcuers 
of D<>blado,' ",illt Ihe ad\'amage of dealing .. ilh Ihe Jesuils in En£land instead of !'opery 
in Spain .•• , It will be found a ,'erI curioui ,,·ork."_Sputa!!!!. 

" I f il be dcsirable In ~no ... ~h81 is lhal. m?"c of Irainins. h} which Ibe, Je,suit 
S)'Slem !,repares il. no.,!ces for Ihelr dulies, lI"s IS Iho book 10 ~nform us, fo •• [ 's a 
chronicle of aelual e~fle .. e"ce. . . • 'I he "orl< of ~lr. Sleinlll~u IS Ih roughout marked 
by greal fairne •• , ... be neilher ooneeat. nor exaggcr,ales: 3 spiril <d"c.1DOOUr pen'ade. 
[he .. hole narral;"c ..... Co .. ld we ~n(l\\, the experience of OIher nO"ices, we should fi"" Ihal all ha>'e undergoDe, "ilb nl?'C 0'. less of iulensil)", Ih~ I'roct"ss 00 "i, idly desc.ibed 
in Ihis 'olume .•• , . h is ""lten m an eXl/clllcl)" anlmaled .Ilk' . The aUlhor's 
IhouShlS are or;~i nal. and Ihe pa<s.Jge," relating 10. his !'e. >onai ~islory and feelings are 
.'~reeably in l rod ~ced, and aM 10 11,e ,nte,est of I"s norrali'·~ . It is ~ ~fficienl proof of 
his aIXnrncy Ihal, loough Ihe JesUlls ba'e many prns in Ib,s counl<!, not OI1e ha. beeD 
hordy cnoush 10 impugn a ...,ntenoo of hi. sl~!.mcn1S."-Brir""ni" . 

"~I r. Sleinme" ... rites a mosl.ingul,. and inleresling 3ccounl of Ihe Jcsni( semi· 
Mrl', and his .... y of life Ihere . • . . li e see llls 10 be 3 l,erf""lly hone.l 3nd credible 
informer, nnd his lestimony may ""ne to enlioiMn maul' a l 'onug de'(lliunal aspir.nl 

..... ho is medil.linS 'submission ' 10 Itome, nnd 11,e cll.1in .,nd .",urge sySlelllS. Tbue is 
nnlbing in 11," lea,1 ,c...,mbling in,'ccI;"e in the ,·01"m •. "-.1/0.·";"8" Chronicle 

" Al a time "'hcn Jesuitism seems 10 lie ri.ing once IllO"', ony "·O,.k on Ihis subject 
OOl1leS "ery oppOrtunely. li u,,' Ihe nilcr beca,ne 3 meDlber uf Ihi. Illlslerious body 
gi.'es ~ ~er to Ihe charaCler of Ih~ man himself and Ihe spiril of bi. boo~. ',' • Tb,s 
Mrra""e ,s "ell 'Hillcn, and as mlcreSlmg a .... c e.pected."-JI"eeklg Chromcle. 

" An un ... rnished neeOH'" of llIe Jesuil" Cull ege al Slonl'lmfSI, ils disciplinc and 
rouline of oMc,,'ancc. and cu,ton,:I,--of ' h~w \\"e ha,'e Ihe ,uo", minule delails, and Ine 
"bole is ~ failLful piClur~ of a remarkable condilion of life. . •.• From Ihi. c ~rious 
boo~ l'oU m~y forp, SOme iMa of Ihe Jesuils ~nd Iheir course of prorccding.H_Lilaar!l 
Ga:elt~. 

" Tbi. i. 3 curio". "olurne, of no lilllC inler ... 1 "ftd eloque"e~, "rillen by ~ . cholar 
and a n enlhu5iaM."-Atla •. 

"There i~ inlernal .e.· id~nce IhM. Ibis is 3 genuine nMorMi,e, and a "ery sin~ubr 
one it i,; full of ,·ery tllfWUS nnd SlroklllS mntler ...• The' Essay Oil Ihe Con.\lilu:ion!, 
Conks,;on~l Moralill', and Ilistory of Ihe Jesuits,' "ill n"'I,I)' 'e' .. ~rd tbe lask of 
petu,al.··-Globe. 

"The "urk has all the ;ntcrest of a r<>m.nc~, and I·CI. ~'C do "01 belie,'e thaI aDY 
pOrtion of il is fiClilious . . . . The nlhor ,,'riles ... dl. and e.·.n"",s a filrollg8Dd discipli"~d 
mi"J. The piClu l" he d raw~ of Jesuitis,n ii a fcarfol onc. H,e rcader"ill find .bund.nl 
Illa tle. for gra"e oonsidcration in Ihis Illosl si ~gular and stril.ing ,olumc."--Jolm }Jull. 

"A more remark~ble \\"orl< it l,as seldom becn onr fortune 10 ~tusc. We hear and 
' ead mucb of Ihe Quielism and PaSli"e obedience incukaled amons,' tbe Je~uil body; 
buI hcrc ",'C become personal speclalors of Ihese prmc'pks ID aClion ... . Mr. Slein_ 
me!, ,'ppears 10 he a moSl remarkable Ch""~elcr. li e m~y be ,"""i,'ed as an unbiasse<! 
1I"il,nc... . • • We repeOl iI, Mr. Slei~mel"~ boo\< is mosl ,'.I"able; urneSl ,,"d lrulMul 
in >IS lone, "oJ ulremely inlereSlins ,n ils delail."-New Q .. ",'uly R""inv. 

" Tbe "olume presents a Irue an,1 .'nluable picture of Jesuil educalion in Ensl,nd, 
and on Ihal ~ro""d eH'y Prole.lanl " ill find the volume wOl'!by Qf a" aUenti"C 

._'~"~".='~'''--=H'=''=Uh=C=>=",=''=.""="~. _________________________ ~ 

The Complete Work of Charles Darwin Online 



.--------------------------------------~. 
SMXTH, ELDEJl AND CO., COR.NHrLL. 

FIRST SERIES OF TALES OF TIlE COLONIES, 
TALES 0 1" THE COLONIES; OR, THE ADVErlTURES 

OF AN EMIGRANT. 

By CII.\HLES ROWCROP'I', RMJ.., a hie Colonial Magistrate. The Fourth 
Edition . 10 foolscap g".,. , price 0.,. cloth.-Thl. work was ()rigill~1Jy 
published in 3 vol!. I'0.t 8vo. 1.1 II . Ill. Ud., ill which ~ize two large 
editions ha.ve !wen suld. 

" ' T~les or Ihe Coloni~s' is an able and imerestlng boo~. The aulhor has th e fi rst 
gr~JI rC(luisile in liotion- a kno"'lcdgc or tbe life be undcrl;)kcs 10 describe; "nd hi~ 
malter i. solid and reaJ,"-Specf(1/vr, 

"Tbis i. a baal:, as distinguished rrom one or the hun dIes or ."asle p"re' in throe 
d;"j,ions, cnll",s Ihemsehc.' OOIds.' '·-Alf.~n"'um. 

" The narraliou has a deep ami exci""g jnlere.!. 1\0 me." romance, no mere 
r,elion, Ioowe"tr ,;kilfutly imagined 0' IIO"'crfully e<e£uted, c;:on sur pass il. l 'hc ''''Irk 10 
wbicb it bears ll>e nureS( .imili'nde .• nohinson t,:,u :;o.e, and il ;$ .c~rccll", if 3t all 
infc.i~, 1(1 ,1101 cII,"oroinar)' IJlSlory:'-Jo/m Hut!. 

"Since Ibe lillIe of ROhinson Crusoe, 1,le,alure has !,roduc~d nOlhins like 1Ilese 
'Talc. of Ibe Colonies.' "_,lIetropolitan ,l/"g"'in~. 

" .... RomantiC Illeralure <.loes nOi su!'ply ;"Slances of .. oo<lerful cscope moro 
man-dlous. . •. Tile book;5 manifeSlly a millure of fael and IiClion, )'el il Si,'cs, ,,'e 
ha,'c every reason 10 belie,'e, _a II ue piclure of " SC~lIe'" life in Ihol· coun"~'; and i, 
Ihiekly i"l\'f'pcrscd "'i lh genume ail'\ useful mfurmOllo"." 

C~qmb~"'8 Edinburgh Journal. 
"The conlenls of Ihe Hrsl ,'olume ~urf'ass ill '''lcreSI ma"y of lI,e nu,e:s of Sir 

WallcrScoIl."-II "$/",i"$I.r ll~.·i.w . 
" An e.cetdioQ!Y li.ely and interesling narralire, "hic~ a,tTord5 a !",~re stri~ing ,ie ... 

of the loahllSof "migrant coloma! I1fe Ihan allll,cre!)~lar Ireal"c., StallSllC.1 re lurns, an,1 
even e'plora!o'y lOUr> "hicb lie ba"" read .•. _ Ii ,",),n~i\\cs, lh." lid"Jity of truth " ,th 
Ihe spirit of a romance, ~nd has allogelher so mud, of 11" Foe In ns cha.acler all,j COm 
posilion, Ihat "hilsl we ' ,un we !~arn, ~nd, led alon~ by Ihe ya.ielyof lhe incidenl', 
hccome real ideal scu!er, '" \'3n Vlerue/l's LJnd."-L,lerary G,,:~It,_ 

SECOND SERIES OF l'ALE~ OF TIlE COLONIES, 
THE BVSI-IRANGER OP VAN DIEMEN'S LAND. 

By C. ROWCROP't, Esq., Author of" Ta!c, of the Colonies." [n 3 "01$. 
poet 8>0. pri~c 11. 118. ()d. 

"The~ volumes h,,'·e the .. Ole ,!u(llilies Ihat sained so ",,,ch p"pubritr for Ibe 
Author-, previous .. -ork '·ral . ~ of II,e t,:olonics.' "·0 one 11a. dep,eted rolonial Me, a. 
man, fc~led in Ihe StU!cnlCnlS of ,\u,I,,"'" ,,;,1, !IO much "i.'OII' and Iruil, as .lIr Ilowcrofl. 
li e ralhcr5eCmSIO be a narralorof"c""locCUfl'CUCe,lhanan'nl'enl oro(,,"aginarlOlI"'. 
iii, charaClers, his malln~rs, 3n,1 hi. ~""es, a'" aU l'eal. lie has becn COml~ned 10 lie 
Foc, and U,eCQn'l"'n..-." '~J""""-lJrlla,,,,," 

"'rbese ,oiumtl form a seco"d series of 'Tal~s of Ibe Colonies,· and -'be pages 
arc mar~ed by Ibe ..,me .i),'OfoUS and sraf'IIIC pen "'IHeh procure'! suell c~lebTlly for Ihe 
forsl se..... The interest, senera lly "'ell suSI",n~-d lhro"~houl, i. oe<:a,.onally of 11," m?st 
abso,'blll!) and Iltri!li"l; ~in". Aliogelh«, Ibere 's a fre'!lll~i>S aoo.ut II,e.e ,oiumes ... 'IHeh 
brings th em oul in Siron., contraSl 10 Ih e ,'apid prooucllon. wltb "hlCh Ibe pr~ss i. 
teeming."-6"lobe_ 

.. 'I' he Siory oonillins all _Iho meril. of Ibe ' Tales uf .Ihe Colonie.' os regards 5lyle; 
being simple al\d Crwoile, ,r .. ·e mlSM u~e Ih e , lerm, ,0 II. na~ral,,'e. Mr. Ro .... croft 
posse.""s in ... en!ion 10 an eXlraoromnry degree, III lI,e mad"Cr In "'h'~ll _he IIlanage. 
II,e escapes of Ihe ilmhranger,-and Ite l'<OduC\~, b)' Ihe .implcst mCldenls, _ most 
inlereOlitlg sCeneS ;-piclures of natu re and of a soclely lotally dttTerenl fron' a")'iI"n~ 10 
be [ouAd elsewhere.'·-Wukfy Cltro"ick 

FANNY THE LITTLE MILLINER; OR , THE RICH AND 
T H E POOR. 

B y CUARLES ROWCROFT, E..q. I n nne yo!. Svo., hanusomdy bound in 
duth gilt, with Plates, price l-ts.-The twel,.e parts may bc load 

.. ___ ---''':c'p:::"':::att'''''C,'' c:"·"lce,-'::"c:':::;"'",",,,,,:::w,,"CC· --------------------n 

The Compl ete Work of Charl es Darw in Online 



$ ----- ---- -" 
6 WOR.KS PVB~l:SHED :BY 

MR. JAMES'S RECENT NOVELS. 
THE S T E!"-MOTHER. 

By G. 1'. R. JA"'ES, Esq. In 3 "01., pO!>t 8"0., price 11. lit. Od.-Jult 
publiAhed. 

IAllel!ll'ub/ishcd by/lie lame Alllllol', 

A RRAH N EIL; OR, TIMES OF OLD. 1'hrrc ,·cis. post 
81'0., rrice II. 1 h. Gd. 

T H E S M UGG LER, 8 NOI'c!. Three \'011 ., price II. lh. Gd. 

NEW & ILLUSTRATED EDITION OF Mn. JAMES'S WORKS. 
T HE W OR K S O F G. P . R . J A MES, ESQ. 

Now publishing in Q"arterly Volumes, medium 8n •. doth, with engravett 
Frontispieces, meh "clume contain ing a complete no,-el, price &0. 

This hand,ome eeries of lIIr. Jam{','! Works has been carefully revised 
by the Author; and i." got up in that su~rior style, and agr~able size 
of typ~, which rende,.. it tit for Hery age and ev~ry library." 

Contenta:-Vol. I. TUE GIPSY. I Vol. 5 . P HIl,II' AUOUSTUS. 
_ 2 . MARY OF nUR'H1 NDY . - 6. HENHY 01' G llI .,E, 
_ 3. TilE HIlOUENOTS. - 7. MORI.EY ERN$TEIN, 
_ 4. OSI> IN A TUOU8AND. _ 8. Till': ROBBER. 

Vol. 0, containing D,\RNI.E\· ; or, Till! Flln.D OF CLOTII OF GOLD, 
on the lst of July. 

Yo,1. 10, containing COR.~E DE LEOS, on the 1st of October, 

"~I cssrs, Smilb, Elder and Co., of Cornbill, hal''' iust published Ihe firsl ,'olume Gf a 
N~w Edilion of the Worb of Ihis gentleman, "hicb bas the ad,..nlage of the la tesl re o 
,'isions and corrections of the aUlhor, Tbe .... itin~ of James are SO " 'ell kno,,'n \0 the 
rcaders of fiClion, 11,", it is unnccess:ory 10 calilhe" anemion 10 them, or 10 SII}' an)' lhin~ 
"hich pre"ious crilicism may ha"e left '~nsaid. The presenl edition is well got up, the 
In>e is clear, ShMP, and 1"8ible, and Ihe SOle Oflhe \'Dlu"'e co~,·e.niemfor Ihe ",ader, ~nd 
appropriale for the sheh'e5 of a bookca.e. The book, as ,I '''' " ,II form a pleas ,ng 
add ition 10 Ihe collections of readers of modern Illeralure, of Ihe class to ,,'h,eh it 
~lo"!l","-T;mcs. 

" We are glad to see our prognOSlication re!'~clins tbe New EdiHon of ~I.', James's 
W~rk., more Ihan fuWlled by Ihe .opid absorpllon of a 'ery lorge first ed,lIon, and a 
!'econd in Ihe course of sp~dr disaPl"'arance. Tbis is as il should tH>, " 'itb a ,,'riler 
" hose "raisemblance is ah'ays S<ll"'rfect; and e,'tn " hal he in"cnlS $(I like Irutb, Ibal 
~~ can ne"~r f.ncy .,e nre readinK fi ction: nur, indeed, ate w~,in Ihe historical porlionsof 
his publicalions,_and Ihese form Ihe f"r great .. d;"i$ion,_ ,,'hkb ,.e 311 drn",n from dili. 
gent r"""arch, dcep study, and el.]}orate C<}mparison:'-/,i/emry C«:dU 

"~lr.JamtSiS ~ pllre and pleasing "riler, :md ~e are glad lo"ee tbal hi5 Works are now 
to be thm ... " inlo a handy, bandsome, ,,,d access ibl e sh.pe,"- Scof",,,,,, . 

" This is a most admira~le edilion oflbe Works of Ihi. popular aulhor, convenien t in 
si.'e, and bandsome in apl"'arancc, fl, moreo,'er, possesses, Ihe ad "ama~ of being re_ 
VISed 311d corrected by Ihe 3l1II,or,_ no. smaU rcC<}mmcndahons, since, Ihe generahlyof 
~I r. James's :-" orh ~ing C<}nnecled ,,',Ih 1>'510')", a ca reful I"'rosal of his pl'Oduclion. 
~ncreas •• Ihe,. valli', and renders Ihem a source of amusement, through tbe medium of 
IHSltllChon,"-AtI", . 

" We are s!ad \0 I"'rCei.elh~1 Such volum es are bIling publisbedal a pricc,,'hicb wiU 
pl3ce Ihem ",ilh ,n Ibe reach oflhe middl e ci:osses, a nd \\'e shall find, as Ihcrcsllitof tbis 
mo.emenl, IhM tradesmen and oll,ers .. ill f" rn i~h Ih~i r book,sbel"IIS .. ilh good and. select 
,,'orks! inSlead o~ subscrihing to ci",ulming lobra".s. We l e~rn it is the publIShers' 
i~lent,on to COnionue Ihe "olumes umil ail the aUlbor's works are rcpubhshed in Ibis 

.~,,~,,~,.'~,-~p2~=m='"="=H~"=.,=, ____________________________ .* 
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SMJ:TH. ELDER. aND co., CORNH:n.L. 

LEIGH HUNT'S SELECTIONS OF POETRY. 
IMAGINATI ON AND FANCY; 

Or, SE1.l!.CTl0I1~ from the E.'<GLlSII POETS, illustrative of thnse First 
R«Juisites uf their Art, with Markings of the best I'as.'lages, Critical 
Notke. Oflh" Writers, and an EMay in An.wer IQ the Question," Wl!AT 
IS POETRY?" By LEW" HUNT. Third Edition. In pn'tSvo. price 
l Or. Od. haud30mely bound in n nelY kina of doth, gilt; OJ' 0,. boards. 

" This "olurne is handsomely printed, and heautifully iJ<>und in a new sllte or e." 
q~isite ,Ielieacy and riChness. In eXI,ernal beauly ' Imagination and Fancy' equals any 
gIft-boob thaI h.,'c ap~ared; and ,I "'ill form a more enduring memorIal than aoy 
olher "olume that migbl he selected as" Sin [or Ihe C<)ming SC3son."-Spect"lor, 

" This i~ a Chrislmos Gin, worlh boll' ~ dO't~1 of Ih. Annual. pUL 10G.,ber, and aL 
balf Iht eoSI of one of Ihen>. We h .. ·t of len '''shtd for suth • boo~, ~n<l in Our aspi_ 
r~lion, Ihe "31M of Leigh lI unt has tlcr p ........ OIed ilself as lhal of Ihe man above all 
olhers qualified 10 dojnSlice 10 so chHmir;G a subjecl."- .Morning C~ronicle. 

" Tht "olume is, "'e Imsl, Ihe precursor of m3ny more, , .. hid. "'111 complele and do 
juslice 10 Ihe pia". The series SO tomplelcd ,,'ould he 11,e best' clcgam c~lraCI'· in Ihe 
Iangu.ge."_Eraminlr. 

" This is a charming ,'olun>", bolh eJ:ternal1y and interMlly il is m(l';t altracti'·e."
Atlal. 

" II is a book Ilw everyone who has a taste ,,"u81 1,3vo, ~nd e,ery one ,,'100 has not 
.houid h~ye in order to ,cqui,.., one."_JarDId·~ ,I/agaoinc. 

"Th,s boo~ is taslefully got "I), and "e ~hould lh'nk beller of Ibe house "here ,,'e 
S/lWa lI'ell re~d copy?f it Iling ab~ut."_.Ta;l's IIIagao;",. 

"These l11ustrahonsof ' i lMguWion a"d "anc~' Me distinguished hy grral critic..! 
sagacily,anda remark.bleappr.ci.tiolloflllosequalitie .... _lIcTlI/d. 

" This elegant ,'olume conlains lhe most txquisj[e I,as"g" of lhe bes.t English 
Poets, selected and commented upon b)' LeiSh II UOl, "nd for thIS task there IS, In Our 
opinion, no author li>ing SO well qualir.ed."_J"dia" Nr~'s. 
- •• Tbo Second Volume of tbis series, " 'WIT A ND HUMOUR," is 

in the press, uuiform with" Imaginat ion mHt Fancy." 

iilRs. ELL1S'S ~IORAL FICTIONS. 
PICTUR ES Of' PRIV ATE LIFE . 

By MRS. ELLIS, Autllor of the "Women of England," &c. !a . ~ • 
.ll..ch Volume i . compl~tc in it.elf, alo[\ lllay be purchaS<'d ""parately. 
In 3 vol8. fcap. 8'0. beautifully illnstrat,'I1, price 78. M. each, in a 
handsome and uniform cloth binding, "r Ill.!. 6d. morOCCo. COlltentB:-

Vol. I. "OB8ERV"T10!<S ox l'rCTITIO US =""RRATI\'E," "TilE IIALL 
A"D TilE COTTAGE," "ELJ,.E;>< EU:'D"LE," "Till> CUlLAn;;'" 
WIDOI'.," and "~lARIlIAGE ,",,, IT ;\lAY BE:' 

Yolo II. "~hSANTIJRO"Y," and "TUE I'AINS OF PLEAS .",,,." 

Vol. Ill. "PRETENSIO"; or, the FALLACIES OF F-EMALE EDUCAno:!<." 
" I could give abuDdant .,·idencc, gratUitously oO'ered 10 lbe ..... iter, Ibat. these 

simple stories "'ere not sent forth 10 lhe ~orld ~'ithoUI some degree of adap(a(lon 10 
ilS w~nlS and it< condilion."_AuI4QT·' I "lroducf,on. 

WAR WITH THE SIKHS. 
THE PUNJ A UB: 

Rein g a brief aceuu"t of tile Country of the Sikhs, ita Extent, Hi~tory, 
Conllllcrcr, pru<1uCl ions, Go"~r",nellt, Uanufactu,..,s, Laws, Religion, &c. 
By LII>UT ,COL. STI>.l>1BACII, late ot tile Lahore Sen·ice. A new 
ftlition, revi.ed, wilh addilions, il~cludillg an aee.ollnt oflhe r~cent ">entil 
in tbe l'unjHuO. I n post 1'-"0. I'Tlce &.I. cloLh, WIth Map. The Map may 
be had separatdy, I'ric<li8 . culullrftl, .. ",lis. (;d. in case. 

" There i. much informalion ill Ihis "ollln>e, condensed inlO brief space, about a 
people to .. hom la iC occurrence. ha"c ~i'en a common inlcrc~I."_Era",in". 
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THE HAND-BOOK Of' USEFUL AND OaNAMENTAL 

AMUSEMEBrTS AND ACCOMPLISHMENTS : 

Including Artificial nower-i\lakiQg, Engra,-jng, Etching, P ainting i,n nil 
iI' 'lyle., Jl-lodellins, Carvin):" in Woo.od , h ory, and Shell; ,l';() hnc)" 
Work of e"NY OeiiCl'iption. By B LADY. 10 one vol. post Sf 0., Ioall(\ 
so mely IwUIlI.L in c1uth gilt, witll Pla te" pri ce 10, . IW. 

",\ I'reltiCf and mOre useful vre~nl CQuid IClrcely be 5<'Lei:ted for 3D ingeniou, 
)-<)u~glad)'."_.1'1I~8. 

" Any lAdy d~.if'OO!l of r.Uing up her lei",", hou ... by follo,,'log Ihe O«upMioM 
dCICT;bed "Ill be 3ble 10 dOl so wilbOut (be lid of any Olher inol ru ctioo." 

Wuj/~ Clt .... ",clt. 

THE DUTIES Of' ,JUDGE A DVOCATES, 

Complled from HI:R i\!AI E$Ty'lI and the Ho:<. E.u::r I KUIA COJl
"AlIy'8 IoIILITAIIT R IlGI1J.ATlO)JIS, Ind from the Woru of urio", 
Wrilers on Military La.. . Dy C~"lai" R. AI. ll UGUES, 121h Regi m ..... t 
Bombay Army j Deputy Judll~A'h"(lo;1lte G~nera]. SCinde Field Force. 
]" 0"" ,·0J. IIOU Svo., price 7,. cloth, 

" C~pla in Il ugbes's l iul~ ,·o lom .. on Ibis imporl~nt subject .,;U , .. til su ppl)' Ih e 
8bie"cc 01 Ihat lull and parlicul.r ",formation 1Ih,ell ollice" su ddeoly appoiote·1! to act 8! 
'neVUI)' Ju ol~e Ad"oc~t es' mUSI b~,c lelt Ihe 1I Jnl of, ercn Ibough tolerably 1I'ell Hnc,1 
in milIl3r1Ia ..... "-.SI'. ctaloT. 

"A p.ofcssioMI "ode-mecum, . et..ling 10 mOil import."l duli(o~ and execuled in Ibe 
ablest ",~""cr. We con~der lb,o, lhe on\) CUlUl,lcle """" •• Ie Ir.~"se on Ihe 'Ub,Jn'l, 10 
be ont ofgrul \3loe, ."d <leif"ing Ihe _,oily ot ".t. y Urolosh oIIictr."_£.'I. C. ~;ell •• 

" Thi~ lo()Ol< i" dig .. 1 all 1Itll as a (On' I,,13l1on, and rna)' hf: empbalic.lI)' c.illtd 
• The Il .nd-Uooli of M,luar) JUSlict: "-Att",. . 

" We .«:oommeod Ibe 11'01"1< 10 e.·t.)' Uri lilob ollicrr."_A,....,. "Rd ,\'a.y Jrr,;i,ttr. 

THE NOTE-BOOK OP A NATtJRALIST. 

lIy E. 1'. Tuo,,,·sOli. P""t SI""'., priec1)#. cloth . 

" ~I'c aUlhor of Ibis mo<leslly-sl)'lcd ' Nolc- Dook ' nOI onl)' posseSsei and conlmuni. 
cal~' 5("~nutlc",'dhg~"cc, bUI be j,.slr.Hlle" r~r and nea., and from \ery ",fa"c) beeu 
dc'olcd 10 "~I"r~J t".,W)·. . ••. " c r~l~ ~ " Ib e quolaI,ons 10 SUpporl our 0V""Ol> of 
Ibe \Cry ~Stcc~b lc and various char. c.er 01 It" , .olume." - L,t",. .. "Y G .. ~,tI,. 

" In "11 Ih.1 relales 10 original ob ... r' ~ 1ion 1be '1'iOic-Dool< of a Nalu""~I';S 
agrcr~LIc, 'nl",csljn~, and Ir~h. _.. 1 he more orogin,] nnd numcrout; ""~ ""'1 
•• e 111110 Ibe o],sen.llons of J eloSc. h ' r~cl., 1b,re IS a coo.,de •• LIe ' "",,IIlL"'''ce 1M1111ecu 
lhe 1110 " ,,\bon_ Aorcdo!e i. subsl am",U)lht d'JtlloClCr or lbe 1><'\1" parl."_S/·((t"to,.. 

P INANCE AND COLONIES. 

ny PUIILtU.s. I n roya.] Svo., price 4, . 6<1. clulh. 

PRVIN GS or A POSTMAN. 
I II one "01. poat 8vo_, price 7,. VII. 
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SMITH, ZLDEJl AND CO., COR.:NH:tt.L. 

THE L I GHT 0 1" MENTAL S C IENCE; 
Being' Bn ESSAY on M ORAL TIlAIlHl<G. By ]If",. LOUDON A"tl,o~ss 
of" Pi,.t Love," " Dilemma. of Pride," &c. &e. In one vol.'fcap. 8"0., 
price 36. cloth. 

" One of (be moat philo$ophieaL books we hJve secn for a long lime,"-Ob.""rr. 

SCENES IN THE LIFE OF A SOLDIER OJ' FORTUNE, 
Dy It l'tIEldBER OF TUE I:\IPIlRtAL GU.l.IIDS. In 12mo" price 58 • 

• " This lal~ has a .lunge pers",..,( hislOry. 1\ PUTjl(>.IS to b~ the a<JIohlogrJpb)' of 
~n ~ tal!an soldIer, who fought under lbe banne rs orlLe ".enth Republic; and "too, lolt< 
'n Me, " 'hen becofOe ~ teJehe., toLd hIS itory t ... an EnSlish tr~\"elleT, bii pupil, who bas 
here set it do,m."_Tait's ~["!Ja.:;ne. 

COMMENTARY ON THE HINDU :SVSTEM OF 
MEDICllIfE. 

By T. A. WISE, M.D., i\I~mber of the Royal C"llege of SU'1I'600', ami 
of the R"yal ~led;e.1 ~nd Chirurgical Socie'y, CO're>!pondinl'l Member of 
the Zoologieal Society of Lo"don, "nd of the Philumathic Society of 
Pari$; Bengal Medicnl Service. ' n one ~ol. Svo., priC<' 123. cloth. 

A NEW SPIRIT 01' THE AGE. 
Containing C ri tical Essays., a"d lliogmphiCRI Sketches of Literary and 
other Eminent Characten of tbe Pre...,n! Time. Edite,l by H. H. 
}JOl\N~, Esq., Author of" Orion," "Gr~ory the S~v~nlh," &c • • &0. 
Tlo~se volumt'8 are ;Uu. trated with Engm"ing' on .tet:l, from n~w and 
original l'ortraiu of DICKJ!N~, TEI<NY~Ol<, C.UtLYLE, W'ORI>SWORTII, 
T .... LH.UttD, BUOW1>lNG, SOUTIIWOOD SMITH, and Mis. MAR'flNE .... U. 
Second Edition, Revised by the Editor, with" Introductory Commenu." 
In 2 "ols. pMt 8vo., price 24-1'. clOlh. 

" In tbe biogr~phical sketcbes, Ihe Edit .... has c;orefullyexcluded 311 disagreeable 
persona lities and aU un\\arranlable anrcdoles. The criticism. are cnLi.ely upon ab.lraCI 
grounds. lie may be OneD wrong, b", i[ i, with a dur ~on'ci.nee ... _Edilo.T'S Pr~jact. 

"We have lwo ,·olumes of clever and .ubltle d,sserlal,on on the merots of a"nost 
e>"ery \i"ing ,..ritte of any p1"eten.ion, ,,'nllen !" a "ery animated and plusanl Sl!le . l 'be 
author ,,·,ll Ul least g.III tbe pr3t5e of '·ers.[,lny or laleDl, and ef a quick alld generous 
appreciation of con,emporary mer.iL, ""."ell"~ ("bal his pub~.her wi ll think quite • • 
mueb to Ibe pu r~e) hale lbe sali,faClonn of h."ing prodnud" book thai l>eople .,·,tl be 
inclined, as lhe phra"" is,' 10 run aher: " - illornin!{ lieraki, Maret, 2.'>, 1844. 

"As .,·e ha,·" So)id bdore, Mr. lIo.ne'. ~rlmirJlion~ ~ppea r to uS 10 be well placed 
Jnd b" SIIDI~lb,es gene{ous aDd noble."_ilI~""ng Chro"IC(~. 

OUR ACTRESSES; 

~;' ~~~~~~~~O~~VISL~~~,EAu~t~?~~I~,~~: i::cll~f ~~~ ~:eBh~:;~:r 
S(. Albans," "Memoi .. of Monk Lewi;," &c. &e. In 2 ~ols. puIIt 8vo., 
il1us!rat~d with numerous Engravings on Sled, from new and original 
Portrai tii, price 248. cloth. 

"Handsome "olumes, adorned ~';lh several portraits, and tbe biograpbies are tuU of 
amu,in~ anecdo{e •. " - AIl"". 

"So a({r .• ctile ere the stage and its d':'ni~eos tb~t considerable 'amusement ... ill be 

.. ':"::''':::''::'''::'':::'"::.'::."':..:"'':::':::'":::':::' '::'":::'':::':::''::'':::'.'_'-:::L:::"_"_'''::..-G,_''_U_'' ___________ .. 
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10 W"O&B.S PU'B~:rsDED BY 

CHRISTMAS FESTIVITIES: TALES, SKETCHES, AND 
CHARACTERS. 

With DE,l.UTI ES OP Till:'. MODERN DRAMA, in Four SpecimNIB. By 
JOliN P oou:, E"'I., Author of 0' Palll Pl'Y," &0. &0 . In one ,·0J. 
POgt 8vo. price lOs. Gd. dOlh, with a Portrait of the Author. 

"A capital book ror the se.son."_Rrilan"ia. 

CROSBY PLACE, 
D~s<:rib<d in a LECTURE on its ANTIQUIT I ES and RElIfIN I 8CENCES, 
delh'erw in the Great Hall, on the E"en;ng ()f friday, August ,',th, 18'2. 
By ti,e Rev. CH"RLES MACJO:E!1ZIE, A.M., Vicar of St. Helen's, 
m.hopsgatc, and Head Mutcr of Q"et<1I E lizab(,th's Grammar School, 
St. Olave'., Southwark. l'rice 2,. (;d. bound in doth. 

THE HOME BOOK ; OR, YOUNG HOUSEKEEPER'S 
ASSISTANT. 

l'nrming a Complete System of DOllESTIC ECONOMY, and Household 
Aero"nt.. With Estimates of Expenditure, &c. &c., in e,-ery Dfpart
mentof Ho usekeeping. Fouud&l on Forty - fi~e yrars ])el'9Onai experience. 
Dy a LADY. l '2mo., prife 56. boards. 

THE HOME ACCOUNT-BOOK ; OR, HOUSEKEEP ER'S 
REGISTER 01' FAMILY EXPENSES. 

Arranged upon Ihe improved .y.tem recommonded in " T he Horne 
n ook;" ami cxhiL>ili"g the Weekly, Monthly, Quur~rly, 311d Annunl 
E.~penditure for every article of D O)mestie consumption. For the u,e of 
either large or .mall Families. By the AUTUOR of "Tul:: HOME 
DOOK." Post 4to., half bound, price 48. 6d. 

" Tbese 1"'0 u-eful lillie "olumes lor m Ibe most complete system 01 Domeslic 
Management lor the guidance of Ibe )'ou"~ Ilousrkeeper tbat bas CHr appeared. Of 
the Horne !look we cannot speak 100 bi~hly."_G~ntl~man'. lIlaga=in~. 

" Incomparabl)' Ihe b-est arranged "-ork 01 its cla .. Ibat "'e bl'-e ~en."-I. " Bffle 
A ... mbll~. 

THE WINE_MERCHANT'S MANUAL. 
A TnEATlsE on the FINING, PREPAIlATJON of FINING. and G ENEIlAL 
lIJANAGEME~'T of WINES, b-eing the ~_ult of Forty years' Praftical 
Experience in the t~alment of the dltfh~nt wines consumed in thi~ 
country. By T. S:>'U:ED. Foulscap 8"0., price 4! . clolh. 

Ihe a';t:n~~o~e~f I~~"~~n~~:r~t~~~t~nad :.~er~~~t:;~a:;'!r:~~~~;:'1 man; "-eLL worth 

A COMPREHENSIVE HISTORY 01' T HE WOOLLEN 
TRADE, 

From the earlie$t Records 10 the present Period, ~omprisillg the Woollen 
and Wors~ed Mnnuf~ctllres, ali<I the Natural and Commelcial History of 
Sheep, . WIth tbc '-UTIOUS Breeds and Modra of 1tIHna~cmcut in different 

~I~:~::::~ .. ~i; tl~~~Spr~~S~;~O:.P~lu~~' III twu large volume., 81'0., 

_A;~!~~~:,hOrT'S work "'ill be found valu~hle to all pcrS(ln5 intcreSIC<\ in the suhject," 

"Mr. l! ischorT bas in Ihesc ~olume~ oollecle<i a vast ma5S of curious and .aluable 
information, acccplable 10 teadet~ of ' -aried tastes, e.e" Ihough quill' unC(IIl"ecied "itb 
~.nufact",:",' ~nd Irade. We recommend ~wery reader 10 peru ... alienO, ely this merito
flOU5 com~.t""on._We finally reco~mrnd IheJ;(! ,·olumc. of &1 •• Bischon", 10 Ihe cardul * eou.iderallon 01 alllhose ",tere.ted In Ihe sulljerts of "'hieh Ibey treat."_1'i,,,~s. 

The Complete Work of Charles Darw in Online 

.. 



S MJ:TH , ELDER. A~D C O. , COR.NH J:LL. 11 

A COMPREHENSIVE HISTORY' OF THE IRON TRADE 
THROUGHOUT THE WORLD, from the earliest Records to the 
pl"t'<>ent Time. With all Appendix, containing Officlal Table~, and other 
JIlthlic Document.. By H.\.III1Y SCII IYI:I'IOI!., Elq., llla.enayon. In 
One '·01. demy S,·o., price lw. cloth.1 

'.' ~lr. Scrivenor's lI i.lory. is ,nilltn ",· ilb "Iaborale research and 'n'iou~ care, 'II<I 
goes tn lO ,nd e.hausts the emITe suh)".C!; il conlains numerous faels full of mlereSI 10 
COmmon reader!i."-T";(s ,lJ(Jg,,~;,, e. . 

T H E BRITISH MERCHANT'S ASSISTANT. 
CorHai"illg :-Part 1. TubJfs of Simple I llIerest at 3, 3}, 4, 41, and 
,'j per cent.-Part II. Tables showi,,~ the 1nlcre"t on Exch~quer Bills 
at qd., l ! d . , 2d., 2id., 2td. , 3d., 3fll., anti 3~d . !,er ccnt. pcr diem.
Part Il l. Tables for Asc~rtailli"g the Value of ever)" description of 
E,,~]j"h Mal Foreig n Siock. Alw the Amount of Brokera.:e, Cummission, 
F reight, Marine, and other Insura"ce, at every ralc per ce·"t., &c. &c. &c. 
By O. GREEN. UO)"HISvo., price 1/. l Is. Gil. cloth. ";ach of the above 
Thr~ Parts i, ""Id separalely. 

ASSURANCES UPON LIVES, 
A Famil iar Explanation of the N.I."fOnE, .A 0\·.\.1IT,,01'.$, and IMPOR"f
.l.NeE arising therefrom, and Ihe vario"s Purposes to which they may be 
u!efull .,· applied: including a1su a particnl ... Account of the rouline 
r~qllircd for E lfecting 0 Policy; and of tho! diiferc"t systems of Life 
As8ursoce nOIV in usc, the I'rindp\es, 'rerm!, amI Tables of Seyenly 
London A.surance Offices, &e. Ily LEWIS P OCOCK, }'.B • .A . I n j)().! t 
S.o., price 7s. cloth. 

" There .re no technicalities in ~I r. Pocock's .. ork 10 rte,·e~ t ils h"ing u,eful to aU; 
and th{)j;e, thcrefore, ~ ho are li~elI 10 ha'·1,! r"cour~ 10 Life In,u , .nce ",·m do .. i~l)" in 
consulting Ihi' f.",iliar c~rlallaljon of ir, n,(ure and .d,·.olag<'s."-Glohe. 

AN INQUIRY INTO THE CAUSES AND MODES or THE 
WEALTH OF INDIVIDUALS; 

~;' T~:~~1:JC~~~~~~SE:~ TI~:s~ :,.:.~;I.l~:&.Uc~~t~I.01l EXPL.HNBD. 
" ~r r. COrJ~1 d"~T\ei; our be,\ Jh"oks for byiog do"'·n .... cle. rly MId methodically his 

ideas On a suhject of sucb va,t impotlance ."-~"ew .~I_Ih.t!l1l1oga=in •. 

OUTLINES Ot' NAVAL ROUTINE; 
Being a Concise and Complete Manual in Filtin;, Jq.fitting, Quarlering, 
Stationi"g, Making Hod Shortening Sail, Hea . ing down .. Ril'(ging SheaN, 
and, in short, l"'rforming all t he otdiuary duli~s 0 1 a Man-of_\\'H, 
aecor di,,~ to the bes~ prHclice. lJy Lieu remlDt ALEX.l.NDER D. 
F OIIDYC I' , R. N . I n royal 8vo., price 10,. 6J. boards. 

ESSAY ON THE LIFE AND INSTITUTIONS OF Ot'FA, 
KING OF MERCIA, 

.A . D. 700-794. By the Rev. H BNRY M.\.C1l:BNZIE, M.A. In Svo., 
price 33. &I. in cloth, gilt Jeues. 

"A ~I,!ry scholarl)" composilion, displ3j'ing mucb research and informatioD re$pt:cliog 
the Anglo_Suon iosh(utio"s."-Sp~cl<llar. 
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THE OBLIGATIONS OF LITERATURE '1'0 THE MOTHERS 
OF EN'GLA.D. 

Pllr:u.: :E!SAT, 18-10. By C"1I0LlII'!! J.. II .1 LSTEn. In one vol. 
PO!! 8vo., prlre~. neatly bound in doth. 

"Ti,e object of the , ... iltr has been 10> sho .. the S<'n'ictl rendered by tbe mOlhtn 01 
Engl~nd 10 rtli~O<I 3,nd lbe Slale,and loscienei! Irulle8",ing ~tral!y; mO,d the euml'lrs 
adduced di!l'l~r co""derable know]cdll" and rese~rcl" end are 3hI'3)'$ IloPl"ly SI'~eled 811d 
vl~ced in tbe mOSI aUracli"e lX'inl of "ic"."_JJr;/a,,~i" . 

THE L IFE OJ' MAaGARET BEAUl'ORT .. 
COtllOTJ>S8 Ot' Rr ClllIOl<D Aliii'D DHIl8V, and Mother of King lI~nry 
rhe Se,~oth, P.,.,,,d~s of ChI'i.I'. and of St. J"lm'. College, Oxford; 
Ddoll' the Hi~lorieal :\Innoir for whIch the lIonor.>.ry Premium was 
... ·.rtled by the D'I'CCIOB 01 the Gnosha01 Cn.omemorotioo, Cnl<lby lIall. 
D,. 1;"IIOloll<l1 A. H .. LIITED, AlltI,o. uf" l o"<!lIligalioD," ke. t u oue 
Tul. dewy 8TO., .nth a Portrail, price 126. 

"Tb;" work unnO! fJil of sou~ The IOhj«1 i, d~eplJ inlct'e!lin(;, and h.s n«n 
Ulberto ,1",* une~plore<l. Tb~ SI)I" i~ eba>le a"d l:OI'T«l, and il !>as bigh claIm, to 
I opularil) ." d~ and permanent. On m30)' IOplCS 111<1 authoress has accumulated some 
\aluabl~ l,i"or'c~1 details from source~ . 'bkb bu.'e not hlll,erio ~n consulted, and lid' 
lbu. «)Dlpiled a .'ork .... bicb, if not "ntilled to rank among'" Ihe 'curi.-ili.s of lit .... lure; 
;s al lusl one of Ibe mO'lI inlereSling and in,lruelnc hoo~$ of Ibe suson:·_Alloi. 

THE LAST or TH~ PLANTAGENETB'i 
An lIi .torieal Narrali\'~, illuuraling IoOm8 ur th~ Public Event , an,1 
Domet.tic and Eccle,.ia5tieal Mannt r. of the Fifteenth Dnd SiIU. e!llh 
Ccntll.in. Third Edition. I" o"~ . oJ. rcap. 8"0., price 7, .6d. cloth 
boanb. 

"1'h,' II D .. ork Ibal mm! make ils .. 8yinto a ~'Mlcnl pla«: in oarlileratll~. Tbe 
quaiAlnul of I" ~nl:"""" tbe loucbing slmpl..:,lyof i.5 descnj>1ion. and d;al~ ~nd 
the re,~.rntial 'pinl of lo~e .. bieb brt31hu Ib"""~,, ii, ... 11 iMII", il a ... tirome .etept'oo 
'D'OPgsl aU readers of relined laile and d,scetnn,enl."-. J/(ol. 

,INGLO-SAXON L1TER,ITURE. 
ANALECTA ANGLO·SAX.ON!CA. 

A SIl~"GTION, in p"O$Y. an" Vt;HSIl from /lI<O~o - S"'XOl< A UTUORS 
of .uri ... u. A:o;"" ; with a Ot.OOi~ .. RV. By lIENJ .. "'.I< T IIORPR, F.S.A. 
,\ New Edit,on, corr"ctcd and ,·e".cd. Po;t tho., I),ice l~. clOlh. 

THE ANGLO-SAXON VERS !ON OF THE STORY OF 
APPOLLOl'UV8 or TYKE, 

Upon .. hieh i. r,,"n,kd lhe I'lay or" PI:RICLES," allributcd 10 
ShMbp"are; frum a MS. in the Llb .. "Y u( Chri~t Church lolJe'"c , 
CMlllbridge. Wub a Lihera l TflI"~hltion, &c. Hy DJ!.sJA"'~1< 
TIIOIU'E, F.S.A. Pun 8.0., I'Ti~ w. 

A :GKAMMAR or THE ANGLO-S AXON TONGUE, 
\\'illo a 1'~"xl~. Dy ERAS"' lI ~ ~I"' ~K, l' rMc •• or of L iterary H illory 
"." ,Rnd L 'bra""n tn, I!\C U"I' cI"!>, ty uf L;"pe"hagcn, &e. &c. A N~w 
J,<.I'\I"", ~ nl b r~ed .. ",I lfl'Pf<) I C" hy the "~thor. Tran.late" f.",n the 
D~ '~ i.I', by n. TUOR PI\, Honorary M~",oo , of Ih<) lceilond ic Li~rury 
SOCld)' of CUJl'Cnba;;cn. 8"<1., I)t'"" I ~. 
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OSOIlR Till!. AIj;;PICI!.<i 01' H. ill. GOVEllSJ.I\;NT, ASO 01' TII6 1101(. 

CQUJtT 01' .DIR6CTORS OJ!' Tilt: EA9T Ill"DJA. COIoll'ANY. 

PAVlfA ANTrQUA SIVALENSIB, 
TilE FO~SIL ZOOLOGY 01' Till!. !!ioI!.WA"'P;: HILL~, in thl! North of 
' ''dia. By HUGli FALC ONF.II, M.D. , F.RS., F.L.S., F.G.S., M~mher 
(If the Asiatic Society of Beoo:al, amI of the Royal Asiatic S<>ciety of 
the Bengal Medical Service, 3ud late SuperintendClIt of the H. E. I . C. 
IIotanie Guru~n at Saharunpoor: an,l PRORY T. C"UT!."\·, F.G.S. , 
Mojor in the Beng:al Artlllery, lII~mw of the Asiatic Society of 
Dengal, &c. Edited by Huon FALCON[W. 

P llln of Publication.-Th e work will appear in about Tweh'e Parto, to 
be published at intervals of four month!'; each Part conlaining f.-om Twelve 
to Fifteen folil) Plate.. 'I'll" rle$criptiye Lelterpreu will loe prillted in 
royal octav(). Price of each l'~rt, one G"in( .... _l'llrt I. conlains 
PltOB08CIOI!.A.._Parts If. and Ill., contaillill~ the COlltinuation of 
PIIOBOSCIDBA, wlll be published lhortly. Pl'O!lpcetusc. of the Work 
may be obtHioed of the P"bl ishcn. 

" A ... or1.; of immense labour and rueareh . • •. Nothing loa. o,'cr nppcarcd in 
li l h08rarlo~ in tllis oountfy at aU eOluparallle to Ihese plates ; a"'] as regard' Ihe rcprc 
scntarion&of minure osseous tex,uN', br !Yr. FlU''', .hey .><c p<rhaps 'be "'osl perree! 
tl,al hafe yet bee." produced in any """"Ir):- ..• Thc "'o~k h.s oommeneed .wi,lI . th~ 
lclephant ~'Tonp, In which the aulho .... folly ',s mOS[ signally d"\'la)'~rllhe nunlc"cal rich
ne~s 01 forms which characler;,,""s tile F09 .• il Fau na of India;' ~,nd Ihe forst cllJp[er 
.. flates 10 [he Probo'-Cidca_Elerhan[ and ilfu[odon. The author. lIlI.e nol reSlrictcd 
Ihemsc\.es to a Mscrip[ion or the Sc .. alik I'o •• il forms, \mt [be}" pro[lOsc '0 [race Ihe 
.ffinities, and ino;;lilu[e an nrTOn~men[ of all [he .. eU·,letermined ~pecies ill (br hm i l~·. 
'fhey gil't a brief historical ske[eb of [be leading opinions ... bidl 1I ... e bceo coter[ai letl 
by palre<.>nlo~i~ts rt,pM:ting the re.l"tiolls of tbe ~laS!w:I<>n and Elel'ha,,[ [0 eacb o.ther, 
"nd of [j,e sucCIl'!.i,·e sreps in [b~ d"MVerj' of De" (ornu wb;":h 10;"·,, led to [be mothftt a· 
tions of lhe!'<l opinions. The~ irate Ihal [I,c rMUU. to "bieb [I,t )· Uoem,<c],'e5 h"'e hoen 
conduct..d, IC3d Ihem to ditTer on ccrl",n POlOlS from [he opomons most ""mmonly enter_ 
tained 3! the present day, re~peeti"g l10e I ..... il "I'edes or Eiepb.'nl ond M."odon.'"_ 
Addr~n "flh' Pl"tsiu,nt of 1M Ot:fJl0[f ... ·fJ.1 Soei,t!l ~I Lc"d~~, ;wJb Feb. I lliG. 

RESEARCHES, PHYSIOLOGICAL ~~ND ANATOMICAL. 
By JOHN nAVY, lII.D., F.R.SS .. L. &; E. , &e. The principal subjects 
treated ()f are-AnLmal ElectrLcity-Anitn,,\ Heat_Ihe Te'''Ilt'ratllre of 
diffNent AnimaI3_Pnenmnll[ornx in co"nexinn with the Ab.o"pti"" of 

~n~~S!J, S~:'~lu~i:~~e~~~,:n;':~~~:'i:n~~~\~~.!~P~~~~~aff T~.~~u~.~~~ 
the POlrdactive Proc(-ss-the i're~trv~tio" ot" Anatomical Pr~paration, 
-t1oe Effect. of the P,,:!on of certain Serpents-the Structure of the 
Heart of Blltrachisll Animal., &0. &0. ill:! "010. 8>"0., price 303. bound 
ill c1oth;llh"U·~tc<ll.oy """,eron' Engn~ing!. 

"The subjects lrooted by Ibe authOT are utremcly numerous and intcr~iI>s; se_eral 
new facts ill Ibe "bYl iolo!P' of a",m&I~ are brought fornrd, and some ~ur'o"s and in
structi'e experiments are c'pilined and IUuslrated "j(], remarkable fehcuy."-ilfontlol!l 
Chrol/ ,et,. 

"TIoi! I\'ork is wril1cn with n clearness 3n~ simplicily "hich Nln~ers its scientific 
I dcta;lsrca"il~ comJ"chensil.ole: ·-lle""ld. " - ----- - .. 
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14 WOltKS PU'BL:lSHElD BY 

'VOHKS IlECENTLY PUBLISIIED AND IN PRDGRESS UNDE R TilE AUTIIORITY 
OF TilE LORDS COM:IIISSI01<ERS OF TlfE ADJoIlfl,ALTY. 

'. ' In ordn to s~c,u~ to scienc~ the f"lt ailvantage of Disco""ries in Nat"ral 
Hi.tory, Ihe Lord, Commis.ioners of H"r ,VajeJty's Trtasuryliaoe bult plea .. d to 
",a),e" li&a,,1 granl:/". mo"q lowards defraying part of 1M U'JM"'" of the fol-
10wi"lJ i"']1'1'lanl puMica/ion . . They have, in co .... e'lumu, bu .. u"derla),,,,, 
"n a . cale worthy of Ihe M!fh palro""g" lliu. recoiud. ,md are offered 10 the publiC 
at a muel, low.r price Ihan would oIMrwi •• ha,·. b . ... ponib/e. 

THE ZOOLOGY OF THE VOYAGE OF H.M.S. SULPHUR, 

Under tbe Commanil of Captain SIR EDWARD Ul'LC1Um, R.N., C.D., 
}',R.O.S .. &0. Edited and Superintencll,\ by RI CIIARD BRINSLE\' 
HIl'I)S, Esq., Surg'C{ln R.N., attaehe'l to the Ex\,"dition.-The e"ten~ivo 
and protract~d "oP!!''' of lIer Maj~~ty's Ship" S,,)phu'," ha"inz l>een 
product;"" of many new and valuable additions to Natural Histnry, a 
numOOr or wllieh are of cunsidcrable "",ontilic interest, it has been 
determined to publish them in a collected form, "jill illustration! (If 
such a8 are hitherto new or unfigured. The col1..etion has he ~ n 
351!embled from a variety of countrie~, embraced within the limit!! of a 
voya~e prosecute,\ along the ah<>re. of North lind South America, among 
the island. Oflhe Pacific and I ndian O~ean., and in the circumnavigation 
of the ~Iol.>e. In many of thl'Se, no doubt, the indu,try and research of 
P,..,ViOU5 navigators may ha ... e left no very prominent objecU unob.erved, 
yet in other;! the,.., will {or 80me time r emain abuudant senpe for the 
Naturalist. Among the coutltrie. visited by the" Sulphur," and which 
i" the p~scnt _tate of science arc inve'te'] with more particular inWrest. 
may be mentlnne,] Ihe Californias, Columbia Hi"er, the North.west coast 
of America, the I'eejee Group (a portion of the Friendly hlands), New 
Zealand, New I reland, New Guioea, China, and MadagllSCar. Puhli"h~d 
in Ro)'al Q"arto Pal'ts, price IO~. cach, wilh beautifully cQlo"red Plate.! . : 

THla WORK IS NOW CO>lPLETE,ar,d may bc had iu sewed Parb, 
price &1 •• or in half-russia, or cloth bill ,linjl . at a small addition to tho 
price.::......I'art. 1. and II . contuin MAMMALIA, by J . E. GRAY, E'q., 
P.R.S.-Parts 1[[. and IV. BIRDS, by J. GOULD, E'q., F.L.S.
Parh V., IX., and X. FISIl, by J . RI CIIARDSON, ]\[.D., F.R.S._ 
Parts VI., Vll., and VIII. SUELLS, by R. B. H II<D8, Esq. 

11. 

THE BOTANY OF THE VOYAGE OF H. M. S. SULPHU~ 

Undcr noe Command of Captain Sir EDWARD Ul:LCltER, R.N., C.B., 
F.R.G.S .• &c., durin!!: the yea~ 1836-12. Ediwd and S"perintended 
by RICHARD HRINSLey HI NDS, E.q., Sunrcon, R.N .. attached to the 
EXp<'dition. Thc Uotanleal D"lICriptiona by GEORGE UF,STHA:II, E:l<}. 

TilTS WORK I S NOWCO)fPL:ETE, and may be had in six sewerl. Part., 
price 31., or in half-russia, or cloth binding, at a small addition to the 
price. 
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, 
WORKS RE~~N:I~: ~~:~~~~~~lDM~:S~;;El~~O~~\~~:E U:::::~:~,~/UTIIORITY 

Il L 
THE ZOOLOGY [01' THE VOYAGE OF H. M.S. BEAGLE, 

U",lcr the Cnmmnnd or Capla;" FITZROY, R. N., during the years 
1832-3G. Edited and Superintended by CHARLES DARWIN, Esq., 
M.A., F.R.S., Sec. 0.8., Naturalist to the ExpeJition. Comprioi!:g 
hi~hly_fini.he'l representations of the most novel and intercsting objects 
in Natural History, eolleded uurin,r the ~oyage of the" .Beagle," with 
ucscriptive Lettcrprc9I!, and a general Skctch of the Zoology of the 
Snnthern Part of South America . Figures are given of many speei"s of 
animal. hitherto unknowu or but imperfectly dcseribed; tOj!."ether with an 
account of their habits, rangeA, and places of h~bit&tion. The collection. 
were chiefly ma,lc in the pro"inces bordering on the Rio P lata , in 
Patagonia, t ho Falkland Island., Tierm del Fuego, Chili , ami the 
Galapagos Archipelago in the l'acifie . 

TillS WORK U NOW COMl'tllTE, and may b6 had in sewed Parts, 
pr ice 8/ . 1(;1., or in half-ru"ia, or cloth bInd ing, at a .mall additi,!n to 
the price. 

;'\0 •. 1, 7, 8, and 1:). 

f OSSIL M.\l I ~I AJ. \'\ . 

By Richard OWen, Esq., f. n .S., 

Plofessor of Analomy alld Phy.iolo!n· '0 
tbe RO)'31 Colle~c of Surgeons, Lundo]!. 

Wilha Geological lntroduClion, 
By Charles Ua,,,in, Esq., M.A., " .Il .S. 
This Oivision of Iho Work complele, 

Price 11. 10 •. in sewed \',rl>,or I I. Us. 
in clolh lettered. 

No •. 2, 4, a, ao,\ 10. 
~lAmIALIA. 

Ily George R. Walerhouse, Esq .• 
Curator of !he Zoolo~ic31 Society of 

London, <lie. 
This Di,·ision of Ihe Work eomple'e, 

Price If. 18 •. in sC"'cd ParIS, or 21.2';. 
inclotblellered. ' 

I Y. 

Nos. 3, 6, 9, 11 , and 15. 
IIlIms. 

By John Gould, Esq., F.L.S. 
Wilh a Noliee or Ibei . !labil ..... lIanges , 

II )' Cha,les J)ar~' l n, E"h l I.A., F.I1.S. 
This D;.i,ion or II," Wor~ ooml'lel~, 

Price 9.1. I &~. in ~e\l'ed ParIs, or 3/. in 
clOlh lellered. 

N05. 12~and l7. 
1' 1511. 

D)' Ihe Rev, Leon)fd JeRYo" ~I .A .• F.R.S. 
TLi~ Dj,';.;on of Ihe WOIk complete, 

Price I I. I-S.s. in sewed " arts, or II. 18s. 
in cloth [cnc red, 

Nos. 18, 19. 
IlE PTII. ES. 

By Thoma" liell, Esq .• I'.R.S., Ii .L.S.,&c. 
This Oi .,. ision of Ihe Work C<lmplet~, 

PrIce 18'1. in sewed PMIS. Or II. 2s . in 
c101 h lellere<l. 

ILLUSTRATIONS or THE ZOOLOGY or SOUTH AFRICA. 

Comprising all the .new species ~f. Qnadmped., lli rds, Reptile., and 

i;~~~\:,b~:ii;t~~nd~;~ne:~I;:r~iC!~:~;1 ~t;~a:!!\~~~~ ~'~:r?;p~X; ?8~°(j~ 
and 1836, with Letterpre.s D l'llcript,on', and a Summary of Afr,can 
Zoology. Dy A1<DR~W SldlTII, M.D., SU!"):""Oll tn Ihe Force., and 
Direc tor of the ExpedItion. In Royal Q u",!o Partf', price 10.. .. and 1~8. 
each, containing on an aVCrage ten beautifully coluured Engra VIng • .' wI!h 
descripti"e Letterpre8~. The w~ole of ,he Pla'e, are "!l;(fa"cd 1Il th~ 
highest sty le of nrt, from the Or'ginal Dl"Bwillg! taken expres.ly for ,his 
Work, and beautifully coloured .. fter nature. Twenty_three Parts are 

~, ____ ~"=o.~p~o=bl=i~="d=. _____________________________ ~ 
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WOIUUi PU'B:LISJlIOD BY 

P U BL I S H E D \\'l TI1 T llfl A P PROV AL 01' Til E LO R D.'! COMlilSS I ONE R S OF 
)If;R "'A~ ESTy'e TRI!A!UIlY . 

GEOLOGICAL OBS ERV A TJ.ON S M ADE DURING T H E 
V OY A G E OF H .M.S. BEAGLE, 

Under the Command of CAPTAI~ l'ITZROY, n .N. 
P art I .-Ou C or al P onuatiol18. 

Dy CUARl-R$ DAIIWlli, l LA..., F.R.S, Sec. G . S., &c. Demy avo., 
illu.traud with P lates and Woodcuta, prke 158. oouud in cloth. 

P art I I .- On th e V ole .... ,,, Isla n d" of the Atl_tie and P acific 
Oceans. 

Together with:t b rief Not!ce of the G "'Jlngy nf the Cape (If ,Good Hope, 
and or par i of Au"tralln . P rice 10$. 6d. demy evo. dotb, .nth Map. 

P art I II.-On the G eolop of South America.. 
lliUll' tn'o ., il!u.stralcd with Map. 

[P rep"rin!lfor pldiiication. 

A N INQUIRY INTO THE NATURE AND C OURSE OF 
STORMS I N T HE I NDIAN OCEAN, 

SOUTH 01' TUE EqUATOR; with a view of discoverin;:: thdr Ori,.:in, 
E~tent, Rutator" Character, Rate and D irection of Pro:l:,.,..,iun, 
Barolnetrlcal Depression, and other concomitant phenomena; for tho 
practical purpose of enabling ship, 10 8.!Certain the pro.~illl;ty and 
rclali,'c pG!li l ion of H urricane.; with .uggestion~ on the means of 
IHoiding t hem. Dy ALllX:ASDER TuoM, Snrgl'OlI 86th RDyal County 
D own Regiment. I n one vol . Bvo., with Map and Platell, lIrice 12&. 
cloth. 

"The wo.'" bdo,"" u. is most "3\u3b1e to seamen . . .• Mr. Thorn !\,i.-es u' the re.nlt 
of hi. obsc"',\;onS at the ~I auritiu.; 3 .talion .. bieb i. po><:ulia,ly well adapted for ob
sc<,ing the hurril;-'ncs of the Indian Ocean, tbe rJvJges of " 'bien seamen ~ave an~ually 
~.pericn ee<l; and thOM: obser.alioos, combined ~ tlh tbe re,ult. oblained b)' indefatIgable 
enquiry, ba'e entill.ed bim 10 the gr~titude~f :leamen, .. ho. m.a)· no'O' prolit by tbern . . 
llr. Thom· • . thflOr~ IS ra'i?"al a~'d pllliosoph.eal,_ and . to us It IS mOSI ~t .. factory •..•. 
Them n '~ ''''I'I'""ntconSldera(,o". for seamen)1I Ihls WOt~."-"·''''{lcal ,l/agazme. 

"The aulhor I',-oce.ds in strict aecmdance .. il\l. tlle principles or iad"cti,o 
I'hilosophf, and collects all his facts hefore toe drus III, I"f~ren~ Or pl"Oj>Ound~ a 
IheOl·)·. iii. !iI~I.mcnt$ are so full and clear, and drown from ~uch simple ;;ou,er., yet 
3rC W ded.ioe in Ibeir tendency, that " '0 thillk Ihere C.lD be nO doubt he bas establiShed 
the ",1.'110'Y ac~n of Slorms. T~e praetkal application of 1.oi~ iU\CSlig.:ttions are too 
pJIIJ8We to be ImiSed."-BrUann,a. 

A DISSERT A TION ON THE TRUE: A GE OF T H E E A R TH, 

~:"i~,!CO~RJ~I~~i~;O~'~:~ ATn'~i:n: la~:;t l>~~~~:TO~'~:~log~~~.\~~;~~ftn; 
V.ber, Hales, Clinton, and Cuningbumc; ami a Clllonologlcal Table 
of Ihe Principal Epoch, aOlI Event'. in Sacro'! and Prof"He History, 
from lite C~e~lion 10 Ihe PreSl)ut Tuno. Dy I'HOI'EilSOR 'VALL,\CE. 
In de",y IIvo., prioo 12 • . cloth. 

"II islc3rncd aud lal>orious."_Brilannill'. 

EXP E R IMENTAL RES EARCHES, C H EMICAL A N D 
AGR ICUL TURAL. 

P art I. eo"tui'Ja-Carbon a Co.npoll"j Ho<ly ma.lc toy Pialltg, in qnall_ 
Htie~ "lll'ying with the ci,.<:um~t.ln~~. u"tIer wtoieh th~y nr~ placed._ 
Part Ir . De<:mnp""itioll ofC."bon during the Putrer~cti"c l'ermQntation. 
Dy R OPERT R IGG, P.lU;' I II dem)' 8"0., price 78. Gil • 
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TIIR ONLY COMl' L ETE AND UN I FOn:ll EDITION OF Tllp. WORKS OF 

SIR HUM!' II RY DAYY . 

THE LIFE AND COLLEOTED WORKS or SIR 
HUMPHRY DAVY, B ART. 

Foreign As'oeLate nfille Institute of France, &c. hliteli by hi' Dr<llhrr, 
J OliN OA~'Y, M. D. , F. R.S. Now complete in fJ ,·ob. post Svo., price 
las. (;d. rach, in doth binding. Each volume;5 C(ltnplf te in j~elf, and 
is sold separately. 

CON T ENTS: 

Vol. I.- The Life of Sir H. D a vy, with & Portrai t. 

' .' Thi. b;o~aph y i. admirably wrilLcn-correcl details, f~1I of inslru cH<m, and 
amusong lhroughoul."_Lo .. dQ .. llevi~w. 

Vol. II.-The Whole or Sir H. Davy'" Early Miscella neou s 
P a pe rs , 

F ..... m 1700 to 1805; wi t h an iN 'rRODUCTORY L ECTURE, and Outlines 
of LY. CTURF.S ON CHEMISTRY deli"en'd in lS()-2 aod 1804. 

V ol. III,_ R .. " .. arch .. s 0" Nitrous Ox ide, 

An<l the CQ~IB ISATTOl< 0' O:<YG 1'.11 a",\ AZOTE; and on the R EBPI. 
RA,T10S Qf NITROUS OX I D£ Slid other Ga'ICs. 

Vol. IV.- EI .. m .... t . of Chemical Philosoph,.. ~ 

With twe!>'" P late3 of CI'emic,,\ Appa,atu-. 

Vob . V. &: VI.- Bak .. rian Lectul"(''' ' 

Anrl other Pape .. in P IIILOSOPIITCAT. 'I'RAl<8ACrrOl<S, ami JOUIIl<AL 
of til .. R OYAL I S$TITUTIOS. \\'j\1l nI,u,erou< ellgra~ings. 

VollI. VII. &: VIU._ EI ......... t . ?f A gricultural Che ... istry. 

D 'SCOURSES deli "cred hefore t he R oy.\!. SOCIET\", M ISCELLANEOUS 
L Y.CTUBES, und E :< t rect! fro, n L rctul1's. With many Plates. 

V ol. IX.-Salmo .. ia , and Co ... ola.tioD i .. Tra.et. 

DAv:*:mi!~~e~~:r;IIT~~.i~or~ ~:~o~~~~I~e,~;rf~; lt~,~ssl~:e~~~ t~,~ ~t~P~~~=~ 
( 17!Y..l \0 \829), a perinrl m emllrahte ill the J l i'tury of Che'Dialry, aud made 10, ill no "mall degree, hy his oWn di;cuvcri~8. 

Q------------------~----------------. 
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ILL~STnATED 110RKS ON NATURAL HISTORY BY 
CAPTAIN THOMAS BROWN. 

ILLUSTRATIONS OF THE RECENT CONCHOLOGY or 
GREAT BRITAIN AND IRELAND. 

With the De!!Crjptlon Bod Locl\lilles (If all the Spcck~,-'lIlarillr . Laml. 

and I'resh Water. D rawn and Coloured from l"\alu:'C, by Caplain 

TIIOll" 6 BROW", P.L.S., ;\1.""$. , M.K.S., Memb<>r of the l\Ianch(!'ller 

Qro\ogical S",,;ety. I n (lne vol. royll 410., iIlu.lratcd with fifty-nine 

~lutifully eo\onre<i Plates, ptiee (;3", cloth. 

ILLl1STRATIONS OF THE FOSSIL CONCHOLOGY OF 
,GREAT BRITAIN AND IR.ELAND. 

Ily CaptRin THOMAS Hllowl<. F.l.. S. To be compJete(] in about 

Thirty Numl>er., each contain;n\\, four Plate.. lloyal .tIO, price 3., 
colour<'<l, and '.!,. j'\!lin. T"'enty·ci~ht Numhl'rs have appeared, Dnd the 

work will eoo" be completed. 

ILLUSTRATIONS or THE GENERA or BIRDS. 

Embraoing" their Generic Charaeter.l, w,th Sketches of their n nbit!. 

Dy Capt.in THOM"S BROW!'!, F.r •. S. No .. · publishing in l'\ulnbers, 

tOynI4to., each containing four I'lat{'!l, price 3.!. coloured. 

THE ELEMENTS or FOSSIL CONCHOLOGY; 

According to the Arrangement (If Lamlrk; with the ne"'ly-Mtnbli!illed 

Genna of other Anthon. JJy Captain Tno:'lf"s DROWN, P.L.!!. 
WlIh twelve Platt"!, fCllp. 8,.0., prire s,. cloth. 

ALPHABETICAL LIST OF THE SHELLS OF GREAT 
BRITAIN AND IRELAND ; 

"n'bracing the Nomenclature (If L.I.:IIARC);: , G'~A\', TUR TON, nlHl 

Ilnowl<, for the purpo!e of cffceUJlg exehan~ and naming colicCliol1$. 
On a . lo~ct, price 18. 

~----- --------- -----------------------* 
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@l'iental mIll Qi;olonial. 

NEW ZEALAND AND ITS A BORIGINES : 

Deill!!" all Auount MIlle Aborigine , Trade , and Resoo~ orthe Colony; 
~nd the aduntBgc. it now p1't"SellU a. It Held for Em,:; ... !i"" .nd Ihe 
investment of Capital, By WILLI'\)I; BIIO'\")<, hIe!)' a m pmber of Ihe 
1.e!l';,lative Council of New Z .. alJntl. 1'011 8,-0., pri re 88. clOlh. 

"A '"Cry ;nleUigtnl ~nd usdul book."- Timc.. 

AN ACCOVNT OF THE SETTLEMENTS Of' THE NEW 
ZEALAND COMPANY, 

From PenJOnal Obsorn lio ll5 uu. i,,!::, a retitle""e there. By Ihe lIon. 
1I~l<"Y WII.LI.B, !'PoTIIE. In demy 8' 0., .. ith a ~fap a nd !'la tl'S, 
Firth Edition. P rice 31. cloth. 

"Thi5 i, a "~lu3ble e<>lIlrihulion loo"rso"rcesor~n~~rn'3Ii' .... "" J>eCl;"8" 1\'~"· l~ .• bn,l. 
and Ib~ best proof of Ibe Aui llo.'. 'cry fa,nurable <lp,n,on 0( lI.c "",unlry, j . hi~ ma~i"g 
iQ1lnethate a"a"~mC~B 10 ~h,m Ihue a. a Colo"i.I." 

NEW ZEALAND, S OUTH AUSTRALIA, AND NEW 
S01JTH 'WALES. 

A Recorrl or rect'nt Tran:!! jn these Colonies , with f~ lX'dal n:orcrfncc 10 
Emip:rQtiem, and the ad .. ant~p:eo".i employment of T, a hOllr and Capitll!. 
Dy n. O. J A)!Y. ~ON, E~(I' Post 8'-0., price &. clOlh, with Mop, pud 
Plntes. 

"~l r. hmcsnn is an inlclli gcnl ., url unrr~judi ccd ob~r"cr, and 1'3S mode good usc 
of hi s facullj~ •• " - Sp«t,,'or. 

SYDNEY~AND MELBOVRNE, 

With Remarks Oil the l'.coent State and Future I'rosll<'ct. of New South 
Wille!!, and Pradical A(lvic(I to EmigrBnU of ' ·ariou. claeses ; to which i. 
addc(l a Summary of the ItOll tc home, by luO/ia, Egypt, &c. Ily 
CHARLES JOli N ""'''EI<, Esq. Po~t 8.0., price &. clolh. 

CALIFORNIA: A HISTORY OF UPPER AND LOWER 
C ALIFORNI A, 

From thei, first Di.COHry to the pree<>nt Time j compri.ing an Account 
of the Climate, Soil, Natu.,,1 Prod"ction", A,:{ riCllltn!'9, C"mmen;: .. , &0. 
A rul! vicw of the Mi~ejonary Establishment", ,IT,d C""d,lio" "r the 
Free an(l (lome<ticalcd Imlians. Wi th an Apllcndix. rclal i n~ to Sl~am 
Navigation in the Paci!1c. Illustrated with l\ new Map, l'lun, of the 
lia r!>" .. ", and n"",erou~. Engravings. By ALEXAXOI;:R FORBES, Ell]. 
S.o., l"ice 14,. doth. 

~--~~~----------------------------!~ 
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WOltKS P UBLISHED B Y 

A SKETCH OF NEW S OUTH WALES. 
By J. O. BU.FOUR, E'q., for Si" Ye~r>a ~etllcr in the Dathunt Dish'iet. 
P"8t 8"0., price (;3. cloth. 

"To emigrants (Ol the qu~rler or which it Ireal,; it musl be a ,'aluable guide." 
LitullryC",.lte. 

SVGGESTIONS FOR. A GENERAL PLAN OF RAPID 
COMMUNICATION BY STEAM NAVIGATION A ND 
RAILWAYS, 

And Applying it to th<' Shortening the Time of C,'rnmunieation belwcNl 
th~ Eastern and Wesurn Jienli"pherl'll. By EDWARD MCGEACHY, 
Esq., Crown Surveyor, Jamaica. With 2 map", 8"0. price 38. bds. 

CHINA OPENED; 
Or, a Di.play of tho Topo;;raphy, lIi . tol')', Customs, :'Iranne", Arts, 
Manufactures, Commerce, Li l .. r~m .... , Religion, Juri'prudence, &c., of 
the Cun<esE EMPII<E. By the Rov. C HARLES GUTZLAPF. R evised 
by Ihe Rev. Al<DREW REED, D.D. In '2 "018., post 8\'0., price 24, . 
clolh. 

"We ohlain from Ibese volum6 more inlormal;on 01 " pr,clieal kind tban from any 
other publication; a closer ,-ie ... of tbe Domestic life of Ihe Cbinese-ol Ibe I-'ublic 
institutions_tbe manufaclu~s_nalural resources_and liter,tu"-,,. Tbe ,,'ork in fact is 
f .. 11 of informalion, galbered "ilb diligenc(', and fairly leaves Ihe Englisb re~der "ilhoul 
any txeuse for ignorance on the suhjecl."_.-1lla.<. 

Emp:;:~~~li~a~Yl':~'b~~ ~:~i~~~~~~§, .. ~~mplete, aDd "31uable acconnl of Il,e Cbinese 

A HISTORY OF . THE CHINESE EMPIRE, ANCIENT 
AND MODERN. 

Comprlijing a Retrospe<:t of the Foreign I ntercnn,.,o and Trade with 
China. llIustrdted by a new and Corrected Map of the Empire. By Ibe 
Rev. CHARLES GUTZLAPP. ln 2 vol,. demy 8vo. Ms., price 28.r. 

"We cordially recommend this exceedingly inter"'lin;;accountof thi$ "ery inleresling 
counlry."-London llt't)ieu'. 

"~I r. Gutllalf b~. ~vidcDlI~ coD'biDed indu>lry "ill> talent in prO<luCi~g tbi ... wk, 
... hieh far ClceedS,'" 'nformatlon , researcb, nnd "-]'parcnt ,-cracily, anylillng ,,'e have 
before .. en conccrnmg thii curious 3nd singular n3t1on."-London 'YCIt·s. 

HAND-BOOK FOR INDIA AND EGYPT , 
COInprising Travel . from Ca1entta, through I ndia, to the Himalaya 
1II0un!ain~, an!l .. Voyage !lown the Sutl'¥e and In!lus Rivers; a Visit to 
the City of HyderabRd, in Scinde; RTld a Journey to England by th~ Red 
Sea and Mcrlitcrrancnn: with Descriptions of the Thee Pl'~.idencic3 of 
r"dio; DlId the fullest d~tai1s for parlic~ pro-ccedinll' 10 any part of Indin, 
either by the O,'erland Route, or by t he WRy of the Cape of Good lIore. 
By GEORGE PARR l! RY, Esq .• M.U.A.S. Second Edition, OnC .-01. post 
8fO., with an entirely new Map, price 12! . cloth . 

• ". The prcSII, bolh of Gre.t Brilain ~nd India, ha\'e combi' ltd !n eulag;~ing Ihe 
, .lue nl I.bi ... ·ork, hut ,I may only here be needlul lo q~ole the follow'ng rcm3rk. Irom 
lhe cdiloo"l columns of the S/{Jnd{Jrdof the 10lb 01 April, 1M3 :_" We bale c]sc .. he.c 
~picJ lrom ~I r. Parbury's "ond-Book 10 India and Egypt, all interesling aceou"t of the 
C,ly of 1.lyderabad . LeI us, in ackno,,·ledr"en t of th e means afro.ded 10 u~ 10 i~lorm 
a~d gra hry Our ,eaders~ say of ~Ir. Par~ury. "'o-rk, as 1I'e may ",ilb Irulh , Ihat iI ,s the 
be,t ToPot!raphiea l GUide 10 lhe coun\tles 10 "h,eb it refers "'e ba,'e cICr !lCell, a mosl 
interesting book, indtpendently 01 its topograpbital utility, and an alm ... t indispcnsable 
k~y to Ibe lale Iran,",Clions in Central A,i",." 

hi--------------------------------------~v. 
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T H E MODERN HISTORY AND COND:lT ION 01' EGYP T . 
Its CJ, I M.l.TE, DISKASES, and C.H'AnILITIES; exhibited in .. P~ r..,na: 
Narruti.c of Trav~!~ in that Country, witb an A""ount of the i'",.e""dings 
of loIahommcd Ah l'a,cha, from lSOI to 1843, intt',spe,sed will, Illu$' 
t rations of Scriptur~ History, the Puto lment of Prophecy, Hnd the 
Progre9s of Ci.ilizal,on in th~ Eau. lJy W. HOLT YATES, M.O., &c. 
I n 1\\'0 thick vO}lumc" d"my 8vo., wilh numerous IHuSlratious, price 
34s.cluth. 

" li e fulfil •. hi;; hi,toric '-O£3Iion hI an ample r~um" ollhe more prominent incident' 
which .ha.e. distinguished the fortunes or tbe J>Jsch~, upon "hose policy of ~e"eral mom,
poly Ills strictures are SIl'"ere cno~gh, .,,<1 acquit. hin'S\!lrc ..... d,tabl)' Irom ~15 sri.,led and 
h;~hly coloured skelCbts of lbeabundam obJec!;; 10 ,,'hieh he draftSatlcIIliou,"-JII",."iHK 
fluuld. 

THE INVALID'S GUIDE TO MADEIRA. 
Willi a D~.criptiun of Teneriffe, Li.OOn, Cintnt, and Mafr~; mild a 
VocKbulur), of the P".lu!,":uese and Engli.h L3ni;ung"" B)' \\"ILL1Ali 

WUITR COOPEr., M.R .(.;.S., Surge<>n (0 the l1"n. Artillery CUIl'I""'Y' 
I n "lie voL fear. 8"0., price 48. el<lth gilt. 

"T~erc has .e<:emly been publisbed a small ,,-ork by Mr. Coo~" " 'hieb Inay be con
sulled "'lb ad,'an'"l:" ."-Sl ~ h lllt;S CUM' on Climate. 

NOTES AND OBSERVATIONS ON THE IONIAf-l I S LANDS 
AND MALTA; 

'Vilh some Ul!llARJ.:S on CO!'<STA!'<T1NOPLE and TUHKE .... ; and on 
the syM"m of Qual's,,!ine, as at present cII"ductcd. lJy JOHS 
DA\' Y, M .D . , F ,H.SS., L. & E., 1 "'pC~lo.-Gene,.,.1 of A""y Hos
pital., L. R. lo:! vols. d~rny 1""0., pdce 32~. cloth, with a large Map 
loy .. \rrowarni th, and illu$trated wilh PI~tes. 

" Ur. [la"J"s "wk de-ser\'es 10 ~e bo\l~h\ 35 well 35 pcrused, so carefully, completely 
and e'p<),ns;,'eIJ' has it be<:,n ~"'l up . We hope that Ihe co"sciou.ness of havin!;discharged 
sucb "" "nrorl~nl doly ""ll nOI be Ihe only "",,11 or hIS long labour, bUI thai the "ork 
\liII plO.e a. remunerali,'. as il ougbtlO he."- I1 .... t"',-... le' R~vj~",. 

"There pro!>ahly is notanotber "'ork in Out language in " hieh "" ample and sub
. tantially uscru] an accoullt is 8i.en of tbe ionian Islands a. is bere to be found. l 'be rc 
can loe lillie douh! tbatlo these volumes ,,-ill be assi~ned an honourable place aOlonlo'St 
tbe r~cogl~,eJ ma.te,-,,·orksof lhe class to wbicb lbey be]OIlg:·_A!o,."ing J/eraid. 

THE NATURE AND PROPERTI ES 01" THE SUGAR 
CANE; 

W ith P ractical Directions for the lmp.O\"ement of ito C"lt"re, and tbe 
Manuf"clu, .. of its ] ' ,oducl.>. Tu wl,ich i. aJ'led un ~,Iditillnal Chal't~r 
on the l\1.00J P ACTURE OP SlIGAl< P1WlI B EIIT·1l00T. By GJ:;o~(l1.!: 
ItICll.\RDSO~ PORTER, F.R,S . , Co",-c._po"ding M ~"'bcr of the I n.litute 
of Fl"llncc. N~w Edition, oemy 8"0.,. price l:!s. clulll, re.-i •• :d .lhrough_ 
out, wilh many additions and cor,ec\",n. by the Autbor, and ,Ilu"lra!od 
with Plates. 

HISTORICAL RECORDS 01" THE HON. E. I. C. FIRST 
MADRAS EUROPEAN REGIMENT. 

Containing 8n Account of the Establ;,hn,e"t 1)( I ndcp""d" nl Cumpanies 
ill 164.5, Ihdr fO"",~I;on into a lli:g;n'e llt in 1748, ulld it. 8ub,.equ~nt 
Smvicc8 10 1842. By A STAPl' OPPICE'" I n OItC ,'01. dtlO Y 8.-0" WIth 
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The Complete Work of Charles Darwin Online 



Q---------------------- --------
I I? _2 _ _ ____ W_ OJUtS PtTB_"_SH_E~ B V 

I 
THE ANGLO-INDIAN AND COL ONIAL A LMANACK. 

And CIVIL, MILITARY", and COM.\lERCIAL DU'ECTO RY for 184f.. 

I " post 8vo., price 28. Gd. in ornamental wrapper. 
The H OM" DEI'AIIl"\U,NT of the Ahnanack comprises-I. C,VIL ~nd 

ECCLESIASTICAL ;. includi":;:: the Oove .. "ncol otlic~ all~ t he ' "?,a 
H<)IJ'~: togcth~r wIth Ihe forms of proccd","", and rdUCaIJOIlR! stud,es, 
requisite fur Qblaioing Cl,-il ,I. ppo in tlllent.. aml all matteI'S conn~clcd 
wi lh Ih<'>lc appointn,ents, from the comruencing :;,.lary to the ret"'ing 
allowance.-II. MILIT.lRY and MAHl SE; including ;nfornlation ~f a 
similar kind respecting th e~e se rvices, and the H ome li..t<lbii shmont of 
the East India Compan)' ._ I1I. Co.nlEi<CIAL; contai"ing Lisls of 
Merchants , Agents, Associations, &c., throughou t the United Kin g-du,,,; 
likewise, the trades eonn,..,ted with I ndia and the Colonics ; aud Tariff 
of Ind ia n and Coloni"l produce. 

The EAST 1:<(lIoIN AND COLONIAL DEP"RTME:<T emhrncee -
1. C,V,L. The GO"en'm~nt Li~ts of B,ngal, Mad,..s, Ilomb~y , Cc},lon, 
H ong Kong, Australia, New Zealand, .MaUl·i ti"., ~nd the Cape of G O()'] 
Hope; Lists of Ci ... 1 Sen.nt. and their appointments, and of J uulei.l 
E stablishments. with a detailed """onnt of the Ilenefit :F"ndo.- I I. 
MILITARY. Staff and Field Officers; Distribution of the AnDy, in
cluding the Royal t roops; Eeck .. iastical E~tabli.lltnent; and all BCll~ fit 
Fuud •. -III. COMMEI'CI.~L. H otof .Mercantile Firms, Il~nks, In~ura"ce 
Com panies, Public 'nstltut ions, &c., in India and the Colonies ; "' it il tha 
' .. peclive Tariffs, and Table~ of Money, Weights, Musures, &c., and 
other miloCellaoe<Jns information. 

l{fli!liotl~ null Qtburational. 

T H E PAR ENT'S CABINET OF A MUSEMENT AND 
INSTRUCTION. 

A "aluable and in sltUcti~e P resent for Ihe Yom'g. Each ~olume of thi3 
useful and instruetin, little work comprise. a variety of information ou 
dilfl'l"cnt ~"bj~cts :_Natllr"l II isto ry, Ili .... grnphy, Tra" el~, &c.; Tal<.":'. 
original and selec ted; and animated C01l\'ct>lations on the objects that 
daily surround young J'<'0ple. The ,·a:iou. tales and subjects are 

~!u;~~~c\~~it:e;~~~;.t'. In ~~ ~l::~~~n:Or:ll~~':!:~~:~):i~C i~s~l:id~::C~ay 
"E,er}' .1,areDt at all ~ntercs.tcd in his children ruust ll~" e felt ~he difficulty of Irro"idin ~ 

suHab le rcadlng for them In tbel' bow:s qf .mu~menl. ThIS hUI~ 'mrk presents the.., 
alh~ Dt3ges i~ a considerable ~eJll"C<" as.t contains Ju.t tbat descriptIon of re~ding whiCh 
\I ill be heneficlal to loung cbIJdren."-Q~"Tlcrl'y Jo~rn,,1 of E dUCIlliO)l . 

LITTLE STORIES FROM THE P ARLOUR PRINTI NG
PRESS. 

By the .... .,thor of "Tlly. P ARENT'S C..!oB I:<ET." Royal 18mo., price 
28. Od. neatly bonnd in cloth. 

" A ve'1' Ilice little book for cbildren. The ~utho' has ev;demly been 6miliar "';111 
children, and brousht bimself to understand their r~e1inp. No Child's book Ibat " 'e hare 
ever ~~D has been so admi,311ly IC"elled at (beir capacities as Ibis admir311ly ,rrinen lillie 
book."-W<eHy CAr~nick. 
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SMJ:TB. E:LDERo A N D CO., CORNIUL :L. 

INVEST IGATION ; OR, TRAVELS IN THE B OVD OIR. 

Dy C"ROLIXE A . H ALSTED, Author of "T!"., Li fe of Margaret 
Beaufort," &c. &c. Peap. a,·o., WIth highly-BIlI shoo Platcs, ~ ~. Uti. 
cloth. 

" Thi5 i~ an cI~g3n!IY_'Hitlen and t,'igbly inslruct;'"C " 'ur1; ~o,· )'oung pe<>ple, in "hid, 
a general kno"ledge of ,'a"Ou5 IIllerestmg [opies, ronnCC L~d .. "b ... ~rr·day .,fe, ' i l"c
H'II(cd to (be youthrul mind in ~n 3l1raClive ami amusing forn.," 

T H E PROGRESS 01' CREATION, 

Considered with reference t o the PHllSEN"l'CONDITIOl< Ol' THE EAlITIi. 
An interesting and useful work for youn.,: pcople . D r )IARY ROIJE~TS, 
Author of .. Annah of My Village," &c. &c. In fcap. Svo_, beautifully 
illustrated, price 4e. &/. doth. 

"We ha'-e seldom mel ,,-i'h ., "·(lr~. in "hid. instrucliull and enter!ainmenl Me 
mOre bappily blcnded."_ 'Ilmt$. 

"This bea utiful mlnme r<M1nS an inslrucli,e colleclion of i !ril<ing faels, inlerspersed 
"jib ~m,able rdlecl,uns,"-Sl'ectalor. 

THE JUVENILE MISCELLANY OP A MUSE MENT AND 
INST RUCTION. 

Illustrated by numerous P lates and Woodcuts. Fcap. 8vo. , price 6 , · 
neatly bound in cloth. 

" Filled ,,'i1b amusement and instruction as its tiUe indiulcs."-Co,,", Jo~rnal. 

TRAVELS OP MINNA AND GODFREY IN M ANY LANDS. 

From the J onrn:us of the Author. _ lIoLL.\ND, (>lie vol. fcap" with 
F lutes, price id. cloth,-The RIll/H:, NASSAU, and H'\DEN, wi t h Plates, 
price 78. cloth. 

LETTERS PROM A aIOTHER TO HER D A U GH.TER, 

AT, or GOIXG T O ScnOOL, P"inting ont hN D utie, to\yard~ her 
Maker, ber GoverncS9 , her Sch"olfdlows, ami her;elf. By Mrs, J. A, 
SARGANT, Sixlh Edition, roya l 18mo., price 2~. Od. handsomely hound 
in cloth . 

THE CHRI STIAN'S S UNDA Y COMPANION, 
Beiog Refl«etions, in P roee and Venc, on the Co.lIecl, E~stle, lind 
Goapel; and Proper Le050ng for each Sunday; w,th a v,ew to Ih~ 
immediate connexion. By M,." . J. A. S"R(Lt:<T. In one vol. post 8vo .• 
price 8", cloth. 

"We cordially recommend tbis , ·o\ume ~s an aeceplabl~ presenl 10 be made \0 Ibe 
heads of families, and 31$0) an admirable scbool IJook In be ~ad 00 Sunday rnor nmg 10 
scholars before proceeding 10 tbe T~mDlc of God." - Ch"uh and Siale Gao~I!~. 

" The l'ibole 1":,""uctlOn is e",;nenny. fined to ele.·.ate the t<>ne 01 r.tigi<>us ' e~l;n., 10 
st~nglben ;1\ the ""!Ids nM noly or Ihe rising generahou, but also of Ihe older r"end; 10 
ou r ¥enerable ecd~ia'tical in";t"lion, sentimenls of firn, ""{\ fe .. en' attachment 10 the 
pu.-e faith and reformed ,,·ursbip eslablisl,,~d in tbi. Protest.ant eounlr)', and for these 
reasons especially Ole recommend it 10 the perusal of Our reade rs."-No~fol~ C"r6";cI~ • 
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'WORKS PUJI;LlSHE.D BY 

WORKS BY THE REV. CHARLES B. TAYLER, M.A. 
,\utho. of" MA¥ YOU Ln:£ IT," &e. &ce. 

RECORDS OF A GOOD MAN'S LIFE. 
Se,'cnlh Edition, in one vol. .mall 8'-0" price 7, . neatly bound in cloth. 

"We most c3rnesU ~ recommend Ibis work 10 tbe perusal of aU IIIose ... ho ~tsire 
instruction blended "ilh amuse,menl. A spiril or,true piety brealhe. l,h rougbt"cry pa~e; 
3nd whilst the Innocent r~creallon of the reader IS amply c''''sulled, h', moli.,c. 10 ,,,IU6 
and worality r~ccive aD additional sliruulus."-,lI .. nrA/,¥ f(e~i~w. 

II. 
MONTAGUE ; OR, IS THIS RELIGION '1 

A P .l.GE F IIO:\! TUE BOOK: OF TIlE WORLD. Ne'" Edilion, in fcap. 
Svo. , Il I";tralcll, price fir. cloth, and f18. moroCCO extra. 

" To ChriSlian parem. ",e recommend the work, a. admirabl)" ad.pled (0 , emind 
tbem of their imf'Ort.nt dUlies, and Ibeir . wrul ""sf'O"sibility; and 10 ?ur young readers, 
as .lfording Ihem much excellenl ad"ee an11 enrnple, and d,splal lng '" Ihe mosl Iloell" 
colollN Ihe bigh ..., ... ards of filial obedience."_ChrisUan .11on'tor. 

III. 
A VOL'UME Of' S ERMONS 

On t he DOCTR1NCES and DUTU:S of CnR 1ST IANlTY. Second Editia-;' 
de rny 12mo., price 58. board •• 

"":ell meriting a higb r.nl< .man~ the pious 13bou," of the minis~r)', i. Ibis simple 
but adm" ahle Hllume; dlreCled 10 '",SlruCi "'id Impro,'e e"en Ihe most ,snorant ; .. hile it 
. eneclS Iuslre on tbe Christian mOli'es or ils amiable author, it at Ihe ... me time does 
honour to bis tolents."-Lile,a,y Gazelle. 

I V. 

LEGENDS AND RECORDS, CHIEFLY HISTORICAL. 

COOlents :-Luey-Lnrenl0; ar, a Vi.ion ofConseience-The Lady Lisle 
- FIII!!:cnlius norl M£ta-Aunc or Cleve!.; or, Katharine UOIY~rd
George the Third-The Lad,v nllS$ell-Guyon nr ~lalSl'ilk>s_The Earl 
of Strafford- DOll". Ft.l,,~e.ca-Jua" of Kent-The Lud y Anile C~rr
The Son anot Hcir-Lc~"ora . In pon 8vo., beautifully IIh .. lrated, price 
Hn. Gd. ele-,.antly bound. 

"A mOre rolling pr~Sfnt ror Chr •• lm.s could nal .. 'ell be lhaushl or; Ih~ coslliness of 
i15 anire 5ink5 inlO "albing whe n comv.red wilh It.e imernal el .. ~tion of ilS purl'Ose." 

11lorn;n!{ H uo.ld. 

THE CHILD OF THE CHURCH OF ENGLAND. 

I' rice 2~. o<'3li", halfb""nd. 

"Tbese are Iruly Ct,riS!'an Parents' llooh, and happy ~ould ;t be for the rising 
general'on if Ihti. InSlruclars and Iulors would pu~ ,bese ad,ulr~ble works Or ~Ir. Talle. 
",rotbe.hanllsof thelouns ... hil~ Iht" lender mlOlls are yet open to recej"e the good 
.mpresslon~ ,,-b'eh Ihey are 31"" calculated 10 OOm-el'."-Chrirli"" 11/01liIO'. 
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S MrrH, ELDER AND C O.. CORNDI L L. 21) 

SOCIAL EVILS AND THEIR REMEDY. 
A SQ.ies of Nllrrllth·e.. Tbe Fil"l!t Number, entitled" TUE MECHANIC," 
was pronounced to be" One of tbe rno:>t useful and inter~ti"'J puulic;).. 
tions that had inued from the pren." 

The following arc the Con tcllU of tile different Numbers, price 18.6<1 • 
. cllch:- Il. "The unly and Ihe Lady's 1IIHid."-111. "The Pastofof 

Dronfelhl."-IV. "The La\)(lurer anti his Wife."_V. "The COWltry 
T<lwII."-Vl. "Live and Let Live; or, the 1Iianchester Weavers."
VII. "Th". Soldicr."-VIII. "The Lea.ide Furm." E,·".,y two C(lIl · 
seellt;,·". Numbers for:}1 a Volnme, which may be procured, neatly bound, 
price·b.~ch. 

" Tbe design of ~I r. Tayler is prai~ .wrth]· ; his objeci beinS t(l counteract, by 3 
setiu of talts iUustrative of Ibe """'cr anti ~cccs,;ty of. relisioo in Ibe d.ily and bourly 
conc~rns of life, 'Ihe confusion of errOr w,th trutb In ~JIS5 ~t..RTlSU.U'5 E~T.IIIt. 
TAI~ISG STO RI U.· .. _Chrini"n llememiJrancu. 

THE RECTORY OF VALEHEAD ; 
Or, TilE EDIFICE OF A HOLY H OM E. By the Rev . ROBBitT WILBOS 
EV Al<S, D.D., Vicar of Hc,"","han," Twelfth Etlition, with an illustrative 
::!::~c~:jce ti.!. neatly \)(lund in cloth.; or 1M. elegantly bound in 

"Uni'-Clsally an,1 cordiaUy do ,.-e rtcommcnd tbis deli ghtful Yolulne. We belie,'e no 
pc"!on c","ld read Ibis "'ork M,d nol he Ihe bt!ller for its pi"us and lOucbing l""sons. II 
is a page la~e n ftom tbe book of life, and el<>qucnl "'ilb aU the in~t ruclion 01 an eledlent 
1"'1lern: it i. a comme" tary on tbe atrectionale "aming, 'Remember tby Creator in tbe 
da]'s of thy youlh.: We baye nol for some time ~en a " 'ork "'e could so deservedly 
praise, or SO conscienliously recommend."-LiloTury Ga~'I1'" 

THE LIFE·BOOK OF A LABOURER. 
PRACTICAL LESSO~S FOR INSl"it vCTION ASD G UIDASCE. By.~ 
\\'ORKISG CLJ:RG"Id AN, AUlh". of the <, lJi.hop'a DBu:,;: btcr," &C. &e. 
l u oue '01. 8~o., price 7, . "catly \)(lund. 

"We ne'er in all our e~perience met .. ith 3 more interesling "'ork, and. ORe 
breatbing more fully and Jirmly tbe ,-ery eS~nce of CbriSllan pbllantbrol'Y and oat'onal 
patriotism, and that too in tbe mOil simple and unambilious language, as if tbe 'Hiter 
"ere nol a,,'Me of his po"e. of innueociog all Ihe heller feelioS" oftbe buman burt."_ 
Lile,·ar'lChronicf ... 

"iilis "oJume reminds uS forcibly of Il,al most delightful or all lJiograpbies, 'Tbe 
I)octor,' to ,"-l,ieh indeed it is hILle if al all ioferior."_Brilannia. 

" It is Ihe pious orr~ri"g of one "'ho may he deemed a proper follo,,·e. in tbe footstep. 
of that good man, Legb Ricbmood:'-.t1rgus. 

THE RELIGIOUS HIST~AN ; 
I n which RELIGION .IId S UYERSTITION are traced from their source. 
lly D. MORI~OS . 'fhe !:1econd Edi!ion, enlarged, leap. 8vo. pric~ 6". cloth. 

"Tbe intention of Ibi~ book is not less admirable Ihan the manner in "'hich it i. 
"TiLlen. It is most instruct;"e, and tbe tOile of ils conl~nls: is in the hi ghesl degree pi~ll'i, 
.. ilhout the least tinge of puritanism. Tbe information,t g1ve. on tbe most dIfficult pomts 
of biblical re.ding render it a valuable boot 10 all ,,-bo desire t.ue kno,"·Jedse."-A~~. 

"Curious, indu,trious, and learned, and ",ell ,,'ortby Ibe 'L1entioo of tbe public:'_ 
['i(t"ary Ga::ell~. 

" Tbe plan of this book ... as botb extensive and im~rtant-emhracing.o ioquiryinto 
tl,e natnr~ of Revelalion, and it. inOuenee om tbe op,,,,on. and eu.toms of man~md;" 
••• "the ,,-titer uSf:sScripl~r~ as 3" inlerpreler," and" ,tiel<! to the literal test of tbe 
.ix days."_Speclalor. 

THE FAMILY SANCTUARY ; 
A Form of Domestic Devotion (o r evcry SabOOt" in the Year: containing 
the Colle.:t of the Day; a l'orlloll of Scril,tIlre; lin Orig;n~l l',ayer or 
S..,.mon; and the Benedictioll . !:1econd !Witio.. . Oue vol. 8"0., price 
78. Gd. half bou"d in cloth. 
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WORKS P UnLISHED B Y 

M ORTAL LIFE; AND THE S TATE OF THE S OUL 
AFTER DEATH; 

CO:'<I'ORlIABl.E TO Dl\'INE RY.YELATIO:V . lJy ALEXA:'<DER COP
LAND, E'q., Author of "Th~ Existence of Other Worlds," &c. In one 
thick _01. 8'0 .. p"ice 158. lXlllnd. j 

" The .. ork ,,'ill arru,d in pcruS/lJ, to ~11 S01T(l"'ing rtl~li')n;, Ihe consolMion .od di\~r_ 
sion of mind of Ih. m{)5t congenial ~ind. II neither Je"". (be thoughts 10 d"'~11 p"m{ully 
On one idea-l hal of loss--nor does it all~lher "'ilbdra~ Ihe, mInd from ,IS conlell~Vla: 
lion: an .IT<H15hll more p;linful . The slUdy of a ,.-.;,It hke ~bos, on ~he contra,)". wh,le ,t 
gra<lu:.!I)' lIIeallS grief from ilS ruwuocboly ",","pation, sul'I'hes il " 'llh the ,,"'CeI"" and 
most che~rf\ll of all, balm_lhe happy cc,wi n ly of re_union, nOI "fler the Jav>c of ,aSI aSe. 
of lime, LUI (If Ibe ms\.anl term of Dlortal e,L;';I.cIl""."_1"hco("S",,,,,i lIeu,ew. 

SCRIPTURAL STUDIES , 
Comprisin~-The CREATIQS-The CIiRTSTIAN SCIIE:.IE-The I XNER 
SEN8E. By the R~v, WILLIA M HILL TUC IU,lR, M.A.., FdJ"w of King'lI 
Coll~j[c, Ca,obridge. I n olle thick ,'01. ole'n)" 8vo., price 10&. Gd. n~atly 
bound in eloth. 

" Tbis is n.o>la work lor ordina".. readers. The awtbOf thinks !'or hirosdf ; ,~,I;:o 
writes tbat hi~ readers must thi n~ 100, or Ihey will not he ahle 10 uo,ler$lalld bim._ To 
tbe sacred volume, as a re.dation from Goo, he pays UIIifOfm and enLire dderellce-nod 
tbe tbaughtflll alld pr;)}"(rful "Older " 'ill _ find Ibat he bas oot the U>inlciog'S of ;) <om· 
monplaco ruind bdor~ him.'"-JItt.lhliut ,V"ca.::ine. 

A HISTORY OF THE CHURCH OF CHRIST. 
In a Course of Lec tu .. s. By the Rev. CHARLES 1II ACIL ENZIE, A. M., 
V ica r ofSI. H{'lm'~, Dilhop.<gate, Ilntl Hud lila."" of Q.-" Elizabeth's 
Gt1llllmBl' SchGoI, SI. O :IIVO'. , Southwark. I u DUe \'01. post 1»-0" price 
&. IXI. neat ly bouud in dulil . 

"Altbougb tbe autho r is able aud urnesl, be is not big<ltfd or inloln-3I1t."_Liluar!l 
Ga:~IU. 

" It is hul an oo.:l~~O), ~el ,,·,thin its cou ... en'.ently com~lldion pagei it oontains ~ ' ('
,iew carefully t.lkcn of the plogre>s of the Cburcb of t; briSl, througb all tbe p"" I~of 
pc~cutio(l, dissellt, an~ ber .... y, h)" .. bieh it b<b ~ellirioo as ,n a furnact, "I) to its 
cO"{"',,,.d establishment '" this co"" try 3tlhe epo<:h of l688."- lIa .. W . . 

THE CHURCH AND DISSENT, 
CIII1,sidcred in t~lc.;r Practical Irdluence on I ntiividuab, Society, the 
Nat,on, and Rcl<swn. ll)" I'VWAHD O;;LIIH, Esq. I II feap. 8"0., price 
(i, . hound . 

" It !>'(Iuld be im(>Or>Sib\eto fond, ' " Ibe . 'lwlc ranl!" of our lilerature, a " 'OI"k;:o admi_ 
rabl)' suited to the proseDI I,mes as Ihis m"aluab!e hule ,'olumc. The searching test 10 

:~~b o~eh~~pe~t~:SI:~e;s ~~~~~ t~;,~t~~'~~~l:~~b::':~,ib"en~=::i~~r:!~~~:;; 
at (I>c !"esent rcligio .... C" sos."_C.lr;$!i",. Jkvi.~·. 

CHURCH AJrD KING: 
Comp risinK-I. T UiI Cnllll.CII AII'D DISSEST, COSSI DJ!.RU' I N TIIE I R 
P RACTICAL I NI'I.lI f. SCJ>; .howing t he Conne.l:ion of Cunstitutioual 
lo1 onareh y wilh tho Church , and the itientity of t he Voluntary P r"lciple 
with Oemoeracy.-ll. T ilE CHURCH E ST.\BLI8I1ED ON Til E DI BLE; 
or, the Doctrines and O i""ipline of the Ch urch shown in the Order 
and Conllexion of the Yearl y S¥rvicu appointed frllln the Scri p. 
tures.-li l . T ilE CATECIII$ M EXPLA I NED AND I LLUSTRA.TBD. I n 
Conne ~ ioll with these Bppuint<><i Service9.-IV. P SAJ.lI$ A~ D H YMNS 
ON Til E SERVI CES A.N D RI TE;;; ot> TilE C II URCII . lIy ED WARD 
OSLER, Esq. I n OnC vol. royal 8 vo" p rice 48. cloth boa ro.. 
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THE AUTOBIOGRAPHY OF A DISS ENTING MINISTER. 

The Sixth Edition. P rice-lr. 
"Our 0"'" ObWr\3Li<>1I bas sho"'n 05 Lhe trullL Qf the Sla~m~IIL.lml fOl'lb in L,';~ ... ell

"'Till.n cllKlSIIT6 o,r tbe ty.,nn~ IQ "'~iclL lbe gre.t~r IlOrti,," of 1J ,,<enti,,~ MII,,;l~n .,,~ 
oo~lrellcd to g~h m'l, and tbe c"ls ,,-b'eb Iho dest rucloOIl of the E,I~b!;,hed Cllureh "ould 
b'II'g uro" rchgion."_CQltrl Jolt,"""I. 

" We " .,rmly ~coommc'.lIllhi~ mosl e~eellcllt "'''r~ 10 public IIutice ."_llri/i'" ,l/a/r' 
" Th i ~ lolumc .. otIe .. -b'.cb .tri~es us U bClIlg h~dl' lu ma~e a wn,idcrablc slir in the 

rcligiOll" hiSh-ch u.-cb, and d,ssenting ... orl<I:'-I_i/~ra'Y G":~II~. 
"'ihcIT mode Qf eduCllli?" alillt D i .. ",,,UIIg (;oll"Kn,as they are pomJ.lOU>ll' !Ill led, 

is admir;ilily I bo"',, up."_E Ji,,6u.glo £ ,..,,,illl{ />0, 1. 

THE IDEA L OF THE E NGLIS H CHURC H. 

A Sketcb. By the Re'·. n. M():<TGOM~II " , ~I.A .• Author Qf" L uther," 
" The GO!pei be fore Ihe Age," &c . .!.:c. 8\'0., i1rice 2,. GIl. "... .. ed. 

CAP:lTAL PUNISHMEMTS UNSANCTION ED BY THE 
G OSPEL, 

,\ lId US!<ECE8BAIIY IS A ClIll hTIM'" STAn: . A Lette. tQ th e li e". 
Si ,. J Oli N PM>E \\'000, llan., 1l.C. L. Uy the U Cy 11 111''' ' ' 
CUnUT:IIAS, M.A ., I'.n.S., 1'. $.10., IDt e Qr St . J oho', CQllCS'c . 6yo., 
price II, s l itched_ 

T HE E NGLISH MASTER; 
Or, S T UI)E:'( T 'S GUIDE TO R EASOll' l lIG AlI D ColllP()8ITIO:f. Ex. 

]. iloW"g 8" Analy tkai \ · it .. or Ihe E";;rli.h ulRg""ge, or the Homan 
ldind, .nd o r tbe I'rincipu-I or fine I\· .il ,":::" By W ,LLlA,. B AS Io: S, 
Pr i'lI te T ucher of Comp<»ilion, ln tell~llIal Philosopby, &c. Seeoml 
Edilion , poIlt 6vo., price lar. Gd. board~. 

" We I .. ,'e e~~rui"ed "ilh core an d p1ca~ure IbiS 13IU3b'" Ireali;,e of Mr. D31\~S, ~"cl 
I trenuou . ly recoruruclld Ibe .olume as Oll~ of all ()o\I,er~ moSl fit 10 pul iolo lb~ ballds of 
~ (Tr EIIGlilib liludenl ."-W.dl!l H.d.It·_ 

A N E W' S P E LLING_B OOK OF: THE ENGLI SH 
LANGUAGE. 

Cnnlaining.lI tbe l\IQnM),n.bt .... ; • wpio\l! 8£'leetion of P oly8}·llabte!. 
CR~runy u .. "gW and attent"'''; I' lX>!tl't'Mivc ~ns, cbicHy frQm Ille 
H oly Script" ...... ; a Lisl o f \\'0.<18 or , ·a . joWl Meanings;. obor! Bible 
Clrtcchi!m ; Qoeot ion. on Seriptu~ "ioIQry; and 8eh",.1 P raye .... lIy 
J. S, ~foORIl, Mu tcr Qf t he Bre-w en' Coml"II1Y's School. 1211\0" 
price 11.6.1. bound, 

A R I THMETIC U.VEILED : 
Being a Series of Tal>le. and Iluleo, w.he~by m oat of Ihe calculations ill 
b winCD may he either menIally performed, Or 50 abridg..d "", to IU , 'C 
hal f the time usually emplo)'f. t. Tn which are annexed a ltIu!LJplkation 
Tlo.bl c extending to 200 times 200, and 1'lIblCII o f I"terest Oil an ilnprooctl 
plan, The .. hole ada pl e<l to t he U!lt of bolh t he first merchHut Ullll Ihe 
moat humble tradfr. By J .. .vY.jj M c D OW ALL, Accounlant. In delllY 
12mo., P"CI! 58. boond in cloth_ 
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" WOKlLS .U'D~J:SRED B1I' 

THE GRAMMARIAN; 
Or, THE ESGLISH WRlTER AND SPEAKER'S AS SISTANT : comprising 
S HALL and W,LL made euy to P(lrdgn~rs, with iDstunr~. of their 
Misuse on the P art of the NaliYl'S "r E,, !!!und. A lso SCOTT1CISMS. 
designed tn correet Improprietie. of Speech and Writ;!)g. By JAMES 
B EATTIE, LL.D. 24mo" price '28. doth board~. 

A SYS TEM OF ARITHMETIC, 

Wilh the PRI NCIPLJ,:S (lP LQC '< 'UT!!M$. Cnmplltd for ~kr .. hant 
T"ylors'Seh",,!. By RICHARD FRl<D ERICK CL.l.RKE, Teacher. Third 
Edition, <lemy 12mo" price 36. bound. 

" TIte gr~al object aUained i~ (bis ncellent ""Olr\;. is •• mOS' judicio05 ",bridgmcnl of 
tbe l.boor or leacblng and le.rn"'1: e_cry branch or Mlthmetic, by rend"rI"g lbe Rules 
and 1>X1,1,".,ions so ,'cry simple anJ intelligible, tba' n,,, sl ~dy becomes a pleasu re, 
mSlead of a la~k, 10 Ihe youtbl"l pup,l." 

t~ot! rp. 

BHY MES AND RECOLLECTIONS 01' A HAND-LOOM 
W EAVER . 

By WILLIAM T UOM, of In,'em'y, Aber<l('{'n,hire, The Second Edition, 
wilh Additions. I" po;t Sw., I,de" 53. with a Portrait. 

",\ n' Slue .. han niehl. gr . ... cauld and la ng 
Ae "hile be siebl-ae while he sang."-Ufd Ballad. 

"·rne Rhymes arC 10 loe read ~' i IL interosl, and not wilhout admi ralio n." 
E.rami"er. 

" l.el e. ery good man and ,,'Oma n Ihink of Ihe ~uthor: rr<}m Ibi. book he look. for 
,;ome oOll,;olal;on , and "e Irustil "m hrio:; bim slm more effeclual prolection from olher 
5I)Urces:·- L iteraryGa:dlO. 

THE COTTAB'S SUNDAY, AND OTHEB P OEMS, 
Chi.,f\y in the Scotli~h Dialect. By P~:TIHt STILL. In fcap. Bro., 
price (}, . cloth. 

THE PALACE OF F ANTASY; OB, THE BARD'S 
IMA GERY. 

WITII OTHER POEMS. By J. S. UARD \· , Author of" Hours of 
Thou:;!,,!; or, Poetic M"oin~B."' In feap, S""., price 38. 64. cl,,[h. 

" There i. mucb of the pure sold of """try in II,i . hand,;ome lillie .0Jumc."_ 
,l[Qcd~Jjidd Chronicle, 

" The V,i~ci f'<ll """m in t],i slil!le 'Qltlm ~, ".inen in the Spenserian Stama "nd dic. 
lion, conlains man y plea,ing PJ5"'ges. ~I ueh lalenl is c,· inced by the ~utbor," 
-O .• /ord H erald. 

" This """m contains manl' I"'ss:ogei "hieh one ,,'ouM read again ann the GrSI 
1>I:.usal-a rrmark ,,·hicb cannot be made or mucb of the. """ Iry ,,·hich is [lubl;sbed. 
S<.>me of Ihe miscella neous "",,"'s are .cry s"'eel, rcmindmg one of Cowpe r·s smaller 
!"""m~:'_llerl. County PrUJ. 

" The ' 1>,'I~ce of Fanta5y' is or 3 l,ighcr character Ihan Ibe generalil} of """m~: Chc 
SI';';t of """ try i. perC<'pl;b]e t]" ouSl,ont, nod the "'ork I,as a I,eaithy tone and purpose." 
-Cf"fle~h"m J"" ... al. 

': Th is lillIe ,'olu.o>," is one of con'ide ra.bl~ merit. !he l>rin eil~'l poem contains many 
beau ltful l'''>.1ge., orogllwl ~nd .triklllS, ,,'Inch cannot fa'l ~o please." ' _PlymQuth H~ra"'. 

" ,\1, lI ardy has l"oduced a loocm whirh, had it apf>eared during lhe I.st ceolury, 
IQI would 1"'0 ""cured fo, him a Out¥ pl'Cf " " 'ong Ihe DrtllSh h"ls." V ",&yskir. Chrrm. *' 
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BM:lTB, ELDER. A:N'D CO., COIlNH:lLL. 

A METRICAL VERSION or THE SONG or SOLOMON, 
A ND OTHER Ponl~. By A UTE GRADUATE O F OXFOI!D. 
feap. 81'0., price 4" Gd. cloth. -

KING UENE' S DAUGHTER . 

A Lyrkal Drama. From the D,,,,;,h of IIENIII" HERTZ. llv JANJ: 
FRANCIS CUAP)IAN, Translator of "Waldemar," Bnd "King Eric anti 
the Outlaw." In fcap . Svo., price 2" 6d. c\"tll. 

LAYS OF THE SEA, AND OTHER POEMS. 

My P IHISONNE. 10 fcap. Svo', I'ricc Gs. cloth. 

ISLAFORD, AND OTHER POEMS. 

A Book for Winter Evenin(rS Bnd Summer Moods. By GEonCy. 
MU RRAY. I n fcap. 8n •. , price "'s. cloth. 

GRISELDA : 
A Dramatic P OO'm. Translated from the Genn~n of PRED ERICK II .H'II. 
By Q. E. D. Royal 18mo., price 4s. clOlh gilt. 

" .~Il ~lrg3nllranslalion of an elegant German po~m."-Alhe"",,,,,,. 
" In oonclusion "'e ... ould Si rongly recommend 'Gri;;dd.' 10 Our readers; ",SUring 

them Ih~l, in our opinion, Ih~y .'iU nol usoly m~1 ... ilb an)lhing 5<> deserving of popu_ 
lar,'y, ~llher from Ihe ~urity of Ihe 'Iyle, the mlereSI of Ill e slory, the roddily of the 
translation, Ihe easy now of Ille rllyme, Or Ihe elegance of the language,"_F~";gn ond 
Colonio! Quo.tuly R Cdtw. 

THE COLUMBIAn , 
Com]!r;! ing Geol,(tal'hical S1<ctche<, and (l. Narrative (If Nautical A'.h"~n. 
lures in the Eastern Seas, indulling Ihe Jl~rib of a stnrm.oml provi. 
<l~nlinl .... eape from shi!'wTlck: with Meditation' on a Fntu", State. 
[ly AKClllllALD Tuc"EK RITCIIJR, Esq. I II demy 8VIl" price 10.., 
h and .... mely bonnd ill cloth . 

" Under Ihi. [iUe the aulhor has given " """,liCllI narralive of his , 'oyage in Ihe 
Indian Ocean, some .. hal in the manner of • F.lconer's Ship.'reck.' ... . l 'he mosl 
nmarkahle passr.ge is Ihat .'here he .nnounces • ne'" Mlemrt 10 upl3iu Ihe phenomena 
of Geol~y ill connuion l1ilb Ihe flr:st chap'H of Genesi.. ... We "olltd. reeommenrl 
Ihe perusal of Ihls poe"', "hieb containS some prell)' pass,,;;c! bolh 10 ,nlere,1 and 
!nSlructtbe readcr,"-Etlinhurgl, "'~d<ly Jv"" ,",,,,l. 

"This is 3 1l interestu,g """,m, ••. . In so far as il is ~escripli.e. il is a painling 
from Nature, an d a narralive of real life. T he aull"" ClIn ~y,' AU .'hich I sa~' , and 
I'.rt of ",hich I "0$.' If 10 landsmen tbe !'O<'m is inleresling, it muSI be peculiarly so 10 
Ihose 'whose march is on Ihe d~p.' ,... The .ut~~r is evide ntl )" 3 person of rif:h, 
principles, of 3 kind and pions he3r~, and of a generous ",,,II>oli,bed mind, •• ,' He 
has 3 higher objecl Iban merely gi'mg p\eamre; he , eel, [0 benem~;~:I~~teG'~·~"'HQn. 

DAYS IN " THE EAST, 
A P oem in Two Cantil!, D esc riptive of Scenery in ",,]ia, the Del'3rtllt<'! 
from Home, the Voyage lind subsequent Can't. of ~P Officer in the East 
Iudia Company's Army. By JAMES HE!<I\\" BUIlK", E>q., of Marble 
Hill. Lientenan t Bombay Engine",,,", Member of the Iklffib.y Brdnch of 
Ruyal Asiatic Society. In dep,y 8"0., pdce Os. bound. 

"1'he Sianoas of Mr. Durke be'j>C3k al OnCe hi~h ree]in~,. ,isorou, cultil'.tcd in_ 

lenig~:'{~~ ~~~c~I~:~i~l~v::l1.n~~iL~:·-;,,'~f;;.::/:'-~~~:::~ C"rQnicl~. 
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STANFIELD'S COAST SCENERY, 
,\ Series "f Picturesque Views in tlIP British Cbannel an,\ on the C"3St of 
. 'raner. From Original Drnwin(!."~, Ishn eXJlr~\y for the work, by 
CLAkKSQN' ST"'~FIELD, Esq., !l.A. Second edition. POI"'}' pl a te. 
eng-fa,cd m lint', In the mo><ot /i,,;sht'<l style, ,.-ilh tle~ Criplil'e l elterp''e6~. 
One v"lumc 8"0., handsomely bound in duth, gilt edges. Pric~ ';: ls. 

ARIEL. Designed, by E. T. P AUlIIS, finely engra~cd in line by F. llAcox. 
Proof. \08., pnnts 108. 

THE S MUGGLER'S ESCAPE. Painted by H. W. n.\flY EY. 

]''' 1l,T3ycd by C. HOSENlIJ;;ltG . Plain ('i, ., colonnd lOs, 6d. 
" ~Jnri "~ picture, rCJlre~nling the dwS{' of a srnuJ;,lling l\l~cr loy a Frigale, (al,en 

f, 'om a "ce lie HI Mr. James's No,-d" The Smuggle • ." 

V IEW OP ME.LBOURNE, PORT PHILLIP. Painted by W. F. 

In ~:i;'~~:~\VC~~'~::W~: 3b~~ Jp,~;~,;~,~;~r~g ~\;;:~~;:~:;~r\~'~f,:~:,:~J'"a.~h 
mi,n"l~ nec".acy, an~ rdcTrcd 10 by name in Ih e Ind._' -plale; lh e fore~round being 
"",m." 'ed h} Ch3T.'C I_eri~!ic group. of Mli ... ·', &c. The plate i~ publi;;hcd und cr lhe 
au,p,c~" of lh e Supe''''(CndClll awl I'.mcipal re,idenl. of Melbourne. 

VIEWS IN CALCUTTA. By JAl>IE S D. FRA S lm, F..;; q. Engra~e<1 ill 
A'l uBlinl, snd bcamifully coloured from natu.~. l'rice 10, . OJ . 

The'" ' ·ie,,·s embrace Ih e lltincipal edi fi ces of Ca lculla, and rcpresen l Ih e "'et'I., 
" I" orcs, promenades, and suburhs of 11,;,; spl endid ti ly, f,lIed wilh Ihe nJO,ley grou p. e f 
l,,, r~ pea ns and NatifC, ; Ihe r;\'Or and shipping bring "00 sbo"n un der almOSl,II('ric 
C[fcclS characleristic of II," d imate and rouuI . y. 

V IEWS OP SE.TTLEMENTS IN NEW ZEALAND :_ 
VI EW OF WEL LI NGTON, NEW ZEALAND. I'lain 38., colonre'! 53. 
VIEW OF LA~!BTO.Y H.4T1BOUII, NEW ZEALAND. P laiu 33., 

cnloured w. 
VI EW 01' NEW PLYMOUTH, NEW ZEALAND. Pluin 38., 

c"lnured 5, . 
VIEW OP MOUl'i"T EG)TONT, NEW ZEALAJI.' D. P la in 33., 

coloured w. 
·rlr~' e \·je ... s .ore f~ill,ful ~erres~ntalalion ~ of Ihe feal"~eS of Iho.e pori ;; or Ihe Coast 

of New l eal"nd se leCled a,; s"es of Ih e Co,n",ny's I'rone,,,,1 !culemcnts. They ~ er" 
I " ~e" to)' ~fr. Clwrics II ca pl, )", I)rJu~ht sm . n . 10 Ill e Ne,,- 7.eala.~d Com",")·, .w) c~hihil 
Ihe appeorance of Ihe country under the ,nflue~ce of coIO'utalio~; , how,ns the c,T>t 
ltah iWions of Ihe s~tllcrg, and Ihe ,1 8 "-n i n g~ of COmmerce and C, ... lol81,on 0" a sa,. ~c 
sill e . They MC e,ecu ted in tinled Utilogral'hy by Mr. Allom. 

VIEWS OF ALL THE I'RINCll'AL TOWNS IN S COT _ 
LAND. Each, coloured , 1&. Gd . 

I'OR'rRAITS OF EMINENT AUTHORS AND ACTRESSES. 
PORTUAIT$ of th~ {,,\lowi,,!'." "min.cn t A U TlI.OHg and A CTRE~S Jl8 . 
cnO"'""c<1 in line from Ori,;:"", l Dmw,"g' , nf a s'~e su'tahle for II lusl ra. 
t i O)~', may he had at h. each, 1''-;''' ' ; aHoI ~$ . Gd. each, Ind ia proo fs. 

TIIO~IA8 C .. RI.Y I. E, E<q. I JlllS $ O'NEil .. 
e'lA'lL!>>; DlcKE:<S, ll sq. MISS UItU NTON. 

W".l. ,A" WOI<JJSWORTII, E sq . MI SS FOOTE. 
ALFRED TE:<N~·80N, Esq. MAD")I!> VE STRIS. 
TIOBE'lT nl<OWNING, };sq . JllIs$ B,.I.EN T,na: . 
M I SS H .. KIlIET ~l ARTI:;EAU. MISS H EU::S F.\ UC IT. 

ILLUSTRATIONS OF FRI ENDSHII"S OI'FERING. 
A few Proof Imprcssions of 1I,e l"~ried and beaul iful de~igus ;)!u;;lr~li'·c of Ibe ;;el'eral 

,olume. of Ihis cle.ant Annual, particularly sP,jed for ornamenlmg Albums and Scrap
books, maI be bad separalel}' . 
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