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PREFACE 

T il E SECOXD EDITrON. 

T UB f 'nt" EnlTIo!'! of my <Geological OLeen-atioDS 

on the Yolennie hlancb.,' visited during the "oyage 
of 11.:\1.8 •• Beagle,' under the command of Capt. Fitz_ 

n oy. R.N., Wll.lI published, wiliJ the approval of the 
Lo rdij Commi8l!ioners of lIer Majesty's Treasury, in the 

year 1844 ; and my 'Observations on South America,' 

in 18"6. As both these works are now out of print, and 
as I beliel'e tlint they ~till contain matter of scientific 
'"lIlne, it hili apptared to me adl'isable that they should 
he republiJhed. They relate to parta of the world 
which hal"e been 80 mrely lillited by men of science, 
thnt I am not aware that much could be corrected or 
added from obeenntions subllequently made. 

Owing to the great progress Wllich Geology liu 
made within rooeut times, my viewa on some few poinh 
mRy he somewhat antiquated; hilt r havo thought it 

best to leave them Ill! they originally appeared. I n 
order to eomlliete my accouut of the Geological Obser-

he Con.,QJet ..work of Ch.;;ries Darwin OnlIne 



vi Pro/ace to tire Second Editio/I. 

\"ations made during the voyage of t.he 'Heagle,' I will 
Ilere gh·e references to four papeI'!! which were separately 
published. Fint,' On the ConnOection of certain Vol­

t.:anic Phenomena in South Americn,' read in 1838, and 
ptlblished in Volumo V. of the ''l'ranS(l.ctiona of the 
Geological Society.' Secondly,' On the Distribution 

uf the Erratic Boulders and on the contemporaneous 
:;tratified Deposits of South America,' read in 1841, and 
published in '-olume Vr. of the' Transactions' of the 

same Society. Thirdly,' An Account of the Fine Dust 
w!!ich often falls on Vessels in tbe Atlantic Ocean:' 
'Proceedings of tho Geological Societ.y,' June 4, 1845. 
Fourthly, on .liarch 25, 1846, in tIle BnIDe Journal, 
'On the Geology of the Falkland hland!!.' 
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~""l~ within the .. ""nta ~l'" 01 thoo _rite A'K·knt.o<I 
"hliu,rnt«!oril\(olllo'.roptionof."",nlize-Difllcul!yoft"",iog 
ove ... 1;.0111 plllin n"",ol Itl'MnU of Ia .. - Jnlond hill. ot more 
,.·,cient ~olcanie roek-DtromJN*d olivine in l ... ~ IIIft_F.ld· 
"I"'d,ieroeb beneo.tblheuP!"'rcry-.talli,.. butJtieltnwt._ l"ni. 
fo ...... n>Ct<I ... andfllrmoftb.""".anci6Dt .. olalai.hiU_Forno 
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lunrt-l'roofoo of i" Nftut el.".atiou-8traotu reot it. mOre a,.,ic~t 
rnoumaiua; .imilarity .. ith St. Jag<>. 8T.I'.lIlL" noc.t-!l'ot ,,," 
Y<>lcanieorigiD-thei.sing<UarllliDCralggioa!ro"'l~tioa t7 
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..,.bolthe udlipelofo-£Ient.ioaot the Iaad_Di.....ti ... ot the 
6.tQ ..... or.1'IIpUoD lH1 
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CHAPTEH J. 

ST, HOO, IS TilE eWE DE VEnDE AncIllPEI.AGO, 

If oh~! 1M i<>tff04 _~~. _.I. ""I"",..,,,,, wi VfOI",.,4j>Nil, .it'\ ~.t 
.Mlf, .11""'" ':v,IM"ul<ul of ""...i"""..t.r.ol to"" it. 1w> ........ I4l"1 
,Udt~INl-s..hMv"hlI"""'", ... "pI .... , --.,.., Irit'\ ~ 
""'-.tIn' t .... _~ ... ~ !""., . .. ~ -w..l .'lli .. /IM 
."".....1,mu~/I4r __ A_<infl ..... oMjJn.~~<ifft'ttpI'" 
.f-U oiu-m~~I'.r"'I~ ___ ... ~ • ........., __ <if 

t. ..... I~'-JIt>lU.!_-w.J .......... 't...u~.ti .. 1U;. 
1""9" __ • Fdh,a'''' rwh 6nuai' '1M -pp"" .".,..JI .... ..,It,,, 
U"". -l'.tf ..... u~ ...... '/_qfl4r--."", ........ I"" .... OcIilU_ 
}tw",qfllo."!I'IP .. arIM __ C.,I .. ~ ..... t .... !"".ug ... 1M 
_/w.".". 

Till, i~laud of St. Jago extends in Il NNW. and SRE. 
direditlTl. thirty miiCil ill length by al)()ut tweh6 in 
I,rt-adth. :!Iy obeep'ntion!<, made during two vi~itl!. were 
confined to tbf> f!Outhem portion within the distance of 
a f.·w leaguell from Porto Praya. The oountry, \'iewed 
from the _. pre!enu a nried outline: smooth conical 
hill~()fllrt.-ddi.~h colour (like Hoo Il ill in the accompany· 
ill;.:' woodcut),' and others le:..s regular, Ral-wpped, and 
of a hlacki~b colour (like A, B. C.) ri-e from !\.lce/!iIl:Ii,-e, 
~t"p-f(,"nl"d ]Ilains of lava. At a di~tance, a chllin of 
mountain~. many tooll!<and feet in beight, lm\"(!l1K'!! the 
interior of the i._land. There is no activo volcano in 
~t, Jngo, and olllyone in the group, namely at F ogo, 

alld' o~':':ttl~~·t~~ tl~t, ~~~ =::. o!.;h:O;i,~~:...·~h.".:::'~ 
m",l. "n, t-.d J[,)lX 'kn4' Th. oq""I'H".PI>Od billl (A, D, C, &~.) 
.... pat 111_",ly by~, l<,t i1la.t ... u "'y d_npt_ • . , 

n t Wrn. f ...:h 



SI. :faro. 
The island since being inhabited has Dot Buffered from 
destructive earthquakes. 

The lowest rocks e.rpoeed on the 0068t near l)orto 
Pmya, are highly crystalline and compact.; they Ililpear 
to be of ancient, 8Ubmarine, \'OIClUlic origin,. they are 
unoonfonnably co\'ered by 1'1 thin, irregular, calcarwu~ 
deposit, abounding with gbells of II. late tertiary period ; 
and this again is c311ped by a wide @heetofbasaltic lava, 
which haB flowed ill successive &reams from the interior 

of the i~land. between the <KIuare-topped hills marked 
A, B, C, &c. Still more recent streams of lav3. ba,"C 
been erupted from the scattered cones, 8uch lUI Red Rnd 
Signal Po;rt, Hills. The uppt'l' &trata of the !!quare­
tollped hilh are intimately relaW ill mineralogical 
oomposition, and in otber rel!pecti!, witb the lowe!'t l!erietl 

of the coost-rocu, with whicb theY!leCID to be oontillllOUl! . 
.If in~ ducripti<m of the rod:. of tlu lo".tJlt 

uriu.-These rocks ~ au extremely varying char· 
acter; they consist of blnck, brown nnd gray. compact, 
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Calcareous Depos£/. 

hMaltic ba8eI, with numeroull cryelall of augite, horn­
blende, olivine, mica, and IIOrnetimel\ glllSi:!}' feld!par. 
A common ,-ariety i. alwOllt entirely comlJOeed of ery~t.a.b 
of augite with olivine. Mica, it ill known, seldom OOCUl1l 

\l"bere augite abounds; nor probably does the present 
CMe offer a real ezeeption, for the mica (at least in Illy 
be..t cbaraeterised Bpecimen, in which one nodule of thil 
mineml ill nearly hnlf an inch in length,) is as perfectly 
ronnded as a pebble in a conglomern.t.e, and evidently 
bas not been cry~t.a.llised in the baae, in which it ill now 
ineJOI5ed, but luu proeeedt'd from the fmion of IIOllie I~ 
existing rock. Theee compact lavu alternate with tuffs, 
amygdaloids and wacke, and in IIOme plnces with C<MU1Ie 

conglomernte. Some of the argillllCcolllI wacketl are of 
a dark green colour, otbefl!, pale yeUowisb-green, and 
others nearly white; I WlI.!lllUfpriied to find that &Orne 
of the latter ,-arietie;;, e,'en where whitest, fused into a 
jet bl4ek enamel, whilst !lOme of the green '-arietietl 
affonlod only a pale gmy bead. Numerous diket, con­
sining chieHyof higllly compact augitie rookij, and of 
gray amygdaloidlll varieties, interaeet the strata, wbich 
hlwe in seH!r.ll pll1Cell been dislocated with eoDKiderable 
"iolenee, and thrown into highly-inclined positions. 
Qne line of diaturwnce Cl'OlRiel lhe northern end of 
Quail Island, (all islet ill the bay of Porto Pruyn) and 
ClLn be followed to Ule mainland. These disturwnc~ 
took Illace before the deposition of the recent sediment­
ary bed; and the aurfa.ce, alllO, had pre\'iousi y been 
denuded to a great extent, as ill /l00wn by many trun­

cated dikes. 
DucMptwn of tM cakaTl!l'.l1U ckpo8it Qt~Tlyil1fJ the 

foTtfJoi1l!J oolcanic rockB."--This stratum is "ery con­
ipicuOUll from ill white colour, and from the e.ltreme 
regularity with which it rang&! in D horizontal line for 
lOme miles along the coast. Ita average height abo\"e 
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th~ 1m, meuured from the upper line of junci.ion with 
the luperincumbent basaltic la\"fI, i. about lixty feet; 
and itt thidtnef<il, although \"8.rying much from the 
inequalitiet of the underlying formation, may be Cl'ti­
mated at about. twenty feet. It eon!i,t. of quite white 
cnlcllteOul matter, partly compo!le(l of organic debri~, 
and pllrtlyofn 8ubBtanC(' which may be aptly compared 
in appearance wilh mortar. }'rngmenta of rock and 
pcbblCil are IICntwred throughout thi, bPd, oQcn forming, 
cape-cially in the lower part, n conglolll(' rnte. .:'olnny 
of lhe fnlgmenu of rock are whiteWMhf-d with a thin 
cooting of calcareous matter. At Quail bland, the 
ealcareoUl deposit i! replacerl in it. 10wC8t part by a 
lIOn, brown, earthy tuff, full of Turrite l1:e; thi8 il 
cowred by a bed of pebble;;, JlR>,ing into 83.lJdtilone, and 
mixed with fragments of eehini, duos of crabs, and 
shells; the oy8ter shell8 still ad bering 10 Ibe rock un 
which they grew. Numeroui! wllite hIlUlI apllC8ring like 
pillOlitic concretion!, from the size of a walnut to tbat of 
an apple, are embedded in thia depo@it; they \l6\1ally 
ba\'e a small pebble in their centrt'!!. Althougb 80 like 
concretion.&, a ci08e e:rn.mination collvinced me that Ihey 
were Nulliporre, retaining their proper fonns, Lut with 
tlleir &\lrfaees slightly abraded: thete bodiea (plants as 
they are now generally COD..8idl'.red to be)&hibiL under a 
microlCOpe of ordinary power, 110 tJ'aCeil of organisation 
in their internal structure. .:'ol r. George R. Sowerby 
baa heen 10 good as to examine tbe lhelbt which J col. 
lected; there are fourteen !!peeie!! in a Ruffic.wlltly perfect 
condition for tileir charncten to he made out with wme 
degree of oertninty, ar.d four which cnn be referred only 
to their gencrn. Of the fourteen@hells,ofwhichali.t 
i. given in t1Hl Appendix, ele,·cll nre recent _1H'Cies. one. 
though undescribed, is perhnps idcntical ,,·ith a "pecies 
which I found lh'iog in the harbour of I·orto P raya ; 
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aur. I. Calcaru)1ls DrjJosil allered by Hr(ll. 

the two remaining species are unknown, and hal'e been 
de9(>ribed by Mr. Sowcrby. Until tbe shcllA of this 
Archipelago and of the ncighbouring coastl! Ilrc better 
known, it 1I"0uid be rash to Il8Iert that cI'en these two 
laltl!t ~belb are 6.tinct, The number of species which 
<:tcrtainly belong to existing kind~, althougb few in 
number, are ~ufficient to show that tbe deposit belonJ;!! 
toa late tertiary period. From il.llmineralogical char· 
ncter, frOID the llumber and size of the embedded 
fragmeuti!, and from the abundance of Palellre, and 
otkr littoral ~hl'lls, it is el'ideut tbat the whole was 
llc<:uIDulatedin a shnllowllea,nenrao ancientCOll.:!t·Jjne. 

l.JJuts prQl{ucW by the flowing of !/~ ./IUperincum­
~Itt b(~altic I'H'(~ Ol'er tite C(tlC(l~OU8 dep(h'lit.- ThCil(l 
dJl'CL! are I'cry C\lrious. The calcareous mattcr ill nltered 
to the deplb of about a foot beneath tbe line of junction; 
and a mO!'t perfect grndntion can be traced, from loosely 
aggregated, SU\tlIl, particle$ of shells, corallin(':'t, and 
Xulliporre, into n rock, in which not a trace of rnechan­
kal origin cun be discovered, even with a microscope, 
Where the w<:tnlnorphic change hns been greatest, t.wo 
nrietie, occur. The first is a hard. compact, white, 
tine grained rock, Itript>d with a few panllel liIlC!l or 
black volcanic particles, and resembling a /itlnc\stone, 
hilt wbicb, Upoll close examination. i~ seen to be crystal­
lised throughout. with the cleamgel IIG perfect tJlat' they 
can be rcarhly IIll'flslIred by the reflecting goniometer. 
In ~pecimen", wb('re the change hal been leu complete, 
",-bffi moi~tened and examined undet' a ItrOng lens, the 
mo~t intere8ting gradation can be traced. 80rne of the 
rounded particles retaillillg their proper forms, and other!! 
illi«'llsibly melti ng into the grJlDulo-crystalline paste. 
T he weathered ~urface of thi6 ijtooe, as ill 80 frequently 
the C3<e with ordinary liwestonet. Il!;SlUDeB a brick·red 
colour. 
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The second metamorpboeed \-ariely i8likewise a hard 
roek, but without any crystalline structure. It oon~i8ta 
of a white, opaque, compact, calcaroous lltone, thickly 
mottled with rounded, though regular, 8pota of a 110ft, 
earthy, oehrnceowl substance_ This ea.rtby matter is of 
a pale yello .... i"h.brown colour, and appear8 to be II. mil:.­
ture of carbonate of lime with iron; it effcrvElilCea with 
acids, is inflUiible, but blackens under the blowpipe, and 
beoomOi magnetic. The rounded form of the minute 
ratchet! of earthy fJUbiltance, and the ttepa in the progress 
of their perfect fonnation, which can be followed in a 
suit of spociJnens, clearly show that they are due either 
to IIOme l)Ower of aggregation in the earthy particles 
amongst themselves, or more prol)3bly to a strong at­
tmction hetween the atoms of the carbonate of lime, 
and consequently to the segregation of the earthy e.l­
tranoous matter_ r was much int~ted Ly this fact_ 
because I bM"Coften seen quartz rocb(for in8tance, in 
the f-alkhllld Islands, and in the IOIl-er Silurian strata. of 
the StipeMtones in Shropshire), mottled in a precisely 
II.nlllogou8 manner, with little spots of a while, cartlly 
suhBtance (earthy feldspar?); and theee rocb, there 
Willi good rll3lOll to BUPpose, had undergone the action of 
heat,-a \-jew 'II-hich thUil receh-e!I collfirmlltion_ This 
spotted structure may po;Ii!ibly afford IIOme indication in 
distioguis.hing those formations of quartz, which owe 
their I)ref!ent Jtrocture to igneous action, from thol!e p~ 
duced by tbe agency of 'lJi"ater alone: a lIourcf> of doubt, 
which I should think from my 0"11 aperienee, that 
lD08t geologists, when cIllIlli11ing arenace!M)unrtZOSl' dio­
trict.!, must have e.lperienced_ 

'The lowest and mOl!t IICOriacenus part of UlC 18n't in 
rolling over the Hedimentary dCpoi'it st the i)Ottorn of 
the eta, baa eaught up large quantities of calcareous 
matter, ,,-bich DOW forms a 8Ilow.white, highly crystalline, 
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basia to a breccia, including small piooes of black, glouy 
ilOOrill!, A little abo'-e this, \\'bere tbe lime i, lea abun­
dant, and tbe lava more compact, numerous little 0011$, 
compo;ted of spicula of calcarooUll spar, radiating from 
common centres, occupy the interstices. In one part of 
Quail 1~lal1d, tbe lime has thus been crylltallised by tbe 
beat of the superincumbent 18'-11, where it is only 
thirteen feet in thickness; nor had the \31'3 been origi­
nally thicker, and since reduced bydegradation,U8 could 
he told from the degree of cellularity of itll surface. I 
ha,-e already o~ed that the sea must have been 
~hallow in whicb the calcareous depoo;it 'I\1l8 acculUulated. 
In (hia C3l!e, therefore, tbe carbonic acid gas haa been 
retained under 8 Ilret'sure, iruigniticant ooml)lU'ed with 
that. (a column of water, 1708 feet in height) originally 
suppoeOO by Sir James Hali to be rcqui~ ite for thill 
end: but ~illee his experiments, it 11M been disco"ered 
that pr6lll!ure has less to do with the retention of carbonic 
ACid gas, than the Illlture of the circulIljacent IItmo­
sphere; and hence, as is atatoo to be the case by 1II.r. 
}'araday,1 mll.88e8 of IiIlle&tQM 3re fIOlIletimee fused and 
ery~talli86d el'en in common lime-kilns. Carbonate of 
lime can be booted to aim06t any degree, according to 
t'arnday, in an atlllQ8pbere of carbonic acid h"WI, without 
being decomposed; and Gay-Lu!IilI\c found that frag­
ments of Iime.!tooe, placed in a tube and heated to a 
degree, not lufficient by iuclf to cause their dCCOlnllOlli­
tion, yet immediately e\'Ol'ioo their carbouic acid, when 
a stream of common air or steam WM pn8ilOO over them; 
Gay-LIll!5ac attributes this to the mechanical dil!place­
ment Qf the nMCent carbonic acid gns. The calcareous 
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St. Yaro. 
matter heneath the lam, and ei'pecially that fonu ing the 
crptalline ~picula between the inten;tiC('l! of the se(lJ"ia;o, 
although heaU><! in an atmO!'llbere probahly eompo!'t'd 
chieHy of ~team. wuld not have beeD Il.Ihjected to the 
effed~ of a pnr;sing stream; and hence it is, llerbap!!, 
tllnt th.·y ha'e Il!'t:lined tht-it carbonic acid, under a 
small amollnt ofpreN<ure. 

T he fragments of !<COria', ('mhedded in the crystalline 
calcar{'Ou~ bn .• i~. aTe of a jet black colour, with a glOll!ly 
fracture like pitch~tone. Their 8urf~, IIOWe\'er, aTe 
cooted with a layer of a reddi~h·"ol'llllge, tl'llnsluct'nt. 
~lIktlllll'(', which can easily be lIl'ratched with a knife; 
hence till·y allfX.'IU" a~ if O\"ETlaid by a thin layer of ro!<in. 
NJrue of tile lilllaller fragmente are ))D.rtially changro 
throughout into thi~ 5ub;otance: a change which appean 
quite difi'Cr('nt from ordinary d('C()ffi[lOl'ition. At the 
GalalJagot Archipt'lago (as will be d('!;Crihed in a future 
c1lallter ). great heds are formed of ,'olcanic a:;.be!! and 
particl~ of lIOOrire, which hare ulldergone a closely 
~jmHar change. 

'11t~ utMt mullwt"i:ontality of tilt CaUarwulltm­
turn.-The upper line of surface of tho ealcal'OOllil stra­
tum, which is 8000IlSllicl.l(MU from beillg quite while and 
so llCllrly horizontal, rangeijfor milCllllongtheCOlU't, at. 
the height of about. si.xty feet abo\·e the Il00. The,beet. 
of bn5alt, 1l111'hich it is capped, i. on an average eighty 
feet in thickneM. Westward of l'orto l'raya beyond 
Red li ill, the white glratum with the Iliperinclimbent. 
basalt. i, co\'ered up by more recent 8tream~" North­
ward of Signal P~t Hill, I could follow it with my 
eye, trending away for !re\'eral miles along tllo sea diff~" 
The distance thus oltserHld h about. Ij(wcn mileB; but 
1 callnot doubt from iu regularity that it extends much 
farther. In some ravine! at rigM angleIJ to the coast, 
it jij iCeD gently dipping tOWllrdS the &ea, IlrobaWy with 



Cakanou..r HorizOlJlltt Deposit, 

the same incliuation WI when depo!tited round tbe 
ancient shores of tbe island. I found only one inland 
K'Ction, name~y,at tbe ba..«e of the hill marked A, wllere, 
at the hl'ight of IIOme hundred feet, thit bed was ex­
po~l; it here rested on the usual compact Ilugitic rock 
a."OCiated witb wlicke, and was co\'('rOO IlY tbe wide­
spread @llCetof modern basaltic lava. Some exceptions 
occur to the horizontality of the white atmtu,m: at 
Quail !.!aml, it~ upper surface i~ only forty feet abCl\'e 
the level of the sea; here also tbe eapping of lava i8 
unl! bet1l'('en t .... elve and fifteen feet in thicknCS!!; on 
the other hand, at the l'I'E. side of Porto Praya 
harhollr, the ealcareoWi stratum, as well as the rock on 
lII'hich it ~t~, attain a height abol'e the I\\'emge lel'el: 
the inequality of level in these two CWie8 it not, as 1 
believe, owing to unequal elel'ation, but. to original 
irregulariti~ at the bottom of the iiCIl. Of this fact, at 
Quail hl1\lld, there was clear el' idellce in theculcareous 
depo~it. being in one part of much greater than the 
nverab'e thiclmea~, and in nnother part beiug entirely 
ah!'t'nt; in thiM latter case, tbe modern basaltic lavas 
re51t'<1 dire<'tiy 00 those of more anciclltorigill. 

l'nder :"ignal 1)08t Hill, the ",hite stratum dipe 
into tht' aea in a remarkable manner, Tlli, hill is 
conical, 450 feet in beight, and retain8 some traces of 
haYing had a craterifurm stnIcture; it i, compo&ed 
c:hiefty of mattt'r erupted pot;teriorly to the elelll.tion of 
tbe great baaoltic plain, but partly of la\'aof apparently 
~ulomarine origin and of CQn~idernble anti<luity. The 
!urroullding plain, as well as the eaitem flank ofthia 
hill, ha\'c been worn into steep precipices, o\'erhanging 
the .ca, In these precipices, the ""hite calcareous 
~Iratum may be l!een, at the height of about 70 feet 
sbol'e the belleh, mnoing for sollie miles both north­
"llrd and lIOuthward of the hill, in a line appearing to 
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be perfectly horizoutal; but (or a space of a quarter of 
a mile directly under the hill, it dip!! into the Ilea and 
diinppeare. On the eouth side the dip is gradual, on 
the Ilortb side it is more abrupt, a. is shown in the 
woodcut, As neither the calcareous strntulD, nor the 

superincumbent basaltic lava (u (ar u the latter can 
be di,;tinguished from the more modern ejections). 
appear to thicken as they dip. I infer tllal1 these 8lrata 
were not originally accumulated in a trough, the 
centre of which afterwards became a point of eruption; 
hut that tooy have subsequently been disturbed and 
hellt. We may suppose either that Si~"131 l'OIIt H ill 
subllided ufter it8elo\'ation with tile lurrouudingcountry, 
or that it nOl'Cr was uplifted to the IRme height with it. 
This latter IleCms to me tbe mOilt probable alternative, 
for during ti,e aloW' and equable ele\'atioo of this portion 
of the island, the 8Ubterrnllean moon! power, from ex­
pending partofiu force in rel_tedlyerupting Nlcanic 
.matter from beneath this point, would, it i. likely, l!a\'O 

1M fOreEt to uplift. it. Something of the !!awe kind 
eeems to hR\'e occurred llear Red Hill, for when tracing 
upward! the naked streaws of !a"a (rom near Porto 
Praya towards the interior of the island, [ wo.s strongly 
inducffi to IUSpect. that since the lava had flowed, the 
slope of the land had been slightly modifiod, either hy a 
small 8ub8idence near n ed Hill, or })y that portiOll of 
the plain having been uplifted to a leslfeight during 
the elevation of the whole area, 
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1M Ixualtic lam, 8UperiW;U~t on a~ cal.-­
MrtOU8 ckpo8it.-Thill la,"a ill of a pale gray colour, 
fruing into a black enamel; itll fracture is rather earthy 
and concretionary; it. contains olivine in mlaU graiIl& 
The ccntral para of the mass are compact, or at most 
crenulated with a few minute an'itiee, and are often 
columnar. At Quail hland this structure wtu! assumed 
in a striking manner; the lava in ono part being 
divided into horizontal laminre, which becrune in another 
part 'plit hy \-ertical fissures into fivHided plates; and 
these again, being piled on each other, insensibly 
became IOldered together, fonning fine symmetrical 
column" The lower s.urface of the lnva is vesicular, 
but iometimes oDly to the thickness of a few inches; 
the IIpper surfact', which is likewise vOOcll18r, is dh'ided 
into bsll~, frequently as much as three feet. in diameter, 
made up of concentric laycn. The masa i. comp<>@€dof 
more than one stream; its total thickness being, on an 
averllgt', about eigllty feet: the lower portion haJj cer­
tllinly flowed beneath the sea, and probably likewise the 
upper portion. The chief part of this lava haa Howed 
from the central districts, between the hills marked 
A, H, C, &c. in the woodcut.-map. The surface of the 
country, near the coo.st, is le'-el lind barren; towardi 
the interior, the land rises by 5uccC!"'h-e terraces, of 
which four, when viewed from a distance, could be 
distinctly counted. 

lrolcanic eMLptiona .m.buquent IQ tlit det:ahon of 
Iht COftJIliand; 1M ejected matt~ lWOCialMl with e<,rlliy 
limr.-Theie recent lams have proceeded from those 
seatlered, conical, reddi&h-eoloured hillJl, which rise 
abruptly from the plain-eountry near the coast. r 
B8CCndcd lOme of them, but will dC!Cribe only one, 
IlRlUely,JWlIIill,which may sen'ea9 a type of its claQ, 
aud is remarkable in some especial respecta. Its height 
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i~ about. GOO feet; it i, eompoiMld of bright. red, Ilighly 
IICOriaceou.s rock of a basaltic nature; on oue .ide of it! 
~ummit. there i. a hollow, probably the hut. remnant. of 
a crater, Se\'eral of the other hiU. of thi'da!!&, judging 
from their external forna, are surmounted by much 
more perfect craters, Wh('fl miling along lhe coa~t, it 
WIll c\'ident that a oomiderable body of lava had flowed 
from Bed Hill, o"er a line of diff about 120 feet in 
height, into the lIea; thia line of clift' i, continuou8 
with that fOl'ming the coa~t, and bounding the plain on 
l)(Ith .idea of tilis hill; theselitreamllothHefore,wcre 
erupted, after the formation of the C08!t.-cliff~, from 
nl-.j Ifill, wilton it must ha\"e .tood, l1li it 1I0W doet, 
above the le,"el of the sea, Thi.s condusion aecorcJ.;j 
with the highly IIOOriaceous Mudition of all the rock on 
it, appearing to be of 8uhlwriul fonnation; and thi. is 
important, IL.'! there are IIOmc beds of calcareous matter 
near itB 'Ulllmit, which might, at a IHuty glance, ha\'e 
been mi!taken for a subnmrino dCpo!lit. Theile beds 
cofl!i~t of white, earthy, carbonate of lime, eltrcmdy 
friablo 80 III to bo cru."hed with t1U.l least pressure; the 
most compact Ilpeeimcu8 not. reai~ting the IItreugth of 
the fingeR. Some of the mll!lllCS are III white l1li quick­
lime, and appear absolutely pure; but on exnmining 
tbem with a leD~, minute partide. or IIOOrire can always 
be 1Jee1l, Ilnd I could find none wllich, when dil!8Oh'ed in 
acid"" did not lea,'e a residue of thi, nature, It i~, 
moreover, difficult to find a panicle of the lime which 
does not. change colour under the blowpipe, mo.t. of 
them e,'en becoming glazed, The flC()riaceous frag_ 
menu and the calcareous matter are aseociated in the 
1Il000t irre,,·ular manner, IIOmctilllCB in obt!euro bed@, but 
more generally IU n conill$Cd breccia, tho lime in some 
parta and the 8COrire in othen being mOft flbundant. 
Rir H, De In Beehe has been 80 kind 11.1 to Ila\"o some of 
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the puwt specimens analysed, with R view to di&oo\-er, 
con!!idering their ,-oleanic origin, whether they con­
t;<ained mnch mngnesia; but only a small portion was 
found, such as iii pre!lent in mOfit lime&tones, 

Fragments of the aoorire embedded in the calcareous 
mass, when broken, exhibit many of their celie lined 
and ptlrUy filled with a white, delicate, e.tcessively 
fragile, 1D068-like, or rather confcrm-like, reticulation 
of carbonate of lime, TbellC film:", cmtlliued under a 
lens of one-tenth of an inch focal dist.'tnce. appear 
cylindrical; th<,y are rather alwwe the -dn of an inch 
in diameter; they all' either simply branched, or more 
commonly united iuto an irregular m3!8 of net-work, 
... ith thc lD('IOhes of \'cry unequ.al iiiU'8 and of unequal 
numbers of sidet. Some of the fiLree are thickly 
co\"ered with extremely minute ~pieula. occaaiollally 
agJ.,-regated into little tufts: and hellce they ha\'e a 
hniryappenrnnce. ThesE' ~picula Ilre of the same din­
meter thro\Lghout. their length; they aTC ea~i lydet.1.ched, 

BO that tho ohjeet-glru!8 of th,., microscol>O 5OO1L Ueoome5 
IlCnU('!'('(\ Ol'<.:r with them. Within tho ('('lIiI of many 
fragments of the scorire, the lime exhibits this fibrous 
structure, but generally in a iC>;ll perfl.>ct degree. These 
cells dllllot nl)pe:1r to be colln~ted with one another. 
There can he no doubt, !\!l "'ill pre..ently be ehown, that 
the lime W!\!l erupted, mingled \\·itllthe In\"a in iu fluid 
Rate; alld thertfore I hal'e thought it worth wbile to 
dCH(:ribe minutely this curiou! fibrous !trueture, of which 
r know notlling analogous, From the enrtby condition 
of the fihreto, tbis ~tructure dOCil lIot nppear to be related 
toerYlItalli!lntion. 

Other fragments of the llCorinellOliB rock from tbis 
IliIl, wben broken, llre often seen marked with short and 
irregular white streaks, which are 'owing to a row of 
IICparate cells being partly, or quite, filled witiJ white 
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calcareous powder. Thill structure immediately re­
minded me of the appearance in badly kneaded dough, 
oLballs and drawn-(lut streakil of fiour, which have re­
mained lmmixoo with the paste j and [ cannot doubt 
that small masses of the lime, in the same manner re-. 
maining unmixed with the fluid I:wa, have been drawn 
out when t}le whole Wa!:! in motion. [c.'l.refully ex· 
aminoo, by trit.uration and IIOlution in lUlidll, pieces of 
the scoriro, taken from within half-an-inch of those cells 
which were fiUed with the calcaroous powder, and they 
did not contain an awm of froo lime. it iii obvious 
that the laxa and lime have on a large scale been ,·ery 
imperfectly mingled; and where @mall portions of the 
lime have been entangled within a piece of the \-il!cid 
la\·a, the cause of their now oecupying, in the form of 
a powder or of a fibroUil reticula lion, the vesicular 
cavitie~, i~, l think, e\·idently due w the confined gase;I 

htl\·ing mo~t ·readily expanded at the points where the 
incoherent lime rendered tbe lava Ie!! adhesive. 

A mile eastward of the town of l)raya, there is 
a ~teep-sidcd gorge, about 150 yKrd~ in width, cutting 
through the basaltic plain and underlying beds, but 
/!.ince filled up by a stream of more modern lava. Tbis 
la'·a is dark gray, and in most parts compact and rudely 
columnar; but at a little distance from the coast. it 
inclndea in an irregular manner a brecciated mass of 
red scoria! mingled with a considemble quantity of 
wilite, friable, and in some JXlrb, nearly pUle earthy 
lime, like that on the summit of Hed Hill. This la\·a, 
with ita entangled lime, hM certainly flowed in the 
form of a rcgular stream j and, judging from tbe shape 
of the gorge, toward~ which the drainage of the country 
(feeble though it now be) stiU is direck-d, nnd from the 
appearance of tbe bed of looee wnler·woru bloeki with 
their intenitices unfilled, like tbose in the bed of a 

,_ n,ol~te .... ork ofCharn nl'n 
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torn'nt, on which the lal'a r()$.U!, we may conclude that. 
the 'lream W1UI of subaerial origin, I Will unable to 
tmoo it to iUi IIOlIrce, but, from itt di~lion, it _med 
to hlwe come from Signal J'o~t Hill, di~tant. 006 mile 
and a quar\.er, which, like Red Hill, has been a point 
ofenrlltion subseq"(>lltly to the elel'tl.tion of the!.'Teat 
1~IAA!tic plain, It accords with thia view, that r found 
on ~ib"llal Post lIill, a mass ofellrthy,culcareoll8lnatter 
of the IIIIlIle nature, mingled with 8OOrire. I may here 
obtieno that parl of the calcare(lu~ mattAlr forming tbe 
bori1.Onlailedimentary bed, especially tht: finer matter 
with which the embedded fragmentt of rock are wbite­
... a~hed, bil!l probably been derived from similar "olennie 
eruption!>, U well u from triturnted organic remain,: 
the underlying. ancient, crysu.lline roeks, al;;o, are as­
aoeiated with much carbonate of lime, filling amygda. 
loidal C4litiell, and fonning irregular m~, tho nature 
ofwhieh latf.{'r r \\'aa unable to undeMltand. 

COfl'idering the abundance of earthy lime near the 
hummit of Hod II ill , a "olcanie cone GOO feet in height, 
of sulllli-rial grol\th,---considering the intilDate 1D1IIlDef 

in which minute pl\fticlea and largt' IDII.WCIj of 800rire 
are l'mbedded in the mllSSe8 of nearly pure lime, and 
on tile other l!flnd, the manner in which @mall kernels 
and streak! of the calcareous powder are included ill 
K)]id pieccsofthe 8Corite,-----eonsidering,alao,the Ilimilar 
occurrence of limo and 800rim within a stream of la\'a, 
abo suppoaed, with good reason, to bave been of modem 
subaerial origin, and to haw Bowed from a hill, where 
eartllY lime nll:lO OCCUT!l: r think, OO"llsidering theI!C 
facLl, there can be no doubt thllt. the lilne hal been 
eruptffi, mingled with the molten lava. I (HO noL 
aware t1mt any &imilar ClUe has been d()SCribed: it 
apJX'RftI to me an interesting one, inasmuch III most 
geologi~ta must ha,'c !!pOCulated Oil lhe probable 
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effects of n "olennie focus, bursting tllrough dee~aled 
beds of different mineralogic:!.l composition. The great 
abundance of free silex in the trachytes of some OO\l\l~ 
tries (as described by Beudant in Hungary, and by 
P. Scrope in tho Panza Islands), perhaps soh'es the en­
quiry with respect to deep-seated beds of quar(,z; and 
we probably here see it. answered, where the volcanic 
nction has invaded subjacent masses of limestone. One 
is nat.urally led to coujecturc in what. RLate Llie now 
earthy carbonate of lime existed, when ejected with the 
intenaely heated lam: from the extreme cellularity of 
the sooriro on ned Hill, the preSllure cannot lJa\'o been 
great.. and as most volcanic eruptions are accompanied 
by the emiSllion of large quantities of steam and other 
gases, we here ha\'e the mOBt f:wourable conditioDs, 
according to the views at present entertnilled by 
chemists, for the e.xpulsioll of the carbonic acid.' Has 
the slow re-absorption of this gas, it may be asked, 
gil'on to the lime in the cells of the lava, tllll~ peculiar 
fibroliS strltcture, like that of an efflorescing E.'l.lt,? 
Finally,l mny remark on the great coutrMt in nppear~ 
ance between thi~ earthy lime, which must Ln\'e been 
heated in n free atmosphere of steam and other gases, 
while tho white, crystalline, calcareous spar, proouced by 
a single thin sheetofla\'a(as ntQunil Tslaud)rollingo\'er 
similar ear01Y lime and tIle debris of QTgallic remains, 
at the bottom of a shallow sea. 

Signal POtlt Hill.-TIlis hill has nlready been 

'Whil,t deep l>cn ... th the ""rfa"", Ihe "'rOO~nte "flime WlIS. I 

~~~:~;~:~:~l ~i'~::~t~::~~r~~~~~~~:~::~:'::lt~;;~~l~ !:~~; f".n,illgtho,ummitofl ... dHilI1I!.d b&e1l ".oolM, IIn,\cr Ihe I'r<"SOure 01 

;:=b~~t~~,l~'H~:t;:· t~\;!!~n ~7~~1~~ :~i;;,dl~~."~~:l~f i:.,::~ 
poct.cl')"!Iu,1line,e&l"":,"""u.~,"b'ch,IICCOf'(lillA'to\h.\'i.,, •• nte •. 
IIIin«l by m~nyg""l"IP~IA, would h.e been "'rongly altri".tcd to sub· 
""'l",,"linfllt""t;on. 
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!It:\-eml time. mentioned, ~ially with reftrenee to 
the remarkable manner in which the white calcarooUl! 
,tratum, in olher plll"l8 I!() horiZ()nt.'\1 (Woodcut Xo. 2). 
di])l und!'r it into the sea. It it a broad IIIWmil, with 
oLecure traces of a crnterirorm structure, and ill com. 
po!Ot'd of Lalilaltic rocks,L some eomp.'let, othera 11ighly 
~:dllllar, with inclined bed, of 100IiC 8OOrire, of which 
I'Ome arc lU;>!()('inle<1 with e.'lrthy lime. Like Hed lI ill, 
it has bren the lOurceoferuptions, sub8equenlly to the 
elevation oftlLe surrounding basaltic plain j but unl ike 
that hill, it hlUl undergoDe cOllllidernl;le denudalion, 
and has Jx>en the seat of VOI~1I1ic nction ata remote 
period, when beneath the sea. I judge of thi~ latter 
circum_t.lnre from finding on its inland Hank the Illbt 
n·mnnnu of three small pointt of eruption. TbCf<e 
poillu art' eomll<)~ of glo,_,.y IlOOrill', otmented by 
Ny"tallint, eaIt:a,rt.-uus ~par, t'xactly like the great .u~ 
marine enlenrooug dt'po.;it, where the heliled Ism ha~ 
roll t'{l ol'er it: til('ir demoli~hed Btate enn, 1 tbink, be 
explained only 1Iy the denuding action of tho wa\'C!! of 
tlll'I(':I, I was guided to the fir~t orifice by observing 
a rilll¥'t of lal'a, about 200 yards R(luare, with 8t.eepi!h 
~id,~. "Lp!'nmp!»CC.i ou the basaltic plain, with no adjoin­
ing hillu<·k, whl'u\!'C it, could hal'!'! heen c-ruple<1 j lind 
thl! only IraC(' of a crater which 11i"a! able to dboo\'er, 
I'Olll!i-ted of IIOme inclined kd..I of l'COri:e at olle of ita 
com.'I1I. At tile di~t..:lnee of fifty yanl. from a fll'!i:ond 
Il'\cl-toppNI pateh of lani, but of Ulu<:h ,mailer size, I 

~~i~~:~~~:~f:~t:f,~ij~iH~~ 
'itII:Ii, ; •. The ""'~ <OIIu;a;ol (hi. ",ill, .. 1 .i • .,.....t..t~-d .. ,th ..... 11 
.... 1 .. a.-itioM, .. blChare)ilted""dltlJ.l. .. 'th.1'U ... ' ... ny.talouf 
_~"'IiDl" 
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found lin irregulli r circular groul) of mnsses of ccm~Ilt.ed, 
I'COriaeoollll bJ'{'('eia, about lil feet in hl'ight. ,,·hich. 
doubtless had one<' formed the point of eruption. The 
third orifice h now marked only by an irreglllnr circle 
of cemeoted 1C0rire, about four yards ill diameter, nnd 
ri~ing in it!! highest point lCar~ly three foot al)()\'~ the 
le\'el of the plain, the surface of which, 'dose all round, 
axllibits iu uS1lal nppearnnce: IleTe we I)(\\'e n hori­
zontal basal section of a volcanic spimcle, which, to­
gether with all its ejected luattar, h88 been almost. 
totally ohlitemted. 

The stream of lava, which fills the narrow gorge I 
eastward of the wwn of P rnya, judging from itA OOUTSe, 

eeem!. a~ before remarked, to have come from f'ib"Dal 
Post Hill, and to hal'e flowed on:,r the plain, after ita 
el('I'atioll : the 1l.1Iueoh!!crvatioli Bl)llliet to a stream 
(po~"ihly part of the $lme one) capping the sea cliff", a 
little ea .. tward of the gorge. When I endea\'oureJ to 
follow th~ atr('ftms O\'cr lhe atony level plain, which i. 
almo~t deatitute of lIOil nnd vegetation, 1 WlU! much 
surprillOd W find, tlull although comJXMlE'd of hard 
basaltic matter, Ind not hadng been el~ to marine 
denudation, all distinct tracetl of them lOOn become 
utterly Ivat. Bu~ I have since obwrved lit the Gain­
pagoe Archipelago, that it is often impoesible w folio,,' 
even great delugetl of quite recent lIn-a acrON older 
Iltreami, 6eept by the eire or the bu~hetl growing on 
them, or by the oomparllth'e stRLes of glo!ll!illll:l.B of their 
lurfacell,-characten which a Bhort lapse of time would 
be Bufficient quite to obiJeuN!. I may lemark, tlmt in " 
country, with II> dry climate, nnd with tbe wind blowing 

~~!.oi:~~th;= ... t!':." ¥I. ••• t:::.~~~io..!~:: ;:I\:~ 
.p. .. """"'btdtol.b_aiJ .... '- .. lrmJ,. ... d, .. lItol ...... II •. 
1n __ .. be .... t ..... ~Itn.ballIo....tdoorll.n.UI'1.it .. 
boundod 011 _h lid. b,. lox. 1IeO.'o.e«I'U maNN. 
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ahrllys in one direction (all at tbe Cape de Verde Arcbi~ 
pelBf:,"O), the elfeclll of atmospheric d~'l"IIdatiOll are I)fo­
bably IlIlIch greater than would at tiM be expected ; 
for iKJil in tbis case accumulate.! only in a few protected 
ho\low~, and being blown in one direetion, it is alway~ 
tmvelling towllrds the sea in the form of the fine!ltdust, 
I{'l\ving the surface of the roch hnr{', and expoeed to 
the flln eff<:eh of wnewed meteoric action. 

i lliml1l !till8Qjmu~ anew,lt lJulc;t1lic1'QC:·8.~-The~ 

hills arc laid down by eye, and marked us A, B, C, &c., 
in the woodcut-map. They are relauxl in minernlogical 
compo;;ition, nnd are probably din.'Ctly oontinuous with 
th{' lowC!lt rocks e.tpooted on the Coa..!t. These hill., 
viewed from a distance, appear all if they h.'\d onco 
fornled lJan of lin irregular table.lnnd, and from their 
corl'C!'pouding' structure and compor;ition this proLably 
hu been the case. They hal'O Hat, slightly inclined 
BlLlIlmit~, and are, on an a,-ernge, about 600 feet in 
ileight; they present their &teepe~t. .Iope lowarod the 
interior of tlle island, frolU which point 1 hey radiate 
outll":lrd~, :lml aro I;Cparated from each otller by bro~d 
Ilnd d«:p I-alley~, through whit-h the grent streams of 
lal'a, forming the coasl_plain~. hal'e dC>;C('nded. Their 
inner and ~t~pcr C!!carpmenu are ranged in an ir_ 
r{'g'ular CUrl!', which rudely follows the line of the 8hore, 
two or three miles inland from it. I a!ICCnded a few of 
thc,;ehills,llnd frOID others,which I was able to C.lamine 
'j\'ith a teieo;cope, I obtained SI)t'1)imen!l, through the 
kindneb:l of ,\ir. Kent, the a~sigtant-~urgoon of tbe 
'Btagltl'; although by these means I lUll acquainted with 
ol1ly a imrt of lim range, fh'o or six mi\,·s in length, yet 
J searcdy )l(.'tlitUlc, from their uniform structlLre, to 
affirm thut tiley are parts of one great formation, stretch ~ 

ing round much of l11e circumference of the i~hmd. 
The uuner and lower strata of thr.5e hill~ differ 

'Cr nr>I,t~ on ofl 
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greatly in comllOtiition. The upper tlre baaaitic, gener­
ally comtwlct, but sometime!i IICOrineeoul and flmygda­
loidal, with MI'OCiated IDIUI>IeII of wacke: where the basalt 
i. compact, it i3 eitllf"r fin~grained or "ery coonely 
er.\'stalli!C<ijintbelnttercal!eitpassetintoanaugitic 
rock, containing much o!i"inc: The o!il'inc is either 
colourle~., or of the Wlual yellow nnd dull reddish 
8hl\de~, Ou BOme of the hills, beds of calearoou~ matter, 
both in an earthy and in a crystalline form, including 
frogment. of ~Io<.y !;CVrill', are fL';.:KI('iated with the 
buallic ~trotll, The.;e strota differ from tbe ~trenms of 
bnAltic la,'a fonning the coa~t-pbin~, only in being 
lIIore compact, and in the crystal. of augite, and in the 
gminM (If olil'ine being of much greater ~ize; -clmrocten 
which, Llg...thcr _iUI the appearance of tile a~;IOCiated 
calC1lrt'Ou~ bed." induce me to belicve that they are of 
.uhmarineformatiOII. 

~mo conHiderable lDaS!Ie!! of waC'ke, which are 
lWOCiatoo wilh the.oo basaltic stratn, nnd which Iikewilie 
occur in the ba!!<li l!erice on the coast, c"pcciaHy at 
Qunil 1~llllld, are curiOll~, They oon~ist of n pale 
yellowi~h-green argillaceous subl!tan~, of a crumbling 
le:s:tu~e when drv, Lut unctllou~ WIWll moi~t: in it~ 

PUrQlt. fonn, it 'is of a beautiful grt"f'n tint, with 
t",o~lUC('nt edgt'!'. and oectlJlionally witll ob..cure traces 
of an original deal'age. l:nder the Llowpipe it. fu.._ 
H!ryreadily into II dark gray, IIn,llIOml'tiw/!i el'co black 
bend, I\ilich is flightly wagnetic, From the,.e char­
aete~, I naturally thought th&.t it was olle or the pale 
8pecie.~, decompoaed, or the genu, augite j a C'onclusion 
ijUpported by the unaltered roek beillg full of large 
IICp;lrate crystals of black augite, and of balls and 
irregular 8treak~ of dark gray Ilugitie rock, As the 
ba.salt ordinllrily consi~u of augite, aod (jf olh'ine often 
tarni"bed Dud of II dull red colour, I Willi led to elllwine 
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th", stage. of dccompo;;ition of thiB latter mineml, and 
I found, to my lIurpriM', that I could trace a nearly 
pt'rfeet gmdation from unaltered olidne tG the green 
wacke. J\ul of the Mme grain under the blowpipe 
would in fl()lDe inMtances behM'e like o!il'ine, iU(.'Oiour 
heing only dighUy changed, and part would give n 
blnck magnetic bead. H ence 1 cnn hn\'e nodoubtthll. 
the grecn i,.h wacke originally existed 811 olivine; but. 
gr{'at ch ... mical changes must have been effected du ring 
the nct of decomposition thus tG Inwe altered a "ery 
hard, transparent, infusible mineral, illtG II. fl()ft, unctu· 
OUlI, I'I\sily meltN, argillaceous suho!tance.1 

The basal strata of these hills, as well aa some­
nf'ighbouring, lleparate, bar"" rounded hillocks, COfIsist 
of compact, fine-grnillct1, non--erystal\ine (or 10 ~lightly 
R!I tearedy tG be perceptible,) f"'ITuginous f,·IWI:lathic 
rock~. Ilnd generally in a state of semi.deoompo~ition. 
T lwir fracture is exceedingly irl't'gulnr, nlld IIplintery j 

yet sllInU fragments are oftcn \'cry to\l~h. They 
contain much fcrl"llginous matter, either in the form of 
minute grnins with n metallic lustre, or of bro""11 hair· 
like t llrcad~: the rock in this laLt{'r rase allfluming a 
p ... ·urlo-breceintro structure. TbetIC rocks fIOmctime!l 
rontain mica lilld '-ciua ofa:,.<ate. '1'heirnlst, brown or 
ydlQwi~h colour i8 JXU1..ly due tG the oxides of iroo, but 
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chiefly to innumerable, micl'QIC(I]lically minute, black 
~b, which, when a fl1lgment is heated, Me "!Wly 
fused, 811d e\'idcntly are either hornblende or augite. 
Tbe"e rocb, therefore, although at fir~t appearing like 
baked day or IJOID!' altered sedimentary deposit,contain 
all the t'S:!entilli ingredient.3 of trachyte; from which 
they differ only in not heing harsh, and in not con­
taining crystal" of gJa&!y feldalmr. As is IlO often 
the ca!!(! "'jlb tmdlYUc furmation,no stmtification i ii 
here 1l-PI)ftrent. A perllOlI would not roodi ly belie,'c that 
tli(>lle rock~cotlld have flowed as lava; yet lit St. Helena 
there are well characterilied I!t.rrom. (ail will be delJcribed 
in an ensuing chapter) of ol'llrly similnr composition. 
Amid..t. the hiIJock~ oom~ of t1~ rock!!, I found in 
three ])\n('f';l, ~mootb conical hills of pilonolit€', abound­
ing with finccry~tal, of glB!Ii!y feldslJar, and vdtil noodle!! 
of hon lhlende. Thf'l!e cone" of I)honolite. I beliel'e, 
bear the 8:1Ule relation to the ,urrounding f~ l d~pathic 
strata which !lOme masses of COlll'!!Cly crystallillOd augitic 
rock, in 11Ilother Jl:lrt of the i~land, bear to the surround_ 
ing OOillllt, namely. that both h:we been injecl.cd. The 
rocks of a fddgpathie nature beiug anterior in origin to 
the basaltic .trllta,which cap th~m, lUI 'ft'ell III to the 
basaltic 6trem:ns of the eoaat-plain!l, accord. with the 
u~lIal order of SIIcce&iiOD of t!Je;.,e two grand dh'iBiona of 
the \'ll!canic &erie;<, 

The .trala of most of tiJe&e hill. in tile UPIJeT part, 
where alone the planCB of divilrion are di.tingui.bable. 
are iuclined at a small a.ngle from the interior of the 
island towards the l!ea-eoo..t. T he inclination is not 
the 8IIme in eael} hill; in Umt marked A it i, leu tilan 
in B. D, or E; in C lhe strntn are I!CI\reC'ly deflected 
from a horizontal plane. a.nd in F (as far Il!I I could 
j udge without ascending it) they nre slightly inclined 
in a TC,'erse direction, that iii, inwardsalld lolll'ard, tile 

C'-JlDlete .... orkofCharl _ 
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centre of the i!land. Xotwith~tanding theflC difJercncea 
of inclination, their correspondence in C.lteroal form, 
aod in the colllp08ition both of their upper and lower 
pnrt,,-their relative position in olle curved line, with 
their Btee~t Bides turned inwards,-aU seem to show 
thnt they originally formed p.·l.rt~ of one Iliatform; 
whicll platform, a8 before remarked, probably extended 
round a considerable portion of the circlllnference of 
the i~lllnd . The upper Hrnta cerl..ninly flowed 118 lava, 
and probably i>eneath the sea, as perhaps did the lower 
fddbpathic mll.MC8; how then come these strata to hold 
tlldr present position, and whence were they erupted? 

I n thCl*ntre of the island I there are lofty moun­
tain~, bllt they are lSCp8ratro from the steep inland 
flank~ of these hills by a wide space of lower country; 
the interior moullt.ain~, mOTCO\·er, f>eem to bnle bcPn 
the SOUrcll of thollC great streanuof oo:Ulltic lo\"awhieh, 
CQlltmcting R!l tbey 1XlSl! between tho bases of the hills 
ill qlle~ti'm, expand illto tbe cOfl~t -Jllains. Hound the 
shores of St. llelena there is a rudely-formed ring of 
basallic rocks, and at l\ Iauritillll there are remnants of 
another ~\lch a ring ronnd p.ut, if !lot ronnd the whole, 
of the i~lalid ; llere aguin tbe !;3.llle qucstion hlllnediately 
(Jo('CuTI, how come these m~"CII to hold their present 
po,ilion, and whence were they erupted? The Bame 
II!lJi",,"er, whatc\·er it may be, probably appliee in these 
Ihr~ClllIC!Ij aDd ina future chapter we shall recur to 
thi8l1uLject. 

VulleYIJ near tlte coast.-Tllese nrc brood, "ery Hat, 

'I .... cuy litll, of the 'nland p".uotth. ;.I"ud. N .. rth. 
vill,,¥_ of fI\.. l)o~;nl!". th .... " .. mll:;:Dilloont~lolFoof"'lber._ .... ly 
~'J.uJliMd bft ... lh. I.T~. Following th_ lilli_ ~t ..... n' in thll nll. y • 
• bont.m,l •• oov. 'Mv,U.ge,th.t.o ... <>fth./(ftMIltlolr .... t"."'.dof 
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IUld generally OOuodeJ by low cliff·formed Ride!. ]'or­
tiona of the t-Itic plain are IIOIDctime. nearly or quite 
i'<llnted by them j of wbi('h (.let, the plnce on which 
the towo of Prnya lJt. .. nds off~fj an ilUltnnee. Thl' great 
Hilley Wl"'t. of the town has its bottom filled up to a 
depth of wore than twenty fe<>t by well-rounded pebble!I, 
which in 11(11)(' parls are firmly cemented together by 
wMtt' call'llrI;'OlL~ malter. There can he no doubt, from 
the form of thl'>oC \alleys, that they wefe IICOOpcd Ollt by 
the waHli of the _. during that. C(luable t'lel'aUon of 
the land, of which the llOrizj,mt.'li calcareous dcpos.it, 
with itJI exi~ting ~JX'Ci('S of marine remain!!, gin'S cl-i. 
deuce. Coullidering how wdl ~hcl1~ II/we been pre:;erVed 
in thil atn!.t.uln, it i~ singllbr that I could not find CWIl a 
Flog-Ie .mall fragment of ~bell in the conglumerate at 
t he bottom of the n .. lI{'y~. The bed of pthbles in the 
,-nll"Y1l"t!Ot of the to ... n i$ inten.ected by a &econd Hilley 
joininA' it Il!l a trihutar~', but even thi, lfllley allpcars 
much luo wide lind f1at·bottomed to ha\'e iJ.e.en formed 
by the ~mnll qUllntity of water, which fll1\8 only during 
one short wet IICMOU; for at other tinlt,'. of lhe year 
tht'llEl \'al1t·y8a~.lAIollitelydry. 

J~Ht ronyl()mnule.-On tile ShOT('iI of Quail 
'"laud, I found fm::{lllents of brick, bolta of iron, 
pcbIJll"', nnd large fmgments of bo&llt. united hy II 
Moant)' l)all(! of impure ealcareou. matter into n firm 
Ct,n;,:lullwll\te. To~ho ... how uceedingly linn thi. recent 
c:onglumt'mte is, I llIay mention, that I end(,:\\'ollred 
with a h"a\-y geol"gical hammer to knock out a thiek 
holt of iron, which wa< embedded II Iitlle abo\'e 10 .... 
water mark, but WM quite unable to succeed. 

'he Wn.Qlet ort. of Ch-ies Darwin 0nIane 
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CHAPTEU If. 

F""","110 NO~"lIu_l'r(ripilo", "ill of pAM"';t •. TncElIU_ 
1 ..... Aj.jc _h; t.t:ir ,jJtg'Oklr d-'p"'jliOfa by .1 ... ", '1/ 4ig4 /411<' 

1''' .. 1., .... T""'n-Ar#N9"fr",a .... "' .. i.'I>/rop; .. 1IgfII •• """" .... 
_k ... 14 f4f..m. ""'I filkd .... J.l_!l!'f. lIA".,Tf.,,_I'-!. of 
.ll ..... tfl«wl ... -Str....,_ofiu_" ...... t ..... ool.i ... ; .. .w.rily 
....... St. J"9". lb. P"l,OL'. Rocu-Xot of ~.;.. "r1:J'''-IJoftr m._ 
p'.r .. ~_.powilin. 

P~mallJw i\"orolllm.-Dunng our short "i~it al lui.'! 
and tbe four following blonds, I ob!<en'('(\ ,'ery little 
wortbyof de!ICription. Fernando Noronh:~ ill ~ituatoo 
ill the Atlantic Ocean, in lat. 30 60' K, and 230 mile!! 
di,tant frOll1 the COII~t of Muth t\m('rit-a. I t cOllijists 
OfWH:rIl.[ i~tet.., t<)gctlH'T nine milell in length by three 
in brt.'ndlh. The whole ilCt'llliI to be of I'olcanic origin; 
although there i8 no appearance of allY emler, or of any 
onc Ci'lltr.li eminen(..... The mOl!t remarkable fcatnr!' 
i~ II. hill I ,000 f~t high, of which the upper 400 feeL 
cO)n~ibt of 11 precipitous, singularly ahapcd piunncle, 
furmoo of ooluIDnar phouolite, eontilining numerous 
ery,talj of glll...'<ly ft:ld:;:par, aud a few nerol<'tl of IlOm­
Mende. Fcom the highest accessible point of this hill, 
I oould di,ullguish in different parte of the group 
lK'rcmlothcreonicalIJiIIs,apllarentlyofthcSllmenaturc. 
At i;t. Helena there are similar, great,I:onienl, Ilrotu­
berRl\t malIoICS of phonolite, nearly 1,000 foot in iJ<'ight, 
which ha\'e bet>n formed by the injection of fluid fcld­
'IiMbic lara into yielding strata. If thia hill has hud, 
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as i, probable, a ~imilarorigin, denudation has been here 
effected on an enormous scale. Keat the balM! of this 
hill, I observed bed~ of white tuff, illtenectoo by 
nllmerOll~ dikes, some of amygdaloidal \.lrualt and 
others of trachyte; and beds of slaty pilonolite with 
the planes of cleavage directed NW. lind S .. ~. Part.!! 
of this rock, where the cry8tals wcre scanty, elO*'ly re­
I!(:mble(\ common clay.."late-, altered by the contact of a 
Imp-dike. The lamination ofrocb, which undoubtedly 
hal'c once been fluid, nppeara: to me a subject well de..en·­
ingattenlion. On the beach thcrewere nlunerOll8 frag­
ments of compact ixI ... ,\ll, of which rock a dbta.nt farade 
of collimn~ seemed to be formed. 

Terutra in tile A:olY".-The central parls of 1I1is 
island coniji~t of ITregularly rounded muunta.inl of no 
!,rreat elevatioD, COlllpo.ted of trachJte, whieh c1O!!ely 
reo,(>lIlbl~ in general charueter the trachyte of Ascension, 
presently to be de.scribed. This formation is in lUaoy 
pnrt' Ol"erlaid. in the u~ual order of ,upcrposilion, hy 
~lream8 of lousaltic 131'11, which near the c()/I~t compo8C 
nenrly the wllOle 8l1rfllce. Tbe COline which these 
~tteam, have followed from their crateT'l!, can often be 
followl-d by the eye. The town of Anf.,rnl is overlooked 
hya eraterifonn hill (Mount Brazil). enti rely built of 
thin strata of fine--grninoo, han;h, brown-coloured tuff. 
The \IPI)er beds are fleen to overlap the bnsaltic atI1'8ms 
on which the town stnnda. Thi~ bill is almost iden­
lical in structure and COml)QSilion with numerous cruter­
formN lli\lS in the Galllpag<)8 Archipelago. 

l:.'jfeclB of sUnm on tlUJ tr{lcll!Jtic rocks.-In the 
Clcntrni part of the i~land there is II spot, where steam 
i~ oon~tnntly iS8uing in jets from tbe bottom of II small 
ra\"ine--like lwllow. which hlUl no esit, and which abut! 
agl\in~t 1\ range of trnchytic mountnins. '11le steam is 
emitted frolll 8Cveral irregular fil!Sures; it is 8CentJfliI.~. 

© The ComDLet .. W"r¥ "f Charle <: O-"rw n nn' n'" 
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1I0'I011 blackens iron, aud is of much too high tNnpemture 
to be t'ndured bv the haud. The manner in which the 
IOlid trachyte. is' changed 011 the borden of these orifices 
i~ curious: firat, tbe baMl becomei earthy. witll red 
froekl('8 eddcntly dlle to the oxidation of particles of 
iron: thcn it beoomell ~on; and la~tly,e"en tile ery$tabi 
of glnSil,Y feldspar yield to the di880h-ing agent. Aller 
the rnasa is converted into cit"" the oJide of iron !!Cem~ 
to bo entirely removed from ~me part~, which nrc left 
perf<'Ct ly white, whilst in other neighbouring paru, 
wllith nrc of the hrighC!t red colour, it ileelDS to be 
depo!!ited in greater quantity; lOme oth{'r lIlaMe!l are 
marbled with the t\\'o distinct colours. Portions of the 
whiteclay, now that they ate dry, cannot be di,.tiDguished 
by the eye from the finC!!t prepared chalk; and when 
plllcOO between the teeth they feel equnlly !!Oft.-gTnined; 
the inhabilnnu use th~ substance for ,,-hite-washing 
their houi!('~ _ The cause of the iroll being di88Qh-ed in 
one pnrt, and close by being again depo!!ited. is obscure; 
but tllC fact has bccD obsen-ed in Bel-era] other places. I 
III HOme half-de<:ayed specimens, I found small, globular, 
tlggregntions of yellow hyalite, resembling gum-arabic, 
which no doubt had OOell.'depoilited by the steam. 

All there is no e!!Cape for the min-water, whieh 
trieklet down the sides of the ml-ine-like hollow, whence 
the Bteam i!!8uCII, it must all perrolate downwards 
through the fissures at its bottom. Some of the in­
habitants informed me that. it. Willi on record that 
flames (aome luminous appearance?) had originally 
prooecdcd from these cracks, and timt the flames hud 

Th.o.C;r.m, teWorl< "fr r1 n 



30 Tahiti. 
-------"=-:: 

been ,ueceeded by the ~team j but I WM not able to 
ftllCertain how loog tbill 'IIi"M a:.;o, or lilly thing C't'rtain on 
the 8uhjcct. WI,en ,-jewing the spot, I imagined that 
tile injection of a large mass of rock, like the cone of 
l)ilo"o\it(' at FernandoXoronha,in a semi-lluid 8t.lte, I/y 
arching tho' surface might hue cnuiM'{i a wooge-ehapet! 
IloiloII,' with cracks at the hottom, nnd that the min­
wllter fX'rcolating to the neighbourhood of the heated 
mll;;S, would during IIlllny ~ucceeding years be liriyen 
back in the form of steam. 

Taftiti (Olllh..u<l).- r d~ited only a part of the 
north-w('!i.tern ~ide of thi" i~lal\d, Ilnd this INut is eu­
tirely oomp()!'ed orl-olelmie loeb. Nenr the coast there 
nre ..el'eral \'ariHies of ba.<alt, .orne abounding witb 
large cry~talll of nugite and tarni~hed olivine, others 
compact and eartby,-Fome dig-htly \'{'j<icuiar, and 
other1 occa~ionalJy amrgduloidnl. These loch are 
generally much decomJlooed, and to my surlJrise, I found 
in [l('vcnll section! that it W8Jl impol'~ible to di8tingui~h, 
cvcn npproxirnlltdy, the line of scparnt.ion between the 
decay<:o(} 1:1\1\ lind the alternating beds of tuff, Since 
the Bpceim('n~ hu"e become dry, it is rather more casy 
10 di.linglli,b the decorn)Xliit'd ignoo\l~ roch from the 
sediment:lry tuff~, Thi8 .!,'TlIdation in chsrneter be­
tween rocks haying such widely difTert:nl origins, may I 
think be elplained by the yielding under pre&lIte of 
the IOfit'1led ~id€S of the ,'e@icular ca,litieR, which in 
many \"oi<:allic rocks occupy n large proportion of their 
bull;:, A~ the vetlicles geuernlly increase in Bize and 
1l\1mJx.r in the upper part~ of n stream of lalli, 80 would 
tlweffcel1! of U1('ircomprcs;;ion incrcsfKl; the yielding, 
morool'cr,ofeaeh lowerl'e~iclemllsttend to dil;turb all 
the !'()fU.>ned matter Illxl\'e it. lienee we IlligLt expect 
to t.race s perfect. gradation from an unaltered erpUlI. 
line rock to one in which IlII the pu.rticies (aHhougb 
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originally fonning part of the same aolid mlllll!) had 
undergone meehanical displacement; and Slich particle;; 
oould hardly be distingui,hed from othen of I!.imilar 
cODlpollition, which had been depo"ited as &ediment. 
As lanu are IIOmetime!! laminated in th!'ir upper parts, 
el'en horizontal line!!, appearing like tl~ of aqUOOU3 
dep(wition, could not in all cases be relied on nlI. a 
criterion of sedimentary origin. From these coDsidera· 
tione it is not surprising that formerly Ulany geologists 
belie'·L.J in real transitions from aqu(.'Out deposit.~, 

through wacke, into ignoous trap~. 
In the "alley of Tia..auru, the commone(lt rocks are 

"bru.alU with much oli,·ine. Ilnd in lOme eases almost 
com,lOee<i of large crystal~ of augite. I picked up IIOme 
slleCimcn~ • .,dth much gla.. .... y f('l(bpar, approaching in 
charactcr to trachyte. There were also many large 
blocka of "Cl<icnlar basalt, with the eavitie& beautifully 
lined with chabasie (?), and radiating bundll'll of meso-­
type. ::::Ome of thf'stl spc-eime1l8 presented a curious 
"ppearnllce, owing to a lIumher of the "csiclea l.lcing 
llfl.]f lilled III) with a white, !lOft, earthy me80typic 
mineral, whieh iutumelll:ed under lhe hlowpipe in 
a rClllllrkable manncr. As the upper surfaces in all 
the Ilalf·filled celh are exactly p:imllel, i t i, evident 
that thi' ftlboitance has Slink to the boltom of each cdl 
from it~ wcight. oomctilneA, bowe\'er, it entirely fills 
the cell.!!. Other cell!! are eilher quite fill('"(\. or Iiued, 
wilh flmall crystals, apparently of eill!.ll!1,i('; these­
cry~tal'l, alllO, frequently line the Ilpp..>r half of the cells 
partly filloo with the earthy mineml, Q.8 well III the 
Ilp~rRllrfaceofthissubiltanCflit&Clf, in which case the 
two mincrals allpear w blend into each other. J have 
newt iK'Cn ally other amygdaloid I with the cells bdf 

, ll.«'tallrw=b, ho_Hr, ba. cl""';bo!d ".,.] ~Tfn a plat$ .,,('G .... I~. 
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fil\t'<l in tl16 Dlauner here delOcribed; aod it i8 difficult 
to imagine tbe cau;!('jI which detennined the eartby 
mineral to ~iDk from its gravity to the bottom of the 
oellf!, lIud Ihe crystalline mineral to adhere in a eontiug 
of equal thicknoo round the !!ides of the ~1I8. 

The basaltic Bhata on the sides of the valley are 
g;:lItl, inclinrd 1IC8wnrd, lind r nowhere observed any 
@ign of di~hlrbance; the sirota are IICI)Drnted from each 
oth('r by thick,oompact beds orconglornenlte, in which 
the fragm(.'Ilu are large, somc being rounded, but. mOlt 
angular. "'rom the character of these beds, from the 
compact lind cry~tal1ine condition of mOlt of the lal'II8, 
find from the nature of the infiltrated minerals, I wall 

led to oonjecture that they had originally flowed beneath 
thele8. ThiscoucliliiioDIigree;Jwitbthefactthat.the 
UCI'. W. Ellis found marine reIIlAina at a considerable 
height, which he belie\'es were inteMltratified with 
volcanic matter; all ill likewise dC!'Crihed to be the ease 
by l'l1 es..M1. TyenDlln and Bennett at ll uahcine,!ln island 
in this f;O.me llrehipelngo. :'I l r. Stutchbury also dis­
covered nenr tllC ijullIwit of one of the loftiest moun­
taina of Tahiti, at the heigllt of 8CI'eral thouBand fcet, 
a stratum of semi-fossil coml. None of thelle remains 
have heen specifically examined. On the eoas<t, where 
lIlUl:<e8 of coral rock would ha\'eaff'onled the cleafCi!t e\·i_ 
df'nce, I looked in vain for any aigna of recent elevation. 
For referencefl to the abon) authorities, and for more 
detailed reasor .. for not believing that Tahiti has been 
recently elevated, I must refer to my volume on the 
, Rtrncture aud Distribution of Coral Beefs> (p. 138 of 
the 1st edit., or p. 182 of the 2nd edit.). 
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,lIu,uui'I", - Appl"OllChing' thil itlaml on the 
north"n} or uorth-we~tem l!iide, a eun'OO ebain of bold 
mountain~, Ittrmounte<i by ruggro llinnacles, is 6eeU to 
ri ... from a Fmootil border of cultivated laud, wbich 
gently ~lopefl down to the oo.'l~t. At th.- first glance, 
one i, h'mplcd to belie\'e that the II('a lately reached 
the 1)8!!(' of these mountains, Rnd IIpOIl examination, 
this view, at lea~t with respect to the inferior parh of 
the horel.-r, is found to be perfectly corred. Se\'cral 
autilOl'fl' hl1\'e dl'<cribed ffia.&efj of uprail!ed coral rock 
round the gT(-ater part of the circumference of tile 
i"land. lk.-t.w('(!u Tamarin Bay and th.- Great Black 
Uh'er I obecn'ed, in company with Callt. Lloyd, two 
hillock. of coral rock, formed in their lower l)art of 
hard ea1csroou.g aaud"toue, and in their uJlller of weat 
bloch, 8Hghtly nggregaled. of AMflJ.'a and .Madrepora, 
and of fragments of basalt; they were dhided into beds 
dipping lo(:awar(l, in one C3~ lit au nngle of So, aud in 
the olher Rt 18°; they had n water-worn appearance, 
nn41 tlll'Y rose abruptly from II bmooth surface, streweU 
with rolled debris of orgauie relDnin~, to a heig-ht of 
about lIn·nly feet. The Officier du Hoi, in his most 
intcfellting tour in 1 iuS rollnd the islnnd, hIlS dMICribed 
1lI8.111L,. of uprai,;ed coral rock~, btill rctllining that moat­
likE' alnlcture (_ 'Coml H('(!f",' 2nd edit. p. 69) 
which i.~ chlll1lCteri~tie of the Ih'ing reef~. On the 
c,~t northWRrU of J)ort Loui~. I found thl! Ia,\'a con­
Ct"all'li fur II t'()n~iderable 1I]1<'loo inland by a couglo­
Ilwrnte of coTliI. lind shells, like tho.;e 011 the beach, 
]'"t ill parh cousolidated by red ferruginou! matter. 

;;:.~~T~~!s:~~!~~~;~~;~~=;~f 
f u·(, AI'$ (lirrn "D thio nhjOfl. Cumult &I..,' \'"'-''' au" Q..atre 101. 
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:\1. Bory F:.t. Vincent has described similaTcnlcaroous beds 
over nearly tlle whole of the pitlin of Pamplemonsses. 
Near Port LouiE, ",hen turning over some large stones, 
which lay in the bed of a stream at the head of a pro­
teeted creek, and at the heigM of some yards above the 
le\'cl orapring tides, I founG several shells of serpula 
still adbering to their under sides. 

The j llgged mountains near Port Louis rise to a 
height, of between 2,000 and 3,000 led; they consist 
of ~trntn of ba~alt, obscurely sepnrated from cHeh other 
by firmly aggregated beds of frngmentnry mutter; and 
they fir() intersected by a few ycrUeal dikes. The 
b.1~alt. in !'Orne parts abounds wit.h IMge crystuls of 
augite nnd olivine, and is genernUy compact. The 
interior of the i~land forms a plain, raised probably 
about a thousand feet above the IC\'el of tlle Eea, and 
composcd of streams of lava whicll have flowed round 
and between the rugged basalt.ic mountuins. These 
more recent laval! are also bmialtie, but Icss compact, 
and some of them abound with feldspar, 80 that they 
e"en fllse into a pale coloured glasB. On tile banks of 
thc Great HiveI', a section is eX]losed nearly 500 feet 
d~p, worn through numerous thin ~lleets of the lava of 
this series, which are separated from each ot-her by beds 
of seorire. They HOem to have heen of subaerial forma­
tion, and to have flowed from sereral points of emption 
on the central platform, of wllieh the Pitou du .Milieu 
is S<'lid to be the principal one. There are alro several 
"olcanic cones, apparently of tllis modern period, round 
the circumference of the island, especially at the 
northern end, where they fonD sepnrnte islets. 

The mountains composed of t11e more compact and 
crystlwline basalt, form the main skeleton of the island. 
;'II. Bai lly I states that they all 'se de\'cloppent autour 
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d'dle oomme IIno ceinturc d'immCllge1l remparh .• tontes 
affecl../lilt line lX'nte pilliioll moiD! ioelinkl. verille ril"age 
dt' lall1l'rj tandia, 1m contraire. quel'cn leOl'l1tre de 
rile ellea pre"Cntent IIl1e coupe abruptc. t't 1I()1Ivcnt 
t.aill~ II ]lic. Toutell cet montagnt'tl sont formt-et de 
cOllchl'tl ])arallelCl illelinee. dll centre de r ile n~l"II 1:1 
mer.' These .tnt.-menb lu\\'t' been di~pllted, though 
not in dHail, I)y M. QU(lY, in the v(lyago of Freycinet.. 
As far ru; my Iilnitod Illffin! of oUeermtion Wl'lIt, I 
found thl'm pt'rr~'Ctly corred"l The mountaiu8 011 tho 
XW" .ide ofthl' i~land, which I eXnTDint"d. namely. La 
1'011(:1.' , l'l'ter Bott~, Corp8 do Garde, Les ;'Iamelle •• 
and apparently another farther fIOllthward, Imre pre­
citely the ext.-m:al .. hape and .tratification described by 
;\[. Bailly" 11wy furm about 1\ qu.1rter of his ginlle of 
mmpnr'~" Although theoo IlIllulltainlJ now stand quite 
detadll'd, brillfC ,,·p.uatl.'1'l from each other by hrC8che~. 
('ven (It('\"<'rnl miJ. .. in width, tlnou~h which delug<':II of 
la\"ll. hale floweU fmln the interior oftlll' i!l:mdj nel"er· 
thel(·~~, ~ing their c\(».(' gl'nl'ral ~imilarity. ono mmt 
f~l c.lmiul'ed that tbey originally formed part. of one 
('()UtilHl(,Uil rob'. Judging from the beautiful map of 
the ."auritiu~, published by the ",Imiralty from l\ 

French _' l8", tllere iij a range of mount aim (:I l. Bamboo) 
on the op~ite .ide of the i~land, which cor!'ellpond in 
height, rebtil"c po.<ition, and external fonn, with tho;;e 
ju!<l dellCribed. "'Ilether the girdle WUil el"er complete 
limy well be doubted; but from .M. Bnilly'lJ ~tat{'mentl!. 
and my own ob"l'on"ation~, it may be !!nfely concluded that 
mountains with Ilrecipitoul inland flankJ, and compoi!OO 
of ~trala dipping outward!lo once extended round a con· 
~irlf.'n,ble portion of the circumference of tile i~land. 

The ring appears to ha\"e Leen o\"al and of \"list ~i7.e; itl 

, )I. u.-.a. ia I:i. Mt!OUalotlhi. i.laacl, im t.hoI ~ooyar. ofth. 'Co­
'lDill.;_ .... lor,)II" .. )I.lIail1,..,.; ~ ..... 

" 
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shorrer allis, me3.l<ured acro!;S from the inn!':r sides of 
tho mountains near Port I..ouis and those near Grand 
Vorl, being no less than thirteen goographico.ll miles in 
length. )1. Bailly boldly supposes that this enormous 
gulf, which has since been filled up to !t great extent 
l)y streams of modern lal'a, was formed by the sinking 
in of tile whole upper part of one gn:lIlt volcano. 

It is Singular ill how mallY j"(,~pect~ those portions 
of SL Jngo and of ]Iu.Ui~tills which 1 vi~ited agree in 
their g-eologicoJ.l history. At bolh islands, mountains 
of similar extefllai form, stratification, and (at least in 
their upper beds) composition, follow in a curved chain 
the co.·wt-liue. Theile mountains in each ca:;e appear 
originally to haloe formed parti! of one continuous mass. 
The bnS:lltie strata of which they lire composed, from 
their COIUpuct and cr~'stalline structure, seem, when 
contrasted with the neighbouring ba~altic streams of 
subaerial formation, to havefIowed beneath the pressure 
of Lhe sen., and to have been sub!,equently elevated. 
1\'e mny ~uppose that the wide breaches between the 
mountains were in both ClL'les worn by the Waloes, 
during their gradual elevation-ofwhich process, within 
recent tiIUl.' S, there is abundant eddence on the COllst­

land of both islnndE. At both, vast streams of more 
recent basaltic lams hare flowed from the interior of 
the island, round and between the ancient basaltic hBh; 
at both, moreover, recent cones of eruption are !!Cattered 
around the circuwference of the island; but at neither 
have eruptions taken place within thc period of hist-ory. 
As remarked iu the last chapter, it is prob,lble that 
thesennllient basaltic mountains, which regemble (at 
least in many l"c~pects) the basal and distm-ood remnants 
of two gigantic \00Ic3n05, 011'0 their lll"esent form, struc­
ture, lind position, to the action of si!niIllr causes. 

St. Paul's llockso-This small island is situated in 

©T Is r i 
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tile Atlantic Ocean, nearly one degree north of the 
fofJuator, and 5-J.O mil{';J dbtrmt. from J;;;outh AmeriCtl, in 
29- 15' WCtit longitude, ItJI Ilighest. point. is scarcely 
fifty fet't. abore the level of the ..etl; iu outline is 
irr<'gl1lar, aod it.ll entire circumference barely thrPe­
<Iunrt.<.'/"II of a mile, This little point or rock ri_ 
abrupllyout. of the ocean; and, utepl on its wC6teru 
sid<" aoulldino'S wcce not obtained, e\'cn nt the short 
dietnne(' ur n quarter of a mile from ill! $hore. It h 
not. of \'olcanic origin: and thi8 cir.::um~t.nnce, which is 
the ml),(. rt:markabl,' point in iUl history (M will hHe­
:Ifter 00 refem,-d to), properly ought to "l:dude it. from 
thf' prett-nt. \Olume. Jt. ia compoted or r<X'k9, unlike 
any which r hnl"e met. with,and which r canoot chnrac­
tcri~ by any namp, nod mu~t therefQra d('.criLe, 

The lIimple,;t, and one of the mOlt abundant kinds, 
i~ a I'('ry compact, heal.,., greenish-blnck rock, IlIn'ing 
un an~ular, irrl!g'uL1T fracture, with 101110 poiuU ju:;r. 
liard ('nuug-h to IlCrntcu glU.::lS, aod infugible, 'l'his 
l'aridY Im~,('s into otuers of paler grt'Cli tinu, less hard, 
bill with 11 mine cptnllille fracture, aud trnll~lucent 011 
thl·jr \~lg('~; uoti tbe.:c are fusible into a green enamel. 
Sf'H'l1ll olher \'arieties are chielly chamct.eri.ied by 
e,)ntaining illnumerable thre.ad~ of dark-green l!erpen­
tine, and Ly hu\-ing calcareous matter in t.heir inter­
~tiCt'll, Thei<.' rocks ha\'e au ob..curt', concretionary 
~tructuf('. and are full of \'ariollsly-coloured angular 
I' ... ·udo fragmenl;!, These anj;,,'ular p8Clldo fl'1lgments 
coll.i.t of lhetir .. t-<iel'Crihetl dal'k green rock,ora brown 
,;ofter kind, oherpentillt', and of a yellowish hanh titone, 
which, perhal)~, i! related to !f'rpentine rock, 'l'he16 
are other I"C-'<icuillr, clllcareo-ferrugiuous, 10ft 8tooe~, 

There i8 no distiuct stratification, hilt parta are imper. 
fectly lrllninuted; and the whole abounds with illIlU­
mernWe I'tim, and vein-like mB1lSetl, both !maU and 
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IllfW". Ofth('..e \'eiu-like mn"><'~,;,(Iul('calcareous on('$, 
which coutain minute frag-menu of IIbelb, 8re dearly 
of lIut.~l\lent origin to the otbeu. 

it [I{"NY int·l'Ustaiion.-Extcrlllive portions of the~ 
rockil are ooa.te<.1 by a layer of a glo,.;.,sy poJiebed sub­
~tan{'t'. with a pearly llilitre and of a grnyi~h whi!~. 

t'Olour; it follows all the in~pUllitie8 of tilt! surface, to 
which it i~ firmly attach'ld. When examined with a 
\(11l~. it is found to consist. of numerous eXcrodingly thin 
laY('rt!, their aggregate tbicknelOS being about the t('uth 
of an inch. 1t i~ CQlll!iderably harder thun calcareous 
'par, but can be scrah:ill."d with a knife; under tue 
blowpipe it IiC8lea off, deerepitatt'>l, ~Iightly blaekeD~, 
elDit~ a fetid odour, and become. IItrongly alkaline; it 
doe. not effene;;(:e in acid .. l I pr('!lUIllC tlJi~ &ubi!tance 
h311 hf..I·n depo~ited by water draining from the bircb' 
dung, with wh.ieh the rocks fire coven-d. At J\seension, 
near a cavity in the rocks which was filled with a 
laminated mass of infiltrated bird~' dung, 1 foulld Bome 
irregularly-formed, atalactiticnl mu~ses of apparcntl.v 
the 811me Ilnture. The~e muJli.,Cjj, whcll brokell, had all 
earthy texture; hut on th~ir out~ide,., and eApecially at 
their extremitie!, they were forme'l of a }>('arly su~ 
swnce, b'ellernlly in little globule", Iik(' theenanlel of 
teeth, bllt lDore tran,;lucent, and so hard lIS ju~t to 
scratch plat.e-glaM. This 8ub;tanCf! ~Jightly blackens 
under the blowpipe, emit;; a bad blndl, tht·n becomes 
quito white, swelling a little, and fusel' into a dull white 
enamel: it doeil not beconle alkaline; nor doe~ it 
cffen'C!I(!e in acids. The whole mn~ had a collapsed 
uppearanoe, as if in the formation of the hard glossy 
crust the whole had sbrunk much. At tho Abrolhos 
lslanda 011 tho 006St of Brazil, where 11180 there is mucl. 

, la m,. Journal r hue d-.ibed Ihi. IU\.oot&Jleot; L Ih~1I ~liered 
that;t ...... 11 i"'pun phoophau of lime. 
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binh' dung, I found a great quantity of a brown, 
aroomteent 5ubstance adileriug to 60Iue Imp-rock. In 
it .. IIrooreaw.>ent forw, this 6ub~tauee singularly resewbles 
IIo)W{' of tbe branched species of Xullipora. Under the 
hl .... wpipe, it bdla'·c.s like the Fpe<'imcll8 from Ascension; 
but it iJi le"~ hard and glo,~y, and the surface has not 
the shrunk appearance. 
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CIIAPTEH III. 

B-lIiela __ .Y ___ ~ .... I",_(M •• I~ _., .w~-.<;JAg.L>r 
6lnlCt_rt ~ ...«cr .... /m.1oI-Aiirif_ UylN~ Ej"f'I.d gro .. il~ 
frag.,.u-TNcJylte _t_Su.ftII«r m __ Jd'!", iI. _ ....... ~f 

f_tiofo-C'_i<1fu i. ,..~ lif-Ctll ......... J~pMi, •• 
J~I ~"Iicrt, ... tI .. _., N~_rblM 1 ... u..J. l..u. 
tUUrlUW"$ II'iIA. ".d p" .. i.g ;,,/ •• ia' ..... ·u,.':Ii~ ~I a.idilM_ 
LI., ... t"'" "f .... """ ... ... d',. 

'1'1118 island is situated in the Atlantie Ocean, in lat.. 80 

S., IOllg. 140 W. It has the for m or all irr(>gtIlartriangle 
(see accOlnpnnyillg }'11l 1)), each aide being about six 
miles in lellgth. Its highest point is 2,8iO feet. l above 
the level of the sen. The whole is \'olellnie, and, from 
the absence of proofs to the controry, I believe of sub­
aerial origin. Th() fundamental TOI'k i ~ c\'crywhere of 
a pale colour, generally compact, and of a feldspathic 
nature. In the ~E. portion of the i~land, where the 
highest land is @ituated, ",,{'II cllllraclerised trachyte, 
and other oongencrous rock. of that ,'arying family, 
occur. Nearly the entire circumference is CQ"ered up 
by black and rugged ~treams of basaltic laYa, with here 
and there a hill or single point of rock (one of which 
Dear the ICn-ooaat, north of the Fort, is only two or 
three yardl across) of the trachyte still remaining 
u""",,,. 

B(JJJaitic rocl:8.-TIle o,·erlying ba8altic lara is in 

, • Oqrapbin.l J oa .... l: To!. T. p. ~HS. 
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Basallic Rods_ 4 ' ---
r.omepart.8eJ:tremely \-esiclllar,in othcrsIittio110; iti:l 
of a black colour, but sometimes coutaiull crystals of 
glru.ay fe1cbpar, and seldom much olh-ine_ Tllese 
streams appear to ha\-e posseSlled singularly little 
fluidit.yj their side walls and lower encls being rery 
iteep, and el'en as much IlS between twenty or thirty 
feet, in height. Thcirsurface is extraordinarily rugged, 
and from n short d istance appean a.a if ~tudded with 
ijmall cmt-en_ These projections consist of broad, 
irregularly C()nical, hillocks, tral'ened by fiSllures, and 
compolled of the same UlleqUlllly iIoCOriaCCQus basalt with 
the ~urroul1ding stream~ bllt ha,-ing an oll!<Cure ten­
dency to a columnar stmctllre; tlwy riile to a height 
hct~'een ten and thirty feet above the g\'neral ~urta~, 
alld have been formed, as I presume, by th(l heaping up 
of the viscid Inl-n at points of greater n'8i~tance_ At 
the Imse of several of these hinock~, Ilnd occasionally 
likewil!e on more level paru, solid rih .. , compo~l of 
angulo-glouul;Ir masses of bm181t, resemLiing in ~ize 

and outline arched sewers or guttel'1 of brickwork, but 
110t \)('ing hollow, project between two or three feet 
Ubol'C the surface of the ijtreams ; what their origin 
may hal-e be~ .. n, I do not know_ ) [anyof the super­
ficial fragmenlt from tbefle basaltic 8tream,~ p~nt 
~in&"\ilarly colll'oluted fOrIIlllj lind IIOIDC s~imens could 
Ilardly bedi,ting'lli~hed from lo~of dark-ctlloured ~'ood 
without thei r bark • 

. Many of the basaltie streams can be traced, either 
to pointll of eruption at the base of the great central 
lUll.$.! of truehyte, or to separate, ~onicnl, red--eoloured 
hill~, whicll arc !!CaUered o\"er the northern lind western 
l>orders of the islnnd_ Standing on the ct'ntral emineuce, 
I ~ounled bc~\\'eell twenty and thirty of these C()nes of 
eruption_ The greater number of thelD had their trun_ 
cated summits cut. olf ohliquely, aDd UI('yall sloped 

Cr T>~te ~orl< of 0 
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tow:l.r\b the-' -•. -, ,-·b-.. -re- '-b"""'--.. -w-'o-Cd-b-1.-.·.-.'-'-n-,,, 
~truCLUT(l no doubt has beell callaetl by the t:'jected 
fm;';-ffil!tllil Rud alIhn being aiwaYIl blown, during emp­
tiOll~. ill gruull'r qllllntity wwan!s on" Bide than toW3rd~ 
the oth('r. )1. )lorcall de JOllne;. hal made a s:illlilar 
ub.cnation with reilpect to the \'olc3nicorifice!lin the 
We,t Indian 1~13nd~. 

l'ulc",lic oolldM.-The6C occur in great numbers 
~i rcwnl on tho gr\!lIud, and w'llle of them lie ,Lt con~ 
.idanblc <Ii,t;Lllccs fwm any points of (.rllption. They 
\nry ill ~iw frOID that of un ltJ'plc to that of a man'~ 

1 __ ,' ot.~_Io_b .• lt11.'IIo_PO''''_'''I.>..nDl ... 
=;!;%d.~triola:rerot __ laft,"""lblo""'''''.'''''lott....,. 

body j th~y nre either illhericai or penr~ghnped, or with 
the hinder part (corre8ponding to the tnil of 11 comet) 

, ~I.l_h. ;ntb. '7..ooI"lO'oflhe Yoyageoflhe"(X,qaill.· .. (p.f90). 

~u~r.~~:.!~~~·~~~ ~~. :!:~~~~."t!~~~·~tnt~~~:2 
;ntari.b1,O«1tron t"-leon..:l f>ide of the irrlaJt<!. 

lEI 11 Cr ... nlete Work of Ch"rl.. 1 ..... n 
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irregular, studded with projecting poinu , and even 
COUC:H('. Their ~urface;l are roug h, and fi .>8ured with 
l,ranehing crne!..,; their intern"l structure i~ either 
irrf'g'ularly !lOOrillCeous nnd compact , or it Ill'eI!euts 1\ 

~ymmttrical nud I'cry CUriOU8 nIIIIC:HlIlIC('. An iITl.'gulnr 
"·J.;"Ill~llt of n bomb of this latte r kind, of which I 
fOlmd wI"'ral, iii nccurnt('ly r('pr('~utod in the nCC<lIll­

ranying woodcut. I ts aize ",as about that of a lUnn'~ 

11I.'3d . The whole interior i~ coarsely cellular; the cella 
3lCm:.;ing in diamclcr about the tenth of all inch; but 
lwarer the outside they f,rrndwilly decrease in lize. 'l'hi~ 

part i~ bUC¢l'«l<.'(1 by 8 well-defined ahell of compact 
lala, haling II nearly unifonn thicknell of about the 
t hinl of 8n inch; and the ahell i8 ol"erlaid by II !lOme­
what thickcr cooting of finely cellular lam (the cells 
Illrying from the fiftieth 10 the huudredth of all inch in 
dirl1nNcr),wbich forms the ext('ru:tl surface : the line 
ll'IJarnting the shell of compact lam froul the outer 
!;Coriucoou9 crust is distinctly defiued. This Structure 
is IPry ~imply explained, if we ~upporo lL Illass of yitidd, 
~corint'eOu8 matt('f, to 00 projoctL"<I with a mphl, rota­
lory motion Ihrough the air; for whil~L the ext{!rnal 
cru.,t, from cooling, became IIOlidified (in the state we 
now _ it.), the centrifubral f<lrce, by relicl'ing the 
pr...,.-ure in III(' interior parU of the bomb, would allow 
the heat('(\ vapoul'll to expand thf'ir cella; but thCl!C 
u..'ing drin'n by the Sluue force against the already­
hanltned cru~t, would become, the nCllrer they were to 
Ihis part, Hnullt'r and smaller or leSlj C:lpanded, until 
tlwy hecnmt: packed into a solid, concentric Bhl'll. As 
wo know that cIJipa from u grindstolle L can be flirted 
olf, when mndol to reyoh"c with sufficient velocity, we 
nt'«1 not doubt that the ceutrifugul force would haye 
po ..... er to modify the siruclnre of a BOtkned bomb, in 

'Ni.hd'. 'A ... hltHIareotlh. II .. ~.Q.f.· 

h.. C ~t W'o-k of .• 
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the manner ht're supposed. GooiOb<istl han' I'(>marked, 
that the e:rt(>rnai form of a homb at once bespeaks tbe 
hi«tory of itll aerial course, and we nOI'l' see tbat tbe 
int('nla\ ,;lruclure can speak, with aim06t equal plainue!5i!, 
ofitsrotntorym()l°emenL 

)I. l:Iory St. "iucent 1 hll3 described !lOme b311s of 
Java from the I ~le of Bourbon, which have a closely 
si milnr strnetur(' ; his('xpinnntion,how('n!f (if I under­
stand it rightly), is vcry different from that which f 
lllln' given; for he supposcs that they hal'c rolled, like 
snow.hnll~, down the Bides of the crater. .M. Bendallt,' 
al.'IO, hat d",cribOO !;Owe singular little halbur obllidian, 
never more than six or eight incbea in diameter, which 
he found strew<<1 on the surine(' of the grollnd; tbeir 
form il always 01'0.1; 8Om('tim~ tb.!'y are much swollen 
in the middle,and C\'clIspilldlc-alJaj)(>(!; their surface 
is regularly marked. with concentric ridges and fUITOWS, 

all of which on the ,;ame tnll nrc at right allglt'l! to one 
axis; their interior i~ compact and glnl!lly, ) [. Beudant 

No. I. 
suppose~ that mll~1'!ei! of lava, 
when soft, were shot into th", air, 
with a rotatory mo\'em("nl rOlilld 
the samc aIis, lind that the form 
snd superficial ridgt'l! of the 
bombs were tbUll I)roducro, Sir 
Thoffiai -'Iitchell ling gi,'en me 
what lit. fint appeal'1l to 1K' the 
half of a much "aliened 0\'111 ball 
of ob!!idinn; it. htu! II ~iugnlar 

artificial-like appeamnce, which 
YoI"",.Ic_b ... ""","",,"- iswellrcprescnted(oflhenatural 
~~f~~r~=: ~ire) in the accompauying wood­
j.."t'".It ..... 'bo_ob- cut. I t was foulld ill its pre-

I .\,~ ."" QMI .. hI ... d'Afriqu.' to ... , i. p. 2'2, 
• '\''')'ltCeeaUungrle. 'I.Om. ii.", ~H. 

Th.o- C, ,~te lork of Ch","" n"' ...... , no! ne 
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"'Ill ~IAU>. on a great ;;andy Ilillin betw('('n the riven! 
()arling nn'\ ' I nrray. in Au~trnlia, And nt the distance 
of ,,"n-ral hunlirerl miles from nil! known volcanic 
region. It "'-'<'IlUl to hal·C 1J.N>n t;!nbedd(,(( in liOme 
red<li~h tufaC('Ous matter j and mny bnve been tran;>.. 
PQTU·,j eith(·r hy tbe aborigiul'i:l or by natural weans. 
The cxternal ~auccr cOllsists of comp.'WJt oll~idian, of a 
hottll'-grccll colour, aud is filled wilh fillcly-oellular 
i,la(·k lava, IUuch less transparent and gl!lJ!lly than the 
oh~idinn. The ext<'rnal ~nrface i~ marked with four 
or fil·(' not quitc perft·<:t ridgl'"!l, lI'hich Me reprCf!entOO 
mtht;r too di!<linclly in the w'lO(icul. Here then we 
hal"t' t\,,· t·lI:lenml ~trueture dc,.crib.:.J by ) 1. Ikudallt, 
Ilnd the intl·rual cellular C<lIldition of the bombs frow 
A~cl'\l~ion . 'nIl' lip of the sauc<·r iM ~lightly concan', 
exactly like th,· margin of a lIOup-plal£', aud its inner 
ed~(' o\"t·rlap~ a little tbc ceutml cl·llular 1301 a, This 
~tructurt' i~ 1;0 ~ymmetrical round the (·lItire eircum­
kn.·nce, timt one i8 forced to auppoOlC that the bomb 
burbl during its rotatory courS(>, lx·foro being quite 
~olidifil'(I, alld lhat tbe lip and edges were thus ~ligbtly 
mOlIiIl(.J nod turned inwards. It may he rl·marked that 
t be ~uJlI.'rfidal ridgl'>! are in planl'!!, nt rig'ht Rngl<':S to an 
a.s:i~ trallSVCn«' to the lon~r axis of t lie flattened ol-al : 
10 uplain thi~ circllln~tance, we mny 8UI)11OIC that when 
the homb Lur-!, the axis of rotation chaDgt'<i . 

• 1i'rijQr", e.q..loswlls.-The fiau\u: of Grcen Moun­
tain and the ~urrounding country are covered by a 
great mas~, IIOme hundred feet in thickne~~, of loose 
frag-m(:llt~ . The lower beds gcnernlty coll~ist of fine­
grninell, ~lightJy consolida.ted tuffs,! and the upper beds 
of great loo~e fraglllcllt~, with altcrnntillg filler bed~.' 

':<Omoofth;l~ribO.(Jrtnlf.i.lnl'll~'"QII,.hardnJ>t, lobebrcl:.n 
L,.th ... __ tf""""oftheftIljrP"' . 

• On Ihe IIOrthuQ ,ide ofth.G ....... lIonnla; ... !h;n ........ hou~ 
.Q; ... hinlbi.·k_.ofcomplJ'tOIiJ.ofiroa,ut..D<t.on •• o:on. 
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0", whit-'-::rib-:-t~-"_IC:-ik.--:",-y" of "«<>m.-I. pumi,rou< 
]n·eccia. WM cllriotL~ly Jx.nt into dN-p l1nhrokf"n CtLI"I'f'i<, 
ben('lllh ('3ch of the larger frngmenh in the ~uperin­
cl1mlx·nt 8lrntum. From the l"'.'bti\·e po~ition of tht'!'e 
I)('(I~, I pl"f'Sume that a narmw-mouthe<! (,OIter. Manding 
nellr\y in the J>O"jtion of Green Mountain. like a great 
air_gun, ~110t forth, before it~ final extinction, this vast 
accmnulatiou of loose matter. Suh!lftlllC'nt ly to thi~ 
("I'cnt, roo"j(\('rnl)ie di~location8 h:wc tllk{'n place, and 
all oval circus hat been fOTmed hy subeidence. This 
~nnk{'n ~pnc(> ]il.'~ at thE" norlh - E"a~t{'rn f()l)t of Grl'('n 
'fountain. ani! i~ well repre~nted in thl.' aceompanying 
mnp. II . longer al'is. which i~ connl.'cted with aXE, 
an(1 S\\'. lin.- of fi!l'uT(", i~ thT("('-fifth~ of n nautiCll] milf' 
ill len~th; it~ !lid"" are nenTI,'\' f""'l>t'nciicular, ("(('('pt in 
olle !lpot, nnd about 400 feet in lleight: they cOMi"l, in 
the lowcr part. ofa pale bIo!'3.lt with f('\(]~I):\r,lInd in the 
npper pnrl, of thl.' tuff and lOOtie ej<'Ctrd frrtg-menh; 
tlll~ bottom i$ smooth and lel'e!, nnd und('r nlrno~t any 

other {'\i rnntc II deep lake would hnl'C' LeI.'!1 form~ 
llere. From the t\lickness of the 1X'd of loo~e frngrnentu, 
with which the surrounding country is COI·(·red, tile 
nmountof n;·riform rnnUernt'<'e'il.1ryforth('irproj('Ction 
must hnl'c been enonnous; Ilenc(' WI.' may ~IlPJ>OI'(' it 
prohahle thnt after the ("xpIOFion, nu.t ~\Iht('rranean 

('al'(,"l~ wl.'re left, and that the fallin!:, in of Ih(' roof of 
olle of tht'!'e' produced the hollow here (]t'I'cribed. At 
the Galalntgo~ Archipelago, pil~ of II similar character, 
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butofamu(,'h8mallersize,frequentlyoceuratthel:a~ 
uffm:,11 con('ll of eruption. 

f.Jtdt-l granitic fr«fJmmJ&.-ln the neighbour_ 
hood of Greoen )[ollotaill, fra!-'1Il('llt~ of extraneou~ rock 
are not nnfrt'quently found embedded in th(' mid~t of 
mal"t'!! of !'Coria'. Lieut. E'"l\n~, to ",hose kindne~~ I 
am indelJted for much information, gal'c me sen'ral 
~JX'Cimen~, nnd I found otherg myg{'!f. Th{'y n{'ariy aU 
ha,'e a grnnitic ~tructure . are briui(', hnrsh to the touch, 
nnd npparC'lItiyofnitered coiOllrs. j.'irt.lt,n white ~y{'nit.c, 
~trraked nnd mottled with r{'{l; it, con_ists of well 
cry.tnlJi«N1 feld'par, num('rOIl~ grnins of quartz, and 
hrilliant, though small, crptnls of 11Ornlol{'ndl'. The 
ft'M~par and hornbl('ode in thi~ Bnd the slLcceeding 
c~ have been determined by the rt'HI'Ctint\' gonio­
meter, and tht' quartz by iLiaction undt'r the blowpipe. 
The fdll_par in th~ ejected fragmenlo, like tht' g'la~'y 
kind in the tradlyte, i~ from its deanlgo a 1)Olash. 
feld~par, &cowlly, a brick-red mass of fdd8par, quart?, 
nnd small dark pntche~ of n (lecayed mineral: one 
minutf' particle of whkh I wa~ nbl(' to ll.'<C<'rlnin, h~' ih 
deavll.A'e, to he hornl,lendl' . Thirdly, It mn~~ of con­
fU"{'IlIy cry~tnni~d white feld~par, I"itll little ne"t~ of Il. 
dark coloured mineral. oftt'n cariotJ~.I'J:ternlllly rOllnded, 
hal'ing- n glo~y fracture, but no di~tinct de:l.I'lIg.:>: from 
compari50u with the second specimen, I hn\'e no doubt 
that. it i~ ru"t"d hornblende. PQur/My, a rock, which 
at first appears a ~imple aggregation of di!tinet and 
largt'-si7.f'(1 crystals of du~k.r-colour('d l..abrador feld~par;l 
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hut in their intentiooe there i~ IIOme white granular 
feld'p:n, abulldant ~.:ale; of mica, a little alter('({ hom. 
hl('n(\(', an,\, all I belie"e, no quartz. I hal-e deacribed 
th(:il<· frnl;"ruenu in detail, OC'C3u .. ~ it]1 rare I to find 
grnniticrockl{'jected from \'olcnn~wilh their miMTal8 
UI1c1l1t1l[!tA, lUI ia the Calle with the fint@pt'eimell,lInd 
parlililly with the second. On{' other lnrgt' frngmellt, 
found in nnol11er spot, is descning of notice : it. is :1 

eongloml'rnt(', containing 8mall frngment~ of granitic, 
cellulnr,and jll~P('fy rocks, alld of IlOrn,tOIlI' porphyria, 
{'mbeddt'd in n base of wack{', thrt>aded by IlUm{'rOIl~ 

thill Inyen of a t'OncretioD8ry pitch40ne pawing into 
ol.idinn. ThOII(' layen are parallel, slightly tortUOll~, 
and short; they tllill out at their elNI", and re ... ·mble in 
r"rm Ih(' laY{,I1I of quartz in gnei~... It i~ probable 
that t h_ ~mall embedded fragmtDIiI were not !l('parnteiy 
{'j('Ctt'<I, but wt're elltangled in 1\ fluid I'olcanie rock, 
allied to ol ... ]dian; and we Ihall presently toee that 
llel'('ml '-lIri('tiCll of this latt{'r !!erie;! of rock lI&:;ume a 
lnminated $lructure. 

1'rachy/ic UMM of rock8.-TholC occupy lile more 
el{'\'ated and centml, and likewi;;e the fIOulll~astern, 

parlii of Ihe i~land. The trachyte is generally of a pale 
bro ..... n oolour, Btained with slllall darker 1)8lehel'; it 
containll hroken and bent crysuiJI of glu'iJ feld'par, 
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grains of spl'Cular iron, and black micfOIeOllical points, 
whicb latter, from being easily fused, and then becom­
ing 1l1Rb"lletic, J Jlret!ume are hornblende. The greawr 
number of the hill.!, however, are oomporoed of a quite 
'" hile, friahle stone, appearing like a trachytic tuff. 
Obsidian, hOr11/jtone, and f!e,'e ral kinds of laminllted 
feldsllathic rocks, are associated with t.he trachyte. 
There i$ no distinct stratification; nor could I distin­
guish a crnteriform structure in IIny of the hill& of this 
>!erie!'. Considcrable dislocations hR\'e lnken place; 
and many fisauret! in these rocks are yet left open, or 
are only l)8rtial:y filled ""itb 10086 fmgments. Within 
tile space,' mainly formed of trachyte, lOme baanltic 
streams luwe bl.ll"ilt. forth; and not far from the lummit 
of Green ~IOl.lntain, there i& one stream of quite blat:k, 
"e«icular bn!!8lt, eontaining minute cry&tal. of guy 
reld~par, ""bich have a rounded appearance. 

The 110ft white stone above mentioned is remarkable 
from iii! ~ingular rCIICmblance, when viewed in mnill!, to 
a I!()(limentary luff : it "ras long before r could pel"iluade 
myself thll.t such WRS not its origin; and other goologists 
have Jx>en perplexed by clOilCly ilimilll.r fonnaiions in 
lracbytic region!. III two C8>Iet, this while earthy stone 
formed ij()\ated hills j in a third, it wns aBllOCiated with 
columnar and laminated trnehyte; hut I was unable to 
trace an actual junction. It ooDtairu ollmerow crystaL!! 
or gltwy feldspar and black micl"08OOpica.1 lpecka., and 
i, marked with small darkE'r patehea, euelly all in the 
IUn'Ounding trachyte. Its I.xu-i~, howe\'(!r, ,..hcn vie,..ed 
under t he microscope, is generally quite earthy; but 
IIOllIetilllcs it exhibits a decidedly crystalline structure. 
On tho hill marked' Crater of an old volcano,' it pa&IC8 
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into /I. pale greenisb-gray ,'ariety, differing only in its 
colour, and in not being 80 earthy; the pMMgt' "'11.8 in 
one ease effected inilell!!ibly; in another, it WII!I formed 
by numerous, rounded and angular,m_ of til*" green­
illh variHy, being embedded in the white variety i-in 
this latter ease, the appearance Wll8 "cry mucb like that 
of a iiedim{'1ltary depogit, tom up nnd abrlldC'd during 
the dCI)()!!itioD of a subsequent stratum. Both th<'Se 
varieties are travel1ied by innumerable tortuous vcins 
(prCo'I{'lltly to be dellCribed), Wllich are totally unlike 
injectro dikes, or indeed any other veins which I have 
cI'cr &e('n. lloth larietiel! include a few acnttered frag­
ments, large and small, of dark-colourOO KOriacOOIll! 

I'O('~ the cells of 80me of which are partially filled with 
the white earthy @tooe; th .. y likewise include !lOme 
huge blocks of II. cellular POl'])hyry,1 Tht'lle fragments 
project from tbe weathered BuriaCf', and petfl'<'tiy m­
flemble frugmenl!! embedded in a tru~ fledimcntary tuff. 
But aa it is known that extraneous fragments of cellu. 
Jar rock are IIOmctimes included in oolulnnar trachyte, 
in phonolite,' and in other compact lama, this circum. 
stance ill not Hny real argument for tbe sedimentary 
origin of the white earthy BtOIlC.- The inflen.ible 
pa.!l!!age of the l;'ree1li.!lh \·lI.riety into tile white one, 
II.nd Iikewi8e the more abrupt I-ge by fragmenu of 
the former being embedded in the latter, might reoult 
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from alight differences in the composition of the same 
mau of molten stone, Bnd from the abrading action of 
one 8l1ch part still Ouicl on another part already IIOlidi­
tied. The CIlrioU8Jy fonned '·aills have, J OO1ie\'(', been 
fOflOed by siliceous matter being lub6equcnUy segre­
gnted. nu~ my chief reasoo fo r believing that these 
!lOft earthy aloues, with their extranC01ls fragments., are 
not of sedimentary origin, is the extreme improbnbility 
of ery~lll.180f fcldslk'\r, black microscopical sl)e(:ks, and 
small stainl of a oarker colour occurring in tile ""me 
l,roportioDal uumbel'll in 80 aqueous deposit, and in 
1Th'l.lldell of HOlid trachyte. Moroover, III 1 111\\'c remarked, 
the miero!'(:ol)e occasionally re\'eat, a crystalline 81nl0-

ture in the apparently earthy buil!. On the other 
hand, the partial decomposition of fluch great masses of 
trachyte, forming whole mountains, is undouLtedly a 
circumstance of not easy explanation. 

Veina- in /lUJ earthy trachytto 'Il1WJa-ea-.-Tlle&e wins 
are extrllOrdillll.rily numerous, intersecting ill the most 
complicated manner both coloured varietiC!! of the 
cartlly trachyte: they are best seen 011 tbo Rrmk! of 
the • Crater of the old yolcano.' They contain erystals 
of glD8IIy feldspar, black miclOIlCollical specks and little 
dark Mtain&, precisely as iu the surrounding rock: but 
the basis i. \'ery different, being exceedingly bard, 
eompact, IOmewbat brittle, and of ruther 1et18 eaay 
fusibility. The \'eins \"aty much, and Muddenly, from 
the tenth of an inch to one inch in thicknll8ll j they 
often thin out, not only on their edgell, but in their 
central parts, tbua leaving round, irregular apertnrell ; 
their 8urfacCil arc rugged. They are ine!ined at. every 
pos8ible angle with the horizon,or nre horiront.1.ij they 
are generally curvilinear, and often interbranch one 
with another. From thcir hardnesa they withstand 
weathering, and projecting two or three feet. above tbe 
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ground, they oceaaionally edend tOme yards in length; 
theose plate.like ,-cins, when 8tnu::k, emilll iIOllnd, almost 
like that. of a drum, rmd they may be distinctly seen to 
\'ilJrale; their fragments., .. bleb are 'trewed on the 
ground, clatter like pieces of iron .... ben knocked agninst 
each other. They often assume the most singular 
forme; I Btlw II. pedcttat of the earthy trachyte, OO\'cred 
by a hemispherical porlion of II. vein, like a great 
umbrella, sufficiently large to shelter two pef1l()n~. I 
have nCI'e r met with, or !leen described. any veins like 
these j but in form they resemhle the {erru~inous seams, 
due to lOme process of segregation, occurring not un· 
commonly in sandstone8,-for instance, in the ~ew ned 
mudstone of England. Numerous I-cins of jn..per and 
of ~i1iceoUll linter, occurring on the 8ummit of this 
!!arne hill, ,ho" that. there h3.8 beer. 8()me abundant. 
lIOuroe of aHiea, and M these plalA'--like H'ins differ from 
the tmehyte only in their greater hardue!I8, brittleness, 
and leu eaay fusibility, it appears IlTobnble tllRt their 
origin is due w thtl segregation or infiltration of silice-
0118 maUer, in the I!llme manner as happen.s with the 
oxides of iron in many sedimentary rock~. 

Silioeo-u, ,inter and ja.sper.- The siliceous sinter 
iB either quite white, of little specific gn.dty, nnd with 
a &OmC'KhBt pearly fracture, patiing inw pinkish pearl, 
quart!.; or it is yellowiBh white, with a haNh fracture, 
and it then contains an earth, powder in small CIL"ities. 
Both ,-.rieties occur,either in large irregular IIllI.8Ill'S 

in the altered trachyte, or io lICams included in broad, 
vertiCflI. tortUOUl, irregular veins of II. compact, lmnh, 
stone of a dull rocl colour, appearing like a l!3ud!tone. 
This .tone, however, is only altered tn.c11yt.e; and a 
nearly similar vl1riety, but often honeycombed, IIOme­
timCfJ adherut to the projecting Jllate-like ,,('ios, des­
cribod in tbe lalt poragraph. The juper is of an ochre 
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yellow or red colour; it OCCUl'II in large irregular m.alII;ei;, 

and IK)Iuetimt"l in veins, both in the altered tracllyte 
and in an a..oociated mUll of 8Coriaceous basalt. The 
cell. of the aooriacoous basalt are lined or filled with 
fine, ooncentric layen of chalcedony, cooted and studded 
with bright- red oxide of iron. In this rock, especially 
in thA rather more compact parts, irregular angular 
patches of the red jasper are included, the edges of 
whit.:h insensibly blend into the surrounding mass ; 
other p;uches occur having an intermediate character 
between perfect jaJIpcr and the ferruginous, decomposed, 
b,,,saltic bate. In thea- patchet, and !ike""ise in the 
large ,·ein·like n)&SSe<! of jasper, there occur little 
rounded ca\'itic8, of exactly tile aame siw and form 
with the air-eell~, which in the IICOrincoou8 basalt are 
filled and lined with layerg of chalcedony. Small frag­
ments of the jasper, examined under the micr08CQJlC, 
seem to rel!Cmble tbe chalcedony with it.!! colouring 
matter not 8{'pamted into layers, hut lDingled in the 
~ilieoou. paHe, together with solDe impuritio . I can 
under.tand these fach,-na mely, the hlending of t he 
jasper into the scmi-decomposed basait,-ihoccurrence 
ill angular patchell, wbich clearly do not occupy pre-' 
existing hollows in the rock,-and its containing little 
\e;<icl~ filled with chalcedony, like thO>!o;l in the soori_ 
aceous lal'fl,-only on the 6uppo@.ition t1l11t a Huid, 
probably the 8IIme fluid which depollited the chalcedony 
ill the llir~ell~, removed in thOio) l)art.!! where there 
were no CIlyitics, the ingrediellli! of the basaltic rock, 
and left. ill tlll'ir Illace silica nnd iron, and thus pro­
duood tile jasper. In BOrne specimeus of ~i [ic.ilied wood, 
1 have obscrved, that in the Ramo Iluumer 11.8 in the 
basalt, the solid parts were converted inw a dark­
coloured homogcneous swne, whereas the cavities 
rormed by the larger sap-I"essels (which IlUiy be com. 
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pared with the air-\'e:siclell in the bAtaltic Itwa) aod 
other irregular bollo,", apparently produeed by dt'Cay. 
were fiHoo with concentric iayen Qf chalcedony; in thLi 
C!We, there caD be httle doubt tha~ the 86IDC fluid 
d('poIIited the homogeneoue hn;le aod the chaleedonic 
layel'3. After thl'l!le coDSideration~, I canoot. doubt but 
that the jasper of Asceollion may be \'iewed 1\8 1\ volcanic 
rock ~ilicified, in precisely the IIIlIDC @CDIIC a~ this tenn 
iH applied to wood, when silicified; we nre equally 
ignorant of the wt:anll by 1"hich c\ery atom of 1\'ood, 
whiL;t in a perfect state, ill remon'(l and replaced by 
atoms of 'iliea, lUI we are of the menns by which the 
cotllliituent para of a "olennie nxk rould be thua acted 
on,l .r 'VI'll' led tothecarefuiu:aminationofthc&crocla!, 
.od to the oooclt1llion bere gi'l't'II, from iun-iog heard 
tile He\", Professor Hensiowe:l"pre!'8 a timilar opinion, 
regarding the origin in trap-rock, of many ehaleroonies 
and ngntC!' . Siliceous deposits seem to be very general, 
if not of unjl'crrul oceurrCDCC, in partinlly decomposed 
trnchytic t\Lrr~; t and as tbc!Ie hilb, nccording to the 
,-iewabovo gin'n, consist of trachyte IOncned nnd 
altcred in. ,itu, the prc!!C.'oce of free silica in thiB case 
may be added at one more instance to the list. 

(,'oncnti<mIJ in pumUvouIJ tuff.- -Tll(, hill, marked 
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in th~ map , Cmt~r of an old \'olcnno,' hall no claims to 
thiil app<>llation, which I could disoon'r, except in being 
,urmounted by a circular, very ~h8llow, l!3ucer-like 
summit, nearly half a mile in diameter. This hollow 
llail been nearly 6lled up with many sUCCC88h'e sheets of 
a~he8 and SCQrire, of different colours, nnd slightly cou­
!lOlidntcd. Each sucl:ellSh'e saucer-!!hll.pod lnyer crops 
out nil round the margin, forming flO many rings of 
variOliS colour~, and giving to the hill a fantastic 
appearancc. The outer ring ill broad, and of a white 
colour; hellce it resembles a course round which horl!('!l 
ha\'e been exerei!ied, and hall receh'OO the name of the 
De\'i!', niding School, by wbich it i8 mOlit generally 
known. The;;e suCCt'BIlive layen of a~he8 must ha\'e 
fali('n O\'er the \I'hole surrounding country, but they 
h.·we nli been blown away e:tcept in this one hollow, 
in which probably moisture accumulated, eitll('r during 
nn extraordinary year when min feU, or during the 
stornll often accompanying \'olcanic eruptions. One of 
the layeril of a pinkish coiour, nnd chiefly derived 
from ~mnli, decomposed fragmeulsof pllmice, i8 rClnark­
able, from containing numerous concretions. Thei!e 
arc gcncrally Bphcrical. from ha1f:ln.inch to three 
inch'" in diameter j but they are OCCII~ionally cylin­
drical. like thOile of iron-pyrites in the chalk of Europe, 
They c(lusist. of a \'cry tough, ~mpact, pale-brown 
~tonc, with 8 snlooth and e\en fracture. TllI'y are 
dh'ided into concentric laycrs by thin white partitioD3, 
reR'mbling the external s.uperliciet; sil: or eight of 
such Inyen arc distinctly defined llear tile ouuide; but 
th080 towards the iUtiide genernlly become indistinct, 
and blend illlo a homogeneous mallS. I prC8urne tlmt 
lhellC concentric laycrs were formed by the ebrinking of 
Ule concretion, IIiI it became compact. The interior 
part is generally fissured by miDute cmcks or IICptaria, 
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which are lined, both by black, metallic., and by other 
..... hite !lud cry~tallille speen, the nature of Wllich I Wall 
unable to MCertain. Some of the larger C(lncretions 
consi~t of a mere ~berical ahell, filled witb ~Iightly 

eOOllOlidated a~hes. The concretions contain II ~mall 
proportion of carbonate of lime: ~ fmgnll·ut plllCed 
under the blowpi()C decrepitate~, then whitenll and 
fusee into a blebby enamel, but doet not become caustic. 
Tho surrounding Mlws do not contain any carbonate of 
lime; hcnoo thecollcrclions ha\'Cllr1)ooblyiJ{'('n formed, 
Ill! isS(! o/u>n the CRst', by the nggt'l.'gUtion of this sub-­
stance. I have not met with any account of similar 
concreUon!; and considering their great toughncS!laod 
compactne&!l, their oecurren('(> in a bed, which )lrobably 
hu been lubj~ted only to DtlnOlph('ric moi~turc, i! 
remarkable. 

Ji'oM71(Jtion of calcareous WH:U on th~ If(~t.­
On l!everul of tile sea.beache~, there are irnniense accu­
mulations of @luall, well-rounded particle;! of ~hcna and 
comb, of white, yenowi~h, Rnd Ilink oolo\lrll, inter­
~peracd with II. few volcanic particle!'. At the depth of 
a few feet, these are found cemented togethl'T into 
stone, of which the !!Ofter ,'arielie!! are used for build­
ing; there are other "arietiCII, both coor..<e lind fine­
grained, too bard for thi!! I)Ull)Ol;ll'; and I IiaW one 
ma!!l dh"ided into e\'en Inyen half-an-inch in thickn~ 
which were 110 compact tbat when ~tnlck with II. hammer 
they mng like flint It i8 believed by tbe inhabitants. 
that th,. particlet become lmited in the COUIl!C of a 
@inglo y(>flr. The union is effected by calcareous 
matter; Ilnd ill the most COII\pRCl ,'nricti('!l, en('h 
rounded particle of ~hell and volc.'Lllic rock can be dis­
tinclly 8eCn to be em'eloped in II. husk of pellucid 
carbonate of lime, Extremely few perfect @hell!! are 
embedded in thete agglutinated mll&iCaj and I bave 
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unmined even a lar&re fmg.nent under a microseopt'. 
without being able to discol-er the lut ve.;tige of stri:!! 
or other marks of el"t,ernal form: this @ho"'B how long 
each panicle must have bet>n rolled about., before it.! 
tum came to be embedded ILDd cemented.' One of the 
mOlit compact variet ieIJ, when placed in acid, was en­
tirely diBilOh-ed, with the exception of BOme flocculent 
animal matter; its specific gravity was 2-63. 'rhe 
specific grnvity of ordinary lillle.~tone varies from 2'6 to 
2'75; IlUre Carrara marble was found by Si r Il. De la 
Reehe t to be 2·7. It is remarkable that thC8e rocks of 
AJlC('ru.ion, formed close- to the surface, ,bould be nearly 
as compact all marble, which haa undergone the action 
of hent and prt'!!iIUTC in the plutollie region~. 

The grent &ccumulation of 100/IE' elllcnreous particles, 
tying on the beach nero- the &ltielllcnt, commence>! in 
the mouth of {)cw'bt>r, mol"ing toward~ the SW., which, 
as r W3lI informed by l.ieut. E\"an~, is cau,;ed by n change 
in tile prenlilillgdirection oftheeurrcnta. At til is period 
the Hdnl rock~, lit the S \\'. end of the beach, wllere the 
ealcareoUS!<Ulld i! Ilccnmulating, and round wuicll t he 
currentuwCt'p. become gradually coated with a calcare­
ous incrustation, half-an-inch in tiliekness. Jt is quite 
white, compact, with IIOwe parta slightly spathose, and 
is firmly attached to the rock. After a ~hort time it 
gradually disnppeaI'!!, being either redisaohoo, when 
the water is lelIS charged with lime, or more probably is 
mechanically abraded. Licnt. E\'ana h3ll obllened these 
fact1!, during the six years lIe has r('l1idcd at Aacension . 
Tllt~ incrustlltion "aries in thicknCSil in different yeaI'!! ; 
in 1831 it WIIS unUlSunlly thick. When 1 was there in 

ro~. !~~I~iDo~,~h~~~r;:,~iD~I~.t;!llbr::~~:tfi;:.~ti·7.-:n:: 
pl .. <.A('eoIO(f1,'book,i'.cb.l7)of"""of!i',rotIt.ainingtbebon"QI 
1"u"lturtl ... r"" ... ltl,Ulutombed . 

• 'It..reh .. ill Thoomical GooIOC,' p. 12. 
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July, there wu DO remnant of Ille incru.;;tation; hut on 
a l)Oint of hamil, from which the (\uarrymen had lately 
relllo\'~1 a man of the calcareous {ree;;toue, the incru~t.a­
lion was perfectly presen·ed. CoD~iderillg the position 
of the tidal rocks, and the period at which tbey become 
cooted, tbere can be DO doubt that the movement aDd dis­
turoonce of the mst accumulatioll of calcatOOus parUcles, 
mUlly of lh(,1II being partially ngglutinnted together, 
cauflO the waves of tbe sea to be 110 highly charged 
with carbonate of lime, that they deposit it OIl the Ii~t 
object.s "b'11inst which they imllinb'C. I hal'c been in­
forllled by l.ieut. H olland, KN., thnt thil incrusta­
tIon iii formed on many parts of the coa"t, on 1Il0ll!. of 
which, r belicl'c. there are Iikewi..e great ffia.sie8 of 
comminuted sbells. 

A jromiuomt colcartOWI inCM.I8tation.-Iu many 
r<'81)eCt8 this is 11 singular depo,;it; it OOllU through­
out tho year the tidal '"olcllnic rocks. th:l.t projcct from 

the beaches compored of broken shells. Its general 
appearance is .... ell represented in the IIccompanying 
woodcut; but the fronds or di~b. of which it il com-
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posed, Bre generilily flO clO!<ely crowded tOgE-ther !\lj to 
loudl. These frOlld! have their sinuous edltel finely 
crenulnted, and they project o\'er their pede~lab or 
8ul1l)OrtSj their upper Burfaccsare eitller slightly con­
cave, or dighUy conlcx; they are highly poli~hcd, and 
of a dark gray or jet black colour; their form i~ irre­
gular, generally circular, ami from the tenth of an inch 
to one inch and a-half in diameter; their thickness, or 
IImountof their projection from the rock on which they 
stand, vnries much, about a quarterofnn inch being per­
hal" 1U000t usual. The fronds occallionally become more 
and more convex, until they pass into botryoidaJllIall!iC!l 
with their summits fi88ured; when ill thustate, they are 
glO1'~y aud of an intense bla('k,!!O 3..'1 to Te"Cmble IIOme 
fused metallicsub6tanct'. I have shown the incrll!!tation, 
both in this latter and in iUi ordinary state to IICvcral 
geologists, but not Olle could conjecture iborigin, eXCf!pt 
that perhaps it was ofvoleanic nature! 

The suhl!tance forming the frond!! has a very com­
pact nnd often almVlot cry~tallille fracture; the edges 
being tran~lucent, and hard enough en~ily to ICratch 
cl.lcnreous spar. Under the blowpipe it immediately be­
comes wilite, and emilSa strong animal odour, like that 
from fre6h shells. I t i~ chiefly compcwoed of carbonate 
of lime; when placed in muriatic acid it froths much, 
leMing II. Teijidue of sulphate of lime, and of an ol:ide of 
irvn, together with II. blaek powder, which is not ~lublo 
ill heated acids. This lattcrHubi<tnnce I!CCIUB to be car­
bonncevUll, and is evidently the colouring matter. The 
8ulphute of lime i~ extmneou.-'" and occurs in distinct, 
eXce£SI\'eJy minute, lamellar plates, studded on the sur­
faces of the fronds, and emhedded between the fine 
layer!! of which they arc composed; when a rmgmcnt ill 
heated in the blowpipe, tbese lamclloo lire immediately 
rendered visible. The original outline of tbe fronds 
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mayo(wo be lra.cOO,either to a miDute particle ofahell 
fixed. in II cre\-ice of the rock, or to !Ie\'cral cemented 
together; tbelle first become deeply corroded, by the 
di-;.wldng power of the waves, ioto sharp ridget', and 
then are cootod with 8uccei:lh'o 1:111'1'8 of the glO&'!y, 
gray, calcareous incrustation. The incc(ll3lilies of the 
primary support affect, the outline of every ~uc(:eS:!ive 

layer, in the lame manner as lIlay often be seen in 
1)C1.o;\r-~tonc~, when an object like a nail forms the 
centre of nggreb"lltion. The crenu!atcd edgell, llOw­
ever, of tho froud appear to be dlle to tho corroding 
power of the Burf on it.a own dcpo..it, nltemating with 
fresh d(:po~itiou.s. On some slllooth bnsnltic rock!! on 
the coast of St. Ja~,..o, I found an exooedingly thin layer 
of brown ealcareous maUer, ,.,"hioh under 1\ lell8 pre­
sented II miniature Iikene;l;l of the cTellu}ated and 
polished frond3 of Ascens.ion j in thit CM(l II ba~is was 
not afforded by any projecting e:ltrnneoU$ particles. 
Ahhongh the incrustation at AlI«'nsion is persistent 
Ilnougbout the year j yet frOIn the abradc<1 al)jleamnce 
of 80me I)lHU<, and frolO the fr<'lOh apJX:nrn)\ce of other 
parts, the wllole seems to undergo a round of decay 
and reno\'ation, due probably to changes in the form 
of the slIming beach, and COII!!C<lucntly in the action 
ofthe breakera: hence probably it is, that tbe incrusts. 
lion nC\'cr ncquires abrreat thicknelll!. Con.idering the 
poeition of the encrusted rocks in the mid~t of the cal. 
caroou.$ belich, together with ita COInI)Ol!ition, I think 
tllcce can be no doubttlJat its origin is due to the disso-­
JutiOll and 8u~uelltdepGllition of lhemnttercom. 
poling the rounded particles of shells and corals, I 

I 1'h~ Nl~ai\.e, &I I hare ""m.ulted, i. utrllneout , and nm.t h~r8 
4eea d.rin<l froID tb8 . ... · .. ~u.. It il An int.nollinll ~in'1lm..v.""" 
Ihlll 10 And th~ _~"o'th._o . ..,ftkieotl~ehRrged";th Julph.te 
0' limo. to d.p"Olt it <;>n the roolta, &gI\i.,.t wbleb tbeT dub tr"llide. 
Dt. W.blterbud_nbed('\'0.r-P0ftb. "C4Qt.iclM.,"'n>I. Ii. p.31~) 
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From thi' lIOurce it deriv~ ill animal matt('r, which 
i, e\'id<.'ntly the colouring principle. The nature of 
the depolit, in ill incipient stage, can ofi<.'n be well 
~n upon II. fragment of white shell, when jammed be-­
tween two of the frond$; it tileD appears ('.1l1ctly like 
the thinnCflt wal!h of a pale gray \arni~h. Its darkness 
variea II little, but the jet blllekn~8 of IIOlIle of the 
fronda and of the botryoidal masses 8C('ms due to the 
trnD~lucency of the successive gray lnyenl. There i~, 
however, this singular circumBtance, that when de­
poo;.iled on the under ~ide of ledges of rock or in fiS/jure~, 
it appmn always to be of n Jlale, pearly gray colour, 
e\'en when of considerable tbickneu: hence oue is led 
to IIUp~, that an abundanoo of light is n~ry to 
the development of the dark colour, in the same 
manner as seems to be the case with the upper and e1:_ 
posed 8urfnCetl of the shells of !iring mollll.ca, which 
lire always dark, compared with their under surfaces 
lind with the parh habitually C{I\'ered by the mantle of 
the animal. 1nOli8 circumstanC<',-inthe immediate 
loss of colour lind in the odour emitted undcr the blow_ 
pipe,-in the degree of hardneu lind translucency of 
the edges,-and in the beautiful poli~h of the surface,' 
rh'alliog when in a fl'Cllb state that of the fioest Oli\'a, 
there is a striking analogy between this inorgnnic in_ 

bfd.or~"'IUId-'I, ... ",DCh ... twof.n5Qthkltn_lefLblthe 
.n.ponl' ..... of \.he Ipray 011 th ...... b IIlItbe .i""word -..t. Bot.utifttl. 
IU.lactjl ... ol .. I ... ,t,."""",bli~g ill fu"" m-oleo.oo...teofli", .. 

~ !"~~ i:tl::-:t!':t' olA::"f.t:~ 7":::: ~"'n:ii{.::i 
",""ur) I .... ..... ld .. "ble'lnantitlot -'~OOIin/l'tI-omlrilooloeori ... 
ill th_ liner ...... tho MIt .... d g.rpoum _l'pMr 10 be ~ol .. lIic 
prOOllCt8. 

_:in~':r"~hi~!~~=~:!i~:"::!~I~":'ili:~~'1~2i\;'~ 
(li,h. "l!I.rll .• imillr .,.,.yo!!: at tho gnot -.n.rt. of the OrillOOC.'O."d 
N'I'~be<oom,ngllll.llpol~ ... h''''lh.''rfa.eu,lpru'''''otlal 
tlwo I<Ir{II' thll ililta.D<'e, aJ.., '"lh. poILAhi~g"4tOllt. 
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cmstntion and the shells of Ihiug IDollWiCoui animals.! 
Thi, appeal'll to me to be an interesting physiological 
fael. t 

Singular laminawl btda aUernatill[! with and 
pas8ing ill-io ob,ulian.- These beds o<:our within the 
traehylic di~trict, at the western base of Green )lountain, 
under which tlley dip at n high inclination. They lire 

only partially expowd, lx-ing covered up by modern 
ejeetion~: from this came, I Wall unable to trace their 
junction with the trachyte, or to dillCOl'er whether they 
had flowed 8S a stream of lava, or had been injected 
amid~t the oW'rlying stratn. TlloTe nre three principal 
beds of okidiau, of which the thickest form8 the baI!e 
of tho section. 'flle alternllting stony laycl'II apl)Car to 
me eminently curiou8, aud ~hall be fint desc:ribt.'<I, Imd 
afterwllrds tJlc ir pWlIlage into the obsidian. They luwe 
an extremely dh'crsified appearance; five principal 
'-arietiet rna)' be notieed, but. these in,;ensibly blend 
iuto each other by elldleSl gradations, 

Firal,- A pale gray, irregularly alld coarsely lami­
nated,' harsh-feeling rock, re;;cmbliug c1ny-slat.e Wilicb 

, In tile _lion d_ripti ... of Ill_ PI .. r. RocQ. I hIt.,.& d~bod I 
,1_J_I*-rlY~1I1oor._, .. hi.h ... toth._ko,RndRnalhedotal .. _ 
titi('lt.!itl<1'U_l&uc,,,r.o.n A .... "oi"n, the rrnn o( .-hirh rMelllbl ... rbe 

::~·~~;~!a1!i"'!.:t':,~~~ :..':"t t~ J~ d~~:!.~:: 
... luiaflh_riDflthl'OUl!'bl>irda'daDfl 

• lit 11, ......... 00 St. J)a'l'idB<ot ... I« hue d-nbe<i (. Pbilooupbital 

l':iI,~ti0;' l=d~ Gf~ "ti=~gt~:.;::~~'~'\8~~t;"fuil~t!~~ 
OI;)lollrro ~_w .. _ ~ll/Il""al,"roptJral P"'IOlI'tLH. 011 tl~e ,a.,d. 01 
."_I_'II .. bicl>rl?th.~ .. tP"'fV"d""lbIlJo •• OOtbell .. nhlo,,",.i • 
.....Jew ... ""ln .. pid1,'a ... t< •• It ..... aeblOlte.,monlranot'<otIlI, 
iDJl'(lnr."' .... "' •• ,Ilmat ..... rUl.,tholltlle ... tll ... li ......... t,on.t 
A ..... ".ioo: bot ... I, .... """;O ... thlltronglndco.l .. h'e;, ... l<>t1at. 
or li""..,J .n; .... 1 IUaUoe ..... i"c. 10 form. ""lid~lI""u .. c.alli..J 1<1 
wI!. 
roo: ~~bd~~J:i ~::"~::II~~~~~~.: :;:~;.rr,:: 
...JroIAy."'l!r .. 1l1 Itla<'hOO!o_bot.b ...... uhnol!.'I.u...-!.lIfY,bal 
comr-J 01 dittb ... ut miu.nlt, ", or d,Jl'u'ebl Ibodel of roluQ.. The 
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bAA been in contact with a trap-dike, ami with a frae­
ture of about the "IIlDe degrot' of crystalline ltmcture. 
This rock, as well as the following \'arietiee, easily fu;!(" 
into a palo gla.ss, The greater part ill hon{>f-oombed 
with irregular, angular, C8vitiell, 10 thllt the whole has 
II curiollS appearance, and !lOme fragments TCIIemble in 
a remarkable manner silicified logs of decayed wood, 

'l'hii vnricty, especially where more C(llnpnct, is often 
Innrk<!d with thin whitish streaks, which lire either 
straight or wrnp round, one behind the other, the 
elongatoo carionll hollows, 

Secoudly,-A blui.b gray or pale brown, compact, 
heavy, homogeneoull stone, with an angnlar, une\'cn, 
earthy fracture; ,-iewed, howc\'cr, under aloniof high 
power, Ule frneture ill seeD to be distinctly clJlltalline, 
and even Bep"mte minerals cnD be diBtinguished. 

Tbirdly,_A none of the same kind with the l11:;t, 
but streaked with numerous, parallel, slightly tOrtUOUH, 
white IiIlCfl of the thickncsa of h"illl, These white lines 
arc more cryst.nlline than the parts bctwC(>n them; and 
lhe stODO j,plits along them: they frequently expand 
into cxC«'dingly thin C8vities, which nre often only 
just perceptible with a lens. The mntter forming the 
white )iD(!I beeomCII better erygtallised in theeeeavitiea, 
and Prof. Miller was fortunate enough, after l!everal 
trials., to ascertain that the white crystals, which are the 
lnrgctlt, were of quartz, L and that the minute green trans­
parent needlCII were augite, or, IU they would more 
gellerally be called, diopside: beaides theae crYSUlls, 
there arc !lOme minute, dark sl.eek8 without a tmee of 

~E:r.:~~~~~:Y:~~E:~~:!~!;~~~~~: li~t~~~:n'e:i.j: 
, pl'Of ........ Mill •• ;o(Q"". "'" .at th. CI']. ulll ... hi ~h h .. m .... ",,] 

ha.l lb. r.- P, e, • of lb. figUN (H1) I'YU 101 U. id, ........ 0 hi. 
""allatiorl n(.\IoJy; . Ddh<t..:lJ .. tha~itil ........ b.bl .. tbat_o( 
u..."'hadth. "light<lottro.cao!~,.ofth.,.....raral,,-oiJeclp"'lII. 
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cfystallil\l1tion, and IiOme fine, white, granular, cry;e.­
talline matter which is probably feldspar. .Minute 
fragmf'llts of this rock art' ea~i1y fmible. 

"'ollrthly,-A compact crj'lltalline rock, banded in 
straight lillet with inllumernble layers of white ancl 
grny shadcs of wlour, ysryil1g" in width from the "I'"th 
to the ,·hth of an inch j these myera &(!em to be com­
posed chicfly of feldspar, and they contain numerous 
perfect crystals of glassy fcld!1J.)ar, which aro placed 
lengthways; they are a!>lO thickly !tudded with micro­
scopiC'dlly minute, amorphollil, black ~pecks., which :lTe 
placed in rOWB, either standing IIt'parately, or more 
frt'quently united, two or three or !J61'cral together, into 
black lint'!', thinner than a hair. When a small frag­
meut i~ hrotoo. in the blo"''Pip4', the black specks are 
easily fused into black brilliant bead~, which become 
mllgn€'tic,--<:hamctef!! that apply to uo wmmon mineral 
except honlblendc or augite. With the black spech 
thero lire mingled IIOmcothel'!l of a red colour, which are 
magnetic before being heated, lind 110 doubt are oxide 
of iron. noun« two little cllvitiet, in a specimen of 
thi_ variety. I found the black specks aggregated into 
minute crystals, appearing like th~ of augite or horn­
blende, but too dull and small t(l be ml'tUlllred by the 
goniometer j in this specimen, alto, I oollid di.;;tillguisb 
amidst the crystalline feldspar, grains, which bad the 
8l!peet. of quartz. By trying with a panlUel mlcr, I 
found that the t.hin b<rny layers and the black hair-like 
lines were aheolutely straight. and paraUel to each 
other. It. is impotl.'lible to trace the gradation from the 
homogeneous gray cocks w these striped "Ilrieties, or 
indeed the character of the di/ferent.lnyera in tho same 
specimen, without. feeling convinced t1111t the more or 
leu l)Crfe<!t whiteness of the crystalline feldspathic 
matter depends on tbe more or lCiS perfect aggregation 
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of diffu..M !natter, into the black nnd r .. oJ !JX'Cks (If 
honlbl<-ndl' and oxide of iron. 

"'ifthly,_A comfXIct hen! rock, not laminated, 
with an irrt'g'ular, augular, higbly crymllin(', fracture; 
it nboundil with distinct ery~talil of glll:;i! fddspar, lind 
the cry~tll.lline fddspatbic base ill mottlt'<l with a black 
minernl, which 011 the weathered 8urfh.ee il acen to be 
nggregnted illt() ~rnall cry!tal~, !!O!ne pcrfl'Ct, but the 
greater number imperfl'Ct. I showed this &peeimeo to 
lUI e.lptrient,«1 hreologi~t, and asked him what it wa~, 
he anliwered, lUI I think every one ('I!Ie woulrl hnve dOlle, 
\.hat it WM a primitive gr('(>n"((lne. Thl' ""eathered 
8urflux', aI'll), of the foregeing (~o . 4) banded \'ariely, 
strikingly rCllcmbl('ll II worn frngment (If finely laminated 
gtlei. 

Th~ fi\-e \·arietie.', with mnny intermf'l.iint(' onf>!<, 
paS!! and .repA!!il int(l each otb('r. A~ the compact 
"Ilril'lit'll are qllite subordinate to the othl'", thl' whole 
Inay be ooll,idered as laminated or striped. The Inminll', 
to sum lip their cimracteri!!lics, are either qllite strnight, 
or slightly t(lrtllolls,or ooU\'oluted; tht-yare all p'"lI'allei 
to each otlwr. and to the iutereuillting itrata of obBidian; 
they are genemlly of e.ltreme thinne8/1; the,. cOllsist. 
either of an apparently homogenooul!, compact rock, 
itriped with different !!hades of gray and brown rolouT!, 
or of cry~talline fl'ld~pathie layen in a IDOl'", or leu 
perfect .Iate of purity, aDd (If difi'CI"enl thickn_. with 
distinct ery.tab (If glassy feldspar placed leOgthlfflyt', or 
of \'ery thin Inycu chiefly oompoM'd <>f Ininut.e C1')'1'taJs 
of CJu1Irb and augite, or composed of black and red 
specks of all augitic mineral and of an ox-ide of iron, 
either not cryslnlliaed or imperfectly 10. After haviog 
fullyde8Cri~lthe(lbl!idian . l shaliretumt()the8I1bjf'Ct 
of the lamination of rocks of the trachytic IK'riCII. 

The I~"C of the foregoing beds into the Itrata of , 
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g"",-y---:o"'-id:-iao-i,-orr~Wd io ~mru ")" fi"t ... g"l~ 
modular ma~-;(;8 of oboidian, both large and small, 
abruptl.I' appeAr diAAeminated ill a slaty, or in an :unor· 
Jlhou~, pale-coloured feld~pathic rock, with a somewhat 
J>early fr:u~turt'. Secoudly, ~mall irregular 1I0dll!eJi of 
the oh6idmu, either stauding IM!parntely, or united into 
thin layer" jj<,ldom more tbM the tenth of an inch 
in thicknC!l~, nitl'rnate repeatedly with very thin layel"ll 
of a feldsp:lthic rock, whieh is Btriped with the finest 
parnllel zones of colour, like nn ngate, and which IIOme­
limes pa<'>l'il into the nature of pitch~tolle ; the intcl"StiOOil 
between the nodules of obiiidian are gencrnUy filled by 
!!On white matter, rest'mhling pumicwusasbes. Thirdly, 
the wl10le ~ubataDce of the bounding rock luddenly 
passcs int.o an angulo.concrelioIHl.r~' mass of ob~idian. 
Such II)fu!a('8 (as well as the amall nodules) of oboidian 
are of a pale green col,)\Jr, and Dre generally streaked 
with different .hades of colour, parallel to the laminre 
of the surroundiug rock; they likewise generally con· 
tain minute white @llh:eruli tes, of which half is some­
times embedded in a zone of ODO shade of colour, Dnd 
Ilair in a zone of another aharle. The obeidinn ulllumes 
ita jet black colour and perfeelly conchoidal fracture, 
only when in large masses ; buteren in theSt',onearefui 
examination and on holding the gpccimens in different 
l ightB, I could generally di5tingui~h parallel st.reaks of 
different shadOi of darknea. 

One.of the commonest tran~itional rocks de;;er\'es in 
Ie\'erai re,.;pecu a further de&eription. It is of n \'Cry 
complicated nature, and consistl of numeroull thin, 
Blig-hdy tortuOllil, layers of a pale.coloured feldspalhie 
/ltone, often pa~ing into an imperfect pitch~ton(', nlter­
nating with loyNs formed of numberless little globuld! 
of t'NO VArieties of obsidiall, and of t .... o kinds of IpilWo­
rulli~ embedded in n solt or in a hard pearly oose. 

(c) The Co mplete Work of Ch ,; rl f'~ Darwin Onl,n .. 
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The .phrerulitel are either wbite and tran.dllccnt, or 
dark brown and opaque; the former are quite spherical, 
of smalll!ize, and distinctly radiated from their ccntr{'. 
The dark hrowo 8phamllit~ are leilil Ik'rfectly round, 
aod mryin dinmeterfrom the nth to l'" th ofnn inch; 
when brokf'n they elhibit to'Wanb their ceutres, which 
nre whiti,h, nn obi!cnre radiating structure; two of 
them when uuited, sometimes hlll"t' only one centml 
point of rlldiatiOIl; there is occasionally Il trace of II 
hollow or crevice in their centre.o. They 8umd either 
IK'pnratt'ly, or are un ited two or three or many t()gether 
into irr('guiar group!, Or more commonly into layers, 
parallel to the .trntificatioD of the mass. Tid, union 
in lIIally <:aseI i, IIU perfect, that the two ,idl'l of tbe 
layer thu. formed, nre quite eren ; lind the!!e layers, as 
they become IClIIJ brown and opaque. cannot be di.;;till. 
gllL_hed from the alternating InyeT3 of the pnle--eolollred 
fl'ld.pathic atone. The spila:>rulik-s, when not uuited, 
are generally COlllprCSled iu the plRuo of the illminlltioll 
of tlle mRIIII; and in thia same ]lIane, t1u:oy areoft.ell 
marked internally, by zones of different shades of 

Os-<t .. bfoo ..... I""'"'H_d .. '"'_ ..... I""*'*~. Tbo.p .............. 
_1I'_hd ... I"'~I .. ln.I,.,.. lbo"'~alnoIWhlroltu<:l,,",of'bo 1otr .. _ ... ..,b""'pWoolJr ... .-..... 

colour, nnd e.lternally by IImall ridges aDd furrowll. In 
the llppe r part of the :e;ompauying woodcut, the 
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'phll·rulitel ..nth the parnllt'\ ri()get and furr01H are 
rl>llfl'l!ented on nn enlarged l!Caie, but. they are not well 
('xC!Cutt'<i; and in the lower l)3rt, their lI"unl manner of 
(,,'TOuping if b-hOWD. In another ~I~imen, 11 thin layer 
formp<\ of tbe brown spbrl'rulitel closely united together, 
intcl'!lCcts, as repteS<.'uted in the woodcut, Xo. i, a layer 

No.7. 

of similar t'Offipo!lition; Rod nnN running for a short 
space in a ~Iightly curved line, again int('rJ:ll."ctli it, and 
likcwi"6 II. lICCond layer lying a littlo way beneath that 
tiTHt, illter~ted. The smallllOdul~ al!!O of obsidian are 
IOmetiinea externally marked with ridg<'ll and furrows, 
pnrll.\lel to the lamination of the man, bllt always \('68 
plainly than the ~phreruli~. The~e obl;idian nodules 
RTe gell('mlly angular, witb their Mgt'S blunted: they 
are Ont·n impre!',;ed ..nth the form of lhe adjoining 
spha'rtllit4'!<, than which tlley arc always larger: the 
I!t'parate nodules seldom appror to have dm .... n eacb other 
out. by exerting a mutual attracthe force. Had I not 
found in Mme CRSe"', a diatinet centre of attrnction in 
the>:IC nodul<'!l of ob~idill.n, I should have heen led to 
1\8\"e considered tJleffi as residuary matter, left during 
1 he foJnnation of the pearlstone, in which tbey are 
emhf-dded, and of the sphrerulitic globule!',. 

The sphlErulites and tile little nodule. of obsidian 
in these roekilO closely resemble, in general form and 

Th Cr • _te ~orl< of 
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~tructure, concretions in sedimentary del)()Jit~, tbat one 
i~ at once tempted to attribute to them an analog-ou. 
origin. They re!lCmble ordinary concretion! in ibe 
folil)wingr{'-!ipt'Cll!; in tileirexterDal form,-in the union 
of two or three, or of l!el'eral, into an irr ... gular lIIa~~, or 
into all el"('n-eided layer,-in the OCCll!iollal intelWCtiOIl 
of one such lnyer by another, as in the Cllse of ehalk­
flinlS,-in the presence of two or three kinds of 1I0dul~, 
often clo&e tob'Cther, ill the same basi8,- in their fibrous, 
radiating structure, with occasional 1)OIIow8 in their 
~ntrt'1l,-inthe~i8ten~ofalaminary,concretionary, 

and radiating rtfuctUnl, 8S is so well del'e loped in the 
oollcl"('tions of magnesian lim<>;;wne, dCflCribed hy Pro­
f('$ll()f ~gwick.' Concretions iu ilt"dimelltary depo • .iu, 
it is knowu, are due to the separation from the lillf­
roullIHng man of the whole or part of lOme mineral 
.ubEt.'lnce, aud it.~ aggrt'b"3tion round certain 1)()int!l of 
attraction. Guided by thi8 fact, I hal'e cmdea\"oured 
to di"Col"et whether obsidian and the ~1)!J~ru l it('8 (to 
which mny be added marekani t.e and pcarbtolle, both 
of tllem occurriugill Iloduiar concretioll8 in thctrachytic 
seriefl)diif('rin th('irooll~titllcnt.lmrt~, from thl" minerals 
gellerally compo~ing trachytic rocks. Jt appears from 
three analylloCl!, that obsidian contain. Oil an a\"erab'"ll 16 
per cent. of silica: from one analysis, that 8pbrerulitetl 
eontaill 79'12; from two, tbat mllrekallit.e contains 
79'25; and from two otller aDaly~ thllt pearhtone 
eontain8 75'62 or silica,' Now, the constituent pam 
of trachyte, III far as they can be di~tiilgllishcd, consist 
of feldspar, contain ing 65·21 of silica; or of albite,con­
Ilining 69'09; of hornblende, containing 55'27,1 and of 

: ~?:r~~i~'::~i;'::-;: ~~.~i(~mtt I~~~~;. 'Tnlit.l d. Mi.ne •. 
_1011;.:"''''. ii. r. 113;.nd ODe ..... 1,.,. ofo!.>t,dian, from ]'h,]11",,' • 

• M~~';-:~';:~~ly"".,, taJr. ... (",m \"on KobeU·.' OratllUii",d .. llimor­
_locio,·IS38. 
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oxide of iron: 110 that the flll'('going glll!<!y concre­
tiollary ilubtitanN', all eontai.n a largt'r proportion of 
@ilica than that OC("nrring in ordinary f,·ld~loathic or 
Imchytic rock., D'Aubui;lS(ln,' al-o, hM n,marked on 
the lllrg,· proportion of silica comINln..'d with alumina, 
in six IInllly .. ,~ of obloidi&n and JX'3rl~tone gh-t'u in 
Brongniarf. '~"inerlllogy.' lfenN' I oonclude, that the 
for('going concretions ha\'e been formed by n Ilrocetill of 
lIg'gregation. Btrictly analogous to that which takes 
pla~ in aqueous depoj:it~, acting chidly 011 the @ilica, 
but lik"wi!;C on Imme of tIle oth('r elementlof the sur­
rounding mill"', and thug producing the difTt'rcnt oon­
eretil)nary \·ariHieo.. From the well-known elfect.!l of 
rnpid eovling I in gh'ing gla.:;,;iul'I'iI of telt!ure, it ill 
proloal)iy nt'Ol'~Mry that tbe entire IM!lI, in ~ like 
that of A!C(>n~ion, should hayc (!(IOled at /I. certain rate; 
lmt con~idering til{' repeated and C(llllll\icnted alterna­
tions of nodules and thin layer! of a glaAy texture 
with OUtCf layers quite stony or crystalline, all 1\'ithin 
tIle spRee of a few feet or el'en inches, it is hardly 
pos-ihlo that they ooilld have cooled at. diff('J'{'nt rnte~, 
and t11U~ ha\'e aequired their different textUT('/'. 

The natuml ~JlllIeruliteM in tll(>!le rocks' \'ery c101M'ly 

'·Tr:aited.(l""",",.'tOllll.ii.p.6M . 
• Th .... ~n in Ih.-..., ... Inreoftoonmotllll ..... ad in Orqory 

~~~t;:...:~~~·~·Ih: '~:U~':Idi~ <'a the natu .. 1 nrr- or 

·ldo .. lk_ ... Mdwr;I;.~I,.kllOYll.thatboo! ... ha~ing 
,,1(11.~ the .am"rr-'''''''' U ,tplqoo ... htH, _eti_ .~r , • .... ""'. 
\I •. R"b," Urowb.how«l """o ........ 'e. ro""'td..;tll\a .... .,'yio .. 
r i_l>r.i!i<ifttd ....... I ......... linlelpll<u, ... h,tb.e .. onllj ... t..;.;ble 
to tile naUd 'Y': th_ .~h. wh ... rlactd. by him aoo~. ~ I. n, or 
hlrh plw ... I' ........ nl..! .bte.utiful 'p("'a,..,,,..:tbey .... t .. p",,!,~ly 
ril'("Ul ••• ~",I .... n ... ttd "rtheftnoolflb_oral,!'<).,a""loo',nod ... ting 
with ~t UlOtlO_ .from R .... mmon .. nt.... The .. httle ,.,.,liAling 
<tu,~ .. 0(·( .... ' ....... 11, ,nlot!lflcte<l, ... d OOtti""" ~N <Juna tnt (1/1" 1!1th. 
ftue. nlobo .. ,like lOll .. o( e<>loo. in th, "PIt. In lhe oLo~I ... a or 

~":~~r.:~ 2:,. :!r~ "!,t c7~;~: :.nr: ,I:: .i:,~If.~t _ .. o( 
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rd;emble those produced in gIlls!!, when slowly cooled. 
In Fome fine specimens of partially devitrified glass, 
in the pos!!Cssion of Mr. Stokes, the spbrerulite9 are 
united into strnight layers with cyen ~ides, parallel to 
each other, and to one of the outer surfaces, exactly as 
in the obsidian . Til('se layers sometimes interbmnch 
and form loops; hut I did not see any case of actual 
intersection. They form the passage from the perfectly 
glassy portions, to those nearly homogeneous and stony, 
with only an obscure concretionary strnctu:-e. In tbe 
same specimen, also, sphrerulitCil ditfering slightly in 
colom and in structure, occur embedded clo~e togetber. 
Omsidering these fuets, it is some COllfil'!uation of the 
view "bo\·e given of the concretionary origin of the 
obsidian and natuml sphmrulites, to lind that)L Dar­
tigtlcs,! in his curious paper on this subject, attributes 
thc production of splllcrulites in glasg, to the different 
ingredient.s obeying their own laws of attraction and 
becoming aggregated. lie is led to believe that this 
tnkes pluce, from the difficlllt-y in remelting ~phmrulitic 
gla$s, wit-hout the whole be first thoroughly pounded 
llnd mixed together; :mel likewise from the filet, that 
tllC change takes place most readily in glass composed 
of many ingredient~. In confirmation of .:\1. Dartigl.1es' 
view, I may remark, tlmt AI. Flel.1rian de Bellevue' 
found that tne sphmi'lilitic portions of de\"itrified glass 
were ucted on both by nitric acid and under lhe blow­
pipe, in a different manner from the compact paste in 
which they were embedded . 

Gompa1'i80n of the obsidian bedB and all.ernating 
strata of A8~ension, with Ih08e Qj othel" coumtnes.­
I ba\·e been struck with muCh surprise, how cloSf'ly the 
excellent description of the obsidirul rocks of Hungary, 

, 'Jou,..,~l do Phy.iq\l~: tom. 69 ;ISQ~), pp. 10. 12 • 
• Idem, tom. 60 (lSO~), p. ~lS. 
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,::hcn by Beu<lant,' and that by Humboldt, of tbe Mme 
f,mna.tioll in ~Iuico and Peru,l and likcwi.e the descrip. 
tion~ given by ~'\-eral autliOnl' of the trncbytic regions 
in tbe Italian i~Jand~, agree with my obeen"ations at 
A-ol'n~ion. :\lany 1)Illl,;:t.~e! might ha"e been tran.,;fcrred 
without altemtion from the works of the abo"e anthor8, 
and would Imve been applicable to this island. They 
nllngree in the laminated and strntified diameter of 
the whole II('riC!;; lind Jl ul'_lboldt. speaka ofsoille of tbe 
l)(.-d~ of ol>"idian being ribboned Iikt' jM~r" They all 
agree in the nodular or concretionary character of the 
ol ... idilln, and of the passage of thCtl -nodulCti into layers. 
They nil refer to the repeated alterna.tion,." often in un­
dulatory IllanCtl, of gl8S"y. pearly, stony, and cr,stallille 
layen: the crystalline layen, howel'er,8ef>m to be mueh 
more I)(!rfectly del-eloped at A!e"nsioll, limn in the 
llbou·-named oountrie;;. Humboldt compares J!OlOe of 
the !tony beda, when viewed from a di~tallC(', to strata 
of 11 kbjo.tose aa.ndstone. SphreruJit('il nre described ,lg 

occurring abundantly in all cas H j and they everywhere 

, '\'O)N"~n lIongri~:lom. i.I'- 330; l .. m.iL rp. 2'21 ~nd316; 1<>"'. 

:~}:~!!4~';¥.£.~~{~~t~~;::;D~~~i~ 
·T"'I~da (;"".'tum.ii'l'-:.3f" 
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:l~:~ 0:", ,:,:;ll~i:':::;:; "!:j:~&II<t;.:.~I1~'aa~/~~'~.!,>:"I1~ 
T~~ l>I,..idi.llo .", II .... IJ mae.!. ill qui,. 'I .. i~bl or nn.u Ii" .... .nth 
u, .. <-diD~ly.li,lrhtdifr.·",_ <>ftinl. of~III1Lorily, and 01' m_ or 1_ rerf, .. -tdO(rWlorgl __ T,....,i<l/l """'. 01' the I_{"rl«tly p;luty 
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_m to mark the pa8!'8ge. from the perfectly gltlssy to 
the itony nnd crystalline beds, Ueudnnt'a account I of 
hi, 'perlite lithoide globulnire' in e,'ery, eren the 
mfflt trifling particular, might IUlI'e iJe<.n written for 
the little brown 8ph:cntlitic globul<'ll of the rock! of 
ASC<'n~ion. 

'From tIle clof'e similarity in 80 mnny re~]W'ct~, be­
twft'n the o~idian formations of Jl ungnry, ,\lexico, 
Peru,nnd ofrrome of the I talian isl!lI\ds,with Ibatof 
A~C('n"ion, 1 can bardly doubt that ill all these cases, 
the ollO'idinn and the sphrerulites owe their origill to a 
eoncrdionary aggregation of the ~i1iea, aDd of !lOme of 
the other oonstitnl'nt elements, taking place whibt the 
liqudied masll cooled at n certain n:quire<! rate. It i~, 
howt'l"t:r, .... ell known, that ill sen'rnl plaee~, ob6idiau 
has flowoo in streams like lava: for in.tance, at Teneriffe, 
at the I. ipnri hlands, and at Icelnnd,t In th(';;C ca,;e;, 
the RIII><,rficial parharo the most perfectly glall<lY, the 
obsidinn p.'l~.illg at tbe depth om few feet into nn opaque 
Slone, In all unulysis by \'auqudin of n specimen of 
ob.idian from Hecla, which probably flowed as laIn, the 
prOI~)r!ion of silica jSllearly the same as in the nodular 
or collcr<,tionnry ob>idiau from Mexico. I t would be 
intCT('IIting to ru<certain, ,,'hether the opnque interior 
I)()rtions and the superficial gln!~y coating contained 
tile !'lime proportionaloon~tituellt. parts: we know from 
M. Dufrenoy I that the exterior nnd interior parts of 
the &lime stT('tlm of lam IIOmdimC8 diffcr oon~iderably 
in their COlllllO!<ition, EI'en should the whole body of 
the ijtream of oblidian turn out to be simi13rly eom-

Zl The C .. mDlete Work of Ch.!lrMo.s Darw " ~ 
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polled with nodular ol)~idian. it would only be IJec~!,~ry. 
in 3ceQrdnuce with the foregoing fact!!, to !Ullpo!'C thnt 
lava in tbe~ in~tance8 had be<>n erupted with its ingre­
dicllh mb:ed in the tame proportion, as in the concrc­
tionary oll!<idiau. 

L(Htlinllt«m oj t'olCflltic rOI.'J.:s of tile tr<k:hytic 8eri.ts. 

We hal'e SN'1l that, in ~"\'cral and widely dist:lIlt 
eO'lntrie!!, til€' Atrnta IIltemating with heds of ob~idiall, 
RTe highl.v laminated. The nodule'. 1l\>'O, both Inrgf" 
and ~rr.all. of the ob:oidian, nre zoned with difTl'reut 
~hades of colour; nnd I hal'C seell a specimC'1l from 
:\Iexir:o in ) Ir. Stokes' coll~tion, with its external 
surface weath('roo 1 into ridges and furrows, com·,pond­
ing with the zones of different dl'gree~ of g:la~~ine;;;;: 

H llmboldt, I morcoreT. found on the Pf'nk of T{'llcrifTe, 
11 stream of obloidian di\'idPd ]'Y Hory thin, aiternflling, 
iayel'll of pumice. )Inny Otlll'f lin-as of the felri'pnlhic 
K'riell nrc laminated; thus, mlL-S('!! of common trachyte 
lit AllCeusion are dhided by fine enrtllY line~, nlong 
which the rock splib, eepamting thin InyeIll of diglltly 
diiTerent ~IJades of oolnur: til!' greater number, al;o, of 
the embed(kd cry8tnls of gla~MY feld~p.'1r arc 1)la('OO 
i('ngthwnys in Ule I!3me dir~tion. )Ir.-]). Scropcl h3-~ 
dCl'cribed a remarksl,le columnar trachyte in the 
I'lln:ro I"lands, which f!('('ms to have been injectrd into 
all o,-crlying mll~S of trachytic conglomerate: it is 
~tripe<1 with zone;<, often of extreme tRnuity, of dif­
ferent teJ:turet and colours; the harder and darker 

, )lAtCull.,..h a., .. (>.C'1.uilleo.lina ~r Rotb,' p. 631). that ~b. 

:~!~~1~~~~~t';~:~~::~::I5~;~; 
.truct~ ... .' 

·'I' ........ I!i'amlti ... • .. "l.ip.U2 . 
• 'GeoIog;..! Ttauadi"IlI;~. ii. (_ J ~ •• ) p. 195. 
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Wllce Ililpearing to contain a larger proJX'rtion of 1!.i1i~. 
In another part of the i81and, there lire layers of pearl­
~tone and pitch~ton(', which in many roIpeeU J"('!I('mble 
thoee of Aecenaion. The zones in the columnar trachyte 
are b<enemlly contorted; they extend uninterruptedly 
for II. great lellgth in a "ertical direction, and apparelltly 
parallel to the wnlls of the dike-like millIS. Von Buch I 
luu described at Teneriffe, a Ijtrf'am of hII'll. containing 
inllUllIcrnhle, thin, Jllate-like crystals of feldepar, wbich 
are arranged like white threads, one behind the othcr, 
and which mOl!tJy follow the I'3me direclion. Dolimieu' 
also BUtta; that the gray !anu of the modem oonfo of 
,"ulcano, which hanl a \"itreol\~ texture, lire streaked 
with Imrallcl white lines: he further dcecrioo II. solid 
pumiC('.310ne which poo...~,-es a Ii~"ile IItructurt', like 
that of certain mieaceon~ @(:hi.t~. Phonolite, which [ 
may ol)!;<CI"\'e ill often, if not always, lin injected rock, 
abo, often has a fi8!!ile structure; thi! is genernlly due 
to the pnrnllel position of the embedded crystals of 
feldspar, but IlOmetimes, 38111. l'ernnndoXoronha, SC'eIllS 

to be nenrly independent of their prC!lencc.' From 
thelle fncl.!! we 8ee. that \"ariOU8 rock! of f ... ld~patl.Jic 
IIC riet II/we either a laminated or Ii.ile .tructure, and 
that it occurs both in m3S!lC!', which ha\'e been injected 
into overlying st.rnta, and in others which ha\'e fio1l"ed 
as streamsor la\"a. 

The millime of the beds, alternating with the ob.i­
dian at Ai«nsion, dip at a high angle under the moun-

el "he C ..... 1oiete Nork of :hMies .J8I"W,n ........... 
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tain, at tilt" 00!e of which they are aitllAled ; lind they 
do not appMlr 11$ if they had bew.>n inclined by I-iolenee. 
A high inclination il common to these beda ill Mexico, 
Peru, [\nd in N)me of the Italian i~mod8 ; I on tile' otller 
hand. in Hungary, the layers are horilOntaJ: the 
I:lInin~. al~ of !!Orne of the IIwa-<ltrenms al)(we referred 
to, liS fllr fU! [ can understand the descriptiolls gil'en 
of them, nppear to bo highly inclincd or I'crtiea1. [ 
doubt. wh('lher in any of the;oe ea_, Iho lamiure hlll'e 
"~('n tilted into their present poIIition; lind ill some 
ill~tIlnel'~. a~ ill Ihat of the truehyte d(...cribed by lIlr. 
Scrope, it i~ almost. certain [hat tbey hal-e been origin­
ally formed with Il high ioclination, In many of these 
ea._. there is el'idellce that th., mM~ of licluefied rock 
ha~ mOl'cd in the diredioll or the lamin~. At A!!Cen­
&ion, mnny of the air-eells hale a dmwn-.out appearance, 
lind are el'OllSCd by coarse semi-glllljiy fibres, in the 
direction ofthell1minro; alldJIOmeof tlwlayers, sep..l­
rating the ~I)hre]"ulitic globlllCil, hare Il 'cored appear_ 
IInel" 118 if proc\uced by the grating of the globules. I 
have IWlCn Il ijpecimen of zoned obsidian from )leJ:ico, 
in )11, Stoke!" collection, with the 8urfnCC5 of the best­
defined Inyers ~trcaked or furTQ1\"ed with paralJelline!!; 
and ll~ linCt! or streaks preci@ely re',"mbJed those, 
producro 011 the surface of a maSi of artificial glass by 
iu having been poured out of II I"c&lcl. Humboldt, 
allKl, has dl':<eribed little eal'itil'.o! ..... hich he compares to 
till' tails of comet!'., behind ~l)h~nliitl'.o! in laminated obsi­
dian TlX'kg from ) Iexico, and ) [r &rope haB deiICribed 
atilt'r cavities behind frnglDellt~ em1x'<lded in his lami­
Ilak'd traehyte, lind whiell he 8u]>I>O>(.'8 to hal'e been 
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Ilroduccd during the movement. of the ma!le".' From 
illiCit fact~, Ul06t. autbonl h3.\'c attributed the lamination 
of these volcanic rocks to their mOl'Clncnt whilst. lique­
fied, Although it. i~ easy to pereeh'e, why cnch I!Cpamte 
aiMell, or each fibre in pumice-fl"tone,' should be drown 
out in the direction of the mO\'ing maS!!; it. is by no 
means nt fint obvious why such nir-celh nud fibres 
should be nmmged by the mO\'emcnl, in the same 
]llnnCl', in iMllinm absolutely straight /lnd JIllrallci to 
e/lch other, and often of extreme tenuity; and !tillless 
obdous is it, why such layen !bould come to be of 
slightly difff!rent compo;;ition and of different. texture!'. 

III endea\'ouTing to make out. the cau~e of the 
18nlinntion of the ignooUil feldspru hic rock~, let. liS 
Tetllnl to the fact. 80 minutely de«ribed at. Ascension, 
We there 1e4", tim!. some of the thinn(·~t. IMcl'II ar(' 
cbieRy fonned by nllmerou~, exceedingly minut,,: though 
perfect, crptnls of different mineral,; that oth"t layers 
nre formed by the union of diff.:.n:llt. kill(h of concre­
tionary globule!!, and that the layers tllU~ formed, often 
cannot be distingukhed f!'OlD tllC ordinnry f(,]dspnthic 
and pitchstone layeTl!, composing R Inrge portion of the 
entire mnS!!. The fibrous rudiating structure of lbe 
~phf('rulitet! te('ms, j\ldging from many IInalngoull case;:. 
to connect the concretionary and crYlltalline forces : the 
!epnrate cry8tals, 110180, of feld..-pnr nil lie in the same 
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parallel 1)lane;;.' 'fhe.e allied forces, therefore, hal-e 
played an imllortnnt part in the lamination of the 1ll3.Sil, 

hut tht"y cannot be cou~idered the priiUary force; for 
the !lel'ernl kinds of nodul(';l, both the ~rnll11e;;t aud the 
lnrgeijt, a~ int('nmlly zoned with exce.»il·ely fill(' shades 
ol"oolour, l)3ralll'l to th(' laminatiou oftJ,e wholt'j and 
many of tht"m are, flb1, externally markl-d in the same 
(lircetion with raraJle! ridges nnd furrows, wh ich have 
not been produced by weathering. 

Sotn(> of the finest lJtreaks of colour in the 8tony 
bycl1', alternating with the ob~idiau, can be di~tiuctly 
l!-I.'en to be due to an incipient crystallil!ation of the 
con~tituent mineral!!. The extent to which the minemb 
hale cry&talli~ed can, !lbo, be di.tinctly 8een to be 
oonnected with the grt"llter or lea 8ize, lind with the 
number, of the minute, flattened, Cf(;IlUiated air-cll.\"ities 
or fissuJ't'll. N UlllerOU8 faets, a!l ill the case of ,,'"Codes, 
nnd of cavities in silicified wood, ill primary rocks, and 
in veina, show that crystallisation is much favoured 
by space. Heuce, 1 conclude, that, if in a mass of 
cooling \'olcanic rock, any caU.iC produced in pnrn.llel 
planes a nnmber of minute fis~ures or wues of 1l"Gi 
tension, (which from tho pmt-up l"apollTS would olten 
be expanded into crenulnted air-c81·ities). the crystal­
lisation of the constituent part.~, nnd probnbly the for­
mation of concretions, would be @uperillduced or much 
(al'oured in such plan('j\j and thus, a laminated struc­
ture of the kind we are here considering" would be 
gencmted. 

That 80me caUfi(' does Ilroduee l)3ralll'l ZOlles of less 

or~i'!!' =~i~ni:::i~r:"l •• :~~! o;:~~m:;::1I7.1il!" :to":: 
~~:-; ::'=A=,1",~.,.7"R ~'i ;"':jI~::~I:=ir J.: 
.. ",. with t.h~~ whi"b eloDpl. ~nd Ilatteu e ll the bmwn oph .. MlIitie Itl"blll .. (wLithbeh&velibr.ld·rarunJ •• 'b.Llo,,·pi~};nllullalll' 
dirertioa. 
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ten~ion in \'oleallic rock~, during their eOllsolidatioll, we 
mwst admit in tbe !:Me of the thin alternate layers of 
o!:l;oidian nUll pumice deecribed by Illimboldt, and of 
the !!].nall, flattened, crenulated air-QI-lb in tht' lami. 
Dated rocks of Asceusio!l; for on !loother principle ean 
we conceive why the confined \,(1)()UrlI should through 
their UllIlnsion forlll airweelb Or fibres in SCIWlrnte, 
parallel planes, iu~tead of irregularly throughout th .. 
mass. l u .Mr. Stoke!!' collection, I ha\'e leen a 
beautiful esample or thi~ structure, in a specimen of 
obsidian frolll ;\ le1:ioo, which is .haded and :rout..:I, like 
tile lineol agate, with nllmerom, 8trnight parallel layer", 
more or leN! opaque and white, or almost perfectly 
giaSlly j the degree of oJ»City and glll8.<ine8S dependin:z 
on the numoor of micr08COpically minute, flatlened 
Rirwedl'j in thi8 C3:i(', it is llCar«'ly poH!!ible to doul,t 
but that the 1Il3S!!, to which the fragment belon~<ed, 

must have been suhjectoo to /lOme, probably l)rolonged, 
nction, caulling the ten:rion !!lightly Ul nuy in the sue· 
ccsoive planes. 

Se\·eral eauses appear capable of producing zones of 
different tenaion, in Illlll:!IIe!I semi. liqllefied by heat. In 
a fragment of devitritied glass, I hne oill!O!n'OO layers 
of sphrerulitee which nppenred, from the lDan lier in 
which t hey were ahruplly bent, to ba\'e been produced 
hy the @illiple contraction of the InMB in th<l ,·elliCl, in 
which it oooled. In certain dikllll on mount Etna. de­
&cribed by .11, Elie de Beaumont,! as bordered by niter· 
llating banda of scorinOOOl1ll and colnpact rock, one is 
led to 8UPpolC that the stretching 1D0vement of ll:e 
lurtOunding strata, which originally produced the 
fi;;suret, continued whiiaL the injected rock r('mainl'd 
fluid . Guided, however, by l'rofeuor .... orile.'I clear 

"llbu.pou .... ·n·'.·&<: .. tom;T.p.13 1. 
• ·Elint.<ugb !i •• l'biI.JOIlnIaI,'IUl, p. alO. 
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de;o,cription of 1111' zoned structure of glacier-iet', far the 
mo~t probable explanation of the laminated structure 
of there fellbputl1ic rocks appears to be, that they have 
beeD stretched whil~t slowly flowing onwnrd3 in a pa~ty 
condition,1 in preciSl.'ly the 801m!' manner as Prof~.""'r 

Forbes helie\"C~, that the ice of moYing glaciers is 
~trctchcd and fissured. In both cases, the 7,on('~ may 
be comllared to those in the finest agates: in both, 
tilCy extend in the direction in which the IllMS hai 
flowed, and th05C I'xposed on the surface arc genenl1l.y 
\-ertical; ill the ice, th~ porous lamin;c are rendered 
distinct by the Bubl!equent congelation of infiltrated 
water, in the skmy feldspathic I'lvas, by subsequent 
crystalline and concretionary action_ The fragment of 
glassy obsidian in ;\fr. Stokes' collection, which is zoned 
with minute air-<:ells, muststrikiugly resemble. judging 
from Professor Forbes' descriptions, a fragment of the 
7.oned ice; and if the rate of cooling and nature of the 
mass had been fa\-ourable to its crystallisation or to 
roneretionary action, we should here bave had the finellt 
parallel zone!! of different composition and texture. 
In glaciers, tlle lines of porous ice and of minute 
credces seem to be due to an incipient slrctching. 
caused by th(' central parts of the frozen stream moving 
faster than the sides and bottom, which are retarded by 
friction : hence in glaciers of certain forms and towards 
the lower end of mo.t glaeiers, the zones become hori­
zontal. ) Lay we venture to suppose tbat. in the feld­
spathic Lwas with horizvntal In.minre, we see an analo­
gous case? All geologists, who have examiued trachytic 
regions, have come to the conclusion, that the lavas of 

~: E~:~~hJ;:~~~r~::-~~~E~~rn~:O¥~~~;~;~~~:;l: 
haYiD!l'~";""D, from '.liDeo.r~11.O"";\ln"rlbem .... , .. hileio & 01.-.1.0 "r 
imp<tf"""liquidily,oourled"·11b8oon=lioR',yrroc.,..' 
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thi~ K'rie~ hl\-e ~ an eIooedin~ly imverfect 
fluidity; and liS it. is e\"ident that only matter thus 
charnclerist:d would be 3ubjeet to become fi~--ured and 
to be formed into wnes of different ten~ionll, in the 
Immner here supposed, we probably l!ee the rell.llOn why 
augitic lav!l-.~ which appenr ~enernlly to ha\·e poaseMed 
n high d~ree of fluidity, are not,. liko tbe fdd_<pathic 
lavas, divided into laminm of different composition and 
te:lture. lItOr('O\·er, in the aug-iUc K'ries, there ne\-er 
appear. to be any tendency to concretionary action, 
which we have seen play3 an importan~ p:ut in the 
lamination of rocks of the trachytic &eries, or at lea~t in 
rendering that strllctureapparent. 

Whatever may be thought or the eIplm13tion here 
advanced of tbe laminated structure of the rocks of the 
tfflchytic l!erie~ I \·enture to call tile attention of geolo­
britts to the simple fact, that in a body of rock at. 
Asccnsion, undoubtedly of volcanic origin, IIlY(,lS olkn 
ofelttremeU!nuity, quite straight, and plll"llll..! to each 
other, have been produced ;-80mecompose<! of di~tinct 
cry~tal8 of quartz and diopside, mingled with amorphous 
augitic specks and granular fddspar,-=-Othel1l entirely 
c<Jmpoi!e<l of thCile black aughie specks, with gl"llnul~ 

of oIide of iron,-and lastly, others fonned of crystal­
line feJd'\)lIr, in a more or Ie&!! perfect Itnle of purity, 
tvgetber with uumerous crystals of feldspar, 1)laced 
lengthway.. At. thill island, there i8 reason to believe, 
lIud in some analogous ca.;es, it. is certainly known, tlmt 
the lnminre ha\'e originally been fonned with tIleir pre-

, IlMt.lti~la ..... "nd""'nyothe'r'OCh,""'~1IDr""'l~.n!lydi-rided 
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II!eIlt high ineiination. Facu of thilnatllre are LDftni­
fe-tly of importance, with rdatiou to the structural 
origin of that grnnd I!erie8 of pJuwllic roeks, which like 
tbe \'olcanie ha\'e undergone lbe action or heat, and 
which oo~ilL! of alternate myen of quartz, fddspar, 
mica, and otber materials. 

(C) The Comclete Work of Charles DarWin Online 



CHAPTER IV. 

r.._ 1>/ /1111 j~/4t»ilUt, &..iIi<", .1l0iii • .....,"" ...... -&.:t .... n.g_ 
.14I1iJlud.jIJw& ... - lJil:u-'/'II.rk" c.' .... 1~&tp-
n-ll;e ';Ng-a..INIl nWnif_ riJgf, .. /" •• i"'~r""l W!Jf. ." •• 
,.npa~c.-, *.I,.,...,iU----Stt~ w."j .. w,-, ... U-e 
_&t.M ,-,,--.u. _ &u *.I Ut.u.ru-Eb.t_ of IJw I-.l-­

IJ. .... ,oo.-Crt"~r·of.u..no.· 

THEwholeislandilof"oleanicorigin; it.cirCll.mfcrence. 
according to BeatllOo.' ill about twenty.eight mile!!. 
The centml and larj:,"cst part cou~i~t~ of rock$ of a feld· 
81lathic nature, generally decompo&ed to all extrnoedi­
mIry degree; and whell ill this stnle, pre&eutillg nsingu­
l arll~!!emblngeof alteruatillg, red, purple, brown,yellow, 
Rnd white, j;()ft, argillaceom beds_ From the shortness 
of our "isil, I did not examine these bed. with care; 
lIuDie of them, especially th08e of the white, yellow, 
and brown ~hades, originally existed as ,treo.,lll of lam, 
but the greater number were probably ejected in the 
form of IIOOriro and ashes; otber beds of a purple tillt, 
porphyritic with crystal-shaped patchet of a white, soft. 
suiJstnllce, which are now unctuous, and yield, like 
WIlX, 1\ poliahed streak to the nail, seem once to have 
cxi~ted as IDJ id clayijtone-poq lhyries; the red argil_ 
laceous beds generally have n brecciated structure, a.nd 
no doubt have been formed by the decompositiou of 
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5(:oril'l.'. Se"ernl exten~ve !trcam,. however, belonging 
to thilllt'riet!, retain their stony character; these are 
either of II. blacki~b-green colour, with minute acicular 
erptal~ of f('ldEpar, or of a very pale tint, and almo.;t. 
oompote(\ of minute, often lOCaly, cry~t.als of feldspar, 
abounding v.'ith microsoopical black ~peckg; they are 
generally compact and laminated; othcr~, howenor. of 
~imilar composition, aTC cf'lluiar nnd somewhat. dewffi­
posed. None of thC!le rocka contain large crybtals of 
feld~I)fIr,or have the harsh fracture peculiar to trachyte. 
Th~ {"Id.p.1.thic la\'aa and tuffa aro the uppermOl>t or 
thoae \a"t erupted; inDumerable dike!!, howcl-er, and 
great mru;seB of molten rock, hal'c Bub;equcntly been 
injected into them. They colI\'erge, as they rise, 
to'Wards the central CI\n.'ed ridge, of which one point 
attains the ele\-ation of 2,700 feet·. Thi8 ridge is the 
highest Innd in the island j and it once formed the 
northem rim ofa great crater, whcnce the la\-a..'I of this 
!erie!! flowed: from it.ll ruined condition, from the 
80uthem half ha\·ing been remo\'ed, lind from the 
violent dislocation which the whole island has under­
g')lle, ita structure is rendered very ohilcure. 

Blwtltic seriu.~ The margin of this island is 
fonned by a rude circle of great, black, stratified, ram­
parts of basalt, dipping seawsrel, and worn into cliffs. 
which are ollen nearly perpendicular, and \-ary in 
height from a. few hundred feet to two thousand. 
Thi. circle, or rather hOTSe-.@ilOe shaped ring, iii open to 
the IIOlIth, and is breached by lIe\'eral other wide spaces. 
ItII rim or summit generally projecta little II.bo\'e the 
1Il\"el of the adjoining inland country; and the more 
rccclltfcldspnthic la\'a.s,s1o)lingdown from the central 
heights, generally abut against nud overlap its inner 
margin j on the north-weitem side of the island, how­
ever, they IIppear (judging from a distance) to have 
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flo\\'e<1 o\-er and concealed portion. of it. I n !lOme 
pilru, where the basaltic ring had heen breached, and 
the black rnmpam stand detached, the feld~l)3thic 
la\"lle ha,-e passed between tliem, and now o\"erhang 
the _-coast in lofty cliffs. The basaltic rock!: are of a 
black colour and thinly stratified; they are generally 
Ilighly \'e~icular, but occagionnlly compact; !lOme of 
them contain numerOIlll crystals of glassy feldspar aud 
octnlledrons of titanifcrouB iron j otllen ahotlod with 
crystals of aug-ite and grains of olil'ine. The vesicles 
are frequcntlylined with minute crystals (of chabasie?) 
and even become amygdaloidal with them. The 
streams are l!eparnted from each other by cindery 
matter, or by a bright red, friable,saliferous tuff, which 
i~ marked by successi,-e lines like th08(l of aqueous 
depottition; and sometimes it huan obecure, concre­
tionary structure. The rocks of thia bo~ltic aeri~ 

occur nowhere except nenr the coast. In most. volcunic 
di~triets the trachytic la\,lls are of anter ior origin to the 
basaltic; but here we see, that agrent pile of rock, 
dOllely related iu composition to the t rachytic family, 
hal been erupted subllequently to the basaltic ~trat,' : 

the number, however, of dikes, abounding with large 
crystaL! of augite, with which thefeldspathic 1&\'as have 
heen injected, ahowl perhaJ>l', lOme tendeucy to a re­
tum to the more usual orderofiliperpoti-ition. 

BIU(u 8ubmarilM laL'M.-The lav8! or tbis basal 
l!eriee lie immediately beneath bOth the basaltic and 
feldspathic rocks. According to Mr. Seale,' they may 
be llel'n at intervab on the Rea-beach round the entire 
iBiand. I n the I!CCtion3 whieh I examined, their nature 
varied much ; BOrne of the Itrata abound with crystah of 



8:..:6-,--_-:-_----'SI. Hekna. 
augite: other!! are of II brown colour, either lami_ 
nated or in II rubhly ooudition; and mllny )Jarlil arl' 
bighly nmygdaloidal with calcareou8 maUer. TIlf' 
8I1Ccefi.,jvc sheets are either cloeely united together, or 
nre IK'I)(lfnted frolll each other by beds of l\Coriaceoua 
rock and of laminated tuff. frequently containing well­
rounded frngm?ntJo . Th(! inu>rstiCe!I of thelle beds are 
tilled with gypsum and Mit; the gypeum a1110 sometimes 
occurring in thin Inycr~. }'rom the large quantity of 
lhCil(l two subetanC('!l, from the prelJence of fOunded 
pebble;! in the tuff~. and from the abundant amygdaloid!!, 
J cannot doubt thnttheee basal volcanicstrntn flowed he­
lical Ii thcsen. This remark ought. perhnpa to be extended 
to n part of the 8uperincumbent bMaltic rocks; but on 
this point., 1 WIUI not able to obtain clear c\"idence. The 
strata of tbe baMl IleriCfl, whenc\"er I enmined them, 
Wf're intersected by an extraordinary number of dike!!. 

Fiagal(1jJ llill (Iml 1M Blt"Ml.-I ""ill now det!Cribe 
BOrne of the more remarkable section", and will com· 
mence with these two hills, which form the principal 
exwmnl feature on the north·eastern ~ide of the is.land. 
The @quare,augular oudine, and black CO!O\lf of the 
Bam, at once Iitow that it belong. to lile basaltic 

' •.. ~ . ....... ~ i ·L,~~ 

'eriell; whibt tile smooth, conical figure, and the 
varied bright tinlil of Flagstaff H ill, render it equally 
clenr, that it iH composed of the fIOftC'Il00, fcldspathic 
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rocks. These two 10ltyhi11sare connected (!II! is shown 
in the accompanying woodcut) by a sbarp ridS'!. 
which is composed of the rubhly laH's of the ba.sal 
series. The strnta of this ridge dip westward, tile in­
clination becoming les8 and le88 tQwarda the Flag~taff; 
and the upper feldspathie stmla of this hill can be Been, 
though with !!Orne difficulty, to dip confonnably t(l the 
WSW. Close to the Barn, the stmta of the ridge art;! 
nearly vertical, but are much o~ured by innumerable 
dikel:l; under this hiU, they probably change from being 
vertical into being inclined into an oppo&ite direction; 
for the upper or basaltic strata, which are about. 800 
or 1,000 feet. in thicknel'~, nrc incJinoo north-eastwanl. 
at all angle bet""een thirty nnd forty degrees. 

This ridge, and likewise the Barn nnd "'logstaff 1J,lb, 
are interlaced I)y dikes, mony of Wllich preserve II re­
markable parallelism in a XNW. and SSE. dir~tion. 
The dikes chieHy congi~t of a rock, porphyritic with 
large crystals of augite; others are formed of 0 fine­
grained and brown-c<tlollred trap. Moet of the!'e dike~ 
are conted by a glo;;"y layer,' from one to two-tenths of 
an inch in thicknCiii'. which, unlike true pitchstone. 
fuses into It black enamel; tllis Inyer is evidently ana· 
IOgoU8 tv the glOBily superficial co.'lting of many 101'0 
~trenms. The dikes call of\en be followed fOf great 
lengths both hori7.ontally and vertically, and they &Cern 
to prtacf\'e a nearly uniform thickness:' Mr. Seale 

, Tbi.eirt'll ........... b»ben~(LJ.II.'PtiDcip1.oI0eolOltJ: 
.. <>I. iy, chap. L p. Q) i~ tb, dike. or the A~ dfl Canllo. bn 'Pp"· 

~~k~~E~::!~TI~~{f~ff.~~~4~:~~fg·1;f;~ 
Atl..w~, II,.. (. UD_ .. TraDMrtioa"·1"OL lIiL po 4Sf» lh.~ their,id ... 
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litates, that one near the Bam, in a height of 1,260 feet, 
deerea>*'8 in width only four inchelO,-from nine feet. at 
the bottom, to eight feet and eight inches, at the top. 
On the ridge, the dikes apvear to hM'e been guided in 
UU'ir OOUI"." to a con~idernble degree, by the alterna­
ting;ooft and hard strata: tlley are often firmly united 
to the Ilftrdcr .. trata, and they r~rle their pnral­
leli~1II for such great length~. that. ill I'cry many in­
stnIHH"! it was imp08.ibll;l to conjecture, which of the 
beda were dikes, aud which streams or Inl II. The dikes, 
though 80 Ilumerous on thia ridge. are el'ell more 
numerou8 in the \'alley~ a little lIOuth of it, and to a 
degree I nel'cr saw equalled anywhere else: in these 
,'all",y .. they eJCtend in Ie.'.;! regular linC!', covering the 
ground with a I\etwork, like a 5pider', web, IIDd with 
~Ille porU of the surface evcn appearing to consi~t 
..... holly of dikes, interlaced by other dik~, 

FroID the complexity produced by the dikes, from 
the high inclination and anticlinnl dip of the 8trata of 
the Laifll series, which are overlaid, nt the oppo~ite 
encl, of the shortridf.'C,byt ..... o great masses ofdilferent 
agel and of different cOIDJ>Ot!ition, I nm not ~urprised 

that. thit singular eeclion h8.!l been mi~undcl1!tood, Jt 
h8.!l C\'en been ,upposed to form part of a crater j but 
80 far is this from ha\'ing been tlleca.'IC,thll.t tho summit 
of i'1agstaff Hill once formed the lower extremity of a 
@heetor 18\'a and a.;.bes, which were erupled from the 
oentrul, erateriform ridge, Judging from the ~Iope of 
the conlemporaneoU!:! streams iu an adjoining aud un­
di~tllrbed port of the i~land, the strata of the Flagst.,ff 
H ill mll~t have been upturned at lClU!t t ..... elve hundred 
feet, und prouably mllell more, for the grclIt truncated 
dikes on its summit show that it hlUl been largely 
denud{'(l, The summit of this hill now nearly equals 
in lJeight the eraleriform ridge j and Lafore having 
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beoc-n denuded, it Willi probably higller than thia ridge, 
from which it is separated by a brOfld and much lo"·er 
tract. of couotry; we here, therefore, see that the lower 
extremity of a set. of lam-streawa IUH-e been tilted up 
to IllI great a height. 1llI, or perhaps greater height tilan, 
the craWr, down the flanks of which they originally 
flowed. I beliel"e that di~location8 on 80 grand a seale 
nreexlrcmelyrnre1inl"0lcaniedialriets. 'J'heforllla. 
tion of Milch nUlllbeT1l of dikes in thiB part of the island 
~howa thnt the surface mU:tt here hn\·e been stretched toa 
(luiteextrnordinllfY deb'Tee: thia stretching, on the ridge 
bet.ween F'lab~taff and B.1m IIilb, prooobly took place 
subequently (though perhaps iUlIllediawly 80) to the 
~trata being tilted; for had the strata at tbat time 
extended horizontally, they would in all probaLility 
have been fillllured and iujeeh.:d tran~l'enely, in'lead of 
ill the I)l:mcs of their stratification. Although the 
@1).1C6 between the Barn and Flagstaff Jl ill IlTe'iCnts a 
di .. Unct.allticlinal line extending north Ilud south, Ilnd 
though mOAt. of the dikes range with milch regularity 
in thcllllme linc,ne\'erthcle;;.s,ntoniy a mile due south 
of the ridge tile strata lie Ilndisturbed. Helice the 
dibturbing £oroo IiCeIUH to havc acted undcr a point, 
rather than along a line. Thc lUanner in whicb it ha.'l 
acted, is llrobahlyexplained by the structure of Little 
Stony.lop, a mOllntain 2,000 feet high, situated a few 
miles lOuthwam of the Barn; we there 8tlC, e,'en from 
n distance, a dark--ooloured, sharp, wedge of compact 
columnar rock, ",·ith the bright-<:oloured feldspathic 
strata, siOI)ing away on each side from its lillcovered 
apex. Thi8 wedge, from which it dorh·cs its nllme of 
Stony.top, oollsists of a body of rock, which IJa~ ~n 
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inject.erl whi]~t liquefied into the on'rlying ~tl"1l.ta; lind 
if we may 6Uppoo.e that a similllr body of rock lies in_ 
jected, bent'lth the ridge oonnl.'Cting the Ram and t'lag­
~taff. the structure there e.dJibited would be eIplaint'd. 

TIJTk', Cap awl P~8 B{ly,..-l'r()Ijperollil 
If ill i~ A grt'tIt, black, preeipitous mountain, situated 
two milelland a Imlf south of the lJaru, And cOlDposed, 
like it, of ba!<.."l]tic stmt."l. TheF<e rest, in olle part, on 
tho browu-co]oured, porphyritic beds of the basal6<'rie~, 
aud in Another part. on a fill8ured ma~s of lliglll)" scori­
acrou~ and amygdaloidal rock, wllich lleemll to h:u'e 
fvrmoo A small point of eruption beneath the sea, 000-
telnporanoou~ly with the ba~al 6<'ri('!l. Prosperous Hill, 
like the Hanl, is tl"1l.\'enoed by many dikes, of which the 
great('r uumhE-r raugt' north find lOuth, and ita: strata 
dip, fit an angle of about. 20", rather obliquely from the 
island toward! the sea. The space between l'fOl!peroU!l 
lIill find the Bam, ~ represeuted in this woodcut, con-
8i~18 of lofty cliffs, composed of ti,e IM·as of the upper 

F1"P'&IlDUl. 

=c@&~~ 
J'IOOp" .... IIiIl. Thel"' ... 

Tbo..w.u..-'Ibo_ ...... :Ibo""""'"o.I>o_ .. _.c..ta: __ ....s.u.e._'oIoIoptlIo.Io_ 
or feld~patllic 8erie~, ,,·hieh rest, though unconfonn­
aLly, on the ba!;31 submarine ~lrata, nil we ba"e !leen 
that they do at nag-taff Hill. But differently from 
what occur! in tlmt hill, these upper lilrntn nrc nearly 
hori2;ontnl, genUy rising townrdB the interior of lhe 
island; they nro 81>'0 composed of greenish-black, or 
more commoll]Y, pnle browu, compact In''a$, instead of 
softened aud lligllly coloured matter. These brown­
coloured. compac~ lavas, consist aimOiI entirely of Fmall 

Ttl C',rno1ete lor!< ofChA!1 



('lB.!'. n. Turk's Cap alld ProspcroJlS RaJ's. 91 

gJilUlnering &call'~, Olr Olf minute acicular crystals, Olf 
feldspar, plnceo-I c\o«e by the side of each oth{'r, and 
nbOlunding with minute black specks, npparently Olf 
hOlrnblende. The bo. .. <raltic &trnta of Pro«perOl\lS Hill 
project Olnly a littlf'nl)(we the 11'\'1'1 Olf thegently--«Ioping, 
feld!ipathic Itream-, .... hich wind round snd abut against 
their uptllrnt'<1 edges. The inclinatiOln Olf the brL8altic 
.tmta @e{'IDS tOl be too grMt, to Imve oc-en caused by 
their having flOlwed dOlwn a plOlpe, Rnd they IDust ha\'e 
liN'n tilted into tlleir pre!!eut JlOIIitiOln befOlre the erup­
tion Df tbe feldRpathic ~tream~. 

Ba4Jalti(J riny.-Proce(>(Jiug round the i ~land, the 
lavas Olf the upper llerie!:!, routhward Olf PrQsperous If ill, 
Ol\'erhang tile &ea in IOlfty prt'CipiC{';!, Further Qn, the 
headland, ealled Great StOlny-top, is OODl]IO!Ied, u I 
believe, Olf bRs.,lt; as is l..ong Hange PDint, on the 
inland @ide Df which, the c"IQur(!(1 beds abut. On the 
southern Bide Df the island, we !<Ce the basaltic ,trnta Olf 
the South Bani, dipping obliqucly seaward at a oon­
siderable angle; tltis headland, also, stands a little 
alxwe the 11'\'1'1 of the more modem, feldspntllic lan\!!, 
Further on, a large ~ce of coast, Oln each lide Olf Sandy 
Bay, has been lUuch denuded, and there teem. to be 
left Dnly 1Ile basal wreck Olf the great, central crater. 
The basaltic strata re-.tppear, with their seaward dip, at 
the foot Qf the hill called Mnn-rmd-Hor!!e; and thence 
they are continued along tile whole north-wetitem coast 
to Sugar-Loaf Hill, Rituated near to the Flab'1lttlff; snd 
th~y everywhere hal'e the &amI' _ward iueiination, 
aud re!;t, in IIOme parts at least, Dn the lams of the basal 
wries. "'I' thus see that the circumference of the 
iRland is formed by a mucll-broken ring, or mther a 
hOr8e-l!hoe, of basalt, open to the south, and interrupted 
on the eastern side by many wide breaches. The 
breadth Df thi. margin'll fringe Dn the nQrth_1\'cstem 
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~id(', wh;:orc ulone it is at all perfect, RIII)!'ars to rary 
from n mile to a mile and a half. The basaltic strata, 
as well na tho!le of the subjacent basal aerie~, dip, with 
a moderatt' inclination, where they luw!! not been sub­
l!equcntly di.turbed, towatds the !let!. . The more broken 
state of the basaltic ring round the eftJjlern half, com­
pared with the we~tern hnlf of tho ialrmd, is c\"idently 
duo to the much greater denuding power of the waves 
on the eastern or windward side, as is shown by the 
greater beightoftbec1iffs on lhallide,thau to leeward. 
Whether the margin of basalt was hrllllched, before or 
afU!r the eruption of lhe lavl\8 of the UPI)eT fIeri!!!!, is 
doubtful: but as ,;eparate portioll! of the basaltic fing 
appear to hR\'e been tilted before that event, and from 
other reMOU~ it i~ more probable, t1lllt IIOmo at least, of 
the breadles were finst formed. HCC()n~trueting in 
imagination, a~ far as i~ possible, the ring of basalt, the 
internal @IWlce or hollow, whieh hM ~iuce been filled up 
with the matter erupted from the great centml cmter, 
appears to have been of all ovul figure, eight or nine 
milCli III length by about four miles in breadth, and 
with its [Ixis direded in 11 NE. and SW.lille, coincident 
with the pre""llt longest lI:Ii~ of the i~land. 

7'/~ ~ntrat ClLrt"«l ridat'.-Thij ridE,,<e consist!, as 
before r~mafked, of gray feldllpathie 18\-a8, and of red, 
brecciated, argillaceous tulf~ like the beds of the upper 
coloured serit"'. The grny 111\·38 OOtltain numeroU!!, 
minute, black, ea!iily fusible ~peeks ; lind but very few 
large crystals of feld~par. They afe generully much 
fIOfh·ned; with the exception of this chllr8cter, and of 
being in mallY parh highly cellular, ti,ey lire quite 
similar to those great sheHe of Il\va Wllicll overhang 
the eOMt at PrO!'perous fillY. Coll~iderable intervals 
of time appellr to han, elapsed, judging from the 
marks of denudation, between the formation of the 
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sUe<:el!!h'e heds, of which tlli$ ridge i~ oolnl~' On 
the steep northern slopt', I o~r\'ed iu several aeetion~ 
a milch worn undulating surface of red tuff, CO\'ered 
by gray, deoompo>.OO, feld!ipRthic la\'as, with only 8. 

thin earl!ly layer interposed between them. In an 
adjoining part., I noticed a trap-dike, four feel wide, 
cut off and OO\'ere<1 up by the feldspathic I!WR, R$ is 
represented in the woodcut. The ridge eild~ on the 

1-(l_~I00 ... 
1- '" 1001" . .... 11." .. I~ tII .... -. of. _ lab H rtIly .... tI .... 
...... B..,.,Ioted.Nd, .rwI~·~II'· 

eastern side in a book, 1I"hicb is not. N'presented clearly 
enough in any map wllich I 11R\'e teen; towartls the 
western end, it gradunlly slope!! <lo\\"n and db'ides into 
several subordinate ridges. l'he be't defined l)Qrtion 
between \}jana's ])et\k :md Nest l..odgt', which 8Ul)ports 
the highe1lt pinnaclea in the island varying from 2,000 
to 2,;00 feet, is rather 1e61 than three miles long in a 
straight line. Throughout tbis ~pace the ridge has 
a uniform appearance and structure; its eurvature 
resemules that of the coost-Iine of a great ooy. being 
made up of many ,.nailer CUr\'ea, all open to the lIOutb. 

The northern and outer side is supported by narrow 
ridges or huttre_, whieh elope down to the adjoining 
country. The inside i8 much steeper, and is almost pre­
cipitous j it ill formed of the baS@et edges of the .trata, 
which gently decline Olltward~. Along ~me l)8.rta of 
tbe iuner aide, a little way beneath tile summit, a lIat 
ledge ext~nds, whicb imitates in outline the amailer 
curvatures of tile crest. Ledges of this kind occur 
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not un frequently within volcanic craters, and their 
formation seems to be due to the linking do""n of a 
le'"el aheet of hardened la\"a, the edges of which re­
main (like the ice round a pool, from which the water 
hu bkll droined) adhering to the I!.idC!'.1 

In IOmo parts, the ridge i~ 8urmountoo by 1\ wait 
or pnrnpet, pt!rpendicuiar 011 both side@. Near Diana's 
]'cnk this wall is elttemely narrow. A t the Galapagos 
Archipelago 1 ohl!erved parapets, having a q\lite~imilar 

~tructure and IIpp"'arance, surmounting several of tho 
craters; one, which I more particularly cnmined, 
WIU oompo!!(!(l of glossy, red IICOrilll firmly connected 
t-ogt'ther; being externally perpendicular, and extend­
ing round ut>arly the whole circmnfermce of the crater, 
it rendered it almost iuacce;;:;iblc. The Peak of Tene­
ri!fe and Cotopui,acoording to Humboldt,are~imilarly 
COllstruCtedj he ~tate8 t that 'at their iummit..s a cir· 
Clilar wall ~urround8 tile emter, which wall, at a 
distance, has the appearance of n small cylindcr placed 
011 IL truncated cone. On Cotopax i I this pceuliar 
structure is "iaible to the nnked eye nt more than 
2,000 toillCll' distance; and no perlOll Im8 e\'er reached 
it.! eruler. On tbe l)eak of Tenerilfc, the parapet is 50 

high, that it would be impos.;ible to I'CIIch the C(wkra, 
if Oil the eastern side there did not exi.t a }lreach.' 
The origin of these circular parapeu is proLahly due 
to the heat or vapoun from the ernter, penetrating 
and hardening the sidca to a m,ar l, equal depth, and 
IIftcrwards to the mountain being slowly acted on by 
the weather, which would leal'e the hardened part, 

, A mOlt r'WIArbble m.tance or thit ltnlctUrI II d..mbed iD Elli ... 
'Polyn~.i"bll_ .. h .. '{...,.,nd..J;t,), .. h~ .. anadmi ... bl .. lnl..-i"g i. 
~~e"ortl, .... ...-ir.l~ort."",,",o"the bordl .. ofth.iDlmeD'" 
c .. l~r ~lll.W1I;i, ililhe Sat>d..;.b I.lalldo, 

: J=~'~~Pk~~:!·l·~~ir~lio, pl. 10, 

C The Comolete Work of Charles Darwin Onhne 



Cmlral Curvld R;d;:~. 95 

projecting in the (onn o( a cylinder or circular 
parapet. 

From the point.! of strnc:ture in the centllli ridge, 
noW' enumerated,-namely, from tho oon\'ergence to­
war<iI it of the beds of the upper aeries,-from the 
lavaa there becoming highly cellulnr,-from the flat 
ledge, extending along its inner and precipitous side, 
like thnt within lOme atill nctive crnters,-from lhe 
parapet-like wall on its summit,-and llUltiy, from its 
peculiar cnn'atnre, unlike that oC any common line 
of ele\'ution, I cannot doubt that thi, CU1\'ed ridgt.l 
(orml tho laatremnautoCa great crater, In endeamur­
ing, however, to trace its Cormer outline,one is IIOOn 
harned i ill western enremity gradually Ilopes down, 
and, branching into other ridge., extendlJ to tbe sea,­

CQIIl!t; the eastern end is more cuned, but it ill only 
D HtHe better defined. Some appearances lead me to 
sUPl)()lj(l that the lOuthern wall of theerntcr joined tbe 
present ridge Ilear Neat l..odge i in this case the cmter 
must hnve been nearly three milca long, and about a 
mile and n Imlf in breadth. Had the denudation of 
the ridge and the decomposition of it.1I con~tituent 

rocu proeeeded a few ~tel)S farther, and had this ridge, 
like lI'vera] other parts of the islAnd, been broken up 
by great dikea and 1IIllS:;(S0( inj~ted matter, w6shouJd 
ill ",ain ha'·e emlea,'ourOO to dioCO\'cr iUs true nature. 
E\'cn now we have seen that at Flagatalf Hill the 
lower ezlremity lind most di.,;tant portion of one ,heet 
of the cnlpted matter has been llpheavcd to fill great :, 
hcigh~ aa the crater down which it flowed, and pro­
bahly e\'(~n to a greater lleight. It is interesting thul! 
to tmce t.he sl.eps by which the structure oC a. volcanic 
district becowca obscured, and finally oLliterated; 110 

near to this last stage i$ ~l. Helena, that r believe no 
one hat Ilitherto suspected that the central ridge or 
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axis of the i"iand, is the last ""reek of the crater, 
wll('oce the mQ't, modern "olcanic .trenms were poured 
forth . 

The great. hollow ~p.,ce or miley Nluthwnrd of the 
central cun'ed ridge, ncl"O!lS which the half of the crater 
mlhL once h3\'O extended, iB formed of bare, water­
worn hillocks lIud ridges of reod, yellow, Ilnd 'brown 
rocks, mingled together in cllnos-like confusion, inter­
lllced by dikc~, and without any regular RtraUficntion. 
The chief part consi~U! of r(Of! dccompo~ing scoria', 
3S1OCintro wilh \'IlrioWl kinds 1)£ tuff and yellow nrg-H_ 
Jaceou8 bed~, full of broken cryatal~. those of augite 
being pnrticularly large. Here and there mllS!Jejj of 
highly cellular and amygdaloidal1an'l protrude. From 
oue of the ridges ill tbe mid,;t of the valley, a conical 
precipitous hill, called Lot, boldly SlauM up,and forms 
n most ~illlfuiar and oon~picuous object. It is com­
posed of phonolite, dil'ided ill ODe pllrt into great 
curved iaminre, ill another, into angular concretionary 
bnlle, and in a tllirrl part into outwardly radiating 
colullIns. At its bnse the strata of l!\I'n, tuff, lind 
",-'Orile, dip away on all sides: I the unco\-eroo portion 
i~ 197' feet in height, and its horironAI section giVeij 
AD oval figure. The I)honolite is of a greenish-gray 
oolour, and it full of minute "cicular cryst"ls of 
feldspar; in most part" it hl\3 a conchoidal fractllrt', 
and is POlloront, yet it is crenulated with 1l1iuute air­
caviti{'l<. In a S\\". direction from Lot, there nre 
POlne other remarkable columnar pinnacles, but. of a 

, ~b;"h. in hi" V;" .. ofV .. n~illl· (rial. ~i.), huobo,..ntb" ..... Do>er 
i",..h,.hb.d •. und •• n •• ly.i"'iluci .. umoAAn_, .... ti ltedup. Th. 
u~_per bt<1 ..... ""' .. tUrtle<! up II!An ,b. IQ"''', "nd he ...c<:.un,o lvr 
tb, .. by.Iu".,ngtbat the len ;n"on.teo it..elr h".'JOnt.ally bet ...... 
th"IQ",,'bod • 

• TIli' h~i~hti, ,iT'" by lb. Seale, in hi, 0OO8nooy 01 the i.blnd. 
Th.b.i,1!hlortb ...... mit&oonlh.lue! ofth.-. ..... id to La 1,4H f_. 
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lea regular ,bape, namely, lA)t', Wife, aud the ~' 
Ears, oompoeed of allied kindil of rock. From tbeir 
flllttellt'd Ihape, and their relative position to eaeh 
otber, they are ~n'idently OOllllooted on the .. me line of 
fillol1ure. It i", morem"er, remllrkable that this Mme 
NE. lind SW. Iinc, joining Lot and Lot', Wife, if 
prolonged. would interaect Flagsta1r Hill, which, as 
before "totted, is crossed by numcrou.t dikes running 
ill this direction, and which ha~ a disturbed struclurt', 
rendering it probable that a great. body of once fluid 
rock lief! injected beneath it. 

In tbi. llama great \'aUey there are leve",,! other 
conical mlUlSell of injected rock (one, 1 ohlen'ed t II1l.II 

comp<Mled of compact green wne). lOme of which are­
not connected, as far as ill apparent, with any line of 
dike: whil~t othen are obviously thlll connected. Of 
thete dikell, three or four great Iinetlltretch acrOllll the 
\-alley in a NE. and SW. direction, pnmllel to that 
one connecting the Asses' Ean, Lot', Wife, and pro­
bably Lot. The number of these m&8i:ICI of injected 
rock i. a remarkable feature in the goology of St. 
Helenll. BcBidea thOle just mentioned, aDd lhe hypo­
thetical one beneaU) Flagstaff Hill, there i. Little 
Stony-top nnd others, as I have r6ft!On to belie\'e, at 
the Man-and-Hone, and at High Hill. MOlt or these 
mM8e8, if not all of them, ha\'e been injected ~uble­
qUl"ntly to the Last volanic eruption. from the eentral 
crater. Th~ formation of conieal boeae8 of rock on 
lioCl of fiNure, the walls of which are in most cases 
parallel, llIay probably be attributed to inequalities in 
the U!nBion, causing small traD8vene fiuures; and at 
these pointe of intersection tim edg611 of the IUIlta. 

would naturally yield, and be easily tllrned upwardil, 
Finally, I may remark, that hil1t of phonolite every-

K 
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where are aptl to a.~lIme s.iogular and e"en grote8que 
,lmpf'8, like tbat of Lot: the peak at Fernando Noronha 
otrel1l aD instance; at St. Jago. howen'T, the cones 
of phonolite, though tapering, ham a regular form. 
Supposing, as Feelna probable, that all slich hillocks 
or obelioQ ba'e originally been injected, whilst 
liquefied, into n mould formed by yielding strata, 88 

certainly has been the case with Lot. how are ... ·6 to 
account for the frequent .Lroptnea and 8ingularityof 
their outlines, CtlllllMlred with similarly injected masset 
of greenstone and basalt? Can it be due to II. less 
perfect degree of fluidity, which ia genernHy supposed 
to be characteristic of the allied trachytio hn-as f 

Superficial <k})IMi/a.-&ft ealenrooliB I!8ndstone 
ocelli'll in edellah'c, though thin, Buperfieial bed!!, both 
on the northern I!.nd /IOuthern shoret of the Wand. 
It. consists of '-ery minute, equal.sized, rounded particle!! 
of shellll, and other organic bodie;!, which partially 
retain their yellow, brown, and pink COlOlll'll, and oc· 
C/I!i01H1l1y, though very rarely, present lin ob!Klure trace 
of their original extenlni formB, I in vain endeavoured 
to find Il 'ingle unrolled fragment of a thell. The 
wlonr of the parlicit'tl i, the most ob\'ioUI character 
by -.rhich tbeir origin can be recognilled, the tinu 
being affooted (and an odour produced) by. moderate 
heat, in the I!I\me manner all in fre;ili Ihel1s. The par_ 
ticlet! are cement.ed together, and II.re mingled wit.h 
some t"llrthy matter: t.he purest. ma.ssee, according to 
lltatson, contain 70 per cent. of carbonate of lime, 
The beds, varying in thicknClill from tl\'o or throe foot 
to fifteen feet, coot. the surface of the ground; they 
gt'nenl.lIy lie on that !!ide of the n.lIey Wllich is pro­
tected from the wind, and they occur at the height 

, D'A .. b .. i...,.";,,bi,·Tn\i~de(l~·(~ .• ;'p.6'O~parti .. _ 
Ia •• , remarbtb.ttbil i.tb ...... 
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of Ie\'cral hundred feet .bo\'e tbe le"el of the tea, 

Their poIIition is tbe same, ",-hich land, if now drifted 
by the trade-wind, would occupy; and no doubt tbey 
tbUII originated, wbicb f'-xplaiu the equal Bize and 
minutene'll of the partirles, and likewi.ae the entire 
ahlence of whole shel1s, or e,'en of moderntely-si.wd 
fmgment~ II. is remarkable that at the pre&e.nt day 
there are no shelly beacbe. on any part of the 003St, 
whence calcareous dual could 00 drifted and winnowed j 

we must, therefore, look back to a former period wben 
before tbe land Wll8 wom into the pre8E'nt great 
predpice., a Bhelving coast., like that of Ascension, 
"',111 fa,-ourable to tbe ao.:umulltioa of ahelly detritUl!, 
Some of tile bed, of this limestone are between 600 
and 700 feet. abo"e the l'ea; but part of this height 
may pauibly be due w an devation of the land,lub­
aoquent to the accumulation of the caleareoul8D.nd. 

The percolation of rain-water has coliflOlidated partt 
of the!16 beds into a IIOlid rock, 3ml has formed llilUlllell 

of dark brown, st.alngmitic lim(1lwnc, At the Sugar­
Loaf quarry. fragmellts of rock on the adjoining SIOpe!l,' 

have been thickly coated by 811ceellilh'e hne layen 01 
cAlcareou! matter, It ill singular, that many oftbeee 
pebbl("l have their entire IIUrfaces ooalOO, without any 
point of contact ha"ing been left uncovered; henee, 
thew: pebbles mW!t ha'-e been liIl.ed up by the Blow 
dCpoililion between them of the illec(ll!lh'e film. of car­
bonate of lime. .Mae8el of whiu-, fillely oolitic rock are 
attached w the ouLride of IIOme of tbese coated pebblea. 

'In Ih' .rlh,. del';!"" 011 ..,T..n.ll"""'" nf thithHl,i ...... ' ... 
"'_ of ury iml"'N, "YltalliMd lulph.tl or lilli, OOI!ur. A. tb;. 
InbouobOlionow Winglhodull,. depoo,tedb,.tb,.urfatA_nlioft, 
it;1 ~ibl. lhat 1'- rna.- .... , lb"" h&T~ ongin&led: but if 10, it 
""'M.h& .... bMtI&t.~",b."tb.\aDdltood.~ ... lICb'D ... rl."'. 
Thi ... rt.b,._ltaitll."" .. fOllDd.u..hoicbt 01 bet", .. a 500 &lid 700 ,-
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Von Buch has described a compnct lime;otone at. 
Lanumte, which _mB perfectly to resemble the sta­
lagmitic dep05ition jU:!t mentioned: it COIla pebbles, 
and in P8ru is finely oolitic: it forma a far·extended 
layer, from one inch to two or three feet in thickne;;!>, 
Ilnd it occurs at tIle height. of 800 feet nl)(we the !!Ca, 
but only on that 8ide of the island expo~ to the violent. 
north-weatero winds. Von Bueh lemarl ... } that it is 
not found in boilo"-s, but only on the unbroken and 
inclined .unneel of the mountain. lie believes, that. 
it hM been dCJlOl!ited I,y the spray which is bonle O,-er 
the whole island by theoo violent winds. It appeara. 
however, to me milch more llrobable that it has been 
formed, III at SL. Helenn, by the peroolation of water 
through finely oommiouu.d shells: for when aand i" 
blown on II. much exposed C()!L.'lt, it alwaYf tends to accu_ 
mulate on broad, e,-en 8\1rfacee, which offer a uniform 
resi,tanee to the winds, At the neighbouring island, 
mOl'fJ()Ver, of Feurteventura,' there i8 an earthy lime­
stone, .. hich, aooording to Von Buch, is quite similar 
to ~peeimen. which Ill" lUll !lOOn from St, Helens, and 
which he believes to ha"e been formed by the drifting 
of shelly detritUl!, 

The upper bed. of the limestone, at the abo"6-
mcntione<l quarry on the Sugnr-[.oaf Hill, ure ROtter, 
tiner-grained and 1661 pure, than the lower bed.. They 
abound .ith fragmente of land-ihells, and with IIOme 
perfect one!; they contain, also, the bone! of birda. and 
the large eggs,' apparently of water_fo ..... !. It. i8 pro­
bable that these upper beds remained long in an unoon-
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IIOlidated form, during whieh time, these tem!6trial 
productions were embedded. lIlr. G. n. Sowerby bas 
kindlye:a:amined tJlree ~pe<:iea of land-shells, which I 
procured from this bed, and bis dear:ription~ are given 
in the Appendi:a:. One of them il a Succine3, identieal 
with a llpe<:ie. now liI'ing abundantly on tbe ialand ; 
the two others, namely, Cochlogen« fouili& and J/di~ 
biplic(,ta, are not known in a rooenl ltate ; the latter 
speciet was also found in another and different locality, 
M80('iated with a specie. of Cochlogena which is un­
doubtedlye:a:tinct. 

Bcd, of utinct lalul-lJMlI&.- .Land-llllellll, all of 
which Ililpear to be speciet now e:a:tinct, occur embedded 
in earth, in &e\'erul path of the island. The greater 
number have been found at a considerable height on 
"'!agstalf Hill. On the NW. side of this hill , a min­
channel expose!! a &eetion of about twenty feel in thick­
ness, of which the upper IlO.rt consists of black \'egelable 
mould, evidently washed down from 'he beights abo"e, 
nnd the lower part of ie8l!l black earth, obotmding with 
young and old IIhell~, Rnd with their fragments ~ pall 

of tbis earth is slightly con80lidated by cakareou!t 
matter, apparently due to tile partial deeompolition of 
lOme of the shells. Mr. Senle, au intelligent resident,. 
who fint called attention to theta shells, gave me a 
large CQllection from another locality, where the shells 
appear to have been embedded in \'ery black earth. 
Mr. G. n. Sowerby haa examined the!!e ijhells, and has 
described them in the Appendix. There are &eyen 
speciet, namely, one Cocblog<'na, two species of the 
~enu8 Cochlioopu, and four of Helix; none of these are 
known in a recent glate, or have been found in IIny 
other count.ry. 'rhe "nailer 'peciea were pieked out of 
the insidtl of the large shells of the Cochloyena auri .. 
t.Oulpina. This last-mentioned specie. ill in lIlany 
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reBpecla a ,"ery ~ingular one; it wa! c1u.ed. e\'en by 
lAmarck, in a marine genu~, and ha\'ing thlll been 
mistaken for a sea-ehell, and the smaller llceompanying 
speciell lla\'ing be<:n overlooked, the elilct loeulities 
where it was found have been measured. and the cleva­
tion of this island thus deduced! I tis very remarkable 
that all the Ihel1~ of thil specie!! found hy me in one 
@poL, form a distinct \'ariety, as dCl'Cribed by Mr. 
So"'erby, from tbo~ procured from allother locality by 
Mr. Seale, As this Cochlogena is a large and con­
spicuous shell. I purticularly enquired frow several 
intelligent countrymen whether they had ever seen it 
alin); they all a88ured me that they had not, and they 
'lfolLld Dot even believe that it Wall a land animal: Mr. 
Seale, moreo\'er, 'fbo WRS a collector of shells all his 
life at St. Helena, never met with it alh'e. Possibly 
lOme of the smaller speciee may turn OILt to he yet 
li\' ing kinds; but, on the other hand,the Iwo lalld .... hell!! 
which are now living on tile island in great numben, 
do not. occur embedded, as far Il8 it iR yet known, with 
the e:ttinct specie!!, L have shown in my Journal,! that 
the e:ttinction of these land-shell!! poSl!.ihly may not. be 
an Bl!.eient. c"eut; all a great. change took place in the 
Itate of the island about 120 yean ago., when the old 
tl"ee$ died, and were not replaced by yOllng ones, these 
being destroyed by tht' goatll and hObt)J, which had run 
wild in Illlmbef1l. from the year 1502. Mr. Seale states, 
that on Flagstaff H ill, where we Imve KeeU that the 
embedded land-ahellij are especially numerom, tmceij 
are everywhere di.6COverable, which 1)laiuly indicate 
that it WIl8 once thickly clothed with trees; at pr~nt. 
not e\'en a blllh groWl! there, The thiek bed of black 
veb"Ctable mould which co,"ers the shell-bed, on the 

I 'JoumMlofn-.. h .. :t8U,p.f80. 
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flanks of tbis bill, was probably washed down from the 
upper part, as 800n lUI the trees perisbed, and the shelter 
\tfforde<! 1)1 them wasloat, 

J:l~lJati{)n 0/ tile land.-Seeing that the l\tvas of 
the basal serieg, whieh are of submarine origin, are 
raiiiOO above the le"el of lhe sea, and at !!Ome places to 
the height of many hundred feet, I looked out for 
superficial "i~'1ls of the elevation of the land. The 
bottOIll~ of iIOllle of the gorges., which de.celld to the 
ooast, are filled up to the depth of about a hundred 
feet, by rudely divided layen of sand, muddy clay, and 
fragmentary 1ll1lJlllCt; in thelle bed..,1Hr. Seale has found 
the bones of the tropic.bird and of the albatross; the 
former now rarely, \tnd the latter ne,'er visiting the 
i~land, From th!:! differenee between thelJe layers, and 
the sloping pilei of detritus whicb ~t on them, I 
IUSpect that they were depo;!ited, when the gorges stood 
beneath the sea, ~Ir. Seale, morco"er, hu shown that 
sollie of the fissure-like gorge-.l,' becollle, lII'ith a conca,'e 
outline, gradually rather wider at the bottom than at 
the top; and this l)CCuliar structure wa~ probably 
cau!i<'d by the wcaring IlctiQlI of the _, when it entered 
the lower part of these gorges. At gr{lllter heights, 
the evidence of the r~ of the land il e\'en Iet8 clear; 
ne\'crlheiess, in a bay·like depression on the table-land 
behiu'" Prosperous Bay, at the height of about 1,000 
feet, there are flat.towed masses of rock, which it is 
flCBrec ly conceivable, could Imve been insulated from 
the .urrounding and similar strata, by Bny other agency 
than the denuding DcUon of a sea-beach. .Much denu­
dation, indeed, hlUl lJoOC'Il effected at great ele\'ations, 
which it would not be etuy to explain by any other 
meaus: thus, the flat summit of the Bam, which i3 

, A flao!ll'fl.liu gorgt, ~ ... &O"y,top, ;. ... ,,1 by Mr, &.I, to be .~o 
IMtd .. p, .""'",,1,1]6 f"~iB wkh.b, 
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2.000 feet high, presents, aceordiug to )Ir. Seale, a 
perfeet De~work of truncated diketl; on Ililb like Ihe 
Flagstaff, formed of 110ft rock, we might BUPpose that 
the dike!! llad been worn down and Cllt off by meteoric 
ogency, but we can Imrdly suppose this possible with 
the hard, basaltic strata ofthc Barn. 

Coo.Bt cknudatioll.-The enormoU/l cliff;;, in many 
pam between 1,000 and 2,000 feet in height, with 
"hich this prison-like iBiaud is surrounded, with the 
eXL'eption of ouly a few places, where narrow \'alleJll 
d~~nd to the COMt, is the mo,;t striking feature in its 
~cc!I\ery. "Til balle seen tllat portions of the oos."litic 
ring, two or three miles ill length by one or two m\lc~ 
in breadth,and from one to twothou!ffind feet in Ileight, 
have been wholly removed. There are, allJl),lcdgCll and 
banks of rock, rising out of profoundly deep water, and 
distant from the pTe$('nt coast betl'"een three and four 
miles, which, aceording to ~lr. Seale, can be traced to 
thl' shore, and are found to be tile continuations of 
certain well-known grent dikea. Tile swell of the 
AlIllntie Ocean hal! obriou!ly been the active power in 
forming these cliffs j and it is interesting to obeer\'e 
that the leSIICr, though atill great, hc.ight of lhe cliffs 
on the lee'lll'ard and partially proteetro aide of the 
i@land, (extending fraln the ~ugar-Loaf Hill to Soutl. 
West Point,) corl'Npond~ with the 1(!!I!er degree of 
el"pot!uTe. Wben reflecting on the comparatil-ely low 
CODsta of many volcanic idnnds, which also Btand u­
posed in the open oc~an, and are apparently of comider­
able antiquity, the mind recoils from nn utternpt to 
grasp tile Dumber of centuries of e1"PO~\lI't', necel!.Sary to 
ha\-e ground into mild and to have di~pened the enor­
mOl!." cubic ma!!ll of hard rock which hus been pared off 
the circumfelCDce of this island. The conlra~t in tbe 
.upcrficial state of 81. Helena, compared with the 
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netlrett bland, namely, Aeccnsion, is ,'ery fltriking. At 
A!leen~ion, the m rface& of the 13\'a-l'trenml aregl088Y, WI 

if just poured forth, their boundariet are well defined, 
nnd thoy can often be traced to perfect crnters, wbence 
they ..... ere erupted; in tIle course of mnny long .... 'Rlk@, 
I did not ob3er\'e a single dike; and the eOOllt round 
noorly the entire circumference is low, aud haa been 
eaten back (though too much stress mu,l not be placed 
on this fact, 8.lI the island may have been Bul.iding) 
into a litUe ..... all only from ten to thirty feet high. Yet 
during the 340 yeal1!l, @ince Ascension ha. been known, 
not even the feeblest signs of volcanic action hnve been 
recorded,' On the other hand, at St. Helena, the COUTile 

of 110 one £trenm of lava can be traood, either by the 
,tate of it.!! boundaries or of its luperficieB; the mere 
wreck of one great crater is left; not the ''Riley. only, 
but tile surface of lOme of the highC!lt hill~. are inter­
laced by worn-down dikes, and, in many places, the 
denuded summits of great conCfl of injected rock stand 
expoeed and naked; lastly, as we hal'c !ICOn, the entire 
cirCllit of the island has been deeply worn back into the 
gralld(';!t precipice&. 

GraUf' oj E~l!alion . 

There i, much resemhlance in stmcture and in 
geological history between St. Helena, St. Jago, and 
.Mnuritiu!, All three islands are bounded (at least in 
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Ute parts which 1 was able to eJramine) by a ring of 
llasnitic moullt.'lius, now much broken, but evidently 
once continuolls. These mountains have, or apparently 
once had, t.heir escarpemenu steep iowards the interior 
of the island, and tbeir stmta dip outwards. 1 W!l~ 

able to lIscertain, only in a few cases, the inclination of 
the beds; nOI" was tlJis easy, for the stmtification was 
generally obscure, except when viewed from a distance. 
J [ecl, however, little doubt that, according to the re­
searcltes of .1\[, Elie de Beaumont, their average in­
clination is greater than that which they could have 
acquired. consider:ing tbeir thickness and compactness, 
by flowing dowu a sloping surface. At. St. Heleua, 
and at St. Jago, the basaltic ijlratn rest on older and 
probably submarine beds of different composition. A~ 

all tbree iElands, deluges of more recent lavas bave 
flowed from the centre of the island, towards and be­
tween the bnsaiticmountains; and at St.. Helena the 
central platform has been filled lip by them . All 
t.hree islands have been raised in mass. At Uauritius 
the sea, within a late geological period, must hayf' 
reached to the foot of the basaltic mOllntains, 1\.S it now 
does at St. Helena; and at St. Jugo it is culling back 
the intermediate lliain tOll'ardsthem. In these three 
islands, but especiaJlyat St. Jago and at .Mauritius, 
when, standing on the summit. of one of the old basaltic 
mountains, one looks in vain towards the centre of the 
islaud,-the point towards which the strata beneath 
one'~ feet, aud of the mountains on eac}l side, rudely 
eonvergc,-for a SOllrce whence these ~lrnta could have 
been erupted; but one spes only 0. vast hollow plat.form 
strct<:hed beneath, or piles of matter of more recent 
origin . 

These basaltic mountains come, r presume, into 
the cll\.SB of Craters of elevaUon: it is immaterial 
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whether the rings were c,"er completely formed, for the 
portion, which now eJ:i~t hfl\'e 110 uniform a structure, 
that, if they do not form fragments of true crtt.tf"n, 
tile,. cannot be cl~ with ordinary linea of elemlion. 
With reeped to their origin, after having read the 
works of Mr. 1 .. y .. II,1 and of MM. C. PrCI'08t nnd "irlet, 
r cannot belie\'c that the great centml 110iloW8 have 
been formed by a ~imple dome-shaped e1evlltion, and 
the conseq\lent arching of the strata. On the other 
hand, I hare "ery great difficulty in admitting that 
tlll~8e basaltic mOllllt;lins are merely the basal fmgments 
of great "olcanOll, of which the !IJlnmitil have either 
been blown off, or more probably 'wallowed up by 
lub8idence. These ringll are, in IIOrne in~tacees, so 
immense, as at St. Jago and at .Mauritius, and their 
occurrence i~ to frequent, that I can Imrdly persuade 
myself to adopt this ell:pbnation. )lore(wer, r suspect 
that the following cirCllmstancet!, from their frequeut 
ooncurrence, are someway connected wgcther,-a con­
nection not implied in either of the aool'e views : 
namely, first, the broken state of the ring, showing 
that the now det.'1ched portions IU1I'e ken C)ll~ to 
greal denudation, and in some casea, perhllp~, rendering 
it Ilrobable that the ring nel'er was entire: secondly, 
tbe great amount of matter erupted from tbe central 
area after or during the formation of tho ring; and 
tbirdly, the elel'ation of tbe di.lricl in IDIW!. As far 
as relateIJ to the inclination of the strata being greater 
than thllt which the basal fmgmcuU! of ordinary '·01-
canos would naturally po~ r can readily beliel'c 
that thi~ inclination might have boon Blowlyacquired 
by that II11l0unt of elevation, of which, according to 
.M. Elie de Beaumont., the numerous UllfilJed fi.ssurea or 
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dikes are the evidence and the meaSllre,-8 view 
equally no\'el and important, wb ich we owe to the re­
lle3n:he. of that. geologist Oil Mount Etna. 

A conjecture, inchl(ling the aoo\'e circumstaoce!l, 
occurred to me, whtn,-with my mind fully convinced, 
from the I)henom~na of 1835 in South America,' that 
the forcet! wllieh eject matter from volcani..: orifices and 
raise continents in IDasa are identical,-I \'iewed that 
part of the coo.<:t of St. Jago, where the horirontally 
upmised, calcareous stl'atum dillR into the Ilea, directly 
beneath n cone of subseqllently erupted lava. Tbe 
conjecture is that, duriug the 810w elevation of Il \'01-
caoie district or island, in the centre of which olle or 
more orifices continue open, and thus relieve the Rub­
l.errnnenu (orca, the bordE'rB are ei(watOO more than 
the central area j and t.hat. the portion! thus upraised 
do noL Rlope gently into the central, less elevated area., 
at dOt'll the ca.lcareoul stratum under the cone at St. 
Jago, and IlS does a large part of tile eircumference of 
Iceland,' but that they are separated from it by curved 

'Iha",;"".do!taaed_ntotu.-I'~i".pal*' 
.... d befo ... lb~ O~I f'«idy in ll .n:h, 18;8.. A~ 1M i-....' of 
ti""',wb .... ni"'''''' ............ ..,.,TlIIIed.II<i.IIlrge trvt ~Iented. 
Ihe diOU'ir~ i"'~At.oI1 ,un"(KIndi"" ot~u.1 of !he gnIOOt ~en!. io Ole 
CordiU .... remll,nod 'lui • .,en!; thoubt ...... llCIIo fort". beinl{ .ppo. ... 
end" "liUM by the .",plio"", which 'hen .,eoomm • ....ed with veat 
... iol__ All ...... ot of ..... _""t Ibe _me tiD<!. but ...... 11 illfto;toIy 

~!~:~E·:t~r:7~f~£;~=i~~~~~~ 
fret, .. hil.,ou the other oide,. \,rain 01 om.lI .. oIeaDOl bnret forth in 
""plU)1I. 

, ,It .PT""'"" (rom i.renna,;on ..,mmunieolted to .... in the m_ 
oblig>nJl' .... lIn .... b"M E. Hobert, that t he e"""'uf ...... ".I,f*lU of 
I ... 1aad, .. loiehu. ..... r-edof'.~otbualue .... I •• llenUlunr.,.;th 
td;dip i .. lood. thooro""illJl'.8'Pnt;' .. ~. )I, Robeo1.ro. .... that 

:;;io..,::: :!:.:i\:,j~o ~~':'1n 'lj'~~~~llu:;ri~ r;~ 
(;~~~.:d.;~r.,,:~rd;l= ~:! ~.r~::':"ki:d~;·l~~r~~:~; 
'".l1oll&lld. Tht..,...t i,deepl,ind ... led by o::retb, el. tht h...t 01 
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faults. We might. expect, frolll what. we Bee along 
ordinllry faults., that the strata on the uprailt'd aide, 
already dipping outward!! from their original formation 
lUI lam~r(>ft1D8, would be tilted from the line of fault, 
and thus lun-e their inclination increue<i. Acconling 
to thill hypotbetlia, .... hich I alii t{,lDpted to extend only 
to some few cases, it is not probable that the ring 
would en~r be formed quite perfect; and from the 
elevation being slow, the upraised portions would 
generally be exposed to much denudation, nnd hence 
the ring become broken; we might also expect to find 
occasional inequalitietl in the dip of the upraiM'rl 
masses, as is the case at St. Jago. By thii hypothesis 
the elention or the district.. in mass, and the Bowing 
of deluges of la\'a from the ccntral platforma, are like­
wise connected together. On thi~ view the marginal 
basaltic lDountaim of the three fOn'I,"Oing islands might 
still be con~idered as forming' Cmtf>rs or elc\'ation;' 
the kind of elcvation implied having been ~low, and 
the centm! hollow or platfonn ha\'iug been formed, not 
hy the arching of the surface, bllt simply by that part 
having been uprni!led to a 1_ beight, 

.. hirhllwot.adil~I,.I0 ... }l.Robertill.rOtlnl~thtthe 

~~;I'::::~E~:nt~:::F2!~~~~ 
h ~ -*' ~btd by Sir O. ll&ckeDli .. m. dip 1.12'. Th. 
,,,l.I'nor p-ru of 0.. iliaD<!. thioll, ....,. ..... tu .. i. 00 .... 01 

E:~£r .. i:~~!-a~~~:~~!=:l5 
;!~~:!2~~~:=~~:'~.~;:~~:i7-; 
tllntioo,' lib ~b~t of 51.. logo oc UIot of Muriti"., hut of muh .... t.tr 
dilll..,.;o .... would hue t.n formed. I .ill oal, fiorthr ....,.,.k, thftt 
th. f""'l""Dt OC<:U..,.,D .. of e~t • .,.;u 10k. at Ibl/oat of Lora- YOI .. _ 
... d tht (rtqUDt uoodatioD of "o.l"Die 'lOCI treob·.'ttr II"", _ .. to. 
iadJtt>loolh.tth.If1"II ....... DdooltlU>Ol .... p' tohtd.-thtDAdl 
u..~Ie'relo(thtadjoiDi"l ..... ntoy,eltbnfl"Oalb ... i"'beoa 
l_.lan.ted,orfl"Oalloh •• If..uofnblidl_ 
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CHAPTER V 

CiIoI ...... l"-J Ct"flltn~.". 1'«fIl;a, .n..l.1 t.J~S ... 1l 
'->/!;" ~ .... "'Ii w- ., 'i,i' .... -,AI~ IMcod,}><;d 
Lt .... ,Mi • ....... ,...uioto.- er.",. of ,,,(. i-', •• Iift "I lAd. ~zl_ 
.u...-gi1Og .""" uJ .Irwt .... of I"" i~I""'" _~"f.I..w.­
J_1N.J,~I" .. ...uM ... Iti~ <Ni";J,,;J..I!I.INl..,.,.... 
"IWoo oj/I.Lt .... .......... ' 104 ofiu QecltJdfreg-.t.-OII«dlMlilffJ"· 
_bOIl IMeraID . "Ilif, .,w n liu Iwf,cW •• ,."/iI"'. of tIM 
-'..".,. riJ_,Viu • .J;,gW1 ~pMl"'" _11_...,..b of 1_ Mdif»­
u.g--J:J ... lio • .,IIMllncJ D"wl""'..rIM~"Iw.p'''''' 

Tills !In:bipell1go i8 situnted under the Equator, at a 
di,tance of betll'(:{'n fivo lind ftix hundred milCil from 
the Wl.'lit COlLSt of South Americn. It consibts of five 
princillal i~l[\nd~, Ilnd of !IC,'cnll small ones, which 
to(t"l'thcr are CiIIUlI in lIrM,' but not in clt.ent of land, 
to Sicily, conjointly witl, tho Ionian hL'lnd~. They are 
all "oleanic: on two, crntert hn\'e been seen in erup­
tion, and on !lC1'crnl of lhe otber islands, ~treams of 
lava ha"e 11 recent allpearnnce. The larger island, &re 

chicHy compo[l('(\ of 101id rock, anll Uley rise with a 
tame outline to a height of between oue snd foW" 
thousand feet . They lire IOmetime;., hut not genernlly, 
lunnollnted by one princil)lll orifice. The erntert vary 

'lu.h.d~ fn)lll\.b;'_t,\.b ...... 11 ..... \eo.niei.laudo<il 
ClI11"1'P"" •• Dd W ... "' ... IJiu'.T.u!Jlllil_DOrtb .... nJoftho!tI'Oup. 
t ... """w~rif,iLl.IoCNI.n'hoial.ad.oft!'.,..,..I'. u<'<pt on To ..... 
hl • ...t ... h .. h;' ..... of tbel"wllll; lblolllaud;.,bow ....... formedof 
-O/.,.aje .... b. 
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in tize from mere spiracle!! to huge caldrons &cvernl 
miles in circumference; they are eztrnordinarily 
numcrous, to tbat I @bould tI.ink. if e-nufficrntoo, they 
would be found to acero two thousand; they are 
formed e-itller of 8Corire and lam, or of a brown coloured 
tuff; nnd these latter crateM! are in lel"cral reo<peet~ 

0tJ~/ . • 

remarkable. The wbole group Will 8un'eyed by the 
olti~r8 of tbe Beagle. I \'isited myself fou r of the 
principal islnnd@, and received @peeimens from 1111 the 
othcn. Under t he head of the different islands I lI'ill 
dCIICribo only that whieh appeaM! to me deserving of 
Illtention. 

C1U.TIUJI ISLAND. Graters oompoud of a 8in!1uiaT 
kind of tuff.-Towards the easteru end of t his island 



Galapagos Archipelago" 

there uecur two craters composed of two kinds of tuff; 
one kind being friable, like slightly consolidated ashes j 

and the oUler compact, and of a different nature from 
anything whicll 1 have met with d~ribed" This 
latter substance, where it is best clmraeterhe<i, is of a 
yellowish-brown colour, translucent, and with a lustre 
somewllat resembling resin; it is brittle, with an 
angular, rougll, and very irregular fracture, sometime8, 
however, being slightly granular, and e,"en obscurely 
crystalline; it can readily be scratched with a knife. 
yet some points are hard eDough jUl!t to lOark common 
glass; it fuses with ease into a blackish-green glass. 
The mass contains numerous broken crystals of oli'"ine 
and augite. and small particles of black and brown 
llOOrire: it is oftell tra,"ers.ed by thin seams of calcareous 
matter. H generally affects a nodular or concretionary 
structure. III a hand specimen this substance would 
certainly be mistakcn for a pale alld peculiar variety of 
pitchstone; but when seen in mass its stnltificatioll. 
and the numerous layeT!:! of fragments of bas<'llt, both 
angular and rounded, at once render ih SUbaqlleoUS 
origin evident. An examination of a series of speci­
mens shows that this resin-like substance results from a 
chemical change on small part.icles of pale and dark_ 
coloured scoriaceous rocks; and this change could be 
distinctly traced in different stages round the edges of 
even the same particle. The posit ion ncar the coast 
of all the craters composed of this kind of luff or 
paperino, and their breached condition, renders it 
prohable that they were all formed when standing im­
mersed in lhe sea; considering this circumstance, 
together witll the remarkable absence of large beds of 
ashes in the whole archipelago, I think it highly 
probable that much the greater part of t he tuff has 
originated from the trituration of fragments of the 
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gray, ba!laltic hl\'~ in the mouth, of craters .tanding in 
the sea, lt may I.e asked whether the heated water 
wIthin these craters has produced tlli8 singular change 
in the !!mall ltCOriaoeous pnrticlet, and gil'en to them 
thei r tran~l ucent, resin-like fracture? Or has the 
as-3OCiated lime played any port in this cbange? I ask 
these questions from hav ing found at St, J ll.go, in the 
Cape de Yerde blands, that where a great strell.m of 
molten 1ll.I'll. hu flowed OI'er ll. caieaTPOll9 bottom into 
the sea, the ontennost film, which in other part. re­
llembles pitchstone, is changed, apparently by iu 
contact. with the carbonate of lime, into a !'eRin-like 
8ubitance, Ilrecisely like the beIIt characteriied @peei­
mcn~ of the tllff from this archipelago,l 

To return to the t\\"ocratera : oneofthemstandsll.t 
t he distance of a league from the eoll.st, the int.ervelling 
tract conai.sting of II. calcareous tuff, apparently of tub­
marille origin, This crater cons:i ~t, of a cirde of hills, 
IIOme of which 8tand quite detached, but ll.1I hal'c a very 
regulllf,QIl3.-qU3. versal dip, lit an iodination of hetwef'n 
thirty and forty degree!!, The lower be<h, to the thick­
ne;>! of &el'eral hundred feet, con' ist.of the I'('Rin-like 
~toue, with embedded fragment! of lal'a. "he upper 
hedt, whieh are between thirty and forty feet in thick­
ne,s, are compoled of a thinly ~tratified, fine-grniued, 
hllnh, friahle, brown-colollrod tllff, or peperino,f A 
central mlISII without any stratification, which must 

, The ~_ <'(IIIwni ... 1,_ ... hid. I M .... ~rib.l. at 
A..-.ioa, ... '....-1;11. b.I. of uh-. p ..... t ~ dtpM or_-
bln ... lotbi .... bI'._blltth."hanDOt • ..,.; .... IIIrr..rtU ... At&.. 
1I.1'1lI,11 .. , 1 rOlludninlOr .IO" .... tu.t lim;I ..... toDIl>'d- 1:mt """ _ 
_ iM .. t oul .. tan.ee,oeeurribg i ... bed of rumi~ul .. h .... "Pl"'rent./y 
frHf""" .. Ica ............ tte.:illneithe.oflh_...-_ldb .. th .... e 
~"' . • n.- pol"l(i,u ,..h" .....nrtc.lle 1<' .... of 'Id" to .. bM ", • .,hit.. 
to!oIU ......... lli .. lj'f!.om lb. attrition orrd ... pat.bie Ia ..... """,ldmlllbtM 
t..roWII·"""""-l ..... ta'pepmoo.· 
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formerly have occupied the hollow of tbe crnt.er, but i~ 
now attached only to a ftw of the circumferential hills, 
con~i~t.s of a tuff, intermediate III character between 
thatwitb II re~in-like,and that with all earthy fmcture. 
This ma8il contains white calcareous matter in small 
patchei'. The ileCond crnter (520 feet in height) mu~t 
hlll-e e.shted uuti l theeruptiou of a recent, greut stream 
of Java, liS a IICpnrnte i~iet; II fine section, worn by the 
aea, Bhow~ a grand funnei-shapt.>d IUIISS of ~Ilt, Bur­
rounded by ~l<-"'-'Il, ~loping tlau!u of tl:ff, havillg ill paru 
an earthy, aud in otber;!, II iotmi-resinoIU fracture. The 
tuff is travened by several broad, "ertical dikes, with 
Mmooth and parallel sideii, which 1 did not doubt were 
fo rmed of bu!!alt, until I actually broke off fragments . 
These dikes, howe,·er, con,i~t of tuff like thnt of the 
~urrounding strata, but more compact, nnd with II 

~mootber fracture; hence we mu.st conclude, tbat 

nonowlloclt. _ .... bIP-

fi"ure8 were formed and filled up with the finer mud 
or tuff from the erater,bcf()rc itt interior WIIS occupied, 
:IB it now i~, by II solidified pool of oo$.'I.lt. Othcr 
fi~~ures hfll't, l~n sub'l'!jucmly formed, parnill·1 to 
these siugulnr dike~. an,l are m€'rely filk-d with loo.;e 
ruhbi~b. The cbange from ordinary :;oorinct'OIl$ parti_ 
cles to the ~uhtitance with a semi-resinou! fracture, 
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could be clCllrly followed in portions of the compact 
tuff of the6e dike;<. 

At the di~tance of a few milea from tbl'l!e two 
cm~r!!, 6tand8 the Kicker Hock, or i8let, remarkable 
from itilliingular form. It ill Ulutmtified, ancl ill com. 
potK'(lof compact tllff, in pnrts haling tbe resin-like 
fractur('. It is probable thllt thia amorphollll mas~, 
lik/l tlmt similar mass in the CI\iC fiOit dCll<:rii>ed, once 
filled up !he central hollow of II. crllter, and that ita 
flank~, or ~lo]ling walis, have ~inee bt!en worn quit{' 
8v.a1 hy the IK"n, in which it ~iall(lli el:posed. 

SIfWU mesa/tic CNUu8.-A bare, undulnting tmct, 
at the ea.lA>m end of Chalham I,land, i~ remarkable 
from the number, prOJ:ilnity, and form of the small 
hIwIltic cmter!! with which it i! ~tllddt'{l. They oonsi;t. 
either of n IllerI' oonical pile. or, Lut l!'WoolUmonly, of 
a eircie, of blllck and red. gl~y 8Cori~, Il.'lrtially ee­
mcntA:-d together. They vary in dilllllHer from 30 to 
150 ynrd~, and risc from about 50 to 100 ft.>et a11OI'e 
the lel'c\ of the surrounding" plain. From one small 
emincnct>, I counted silty of tht..se cratel"!l, all of which 
were within II third of a mile from ench other, and 
many Wt're much closer. f InCllJ!uTl'{1 the dist.'lnce 
lx·twt.'('11 two \·eryHll.'lU crn.i.{'f·s, Illld found thnt it WlIS 
only thirty yards from tbfl 8ummit_rim of one to the 
rim of the otber. Small stream~ of hlack, ~lIltic la\'a, 
e .. mtaiuingolidne amI muchgla.$ly fdd"paI", have flowed 
from many, bllt not from all of tht·,;e crntcl"~. The 
~\Irfnct·s of tI,e morc recent ~treama were {'xceedingly 
ruggl'<.l, and were crO!!Sed by great fi'>8l1re8; thc older 
~tU.'lHIl8 wcrc only n. little Ie.;~ rugged; Il.nd they were 
all blended and mingled together in COml)ktcconfu~ion. 
The diffl·rent growth, howcrer, of the troX'8 on the 
stream_, oftell plainly marked their dilfU('nt Ilgt»'. 
1Iad it not lx:en for this latter charucter, tbe streams 
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could in few cases ha,'e been d istinguished; nnd, con~ 
sequently, this wide undulatory trn<'t might have, (as 
probably many trncts have,) been erroncou~lycollsidcred 
as formed of une great deluge of lnV8, instead of by a 
multitude of smaH strp.:ullS, erupted from many 'luaU 
orifices. 

I u several parts of this tract, and especially at the 
base of the gmall crater:!., there are circular llits, with 
perpendicular sides, from twenty to forty feet deep. At 
the foot of one small crnter, there were three of these 
pits. They have probably been formed, by the falling 
in of the roofs of small caverns.' In other parts, there 
are mammiform hillocks, which resemble great bubbles 
of lava, with their summits fissured by irregular cracks., 
which appeared, upon entering them, to be very deep; 
lava has not flowt'd from these hillocks. There are, 
also, otht"t very regular, mammiform hillocks, composed 
of stratified lava, and surmounted by circular, ~teep­
tided hollows, which, r suppose llave been formed by a 
body of gas, first, arching the strnta into olle of the 
bubble-like hillocks, and then, blowing off its summit. 
These sevcral kinds of hillocks and pits, IU! well as the 
numerolll!, small, I!COriaceous craters, alt show that this 
trnct haa been penetrated, almO!:!t like n sie"e, by the 
pn.'ls<'lge of heated vapours. The more regular hillocks 
could only have been heaved up, whilst the lava was in 
a !IOfielied state.' 

;hi~t{~~~~~? ~~~:~~~:!~J;~e~~; :UE~D~i~~ ~~~D~f 
" "1~~':?i::;:~·:;~!8r~:,"t~~\·~i..~,:~~~~~~8::~:2~~~,~:m~ 
bubbln (I~ bb"' .... SIr OlllDrr .tat .. tht thiArR~.Ml"".l".,. ..,,,,. 

El'~~~\~~~~~:~ t~::r~i:~~ffi:Z~;t~~i 
bethe urpe··tl"eQ",.thot&l"" rhi./Iy .. ~.rnou.,for""8_ ~o""""'D 
.. b,.theurper "lIdlD .. er.hDD!d~<>thu. ~ tqlll.ll" R I'I"...,ted U 
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ALUElIARLB Ii<LJ.~D.-Thill islaDd consist! of five, 
great, fbt-topped cratel'il, which, together witb the one 
011 the adjoining idand of Xarborougb, singularly reo­
Ilemble each olller, in form and height. The BOuthem 
one is 4,iOO feet high, two others :Ire 3,i20 feet, a third 
only 50 feet higher, and the remaining ones apparently 
of nearly the same height. Three of these are situated 
on olle line, and tbeir craters appear elongnte<l in nearly 
tho "ame direction. The northern cnlter, which is not 
the larh>e;.l, W8.ll found by the triangulation to measure, 
eltemally, 110 less thall three miles Rnd ono-eigbth of a 
mile in dillllleter. O\'er the lips of the!ll:l great, broad 
caldrons, and from little orificell Ilear their ijummits, 
deluge!! of lolack lam ha\'e flowed dow .. their naked ~ides. 

Plliidily of tlifferent {tmu.-Xear Tngus or Banks' 
COH', 1 e.tamined one of the.e great fitrenms of ]rl\'a, 
which is remarkable from the e\'idcnce of ita former 
high degree of fluidity, c.pecially whell its compo.;ition 
is eon .. i(\enxi. Near the sca-coast thi~ strenm is scl'eml 
milu in width. It con~isU! of a black, compact base, 
cm.ily flL_iblc into a black bend, with angular and Ilot 
\,('ry num('TOUI air~1l8,and thickly stlidd('(\ wilh largt", 
fraclured cry~tals of glallily albitt",' mrying from the 
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tenth of lin inch to half-an~ineh, in diameter. Thi~ 

lilIa, although lit first light appearing eminently por­
phyritic. cannot properly be eon~idtred SQ, for the 
cr~~tal!1 ilM-e edd~ntly been enveloped, rounded, and 
J)('nttrntL'\1 by the lava, like frngm ... nta of fort'ign rock 
in a lrnlHlike. Thi~ was very clear in IOlIIe specimen. 
of a ~imilar I:;I\-a , from Abingdon IRland, ill which the 
only dilft'rence wa~, that the Ybdclell were spherical and 
Illore nunlerou'. The nlhite in these InnIS i .. in n 
~imilnr condition with the leucit(' of '·e.udu~, nnd witll 
the olivine, dMCribed by '-Oil Buch,1 n.q Ilrojecting in 
great halls from tile b:L-alt ... f I.anzarot('. fk.;Iides the 
albite, thi~ lal'a contaios scattered grains of II green 
minernl, with 110 distinct cleIlVllgt', and clO,«'ly r~m~ 
bling olivine; I but lIS it fu.'!CS en~ily into n gr~n gla_., 
it bclon~ prohabiy to the augitic f.'1l1\ily; at Jamf.'>! 
I,obnd. howel'er, n similar 111m eontain{'(\ true olil-ine. 
1 obtainod specimens from the netunl surfnce. and from 
n deptll of fOllr feet, but they diffo)red ill no re"peet. 
The high dcgree of fluidity of this ilwa..o;tream was at 
once evidenl, from its smooth and gently ~Ioping Hlr~ 
fa~, from the manner in which til{' main ~tre:lm wa. 
dil"iclpc! lly small inequalitiN into little rilL., and e~­

]X'l'ially from the mllllll('r in which ih ('(i{l"<"', f:u below 
it~ l'Our('(', nnd where it IIIU~t hal"C hN-n in 80mI' clegrt'<' 
cool<,,-1. thinned out to 811llo~t nothing; thl' actual 
margin c<>n,i~tillg of 100>«' fmgmenh, f,·\\' of whicll wl'rl' 

largo!'r than a man's hrod. The co:ltrll~t betw('Cn thi~ 
margin,lIlIIl the stct:p wnIL_, abOl"tl tWl'nty feet high, 
hounding many of the oo6llitic ~tre!lm~ at A"C('n.iOll, i~ 
\"t)ry rl'lIlarknhlc. 1t ha~ b>"('ncrally heen supposro thnt 
lum8 ahoulldiug with large cry~tab, nnd including 
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angu1:u \'('sicle8,' hn\'c possessed litH(' fluidity; but we 
!ICC that the case hili been vcry different at Albemarle 
l~land. The degree of fl\lidity in different lal'B~. does 
not I!e('I11 toeorreq>ond with any (Ipp((~nt cOTn'l'llOnding 
lIlllollnt of difference in their C(lmpoo;ition: lit Chatham 
J~land, I!Ome streams, containing- much gla~~y albite 
and !!Orne olidne, arc !IO rugged, thnt the." mny be com­
pared to a sea. frozen during a htorm: whil.l the great 
stream lit Albemarle I ~lnnd iii almost all smooth as a 
lake when rutRed by a lm~>eze. At J am("8 hi:J.nd, black 
b.'Ill<'1ltic lava, abounding with small grains of olh'ine, 
p~nta nn interml'(\int(' degree of roughnef<8; iu sur­
face beillg glOSiiy, and the dettlchNI frngment~ rt'!'CIll ­
bliug ill a \'ery~ingulnr mnnuer, folds of dropery, cnhlCij, 
andpiec('8ofthebnrkoftr~ .1 

eTa/MIl of tv.D~-Aho\it a mi11' tlO"tll\\,:,nd of Bank~' 
Co\'e, t1,ere it a fine elliptic crotl'r, about 500 feet in 
depth. and three qlllutCI'9 of a mile in diawettr. I ts 
bottom i~ occupied by a lnke of hrine, out of Wllich 
!lOme little crat.eri form hills of tuff ri,e. The lower 
beds are formed of compact tuff, approring like a 

~~§?~I~~?£~~~7g'~§f]t~~~~~ 
~=~;. ~~~~':f;' '='~~~' .;;:!I~ II • • ~·lim gr.iIC, the 

• A -re<"i_a or ..... h;~ I.a. "lIh. r .... mall b,."ba ~'1"t.I._ of 

~b~t..;"~r' ~r.:,.:~ t~~~~: =~,..:~t ~!-a:;;r'~h; 
t .. entieth or ftn ,"~h in d;A",etrr. And ~r~ dr"'n "",~ ,nto th~ .h .. !""! 
poinUl. T!otm_hunotbfo,afnrmOodhkeA.'Ala"lIte. fur tllo,",lDt. 
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BUbaqUOOU~ deposit; whiht the upper beds, rouud the 
entire circumference, contist of a hanh, friable tuff, 
of little sPecific gravity, hut often contallliugfragments 
of rock in layers. 1'Ilia uJlJl'l!r tuff contains numeroU3 
pi,solitic ball .• , aOout the size of small bullets, Wllich 
differ from the 8urrounding matter, only in being 
dightly harder and finer grained. The heels dip away 
"ery regularly OD all side;:, at angltil ,"aryiug, as I 
found by meat.llrcment, frolll 25 to 30 degrees. The 
eJ:ternai 8urface of the crater ~Iopeil at a nearly similar 
inclination; and is formed by slightly conycx ri~ 
like thOle on tile ahell of a pecten or _lIop, which 
become broader M they CJ:t.end from the mouth of the 
crater to its base. 'l'hC:le rillil are l{enel~llIy from eight 
to twenty feet in breadth, Lut l!Ometimes they are as 
much as forty teet br~ld; and they resemhle old, 
piMtered, milch flattened ,"Bults, with the Illaster 
scaling off in )llllteS: they are separated from each 
other by gullies, deepened by alluvinl action. At their 
upper and narrow ends, IIC11r the mOtlth of t!le crater, 
tbC8C ribe often consist of rCIJ\ llollow pas.."<"l.ge<>, like, 
but rather smaller than, thO<l6 often formed by the 
cooling of tile cru~t of n lnvl\-slrcnm, whilst the inner 
parts hu\"e flowed ollward i-of which ~tructure I saw 
manyexample8 at Chatham hland. Therll can be no 
doubt but that the»<l hollow rib.! or v:lulls ha\-e been 
fonned in a ~ilUilar mann{"r, nam<>ly, by thtl sethng 
or hardening of n bu~rficial crust on steroIDS of mud, 
which hMe flowed down from the upper part of the 
crater. In another part of thi~ $lme crater, I saw 
open concave gutters bt,twecn one and two feet witie, 
,,"bicb appear to ba\"e b.!en formed by the hardening 
of the lower surface of a mud-~tream, iD3tead of, 
8.1 in the former ea..e, of the upPer surface. From 
tbe!!e faetil think itia certain that the tuff mu..."t 1I8\'e 
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Bowed 8S mud.' This mud may hal'a l.e(n formed 
either within the cruter, or from a.;!h~ (Iepo~ited on 
iu upper parts, und afterwards washed down by torrent!! 
of rain. The former method, in 1U000t of the cases, 
IIppeaJll the more probable one; Ilt James !olund, how­
ever, some beds of the friable kind of tuff eltend so 
continuously ol'er an unf'\,en surface, that prohaLly 
they were formed by the falling of gho'lf"f'rt of a,licp. 

Within tbis same crater, strata of coar;;e tuff, cbieHy 
comprn<ed of fragments of lara, abut, like n consoli­
dllted talus, against the inside walls, They rise to a 
height of between 100 and 150 feet abol'e the surface 
of tile internal brine-luke; they dip inward~, and are 
inclined at an angle nlr)'ing from 30 to 36 d('gr~. 
Thl'yappear t .... ],al'6 ix-en formed beneath w:ltl'r, pro­
bably at a period when the l!Ca occupied tilt' hollow of . 
the eruter. I Wlll! l!.urpril!Cd to obsel\'e that Lro~ hal'ing 
this great inclination did not, as far a~ tlltlY could Le 
fvllowed, thIcken towards their lower utremities. 

Blmb' Cove.-This Ilurbour occupies l)aft of the 
interior of a shattered crater of t uff larger than that 
last dC!!Cribed. All the tuff is comIl8ct, and includetl 
numeroull fragmenu of lam; it ap)X'llril like a sub­
RqUeoUlI deposit . The mOllt rem.1rkable feature in 
this crater ill the p;rent derelopment of stratn con­
I'ergiog inwards, a.8 in the last case, at n cOil~iderable 
inclination, and often depo~ited in irregular cuned 
layers. These interior converging beds, as weU n~ the 

• This ...,D('IU";OD i. of "'_ ;"tUtlll, bet.t.UH M. nufro\""1 (' Me"'. 
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lauds, forming thi ~ Cove. The internal lind I.':dernal 
~trata difft"r little ill COIllI)Ol<itioli. Illid the former haY(' 
e\'idently resulted from thf' w('llr and lear. and rt'­
d('po"ilion oflh(' mlltter forming Ilw e:ttemlll crateriform 
M~rat.1 . F rom the great d('velopment of th('F\C inner 
hed~, a per~on walking rotlud til(' rim (If this crater 
lIlighl fancy himoelf 011 n circular anti-dinal ridge 
of ~tmtified Mn{btonc fmd oonglolllf"mt('. The sea i.~ 
wearillg nwny the inner Imd out('r ~tmta, ami ('~pecially 
the latter: ~o that the inll"nrdly cou\·ergin/.:' ~tratn will, 
perl.mp~, in !'Orne future ag(', be left standing alone-a 
caoe which might at fir;;t JX'rplex n geol(lgi~t.1 

JUJU bl.Asll.-Two crat('tiI of tuff on thi~ i~land 

are the only r~'waiDiDg one~ II"llich reqnir(' any notice. 
One of th(·m lieB a mile Dnd a-half inland from Puerto 

, 11~1i.,"" 11.'.1 thi. "" ... ~<t""lIr O<'<"ort in th~ A~,. ......... he ... 0.. 

::I;::J·~).c:::.;r:i;";~f.1 ~i\:~i~:lin-:~7.' :~t':.;~::t!~\'~;:'~~~~.~: 
:t:!' 1~:·::.r::.Y ·~~~t :;..I)~~f..:"'Tb; (:a <~;~~oo;al~id!!>: 
It .p~'" to .... r~r _ ... r",hf,bl,. Ihl ..... b ..... h~, ",",I~ ... hieb 
...... "ril"in~IIY ,Jtp""ivd .-ithia I"" bolln-r of ........ r. IIr ... hich the 
u!.rTior ..... n.I, ... e .i~ bt-tn rclllO~w lortht_. 
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Grande: it i~ circular, about the third of 1\ milc in 
diameter, and 400 feet in depth. It diff('1"l! from all 
the other luff-erntel"l! wbich I examined, in luwing the 
lower party of its cality, to the height of between 100 
and 150 f('(lt, formed hy a precipitou8 wall of b:l&''llt, 
gi\'ing to the crater the appeamnoo of hln'ing burst 
til rough n 80Iid sheet of rock. Tile upprr pnrt of this 
crntcr consists of strata of the altered t\ltf. with a 
IH'mi·resinous fmcture. Its boltom is occupied by a 
~hallow IHkc of l)rine, cOl'{'ring lllyell\ of ,,,,It, which 
re~1 on decp black mud. The other crah'r li{'~ at the 
di~tnncc of n few lUll!'!', and i~ only rt'ln:lrkahlc from 
it" ~ile amI prrf('{'t eondition. Its ~uwmit i~ 1 ,tOO 
fOl't IIbo\-e the )('1'1'1 of the _. and the interior hollow 
i, 600 ft-~t d{'('p. H~edcruahlol)ing~lIrfn('(' l)rC-l'nted 
n CuriOll~ app.:amnee from the ~nloothn(',~ of the wide 
ill.n'r8 of tull'. whieh rc~mbled a \'n,t plll~t('red floor. 
nmttlc 1~laml is, [ believe, the lnrght crntcr ill tIle 
ArchilK'lligo composed of tllff; ils interior diameter 
is Ilt·arly a nautical mile. At]lr('!Oelltitis in a mill('(i 
condition, cou~isting of little more Uilln hllif a circle 
open to the lIOuth; its great ~i1.e ia prolll\lJly due, in 
part, to internal degradation, from th('nction of the~. 

S"!I"I~nt uj a amaU iJa8(dtic cmltr.-One ~ide of 
Fre-h-water Bay. in James hlnnd, is bounded b~' a 
pr<.llllontory, which fonns the lllllt wr<'Ck of a great 
cmter. On the head of this I)romontory, II. quadrant­
~haped II('gtncnt of a ~tnllll subordinate point of 
emption ~tllnd~ exposed. 1t consi~ts of nine lit.'parnte 
little ~trenllis of lava l)iled upon cach other; and 
of nn irreg-ulnr pinnllele, about fifteen f('('t high, of 
reddi~h-brol\'n . \'e~ic\llar basalt, abounding with large 
cry~tals of glassy albite, and with fui!ed augite. 
Tlli ~ pinnacle. lind 80me adjoining »o'!>8 of rock 011 
the bcIlch, represent the axis of the cmter. The 
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~trenlll~ of b\u call be foHo .... ed IIJl n little r:l\-ine, at 
right nngle~ to the cca,t, for !x,tW<'('1l ten aDd fifteen 
yanis, where they nrc hi(lueil loy detritus: along the 
beach tbey tlrl! v[,,[ble for nenrly eighty yards, and r 
do not. belic\-e that Ih(·y exund much farther. The 
three lo .... er ~tre:lIn' nre unilre to the pinnacle: and at 
the point of juuction (IU i~ ~hO\lm in the aecomp.1nying 
rude bkctch made 011 the ~put ), tbeyaTe ~lightly arched, 

SO-H. 

~~ 
-" ./ "-

_ ' - ',l:'~":",, - ." 

80cm0n.ot a n<r ..... ll otln .. ol ... pUool, on l btbeo.dl olF-. ... torBoy. 

as if in the nct of flowinl{ QI"Cr the lip of UIC cruter. 
The 8ix upper streams no doubt were originally unitt-d 
to thi~ lIalne column before it was worn dO\nl by the 
SCII. The Java of these streams ie of ~imilar com· 
po,ition with tllnt of the pinnacle, ('::r;:~pting that the 
cry~ttlh of nlbite nppcnr to be more comminuted, and 
the grains of fused 3ug;te are Ill,s(,nt. ElIch stream 
is lit'parated from the Olle aoo\"e it by a ft'w incb€"", or 
nt mOiit by Ollt' or two feet in thickne><~, of loose frag­
menttlry 8COriro, npp"rcntly dcril"oo from the abra~iOD 
of the stmun~ in Jl'a~~in"i{ Ol"er each other. All these 
litreams are ,"ery n:markaLie from their thillIle§. I 
carefully m'>8"_un.'(! ,o('\"cral of them; olle wa~ eight inches 
thick, hilt WI\! firmly oont(~l with three inches aool"e, 
and three inchCli below, of red ~coriaceous rock (which 
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is the case with nil the ~treamt}, making altogether a 
thickness of fourteen inehes : thi~ thicknees was pre. 
len'ed quite uniformly along the entire length of the 
!'('Clion. A !leCOnd ~tretl.ln W1U only eight inch~ thick, 
including both the tipper and lower 8C:oriaceou. surfaces. 
Until uamining this !leCtion, I had not thought it 
po&Iible tllat hWII could ha\'e flowed in such unifonnly 
thin sheeta over a aurfaco far from smooth. These 
little lOtrenml closely resemble in C()mpol!ition that 
great deluge of lava at Albemarle Island, which like-­
wille must have poesessed a high degree of fluidity. 

pBeU(l~tmnwuB, ~1td /rogmenu.-Iu the 
!twa and in the scorim of thia little crater, 1 found 
8e1'eral fragmcnt~, which, from their angular form, 
their granular ~tructure , their fr('C(\om from nir-.eells, 
their brittle and burnt condition, c1o.ely rC>o(:lDbled 
those fragmentt of primary rocks "'hich are OCCI\~ionally 
ejected, all at Ascension, from I'olcan~. Th('>!e frag. 
mcnta consist of glassy albite, much mackled, and with 
I'ery imperfeet c1elwages, mingled with scllli·rounded 
grains, iuying tarnished, glO!'~y 8urfn~ of a !teel· blue 
rnineral. The cr.Y~ta1s of albite are cooted by a red 
olide of iron, appearing like a retliduai sul)l!tanee; and 
their cleal'agc--plane8 also l'lte 8()lIIclime$ l!eparnted by 
excel;llively fino layen of this o)l:ide, giving to the 
crystals the _ nplX'arnnce of being ruled like a gia!;;! 
micrometer. TIlere was no quartz. The ,teel·blue 
minerai, which is abundant in the Ilinnacle, but which 
disappears in the streams derived from the pinDflcie, 
ha~ a fused appearance, and rarely presents even II. 

trace of clenl'age; f ohtained, howel'er, one meas\tre· 
lIlent, which prol'ed that it Wag augite; nnd in olle 
other fragment, which differed from the other~ in 
Ix>ing ~lightly cellular, and in gnu:iually Llending into 
the ~urrounding matrix the ElIlall groins of this mineral 
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were tolerably weU cry~tallii!C(t. Although there is so 
wide a clifference in a}lpearance between the lava of 
tl}e little ~treaJlls, and especially of til~ir red iCoriaceous 
crusts, and one of the . .e angular eject~d fmgments, 
which at fir~t ~ight might re,wily be mist.'1ken for 
syenite, yet I belie~·e that the lava ba~ originated from 
the melting and mOlernent of n mas~ of rock of abi'O­
lutely similare<lmpo~ition with thc fragments. BesidCII 
tbc ~pecimcn above alluded to, ill which we see a 
fragment becoming ~lightly cellular, and blending into 
the surrounding matrix, some of the grains of the 8te('\­

blue augite also have their surfaces becoming very 
finely vc,icular, and passing into the nature of the 
surrounding paste; other grains are throughout, ill all 
intermediate condition. The paste seems to con~ist 
of the augite more perfectly fUiiCd, or, more prooobly, 
merelv disturbed in its softened ~t.ate by the movement 
of th~ mas~, and mingled with the oxide of iron and 
with finely comminuted, glassy albite. Henco pro­
oobly it is tlmt the fu;;:cd albite, which is ahundant 
in the pinnacle, disappeau in tbe btream~. The albite 
ill in exactly the same state, with the exception of 
most of the cry.tab being ~maller in the lava and ill 
tbe embedded fragments; but in the fragments they 
allpear to be less abundant: tilis, however, would 
naturally happen from tile intllmescence of the uugitic 
buse, and iL! coll~eqllent apprlTent increase ill bulk. It 
is interesting thus to trace the oteps by wbicil a COIll­
llilct gnlllular rock becomes cOlllerted into a re,icular, 
p,eudo-porphyritic lanl, and finally into red scoria:!. 
The structure and composition of the embeddal frag­
ment:! show that they are purts either of a mas~ of 
primary rock which ha~ undergone considerable change 
from \'olcauic action, or mOl'e probaloly of the crust of 
a body of cooled and cry~tallired lara, which has after-

Th f h rl ~ 
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word, been broken up and re-liqucfied ; the crust being 
ICti acted on by the renewed hent. and mo\'cmcnt. 

ConcludillfJ rt!IIlBTL's 011. 1M iU.lr-craurs.-These 
cmtcrs. from the peculiarity of the fe"iu-like lublitauce 
which entcrs largely into their compo>ition, from their 
structure, their 8izc and uumher, pretlel\t the mo~t &trik­
iug feature in the geology of thia Archipelago. The 
majorit.y of them fo rm either separate is lctiI, or promon_ 
tories attached to the larger island;;; and thOlie which 
now st.1.nd at some little distance from the coast nre 
worn ",nd breached, lUI if by the actiOIl of the _ . 
From this general circmnstanee of their position, and 
from lhe l!.lIlall quailtityof ejected a.b~ in any ))art 

of the Archipelago, I am led to conclude, that the tuff 
Ims been eilieHy produced, Ly the grinding to~-ether 01 
frngments of lan\ witliin active craters, communicating 
with the sea. In tlie origin Ilnd compo~ition of the 
tuff, unci in the frequent prescncoof II. cenlrnllake of 
brine and of layers of salt, the~e cratera rei\emUle, 
though on' a gigantic scale, the' snl!1C11,' or hiHock~ of 
mud, wh ich nrc common in some parti! of Italy and in 
other countriCi..' Tbeir clo..erco'II,cction, however, in 
thi~ Archipelago, witli ordinary '·o\callic action, is 1I11O II U 
by the pools of solidified basalt, with which they are 
;,om({imes filled up. 

It. at fin,t appeal1l very ~inguillr, that all the craters 
fanned of tuff have their lIOuthern sidell, either quite 
I!roken down and wholly remOI'ed, or much lower than 
the other sides. I !;aw and received accounls of twenty­
eigllt of these cra~r,,; of the~e. twelve form aeparate 

I 1)',\u],u;'."m'.'T,:,it6deGioo,rpIr.it,'tom, i.p, 189. IbI&J: .... "'ark, 

!~~~t~ ... t~~·;':~' O&(~~~';h~~';:.( t~,~r tr.~':~ir~r;~ 
gina in F~Y'-~aerl '\'oyage,' ."",Iar OIIet _lit .t th. s..oo ... ,ch 
J.lalld.; .... ,J pro~U.l' th.,. ue preHQ';1l mall, ow. pt.c.. 
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islets,' Ilnd nOlVexist as mere crescents quite open to 
the south. with ~a~ionally a few points of rock mark­
ing their former circumferenl. ... ; of the remaining six­
teen, 8tHne fonn pronlontories, nnd othen stanrl at a 
little di~tnnce inl:md from the shore; bllt all, hal'c 
their 80uthE;'rn sides either the lowest, or quite broken 
down. Two, howel-er, of the sixteen had their northern 
side;; 1\1>10 low, whibt their eastern nnd we;,tern ~ide;; 

were perfect. I did not see, or hear of, a @ingle ex­
ception to the ru\{', of these cmten being broken down 
or low on the side, wllich faces a point of the horizon 
between ~E. nnd SW. This rule dOt'll not sppl! to 
cratCr8 compoosed of la"a and scorim. The explnllation 
is ~imple : at thiij Archipelago, the \\llYCS Croln the 
trade-wind, and the SWf'll prolmgnted from the distant 
parti! of the open ocean, coincide in direction, (which 
is not the ca~ in mlmy parts of the Pacific,) and with 
their ulliled forces attack the southern sides of all the 
islands ; and consequently the fIOnthern slope. e'"en 
when entirely formed of hard bnsnltic rock, is hwariably 
steeper than the northern slope. As the tu/T-<:ratcn 
are composed of a 110ft. IIlnterinl, and III prooobly all. or 
Ilearly all, have at IIOme period stood immenk>d in the 
!!Ca, we need not wonder that they ~hould invariably 
exhibit 011 their e;t:po&ed sideij tile etfeet! of this great 
denudinR' power. Judging from tile worn eondition of 
many of the;.e ernteT!!, it ill prolJable that some haH" 
been entirely washed away. As there is no reason to 
8lLJlPO~e, that the crateTll formed of !!Corire and lava 
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WNC erupted whil:.t lltauding in the sea, we call see 
why the rule doee not ap!lly to them. At Ascension, it 
wail Ihown that the mouthil of the (lrflW.,. which are 
thel"(' all of terretltrial origin, bare been affected by the 
trade wind; and this same power might here, abo, aid 
in mnking the windward and c"posed ,ide. of lOme of 
the cmten! originnlly the lowe~l. 

,lfiMr1UIJ[JiC(u cf)'J/l})08itwn of tile rocb.-In the 
northern islnnds, til(' basaltic lams ~mgenernl lyto con­
tain more lllbite than they du in the l!Outhernhalfofthtl 
Archipelnt,."O; but uhnost all the ~trf'ftmj contain IIOme. 
The nlbite i, not \lnfrequcntly as>;OCinte<1 with olirine. 
I did not ohkrve in any ~pecim(·n diHinguh.hable 
cry~tal. of hornblende or augite; I e.(l'lt'llt the fused 
waina in the ejected fragments, mnd in the pinnacle of 
the little cmter, lloo\'e de>erilll'fl" I did not meet with 
l\ ~in~le ~Jlecim,," of tme trachyte; th')IIgh kline or tile 
paler lanw, wh!.'1l abounding with large crystals of the 
hll.,.,.h lind gla,-~y albite, rC>lelllblo in ~ome degree thi~ 
rock; but in every = the La~is fUS{'B into 11 black 
enalllei. B(,(!~ of ash6@; and far-<'jedcd scoril(', as pre­
\iou~l.\· stated, are almost ak.ent; 1I0r did L !lee a frag­
m('nt of ob&idian or of !I\unice. \' on Buell' believes 
that thtl abbl:nce or pumice 011 :\Iount Etna i, con"f'­
qncnt on tue tdd~par being of the l.ahrador \"ariety; 
if the prt1K'nee of pumice depenJ~ on the conlltitutioD 
of till' fdd~pnr, it i~ remarkable, that it Bhollid be a~ 
lI'nt in this archipelago, and abundant in the Cordillera 
of South America, in both d whirh regiona the fdd­
Hpar i8 of thl' alhitic \"ariety. Owing to tho "hsenco of 
a~I)('~, "nd the general indecompoil8blc character of tbe 
IM'I\ ill this Archipelago, the igland~ lITO slowly clothed 
with a poor "egetation, and the scenery has a dCiiOlate 
and frightfu18l!pect. 
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;:/'t'atwn of tllll land. Proof~ of the riling of the 
land Ilre scaDty and imperf('<:t. At Chatham hland, [ 
Dotieed lOme great bloeb of lavlI, e<>mented by cal­
earroUl matter, containing re.rent IIhell~: but they 
OI'cul'l'e<l at the heigllt of only a few feet abol'e high­
water mark. One of the offiOl'n ga\"{' me lOme fmg. 
menu of sllells, which he found embedded !!eversl 
hundred feet aoovo the IIH., in the tuff of two crater;!, 
di~tant from each other. It i8 I)()'<l<ible, that tbe'l!e 
fragmenli may hal'e beeD earriNI up to their pres<ent 
height in an eruption of mud; but as, in one iu~taDce, 
they were aJI>IOCiated with bruken oy6ter-shdl~, almost 
forming a Jayer, it is more probable that tile tuff was 
uplifuld with the Ihells in ma~~. Tbe ~pecimens are 
80 imperfect that they can be recogni!lCd only as he­
longing to recent mRrine genem. On Charle~ j,\:md, 
I observed a line of great rounded bloch, piled on the 
lIumlnit of a vertical eliff, at the height of fifteen f~t 
al)(')\'e the line, whero the BeR now acts dllring the 
heaviCllt galeB, ThiB appeared, at first, good el'idence 
in favour of the del'lIlion of the land i bllt it W38 
quite deceptive, for I afterwnrdl saw on an adjoining 
part of thillBnme CGa'lt, and heard from e~e-witue~"6@, 

tlm.t wherel'er a recent stream of 111va forms a smooth 
inclined plane, ellUlringthl' sea, tho wa\"C!I during gale!! 
have the power of rollin!} uprourukd blocks to a gl'l'at 
height, above tllf' line of their onlinary action, All tbe 
little cliff in the foregoing call8 il formed hy a stream 
of la\"ll, which, ~rore being worn back, m\l8t hal'o f'D­
teted the _ with ... gently ~Ioping surface, it ii poqible 
or rather it is probable, that lbe rounded boulders, 
noW' lying on ita ~Immit, are merely the remnant of 
thOle which had been rolhd up during storms to their 
present height. 

Dinctwn. of tJu fiuuru of t"f'Uption.-The mlcanio 
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orifice!! in this group cannot be considered all indill­
criminatc1y _Uered. Tbree great. cnten on Albemarle 
ll1and form a well marked line, extending NW. by X. 
and SE. by S. Narborough blnnd, and the great crater 
on the rectangular projection of Albemarle Island, 
form II !!CCond pnrallel line. To the e3llt, H ood's 
Island, and tile islands and rockl bt>tween it Ilnd Jamell 
lslnnd, form another nearly pnrallel line, wldch, when 
)lrolonged, iucludes Culpepper and Wenmnn hlnnd" 
lying len'nty miles to the norlb. The other ialnndll 
lying farther eastward, form a leu regular fourth line. 
&\'eral of thf!!'e islandg, and the venti on Albemarle 
1~lllnd, are iIO placed, that tbey likewise {jIll on a @ct 
of rudely parallellinC:!', interseeting the former line!! at 

. right angll'M; 10 tbat the princi,)D.l crate ... appear to 
Ii" on lhe pointl where two llet~ of fiMUrce CtOBI each 
other. The i~lalJd! themseh'(!;I:, with the Cl:Ct'ption of 
Albemarle hlnnd, are not elon;ru.tcd in the mme direc­
tion with the line;! on which they ~tnnd, The direction 
of these i ~lands iB nearly the I13me with tilut whicb 
prevails in 110 remarkable a manner in the UlimerOUI 

archipelllgOBoftbegreatPa.eificOcean "'iDa\ly, I may 
remark, that amons·lIt the Galapagos hlnDlI, there ill no 
one dominant '-eDt much higher than all the othen, 
IU may be ohflen'ed in many \'oIclInic arcbipelagOll: the 
bighC6t i! the great mound 00 tile iOuth-we!tern ex­
tremilyof Albemarle hlaod, which exceed! by barely 
a thousand feet l!e\'eral other neighbouring craters. 
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lAo _. g<1II""tGJ pwiH. 

On t11~ 8tpar«tWn of tll6 COJl8titurnt minurulJ oj un·a, 
according to O'llir IJptdfic [f1"'a1.-itiu,-One side of 
Jo·rl'sh·water Bay, in Jametl hland, is fonned by the 
wreck of a large crater, m,'ntioned ill the 11l$t. ehallter, 
of which the interior hili been tilled lip by n pool of 
11IIsalt, about 200 feet in thiekn('''-'!. Thi~ hn,qllt iM of a 
"ray coiour,nnd CQnt.aina manyerystalsofg-iIUlRyalbit(', 
which become milch more numeroll.'l in the iO"llfer, 
t'COria~1I1 I_rt, Thi~ is contrary to what mi~ht ha\·c 
10('("1l upected, for if tile crystals bad bern ori~,'inal1y 

di~~minated in equal uumbel"f, lhegreater intulUl:'lICencc 
of this lower pooriaceous purt would hn\'e made them 
appear f('"llfer in numher. " on Buell' lml dl'1l('rihc.'(1 a 
Itream of ooodian on the peak of Tenerilfl', in .. bich 
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the cry~tal8 of feld@p3rbeeomemoreand 1D0re nUIDf"rous. 
H! the depth or thicknt"»ll increa.!eS, 10 that near the 
IO'l'"er surface of the stream the la\a even re8Cmble@ a. 
1)1'imaryrock. Von Hnchfurther states,that M, Dree, 
in his experimenh in melting lara, found that tbe 
crystals of feldspar alway. tended to Precillilul.e them~ 
8Ch'cs to the hottom of the crucible. In these ~ I 
pre!lnme tbere can be no doubt I tbat tlle cry~tals sink 
from tbeir weight. The specific gravity of feld~par 

varies I from 2'4 to 2'58, wbilst ohRidian seems oom­
monl)' to be from 2'3 to 2'4; and in a Ituidified state 
its specific gnwity would probr,bly he less, which would 
facilil."te the sinking of the crystals of feldspar, At 
JlIlllet Island, the eTybtals of albite, although no doubt 
of IC!!I! weight than the gray basalt, in the paN where 
compact, might easily be of greater specific grayity 
tlmn the IIOOrill<'e()US maM, formed of melted lava and 
bubbles of heated gas, 

The sinking of cr)'stab through a riscid mh!otanC6 
like molten rock, as is unequivocally shown to have 
heen the cru;e in the cIpcrimeni.s of M, Drl-e, i~ worthy 
of further consideration, 38 throwing light on the 8Cpa~ 
ration of the trach.tic and basaltic !leriell of la\'M, 
)Jr, p, Scrope hall sPeculated 011 tbi, 8uhject; but be 

I In a ..... o( moll'" INn, i~ i. ((land (' Ediabv.rgb New Philo.o-
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does not seem 1.0 have been aWllre of any posithe facts, 
Btlch BB thOllC abo\'e gh'en ; and he ba.!! o\'erlooked one 
very nccell8llry element, all it npJX'8rs to me. in the 
phenomenon-namely, the eJ:i~tence of either the 
lighter or he-o\\'ier mineral in g\obulCil or in cry~tab. 

In a suootanee of imperfect fluidity, like molten rock, 
it ig Ilardly credible, that the &eparate, infinitely amaH 
atom~, whether of feldopar, augite, or of any other 
mineral, would have power from tlu'ir slightly different 
gra\'itie~ to o\'ercome the friction caused by thcir 
mo\'ement; but if the atoms of anyone or these 
minerals became, wllil.st the othel1l remained fluid, 
united into crystals or granules, it is eaBY to perceive that 
frOlll t he I_ned friction, their sinking or flonting I)()wer 
would be greatly incroo.~. 011 the other band, if all 
the minerals became I'ranulated I\t tho 8!lme time, it is 
&caroely potf!ible, from their mutuaL rt'siltnnC('", that lUIy 
separation could take place. A \'aluable, practical dis­
covery, illustrating the effect of the granulation of one 
element in a fluid IUlUJiI, in aiding i18 separation, has 
lately been made: when lead containing" Bmall pro­
portion of ~ih'er, i~ constantly stirred whilst cooling, it 
becomes granulated, and the grains or imperfect crystals 
of nearly pure lead Bink to the bottom, leaving a 
reaidue of melted metal much richer in silver; whereas 
if the mixture be left undisturbed, although kept fluid 
for a length of time, the two metals Bhow no BigtlB of 
IE'"parating.1 The 1016 lise of the stirring seems to be, 

, A full alld In_illjl' a ..... bB~OCthi. di .... T~ ..... by lb. Pf,ui_, 
TJO.O,......dbor~ .. u...Rrili.hA~ti ... ia""pt" .. \ ..... 18J8 .. h_ 
aqoya. &<:eord'1lJI" 10 TIl ....... ,c'Cbno"'.y: p 210)' lb. h_"fI .. ~...-.1 
., ... b, and. "lpr*" \o~..c. ,h,. tatN pl_ :orLibt b<>tb m_I ..... !.u.d. 
Wll .... 'h~u i .... """"Od .... !.I. difl",· ... " .. In ""'V",.. u bo, ...... o '''' ... 
andthe.lac:f ........ f<idanol(th.fa.iOllolth .......... a..!.'."tll*ltIl'-
p .. ",td .. tt.haMOtlUl .. p-.. ,' .. 1rith""'.itb ...... looI.II_ ... i"lINDa • 
1a,.J, 
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the formation of detached grnnulN. The ~peeific 
gradt! of sih'er i! 10-4, Hod of lead 11'35: tile granu­
lated lead, which ~inks, iB De\'er ahllollltcl! pllre, and 
the ret!idunl fluid metal eontaina, when richest, only 
rh- pnrt of ~ih-er. A~ the difference in specific gravity, 
caused by the different proportion& of the two metals, 
i& 50 exceedingly smail, the separation is probably aided 
in a great degree by the difference ill gravity between 
the lead, when granular though still hot, and when 
fluid. 

111 a body of liquefied \'olcanic rock, left for some 
time without ally violent di~turoollce, we might expect, 
in 8I."C(}rtiance with the abo\'e facts, that if one of the 
constitu"nt lIlillcrala became aggteJ.,"3ted into crl~ta ls 

or granulee, or had boon cm'eloped in this state from 
8OIn{, pre\'iou~ly existing mass. such cry~l:l.l&or granules 
would ri86 or sink, according to their specific gradty. 
Now we have plain e\'idence of crystal~ hcing embedded 
in lllany InvM, whibt the pnste or oasis has continued 
fluid. l need only refer, as i:lstanCCf!, to the IICveral, 
great, pl!cudo--porJlhyritic streams at the Galapagos 
h.land~. and to the trachytic 8trcarna in lIlany parts of 
the world, in which we find cry~tala of feldslkl.r bent 
and oroken by Ule mO\'emeilt of the surroundin~, IICmi­
fluid IIlattcr. I.a\·as are chiefly oom~ of three 
varieti(!ll of feldspar, mrying in specifie gravit.y from 
2'4 to 2';4: of hornblende aod DUgile, \':trying frOln 3-0 
to 3'4; of o!i\'iue, \'arying frOlO 3'3 to 3'4; and lastly, 
of oxidea of irou, with specific gravities from <l.g to 5'2. 
Hence c ry~lals of feldspar, enveloped in a mass of 
liquefied, but not highly \'c~icular lava, would tend to 
riEIC to the u]ll)Cr parl.!!; and crystab or gmuules of the 
other Illincral~, thUll enveloped, would tend to ~illk. 

We ought. nol, ho",'c\'er, to e~pcct any perfect deg-ree 
or Reparation in such viaeid materiaLs. Trachyte, 
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which consists chiefly of feldspar, with BOme hornblende 
and oxide of iron, has a specific gr.t"ity of about 2'45; I 
whilst basalt compoJ;ed ('hieny of augite and feldspar, 
often with much iron ami olil'ine, has a gravity of about 
3'0. Accordingly we find, that where both tracbytic 
and ba~altie ~treams hare proceeded from t.he snme 
orifice, t.he lrnchytic streams Iml'C genernlly been first 
erupted, owing, ns we must suppose, to the molten luvn of 
this 8erie~ Jwving necumulated in the uPller parts of 
the volcanic focus. This order of eruption has been 
obserw)J by Beudant, Scrope, and by other authors; 
three instances, also, have been gil'en in this volume. 
As the laler eruptions, however, from most volcanic 
mOlLntains, hunt through their baS-'ll parts, owing to 
the incrcnscd height and weight of the internal column 
of multen rook, we see why, in most. casel!, only the 
lower flankBof the central, traehytic mnsscs, are en­
I'eloped hy basnltie streams. The sep(lI':.ltion of the 
ingredients of a mass of lava would, perlH\p~, sometimes 
tnke place within the body of a. volcanic if 
lofty and of grent dimensions, inatclul of wilbin 
underground focus; in wldch ense, trachytio strenms 
might be poured forth, nlrllOSt. contt!mpomneously, or 
at short rt!current intervals, from its summit, nnd 
basaltic strenms from its base: this seems to ha\-e taken 
place at 'J'eneriffe.~ I need only further remark, that 
from dolent disturbances the separation of the two 
series, el"en llllder otherwise fal'ourable conditions, 
would naturnlly often be prevented, nnd likewise their 

~.~h~~~~I'~~~::In a~~~l;r :f~:~~~ ~~::;~:~1~:~~r"~:t~~rH:,7~~~:~T~ 
of 3'1): h"t.'pe·imrn. from Anv<rjl;no we .... fo,"od. to.v D. l~ E""Le. to 
to~ oulv ~'j8: "nd from the Oi~m'. {'nll'BW~y. 1<> be 2'91. 

• Cnnoult Von Encb·. well"knQwlI and a'imimhle Ih~plio .. PA.'!" 
~~~ of thi. i.lru.d, which might "r~e nS R mood of ~eftO:ripti.eg""logy. 
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Illinal order of eruption be illlerted. From the high 
degree of fluidity of moot ba!'altic lavas, thelle perhaps, 
alonc, would ill many cases reach tile lurf:u:e. 

A, we bal'c seen tbat cryblals of feldspar, in the 
in~tance described by Yon Bueh, ~ink in ooodian, in 
accordance with their known greater specific gnH'ity, 
we migllt exped to find in every trachytic district, 
where oh!!idian has f10Wetl as l:wu, that. it had proceeded 
from tile upper or hi;;hest orifiCCii. Thi~, nCO'lrding to 
Yon Bueh, holds good in a remarkable manner both at 
the Lipari 18lao<l6 and on the Peak of 'l'eneriffc; at 
this mller place obsidian ha~ nCI-er flowed from a lei'S 
height than 9,200 feel. Obsidian, abo, nppenrs to have 
~n erupted from the loftit'!'t penb of the Pemvian 
Cordillera. I ,,;i11 only furtIH~roweC\·e. that ti,e specific 
gravity of ql.lartr. varies from 2·6 to 2'8; nnd tht'refore. 
that when present in a volcanic focus, it would not tend 
to @ink with the basaltic ba'esj and this, perhaps, 
eXII\niuB the fr(!(lu(,llt pre!>Cnce, and the nLundancc of 
l h i~ min('TlIl, in the lava.!! of the tnlehytic series, all 

observed in prel'iOll~ parts of this yohune. 
An objection to the fOTt'going t1u:'Qry, will, JX'rhal)ll, 

be drawll, frow the plutonic rocks not being separated 
illlA) two cI'jd('ntly distinct !!erie&, of differl'nt ~pecific 
gral"iti('8; nlthough, l ike the volennie, tlley have been 
liquefied. In answer, it. may fint he remarked, that 
we 1)I\I"e 110 clidence of the 8tom~ of anyone of the 
con~tit\J('nt minerals in the plutonic &eri('8 having been 
aggregated, wjlilst the othel'il remained fluid, wldch we 
have endeal'ollred to show is nn almo~t neee-ss:uy con­
dition of theirscparation; on the contrary, the crystal8 
IJal"e generally impressed each other with their forlDs.' 

, Tb··rJI"lli"'J*'UorplJoo,oJil.ilr""l"e1ltlrpe~t't,,"~b:oI""'t 
..... 1 .. of ho .... bleoo~; from. which it "1'1*'''' th.u lb. homblende, 
tltoagh tb. lIIote r,..ible lIIiDenl, boo. o.,-.taUiMd Won, "' at Ih~ 
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In lhe fOeOOnQ place, the perf~t tnmquillity, under 
which it is probahlE' tbat the plutonic JW1~<.e!I, buried at 
profound dcpth!', have cooled, would, most likely, be 
highly unfavourable 10 the 1lep8latiOIi of thE'ir con<ti­
tllcntminl'lllia;for,iftheattmcth"eforce,wbicbduring 
the prog~Sr;.in· cooling draWl! togclh~r the mol~ulet of 
the diffct('nt minerals., hus POWN lufficient to keep 
thelD tog.·ther, the friction between buch h3lf-formed 
cry~tall or pa~ty globule;! would f'fft.'Ctunlly Ilrcvent the 
heavier ones from sinking, or the lighu>r one;! from 
ri~ing. On the other hand, a ~mall amount of di.turb­
ance, which would probably occur in 1l1n,t volcauic 
foci, and which we have ~n does not pre'"cnt the 
1N'p.'uution of gnmuJes of leat! from a mixture of luollen 
1<'8(\ and lIiil'er, or crystab of f Id~par from streams of 
lava, by breaking and dill80lving the 1m perfeetly 
formed globule~, would pennit the more perfect and 
therefore unbroken crystals, to sink or ri lle, according 
to their specific gravity. 

Although in plutonic rocks two distinct species, 
eorretsponding to the trnchytic Ilnd baonltic series, do 
uot eJ.ist, r much SU5pect, that a certain amoulit of 
I!#'INlrntiou of their constituent part..ll IU\5 often taken 
place. I IUSpt'Ct thia from ha,"ing observed how fre­
quently dikea of brr6enstoDe and basnlt iutetllret widell 
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extended formations of granite aud the allied meta­
morphic rocks. 1 hal'e Ile\'er examined a district in 
an extensh'o granitic region withollt.disco\'ering dikes; 
r mlLy JUBt:ance tbe numerous trnp-dike~, in 1Ie\'ernl 
district. of Hrn~iI, Chile, and Austra 'ia, and at tbe Cape 
of Good Hope: many dikes likewi!le occur in tbe great 
grnnitic trnctsof I ndia, in the north of Europe, and ill 
other countries. Whence. then, hilS the grccnstone 
anti ba~alt. forming tbef;e dikes, corne? Are we to 
suppose, like !lOme of the elder goologiSl8, that a zone 
of tmp is uniformly spread out heoellth the granitic 
&eries, which compo .. e>, a.~ £"lr fuI we kilO",. the founda­
tionll of the earth'! cnl!;L? hit 1I·)t mor(' probable, tbat 
the:;e dikeil JlInoe been formed loy fillilllrel penctrnting 
into partially cooled rock8 of the granitic nDd meta­
morphic lle rie~, and by their mure nuid parta,con~i~ting 
chicHy of hornblende, oozing out, und being lucked 
iuto such ti!lllures? At Bahia, in 11razi l, in a district. 
compo>l('d of gneiss and primitive grecnstonr, I saw 
m:my dikes, of a dark augitic (for one crystal certainly 
..... us of this mineral) or hornblcndic rock, ..... hich, a.s 
1!e\'I,!rItl appearanCe;! clearly proved, either had beeu 
fonnl'd before the surrouuding Ill!l.l!ll hll.d become !!Olid, 
or had together with it been afterwarda thoroughly 
softened.' On both sides of one of th~ dikes, the 
gneiilil Wall penetrnted, to the di!umce of several yard~, 
by numeroulI, cUflilinear thread! or streaks of dark 
1I1J1Uer, which resembled in fonn cloud~ of the clau 
called cirrbi-comro; some few of these thread! could be 
traced to thei r junction with the dike, When elllmiu-

, P~r!;on. or tb_ dik ... M~" been brob~ off. ~".l Rre no ... Onr_ 
roun·lodbythprimRryrocb. .. ithth.6irIRmi"",conrorDlRt.ly .. iDdiag 
round them !Jr, Jh~bot .. I, _10" (',-;,liim",,'. JOlIrMI: rei, Iui .. , P. 
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ing them, I doubted whether sueh hllir-likt: Dnd eunUi­
near ,ein~ oould ha"e been injoch,d, and I now su.peet. 
that ill~tcad of lla,ing oc't:n inj~tt-d from the dike, 
thfOy w<.'re ilB feed~·n;. If the fUN';,,'OinJ{ ,·iew or tte 
origin or tmp-dikes in widely edended granitic region, 
f.lf from rocka of any other Cunnntion, be admitted as 
prohnhl<.', we mlly further Ildmit, in tile cn~e of n grf'at 

hody of plutonic rock, ll<'ing impelled by r<.'{K'ated 
mon·m("nU into tlw axis of II mountain-clinin, that il$ 
more liquid oonsUtuent parlB might drnin into deep 
and lIn!lCeli abyl!Se!!; aflerward~, {K'rhnpl!, to be brougbt 
to the lurface under the form , either of injected IDa,,;e~ 
of g'l'<'t'n!otolle lind augilic porphyry,' or of ba...""ltic 
ernption~. 31ueh of the difficulty which geologi~l$ 

ha\'e experienced, when they hll\-e coIDI.ared the com­
p''"It!itiou of ,·olennic with plutonic fonnations, wil l. I 
t hink, be removed, if we may believe, that mOot plutonic 
mlUiiCR have heen, to a certain ext('nt, drnined of tho..e 
eompllrath'e1y weighty and casily liquefied elements, 
which compose the trnppean and basaltic series of rock~ , 

Oil 1M dittrihutwn of t'Olcallio i8land.<t.-During 
my in\'('stib"fltions on cornl-n'('f~, I had oeca:!ion to 
con~ult the work.! of many ,'oyagenl, Dnd I was io\'ari ­
ably ~tnu:'k .... ith the fact, that with Tllrt' ('.~ptions, the 
innlllllcmhie ielands scattered througho\lt th~ Pacific, 
Indian, Dnd Atlantic Ocean~. wcre COID~ either of 
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\·olcanic. or of modl'm ooral rocks. It would be te<liou~ 
to gh'e a long catalogue of all the \'olennie iJllllnds; but. 
till' exceptious ..... hich I hn\'e found are easilyenumer­
atoo: in the Atlantic, we have St. Paul'lI Rock, de­
scribed in this \'olume, aud the Falkland hlllnd~, 

compoaOO of qUnltz and e111yslate; but these latter 
islands are of considl'rable size, nnd lie not very far 
from the South American coru:t,': in the Indian Ocean, 
the Reychelles (situated in a line prolonged from ) [ada­
g:ucnr) CQn~i~t of granite and quartz: in the Pacific 
Ocean, New Caledonia, an i~land of largo ~i7A', belongs 
(:u far a.s is known) to the primary e1asi1 • .xI'W Zealand, 
which contains lUuch volcanic rock and IIOme aeth'e 
\"oleallo~, from iia size cannot be cla'''4'(1 with the small 
i~land~, which we are now con~idcrillg. The pTe!!Cnce 
of a ~mall quantity of non-volcanie rock,as of clay-"late 
on three of the Azores,' or of tertiary iimc,lono at 
)Iadcira, or of clay-slat.e at Chatham b land ill the 
)lucific, or of lignite at Kcrgu!'len I ,anll, uught not to 
exclude such i.lauds or archi pelflgo~ , if formed chiefly 
ofernpted matter, from the voieanicclu"lO. 

The compmition of the numerous island8 8Cattered 
through the great ~nns heing with Bueh rare excep­
tions yolcanic, i~ eddently au exte!l~ioll of that law, 
and the effect of tho;;e same cau"es, whether chemic:.l 
or IUl'Chanical, from which it results, that a nl..~t. majorit.y 
uf the \"olcanOil now in action stand either as islands 

~~:~~~S~E~~~~~£~;~::;£o/§!~!t.~ 
compoo& 
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in the sea, or near ib shores. This fact of the oeean­
i~land.8 being 80 genenllly volcanic is abo interesting 
in relation t.o the nat\Lre of the mountain-chains on 
our continents, which are Comp<1.rath"ely seldom vol­
canic; and yet we are led to SUpl101le that whcrc onr 
continent!! now stand an ocean once extended. Do 
volcanic eruptions, we may ask, reaeh the surface more 
readily through fissures formed during the fir9t ~tagCll 

of the conversion of the bed of thc ocean into a tract 
of land? 

Looking at the charts of tiLe numerous volcanic 
archipei<1gos, we see that the island~ are generally 
arranged either in 6in~le, double, or triple rows, in 
lines Wllich are frequently cUrl'e<i in a slight degree. L 

Each IICparate island is either rounded, or more gene­
rally elongated in the same direction with the group 
in which it stands, but somelimes iI'ans\·ersely to it. 
Some of the groups which are not much elongated 
present little symmctry in their (orms; "I. \'irlet' 
stat-es that this is the case with the Grecian Archi­
pelago: in such groups I suspect (for I .'lID aware how 
easy it is to deceive oneself on these point.EL), that the 
vents are genemllyarranged on one line, or on a set 
of short parallel lines, intersecting at nearly right 
angles another line, or set of lines. The Galapagos 
Archipelago offers an e:mmple of this structure, for 
mCHit of the islands and the chief orifices on the largest 
island are so grouped as to fall on a set of lines mnging 
about NW. by N., and on another set rsngiug about 
WSW.: in the Canary Archipelago we ha\'e a simpler 
structure of the same kind: in tlle Cape de Verde 

I p,."folr/lOl"ll William and HeDry l .... ~D nOS'" hu~ lately in.j.u.d 
mueb,iltsrnom.,;'...,.JhI!fo.-etheAm ....... u ANoOCI8tlOD, "" the regn-

wlr ~;~~~nd.l! ~a~~l;.r::.iri~; :rr.l~hia.ll range. 
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group, which appea~ to be the lea"t Bymmetrical (If 
any OC(1l.nie \'olcanie archipeltlSll, tI NW. and S.E. 
line formed by IK:n'rnl i@land", if prolonged, would 
intel'll'Ct at right angles a eUT\'ed line, on whieh tbe 
remaining islands lire placed. 

"on Bueh I has c18.8!1ed all volcanos under two hends, 
namely, unlral t'u/ca1W6, round which numerous erup-. 
tiOIlR hnre taken place 011 a1l8id~8, in a lIIallner almost 
regular, lind t'Olamic c/tains. · In the examples given 
of the fillit c1a.~, as far as poeition it conccrned,l can 
(;(>C no wound~ for their being called' eentrnl;' and 
tile evidence of any difference in 'nineralo/{ieal nature 
between ceniNu t'<llOO;'W8 and tW(l1!ic ch(li,u appear1l 
~light. No duubt some one island in mOtit small 
\'olennie archillelagoa is apt to 00 con~idt'rnbly higher 
than the others; in a Bimilar manner, whaterer the 
eau,;(' may \x>, that on the same i~!and one vent is 
g(,II(,r1llly high('r than all th(' othen. \'on Huch docs 
uot include in hi~ class of voleanic dnins elllllll arcl>i ­
pd:lgo~, ill which the islands fire admitted I>y him, ag 

at tho AzorC!l, to be arranged in 1i1J~; but when 
\'iewing 011 a mllp of the world how perf('Ct II 8t'ries 
exi"!~ from II ftw volcanic i~land~ plneo'<l in II row to 
a tmin of linear archipelagos following ('8ch other in 
a 8tmight line, and 80 on to a great 1fall like the 
Conlitlem of Aln("rirn, it is difficult to belie\'e that 
there e-xi~ts any e8Il('ntiaJ diffen>nce between .hort and 
long \'olennic ('haills. Von Bueh I ~tnte. that his 
\'olcanic chllin~ lurmount, or are closely connected 
with, mOllnlnin_range!l of primary forrnation: but if 
tmins of linear archipelagos are, in the eOllrf!e of lime, 
hy the long-<:ontillucd action of the ele\,lltory and 
volcanic forces, converted into mountain-ranges, it 

, 'De..-riptioad_bl.eaow;-.'p.U4. 
'lde ... p.a9a. 
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would l1nturnHy Te>;ult that the inferior primary rooks 
woull\ oftt·n he uplifu·d and brou~ht into liew. 

80m .. anthOIll IHwe rem,rked that "olennie i~land8 
occm Ilcattered, thongh nt. I'ery unt.'qual distan<X'tl,8Iong 
the ghor~i! of the great COlltin"nt-. 118 if in .;ome m('a!lIre 
connected with them. In tIlt> ca~t' of Juan Fernandez, 
~itllated 330 mil{'t! from the ('(II1_t of Chile, thNe was 
ll11dollbtedly n ooll11 ..... 'tioll betw, .. "n the volt'Mic forces 
lIeting under thi~ i~lanti and nntler the continent, Il.'I 

wall shown during tht' earthquake of 1835" The 
i~bnd~, moreover, of 1I<)l1Ie of tht' 811\1111 volcanic groull8 
which thu. bord .. r col1tinenu., are pheed in line~, re­
irlted to thOeC along which the adjoining shorel of 
the conlincnUl trelltl; [ may in~t.1Ilce the line~ of 
illterseelion at the Galnpag-Ot!, and III tbe Call<' de 
"erde Archil)(>lago~. and the be~t marked line of the 
Canary j,laJl(llJ. If tllt'!'e fact.:! be not Ill('relyaccidental, 
,,"e see tbat mrilly _ttered '"olcnnic i,lalld~ and Bmall 
g-roulMl nre related not only by proximity, but in the 
direction of the fi>l<lurc, of eruption to the neighbouring 
continent_a reiatiou, wbich Von Buch con~iJel"8, cha­
rncteri.tic of his great ,"olcanie chllin~, 

[n I"oicallic archipelagO!!, the orifice, art' seldom in 
activityolllUore than one i~land at a time: nlHj the 
greater eruptions usually recur ollly afi('r long intof."rl'nb. 
Obscn"illg the numher or cralerB, thllt al'\-' U~U,.Uy found 
(In each i~Land of a group, al)(I thl' 1'a,,1, amount of 
matkr which h3.!l been I'fllpted from them, one i$ led 
toattrihlltl' a hig-h antiquitye,'en to tho.;c grOllp~., wh ich 
appear, hkt' lheGnlapngo~, to be of oomp.1fatively r«('llt 
ori";n, Thi~ COllcJlI~ioli accord~ with the IlrodibriOll~ 

alnount of dl'gradation, IJy the ,\.)'" action of the II\.'IS, 

wh ich their originally ~Ioping CQII.~U IIImt h:we 8uffered, 
when they nrc worn back, as i~ so oft('!) the Cl\!I(', into 
grand preciIli!:ej. We ougbt not, howe,'er to BUppoitC, 
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in hardly any imtance, that the 1I'llole body of watter, 
fomling a \'olcanic bland, has \le(on erupted at the 
le\"el,ou which it now atands; the Dumber of dikes, 
which flCelll inl1\rishly to intent'Ct the interior parts of 
el'ery loleana, ~how, on the principle. explained by 
M. Elie de Beaumont, that the whole lnaJII h:u been 
uplifted and fissured. A conncetion, morCOl"er, between 
volcnnic eruptions and contemporaneouB eicl"nliollB in 
maSll' hA~, r think, been shown to exist, in my work on 
Coral Hce&, ooth from tile frequent presenccof uprniscd 
or~'allic rewains., and from the !truclure of the accom­
panying cornl-reef!. l"inally, I Inay remark, that in 
the Mille Arehipelago, eruptions have taken place within 
the hiatorical period on more thlln onc of the pamllel 
linl'fJ of fissure; t!Ju~, lit the GalapAgoi Arcllipelago, 
eruption~ ba"e taken plnce from a v{'nt on Xarborougb 
I ~land, and from one on Albem:lrle bland, which I'euta 
do not fall on the !!ame line; at the Canary Islands, 
eruption~ hal'e taken place in Tcn('rilfe and Lanr.:IrOle; 
nnd lit the Azores, Oil the three l)Urnll<,1 lines of Pico, 
St. Jorh"C, and Terceirn. BeIiE"I'ing that a mounlaill­
axil dilf('nellllentially froID a "olcano, only in plutonic 
rocks having been injected, instead of lolcanic matter 
luwing 1)Co('Il ('jected, this nppcnl"ll to me an intef(';lting 
cir('lIm~tance; for we may infer from it a. probable, 
that in thE" elel'ation of a moHlltain-chaill, two or more 
of the parallel lin~ forming it may be uprai8ed and 
injected within the &awe geological I)('riod. 

, A rimn .. ('(III~11L1i"n i. fOl"ald OD U, by the pb~l>(I"",a ....... bicb 
_r-nled tb .... ,·"thqaakeot183~,.~Cooeel)lioa •• IMI. .... hkh ..... 
d.tail"'inmJ""per (.-oI..,..p.&OI)intbe·Goologi""IT~iou..' 
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CHAPTER YIr. 

.Iy.., &.14 ntrk~_S(JJrdu""" jormafimt-EIRhtdd«l p"'"da .. /mgmnll 
<if ,1taJe-SI~tifirnfw.-CllTnnJ-cka_~-GrtollJlrlv!l#.-''''' 1M­
"""'·llARd-Pa/~&<>icjl>r""'li_Xelt! .... jornt"ti~"1C"14 ""/cdRicrock. 
_7h!t'Ctin wilh /M._ ~j t.tlincil'/""t,-El~'·Qlitm"j 1M la~d-]""", 
t,m1and-K;nff Goorgo" &",u<l-SuporjicW .r .... 'nfl/no"' 1ie4-·S,,· 
p/id-U """cur-' tkpMiI" wilh CtUI, oj !,rllncl", .. _ 'l'MiT (}rig'''Jrom 
,MJI«l p"rl;c/u ~f IkJI. and rorll18_ TMir al .... I- CIIp. ~f Good 
/fl1]l*-.luJt<limo "I I. !Jr'l";U 1l00d cbJy-Mk- Sa"<blon,jo..".al"'R. 

Tile Bea[!ltJ, in her homeward voyage, touched at. New 
Zellland, AUstmlin, Van Diemen's Land, nnd the Cllpe 
of Good Hope. In order to confine the Second Part of 
thc~o Geological Obsen'aMons to SOllth Amnica, I will 
here bricfly de~cribc all that I observed at these places 
worthy of the attention of geologists. 

New South W(lh8.-~ly opportunities of obserya­
tion consisted of a. ride of ninety geographical miles to 
Bathurst, in 3. WNW. direction from Sydney. The 
first thirty miles from the coast pa.ssesoyer a !!andstone 
CO\lntry, broken IIp in many places by trnp-rock~, and 
separated by a bold escarpment overhanging the river 
Nepcan, from the grent sandstone platform of lhe Blue 
Mountains. This upper platform is 1,000 feet. high at 
the edge of the escarpment, aud rises in a distance of 
twenty-fi"e miles to bet .... een 3,000 and 4,000 feet aOO"e 
the level of the sea. At this distance the road descends 
to a country rather le86 eh~"ated, and composed in chief 
part of primary roch. There is milch gmnite, in onc 
part paMsing into a red porphyry with octagonal 
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crpblLt of QUlIrtz, aud intersected in lOme IIIacee by 
tra~diK('II. :Near th{' Down! of Bathurst J paged O\'{'r 

mu('h p61e-brown, gl088y day-t:lale, with the shattert'd 
illlnillll) nmning north and lOutb: [ mention thill fact, 
becJlU!Ie Captnin King informs me that, in the country 
a hlmllred mile!! lIOuthward, near LaKe George, the 
miea-s\ate ranges so invarilluly north and BOuth that 
tho inhabitants t.3ke advantage of iL ill finding thcir 
wny through the forest!:!. 

The IlInd~tone of the Bille ;\founlaina ilJ at len~t. 

1,200 ft.'('t. thick, and in fiOmfl paru ill al)pHrelltly of 
greater thicknt"<llj it oon8is18 of am all grain! of quartz, 
ceml'ntoo by white earthy matter. and it aboundll with 
rerruginou8 n"in,. The lo ... er IxodllllOmetime. alternate 
with Ihales and 0041: at Wolgan I found in oorbona­
eeQu81haie lea\'('ol of the GlOUl'Jpln-i. Bf'U''''nii, a fl"m 
which 10 frequently areompaniu the cool of AlI~trl!oli8. 

1'he .. md~tone oontains pebble!! of quartz; Rod the8e 
geuernlly increa!lO in Ilumber and 8ize(tcldolll, l,owc\'er, 
eXCo"eding nn inch or two in diameter) in tile upper 
heds: I obserl'oo 11 similar circulDstance in t~ grand 
slInd. .. tone formation at the Cape of Good Hope. On 
the Routh Americall 008.'lt, where tertiary lind supra­
tertiary beds have been extenlli\'ely elHatoo, I re­
p€'Dtl,(Uy noticed that the uppermOo!t bed8 were formed 
of 008~r material! than the lower: this appeftTII to 
indicate thllt, III the Ilea became shallower, the force of 
the wan"" or eurrenlll increased. On the 101rer plat­
form, ho\\'e\'er, between the Blue Mountains aud the 
eoru,t, I observed that the upper beds of ~he 8anrulone 
frequently pas&OO into argillaceoll~ ~hnle.-the effect, 
probably, of thilJ lower space luning been protected 
frolll strong currenh during ita ele\'atioll. The IS8nd­
~tone of the Blue l10untaiuB evidently 11.'11 ing bern of 
mochanical orib-in, and not hal'ing suffered any metll' 

c, ~'I rk f. .. .:h 
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morpilic action, I WM 8urpri8l<d at ol>"f'r\'ing that, in 
!jOm\:! specimen~, nearly nl\ tbe grnilu of quartz were 80 

perfectly crystnlli!'.--d with brilliant f(\cets that they 
e\'iclently Imd Iloi in their lnuent form been aggregated 
in nny pre\'iou~ly eJ:i~ting' rock. 1 It is difficult to 
imagine bow tile;</' cry~tab could h.we been formed; 
one can hanlly Jx.lie\·e thnt they were aeparntely pre­
cil)ililted in their pre;</'nt erystalliilOO ~tate. 18 it 
pos.qible that rounded gmin8 of quartz may have been 
acud on by a fluid corroding their lurfaeel', and de­
l)()!Iiting 011 them fre!<h silica? 1 llIay remark that, in 
tho 8IIndstone formation of tile Cape of Good Hope, it 
is evident tllat silica 1188 ~n profuaely depo~ited from 
aqUoou8 aoilltion. 

1n Nl\'el'lllllRrb of the Mudstone I noUero patchell 
of shsle which might I!.t the fir~t g lance hal'e been 
mi~t.aken for extraneoll8 fmgmentilj their horizontal 
laminle, bowever, being panlllel with those of tbe 
53ndnone, SllOWed that t11ey were the remnantil of thin, 
conUnuous beds. One 8uch fragm ent (prohably the 
iIOCtion of a long narrow tri.rip).Ileell in the face of a cliff, 
WllfI of greater vertieal thieknea than b~dtll, which 
pro\'('11 t1mt thi. bed of shale mu~t have been in 80IIIe 
Blight degree consolidated, Rfter having been dt:'l)()!<ited, 
and before being worn away by the currenu. Each 
pateb of the @hnle !hOWll, also, how 1I10wly many of tlle 
811ccekive layers of sandstone were deposited. These 
pseud()-fragmentJoof shale will perltnpil f"xplain, illl!Ome 
caiiC8, the origin of apparently extranooUli fragments in 

I I hn.I~141J Mn. ia .. I"'pe!' loy !'mith (th. {",h~. 01 ~.:..glillb 
~1t).ial.h.·.M_i ... <;fN"lI.n.llll......,.:tha~i.lI ..... illllof 
qurta ill the mill ....... ,"till JAgla...:! .... oftea .",. •• IJiMd. flip 
n ... id Hn...-r.i •• I"'I"'r....d bot"... tho. IJooitioll. A...n.tioa,. 1810. 
--.t""t iaoH~~I_I.b.l!il"" load _alo oep.r.te illto 
eooc<'otrieri ...... Ddtbal.thot.ilu .... i ... itllO)'1lAlliOlKnlott""" .. 
i.llbn.,lIb,.it.oa;oaoalighl. 

© _ Cor IDk!:to Wor1. of sDarw..l hn .. 



SalllistOlle Plal/orllls. 149 

cry~talline metamorphic rock<!. I mention this, bccau .. -e 
I found ncar Hio de J aneiro a well-defined angular 
fragment, iie\'en YAnis long by two YArdll in breudth, of 
gnei&l containing garnets And 1Ilit.-a in laye~ encloeed 
in the onlinary, stratified, porpllyritic b'1leiliil of the 
country. The Inmin:e of the fragment and of the lIur­

rounding matrix ran in eJ:actly the Mme direction, but 
they dipped at. different IIngle~. I do not. wish to 
affirm that thiJl singular fnlgment (a .I!Olitary case, DII 

far as I kno ..... ) was originally deposited in a layer, like 
the ~hale in the Bille ) Iollnlnins, bet'l1fe-en the .trata of 
the porphyritic gneillil, before they were metamorphosOO ; 
but Ihere ill sufficient analogy between the two C8.!1t'8 to 
render such an explunation fJOiI':! ible, 

Strutiji()(J.timl of Ol-e UCa1'p/l~nl,-The stmta of 
tbe Blue )I ounttlinll appear to the eye bori~ntal; but 
they probably h3\"e a similar inclination with the sur­
fnoo of the platform, which 'lopes from the wcst to­
W/Udli the escarpment over the ~epenn, at nn ungle of 
one degree, or of one hundred feet in II mi le. l The 
8trat.a of the escarpment dip IIlmo~t conformably with 
il~ ~teeply inclined face, and with 10 much reb"lilarity, 
that they aPJ)ear as if thrown into tht;'irpre:;ent position; 
but on a more carerul E'salDination, they are &cen to 
thicken lind to thin out, nnd in the upper part to 00 
8uceeeded and almOiltcapped hy horizontal bed~. These 
appearaDces render it. prohable, that 'I1fe bNe wee an 
original escarpment, not formed by the IIC6 ha,"ing 
t'aten bnck into the strata, but by the Btrata hn\'ing 
originally extended only tl1ll8 faT, Those who have 
been in the Ilnhit of examining accurate chnrt' of sea­
conal.!', where lIediment. is acculli ulating, will 00 aware, 
that tIle SUrf.1Cft of the bankll thu! fonned, generally 

, Thi ••••• tedoatheaathorit1ofSirT.?alitc'btll,illhil'T,. .... I.: 
Yd.. ii. p. ;~i. 
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!!Iopt'! from the ooast ,·ery gt'ntly towards a certain line 
in the offing, beyond which the depth in most ca~ sud· 
denly heromes great. I may in~tance the great bank~ 
of le(liment within the West Indian Archipelago,' 
wllich terminate in suhmarine Rlopes, inclin<"d at angles 
of between 30 and 40 degree.!, and sometimes e,·cn at 
more than 40 degreM!l: cI"cryone kllo.·s how steep sucb 
a ~loll,e would appt-':lron Ihe land. &uuofthiiluature, 
if upliftoo, would Ilrobohly hare Ilearly tile same e1:· 
t(-rnal form ail the platform of Ihe Hlue Mountains, 
\\'hcreiLal>ruptlytermiJlat~o\-ertheXepetln. 

CurrMt cleat"a.'lc.-The strata of salld~tone in the 
low coast country,and likewise on the Biue )lountnins, 
are oftI'll dil-idcd by cro-'<l or current laminre., which 
dip in different directions, and freqnentlyat an angle 
of forty.fi\"oi~ d('g~_ 1I0IIt authora b&\-e attributed 
thC1e cross laye ... to lucceMh-e small aceulIlulatiolll on 
1m inclinoo surfaoo; bllt from It careful cllullination in 
some part;! of the New ned sand,tolle of England, I 
believe that such layel1l generally form p.uU! ora series 
of curves, like gignntic tidal ripples, the top, of which 
bave since been cut off. either by nearly horizontal 
layen. or by another !let of great ripp\et., the folds of 
which do not exacth- coincide with tbOie below them_ 
It ii .,,-ell kaown to s\;rveyol1l that mud and IIInd are di;;-.. 
tllrbed during storms atcon<ideroble depthl, at II'ML from 
300 to 450 f...et,' 110 that the nature of the bottom even 
beco'llC8 temporarily changed j the bottom, abo, at a 

il~~~~~:::of~:~o;;:~~~~~1.E 
ll1<m .... L,. .... I'!~'DII.An~_ofth ........ e,..,... ... d L'....r .. Uy 
_ .... .Djf tbe ........ tal d, __ bol ..... a t'" ~ _adillllr. th. 
l .. nk.1Id tbellrol i •. lhed ......... te •. WiJel,..,.teOldedLaabiaall 
l-.rtaofthoW..,II...Ji .. ba.llba._g.a...-.lformoflurt ..... 
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depth bet\\1!CO 60 aod iO feet, haa been obeen·ed I to be 
broadly rippled. One may, therefore, be aUowed to 
lIu~I)(!Ct, froID the appearanct'll jUllt mentioned in tJle 
New Hed I!8ndstolle, that at greater depthlt, the bed of 
the ocean i8 lwaped up durillg galea into great rillpie­
like furrows and depr1Wlions, 'fhich nre afterward! cut 
off by llio currents during more trnnquil weather, and 
again furrowed during g".1le1!. 

Valley, ill tile ,and8tone plat!o1'J1U.-The grand 
nUe,)'s, toy whieh tbe liIue )'10untain8 and the other 
Mndstone \118.tforms of this IJart of Au,jtralia are pene­
trated, lind which long offered an im,upcrnble ob..tncle 
to the attemplll of the m('llt enterpriling colonist to 
retlch the inwrior country, fonn the III();!t 'triking 
feature in the geology of New Soutb Wale!<. They are 
of grand dimC1I900S, and are honlered by continuous 
line. of lofty cliff&. It il not easy to conceh"e a more 
magnificent spectacle, than i& presented to a \)6r.;o1l 

walking on the summit-plains, whl'll without ally notice 
he arrives at the brink of olle of thCl!e clifT_, which are 
80 perpendiclllar, that be can ~trike witl. a stone (Ill! 1 
have tried) the tree, growing, at tbe depth of between 
1,000 and 1,500 feet below him j 00 both !mnd.! he M'CI 
headland beyond headland of the rece(ling line of cliff, 
and on tbe 0llpoRite side of the yalley, often at the 
di~tance of &e\"eral wiles, he beboldt anolher line rising 
lip to the MlDe height with that on which he stands, 
and formed of the &arne horizontal Ilrata of pule l!8nd­
stone. The bottoms of the!le valleys are moderately le\cl, 
and tho fall of the riven flowing in them, acconling to 
Sir T. Milchell, is gentle. The main ,·alley. often ~nd 
into Iho platform grClit bay-liko arm!!, which expllud at 
their uppe.r ellds j and on the other band, the platform 

')IIl!a"oatbe'Acli ... uW ..... :·'EdiLlI't .. PhiLloulI:n>t 
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often 8('nd~ promontories into the "lilley, lind even 
leavel ill them great, almost. inllulated, maMe:S. So 
continuou8 are the bounding linet of cliff, that to 
d('SC('nd into IIOme of the;;e \"alleys, it i8 n~ry to go 
round t ..... enty miles; and into otheno, the sun'eyor8 
have only lntely penetrnted, and the coloni<t~ hrll'e not 
yet ~I\ able to dri,'e in their cllttle. Hut the most 
n>mnrknllie point of structure in thcee mlleys, i~, that 
although llC\"eral miles wide in their upper ]Wlrtll, they 
j:,'{'nemllycontrnct towards their moutha to auch a degt"ee 
as to Leceme impasllnble. The SUTI'eyor-Gencral, Sir 

. '1', .Mitchell,L in I'aill endan'oured, finltoll foot and then 
by crnwling between the great fallen frngments of Mnd­
'tonc, to oscend through the gorge by ..... hich the ri"er 
Oro&e joins the Nepean; yet the ,'o.1ley of Ihe 0I'0Il6 in 
its upper part,all 1M""" forms It mAgnificent baliin some 
miles in ..... idth, and ill on all aides lIurrounded by cliffil, 
llLe summits of which are believed to be nowhere less 
thnn 3,000 feet nbo,'e the level of the lien. When cattle 
nrc driven into the valley of lim Wolgan by a path 
(which I dCIICended) partly cut by the oolonisu. they 
cannot escape; for this valley is in CI'ery other part 
sllrrounded vy perpendicular cliffs, and eight miles 
lower down, it conlracUl, from nn Iwemge ..... idth of half 
n mile, to a mere chMm impalll!able to man or beast. 
~ir T. Mitchell! itate!!, that the jJn!8t '1l11ey of the Cox 
ri"erwith all its branches (.'I)ntraetl, where it unites 
with the Xepean, into a gorge 2,200 ynrdl wide, and 
nbout 1,000 foot in depth. Other similnr cases might 
ha"e heen added. 

The first impression, from !leeing the correspondence 

I 'T ... "tl. in Au ....... li .. ' "01. i. P. lM __ I,,,,,.t nro- my .. blip, 
lioa 10 Sir T . .Mi~hell,l"" .... ~ ... I iat_tiDI!: 1"' ...... 1 _",,,,,;"1;"0, 
011 the nbjfd otth_l!f'M~ nll.Y' of~ .... ::iooolb W.l .. 
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of the horizontal strata, on each ~ide of these I'alleys 
and great. alnllhitbeatre-like deprefl!!ion!!, is that. they 
haH~ been in chief part. hollo1\'ed out, like otber 
1'lIlIey," by aqueous erosion; but when one reflec::tI! on 
the enormous amount. of stone, which 011 this I'iew 
mllSt. have been removed, in most of the llbo\'e case!! 
through mere gorges or chasms, ono is led to ask 
whether these SJmOO8 may 1I0t have subsided, But con­
sidering the form of the irrt!gulnrly branching \'alleys, 
and of tlU) uurrow promontories, projecting into them 
from tile platform!!, we are compelled to abandon this 
notion. To attribute these hollow8 to alluvial action, 
would be preposterous; nor does the drainage from 
the summit_level always fall, at I remarked near 
the Weatherboard, into the helUl of these \'IIIII'Y!t, but 
into one side of their bay-like reeessefl. Sollie of tJm 
inhabitants remarked to mc, that thoy Del'er \'iewed 
one of these bay-like recc£ses, with the headland5 re­
ceding Oil both hands, without being struck with their 
resemblnncc to a bold !!ea-coast. This ia certl1illly the 
case; 1Il0rCQI'cr, the Ilumerous fine hnrbours, with their 
widely brollCbillg arms, Oil the present coost of Xew 
South Wales,1\'hich are generoUy conllected with the 
JIeI\ by a I1l1rro1l' mouth, from one mile to a quarter of a 
mile in lI'idth, pa.5!ling through the Mndstone coa.st-diff~, 
present a HkenC.6l!, tbough ou II. miniature flCal!', to the 
great yalley. of the interior. But then immediately 
occurs the startling difficulty, why hal the 80a "'om out 
these great, though circumscribed, depreuions on a 
wide plntform, nnd left mere gorbtea, t.hrough which 
the whole \'ut umount of triLuroted mntter must havc 
been cnrried nway? The only light I ean throw 011 
thi~ enib"llla, is by showing that hanks uppear to be 
formiug in eornc !!eM of the mOlit irreguiur forms, and 
that the Bidet of such hank8 are ro steep (as before 
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alalt-d) that a oomparnti\'ely small amount of ~ubse­
(Iuent ero~ion would form them into cliff,; thaL the 
waH.118ve po .... er to fonn bigll and pr~il)itou, cliffs, 
In-en in land-locked harbours, I ha\'e oh8en-ed in many 
IlIUU of HQllth America. In the Hed Sea, banks with 
lin cxtremdy irre;,rnlar outline and COIUpoiWd of aedi­
ment, arc penctmted by the most singularly shaped 
creeks with DlIrroW mouths: this is likewise tIle case, 
though on II larger scale, with the liallllma Banks. 
SHcil w.nk~, 1 hal·e been led to suppose,' Ila\"6 been 
formed I)y cnrrcnUi beaping lIt'dimcnt on an irregular 
bottom. That in &orne ~S. the ilea, instead of spread­
ing ont sediment in II uniform sbeet, beap! it round 
8-ulimarine rocb and islandg, it i8 hardly JIOM'ible to 
doubt, aner baving examined tile charUi of the West. 
Judiee. To apply tbeile idoos to the "'lId~tone plat­
forms of New ooutb Wale8, 1 imagine that the strata 
might h:H'e been beaped on an irregular bottom by the 
action of strong currcnta, and of the undulatiOlls of an 
01)(:11 llell; lind that the yalley-like Sp:UlCS tlms lefLun­
filled LlIight, during a slow del'alion of the land, ILa\'e 
had their steeply sloping flank, 'It'orn into cliff8; tILt: 
"'om-down Mndstone ~ing removed, t'ither at the time 
whell the narrow gorges were cut by the retreating sea, 
orlub;,equently by allu"ial action. 

Van Die-1Mn', Land. 

The lOuthem part of tbis island i& mllin!y formed of 
U10lllltaina of greenstone, which often wilmes a Byenilic 

c,,~ ~~~.~ . *!:rr:~IJ~",! ~!. h:pi2a~1f1 :;~~~!':..JI~~~~':::rt:. 
n~lea~; • ..-orthJ ottb. aJtice or poi",,"t., fur autJlY_ of the ~e 
oo...po.lt'''n.·Ltb'''' ..... bo.at.I ... lh".f.,rmed;lod~Lf 
uph_~td ID I ........ ;at.a oliff., .....w aat ..... ny be thoa,a;hl t.a bu. t-a 
o.,.,. ....... lL«tooi"'f'Olbt •. 
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character, and contaiu3 much hypersthene. ThC!le mouu~ 
tailla, in their lower half, are generally encased by strata 
containing numerous small corals and lOme shells. 
These shell. ha,'C been cxalDined byl\Jr.O. B.&werby, 
and are deteribed in the Appendix: they cousist of two 
,,)Ccics of j'roducta, and of six of 8pirifera; two of 
these, namcly, P. rugata and S. rotunclata, rcsemblc, 
liS far IlS their imperfect conditiou allows of comparison, 
British llIoulitain~lime8tone sil{'lls. ,Mr. LonKlale bas 
had the kindncss to examine the corals; thcy consist 
oi iix ulldeteribed species, belonging tG three gcncra. 
Spedes of these genera occur in the Silurian, De\Gniall, 
and CarboniferoUj stmla of Europe. Mr. Lonsdale 
remark~, that all these foaiJt 11l1,'e undGubtedly a 
Pala.'Ozoicehllracter, and that probnbly they correspond 
in age tG a dh'i,.ion of tile system nbo"e the Silurian 
formations. 

The strata containing these r{'maint nre llingular 
from the extreme variability of their mineraiol,rical 
composition. Every intcllnedinte form it prcllCllt, 
bct1\'ccn niuty~slate, clay~slate pa,9iIing into grny~wacke, 
I)lITC limCllt.one, sandstone, lind porccll:mic rock; and 
sOlDe of the hoot can only be described 811 composed 
of a siliooo-caicareo-elaydate. The formation, all far 
as I could judge, is at least a thoulI8lld feet in tl.Jick~ 
nelll: the upper few hundred feet usually consist of a 
ailiCilOuli sand~tGlle, containing pebbles and no organic 
remains; tile inferior stmta,of which II. 1)3le flinty date 
it lK'rhaps the most abundant, are tlle most variable; 
and thclIe chiefly ubound with the remains. Betwccn 
two beds of hard cryBt:l.lline limcstone, ncnr ~ewtown, 
II. layer of white 110ft calcareous fIIatter ill qu.arri~d,and 
ill u>I(!d for whitcwlllIhing lloll!lell. From information 
gh'en tG me by Mr. Frankland, the Surveyor-Oenernl, 
il appean that this Palreowic formation ill found in 
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different parta of the whole island j frOIn the same 
authority, I may add, thaton tbeuorth-eastem ooastand 
in BaSIl' Straita primary rocks extensively occur. 

The shorC:ll of Storm Bay are skirted, to the height 
of fI few hundred feet, by strata of sandstone, contain­
ing pehbles of the formation just described, with its 
ciul.rncteristic fossils, and thereforo b!1longing to a sub­
soquent age. These strata ofsunctstone often puss into 
shnle, and alternate with layers of impure conI; tbey 
have in muny places been violently disturbed. Near 
Hobart Town, I observed one dike, nearly a hundred 
yards in width, on one side of which the strata were 
tilted nt an angle of 60°, and on the other they were 
in !!Olne parts \'erlical, and had been altered by tbe 
effects of the heat. On the west side of Storm Bay, I 
found these strata ('apped by strealns of basaltic Inva 
with olivine; and close by there \\'a5 a mass of brecd­
nted scoL'iro, containing pebbles of lal'a, which probably 
marks tile place of an ancient submurine crater. Two 
of these streams of basult were separal:<!d from each 
other by 11 Inyer of argillaCle(lus wacke, which could be 
traced pussing into partially aHered scol'ite. The 
wacke contained numerous rounded grains of a soft, 
gruss-green mineral, with a waxy lustre, and translu_ 
cent on its edges: under the blowpipe it. instantly 
blackened, and the point;; fused into a strongly magnetic, 
black cnamel. In these charactel1l, it resembles t.hose 
masses of decomposed olivine, described at St. Jage in 
the Cape de Verde group; nnd I should have thought 
that it bad ~hus originated, had I not found a similar 
substallce, in cylindrical thl'P.ads,within the cells of the 
vesieuhlT oosalt,-a state undcr which olivine never 
appenrs; tlds substance,1 I believe, would be clussed as 
bole by mineralogists. 

'Chlol'l'lph"';t.e, deouibod bv Dr. Ma¢CuUoch (·WeatemlsIBud.,' 
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TI"at."tII·tin with extin!':t plant,.-Be.hind Hobart 
Town there iB a small qu.,rry of II. bard tra,'ertin, the 
lower strata of which abound with di~tinct impre88ions 
of leal·eII. Ur. Hobert Brown had the kindneilil to 
look at my ~pecimen~, nnd he infonned me that there 
are four or five kinds, none of which he reoogni!'eS ail 

belonging to existing ~pecie:!. The most remarkable 
leaf is palmate, like that of a fan-palm, and no plant 
ha\"ing lea\"etI of thi. structure hM hitherto been dis­
co\'ered in '-an Diemen'B Land. The other leaves do 
not resemble the mOllt usual form of the Eucalyptus, 
(of which tribe the existing forest.. are cbiefly corn-
1>Oiied,) nor do the,. rMemble that chw of eJ:oeptionl to 
the common form of the leal'61 of the Eucalyptll!l, whicll 
occur in tiliB island. The tmvertin containing this 
remnant of a lost \'egetalion, is of a pale yellow colour, 
hard, Ilnd in parlJl el'en crystalline; but not compact, 
and il everywhere penetrated b,. minute, tortllollS, 
cylindrical POref!. It contains a \'ery few pebble!! of 
quarb, aud occasionally layera of chalcedonic nO(hlles, 
like those of chert in our Greensand, F rOID the pure­
ness of this calcarOOIl' rock, it haa been searched for in 
other plllC('!l, but haa Del'er been fOllnd. t~rom thill 
circurn&to.noo, and from the character of the del)()~it, it 
was probably formed by a calcareous spring entering a 
.mall pool or narrow creek. The strata hal'e !ubse­
quenlly been tilted and fissured; and the surface has 
been col'ered by a singular mass, with wllieh, also, a 
large fissure Ill\s been filled up, formed of ball. of trap 
embedded in a mixture of wacke and a white, earthy, 
alumino-calcareouB suhillance, lIence it would appear, 

T'OI.i.p.604) .. ...."..,.-ingi~.~ltiCI·"'rgda.kJid.d.ifl'en,....t.bi. 
nbot.o ..... in n"'tUDing nrla~ before lito blo-Ppe. and in LI&cl<­
,niog'J"o)mUf'O'"ntotht air. llAr"""I'P""'thaloliYint, IDIlDder, 
goiDlf tIM .. ",.rubl. ~b"'l' de.c:ribed ,I 8[" Jago, r-- t.b1'Ollgb 
IenraietatMr 
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all if a lIolcanic eruplion bad taken Illaee on lIle horden 
of the pool, in which the calcari'Ou! matter wal!' deposit­
ing, Illid had broken it up and drained it. 

J:.'l't'ldion of Ole i,'ll.d.-Both th(', {'/lstern and 
webtem ~horClS of the b.'\y, in the neighJ..ourhood of 
Hobart Town, nre in most parta conlred to tile height 
of thirty foct ahove the level of hij:th-water mark, with 
broken &hells, mingled wilh pebblea. The colonists 
attribute the!IC shells to tho aborigines Ilndng carried 
thl'Tn up for food: undoubtedly, there are mlilly llirge 
Illoundl!, all was pointed out to me by Mr, I"rnnkland. 
which halle been thus formed; but [ think from the 
nllmbel1l of the ~hells, from their frequent smnll ~ize. 
from the manner in which they lire thinly I!CI1ttered, 
and from IIOme appearances in the form of the land, 
th"l 'jim mast attribute the presence of the grenter 
number to l\ Kman eIel'alion of the land, On the shore 
of Ralph Bay (opening into Sturm Bay) I observed a 
continuous beach about fifteen feet I\bo\'o high. water 
mark, clothed with \'(~getation, >lnd by digging into it, 
pehbles encrusted with Serpnlre were found: alon~ the 
l)I\nks. alilO, of the ri"er Derwent, [ found l\ bed of 
broken iICa ,bells above tbe ~\Irfnoe of the river, and at 
II point where the water is now much too fresh for !!Ca­
ahellato H"ej but in both the-ec~it i9jll.')tpoe~ible, 
thllt before certain IIpits of II!Illd I\lld banks of mud in 
Storm Bay were accumulated, the tides might OO,'e 
riBen to the beight where we now lind the ~hell!,1 

'h_hl.I>p"".th.otlOme.""ftllH.~II() .. inpr<0'eMinRt.lph 
.&,.. {""I ""'" _,,1"'<1 by an inlllliff"nt r ......... tlultoytterw,"'''' 
fo..., •• ly~bun,l.ntinit, butthAt.\)(Iuttht,.eII' 1831 th"yl,ad,1nthout 
.ny~I'P",.."otcn.e,di"l'p""red. Inth.'T .... n....,tionloflh.)!Rryland 

~tJ:L' ~~o~~.J:r\~J'".~:~lth:::i~~·;:.,.~=~ieot:,~ g:;::lio:: 
lllhn~ up ()f th" _hAllo ... lAgoon .••• d e""""~\ .. on tho .hn ..... of the 
_!.hem enited 8atel. At Cb,! ..... in !!outh ,\m.rka. 1 b .. rd of • 
• imilu 1_. _voi-t by tho i",,",:bit.nt.o, in thtd_pPfaI"l_t",", One 
pa""oIlh._of.nedibl.~pteI ... <lA.dd;'" 
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Evideuce more or lesll di~tinct of l\ change of lel'cl 
betweeo the lJUld aod water, hall been detected on 
almOlit all the land on this side of the globe. Capt. 
Grey, and other tTaI'ellen, hnl'e found in lOuthern 
Au"tl'llli& Upl'lli.sed IIhell;;, belonging either to the rC«'nt, 
or to " late tertiary period. The French naturalists 
in Baudiu'8 expedition, found shells ~imilarly circum­
slnncroontheS.W. eaastof Australin. The Bev. W. B. 
Clarke L finda proofij of the e1cl'ntiou of the ]nud, w the 
amount of 400 feet, at. the Cape of Good Hope. In IhA 
neighbourhood of the Bay of blonds in ~cw Zealand,' 
J obsen'OO that the shol'e!l were 6Catl('red to lOme height, 
.u at Van J)icmen's Laod, with l'('Il-lihells, which the 
eolOlli~ta attribute w tile DatiVe!<. Whatel'er may have 
been thA origin of these ~Ilell~, [ cannot doubt, after 
ba"iug fl('('n a 8eCtion of the I'alley of the Thames Rh'er 
(37 0 :::I.), drawn by the ReI'. W. Willinm~, dUlt the land 
IlIIs been there eJevatoo: en the oJlpoi'ite !id{'t! of this 
great valley, three step-like termcClt, composed of an 
enormous accumulation of rounded pebl)IC'~, cxactly 
corre~I)Ond with each otller: tile e!'Corpment of each 
wrrace i8 about. fifty feet in height. No one aftC1' 
hal'ing p:r.amined tbe ter~8 in the ,·nlle). on the 

, ·~i..,..ort""OfM'll.~fIoo;etY:n,l.m.p."211. 
·1""llb '''lr:'yft .COtVll~o(IIM1 '''':bwb ;'bl.-.l ... ith'''''Ylbft 

Bo.,.'.rl.I .. "'r .. 'aX_7 ... 1 ... d:-I.I.)f ... bl_Ir.oe.l&YJ,.J1d ....n_ 
r" .. I"O<'U. ~rmill@: diltiDct ...... ft ;- -hd,,, _11&1«1 bill olhori_ 
""lAllt"lAo(ftNh_loutoe<lli",_ ... bow;"II'Yb"rl'art~"",,di ... 
tind f ryotl1l1i .. r-., tb. rai.hua.::tro 011 Ih;.rod .. ; ........... k.blo 

~~JE·J:!7.Eil~;~~I:!.~~;:~3~~~:r~:.;~~a~h:~~~; 
or 10"''''' ...... formed or" r.ldopelh'e ....... <Jl. bl~e;.h.gro.,. ..,loQr. 
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01.,.0,0;6. SOrn. Yoriol.' ... ~ .. h;lIhly"rylwlioe. "nd ... ""ld"t"" ... be 
rl'OnollnH<i 10 bo t .... p; oth .... ",rik1ngl,. ...... "'bl«l t)~7 .• I .. ~ .Iightl,. 
~.t.,.h ... t:l ..... alllb]fttorol11l ... ,.dee;ded opia"",oath;l(or. 
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wt'item 51101"('8 of South America, which lire .trewed 
with sea-shell~. and have heen formed during intervals 
of relit in the @low elevation of the land, could douht 
that the XI'''' ~l .. nd terrnoel han, been limilarly 
formed. I may add. that Dr. Dieffen1Mu-ll, in hi~ de­
fcription oftheCbathnm l~land~,l (S.W. of New 7.ealand) 
~tates that it i. manife~t • that the sea hili left many 
IliaC<':!! b..'l.rtl which were once covcred by ilil waters.' 

Kin[l GtJOrye'. &lLnd. 

This seUiement i! ~ituated at the 1lO1.tb-we;lem 
angle of the Au~trnlian continent: the whole country 
ia granitic, with the constituent minerals IIOmetilllcs 
ob;K:urcly arrnnged in strnigllt or curved larnin:e. Tn 
the!!(' ea.ses. lim rock would be c.llled hy Humboldt, 
gnei!l!l-granite, lind it is remarkable that the form of 
the bare conical llilb. appearing to be composed of 
great folding layel"l!, ~trikingly rellCmbles, on a small 
!'Calc, those composed of gnei1lll-grtlnite at Ilio de Janeiro, 
and those deecribed by Humboldt at '·ene:wela. These 
1)lutonie rock. are, in many places, intersecu.>d by tmp­
IlCftn-dikes ; in one plaCE', I found ten parallel dikes 
ranging in an };. and W. line; and not far off anoUler 
Bet of eight dikell, composed of a different \"luiety of 
trap, mugin~ at right anglee to the forme r ones. I 
ha\·eo"bse-rn;d ill !leyeml primnry distric~ the occur­
reDee of sy~l<'ml of dikes pamllell1nd close to each other. 

Supe-rficial jM"11l.[lillOU6 b«U.-The lower parts of 
the country are c,·erywhcre co\·er«! by a bed, following 
the inequalities of the surfaet', of I\, hone:.combed INInd_ 
atone, abounding with oxides of iron. 13('(1. of nearly 
similar composition are common, I believe, along the 
whole western coast of AUlitralia, and on many of the 

, 'O...,.,plIkal Jomul,' \""01. Jlt pp. N2, m. 
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East. Indilln i!land~, At the Cape of Good Hope, at 
till' b.ue of the mountainij formed of granite und capped 
with .aDlMone, tbe ground ill el'erywhere oooted either 
by a fin4>grained, rubhly, oehraoooUI mass, like that. at 
King George', Sound, or by a coaner 8and'tone with 
fragments of quartz, and rendered hard and beavy by 
lUI abundance of the hydrate of iron, which presents, 
when freshly broken, a metallic IU1!tre. Both these 
nrietieslmve a very irregular textur(', including spaces 
either rOlluded or angular, full of looae saud; from 
this caUI!e the surface is alway. honey<ombed, The 
oxide of iron if most. abundallt. on the edb'UI of the 
ca\'ities,whl''''' alone it afford! a meLAllic fracture. I n 
tbeee (ormation" 113 well as in many true 8edimentary 
dep06iu, it is e\'ident. that iron tend~ to become a~ 
g ,tOO, either in the form of" shell, or of a net.work. 
~'hp origin of these superficial beda, though sufficiently 
obscure, 8eeWi to be due to alluvial action on detritus 
abounding with iron. 

Supelfici<d calcareous (upoait.-A calcaroou~ de­
posit. on the 8ummit.or Bald lIead,cont.<l iniug branched 
bodies, 8ullpo!!ed by IIOmeauthol'fl toha\'e been comb, h3.ll 
been celebrated by the dC!lCription8of many distinguished 
"oyagerL1 It folds round and ooncCflI~ irrrgular hum. 
mocki of granite, at the beight of 600 feet above the 
le'·el of the IK'B, It \"lIriC$ much in thieknC8llj ""here 
~trntifioo, the beds ate often inclined at. high angles, 
even ILl much 8ij at 30 degrees, and they dip in all 
dil't'Ctions. ThC@e 1Jed.;j are IOmetimes crossed by 
obl iquo lind e\'en-sided lamina!, The dep06it consists 
eithl'r ofa fine, white, calcaroou8 powder, in which not. 
a trnce of Btrnct.ure can be discovered, or of exceedingly 
minute. rounded grains, of brown, yellowish, and pur-

'1,:ifit.dtbilbill,i"compau,ywi,hCapiaiftHtdt-Jr,UId ... calne 
1-0,. .illltw cOllduioll rog:udi", tb.t Ln.odIi.., bod; ... . 
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plish colours; both varieties being genernlly, bllt not 
II.lwaYI, miled with amall particlet of quarlt. and bdng 
eemented into a more or 1('111 perfect stone. The rounded 
eniearooul grains, when bpated in a slight d~. in­
rtantly lose their colou",; in this and in en'ry othpr 
respect, closely regemLling tllOl!6 minute, equnl-si.r.ed 
particlet of ahells and corala, whi('h nt St. Helena have 
boon drifted up the side. of the mountains, nnd han" 
thml been winnowed of all coarser fmgments. I ('annot 
douLt, t1u:.t the coloured ealearoouJ pnticle. herd have 
llad fl similar origin. The impalpable powder hilS 

probably been derived from the decay of the rounded 
particlee; tbis certainly i. poe!ible, for on the ooa&t of 
Peru, I have traced la~ uJibroL-en shells gmdually 
falling into a 8ubsumoo as fine 118 powdered ehalk. 
Both of the aoo\·e..mentioned varieties of calclu'wU8 
I13Dwtone frequently alternate with, and blend into, 
thin layen of a bard lubatalagmitie 1 rock, which, even 

n.':"!:I~~~;·(. ~~; ... ::.n~/:.I;~;~e~~Iili! ~.!l~:~~ 
to'ea ... ·o.bfo .. ft~...tfl_,.;th.,.t ... ,~ry""'IIiD •• tl'll(tll ... 
• hith ........ _P*._ .. .-&t'.I .. Iou:--a«a .. "lootin ... I 

~:~~odot~Dh~~~ ~~~:~c:;~~~~::; 
""""'" ift I .... I'b.to. and l"'bIgOni~. !10m. o( th_ bod. hu '-n 
(o.mo<l rn)I'R d_)'od obeU .. b~~ th <>rigi~ n( tl .. gtMt~r nu~b •• "' 
... lIId .... tl)' ol_n.... Th. rn .... hi~h d.term_ina ..,.t.tI' 10 d,_I,.a 
lillie. .bd tINe. -... 10 ...t.~t it. .... -. I thInk, Dowl!, n. ....... 
.. <>f tb •• t .... l..gmit;. Ia,.n.~ .. .1_,. to b.corroderI '" It.. 
",u. wattr, A. all u.. .t-. .... u.-..t tornt";. loa,.o • ~ d.,. 
__ .COUIP*...twithtb. ninl ..... • I .t.o.ldb.ntboaaobtthalth. 

f=~-;el~~;,:::::~;:.= =i~~~h :~;~:::.t~I~r::n': 
pattd .h.lI _. to he ut .. '''HI, ~lftbl~; or .• hieh.' (OIInd,ood 
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"'hen the glooe 00 each ode contain. particlee of quartz. 
i, enti~ly free from them: hence 111'0 must. IUPpo&e that 
thete layC'r&, n. well lUI certaill vein-like masae., ha\'o 
bet>o formed by rain di88Dlving tho calcareous matter 
and re-prt'eipitatiog it, as baa happelled at. St. Helena. 
Each layer prol:obly marh a fre&h ,urfsee, ..... hen the, 
now firmly cemented, particle, existed Il& lool!e sand. 
Theile layers are sometimes breoeial,('d and rl'-C('mented, 
as if they had been broken by the Blipping of the sand 
when 10ft, 1 did not. find a Bingle fragment of a sen­
Ihell; but. blmched shells of the lfdizmdo, an el:iEting 
land sp6Ciea.abound in al1 the strata; and 1 likewise 
found another Helli, and the ease of an Oniecm. 

The branches are abeoilitel, undi,tingui~hable in 
shspe from the broken and upright lotllmp.of a thicket; 
their root. are often IInCO\'ered, and are IeeD to diverge 
on aU side!; here and there a brnnch Iiea prOEitrate. 
The brancli('fl generally oon8iat of the IIIlntM.one, rather 
finner than the 6urrollnding matter, with tho central 
parts filled, either wilh friable ealOfll"l'OlIB matter, or 
with a lubrialllgmitie variety; this oentral part is al80 
frt'qu(>ntly penetrated by linear eroviee!', IIOmetime!', 
though rarely, containing a trnoo of woody matter. 
Th_ ealeareou;l, branching bodieo<, appear w have 
been formed b, fine ealeareous IUIl1ler being W8!1bed 
into the cuts or eavitie~, left hy the decay of hraoches 
anel roots of thickets, ~Ilried under dritled sand. Tbe 
111'11011" lurfaee of the Ilill i! now undergoing disintegra_ 
tion, alld hence the e~ts, wllich are compact alld hard. 
Ilre l('ft projecting. In caleureous IItmd fit the Cape of 
Good Hope, [ found the cast~, deeerihed by Abel, quite 
limilsr to these at Bald Head: but lheir centres are 
often filled with black earbonaoooull matter, not yet 
removed, It ill not surprising, thllt the woody matter 
.hould 113\'e been alm08t entirely removed from the 
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castl! on Bald Head j for j t is certain, tbat many cen­
turies must ha\'e elapsed since tile t1licketl! were huried ; 
at pre-ent, owing to the form and height of the narrow 
promontory, no Mnd i8 drifted up. and thf> whole sur­
face, as 1 haye remarked, is wearing away. We must, 
t herefore, look h,'lck to a period when the land stood 
lower, of whicb the F rench nllturalists' found evidence 
in upraised sbeUiI of receut 6pecies, for the drifting on 
Bald 1I ~'lUl of lhe calcareous and quartzose i;l\ud, and 
the consequent embedment of the wgetahle remains. 
T here W1l8 ouly one lI]lpenranoo which at fil1lt made me 
doubt concerning the origi~ of the cast,-1I1unely, that 
tbe finer roots from different stems solDetimee became 
ullited tOb-ether into lI]X'ight platetl or veins; hut when 
the manner is borne in lDind in which fine rootll often 
fill up cmcks i8 hard eartb, and that these roots would 
decay and lea\'e hollow8, as well lUI the stems. there is 
no real difficulty in thi8 case. Beside& the calcareous 
branches from the CaI)6 of Gwl Hope, I have l!een 
clUlt.il,ofelactly tile MUle forms, from :\Jadci rn" and 

m.: .~.~p.~aRi'~~m~~.\~:j;!;.~:;' ~d\~~~~; 
(rom i\b. t<mithofJordaftH,I\)lh_l .. li .. tobe..-l .... ...Jlbe""l. 
""I'<IOU;" d ...... t r.o be ofoul.,q....,,,,, 01"8'0, J!i. . rgo","ot. ""d,~ reot 
(r""h .. re',,,,,k.,,ntheirllt,,,.tu,... .... """",,)<>Dthe greo.tqU/lnt>tyor 
the"1""""""" m"ttn, and on the "" ... <'OfIlAiniog koimol "",tie •. lUI 
.b ...... by lMi ..... ,,1.,"1' .",_i ... Hod I),. M .... ulay _ tl>e ~ _ 
__ orrollodpa .. i.l .. ol ... U •• ""e<> .... looalb .. '-bof 

~~~u1;i:~~?~~I£r~~~~;:q~~~~~~2bl~ 
:!'di~n";=~l.~l~:O~~f;.,.!f.~h~:~;=:. ~I~:i~~~ o:,~~'i! 
"'M~ mill'bt ru." bee .. upected. :Mr. Andt""'" .... klyud fur Dr. 
M .... aIoypto11.ol.eMt,.""bofouditoomp<>H<l0l-

c...oo...le 01 li_ 
f;ili ••.. 
]>]KIoiph"le of limt 
A"i"",] m~u. •. 
SD1rw.tlor liml 
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{rom Bennuda; at this latter plaCE', the ~urrounding 
calcareous rocb, judging from tbe specimen! colleeled 
by Lieut. Nelaoo, are likewif!EI Ii milar, u il their SIIb­

atrial formation, Refleetiog on the ~tr.1tification of 
the depollit on Bald Head,-on tbe irregularly alter­
nating layers of aubstalagmitic rock,-on the uniformly 
~ized, and rounded particles, apparently of sea-shells 
and oorai!,_on the abundance of land-llhells throughout 
the ml\.S~,-nnd finally, 011 the abeolute resemblance of 
the calcareous C8!!ts, to the stumps, roots, and brancher; 
o{ that kind of \'egetation, which would grow on sand­
hiliockB, l think thrre can be no roaiIOnable doubt, 
notwitlu,t3llding the different opinion of IIOme authors, 
tbat a true view of their origin hQ,J been here gi\'cn, 

CalcarooU3 depollit.e., like theee of King George's 
Sound, are of \'lI8t utent on the Australian shore:'. 
Dr, Fitwn remarks., that' recent c .. ,lcaroous breccia (by 
which tew, all these deposits are included) was found 
during Baudin's voyage, O\'er a bpace of no less tlmn 
25 degrees of latitude andnnC(luul extent of longitllde, 
011 the 8011them, wCI;tern, and north'wC!itern ooasu," 
It appenrs alao from ),1. ])cron, with whose observations 
and opinioll! on the origin of the caleareou! matter and 
branching casta mioe entirely .coord, that the deJXlll-it 
is gt'nerally much more ool1liollOIi' than near King 
Ge<lrg6'1 Sollod, At Swan Hiver, Archdeacon Scottt 
~t"lle8 that in ODe part it extendt len miles inland, 
Captain Wickham, mOTOO\'er, infom's me th.at during 
hiB late survey of the wClltern cooat, the bottom of the 
sea, whercver the ,'essel nnchorOO, WD.8 aacert:liooo by 

=j#i]~~~~~~i7~£f}:g~~~~I~~ 
ol'iairlll,ed;battJle,ditr.redrn..wul.",,*",MeflorQtb_atBald 
lIad,.odl,",<Ilhe.p~.1xrr • .,..,;tled, 

• '1'--1;"" of Ih. 08010(, Soc..' ~oI, j, p, no, 

The c..mDlete Work of C."18rMo.5 Darw 1 ~ 



166 Cape 0/ Good Hope. 

cro",··ban being let down, to consin of whila calcaroolu 
malter. Hence it _tn~ that along this COIl.IIt, &II at 
Bermuda and at Keeling Atoll, sublnarine and sub­
!lenni df'positl are contemporaneously in prQCeIJS of 
formation, from tht dilintegration of marine organic 
bndi{';!. The extent of U\eae deposita, con~idering their 
origin, is ,·ery striking j lind they enn be compared in 
this re>peet only with thf' great coraJ·reefiof the fndian 
and Pacific OceanlJ. In other partll of the world, 
for instance in South America, thf're are 8'U~iaL 
eaJenreous deposita of ~,.reat extent, in which not a trace 
of organic structure i! disco,·erablej these obeervations 
would lead to the enquiry, whether such deposita may 
not., also, have been formed from disintegrated Ihelb 
andcoraJg. 

Capo oj Good. Ho~ 

After the aceounte given by &rrow, Carmichael, 
Bnsil Hall, and W. B. Clarke of the goology of thiil 
district, I shall confine myseJfto a few observations on 
the junction of the three principal formations. The 
fundamental rock ia granite,' ol"qlaid by claY-lilate: 
the latter is generally hard, and glOSily from oonhl.ining 
minute _lea of mica j it alternates with, aDd pa88C8 

into, beds of IlighUy crYItalline, feidsp:\thic, alaty rock. 
This claY-liJate is remarkable from being in IIOme places 
(all on the r~ion'8 Hump) decomposOO,cl"en to the depth 
of twenty feet, into a paJe-coloured, mndstone-likc rock, 
which has been mistakt:n, I believe, by some obierveI'!!, 

''''_u..!rI-,1 ot....I i. th.JTI'IIIIi~ .... U dt..k~ 
bfJl .. _r-I0( .. ,.,.~..w.1lI block ..... i •• toII,Ifh t.. ... hi 
IIKICbe.pil<e. I ""'ad~.,.-.Loolblld: .. hori ~i&LiDlff'- lco._ 
ftD""'. lJr: A..w- ::<mit.llro) ... d.ial.bolDtInoI"puUD(I.bo~uy. 

::~. ~:r:f~~k':"::': '::'~D:!~ ~;"ti ~~ ~ndiO::::; 
t'=&i·n~::d ~~r.:':li:. a:..:'::'lI>o with ery.ulli..! tddopar 
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for a Jeparate formation_ I waa guided by Dr. Andrew 
Smith to a fine junction at Green Point bet.ween the 
granite and eIaY-f!late; the latter at. the distance of a 
qUllrter of a mile from tbe @pot., where tbe granite 
appeo. ... on the beach (though, probnbly, the granite is 
IIHlen nearer underground), become. slightly more com­
pact. and cry~talline_ At a less distance, IIOme of tile 
beds of clay-slate are of a homogcneou8 tCJ:ture, and 
obicurcly striped with different lIonea of colour, whilst 
othen are obicurely spotted. Within a hundred yards 
of the fiut vein of granite, the clay-slate cousistil of 
Ie\'eral \'arietie8 j BOme compact with" tinge of purple, 
olhen glistening witb numerous minute scnlCII of mica 
and imperfectly crystallised felclJJpar; Mlme obecurely 
granuJar,otben porphyritic with@rnall,elongated&pol8of 
a 10ft. white mineral, which being eusily corroded, gh'ciJ. 
to this variety II. \-eaicular appearauce, CIOIe to tbe 
granite, the clay-slate is changed into a dark-eoloured, 
laminated rock, having a granular fracture, which is 
d uo W imperfect. crystals of feldspn r, OOllt.OO by minute, 
brilliant, scales of mica. 

The actual junction bet.wC('n tllo granitic and clay­
alate distric18 extcnru o\'er n width of about 200 yurd!;, 
nnd coIIsis18 of irregular Ill.Il!Ioa and of nnmeroW! dikes 
of granite, entangled and surrounded by the clay-!!late ; 
1ll000t of the dikes range in a lo."W. and SE. line, 
parallel to the dea\'age of the slate. As we lea\'e tbe 
junction, thin bedi!, and lastly, mere films of the altered 
day-alate are I!eCD, quite isolated, 8.8 ifftoating, in the 
coarllCiy-erylltalli.i!ed. grnnite j but although completely 
detached, they all retain traces of the \Llliform N W, 
and SE. cleavage. This fact has ken obBen'ed ill 
other similar enses, and has been advanced by some 
emincnt geologists,' as a great difficulty on the ordinary 

, S- M. A.,;lho. .... Tb....,. OD GNDiu,' uaaaltl.ld io the· E<!;D­
bllrfb N.wl'hilo.opbicalJOIlI'IW,'1'Ol. :uj,. p.~(12. 
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theory, of granite having been injected whilst liquefied; 
but if we reflect on tbe probable ~tate of the 101\'er 
lIurfnce of a laminaW tna8I!, like cllly.~late, after ha"ing 
been dolently arched by II body of Ill(lltt:1l granite, we 
may coneludo that it would be full of fiseuretl pnrallel 
to tho plun(>fj of clea\·age; lind thnt the~e would be 
filled with grUlllte, so that wher!wcr the fissures were 
clolle to each other, mere parting layers or wed~ of 
the slate would depend into tho granite. Should, 
thereforI', the whole body of rock :.flerwurds become 
worn down and denuded, the lower endlof these de­
pen(lent IlllWeI!I or wedge& of slate w(luld be left quite 
illOlated in tbe granite; yet they would retain their 
proper !inOl of clea.\·age, from having been llUited, 
whilst the granite Will! fluid, with a continuous co\-ering 
ofclaJ~llIte. 

Following, in company 1\'ith Dr. A. Smith, the line 
of junction betwe('n the granite aDd the siate, Ill! it 
@tretehed inland, in II SE. direction, 11'0 came W II 
place, where the slate was converted into a fine-grained, 
perfectly cbaracterised gneisa, composed of yellowish­
brown granular feldspar, of abundant black brilliant 
mica, and of few and thin laminm of quartz. From 
tile abundance of the mica in thil gnei8l., compared 
with the @mallquantity and el"eeiiilh"cly minute !'Calef!, 
in "'hieb it ninl in the glOl!S)' clay-el~te, we must 
conclude, that it hilil been here fonned by the meta_ 
morphic aetion-a eircumstance doubted, under neerly 
simila r circumstances, by IIOme uUlhon. The laminm 
of the clay-slate are straight; and it "'1\& iutere8Ung W 
observe, that IlS they IU!ilUlnod tile character ofgneilll!, 
they bec/ulle undulatory with some of the stnaller 
flel"llre& ongular, like the Inminro of tn/lily true mela­
morl)hicachiaU!. 

&nd8toM jormatwno-Thia formation makca the 
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mOIl irnpoaing feature in the grology of Southern 
Africa. The strata are in many par'lll horizontal, nnd 
attain a thickneHil of about 2,000 feet. The I18ndstolle 
varlet! in character; it contains little earthy matter, 
but is often stained with iron; lOwe of the beds are 
\'ery fine-grained and quite white j othe ... are as com. 
pact. and homogeneous as quart:!: rock. III some places 
I obl!encd 1\ breccia of quartz, with the fragmentB 
nlmOl!t diS8Ql\'ed in a siliceous paste. Broad \-ein8 of 
quart~ often includillg large and perfect crybtab, are 
Yery numerous; and it is e\'ident in nenrly all the 
~trata. that silica has been dl'potited frOIll solution in 
relllarkable quautiiy. 31anyof the \'srietiesof quartzite 
appeared quite like metamOf']lhie rockJ; but from the 
upper Itrata being al eiliceou8 as the lower, and frOln the 
undisturbed jUllctioo8 with the granite, wbich ill many 
lliacet can be examined, [ can h:",dly believe that these 
IInl!dstonMtrsta haye been e:zpose<.\ to hent.1 On the 
lines of junction between thC6e two great formations, I 
foul\d in Beveral places the granite deC<lycd to the 
deplh of a few illChl'!l, and 8UCct'eded, either by a thin 
layer of fern'ginou8 ~hale, or by four or fiye inches in 
thieknel8 of the rl'-i'l"mentoo cryijtal8 of the gl'8nite, on 
wilieh tile great pile of S3ndswne immediately rested. 

"-Ir. Schomhurgk has described t a great tandst.one 
formation in northern Brazil, re;;ting on grtmit,e, and 
resembling t.o a remarkable degree, in compolition and 
in the external fonn of the land, thiB formation of tbe 
Cape of Good Hope. Tbe S3nd.tones of the great plat.-­
form8 of Eastern Austl'8!ia, which nlso rest on granite, 
differ in containing more earthy and leJ13 hilieeous 

, The R.~. W. B. Clarke. bo ...... er. IlalM. to my lUI";" ('O""-ng. 
1'-1;II/rI.' ",L iii. p. 422). th~t the .... eI.ton. in O(oml Jl"'rt. ;1 P"'n~. 
lrIit.d by rnitic:d,t .. ; .... h d,t .. mu.~btlO<111'lo .n .~b.l~ht.­
l1Ib.equenttothatwhealb.moIt.eD~nl1 . aetodont.bed .. y.oIate . 

• ' OlllJl"!phioal 1000000000,'TOI. X. p.. 248. 
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matter. No fossil remains have been discovered in 
these three vast deposit!!. Finally, I may add that I 
did not 800 any boulders of far-transported rocks at 
the Cape of Good Hope, or on the eastern and western 
~hores of Australia, or at Van Diemen's Land. In the 
northern island of New Zealand, I noticed some large 
blocks of greenstone, but whether their parent rock was 
far distant, I had no opportunity of determining. 

c The Complete Work of Charles Darwin Online 



APPENDU TO PART 1. 

DESCRIPTION OF FOSSIL SID:LLS. 
BT O. B. SQWERBY, Etq., Y.U 

SUILLa from .. Te..tia:ty depollit, beneath .. great '--'Hie 
.tf\'8ln, at St. Jago in the CaJle dol Verde Arcbipelago, 
referred toatp. 60fthia vol lime. 

1. LlttOIIL'f,\ 1'w...'<.t.Xl5. O. &newby. 

T,.U 'UboMld, em"". Iln'iyatd, ,m/rlte/ilm. !l!'!"t_, 'I,iraliter-

~~,::.,":;.:~~dl:"'~~,~~'"t~r";t'''dq" parl~ 
In''-ture.odne&rlyiDfn,mth~_)IbIM .. MnalI~riwiDk1e; 

~~i~~il:~::ril,';,ezl::~~pi:, 'i:~:et:tl~;~~,:!~ 
uiDtbel'llTpUne. Amoogtbe_tllhtollafromtbe_locaIlty, 
• ooe .... ru.b pet.lly..-wblE. th ... Dd",hitb .... " be idfllltical,but 
",hichiaa'ferJyoll,,!!,wn,and cannottberef~be ortrictlycom. -. 

2. CUlTlUUlI A:IIVl.Ull. O. &-by. 

TNtd 1IM~I..mt,l, nJn,n.tricotJ, IJ~ nJiNlnto, moJranilnu 

~~t;fag;~;~~f;~~?i~7i 
lal..fr7,poU. 

This lJIIICi. ~nbll!ll!!o _rly one of the .hell. hroUjl'ht to­
getbtrbyt.man:k, uooer the 1Wll! or Gtrithiwu Yertagu&,tbata, 



3. ,oElfl:l8Il11l:L.U1. G.SocoerlJy. 

T~.d roIMruitftl, romJ:~, (",rilUNlld, cr-', f'OIlii olitouil, 
(",;--..lil.(oflffllir;n,,"nt~ptJftiNq!Ul~ul"I."InMJiulil, 
"rfflc<" .. (i",,/i JIOItW "ll"'" 1:<11c", l"li..."d4, i>llprt";",.. 
'''/'''''Woooli ptJftie<J rimdari .. IONf/, ]'d, "U. ]'('1, wt, ].,';, 

""". 
" wll ... bieh i. intenDed.te in i~ ebaract.:n, tAkillg iq 

place bet .. ·toen tbo r ....... MTJot'OItIor tboBritiohCban""l.ndlbe 

:;~;~':....irf~~~t I:; ;;'f'I=t:b:':"~~:~I'ri; ~,:!C!~~i~L 
lre di,;dedinto tuberd"" both ber"",."dbehmd. hilBlloOofB 
m0f9circulMrormthaueitberorth<*llpeei"". 

The follo"'ing Shells, from tho IIIUllO bed, M fn M the! ca.n 
be diRtillguished, arc known to be recent. .pecieol :-

4,l>trIln'IU,,°I:C'C1I. 
6.")lrull)~1II" .. l:lmI .. LIL $orcw/Jy. 
O. CON!;' 1'&,"lILATVI. Mill, 
7. FIII8I:IU:Ll.A OOARCT"U, KiNg. 

not! i.!:.·~~~t1l"O odd ,"al,'., but in -.u:b ooDditioD lhat it can­

D. OIIT,.. .. OOIl.'<I:OOPLL Lmo. 
10. ARC\. Of .. U. Ltrt.. 
II. I'AT!:LLA lHORIT.A.. BouUJ;'" 
12. TtIlIIlT.a.l..' BICI1iO!;UTAP fA.,. . 
]3. 8T1Ullntl_IOO much worn.lId ruutilated 10 be idenlified. 

}:: ~!~~:Y:.::'DI·~T.:i~"!;" 
IO.I'llCn'lf, .. biebinfonu_mbl",,~,but .... bicbil 

d~ti"tfUiwble byeevenJ dwulffI. There ~ 001,. •• i..,16 ...un, 
.. be""rore 1 eallDQtoolll!.ider wYflelf .. -am.nted to d_ribol it. 

17. PI:U IUBIIUPlLlll'A. Killl!J. 
18. TaocIl I:ll_iDd~lenui .. ble. 

(c) The ComDlete Work of Charles Darwin Onli.-.e 
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EXTISOT LA..,\1)..5IIELLS FHml 81'. HELES.\. 

The following li11peciee were foond WIIOCiate<l together, at 
the boltomof a thick bed of moold j thelutt"'oBpecies 
nlmely, the CochlOfJ~_ !,,"ili$ and lltliz biplicaJa were 
fOQnd, together with a Spoo1t'11 of 8McciRta now living on 
the !aland, in a very modern caicareoull Ilandstone. 
1'heee Sheila are referred to at p, 101 of thia volume. 

I . Oocn LOOE..'I.I. AVJI./&-\"ULPIl<A.. Dt.J'tr. 

Till. lpe!'ictl i~ ... ell d-:ribed alid figured ill Mattiui Rud Obcru-

f:;l~~~;Er~~u~i~tt :~!E S.J~~n~u::~ 
t!~il;., ~:~~::by~:b~::d.uW~:~*~ :b~I.~= 
tohayt~very ... cllae<J ... int.ffi""itbt.ht;rl"81'-1itr.and ... bo 

:~ t:~~~~-:~~;;o~bi,::i;~t~""::ii;:~t~: ~.I!,:~~ 
and .... bil>h ....... idtobefromOhi .... TbeI"@.~D'-otiun .... biebbo 
t... p'·en ill '-okt>n rrom tbis indi ,idual, and .Ppear1I to ...., to Iu .... ~ 

~~!:lrb:te~':hl1::~R~ ,re\~;:~'~l~:ha~:"~n':i~:'~i~ 
d~otal1y or in~_I<'dI,', afier ~itW thI'O"F(b two or three hllrld., 
B<lld 1\1" Chine. ... ~helL I thInk i~;. not J1<'I"'ihl6 that" ~hcll of 
thu~Jl'IK'iOllrou'" ha ... lbeeOrellUyfoundinOhillB; alldamool!"the 

~:;::r 12:;~~ii~~'::·~r::~ c::.e 'Obt!:Oi~:~f~ ::w~; 
himeelflOe·tabli.!.h.ne ... ·p-eousfor Ih6rectptiono( lbi~...,markable 
IbcU.tboo,t>heerideotlycoukinolrolI.16it .. ·itblDroftbolbcn 
knoWll~ ...... ,andthough he did nOlthillk ita l.nd-flheU, be bu 
t.alledit.AlU"i#-rtJpilt4.:t.war"Ckb..w~itNlbeaeoond 

~b7.;!O~:ir::: !~'''~;v~'ffio~~~ =.;~ 
be 00 doubt about the co~ Qf De Fe~·. lie .... , ... hQ 

r=~i ~~~ !:~.:u.t.!~ri::;::, =:rd~~i,iII~cipi:, 
:!:C'::n~':!h)::a~ ;:i~'l!:c~;;~·fott)\\;:~ty or Ihis lpecie8 

OOOllLOGY.l<A. A.URIII-'\""ULrl)l~, Mr. 

Tutti IUlipy,.",,,;,;,,{i, "pUt","" ltra-wn·, In/);II IClUion', IIIIIg. HlB, 
upUt .... .z(},O,/nt.(} ... 7"II)/J. 

O ... -The proportions or thi. difler rroo,too.eofthe IM ... l 
, .. riel~·, .. ·bieb are .. folllll ... :-Lenglh 1"6l:i, of tbe apert"re I·, 
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width 0'00 inch. It iAWQrth"o(olw!en'atiOD,thRt IIlltb"3h,,Ill! 
of this Yllriet~· eIIUJe from /I diffe",nt partol we i~la.nd, from the 
foregoiogspecimens. 

2. COCIlLOOE:<& I'QIIIIII.U. O. &M.rby. 

TMt:!..:,"'::t;.;~~~::;~tt~!~~~":::' p~x~am;t;,;:::.,,~ 
"t-i""4 ./Ahmvrta : 1"'roIN"'''t~C(>nt'"I«>! "dJi..cra....t,,; .. mmlle<> 
pan'O: loNg. (}8, W.O·37,pdJ. 

This A~i"" is of the .l3tul'e of C. GumJ(lllm~, but lU&y 

~!~~~'::~~~:8Er!~7;~~~~1~~t::b~td~~Fro~!:;~ 
OOllectlOD of thol GeologiClflI Society. 

1. CocnLIooH AURHtC.\T~ . O. &lcwby. 

TUi: __ «::'0"tt~'~ai,:r:;:;.:;~a:~:u~ cr~:t:;4 7'~;:t':'~ 
<>V<rtd,I>O<tidll<'Uld,u.mo ..nn-fw/nlui: rol.""d/d oIw>Jol~,uh­
Iru0lCld4;u",bilioom;nimo:luuf/.O·O:I,lal.O-28,I>i!11. 

TI,;sMd the following &lOl p18~ with J)6 1Ienl~·".u~DU' 
CocILlico)Jfl, lJOOIIul!6 the)'lInl 1U000tnoorlyrelatedtohis Oxkli«YJ>fl 

~fr~~r~~1i;;~~t'~I:~·:rr~~:~~~;:r~~~f.~~l~~~~ 
youu~.helb"Dd .. n egg .... el"e fonnd,whieh I eonjoctul'll In belo;mg 
tolhil8Jl9Ci ..... 

2. OOCTILIOOrA TERl'.nELLUIII. G.&werby. 

TnUi obl~!ld, "Yli~dr"""'""PyTamUal<", al.tce OOtunl/,flCUlo. mtfntl!t.wU8 
~ ... ~, I<eribU8: . ...turd p<W~ C'ffIlula/<i; a/~tura MVlli, 
~id MIlIa, /a/JI0 t.tltrnO I ... ~i, aNt~ Ihdi,';; calutM1M 
oo.okt~ tru"""'a,lImbiliN) min'mo; [O>l!f. 0'77, .lid. t}25, 
poll. 

Tbi!8pecielldllfe ... rrom the Jast in beingmOl'llcylindrical,lInd 
lnbei!lfl."n6llrlyf....,,""henfull~"W!I,fromIMobtn ... fold.oofthe 
p<lIIterior ,·oluliou., M well &II in the fonn of the Qperture. Tb .. 

L~~~~:,:!~e~~ !:I~:~~~ud\:~~.:11:ally !WIOO, lind they 
1.1h:I.IXllILAIf1':LLUA. G.&nt:wby. 

T,#/d <J1"breu./afINkprrMII, 8pirJ pluM, arofrncl.ibU8 .... iI, "Itimo 
IIWIWJ renl~,,,,~ ""!Iulan: ",,,MiN) parl."o ; "pmUM 
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_,1 .. ""r •. ... ~utiU~t4,hJJl·Oflrl",.ot,," .. i: iJOt_ 
pllCU.-o... .piNdibti.t, ptJftic4 -.J<WO: fqtlg. 0"16, lat. 0033, 
,.a. 
The youDfl' sbell.o olthio ~iM lut, .. e "~r:r .. WFl!reDt proportioN! 

from tbOlle ...,.ked aI;"m., their axM heiftJl' nearly .. gtWot .. tbeir 

;;~~.t.h''f]~~\~tilit':!~::'':8a:;~~:I~=;!~:;~ 
tbere IN IHen] tQ whi~h i~ appeo'lrs to hI"e lIOme ... IOf!1, 8u"h all 

IMir~'ill"fiu"'OT{;ookiatM."ndll·flUlnrU:inbothoft~, 
hO .... l\'er,t!iei"ternalepi"'lplaitll .. ,...,p]~withiDtbeouterwlll] 
ofthe8hell,Rnd notuponlbeim'erl"noiOll.,uinll.fiJ.·bi/Ilf".UaUr. 

~~~ ~ i:n~te;n~..d~-=';:: :~chdiit,~tUf:~~~~~;;r~~~ 
~~~~7.:.!DO~h~.ii:'~,:.~ ~t~;n!t~~~,r :~:i':! e,~~ 
tbe inner willI or the 8hellj it ...... broughtfroru Tahiti,in the B"". 

2.]1zLIl: POLnlOO!J. G.Sott-triy. 

T-aT~:g~~~~~~~ 
Thi, i~ lIomewhat rel .. ted to llrN.r NWflorln of DeFe~, 

'l\Ioll. terr. et lit,,·.' T"h. 61 A, f. 2 j but dilfen from it in ",,"ersl 
particulaT8. 

3. Jh:LiXsrr'RC,\. G.~. 

T .. II ,..I-w-l,,", ~ra ... bNn",id..f, obi....,: ",,/rtJrliina pmuor 
t~mitfu, ... tJ.tn""i,: aptrt ...... ""'fI"iI.P<""lrffllat. Im"i : " ... bilico 
pmw,profw"'o: hmg. O'I,Lrt. (H3,poIl. 

EUilydi&linguiahedfromlUirptilyod<1l<,hyita .. ide,toothlMa 
.~l'tUI"8. 

4. HIlLIl: BUUCJ.T.l. G. &nrlIy. 

TQt:ptrt-=:.~w:~~;,.~..Etr~;!~t:..~=~ 
"'''.iori ;"",bi/K'Omt1!1''a : /<mg.(H).i,lnt.O'I,poll. 

This mUlt bel'l'gllrded III! perl'oJo('t]~'dist;net f'romlM,:rbiUrm~U<rf", 

n:t~rU~\t~ i;!!:;~~ :;..ru~i~~ ~O'l'~';f~~ l~~I'R!~ I~::'e:~ 
r~i:"~~ :~~!.;7h ~:~.~!i= :cz; ~.:~ t~~ert~: =.tetl with. liring Succi~ ia tbe modem ealCl1't'Oll1 MDd-



176 Appendix 10 Pari f. 

1'.\.I •. E07.() IQ sm:u.s FltO~1 ,'AS D1ElIES'S L.\SD, 

RUEB .. I:DTO ... T P. 15.3 OPTlIIt \·OLcall. 

l.l'IIODCC'u .. rIUT.I. 

,.~ib~l'f.m17.!'(: b':I:~:tTh;::h::~ ~~\:i.,:=I, {i~'t~~ 
it 18, howe"er, in 100 iUlpo!rfect aro.,.j, t ion \.0 allow lUll \.Odecid~ 
JIOIIit;'·ely. 

2.I'R{mt'cr"IIIL.C'n1'TII..IIIIC'$.(J.~. 

l'roilwttr, TNl4 .HhI,..,pt:i/_i,<'Ompr.-4"p"l'tt til"" fat;.";",, 
lliloiJJ,pMOt..f""1Ioutjon·, IjlUWlcan/.It(J/, linn: 

?! 1~~~~~;a:!7~=~r~~t 1~I~t~?r.aJ 
tlae.d:;ti&illliweollone,ortbeonliDllrJ'~eoIouroflUOUlltr.iD 

fff:~~~~~;:f4~~~:~~~r~1.t£§S;g 
IlCClOIUr-niedbyotherlhella. 

I. SrllltnR.' BUaR-mUT,.. O. 8ot«r/;y. 

Sptrt/_, TN/.4 f«riM·m4. J!<U1~ mN/j",.4 latd, rmJj;, lat""lib ... 
odriNII"Urtrip"wcif,._~':" 

The brttdlh of thill ~n iA rube. If'"lfI' tlwl i .. ~lIIrth. Thfl 
"'Yloftbelal"'raI~IlI'e,·en·fe .. llIldiudutillCt,andtbe 
lllfIdiall"btullooouuooDlylArgoo....l ... ide. 

2. 8.tlllfll:R-, II0Y0D'T.\ ~ ffoillj, ... ' G_on of r .... kfJoirt,· 
pI. ix.f. 11. 

!f~~~::i5~t~~;~::;::~~~i~~t~e~fl~,dEif.; 
ua'upl .. oft llRtaortof...,.,idpntr,lul'illtiontht.bo .. ·• bow little 
d@pepoJe~, oUFbt,iDIJ(H"e i l1l\a.n<tll,\.O bept-lHpoaputic,,'" 
cunoctel'l: f.,..tbelWliatilljl:rihllofouelideofoue ... h'earelUuch 
more Dluuerolllaoo c1oaertbt.a thtweO\Jth~otberlideortbe.U>e 
, .. 1",,_ 

NlCon W n. f 'h it- n rwon.J ..... "", 



a. SrU.I,EIU TIU,aoTD.lLD. O.~. 
1:ipirifWf!' T..tll ,..Mft'""f/<1'W1, ......Jimufptrrl. pnf • ...u, .-.li;' _ 

.. oJ.! .. , ."';--.pictI;,; .... iillnl~iI;,u 111"..,...,."._ "orI .. "wiltd;': '-g.1·6,1nl.2-,poIl. 
TheI"tl.l"tlt_o·r~irue"oflhi.l,in.dr.ril,ruet"p,li_t.oDe, 

pruhabl.rbituntiDOIIS. 

S'TRIrtRA TIlAPF.EOTIlALTI, Mr.' O. &~. 

SIH?~~~~t ~'1;;;:::m~O:i::;fw.~il~;.~t:.~~i'7:a~= 
At 6,.t 1 hesitated to unite tlti. to Spirij_ INtpr~(1/U, but 

obM" 'ing tllat.t tbeco",nlenCNuent the radiatillff ril» ... ·4II"tI.impie, 
IoIId lrno"'infl' Iba' tb.e are ~bJecl to nriatiOlll, l ltan thought it 
belt merel, to distinguillb too.. lpecimen ... a variet,. 

Tbne are 1ItI ... ~ .. 1 other, prohabl .. di.ltill("t,.peciN o(spirir" .... , 
but .. lb.e are om." cut&. It is obriou.ll! impcMibie to pi\"tl tbe 
utem.1 chancte .. of lh41 ~Jl"Cieo. billC<', b .... ,,"., tbu .... ,·e..,. 
"', ....... ble, 1 lunethought i~~"idablew gi.elnawe,tog\Ilhe. 
,,·ilb ....... ndeecriplionorea.rb. 

4. ~rTlnTP.RA P.U:CICOllTAT~. O. &;~. 
l.engtbll/l.ualtoabouttwo-thirdeofit.bn'&l.ltbiribaf4lwllld 

.... ri.bl~. 
II. SPIRII"RIU Y E!j/'I:llnuo. (;.Sol(!,.,-by. 

lkeatltbrunttithandouhl .. jt.ol~ngtb,no.diAlingribl .. tM. I.'"r!' 
d;"ljn~l, .",1 DOt numerou.; puiteri", inner lorf_ co"ered ,,·ltb 
~tinctIIllDCtuJalio ... inbolbraln •. 

6.S.lIu.EI .... nrct:u.. O.~. 
The proport ..... or too.. lpK"iee are rery- l"tlmarbble, i_ncb 

:,i',3= 'ri':: '=' =:..=~= ~be~~::::J\!:~; 
.urf_o(onenh •• looe(tf.elarge.-ah'1hIIbeen pw>ctulatN. 
In ic. proportioDe it ..-wbl .. PhiUipo·. SpOr;I""' ~I'VW •• boot ... 
our .<;p. " ....... u. it onl_~. eaet or the illlide, II. proportion. ate not 
.o.lmon'IlII •• thOfeofSp . .,.".I'o/..t.". 

A ~~j",en, "'hich ia ,-err much p>'e"fMld ootot ito MIW"lllhape, 
but _llIeb 'tillapp""" to dilfarllOru~ .... bal in It. pNl)()rtio .... ~ho ..... 

:hl~7"i'~ ~i:i;,t .W~ :::d:~~vO~.:!;UI~~ :'S~~:!,~I1~":~ 
:;~~r:::;\::e~ti!i:~7~~~~,~t~:e:i~°U'"~b': 
todeeide. 

, '0.,1..,. of Yorbhi ... ; pt.rt ii. piau u. l. l. , 
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Dt SCR I PTIOX OF S IX SP ECI ES OJ.' conALS, 
l>'Rml TH E PALtEOZ01C I:'ORMATION 0.1<' 
VAN DlElU:N'S LA ND. 

H~ W. LOS8D.ILE, l~., F.G.8. 

1.~Op(lIUTAUI-,-..-u:.'f81I1,lp.II.' 

DrancMd, /mml!AN "1/linJricnl, IItJn'o,..t,~ inc/i .... r or rvmiorltd : 

~~";7"::fl~'::'iflw.:::!;,;~i"=::I1;;":::::' 
.....,Aot .... ,l-:? 

TIU.. coral, in it. ~ral mode of f.tl'Owtb, 1'l\IIemblM ,Cai<lm<>J'Of"(I 

~i,1';."o~.'b;~:' t~~~o~,~i~~i.~~~!tbor~o~~t!~ ... ~;~~ 
a~I':;~~ ~i~:~~i:':li~":!, :~='t:g ~;7:~ 
leuphand balfaD inch ill dir.metet. 

rere'!:, ~l::~~::~~~~r:~bi~~he;trni~b~b::.~~=: 
men,.nd thereiA no definite method of lubdi"itio;mordirection 
of I"",,·tb. The extremitu.. are .,.,....ionaUy bollo; .... ;.nd o"e 
~pedmen, .bou~ Ii ineb in Iengtb, and balf an ilM'b in lnadtb, it 
cruebedcoml,letelybt. The lubell,inthe belIteI~ CAlle', hA .. e 
oo!l&iderahle lellj!1.b,lpringiDI\" aimOOltaoolelyfrom tbBuilor the 
~h,anddi\'el1!i"P'\'ery8"'ntlytilllheynarl"l'MChlhedl'Cum­
rerell~, " 'bere Ih"1 bend out..ard .. IntlMl1:.odyoC th~branch 

~::: ~~~ aA~rr:,I~~;b!'!": ~~~·r:e;~;t.;:n o·~,~ti:r~ 
..-produo;.,d by Ihe~l<!. dhe~noe. Theirdiamelefil very .. lIiform IhToujrhoul, ... ith theU~ptioli oCthe ......, ... injrll_tlMl 
tenuinaliullIIotthafull-grownluoo.. Tbe .... lI.inthB in~. or 

, Tboall"b the ebo.-. of wi. g ...... ut uDpuW.btod,. it bu bee .. 
IlIooogbtlod' .. Lle .. oc.togiuth. .. faU,iathi.aoW.. .. T...,r .... 
• pee:;. onl, be.iag t-.. euailltd. n.. c<nJ i. _lItiallJ ..,,,,poood 
of.i"'pl"tubeo . ...... ou.oIJ~UId."dradi.li ... ou.~ .... ru .. Tbe 

~.-;:(~;:f~~~3:r~~t~~~!;:;:~?1 
::~:r:}"I!:~. e~::t~J:!:?'!l.:~·~o!:t,,~i::..i' O~b~': 
b&nbee.aiDd .... od iath.gea. ... n...m"""" •• of SuiIli..,...] 
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tl!ebn.oebel ........... ppt. ..... otl,.,' ... rytbio,butthf' ..... iI.""latiT ... I,. 
eoliliduabl ... tbid'_ of mati ..... , t.be nn::l.lruf" ..... _ ~o u.ce, 
ofIJaBlVoi!_dilJlbn.lrtu.ba.~.beenDOticl!do?tbiDtbetube •. 

o-illllltnui,eofth.,chll.DgeIIlo",aturltyand6nalobliten._ 
tioDinth~"H,.II@n:ui"ati ... no(lhel"_aN ....... ,butthetoU"wing 
h&\@b!otnob.ervttd. Wb!.Nt.be ....,..th ~f,"&Ddo"u, the 
~&nIthillaudlharp,andperpendiel.llAT .. ;tbinthetube.1n 

b;:';;..,o~ ~~;l\ri:bi~ d~'~=~BI~:~ i:_hl~~'7~r~h~~i::@ 7J:::! 
ori"'~ Illay 00 udected. AI the lUolltb apJln)"elLel to .. ·an:l8 
PMtU.,ty,the J!l'OO'N Ire _or _lillOO. Up,lUIU the .. ·.:U. 
tbid",n,aro_ or.-erymiolll ... tuben::w.bei..,dulooverable along 
thetN-.t Altlli •• t&f"'lb@inner.ideo(lbelu\.o&.--lObe 
"ertira], bei.., liu,·d.b~·a HrV U&rrowineii"oobaml. 'J1,ematlln! 
lU(IutlL,&nI ~f*."'h..t b .. ab.Jldrid;rt, )lOOerally.i,,,ple.wl ..... t 

~'):::!\~~n:.!.· ~':;...t-:r ~~~":t--;~Le~I:-.t.= 
ill C<llltaet "'ilh or.ch olhe •. 011lyoneeu"'pleoflhe fillinllU)' 
uflhe mo"lhAh .. bN.o 0)""'".00. h",h aff"rd. _tiltMtory{On_ 
<!ellNur a~Wlll"IpAIlOi\llloftbeinnl'rJ..nd,berONalIudedl<), 
.nd .II!1r.l..-lill/l' in the ..... nll~. I lIlh;' ut~ .1.1t', lbe ..... ia 
.F'!lIII'raIb1endi"l!'0fd .. t.ail.,buttheluberel .... &nIr, ... lbe ..... oot 
}Mtdi.tincl.. 

I n tbil~l'eei8, proor, or a nerro ... i",o( Ihl! mouth Jlnl"iou.l;r 
wtbe( ........ ti"noftl!epNr .... ttulll,.ndthefiu.1 fOIItraetion.&nI 

c::,,;:;; ~:"=:~~ ~~~~i~ .. ~ I~ I~i! )::~~~I:=~~~I~~ ::t" ~o=ri~,~d~i~\O~i;~\~.:. ';!.1:lt:7'~ '~~~':~e~'J~ 
t .... n tb{O protuiDl!llI .... rru .. -;nll;and tlwo priert."rr..:.. tlwo ... Iilt. 
of Ib~tut- .. -e ... 11¢llly ".'1"'''''''. In .Il"'llMo.~b .• rt hn.n.h.he­
Iillnd to be]un!f '? tI,u. .pec'~, bul ill whieh I]'~ IU]"-'" Ilh ,.f1etl 
oot .. -!U'da''''ryrt.)"dly,tbe Darrowi.., i. ftnlllgll'wa. l.ed,builiot 
to.DequalU:""lIlt~lwutlbe~peci"'fll •• 

'The .... 17il:,in ... bj"b\befo.i! ill imhoddNl, •• .,.. ..... caIt> 
reoua .hAIe,or 'pey)i"'~'IOIlll;.nd in ... hich BC:eur eIJ,ol-...... .aa 
iRt~,..""-,,, &e 

2.Sn:..'I'oPOI.,OI,lT .. ,.p.n, 
B,..,.cMd, bnrw ..... -.i;lttbH nl«;rWy ,J,orl,. di~ fPW1I; 

:';;t!. rouNd; {'(lll/rtJCtiQltl or .... ,tgllWrit,tlo/groICt4 IIII-

The ebu.ct~ .. of Ib.u. .p.des h .... llHQ ~e.,. il!lperfeeU1 ...:-el'-

~;"e ~~beoTh-:'tu~ d;~~;!l ~;!'l;'!io~ ~~:t~r 
lbe -.i'" H'" aDd bad but a "eryliruito:od ~ertiOiI fm'l..-th. Tb~ir r: =~~·NraJ: :.w::;.~::t!~~,O~~l''''~o:i0; 
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• lil!bdyo'·.,J, And tl.., di.'iding, tuberculAted rid/tM sbt.,Pi hut in 
~"""""oftheout"T!!Urfaeenotbe.iogex.,..-l,tb\l.rperfect 
eh.r.cten,aDdtbe c~illCidenlalupl>ngrowth,couldDOtbe 
..-rtained, 

The wn.i is imbeddoo in. duk @"",y iimMIo"". 

1 . • 'E.~~ A.IlPM,.p.n, 

('IIJNIo"p«I;ffll"'if~"'rfac.i>l/.WIUI/:br-<l'ltCltorJ;dIlXil"_, 

%:;;:';::;:.!:",;I/;;:;;; 7:;:":W": :t..~~";M;::' r:.:! 
li_rflJlIiar:i~ ...... ltJY"'of,,~..u.r'''''If1Ct«'1Ifibr(J'''; 
utWfWl/ltJp...."".-odM,"_fihn*4:rm"'odif_ ... rwMb1 
fll)8U. 

'SO'n. ortb.eMuortbi8ooraihA ..... "K"'Ilf''''I ~.b!JI\l('6l<l 
F ___ f'/I,. f"NYfHN'It/It, ... rep .... nle.! in o..plAin Portlock'. ' lteport 
On tbe OtlOKlgy o( Londonderry,' pI. ni •. A. Iljr, I A, I d; but 
titel'9 i. DO agreement beur~n tb .. \ 'An ~en·. lAnd (.,.il .nd 

~~:~;~~i~~!~ ~.~~~~.:,f~:~;:~~~~:of:t~ 
=d.~~'ri:~~::':~~~~~:Li~~ t~:::= 
fWtIroftl ... U .. i MOlIDtaina, buttheno isagain ........ keddilrel'9ll(>(1 
in IlruelurAldetaill. 

P~rilnlttllpllt"ttaioodooMidf!rl\bledirueMiQDI,r"'lflllenu 

i~:;'t!;,;ri:d~~r:;!m:M~;~b~ ~":u: ~r :etl1'~,brb~ 
bn.DCb •• ttb" p<>intawhere tbeydiebCItim,*, QfienexeeoOOillgthe 
tentbQr.niDChin~lb. 

IUlbe ~ReraiOW!pectofthec<Jrai.com;ide .. bleunironuilyp_ 

b~}~;!~i~~e;~:~hel:: tii:e~~n~::;~i~'fi~~~::~V~:::'~! 
between tbtl'-andtbaupperputoftbe eup, Hen in thenuruber 
Qftbarow. ofO!'IIA. 

lutbelJe>Jt AlAleoftbe ceUuiarAurfaoe,wbicbhall bet>nDOtiM, 
Ihe lI1euth. of thec~ll. &rerelAtirely i&I')ffl, round Or o,·.I,.nd &1'9 

;i~~>ed ... ~;;;. A':~~Zllm::!~:~di;.;tl!eill~~'~='~~~'i:!~ 
~l':~='-me8-n::,::t~~~~!;~::.~r::~l~~~~b~!:t 
ex~ two. 'I'I.elllOutlmofthelaterat ro ... projeelmlo the 
me.'b"'i·nd lb~ t ... "" .'eTi!eeon"ectingp~&"'lOme! i ru"," 
oeth.w. The intenpaoeo between th" ,oolltlllo, .. wen OW! the un­
dll llliDgridll"",IJ'!I JrftDular,or nryminll teiYlubereulated. I ... 

!:e":.'~ti~~I~:"dl::"~~~~t~":bn.~I;~M~~:.:t,~~j'! 
b"'neh. The p"'rleet cow!u of Ihe ~nuLlT ~urf'ac'e gi"e tbe ft ,'8IM 
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of tbe d .. ~te .. ju.t noticed, but mol'll! (l91le1"1.ll .. lbe im~om 
dUplly 1!C&J'Ct.1~· I I.....:eO! Inyother atNetUI'll! ihl'" 10"l!itudillAl 
J'O .... ofci~ullrlllODth& 

o..tbeinner"~·eroftheno~lhl"r .. rface.l ... enly ... -ell. 

E~r{~t~~~=1:~~~::£;~~;E~~ 
lrue "'IUNO!thefibre;,lob8diJle<)"~red,butin eon<'CMl'>en<:eof 
... ·hlt hI/! been noticed in other ~Jl"'!ieoo, it i~ inferred thlt Ihlly."" 
tubula.r. Their nlnge i.oomi.Jenlble.b"tin the I ,*,imen,"'hieh 
uhibiu tbeir ItnlcturemoMt fully,tbeyara f""l"ontly cut olrb, 

~~"!~,~e:l~'~!:!~ bat:~~i; I~:"::!ch::;;~ ~:II=:'~~)~n~~~~::; 
crtUt ... itboutl",-indieation.offibJ.e., buteo,'ered wilh m"'leJ'Ou~ 
::-~/tihe~~!~' .nd oolT6i!ponding poree ,eDet ... ting lite ",b-

pilll-=i~i~:::r=,:!i~:,~::-~I;,:::",U~I;:::: 
... itb the ''1Ioiclero .... ·hleb in otber l"1l11ulu Filnera, ... ,~ been oon· 

:~~III-:r::.i':i~=:-"" ,II!~~~~=; df:~'b:I~ba[;;:':!'::b! ebIIIOflbamouthl. 
The '·OUIljrWI llale of tbe "" ... , .... not been IIOti-'. nor ha,·., 

lltIy n .. r1r .... d .. n~ incideutupon ~,U~pl the jrN<!lLAilhidren+ 
illjrof the IIOn..cellula:r ..... r...:e, by the COIungo"uof thelibrull6 

::~:~:*triJl of the ~IJeCimen8 iu dark py PI,lillterYOTlD flI\rthy 

2. FKSDn'KLLI. lJiTKL'<A.TA.,lp.n. 

O'=:::.~./,t":!::..::tu~ ~"=~::;::!:!~"~:;:o";,: 
fflU 2·-f;, dirUl«J 6y ltmgitlldi""l ,.it1gH: trtrOM""": NM~i~9 
~ Joorl rilMMI fflU: _~/M1<Jr rtUfiI<V,""'~r layw, 
JoorpI!I~,I*I."Io!l", ... i""ttl!lg"""M""'_ 

n .. thedeliClCy(lfiIl!R"~,u""lbi.~petie'i.e&>ilvdi.ti~ • 
.. hie from Jo ..... <mtpl,,; and in th I'\IW8 (If ~lt. v~'lnl' from ''''0 

'0 five, U ... el1 u in t .... ir nlOde of dnelopment, lhe"" are fllrther 

;,~,l~:::~ ~;:::--ha\"\~'i:n '::t:dell~t:~h' ~'!~!tr~l: 
le"1'-h lind In inch in brMdth. 

The branch"" \'11,... in widtb, ~e1ling out J!1"IId"an.v to ... " .. b the 
IJifun:'lIion~. J.,ut wilhout linT alte ... tion iUlhe (onu or ~he of the 
nll"1l'e.~ ; lind I/! far lIS the ~illte of the "pedme ... "ill I~""it 1111 
orini"nlobtfon\led,nomarkedch"~OOC1ltrndd\lrinp:thedll\'''+ 

1ir.:,~~t :r~:ec~r"tj,:br:":'b:,~':.tB~ .. :b~:.t~\,n8;~~ alC:!: 
I;~II.$ take place kl"'Mn the _~;. ... bifnre&liona. F or • • 1001"1 
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::;i: ::~;.~:~~!r:: Ih!::~~.:'b~~ :,:.:.!: II::: o~~ 
<merowQfceUularmou\bIQD..:b.ide. A.lhe~b~w,tbe 
rid~ ... idened,~nd u1t imAlely iJeeemecelluliferolU!,A rowQfmouth!J 

~~;~~;! :~n'~iI~=t~;:r~~t~;...,~~e,,:~,:,~prrt~o ~i~~~: 
AltdtblW,&i!tbede>"eiOJlnlO)ntll.d ... n"'ld,~,n ... ide"edA"dbecanlll 
ceUulAr,lbe!;"ero ... b!oillll"dh·idedbyfQurrid~ Tbi.- .. ppeo. .. 

:~:"':~~;t~:. 1~1r!~w';:t=::\~~:nc~:o':,8jrt: 
or Ib,"ro"', of moD Ilia prenil; ADd ... be", tbe DWII\o!.r is greater, 
.. certt.iuamt>UIltori~l .. intbeli'-l" .. rrt.llf(elllllutupereep­
liiJIe, reiUliing frow the latel"l1 eIpt.n;oiQD of the bnDdl. 

rou!~ ~~o~ ~~:;,:,!=~~t;bcl;n~~~~ rell:titbe~Ym~~ 
1'0 .... tbev Are pandJel, or "eaTI~' pt.nllIei, and in the directiQD of tbe 
lUi. of tbo b ..... n~h; but in tho.idOl roWI thOlY Are often ohliqueh' 
placed,iuclim"lj"towardl lheme.lh!U. I ntile.'""neaTlyperfect8pecf_ 
II)I)n.tbedil"id"'/!'ridp .. rethread-like.ndlli/fhtIY ... ·,·ed,but 
there i. no trace of the 10llenge-llblped <:<>DIpartmOlOt.1O di~tinctly 
uhibitrdin F~tlJ4 .... pI ... TheiDte~bet ... eenlheDKIutb. 
lftI!latorslighti"flI)n\"lIJ(. l n.pecimelllli_fiDt!iy~n-ed,or 
depri"edof tbeorl,i .. 1 ~urf,"""lhemoutba.renotUlllform iUQut-

~~~:~y~T;t:'~~~"bofen~urf~. ~!:~i::~t=·:!: 
eonnecli.ngp_. ilpnu1arurmiDutelylubereu1ated. 

Tbe,m>eri&yer oftbenon-(l!lllularrurf"AoeitwrplyfibrolU!,IUId 
til&IfIrne6!TlIcturenUlfoollloreorleSle1a.riydet6Cte<iintbe 
l.N~~e_, oonn6Cting ·proce3llt'a. The numoor of fibl'ell on Ibe 

l=n~~~u~t E1r~~!~;~:~:!~~~J:::~~ 
tuben:uh.ted. No _paNte, dn:ullt foramio& were DOtioed. The 
ouu..tlAyerisuniformlrp-nular,whe1-eoompleU!d,III.u'·e11'inte .... 
wrdiatOl 8111e from the 1!1w-pI,. flbrom may be tlVed on th .. MIlle 
Il*imen. 

Nodi~linct pl'OOf.ol gerumulilerom ,.". icl8l' h.ue been ohle ..... ed, 

:;!:\~~ :l:~n::; ::=i~~,~rriet~ed: d:~:~,in~!:."!~~;u :!u~t~: 
heru;"pheric:alC&llu.'.f'\'rfectlyrollndedontbe8urf&efO,t.ndevideotiv 
1Il1OOm>ected imrn!(h .. tel,. ... hb tbe inleriot or tbe!'en ... nd which 
it i~ pn'l!lnmed '''''r rep_nt t~ vesicles. }~MflJn tft.!........tIJ 

:r:~~~:,.~~:~06~~1~e!ii:.~~ 
DlAtri"i.chieOy·""_p,.et.leareo",,~ht.l~,butitilllOlllt'limeo 
~~:nteryii",eo.tQoe,or.b&rdlerrugillQ""ot[igbt--eolouredc\.ay-

<Th lete wc.1"K fCh rWIllOr~ 
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3.~I"OIIIIuu.,Ip.n. 

('w~; :;::;=:':':!."":/'!t~~~~ 
.. -.ffilNlar .. ..... er u.yer ,,/--ald,,"", ... if ........ Id~' 
~: ut~kJF .. ......t40f'!I""""''''' 

R:~~~~il~~~~E~:~~~~1:?E!~~:S~~ 
~:hl~ fin8lb:~to:~~~~:~~;fe~~ ,~~:'tl~~8~~~~",:r;hi:h 
will be gi"en in notieing th&t ~urf&efO. 

8nd ~:~~:!~~==~:;\~::,r:u~=n=~n bTig:~ 
8m no warked ..natioOi of ~b&lToClt't, but -.lon-U,., i""'ll"-­laritie.of growth, due, ap~",ntl,., to aoc:idpnq during ~~e 
de,·e1opruent. 

The (,,!lowi.., detaih b1't! been obtained from eu~ no pM"feet 
8W'f_ uring ~n ooticed.-The lnnehMllld KrMt uniformi!,!, of 

~~:::.:' ::~t'~i~~~ryw~~~~:':nlt~; d=~; ~~~~ ~~~~ 
brNdlh. The east of tbe cellulu 8UrflCe ia t,,'·er'~. along the 

!id:t~! di~~:;:~=:r <&:"::':~'tw:t~~:~"II~rj~ 
jlfUiJ'/lCH. Th<lcyli"dncalcasU orthnlo"th~,o.lbe interioroC 
IheColI4,fll'e R.,..nged iu 8siojrle row on tt\eh ,ide of Ihet",nch, 
Ind no ioerea"", oCnuruber ;~e\e.o.rly pt'ret'ptiblelt tbe biful'CIIl;Om. 
AloD/( the O!'nll'9Qf ,be '",nch i ......... ,,· ori"den,a,iO"~QT",i"nte 
e(lniet.lpi~Bcbr8eter"oliOO'6blei"Olher'~ieo.JlIIr1 icularly in 

"';'!r':=i,. ~ ;,,;;8:.nl
;::,. c:"rIUO~~ ~~i::n~ 

8I1obHnnOll1,.dlnllll!1'er&lother;noanee.. 
The lUouth~ortbe O!'lli, in tbeminute r~nt .. hich bu~n 

:.,~~~ dL::tt:~h:~:;e:;==,.:lif!~.J:~~~ 
remai ... or'h~R(lD-eella.la:r~_eJthibitR(lc!J&ncUo .. requiring 
noti~,bul indiet.lioIllOr.8triatedand llUooth lByerhave beeo 
obeen-ed. 

The two IpecirueOi which afforded th_ "ruetu .. l detail~ bTl 
aru&(ril<ordB.k_e<.>loU1'eoi,brdlillle!ltone. 

JIIIIlTIlTPA. nU.lfIlULl, lp.n. 

'rbecorBI to which theahon iDo!fficieDtehar..ete"BreBpplied, 
i. imbedded io the wI,. lUrl'aoe of • dark, bani. liw.e.t\ono. It ill 

1. C' "'D1ete .Jor!< of, h 
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• bout.n i~b in breadth .Dd IWf an ;n .. h;n hei,hl, and euDIWIJ of 
IWO IUfn ofll&t.-w,,~k,--oll& ~nti"ll' q-'....,.,.:J .... _t.e..aod 
the otlitrbeE.,."w,with.rollDli,ionnllrK; .ndoYfr.c:oMidfr-

=0.!:J7 :~~~- ~~~=n ~~~=::.t~tf:; 
u~1. 

Th~r""'il i.be!ie.-e<lIOllfm'"c:om"'~lel'in I"_ntialgenme 

b:~t:~t:~; ;=:tJ!:~~J·r:..~:el~~i~'~ !~,,~:I\!it~}~; 
dete""inin!f~t"LCtunl details, hne led to lUI inf"n'nce reeilO>Clirp: 
;t .. nature IOlUe .. 'batdiffel'O!nt from tbat f!;'ell in Ihe ... ·ork ju.t 
l)uol«l. 

T11.inllf'r.urf..,.orJ/~it~"""lnl"l/ot,cil.)illde!lCl'ibed ... 
'n>.rlrl!d with radillrn, ridge>', ba~in,v; ;nteneninll' '0 ... 1 d .. p __ 
-io"', .. ·bieh r.eJ\t'tftteon!y balf throlljlh the "thlotano:eoftherono.l, 

:i:: ~::t;);:"r=.h~~O:;;~:;;~ ~:~!,'!w.t t/.i8rt::~ 
ml'nl, Meepl. in th .. form or the me..hN or d~too.; it iA, bow-
f>"t'r,1I01 me .... l,. ;Iik. -.. F ... DMI ... Uae,'but it ~aJ.I the 
_ntial .. hanctf'1'II ofl"'t~n ... , aod.1 belif~ed to he. f~nt 
of } __ /-u.. Thill infe-ro>DOI is dnwn fron •• minnte portion 
IIW'C.IwI)c.nydel"'hed,aod .. biebMhibited.rowof~,l'OIlnd, 

~A::~ef~"·!·:::~~~e~ ~~~~~~-: %!~Po-':"!~ 
..... U.'-·-...ocialediDdouhleroWl;.ndthe colTellpondingportion 
of Iftm. lMJ'tmguln htu been ueemoinl!d to coll4i~t .180 of • 8imiln 
eurfMflof do"hlerow. orround",e.b" o~'IIO_:b"twitbbexa_ 

~::\::~~:l!:(iedu:!.~:);o·;:n~~;:':th~I~:}! b!f:~: ~\nt 
.teU.OI'quRdnngula~net_"·otk. 

TI_d~tail • • reooD .... i,~tobe.uffiel ... ntto .. tahliVt.~neric 
agrt'f'tUeDtbet .. eenlheY.n~n'.I .. ndroraIIlOdJt.""itrypn 
enJ.t,,;.ndan ... umi .. lionofan lri.l. tpec:iIUNIO(lbat,eum 
.... fuU,l'Ollfirmfdlhelirueturalde ... iu f'xbibitedin the'inne~ 
... rf~ of the~mento .. bieh,pl'O\-iiioBalI,.,lbe _of ll_t-. 
t'YI-........,.u.u.pp1ied. 

or tbelme nature of Ihe 'extfonW'ne\_wor!r 11(1 opinion ill 
11'uturl!d. hillfonnl!d.lm"l~nli!'l!I,.()rdaJok"..,.,~U8 
ruatl<'r, filling .p..,-ently an o.v;nalI,.eellular~tructlU'l!; but the .... 
• re ."0. f~w NO.n p'teh"", of tbe 0,11"'" CO\·erintt, llOlU!i ... ing of an ol*llMl ... ·hi~ crmt on tbe 8utfaoo!, .. hieb w .. onlri"'Ul' in eontac-t 
.. ith tbeexten"l net.-work. Th.,it ...... p' ..... itelittle doubt 
i$entel"\.inl'd;.Ddlbeintel'\'iltingR~men~bet"·o!O'ntheer-ee 
oc""pied hY the douhle row (If lU&lh~., lind th .. t of Ihe ",,",lJ~1 
hnlldlN of the Feneeten., .ti_.pp' ..... ntly fromlh. l.tter hII,-io¥ 
.fTord!ld .uit.ble hMeliMl!for.t\&{'brnent. Ia tbeYan Di""'ens 
und'jWimen, the&pl!t'ruent i.ma.ked by an I""....ued hreadtb in 

~:rbW:o~:n~ be;"..;:...~rtt:'~:;:~()f~:~h'.':;I: 



Appmdix 10 Pari I. 185 
l' .. nf'fll .. lla .ndlh.e_beonftbe"II00P'·l>I't· ... QI'k. ~im.iwcun­
fun"'t;" area.im'f'IIblyllbo1rD in M,.Pbillipa·' UOI'UCllt fig\llU 
l'P,I.Fo-.·pI . .riii.f.:Ja). 

Tbel(llid ponion. ... r 1h.ellruehl1~ b.i..,ueeedin,l". 6.1>1', I'MI'ID_ 
bli.., 1h.elbtMd ... flbelD<Wldelio:alelaoe,'II_~tocfi!!eO.-e-r .. t~ 
fr.c:toril.Yinte ..... ebarr.c:tef'llpro.·edlllllu~ul,uOl'pliD(IIIepl&Ol'. 
_herfl' trtlfl OI'UII1" r.nang.. ..... nt ..... b.lie.ed to be ruible.' 
OfIh.en'l"""orlbein,·eet'ngerWIl,notbil1lf'llOlLu~ndeter­
ruined. 

Thougb thenlllle llelllitry'p" ltIIvbeobjeoetion .. ble,u.pplied 

::i!btb:O::!:J:n~~til~lh~df~t~:~~: :t:~:~1:~ ~f.~1Ih,7; 
~nlleCtlrt.r.it1<!d. 

hi. ComDlete Wort of Ch~~ D rwon DnIiro.. 
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SOUTH AMERICA. 
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CHAPTER nrT. 

r'p""'-'/ swu "f fA. Pf&/II lJdi mil ..... &o.d.J."a "" p..~. 
~su,.f(H' __ PL>u.. of l'at"Y"~u. • .. ,I.prwiMJ SklI._ 

~...w I"lIIky of &"'" 0..:. for-ny" S. ... I ... w_l.;~ 
... iMJ SMIU of 1itnw.u '".-1A-gt1 aN ~I ~ 1M der1t!UJ 
__ #~abilitlttftlM ... -...to. ......... 6f 1M .;.w,,~ 4tt91t. of 
Iw ,u;'" Sw-... of tM .tn.t.y "... .. - .VIHk ~ jo.--I"''' of 
tuli.,../"..-.Jpl<I ... _s.. • ...,._G.....t SJ"..gI. ~~ of hlll_ 
f(PIiII; w,f:r1"".twigi.,ndJift.;b.I;"". -1 ....... tiDool>j .... -djf •. 

Ill' the following Part, which Irentil of the geology of 
South Americ.'l, and almost exclu~ivcly of the parh 
southward of the Tropic of Capricorn, I hn\'c arranged 
the chnpters according to the age of the dcpo~its, occa-
8ionlllly df'partillg from thi8 order, for the sake of goo­
gTlIphical ~illlplicity_ 

Tlu' ele\·lItioli of the land within the recent period, 
and the modifications or itil surfaoo through tbe action 
or thf' _ (to which subjects I paid l!articular attention) 
will be fil'l!t discussed; I will then pa"8 on to the tertiary 
depo!ib, lIud nfterwards to the older rocks. Only th06e 
(Ii~trjcu and eection~ will be described in delAlii which 
!lppear t() UIC to rlcsen'esomc IWHticuiarattcutiou; and 
I will, lit. tbtl end of each chapter, gil'c n Bummary of 
the ft'SU!tS. We will COIllJllence with the proofs of the 
uphea\"al of the eastern coast of the continent, from 
the Hio Plata southward; and, in tbe next chapter, 
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follow up the same ijubjeet alon;; the thores of Chile lind 
Peru. 

011 the lIorthern bank of the great. e.tuary of 1he 
Hio Plata, near Maldonado, I found at the b(''a(l of a 
lake, 80IllCtimes hrncki"h but generally containing fresh 
water, a bed of muddy day, six feet. in tilickneo.S, with 
numerous ~hells of species still exi"ting in the I'la1.1., 
namely, the A:am labiallt, d'Orbig., fragmenU! of 
,lJytilU8 tdulif(JI<mis, d'OrLig., PolUlk81rinu 18r.Wtllti, 
d'OrLig" and tile Sdtll CaTW<ell.8, Lam" which last was 
embrorled I"ertically ill the position in which it .had 
lived, These shells lie at. the height of only t.wo feet. 
abo,"e the lake, nor would they hal·e been worth mention­
ing, except. in counection with analogous fact!!. 

ALMonte Video, 1 noticed near the t.own,andalong" 
the base of the mount, bt-<Is of a,\il"ing )Iytillll, rnised 
IIOme feet. abo~e Iho surface of the Plata : in a similar 
bed, at a height. from thirtet·n to sixl.e(on feet, M. bllbelle 
collecled eight. species, which, according to M. d'Or. 
bigny,' now Iil·o at the mouth of the estuary. At. 
Colonia del Sacrnmiento, further wei!tward, I ob8erl'OO 
at. tbe heighto£ about. fifteen feet. abol"e the riler, there 
of quite fresh water, a small bed of th" sam" Mytilus, 
which lil'e!! in brnckiElI wlIter at )Ionle Video. Near 
the mOllthof l'ruguay, and for at.leaat. thirty-fi\'e mile.! 
northwaril, there are at. iuU!n'als large sandy trn.eb, 
extending !!Cl"eral miles from the blinks of the ri\"(,r, 
but. not raised much ::11101'e its lel"el. abounding with 
~mall hi\'ah-es, whieh occur in sueh llumberB that at. 
the Agrnciado they are sifted aud hurnt for lime. 
Those which I examined near the 1\. S. Juan were much 
worn: they eonsi@t.e..i of Madra 18ol.Jtllei, d·OrLig., 
miogled with few of Venu4 Hnuo.ta, Lam., both in_ 

I ·V"yagedanII"AmeriqutMerid.: 1't.rt.Oiko1Otr.'p.21. 
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11abiting, ns [ am informed by )1. d'Orbib'1lY, brackish 
water at. the mouth of the I'lata, llt'llrly or quite all salt 
as the open sea. The lOOlle !laud, in which these shells 
are I~ked, is Jleaped into low, ijtmight, long lines of 
dunes, likp those left. hy the ilt'll nt the head of many 
hap. 1\1. iI'Orbigny has described I an analogous phe­
nomenon on II greater scale, IlCllf Sail Pedro 011 tIle 
tin:r l'nrnllll, where he found widely extended beds and 
hillocks of !land, with last. llumbers of the Azara 
l~I"jal(~, lit the height of nearly 100 foct. (Englioh) 
abonl the surface of that rhw. The A:t.1ra inhnbits 
hrneki,b water, aud is not known to be found nearer to 
San I'edro than Bnenos Aym!, dilJtant nbol'e 100 mileg 
in n gtruight line. Xearer Bnell08 Ayrc~, on the rood 
from that place to San hidro, th.·re are e.r.tell~ive beds., 
as I am informed by Sir Woodbine l'arbh.' oftbc AZltra 
lobin/a, lying at about forty feet nbove the le,'e~ of the 
river. and di.tallt between tw<.\ and thn,''C miles from it. 
'I'hl'll{' shcll~ lire alwllYs found 011 the highe .• t banks in 
the dilitrict: they aTe emlteddoo in a stmtified earthy 
mfuoB, preci><ely like t hat of the grent J'alllpellll depo8it 
hen'afu'r to be dc!'Cribe<l. In one colle-etion of the!\C 
~hl'il~. th('re were li<.>me vah'C>l of the i'<!ltu8 8iltttOlla, 
l..am., th(' ~1.m'" speeie!l found with the .\Iaetnt on the 
l,;lUk~ of the [nI~'lllly. Somh of nU~n08 Ayteil, ncnr 
EIl'ICnada, there are other beds of the Azam, !lOme of 
which M'Cm to have been cmbedd<.'tl in yellowish, eal­
ear ... vu~. &emi-(!ry~talline malter; and Sir W. Pari"h 
Ims gilen me from the banks of the Arroyo del Tristan, 
~ituatcd in thiij l!<1.me neighbourhood, at the distance of 
nool'o Ii league from the Plata, a ~pecimen of a pnle­
rcdd i ~h, cuicllrllO-llrgillacoolLs stone (precisely like parts 
of the Pampean dc~t, U\e importance of which fact 

, • Voyap.w..I'Alllhiqu lMrid. , 1'&1"1. G~"'" po 41. 
··ll .... _Al .... ·&e.,b,.~;rWoodL;n. l) .... iah.p.I63. 

rr .te 10 .... f 
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",iII be referred to in a 8l\ceeeding cha.pter), ahounding 
with 5hella of nn A7.11rn, mt:ch worn, but which in 
b .... neral form Bud appearnllOO closely resemble, and are 
probably identical with, the A, ~&bjata. Be!oidce Ulege 
,hell~, cellular, highly cry);t.'llline rock, f.:.rmed of the 
Cal!ts of amaH bivah't'8, is found near EII;Jeoada; and 
likewise beds of BCa-sheH~, which from their nppearnuce 
appear to hay!) lain 011 the surface, Sir W, Pari~h has 
given me ROme of the.;e shells, and M, d'Orbigny pro­
nounces them to be, 

I B~,:~ alobulOlJIllII, :. ~e.:i~::I'tr.Jrbit. 
i: ~~:.""t:~-=.~r...":,~ri., do, I e. Ott ... pakh.l1A, do. 

Besidce these, Sir W, Parish procured' (a~ named 
by '\Ir, G. II Sowerby) the followi ng shells :-

t. B....eiDUJII {DOC.oper. ?). 

AU these speciea (with, Jlerhllp~, the exception of 
the l!l-'lt) are recent, and \i\'e on the South American 
e.oagt. These shell-beds extend from one league to ijix 
I"agne!! from tbe Plata, and mu~t lie many feet aoo\'e 
its le\"el. I heard, aho, of bed~ of shells on the Son)­
borombon, and 011 tlle Hio Salado, nt which latter 
place, as )1, d'Orbigny informs mc, the Mactm JiI(walei 
!lnd Venus "jll.UQiI(' arc found, 

During lh(' elevation of the PrQI·inees of La Plata, 
the waten of the ancient e~tuary have bnt little affecU>d 
(with the exception of tile &and-hill!! on the banks of 
the Parana and Uruguay) the outline of the land. 
M. Parchappe,t howe,·er. has de!l(!ribed groups of lIIlud· 
dunes scattered o\'er the wide extent of the Pampas 

• ,n ... _.\pw,'&e..b,.-Si.W.I'J.,.,.b,p.I$8 . 
• DOrbiri" \ . .,,-.g.. OilolDr·' Po u. 
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HOulhwnrd of Bucno~ Ayret!, which }.1. d'Orbigny nttri­
butel! with much probability to the action of the 1IC8., 

before the plains "!!"ere raised above its le'·e1.1 

&mlhv'urd 0/ 1M Plata.- The ooastas far nl Bahia 
Blanca (in lat. 39° S.) ill formed either of a horiwntal 
range of cliffs, or of immenJe accumulations of IIRnd­
dune~. Within Ballia I3Innea, "small piooe of table­
land, about t.wenty feet above high-watcr mark, clilled 
Punta Alta, is fo rmed of 8lmta of CCIIocnted gnL\'el and 
of red {'arthy mud, abounding witll shelll! (with otbelll 
lying- 1~ on the lIurface), and the hones of C.ltinct 
mammiferi!. These ,hell~, twcnty iu number, togctllcr 
with R BIIlanu!! and t.wo oornla, are aU recent 8pecie~, 
still inhabiting the neighbouring 1M'fI!I. They will be 
enumerated in the elc\-enth (,hapter, when det!Cribing 
the Pampean formation; five of thelll are identical 
with the upraillt'<l onCI from nenr BucnO/! Ayret!. The 
northern shore of Hahia HlaDca III, in maiD part, fonned 
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of immense saud-dunes. resting on gravel with recent 
8hell~, and ranging in lines parallel to the ghore. These 
rangeij are separated from each othtr by flat SpllCCll., 

composed of stiff impure red clay, in which, at the 
distance of about t. ..... o milCii from the eo.ut, [ found b ... 
digging, a few minute fragments of sca·siwlls. Th~ 
$.1.nd-dunCII extend Ile\'eral miles inland, and stand on a 
plain, which dope!! up to a height of bet ..... een one and 
t ..... o hundred feet. Numerous, small, well rmUlded 
pebbles of pumice lie scattered both on the plain and 
!!Ilnd-hillocb: at Monte Hermo80, on the tIat 8ummit 
of a cliff, I fouud many of them at a height of 120 feet 
(angutar me.unrement) above the level of the sea. 
These pumice pebbles, no douht, were originall.y hrought 
down from the Cordillera by the riven which cross the 
continent, in the same way Ill! the ril'er ~egro anciently 
hrougM down, and still brings down, pumice, and a8 
the river ChupIlt brings down scorire: when once 
delivered at the mouth of a river, they would naturally 
ha\'e travelled along the COllllts, and been cast up, dur· 
iug the elevation of the land, at different heights. The 
origin of the argillaceous flafil, which separate the 
p.1.ral1el ranges of sand-dunes, seems due to the tides 
l}cre having a tendency (all I believe they have on lllost 
shoal, protected COallts) to throw up a oo.r parallel to 
the shore, and at II(Ime distnnce from it.; thi~ har 
gradually become!! larger, affording a base for the 
accumulation of saud-dune!!, and the shallow Bpace 
within then become-a silted up with mud. The repe. 
tition of this process, without any elovation of the land, 
would form a level plain traversed by p.1.rallel JinC8 of 
sand·hillocks; during a slow elevation of the land, the 
hillocks would riSt on a gently inclined surface, like 
that on the northern shore of Bahia Blanca, I did not 
observe any shells in this neighbourhood at a greater 
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height than twenty feet; and therefore the age of the 
!lea-drifted pebblellof pumice, now standing at the height 
of 120 fool, must remain uncertain. 

Tile main plain surronnding Bahia Blanca 1 e!lli­
mated at from 200 to 300 feet.; it iDl!ensibly ri!ietl 
towards the distant Sierra Ventana. There are in this 
neighhourhood some other and lower plains, but they 
do !lot abut one at the foot of the other, in the maDDer 
})ereafter to be de8C:ribed, so charncieristic of Patngonia. 
'fhe plain on whicb the settlemen~ stands is cJ'()S8C(1 by 
many low saod-dunes,aboundillg with the minute shells 
of the P'.Ilud&trina du.ttroli", d·Orbig., which new 
HvCjO in the bay. Tlds low plain is bounded to the 
south, at the Cabeza del Huey, by the cliff-formed 
Illar(till ef a wide plaiD of the J)ampoon fonnation, 
which 1 estimated at silty feet in height. On the 
~ummit of this cliff there is a mnge of high sand-dunel 
extt"nding !levcrnl mile. in an ~t and we;t line. 

Southward of Bahia Blanca, the rh'er Colorado 
flow8 between two plains, appMently from thirty to 
forty feet in beight. Of th()!;6 plains, the southern one 
slopei up to the foot of the great mncbtone platt.>au of 
the Hio Xegro; and the northeru one against. an C!'C'arp­
ment of tile Pnmpean deposit; 80 thnt the ColoradQ 
BOlll'lI in a valley 6fty nliles in width, between the upper 
escarpments. J state this, OOcaUiC on the low plain nt 
the foot of the northern t'<'lCarpment, I crOleed 1111 im_ 
mense accumulation of higb mnd-duDeI!, estimated by 
the Gauchos at no IC:IiI than eight miles in brendth. 
These dUlle!! range westward from the COIUIt, which is 
twenty mile!! eli,tant, to far inland, in lines parallel to 
the ,<alley; they are leparuted from eaeh other by 
argillaceous flats, precisely like tllOse on the nortlleru 
I!boroof Hahin Blanca. At present thcreisno!OuTce 
whence this immense accumulation of sand could pro-
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0(...00 j but if, as [ believ*" the upper escarpments once 
forlned the shore6 of an estuary, in that ca.se the lOand­
atone formation of the ril'er Negro would llave afforded. 
au inexhaustible supply of saud, which would naturally 
have accumulnted on the northern shore,1I11 on every 
part of the coast open to the south winds between Babia 
Blanca and Buenos Ayres. 

At San Bias (40~ 40' S.), a little south of the 
mouth of the Colorado, lU. d'Orhigny I found fourteen 
species of existing sheils (s ix of them identi(.'3.i with 
thOile from Bahia Blanca), embedded in their nalural 
poilitions. From the zone of depth which these shells 
are known to inhabit, they must hnve been uplifted 
thirty-two feet. He also found, at from fifteen to 
twenty feet above this bed, the remains of an aneient 
beach. 

Ten miles southward, but 120 miles to the WC!lt, at 
Port S. Antonio, the Officers employed on the Sun·ey 
assured me that they saw many old sea-shelill strewed 
on the surfaoo of the ground, similar to thow found Oil 

other parh of the coast of Patagonia. At San JOiI('f, 
ninety milCIIl!Outh in nearly the same longitude, I found, 
aoove the gravel, which caps an old tertiary forma_ 
tion, an irregular bed and hillocks of sand, several feet 
in tbickneS$,aoounding with shells of PattU4 dMurila, 
lJIytUuB MagdltmicuB, the latter retaining much of its 
colour; FUIJII.B 1llagdlanicuB, (and a \'ariety of lhe same) 
and a large llalanus(probably B. Tulipa), all now found 
on this coast: r estimated this bed at from eighty to 
one hundred feet above the level of the sea. To the 
we!'t\\'ard of thi~ bay, there is a plain estimated at Le­
tween 200 and 300 feet in height: this pl3.in seems, 
from many melUlurementi!., to be a oontinuation of the 
saudstone platform of the river Negro. The UI'J[t 
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place lIOutilward, where I landed, was at Port Desire, 
3-1(1 milel distallt; but frOln the intermediate dilOtricls 
I ret:o:h'ed, Unongh the kindne8il of the Officel'8 of tbe 
Surn·y. etlpt.ocially from Lieut. Stokes And Mr. King, 
many epecimena and sketcbell, quite sufficient to show 
the general uniformity of the whole line of cowl. [ 
may here ~t.'l.te. that the whole of Pntagonill. CQn!ist.l! of 
a t.erlillry formation, resting on and 80metimes 8ur~ 
rounding hills of porphyry and qunrh:: the surface is 
worn int-o many wide valleys and into It:vel step-formed 
I)lnin~, ri,,;ing one above another, 1111 capped by irregular 
lxod, of j:,'l'tl\'e\, chiefly composed of porphyritic rock!!. 
Thi, gr&\'<:\ formntion will be !leparately described at 
the end of too chapter. 

)Iy object in gi\'ing the fullowing me~uremenu. 
of the pinins, ~ taken hy the Offiecl'8 of the Survey, 
i~, ~ ..... ill JU'renfler be !!Cen, to ahow the remarkable 
Il(pllIiliiityof the recent ele\'atory movements. Hound 
the f!Outh~nl parh of Nuevo Gulf, U8 fllr ns tile Hh'cr 
Chupat, (Sllveuty lDi l e~ southward of Sun J oscD tllere 
IIpp<.'llr t" be several plains, of wh ich the bei!t defined 
nre here reprCoICnted . 

... ---~~-. 
x-oIoI-. -10"' ........ _____ 

y.a..~.:: .. "VI_'-~~ __ '" 
I!oI. _"""bJtI>o~oru.. .. TTe)'. 

The 111)llCr plain is here ..... ell defin<.od (c.,\led Table 
Hills); iu edge forms a clift' or line of ctICarpm{:ut 
many mil01 in length, projecting over Il. lower plaill . 
The lowelt I)lain cOITe!!ponds ..... ith that. at San Josef 
witll the recent ,hells on iu. surface. Between this 
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lowest and the uppermost 1)lain, there is probably more 
than one ~teJl ... formed t("rrace: &everal Illt'ruluremellts 
~lIow the e:risren('(' of the intermediate one of the height 
given in the diagram. 

Ncar the north headland of the great nay of SI . 
George (100 mil{'A ~uth of the CbUIN't), two well 
marked plains of 2tiO Rnd 330 feoet wl're meru>ured: 
these In" said 10 ,w('('p rOlmd I grmt port of the Bay. 
At it./! fIOuth hf'adland, 120 miles di~tant from the nonto 
headland, the 2tiO fC('t plain was again meRllured. In 
the middle of the b,'y, a higher )llain WR! found at 
two neighbouring places (Tilli Bonds and C. ~IRrques) 
10 be ti80 feet. in height. Abo\'!" this plain, towards 
tile interior, Mr. Stokes informs me that thHe were 
!!6I'ernl other step-formed plain., the highe~t of which 
waa estimated at. 1,200 feet, and was K'('n ranging at 
apparently the I!llffiC Ileight for ltiO miles northward. 
All theee plains iulve been worn into b"teat n,ll('y~ ILnd 
milch denuded. The following section is ill\l~tr"ti\'e of 
the general structure of the great. Hay of St. George, 

At tl]C Mltltb hmdland of the Bay of St. Goorge (near 
r. Thl1'f" Points) the 2tiO plain is I'ery utensil'f' . At 
J,'ort ~ire (forty miles lOuthWllrd) I made !;C\'eral 
mea~urem('nts with tIle barometer of a plain, ""bieh 
ext('tlds along the north aide of the port and along the 
open coast, and which \"aries from 215 W 255 feet in 
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height; thi! plain abut! agains\.. the foot of a higher 
1)laill of 330 fed, .... hich estcnd9 abo, far northward 
along the OO3lt, and likewise into tbe interior. In the 
di~tal\Ce a higher inland platfonn wal lll!en, of which 
J do not know the height. J n three 8Cparnte place!!, 1 
ob!lerved the cliff of the 245-255 feet plain, fringed by 
a terrace or narrow plain eatimated at about 100 fcet 
in height. These plaine arc repl'eacnled in the fol­
lowingeeetion:-

<s"'_. ---, 
In rnnny place", e\'en at the distance of thretl nnd 

fouT mile~ from thc OOl'i,gt, I found on the gnHel-eapped 
lmrfneo of the 245-255 feet, and of the 330 fLo('t plain, 
~helb of .,vytilus }.fagtll(U,ic-u8, ,;1/. e<:luiill. Patdlar 
dl'(tm-ilfl. and another l)atelln. too much W(1m to be 
identified, bill apparently similar to olle fOllnd ablln­
oantly adhering to the le:n'es of tbe kelp. These 
~pedes are th"" commolle~t now living on thill coast. 
The @i1e118 all appeared very old: Ule blue of the 
m\l~!<{'18 "'11.8 milch faded; and only tl'l!oee;! of colOllr 
could be pereei\'oo in tile l)nte11n8, of which the ollter 
8nrfaee~ .... ere scaling off. They lny 8CaUercd on the 
Bmooth surface of tbe gravel, but nbounded most in 
certnin patche~, especially at the heads of the ~mnller 
\alley!: they generally contained sand in tlH!ir insidCll; 
nnd I presume that they have been washed by alluvial 
action out of tldn sandy Jayen, tl'l!ocel of which may 
som('timCl he lICen covering the gran·1. The !Ie\-eral 
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,llninl ha\'e very lel'ellurflCf's; hut sUare ICOOped Ollt 
hy numerous, bro;ld, winding, flat-bottoml'<i "lIlIeys, in 
which, judging from the bu~hes, stream. neH'e flow. 
Theile remark8 011 the @tate of the shells, and on the 
llQture of tho plnin~, apply to the following CIllM.'s, 110 

need not be repented. 
Southward of Port De~ire, the plainl 11111'e been 

grt>atly denuded, with only sma11 IliOCCll of table-land 
marking their formrr eJ:tension. But opp06ite Bird h­
land, two oonsidel1lbl('step • .formed plains were moo..ured, 
IIl\d found ret!1M!etil'ely to be 350 and 590 f('('t in height, 
'I'his IlItter plain cxtend8 along the coast ciO!;(l to Port 
~l. .Julian (110 wile@south of Port ~ire)j wh<:re we 
hal'eiliefollowingsection:-

... ft.. AL lf. 

!Lc=="_~===~l 
The lowest pillin ~'U etltiwated at ninrty ft:ot: it is 

remarkable from the lI,mal W3.vol.bed bfoing deeply 
worn into hollow8, which Are filled up with, &8 wellM 
the generalsurfaceool'ered by. sandy and rrodi~h earthy 
matter: in one of the holloWl'til1ls filled up, the skeleton 
of the Af acmucillmi(t P«t(IC/Wltica., as will hereniWr be 
d~ribed, was f'mhedded. On the 8urfnee Iud in the 
upper parts of thi~ earthy masl!, there were uumerous 
Ihel)g of J/ytil1Hl . .1fII{}tIl(tnictU and .l1. e<lul;". Patdl" 
Wnlrita. Ind frag-menu of other spcei<'!'. This plain 
i~ tolerably len'l, but not eltensive; it formi .a pro.­
montory scI'en or eight miles lonlt', and three or four 
wide. The upper plllins in the abol'e diagram, were 
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me8!un:<i by the Officerll of the SUrI'ey; they were all 
capped by thick beds of gra\'e1. Rl'd wert! all more or 
leN! denuded: the 950 plain OODsislii mereiy of 8eparate, 
truncnk'd,gra\'el-cnpped hill!!, two of wbieb, by measure­
ment, were found to differ only throe ft!l't. T he 430 
feet plnin utends, a pl)arently witll hRrdly 1& hre-"k, to 
Ilear the northenl entrance of the Hio ~allla Cru? (fifty 
mil~ to the 80Ilth); but it was there found to be only 
330 feet in height.. 

On the iiOuthem side of the moutb of theSnnta Cruz 
we have the following section, whieh r am able to give 
with more detail than in the foregoing eiI<ICII:-

The plain marked 355 feet (aM ascertained by the 
harometer Rnd by angular measull>!l\{'ut) i, a contioua­
Hon of th{' abo\'e-mentioued 330 fl-et plain: it extends 
in a .s\\'. direction along tbe lIOuthern shor('l of tile 
e;;luary. It i. capped by grn\'el, which in 100000t parta il'l 
co,'ered by a thin bed of sandy eRrth, and i. acooped out 
by many Hat-bottomed nlleYf. It appearll to the eye 
quite le.'el , but in procetoding in aSS" :' OOUfi!{', towards 
a ll e~cnrpment di~tant about 8ilt llI iletl, and likewiae 
ranging nero>!!! the oountry in 11 NW. line, it was found 
to riio{' nt first inaellsibly, and then for Ul{'iast bnlfmile, 
II('n~ibly, close UI) to the base c;,f the cBCllTpment: at. 
t his point it \I'M, 463 feet in height, ahowing a rise (.f 
108 f~t in the ail: mile~. On lhia 355 to 463 f~t 
plain, I found scl'eral shells of MyWu,.. MO[Jdlanicu8 
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nnd of a ) Iytilu~, which :'Ilr_ t:'<>,,-erby informs me is yet 
lnlnamed, though w('l1 known I\~ recent on this cOllsl : 
Plt/dla (le(,urit(,; FU8U8, I )'die,!', .1lagdlcmicuB, but 
t he ~pecimen has !Jeeu 1000t; Imd at the dilitanC6 of fflur 
miles from thl' e08~t, at the heih,ht of "bout 400 ft:et, 
thtre were fragmenu of the ~Ul\e Patella aDd of a 
Vohlla (IIPI)IIrently \'"_ ("II:ilia) pnrtinlly emll\.·.Jded in 
the superticial ""ndy enrth_ All these ~hdl8 had the 
same ancient aPI_mnce with those from the f0I"t'b"Oing 
localitietl. As the tides along this pIIrt of the coo..t 
rite at the Sp;ygul period forty fL-et, lind th('refore form 
a well-marked beacll-liue, I IlRrticlilarly looked out fur 
ridges in cro!l:ling this plnin, which, ali we hnve seen, 
rises 108 feet in about ~ix mil('!<, bllt I could llot ke 

any tf11L"C3 oftuch_ T he !lut highe;.t plain i~ ilO ft.-et 
abol'e the sea; it i~ "ery narrow, but lewl, and iiJ 
CliPped with 1,'TlI,-el: it al.o\llil to the foot of tl1t~ 840 
feet Il\ain. This summit-plain e::denrls as fllr M the 
eye can rangt:', hoth inland along the southern .ide of 
the I'nlley of the Santa Cruz, and southward along the 
Atlaotic. 

Tlu Valky of the R. Santa Cru=.-This ,·ai!C'y rUOiJ 
in an eon and we;t direction to the Cordi\l(:ra, n dis­
tanee of about 160 mile!. It eu13 tlll'ougil tho J.,"Teat 
l'lItagonian wrtiary formation, including, in the upper 
half of the \,allf'\'. immen~e streams of bfl"llitic lava, 
which, as wellllJ! -the IIOfter bed~, are eal)IJoed by gravel; 
and thia gm\·el. high up the ri\'er, i~ 8l11'OCiated with a 
'-Mt boulder formation.' In a.scehding Ule ,-alley, the 
Illain wbieh Ilt the mouth on tile lIOuthem ~ide i~ 355 
ft'et high, is seen to trend to ..... nllh the corresponding 
plnin on ll,e northern sidr, BO thllt their e!enrplnenh 
nppear like the ~hoTe!! of a former esluary, lnrger thaD 
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the uisting one: the escarpment!!, also, of the 840 feet 
summit-plain (with a corresponding northern one, 
l\'hich i, met with !lOme 1my up the "Rlley).appear like 
the sllnre8 ofa still larger estuary. Fnrtller up the\'al­
ley. tile ~idC8 are bounded throughout its entire length 
by Ic,'el, grnxel-capped terraces, ri.lngaoove each other 
in stepl. The width between the Upper c!!Cnrpmcnts is 
on an nvernge between sevell and ten miles; in one 
spot, howevt'r, where cutling tilrollgh tlle bas.altic lava, 
it Wat only ono mile and a Imlf. Betwern the cscarp­
ment~ of the ~eeond highe!'t terl1!.ce the In'ernge widtb 
iii ahout four or fh'c mil('~. The hottom of tile "alley, 
at Ihe di.tnnet' of I JO miles from it;! mouth, bcJrins 
IleIlPihly to expand, and !lOOn forDl~ a ronsiderable plain, 
440 f('(!t abow the 10l'el of the sea, throu.Q:h which the 
riler flows in It gut from twenty to forty feet in depth. 
I here found. at a point of 140 milf>ll from the Atlantic, 
nnd iel'enty miles from the near6l cret:k of the ]'acific, 
fit the lu,'ight of 410 feet, a I'ery old find worn ~hell of 
P(tt('ll(~ d~{mri(rt. l.ower down tbe valll'Y, 105 miles 
from the Atlantic (long. il o W.), ond Ilt an elel'ation 
of about 300 feet, I alllO found, in tbe hed of the ril'er, 
two much 'II'on} and broken ~hellsof the I'olulrt anrilla, 
~till r£'iaining traces of their colourt; and one of the 
Pal~lht ril'aurittl, It appeared that these IheUs had 
hten 'IImhed from the banks into the rh'er; conSidering 
the distance from the sea, the dl'l'('rt and ab@oiutely 
unfrequented character of the country, and the "cry 
am:i!.'nt appenrauce of the ghells «(,:lactiy like tl108e 
found on the plnin~ nearer the COR'I), there is, I think, 
no cause to 8W'pect that they could have iJef'n breught 
here by Indians. 

Th(' plain at the bead of tho "a]l(>y is tolerahly 
lew'l, i,ut water_worn, and with mKny und..<JuuCII on it 
like thnse on 1l8('ft-coast . Atthehighegtpoint to which 
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we n&eended, it \Jiall sixteen mile. wide in a north and 
lIOutb line; and forty-fh'e milee in length in nn east 
ulld Wellt. line. It. is bordered by the eMCarpmeuu, one 
aool'e the other, of two plaioi>, which dh-erge as they 
approach the Cordillera, uod cOIl$e(I!lenUy ~mble, at 
two lel'eli>, the sbores of great bays facing the moun­
tains; and the.;e 1D01llltains are breaeh,d in front of the 
lower plain by a remarkable gap. The vatiey, therefore, 
of tho &nta Crull coll~ista of II straight. brolld cut, 
about ninety mile!! in lengt.h, bordered by b'Tl\\'c1-eapped 
U:rr:\Ce;l lind plains, the ei>ClIrprnen18 of which at both 
ends divCfb'C or expand, one ol'er the oll.u~r, ntter the 
rnanner of tbe lIhores of great ooY8. Hearing in mind 
this peculiar form of the land- the 88od-duuetl on the 
plain nt the hend of the I'alley-tlle gnp in the Cordil­
lera, in front of it.--the presence in two places of very 
aucient shells of existing species-and lastly, the cir­
cumiltance of the 355 to 453 feet plain, witb tbe 
DlIIllerous marine remains 00 itl surface, sweeping from 
the Atlantic coast, far Ull the I'alley, I think we must 
admit, that within the recent pcriod, the cour8C of the 
Santa Cruz formed a 8Ca-strait intcTtJeCting the con_ 
t.inent. At. this period, tile iOuthenJ port of South 
America consisted of an archipelago of iJands 360 
miletl in a N. and S. line. We sball llre>ICntly see, that. 
two other @traiu also, !!inee clostd, tliell cut. through 
Tierra del Fuego; I may add, that one or tbem mu~t 
at that time have expanded at the rnotof the Cordillera 
int() II great bay (now Otway Water) like that which 
formerly covered the 440 feet. plain at tho head of the 
Santa Cruz. 

I ilal'e 8.'\id that the valley in it~ whole COllrse is 
borderL-d by gravel-capped phlins. The following see­
tion, 8l11lposed t() be drawn in n N. and S. line across 
OIC vnlley, roll scarcely be con,;idcre<\ at moro than 
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illustrative j for during our hurried 8~ent it was im. 
possible to measure nil the plnina at anyone place. 

TM-.'"'_ .......... _, ... __ ' ... rt_,Io_""u.._1I<I' 
_ •• 11. ,· __ ... _ ......... I .. _: .. _.boIJocoal' 
,-..,_._ •• bort_,IM.....-II, __ . T1>e_00I.u.. 
_ ..... ~_..-:IM __ I.- ........ of .... "' ... bdq __ • ___ "'\ooImlloo. 

At a point lll'flrly mid wily between the Cordillera and 
tbe Atlantic, 1 found tbe plain (A north) 1,122 feet 
above 1I1e river; 1111 the low(' r 1)1ains on this side were 
here ulliw<1 into one Wi'at broken cliff: at a point 
sixteen mile! lower down the stream, 1 found by 
measllr('ment and CIItimu l ion that B (n) was 869 abo"e 
the rher: vcry near to where A (n) was measured, 
C (n) waS 639 allOl'e thij Rlune level: the terruce D (n) 
Wall nowhere mC3sured: ti,e loweI't 1-: (n) W8.!I in many 
plaOC'S ahoul twenty feet nhove the river. 'J'he~e plains 
or termC(';! were bett de,'dopi'd where tile valley was 
wide!t ; the whole five, like gigantic steps, occurred 
together only at a few J>oillt~. The lower terraces aTe 
Ie6/! wutinuous than the hight'T oneil, and appear to be 
entirely 1000t in the \Ipper third of the "alley, Terrace 
C (,). 1I0we\'er, was traced c()Dtinllolli'iy (or a great 
dilltance, The terrace n (n), lit a point of 6fty. fi,'e 
mile! from the mouth of the. ril'er, Willi four mile!! in 
width; higher up the valley this terrace (or at least. 
the &eeQnd highest one, for J could not. l\lway8 trace it 
continuoU!ly) \1\'1111 about eight miles wide, This lIOOOud 
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plain waa generally wider than the lower ou_as 
indeed folio .... from tbe valley from A (ll) to A (.) 
being generally nearly double the width of from B (11.) 
to J3 (,). Low do'lt'u the valley, the IUUlIuit-plain A (It) 
iscontiullOlis ..nth the 8-\0 feet plain on the coatt, bllt it 
is lOOn 1000t or unites with the ~arpm('l\~ of 8 (,). 
The corre~polldillg 1)lnin A (II.), 011 the north side of the 
valley, apl)('8u to range continuously from the Cordil­
lera to the head of the preient etltuary of the S. en,?" 
where i~ trel\d~ northward towards l)or~ St. Jllli~ll. 

,Xear the Cordillera the 8ulllmit-plnin on boll! Bidet of 
the miley i8 between 3,200 and 3,300 feet in height; 
at 100 miles from tbe Atlantic, it il 1,416 feet, lind on 
tbe coast 8-100 feet~ all aOO,·c the flea-bench; 10 tbat in 
a di~tance of 100 miles tbe plain ri~ tiiij feet, and 
much more rapidly near to the Cordillera. The lower 
terra.ct!t IJ and Cal!lOapfle8r to rii6n8 the.v run up the 
,·alley; thull D (n). illellijured at two poiuts t.wenty­
four milu ILI)3.rt, waa found to have ri lCu 185 feet. 
}o~rom &everlll reasons I sn~pect, that this gradual 
inclination of the plain. up the vailey, b311 lIeen chierty 

·caU!!ed by the elevlLtion of the continent in Inass, 
having been the greater the nearer to the Cordillern. 

All the terraces are ClLllped witb 'It'tll- rounded grn,·el, 
'It'hich re;oli either 00 the denuded and AQmetimea 
furrowed ~urrace of the I!()n. tertiary d('llOIiiu, or on the 
basaltic Izwa. The diffeJO!IlCt' in height between i!OlUe 
of the lower Iteps or terra.cetl seeWI to be entirely 
owing to n difference in the thickne811 of the capping 
gra,,'el. Furrow~ and inequalitictl in the graH'I, where 
such occur, liTe filled up ILnd smoothed over with Bandy 
earlh. The pebblC!!, Cl!peeially on the hig-her plains. 
are often white-w~hed, and e"en cemented togt!ther by 
a white aluminous 8ubiitauce; Ilnd I OCC1l8iooa\ly found 
thi. to be the case witb the gran!1 on the terrace D. 

__ T, om I lhn 
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I oould not perceive any trace of a ~i,"ilar depoai­
tioll OD the pebbles now thrown up by the rirer, and 
therefore I do Dot think that terrace D .... \1.8 rirer­
formed. AI tte terrace E gent'rtt.lly .landa about 
t1ll'enty ft'('t above the bed of the rher, my til"8.t impres­
sion WM to douLt whether evell tllia 10""eit one could 
ha\'e been 10 formoo j but. it should nlwny, be home in 
mind, tJm~ the horizontal upheanll of a district, by in_ 
('rensing the total deseent of the Htream~, will alwa}'ll 
tend to increase, first near the sea·coast and then 
further and farther up the \'alJey, their corroding and 
d~pening power!l: !IO that all .lJudal plain, formed 
.lmQ~t on a level with a stream, " 'ill, after all e!e\'ation 
of thi' kind, in time be cut through, and left standing 
at a height never again to be rroched by the water. 
With "'-"peet to the three upper ttrracell of the S. Cruz, 
I think tllt're can be no doubt, that tht'y were modelled 
by the fJt'3, when the miley Wall occupied by a !!trnit, in 
the III\.me lUanner (herrofter to he dii<CusBCd), !U the 
grooter, .up-formed, ijhell~tre\\'ed plnins along the 
eoast of Patagonia. 

To rdUni to the ghore~ of the Atlantic: the 840 
{eet phin, at the mouth of the gantn Cruz, is IE'Cn eJ;:­

ten,iing horizontally far to the !IOuth; and I am in­
forml'd by the Officers of tIle Suney, that hending round 
thf' bead oi Coy Inlet (siny-five miletl !IOuthward), it 
trl'lI(lt inland. Outliel1! of apparently the AWl' height 
.~ I!('t'n forty mile3 farther south, inland of tho river 
Gallego<!; and a plain comet down to Cape Gregory 
(thirty-fil'!) miles !IOutb\\llrd), in the Strait or Magellan, 
which \\ll! el!t imated at between 800 and 1,000 feet 
in height, and which, ri~ing towards the interior, is 
CIlJllled by tbe boulder formation. South of the Strait 
of ) lngdlan, there are large outlying ffia5liC8 of appa­
rently the Arne great table-land, extending at inten-aill 

h..!,..:otJ W rk of...:h 
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along the euU'rn eoru.t of Tierra del t'Ut'gO: at two 
place! llere, 1 iO milet np:Ht, thi! plain WIllI found 10 be 
ItSO and 970 feet in height. 

From Goy Inlet, where the high summit-plain 
trend~ inl3Jld, 8 plain e~timated at 350 feet in bei/{bt, 
extend! for forty mila to the ri\"ar Gallep. From 
Uli! point to the Strait of ,Magellan, aocl on each 8ide 
of that f.l.trait, the country Illn l>eeu much denuded and 
isle!!! iel'el. I t eon~isl8 chiefly of tile boulder forma.­
tion, which rillet to II. height. of between 150 and 250 
fd't, and is often capped by bed! of gr,\\-el. At X.S. 
Graci!!, on tile north &ide of the Inner Xarrowa of the 
f:jtrait of :\lagellan, I found on the ,ummit of a cliff', 
1GO foot in height,8hell~ of esiating l'aU'lIre and )Iytili, 
Icattered on the aurflloo lind l)artiall~' embedded in 
earth. On the eastern COIllIt, al~o, of Tierra del "'uego, 
in latitude :i~ 20' S., I found IUany :\Iylili on 110m!! 
lel'ell!!nd, t6timate<l at. 200 feet in height. Anterior 
to lhe elen'liou attested by lheac shell" it i~ e,·ident 
by the prefI('nt form of the land, and by the distribution 
of the great erratic boulden I on the lurface, that two 
Ml&-ehBnllel! oonnected the Strait of Magellan both 
.ith Sebutian Bay and witll Otway WaU'r. 

ConcludiU[1 nmarl:s OIl tlte TKtInt tlel'alm 0/ tM 
south-«latern CO(utll 0/ A'I'M7'iCft, amlon til" action 0/ 
th, 8ea on tlt" laml.- Uprnised SllClls of apcciCtl, atill ex· 
kting as the commonest kinds in the adjoining _. occur, 
g"'eha'"e leen,at heightl of b.:tweena few fet't.,nd410 
feel, at intcn·.,11 from llllitude 33- 40' to 53- 2(/ Sollth. 
Thi! is a distance of 1,180 geographical mil_about 
equal from London to the North Cape of Sweden. As 
the boulder formation, c,;tcnds willi uearly the mOle 
hl.'ight 1:i0 mile. IIOlIth of 6ao 20', the IOMt lOuthem 
point where I landed aDd found upraised 6111'11.1; and 
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"" the le\'ell'ampas rnnges muny hundred miles north­
ward of the point, where M. d'Orbib'1ly found at the 
height. of 100 f~t beds of the Aura, tbe 811300 in a 
north and fIOutil line, which hal boon Uilliftcd within 
tile reC('llt period, mUllt hal'e been mueh abole the 
1,180 mil~ Bytbe term 'reeent,' J leferonly to that 
period witllin which t.lle now living molluSCll were 
called into exi!tenoo; for it will be teen ill the eleventh 
Chapter, that. both at Bahia Blanca and 1). S. Julian, the 
mammiferous quadrupedll which oo-cxillted with these 
Ihell, belong to extinct 'pedes. I hal'e !!aid Ulat the 
\lpmised ~helb were found only at intervals on tili9 line 
of cow.t, Lut thi, in all probobility may be attributed 
to my not hll\-ing landed at the intermediate points; 
for wherever I did lalld, with the exception of the 
river ~egro, shells were found: moreover, the shell!'! 
liTe strowed 011 plains or terraces, which, lUI wo lIhall 
immediately &ee, extend fvr greo.t distances with a 
uniform height. J Il!K'ended the- higher plains only in 
a few places, owing to the distauce at "'hich their 
etearpments gt:nMlllly range from the uoasl, flO that I 
Ilm far from knowing that 4 10 feet is the maximum of 
elel'alion of these uprniscd remains. The sltl'll. are 
thOile now mOtit abundant in a lidng state in the 
adjoining!lCl\.' All of them haye an ancient appear­
ance; but fIOme, el!pecially the mUMels, although lying 
fully expoi!ed to the "'-eather, retain to a conliidernLle 
extent their colouf1I: this circllm~tllnce appcan Ilt. fiI'lit. 
lurprising, but it. i~ now known that thu colouring 
principle of the 1!ytilus i~ 80 enduring, thu1. it is pre-
8('n'ed when the shell iL;e]f is .. -ompletely diaintcgmted.' 

IhaGomoiete. wQ(k vf Ch&r~s Dar O'_~ __ _ 
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:'olost. of tlle shells are broken; I nowhere f01Wd t .... o 
\'llh'M uuited; the fragment. are not. rounded, at iea!lt 
in oono of the .peeimen~ which I brought hOlne. 

With reBped to the breadth of the upmi!!ed area in 
an eru<t and We!'t line, we know from tlu' shells found at 
tile inner Narrows of the Stmit of Magellan, that the 
entire width of the plain, although there Yery narrow, 
hllll 1x-ell <'1evated. It i~ probable th8.t in thi~ lOuthern­
m~t part of tho continent, tho mO"ement lUll e:ttendod 
under the lea fareastwaN; for at the Falkland hlands. 
though [ could not find any shells, the bone$ of whales 
11II.\'e l)eI{'n noticed by sol'eml competent obeervelll, lying 
on the land Ill. a eomridemble distance from the 1CtI. and 
at. the height of IIOmo hundred feet. above it.' M om­
Ol'er, 1I'e know that in Tierra del Fnego the boulder for­
m.'1.tion bas been uplifted within tllO recent period, and a 
similar fonoation occurfI' on the north-we-1te m shore!! 
(Byron Sound) of these i8land~. Tho distnnee from 
this point to the Cordillera of Tierra del FuOl,FO, iB 360 
milea, wllich we may take as the probable width of the 
recently uprniaed area. In the l.o.tilude of t ho It Santa 
Crwl.. \1'1.' know from the shells found at. tho mouth nnd 
hend.und in tho !Diddle of the valley. th8.t tile entire 
width (about 160 miles) of the surraee euatward of the 
Cordillern. h:lI been upraised. From the @\opeof the 
pli!.in" lUI .hOWD by tbe eourse of the ril'f'r" for 8C\'eral 
degrees llortllWSrd of the S. Cnu:. it is prohllhlo that the 
e1e\'lltioll a.lte<ted by the shells on the coa~t h8/! likewise 
('J:tended to the CordiUern. When, howel'er, we look as 
filr northll'a.rd a~ the provinceaof La Pla.tn, thi, conclusion 
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,,"ouM be Yery bazardOU8; not only i. tIle di.stancc frL.m 
~ Iahlonado (wllere I found uprni.oo ahells) to the 
Corrlillera great, namely, 760 miles, Lut at the hc3d 
of tbe pstnary o( the Plata, a XNE. and ssw. ran"e 
I"I( tertiary ,"olennie rock~ haa iJ.P.en obierl""ed,' wbich 
may well indicate an ui, of ele'"ntion quite distinct 
from that-of the Andes. Moroover, ill the centre of 
the Pampas in the chaillofCordovn,severecarthquakt,s 
have been felt; I whereas at lIlendoza, at the eastern 
foot of the Cordillera, only genUe oscillations, trans­
mittOO from the ijhol"t's of the Pacific, Imve ever been 
f'.Iperienood. Hence the elevation of lhe l'limpalllllay 
he due to 1Je'"eral distinct &.Ies of mOI"cmenl; lind we 
~'1lllnot judge, from the upl1li!led IIhellt round the E'litllary 
of tbe Plata, of the breadth of the area uplinoo within 
tbe reeent period. 

Not only haa tbe alXH"e specified long range of coast 
been clevated within the r('C{'nt period, but I think it 
may be Nnfdy inferred from the &.imilarity in height of 
the gnHcl-eapped Illnins at di~tnnt point.!, tlmt tlwre 
hall been n fC luarkable d{'grNl of equability in the 
ele\"&tory proce~." I may premill(', that when I mea­
~ured the plnin~, it waa simply to ascertain tbe beigbl.8 
at which sheilll occurred; afterward~, oomparing theoe 
measuremcnt.! with some of thOle made during the 
Survey, J was struck with their ulluo>rmity, aDd accord-

'Th ......... ni.,''''"''''tioQwiUbed..,.;:be!l.ia Chart~.XI. lei.DOt 
illiprot.bl. thai. tIM heigbl ~ tIM IIpniMd .bell, .... tbe ~ ~tI>e 
_....,.oflbel'lata, bei"' ........ thu .. t Bahi.Iu..-~""S.IIBiu, 
_,. he ow;ug to ~". uplo .. nl oCth_I.,ter rlatoi h .. nng t-u «In­
ntdad .... itllthtd,.t&lIt lill.of th. Cordill...., wlLil.c.t.h.otoCthe 
~~;::-.:r .. t. PIlla ..... ill C>lnlloctlOu with Ibe adJoini", t ... tu...,. 

• !lHSi.w. Parilb'l ....... koD'J .. 1'Ia ... ;JI.21~. For .. oOl.ico of 
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ingly tabulated all those which represented the sum­
mit-edges of plains. The extension of the 330 to 355 
feet plain is very striking, being found o\'er a space of 
500 geographkal miles in a. north and south line. A 
table of the measurements is here gh·en. The angular 
measurements and all the estimations are by the Officers 
of the Survey; the barometrical ones by myself:-

,~. 

~~~J:;'~~t:~J!l~:,!{:~~,r:::=i"~d pa,rtlJ~im.~ :~l 
N"rt~!lid.oI d" (&ng. m.). . 330 

f,~,:! :~';~:K~~: ~=':: ~~n!{~:;/,,;,...t (hIo"";" In.) , ~~ 
i~8:'~":, ~n~~r:i':;(:Z/:"" In.), :: • :~ 

A plain, varying from 245 to 255 feet, set'ms to 
extend witll much uniformity from Port Desire to the 
north of St. George's Bay, a distance of 170 miles j 

and some approximate measurements, also gh'en in the 
flllowing table, indicate the much greater extension of 
i80miles:--

Tbe extension, mon)l.wer, of the 560 to .'580, and of 
the 80 to 100 feet, plains is remarkable, though some­
what less obvious than in the former C3.SCl!. Bearing 
in mind that I have not picked these measuremenl~ 
out of a series, but have used all those which repre­
fented the edges of plailli!, I think it ilCarcely possible 
that these coincidences in height should be accidental. 
Wemu;;t therefore conclude that ilie action, whatever 
it may have been, by which these plain~ have been 
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moddk-d into their praent forlll~, lias been lingularly 
unifono. 

:Chelle plains or great terrnce5, of which three an,.1 
four often rise like step!! one behind the other, are 
fOlmed by the denudation of the old Patagonian 
tertiary beds, and by the depositioll 011 their surfaces of 
a mau of well-rounded gravel, varying, near tho eo~l, 
from ten to thirty-liI'efeet in thicknCI!IJ, but increasing 
in thiekne68 towards the interior. The grnveJ is oit"11 
eapped by a thin irregular bed of snndyearth. The 
plaine: slope III), though seldom aeniibly to the e) e, 
from the ~ulllmi~ge of one escarpment to the foot vf 
Ihe next highett one. Within a di.;tance of 150 milt-;-, 
betwC<'n Santa Crw: to Port Dei;ire, where the plains 
are particularly well developed, there are at least sen'n 
~tab<ell or steps, one abo\'e the other. On tbe thrt-e 
lower oues, namely, those of 100 feet, 250 fC<'t, and 
350 feet iu Ileight, existing Iittor:l18hell~are abundanti.\' 
~trewed, either on the surface, or p-lrtially embedded in 
the superficial sandy earth. By whatever action tbeec 
three lower plains have ~n modelled, 10 nndoubtedly 
have all tho Jdgher ones, up w a height of 9;>0 feet at 
R Julian, and of 1,200 feet (by estimation) along f:t. 
George'iI Bay. I think it will not be disl)uted, e"u­
~iderillg the preaence of the upraised marine shells, tbat 
tile flea has been the acth'e power during 8t~""CS of IOm~ 
kind in tlleele,·ftwry process. 

We will now briefly consider this subject: if we 
look at the existing coast-line, the el'idcnce of the 
j,.,.en~ denuding power of the sea is vcry distinct i fOf, 
frolll C!ipe St. Diego, in Int. 54° 30' to the mouth (If 
tIle Hio Negro, in lat. 31° (a length of more than 800 
miles), the shore is fOfmed, with singularly fello' excep­
lion>l, or bold and naked cliff~: in lDallY places the 
ditTii are big-Ii i thus, south of the Santa Cruz, they are 
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bt-lween 800 Auel 900 feet in Ill'ight, with their hod­
z·>ntal strata abruptly cut off, $howing the immenll€l 
ma~s of maHer which has been removed. Nearly this 
whole line of co:ut conMi~ts of a serie! of greater or 
le--er eurvt!<, the horns of which, and likewise certain 
strnigllL projeeting portions, are formed of hard rocks ; 
heuce the cvne3I'e partll are eridently the effecl. and the 
m·'3..'!ure of the denuding action on the IOfter strata. 
At the foot of nil the cliffs, the sea shoals very gradually 
far outwards; aud the bottom, for a epace of lOme 
miles, e\'erywhere c()UlIidii of grnl·eJ. I carefullyex­
amined the bed of the !Ca off the Santa erUl., and found 
that its inclination was exactly tho wme, both ill 
amount and in its peculiar curvature, with thnt of tll(~ 

3.5~ feet plain Ilt the same place. If, therefore, the 
C(Ia~t, with tile bed of the adjoining l!C3, were now Bud­
d~nly elel'ated 100 or 200 feet, an inland line of cliffs, 
tbat iz nn escarpment, would be formed, with Il pl'el­
capped plaiu lit its foot gently sloping to the@(!jl, and 
h:lI'ing an inclination like tJlat of the exist ing 355 feet 
plain. From the denuding tendency of the 1!e8, this 
nt-wly formed plain wOllld in time be eaten back into a 
cliff: nnd repetitions of tbis dOI'atory and deuuding 
p~oef'l\!l would produce Il /!Cries of grnyei-enpped, ~loping 
tt'l'I'1Ioeett, rising one abol'C another, like th086 fronting 
tIle ~hores of .I'atngonia. 

The chief difficulty (for there are other incon"ider­
al,le ones) on this yio'lf,ll! the fltd,-alI far as I t.1n 
tr'U't two continuous IinCll of .soundings CIIreful1y taken 
between Santa Cruz and thc f'alkland hiandM, and 
@e\'eral scattered ol::tw:>n'atioDlIon thi~ and other coos18,­
that the pcbl,les at the bottom of the IICI\ quicldy lind 
lY'11d(trly decrease in size with the increasing depth 
and ui_tance from tile @hore, whereas in the gm\'el on 
the Iloping plaill!, nO 8uch detteaSe in ~ize was per-
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OOl'tible. The following table giv6I the a,·erage result 
of many 80undiugII off the Santa Cruz :-

l"nd •• !wo,mn .. rrom!h •• b ........... , or !h.p-bbl .. werool"l.'X" 
..... illflltd .. ,tb."..,ooma1l"" ... 

I particularly attended tD the PM of tile pebbles on 
the 355 feet Santa Cruz pillin, lind 1 noticed tbat Oil 

the lIummit-edge of the present sen-cliffa maoy were 
118 large 118 Ilalf of a man'lI head; and in crossing from 
these c1iff~ to the foot of the next highest e5C3rpmeut, 
a distance of six miles, I oould not observe ruty increase 
in thtirsize. We shall pte8eutlysee that tile theory 
of a slow and almost insensible rise of the land, wilt 
elplnin nil the facls conoectod with the gravel-eapped 
ternICCl', better than the tbeCll'y of sudden ulOlations of 
from Olle to two hundred foot. 

:U. d'Orbigny has argued, from the uprniJed shclb 
at &.n BIns being embedded in the l>o!itiollS in which 
t hf'y lil·ed, and from the vah·es of the A:a.ra klbiala 
high on the banks of the Parnna being united and un_ 
rolled, that the elevation of Northem Pata~nia and of 
l.a Plata must han~ been sudden; for he thinks, if it 
hud heen gradual, these shf'ILs would all ha,'e been 
rolled on 8uccCSllil'o beach-lines. But in prcdected ooys, 
such ns in that of Babia Blanca, where,·er the I!Cll. is 
nccumulnting 6.'l:teosivo mu(l-l!llnk~, or wheTe the winds 
quictlyheop Ilpl!!Lud-dunes, bed80fshells mighta!llluredly 
be Ilreserved buried in the poaitione in which tlley had 
liI·e<!, even whibt the land retained the f!Ilme level j ony, 
the !malle&t, amount of elevat.ion would directly aid in 
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their I)reservation, I saw a multitude of Bpoh in Bahia. 
Blanca where this might ha"e been effected; and at 
~laldonado it almOf'L certainly has been effected, In 
speaking of the elevation of the land having been 810w, 
I do not wish to csclude the small Burb which aCCOlll­
pany enrthquak{'fO, RS on the OOMt of Chile; and by Buch 
mon~menfil beds of shells might easily be uplifted, even 
in po!'itions expose<l to a Ilea\"ysurf, without undergoing 
any attrition: for instance, in 1835, a rocky flat off the 
island of oonta )llIria was lit one blow uphen\'oo above 
high-water mark, and Wall left covered with gaping and 
putrefying mUAACI-<lhell~, still attached to the bed on 
which they had Jired, If M, d'Orbiguy luld been aware 
of the many IOllg parallel (inC!! of sand-hillocks, with 
infinitely numerolls shells of the Mnctra and Venus, at 
n low le\'e1 near the Uruguuy; if he had seen nt Hallia 
Hinnea t he immenllC lIand-dunC!<, with water-worll pebbles 
of pumice, ranging. in parallellin~olle behind the other 
up a ll<:'ight of at l('aljt 120 fl'Ct; if he had !leen the Balld­
dunes, with the eountlese Paludestrinas, on the low plain 
nenr the Fort at this pL'\ce. and that long line on the edge 
of the diff, sixty feet higher lip j if he had cf08<e(1 that 
long Rnel great kit of parallel safl(l~unCl!, eight milCl! in 
width, standing at t.he hcight of from forty to fifty feet 
above the Colorado, wllerc sand could not now collcct,­
I cannot bt-lie\'e he would hlwe thoughtthat the dem­
tion of this great district had been 8uddcu, Certaillly the 
sand-dunes (espcdally when abounding with $heHs), 
which stand in rang~ at l!O lllany different lE'\'eb, must 
all ha"e required long time for their accumulation j and 
heOl"e I do not doubt that the last 100 feet of ('Ievation 
of l,a Pinta and Northern I'at.agonillo has been exceed­
ingly ~low, 

If we extend this conclusion to Central and Southern 
Pat.'lgonia, the indiuation of the liuccessil'cly ri.ing 
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gra,'ei--enpped plains ean be explained quite as '!fell, all 

by the more ob"ious view nlwady given of a few oom~ 
parath'ely great and sudden e1enti;)DI i in either C'3...<e 

we mu~t admit long periods of rest, during which the 
JI('Q ale deeply into tlle land. Let UJ Buppo-a the 
pref!(:nt coast to rise at a nearly equable, 8.low rate, yet 
sufficiently quick to prel'cnt the wav{'8 quite removing 
each purt as soon as brought up j in this case every 
portion of the preseut bed of the Be" will sueceSlliveiy 
form R beach-line, and from being exposed to 11. like 
action will be .imilarly affected. It cannot matter to 
whal lleight the tidea rise, even if to forty feet as at 
$autn Cnu., for they will nct with <'qllal force and in 
like manner on each slIC!Ce$il'C line. Jleoce there is 
110 difficulty in tbe fact of the 355 feet. plain at ~:mta 
eru!. ~Ioping up 108 feet to the foot of the n(,l:t hight'iit 
ellCarpm('1)t, and yet having no mark. of IIny olle pnr­
ticulnr beach-line Oil it; for tile whole Burfuce on thiJl 
view hn8 been a beach, I cannot pretend to follow out 
the prt!Cise action of the tidal wavcs during a rioeof 
the land, ~low, yet sufficiently (Illick to pre\'ent or check 
dtlluo!ation: but if it be analogous to what takC!l place 
Oil protected parts of the pr~nt coast, where gravel il 
now aeeumulatiog in large quantitics,l an inelined 
surraC(", thickly capped hy well-rounrlcd pebblc.. of 
alll)Ut the Inlne ~i%f, would be ultimately left, On the 
b'nwel now accumulating, the wa\'es, aided by the wind, 
IIOmeti luC8 throw up a thin co\"{-ring of mod, together 
with the common coast-shells, Shells tilu! caEt np by 
gale1l, would, during an elen!.tory period, never aff-lin 
be touched by the sea, li enee, 011 thi, \'icw of a ~low 
and gradual riling of tile land, interrupted by periods 

, O .. th .... lern.ideo'Cbiloo..hichl.I.o!ldwe .h.oJl _h.'Mftfl:e .""fUr i. ""w ';Iillll. I ..t.rn.d that all l~ 1leIodl .. dJ uleuin 
ti,wSar •• ' .... fyn!Mdol.biDgle. 
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of rc~t and denudation, we caD unrlentand th(' pebhle;s 
being of about the annie siw over the entire width of 
tbe step-like IJlain;o,-the ocel\.&ional thin covering of 
sandy earth,-aod the pI1'tleoee of broken, unrolled 
fragmenta of those ahells, wllieb now Ih"e e.xclush-e1y 
ncar thecoWll. 

S"mmmy 0/ Rat/Uf.-It may be concluded that. 
the e • .ast on this side the continent, for a SJXI08 of at 
leWit 1,180 miles, lIas been del"ate<! to a height of 100 
f~t in La Pln!n, nnd of 400 f .. -ct in Southern Patagonia, 
within the period of eJ:i~ling Ilbells, but not of exillting 
mammiferi!. That in l..a Plata the elel·alion haa been 
I"ery blowl! effeded; that in Patagonia the movement 
may have been by considerable .t.arU, but. much wore 
probably 81011' and quiet. In either cue, there ha'·e 
1Jet,n long intervening periods of compsrali\"e !"est,' 
during which the BCa corroded deeply, aJI it is still cor­
roding, into the land. That the periods of denudntion 
nnd elemtion were contewporancoull and equable over 
great spacet of coast, a9 shown by the equable heightd 
of the plaint; that there ha,"e been at leut eight 
periods of denudation, lind that the land, up to II height. 
of from !l~0 to 1,200 feet, has been similMiy modelled 
and affected; tlmt the area elel"ated, in tile lOuthem­
mrn;t part. of the continent, extended in hrefldth to 
the Cordillera, and Ilrobably fICIl.ward to the Falkland 
hland~ j thl1t northward, in J:.n Plata, the breadth is 
unknown, Ib"re hl1ving been Ilrobably more than ODe 
axis of el .. vation; and finl1lly, that, anterior to the 
elel'l1tion ntt('Rted by thClie upraised shells, the laud was 
di \"ide<! by a Strait. "here the ril·er Santa Cru:r: now 

, I .,. ..... ,.....nN..nd nul dMlw/, _I, bfco.~ tlwo_ ~ ....... 
h ••• _n, .... ilh If'"'"'I~d''''ldlnl!p'' .. uouth;' .. lw>lolin.or''''''"I;.,,,," 

!!:~~J~:;:~:~if:':;;; Ib~ 'I~Dt~ ~r 'l::-;::l...!<J:t \i.! ~ 
wU"lIIijhtbe f........!. 
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ft\)W~, and that farther southward there were other 1Ie3.­

~trflits, since c1GSed. J may add, that. at. SllDta Cmz, 
in lat. 60" 8., the plains have been uplined at least. 
1,400 feet, since tbe period when gigantic boulders 
were transported bet.ween Bilt.y lind 5e,·enty miles from 
their parent rock, on Ro.1ting icebergs. 

l .. !Il!tiy, considcring the great Uplli"3rd movemenh 
which this long line of coast 1mB 'l1ldergonc, nnd the 
prolimityof iIB southern hnlf to the volcanic lUis of 
the Cordi!lern, it is highly remarkable that in the many 
fine l'eCtionB eJ:posed in the j)ampenn, })atagonian 
tertiary, and Boulder formations, I nowllere olosened 
the nnallest. fault or alorupt. cunalure in the strata. 

Gravel FOM1tation of Patagonia. 

I wilt here describe in more detai l Ullin hs been as 
yet incidentally done, the natUIC, origin, and extent of 
the g'reat ~hingle C()vering ofPatngonill : lout I do not 
meau to affirm that all of tlli6 shingle, ~peeially tllat 
on the higher plains, helongs to the r~ent period. A 
thin bed of Mndy ear th, with small pebbles of mrions 
porphyrietl and of quartz, covering a low plain on the 
norlil ~id(' of the mo Colorado., i, the extreme northern 
limit. of this formation . T hC'tie little pebbles bare 
prcbahly been deri\'ed from the df'nudation of a more 
regular bed of gra,el, I'lIpping the old tertiary Mnd­
stOne plnWnu of the l~io Negro. The b'Ttwel-bed near 
the Hio K!'gro is, on an a"ernge, about ten or twehe 
feet in thi~kne5ll j and the pebLles are larger than on 
tlill norlllcm side of the Colorado, being from Olle to 
two inches in diameter, and compoIICd chiefly of ratiler 
d.lrk-tintL-d porphyries. Amollb.-,;t tllf'1lI I here fir~t 

noticed a variety often to he referred to, namely, a 
peculiar gnlbtone-yellow ~iliceous porllhyry, frequently, 

Ii:) TI..e Comolete Work Of~lBrIt! M""ro~"IIinI', 
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but. llOt in\ariaLly, containing grainll of (luartZ. The 
pebbles a)'(' ('mbedded in " \\'hit(' gritty mlcareQUlI 
matrll \'ery like mortar, IIOlUetimes m('reiy cooting 
with a white1lia~h the fleparnte ijtonc~, and sometimes 
forrniug the greater part of themfl~. In one pI. 'Ice r 
saw in thl' grllvel concretionary nooulea (not ruunded) 
of crysta.Jlired gypsum, !lOme IU large as a !llan's head, 
I traced tllis bed for forty-fi\'e llIilea illl~nd, and was 
assured that it extended far into tho interior, As the 
surface of the caicaroo-argillru:eouil I)lain of Pampean 
fo rm&tio!l, on the northern ~ide of the wide ",,111'\' of 
the Colorado, stands at about. the saIne Ileight with'the 
mortar-like ("('mented grn\'el C:allping tile sandstone on 
the southern side, it is probable, collsiderillg the appa_ 
rent. equability of the sulJlerrnnean movements along 
thi~ side of America, that. this gr.wel of the Bio .Negro 
and the upper beds of the J)ampeall formation north­
ward of tho Colorado, arc of neariy contemporanCQU8 
origill, and that the c.,lcareoWl matter hllll been derived 
from the same sourel'. 

Sollthward of the Rio :Negro, tile C\iff~ along tlw 
great bay of So Antonio are capped witll gravel; at .~an 
Josef, I round tbat the pchbles cI08Cly rell('mhled tho!iC 
on the plain of lilt> Rio Negro, but. that tbey were Dot 
cemented by eaicarcollJl matter. Bctween 8ml Ju,,,f 
and l)ort D('tlire, I Willi a!lSlIred by the Officc", of the 
Survey tl1.,t the whole face of the country i~ coated with 
grn\'e l, At Port Desire and Ol"er a spnre of hrenty_fi\'e 
milea inland,on tlicthreest('p-forllloo]li:ainsand ill the 
\'allep, r er('rY~'h('re p.used (ol'('r gravel whidl, "'here 
thiek{'>!t, was hctw~u thirty and f'lrty feet. lIerc, all 
in otll('r pnrh of J>at.ngonill, the gnt.\'eJ, or itll snndy 
l'!o\'ering, '11'1\.", a~ we h.axe seen, often strewed with ro­
e<'nt marine shells. The IIIlndy oo,'('ring IOrnetime~ 

fills up furrows in the gran,l, lUI does the grn\'ei in the 
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uml"rl}ing tertiary formations. The pebble;! are frc­
(IU"ntly whitewashed and en'll cemented together by 
a 1)(.'Culinr, white, friable, aluminous, fusibl .. , iubstance, 
which I belie'·e i~ deeompo!led felcl'par. At Port Desire, 
the gravel re--ted 8OlDetime~ on the 00s.'11 formation of 
fl'OTphyry, and sometimes on the upper or tile lower 
denttded tertiary strata. It is remarkable that. mo!lt 
of the fl'OTphyritic pebbles differ from those varieties of 
I~rphyry which occur here abundantly in situ. The 
peculiar gnll~tone-yellow "ariely Wll8 common, but less 
numerous than at Port S. Julian, wht'Te it fonned 
nearly one-third of the lDaJIj! of gnwd; tile remaining 
pnrt there con~ibting of pile gray and g~llisb por­
pllyrietl with many er;~tals of feldspar. At Port S, 
Julilln, I MCended one of the flat..-toPI)O(\ hill!, the de­
nuded remnant. of the highC:!t plain, ond found it, Ilt 
the heigllt of 950 feet, capped with the u~ual bed of 
gran'l. 

Senr the mouth of the Santa Cruz, the bed of grovel 
on the 355 feet. plain is from twenty to about thirty­
th·e feet in thickne~. The pebblt·! vary from minute 
ones to the size ofa hen's e-gg, and el'en to that ofllalf 
n man's head; they consist of paler larietit'll of porpllyry 
than tho~ found farther northward, and there ale fewer 
of the gnllstone-yellow kind; pebhles of compact black 
clay-slnte were here fiT!!t. obBerl·oo. The gravel, :t.II we 
ha'·e seen, coI'en the slcp-formed !lInin! at lhe mouth, 
head, and on the sides of tbe grCilt valley of the Snnta 
Cruz. At a distance of 110 milet from the coast, the 
plrtiu IIIli! risen to the heigilt of 1,416 fed nbol'e the 
aea; and tile grlll'el, witiJ the assooililoo great boulder 
formntioll, hili! attained a tllickn"@!of 212 feet. Th e 
plain, apparently with its usual gm\'cl covering, ~lo~ 
IIJl to the foot of the Cordillera to the height. of between 
3,200 and 3,300 feet, In a:ooending the ,·alley, the 
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gra"el gradually becomes entirely altered in character: 
high up, we have pebbles of crystalline feldspathic rocks, 
oompact clay-slate, qu.:utzoSil sehi~ts and pnle-colourcd 
porphyries; these rocks, judging both from the gigantic 
bouldcrs in the surface and from lOme small pebbles 
embedded beneath iOO feet in thickness of the old 
tertiary stlata, are the prevailing kimh ill thi~ part of 
the Cordillem; pebble~ of ba9.llt. from tile neighbouring 
streams of ba.s .... ltic la"a are also numcrous; there are 
few or Done of the reddish or of the gallstone-yellow 
porphyries so common near the OO!Lllt. Hence the 
pebbles 011 the 350 feet plain at the mouth of the Santa 
Crllz c .... nnot have been derived (with the exception of 
those of compact clay-slate, whicll, II0We\'CT, may equally 
\\'ell have come from the south) from tIle Cordillen~ in 
this latitude; but probably, in chief part, from farther 
north. 

Southward of the Santa Crll?., Ille gravcl may be 
seen continuously capping the great. 840 feet plain: at 
the Rio Gallegos, where this l)lain is slIeceeded by a 
lower one, there is, !LIl I .... m informed by Captain SlIli­
van, an irregular cO\'ering of gra\'el from ten to twelve 
feet in thickness O\'er the whole country. The district 
on cacll side of the Strait. of :Uugellan is covered up 
either with gra\'el or the boulder formation: it was 
interesting to obeen'e lhe marked difference between 
the perfectly rounded state of the pebbles in the great 
suingle formation of Patagonia, and the Olore or less 
angular fragmenb in tile boulder formation. Tho 
pebbles and fragmenl.ll near the Strait of )Iagcl[an 
nearly all belong to rocks known to occur in Fucgia. 
1 was therefore milch 81lrpri8cd in dredging south of 
the Stmit W find, in lat. 540 HY south, many pebbles 
of the gallstone-yellow ~iliceous porphyry; I 11roollroo 
others from a great del1th off Staten Island, and others 
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were brought. me from lhe wetwrn eJ:trelliity of the 
Fnlkland hland!} The distribution of the pebbles of 
tlli~ ~uliar porphyry, whicb I ,e"lure to affirm is not 
found in. ,itu. eilher in Fuegia, tlle Falkland Islands, 
or on tbe coast of Patagonia, i. H'ry remarkable, for 
they arc foundo"er a spRee of 8-10 milet in n north and 
lIOuth line, nnd at the Fnlklands, 300 miles eastward of 
the coast of Pntngonia. Their occurrence ill F'uegia 
and the Falkl.-mds may, howe\"(~r. perhaptl be due to 
the aame ioo-agency by which tbe boulders ba,-e been 
thcre trtlllsported. 

We have eeen that porphyritic pebble. of a small 
hze are lint. met with on the northern ~ide of the nio 
Colorndo, the bed becoming well del"(!lopcd Ilenr the 
Hio Negro ; from this Intter point I ha ... ! cvery reason 
to belie,'e that the gra..-el extends uniliternilltooly o'·er 
the plains and ,·alleys of Pat1lgollia fur at least 630 
nautical mi l~ IIOllthwnrd to the nio Gnlleb'Qli, From 
tht' 8101)6 of the plnins, from tht' nature of th6 pebbles, 
from thei r extension at the Uio Negro fa r into the 
intl'rior, and at the Snnb Cruz e101>C III) to the Cor­
dillel"ll, I think it higbly lJrobable that the whole bre3dtb 
of ]'atah"Onia iI thus co,·erOO. If 10, the a'·el"llf,r(! width 
of th(' I .. >d mu~t be about 200 milC$. Near llie ('()88t 

the grnn·\ i, gcnerally from ten to thirty fOf.'t. in thiek_ 
ne.; and as in the .. alley of Santa Cruz it attains, at 
lOme di~taDce from the Cordillera, II thickness of 214 
feet, we mny. I think, safely n:.oume itt l1\"emge thick-

Ih' ~:~f\\~!t~ ~~kKh:~:~~l !~: :.!t~::-~t;;':'~~:'':= 
1>tI. ... ~n the two F.lklMd blud.. Out of th_ .~Il·roundod pohLt •• 
'".~t6·'>IIIin.; .. rro"'R"'dluu~t" .. he .. ·.~.,..;!hllOlUll~rK"r. th>rtl-

:~:'h~2~!!!?~~~ ~~~~{d~:7~~~~~;~"~; 
1".thepet"tlliar,..II"lf oili_porl'bY'7;lbin"lf.,.<iLdo>llbtrul 
"ni''''' 
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ness over the whole area of 630 by 200 miles, at fifty 
feet I 

The transport. .... l and origin of this vast bed of pebbles 
is an interesting problem, From the manner in which 
they cap the Bkp-forrned plains, worn by the sea within 
the period of cxisting shells, their dcposition, at least 
on the plain! Ull to a h('ight of 400 feet, must ha'-c 
been a recent geological event. F rom the form of the 
continent, we may feel sure that they haye come from 
the westward, probably, in chief part from the Cordillera, 
but, perhaps, partly from unknown rocky ridges in the 
central districts of Patagonia, That the pebbles ha"c 
not been transported by rivers, from the interior towards 
the coast, we may conclude from the fewness and small­
ness of the streaIIlll of Patagonia: moreover, in the case 
of the one great and rapid river of Santa Cruz, we have 
good el'idence that its transporting power i~ very trifling, 
This ril'et is from 200 to 300 yards in width, about 
sc'-enteen feet deep in its middle, and runs with a sin­
gular dcgree of uniformity fi"e knots an hour, with no 
lakes and scarcely any still reochcs: ne"ertheless, to 
give one instance of its small transporting power, upon 
careful examination, pebbles of compact basalt could 
not be found in the bed of the river at a greater distance 
than ten miles below the point where the stream TUshes 
ovcr the debris of tbe great basaltic cliffs forming its 
shore: fragments of tbe cellular ,'arieties have been 
washed down twice or thrice U!l far, That the pebbles 
in Central and Northern Patagonia haw not been trans­
ported by ice-agency, U!l seems to have been the case to 
a eonsiderable extent farthcr IlOUtll, and likewise in the 
northcrll hemisphere, we may conclude, from the absenee 
of aU angular fragments in the gravel, and from the 
complete contrast in lUany other respects between tile 
shingle and neighbouring boulder formation , 
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Looking to the grn,'el on IIony one of the lup-formed 
pili in." I cannot doubt, from the aevi'ml reuonsaBSigned 
in thill ... hapter, that it h311 been spread out and lel'elled 
by thelong-contioued action of tbe Ilea, probobly during 
the 810w ri!le of the land. The smooth and perfectly 
rounded condition of the innumerable pebblCil alone 
would prol'e iong-eontinued action, But how the whole 
mnss of shingle on the ooast-.plains hni been transported 
from the mountains of the interior, i8 another and more 
difficult qUClltion. The following COflsidcmtions, how­
Cl'er, show that the !!ell by its ordinary action hal eon­
sid mble power in distributing pebbles. A table h3II 
a,""dy been gil'en, showing how very uniformly and 
gradulllly I the pebbles decreaile in size with th8 gradu­
ally f!el!,wnrd increaring depth and distanoe. A aeries 
of thill kind irresistihly leads. to the oonclusion, that 
the Beft h311 the power of sifting and dilltributing the 
100><& mutter on its botl:()m. According to Marth1 
White,' the bed of the British Channel is disturbed 
during gales at depths of sixty-t1mlC and sixtY-!lCven 
fatholll~, and nt thirty fathoms, shingle and fragments 
of ~llell! nre often dcpoaited, nfteTW8rds to be carried 
away again. Ground-f!wells, which nTe believed to be 
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1!a\18e(1 by distant. gale!', seem eF~ial1y to IIffect the 
bottom: lit Bucb timt'll, according to Sir R, Schom­
burgk,' the sea 1.0 a great diJltance round the West 
Indian hland~, at deptbs from fil'e 1.0 fifteen fathoms, 
beoomcs di/IColoured, and e\"(~n the anchon of I"('!;:;eb 

hnve been mOI-OO. There are, how{'l-er, !!Olne difficultie~ 
in undeMltandiug how the een can lrnn~port pebble;! 
lying at. the bottom, for, from e.zperimenlJl instituted 
on the power of running water, it would npl)('ar that 
the currents of the sea hlll-e not sufficient w!.locit.y to 
mOI'e stonCII of even modernte size: morcOI'er, I hal'e 
repetttooly found in tbe most exposed BitWltiOIiB thnt 
the l)ehhlCII which lie at the bottom arc enenlsted with 
full-grown liI'ing eornllint'll, furnuhoo with the mOo>t 
delicate, yet unbroken spines: for instance, in wn 
fathoms wllter off the mouth or the oonta Cnlz, many 
pebbleR, under half :In inch in dialneter, were thUB 
coated with l"IlIstracean 7.OOphytes.1 lI ei>ce we must 
conclude that thffle pcbblC8 are not ofwn violently di .... 
tllrbed: it should, however, be borne ill mind tlmt the 
growth of C()rnllincs is mllid. The view, propounded 
by Prof.}llayfair, 1I·m, r beliel'e, eJplain tbi8 apparent. 
diffieulty,-nnmely, that from the undulations of the 
sea tending to lift up and down pebblet or other loose 
bodiCi! at tbe bottom, 8uch are liable, wben tbuB quite 
or partially raised, to be mo,·OO eYen by a ,'cry small 
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f"ITt" a little onwards. " 'e caD thu" undCTl!talld how 
Ol"f·anic or tidal currents of no great ~trt'ngth. or thal 
n~~,il mOl'cment of tbe bottom-water ncar tbe land, 
enlk1.i hy aailoTl! the <undertuw' (whieh I pre;ume mU$t 
(':tll-nd out ~'I\,,·anJ 113 far 113 the bre.d:illf} wan~;j iU'l)Cl 
The 8urface-watcr towards. the beach), mny gain the 
power during 8wrlUil of @iftilll{ Rnd di~triLuting peLblCl! 
even of (:on~idemble ~i l,e, Rnd yet withuut IlO violently 
(Ii~turbing them II.~ to injure the eneru.ting oomllincO'.' 

The loI.m. act._ in nlloth('r nnd di~tinet manner in 
tire di,·tribulion of pebbl ... , namt'ly hy the WaH';!! on tbe 
bt.':lth. Mr. Palmer,' in hi~ eJ:cell~·nt m~mQir on this 
~UIUl't;t. ha" 'hown that I·a~t mM;(1 of ~hingle tml-el 
with ~1I1l)rbing (Iuiekne,;.~ along linl'" of eon..t, !lCl'Ording 
to till' dilt'<:tion with which tI'e "'al't!< l'I'\'3k on tilt! 
hI'adl, lind that this ~ d,·tl;'mlin('(\ hy the pre\'3i1ing 
dirt~·ti()n ofthl;' wiud!. Thi~ agt·ncy mu~t be pol\·l;'rful 
in mingling tOgl.'tiWf and di~-t'minntil\g' pcLbk .. derived 
frorn differ.,nt -'Ourccs : we may. IK'rhnpl!, thus under­
~t~nd the wid<- dbtribution of til{' A'/'IMone.yellow 
J)(,rphyry i and likcwio''-', p"rbap', lhe gfl'at differmce in 
Ill(" nntu~ of th .. lleubk", at the mouth of the Santa 

.....,'.!., ""'~~._~: ~r.~D;:l~ ~~":"~i::h."~~=~~:~~~ 
~=::~'ri.=~"=I'!.!~e;,"':;~~~~ -=~~'t~~ I!':!.:~ 
I),..., i_1u:I. Th.,., Cook. ia _~ri", Chri ....... ~. 111'>1. had 
_"'li,.,.'ntl,il1,._,..nCath ....... th""iaftn,..tb..,' •• il,. ... IId .. 
hnl. farth,~ ". "" t.~, ..... ith 1,0 tDtJ><, .... 'Ib. _lmt ..... 10 
[,,,,iii ••• itb ,hi. ["". ,h .. t t!Jey Ill"",.. ~k "At, for .... bonr- ........ 

:~; ~\~I;::O!.!l'~~i~ TJ.e~: ;~;:~~::!:;~ A·;ll;::i·)l~·l; ·3i·~;h~! 
.bor.la_ oftbe ~·d"oDel • .,.r,h.irfnt ... _ !,",halol,. ..... It.o' ..... 
th6q'''''''.t,.(.f.-.d'm''''tf".n'tdloythe'' ... rRnd'tIOrorth ..... tu'''''h 
up'--' to.tb8 fltll 'o"'~ of the OJ""D,_' I h .... DO Jou.l~ 1\"" n'UmJ 
hk ... ( ... ",.t.""" ,n IX.(I.,.d ... ·bl('b ..... ury d'''l, .. "hin .• nd R ... 

:~~&.~;:::F2::~;!~~ ~l~"a:\='~~ ~~.'D::O:tb: 
··11o.iWooorbiralTr......eti_·I83'·r·~rf. 

r...t ~n.nleteWorl< ,.,frh 



228 Forma/ion oj Sea-Cliffi, 

Cruz from those in the same latitude at tJle head of the 
valley, 

I will not pretend to ag<;ign to these ~\'ernl and 
complicated ageneie!l their shares in the di4ribuUon of 
the Patagonian shinglej but from the sovernl collsidera­
tioll8 given in thi~ cbapter, and I may add, from the 
frequency of a capping of gT3I'c\ on tertiary deposilli in 
all parU of the world, Ill! [ have myself ob@crn!<i and 
seen st.'1ted in the works ofvarious alltho~ r cannot doubt 
that the power of widdy di~pcn;ing gt'lll'c\ is an ordinary 
contiogt!uton the action of the SClLj and that even-in 
the case of the great Patagonian shingle-bed we have 
no occasion to call in the aid of debae\O!!. I at one 
time imagined that perhaps an immense accumulation 
of shingle had originally been collected at the foot of 
the Cordillera j and Ulat this acellmtLlation, when up­
raised above the lel·el of the !lea, had been eaten into 
and part ially epreadout (as off the present line of coast); 
aod that the newly .... prend Ollt bed had in its tum been 
upnLised, eaten into, and re-tlpread Ollt; and !IO onwards, 
unti! the shingle, which was fil'llt aceum\Llated in great 
thickness at the foot of the Cordillera, had reached in 
thinner beds ill! pre9!'nt extension, By ,whatever means 
the gravel formation of Patagonia may have been dis­
tributed, the vastness of its area, its thickness, its 
8uperficial position, its recent origin, and the great 
degree of similarity in the nature of its pebbles, all 
appear to me well deserving the nttention of geologislIl, 
in relation to tile origin of the widely .... pread beds of 
conglomerate belonging to pru;t epochs. 

Formation of Oliff$.-W hen viewing tlle sea-worn 
cliffs of Patagonia, in some parts between 800 and 900 
feet in height, and formed of horizontal tertiary atrata, 
which must once ha\·e extended far seaward-or again, 
when \' iewing the lofty cliffg round many I'olcnnic 
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i"lands, in which the geutle inclination of the la\-a­
~treanu indicates the former extension of the land, a 
difficulty often occurred to me, namely, how the strat .... 
could poaibly have beeo removed by the action of the 
Ilea at a coosiderable depth beneath iLl Burface. 'fhe 
following aection, which represenh the general form of 
the land on the northern and leeward side of St. Helena 
(taken from Mr. Sears large model and various measure­
mcnts), and of the bottom of tht! adjoining liCa (taken 
chieHy from Captain Austin's 8urvey and IK)Jlle old 
charta), will show the nature of this difficulty:-

1'- _ _ of~CIi.rI_IIoI;_of ... ~u..l_of"'_ 

~--:_._'U.Ih.10If"'~r... 
Wftlof-. ~r::~~ 

If, a! eeenu probable, the hasaltic streams were 
ori';;lIaUy prolonged with nearly their pre~t inclina­
tiun, they mn"t, as shown by the dotted line in the 
IO-<:lion, once have extended at lenst to n point, now 
cO\wed by the lI('a 10 a depth of nearly thirty fathoms; 
but I 11Il.\·e every reason to belie\'e they eJ:tended t'()D­

sidernbly fartller, fllr the inclinlllion of the streams is 
1(0118 near the coast than farther inland. It should also 
be observed, that other sections on the coast of this 
i,loud would ha\'e gh-eu far more .triking reBult.s, but 
I had not the eJ:acl measurcmenlil; t1ml, on the wind­
ward tide, the eli£f8 are about 1!,<XlO feet in height and 
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tho cut-olflava ~treaIlLS \-cry gently inclined, and the 
hottom of the sea has nearly n similar slope all round 
the island. How, then, bas all the hard bnsaltic rock, 
which once c:ttended beneath the surface of the sea, 
been 1V0rn away? According to Captain Austin, tIle 
bottom is uneven and rocky only to that very small 
distance from the bea",h within which the depth is from 
five to aix fathoms; outside til is lillO, to a dcplhof 
about lOa fathoms, the bottom is smooth, gently in­
clined, Iwd formed of mnd and sand; outside the 1(10 
filthorns, it. plunges suddenly into unfathomable depth~, 
as is gO vcry commonly the case on ill! coasts where 
SI..-diment is accnmulating. At greater depths than the 
(h·e or six fathoms, it seems impossible, under existing 
circumstances, that the !<ell call both hare worn away 
hard rock, in parts to a thicknes~ of at least 1,50 feet, 
and have depo~ited a smooth bed of fine sedimcnt. 
Noll', if we hnrl any reason to suppose that St. Helen~l 
had, during a long period, gone on slowly ~ub8idillg, 

evory difficulty would be removed: for looking at the 
diagram, and imagining 3. fresh amount of subsidellce, 
wc can ~ec that the waves would then uct on tbe eoast_ 
cliffs with fresh and ullimpairerl vigour, whilit the 
rocky ledge near tile beach would be curried down to 
that depth, at which sand and mud would be deposited 
on ita b:He and unel·en surface: uner the formation 
near t he shore of to new rocky shoal, fresh suWdellee 
would carry it down and allow it to he smoothly 
eo\'erc(\ up. But in the case of the many cliff-bounded 
islands, fOI' instance illsomc of the Cannry Islands and 
of.Madeirn,round wbich the inclination of the strata 
shows that the land once extcnded far into tile depths 
oftbe sea, wh",re there is no appurent means of bard 
rock lx-ing worn nway-are we to suppose that all tbese 
islands have slowly subsided? )Iadcira, r may remark, 
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hWl, according to Mr. Smith of J ordan-hill, subsided. 
Are we to eJ:tend this conclllllion to the high, c1iff­
bound, horizontally.stratified shores of Patagonia, off 
which, though the water ilJ Ilot deep e,·en at the dis_ 
tance of !!everal miles, yet the 81000th bottoIn of pebble!! 
gradually decreasing in size with the increasing depth, 
and derh·cd from a foreign source, seem to declare that 
the rea il now a depoRiting and not n oorroding Ilgent? 
I am llIucll inclined to suspect, tllat we shall hereafter 
find in 1I118uch cases, that the land with the adjoining 
load of tho sea has in truth subsided: tho time will, r 
iK-lim'c, COllie, when goologi~ts will consider it &!I im­
probable, that the land should halO retained the same 
!el·d during a whole geological period, as that the 
atmOl!phere should ha\'e remained absolutely calm 
during an entire season. 

"h..Cc..l I t 'II rk f :h.vi .. 



232 Elevatioll oj Cltiloe. 

CHAPTEH I X. 

C"- Adj~ajJ .... , n!CCJOt PIll ,.......,okfoUicoot v,'1WIii/ ..... "/ 
1M I.A.-bit""I ... /A. ,.,b.it<'t-CQ~ • ......t.6qM1 .... Mnot;.". 
q{.-VnF ...... 'IO.!I_I"" ... tiuto 4,.,...iHtl.llfU"MI"f • ..,..,",.. 
mgi.,!J1"'dwd...w. .., 14< /a~d ...uiilt/4< '",I<orical ,-iDti. CoaWI""" 
elnctiottoj.i.-..lli_,in'ra«.oj ..... i .. <>rigiJo,IAo-IrW'''''/i<> •• 
1 .... ,~".,~G_,fI"' ... e-..,-O'Jnllpo. 
_Pu,,_U,._*'<llr./~, ,pipc. .... ..4 ...... _Li_.d<II. 
k<U ....t _ .......... So. I_n, HM_. ,....i .... /o-uU _I ...... · 
""n, ......t4pooh1l«-k..-w1 ~-o.IM .... 16/ MJlNiMd 
.4dlr_GftotNl",..-.,., 

ColUI I'SC1NO at the south Ru d procooJing northward, 
the fil1lt place at which I landed, wa.s at Cape Tres 
l lontes, in lat. 46° 35', Here, on the shore;! of Chri~t­
IU8/j Cove, I oUeer.ed in lel'eral place.! n beach of 
pebble;! with recent sllells, about t\\'enty feet above 
high-water mark, Southward of 'I'res ';uontes(between 
lat. 47° and 48"), Byron 1 remarks, 'we thought it very 
gtrange, that upon the summitA; of the highCiit hills 
were found beds of shell.8, a foot or two thick.' In the 
Chonos Archipelago, the island of lA!mll.!j (lat, .",' 30') 
was, according to M, COiIttl,' suddenly eienltf"d eight 
feet, during the earthqUll.ke of 1839 : he add~, • des 
roches jadi8 toujouu couvertes par In mer, re4ant 
aujourd'hui eonstamment deoou\"ertes.' In other pam 

'·S ..... tinofth.l_ofu..woger.' 
"Coon~lkw! .... 'Ot:tobetIS38,p,jOS, 
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of thilllll'Chipelago, I ohlen'ed two terl'1lC(l8 of gm\'el, 
nbutting to the foot of each other: at Lo ..... e·! Harbour 
(430 48'), under a great WIWI of the boulder formation, 
about 300 feet in tllicknea. I found 11 layer of sand, 
with numerous comminuted fragmenh of 8ell.-!!hells, 
hn\'ing a Creeh 88~t. but. too Bmall W be ;dcntilied. 

TM 18land oj Chi-lot.-l'he c\·ideuc6 of recent 
t'lC\'atioD i$ here mOle satisfactory. The bay of San 
CarlOI! i~ in most parts bounded by precipitous cliffs 
from about ten to forty f(;et in height, their bases 
being separated from the present line of tidnl action 
I)! a tlilus, a few feet in height, cuvered wit.h vegetation. 
In one sheltered creek (west of P . Arena) instead (If a 
loose taius, there Wll8 a hllre I!loping bank of tertiary 
mU(btone, perforated, above the line of the highest 
tidee, by numerous shells of a Pholas DOW common in 
the harbour. The up~r extremities of thei16 shell~, 

standing upright in their holes with grnss growing out 
of them, were abrn.ded about a quarttr of an inch, to 
the BalUe level with the surrounding worn straw. In 
other part~, I ob.!ervoo (as at I)udeto) a great beach, 
funuM of cOiominut.ed sheila, twenty ft.'et abol-c the 
llretiellt. ~hore. I II other parts, again, lil!'re were l!ffiaU 
cal-e, worn into the foot of tilt' low cliffs, and protec:ted 
from the wal-ei by the talu~ with ilil vegetation: one 
such cal'e which 1 examined, had its mouth about 
t.wenty feet, find itl! bottom, which Wall filled with sand 
containing fragmenta of ehells and legs of cmhB, from 
eight to ten feet abol'e high_water mark, From these 
/lel'eral facts, and from the appearance of the upraised 
shell!!, I inferred that. the elel-aUon had been quite 
reeent.; and on inquiring from )lr. Williams, the Purt­
master, he told me he was comrinced that. the land had 
risen, or the sea fallen, four feet within the ltlllt.four 
yeaf'!!, During thi~ period, there had been one severe 

___ _o.mo C<,. .lI)l.>r • fChan .. n rw , nn n ... 



234 Ele1.!a/ion o/Chiloe_":-:--:-_c­
earthquake, but. no particular change of level Wall then 
observed; from the babitl of the people who all keep 
boats in tbe protected creek~, it. isai.llOlutely imJlO8l!ible 
that a ri!le of four feet could hQ\'{" taken place ~uddcnly 

and b...'en uDI»erceived. Mr. Williams bt:lie\'eIj that. the 
change haa been quite grndunl. Without the elenltory 
1II0\'Cmcnt oontinues at a quick rate, there cnD be no 
doubt that the sea win soon de~troy the tlilus of carth 
lit tho foot of the cliffs round the bny, nnd will then 
reach its former lateral exti!nsion, but not of oourse ita 
lormer lew-I; lOme of the inhabitants auured me, that. 
one such lalu~, with a footpath on it, WlUI even already 
8t'll!!ibly decreuing in width, 

1 received !!e\'eral accounu of bedll of shell.l, existing 
at considerable beighlll in tbe inland parts of Cbiloe; 
and to one of these, near Catiman, 1 WIIS guided by a 
countryman. Here, on the lIOuth side of the IJeninsula 
of wcuy, there was an immen!!e bed of the V""U8 
008tdl(,/(, and of nn oyster, lying on the 8umrnit-edge 
of a Ilieoo of table land, 350 feet (by tho barometer) 
above the level of the sea. The shells were closely 
packed togcth('r, embedded in and co\-('roo by, a v('ry 
black, damp peaty mould, two or three feet in thick­
n€'AA, out of which a forest of great tree! was growing. 
Con..o-idering the nahue and dampnoo of this proty iIOiI. 
it is surprbing. that the fine ridges on the ouL.ide of 
the l'ell.u.t are perfectly prc@crved though all the 
~he1l8 have a blackened appearnnc('. J did not doubt. 
that the black lIOiI, which, when dry. ('ak('1l hard, .... a~ 
entirely of terrCt!trial origiu, 1)ut on ('xamining it under 
the micro~copc, I found many v('ry minute roundeo"l 
frngmcnts of shell., amongst which I ('Quid distinguish 
bih of scrpulre and mu;;;;cls. The Venus costeila/tt, 
and the o~trea (0, "dutis, according to Captain King) 
lire now the cvmmone4 allclls in the adjoining bay!. 

he eouete War!<..;of........ ~~, ~ ,.jnhne 
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rn a bed of shellil, a few feet below the 350 feet bed, I 
(ound a horn of the little Cervu, Ilumili" which DOW 

inhabit! rhil~. 
The ea~tcrn or inland side of C11iloe, with it. many 

adjacent i~lctll, consists of tertiary and boulder depo!!iu. 
worn into irregular plains capped by grurel. Sear 
C ... tTO, nnd for ten miles !lQuthw'llrd, nnd on the islet of 
iJf'muy. I found the surface of the ground to a height 
of between twenty and t11irty feet noon) high-water 
mark, und in sereral places ullpnrently up to fifty feet, 
thickly coated by much comminuted @hells, chiefly of 
th') i'elltl8 ool<trllflta and .1Iytuu. CkiWeIUli.; the 
speci\~ now moot abundant on thit line of COILl;t. Ajj 
the illhabituntl! carry immense IlUWN'TfI of th~ shells 
inland, the continuity of the bed at the flamo beight 
WM onen the only mean~ of recos"ui"ing its natural 
origin. Sear Castro, 011 each side of the creek and 
rivulet of tlle Gamboa, three distinct terra('"eII are !\Cen: 
the lo.lw~t was bltmated at about 150 fl'<!t in height, 
nnd the highetlt at about 500 f~t, with tile country 
irregularly ri~ing behind it; ob>:cure t races, also, of 
Ih(.''tl same l('rro.«-'8 could be eecn along other parL! of 
lhtl 008st. Tb('re can be no doubt that their three 
("scarpmentt !'e('()rd pa\L":~ in thl' elt:l-ation of tbe 
i-land. I may remark that !lel'eral promontories have 
the word II llapi, which signifit'll in the Indian tongue, 
i~land , apJX'udtd to them, snch Ill! Ihmpilinao, ll uapi. 
lacuy, CuuCtllumpi, etc.; lind thCIIC, according to Indian 
trtuJition~, once eJ:i~tcd as i..land~. In thl' slime manner 
the term Pulo in Sumatra ii! IIpJX'ndcd 1 to the Ilame~ 
of promontories, traditionnUy !O:lid to have been islands; 
in ~umatTII, ns in Chiloe, there lire upraised recent 
~Il("ll~. The Bay of Cardmnpll, on tho mainland north 

, )I.,ndon".'Sa"",tnI,"p.31. 
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of Chiloe, according w Agiierros,' W8JI in 1643 a good 
harbour i it i, no", quite UlIeItiM, except. for boau. 

I'aldit-ia.-I did not obsen'e here any distinct proofs 
of recent eJe\'lltion i but in a bed of very 10ft Mudstone, 
forming a fdnge-l ike plain, about. 'ilty feet in height, 
round the hills of mica-slute, there are she1J.sof Mytilu8, 
Crepidula, Solen, NO\'aculina, and Cytherroa, too im­
JX!rfect. to be· specifically re<lognised. l\ t Imperial, 
!Jeventy miles north of Ynldivia, AgiierrOllI st:lte!l that 
there are large beds of ~hel18, at a considerable distanee 
from the coaat,which are burnt. for lime. The iEland 
of Mocha, lying a little nortll of Imperial, was uplifted 
two feet,' during the earthquake of 1835. 

Conctpcion.-I cannot. add anything to the ex«l1ent 
account. by Captain FitzRoy' of the elevation of the 
land at thiJ pla«, which aceomp!lollied the earl.bqu:lke 
of 1835. I will only recall to the recollection of 
geologists, that the southern end of the island of St . 
.i\lary Wlla uplitled eight feet, the central part nine, and 
tho northern end ten feet j and the whole islaud more 
than the surrounding districts. Great beds of mussels, 
patellll', and ehiwDs still adhering to the rooks were 
upraiaed abo\-e high-water mark j and lOme acrCII of a 
rocky flat, which Willi formerly al .... ·ay' C()\'ered by the 
1IC8, was left. 'tanding dry, and e.tlmled an off"nsi\'e 
;;mell, from the many attached and putrefying shells. 
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It appears from the researches of Capt. FitzRoy that. 
both the island of St. )Olnry and Concepcion (which was 
uplifted ooly four or fi\'e feet) in the course of 80me 
weeks auh!ided, and lost. part of their fint e levation. 
I will only add a~ a l('SfIOn of caution, that round the 
&andy ahorea of the great Bny of ConCX!peion, it was 
moat difficult, owing to the olJlitf'rnting effech of the 
great accompHnying wave, to rl'COgniso any nistinct 
el'idence of this considerable uphclL\'al; one 8pot must 
be exceptoo, where there WIUI a detached rock which 
before the C3rthquake had alwaye been wI'ered by the 
sea, bllt.nfterwardll was left uncovered. 

On the island of Quiriquina (in the Ray of Conoe~ 
cion), r found. at an eotimated heigllt of 400 feet, 
extensil'e layers of shells, mOS"Uy comminuted, but IIOme 
perfeetly preten-ed aod closely pnekeo.l in black "ege­
taule mould; they consisted of Concbolepa!J, Fi!l8urella, 
Mytilu~, Trochus, and Balanll~. :'\orne of thC8e layers 
of shells rested on II tbick bed of bright-red, dry, friable 
c:t.rth, caJ)ping the surface of the tertiary IIIIndstone, 
and eXTending, as I observed whibt ~ailing along the 
coast , for 1.50 miles 8Outhw:lrd: at "alparai8O, we ~hall 
pn'ElCntiy see tbat a limilar red earthy rnlUll, though 
quite like turestrial mould, is really in chief part. ot 
re<.'ent marine origin. On the flanks of thi, island of 
Quinquina, at a less height than the 400 feet, there 
were spacee !!e\'ernt feet lIlJ.uare, thickly strewed with 
fmgmcntt of @imiL", shell~. During a subsequent \'isit 
of the lJM{Jle to Concepcion, Mr. Kent., the MSistant­
surgoon, wae 80 kind as to make for me IIOme measure­
ments with the barometer; lIe found many marine 
remllins along the shores of the whole bay, at a height 
of about twenty feet; and from the hill of Sentinella. 
behind Talcabuano, at the height of 160 fef't, he 001-
leeted numeroWl shells, packed together close beneath 



the 81lrface in Mack earth, CQn~i~ting of two ~pecieB 

of :'ol)tilull, two of Crepidllla, one of Concholepas., of 
FiHlurt'lla. "ellu~, )1aetra, Turbo, :'0101100('11);1, and the 
Balanlill Pl'itlClC'U8. Thc.;e i!hells were Ll.roched. lind 
within toOmf' of the Balani other Balani were growing, 
~howing that UIt~Y m\l~t hal-a long lain dead in the rea. 
Tile nbolc spl'des [ compared with Iiling ones from 
tho bay, and found them identical; but hadng ~inee 
lost tile ~pedmens, I ('annol gil'e their names; this is 
of little importance, as 1\lr. BroderiJ) hilS eXllmined a 
similar oollet:lion, made during Capt. Beochey"s expedi­
ti<.ln. and ll!ICertained Ul.3t they ronsistOO of ten recf'nt 
~Jledl'l', ~iated with fragmenta of }';chini, crabe. and 
fo'lu~trre; lOme of these remains were eIltimnted by 
].[C\lt. Belcher to lie at the heigllt of nearly II 1,000 feet 
llbo,'" UH~ le"e1 of the _.1 In tome pJac€!! round the 
bay, .Mr. Kent o!Jserl'ed that there ",·er(' beds fonned 
exclll~iI·dJ of the J.llytilu8 Chjl~18i8." this Bpecice now 
lh·u in parts Dever uncovered by the tide!!. AL eoo­
/lideral!le ilCiglltJO, Mr. Kent found only a few 8he:~~ ; 
hut from the 8lUumit of one hill, 625 feet higll, he 
brollght me specimens (If the Concitolepas, ,tlytilu8 
ChuQnI,8t.a, and a TurOO. Tbe:;e ~llei1~ were toner and 
more brittle than those from the hdght of 164 feet; 
find th~ lAtter had ob';"!IIdya much more aneit'nt 
appt'llnlllce than the !;arne ~eiCf! froln tile hEcight of 
only twenty f(.-'('"t. 

C(I(U<t north of CouupciQn.-The fiNt pain' exam­
ined WM at thc mouth of til(' J/npel (160 llliJ('~ X. (If 
Concel~ion and ~iJ.ty milO! S. of "alpnrnitoO), where I 
obolerl"ed n few sllells at the lH~iglit of 100 fect, lind 
!lOme barnac1('s adhering to the r(K<k~ IhTl'(' or four fet't 
aOO\·e the higllcst tiues: ~1. Gay I found h("re recent 
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f!hdls n~ tbe diiltance of two loogucs from tbe ~bore. 
Inland tht're are I!Omf' v.'ide, grayel-capped plaiD~, inter­
~tro by many broad, flat.-bottomt.'<I ,'alley. (no" carry_ 
ing ill~ignilicaot streamlcu ) with their aides cut into 
Rucees...ivc wall-like escarpmeot~ , ri ~ing one Ilbo\'e 
another. and in many places, ul'conling to .:\1. Gay, 
worn into caVeR. The one C!l\'e (C. del Obispo) wbich 
J examillcU, resembled thOBe fonned on mllnysell-coal!ta, 
with iUl bottom filled with shingle. These inland 
plaio~, instead of ~Ioping toward il tho COMt, ll.re inclined 
in nn oppo@itedirection tOllianlil the Cordillera, like the 
luCl't'!'ilh'ely ri~ing terraces ou the inland or ea!'tem side 
of Chiloe; lOme pointll of granite, which llrojec:t through 
the phdn, n('ar the ooaot,no doubt ooce formed a chain 
of outlying i,land ... on the inland ~hore. of whicb 
the plain~ were accumulated. At Bucalemu, a few 
mild northward of the nape!. I ob...·r\·oo at the foot 
lind 00 the 8UtnJnit-edge of a plaiD, u'n milCii from the 
t'oa~t, many reccnt .hen~, mostly commiuuted. but 
lOme perfect. Thcre wer(', nl~o, many Ilt the bottom of 
the grrot val\<,y of the Maypu. At San Antonio, sheila 
are lil\id to bt.. collected and burut for lime. At the 
bottom of a great ra\'ine (Quebrada Onda, on the road 
to ('atoll Blancll),lIt the di«tance ofaenral mila from 
the W8lot. I noticed a coo~iderable bed, oompDlled exdu­
@L\-e1y of J/tMJduma (Ion(l,CijQ1"fIU, Delill., lying on a 
bed of muddy sand; this shell now Ih-CIj aaocillted 
together in great numbert, 00 tidal flat. on the coost. of 
Chile. 

VulptTftillo. 

During two success-he years I carefully examined, 
part of tbe time in company with ':\I.r. Alison, into all 
the facu connected witb the recent eie\'atioll of thill 
neighbourhood. In Yery many paru It bew.:h of broken 

, >te lorl< of, 
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I!hells, about fourteen or fifteen feet nool'e high-water 
mark, may be observed; and at this level the coast.­
rock!, where precipitous, are oorr¢oo in a be.nd. At 
olle tpot, Mr. Alison,l:>y remol'ing Mlme bird!' dung, 
found at this same lel'el barnncltt adhering to the rocks, 
For 8ev('rnl miles I!(luthwnrd of the bay, nhn();!t every 
flat little headland, between the hdghb of 60 and 230 
fect (m('Muted by the barometer), i8 smoothly coated 
by a tllick maSll of comminuted sheila, of the Imme 
species, nnd apparently in the same proportional num­
ben with those existing in the adjoining sea. The 
ConeholepM ill much the most abundant, and the best; 
preeerl'oo shell: but I extra,.ted perfec!tly presen'ed 
specimens of the Fiellunlla biradiata, a Trochus and 
Balanus (both well known, b'lt according to llr, Sowerby 
yet unnamed) and parts of the Mytilu. ChilQeTlwi,. 
,MOIl!' of thCIIC !!hells, as well n8 an encrusting Nullipora, 
partially retain their colour; but they Ilri! brittle, and 
often stained red from the underlying brecciated m!l$ 
of primary rock~; !lOme arc packed together, either in 
black or reddish mould: some lie loose on the bare 
rocky sunllOCll. The total numher of these shelb is 
immense; they ari! lell!l numerous, though still far from 
rare, \iP a height of l,OOO feet. alllwe the sea. On the 
1I1mmit of a hill, measured 557 feet, there waf! a small 
horimntal be.nd of comminuted ,helll, of which many 
oonsisted (and likewise from leseer heights) of I'ery 
young and small specimena of the lJlill living CoD­
eholepe.!', Troehlll!, Patellre, Crepiduile, and of "'fytilu. 
Magellanicu8 (?): L llC"eral of these shells were under 
8. quarter of an inch in their greatest diameter. .My 

I Mr. Oumiulr inl<>rllil me 1M! b. d_ uOC t.biuk thio ~p""i ... 
id~nt.ieool..;tb. lbo",b d_Iy _bli"3'. the IIUt ,v . . N~._. of 
LM .... the ..... Dd _rD _otolSoot.h Amfl'lo&; it lIT .. dllludantl,. 
OQLh.~oICbil •• 
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attention 111'31 called to thia circumstance by B native 
6aherman, whom 1 took to look at. theee ehell-beru; 
and he ridiculed the notion of aueh ,mall abells ba,'ing 
been brought up for food ; nor could lOme of the ~pec:iel!l 
have adhered wben alive to other larger ahell!. On 
allother hill, some miles distant, and 64.8 feet higb, 1 
found ahell.s of the Concholepaa and Trochus, perfect, 
though very old, witb fragments of MytittuJ ChiUMn8is, 
all embedded in reddish-brown mould: I abo found 
th~ IIlme species, with fragments of an F..chinus and 
of Balanu. pBittactu, on a bill 1,000 feet high. Abo,'e 
thia heigh~ mell! became "ery ran>, though on a hill 
1,300 feet Iligh,' I collecled the Concbolepaa, TrocbUll, 
Fitlurella, and a Patella. At theee greater heigbUl the 
shl'1\8 are ahuoet inuriably embedded in mould, and 
IOmctimes are e:a:posed only by tearing up bmhes. 
These ,hdl, ob"iou,,)y bad a very much more ancient 
appearance Ulan th06C from the iCfRlCr heights; the 
apices of tbe Trochi were often worn down j tile little 
lIDies made by bUHowing animols 1!'ere greatly en­
larged; alld the Concholepw! 111U! Oftell perforated quite 
through, o"ing to the inner plates of shell hal'ing 
ecaledotf, 

Many of theee ahells, aa I have said, were packed in, 
and v;ere quite filled with, blacki~h or reddish-brown 
earth, resting on the granitie detritua. I did not doubt. 
until lately that tbi. mOlild "II of pttrely terrestrial 
origin, when with a microscope exa.mining fIOme of it 
from the inllide of a Concholepaa from tbe beight of 
aboul 100 feet, 1 found that it WllII in conllidernble part 
composed of minute fragment.& of tile ' Ilines, mouth­
oonC1l and sheIla of Echini, and of minute fragments, 

, )1_.-.1. by tho bo.n)IIIet.u: tb. h.b ... I"'i~l i~ tho .. ~ !;!:iad ".11'* ..... I loud to bo. I,Ue (ttt .bcn". tilt Ion! of the 
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of chiefly "ery young Patellie, :\lytili,lI.nd other species. 
I found aimilar miCl'OfiOOpical fragmentA in earth filling 
up the central orifices of some large Fiuurelhc. Thill 
earth "'hen crushed emiu a sickly @mell , preeillCly like 
that. from garden-mould lDued with guano. The earth 
accidentally pre!('rved within the Bhella, from the greater 
lleighu, hat the !lame general appearance. but. it. is a 
little redder; it emits the same smell whl'n rubbed, but 
I wtI8 unable to deteet with cerl.4inty any marine remains 
in it. Th is earth resemble!! ill geneml uppearnnce, as 
before remarked, tlmt capping the rocks of Quiriquina. 
in the Bay of Concepcion, on which bed! of l!Ca-llhelli 
lay. I hal'e, &lBo, shown that. the black. peaty lIOil, in 
whieh the shells at the height of 350 feet at Chiloe 
were packed, contained many minute frngmenu of 
marine animal!!. The&e foots appear to IDe interesting, 
u they show that. lIOils, which would naturnlly be con­
aidered of purely terrestrial nature, may owe their origin 
in chief part to the Ilea. 

Being well aware from what. r have !ICeD at Chiloe 
and in Tierra del Fuego, that VIUIl. quantities of 8helli 
are carried, during suecessi'-e ages, far inland, where the 
inhabitant. chieBy Bubsist. on these productions, f am 
bound to Btate that. at. greater height. than 557 feet, 
where the number of "ery young and &lnaU shells pro"ed 
that they had not. been carried up for food, the only 
evidence of the shells having been nat,lImlly left by the 
lIeft.conaita in their im-ariable and uniformllppearnnce 
of 6.treme antiquity-in the di~lllnce of IIOme of the 
plact'll frOID the coast, io othera being inaCC('8!ible from 
the nenr('~t part of the beach, and in the aJ:.!.ence of 
frellh waler for men to drink-in the aIH~Il~ not lying 
in. Mttp,,-lInd, lully, in the c1o.c similarity of tbe 
lIOil in which they are embedded, to that which lo ..... er 

@ 'he C ..... lo1ete Nork of '::haries Al'WI 1 hn 
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down CIIn be unequh'ocally Bhown to be in great pnrt 
formed from the debri, of the sea nnimals,' 

With reBpectto the position in 'lfhieh theahelblie, 
I '1'1":13 repeatedly litruck hert', at Concepcion, and at 
other places, with the frequency of their occurrence on 
the summil.8 and edges either of l!epnrate hills, or of 
little nat. headlands often terminating precipitously 
O\'er the .ea. The ilCveral abon!-enumerated !1M!Cil-s of 
Mollusca, which are found strewed on the Burfiwe. of 
the land from a few feet abo\'e the le\'el of tile- sea. up 
to the height of 1,300 feet, all now lire either on the 
beach, or at only a few fathoms' depth! Mr. Edmon~ton, 
in a lett('r to Prof. E. Forbes, states that ill dredging 
ill the Bay of Valparaiw, he found the oommou B]X:cieil 
of Coneilolep.'ta, Fissurella, Trochuf', Monoceros, Chi­
tons, &e. li\ing in abundance from the beach to a d('pth 
of sc\'en fnthom~; and dead ~hell. occnrred only a few 
fathomB deeper. The eommon Tul"riidla cif![lt.l.lata 
w.).S drroged up living at evcn from ten to fifteen 
fathODI9j but this is n spedeswhich I did not find here 
amongst the IIpraillCd ~helli. Con_idering this fact of 
the spedet being all littoral or sub-littoral, considering 
their occurr('nee at various heighll, their \'W numbers, 
and their generally comminuted state, there can be 
little doubt that they were left on 8uoeessive beaeh-line~ 
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during a gradual elen.tion of the land_ The pretence, 
bov.·ever, or 110 many whole and perfeclly pretlened 
,h("lltI appean at. fil'l!t. a difficulty on this "iew, consider­
ing that tbe roast is exposed to the full force of an 
open ocean: but we may IUPpoae, either that these 
thells were thrown during gn[et on flat ledges of rock 
ju~t abo"e the ic,-el of high-water mark, and that 
during the e1emtion of the land they were ncwr again 
toucherl by the WIlI-ea, or, tilat during earthqunkCll, such 
&tI th(1116 of 1822, 1835, and 1837, rocky reefs c(wenxi 
with marine-animals were at one blow uplifted above 
the future I't'foCh of the lJC8. Thi, latter explanation is, 
perbaps, the mO!t probable one with respect to tbe beds 
at. Concepcion entirely coml)Oo;6(( of the AlytiJ,us Chi­
Iocr/sis,. tpeciet whicb lh-et below the lowest tidell ; 
and likewise with respect to the great beds, occurring 
both north and lIOuth of '-alpnraiso, of the ,l/ tMJrPfI11I(j. 
aonaoij()M7k!,_ shell which, aa 1 am informed by 11k 
Cuming, inhabit.& sand-bank8 at the le"el of tlle lowest 
tides. But even in the case of shell, Iml'ing tile habits 
of thi8 Mytilus and Mesodeama. beds of them, wheren!r 
the IICn gently throws up sand or mud, and thus prot.eel.ll 
itt own /WICumuiationl!, might be uprai!ll'(l by the slowest 
movement, and yet. remain undisturbed by the wanll5 of 
each new beach-line_ 

It is worthy of remark,that nowhere near "alparaiso 
abo,"e the height. of twenty feet, or rarely of fifty feet, 
I .... any linea of erooon on the aolid loch, or any 
bed, of pebbles; this, I believe, may be necounted for 
by t1!e di_integrnting tt'ndencyof m(.lllt of the rocks in 
thi. neighbourhood. Nor i8 the lnnd here modelled 
into t.ernlce8: Mr. Aliaon, howe\'er, inform~ me, that 
on both side. of one narrow Tlwine, at the height of 
300 feet ab<n"e the sea, he found a 8uCC('Uion of rather 
indiitinct step-formed beaches, compo..ed of broken 
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,helb., which togethcr coI'ered a space of about. eighty 
feetl·ertical. 

I can add nothing to the aooounuaJready publiwed 
of the elevation of the land at '-alparniso,l which !lC­
comp:mied the earthquake of 1822: but I beard it 
con6dently auerted, that a lentinel on duty, illllnedi­
ately after the .IIOCk, saw Il p:nt of a fort, wbieh pre­
I'iously WlU! llotwilhin the line of his vision, and this 
would indicate that the uplifting Wfllj not horiwntal : 
it wou\(1 el-en appear from lOme facts collected by Yr. 
AlillOn, that only the ea!ltern half of tbe bay was then 
ele'-ated. Through the kindness of this same gentle­
man, I am ahle to gh-e an inter~ting account of the 
cbauJ:,'1!!I of Il'rel, 'A-hleb hal"C snpervened be", within 
bbwrical periods: about the year 1680 a long 1M-wall 
(or Prefil) was built, of which only a few fragmentll 
now remain; up to the year 181 7, thl' sea often broke 
ol-er it, aDd wlUh('(J the hou_ on the oppogite ~ido of 
the road (whero the priMln now ~tand.); and el'en in 
1819, \lc. J. Martin remembers walking at tho foot of 
thill wall, and being often obliged to climb on'r it to 
~pe the wal·et,. There now stand. (1834) on the 
seawnrd side of thia wall, and between it and the beach, 
in one part a single row of house~, and in another part 
two rOlfl witb a ~treet. between them. Tbi! great 
eJ:Wn.ion oi the beach in 110 short. time cannot be 
attributed simply to the occmnulntion of detritu.; for 
a re~ident enginc.'Cr meallurro for me the height between 
the IOWE"!'t part of the .all ,-isible, and the preJl6nt 
beach-line at Sllring-tides, and the differenco Will del-en 
fe<'t six inch6'l5. Tbe church of S. Augustin is believed 
to have beeu built in 1614, and there ia 11 tradition that 

'!)r_ll"!'R('Rei ..... F....Je.·Tb. I ... 2~I)roa"" i. IUI_· 
...-l.ndOlb .... bo<!i.II.iUlldherincto_. roeu .. bicb dQri", tht 
obuokorIS2~ ...... httod.boTttht_. 
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the IlL .. formerly flowed I'ery near it; by levelling, itll 
foundationll were found lo stand niuet.een f"Ct ~ilt inebe:!! 
above tbe llight'l'l beach.!ine ; 80 that we see in a period 
of 220 years, the elevation c .. ,l\not hal'e been all mnch 
1I..illlineteen feet six inches. "~rOIll the fach given with 
rC>illot'ct to the !lCQ.wall, Illld from the te_timonyof the 
(lldf'r inhabitants, it aPIM!IU8 certain that the changE' in 
len'l Jx>gan to be manifest about the yenr 181 i. The 
only sudden eleration of which there ill any record 
occurred in 1822, and tJIi~ seems to have been leos than 
three feet. Since thllt year, I wa!assured by!;Cveral 
oompetent. obscn-erll, thnt part of au old wreck, which 
ill finnly embedded neaT the beach, ha~ BCllsibly 
emerged; hence here, as at Chiloe, II. slow rille of the 
land appeal'l to be now in progress. I t f!eCms hig-Illy 
I)moob!e that the rock! which are corroded in a bond 
at the height of fourteen feet abol'e tbe IIC8 were acted 
on dnrinK the period, when by tradition the bare of 
K Allgnstin cilurcll, now nineteen feet ~ilt inches above 
the highest wateNllark, WIiS occasionally wllshed by 
the walcs. 

l'(llparai«) ro Coqlt"IWo.-For tile fiNt seventy. 
fi\"e mile! north of Valp8r:lilKl [ followed the C(llI!!t.-.rood. 
and throughout thi. 'pace r obeen·e<J innum~rable 
maa..-a of upraised ~hell.. About. Quint('ro th~re are 
immen~e accumulations (worked for lime) oftlie .1Ir,so. 
(U:dma donacljOJ-»le, packed in StIndy earth, they abound 
chicHyabout fifteen feet aoove high.water, !out shells 
are here found, according to :Mr. "'iell',' to a height of 
500 feet, and at n distanoo of throo leagu~ from the 
coal't: I bere Il(ltiee<\ ooroadesadbering to the rocka 
three or four feet aool'e the highe!lt tid("l. In the 
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neiglllxlUrbood of Pluilla and Catapilco, at height. of 
between 200 and 300 feet, the number of comminuted 
,belt., with lOme perfeet onea, e5pt:eially of the Meeo­
d€'!lma, pocked in layers, wall tmly immcnee : the land 
at PJazilla had evidently anted Q n hay, with abrupt 
r(l('ky 1WU!8C8 rising Ollt of it, precisely like the i!leta in 
the brokcn bny! now indenting tbi, coast. On both 
sidCll of the rirers Ligua, Longolomo, Guachen, and 
Quilimari, there are plains of gravel about 200 foot in 
ht:ight, in lOany II:UU absolutely (lO\·ere<! with shclls. 
Clo>;e to Conchalce, a gravel.plain is fronted by a lower 
and tiulilar plain about sixty foot in height, and thill 
1lf,'3in is ~parated from the beach by a wide tract of 
low land: tbeilUrfaces of all three plainll or terracea 
"'"cre strewed with \"88(" Ilumben of the C-oncholepN. 
)IOIIOdC>lma, an exilltillg Yenus., and other Jltill exining 
littoral ,hell~. The two npper tel1"ft.('(>jj cloeely rClll'lDble 
in milliature the plaiu of Patagonia; and like them 
are furrowed by d ry, fiat.-Wttomed, ..... inding \·alleY8. 
Northward ofthi8 plaoo1 turned inward; and therefore 
found no more 8hen~: but the \"alle1' of Cbuapa, Illapel, 
and l.imari. are bounded by grn'·el.capped plain., often 
including a lower terra('(! within. ThClle IllaiDJ !lend 
hay.like ann. between and into the surrounding billa; 
and they are continuou"ly united with other extensh·e 
gnwcl.n.pped plains, separating the coe.at mountain­
rangetl from tbeCordillera. 

Coquimho. 

A nafrOW fringe--like plain, genUy inclined toward~ 
thlllCll,hercC:'ttcnds for eJel·cn milca alongtheoonst, 
with anll8 nrctchillg up between the coast.-mollotains, 
and likewill6l1p the vaUey of Coquimho: at ita lOuthern 
extremity i~ ill directly connected with the plain of 
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Limari, out of which hilh abruptly ril6 like isleta, and 
other bill. projeet like headland. on a COfllIt. The 
lurfate of the fringe-like plain appean le\'el, but diffen 
iDJeruibly in IN!ight, and greatly in oolllpGIition, in 
different pam. 

At the mouth of the \'alley of Coquimbo, the 8urfnce 
con8i.t.s wholly of gravel, and 8tAnda from 300 to 350 
feet above the level of the &eil, being about 100 foot 
higher than ill other pam. in tht'!!6 other and lower 
parts, the superficial bedg consist of calca.reoul matter, 
and rest on allcient tertiary depositll hereaner to be 
deecribed. Tile uppermo!lt caicare(lli' layer is cream­
coloured, compact, smooth--fractured, lIub-oltalactiform, 
and contains lOme eand, earth, matter, and recent .hells. 
It lies on, and sendg wedge-like \'eine into,' a IlHlch' 
more friable. calcareou.s, luff-like \"Briety; and both 
rest on a ma.8II about twenty feet in thickness, fonned 
of fmgmentll of recent ~hella, with II. few whole ones, 
and with small pebbles firmly cemented together, This 
latter rook iA called by the inhabitant. iQaa, and is used 
for building: in many parte it ia divided into etrata, 
which dip at an angle of ten degreet ICIIward, and a~ 
pear aa if they bad oril,,'inally been heaped in sueceuive 
leyen (u may be !leeD on coral-reef,) on a steep hench. 
This stone i, remarkable from being in parts entirely 
fonned of empty, pellucid eapiulCl or cella of calcareous 
matter, of the lize of ~m:Ul seed.: a &erie. of specimens 
lLnequivoeally Mowed that all thesecapilulet once con­
tained minute rounded fragments of shellt which haxe 

, In ""'"J "'(Il'eU th', "ppw hard, and lb, anJ.~lriD" _ ... 
tn,Lle .... lietlf'!, ~mIJ .• the jET'Mt ,u!"'oiIel .. 1 btd, at K'all' Ooorr" 
Boand ia Aul .. l~ .. hieh I hIt. ... ~bed I" Cha~""r \"II. p. 181. 
The .. OIOOlld be hul. d",,1.4 thet We "pp"r la~ .. !.he .. "" ... I-. 
hArd.nedLJtb. .. t''''' "' .. ' ..... \.het ... blltal_ .... ,tor.oad 
IbttlM .. hol. __ """ origilllted;D u.. _, Dimi""tOli, _i. 
auted_,ohoolUaadconk. 
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sin!...., Leen gradually dissoil'ed by water pereolating 
througb the mass.' 

The shell. embedded in the calcareous beds fonning 
the surface of this fringe-like plnin, at tbe height of 
from 200 to 250 feet above tbe sea, consist of, 

2.1IuliDiall,. ... unm. 7. C<mehnler:l'erun..na. 
I. Venu,,,p"'" I 8. Mon""~_t<l8t>ttDm. 

~: ~~~~~inf:~me. :: 3;,;l~~r:e:;~-
Although th~ ~pecies are all recent, and are all 

found in the neighbouring sea, ye:. I was particularly 
I!.trnck with the difference in tbe proportional numbeMl 
of the !Ie\'eral specie!!, and of those now cast up on tbe 
preliellt beach. I found only one IOpecimen of the Con­
cholel)B;l, and the Pecteu wall very 1"!lN!, though both 
these shel1! are now the ComlllOlll"!!t killd~, with tbe 
exception, perhaf>", of the Cal!Jptro'B 7"(WiBIUI, of which 
1 did not find one in tbc calcareous bed.. J will not 
pretend to determine how filr thi~ difference in the 
proportionl,lllulUhl'"rs depends Oll the "ge of the deposit., 
and how fnr 011 the difference in nnture between the 
pnW'ut ';"1IIdy be .... cbetr and the cnlcnreou~ bottom, on 
which the embedded sbelli must have Ih·e<!. 

On the bare surface of the calcareous plain, or in a 
tbill covering of sand, there were lying at tl h"ight from 
200 to 252 feet, manv reeent shells, "'lIicb had a milch 
fre..ber apptarancc tb'an tile embedded onCl!: frngmenb 
of tbe Coneholepas, and of the common )Jytilus, still 
retaining a tinge of its colour, were numerous, and 
ait()gethl'r there waR manifesUy a closer nl)proach in 
prol)Ort ional numbers to those now lying on the beach. 
In a !nass of stratified, .sliglltly agglutinated sand, which 
in some places co,-el1l up the lower half of tho lICawnrd 

'lhu •• l...J,.badOC<Ui""tod_rit>.thi,rockiD(:h.~.\,II. 
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esearpment of the plain, the induded shells appeared to 
be in exactly the same llrollOrtional numbel'!l with thOile 
on the beach. On one side of a stee~ided ra,ine, 
cutting through the plain behind lI(>rradurn Bay, I 
obsened a narrow strip of stratified sand, containing 
~imilnr shdl$ in ~imilar prollOrtioualnUlnbers: a Ile(!tiOll 

of the ravine i! represented ill the following diagram, 
which 8(!n'e~ abo to show the general eompo~ition of the 
pla in. l meution this case of the ravine ehidly because 
witho\l~ Ihe el'idence of the marine @hella in the sand, 
nny one would have supposed that it hnd been hollowed 
out by fimple allm'ial action. 

_"' _"'Cu:lot.bo. 

: e'~;;l~fi~ 
A.. I!tnIU""."".lI1tb ....... l"""Ilo !~ ___ MonU>o_.IWfIlUl ... 

• p .... ¥\M. 

~E,::=:S:-=-J~=~~:~= 
::t:::~=.-,-· f..-ull..:Ii ... ..rJ,·U. u\!acI. 

'I1le escarpment of the fringe-like plnin, which 
~trt'tel~ for elc\'en milCii along Ule CoaBt, is in iiOrne 
part..~ frontf'rl by two or three narrow, ~tcl~furmed ter­
mC(';O, one of .... hich at Herradura Bay exprmd~ iuto a. 
~mall plain. J~ surface was there formed of gm\'cl, 
cemented together by calcareous matter; aud out of i t 
I extracted the following receut ~hell~, which arc in 
1I more perfect cundition than thO!;) from the upper 
plain:-

s:J Th.. ComDtete #ork of ":h5rles ..JWln ..lnhne 
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On Ule syenitic ridge, which form~ the southern 
boundary of lI erradUfIl Bay and Plain, I found thc 
ConeliQI('lmII find Turritdla cill!Julata (1II011t1y in frag. 
lIIeo1$), at thc height of 242 feet above til(' !lea. l oould 
not hal'e told that these shells had not formerly been 
brought up by man, if [ had not found 0111\ I-ery Kmall 
malt! of tbl'lO cemented together in a friable calcareous 
tuff, I menUoll thi~ fact more particularly, because J 
carefully looked, in many appareutly fal-ournble spoliJ, 
at ]eqer b('ight~ Oil til(' ~-jde of thi~ ridge, ami could not 
find evell the8malle~t frngment of a 8hell. ThiM..\r only 
one iu,tunoo ouLofmany, ]lrC>\'ing that the abt>ence of 
lI(-'a·~IH'll~ on the surface, though in mally respects inc,;· 
plicahle, iB un argument of "ery li ttle weight in opposi. 
tion to otll1'r el'ideuee on the recent elevation of the 
land. 'nle lligbe,,( point in tbis neighbourhood at which 
I found uprni"oo ~hells of exi~ting ~1)eCiet 'Nat on an 
inland caicareollll plain, at tho height of 252 feet above 
the_. 

It. would appear from ;\Ir. Caldcleugh', researche.,' 
Ul.,t Ii rille h!13 takell place here within the l!I3t century 
and a half; and a8 no sudden change of 10l'el has been 
observed during thc !lot ,-cry severe earthquake., which 
ha\'e occn"ionally occurred here, the riling hM probably 
been @Iow, like that now, or quite lately, in l)rogrc6Il Ill. 
Chiloe lllld at Vnlpnmiso; there M'6 three well-known 
ruck", c.'lIcd the Pclican~, which in 1710, according to 

I 'I'""'-I.ingo ollhe Oeolopa! Sociell1,' RI. ii. P. 44S. 
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F e\lilIl:e, were ii.fteur awu, bu~ DOW are said to stand 
tweh-e feet. above low_water mark: tile spring_tides riM! 
'here ooly five feet. Tho're is another rock, now nin,e 
fcet.abo\'1.' high.water mark, which in the lime of Fre.der 
and of Feuillee ro;!eonly fivo or ru feet out of water. 
:\1r. Cnldcleugh, I may add, aoo shows (and I received 
similar aeeounta) that. there hIl.iI ~n II con~iderable 
decrease in the lIOuudillgll during the l:l>lt tweh'e years 
in the Bays of Coquimbo, Concepcion, '-alparaiiO, aod 
GU:tilOO; but WI in the;,e C8JIeI it. is nearly impoil8ible to 
di"tingui~h hetw~n the a('CUlllulatioll of lIOdimeot. and 
the uphea"emeutofthe bottom, I llal'c notelltered into 
any d<:tails. 

~ruUt!J 0/ C()(]II,j,IlOO.-l'he narro .... ·oout.-I)laill l!Cods. 
as before stated, an arm, or more correctly a frillge on 
both ~ides, but chiefly on the southern side, 8Cveral 
miles up the mlloy. The..e fringe~ are woro into steps 
or terraces, which present a most remarkable apl_r· 
anC(', aDd hal'e been comlNlred (though not \'ery cor· 
rectly) by Capt. BfII;il Ual!, to the panillel roads of Glen 
Roy in Scotland: their origin ha.s hf<,n ably diacussed 
by :\Ir. Lyell} The fif>Jt IIl'etion which I will gil-e, i, 
not. drawn ncrOllll the \'allcy, but ill all east and we;,t 

_0a411''''''_ ....... IIIoT ........ ~'''', .. __ ..,. __ _ 
"'"oIltJ, __ ''''''' 

..l.'k!... ,B.) • 

~D,--"i.'i!.. .!~, u. 
~L~~ 

l.<1'WIoI-. T .... oflJOq_"'" 
'-_I~/.\.II~lod>lG)lIOr .... : __ W_lom ___ , 

line at ita mouth, whpre the step-formed t('rJ"llCeoj de­
bouch and preeent their ,'ery gently inclined surfact'1l 
tonrostbePacifie. 

, 'Prill(:iplu"Ot OeolOjl:',. ' (htt<iit..j,YOI. iii. p.UI. 
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Tile bottom I)Jain (A) is about a mile in widtb, and 
ri_ quite ioeensibly from the beach to a height of 
twenty-fh'e feet at the fOOl of the next plain: it ulID.ndy, 
and abundantly .tre"ed with Bbell& 

l 'Jain or terl'1lCe (B) is of small t'J.:tent, and is almO!!t 
concealed by the holl8C:!l. of the town, as ia likewi8e the 
escarpment of terrace (C). On both aidee of a mvine, 
two milee lIOuth of the wwn, there are two li ttle tet­
raC('~ one above the other, evidenlly corresponding with 
(B) nnd (C); and on them marine remaintof thespeciea 
alrel\dyenumerated were plentiful. Terrace (E) i, "ery 
narro"", but quite distinct and le",!l; a little lIOutbll'll11i 
of the town tbere were tracet!l of a terrace (D) inter­
mediate between (E) and (C). Terrace (F) ill part of 
the frin~like plain, which .tretdletl for the ele"en 
milCiolong the coast; ilia here compo!edof,hingle, 
and il 100 feet higher thnn where comp<ood of ealea­
lOOu. maUer. Thill greater height it obvioUl!ly due to 
the (1',13ntity of @hingle, which at 110m\,! former period 
has been brought down the great vaUey of Coquimbo. 

Con~idering the many shells Btrewed o,'er the ter­
racee (A) (B) and (C), and a few miletl lIOuthward on 
tbe calcareous plain, which is oontinuoU!;ly united with 
tile upper Ilcp-like plain (F), there cannot, I apprehend, 
be nny doubt, that tbe;,e ili terraOl'l! hlwe been fonned 
by the action of the !lea; and that their fi,"e eecarp­
ment. mark 110 IIlJ!.ny periods of comparative rest in the 
elevatory movement, during which the sea wore into 
the land. The elevation between thete period! may 
have been sudden and on an at'em~ not more than 
seventy-two feet ea()h time, or it may have been gradual 
and in8Cngibly slow. From the ahell. on the lllTee 
lower terraOOt, and on the upper one, alld I may add on 
tile three gra"el-<:apped terraces at Conehaloo, being all 
littoral aDd 1JUb-littorai specie.!!, and from the analogical 
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faell given at. '-alparaiso, and lutly from the e"idenee 
of a 110" ri!ing Lately orttill in progreM here. it appears 
to me far more probable. that the mO"l'ment. hu been 
,10'" The exbtenoo of tbeee lucceai,'e el!CM'prnents, 
or old cliff-linCil, is in anoth~r resp('<:t highly inBtrneth'e. 
for they lIho ..... periods of comparative r(;IIt. in the elem­
tory mon,'ment, and of denudation, which would never 
e,'en ha,'e been SUlIpeeted from a dote examination of 
many milei of eoe.st south"ard of Coqllimbo. 

We come now to tile terraces on theopposites.idell 
of the ea!it and ..... e.--t valley of C'oquimbo: the folJo\\'ing 
IeCtion is taken in a north and lIOuth line acrQM the 
,'alley at a point about. three milell from the sen. The 
,'alley measured from the edgell of the escarprnenta of 
the upper plain (F) (r) is about a mile in width; but 
from the 00_ of the bounding mountainl it. il from 
three to four Illil(':l! wide. The terraces marked with 
an inlerrognth'e do not eJ:i~t on that s.ide of the miley, 
but 8re introduced merely to render the diagrnm more 
intelligible. 

!l'OfUI, 

~-~~ 
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These th'e tCJTaCCjj are formed of shingle and sand; 
three of them, III marked by Capt. BMil lIall (ullmely, 
B, C, IU\d F), are much more conspicuous th.1n the others. 
From tile marine remains copiously strewed at the 
mouth of tbe \"alley on the lower terrnceto, and soutb­
ward of tbe town on the upper one, they are, Ill! before 
remarked, undoubtedly of zoarine oribrin; but within 
the \"Hlley, and this fact well de;;er\"(l!I notice, at a dis­
tance of from only a mile and a Ilaif to three or four 
miles from tbe sea, I could not find CI"en a fl1lgment of 
II shell. 

On 1M indinll1wn of 1M t'N'(UVIt of ClX]uimbo, 
awl on 1M tJP~r and Jxmd ttl!}tll of tlltirucarpmtntB 
not ~in!J hoJ"i:ontal.-The surfac{'ll of the~ terraces 
slope in a sligiltdegrec, as shown by the la~t two !lCCtions 
taken conjointly, hoth toward~ the centre of the valley, 
and 1II1l1',luds to"llrds ilil mouth, Tbis double or 
diagonal inclination, wllicb is not the same in the 
8Cveral terraces, is, as we shall imm<:diately 111.'(', of 
simple explanation. There are. bowel'er, soniC other 
poinu which at finst appear by no mean" obl"ious,­
nam .. ly, fir.t, thnt each terrace, taken in its whole 
breadth from tIll' summit-edgf' of olle escarpment to 
the hue of tliat aooye it, and followed lip the nllley, is 
not horiz.ontal: nor haye the 8e1'era! WITace;l, when 
followed up the valley, all the 8:UlIe inclination; thus 
I found the Wrrac('.!1 C, E, nud F, mC:\8ured at a point 
about. two miles from the mouth of the I"alley, stood 
scI'el1llly betWet'11 fift.Y_$il: to I:iCI"enly-8eI"en feet higher 
than at the mouth. Again, if we look to anyone line 

__ ~~ n. Comniete Wor\<..of Charles Dar .... 111 On 
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of cliff or e!<carpment, neith(>r itt summit-edge nor its 
base is horizontal. On the thoory of the terraces having 
been formed during a slow and equahle rise of lhe land, 
with as many inten'als of reat u there are esearpment.l!, 
it appearll at tim. '-ery ~l.lrprising that borizontallinea 
of &Ome kind should not hlll'c been left. on the land. 

The direeiion of tlle diagonal inclination in the 
different terrnOOl being dilTerent,-in some being direc­
led more towards the middle of the ,'nlley, in othen 
more townrds its mouth,-naturally follows on the 
,·iew of each terra«', being an accumulation of IUcee!lBh-e 
beach-lines rouud bays, which m\U!t ha,'c been of dif­
ferent forms lind s.izes when the land stood at different 
hwels: for if we look to the actu .... l beach of a narrow 
ereek, its slope is directly towards the middle; whereas, 
in an open bay, or slight coneal'ity on a coast, the slope 
i8 towards the mouth, that i!, nlmoet. directly IlCaward ; 
hence as II. bay /lIte"' in form and QW, 80 will the diroo­
lion of the inclination of its 8uccesah'e benches become 
changed. 

If it were po8!!ible to trace anyone of the many 
beach-linea, comllOlling each 8loping terrae<', it would 
of COUI1!e be borizontal; but the only linea of demarca­
tion are the lummit and basal edges of the esetIrpments. 
Now the ~ummit,...edge of olle of these escurpmenu 
marks the furthest line or point to which the sea has 
cut into a ma1!8 of grn.\"el Bloping seaward; nnd as the 
sea will generally hare greater power at the moutll than 
at. the protected head of a bay, l!O will the e!le3rpment 
at the mouth be cut deeper into the land, and its 
Hummit-edge be higher; consequently it will not be 
horizontal. With respect to tho basal or lower edges 
of the escarpments, from picturing in one'ij mind ancient 
bays entirely surrounded at successive period8 by cliff­
formed shores, one's first iml)~ion iB that they at least 
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ll()Il/()yi::()lllal, 25i 

neceuarily must. be horizontal, if tile ele"Ation ha, been 
horizontal. But. here is a fallacy: for aftcr the I('a hili!, 
during a ce8S:ltion of the ele,'ation, worn cliffs all round 
the shore. of a bay, when the mo"ernent recommenees, 
and ettpecially if it recommences slowly, it. might. well 
hllJlpen that, at the ~po&ed mouth of the bay, the 
waves might continue for some time wearing into the 
land,whilst in the protected and upper purls successive 
beach-lines might be accumulating in a ~Ioping surface 
or (l'rrnce at the foot of the c1iff8 which had boon latcly 
reschoo : lIenee, supposing the whole line of <'8CIlrpment 
to be finally uplifted above the reach of tile sea, its 
oosal line or foot near the mouth will run aLa lower 
lc,'el than in tile upper and protreted pam of the ooy ; 
conilCfluently thia basal line will not 00 horiwotal. And 
it haa already been shown that th~ Illlllmit-edges of 
each e!lCarpmeut wili generally be higher Dear the 
mouth (from the seaward ~loping land being there most 
elpoilC<l and cut into) than near the head of the bay; 
therefore tbe total height of tile CliCnrpml'lJU will be 
greate~t near the mouth; and further up the old bay 
or \'alley thl'Y will 00 both 8idee generally thin out and 
die away: 1 have observed this thinning out of the 
8u<lCe!<"ivee!CArpment at other plaOOl beIIidesCoquimbo; 
Ind for a long time I waa quite unable to uuderstand 
its meaning, The following nlde diagram will pe!'haps 
rMlder what I meaD more intelligiLle; it represenu a 
hny in a district which hll.!l begun slowly rifling. Before 
the movement commenced, it if! 81.lJlllOllCd tbat tho 
wnvcs bad been enabled to eat into the land and form 
cliff8, as fnr up, but with gradll."llly diminighing power, 
118 the points A A : aft.er the mOI'ement had commenced 
Bnd gone on for a little time, tbe ;.ea i. supposed still to 
IUH-e retained the power, at the expoecd mouth of the 
11I1Y, of cllltlllg down and into the land 116 it 810wly , 
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emerged; but. in the upper parti of the bay it. iii 
iUppo;.ed IIOOll to hal'e lost thi! power, owing to the more 

No.:l.\. 

protected ~itlUltion and to the quantity of detritus 
brought. down by the rh'er; con!l6Ctllently low land was 
there accumulated. As thiB low land waa formed ouring 
allow elevatory mOI'ement., ita surface will gently Blope 
IIllwanil from the bench on all BidOll., Now, let us 
imagioo the bay, not to make the dil\gram more oom­
pli~ted •• uddenly con\"erted into .. '"alley: the bMal 
line of tbe cliffs wiD of ooune be horiwntal, !Ill far as 
thf' beach is now _0 extending ill the diagram: but 
in the uppet' part. of the valley, this Hile will be higher, 
the lel-e1 of the distriet having been railled whilst tile 
low lund was accumulating at. the foot of the inland 
cliff!. If, instead of the bay in the diagrnm being 
luddenIy coIlI'erte<! into a valley, we 8uPI~ with much 
IDore probability it to be ullrailled Ilowly, then ti,e 
W81'CS in the upper paM of the OOy will continue \'ery 
gradually to fail to reach the cliff", which are now in 
the diagram representoo ill washed by the eea., and 

_ TIl C IDlete lork of Charles Darw, h 



1lof l-IonZOlltnl. 259 

which, consequeutly, will be left standing higher alld 
higher above il..8leve ; whilst at the ,till e];po&ed mouth, 
it. might well happeD thnt tbe wavC* might be enabled 
10 cut deeper and deeper, both down and into the cliffs, 
as the land 81owlyrose. 

The greater or lesser destroying power of tIle W8\'CIJ 

at the mouths of successive bays, comparatively witt! 
this 8111lle power in their upper nnd protected parts, wilt 
vary a8 tile bays become challged in form and size, and 
therdore tit. different levels, :It. their mOlltll~ alld head~. 
more or le.;s of the surfacCll beLII'oen the etcnrpments. 
(tbat i~, the aooumulated beach-line. or te rraOOil) win 
be left UDdei!lroyed: from what baa gone before we can 
IlOO that, accQ!"diog IU the ele\,story mo"'menta sfter 
each OOI!I!&tion reeomm~nee more or IClIs slowly, according 
to the amount of detrit.us delh-ered by tbe rh'er at. the 
heads of tbe SUCC(lilsh'e bay,," and ae-oording to the degree 
of protedion afforded hy tbeir alkred forms, 80 will a 
great.er or leu utent of terrace Le acclIIllulll!.ed in the 
1I1lpcr pnrt, to ,,-hich there will l!e no ~lIrface at. a eOf­
rCllpollding 11"-1'1 at the mouth: lw.noo we 1.'1111 perceive 
why 110 one terrace, taken in it;! whole ureadth and 
follov.'ed up tbe v'aiJey, is horizonwl, though each 
III'parate beach-line mUil han. been 110; lWei 'II'hy the 
ine!ination of tbe se,'eral terraces, botb trallijl'ersely, 
and longitudinally up the ,-a1ley, is not. alike. 

I luwe entered into tllia case ill IIOlue detail, for [ 
wa" long perplexed (and othen IIM'e felt the Mme 
difficulty) in unde~tanding how, 011 the idea of an 
equable eleyation with tIle sea at. interval.s eating into 
the land, it came that. lIeither the terraces nor the upper 
nor lower edges of the e&carplllentl! were horizontal. 
Along linea of coast, e,'en of great lengths, such IlI:I that 
of Patagonia, if they are nearly uniformly exposed, the 
corroding power of the WaHlil will be checked and 
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'COnquered by the ele,"atory movement, as often all it 
TeCOIIlmenoe!!'. at about the mme period; and hence the 
terrntell, or Bccumulated beach-Hoell., will commence 
"being formed at nearly the same levels: at ellch BUC­
ceeding lleriod of rest, t hey wi11 , al80, be eaten into at 
nearly the same rate, Bnd oonsequt'ully there will be a 
much Cloeercoincidenoe in their len·ls and inclinll.tioU!I, 
than in fho te rraces and escarpmenh fo rmed round 
baYB with fheir different paris very d ifferently eJ:1)()1!eCI 
to the adion of thl"!Il'8" lt is oDly wllere the wa\"~ 
are enabled,afu>r a long lapse of time, slowly to corrode 
bard rock~, or to throw up, owing to the ~UI)I)ly of 
8Odiml"nt being small and to the BUr£\OO hl"ing tleeply 
inclined, a narrow hl"aeh or mound, that we can eJrpect, 
as at, Glen noy in SootllUld,1 a distinct. line marking an 
old sca-level, and whieh will be ~t.rict ly horizontal, if 
the aubeequent elevatory mO\'cmentll have been 10: for 
in tlltllO Ca.se!l no di8Cernible effecl.s will be produced, 
ucept during the long intenening periods of rest.; 
wherefU! in the eage of ~tep-forllled col\!lb. Much a8 those 
df'SCribed in this and the prl"e<'ding chapter, the terraoe!l 
tbemselvCII Il.re Ilccumulated during the ~low eleratory 
-proeeea, the accumulation commencing IKIOner in pro­
t.cc:ted timo in expooed 8ituatioD8, and IKIOner where 
lberei' copiou~ supply of detritus than where th('re is 
little; on the other band, the steps or escarpm('nta are 
formed during tile ijtationary period~, and are more 
def'ply cut down Bod into the coa~f...lnnd, in exposed 
tban in prot.reted ~ituations j- the cutting action, IUOre­
over, ileing -prolooged in the mort exposed pArt", both 
during tile beginning and ('oding, if 810111". of the upward 
movement-. 

Although io the fort'"g"oing di~ul!I'ion I ha,"e a~.tlmoo 
the ele\"ation to 1,1l"e hef>o horizontal, it may he 8t1,;.­
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peclW. from the oonaideraW" llel\ward slope of the 
ter~ both up the "al1ey of S. CrUll and up that of 
(;oquimbo, that the rising hat! been greater inland limn 
nearer thecoost. There is rell.lOn to helic\'e,l from the 
effe<:t~ produced on the water-course of a mill during 
the earthquake of 1822 in Chile, that the upheaval one 
mile inland Wll3 DCllrly double, namely, between five 
/lud Ie"en ff'Ct, to what it was on the Pacific. WI" know, 
alKl,from theadmirnble researehesof)1. Brn"ais,tthat 
in :..candinavia the ancient IICn-beaciles gently slope 
from the interior mountain-rtlngctl towards the coa.st, 
and that they are not parallel olle to the otuer, showing 
thnt the proportional difference in the amount of eleva­
tion un the coast and in tile intt'rior, mried at difft'rent 
period~, 

CuquiJ/l,oo to Gu(l.8oo,- In tlli, di~tance of ninety 
mil(·~, I found in almObt (','cry j);lrt marine shel{j up to 
a Ileight uf appaTl.'ntiy from 200 to 300 feet. The 
dt",'rt plain III'ar Choro)tj i~ t111l~ oovcren: it is bounded 
Ly the e~cnrpmcl1t of n llighcr Illain, CQn~i~ting of pulOl­
ooloured, earthYlcaleareou8~ton(·, like UUltof Cbquimoo, 
with the !.'lune ~nt ~hells embedded in it. In tile 
,'nlley of Chail('ral, a similar bed occurt in whicil, dif­
ferently from that of Coqltimoo, I oi:>een-ed many shells 
of the Collcilolepas: llmr Guasco the Slime calcareous 
bed i~ likcwi!!e met willI. 

I II the ,·alll'Y of Guuoo. t.he step-formed termce~ of 
grnl'd Arc di~rlayed in 1\ more striking IDnnl1er than at 
allY oth'-'r point, I followed the ,<alley for thirtY-9(','en 
miles (as ft'ekoned by tile inll;lbitant.>l) froUl the coa.;,t 
to BalieDar: in nearly the whole of !his di.-tanee, five 

, ~h. Pl~~, in tbe • Quuttrly Jotlm&1 or &iell~.' 1824, Tol. ".-ii. 
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grand i.errnce;l, nmning at oorre~I)oIl(ling heigh18 on 
both "ides of the brood 'l1lley, are more eonspicnoull 
Ulan th<' three be;;t developed ou(" at Coquimbo. They 
gh'c to the land>!Cllpe the most singular and formal 
8l'1l('cl: And _hen the e1o\ld~ hung low, hiding the 
neighbouring mOllntain~, tIll' valley rt'iM'mbled in the 
most ~triking IDanner tbat of Santa Cruz. The whole 
thicknC8il of thCilC terrnces or pluill~ ilCelll~ eompo!OCd of 
gran-I , ratlier firmly nggregllted together, with ocea~ional 
parting IIt'lUns of clay : the pebbles on the llpp;:-r "lain 
~.re often white-wn:;hed with an nlbuminous 81L~tanee, 
a~ in I'atagonia. ::o.'ear the coast. I olwK>rred many lIt'a­
shell~ on the lower pillin~. At. Freyrina. (t"el\-e miles 
up tbe ,·alley). thert' are six terrnceil beside the bottom­
fiurrace of the valley: the two lower ones are here only 
from 200 W 300 yards in width, but higher up tile 
,'alley they Ulland into plaina : the third terrace is 
gencmlly narrow: the fourth I so1w only in one place, 
but there it was di~tinct for the lellf,rth of a mile: the 
firth is very broad: the sixth iw the summit-plain, 
which elpllllJ~ inland into u great !:la_ill. Not 
h:.l'ing II. iJnrolllcter with me, I did not ascert .. ,in the 
ll\'ight of theJe ll\ains, but they uJlJloored consider­
"bly higher than those lit Coquimoo. Their width 
'''aries much, OlOmetime& being lery brood, and 1IOIIIe­
tim('l'J contracting into mere fringes of IIt'parnte Hat­
t 'Jlp«1 projections, and then quite di:;aPI)(."3ring: at 
the olle IIJlot, wh ... re the fourth terrncc was \·i~ible, the 
whole ~ix teJTnC{';l were cut off for a short. space by one 
lingl(> bold e'!Carpment. :Near Rallenar (Ihirty-&!I'ell 
mil~~ from the mouth of tile lirc]"), the rnlJey between 
the ~\lmlllit-ed~s of the hi::;hec<t (lICarplllt'nt i~ several 
milrs in width, and tlle fil'e teml<'eB on bolh sides are 
brondly developed: the highE"-<t cannol he lC"~ thal\ 
600 feet above the bed of the ril·er, which it.ielf mrnt, 

. Tho.. ,",olete ' lOW of 0 r,,,1'" 'n Onhne 
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J conceive. be sollie hundred feet. above the I!e3- .""­

north and south I!eCtion acl"Qiill the ,-alley in thiJ part is 
here repn!OIented. 

r" • '. Ill_of 0_ ,.....,.......-·"'1 I '-----~ ~~--, ~ 
T ... ., __ 

On the nortlwm side of the ,-alley the !ummit_plain 
of grn\"el (A) hat two t'fiCtlT))mcnt .... one fadng the ,-aile.v. 
lind the other a great hll .. ~in_like plain (B), which 
stretches for l!(','ernl leaguC4 northward_ This narrow 
plain (A) with the double escarpment, evidently once 
fonned II. spit or l)rOlliontory of gravel, projecting into 
and dh'iding two gl't'3t bny~, lind ,ubl!equently WM 

wonl on hoth ~id(-;j into stet'p eliff~. Whether the 
&e"ernl Cl!Carpment..~ in thiR ,-nlluy w('re formed during 
the Mme stationary p('riod~ with thO!!O of Coquimbo. 
I will not pJ'('t(-nd 00 eonj<'Ctllre; but if 80, the inter­
,-ening and 8ubtw:<'l'H'nt ('I('mtory mo"emcnt~ must have 
been here much mOTU ener).,-etie. for thelle 1)lain8 cer­
tainly stand at a much high"T len,1 than do those of 
Coq";mbo, 

Copiltpo.-From GUl\."Co to Copiapo, I. followed the 
road near the foot of the Cordillera. I\lId therefore ISRW 

no ullrnilled n.·lIlain~. At thl.'! mouth, however, of the 
,-alley of Copinpo there is a plain, Milnatro by 3reyen 1 

between fifty and 1ICI-('nty feet in Iwight, of which the 
llpper part. oon~ista chicH, of gra\"el, abounding with 
l't.'CeDt sht'llq, chidty of the Concholcpas, I'enu.! lJorrikyi, 
and C(uyptT«a trocliijorml.!. A little inland, on a 
1IIIIin eotimated IIY my ..... lf at n<'aTiy 300 reet, the upper 

I • Rti ... a. die £rd.: Th I . .. 172. tt teq_ 
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~tratuw wu formed of broken shcll~ and sand ccmented 
by white calcareous matter, and abounding with em­
bedded recent shells, of which the Jlulinia Byrm~, 
and Pecten pUTpUTUt1U were the Inost numcrou~. The 
lower plain stretehes for some miles southward, and for 
au unknown di .• lauce northwlIl"d, but not far np the 
valley j its Beaward face, according to .Meyen, is worn 
into ca\'es al)()\'e the le\'e! of the present beach. The 
valley of Copiapo is much ICS8 ijtecply inclined and leu 
direct in itJI course tiliin any other valley which J saw 
in Chilo j and its oottoUl docs not generally consist of 
gra\'el: thereareno~t.ep-formedterrIlCC!linit, except at 
onc spot Dear the mouth of the great lateral valley of 
lhe Despoblado where there :uc only two, one aool'e the 
other: lower down the valley, in one place I observed 
that the KlJid rock had been cut into the shape of a 
beach snd WIL!l smoothed ovcr with shinglc. 

Northward of Copiapo,in lat. 260 S., tIle olrl I'orager 
Wafcr L fOlmd immense numbers of sea-shelh some 
mil~ from the CO{ut. At Cobija (lat. 22° 34'), :'1[. 
«'Orbigny obl!er\'OO beds of gravel and broken 8hell~, 

containing ten apeties of recent ahells; he silK) found, 
on projecting poinllL of porphyry, at a height of 300 
feet, ~he1h ofConcbolepRs, Cbiton, CnlyptrreR, F i88urclJa, 
and l)atellll, still atUiched to tho spot.!! 011 which they 
had lhe<!. U. d'OrLiguy argue. from this fnct, that 
the ele"8tion mUl;t hn\'e beeD great and 8uddcll : t to 

~in~ :~~ :~:~El;t~~~~!f!~~~~(~~ g~:':in~n~~ 
::r',~;;:r:,,::.!~;:~ ~.~:=:~~b:!.!::;:.':: ;.~ ~~~ 
... """J>dNd.d ........ ntlllkrol:ilr&ud,..il ... p~ • ....,...q ... eoo 
1OIll~~ ..... ot n'. poiDt" """'_I; .... ~.q,,'iINnllf ... itd·n"e 
oenl.etom",.""" .. fon.i",:,to.. N".. on thi. Ti .... , ... hon lhe .... 

c:.=;: ~il='·~;';~.:!~i:n~~.:"::~~:~~l~·"! ... h~~\·.~ 
kno ... "toliy.dOMtoth.btacb), ....... u:.chedlO .... bat.oJepthul 
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me it aplJoenl'l far more probable that the movement 
Willi gradual, with fmall starts as during the cnrth­
(IUakes of 1822 Ilnd 1835, by which whole beds of shells 
atml'bed to tbe rocks were lined abol'e the 8ubecquent 
reacb of the wa,·es. )1. d'Orbigny also found rolled 
pebbles, extending up the mountain to a height. of at. 
leasL 600 feet. At Iquiquo (Iat. 20" 12' S.), in a great 
nccumulation of sand, at. a height estimated between 150 
ilnd 200 feet, I observed mllny large sea-llhclls which I 
thought could not IJave heen hlown up by the wind to 
that height. )It. J. H. Blnke hM lately 1 deectibed 
the!lOshells: he states that 'inland toward the moun­
tnilu they fonn a compact uniform bed,scllrC<'lya tmce 
of \110 origiual shellll being discernible; but U8 we 
npproaeh the ~hvre, the forlll~ hecome b'1lldllully mote 
distinct till we met!twitil the Iil-ing shelL! on the coast.' 
This inteTe:;ling oWn-ation, ~howillg by the gradual 
decay of the shells how olo,.>ly and gradl1.11ly the coo;,t 
mll~t hal"e bctn uplifted, we shall prel!CDtly !<Ce fully 
I'onfinned at Lima, At Ariea (lat 18° :/8'), M. 
d'Orbignyt found a great rango of sand-dllne~, four­
t~eD leagues in length. stretching tolrnrd~ 1'1I.(:na, in· 
filldiug recent ~hclls and bouell of Cetacea, and reach­
ing III' to a height of 300 foet nbo,-e the!l('n. Lieut. 
Freyer has giv<:n Il()me more preci>le facts: he itlltes) 
tlmt the J\Iorro of Arlen is about 400 foot high j it is 
worn into Oo..cllTe terrace;<, 011 the bare rock of which 
he found .Balini and .'lilleporro adhering. At the 

'00 , .... t. ud It I depth at 600 tNt _rill of u-.."", Mell ...... 
A«Umulatiol!' io rr-t 00"'00" iIIo hotillODt&! bo<!itI. }'n:»q.~ I. bani 

:i~ ir:~i~=i;;~' ,I &~lt·t~f~~' o~:; OiQ~p::'':t: i~el''::~~ 
}'OI'beoo·I.~~UoDt_rchNootb. labj ... t,wilJwithoutb"\&llDn 
~inl.hll""o~l ... inl. 

'~illl_Q·'·"IHr.JOIU'.ofS.ie_·....t.I1i~.p.!. 
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hei~bt of bet.woen twenty alld thirty feet the .hells 
IIlId corals were in a quito fre~h state, but at fifty feet 
they were much nbradedj there were, hQwever, Imcell 
of organic tt'mnills at l.""-'1lter beigliu. On the rood 
from TRCIIII. to A~uip::i, between Loquimbo and 
)loquegua, Mr. JL Hamilton I found nUIDt'l'Ol" recent 
~-!!hell!! in @.Ilnd, at a colI~idel'1lhlo dl~tallee from the 

Lima. 
Northward of Arica, r know nothing of the coast 

fur about a space of fixe deg/'e('jl of latitude; but near 
Callao, Ule port of Lima, there is abundant and 
\t'ry curiou. evidence of the elevation of the land. 
The island of Sail Lorenzo i ~ upwards of 1,000 feet 
high; Ule OO!l'et edges of the slrata comlKll'lng tho 
lower part are worn into tlitre obecure, narTOw, 'loping 
~tep' or led~ which ca.n be teen only when standing 
on them: tht'y Jlfohahly rc!t'mblo thQ!!(l dc.<Cribed by 
Lieut. Vroyer at Ariea. Tho Burface of the lower ledge, 
which utendi from a low clifT o\'erhanging the lICa to 
the foot of the nut upper C'ICI\rpment, is CO\'ered by an 
enonnous accumulation of rect'llt shelb.' '111e bed is 
le\'el, and in lOme parta more than two feet in thick­
neRII; I traced it over II. Bpace of one mile in length, 
and heard of it io other plllC('s: the uppcrmOl!t part is 
eighty-fh'e feet by the barometer above high-water 
mark. The ~hell~ are packed together, but not strati­
fied; they are mingled with earth and stonet, and are 
generally CI)\'(' red by a few inchea of detritlls; they 
rest on a ma~ of nearly angular fragllll'nh of the 
underlying ~nlld~t~ne, sometimC>l cf'lllentc<i together by 

, 'EdiD.Sn-f'hi1.Jou • .'ToI.ux.r. IM 
, ~.Ch .... li~."nlhe·\"..,......,oflh.Jl.'D;te:<>bltrTedlh .. "beIH; 
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common 6..11t. I collected eighteen .pedes of ~hell8 of 
all agel and Bizes. Se\'eml of the Ilnivah'" had e\'j­
dently long Jain dead at. the oott(lm of the sea, for 
t11eir inlKk~ were incrusted with Balani and SerpuJa>. 
All, according to Mr. G. H. Sowt'rby,arerl!eent specie!! : 
they consist of-

I. blltitOllllagf. 1!~njt\lll: .. me.'I" FjuQ .. ItRaf!!n;~.G""" 
t./>Rt rour>d at Valp"rtlioo, MId 8. __ I>i....d,.u •• 1Rmbl,.. 
the ... wed toO be probably t. hrpu ... tbO«llotta.Du~l00. 
d"ltiDd. f!'Urn the true N. 10. _ I·eru~;."". 0"'1. 
N"Iri~._oft ....... t<OOSt. Il._l4lMta.O .... ,. 

2. \"en ... _1I&ta, So1l"b.' Zool 12. _bn_(Mu,..",. Brod.). 

~ .. p!,::·'parpll .. t .... lAm. ::: ~:r~':,~::-~t.a. 
4. Cb._, probo.bll eebiQlIlata, ''',Tl'I1OoIrvcI, .. Brod. 

Brod. III. Trorh .... DOll~.s-riWbat 

:: c..t,ru- ~;':1~ .. 117 • .t:~:~;..";.,;-:: 
lAm.) OOU'wmmo .. O<Itb ....... 

Theile t1proi~ shells appear to he nearly in the 
I!!Ime proportional numocrs-with the cxct'ption of 
the Cr<'piduiro being more numerou&-with those on 
tho exiijting beach. The Ktate of pre&enation of the 
di/ft'N,'nt ~Jlecif" nilTered much; but mo~t of them were 
much corroded, brittle, and bl{':tched: the uPI)!'r and 
low('r surface. of the Concholepa.~ had g<>nerally (pute 
!!Oaled off: @Oml' of the Trochi and "'iJ!l!\lrellm ~till 
pnrtially retain their colOUr!!, It i~ remarkable that. 
th __ ~hell~, taken all togelht>r, III\\'e flllly &II ancient an 
appt'amnce,allhollgh the extremdy arid climate appears 
highly favourable f(lr thei r pr('ll('T\'atioll, 811 those from 
1,300 fcet at. Valparniso,and certainly a moreancientap" 
pcnrallcc thall thO!Se from 500 to 600 feet from Valparaiso 
nnd Concepcion: at which placee I lu\l'c fl<'Cll grill!!! and 
oth('r wget:lble8 actually growing Ollt of the shells. 
Many of the 1I1ll\'alvcs llcre at San Loren?o were filled 
and united together by llUre &alt, probably left by the 

..... Cr.molete wort of Ch"lrl n"r-Ofl nn' noe 
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e\'apomtion oCtbe@e(l-spray,3.Ilthe hmd ~lowly emerged. l 

On tIle biguest pam of tue ledge, Bmall frngment~ of 
the shellt w"re mingled with, and evidently in pr0cei8 
of reduction into, a yellowi;;ll-white, 110ft, caicareollll 
I)()wdcr, tasting ~trongly of salt, and in IIOme plaee;! 3.Il 

fine as prepared medicinal clJalk. 
Jo'o88illlM.ains of Human Art.-In tile midst of 

theso ~hells on San l.orcnm, 1 fouud light corallines, 
the horny ovule-eases of .Mollu;;ca,rool.ll of sea-weed,' 
OOllet of birlli, the heads of Indian corn and other 
vegetahle matter, a piece of wo\"en ru~h~, nnd another 
of nearly decayed rotton. string. I extruded these re­
mnin~ by dilr,;ing a hole, on a lc\'cl spot; IIllel they had 
a.1l indi~putably been embedded with Ihe ahells. I 
compan..'<i the plaited flli.b, the cultent .tring, and Indian 
coni, at the house of nn antiquary, with ~imi1ar objecu., 
taken from the lIu.acas or burial_grounds or the ancient 
Perm-inn!, and they were undi~tinguishnbl(j; it ehould 
be observed that the l'cruvinns used string only of 
cotton . The small quantity of sand or gravel with the 
8'lel1~, the absence of large Rtone~ , thc width nnd thick­
nea of the bed, and the time reqllisito for a ledge to 
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be cut into the sand~one. all ~how that th~ remains 
wt're nol thrown high up hy an earthquake-",n-e: on 
the other hand, the!l' facti', together with the number 
of deud stwll~, and of floating oojectll, both marine and 
Uorretltrial, both nattlr,,\ lu\{l human, render it almo>t 
cermiu that they were accumulated 011 a tn16 beaell, 
sinee upmi«e<i eighty.fil'e ft.'et, and uprfliaed this much 
Billee ItlrliaJ~ man i7!habit;,(l P~ru. Tho elevl!.tion 
may lutl'e been, either by 1IC\'eml ~mall 8udden starts, 
orquitegmdUII.I; in this iattt'real't' the unrolled shells 
ha,·ing i.Je.en thrown uJI during gall'll I)('yond the reach 
of tho wa,"es which afterwards broke on the ~lo1l'ly 

emerging land. I ha"!"e made thete remark_, cJliefl, 
bec3UIC I wa~ at first 8urpri~ed at the oomplete differ· 
cure in nllture, between tbi~ broad, ~mooth. upraised 
bed of ~ht"lIs, lind the prC!li'ut &hingi('-beach at thf' foot 
of the low Sl.nd~tone-clilf;j; but a beach form ..... l, when 
the sea i~ cutting into the land, Ill! i~ Fhown now to be 
the CMe hy the low bare 1la1ld';/01H'-cliffs, ought DOt 1:0 
be oompured with a beach accumulated 011 a gently in­
clinerl rocky surfacc, at a period whcll thl' IK"R (probable 
owing to the el!·,'nlory movement i1l JI~~) Wl\!I not 
IIl,\e to I'8.t intu the land. With r('-;pect to the maas of 
nt"arly augular, 8.'1lt-cemented fl1lgmenta of 'lalld~tone_ 
which lie under tbe 8bell~, and .... hicb are 10 unlik~ the 
material! of an ordinary !le3--beach; T think it probable 
afll"r having [1('('0 the remarkable effecu I of the earth· 
quake of 1835, in abeolutely shattering l\!I if by gun_ 
powder thl' II1J.rjaC' of the primary roeka ll('3r Concepcion, 
that a 11Ilooth bare Pl1rface of .stoM WII! ld't by the 8('a 
co.,,('red by Ole ~ll('lly mn~~, and that nftl'rwards when 
upraillC<i, it wa~ puperficinlly .shattered hy th" 1IC"ere 
!hock~ 10 oRen experienced IlI'r('. 

, I ha~ d-nki th.. .free,", ill ",y'JOIIrMl of R-.dtH,. P. 
IO'.2Joded,t.,18U. 
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The \"Cry low land surrounding the town of Callao, 
is to the !;Quth joined by an ohijcure escarpment to a 
bigher plain (south of Bella Yisla). which stretches 
along the coast for a length of about eight miles. This 
plain appears to the eye quite level; but the sea-diffs 
show that its height varies (all fa r all I could estimate) 
fT(lm i O to 120 feet.. It is composed of thin, 80metimes 
waving, beds of clay, often of bright red and yellow 
coloure, of layen of impure sand, and in one part with 
a great stratified mass of grnnitic pebbles. These beds 
are capped by a remarkable mass, varying from two to 
six foot in thickneu, of reddisll loam or mud, containing 
many scattered and broken fragments of recent marine 
shell .• , sometimes though rarely single large round 
pebble, more frequently short irregular layen of fine 
gravel, and very many pieces of red coarse earthenware, 
whieh from their CUn"atuTCIi must once have fonned 
parts of large vessels. The earthenware is of Indian 
manufacture; and I found exactly similar pieces acci­
dentally included within the bricks, of which the neigh­
bouring ancient J'eruvian burial-mounds are built.. 
These fragmellU! abounded in ~uch numbers in certain 
spots, that it appeared as if waggoll-loads of earthen­
ware had been smashed to pieces. TIle broken sea­
shells and pottery are strewed both Oll the surface, and 
througllout the whole thickness of this upper lo<\my 
mass. T found them wherever I examiued the cliffs, 
for a space of between two and three miles, and fo r 
half a mile inland; and there can be littJe doubt that 
this same bed extends with a smooth surface several 
miles further over the entire plain. Besides the little 
included irregular laye" of smaH pebbles, there are 
oeea.sionallywryobscuretraceaofstratificutioll . 

At oue of the highest parts of the cliff, estimated 
120 feet above the sea, where a little ravine came down, 
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th .. re lIIicre two eectious, at right angle. to each other, 
of the Hoor of a fhed or building. In both IeCtions or 
facee, two TOWl!, one m'er the olller, of large round stoneil 
ooliid be distinctly seen; they were packed clO!Ie to­
gether on an artificial layer of land two inchee thick, 
which had been placed on the natural cluy-beds; the 
round atone! were coyered by throo feet ill thickness of 
tho lonm with broken sea-shen~ and pottery. Hence, 
before t.ilia widely spread-out bed of loam W38 deposited, 
it is certain that the plain WIll inhllbited; and it i! 
probable, from the hroken nl!leeQ being 10 much more 
abundant in oertain spots than in othen, and from the 
uuderlying clay being fitted fOf t1leir manufacture, that 
the kilns.M.oOO here. 

The smoothneN and wide extent of the plain, the 
bulk of matter deposited, and the ola::ure tmeet of 
stratificatioo aeem to indicate that the loam W-J,8 de­
posited under watcr; on tbe other haud, the pre!!('oce 
of Bea.~he1l8, their broken state, the pcLblCII of \'fU"iOU9 
8i~es, Rnd the artificial floor of round atones, almost 
prove that it mlllli. hal"e originated in Il rueh of wnter 
frOID the 8C8 oyer the land. 1'h6 h('ight of tbe plain, 
namely. 120 fe<!t, renders it improbeble that au earth­
quake-wal'e, IU U IIOme have here been, could have 
broken Ol'cr the surface at iti preeent level; but when 
the bmd stood eighty-fixe feet lower, at the period when 
the .hells ""ere thrown up on the ledge at S, Lorenzo, 
sud WhCD .. we know man inhabited tbis district., such 
an el'cnt might well hal'e ()(!curred ; nnd if we may fUT­
ther 8IL Jl poae, that the plain Willi at thnt time converted 
iuto!l teml)Orary lake,lIII actunlly OCCUffOO, during the 
earthquakCII of 1 i 13 and 1746. in tho CalC of the low 
land round Callao owing to its being encircled by a 
high shingle-beach, all the nppenrnnces above described 
will be perfecUy c:spiaiooo, I llilbt add, that at a 
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lower le\'el near thl) l)()int. where the pre!!Cn~ low land 
rolLnd Callao joins the higher plain, there are appear­
ance!! of two diBtinct d"l)Ol!its both apparently fonned 
by debru-leo: in the upper one, a horse's tooth and a 
dog'8 jaw 'Kere embeddro; so that both mUl!t ha\'e heen 
formed after the setllemeut of the SJIIlniards: accord­
ing to "COIItn, the earthquake-ware of 1586 ro~ cighty­
four feet. 

The inhabitaotil of Callao do not belie\'e, a8 ftlr as I 
could ucertain, that nny change in le\'el is now in pro­
g're>IlI, Tile great fmgmenb of brickwork, ",hid) it is 
8!!!erted can be seen at the bottom of the I!CB, aud which 
ha\'e been adduced as a proof of a late subiid('nee, are, 
al! I am igformed by .Mr. Gill, a re£tident engineer, 
loose fmgmcnts; thil iw prohabl!", for I found on the 
beach, and not near the remains of allY building, masse>! 
of brickwork, three and four feet lIquare, which had. 
been wuhed into their present pillCes, and Imoothed 
o\'er with Ihingle during the earthquake of 1746. The 
spit of land, on which tile ruins of Old Callao staud, is 
110 extremely low and naTroW, that it is improbable in 
the highf'fltdegree thata WWll ahonld ha\'e been founded 
on it in ita present state; and I have lately heard I that 
1\1, TilChudi has come to the cODciu~ion, from a com­
pari!lOn of old with modem charta, that the COll!lt hoth 
llOuth and north of Callao has subtided. I ban .. ~hown 
that the island of ~n l .orenzo hu bt-en upraised eighty­
five feet tince lhe l)enlvian~ inhabited this country; 
lind whatever may have been the amount of reeent eub­
sidence, by to much more must the elevation have ex­
ceeded the eighly-6ve feet. In 8e\'eral plaCfll' in thill 

I 1 .... iodebt«lf""thi.''''''toDr. R OieftO.at-h. I .... raddu..t 
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neighbourhood, markJ\ of !!e8 ..... ction have been obeerved: 
l:lloa gin!:!I a detailed lICCOunt of Illch appearancetl at a 
point fh'e leagUe!! northward of Callao: Mr. Cnlikshank 
found near Lima !uccet!l!il'e Iinee of _-diff~, with 
rouuded blocka at their bases, at a height of 700 feel. 
abol'e the I)resent level of the !IeB. 

On tI~ .Dw.fy of 'UJrnli~ed &a-Sltdla.-f bave 
atated thnt mnny of the shells on thl"> lower inclined 
ledg.'l or terrnce of San Lorenzo :!Ire corroded in a pecu­
liar manner, aDd tbat tbey hal'e a mucJ] more ancient 
appenrnnCtlthan tbe !Same speeies at considerably greater 
heights on tbe coo.st of Chile. f hal'e, also, !tated that 
tbei16 slw>lb in the upper part of the ledge, at tbe beight 
of eighty-fh'e feet abol'e the -. are falling, and in 
!!Orne paru are quite changed into a fine, 80ft, Baline, cal­
careOlIl powder. The finest part of thil powder h3ll been 
analyted for me, at the request of Sir H. De La Beebe, 
by the kindnes;! of :\Ir. Trenham Ueeka of the MUlICum 
of Economic Geology j it con~isUl of cnrbonnte of lime 
IU abundllUce, of Bulphate and murint.e of lime, nnd of 
murinte and sulphate of BOds. The carbonate of lime 
is obviously deThed from the shelll i and common flBlt 
i:l 80 abundant in parts of tile 1lf'd, Ihat, as before 
remarked, Ihe un;I'ah'e!I are often filled with it. The 
sulphate of lime may ha,'e beeD derin:d, u has probably 
tbe common .. It, from the enporation of tbe 8eB-tlpray. 
during the emergence of tbe Innd i for IJIIlpbate of lime 
ia 11011' copiously dCl)O!!ited from the .pray on the Bhorea 
of Ascension.' The other saline bodiee may perhaps 
hal'e been partially tlms derived, hut chiefly, as r oon­
elude from Ihe following facta, through 8. different 
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On IIl~t partll of tbe second ledb"C or old _·beach, 
at a height of I iO feet, there i. 11 layer of white powder 
of \'Ilriablp thicknC!!-.., &II much in lOme parts lUI two 
inchell, lying on the angular, salt-cemented fragments 
of .. nd~toueand uDder about four inc1H'tlof earth, which 
powder. from ita close resembll1noe in nature to the 
upJ)('r and mo~t decayed 1)3rU! of the shelly mass, I can 
aar<lly doubt originally existed lIS a bed of shells, now 
much eoIlapsod and quite disintegrated. I could not 
di8COver with the micrOllOOpe a trace of organic structure 
in it; but itt chemical oorutituentll, aceording to Mr. 
Reek .. nrc the same all in Ihe powder extracted from 
amon~ the decaying .hell. Oil the lower ledge, with 
tbe lIlarked exception that the carbonate of lime i$ 
preeent in only "cry sma11 quantity. On the thinl and 
highst ledge, J observed IIOme of thi. powder in a 
lIimilar poIition, and like'l\'ille OOO&lIiollnlly in small 
patch68 lit considenbly greater h('ighta ncar the summit 
of tho i.alnllcL At. lquiqne, where tho whole f~e of the 
OOlllltry i8 covered by Il highly fI"liferous nlluvium, and 
where the climate is extremely dry, we have seen that, 
according to Mr. Blake, the shell. which are perfect 
near the beach becoJme, in rueending, grndlUdly l_ 
and It'llii perfect, until l'Carcely a trnce of their original 
litructure call be discovered. It is known that car­
bonate of lime and common aalt left in a ml\8l together,' 
and slightly moi3tened, partially decompotie eaeh other: 
now wo bave at San Lorenzo and at Iqlliquc, in the 
Ibelll and 8Il1t packed together, and occagionally mois-

, 1 .. 101 iotonn.t by Dr. K.ne. lhrou,b Mr. Reeb. lhat .. _Dnr ... 
1017"'" MtAbJillhtd on thioprinoirl. ill Frnte, bu~ f.oHod f1'<IIIl the 
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U>nrd hy the IIO-Called Pemvian dew, the proper elemenu 
(or thiM action. We can thu. understand the )X'<!uJiar 
corroded appearance o( the Il.belh on San LOrE:n7.0, and 
the great. decrease of quantity in the carbonate of lime 
in thl' powder on the upper ledge. There ii, however, 
a great difficulty 00 this \'iew, (or the retultant. saltH 
shoulcl be carbonate of soda and mllriate of lime: the 
latter i~ pre1K'ot, but not the carbonate of !IO(la. J leuce 
[ nm led 1.0 the perhap~ unauthorised conjecture (which 
r .haU hf'renlWr have to refer to) that the carbonnt.e of 
loda., by 80mI' uneJ:piaiuoo mean~. becomes converted 
into8S1liphaw. 

If the above remnrk!! be jll~t, we are led to the "ery 
unupected c:ondu~ion, that a dry climate, by iCl1\'ing 
the Mit from the lICa-i:pray undi...uh·ed, i~ mud.! less 
(1l\'ouraLie to the presenntion of uprailll'(l !hells thaD 
a humid climate. H owever tbi. may be, it i~ iutel"e$t­
iug to know the manlier in which malll!C!l of shells, 
gradllally upraised above the sea-level, decay aud finany 
disappear. 

Sumllwry on. tILe ruent Eln',dwn of the Wut 
C'oa8t of &JUII, . I merica.~\\·e han' lleen that upraised 
marine remllira OC<:\lT at intervab, and in some l)llfU 
almOilt continuously, (rom lat. 45- 35' to 120 S., along 
the sllores of the Pacific. Tlli' i~ a distance, ill II north 
and south line, of 2,075 googmphical mile!'. From 
Byron's obeel'\-ation~, the elc\'ation bas no doubt Cltended 
!iJty miles (arther 8Outh; and from the similarity iu 
the (orm o( the country near Lima, it baa probably 
extended IOMy leagueR farther north.' Along this 
great liDO of coast, he!!idCII the orgllnic remains, there 
are in very many p..'1rl8, marks of erosion, c.'1I·es, ancient 
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heaches, Mod-dunes, and lucoetllive terraces of gra,·el, 
alt above the preseot. le,·el of the lea. f"r(uu the ilteep-
1IC81 of the land 00 this lide of the continent. sbellil 
luwe rarely been found at. greater diltaoOO:l inland than 
front two to three leagues; bllt the marks of lea-action 
are evident farther from thecOIlo>itj for inatance, in the 
ralley of Guasoo., at a distance of between thirty snd 
forty milet. Judging from the uprnisod Ihells alone, 
the elevation in Chiloo has been 350 feet, at. Couccpcion 
certainly 625 feet, and by estimation 1,000 feetj at 
Val~raito 1,300feetj at Coquimbo 252 foetj north­
ward of thil place, Bea-llhelli have not, r belie,·e, been 
found above 300 feet j and It I .. ima thcy were falling 
into deeay (hastened probahly hy the fl8.Jt) at eighty-fi,'e 
(eeL. Not only hu thi.8 amount of elevation taken 
place ..-itbin the period of existing MoliuMla and Cir­
ript'des j but their proportional numben in the ucigh­
bouring lea ha"e in most cwteI remained the same. 
Ncar Lima, howc,·er, a small chaug'A in this respect 
ootween the living and the upraised wtL8 ob8erved ; at 
Coc.tuimbtt this was marc evident, all the ~hells being 
exi8ting apeciet, but with those embedded in the upper­
m~t calcareous plain not approximating 80 cla&ely in 
proportional numbers, III do those that lie lOOIe on itil 
IIUrf~ at the height of 252 feet, and !till lea closely 
th!ln thor.e which are .trell'ed on the 101l'er plain!, which 
latter are identica.l in proportional numben with those 
1I0W cut up on tbe beach. Yrorn this circum~tanCk, 

aod from uot finding, upon eareful uamination, near 
Coquirnbo any ehella at a grenter height than 252 feet, 
l believelhnttherecentelevationtherehasbeenrnucb 
leu than Ilt \'lllp:lraillO, ""here it h&ii ilC(:n 1,300 r~'et, 

aud I may add, than at Concepcion. Thia cODsidernble 
inequality in the amount of elevation at Coquimbo and 
\'all)l\1ai8O, pl3ceB only 200 mile. apart, il not im-
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probable, eon~idering, lint, the difference in tile force 
and nuwher of the !hocb now yearly affecting different 
part. of !.hi. coast; and, secondly, the fact of single 
arena, !uch 3! that of the province of Concepcion, ha\'ing 
been uplifted \'ery unequally during the sawe eartb· 
quake, It would, in moat ca8el!, be very hazardous to 
infer an inequality of elemtion, from 8hells being foun d 
on the 8urfaceorin superficial beds at dilferentheights; 
for we do not know on what their rllte of decay depends; 
and III~ Coquililoo one instance out of mllny bas been 
giren, of a I>romolltory, which, from the occurrence of 
one 'I'ry small collection of lime--eemented ~hell!!, has 
indisputably!x-en de\'ated 2,\2 fCt't, and yet on w.bieb, 
not (,,'en a frngmcnt of shell c<mld be feund 011 careful 
uamination betwCt'n this height lind the bfoaeb, although 
mnny sites appeart'd very fa,'ourllhle for the pteFlen'ation 
of organic remains: the absence, a1,;o, of shellll on the 
gnwcl-krrllcell a sbort distance up the valley of Co-­
quimbo, though abundant on the oorl't'Spcndillg terraces 
at ita mouth, ~hou !d be borne in mind, 

Thl're nre other cpoch~, be~ides lhatof tIle existence 
of reeent :\lollusca, by which to judge of lbe changes 
of le\"('1 onthi! coat!t. At Lima, 1.& we IUlI"e jUlltseen, 
the el('I'alion hu been at lea,;t eighty·fiwl feet, within 
the Indo--buman period: and I!inre the arrh'al of the 
SJ)llniard~ in 1530, tht're has appnN'ntly been a I!inking 
of the SunaCt', At \'alparni~ in the OOtU'!IC of 220 
years. the rise must hav6 been 1('58 than nineteen feet; 
but. it hn.8 heen as m\Lch 11.8 from ten to t'le\'en feet in 
tiLe 8e1'cnt<!<'n yeaI'!! ~ubecquently to 1817, and of tbis 
ri;.e only 1\ part can be attributed to tlle urthquake 
of 1822, the remaindcr haring been in8Cn~ihle and 
appar('ntiy 8till, in 1834, in progrei<!<, At Chiloo tiLe 
eleution ha~ iJe('n gradual, and about fou r feet during 
four Yf'al1!, At Coquimbo, a],;o, it bas been gradual, 
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and in the course of ISO yeaTS hM amountal to !lel'ernl 
feet. The IllIdden small upheal'al,., accompanied by 
earth'1113ke.., a~ in 1822 at VaJp,'1fai!!O, in 1835 at Con· 
eepcion, and in 183; in tile CbQru)il Archipelago, are 
fnmiliar to most geologi,;u, but. the gradual ri.ing of 
th/:' COOR of Cllile ball been hardly llotiCt'd; it i." 110\\'. 
('w-r, I'ery important, a.!I connocting togdher t1leliC two 
ordl-~ of e\'ent:<_ 

The ri'IC of Lima, having been cighty.fil'c fC("t within 
thl' lW"riod of man, is till' more ijllrpri~ing if wo refer to 
thl' ca~tcm oousLofthc continf'nt,for at I'ort~. Julian, 
in Patngonia, tl]ere is good m-idenoo (&;J "'e ,ball here-­
nff<'T 1II'e) that when the land stood nincty f .. 'et lower, 
the Macrnucbenia, a mammirt'roUJ OC'lll!t, Wall a\iw; 
and at &hin Blanen. wben it ~tood only a kw feet 
lo\\'er tllan it DOW does, many gigantic quadrupeds 
rlllll .. '('(1 OI','T the adjoining country. But the coast of 
Vatllgonill is IlOme way distnnt from the Cordillem, and 
the movement at llnhia Blanca is perhnps no wnys 
connected willI this great range, bllt rather witi] the 
tertinry \'olcnnic rocks of Bandn Oricnt.1i, and thereforfl 
the elemtion at tilC!<e places may have heen infinit('\y 
~Io)\\"crthnn on the coru;tof Peru. All Bnch !peelliatiollil, 
howe\'er, mUljt he \-ague, for a~ we know with certainty 
that the ele\-ation of the whole coa~t oi Patagonia bM 
II1.'('n intA.-rrupted by m:my and l<)ng I)IIU_, "iho will 
llret"nd to say that, in such ~ llllllly and long period~ 
of ~\lbo<idence may not nl!lO have been intercalated? 

In many part~ of the coo.t.of Chile anl\ Peru there 
IHe mark~ of the action of the S('n at 'uec<:,~il'e \wigilu 
on tlw \and, showing that theelel'/monhaslJll1'ninter­
ruph..:\ hy l)Criod3 of comparative re~t in tile upwnrd 
JOovemt'nt, and of denudation in tho action of tho sen. 
'I'h(->'\) are piailleot at ChiJoe, where, ilia height of about 
.'.i00 fl't!t, there are three Ci!CIlfl,mentll,-llt C()(luimbo, 
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where, in a height of 364 feet, there&re fil'e,-atGUMCO, 
where there are !!ix, of which five may perhaps cor­
Tellpond with thOIl6 at Coquimbo, hut if 80, the 811btie­

((Ilcnt and intcn'cning clel'atory movements hal'e been 
here milch more energetic,-at Lima, where, in n neight 
of about 250 feet, there are three Wrmcee, and otbeI'!!, 
as it is I!.lI8erted, at considerably greater heighu. The 
almo~t cntire absence of ancient mark, of l16a..action at 
defilHl<I IEweJs along considerable MpIICeti of coast, as near 
Valparaiso and Concepcion, is highly ingtructil'e, for as 
it is improbable that the elevation at theac places alone 
@hould ha\'6 Leen continuou~, we must attribute the 
absence of 8uch marks to tile nature and form of the 
coru;t-roek~. Stting OW'r h01ll>' mnny hundred miles of 
the eo.. .. ~t of Patagonia, and on how many plneee on the 
ahoTCI of the ]'acific, tbe elevatory proe ...... has bet-n 
interrupted by periods of comparnth'e ~t, we may 
conclude, conjointly with the !'I'idenC6 drawn from 
other (pmrlenof thewarld, that the elel'lltioll of the 
land is generally an intermittent aetion. From the 
'lunntity of mattcr remOI'ed ill the formation of the 
escarpmelll", t'l'pecially of thoO«' of l)lItagonia, it app<"ar!! 
that tllt· l)Criod~ of rest. in the movelnent, lind of denu­
dation of the land, bare generally bc<-11 w~ry long. III 
Patagonia, we havc eeen that the <'lel'ation hali been 
equable, and the periods of denudation 8ynchrouous 
Ol-er very ,.·ide @paceil of coo,t ; on the ahores of the 
I'a('ific, owing to the termcl'S chieHy occurring in the 
\'atJ~ys, we Ln\'e not equnl mean. of judgiug on thia 
point j and the very different height. of tile uprniaed 
shells !l~ O'quilllbo, "alparaillO, and Concepcion seem 
directly 0IJ!IO..ro lo Buch a conclusion, 

Wheth("Ton this eideofthe continen~ theele\'ation, 
betwN'n the periods of comparative rest when the 
t~('arpmcnts were fonned, has been by amall !!liddeD 
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start .. I"ch 88 tbOile accompanying recent. eluthquakes, 
or, as is mOlit probable, by such startt conjointly with a 
gradual upward mOI'ement, or by great and filldden 
uplul!l\lllll, J have no direct evidence. But. 88 on the 
eastern COOllt, f Wlllj led to think, from the analogy of 
the last hundred feet of ele\'ation in La Pinta. and from 
the nenrly equal size of the pebbles OW!r the entire 
width of the tcrraces. and from the upraised shells 
being nil littoral species, that the elevation had been 
gradual j 10 do I on tbi~ wcz;tern coast, from tile analogy 
of th!' mOI'emenl!! now in progr_. and frOm the nlst 
Ilumbert of Ihells now living eIelu~h'ely on or c101!6 to 
lhe beach, which are strewed O\'er the whole surface of 
the land up to I'ery considerable heights, condude. tbat 
the mOI'ement here abo bail been alow Rnd ,::-radlml. 
lIided probably by iInlall occasional startoll. We know 
at ICfUltthat at. Coquimbo. where fil'e escarpment8 occur 
in a height. of 364c feet, that the ~uccessh'e dCI-ations, 
if they hal'o been Budden, cannot have been I'cry great. 
It has, I think, Loon Bhown that the occasional preserva­
tion of Bhell~, unrolled and unbroken, iB not improbable 
eran during a quite gradual rising of the land; and 
their prell!'rvation. if the mOl'ement hili been aided by 
.mall ~rts, is quite conformable with 1I'llat actually 
tnke~ place during recent earthquakei'. 

Judging froID the present action of the _. along 
the llhore« of tbe Pucific, on the depoaitl! of its own 
accumulation. the present tilDe seem! in morl place1l to 
be olle of cQmparath'c rest ill the eJevatnry mOI'emcnt, 
and of denudation of the Jand. l'lldouhtedly tbis is 
the eaMl along the whole great Jength tlf j)atagonia. 
At Chiloe, however, we ba\'e 8('('n that a narrow ~loping 
fringe, cow-red with I'egelation, lIt'paralel the pre;;ent 
lien-beach from a line of low c1iff~, which the wave!! 
lately reached j bere, then, the laud is b'8ining in 
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breadth and height, and the present period i.8 not one 
of re!t in the e!e,,.tion and of contingent denudation; 
but if the rising be not prolonged at aquick rate, there 
ill e'-ery probability that the sea will IIOOn regain ita 
former horizontal limitll. I obsen"ed similar low BIop­
ing fringes on &eveml parts of the COll.!!t, both northward 
of \'alparniao and near Coquimbo; but. at this latter 
place, from the change in form which the coast has 
undergone since the old escarpment. were worn, it may 
be doubted whether the sea, acting for any length of 
time Rt its present level, would eat into the land; for 
it now rnther tend8 to throw up great m1lSSell of sand. 
It. is from facla such as th6i!e that I have genera1ly used 
tIle t('rm COlslparoti~ JUt, ail applied to the elevation 
of the land; the rei!t or cel'lIalion ill the rno,'ement 
being oomparntive both \I'ith what Illl.H preeeded it and 
followed it, and with the ~ea'il 1)O\\'er of corrosion at 
each tpot and at. each level. Xenr 1 .. illlll., the C\iff­
formed shores of San I1Oren1.o, and on tho mainland 
iOuth of Callao, show that the sea is gllinillg on the 
land; and all we have here IIOme edd(·nee that ibl 
~urfaoo hall lately 8ub~ided or is ~tilL sinking, the periods 
of comparath'e re"t in the elel"alion aud of conlingent 
deoucilHion, may probably in many casce include periods 
of 8ubl!idenee. It is only, ail WIl! shown in detail when 
di~u~.iDg the terracell of Coquimbo, when thA sea with 
difficulty and after a long la~ of time has either 
corroded a narrow ledge into solid rock, or haB heaped 
up on a Bleep surface a narrow mound of detritus, that 
we CIlIl oonfid{'ntlya.ssert that the land at thatIC"el and 
at that period long remained absolutely ~tutionary . 10 
tile ease of terraces formed of gravel or sand, although 
the eie\"ation may have been strictly horizontal, it may 
"'{'II hal)pen that. 110 one ic\'cl beach-line mny be trace­
able, lind that neither tile terraces themselves nor the 



282 Rcullt Elevator), Afrnoemmls. 

~um,"it. nor lmsal edges of their escarpments may be 
horiwntal. 

Fin!llly, comparing the extent of the elel·at.ed area, 
8~ deduced from the npraiaed recent organic remains, 
on the two ~ide8 of the continent, we have!leen that on 
the Atlantic, shells have been found at intervals from 
elll!tenl Tierra dd FUf'go for 1,180 mill'll northward, 
and Oil th" Pacific for a space of 2,07.5 mill'll. For a 
kngth of ii5 mile;<, tlley occur in the same latitudes 
on both ,ides of the continent. Without taking this 
eireum~tance into con~ideratioll, it it probable from 
the rentOnt a8l!iglled in the Ia.,t chapter, that the entire 
brt'lldth l)f the continent. in Ct'otrai I'atagonia bas been 
uplifted in mau; but from other refl.SOn, there gil'en, it. 
would be h:u.ardous to ellend lliis conclusion to L.a 
Plata. From the continent being narrow in the80uth­
enllnoet part!! of Patagonia. and from the shells found 
at. the Inner Karrow, of the Strait of .\lagellun, and 
likewillC far up the "alley of tIle 8. Cruz, it is probable 
that the 80uthern part of the western coast, which Will! 

not l"isited by me, has been elevated within the period 
of recent ::Ilollu!!Cll: if I!O, the 8hol'ell of the Pacific 
hal"e been continuously, recently, and ill B gcologicnl 
&ell~ 8ynchronou81y upraif!e(l, from Lima for n height of 
2,480 llllutimimilessouthward,-a distance equal to that 
from the ned Sea to th(' ~orth Cape of Seaudiua\-ia! 
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TUII Bpace betl\"~n tlw('ordilleraand thecOll~t of Chile is 
on \I rudc aver~ge frum dghty to abol'C un.., hundred 
mile~ in width; it i" formed , either of an almost 
continuous rna&! uf mOllntain~, or more commonly of 
~1'I'cral nearly panlild range~. separated by plain~ j in 
the more eouth('m ]).'l.rU of this pro,ince the mountains 
nre (Iuite auhordinat(> to the IJiains j in the northern 
pnrt. the mountaill~ predominate. 

1'h(' hasin-like piain~ at the foot of the ConUllcra. 
are in iie"eral r('8pect~ remarkable; that 011 which the 
capital of Chile daud~ is fifteen milc8 in widtll, in an 
elllt and west line, and of milch greater length in 11 
north and eouth line j it stands 1,;50 feetaool'e the sea i 
it. surface apJX'8n ~mt)Oth. but really fall! and .ues 
ill wide gentle undulalioll~, the hollows eorrCf!Jlonding 
with the main I"alleys of the Cordillera: the Btriking 
manner in which it abmplly comes Ul) to the foot of 

___ ~ .. JheCQ t.WU!1w.:>fChar1esDarw..1Dn1ir"1f!, 
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tlli. great range has be-en remarkNI by c,'cry author 1 

linee the time of ~Iolinll , Near the Cordillera it il 
compo'led of " ~tratified m:w of pebblC1! of all sizes, 
occapionally including rounded bouldel1l: near its 
"'l"Ott'rn boundary, it conli~ti of reddish &nndy clay, 
containing some pebble!! and numerous fra~'1nentil of 
pumiet', and sometimes ~ into pure !!and or into 
volcanic 1I~11et!, At Podngucl, on thia westenl Bide of 
the Illnin, bod. of sand are capped by a calcareous 
tuff, the uJ)permo.<t layen being gt'neru.lly hard nnd 
~u\:M!.talagmitic, and tbe 10'll"er ones' white and friable, 
both together preci.sely ~Ulbling the bed8 at Co­
quimbo., which contain Il.'eent marine @helll, Abrupt. 
but rounded, hummocQ of rock ri8C out of tbi. plain: 
those of 8ta, Lucia and S, Cristo"nl are formed of 
grcen~tone-porphyry 'almoot entin'ly denuded of iu 
originnl co,ering of porphyritic claystone brl'eCia; on 
their lummitlt, many frngmenu of rock (lOme of tilem 
kind~ not found in8itu,J are cooW and united together 
by n Wllite., friable., calcareous tuff, like lImt found at 
l'(){iaguel. Wben this matter was dCl)OI<ited on the 
8uIDmit of S, Crisw,'al, the water mUlt ha,'e stood 
94G f('oCt t abon' the surface of the surrounding plain, 

To the lIOuth this ba.sin-Iike plain oontmct.s. and 
riFing teareely perceptibly with a !mooth ~urfuce. 

hill:;~!.~:!~~"tO~~~{~Roi~.': ~,~f 
~.;:.,),r"'lo'Dbeipl,by"".brapl. • • p,fIlhet.""II.n.e.aod,.e"I" 

• o. ~,8PO (fOOt abo •• Ih, _. Q _rod buometrian,. by Mr, 

~ci~· ;,n::.:ft':~"~:b:~ ':i~I.:"'jr !'oo" ~..1\;'~~ JI=~ 
i::f i;~~~:~t~::: i~~tf~~~~~~f~t~~~;k~rt~=~:! 
~~~o~;~~. -:;; .. ~~i:",o:.tP~~:~.~;1 ::r't~~~ ~!r~'::~ 
.... h~h •• lh.d ........ po.;l;".,of.r"'Ph,..,._ld.;II.II'_.I~ ....... 
~~oI".ft1e<NDJIOIodol...arhonal.afli"' •. Th .... b,t.eruot, ... hkb," 
~mlll""ll _ 0>1 1rMlb.red f..L.lopubie 19fU, a- not 'rl>Mf to 
_taill •• ,r_~afl; .... , 
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pa_ through a remarkable lel'cl gap in tho moun_ 
tains, fonning a true land-atrnit.,nnd called lhe Angostlllll. 
It thcn immediately expands into a aecond baJJin-formed 
plain: this agnin to the south, contracte into another 
mlld-strnit, and expands into a third WiD, which, how­
el'er, falluuddeDlyin lel'dabout forty feet . This third 
basin, to the south, likewise ooDtr:lCU into II. stmit, and 
then again opens into the great plain of S. " ernIlDdo, 
stretching 80 far south tbat the mowy peaks of the dis­
bnt C<>rdillern are lICeli ri~ing abo,'e its horizon all above 
the tell. The..e plaiDS, ncar the Cordillem. aTO generally 
fenDed of a thick stratified IUMS of ,bingle; L in other 
paTti!, ohred &lndyelay,oft.en y,;Ullin adIUilture ofpu­
mieeoU8 matter. Allhough thC!iC basinsareconDeetOO to­

gether like a nccklaee,inanortb and lIOuth line,bYllmootb 
Iand-straitil, the streams ,,·hich drain them dOllotal1 flow 
north and lOuth, but mostly wet!twanl, through breache;! 
woni ill the bolUlding mountaias; and in the ca..oe of 
the l!eCond basin, or that of Hancagua, thcre are two 
distinct breache~. Each bugin, moreover, is not drained 
singly: thus, to give the mest ~triking instance, but 
not the only one, in proceeding 80uthwanl ol'cr the 
plain of Hancagua, we first find the water flOWing 
north"anl to and throug-h the northern land-atrait; 
then, without cf'Oiliiing any marked ridge or water-l!bed. 
we eee it Dowing soutb-we$lwanl towanli the northern 
one of the two breaches in the wet!teru mountainotlll 
boundary; and lastly, again without any ridge, it flOW9 
wwanls the southern brcach in theeo same mountains. 
Hence tho surface of this olle basin-li ke plain, al)pear­
iug to the eye so level, hM been modelled wit h great­
nicety, BO that the drainage, without any conspicuouB 

, The plain of S. Fentando ~ aeeording to MM. Me,..a and o.y 
(·Jki ... '&:¢.Th.i .... m&J>d298j.a .... tb.Con!H1& ....... apperw-p­
fu .... ed plaill of <I.,., (!D the .. rf_of .. biclL tbo,. '"".ad a~.......,... 
Ll""toolroeb. fl'Olllt""toU. ... lieM.loatc ... tberl,.lI.g .. "'I."" 
plIed ia h8f", hat oJl arnaged La aoarl,. ... ight li-. 
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watershed,., i_ dire.:ted wward~ three oflC'ninga in the 
encircling mOlLntains.· The streams flowing from the 
three 80uthern basin·like plain~, Rfter p~ing tlirough 
the breaches to the we;;l, nnite and form the ril"t'r 
Rapel, which enters the Paeifie near ~R\·idad . I 
followed the 8QUthernmO!'t branch of this rher, and 
found that the basin or plain of S. Fernando is con­
tinuously and smoothly united with those plains, 
which were described in tile ninth chapter, as being 
worn neBr ihe oou.:;t into a\l<"Ce~"i\"e caH"·eaten eiCarp"" 
ments, and still nearer to the COMt, all !!eillg strewed with 
uprni8t'd recent Inarine remains. 

r might have given de@(:riptions of numerous other 
plains of lho Mille general form, lOme at the foot of 
the Cordillern, lOme near the coast, and lOme half_WilY 
between theee point&. I "'iII alnde only to olle other, 
namely, tbe plnin of U'l*l1ata, lying on the eastern 
or opposite aide of the Cordillera, between that. great 
range Bnd the parallel lower r.mge of Uspallnta. 
According to :\Liera, its surface is 6,000 fcet above the 
level of the lIffi: it is from ten to fifteen miles in 
widtb, alld is said to extend with an unbroken surface 
for 180 miles northwards: it is drained by two ril'era 
passing through breaches in the mountains to the ~t. 
On the hmk. of the R. :\Iendoza it is seen to be 
composed of a great accumulation of s .. mtified shingle, 
~titnated at 400 feet in thickness. In general appear­
ance, and in numerous pointt of strueture, Ulis plan 
e10;0ely resemblet th08e of Chile. 

The origin and mallncr of formation of the thick 
beds of gravel, Mlldy clay, volcanic detritu~, and cal­
careous tuff, oollll)Osing these basin-like plain!, is \'ery 

'!tap ... ,..'"""Capt.H..-bnt·._otoftheDiI""amoLu.. 
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important; because, as we ilhall I)relently show, they 
!lend ann~ or fringea far up the main ,"nlley. of the 
Cordillera. Many or the inhabitanta belie,"e that these 
plninB were once occupied by lakes, suddenly dmine<! j 

but. I conceive thattbe number of the !leparate breaches 
at nearly the same level in the mountains ~urrounding 
them, quite precludes tbis idea. Had not Illch distill­
guilhed naturnlista as )Dt ){eyen and Gay Itatoo 
their belief that the..e dl'po"itB were left by great 
debacl<'!l ~hing down from the Cordillera, J should 
not have noticed a view, which appcar8 to me from 
many reasons improbable in the highelt degroo­
namely, from the \"U"llt aCClimulatiOIl of tl'('Il-ruIJ.rul«l 
pebblu-their frequent stratification with layeu of 
Mild the o"erlying bed. of calcareoUll tuff- this IIlune 
substance coating and uniting the fra~'1neutJ of rock 
011 the hummock. in the plain of &..ntiagu-nnd la~tly 

e'"en from the won!, rOlludl'd, and much denuded ~tate 
of these h\lmmock~, aud of tIle headlauds which pro­
ject from the surrounding mountaius. On the other 
halld, these !leveral cireumstallce",311 well l1li the 1'011-
tinuous ullioll of the bruins at the foot of the Cor­
dillera, with the great plain of the Hio napel which 
Itill retains the marh of iCa-ftci.ioll at ,"ariOUiI le\"els, 
and their general similarity ill form and compo!ition 
with the many plains near tIle coast, which are either 
similarly marked or are ~trewed with upraised marine 
remains, fully convince me that the 1Il0uulaina bound­
ing these basin-plains were breached, their i~let...like 

projecting rocks worn, and the loose stratified detritull 
forming their now le" .. l 8urftICCS depo!'ited, by the !lea, 
til the land slowlyemergw. It iJ bardly JKIIlIIible to 
.tate too nrongly the perfect resemblallce in outline be­
tween these basin-like, long, and lIarrow plnills of Chile, 
(e8llCCially when in the early mornillg the mists hang-
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ing low repre&ented water,) and the creeks aud fiord. 
now intet'IeCting the lIOuthern and we. tern ahoreB of 
the continent. We enD on thi. view of tho sen, when 
the land stood lower, having long nnd tranquilly 
ooeupied the Spa0e8 between the mountain-range&. un­
dCl"ijtand how the boundariea of the separate balUn. 
were breached in more than one place; for we fee that 
this ill tho general ch&mcter of tile inland bays and 
channels of Tierm del }'uego; we tlJere, al&o, see in 
the ilawing activn of the tides, w~ich How with great 
force in the crow channeli!, a power sufficient to keep 
the breachetl open as the land emerged, We can 
further Bee timt the wavea would naturally IORve the 
smooth bottom of each great OOy or channell\! it be­
camo slowly convcrted into land, gt!oUy inclined to as 
many points as there were moutha, though which the 
&ell finally retreated, thUll forming 110 many water-l!hed.s, 
without any marked ridgell, on a nearly level .urfaee. 
The ahllence of marine remains in the!e higb inland 
plains cannot be properly o.dduced ns nn objectiou to 
their marine origin: for we may conclude, from shells not 
being found in tbe great ahiugle be<b of PRtagrmia, 
though oopioualy strewed 00 their IUriaoet, and from 
many other analogoUB facta, that wch depoilitl are 
eminently unfavounble for the embedment. of such 
remain~; o.nd with respect. to shells not hE-ing found 
atrewed on the aurface of the!16 basin-plains, it was 
~hoWll in the lut chapter that remain! thUB e:ll~ in 
time dooay and diMppear. 

I obl!er\'ed lOme appeamoCCII on the plain. at the 
elU!tcrn and 0ppo!ite foot of the Cordillem which are 
worth notice, RllBhowing th&t tbe IlOO thero long RCterl 
at nearly the 6ame le\'el as 011 tlle basin-plain. or Chile. 
Tbe mountAins 011 thi~ eastern side are c:lceedingly 
abrupt; they rise out of a smooth, talu..li.kt, \'ery 
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b"l'fltil', slope, from fixe to teu milea in width (aJI repre­
kntoo in the- following diagram), entin,ly compo8ed of 

perfectly rounded. pebbles, often white-wa~hed with an 
aluminollS suktance like decomposed fcldsl)Ilr. Tbis 
~l')ping 1)lain or talus blends into a perfectly Hat H):I8ee 
a few lIliJea in width, composed of reddi"h impure day, 
with Imall calcareoll~ coneretion~ '" in the j 'ampe:1n 
depo~it.-of fine wllite sand with ~mal1 l)ebbll'!l in 
lay(·r:<,-- and of tbe noove-mentiolled whitl.' ahlluinollll 
l'Ilrth, all illten;lrnlified t~gether. T his flat ~paee rUD~ 
:1~ far M )IClldow, thirty milc~ northward, anI! stands 
probably at about the 8.,mo height, namely, 2,iOO feet 
(l)entlllOd find )Iicr~) aoon) the Sl'a. To the ea~t it 
is ooun(\("(\ by all c!<Carpmcnt, e ighty feet in height, 
running for many miles north :md iIOuth, and ComJ)()-ed 
of l)!'rf~'Ctly round pebhle!', and loose, white-\\1l;!hed, or 
emL..~lded in the aluminous earth: IJehind thi9 clK'nrp­
went th('re i~ a second and gimilar one of b'TllI·el. 
Xorthwnrd uf ' lendoza, these ('1'clUIIn\t'lih become 
l,roken and quiwobliternted; and it doe>! not appear that 
they ,'I·er Cllci()8l'(i a lake-like area: .I conclude, tllere­
fore, that they were formed by the !leQ, when it reacbed 
the fout of the COfdillem, like the similar Mmrpmeuta 
oecurring :It so mally points 011 tile coast!! of Cllile aud 
Pntng-.:onia. 

The llllu~-like plain elopes 1Ip with a smooth 
~1Irfa .. e into tbe great dry I'alleyaof the Cordil lera. On 
l't1ch hand of the Portillo nlley, the mountains 1IH~ , 



290 Slopillg Terraces oj Gravet __ _ 

formed of rl'(\ granit<!, mica-,lllte, and basalt, which all 
hnve suffered a truly ru;toni~hing IlID0unt of denudation: 
tbe gravel iu the \'IIlley. as well III on the talus-like 
plain in front of it, is oompo><!d of the..e rocks; but at 
the IDQuth Qf tile "alley, in the middle (heig!Jt proba­
blv about 3,500 feet above the it'a), a few ~mall illOlated 
hiilocks of ~I'ernl varieties of porphyry project, TOllnd 
which, on all 8ide8, ~mooth nnd often white·washed 
pebbll'B of thl'.<e Mme porphyrie~, to lllO excl\l~ ion of 
all other$, extend to a circum;;criht:d di~tance. Xow, 
it is difficlllt to conceive any other agency, e:l«'pt the 
quit·t and long-eontinued action of the sea on the!;(: 
hiJlocb, which could hal'e rounded and white-wa,;hed 
the frngmenta of porphyry, and caUled them to radiate 
from luch ~mall and quite in~ignificant centret!, in the 
mid.t of thnt mst stream of aLOn~ which hi\.! des«oded 
from tho main <..:ordillern. 

Sloping Terraces of Grm~l in til! VulkyB of tM 
C01'(liUBra.-AlI the main valleys on both flank, of the 
Chilian Cordillem have formerly had, or still hal'e, their 
bottoms filled up to a cousidernble thieknell!! by a maM 
of rudely stratified shingle. In central Chile, the 
greater part of thill mass has beet! remo,'OO by the 
t(lrrent>!; cliff-bounded frin~ more or lesacontintlou. ... 
bein~ len at cor~ponding height>! on both Bides of 
tbe ,·alleys. These fringes, or at they may be called 
terracet, 1IIII'e a smooth surfnce, and as the "alleys rise. 
they gently rise with them: hence they are ea~ily irri­
gated, and afford great. facilities for the oonstruetion of 
the ro.'ld~. .From tbeir uniformity, they gh-e a re­
markable charu.cter to tbe scenery of these grand, wild, 
broken \'ulleys. In width, the fringes vary much, 
llOmetime8 beiug only broad enough for the roads, and 
IlOm(·tirnea ell'p8nding into nIlrro"'- plains. Their sur­
facet, hel!idc. gently rising up the ,,"II~y, ~re slightly 
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inclined t01ll1!.rd~ ita centre in such a. manner ruI to 
abo,," that the whole bottGm 111IIlit once hale been filled 
up witb a @lnootb and slightly concal"e rna., a.a still are 
the dry unfurrowed Yallep of northem Chile. Where 
two I"alley. unite into one, th_ termct1l are porticu­
larly well exhibited, all ill rcpre<lented in the following 
diagram. The thickness of the grnvcl forming these 

No. 28, 

fringe.o, on a rulle nl"ernge, may be aid tG '"nry from 
thirty to sixty or eighty feet j but near the mouths of 
the I"alleys it. was in SCI"ernl placCli from 200 to 300 
feet. The amount of matter remol'ed by the torrenta 
hu been immense; yet in the lower l)arta of the 
valleys the terrnce~ bal"e seldom been entirely worn 
away on either side, nor hall UIC IOlid underlying rock 
been reached: higher up the I"Rl!eys, the termces have 
fre<;pU'ntiy been removed on one or the other aide, and 
sometimes on both sides j but in this latter ca.ae they 
re-epI)Car after n ~hoTt inlen"a! on the line, wllich they 
would have held lind they been ullbrokeo. Where the 
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IIOlid rock has heen reneW, it IUl! heen cut into deep 
and narrow ~rget!. Still high .. r up the valleys, the 
terrocetl gra,h1311y become more Ind more broken, 
naffo""-('r, Ind lea thick , until, It a height of from 
7.000 to 9,000 feet, they become lost, and bleuded with 
the piletof fullen detritus. 

I carcfullYell:amined in IIUl.ny plneeM the~tate of the 
f::'rtll-el,nncl nlrnostel-erywhero foulld th('\ peLble~ equally 
and perfectly rounded, occasionally with great block.~ 

of rock, and generally distinctly ~tTlltified, often with 
parting scams of sand. The pebbles were IiOmetimes 
coated with II. white aluminou!!:, and 1f'!\S frequently with 
a calcnreoll!l, crust. At great heights UI) the '-fl.lley~, 
the pebblet become 1~ rounded; nnd o ~ the terraece: 
become obliterated, the whole mn!8 ptI>«8 into the 
n3.ture of ordinary detritus. 1 was repratedly rtrnck 
with the great difference betwet'n this d.·tritus Iligh up 
the valleya, and the gravel (If the terrace;] 10'" down, 
namely, in the greateTnU!l\ber of the quite angular 
fragmenta in the detritllS,-ill the uneqlll\l degree to 
which the other fmgmcnts 1\3\-e been rOUllded,-in the 
quantity of R~Jl')Ciated ('arth,_in the ab6ence of strntifi­
catioll,-and in the irregularity of t he upper 8u~fllce~_ 
This differenCfl was likewise well @hnwn at. point.'! low 
down the ,-alley@, wbere precipitoul raxil\(!l!, cutting 
tllfOllgh mountains of highly CQloured rock, have thrown 
down ,,-idl', fall--!'baped accumulations of detritlll! on the 
terra~~: in ~uch cases, the liue of IK'purntion between 
tbe detritus Rnd tbe terrace CQuId be pointed out to 
within an inch or two; the detritu.'I CQn,i.ting eutirely 
or angular and only partially rounded fl'llg!ll('llts of the 
a<ijoining coloured rocb.; the ~trIlWi(,(\ shingle (as 1 
flI'C('rtained ],,\. do"C ill~pe-ction, "'"IX'einlly in Oll{, ea!'{', 
in the I-filley of the R. :\Iendozs) containing only a 
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small l)roportiOD of these frngments., and tho.;e few well 
rounded. 

1 particularly attended to the appcnmnce of the 
temlce8 where the valleys made abrupt and cOll8iderable 
belld~, but I conld perceive 110 difference in their struc­
ture: tbey followed the bends with their n.8l1al nearly 
equable inclination. I obl<ened, also, in scI'eral 
valleys, that. wherever large blocb of any rock became 
numerons, either 00 the ~urf.1.ce of the terrnce or em­
bedded in it, this rock 800n appeared hight:'r np in lIitu,: 

thus I h::l.\'e noticed blo<'ks of porphyry, of nndcsitic 
~yenitc, of porphyry and ofsycnite, alternately becoming 
numerous, and in cach cal!(! ~ucceeded hy mountains 
thu~ con..:tituted. There i~, howel"cr, one remarkable 
!;'Xc"plion to this rule; for along the \'al/ey of the 
CnehaJlual, ) 1. Gay found Ilumerous largtl block~ of 
white granite, which dON not occnT in the ncighbour­
hood : I ob.>erved the .... lJ\ocks, as well II! others of 
andc..:itie ~ycnite (not occurring here il~ situ), nCM the 
ooths of Cauquencs at a height of bet"'een 200 and 300 
fl>et aool'e the rivCf, and therefore quite aool'e the 
tern\Ce or fringe which loorders that river; !!Orne miles 
higber up the I"ailey. there were other block' at about 
tilt' oIame height: 1 a\:lO noticed, at a it"'. lu,ight, just 
abo"e the terrace, b1~k. of porphyries (allparelltly not 
found in the immediately impending mOlmt.'l.inij), 
arranged in rude \in('~, M on 3. sea-beach. All the1l6 
hlock~ were ronndl'(l, lind though IllTge, not gigantic, 
like the tme erratic oou\dC!r5 of Patagonia and Fuegia. 
) 1. Gllyl ~tatetl tllIlt granile dOCl! not occur in. situ. 
within a distance of twenty leagues; r SII!peet, for 
>'en~rnl reasons, that it. .... i11 ultimately be found at a 

'·.~anal .. d .. f{ci.~.l'.l: (1..,·ri ... to1EI. ~8). ,JI. Oay ... I ... 
;afo .... «I. ptneer .. Uldth. C"n!ill .... by,th. grentobJ,qu. nlleyofu.. 
Cnp_,IDd not by the mQltd,!'OCthue. 
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much \E'U distance, though C(·rtain\y not. ill the imme­
oint., ncighbourhood. The OOu\d.·" found by .MM. 
:'I lt·yt·n and Gay on the upper plain of R Fernando 
(II\('ntion('<'1 in a pre\'ious note) probably belong to this 
min.' claM of pJlenomena. 

Th~ fringe~ of ~tratified gnlvel o<.:eur aloug all the 
great mll<'y~ of the CordillI'm, IU well at along their 
main brnnch~ : they are strikingly dcveloped in the 
~lIllt'YB of the ;\Iaypu, :'IIcndo7."I, Aconcagua, Cnchapual, 
anrlaccording to :\Ieycn,1 in the Tinguiriea. I n the 
\'allt'p, however, of northern Chile, nnd in !!Orne au the 
.""'tern Hank of the Cordillera, as in the Portillo 
'"allry, where strealD.$ ha\"e never flowed, or are quite 
jn~igni6C8nt in \'olume, the pr('iIf'lIce of a mil!!! of 
8tratified gra\"e1 can be inferred only from the @Inooth 
Fli~htly conca\"e form of the bottom. One lJaturaJly 
teek~ for fJ(Imc elplanation of 80 general and striking II 
pllell(lIDCnOn; that the matter forming the fringes 
along the mlleys, or still filling Ill) their entire beds, 
h:u not fallen from the adjoining mOUlltll.illij like 
common detritll~, i9 evident from t he complete COll­
tra..t in en'ry rC!!jX'Ct betWeE'D the gl't\\'el and the piles 
of d('trit\l~. whether seen high up the \"Illley. on their 
sidl'!', or low down in front of the more precipitoWi 
rnviuetl; that the lillltter has not been deprnoited by 
deha('let, even if "'e could belie\"e in df'hllCles ha\"ing 
ru~hed down fi'enJ nlley, and all their branches, east­
ward Ilnd wCI!tward from the central pinnacles of the 
Conlillera, we mu,t admit from tbe following reasons, 
-from the rli~tillct. stratification of the mas.~,-its 
smooth upper 811rfaee,-the well-rouuded nnd !lOme­
timt'~ euerll~ted ~tate of the pebble~, 80 different from 
th .... loo><C d,thrisoD the mOllntaill~,_and eepeciallyfrom 
Ule terra~ Ilreserving their uniform inclination round 

, '&u...'& •. Th"I.I.IO~ 
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the mo~t abrupt bends. To suppose that as the land 
!IOIV st:mds, the rh-er8 depo~ite<1 the ahingle along the 
course of t\"ery ,-alley, and all their main branches, 
appears to me preposterous, teeing that. tht'le same 
rhers not only are now remo\'ing and hare remoHl(1 
much of this depo~it, but are e,"erywhere tending to cut 
deep and narrow gorges in tht" hard underlying rocks. 

I have ~tated that thC!le friugea of gravel, the (>rigin 
of which nrc int"xplicnble on the notion of debaelCl! or 
of ordinary alluvinl action, are directly continUOllii with 
the ~imilarly-oom~ !min-like plains at the foot of 
the Cordillera, which, from the 8e\"eral rea..-.onl before 
a!~igned, 1 cannot doubt were modelled by the agency 
of the sen. Now if we 8UppOse that the IIt'R fo rmerly 
o«upied the valleys of the Chilian Cordillera, in pre­
cisely the samp manner 311 it now dOC!! in the more 
IOnthern parts of the continent, where d ep winding 
creeks pent"trate iuto the H·ry h('art of, and in the c.'l>e 
of Obstruction [>;.ound quite through, this gn'Rt mnge; 
and if we ~uppose that the mountains were upmised in 
the mme slow manner as the ea..~tern and we>ilcrn coll»h 
have bten Iiprai~,.J within the re-cent period, tiu:'11 the 
t>rigin and formation of the,,, &Ioping, terrace-like frin~ 
of gra,"el can he ~iwply explained, r'or e\"f:ry part of 
the oottom of encil \"alley will, on this view, have long 
hlood at the hend of a lICa-creek, into \\'bieh lile then 
(,.lI-,tiog torrenls will ha,-e de!i\"f'red fnigmeD18 of rockE, 
where, by the action of the tides, they will ha\'e been 
rolled, somttimN encrtbted, rudely stratified, nnd the 
whole sm"face le\"clletl by the blending together of the 
8uccessiv!;l bench lincs.1 As the land r08t!, the torrent~ 

<i0 The Comole te Worl<. of Charles Oan.vin Onl. e 
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in every \·alley will have tended to June removed the 
matter Wllicb ju~t. before bad been 8rm;ted on, or near, 
the beach-linea; the torrentl!, abo, haying continued 
to J,.'8in in foree by the continued ell'vlltion increll~ing 

their total desct;ntfrum their !IOure(·~ to the lIf'a. This 
~Iow ri,ing of the Cordillera, which explains IK) well the 
otherwj,;.e inexplicable origin aud strllcture of the ter­
rllc{'~, jUllging from all known anllloJ.Ci~, will probably 
118\·e lOl'('8 interrupted by many peri(Ml~ of re-<t; but we 
ought not to expect to find any eddtllce of the>le periods 
in the structure of the grn\·cl.terrn('('j]: for,asthewanlil 
aL Iht heads ofd('{·p creeks hlwe little erosive power, I!() 

the only e/fe<..{. of the I!Ca luwing long remained at the 
llalU{' le'·el will be that the uPIJer Imrts of the creeks 
will haxe become filled up at slIch periooB to the level 
of tile water with gravcl and sand; and that aflerwllrds 
the rh·en will have thrown down on dIE' filled-up pam 
II tahl! of similar matter, of which th,. inclination (a8 
at the head of II. partially filled-up lake) will have bocn 
IJetNmined by the supply of detritu~, and the force of 
the stream.l Hence., after the final oon\·eniOll of thl> 
crt'l'ks into mlleys, almo~t tbe only difference in tbe 
terrnceil at those points at which the Bell stood long, will 
be Il IIOlnewhnt more gentle inclination, with ri\"(or·wom 
in~telld of sen-worn dctritue on tbe ~lIrfnce. 

I know of <lnly one difficulty on the foft'going \-iew, 
nam,.l)", the fnr-tnmsported blocks of rock high on the 
sidCII of the ,"ailey of the Caehapuul: 1 will no~ aUempt 
any explanation of this phenomenon, l)Ut I may litnte 

."l1eysof_of~heJ-:"'""f"""""''''''''' '''''!I1<>I .... ~ryl ....... MrbMD . • nd 

.11 wrtd. of _ .• MioD, ~n "wer~ .... y by (he jl"W1e .... hi..!, hue 

.",NO <>t<."Upi.d th.",. I h~~ • • how" tbat (I". i. the "'M .. 'th tbe 
...,.."r.r.in., 'Lo"']onaRdEJ'D.PhiI.JOIlI"a:ol,'1'ol ui.p.1811c{Sorth 
W.IN. . 

i!hi~~:7:o~,I~~~~~~:~~.:i:, ~~,.= t:':' U:'~~:~~!;~ 
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my belief that a mountain_ridge DeaT the 8 Mh. of CIIU­
quenes ha. been upraised long lubtequently 10 all th(> 
other ronges in the neighbourhood, and that wheu thi • 
..... !\.II elfo..'('!ted the whole face of the oollulry must haw" 
been greatly altered. In the eourlJ(! of !If,<eiO, moreo\'cr, 
in til is and other \'alley~, e\'eutl may have OCCUTred like, 
bllt even on a grander scale t hnn, that described by 
1\lolinu,1 when a slip dur ing t he ellrthqullke of l i G2 
banked up for ten days the great rin~r Lontue, which 
then bursting' its barrier' inundated the \\'hole country,' 
lind doubtle~ transported many great fraf,'lnenta of rock, 
FinAlly, notl\·ith.tandiug thill one cn.oe of difficulty, I 
C.1lUlot entertain any dOllbt, thAt tb(',e terrace-like 
(dnW·., "'hieh are continuou~ly u nited with IhI> ba~in-
8hnfX.~1 plains at the foot of 111(" Cordi llera, hale 1.IeO.'u 
fon ned uy the arre~tmell t of rh-er-bomt, dctritu~ at 

~~ ~;:"'fnt~,I'~· Il~'::.'(~·n!:i.!' ~~' !~i~,.n';83~n);'~'~~J~~ 
Ihol.th.bn~lJ'·n,a thec...h.pwr.I~o"3to ,Ihe """'~ cl ••• ""II. tho 

::.f:.".:::~:~;_;:: ~~~;~~ ~~ I:~~i:~ :~'I'"~.I ~:r":;'~~I~:rb!:~ 
!i"::I;h~;; ::~~:i:': !ob~c~:;:;:' i:·i'~b;"~;;th} ... ""'~:d"-~I,~:t"~ 

;:::!t;!r:~~~~'i~~':~~~~2~~:~;~;~~~?:r£:~ 
In .... !·J ... t. lIyrn.r. the bo .. l.!" ...... ,. ll!I.~e ,*" "Ti_"I,. U'ltn .... 

r~I~. a.,:.:;'~,:, ~ ~"'or"';""~%in"~:~~.I~_~l 
$1>0<0/; d" .. ~.1wo bo.-"d ... tolhfo~""o("4~ ... ""."'-ch. The 

~~rt!~b:~~~~!~i:~~~:CE'~~~~~:! 
u ....... r. ~, ........ ; t~!tJtoet. •• h.ql,u",tr.,,,, .t,.ndh'~'r"Dg.,I'ot 
A.>"'.t''''~""'DA'the'DOI'lllOUll ......... ,,,<>rd.nud&l;onoroo1id 
I'O<'k in the uPP.':r MJ m",,~ h......J •• put1i "f (hif, ... 11 •.• _h ... it 
or-h'" !l,. ('.,"hll ..... aDd _m;r to .. hot uw,t Il,~ ",I~. "r C."quOD"" 
n""'I'I'<>I6rt.e the gl'8ll' "'~~. I "",,1<1 D<ot help b.h.~i".ll' (Ao .l1udtd 

E:~Op2t~,:~~I~~~;~~t!e ,~~~7E~E ~~; 
the~"",nt'("h"h uh,l.t ,n H~'" ",U'Y f:"' ....... <Jf Ih.i._pnro' of 
""'''''.II'.lf''At I"n,tmonu). ""'Y ba ... '-a ra. up totbetr " ..... t 
holg-be, "';th th.lanol"" .. h",htM,I'rttlfd. 
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MU!c""ive 1{'1'e!;<, in the same mann{'r IU we k'e now 
takin~ I)\ace at the head$ of all thOR' many, deep, 
lIrindin~ fiords inte~ting tlte fIOuthem COIlSts. To my 
mind, thi$ has been one of the mO!'l~ important. oon­
c\ll~ion! to which my ob;;en'ations on the geology of 
/o<outh America hale led me: for we tbus learn that one 
of the grandest and most symmetrical mOllnLllin-chains 
in the worlu, with its seyeral parallel line8,' have been 
together uplifted in ma<;JJ 1x-twoen 7,000 and 0,000 
(('('t, ill the Mme gmdual manner AS hal'e the eaotern 
and w('!'Item coasts within the reeent perioli. 

FlJ'MnatioJl. oj l'aUtlY,. 

The bulk of fIOlid rock which liltS heen remol-ed in 
the 10w('r 1).1ru of the I'alleys of the Cordillera has been 
enormous: it i~ only by reflecting on 8uch ca.;es as that 
of the gravel beds of Patagonia, CQ\·tring 8Q many thou_ 
iSIlnd 8(luare league!L of surface, and which if heaped inw 
a ridge, would form a mountain-range, almost equal to 
the Cordillera, that the amount of drnudntion 1x-comel! 
credihle. The "alleys within this range, often follow 

, I do -."';01> to.1Ilrm thae all th,li_ b.~. ~ ar/in.d qllit. 

:t::I~ ~~:!!:b~:::'~ ~.':r~be ~,l~r;.:.:~~~ 
Uc-.ptlOll, lboot "'_ tho poriod .... tIM _ ot<'<Ir,ed th_ ~.ll.!'o u.. _.ral ..... hllTI DOt '-Ii dioloooled 1.,.grr-&I..IId"""f~ll1uor 
1Ip/>M.-.J.; lOr i'.-h!.d ~!he ~orp .... l" th_ 

l':l;~'e:d~t ~::~n~~ ~r.Q;:';·_~~ b':':'h"~;:::, iM~;"~ 
.h.· ... al.,--I h"'lIbt, tho t ........ la,1 ~~II.,. .ppM. to ha~~ '-II 

~~~n!~::'~!;a~Al~n.e; ~if~~~;!;~!a~I;~~I~h:...~~':J' !)/")..D ,~ 
"""t/u ... ofthi.pIIl"loftb ..... lI.,. .. bo .... lb.l .... i r,flh.e~. Th, 

;:o~~e,~:t:~t ~tnF~~~~.Pf!!m& It~ ~I;'d;:, ~~Nf~o'~n .. ~h;:'~"':"~ 
ch~etpllrl. oIf1,,:",n-IMKldrtritn •. O"lhe ... ,uth.i,jt,lh." •• rh ... ~t 

3~~!:~ t;:"il:i~nor;~~i:~":tili."~il:;.d::o ~~:_r~ ~~:! 
d ......... !rom tIM .... 11.,. .bon had. JI'o*<I b, tlI_ t-o!i_ bd"on 
r",UO'II'lng't.rre"'nteoane. 
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anticlinal bUL rarely synclin:lllineBi thllt i~, the strata 
on the tll'O ~ides more often dip from the line of \'alley 
than toW1\rd.il it. On tbe flaoksof the mnge. the \'3.lley~ 
mo·t frequently run neiUlec !llong anlic\in!ll noc 8YD­

c1innl !l::no;o, but. !llong line;! of flt'xure or fanlt~ i that i~, 
the ~tnlta 011 both sides dip in the ume directiOIl, but 
with different, though often only slightly different, 
inclinntions, As mOot of the nenrly pnmlld ridges 
which together form the Cordiltern run Rpproximntely 
north and lIOuth, the elL.~t !lod ",'"",I \'alle,)11 Cf'Oi;S them 

in :tig.~'1~ linei', bursting t1lrollgh the pointa wht-re the 
~trntl\ hn\'e bt'en lea~t inclined, Xo doubt the greater 
part of the dc>nudntion wa..~ afft'clcd at the periods when 
lidal cl'('('b OCC'upied the ,'alleyl', ami 1Iilll'n the outer 
flaok~ of the mQUntaillii wece expc>o'(~1 to the full force 
of an op!:'n ocean, 1 have already alhul.-d to the po\\'ef 
uf the tidal action in the chnnnel~ cOIIIIl'Cting grcat 
1~'1y~: and [ may here mention that olle of the !UlTeying 
\'e-"d~ in a channd of this kind, though under bail, 
\\'n~ whirled I'l)uml and round by lhe force of lhecurrent, 
Wt' ~hall hen.'after see, that of the two mnin ridges 
fl,lnning the Chilian Cordillera, til(> ea~tem and loflie4 
011". <)Wel the greater part of it. (U!!J,d"r uphl"ll.\'3.l to II 

Ilt'ri.-.d ~ul""'~luent to the ele,'ation (If the Wl ... tem ridge; 
and it i. Jikewi><e probal1le thnt many of the other 
pamlll'l ridgc. .. hn\'e heeoangularly uphea"ed at different 
pt'ciod~: conlltflllt'utly many p:u'lI or the ~urfaces of 
thel'(' mountllin~ mu~t formt'rly ha\'{' lW'Cn expo!!ed to 
the full force of the \faVe~, wllich, if the Cordillera 
were IIOW ~ullk into the _, would be IlrQteetf'd by 
parnllel chnin~ of islaud~, The torrents in the vIIlIeys 
certninly hnve great power in wearing th(\ rock!: 8S 

('QuId be told by the dull rnttJing 80und (If the mnny 
fra~ment~ Ilight and day hurrying downwnrdli: lind M 
'll'aiI atteflted I)), the \'a~t gze of C('rtain fragmeDt~, 'Il'"hich 

@ll.iaC-llolete W'o rkofLlBnf'!!. N".n~ 
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J WIl! allOured had beeu carril·d onWftnb during floods j 

yet we hal'e seen in the lower p:\rt~ of the ralley~, that 
the torrenta have seldom remol'ed aU the aro-cheeked 
~hingle forming tbe terrace., and h:H"e had time since 
the last elenltion in m!l.l!8 only to cut in tlle lillder­
lying n)('k~, gOl'J.'e~, deep and narrow, but (Iuite in~igni­
ficant in (limen.ions comp:u"ell with the entire width 
and depth of the \alleys. 

Along the ~hores of the Pacific, I nCI'er ceased 
during my many and long ex..:un;ions to feel nstoniahed 
at seeing every ,'alley, ral'iue, and e\'en little inequality 
of ~urface, both in the hard IJrtlnitic and 110ft tertiary 
di~trict~, retaining the exact outline, whieh they had 
when the 8<'a left their 8mfncce coated with orgauic 
remain.. When these remains shaH hare dceayed, 
there will be acareely any difference in a!)I)Camnee be­
tween this line ofcoost-land :md mO"t other oourotri(l!!, 
which we are accu~tomed to beliere hare a~"'lIl1ed their 
pre,;ent featul'('!l chiefly through tbe agency of tIle 
weather and fresJJ.\\'ater strcame. I n the old granitic 
districts, no doubt it would he rash to attribute all the 
modificatiou! of outline eJ:clu~h'i'ly to the ten-nction j 
for wbo can say how often thill lately submerged coast 
may not pre"iollsiy hare exi.too as !nnd, worn by run­
ning streams and washed hy min? Thi~ source of doubt, 
however, does not apilly to the districts 8u!Jerficially 
formed of the modern tertiary deposits. The \'alley~ 

worn by the l\C'Il., through the softer formation~, hoth on 
the Atlantic and Pacific sidCli of the CQntinent, are 
generally hroad, winding, Rnd flat-bottomed: the only 
d i.trict of tid! nature ,lOW penttraloo Ly arm.s of the 
sell, is the i,land ofChiioe. 

F inally, the conclusion at which I have arrired, 
with respect. tothe relath'epowt"1'I! of rain and ten water 
on the laud, i&, that. the latter i~ far the mOtit effieient 
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agent, and that ita chief tendency is to widen the 
\'alJey~; whiht torrents and'TiI'en telld to deepen thew, 
nnd to removo UIO wreck of tho sea's destroying nction. 
As tbe waves lul.\·c more po ..... er, the more open nnd u-
1)()I!e(j the space may be, 110 will they always tend to 
widen more and more the mouths of ''alley,s compared 
with tbeir upper parta: lIenee, doubtless, it i~. that 
most valleys expand at their Inmlths,- that purt, at 
which the rhers flowing ill them, generally have the 
11'8~t wearing power. 

Wben reRecting on the action of the sea Oil tbe 
hllld at (orrorr le,·cls, the effect of the great WUI'e!!, 

which gl'llcrnlly accompany earthqu.,ke«, Inn., not be 
over looked : f<,IV years pa~8 without a SCI'cro enrt hquake 
occurring on !lOme part of the west CQrult of ~llth 
Ameril'8: and the wan's tll\I~ caused bave gn"ftt po'wer. 
At Concepcion, after the ~hock of 1835, I !laW large 
slabs of SIlllcbtone, olle of which was si.s: fl'<'t long, three 
in breadth, and two in thicknl'~~, thrown high up on 
the beach; flnd from the nlltllrtl of the marine animals 
~till aclll<"ring to it, it mmt hll"e been torn up from a 
con.oidernble d('ptl\. On the othl'r hand, at (,allao, the 
n"Coil· wa,"e of the earthquake of I HG cnm(>(\ brreat 
ma..""6iI of brickwork, betW('e1l three and four (,'(-t Pquare, 
some way out ~I'award . During the OOUI"S(' of ag<'~, the 
rffl'Ct t111l~ produced at I'ach successh'c 11""1'1, cannot 
have been small j and in 110m .. of the tt'rtiary dl'positll 
on thill line of coa-t, r ol_n"oogmt ixmldpT8 of 
grSoite and other neighhouring- roo:ks, ellbedded in 
fine sedimffitary laycl"!', tIle tmn. portal of whieh.l'xcept 
hy the m('ans of l'arthquake-wal"C!!, always app('arro to 
meillE':l:plicable. 
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SU1"rjicial &ui,u lRjJOfitjO. 

ThiJlllll,jed may be here oom·eniently trooted of: 
1 ..... ill bI·gin with the mo~t intere-ting case, D1I.mely. 
the luperfidal saline heds near Jquiljue in Peru. The 
porpllyritic mvuntains on the COR"t riw abruptly to a 
h('ight of betwet'll 1,900 and 3,000 {eet : lM;twe('n their 
MUDlmit>! aud nn inland plaiu, on which tlu,> celehrated 
dl·po!'itofnitrateof!lOd.1 I ie~,there is a high undulatory 
di.trict, con'red by a remarkable buperficial saliferous 
cru~t, chiefly composed of common Mit, eitller in white, 
hard, opnque nodule!!, or mingled with mnd, in this 
latter ca..e fonning a compact. mnd~tolle. This sali_ 
{,'rolU luperficial cn!!!t. eJ:tend~ from the edge of the 
M8l1t-e&Cnrpment, over the ,..·hole face of the country j 
but never attains, 8.11 I am 8.!!l!ured \'y M r. Bo\l'iert 
(long re:;ident here) any great thickneoiJ. Although a 
"ery hlight ihower falls only at. intermlil of mnny years, 
yet small fnn nel-ihnped cavitics ~how thnt the salt has 
been in some p.1rts dissoh"ed.' hI Mlvernl p!ncet f gaW 
Inrge ]latchet of sund, quite moist, owing to the quan­
tity of muriate oflime(u a..ocertained by Mr. T. Heek!) 
contained in them. From the compnct. IRIlt-cemented 
Mnd Leing eitber red, purpli8h, or yellow, according 
to tbe Colour of the rocky strata on which it !"e,ted, 
1 imagined that thi8 substance bad probably been 
derh'ed through common al\u,·ial action from the layers 
of 88lt which occur intPTlltratified in the IlllTounding 
mountains : but from the interesting details gh·en hy 
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:'II. d·OrJ.,igny, and from finding Oil a ffel'h examination 
of this agglomerated snnd, that it i. not. irregularly 
l.-emeuted, but consists of tbio laye ... of sand of diW"'n'nt 
tints of colour, alternating with eXcefiljively fine paral­
Icllaycrt of salt, I conclude that it is no~ of alluvial 
origin. M. d'Orbigny L ol:w!crved analogous aaline beds 
extending from Cobija for five degrees of latitude 
northward, and at heights varying from GOO to 900 
feet: from finding recent sea-shells strewed on theSE' 
salift'rou8 beds, and under them, great, well-rounded 
block~, enetly like those on the exi~ting be-at'h, he 
belieH"s that the l!a.lt., which ig ionlTiably superficial, 
has bt.-en leU by the e\'aporation of the .k'a-water. This 
!lame ool1clu~ion must, I now ix'lieH', be exu-nded to 
the Imperficiall!a.lifcI"Om beds of IquiLlue, though the)" 
Btand aoout 3,000 feet abo"e the 11'1'e! of the sea. 

As80ciated willi tbe snit in the luperficial be-do, 
then' nre numerous, thin, )lOri?.ontallayert of impure, 
dirty-white, friable, gYpiC(Hls nnd cnlc:ul.'Ous tulT~. The 
gYlll:lCOus bed~ are vcry remnrknble, from ahouuding 
with, LIO n~ !'Ometimes to be almo,;t oollllkl!>Cd of, irregu­
lar ooncr('tiou~, from the size of nu egg to that of a 
mau'. head, of "ery hard, comp.'lct, IHlen")" gypsum, in 
the form of anhydrite, Thi~ gYpimm contains !!Orne 
foreign partieles of stone; it is ~tained, judging from 
ita action with bornx, with iron, and it uhlLles a strong 
aluminous odour. The surfaCe!! of the concretions are 

I '\'OJajtt,' &~. po 102, M. d·Or.hi~,. f""oo thi, depooit inur' 
_tal, ;n ..... 0,. pi-. by dee~ " .... lIe .. in .. biob I.h ......... DO talt. 
!:'t __ mu>t_ thoughhi._lIy ""t..., .. n,hveflo .. od in tbno.; 
end .M. '\"O,.~i.o:o,. argue. from th. I"...,DC. of lIo<l, ... lved nLt on, the 

~t11t.~:~3.~ifg~1:%=1~0::12:,~;:;tt~~~o~:~;':; 
::nJ::'~n~tlt:r ';L e~~~~L) .~7~ r'::i:!' t~aI,~~~;';l;~::l~7: 
Ume .. l!enlndi .......... " inb .. biutd !.hi, part. or the ...... ti ... "t, """ In 
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marked by Fhaq), radiating, or bifurcating ridges, all if 
they had i)(!('u (but not roolly) corroded: inU!runliy 
they are ~Iletrnted by branching v('ins (like t holle of 
ca]CllfOOUS spar in tbe Sl.'ptaria of the London day) of 
]lUre white anhydritt'. Tht'lle "cina might natunr.lly 
hn\'e bel:>n thought to ha\'e been fonned hy ~Ilb.eqllent 
infiltration. had Jlot cach littlo embedded fragmeut of 
roek bren Iikey<'i~(' edged in Q very r('markabie IUanner 
by a Darrow border of the smne white anhydrite: this 
showl that the veiDs mllit hfl\'e been formed by fl I)n)­
C('SS of segreg:ltioD, and not of infiltration. ~me of 
the Iittit' included and cNu:1.:ed fraguw;:nt. of foreib"ll 
roek are penetrated by the anhydrite, and porlious have 
el'idently heeu thus meellllllically displaced: at St. 
Helena, I obtoen'ed that calcareous matter, d('po_ited by 
rain·water, alllO had the power to I!Cpamte small frag­
menu of rock from the larger mas.-es. I belil'le the 
superficial gypaeoull deposit is widcly extended: J re­
cci\'ed specimens of it from Pi~agl1a, forty miles north 
of l{luique, and likewise from Arica, where it eoo.tlI n 
layer of pure Mit. )1. d'Orbigny L foulld fit Cobija a 
hMl of clay, lying abore a mMBof upraised rt'Cellt@hell~ 
'\IfILich wa~ AAturated with sulphate of :IO(la, and included 
thin layers of fibrous b'Ypilum. Th~ widely e:ttenrled. 
~uperficial, I)('(\~ of mlt and ro'llt;um, appear to me an 
iuteresting ~'Ological phenomenon, which could Le pre­
""ntro only under a I'ery dry climate. 

Tile plain or ba~ill. on the borders of which the 
famous \.oed of nitrate of l!Oda lie,_ is ~itlLnted at a 
distance of nhout thirty mill'll from the .ea, ill'ing II<-pa­
rated from it lly the saliferOIL~ district ju,t dl'"cribed. 
It ~tnnds at a lLC'ight of 3,300 f<>et; it~ surface i~ lel-el, 
and 110m€' il'a~UeR ill width; it Clt€,lL{\s forty lIlile~ 

northward. and luu a lolb" I(>n;.;th (as I WIl!J infonnro 
I '\·"1"!"0"'!"I:&~.p_~ 
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Ily)lr. Helforn Wil:lOn, the Colhu(·Geufral at ),ima) 
of "2() milet. In a well near the worh, t1lirlr-~ix 
yard~ in depth, sand, earth, and a little gravel were 
found: in another well, near Almonte, fifty yard! deep, 
the whole consisted, according to Jllr. Dlake,' of clay, 
including II. layer of sand two feet thick, whieh rested 
on fine gravel, and this on coarse gml'el, with large 
rounded fragments of rock. In many part~ of this now 
\Ltkrly de~ert plain, rushes and largo prostrate tree! in 
n Imrlien('d ~tnte, apparently )Iimosas,nre found huried. 
al a dt'plh frOID three to ~iJ; feet j according to AIr, 
Hlaki', tlleyhal'e all fallen to the !<Qulh-lI'''''l, The bed 
of nitrnt-f> of soda is Mid to extem\ for forty or fifty 
leagufil along the we~tern margin of the plain, but is 
not fouml in it! centralllllrh: it i~ from two to thrff' 
ft-et in thickn('~<, and i~ !<Q hard that it is genernlly 
Lln'lt'd with gunpowdcr: it ~lopes gently upward~ from 
thl' ('flge of the plnin to betwef'n t('n and thirty f('('t 
nhov{' itR l('veL It re:;ts on ~and in whiel), it i~ ~id, 
l'cW'tahle rem.1ins and broken ~ht'lh hu\"e he<'n found: 
~11t'11~ hal'O nl$o heen found, according to Mr. Blake. 
hoth on and in the nitrate of l'OI'ia. It i~ coH'r!'d b~' 
:a glllk'rfieialllla'~ of ~and, contninin~ nodul<'ri of oommon 
~:\h, anel, u.s r \I'as &!;"ured b.l· a min!'r, JUllch @oft gyp­
j;O'II\B malll'r, preci,e1y like tilat in tile superficial crw;t 
alrNld,\" (k'cril.ro: certainl~' this <,nl>t. with it~ <,harac· 
tl'ri~ti<, concretion~ of anhydritt', comes e1~ down to 
thl:' ('(1:.."(' of the plain. 

Th" nitrate of l!Oda vari<'8 in purity in diff~rent 

mr!>, and often contain~ nodliles of {'()mmon ~lt. 

AC('9rding to Mr. Blake, the proportion of nitrate of 
.i!vcr(\'aries from twenty to s('l·cnty.five I)(,f ten!,. An 

'SO,.n .. d"'i ... bl.('Iper.'GIM1"1lC .• ooMi_n,l'otiOMOfT .... r-ca.· 
;, .'<Jlb n·.· ,\",encan J,,,,rnal, ".01. xl!~, p. I. 
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analysis by ':\ Ir. A. Hay", of liD average @pecimcn, 
gave-

~il .. ltof~~ . 
""Ip..I~'''~\a. . 
Chi" .... " or i<o.ola • 
1 .. 1;. ...... lt.o . 
:;htU,u,llI.,.1 

Th"! 'mother water' at BOmO of the rcfin"rie-~ is ,-crv 
rich in iodie 83lt~, and i8 suppo..oo 1 to contain Illuch 
muriate of lime. In an unrefint'(l specimen l,rought 
home by mY8l;'lf, .:\rr. T. neek~ 11M ascertained that the 
muriate of lime is very abundant. With respect to the 
origin of thi8 !aline mass, from the manner in which 
the gently inclined, coml)'1ct hed follow. for ~o many 
miles the 8iDIIOUlI margin of tile plain, there can be no 
doubt that itWllij depo;iu.:l from a aheetofwater: from 
the fragmenu of emlJt:dded Ihel1~, from the almDdaDt 
iooicsalts, from the slllK'rficial saliferous crust occur­
ring at a higher level and beiug probably of ma rine 
origiu, and from the l)lain resembling in form tho-.e of 
Chile and that of USp:>lIata, there can be little doubt 
that thill ~heet of water Willi, I\l least originally, con­
necled with lheeea.' 

Thin, IVJMTficial, 8(tiine lnC'l'tlslationl. - Th~ 

saline incrulltl\tions are common in many JmrU of 
America: Humboldt met. with them on the table_land 

"LitnaI"J'O-.ce,' lUI, P. 4;6. 
"FI'OIII •• 6io.I~t,obo .... lD.bJ'1I •. 1IeIfordWil"01l,it 

"r ....... th.tlbell .... u~ofni'"II.ofl(Jd.toEa"'pe ..... iDJaI1 
IUO,cm F..eneh-.nt"n & R:rit,_h II"p:-

lnl 8JO,th.eati .. ""'port. .... 
1831, 
ISU, 
laU, 
I8S', 

QoIn\.OIo. 
. 17 ,3(1;1 

. !~:::g 
,OI,W 
.14t.<SU 

1beSpauilh'lliiatal ..... :,equalIIOOE"'Li.hpoalllla. 
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of .\le:cieo, Dud the Jesuit "'Dlkn('r aud other authou I 
~tate that th!'yoceur at inten"als ol-er the 11Uit Illains 
extending from tile mouth of tile 1'1.lta to Hioja and 
Catamarcn. Hence it is that during drollO'hu, most of 
the~trealDs in the Pampa3 are saline. I nowhere lIlet 
with th('$6 ineru~tation~ i!O abundantly a~ lIear Mallia 
BJane:l: square ll\i1e~ of the mud-Hat .. , whieh near that 
place are raised only a few feet abol·c thc sen, just 
eoough to prol'.!ct them from being overflowed, appear, 
nft!'r dry went her, whiter than the ground nftl'r the 
thickest hoor-fm.t. After min thl' l';l\t8 dislllpear, lind 
('very IlUddle of water lX'eolnes highly ;;aline: :18 lhe 
~urf!lce dric~, the capillary action dm"-d tht" moinure up 
pie('('S of broken earth, dl'ad ~ti('k,., lind tull~ of grn.,;<, 
"'here the !!.lIlt efHore~. The incrll~tntion, where 
thicke~t, dDe>l not exCE'«! a 'I'larter of an inch. 'L 
l'an:hallllC' has DnaiYk<.1 it; and find~ that the ~peci ­

ml'ns co!ledoo at the eltre-me head 'If the low plain, 
n('at the It )Innuelo, consist of ninety-three per cent. 
ofsulphnle of soda,and ~!l\"(!n of cummon mit: wllilst 
the 8Jl('cimcn~ tnken do>c to tho eoa~t contain ollly 
si:a:ty.three per C('Ilt. of the 8ulphnte and thirty-!<eYen 
of the murmte of ~oda. Thi.(l remnrkahle f.'lct, togetber 
wilh our kllowledge thal the whole of this low muddy 
plain has been covered by the ~ ..... itbin the recent 
period, IDllbt I!"oid to the 8\1~picion that the common 
salt, hy lOme unknown proec~~, becomel in time 
changed into the sulphate. Friable cnlcareou! matter 
is here abundant, and the calle of the aplJarent double 
decomp(uition of the ~helh, and snit Oil S. l.<lrenzo, 
8hould not be forgotten . 

The mline incrustations, near Bahia Blanca, are not 

_~"C:S&~;;:~~:\,tr!~~ ~~~::-Itt;:;.:;eo~"i";;~:~ 
i&Ih.P",~;_<JIE>lt .. Ri ... 
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oonfinoo to, though mort abundant on, the low muddy 
Hatx; for I noticed Klme on" cnlcnreoliS I)lnin between 
tllirtYlind f<)rty feet above the St'a, and e,'en II little 
ocelli'll in ~ti\l Ili;.;her \'nlltp, ),()walllldal trnch in 
till' nlllcJ~ of th", rh'er~ Xegro and Colorado are al>iO 
encru~t('t.I, and in the latter "nlley~uch M()8CCAnpproroo 
to he occwionnlly overflowf'd by thll river. I oboervcd 
fill.lilw ineru~talion5 in ~')me of the vnlleye of southern 
j'll.tlIgonh, At I'vrl J)('~ire Il low, flat, muddy valley 
wa_ thickly inc"",too by Ii.'llu, which on Illlalysi$ by 
.l\lr. T, Rl't'h, are found to comi,t of a mi~ture of 5111. 
phate lind muriate of ma, with carbonate of lime and 
t'flcthy matter. On tbe lII'e:;tern ~ide of the continent, 
tht' ..outhern eva-IS are much too humid for thi8 phe­
nom('non; but in northern Chile I a .. rain met with 
"imilar inem~tatinn5. On tbe hartien",J mud, in pam 
of tIle blO/ld, fJat-llOttomed mllcy of ('opiapo, the 8. ... 1Ine 
JlIatter incru.t~ the ground to tl,e thickneKM of some 
ineht'!!: 61leCimells, sent by ilJr. Bingl!'y to Apothe­
Cllri('~' 111111 for analytiis, were ~ai(i to eongist of car. 
bonateaud ~uiphate of soda. )luch lIulphate of soda i~ 
found in thfO dl,-··rt of Atacama. In all paru of S. 
AIIIf·rica. the !!aline incru~tation~ OCClir m()l;t fct'lll"'ntly 
on low damp FUrfaceb of mud, wil('rc the climate is 
rall,t'r dry; and ther.e low lIurfaC<'1l Inn'e, in almo~t 

e~('ry ca...-, heen lIprai,.ed abo\'c tile len:lof the sell, 

within tht' recent period. 
S,ul-/"J..WJ oj Patayoltia allli Lil PIIIIII.-l-'alinas, 

or lIatuml Mit-lake<, oecur in vl1rio\l~ fvnnati"n~ on the 
('a~tE'rn ,id .. of thl" continent,-in the nrgi\lnce~alca­
r('(,"~ dt'l)()"il of til!' Pampa~, in th(' ...... nli"tone of tho 
Bin X,·,!.;'r<l, "lwf!.' they are I'('ry nUnlt'rOIl~, in the pumi. 

C''<.I1111 an,l otlwr 1 ... 't.I~ of the I'atagonian \(·rtiar.v forma· 
lion, alld in ~lUall primary di!olrict~ in the l1IiJ-~ofthi8 
laU,·r fllrmalh,n. Port fl . . Julian i~ the mn"t liOuthcrly 
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poiDt (lat. 49G to 50"). at which salin:u are kn01m to 
occur.' The depre~ons. in whidl the.e 8Illt-lakl"l lie, 
are from a few feet to Bixty mctre~, &II a&erted by 
)1. d'Orbigny,l below tbe surface of the surrounding 
1)lainl; and, nccording to thil iIIl.me lIuthor, Dear the 
Hio Negro they 1111 trend, either in the NK aud SW. 
or in E. nnd W. lines, coincident with the genetnl slope 
of the ]lInin. Tbese depressionK in the plain generally 
hoveouoBide lower than the othen, but. there are no 
outletll for drainage. l'nder II le"~ dry climate, an 
outlH would lOOn ha\'e been formed, and the ,;all. 
wa.h('(1 away. 'fhe salinlli occur at diffcn:nt eIC\'alioll" 
ah(we the I!o a: they are often I!C\-eral Itll.gtI(,1 in dia­
met"r; thf.y are generJ.lly \'t'ry ~hallow, but tJ~re i~ II 

d('(.p one in a quartz-rock formation ncar C_ Blanen. In 
the \I'ct It'aaou, the whole, or a part, of the salti" dis­
l!Oh-ed, being redepoi!ited during the succeeding dry 
~3"()n. At. this }If'riod til(' apJX'IlrDnce of the ~now­
while C'J: I),Wile of ~alt. cry~talli'ICd in grent. cul)(1I, is w'ry 
~triking. In a large!;8lina. northwllrd of the Hio Negro, 
the s.,lt at the hottom,during the whole y('ar,;' het"'een 
two nnd th!l'e fet'L in thickne;l~. 

Thl' MIt re,.u almo.-t always on a thick bed of black 
muddy sand, which is fetid, probably from the decay 
of the burro,,·iDg wonns inhabiting it.* In a. salina, 
litllate(] aoout fiftl'f'n mile!! above the town of El Car_ 
men on the Uiu Xegm, and three Of fOlif miles from 
the bank" of that. rh'er, I o~.n>d that thill black mud 
restN] on gravel with n c:.icnreoll! mntri!", Bimilar to 
thnt aprend over the whole Btlrrollncling 1)lniUJI: nt Port. 

ru ~,~h~~ttt:. (J:~zl~ra:;"!;;: ~;!~~."~t~~~f.:.~~:Je ':h~ ... it 
Jail .. ,.r ";;be'; .. RI'~' (£'all ..... ' Tra~_lo: E"/fh.h T .. ~..ol. i. p. 28~) 
to ~""n rn:< .. md~. <J_P.--'OII.to tb_ 01 Paillf""'L •. ,·or .... 01001 .... : p. 1\3 . 
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St. Julian th", mud, abo. ""'ted on th(' gra\'el: hen('1) 
the dt"pn'!"<ionl mu.1.. have been formN! anteriorly to, 
or ('{)ntempomnrou"ly with, the ~preading out of the 
gr.l\'ci. I wa3 informed that one &mall e.alina oecUni in 
an alluvial pl:tin within the \'a\ley of the Hio ::'i'egro, 
lIil,i th(,I'l'f,)re ill! origin tnu~t be BUbeeqU{'ut to the exca.­
vfltion of thflt valie-y. When I vj~it('d the Su.linfl, fifteen 
milt"~ abovo the towo. tho suit WM beginning' to crysta!-
1iIK', find Oll the muddy bottom th{'re w{'re lying mally 
crptnl., g..-nemlly plaoed crOKs.-waY8 of !<ulpll1l.te of soda 
(a..q a-"<.'ert.'l.inoo by )lr.R~k9).andemhN!rloo ill the mud, 
IIl1m{'rOtlS C'1j'llulllof I!ttlphate of lim!', from oue to t1lree 
inch~ in length: .\1, d'Orbigny I i'tfltCi thllt 50IDe of 
thcte clj'f!tI'Ils are Bcicular nud more than en:n nine 
inches in length; .,thenare macled IUlII of great purity: 
thIN) r found all cuntained 5OII1e 88nd in their centre", 
As the black and fetid sand overlies the grtl\'d, and 
that. overlietl the regular tertiary ~tmtn, r think there 
can be 110 doubt that these remarkalole crystals of sul­
phate of lime ha\'e been del)Osited from the waters of 
tho lake. The inhabitanb eall the erystal'l of selenite, 
the peulTfdr-l8al, and tllOile of the @ulphflteofsoda, 
thtl m.adrtl del tKU; they assured me that. both are found 
under the same cirCUUlslnnC€'8 in Peveral of tht;> neigh­
bouring' !alin"; lIud that. the 8ulpllate of lOda iij an­
nu.'l.l1y di!OOh-ed, and iij always eryatalli!!ed before the 
common !alt. on the muddv botkllll.t The alii'OCiation 
of gypsum and 1131t. in thii 'ease, as well a.~ in the ~uper­
fieial depoBit~ of Iquique, appenn to In{, intere~tingt 
eon~idering how genernlly these 8ubstancea arc as;l()Ciated 
in the old~r stratified formation~. 

It.. The C ..... 10Iete Nork of '::t-ies JMW,n hn 
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)Jr. Reeks hall alllllyeed for me some of the salt 
from the !.,lina near the Rio Negro, he finds it com~ 
I)()sed entirely of chloride of sodium, with till;) el:ception 
of 0'26 of lulph:lte of lime Ilnd of 0'22 of earthy matter; 
there are no traces of iodic salts. Some !!alts from the 
salina Chiq\litoll in the l)nmpean formation, is 6(lually 
pure. It is a singular fact, that the salt from these 
salinas does not. llen'e so wen for prCllerviug mcnt, a8 
IIM-salt from the Cape de Yerde hlands; and a mer~ 
chant at BUCII08 Ayres told me that. he considered it 113 
fifty per cent. leu valuable. The IlUrity of the Pata~ 
gonian salt, or absence from it of thOoie other saline 
bodies found ill an sea~water, i$ the only a>1lignable 
cause for this inferiority j a conc\u~ion which is ~llp­

ported hy the fact lately a.,-"certained,L that those saltIL 
Imswer be~t for I)re"<.'n·ing chee..e which contain mon of 
the deliquMlcent chloride~.t 

With re~pect. to the origin of the 5<,lt in the !lIIlinas, 
the foregoing analysis seems oppo!Ie(l to the dew enter­
tained by:'or. d'Orbigny and other~, and wbieh seem~ 
I.-'() proLable considering the recent elevation of thi,line 
Llf coast, namely, that it i~ due to the el'nporatiOIl of 
sea-lI'nt<'r and to the drninage from the surrounding 
~t"'ta impregnated lI'ith lIM~salt. I wall informed (I 
kuoll' not whether RCCllrllteiy) that on the northern ~ide 
of the salina Oil the Hio .Negro, there i~ a small brillo 
.pring which flow, at all times of the y<,ar: if this be 
~O, the snit in this ease lit least, probably is of subter­
ranean origin. It at first I!.I?PClltS Yery 8ingu\a.r that 

, 'Bort. &ud Agrieult. O,,-tu.:· 181;),p.1l3 
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fre5h _water can often be procur~d in well@,'andissome­
tim~foulld in;;malllake;o,quitecIO:!etothesesalinas. 
I am not aware t1mt this fact ilCllN particularly on th(> 
origin of the ~alt; but perhaps it is rather oppo.ed to 
tile \'iew of the MIt. Imving Ix>t:>n washed out of the 
~urrounding &uptrficial ~trata. but not. to its hadng 
~n the rt",idue of e-1I'Mer, kit in depre!Sl!ions a..s the 
land 1I"I\S 8101l'Iy ele\·nted. 

'.h.W_P .. rioh.IaI ... ('ll<oen' .. '\11' .... ·,h_!-'P. 122 aadliOl tL.o.t 
thi ... lh ~~ _rth.~t ... lln .. , ."., •• n1orth,S. " ... ta .... I 
Iuo~. _ ..... '1 •• _I • ....,~U ,n a .. a.""ull1i'i. J01I,....II.t<IJ pal~'.hed 
10:'1' " .. ~.h .. AI IqwqH •• 11 ...... h a~.f_ i .... ~;"tI1 ~IIC~ 
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,1/;_"It>gi«j ('(>1U1iI"1j,,,,-.lIu'''''-l'ittJ ,Inodw".-B_",A:I'N. ,A"/~ 
.... bt,/dtJd;~ 1()MVJ.·""·k-lJ~",,,, A.V .... 1<>,4< Cohwtrrl_S. j'"./aH"_ 
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d ...... tUs.JM/;...j"PaI"f1<Jf' ... II!lfI<>j.~IGljn.g-V ....... 
.. dIGI"'tn<ltI~u.,.·k~ ~e"JlnT-..f"".~fr"'''-fi' __ 
_ T ...... i .. ,,/ "'"!li,._&."", "JNJi_I-}~I""71.,..ig;.-·{"o"I.",. 
p""" ......... ii' '''''-"i"9 ... "11"",, H,/('liMu I" uJlbriyi"9 Itrl~"y 
ot.a1.-J"~inol.u]'f»tloful ... ",<r'9i.··}:J,"'lio"..d_i .... 
tItpttoi4;'", ,,/141 H ... ,.... /,...-1;'--,"_'- .... 11M. "/ 1114 
" ..... ,,/--.:, .... ; l"irWoitn, ..... ,jv<J.t~~nd ... -..g.-
C_·I".j,"'_u.:./,liui .. P"'''p.,tll.,li-'''''' .... if ........ ..--ip ........ 
l"",joud. 

THE Pampean f('Ormation i~ highly inter~ting from jlg 

\'a~t extent. it~ Ili~PlLted origin, lind from the number 
of extinct gignntic mammifeTf! cmbt;><lcl<-d ill it. It has 
npon the wbol~ n "cry uniform charact4>r; oomi~tillg of 
a more Or less dull reddi-h, @Iightly indurat~l, nrgil­
laCeQuS earth or mud, often, hut not nlways, including 
in 110ri1.ontll.l line~ concrction~ of ffirlrl, /lnd frequ(>ntly 
pas~inlf into n compact marly rock. The mud, where­
e\"er r eL'\wined it, eyen clo-e to tile ooDcn'tions, did 
not contain any Cllrbonate of lime. The concretions lire 
generally noou1l1r, sometimC1! rough externally, lOme-
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t ime;t ~t.'\lnctifonned; they are of a compact ~tructure, 
Lut often penetrnted (as well M the mud) by hnir·like 
l!erpentinc cnvitie~, lind ocCll'ionally wilh irregular 
fiit'-uret! in thdr Ct'ntres. lined with minute cry$tal~ of 
carbonate of lime; tbey are of white, brown, or pale 
pinkish tint.., Ofi{'ll marked by bla.ck dendritic man_ 
~anese or iron ; they are eitlw-r darker or lighter tinted 
than the ~urrounding ma~s ; tlley contain mueh c.'U­
bonate of lime. hut exhale a strong nluminiOl1ll orlour. 
and leM·e. when db-oh'ed in acirb, a large but \':Irying 
re<idlle, of which the grea'er Ilart conl!islt! of Mild. 
The!'e concretions one! unite into irregular struta ; and 
over W"ry large trncu.of country, the entire maM con,ibts 
of a hard . hut generally cavernOIlS marly rock: BOrne 
of the Ysrieti('f might be called calcllTOOUlI tulf,. 

Dr. Carp<'lIter hll$ kindly examined under the mi­
CfOo'COpe, sliced and polished ~p.'>('imeD1l of t~ concre­
tions, aud of the solid marl-rock, collected in \"Ilrioue 
place. bet ... ·CCIl the Colorado nnd St. Fe Bajada. In 
the greater numher, Dr. Carpenter finds that the whole 
hub.tancc !lretenU a tolerubly uniform aUlOrphous char­
ncter, but with tract'!! of ineipient cryl!tal\ine meta­
morpho_.i,,; in other specimens he findt microeoopically 
minute rounded concretions of nn amorphous lIubotance 
( re~mbling in ii~e tho,;e in oolitic rocks, bllt not IU\I'ing 
a concentric ~tructure), united by a cement which i~ 

often crystalline. In SOllie, Dr. Carpenter can perceh'e 
di~tiDet traces of ~helli, corah, Polythalamia, nod rarely 
of ~pongoid bodiCli. For the &akeof compariiiOn, J !!Cnt 
Dr. Carpenter .pedmena of the calcarcoUll rock, fonned 
chiefly of fnlgmellta of recent ,llells, from Coquirnbo ill 
Chile ; in one of these Bpedmen~, Dr. Carpenter finds, 
besida the larger fragment!!, IllicrOl'copicnl partielCii of 
allells, and a \"nrying quantity of opaque amorpholls 
matter; in another ~pecimeD from the same bed, he 

© The ComDlete Work of Charles Dar ..... 111 On lLne 



PamjNall Formall'tm. 3 f 5 

finds thtl whole composed of the lunorphous matt~r, 
with layclliI sbowing indicatiOO5 of an ineil)i~nt crystal­
line metamorphosis: hellC(' these latter specimens, both 
in eJ.ternal IIppearance and in microlCopicai structure, 
c1n~('ly resemble those (If th .. Pampas. Dr. Carpenter 
informs me th.'\t it is well known that chemical preci­
pitation throws down carbonate of lime ill the opaque 
amorphous state; 11llrllll) is inclined to ooliel'e that the 
long-continucd attrition of 11 calcarcous bo<iy in a state 
of cr),stalline or semi-crystalline aggregation (I\~, for 
in~tauC(', in the ordinary 8hell~ of ) lollusCIl, which, 
wh~n sliced, 1If(' trnn"lmrent) may )'il'ld the same rc~ult. 
f'rOIli the intimate relation ootyoeen all tile Coquilllbo 
8llCcimens, J can hardly dotlLt that the amorphous 
(,lIrhonate of lime in them h\l.!l rlliuitl'll frOIll the attri_ 
tion and deeay of the la~r fragments of ~hell : whether 
the amorphous maller in the marly locb of the l'ampas 
hI\.!! Iikcw i><e thus originated, it would he hazardous to 
conjecture, 

For conn'nienoo sake, I will call the mllrly rock by 
the lIame g ivell to,it by t he inhabitant;;, naznl'ly, T O!ICa· 
rock; anti tlil~ reddioil argilll\c('QlI~ onrth, Pampean 
mud. This Isiter sukttmce, I may mention, hilS been 
eJ.Umilled for me hy Profe~r Ehrenberg, Bnd the 
rt"~tllt of his eJ.amination will be gi\'eij under the proper 
Ivcalitie~. 

I will ('Qmmente my dt'!'cription8 at n ccntral spot, 
n:nnely, at BllcnO@Ayres,andthence "roce«I fi~t lIOuth. 
ward to the txtre \lle limit of the deposit, and afterwards 
110rthward. The plain on which Buenos Ayres stands 
i~ from thirty to fo rty feet in height. T he P llmpclIll 
mud i ~ llcre of a rather pale colour, lind incllldCII small 
nearly white Ilod\Lle~, Ilnd other irregular slrata of an 
11IlUSUlllly arenaceous variety of tosca-rock, I n a well at 
the depth of l!el'enty feet, according to Ignatio Xunez, 
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much to..ca-rock WIU met vdth, and at &everal points, 
at 100 feet d~p, bed~ of 8llnd hal'e h(-en r\lund . r have 
already gil'en ali,t of the re<l('nt marino and estuary 
hhells f\llLnd ill many part~ on the slLrfiH:i' near BuenOll 
A~'res, Il:I fa r IU three and f\lnr Il-agnes from the Platn. 
~peeimen~ from near EUkll8fla, given me by Sir W. 
])ari~ll. Wllere the rock it (lUJ\rried jUbt beneath the 
hllrface of tilt' plain, OOIl~ietof hroke:n hil"all'es,cemcnted 
loy and conn'rted int.), white cry~talline carbonate of 
lim€'. I have hlrl'llody alluded, in the fi~t chapter, to 
s ~pecimen (slllO gil'en me by Sir W . ]'rui,h) from the 
A. del Tristan, in which 811ellll, re>emJ.,ling in every 
re~pt'Ct the A:(lrII lnJ.rkctu, (rOrbig., nll far ru: tbeir 
\\'orn condition permit~ of compariton, are embedded in 
a redeli,h, fIOftish, somewhat aren!lCWIl~ marly rock ; 
nfter careful oomp:.lrison, with the aid of a microscope 
al1(l ncid~, r cun perceivo no difference between the 
h'l~i~ of this rock and the Spedli1elU collected by me 
in lllany parts of the Pampas. I hal'e also atated, on 
the aUlhority of Si r W. Par i ~h, that northward of 
Buello! Ayre~. on the higheat pllrts 9f the plnin, aUout 
forty feet 1I00l'e the PInta, and t.wo or three miles from 
it, nUIllf'T0I15 ~hell8 oCthe AZ(U'tl i.:",ill,i(, (<lnd r iJe.liel"e 
of Velw, ,ilt~(,) occur ~mbedd6(1 in a stratified 
eanhy m!\~~, including @mall marly coneretion8 and Mid 
t.o be preei!ll'ly like the great l'allll)(>an deposit. Hence 
we may conclude tlmt the mud of the I)ampa.llcontinued 
to be d!'po~ited to within the period of this existing 
estuary ~hel1. Altllough thi~ formation i, of 8ucb 
imm"l1!16 extent, [ know of no other illstance or tbe 
prc,.('nCO'of.he118 in it. 

Buell08 Ayrta to the Rw Colorw'lo.-With the 
exception of R few metamorphic ridge~, the country 
betweeu Iheoe two pointll, II. dist.·\Ill;le of 400 geographical 
mile~, iJe.long8 to the Pampenn formation, and in the 
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I!()uthern part i~ generally formed of tbe harder and 
more calcareous laricties. I will briefly deRI'rille my 
route: abollt. twenty.fil'e mile~ SSW. of the capital, 
in a well forty yardi! in depth, the upper part, and, as I 
was as;;;ured, the entire thickne~, Wag formt'(l of d:lrk 
red Pampean mud without cvncrf'tiOIlS. Xorth of the 
It Salndo, there are many lakes; and on the banks of 
oue (near the Guardia) there II"ns a Iittleclill' similarly 
composed, but including Illany nodular aud slalactiform 
concretions: 1 fdund llere n large Iliece of f r •• dated 
arlDOtlr, like thalof the Glyptorlon, and many fragment:! 
of bones. The cliffs on th£' R..'1larlo con~i.t of palf'­
coloured Pampean mud, including aud pa~,-iug intI) 
great rna;;.,;cs of tosca-rock: here a skelHou of the 
]\Jegatherium and the oon('!l of otller extiuctqualrupeds 
(1It.'C the Ii~t at the end of thi~ chapter) WN(' found. 
I.arge quautilit'il trl' erystalli.u~1 gJp!'IIID (of which 
Bpecirnen~ In'n' giH'n me) occur in the cliffs (If thi,; 
rj"cr: and likl'wi~e (as J Wll.~ a~'lIred hy )Ir. J.uml,) in 
the l'ampenn m'ld on the H. Chuelo, seven h'ng'ue~ 

from BlwnOll A.I'reI': l mention this Jx.cnuF\t· ;\1. d'Or_ 
lligny la,~ !'I)III" ~trC:l>.~ on the ~upposed at.ellce of tilis 
mineral io the Pampt'allfo;lnation, 

Soutliw3rd of the f;3lado 'he countr.· i~ low and 
6wamp)·. with to,ca-rock appeariug at. Ions int.·nals at 
the Rllrface. On the bank~, howe,'er, of the 'l'al~algllen 
(~iJ:ty lIIiles IIOllth of the i"nlado) there is a large extent 
of tosca-rock, 80me highly compact aud ell'n ~mi­
cry~talline,oH~rlyiug pale ])nmpean mud 'll'ith the U51ta! 

concretion!!. Thirty mi!e~ further llOuth, the gmnll 
quartz-ridge of Tnp.'\lgu!'lI i~ fringed on its northern 
Ilnd goutherll flunk, hy little, Ilarrow, flat-topped Ilills 
of to!!ca-rock, which ~tnud higher than the ~urrollndillg 
Iliaiu, Betw('(>n tllis ridgl' and the Sierrn of Guitru­
gucyu, a d~tnocc of &ixty milCll, t1w country il swaml'Y, 
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with the to"C:Hock appearing only in four or fh'e I>JIOU: 
thi, sierra, pred;oely lik{' that of Tapalguen, is bordered 
by horiwntal, often cliff_bounded, little hills of tOIlea­
rock, higher than the surrounding: plai'l . lI ere, also, 
n new appearanee wn~ pretl('nted in IIOIDe c:'ttensiyo and 
le\'e! hauks of alluvium or detritus of the neighbouring 
mttamorphic rocks j Lut I neglected to ob.~:rve whether 
it waa stratified or not. Between G lIilnl-glleyu :md 
the i"ierra " entann, I cros,o;ed a dry plain of to,;ca-rock 
higher than the country hitherto IlaMed o\-er, and with 
~mall pieces of denuded tallie-land of tbe same forma­
tion, ~tanding st ill higher. 

The marly or cnlcarcon8 beds not only come up 
nearly horizontally to the northem aud lOuthem foot 
ofthe great qllartUl!le mountains of the Siorm "entaua. 
but interfold between the parallel muge8. The iluper­
ficinl bedi (for J Ilo\\'here obtained &eetions more than 
twenty feet deep) ret.'1iu, el"('n dose to the mountains, 
their usual characl-er: the nppermolt layer, howel-er, 
in olle place iuciuded pebbles of quartz., and rested on 
n m,lS! of detritUl! of the same rock. At. the n:~ry foot 
of the mountaill~, there were rome few pil('~ of (luartZ. 
and tosea· rock detritua, including land.~heIJg; but at. 
the di~lnnce of ollly half a mile from the!;C lofty, jagged, 
aod battered mOUlitAill~, [ eould not, to my great ~ur­
prio,e, filld on the boundless surface of the cnlcareous 
11iain 61"en a sillgle pebble. Quartz.-pebble~, howel"er, 
of cOllsidemble size have at some period been trans­
~ported W a di~tant:e of between forty and fi fty miles to 
the shores of Bahia Bumca.' 

The highest peak of the S. Yeulana is, IlY Captain 
Jo'ittHoy's mClLllurement, 3,3-10 feet, and the calt:areous 
plain at ill! foot (froln ob&en ·ation" taken by some 

, p."bmicltm~tr ('Tn,rcll in Chil.: p. l!>(lj OIB(.N IhB' be firot 
nGli<'e<! on Ih~ P~m ..... ,·err .mol! "iIB of red gnonite, .. h~" fin,. mil"" 
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Spani~h officen I) 8 .. 0 feet a1»\'e the iI('I\-le\'el. On the 
fl:mks of tIle mountains, at 11 height of 300 or 400 feet 
aoove the l)iain, there were 11 fe .... 1f1ll311llatches of oon­
glomerllte and breccin, firmly cemented by fermginow 
matter to the abnlpt and battered face of lIle quartz.­
tmce8 being thu8 exhibited of ancient I(!tI-actiOIl, The 
high pluin round this range sinks quite insensibly to 
the eye on all $ides, cxct'pt to tho north, where its 
,urffU,'O is broken into low cliffs, Hound the Sierras 
Tapalguen, Guitru-gueyu, and between the latter 
anel the V{'ut .. ma we han' ~n (and shnll heI'{'afl..er 
~ round some hilb in Banda Orientul ). that the 
to;;cn-mck forms low, Aat-topped, cliff-hounded hill~, 

higher tlmn the IInrrounding plain~ of ~imilnr compo­
FitioD , f'rom the iJoriwmal stratification lind from 
the "ppearance of the l)lokcn diffll, the great('r height 
of the PampE'an formation round thc"c primary hilh 
ought not to be altogether or ill cbief flIut uttributed 
to thcse l!e\'eml poillts haviDg hcen uplifted more ener­
getically thun the surrounding country, hut to th(" 
argillaceo-<!alC1lrcous mud having collected round thcm, 
,,'11(:11 they cxi~t.ed ItS islets or !lUhmarine rock~, at a 
gl't'llter height, than at the bottom of the udjoining 
opel! IiCII j-the c1iff.i having been 8u~lul'ntly worn 
during the e1e\'ation of the whole country in lIIa;.;o. 

fo;outhwardofthe \'ent<lu8,the plaiD extends farther 
than the eye enn range; it~ ~l1rfaee is not \-ery le\'el, 
IJa,·ing ilight depreo<!ion~ with no drainage exits j it i~ 
generally C()\'cred by a few feet in thicknCM of B:lndy 
earth i und in BOrne pi:J.ces, according to )1. J)archappe,' 
by bods of clay two yards thick. On the ronks of the 
Sauce, four leagues SE. of the Ventlllll1, there i! all imp 
perfect tlCCtion about 200 feet in ileigllt, di81)la~-ing ill 
the upper part w~ca-rock and in the IOll'er pnrt rod 
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1\nnp",".an mu,1. At the s.{tl,·!nt'ul of Bahia Hlanca, 
th(" uppemln.t. plain is eompo~ed of vl'ry comllact, 
Itrntified t(N!C3.rock, containing- roundl'd grnim of 
1\lIartz di~tin"ui"hable by the oakI'd t'ye: the lower 
plain, on which the Fortre"~ ltand~, is deseribed hy 
)1. Jll1l1'ha l)pt", 3~compo,.oo of ~Iid tose:Hock; but the 
..ection, which I examiued al)l~art"d more like a re­
tlepo,iled mD~~ oftbis reck, with ~lIlali pI:bhlc~ nud frag­
UH'ub of quartz. I sbull immcdintf"ly return to the 
iml)Ortant f!ections on the ~horCII of Bahia Blanca. 
Tw<·nlY miles southward of thi~ plnce, there i~ a re­
marbult" ridge 6t c·nding W. by K 0 and E. uy S., 
filrml'tl of ~mall, !!t'parnte, flat t(lPped, !teep-~ided hill~, 
ri-ing betwt'en 100 and 200 fed ahem· thl' PampeaD 
plain at iu lI(lnthl'm base, which plaio i~ a Iittl" lowl'r 
tll3n that t(l the north. The upp'·rmOliL stratum in 
thli ridge con~i~tA of pale, highly cnlcate(lu~. compal'L 
to>'Cn-rock, n·~ting (as seen in olle place) on n-drli!h 
I'amp("an mud, aud this agllin on a paler kind: at the 
fvol of the rioge, there is a well in rcddi~h clay or 
mild. I have seen no other instance of n chain ofhi!ls 
l)(olonging to tIle l)ampean formation: nnd as the 
~trnta ahow no 'ignw of disturhltn~, ftnd a.~ tb,' direc­
tion ofthl' ridgoe i~ the s,1me 1Irith that common to all 
thl' metamorphic line;! in thi" whole area, I ~~~pect. 
tl.;\.t the- Pampean l!ediment In" in thi~ io~ullll'(' I)('('n 
ol!euJnlllated on and o\"l'r a rid~ of hard rock!', inHead 
nf, O~ in the ease of the alio'-e-m("lltionoo ~i('rras, rour,d 
tllt'ir Fuhmarine flanks. Routh of thi~ little I'hain of 
'o~ll~rock, ;1 plain of Pampean mud del'lin<"8 towards 
til(' hftnk~ (,ftllt' Colorado: ill the middl(" a weB hasil{>('n 
o;lllA" in rNi Pnmpc"an mild. coI·ered hy two f('{"t nf white 
",)fti~h. highly cnlcnroous tOIl('l\-rock, o\"(~r Wllich \i('~ J>.1nd 
with ~mall pd)hle~ three feet in thiekn("!!t-- the fjr:sl 
npl,":amlll'1' of that n,,,t .hingl(" {(lnnation dCK'rihed in 

I .ll. d·Orbil"!.· "..,.age. l'aft, 060klc' rr- n. ~~ 

hf'oCr. rnrolete Wor1a nf r:h n ........ "'nnl.ne 



Rqlna Blallca. 321 

tlil' eighth chapter. In the first section IIller croS!liug 
the Colorado, an old tertiary formation, namely, the Rio 
Kegro aand~tone(to be de;!Cribed in the nest. chapter), is 
wet with: but. from the IlCOOlInu given me by the Gau. 
cllo~, I belie\·e that at the mouth of the Colorado the 
l'ampcan fvrmation e:s:tends a little farther fIOuthI\·ards. 

Bahiu BlanCll.-To rt:turn to the ahoretl of this 
ooy. At j\lonte Henlloso thcre is n good IlCCtion, 
ahout lOO f~t in height, of four distinct strnta,appear. 
ing to the eye horizontal, hut thickening a little 
tnwards the ~"w . The uppermo~t bcd, about twenty 
feet in thicknt'iI&, con~i~ta of obJiqucly laminated, 80ft 
l!and",tonc, including many pcbblet of quart~ and fall. 
ing at the lIurface into looseelloa. The IOOOnd bed, only 
~iI inchet thick, is II hard, dark-coloured sandstone. 
The third bed i, \)IIle-coloured I)ampean mud; and 
the fourth is of the I!IIme nature, but darkcr coloured, 
including in its lower p,.,rt horizontallayeT8 and lines 
of CQllerctions of not very compnct pinkish tOtca. rock. 
The bottom of the sen, I fUay rcmark, to II dilltance of 
~\"eml miles frofU the ~hore, and to " depth of between 
sixty and one hundred feet, 'If&! found by the anchors 
to be composed of tosca·rock and reddi~h Pampeall 
mild. })rofesaor Ehrenberg haa esamin('(l for me spcci. 
mena of the t.wo lower bed~. and fincb in them three 
I)olyga.&trica and su. Pbytolitharia.1 Of tbfhie, only 
one (Spon[JOlithu }>UBtU 1) is a marine form; fi\·e of 
tbem are identical witll micfOilCopicai .tructurea, of 
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braekilh-..... nll'r origin, hl'r('1l.ftl'r to be ml'nlioned, form 
Q. central point io the l>ampean formatioo. In the>if' 
two bed~, 1' __ pI'cinlly in the I,)w('r on(', bonf>!' of I'xtinct 
mammif"i't1, some. emhedded ill tbl'ir proper wlnth"1' 
po~itioo~ aod othl'n Ringll', arl' \'t'ry num~rO\i~ in a ~malJ 
extent of the eliff~. The8/' remnin~ e,m,i<t of, fir:;t, 
the 11('lId of Ctuwmys anti,)l"I", Illlieo-I to the Iil"ing 
C. B"(llrilitMS; !l('condly, a frngm~nt of the remains 
of n rod('ut; thirdly, molar t('eth nnd oU1('r bones of a 
large rodent, closely allif>d to, Jmt di~tiJ1ct from, the 
t''''i,ting~peeies of i!ydrocll(l'nIO, and tll<'Tt'forf> probably 
lin inhnbitantoffreEh 'Ili"(ltf'r; fourth lind fifthly, portions 
of \'ertebnP, limbs, ribs, and other booei of two rodents: 
Ei.ltbly, bones of tile t'.ltremitie~ of lOme great lDt'ga­
theroid quadruped.' Tht' number of the rt'mainl of 
rodents giVefI to this collI'Ction II pt'clllinr character. 
compared with those fonnd in nny other locality. All 
thollO bones nro compact nnd henvy: mnny of t1lCm are 
stnined red, with their sun.1.Ce8 polished; somo of the 
~mnllcr onc! are as black as jet. 

i\lonte ifenno!lO is between firt.y nnd sixty mile! 
dist.·mt in & RE. line flom ihe Ventana, with the inter­
mediate country gently ri.ing towards it, and all con­
listing of the Pampean fonnation. What relation. 
then, do these beds, at the le\'el of the toefl lind under 
it, hea.- to those on the Dnnk~ of the '"entana, at the 
ht'igllt of 840 feet, aod on the flanks or the other 
neiRlJl:1(Xlring !ierra~, which, from the rel\8On~ aiI"t'ady 
a~igncU, do not appear to owl' their greater height to 
\1O('(llIal elenltion? When the tOllen-rock was aecumu­
lIlting round the ,'enttmn, and wilen, with the exception 
or a few ~mall nlgged primary isllllldl<, the whole wide 
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surrounding plain! mlli;l have been und~r water, .... ere 
the 'lrnla at Monte Hermoso d"positing at tbe bottom 
oCa great open _, bet .... een tlOO and I,(K)(I f.:.-et in 
depth? r much doubt tbi~; for if 10, the almOlit per­
f<-'Ct earca~ of the &e\'eral Imall rodent~, the remainll 
of whieh nre so \'ery numerous in 80 limited a space, 
must h;\\'e beell drifted to thia spot from the diotanee 
of many hundred miles, It appeau to me fur more 
proJ,alJ1e, that during the Pnmpenn period this whole 
area had oommenc"d slowly ri,ing (and in the c1iff~, at 
!I,,"eral different h"ighu, we hnl'c proofs of the land 
runing been eXllQ"'od to ;ea-actionnt ",'\'cralle\'e1.i!),and 
that trscts of land had th\lij btltn f,lTllIl'ti of Pampean 
llEdim"lIt round the "entana. and the other prim:uy 
ranh .... 'iI,on which thelK'l'eral roJcnts 'm,l otherquatlru. 
peds liI'l-d, and that :1 ~tre.'lm (in whieh perll:I~>.!! the 
utinct aquatic Hydrochrerus liHld}tlrifh'" their bodiell 
illto the ndjoiniug sea, into which the Pampean mud 
continu('(i to be poured from the north. All the land 
continued to rio;(', it appears that thi~ source of sediment 
WIU! cut off; and in its plnce ~and and pebbles were 
borne down by ~lronger currcllLR, Ilnd conformably de­
poo;ill,(\ ol'er the Pampean strata. 

Punta Alt.a is situated about thirty milCi lligber up 
on the northern Side of tbia same bar: it con,.i~u or 
a ~malJ plain, between twenty aud thirty feet in height, 
cut off on the shore i?Y a line of lOll" c1iff~ about a mile 
ill length, repreiiellted in the diagram with its ,'ertical 
acale n~rny es.agt."erated. The lower bed (A) is 
more exten~ive than tbe upper oncs; it cnnsist.o. of 
stratified gravel or conglomerrltc, ccmcnted by calcareo­
arenacoous matter, and is dh'idod hy curvilinear layel1l 
of pinki~h marl, or which some IlTe precisely like tosca­
rock, nnu &Orne more sandy. The bel:1.i! are curvilinear, 
owing to the action of currents, and dip in different 
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directioll'.; tbey include an eJ:traordinary number of 
hollet of gigantic lnammifers and many shell<. The 
pehLles are of con$id .. rable @izl', and are of bard sand­
stone, and of Ijuartz, like tbat of the "entana: there 
are &180 a few '/I'ell-rounded ma~ of tosca-rock. 

Tbe aecond bed (B) isahouUifteen feetin thicknw, 
but towards botb extremities of thl' ('liff (not included 
in the diagram) it either thina out und dies away. or 
paa.~ ineensibiy into an o\'erlying bed of gr.weL It 
con_tsu of red, tough clayey mud, with minute linear 
cavities; it is marked with fnint horirontnl @hadesof 
colour j it incilldee a few pebbles, and I1\rely n minute 
l)3rtiele of shell: in Olle spot, the denupl armour nnd a 
few bonea of a Dasypeid quadruj,oo were embedded in 
it: it fills up furrows in the underlying grn,\'e1. With 
the eJ:ception of tbe few !pebbles aud partielee. of she1l8, 
this bed rese'Dbles the true Pampean Illud; but it Btill 
mOre closely resembles the clayey flats (meutioned in 
the eighth chapter) separating the IUeee!~i\'ely rising 
parallel ranges of saud-duue!. 

The bed (C) is of stratified gra\'el, like the lowest. 
one; it fills up fllrrOll"~ in the underlying red mud, and 
ia .sometimes interstmtified with it, and .sometimes in-
8ellsibly passes into it; as tbe red llIud thins out, tbis 
upper gravel tbickens. Sbells are more llumeroUll in 
it thall in the lo ..... er gravel; bllt the bonea, though 
some are rtillllle8ent, are lesa numerous. In olle part, 
howe\'er, wbere thi, gm\·elll.ud tbe red mud paased into 

C, ~t' I r 
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each other, I found I!e"l"eral bone, and II tolerahly per­
fed hend of the llegstherinm. Some of the large 
\'olutM, though embedded in the gravel-bed (C), were 
filled with the red mud, including great lIU1ober1l>of the 
little recent Palruk81r1l1a aU8troli8. These three lower 
beds are covered by au unconformable mlll1tle (D) of 
stn\tified ~andy ronll , inc.1uding ml\Uy pebbles of quartz, 
pumice and phoDolite, lund and 8eu..,heJls. 

~1. d'Orbigny hM been 80 obliging lU tAl name for 
me the twenty BI>eeies of llolluflCa embedded in the two 
gra"el beds: they eorudst of-

I. \'ol~telllo IIlI.t'OL&t.o., <fOrbig. 

2. \.;.~~~~;~~;';d Pal. 
a,QLi_iLIHia Ilrulli"n.i •. 

[<fOrli,. 
4, ,. .1lI'i...tuia.do. 
4, Oli~i .. rll.Lohana, do. 
8. n ........... "p-.....bLidillm.do. 
1. " rLooul._ .... do. 
8. (""T"ml",lLa .. rta!Ariarum,dc>. 
U. T .. ,.hu p,."opi ....... I>lI ...... 

ofdiua".l"Ort,ig. 
Il). 1'~luJbl.ru.. ~U3tr~I; .. 

(J·Orhig. 
II. J-;.uI'dL.P&lAl""iM, do. 

12.. Cftpidallomwieata,Lam. 
II.V_rurpnl'&U"oIo. 
14. _ I'Ootl'l.lA..I'b,L1IP!"" 
l.t.lI,-tih.,o..,...,,, .. a..,<IOrbig. 
U.N"""IA_iolmauo. do. 
11.C.rdir.a.h~ <I;). 
18. C,rl,aLa _ (~) do. 
I~. P .... :.a I",lwt>kbb.. do. 
21). 0.1 ..... r""L<h&u~. do. 
2I.ATiriog.~i .. "rB"I&na •. 
22,..,.d 23. " ... ,\>! ..... ud eo' 

f~,::1:!t ~::;~r\;;J:"~ 
hn"i,atJo.llo)'. 

All the&e.llhell~ DOW li'·e on tiJii COIlSt, nnd rnOlltof them 
in thi~ <rome 00,. 1 was alflO struck with the faet, that 
the proportional numben of the different kinds appeared 
to be tbe Nlme 'll'ith thOSe now cast. up on the beach: 
in both ea&el specimens of \·oluta, Crepidula, \'enus. 
lind Trochu. are the most abundant, Four or fi'·e of 
the speciee lire the same witb tho upraised ahelli on 
the Pampol nellr Buenos Ayres, All the specimens 
have n ,·cry ancient nnd blenched AI)pcnmnce,l nnd do 
not ;;mit, when heated, an animal odour: BOrne of them 

, A llDliaWl. m~o';gatd ;0 the InU'Od~OII 10 th,· F_il Mom, 
.... li. ;. ,lot 7 ..... 1"l.1 of the VON- of lb, I~ .. ' b&Jo 10 ... u~h 
r,...b.r on .rr-rn .... tbn lbe ..... ri ... rpe<1H, !hot I II\I'~ i~ maIL 
~"'r.tl.u._pttb.ou..n,.adbee.eoIL ... ""bylDiltak .. 
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art' ..,hallged throughout into", wbitt', lOR, fibrous BUb­
'tan~ ; otllt'f'!I ila\'e th~ ~pace b;·tween the eJ:terna.1 
"'1111,., ~ilh~r hollow, or filled up ",itb crylltalline car­
h"nllteoflime. 

TIle rl'maill~ of the extinct mammifcl'Oll~ animab, 
fnlln the 11\'0 gmn·l beds hll\-e ~n d(-..cri\)('tI by Pro­
fe~r O .... ·l·n in tbe' Zoology of the " oyage orthe lleagle:' 
th('.y cvmi,t of 1st, one nenrly perf"ct IU'ad and thr% 
frngm~llt~ of henrl , of the Mt(J(Il.llffltl'm CUliuii; 2nd, 
n IU''-''r jaw of .I1efj(dcny;t; JfIjj'trfItJllii; 3rd, lower jaw 
of JllI/vdem Danl'inii j 4th, frngm,'nta of a head of 
lOme gigantk Edental quadmpedj ~Ib, an ailn()!lt entire 
~kel(-toll of Ihe great &tiid04Mrillm kptoetpl.."lll.ffl, 
with mOtit of the oone<', includiug the bt.>ad, n·rtebra>, 
ril""lOmf' of thfO e:s:tremitiesto the claw-bone, and even, 
as '''marked by Profe;osof Owen, the knee-cuI), all nearly 
in tbeir pmper relative po6itionsj 6th, fragments of 
th,' jaw and a sepamte tooth of n Toxodon, \xolongiug 
either to T. PlaleMis, or to a !'('ool\d ~peciCIIlntely dis­
covered near Buenos Ayree j ilh, n toolh of HquU8 
c"M!id~Il.; 8th, tooth of n Paehydt'rlU, clo!OCly allied to 
l'alll'OtheriulU, of which parts of the lund hll\'e been 
btely aeut from Buenos Ayres to the British :UuseUDl j 

in all prot.bilily this pachyderm i~ identical with the 
JIIacraudl,"ia Pataclu:mica from l)ort R Julian, hel'('­
din to be referred to. Lastly, and 9thly, in a cliff of 
the red clayey bed (B), there WI! n double pieee, about 
thrt'e fet't long and t",o wide, of the bony armour of a 
large Drurypoid quadOlped, with the two ~ide8 pressed 
n{'arly ciOS(' together : as the clilT h no" rupidly wlU!h­
ing awny, thi~ fos~i1 probably WIle lately mueh more 
Jl('rf('ct j from hetwet'n ita douhled_up sides, I eJ:tractoo 
the middle Burl unguent phBlnn~, unitoo together, of 
one of the feet, and iikewise n aeparnte phB1nnl{: henoo 
one or more of the limbs must hal'e been attached to 

C. 'hA CC t ~ ,. t :h.vl.. "WIn,) hn 
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the de,mal ca.!'e, ..... ben it was embedded, Be<oidC!! these 
~I'ernl remains in a di.~tiognilhable oollwtion, tbere 
w~re '-ery UlallY single bonei: tbe greater number 'K~re 
embedded in a apace 200 yardl "lu.ve. The prep:m­
deranoo of the &Ieotal quadruped! is remarkable; &lI 

i~, in contrast with tbe beda of 1\[onte HermollO, the 
abllence of Ilodents. )[ost of the honea are no ..... in a 
soft and friable condition, and, like the sbells, do not 
emit ..... hen bunlt an animal odour, Tile dilC:ayed state 
of the bone!! llIay be partly owing to their late exposure 
t(l the air and tidal wal'a B.'lfnad ..... , Serpulre and 
corallinee are attached to many of the bonel', but I 
negle<:ted to ob!erve I whether theee might not ha"e 
gro .... n on tbem since being eJ:po;ed to the pre;!eut tidal 
aetion; but I beliel'e that lome of tlte bu.rnadCli ml4t 
have grown on the 8oPlidotherium, lOOn afu>r being 
deposited, and before being u:h(Jlly cOI'ered up by the 
grBI'el. Ul',idCli tile rem.du in the condition here 
nellCribed, [ found one single fragment of bolle very 
IUlLch roll(o([, and a5 black ail jet, 80 lUI perfectly to re­
~E'mble IIOmfl of tile remains from :'I[onle HerlD08O, 

\' cry many of the bones 1100 been broken, abraded, 
and rolled, before Leing embedded, Otb~ra, el'en !lOme 
of thUll(l included in the ~t parts of the now hard 
congloml"ratt', !i-till r..tain all their minutest promi_ 
nences perfeetly preen-ed; 80 that r conclude tbat 
flu'y prooobly were proU>cted by skin, ReBiI, or ligamenta, 
whil-t being C(j\-ered up. In the case or the Scelid~ 
therium, it b quite certain th:lt the whole IIkeleton 
WIl8 held together by its ligamenta, whell deposited in 
the gra\'el in which I found it, Some cerl'ical vertebral 
and n humerus of corre;:ponding size lay 110 close t~ 

'~r~fte:" hA;!n~:,:"!,~ ~i ;~k~":"~otlll~i,:)'lJ!:t':;"I~:tir~ 
",m"111 had lMea d ... ,.." aad ailed: Nyattaatioa W'U aA.........w. 
~U...l to lb. IIlhjec:t b,. .. me ~IIWU lo,.ll. d Mica)" 

r... t · ~rnDlete Wow of r:h ir n ............ nn&;n .. 



3,8 ___ Pampcan Forma/ioll. 

gelher, 1\3 did IIOme rib8 and the bout'll of It leg, that. [ 
thought that they must originallyhl1ye 1x>longed to two 
~keletons, and lIot IU",e lx-eD washed in ~ i ngle; but as 
remains were hero very nllmerou~. [ will 1I0~ Iny much 
~trell8 on there two CIl!lel' . We ha'"e just &een that the 
armour of the D3l!ypoid quadruped was certainlYI'm. 
bedded togetller with lOme of the holies of the feet. 

Profetli!Or Ehrenberg I 11M e%amined for me -peci­
mens of the finer matter from in oontact with th~ 
lonmmiferolls rem:linil: he finds in them two Polygas­
triCII, dt'Cidedly marine forms; and aix l)hYWlitharia, 
of which one i8 ]lrobnbly marine, and the otherll either 
of frt"' h·waler or terrestriai origin. Only one of tbelle 
eight miero6COpicai lx-diet is common to the nine from 
Monte HermOl!O: but fh"e oftbem are in common ",-Hb 
thOle from the l>ampenn mud on the bank. of the 
Pamna. The pr~nce of ROY freih''''Rter Infusoria, 
oon~idl'ring the aridity or the surrounding country, i~ 
here remarkable : the 1n000t probable explanation appears 
to be, that tllC8e micrOllCopicnl organism. were wll.shed 
oul of the adjoining great l )ampean formntion during 
iUl denudation, Rnd Rfterwards redepoBited. 

\ \. e will now see what concl\l~ions may be dmwn 
from lhe facts Ilbo\"e detailed. It il certain that the 
grtL\"el.b!.'ds and intennedillte red mud were deposited 
within the period, when exi.ting species of MollullCa 
held to each other nenrly the snme relatil'c proportion~ 

h"" ·":!.":'!,'r~richtea d ... k(;a;g. ADd. IU BerHa.' Arril, ISI~. Th. 

P"1,.ygJ.IITRoco.. 

Galli_II .. ""1... I ~u.al'(lplf,... .. pentJ Ihpt. 

Liu....t.enon.tabe""'lat..... ~pon:rolith;. adnlario. 
Lilbool~lidi ... ~::~;""'. 

"" .. IInid.aUlt"m. 
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as they do on the pr~nt Coost. '1'he.oe bed~, from the 
number of liuoral species, must have been accumulated 
in @hallow water; but no~ judging from the !trntifica­
tion of the gravel and the layers of marl, on n beach. 
F rom the Illanner in which the red clay fills up furrows 
in the under lying gravel, and i8 in some p.1rh it,;elf 
furrowed by the o\'erlying gravel, whilst in other parh 
it either inRensibly paSSCl! into, or nlternate8 with, this 
upper gl1wel, we may infer IK'veml local ehllngt'll in tb., 
current'!, pcrllR]llI caused by slight changes, up or down, 
in the le,' .. 1 of the land. By the e1e"ation of the!'{' 
becI~, to which pcriod the alluvial mantI" with pumice­
pebble;t, land and iea-shells beloogt', the plain of l'unta 
Alta. from twenty to thirty feet ill height, wu.s formed. 
In this neigbbourhood there are other find higher ~a­

fonned plains and lines of eliff~ in the Paml)CllII fonua­
tion wom hy the denuding action of th(' waves at 
different. le"el!, Hence we call fn~ily undeJl!tan(\ the 
l)re!;('llcc of rounded masses of to!!Ca-rock in tbi81owe~t 
Illain j lind likewi ..... as the eliff~ at :'I lonte Hermoso 
with th(·ir mammifClOUJi remainll eland nt a Ilig-her level, 
the 1'N'!!eI\CC of the one muel .... rolled frn~'1nent of bone 
which wu u.s hlaek a< jet: f.J():;.,ibly some few of the 
oth('r milch-roiled bones may hal"e beell ~imilarly de­
rin·d, though I saw only tbe one fragment. in the same 
condition with thO!!P from :'Ilonte H .. nn08O. )1. rl'Or­
hig-lly has suggested I tllat all thef'C mammiferous 
remains may have been wo"hf'd out. of the Pampean 
formation, and afterwards redep()~ited together with 
the recent Ihelh. UndOI:htedlv it is n mll.nellolls faet 
that these numerous gigtllltic 'quadrupeds. heiongi lJg , 
..... ith thc exception of the EqltU8 curtli(k-1I8, to l3(;\"ell 
.. dinct gcnera, lind one, namely, the '1'0.100011, not 
falling into IIny existing family, ~holl id ha\'c co-existed 

I '\·01.tgf, r_rt. O':.,l<-c.' p.4t. 
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with "olluliCa, all of which are 8tilllh'ing ~ped~; but 
nnalogot.- facUl hrn-e been o~n"ed in X. America and 
in Europe. In the fiT:i!t plaCi', it ~honld not be o\-er. 
IOO:'L-tl, that. mOl;t. of tbe co-embedded 8hf'lJ, ba\"e a 
more ancient and altered app.:nrnnce than the bones.. 
In the fle<X)ud place, i~ it prohable thnt numerou~ bones 
not hnrdcned hy &ilu or any other minC'rnl, could have 
I"Nailled their delicate prominenct'l IIl1d surfaces perfect 
if th(·y had been wa~hed out of one depotH, and re­
~'mhedded ill nllotiler i-this later deposit ~ing fJrmed 
of large. hard JX'uhles, arranged by the action of currents 
or brt'Qken in ,hallow water into variously curved and 
incHoeJ layen? The bonegwhich are now in 110 perfect 
n state of prt"#'nation, m~t. I conceh-c, ha\-e been 
frE'>'h aod lIOund when embedded, and probably 'Kere 
protected by @kin, fteeh. or ligamentl!. The !keleton of 
the f'c('litioth('rium indisputably Wt\1 de~ited entire; 
shtl.ll we 811.y that wIlen held together by ita matrh: it 
WII~ waghed out of an old gral"e1-bed (totally unlike in 
character to tho Pampean formati on), and re-embedded 
in allOther grayel.bed, composed ( I lpeak after careful 
cOllll)''lrisou) of enctly the sam" kind of pebble<o, in 
the ~:"Lme kind of cement? I will lay no !tress on the 
two Casel of Ie\"eral ribs and bones of the edremities 
IUlI"ing appt""~nU!l been embedded in their proper 
rdath'epo;tition: but. will anyone be 80 boldM toaffinn 
that it. is pot!,ible, that a piece of the thin lesilellated 
armour of a Dasypoid quadruped, at least three feet 
l<lng I\nd two in width, and now 80 lender that I was 
IIM!,l.:. with the ut.mo~t care to extract a fragmellt more 
thl\lI two or three inches squl\J"(',coulci have been wnshed 
out of one bed, and re-embedded in another, together 
with ROme of the small bones of the feet, without llaving 
heen dashed iuto atom~? We mu~t then wholly reject 
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]\(. d'Orbigny't auppoaition, lind admit fI8 certllin, that 
the Scelidothcriulli and the large D!lsypoid quadrul.ed, 
nnd as highly llrobable, that the To:todon, ~lcga\herium, 
&c., some of the bones of which are perfect ly pK'8er\"ed, 
were embedded for the fir-at time, and in a ft(';lh condi­
tion, in i.he itratn in which they were found entombed. 
These g igantic qundrupc(h, therefore, though beillnging 
to extinct genera and fnllli!i~, co-existed with tbe 
twenty abovc--<'numeratcd .\lol\uFlCa, the 1 ... 1rlla.de and 
two cor:tla, ,till Ihing on thi~ coa~t. From the rolled 
fragment of blnck bone, nnd from tbe plain of Punta 
Alta being 10ll"er tban thnt of .\(onte Jl erlllOl'<l, I COIl­
clude that the COOI"lle sub-littoral depo;iuof I>ulltn Alta, 
nre ofsub>!<'<!lLclltorigin to the Pumpeallllllulof .\Ioot .. 
Henoo;;o j nnd the beds at thiB latter place, III lI"e btn'e 
"'"ClI, are )Irohably of suh-]u>·nt origin 10 the high 
lo-ca-plain round the ~ierra Ventana.: we shall, Iio'll'­
t'1'er, return, nl the end of this chapter, to IheC<)Il~idera­
tion of theeo IICveral stages in the great Pampean 
f,lrlllation. 

BumO! Aym 10 St. PI BajwM.l, in E'lt~ RUn.­
For IIOme dialnnce northward of Bueno~ "\~"I"f'I', the 
hearpmentof the J>a!npeall formation does not npproocb 
,ery near to the Plata, lind it iB conc('3l~d I,y "egeta­
tion: bllt in Bl.'C tioll3 on the hanh of the Hio~ Lunn, 
/\reco. and ArN.'Cifes, r ol"'(>rI"oo both pale alld dark 
n.oddioh Pampean mud, \\;Ih -mall, wbiti"h ooncretion~ 
of tosca; lit alllbNe plaCeil mammiferou~ relnain, have 
heen found. In the cliffs on the Pamna,at ~nll Nicolas, 
the Pampean mild 000t:l.in8 but little tosea; here :U. 
eJ"Orbigny found the remain~ of two rodcntA (Ot~)iOmy8 
BQnarienJril and KeNXwn (tl1tiqUU8) and the jaw of a 
Cani~: 'II'hl'n on the rher I could clearly di~lillg\li~h in 
thia fine line of c1iff~, • horizontal lines of "ariatioD 
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both in tint and compactnoo,'1 The plain northward of 
tllis point is wry level, but with BOrne depressionB and 
lakes; I Cl!timatcd its height at from forty to lixty feet 
abo\'e the Parana. At the ,\ . :\Icdio the bright red 
Pampean.mud containB scarcely any tosca-rock; whilst 
at Ii ~hort di~tance the atre:tm of the Pabon form~ a 
ClI~e, about twenty feet in height, over a cl\vernoUll 
ma!'ll of two \'IHicHes of wsca rock ; of which olle is 
very compact and ,;emi-cry~lal1in{', with seams of crys­
tallised carbonate of lime: ~imilar compact mriHies 
are met witb 011 the &lidillo alld Sew. The absolute 
identity ( I ~peak after a eompari800 of my tpecimena) 
between some of these \'arietiell, and tbose from Tap.'ll­
gueu, and from the r idge ~ollth of Bahia Blanca, a dis­
tance of 400 miles of latitude, it \'ery striking. 

At Uef;.'lrio there is but little tosca-rock: near this 
place I first noticed at tbe edge of tbe ril'er trnces of 
an underlying formatioll, which, twcllty-fh'e miles 
higher up in the estancia of Oorooolla, comislB of a 
1)I\Ie yel1owi8h clay, abounding' with concretionary 
cylinders of n ferruginous Mudstone. Tllis bed, which 
is probably the equinllent of the older tertiary marine 
stmta, immediately to be d1$(!ribed ill Entre ni08, only 
ju~t ri_ abo,'e the le\'el of the Parana ",'hen low, The 
re<>t of the cliff at. Gorooona, is formed of red Pampean 
mud, with, in the lower part, many concrctions of 
t06Ca, somE' stalactiformed, and with only. a few in the 
upper part; at the bE'ight. of ~ix feet above tbe rh'er, 
two gigantic IkeletoD8 of the Mastode"" Andiulilo were 
here embedded; their booet; ",'ere scattered a few feet 
npout, but Ullln)' of them still held thei r proper rclath'e 
po!;itions : they were much decayed liud as IloOft.1l8 cheese, 

'lql><Jt<oth_wordlfr"OlDlDJ..ot.book,Alwrinendownontbe 
1J'Ol.~_.t 01 tbe I!"ntno.l .--. ",.,. .. u;lIl'&Ii"" ill 1M Palllp<&11 
t,,"">W""I .. ui ... beoo., ... i>tedOllbJll.d·Orb,gn,. ... prwl'ofth. 
dilo .. ul.....,..oIthi.'_Ld.po.t. 
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110 that.. el"en one of thtl great mo:af teeth fell into 
pieut ill my band. We here _ thnt.. the )'ompean 
del)()!!it contaill! mammifernUI remoins e10ee tn iu base. 
On th .. bnnb of the Carcarann, a f"w 1IIi1(l1 di~tant, the 
lowett bed \'i~ible wos pale l'ampean IIIUd, with maSi!eS 
of lOICa-rock, in ODe of which I found a luuch decayed 
tooth of the .i\1aBtodon : above this bed, there was a 
thin layer almost composed of small concretions of 
white lo!!ca, out of which I extmctoo a w('11 l)r(';!CrI'ed, 
but. slightly broken tooth of To.:uxl(})~ PlalelUi8; IIbol"e 
thia there wal an unusual bed of \'ery 110ft impure sand­
stone. I II thi! neighbourhood 1 noticed lIIany ~illgle 
elobedded boll('tt, and I heard of others having been 
found in 10 perfeet a state that they Wl're IUlig used as 
gate-pooh: tile Je;l\lit Falkner found here the dermal 
armour of lOme gi;r-antie EdenUlI quadrUI)e(). 

In 110mI' of the red mud f:lCrnJl('d froID a tooth of 
one of the ma~todons at Goroooll3, Profe~fiOr Ehrenh<'Tg 
finda IiCl"eo PolYb'8.stricli aud thirtN!D Phytoii l haria,1 all 
of them, I believe, with two exceptionM, a.lready known 
SIH'Cie;o.. Of theie twenty, the preponderating number 
are of freoh-waler origin; only two ipecil'll of Co.cino­
dillCus and a Spongolithis Bhow the direet influence of 

, ·lI, .... t.tbtrichte d ... t,:;"ig. Abd. q lIe.li ... • Arril, t8U. Th. 
li .. toaI.~oI: 

POLto .. ,.,..,c.o. 
(" ..... rr~iooeQ tlJf.'!"L G. LU-It.. ...... II1&IL 
c--;1IQ<l' ...... uhl:ili.. lh"",atiJia .. ,..,nt .. 

- tJ.op.. H"D.b."~li .. 
Eunotia. 

PKl"TOLlT"",U.L 

l..itbanenRUltDbe=l&tuI. l..itbOlltl1illi~m 118m .... 

Litbool7ti~m ;!~";. I £7:~~::: 
Lit.bolt,1idiv.aAmpbiod"". So .... 

•• ';;id.illllL Clop- Uta';; ~ .. idea. 

SpoaJOljchill'lIlli1. 
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the @ell. : therefore Profi'illOT Ehrenberg Brrh'e8 at the 
important. eoneinsion that tile depo.it mu4 Illwe been 
of brncki~lJ.\V3t(.·r origin. Of the thirte4"n Phytolitharia, 
nine are met wilh in the t ..... o depo~it~ in Bahia Blanca, 
where there is evidence from t\\O other Epede~ of 
Poiygtt:ltrica tlml the hedi wt-reaccnmulated in braekish 
water. The traceR of corni~, sponge~, nnu Polythnlnmia, 
found by Dr. Carpenter in the toscn- rock (of which I 
mu~t ob .... ne the greater number of ~pecimen~ were 
from the upper bed~ ill the 80uthern parts of the 
fonnation). apparently ~ho .... a more purely marine 
origin. 

At St. F~ Bojada, in Entre Rio», the cliffs, eEli­
mated at. between sixty and !!event.y feet in heigbt., 
expoee!lll interesting section: the lower half cons.ists 
of tertiary stmta with marille shells, and the upper half 
of the l)ampean formation. The lowe!lt hro ill an 
obliquely laminated, blacki~b, indumted mud, witb 
dhtinct lrac;es of vegetable remnim.1 Alxl\'e this there 
is a thick bed of yellowish wllLiy clay, with much crys­
tl!.1Ii;;ed b'ypsum and many shells of Olitre:e, l'ecten8, 
and Arem: above this there genemlly comes an arena_ 
Ct!OlI@ crystalline limestone, but there is 8OID('(imes 
interpo!<ed a bed, about twell'e feet thick, of dark green, 
_py clay, wenthering into ~mall angular frngmf>lltA. 
The limestone, where purest, is white, highlycry~talline, 
and flill of cavities: it inc\udef! small peubles of quartz, 
broken ~bell.;;, teeth of ijharks, and sometimes, Il.8 r wall 
informed, large bones: it. often contains &0 much Rind 
WI to llClSi! into a calcareous eandatone, and in sucb 

d...:n~·i'~~ O':;b~~i =~:'~'~'r.~~':':t ~~~'!: ;h~.7)lO~~~"~ 
!a':'le~I~~=I:!t=;d:m~o~Y.~~:~· .. b~'i~: 
only _o1 [or by d,e btdo lht_l~eo "'''Y'''I O!O<loi,I~ ... bI1 io oh= 
di~,.ne<" 
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part~ the great. O$h"tx' PatagQJl.ica I chiefly Iloound~. 
In the upper part, the limestone altematet with Ia~'e~ 
of fine while Mnd" The I!.hell.il included in these beds 
ha"e been unmed for me by M. d'Ofbigny; they con~igt 
of,-

i: 1:ZJ.17~~~!::~l.dO' (ftnd ~: ~~:[5~~!:~J~ 
1.0.(_ l'abtflOJl;r8, d.or~;g' 1 6' Venu, J\(u ..... rii, d'Orbig 

1'1. 1\'.of,lhi ... ork,flg. 30.) 8. T.Ui,,8. l?rob~l,IJ nOT .• ~ .. 

4. ;~" !~'\h;~n';'~k~ ~~. ;nS~ ;~: ~'i':!,.too In'l",rfeet for d..,np> 

These tpecies are all extinct: the ~ i.t fin!t wert" 
found by 'r. d'Orhigny and my~lf in the formations Qf 

the Rio Xcgro, S. Josef, and otller parta of PatagoDia: 
and t11Cr('forf', M fin!t obtieryerl hy M. d'Orl,igny. the!<{' 
hed~ ~rtainly helong to the J,'Tt"IIt Patagonion f'lrma­
tion, which will be described in the I'I1~uing- chapter. 
and whieh we shall I!ee ffiu"t be con~ide1't'd us II. "ery 
ancient tertiary one, North of the Bnjadn, )1. d'Orhigny 
found, in bI'd~ which he comideJ'flIlS lying- henentll the 
stmta here de!ICril.oed, remains of a To.todon, which he 
hns named I\S R di!<tinct speeif.'8 from the T, Pta/eMi" 
of the PllmlX'an formation. .\lneh ~i1ici/i ... rl wood iR 
fOllnd on the banks of the Parana (and Hkewi!'(" on tbe 
lTnlg-uay).. and [wag informed tbt they oome ont. of 
thl'!!e louef bed~; fOUf spt'CimeD! collected by myself 
are dilXJtylcdonolls, 

The Upper half of the cliff, to :l. thicknea of about 
tllirt.\· f~t, con~iru of Pampean mud, of which the 
lower part i, p:t.le coloured, and the upper part of a 
brighter red, with some irregular InyeJ'fl of an ar~naCCOI1~ 
vnriety of to!lCll, nnd a few small eoneretions of the 
ordinary kind. Close above tile marine lirne~tone, 
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there is 0. thin stratum with a concretionary outline of 
white hard to,.ea-roek or marl, which may be con~idered 
either as the UIII)(!rII1'Ht bed of the inferior depobit;:, 
or the 10wC"t of the Palll l><!an fonualion : at olle time 
1 congidered this Ix:d lUI 1l1arking a passage between 
tile two formations; bllt I ha\·e since become colwinced 
that I Wall de«'h-ed on this point. In the aeetion 011 

the Parana, 1 did not finrl any mammif"rolls r{'mains; 
but at two miles distance on the A. Tapas (a Irihlltary 
of the C()nchitas), they were extremely numerous in a 
low cli fT of red Pampean mud with small coneretiolls, 
precisely like the UI)pcr l)(!d on the 1)arana. )Ioot of 
the hones were solit:lryand much decayed; but I saw 
the dermal armour of a gigantic Edental quadruped, 
forming a cauldron-like hollow, four or !he feet in 
diameter, out of which, as I was infonned, the almost 
entire skeleton han been lately remol·ed. I found single 
teeth of the J/ tUltodon. A ruiium, TQXoclon. Phtltnsis, 
and 1.'quus curvidtliS, ncar to ench other. As this 
latter tooth approaches closely to that of t he common 
horsc, I paid. particular aUention to its true embedment, 
for I did not at tilllt time know that there was a similar 
tooth hidden in the matrix with the other mammiferouB 
remains from Punta Alb. It is an inteTeloting circum­
~tance. that Prof. O""en findi that the teeth of this 
IIO~ approach more closely in their peculiar CUT\'ature 
to a fossil specimen hrought by Mr. Lyell \ from North 
America, than to thOlle of any other SIK!cit'B of EqUlllI. 

The underlying marine tertinry strata exend ol·er a 
wide area : I ",aK aS8uroo that they can be trnet'd in 
ral"inCil in an east and west line acrosa Entre UiOB tJ 
the Uruguay, a di~t8nee of about 135 miles. I n II 8E. 
direction I heard of their exist~nee at the head of the 

'LIeU'.'Tnreolt;nSorth America,'Tol. i. p. 181. Ind 'l'!oe.ot 
O«>log.8or.',,,,I . kp.3D. 
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n. Xnnkay; and at P. Gorda in &nda Oriental, a 
distance of 170 miles, I fotllld the Arne lilllCf!tone. 
containing tbe same fossil lIhells, lying nt about the 
same len'l above Ule rh'er a~ at St. Fe. In a southerly. 
direction, lliese beds @Iuk in height, for at another 1'. 
Oorda in Entre ni()@, the lime8tone i8 seen at a much 
IN height; and there can be little doubt that the 
yellowish sandy clay, on a level with the river, between 
the Carcnrnua and S. Niool/l.8, belong'll to this 8.'lwe 
formation; na l)Crlmps do the beds of sand at BuenOil 
Ayres, which lie at the bottom of the Pampean fo rma. 
tion, abont 8Uty feet beneath the !urface of the I'lata. 
The southerl! declination of th~ bed. Illay perhaps be 
du<', not to unequal elevation, but to the original fonn 
of the bottom of the sea, slolling from land aituated. to 
the north j for tJlnt land e:Ji~ted at no great dj,tance, 
we hal'e el'idence in thevcgetahle remains in the IOWN 
hed at St. 1-"6; and in the 8ilicified wood und in the 
bona of T~J Paranensis, found (according to 
1\1. d'Orbigny) in still lower straw.. 

Bwu/(,Orimud.-This province lil'l 011 the north­
enl lide of the I)lata, and eastward of the l'ruguay; it 
Ilna a gcntiy undulatory surf.1ce, with a baai8of Jlrimary 
rocks; and is in most parts cm·cred up witll an un­
IItratified mllSll, of no great thickne., of reddiih 
]lampean mud. In the ~tern half, near Maldonado, 
this depDl!it is more arenaceous than in the1)ampa.j it 
contain! mally though 8mall ClOncrcliOl\s of marl or 
tQj;Ca-rock, and others of highly ferruginOUIL sandstone ; 
in one IICction, ollly a few yards in depth, it TClIted on 
~tratified l','lI1d. Near Monte Vidoo tillS depoeit. in BOrne 
~pol;j appeura to be of gr("ater thickncuj and the re­
mains of tile Olyptodon aud other edinct maulInifcra 
ha,\'e been found in it. In the long linoof cliffs, between 
fifty and silly feet in height, called tbe Barrancail de 

Th,o, C:"mr>l~te lorl< of Ch 
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S. Gregorio, which extend w€'l;tward of the Hio 13. Lucia, 
the lower half i, f!)rmed of coarse sand of quartz and 
feld~par without mica, like that now cast up on the 

. beaeh near ) Laldonndo; and tho upper Ilalf of ]'ampean 
mud, "orying in colour and containing honey-combed 
"eins of 110ft calcarrou.!! matkr and ~mall concretion, of 
to8ca-rock arranged in linl'" and lik('wil!e a few pebbles 
of quartz. Thi, dcpo;!it fill~ up hollowa and furrows in 
the underlying And; np~aring a, if water charged 
with mud had inn,ded a Andy beach. Theile cliff~ 

exU'nd far westward, and at a dbtance of sixty milC", 
near 0>lonia del Sncramil'nto, I found the Pampean 
depoilit resting in some place!l on tili! sand, and in 
othen on the primary rocks: between the !land and tht' 
reddi~h mud. there llppearcd to be inwrposed, bllt the 
section waa not. n \'ery good one, a thin bed of@hel1.!! of 
an eltisting )Iytilm, still partinlly retaining their colour. 
Tbe I·ampean formation in Banda Oriental might readily 
be mi~taken for an alluvial depo..it: compared with 
that. of the ])ampas, it ill often more ~'l.ndy, and con­
tain! small fragmenu of quartl:; the coDcl'f'tiona are 
milch smaller, and there are no exteD~i\"e mBl!l!C!l of 
to6cn-rock. 

In the extr~mtl westcm Ilurts of this province, be­
tWl'C:1l the Unlguay and a line drawn from Colonia to 
the R. Perdido (a tributary of the It :\egro), the 
formations are far more complicated. Be~idC!l primary 
I1X'ks, we moot with extensh'e tracts and many flat­
topped, horiwntally stnltified, c1ilf-boundcd, i~lat.ed 

hills of tertiary ~trnta, "arying extraordinarily in 
mineralogical nature, some identical with the old 
marine bt.ods of !<.t. }~e Buj8(lu, and some with thotse of 
the much 100re ~'nt Pampean formation. There are, 
also, t'ltten$lvc lo'" tracti of country covered with a 
depo~it cont.'l.ining mummif~'roll& remaill~, precisely like 
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tlmt just described in the more eastern p .... rts of the 
prol' ince. Altbough from the smooUI nnd unbroken 
state of the country, I never obtained a section of this 
Intter deposit close to the foot of the higher tertiary 
hills, yet 1 have not the least doubt that it is of quite 
subsequent origin; huving been de]losited after the sea. 
bad worn the tertiary stmta into the cliff-bounded hills. 
This later formation, which is certainly the equivalent 
of that of the Pamp .... s, is well seen in the valleys in the 
estancia of Berquelo, near JUcrcedes; it here consists of 
reddish earth, full of rounded grains of quartz, and 
with some smnll concretions of tosca-rock arranged in 
boril.ontal lines., so all perfectly to resemble, except in 
conlllining .... little calcareous matter, I.ho formation iu 

. the eastern parts of Banda Oriental, in Entre Hios, and 
at other places; in this estancia the skeleton of a great 
Edental quadruped was found. In the vallcy of tbe 
S .... rnndis, .... t the di8tance of only .... fow miles, this de­
posit bas a somewhat different character, being whiter, 
softer, finer-grained, and full oflitUe cavities, and con­
sequently of little specific gravit.y; nor docs it contain 
any concretions or calcareous matter: I here procured 
a he .... d, which when first discovered mnst have beeu 
quite perfect, of the TQ:wdon PlaltJns~, anotber of a 
M.vJodon,! perhaps .ll. Darwinii, and a large piece of 
derlllal armour, differing from that of the GlypWdcn 
clavipu. These bones are remarkable from their ex­
traordinarily fresh appearance; when held 'over a lamp 
of spiritll of wine, they gil'e out a strong odour and 
burn with 1'1 small flame; ]\Ir. T. Reeks hI\.!! bflen so kind 
as to analyse some of the fragments, und he finds that 

, Thi~ hcad w~. nt first """.id"."d by Prof~aor Owen {in tbe 
'7.oologyoft.he~i"·.Voyage·)MbclQDgingto8dllt.jnctg.nll., 
uallleiy,OloaaoU' .. 'llm. 
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they oontain about 8C\"en per cent. of animal matter, 
and eight per cent. ofw~ter.l 

The older tertiary stmta, forming the highcr i!<Olated 
hilb and exten~ive trncUi of country, \'ary, WI I IU1.\·e 
~id, extraordinarily in compOoition : within tim di. ­
tance of a few mile>, I somctime~ pn~"ed o\'er er~·~t.alline 
limCoitone with agnt<', ealeareous tuff., allIlmarly rock~, 
all pa,;sing into each othcr,-red and pale lIlud with 
cODcretion.~ of to.-ca-roek, quite like the Pampean for­
lOation.-calcare<JIIS conglomcrat('s and ~:llld~tone~,_ 

bright red salld~tOIl(,8 paSl:ling either into red oon­
glomerate, or into white sulldstone,-Imro siliceous 
I!andstone8, ja.~pery and chalcedonic rock~, and numerou~ 
other subordinate \·arietieil. r was unable to make out 
the relations of all these strata, and will ddCribe only 
a few distinct sections :-in the cliff~ betwren J'. Gorda 
on the L'ruguay and the A. de Yh'orns, the upper bed 
ia ery~talline cellular limeiltone often plWiug into cal­
earoou~ t;allWWlle, with impressions of some of the alnne 
I!hell$ as at SL Fe Bajada; at P . Gorda,' this limestone 
is inter6tratilied with, lind rests on, wllite IIImd, which 
co\'elll a bed about thirty feet thick of pale-eolourOO 
clay, .... ith many shell! of the great Odrta Pata,rfln~: 
beneath this, in the vertical diff, nearly on a lel'el with 
tht' river, there is a bed of red mud ablolutely like the 
Pampean deposit, with numerous often \:uge concre­
tiOllij of perfectly characterised white, oolnpnct tosca­
rock. At the mouth of the \ rivorns, the rh'er flow~ 

over a pnle cavernous I.oica-rock, quite like that in the 

bon~ L:~{~Ct='::'7rt~l!!~~~~~;;'_S,':~::"~ ~V=~tid:.:. 
8oeRI..,Dr . .Do.llboll¥in • Ed,a. S ... l'h,1. JO<U'II.'''''I. ":U~,,. P. ?f3 . 

• hmY·J"".....I'(p.l;l,l.todit},Ih .... h ... d::r."'li ......... teI::r 

~~~~~~l~h~j!A=r'i,.m:t.e:;;;~~:: ~~"g;;;,.t;t~·~~:" ... iJ 
IMI the" .. /1.1 nuon to infer th.1 it TU • nbMol""at ....... peri .... 
de[w:w.;t. 
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Pampu, Rnd tbis appw.red to underlie the crystalline 
lime_toile; but tbe section W&II not unequivocal like 
that lit P. Gorda. ThC!le IJ.edj now fonn only II narrow 
and much denuded strip of land; but they must once 
ha\'e extended much farther; for on the neJt stream, 
lIOuth of tho S, Juan, Captain SUliVIlD, U.N., found a 
little cliff, only jlU!t above the 8urfnoo of the rh'cr, with 
num ... rou. shellil of the V~nu8 .llIumt~l'ii, d'Orbig.,­
one of the species occurring at St. Fe, lind of which 
there are easls at I'. Gorda: the line of cliffs of the 
~ul...;!(llIent1y dcpo~ited true Pampean mud, extend 
from Colonia to wiUlin llalf II mile of this spot, and no 
doubt. Ollce eO\'erro lip this denuded marine &tratulD. 
Again at ClJluni3, a FrenchDl.ll.D found, in di"oging the 
foundations of II hou.""", a great m3!l11of the O"t,.,..a Putf(.­
YOliiro (of which 1 saw Ulany frab'1llenb), packed to­
gether jUbt beneath the surface, nnd directly superim. 
PO>ot.'I.I on the gnei""l. Thcso seetion~ are important: 
'1. d'Orbigny is ullwilling to belie\'o that bt.'fJlI of tIle 
,;ame nnture with the Pampean form!ltion ol'er undt>rlie 
theaneienL marino tertiary strata; and 1 wal us lnuch 
8urpri.('(! at it 1111 In' could have bt"Cll j but the .ertical 
cliff at 1'. Gorda allowed of no Illi~t.o.ke. and ImlliL be 
permith . .J to affirm, tbat after lIning e.:a:amiued the 
country frOID tbe Colorado to:::;t. to',! Hajada. I could not 
be dt'Ct!II'ed in the minernio< ... -ical chara.cter of Lhc Pam· 
pe811 Uel»-it. 

)lor .. 'O\cr, in n p!'ccipitous part of the m\' ine of 
Las Hoc8!!, a rtd sa.Ildstone is di~tinetly teen to O\'erlie 
II thick ix.'"(1 of pale mud, aloo quite liko t..be l'ampea.ll 
formation. !lLoundillg with coneretioll8of true LoI!C."l· 

rock. 'I'hi~ IIIlnd~toue extendl orer many mile8 of 
c~ulltry: it is III red u the llrighte!;t \"ole:mie IICOriW j 

it IIOmdilllC8 pn~t1e8 inw a COBI"l!Cl red conglomeraW 
compo.!e(i of tho underlying prim3ty rockll ; and often 
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passes into II 10ft white NUldlitone with red .treaks. 
At the Calera de 10l:! H uerfllnOfl, 0iI1y a quarter of a 
mile >!(}lIth of ",here I finlt met. with tile red sand­
ilone, tl.e crystalline white Iimeotone il quarried: as 
tbis bed ii the IIppermOflt, and u it of teo po.lIIIoCjI ioto 
caleareou. ~Dd~tooe, inten.lrntified with pure Band; 
and 118 the red II:l.nd~tone lik('wioe passes into 10ft white 
lland,tone, Bod is Biso the ullpermost bed, I believe 
that the.c two beds, though I() different, are equim­
lents. A few leagtlCIJ eoulbl\"anl of tbese ho"O pll!.CCll, 
00 each side of the low primary range of S. Juan, 
there are lOme fiat,...topped, cliff-bounded, IJeparate 
little bilb, '"ery similar to tbOllo fringing the llrimary 
ranges in tllegreat plain IIOlIth of HlienOll Ayres: they 
are compol!ed-ht, of calcareous tllff with IOliny par­
ticles of quartz, eometim~ JlMtiing into a CO)81"Oe eon­
glomerate; 2nd, of a sLone undi~tinguj,;bable on the 
clolICSt inspeetioll from the compacter '"1Irietietl of 
tosca-rock; and 3rd, of ~emi-cry8tallino Iimo.;tone, 
iuclllding nodules of agate: thetle tllJ"ee '":lTictiet pass 
insens.ibly into each otber, Iwd at tbey fonn the upper­
most. ~tratum in this district, r believe that. ti)('y, also, 
are the eqllh"alcots of the pure crystalline limestone, 
and of tbe red and wbite aand.tollCil and conglomerates. 

Between thetiC pointB and "Mercedes on the Hio 
Negro, thero are scarcely Blly good sections, the road 
l_""ing o,"er limestone, tOoiC"d.rock, calcaroous and 
bright red and.lones, and Ilellr the source of the 8. Sal­
'"ador o,·er a wide extent of jaspery roeb, with much 
milky agate, like that in the limestone ne.1r R Juan. 
i n the estancia of Bl'"rqllClo, tlle separate, flat-lopped , 
cliff-bounded hill..8 are ratller higher than in other parts 
of the country; they range in a NE. aod S\\"o direc­
tion ; their uppermost bed8 consin of the same bright. 
red Bandstone, p:wi.ng IIOmctimCfl into a conglomerate, 
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and in the lo ..... er part inw iOft. white IRIlIdltone, and 
el'en into I~ !!and: beneath this IIlnd~wnf', J !!aW 
ill two platel layen of ealeart'Ol" and marly rocka, and 
ill one place red J>ampea.n-Iikf' f'arth i at thf' base of 
tl,et'e ..octiona, there,.-as a bard, stratified, white II'l.nd-
8toDe, with chalcedonic layel1l. Near Mercedf'!I., heds 
of the stune nature and apparently of tile BUmI' age, are 
B<!!IO('illted with comp.let., white, cry~t.allinl' iimCitone, 
including lIluch botrYQidalllgate, nlld ~ingulllr masses, 
iikf' l)Ure,'lain, bu~ l't'1l11y compo»ed of a ealcareo_~ili_ 

CffiUS p~~te, In Finking well~ in tbis di~trict tbe 
eilalct'tiollie IItmtn III.'I"ms to be the 10"(9t. Bed", Rich 
as h('re d('ocribed; occur ol'er the ...rbol(' of thi. D('igh_ 
bourhood; hut tW~Dty mi1~ furth.·r up the It Segro. 
in the cliff. of l'erika, which are aLout fifty feet in 
height, the upper bed is a prettily nrit).,'·ated ehalce­
duny, mingled with a pure white tnllowy liml"'tone j 

)"'l1elllh thi. tllere is a CQllglo1ll(,rI1tl' of quartz and 
granite; Jx>nenth this many t.Ilnd.tonl's, IQm(' highly 
ClllcnrCQl18: Ilnd the wholelowcr l\\·~third8oftheclilf 
O<)I1 .. i.t of earthy calcar('()u~ bt!ds of \'ariou~ dcgl'e('ij of 
purity, with Ollf' layer of reddi~h I'nlDlM-nn_like llIud. 

Wht·n esumining t he agat('fl, tlle chalctodonic and 
ja..pf'ry rocka, iIOme of the limhtonCfl, all,l eH~n the 
bril.;ht red ~lId~tonC$, I '1'"8<'1 forcibly etruck with 
th,·ir re\III'Inhlanee to depor;iu fonlled in tbe neigh­
bUllrhood of volcanic action. I now find thnt :\I . 
i<ntx,IIl', iu hi~' "oyage A BuenOil AyrCfl,' hllldeecribed 
cl.ooely similar beds 011 Itaquy and Ibielly (which f'nter 
the Uruguay 801ne way north oCthe It Negro) nlld these 
)~d~ include fmgmenli! of red d~ompo.ed true lICorire 
harden«\ by U"Olite, and of blnek retillite: we have 
thtn here gool! evidence of I'oleanic IlCltion during our 
tertiary IM-riod. Still farther nortll, lI('fl. r S. Alina,' 
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when' the Parana maket a remarkable bend, )1. 
Bonpland found lOme singular amygdaloidal roch, 
which perh:lps may belong to this S.'1me epoch. I may 
remArk that, judging from the ~iw and well-round,.,j 
condition of the blocks of rock in the IIhovMescribed 
congiomeratelo, IDn~,;/'~ of primary formation probably 
cltisted at thill tertiary pt'riod ab(H-e watN: there i~, 
ai!'O, according to )(. habelle. much conglomernre 
farther north, at SaIto. 

From whah:\"cr lIOuree and through wha(e'-er means 
the great Pampean formation originated, we here h;I\"(', 
I mll~t repeat, unequivocal e,idence of n simill\r 
action at a period before that of the dl'potIition of the 
marine tertiary stmta with extinct shelb, at St. FI! and 
P. Gorda. D"ring alto the dCpoIlition of these ~trata. 
we ha\'c in the int('realaled Iayen of red Pampean-like 
mud and to&:a-rock, and in the p8!!'llo;:e near :-:. Juan of 
the lemi-cry~t"liline Iimefltonel with agate into w.ca 
\lndi~tingui~haule from that of the l 'ampruo, evidellce 
of the same action, thong!1 continued only at inten-als 
Il.nd in a feeble manner. We have further;.een that in 
this district, at n period not only .ub;oequ!'nt to the do:!­
po.itioll of the tertiary rtrnta, but to their Ill)h<'n"cment 
and most elten~h'e denudation, tme l'alDpean m\lll 
with it, usual clmracters and including malllllliferou~ 

relnaiD~, were dt'I)()!OiteoJ round and bet'll'cen the hilb 
or i~leu fonned of these tertiary dmta, and o\'('r the 
whole el\l3lern and low primary distrieu of Handa 
Oriental. 

Eaftlty m(l.l18, tL'ith utinct ml'mJnif~l"OI.liI rt'lIlffirn>, 
m-er tlUJ porphyritic !/r<n'tl at S. JUlilUl, {IU . 49° 14' 
S. j Il Patllfftmia.-Thiil Co'bC, though oot eoming 
~trictly under th(' Pampeao fonnatioo, may be COD­
velliently gh-en here. On tIle liOuth sid!' of the 
imrl>our, there is II n<'nrly le'-el plain (mentioned in 
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the eighth chapter) about I!e\"cn miles long, alld three or 
four mile~ wide, eotimated at ninety feet. in height, and 
bordered by perpendicular cliff", of which a teetion i~ 
here repl'el!enteo.l. 

l!«Uoiool_L<nrooI.Plalnol.I'<riI.J~u. •. 

" . 
~~~,,~~~~~.-~! 

•• '~~~:~''''_'''''tbollo<to.'''',,",l •. &nd 

1I.0 ....... ofJlOO1iol',..ttIo_k .. 
~::::~:==~ __ f ........ ·.....,.,r_tloD. 
The lower old tertiary ~trata (to be d{'IICribe<'1 in the 
next chapter) are covered hy tile tuum! b"rn\'~l beJ; 
and lhi~ by an irregular earthy. IIOmelim('" 8:mlly ma.,c~. 
~ld0mmoretballt1'i(,ortbreefeetinthiekn(>!<"t'x('tpt 

where it. fill~ up furrow~ or gullies won! not only 
through the underlying gravel, hnt even through the 
upper tertinry bcd~. Thi~ cartilY mn,'~ i8 of a p..'\le 
r~·ddi~h colour, like the leu pure \-arit'tic~ of ]lnml'can 
mud in H.'\uda Orietltai; it inclndes small calcareous 
eollCretiOn~, liktl thOl.'e of tosca-rock hut morc arcna­
('('Out, an.\ other CQne11.'tion8 of n greenish, indurated 
argillnooou! su\.J!;tance; a fe" pebblt"', alt.o, from the 
und.-rlying gravel-bed are abo included in it, and thetOe 
being occasionally arranged in horizont.'\1 linCl', show 
that the mass is of sub-aquoous origin. On the sur­
face and embedded in the ~upcrficiul part.~ thcre are 
numerous shells, llUrtially rctaining their eolour~, of 
three or four of the now eOmmOllC!lt littoral specie@. 
Sear the bottom of one deep furrow (rcprescllted in 
the dingnun). filled ul' with tl.is carthy deposit~ r 
found a large part of tIle skeleton of the ,1hu:ra1U:Mnia 
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Jl('/<I('/.onWa - a gigantic lind mo"t C.ltraordinary 
pachyderm, allied, according to Prof...or OweD, to 
the l'allrolheriulD, but ....-ithaffinities to the Ruminant.~, 
e~peeially to the American dil'iijion of the Camelidoc-. 
Rewrol of the ,"crtebr:.! in a chain, and n('8 rly all the 
honc~ of one of the limhil, even to the bmnl\e"t hones of 
tile foot, were embedded in thei r pTOJkr relntive posi­
tiOU$: hence the skeleton wn~ certainly un ited by ih 
fle,h or lill'am("uts, when enl'("lolped in the llIud. This 
('nTthy mfu'~, with its concretions and IlwmmiferolUS 
remain •• filling up furrows ill the underlying gra,'el , 
c('rta.illly pn'J:iCn18 a very striking re,;emhlallC(' to IiOIDe 
of the k"Ctiolis (folr in&tanC('. at P. Altn in B. B1anea, 
cr at the Harrnncas de S. Gregorio) in the Pampean 
f()nnnlion; but I mu~t beliel'e that this resemblance is 
only accidental. I HtiSpeet that the mud which at the 
l)rc"",nt day is accumulating in deel) Rnd narrolW gullies 
at the head of the harhour, Woluld, after elel'utiolll, pre­
IICllt 11 ,"cry similar appearallCC. The 8Outhernmost 
Jlllrt of the truo l)ampean format ioln. namely, Oil the 
Colonldo, li~!s 560 milC8 of latitude north of this 
point. 1 

With respect to the age of the )facrauchenia, the 
~hells 011 the IRlrface prove that the IU3J!8 in wllich the 
skeleton was em·eloped has been ele,"ated aoo\·e the 
Ik'il 'fithin the recent. period: I did not fIOO any of the 
Ihelb embedded at a sufficient depth to U8ure me 
(though it be higlily probable) that. the whole thick­
lIe>'il of the mllll!! was contemporancous with th~ indi­
tlidwtiltpwi1MllS. T1Hlt the ) Iacrauchenia lived 8Ub­
&equcntly to tile ~prending Ollt of l he gravel on this 
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1I18in i! certain'; and tbat tbii! ernvel, at the Ilcight.of 
oin",y f .. -et, was ~read out long after the uinence of 
re.:ent sbells, is acarcely kw certain. For, it Wag 

shown in the eighth chapter, that this line of coast. has 
been upheaHd witb remarkable equability, and that 
O\'cr a vast. apace both north and south of S. Julian, 
reeellt ijpccics of~bells are strewN! on (or embedded in) 
the ijurface of the 250 feet. Iliaill, and of tbe 350 feet 
plnin up to a height of 400 feet. TbC!le wide step-­
formed Illail1l ha\'e been formed by the denudiug actiou 
of thc co:",l-wan!l! on the old tertiary strata; aUfl 
therefore, wben the surface of the 350 feet. Ilbin, with 
the ~hdlA on it, fin.t ro.;e above the level of the 1!eO., 

th(' 250 r,-et plain did not eIist, and ill fonnation. as 
well !l.I the lIPreading out of the gm\"el on it~ summit, 
mulit baHI t.aken place ijubse<.,ut·ntly. l"o al:1O the 
d"l\udntiun and the gra\'eI-col't~ring of the ninety f ... -et 
plain lIIu~t have tnken place sub.!cqu{'ntly to the cle\':!­
tion of the 250 foct plain, on which rCCCllt Bhell~ are 
al"O ~trcw('(1. Jicnce there cannot be any doubt that 
the )f,lcrauchcnill, which certainly WlUI entombed in a 
fre_h ~tnl(', and which must hll.\'e hetn alive nfter the 
81)rcBding out of the gra\-{'I on the ninety feet plain, 
('Ii,too, lIot only liub.;equently to the ullraillL-d lIheils on 
the .lIrfnoo of the 2JO feet Ilinin, butal"" to tboo,con 
the 3:;0 to 400 feet plain; tlletIC ~hell •• eigilt in number 
(nam{'ly, three specieg of )Iytilut, two of J'atella, one 
}'u~lI&, \'olutn, and BainDlIij)' !Iff' undoubtedly recent 
apeciea, and are the commonest kinds 11011' living on 
this coost. At Punta Alta ill B. Blanca, J remnrked 
how Illarvellous it wns, that the 'l'oxooon, a mammifer 
I!O unlike to all known genera, fthould im\-e oo-existed 
with twenty-three stillliyingmariueunilllab; and now 
we find that the .i\lacrauchenia, a quadruped only a 
littlo lese anomalous than the TOIodoD, alllO co-eri~ted 
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""ith eight ether still l'J:i<ting 'I ulll1_: it. Ihenld, 
moreover, be borne in mind, that. Q. tooth of a pacby. 
dennatOlL, animal WllII fouod with the other remains at. 
Punta Alta, which PrefffiSOr Owt'n thinl" allIlOlit cer­
laioly belonged to the ) Inctatlchenia, 

)It. Lyell' ha!! arriH'(1 ata hig-hly iml)(lrtaatcon­
cllL~ion with r('~pecL to the age of the Korth American 
eJ:tinct mammiferi! (mnny of whi(,h Rre clo.wly allied to, 
lind el'ell identical with, tbolK' of the l'nmpcnn forma­
tion). Mlllciy, that they lived lulMequently to the period 
""Ilen erratic boulders w('re lran,;ported by too agency 
of floating ice in temf)<'rtlte latitudett. New in the 
\'alley of the San Cru~only fifty mileileflatitlidellOutil 
IIf the !pot where the :\lacrauch4'nia ,,'U entombed, \"ast. 
numbe~ of gib'llntic, angular boulder@, which must 
havc be4'n traoSI)Qrted from the C'.orditlern on ict;bergs, 
lie !trewed en the Illain, at the height of 1,400 feet 
abovc the 1(,l'el of the sea. In Il8CCnding te thi! lel'el, 
1J('\'eral step-fermed plaios must 00 cressed, all .of which 
hal'c nl'CCSl'llrily required loog time for their formation; 
hence the lowest or ninety feH 1)laio, with il..!l super· 
ficinl bed containing the reDll\ill8 .of the .\ [acruuchenia, 
mmt. hal·e beell formed \'ery leng lub.!e.:\Uently te tile 
period wh,·u the 1,400 feet plain 1IIo'ai beneath the Ilea, 

and boulde~ were dropped eo it. from flooting ma.s..e.f 
of iee.' l l r. Lyell'iI cooolusien, tllerefore, i8 thu.f flIT 
confinn"d in the lIOufbem hemi'pbere; aud it is the 
mere important, WI ooe is naturnlly tempted to admit. 
10 ~imple 1m explanation, tlmt. it waf the ice-period 
that c.auJ!('d the extinction .of the numerous i,'1'ent 
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mammiferi which 110 lately Iwarmed o\'cr tlle two 
Americas. 

Sun-unary lind CQ/1(xudill{l re1l'll,r'('" on 1M Pam­
,)run j;Ql"l'Ilatio, •• -Onc of it.ll 1D000L striking feature!! ~ 
its great c:s;tcnL: I JX'&sOO continuously over it from the 
Colorado to St. Fe Bajada, ndistaoceof5UO geogrnpbicnl 
mile!!; and )1. d'Orbigny lmCtld it for 250 mile!! fartber 
north. 10 the latitude of the J'iata, J e:ramined thill 
fonnation at inlen'als o,'er lUi east and west line of 
300 mile. from )Inldonndo to the Hiver Carcarnna; and 
:'If. d'Orbib'llY beJic\'(>8 it extends 100 mile!! farther 
inialKi: from ;\Ir. Clildclcugh'elrtH'cls, howel'cr, I ~hould 
h:u-e tllOught that it bad extended, 80Utb of the Como­
\"e.e range. to Ilear )!CIlUOZOI, nnd 1 may add that I 
heard of great bone!! having been found high up the 
Hiwr Quinto. Ikllct' the arCR of the Pnmpc'lIll forma· 
tion, 811 remarked by )1. d'Orbigny, i~ probnbly at least 
equal to lhnt of FnUlC<', and perhap!! twice or thrice 
ILS grrot. In II oosin, Murroun(\('d by gravel.diff (at a 
height of nearly 3,000 feet), !IOuth of Mendota, there 
i~. as described in the tenth chapter, a depo~it vcry like 
the Pampean, intcr~untifil'(l with other matter; and 
n/,,'llin nt S. Julian'", in J'lltagonia, 560 miles south of 
the Colomdo, a smnll irregular bed of a nearl.v s.imilar 
nature contain&, fill we huve JUBt seen, mammiferous 
rCL03in8. In the Ilro\'int'el!l of nO][O! and Chiquit06 
(1,000 milcsllortllwa.rd of the I'ampas), and in Both-ia, 

:~U:il:;~:~i~r:;~cl~:e~~il~\~~;~if;~el~:e;:~!:! 
I.>y tbe same agency conwrnpornneously with the Pam· 
pean formation. Considering thO! immense distances 
between thC8C Ae\'ern] poinll,and their different lleight!!, 
it appears to me infinitely more probo.blc, that this 
similurity has mlultcd not from contemporaneousness of 
origin, but from the similarity of the rocky framework 
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cf the continent.: it. i~ known that in Bnu:il an imml'n«e 
area C<>I\.i~tJt of gnei'~ic rOt'k!l, and we ~hal1 hereafter 
.c>(', on'r how great a length the plutonie rOt'k! of the 
CordillI'm, the o\'eriying purple porphyrieto, and the 
tmch,'tieejeetion~, arealmOllt h'l('nticlil in nature, 

1'hTM tlwories on the origin of the Pnmpron fonn&.­
'tion iuwe been propounded; .... ir~t, that. of a great. 
<lebnele by '" <I'Orbigny; thi~ M'('m3 fOUDetro chiefly 
on the ab"l'nee of ~trntilieation, nnd on the number of 
embedded remain! of u-rrestrial ql\adr'lped~, Although 
the Pampean formation (like 110 many nrgillace-ous 
depo,itl) iB not di"ided illto distincltLnd II'parnto strata, 
yet we ha,'c !le('n that in one good lection it WM .triped 
with horiwntal zOnei!' of colotlr, aod that in 8I"'eral 
'peeified placet the upper and lower porta diffewd, not 
only con.idembly in colour, but. greatly in constitution, 
In the lIOuthem port of the ])ampu the upper maq (to 
a certain exlE-nt 8tmtified) genernlly eOll8i~ta of hard 
t03Ca-rock, and the lower part of red Pampean mud. 
often it8e.lf divided into two or morc mnf<l!l'lO, ,'aryillg in 
colour nnd in the quantity of included calcareous mattE-r, 
In wellu>rn Banda Oriental, bed! of a similar nature, 
!!IIt of a grooter age, conformably underlie and are 
intercalated with the regularly stmtified tertiary forma­
tion. A~ &. general rule, the marly concretion! are 
arranged in horizontal Iinl"', IIOmetimes united ioto 
irregular strata.: surcly, if the mud hnd \Je(on tumul­
tuou~ly df'pCI"ited in mass, the included calcareous 
waUer would hnve aegregated itself irregularly, and 
not into nodules arranged in horiwntnl hnes, one abo"e 
the other nnd ofkn far apart; lids arrungement nppeurB 
to me to proye that lUna, differing ~lighUy in composi_ 
tinn, ..... nl ~\lcee"~i\'ely and quietly depo~ited, On the 
theory of 1\ debacle, a prodigiouM alUount of IUud, with­
out a single l)Chhle, i~ sup~ to ha"e beeJl borne o"er 
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the wide surtace of the Pampall, when ILlldl'r wntl'r: on 
the other hand, o\'er the whole of l)atagonia, the same 
or :lllother dehacle is suppol!O<l to llave borne nothing 
hut gral'e1,-tlle gra\-el and the fiDe mud in the neigh. 
bourhood of th .... mOll Xegro and Coloradu hn"ing been 
borne to nn equal di~tnnce from tbe Cordillera. or 
imagined line of disturbance: lIS8urcdly directly oppo-. 
~ite effeds ought not to be attributed to the imme 
agency, Whcr<', again, could a maSll of fille sediment, 
charged with calcareous mntt(>r ill a fit state fllT chemi· 
cal segregation, and in quantity sufficient to coI'er an 
area at lea~t 7M> miles long, lind 400 milee brood, to a 
depth of from twenty or thirty feet to a hundred feet, 
hay .... been IIccl1lDulntffi, ready to be trnnaported \)y the 
~\Ipposed debacle? To my mind it is little ~hort of 
demoru;trnti<ln, that a great Japile of time WII3 Jlt~"'<lry 

for the production and depo-ition of the enormOIL~ 
amount of mud·like mat~r forming the l)nmp:l.J'i; nor 
should [ h(ll'e noticed the theory of a debacle, had it 
nol been II{lducoo by II. nntumliBt so eminent a~ 

) [. d'Orbigny. 
A second theory. fim 8ugge-sW, I belit'l-e, hy Sir 

W, Pnri~h, is that the l )ampean fonn3lion wa~ thrown 
down on low and mar!:!hy plains by the ril-era of thi~ 
country before they a~<umed their pre~('nt cour:;es. 
The appearance nnd compoBition of the depoOiit, the 
manner in which It ~lope!l lip and round thc primary 
ranges, tht' nature of the underlying marine bed~. the 
e<>tuary and _-@hells on the IUrface. the o\<erlying 
l!andstone bedll lit _M. Hennoso, Rre all quite opposed 
to this view, 1'\or do I beliel'c th(lt tllero j. 1\ single 
in8tunccofu ekdeton of one of the extinct mammift!t8 
having been found in an upright poaition, lUI if it had 
been mired, 

The third thcory, of the truth of whicb 1 cannot 
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entertain the ~mallest doubt, it that the ')ampean for­
mlltioll wu 810wly accumulatw lit the mouth of the 
formf'r l'fIt lIary of the Plata and in the fl('fl adjoining it. 
I have come to this cOllciu.:;ion from the reasons flg~igned 
again~t the two foregoing thf'OriCl!, and from aimrle 
geogrnpllical oollsideraliom. From the uumerous shells 
of the ,]:tlm lahi(lla lying lOOl!e on the surface of the 
Jl!a;II~, and Ilear 13tlf'1l08 Ayrefl embedded in the to!!C3-
rock, we kllOw that this formatiOllllot only wMformerly 
OOI'(>rOO by, but that the upperm(>;;t. parts were depo~ited 
in, the brackish water of the ancient La Plata. South_ 
ward ann seaward of BuenO!! Ayre~. the plains were 
uph~'a\ed from under water inhabited by tme marine 
ahell~. We further l""1low from ]>rofC$lM)r Ehrenberg·s 
f'xamination of the twenty micrO!'Copicai orgallb,m~ ill 
the mud round the tooth of the ,MllStodoll high up the 
COllrse of the Parana, that tile boUrltn-mO!'t port of 
thi~ formation was of brnckish-water origin. A similar 
conclusion must be extended to the beds of like com­
potntion, at. the level of the sea and under it, at 
M. Jl erm080 in Bahia Bianca. Dr. Carpenter finds 
that the harder varieties of t.osca-rock, collecU!d chieBy 
to the 8Outh, contain marine S)xmgoid bodi€'><, minute 
fragmenta of sbells, comb, and Polythalamia j these 
perhaps may ha'·e been drifted inwards by the tidCII, 
from the more open ports of the fell. ThE- ab!<ence of 
8hell~, throughout this deposit. with the exception of 
the uppemlcst layenl near Huenoa Ayres, is a remark­
able fact: can it be explained by the brackish condition 
of the water, or by the deep mud at the bottom? I 
have ~tated that both the reddi"h mud lind tile concre­
tions of t05Ca·rock are often penetrated by minute, 
linear cn\·itiCl!, slIch as frequently IIIny he ohsen·erl ill 
frCl!h-water calcarcoUll deposita :-were they produced 
by the burrowing of small worms? Only on thia ,·iew 

e The C ... mDlete Work of Cm!ries Darw, nhn 



Tlu()riu()ll its Origi"~ 

of the Pampoon formation baying been of ftituary 
origin, can the ('xtraordinary numl)('rfI (preICIltly to be 
allll<IOO to) of the embedded' mammif('rou8 remains be 
f'Xptailled .' 

With re;;:pecl. toibe fil"!lt origin of the reddiijll mud, 
I wilt only remark, that the enormous area of Brazil 
consiijh in chief part of gnei~sic and other granitic rock~, 
which have suffered decompo;<ition, IIlId been converted 
into a red, gritty, argillaceous masa, to a b'Teater depth 
than in nny other oountry which I h:ll'e seen. The 
mixture of rounded grn.in~ and even ohmall fragment! 
IIIltI pt'hblee (If quartr, in the Plunpelln mild of Banda 
Oril'nt.al, is cI'idently due to the neighbouring and 
undi'rlying primary rock!. The f"'tullry mud WM drifted 
during the PIlIDI)(,lln period in a much more lIOutherly 
IIOUrl~, owing llcobably to the ea,t and W(:~t primary 
ridgt"l! lIOuth of the Plata not hlll'ing 1x>f.u then e1"I"ated, 
than the illlld of the PiaL'!. at prelO·nt is; fur it was 
forlll('rly deposited as far south as tbe ColoTlldo. The 
quantity of calcarooUi! matter in this formation, espe­
cially in tho-e large districts wlll·re the whole mRSll 
pa.~ ... ~ into LO,ca-rock, is very great: I have already 
rClllukt"ll on the close re"4:wblanoo in external and 
microecopic.11 appearance, bet.,.('O'1I thia to_-rock and 
Ih.! ~tmta at t.."oquimbo, which hate ""minly r~ulted 
from the decay and attrition of recent Ehe1l1 : f [dare 

, It ;"1'_ "'l"'ri!I_Io Ji ... t.h~nma,·",.. _ (fari __ 
'D ~IIW"', I'~.U'I 'l'riDeipl...,' ...... iiI. r ~2~ • .0:0.1]0 «lit.). of t.hl 
.. _ota"i_I.h&ringbe.1I --.II...! lIul to _ "y.woIl~D rinn; 
h"l l m~yrot'rto • ......."t_Dtl.yll •. lkttiDtton{·A.i.ti<:Koc.' 
I8M.Juroe2lllt),Qfo .. n.d ..... andl_roLtillfloarriodintothrOultCll 
raml, ... y: en •• I .... lbe""""uutiu "'y'J,~,.""I·(Z"d",lil.. p.l~3). of 
,h~ "urn!" ... of uimaJ. drowned in lb. l'!,u ... duringt.h.' .... t.ofte" 
....e.o ...... l.. droultlo\Jo. 

• I ""'llldd. d,at th~ ..... 1'0 " .... 1' li,,,ila. ""l"''''''';.! ~.l(\/l"""" 
l~<l.~ .t "'''lI' O~·. 1:'< .. ",d ill A ...... h.; and ,10_ u""oul.ttdly 

:~."."~)~ fonn:!~'i.~ ":"'~~~':thl,,:-;~ ':''':'~a~7i;~r. 
t'""'l_' of ... porll ..... t,t.hi" bod.oloutby cal<s.-. .... u .... , in .. 

IC. n..Cr <lDleteWorl< ofCh..n .. 1 ..... n "lin. 



354 Pampeall Formtzlz(m 

not, howe\·er. extend tbiB oonc1usioll to the caicareoull 
rook! of tb~ Pampag. more e!'pe'Cii11y as the underlying 
tertiary strata in Western Banda Oriental, Ihow that at 
tllat period there "tfll!l a copious embaion of carbonate 
of lime, in oonnec:tion witb \·olcanic action. 

The Pnmpean fonnatioD, judgiug from ilB simi lar 
comJ>Ol'ition, and from the npparent. ahiiolute apeeific 
identity of lOme of its mammifero1l8 remnins, aud from 
the geut'ric retemblance of otller8, IJol'longs over its vast 
area-tllrollglll>ut Banda Oriental, Entre UiOl: ond the 
wide uleDt of the Pampas aJ far south '" the Colorado, 
-to the SlIme geological epoeh. The mammiferou8 
remain. occur at all deptlls from the top to the bottom 
of the depo!'itj aDd I may add thnt nowhere in the 
PampM i. there any appearanot' of much Inperficial 
denudation: lOme bones which r fonnd near the 
Guardia d('IMonte were embedded close to the surface: 
and tbis appeorll to ha\·e bef..n the ca.oe with many of 
those diBCovercd in Banda Oriental: on the J\latanzas, 
twenty milet south of BuenOil Ayres, a Olyptodon was 
embedded 6\·e feet beneath the 8urfncc ; numerous 
remain. were found by S. :Huniz., near Lllxan, at an 
average drpth of eighteen feet; in Buenoa Ayres a 
skeit'ton ""lU di~interred at sixty feet dt'pth, and OD the 
Parana 1 !Ja\'e dCIICribed two ~ke1eton8 of the Mutodon 
only fi'·e or au fe('t abo\·e the very bun of the depotlit. 
With rt'!'pe<:t to the age. of tM! fonnation, Ill! judged of 
by the ordinary standard of the existence of Mollusca, 

~i",riM ... bu\·tJu,nn"O"IIlI<Iiftg""b ... _eal","",," lI~jarClut.m ... 
'n" 1'~l""r ..... 1 bof,," In. Ro~l Of<llj" .... phi .... ll-l< ... ,tr (.\pril 13th' 

;!!'i:7!:~~:~~ I~ned' ~~·h~a~ ~I~.~!;l';i:l:~·~:.!:::: 
;n mAlI,. I*rt. "r S""lh Af~..... n... cin·u" .. 'anee (.e the uPl'~r"""'t 
.11'I'\'"n, ... a"'IIh.~;;"~\'fnl .. n.o.(!(III.,IItl ... nf .. I ......... or 
..... 1)' ...... 't.or,.wilh"UI an)' eon";,. nf .lln~"l ."uflr,otrlk. _ .... 
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tbe only evidt'nce witbin tbe Iimitt of tbe true Pampu 
wbich i •• t..n trmt.worlby. i, afforded by tbe still living 
A:ara labiata being embedded in loIea-rock near 
BuenOli Ayres. At. Punta Alta, howeyer, we have &een 
thllt. I!e\·eral of the extinct. mnmmift::l'!, moat. character_ 
ilitie of the I'ampean formation, eo-exilted witb t.wenty 
~pcciet of Mollusca, a barnacle and two corals, all still 
Ih·ing on lhil same coast. i-for when we remember 
that the ,hdl, haVe a more ancient IIppearance than 
the bones; that many of the bones, though embedded 
in a ooaree conglomerate, are · perfectly preeem!(:l j that 
almost all the puu of the skeleton of the Scelidotbe_ 
rium, c\·en to the knee-eap, were lying in tbeir proper 
relath·c po!'itionl j and toot a large piC«! of the frllgile 
dermal armour of a DW!JPOid quadruped, connected 
widl Io,)m(' of the honea of the foot, had bet-n entombed 
in a condition nllowing the two sidea to be doubled 
together, it m1l3t a!I~uredly be admitted that tbese 
malliOliferolil remain. were embedded in a fCelh state, 
nnd therefore tllat the living animuls oo-exillted with 
the co-eml)edded ahells. Moreover, the .1Iacr{(t(.cMnia 
P(,"U'/lOniro (of which, according to Profeuor Owen, 
remain. abo QC(:ur in tbe Pampa!! or BUI'!nQl Ayres, and 
at Punta Alta) has been shown by ati .. factory evidence 
or anolh,·r kind, to oo\'e lin-d on tbe plaill8 or J'ata. 
gonia long sfter tbe period ",'ben tbe adjoining left 1I"aJ 

first tenanted by iu preteDt. c:ommoneat. mollu!lCOD! 
snimal.... We m~t, tberefore, eonc:lude that tbe )}am­
perin formntion belongs, in the ordinary geological 
selllle of the word, to the Heeent Period. l 

At St. \<'e Bajada, the l)nmpean eatunry fomlation, 
with it. mammiferous remain~. confonnahly o'·erlie! 

'lI,d'OrLiIr1'I""li~_ ('\.~ P.o.rt. GMloc.' 1'. 11) lhal thil 
f ........ l1, a. ~b. -trill ....... a. <!.Ia Dl.tre. en Uana.o ... d. '--p 
.at~ritouo"'_ .. nIIootioa.' 
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the marine urUary strata, which (aB fir:.t shown by 
:'If. d'Orbigny) are contempoml\eou~ with tho;e of 
Patagonia, and which, a.s we sball hercafi(>r ~. bPloDg 
to a '-ery ancient. tertiary ~tage_ \\'I\(>n examining the 
junction between theae two formatioll~, I thonght that 
tho cOllcrolionary layer of mnrl IIIl1rked a passage be­
tween the IIl.Ilrinc and e;stunry stng{'~, ) 1. d'Orhi:,,'1ly 
disputes thi,l'iew (nsgilen in Illy Journal),lllld I admit 
that it is errolleoll~, though in 8Orne' degree excus.,ble, 
from their oonformability Ilnd from both abounding 
with cnlcnreou8 matter. It would, indeed, have been a 
grt.'flt allOIIl.Illy if there had ~n a trne pa~;:;agc between 
a depo.it contemporaneou8 .... itl.- ('Ii_ling ~pt>cies of 
.1\IOlllIlICfi, and one in which all tht! mollu..ca appt>ar to 
be eltinct. North .... ard of St. Fe, )1. d'Orbigny met 
with ferrub';noll$ gandstODCII, IIIRrly rock.&, Rnd otber 
beds, which he oonsidel1l as a distinct and lower forma­
tion; but the el"ideDcIl that they nro not l)arh of the 
same "ith an altered minemlogicnl chlHactet, dOCi! not 
appear to mil quite satisfactory. 

In Westen! Banda Oriental, whilst the marine ter­
tiary strata were acculllUlatiug, there were volcanic 
eruptions, wueh gilex and liwe were precipitated from 
IOlutiou, coorse oonglomerak't were formed, being de­
ri,"ed probably from adjoining land. and layers of red 
mutl and marly rocks, like those of the Pampean for_ 
mation, lI·eroocca;;.ionally deposited. The true Pampean 
del~it, with mammiferou~ remains, in,tead of as at 
S1. r.: ol'erlying confonnably the tertiary strata, i, 
here &e{'n Ilt a lower level folding round and between 
the flat-topped, cliff-llOUlldl'd hil\~. formed by the ul)­
hea\al rloUd denudation of these snme tertiary strata. 
The upheal"fll, haling occurred hero carEer than at 
St. F':, mRy be naturally ae(.'ounted for by the contem_ 
poranCOUS volcanic action. At the BllfranCllS de S. 
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Gregorio, tbe Pampean deposit, 8.lI ..... e ha"e seen, over­
lie;; and filii up furrows in coorse sand, precisely like 
that. now accumulating on the &hores near the mouth of 
the Plata. 1 can hardly believe that this loose and 
coar,;e sand is contemporaneous with the old tertiary 
and often cry~tallille stratn of the more western parts 
of the province; nndam induced to suspect that it is 
of subsequent origin. If that seetiOIl ncar Colonia. 
could be implicitly tnlllted, in which, at [L height of 
only fiflt.'en fc<!t [Ll)(we tile Pinta, n bed of fresh-looking 
mu~..elll, of all e:listing littoral speeie~, appeared to lie 
between the sand and the l't1mpeall mud, I should con 
c1urle that. Ikmda Oriental mUbt ho\'e Btood, when the 
COII~ iI/md ~"3.P oocumulating-, at only a liule below ita 
pr('>o('ut le\"el, and had then 8111$ided, allowing the 
(o;huary I'amllenn mud to CQ,'er tar and wide its lJurface 
up to a htight of iiOme hundred feet;, and that after 
this silbsidence the province had been uplifted to -its 
prcf'{"nt lel"e!. 

In Wcstern Banda Ori{'ntal, we know, from t wo 
unequil"ocal sectiom, that there is 1\ mas .... abllolutely 
ulldi~tingllighabJe from the true Plullpefln deposit, be­
neath the old tertiary Hratn. Thia inferior UI1Ul8 wust 
be ,"('ry much moreanci(ont than the upperdclJoO>itwith 
iu mammif"roua remain..., for it lies beneath the ter­
tiary ~trnta in which all the ~11('1I8 Are extinct. 1I"e\"er­
thde-~, the lower and upper ma~"(' ... as well as some 
iut<-rlllt"l:linte JayeN., are 1'0 similar in mineralogical 
chllrtlcter. that 1 calmut douht that they Ilre aU of 
t'.tUM)" origin, alld luwe bern ci{'ril'cd from the Il:lme 
gr('at source. At fir~t it appeared to me t'ltremely 
improbl,blt', that. lIlud of the same nature ~llOUld Im\'e 
i:>e("n d{'po~ited 011 lI{'ariy the !:'-.'1111e $pol, during an im~ 

Ul("nllC lap!lC of time, namely, from 1\ period e<\ui\"8Jen~ 
p:rhaptl to the Eocene of Enrolle to lhat of tb~ Pam-
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pean fonnatioD. But a!!., at the Yery commencement 
of the I~mpean period, if not at a ~till earlier pmod, 
the Sierra "entans formed a houndary to tbe BOuth,­
the Cordillera or the plains i.ll front. of Ulefn to the­
west,-lhe whole pro,oinee of Corricntes prooobly to 
the north, for, according to :'If. d'Orbigny, it i, not 
oo\'ercd Ly the l'ampean dep06it,-,md JJrnzil, as known 
by the i"tlDlIiU8 in lhe eave~. to the nortb-east; and lUI 

again, during the older tertiary period, land already 
c,;istOO ill Western .Banda Orielltal and neAT St. Fe 
Bajada, 611 may be inferred from the H'get."ble dt!bri~. 
from the quantities of ailiciRed wood, Rnd from the 
remain! of a To%odon found, according to)l. «Orbigny, 
in atilllower strata, .... e may conclude, that at tbis an· 
dent. period • grest e~n!le of 'WIller WM l<urrounded 
by the Mme roeky framework which now bound;. the 
Illaius of Pam~an formation. This hal'ing wn the 
CMe, the circumstance of sediment of tile &am!' nature 
luwing been deposited in tbe ~ame area during an im­
mense lapse of time, though highly remarlmble, does 
not appear incredible. 

The ehll'atioD of the Pampas, at least of the 80uthern 
pam, hila been slow and intemlilted by IleI'ernllJerioos 
of !'est, lUI may be inferred from the plains, cliffs, and 
Iin~ of Mnd..(JuDN (with I!heUs and pumice-pebbles) 
.tanding at different heights. I beliel'&' alio, that the 
Paml_n mud continued LO be deposited, after parts of 
this fonnation had already been elevated., in the same 
manner al mud would continue to be depo..ited in the 
estuary of the Plata, if the mud·baltka on its Mhores 
were now uplifted and changed into plain!: I believe 
in thia from tbe improbability of 80 man.r skeletons 
and bones Ilaving been accumulated at one spot, where 
M. lIennoeo now st.-.nds, at II depth of between 800 and 
1,000 f<!et, and .t a \'ast distance from any land except 

"-J lhe C ... llo.ete 'NO I ~ of L. ~, 



0/ Recmt Oniin. 359 

small rocky iBlets,---.tI! must bave been the cue, if the 
high toeca-pluin l'()und the ,'entana and adjoining 
~i~rras. had not. been already upLifted and coo\"erted 
into land, supporting mammiferoU8 Blliluals. At l)unta 
Aim we haw, good e\"idence that the gravel-strata, 
which certainly belong to the true Pampean period, 
werencculllulnted after the eltwution in that neighbour­
llood of the main part of the PumlM!nn deposit, whence 
the rounded mllllSeS of tosca-rock were deri\'ed, and 
that rolled fra,;ment of black bone ill tho 8Ilwe peculiar 
oouditioll,.,.jth thl.- rem.a.ins at Monte Ll crmOllO. 

The number of the mammiferoUl! remains embedded 
in the l)nmpM is, as I baH' remarked, wonderful: it 
should be borne in mind' that they ha\'e almo.>t eJ:clu­
Bll'ely been found in the cliffs and ~tecp hanks of rb"ers, 
and that, untillntely, theyexeited no attention amongst 
the inhnbitalllll: I am firmly convinced that a deep 
trench could not be cut in any line acr()tj(j tho Pampas, 
without intersecting the remuins of 8OIllO quadruped. 
It is difficult. to form an opinion ill what purt of tbe 
PalD!)8.S they are most nllllll'"rouS; in a limited Bpot 
tllf'Y could not well ha\'e been 1D0re numerous than 
they .ereat p, Alta; the number, ho",:e\"er, lately found 
by Senor f'. lliluiz, nenr Lnz.1n, in n central ~!)Qt in 
the l'amI..a~, is extraordinarily great: at the end or 
this chapter J will gh"e a li~t or all the localities at 
which I ba\"e heard of remaill!l having Leen di!!OO\'ert'd. 
"ery fr<!<J.uently the rE-maius C()nBi~t of nimOBt perfect 
Bkeletons; hilt there are, al!lO, n\lme!"OUB Bingle bones, 
as for instance at St. ""e. Thde stille of preservation 
varieR lilliCh, cven w}wn embedded nenr ench other: I 
saw nolle othcn !!O perfectly presen"ed lUI the beads of 
tho TOl:odon and Mylodon frOID the white BOft earthy 
bed 011 the Samndis in Banda. Orienw. It is tem.a.rkable 
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that. in two limited tediolls J found no 100 than fh·e 
teeth separately embedded and I heard of ~th 11a\-ing 
been si milarly found in other l)arts ; mny we ~uppose 
that the .keletoDs or heads were for a long time gently 
drifted by current.'! o\cr the 111ft muddy bottom, and 
tbat. tbe teeth (lCe8$ionally, here and there, dropped 
out? 

It may be naturnlly a:;ked, where did thelle numerous 
animals lin'? From the remarkable diBOOverit'l c;f 

M.'1. Lund nnd Clausen, it appears thllt IIOme of the 
apecies found ill tbe J)nmpas inhabited the high-lands 
of Brazil: the Jlll8wd&n. .AlIdium is embedded at great 
h{'ighUi in the Cordillera from nortb of the equator 1 to 
at lenst as far lIOutb as Tarija; and lUI there is no 11ighcr 
land, there can be little doubt that tbis .Mlli3todon mu.st 
have Jived 011 the plain8 lind ,"alleys of that great range. 
These countries, howe,·er, appenr too far distnnt for 
the habitation of the individuals entombed in the 
Pampas: we must probably look to nearer points, for 
installce to the province of Corrientes, which, 3S al ready 
rel1larked, i, ltIid not to be covered by the Pampean 
fonnation, and may therefore, at the period of iUi 
deposition, l1nve existed lUI dry land. 1 h:we Blr~'Ildy 

given my rcasoDli for belie\'ing that. the animals em­
bedded at )1. lI ermOlO Bnd Ill. P. Alta in Bahia Blanca, 
lived on adjoilling laud, fonned of partB of the already 
elevated l'alllpeall dep<ll!it. With respect to the food 
of tbese many great eJ:tinet quadrupeds, 1 will not 
r{'prot tile raets gi\·en in my Journal (second edit. p. 85), 
~howillg that tlwrc iB 110 oorrclation hetwocll tbe luxuri­
alice of the '-('gelatioll of a conntry and Ulesia:e of ill! 

, JI_hoM! _tao IhRt tb. "lI-...I"n hu ~ dill<'O'r....J In Su, 
O ... Md8:.i~h ... t-n rou",l in Quito. Wh.n M LiIM. I M •• tootll or 
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InRmmift'fOlI8 inhabitant.!l. I do not doubt that large 
animai1l e<luld now exist,as far u the amount, not kind, 
of H'!,-etation i8 concerned, on tile sterile plain8 of Ballin 
Blanca and of the It Xegro, &II lI'ell a.t on the equally, 
if not more ~terile plains of SouthenJ Africa. The 
climate, lIolI'ol"er, may perhaps hal"e somowhat deterior­
ated since the mammifers embedded fit Unhia Blanca 
lived there; for we must not infer, from the continued 
exist.enceof the &arne 8llCllson the prcllellt cOBsts, that 
tllere 11M J.M.>.l>n no ('hange in climato; for eel'ernl of 
thl'">oe shells now range northward along the shores of 
Bnu:il, where tho IDOI!t luxuriant vt'gl'tation flouri~hC!l 
under a tropi('al temperature. With rl'!'pe<."t to the 
extinction, which at first fills the mind with astonhh_ 
ment, of tho many ~'1'Cat and smail manlmifl'li! of tbis 
period, I may al>'O refer to the work Ubol'C cited (JoCCOnd 
edit. p. 173), in which I rnwe endool"ourro to Bhow, that 
howel"N unable w(' may be to explain the preci"C ('fillSI:', 
we ought not properly to feel more surprised at a spe<."iCll 
ocwming (>xtillet than at OliO being Mlro; Illld yet we 
are aceustomed to I-iew the rarit.y of lilly particular 
~i)CCies lUI nn ordinary cwnt, not re<.luiring any extra_ 
ordinary agency. 

TIle 5('l'eral mammifo:~ embedded in the 1>ampean 
fonnatioll, wili('b mostly belong to ('ltinet genera, and 
1'01111.' el"O:Il to extinct falllilietl(lr omen,anfl whicll differ 
lh:arly, if not (Illite, II!! much 8lI do the Eoeene ll\amlllife~ 
Q£ Europe from lidng quadruped~ hal'ing e.i~ted con­
t('mporaneousiy with )Iollusca, all @till inhabiting the 
ndjoiningl!en, i8 certainly a most striking fnet. It. is, 
1I0Il'e\'er, far from being nn isolated one; for, during 
the llite tertiary deposilll of Britain, nn elephant, rhi_ 
noceros, nnd hippopotawu! co-e:rilited with many recent 
bnd nnd fresh-water sbell!; and in North America, we 
hal"C the best evidence that a mastodon, elephant, 
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lUt'gathcrium, mcgalonyx, mylodon. I1n extinct. hone 
and ox, Likewise co-existed with numerous laud, t're!;h_ 
water, and marine recent. Mhelb.L The cnLlmeration of 
these extinct. Xorth Amcrican animals naturnlly leads 
me .to refl'r to the former clOiICT relation of the 
mammifcroUl! inhabitanh of the two AmeriCM. which 
1 havb djl!Cu~~ed in my Journal, and Iike\\"i~ to the 
\"n.~t extcnt of country oYer which sollie of them ranged ! 
tlmi! the lIame species of the .1Ief/(tIlUJriu.nl, Mt[J(Uonyx, 
l:.'qU11.l (118 far as the state of their ;cmains penuits of 
identification). cxtended from tllC Southern Vuited 
SUltesof Xorth America to Babia Blanca, in lat. 39° S., 
on the coast. of Patagonia. The fuct of the80 animals 
hal' ing inhabited tropical and telllperate region~. d()ejj 
not appear to me any gl"e8t. difficult.y, seeing that at 
the Cape of Good Hope !lel'ernl quoorul,oos, sueb as the 
elCI)luUlt and hippopotamus, range from the Equator to 
Int. 30° south. The ca!le of the .l1cutodon .llndium is 
one of more difficult.y, for it is foulld from lat. 3ti° S., 
over, as I have reason to believe, nearly the whole of 
13razil, and up the Cordillera, to regions which, According 
to .M. d'Orbigny, border on perpet.ual @now, and which 
are almost dC8litute of Ycgct.'\tion: undoubtedly the 
climate of tbe Cordillera muflt. hal'e heen different 1\'1Ien 
the m!\!Ltodon inhabited it j but we should not forget 
the case of the Siberiall mammoth and rbinoccrOB, as 
sllowin!; how se\'cre a climate the larger )Jachydcrmata 
can endure j nor overlook the fact of the guanaco mng_ 
ing nt the present day over the hot low deserh of Peru, 
the lofty pinnacles of the Cordillera, nnd the damp 
fore;;t-elad land of Sout hern Tierm dcl Fuego j the 

Tt,1 , 1 I Irk of.:h it- n rw .... Onhn 
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puma, also. ill found from tbe equator to tile Strait of 
lUllgeU:\D, and l ba,"e seen iti! foot.,ctepa only a little 
below tile Iimiu of perpetuall!now in the Cordillera of 
Chile. 

At the period, so recent in a geological sense, when 
these extinct mammifen existed, the two Americas 
must have ~warmed with quadmpeds, mnny of them of 
gigantio size; for, besides those more particularly 
referred to in this chapter, we must include in this 
!!lime period th06e wonderfully numerous rcmain~, !lOme 
felvof them @pecifically, Dnd othe~ gt'nerically related 
to th06e of the j)ampa;;, discovered by ll)l. Lund and 
Clausen iu the ca\"es of Brazil. Finally,thefact.s here 
gil'en show how cautioull 'Ire Oll!{bt to be ill judging of 
the antiquity of a formation fnlln c'"en a great amount 
of diffcrl'nce between the extinct and living spedes in 
anyone cla.:;a of animals i-we ought e,'en to be cautious 
in aectpling the general propol!ilioll, that ebange in 
organic forms and lapse of time are at nil, necessarily, 
correlati\"e~ . 

SCPPLE.MEXT. 

On. tlte Tllicl.:lIf!IJII of flu. Pamptflll, POM1l(di01l, ?iear 
BUen08Aym. 

n.pllbH,lo-od fr.om lb. 'P"",. or tb, G.alogi •• l &eo' .De.::. 3, 186t. 

1\1. Sourdeaux and J. Coghlan, Esq., C.E., lUl\'e had the 
kinducSA to send mc, through E. B. Webb, Esq., C.E., 
some excellent sections of, and spccimcu8 from, two 
artClliau wells lately made at JJl.lenQIJ Ayres. I beg 
penniuioD to present these specimens to the Geologiml 
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~ociely, as lhey would be of considerable sen'ice to any 
one illl"e~tigating the geology of that country. The 
Pampean formation is in 8('\'ernl rCilpe<:LI 80 intere~ting, 

from ooutniningau extraordinarynumi.lerof the remnius 
of \'arious extiuct ) Lnmmifers, such 1\8 .,)fegutllerium, 
MyiOfwfI, MUll /odoR, T(MlJli<m, &c" and from iUl great 
extent, ~tre~hing in a north lind lIOuth line for at leut 
750 grogmphienl milef<, nnd covering an arca fully 
equal to tha.t of Fmnce, that, as it appears to me, II 
r~ord ought to be presen·e<'l of tbCfl(' oorinW'. South­
ward, at the Hio Colorado, tile !)ampeau formatiou 
meets lhe grent Tertinry formation of PlIlagonin; and 
norlliward, at St. Fe Bnjnda, it o\'crlietl thi, 1.1100 for­
mation with its !Ie\'ernl e:r.tinctsbells. 

In the cenlml region near Buenos Ayres no Mlural 
sect.ion Bhows iLl thickness j but, by tho borillh'1l there 
madeilltwoar~inn weU~(figs. 3t and 32), tbe Pllmpean 
mud, with tOfiCa-rock, is 8eell to eJ[tend dov.'llward~ 

from the level of the Hio ])lata to 1\ depth of si:r.ty-one 
feet. I\ IlIl to this must be added fifty-fi\'e feet abovo the 
lovel of the rh·er. ThE'>le argillaceous beds overlie 
coone sand. containing the _,i::ara labiala {a shell 
chnr.lcleristic of the Pampean formation). and attaining 
a thickness of about ninter-three feet.! So that the 

, T!>efoilowina:utnortr .... th.lUpoH.oftbebo ......... tNtolbi. 
bod;··-·",.bodof'eUow,lIoi.J_...ubet ...... nlll'"·60.Dd~l' ... 20bol_ 
1"-/I"1'OOIIOIl ':""taia' .... iAu .. _a._D<li'"enm'tll,tho 1 .... loI .. bith 
hal not .-an,.] by ..... nt,mkn (or Ihl'H~'" The 1 ..... 1 i. 0"·60 

~!~~;r ~:~~:~t~ I~~ .... ~~*~t ~= I!:;;:::J~ ni~~~ 
{· ..... .nIO"riag1. .... _I, nioh..- _ foot 0 .... the ... rfM.o or the 

~~ :~I:'h:'.i ,,~:~""t.t'l·A~3~;\: r!:t :-~f~ t..~~,~~ 
.... ""'n<"1t"..,ot(·" .. crllo .. inll·j· .. h;.h.....,h .. l .. ithdillk<oltytht . ... et 
of tbe puund. Th. di ... b.tff't fl\i~ltt be~~Q\.ou.1 ~t 100 PI""I dl!ty. 
'The .... to· .............. 1 .. 1t......J. ..... bod tho, of ,,,- II .. ,,~.rlIowmg 
~~nt. n...'"""" ...... "II:'''''''_.,.;th.ti7 .. ·6.S: 

AI'""II"'rJ. thoq.".)it ..... ,d.ba",la~oIl"-.:aIft'.)lr.('''It'hl.oJl 

:::'!: It~t ~0Dcl:"1~t1di~m:~~ ~i:';:;:r~r f!:,:~h"~b~ 
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enUre thickness of the great e~tu.1rine or Pampean for­
mation near Buenos Ayres is nearly 2)0 feet . 

• . - -----.-.----- - " ~Dd",,",D@" 

:r.:::,~~~ .. .. --------.--_____ -::::. 
41"OQ.:' 2nf~. 

Thlek"" .. Thiol_ 
.'~.a'ho.o", ...... AY",,::F_ 

... nUl. mn.k.""., 2,~8gallon •. It.oU!mre,"!lt,,,,, ... , ... 21QCeb~.nndit 
ru.d ... ligluIyd",agroesbloI8ste,tromi\4l\)c'"gimprognIllOOw,t.h ""lis 
oflimORlldm<tgQui:o,anda-...llquantityofsulphllrettodhydrogen.' 
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366 Pampralt Formation: 

Thi~ formation rests on various marin\.' beds of in­
durated greell clay, sand with cornL., !.'\Il<btone, and 
limestone, altogether 107 feet in thieknelll!, These 

hed~ contain frogments of the great O~t1'M Patagonica, 
O. ,Hmraii. (?), Pecten P~Tan\!1I8iB. Rnd olher shells, 
iLpparcntly the ~ame (but tiLey IUn'e not been rif{orou$ly 
comp.'\rcd) with those enumerated by 'I, A, d'Orbigny 
aud hy myEIClf u found at St. Fe Bajada, !\II well :I.lI at 
various poinu 011 the coast of Patagonin . The already 
enorm()lI~ continuous {'xten.ion of the Patagonian ter­
tinry fotmation i~ thus largely iner('asru. Beneath 

Th ... CI">mplete Wa r!< nf r ~ r1 n~ ....... , noloe 
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these bed! a IDIWII of red calcarPOll! cllly, becoming in 
the lower part more IlIId more marly, containing layen 
of 18nd, and of the thickness of :113 feet, WIl!I bored 
lhrou!th to a depth of 470 feet. from the lel'el of the 
Rio 1'10111. 1'hi ~ lower mass oontllined no f08<!ils, and 
ita age i8 of coune unkuown ; I but, 1 IDay add, tbat [ 
",w at two points in Western Banda Oriental, heneat!l 
tIle marine tertinry strata, beds of red dny with marly 
concrction~, which, from their mineralogical resemblance 
to the on:oriyin!t Pampean formation, IK'efficd to indicate 
tlmt at an ancient period the Rio Plal1l hnd def>O"ited 
an t;!tuarine formation, lIub!equentlj con·red hI the 
marint' tertiary bed~, and th_ by the more modern 
C9tuarine fonnation, with itt remllini of numerom 
gigantic :Mamma!ia; and that, finally, the whole had 
been clel·ated into the present. plninM of thl' Pnmpaa. 

LotaliliN rilhin 1M rt'giOfl of 1M PnmptU .,4tr~ gr(J(Jt bonn Am>" 
b«nfrN.M. 

111(> rolli)"·in$r 1;'1. whieh includ!'fO e ... ~rv actQUDt which I hAn 

~~t~:~~;~~?::;~~f\:~:,:~i~~~S 
IhHnI or and.wDI&D."ra.il.,lbl'orijriDAlpooitiolllor,.JU,,:,b I 
colild DOt....,..rtain; and I reeeiu .. ! maoyltall!lUl'ntiloola,roelO 
be b .. re illf"nfll D.-¢nniDf\" 10 tbll ."Il.h,-..-e b,,-"lbe 1"0 

~~~~b~ 1~:u2=" ~~~.:' ::i~:tt~~'u:;~";-;~-l:.'to~: 
JlolQphr&ctWl (or &D &I1iN ~DWI), TOXOOOD, 'berauehenl~. and 
an EquUl"~"' rolWtI!ll; and at ~1. IIl'rnl1_. Ot~non'Y", 11 ~'dro-

e~~r:' I<):UIIOr!~ n~h'::t:r t~e ~~T~~~ ~\::ee.\~:7~~ 
~io' I J:'_'(Le. bonN). which prollllblytllre. it. nBme rrom 
lerge (,..il bon.el!.. XMr Yill. ;"-ue\o. an,1 &t 1_ A.'eMu, not 
rnfl'(\OlthIlSala<io,lhI'OODearlypo!M<'Ctlkrietons,ooooflhe 

~;~ri~~0:;J,I:~l~~OOIh~~:-.g:: :;sr:~~l= 
'1~ .... n~h,Dr.BDntftaurltl'-'-Sib,,'; ..... 

tel ,." r., I 'II f a es arwon nhne 
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(_ blllwork' UueDOl.\ y_: ,t~. p. 1. 1). I h&''t!_n tbtl tooth 
or a \I ... tod<)o rrom tbtl Salado; a lin'" .. 'mh .... ni of thl. ri,'t!., 
on the borden ofa lake n"""l~ O. dd :'olonUo, I .... , ...... ,.~. 
fWd one lal'l!'fl p....,e 01' dtormalarmou.: hij:hp. up the &Jailo, tMre 
ill a pt_ ealu.J \IOllta' 1,,_, On the ~laWIDI. abou~ t ... enty 
lllit~_lbor BI ... ,.,..,\,~thelk .. "'tonl,"lep.li"~,(,f'u..f'_ 
A~-",",' ,te. b.Y ;;i, W. 1'&rWt) of a Oiypt.OOCln ...... found about 
Ii,·" r~ bio_tb tMln.f..,..,: hre .00(_' Cat. or lI"yalColle:m 

~,~~'r;'::'!;re ref::!':. 0~~~~;g:7r:'J,~;if'~;:h ~ndh&?~ 
_ n, .den 10 lOme ~at remainl fuund in n","""" .\YI'!!fI, at • 
d~)'th of (w,,"ly ,·It ...... from the su.fllCe. !'\e"~n I~ nonh of 
th,.eitytheN.mo Rutho.f"undtho.k~let",,.()r ;l/ylo."m ro/mllllU 
RJid(;/!lI"oi(}llOMllJiIU. Fro"'lhisooi).!bhourh"odhehNIBlt"ly 

~1;~~:~rr:~~~j!]::::1~2~~;/:~~~~:'~· ~~ 
~~:=~:~;~,'~.,~~e\r:Mi~::,~~~!:=i;";':'~ 
ni ... .ro"s anillUll. 1I. d"OrbiJlUr hu lalel:rreo:o-h-ed r"'1ll tm- ltec-o-
1a.te('YO}W,' Pal. p. U-I),DeaJ'BuellOl .\ yNI,a tooth or TfArOti_' 
J 'ftdnui.. 

l'~il\jrnorlh .... rd,al0"t"the "'f'O'~bankoflbtlJ> ....... , ... e 
1)0)111(110 lhe Itio LIlDD, ... he .... l ... ouelelo .. or IbeM .. ;ttItI,~ri"'n 
ha,·ehHonfound;andkllely, .. ithioeight~ofth~II"' .. nof 
l,u:I.", I), ..... X. );l uni1 hMCQllectOO. ('lIrili.b I'ad,,,t; Illlen08 
_'1 .,.,~. !Sep~mber 26th, 18:11), from an a,-o:rage d~plh of eighteeo 
{'!f't,,·e.ynu.lUul'OlIlre" .. "loI,ofDol_th ... , .. hbelie'·I'I',nice 
d"linc\ ~pecit'll of m~lllmirt"n. AI Areco, t.~ bont'll h,·e Mn 
r,mnd, "'hiclt aro belieHlO:l.by the inhabita","" \(I M"e ~n dll'\D~ 
from ~m~1 hoDel, by tbe water of Ibe ri,·e.! At Arrt<:if ..... the 
Glypt...dI",,~DttotbeColl"jl1loft'u~ ...... found;.ndl 
II&,e_n 1"'0 tl'!'th of. ) 1a...t.OOOD fro,n Ihilquan.e •. At S. 

~~~-:~ ~~!';~:~~'7' v:.:;" ~ s,;g:/.;~n:,,;::.:ti! 
Annadillo fouDd there. AtS,Carl ... , I heanioflf'1!&lbooea. A 
]jllle bel" ... lhe lIIo"th of the Carea ...... th" two ek~lftoO!!l of 
lI .. tod"D'"' .... fO\lDd;(lnth~banboflbillri\"f'r,_.!:'.)[pl, 
I ~.und ~Ib of tbe )1 .. t.OOOII and TO:lOOoll; and' F.tktll'r' 
(p. w) d __ ribrAlM OIIIIIIOl1Ia""OOI1' orMllD~lfIHt anilU~; I hPani 
(Irtuall~ utbe.bo ..... in tI,i, ne~hhou.hood. I bUII_nl may 
...Jd',intbe)II_.",.innofM •. C.l.<lcleu""h.lheto"thofaMruiod.». 
,And .. ",., "'Id 10 b.a,·e Mil fouoo ID Pa"'lI"u&~·: I may h~ ...... a[tIO ..... fe. 

~~~~~~~~"~~i~;'b:!'~' to:::i'~'~~: ~:~~! ':~-l ~r,;'i~l,; ~rt:z!i,:: 
tll. n. de IRJo Cont.... The (":rth~"t I)(>in ' "'''"t''lrd in 1I,,'l'.m]lU, 
at "'hich I lta,'e480rdoff<Wil oollt'.,w ... I';jChnl'oo thebauk.of 
the II.Q,';1I10. 

10 Entre Iti,,", t..id ... the remai..ns of the )1"lodDII,T<lJ:OOOD, 

TIl C( 'DI·te worl< of C!->;orl" . , '11 none 
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CHAPTER XU. 

~ !i",-S. J-.!_Poft »-m, ait.,..... ..... ...JiI_ .. 'Ao,.· 
f.~-I'<1rl S. JMI;" .. -&~I« (h~. butJl/fc IaN 'If-P. G""~ 
F.lJiI_ ~ ~tl Fwy<J; / ..... " <>J utillCl IwtAo I ...... -S."'''''''Y "" 
1 ... ''-...,........ tmitwyJ()rlUlitrM-TmNr,/"....,,;..,.,oJI ... 11'.,,_ 
c...t-o..- ... CAoilH!f""''''''''''''''' _h "J-~ 
lI'" .. d.M'-Cbpi..t..-S._oy .J,- of'''' I."u.r, J."...Iit>u-­
lA"'<if~Iilno-SiJ~ ..",a-C-p" .... I," Nl"!J" ~J tAo (zl;~~ 
uJ lillioog Moll..- ... 1M W .. C..I 'If S. J .. mc._CIi_It of t~. 
t-rlillr,pnWtI-o. , ... _ .'11. ~ q/~t tfM(:Aif __ 

bJ-i" "" I"'"" <>JS . ..f.m..-o.. tlte_-,.....-.".,.. 
t .... ""1'"«""'liMI q/ ... iMnlt"r,J_t..,. •. 

Rio l'ItfJro.- I can add little to the details given by 
M. d'Orbigny I on tbe sandnone formation of thi' dis­
trict, The cliffs to the lOuth of the riyer are about 
200 feet in hfo ight., and are oomposed of sandijtone of 
variou. tints and degreeaof harone8l!, One layer,which 
thinned oulal both endi, congistoo of earthy matter, of 
a pale reddish coloue, with some gyp!IUIU, and vcry like 
( I spe3k after compnrison of the specimens I)ronght 
home) Pnmpean mud: abo"e this WaJ! a layer of compact 
marly rock with dt:'lldritic mRo~nese. Maoy bloch of 
a conglomerate of pumiC<'-pebbles embedded in hard 
w.nd~tone were Mlrewed nt the foot of the cliff, nnd had 
e,'idenlly fallen from 8bo,'e. A few miles Nt:. of the 
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Rio Negro. 37' 
town, 1 found, low down in t.he sandstone, l\ bed, a few 
indIes in thickness, of a white, friable, harsh-feeling 
sediment, wllich adheres to the tongue, is of easy fusi­
bility, and of little specific gravity; examined under 
the microscope, it is seen to be pumiceous tuff, formed 
of broken transparent crystals. In the cliffs south of 
the river tIl ere is, also, a thin layer of llearlysimilar 
nature, but finer grained, aud not 80 white; it might 
easily IlfLve been mist..1.ken for a calcareous tllff, but it 
contains no lime : this substance preeisoly rcsemules a 
most widely extended and thick formation in soutllern 
Patagonia, hereafter to be described, and which is re­
markable for being partially fonned of InftlSorin . These 
beds, conjointly with the conglomerate of pumice, are 
interesting, as showing the nature of the volcanic action 
in the Cordillera during this old tertiary period. 

In a bed at the base of the southern elifJ~, M. d'Or­
higny found two extinct fresh-water shells, namely, a 
Unio and Chilina. This bed rested on one with bones 
of an extinct. rodent, namely, the JlIe{JO/YllyB Pat(l[}oni~ 

en~iB; and this again on another with extinct marino 
Fhells. The species found by 1\1. d'Orbigny iu differenL 
parh of this formation consist of:-

'\'oynge Pal.' (alA<) at St. S.J ... ..rj. 
Fe. nod .hol~ C086tof Pata· 4. Pooten ratAgooieni •. do. 

l. 06t_ Pntag<lni .... d.orbi.'.1 'VoyngeP .. l.'("looS!- Fennd 

ROnia}. :;. V~ ..... ~Iun.urii. do. (_looSt. 
2.0't .... aFemui.Ldo. H). 
:I. A.,...,.. Aln.ruii. d·Orblg. 6. A=.Bonplandinlill.do.(do..) 

According to 111. d'Orbigny, the sandstone extends 
westward along the coast as far as Port S. Antonio, allCI 
up the H. Negro far into the interior: northward [ 
traced itto the southern side of the llio Colomdo, where 
it forlllS a low denuded plain. This formation, though 
contemporaneous with that of the rest of Patagonia, is 
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quite different. in mineralo;::ic:ll comp<)"ition, being oon­
n('t;ted with it only by th" one fhin white layer: thi!! 
difference may be reasonablyattributeli to the ;oe(iiment 
brought. do ..... n in aDcicnt timCll by thl' Rio :Segro; by 
which ag('ncy, lbo, w~ can und"ll'tan!\ the pre.f'nee of 
the frcah-water ~hells,and of the bom's of land anima.ls. 
Jmlging from the identity of four of the aoo,-e shells, 
this formation is cont.cmporaneou! (u «,marked by 
)1. d'OrLib111y) with that under the Pampean deJXl"it in 
Entre Hios and in n:mda Orienta\. The grm-el cappiug' 
tho ~an([stone plam, with ih calcareou8 cement and 
noUulC8 nf ~")'p"um, is probably. from tho rl'a.!!On8 given 
in the eighth chapter, contemporaneoUll with the upper­
mo..t bed6 of the I'ampeau formation Oil the upper plain 
north of the Colorado. 

San J03~f.-)'Iy examination here W3lJ yer)' short: 
the cliffs are about 100 feet high; the 10""er third 
consist. of y~llowi8h-brown, IOn:, lllightly calcareoru;, 
muddy 8tlndstone, parta of which wheu 8truck emit a 
fetid smell, In this bed the great O,in« Pt,lag07lica, 
often marked with dcnd ritic mnngnnCflOt\nd small corai­
linca, wero extraordinarily numerous. I found here the 
followingahells:-

I. o.u...P.~nieo,d'Orbig.·VoyapN.'("'IO.tSt. F'U>d .. bol. 
_oI~it.). 

~. o.u- Aln"';i. d·Orbig.· v. N,' (alto St. n ud R. 1""1(1'0). 
J.P_P ........ -.; .. d'Orbig'V.P.I.'udl"LJlI.r.3ootlhi • ...,rk 

(lll.o fl'_ n , s. J.lit.n, ud Port 0.; .. ). 
4. Pwttoa Danrini ........ d"Qrbia.·Y.Pal.'ucll'l. III t. 28ud 2fI(alIO 

8l F,). 
n. P_a _inod<!t, G. B. &werb,.l'I. 111.1. U. 
~,T .... bnot.l. ''''agonieo, O. B. & .. "",. PI. 11. f. 211 a.rd 21" 

(~I...,S.Jaliu). 
7. C .. u.of.TlIrrlull .. 

The four fir1lt of these specict occur nt St.. Fe in 
.Entre Hios, and the two fint in the 8andijt.oneof the 
Uio Negro. Aool"e this f08!ilif(:l"Ou~ mus, tilere is a 
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atratunl of \'ery fine-grained, pale brown mud!Otone. 
including numeroUII lamine of Eleni~. All the IItrata 
appear horizontal, but when followed by the eye for a 
long diltan«, they are seen to ha\'e" small 8II.l!terly 
dip. On the surface we lIaye the porpJ\yritill gra\'e1, 
Ilnd on it snod with reeent shella . 

.j\'U"t'() Gulf.-From apec:imena nnd notes given mil 
by Lieut. Stokes, it appeafll thnt tho lower bed con~is18 
of 110ft muddy l!andstone, like that of S. Josef, with 
many imperfCllt ~hells, including the Pl!iCun ParalU118U, 
d'Oruig., ca"tI of a Turritella alld Scut.e1la. On thi. 
t.here are two ~trata of the pale browlI mudstone, abo 
like that of S. JQMJ. l!eparated by a darker coloured, 
more ugilJacr.oull nriety. including the O.treo:a Pata­
[fl)1lU:<t. 1)rof. Ehrenberg has examined thi, mudstone 
for me: he find~ in it three already known micf08COpic 
orW'lIi~IlI~, enveloped in a fine-grained pumiceoull tuff, 
which 1 ~hnl1 have immediately to detocribe in detail. 
SI)f!(:imena brought to me from the uppennost bed, 
110rth of the Jilo Chupat, consist of this Inme substance, 
but.ofn wilit"r colour. 

Tertiruy rtraln, such as are here dellCribed, appear 
to ntMld alon~ the ,..hole coast. bet.,..een the Rio Cbupat 
and Port Desire, elcept wlwre internlpted by th ... under­
lying claystone porphyry, and by !lOme metamorphic 
rockl: tb"1e bani rock!!, 1 may add, are folund at in­
tervab o\'t'r a ~1l6Ce of about five df!b"l'eell of latitude, 
from l)oint l'nion to" point between l)orl. S. Julian 
and S. Cnl7.,nnd will bedf!ilCribed in the en9uingcbll.pter. 
:1\tnny gigantic specimens of tile o.troa Patw.Jonica 
were eolleeled in the Gulf of St. George. 

Port .Dui~.-A good IIOOtion of the lowest fouili­
feroull mlW, about forty feet. in thickneM, reating on 
elay~tone porphyry, is e::chibited II. few milel lOut.b> of 
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the harbour. The shells sufficiently perfect to be 
recognised oonsistof;-

1,0.' .... r.'.,.. ... .rOrbig. (.oloo at St. F. aDd .boI . .... of 
~ia). 

2. 1':;: ~~:":~; .. ~~i~~~~: ~~i~a.r 1'1. Ill. r. JO or thi. 

S. l'oc.ua<1'nuali •• 0.11. So.erbJ. PI. ilL t. 31 (altoS. J~!i .... a.nJ 
!I.e .... ). 

4. CueuU,,'6 sha, do .. PI. II. f. ~2. 23 (01.., S. CtuI). 
~, NuoulftomltA. do. 1'1.11. t. In. 
6. Turl"it~lJll'.u.gonioa. do .• PI. ur. r. ~8. 

The fOill!iliferous strata, where not. denuded, are 
conformably CO\'ered by a considerable tbiekness of the 
line-grained Ilumiocotlil mudstone, divided into two 
masses; the lower balf is "cry lille-grain~, aligbtly 
unct\lOu~, and 10 compact 118 to break with a semi­
conchoidal fmcture, though yielding to the nail; it 
include. lnminre of selenite; the upper half precisely 
reflelnhles tbe one layer at. the Rio Negro, and with the 
exception of being whiter, the IIllpcr beds at San JOiIef 
and Nuevo Gulf. In neither mnu is thero nuv trace to 
the naked eye of organic forms. Taking tim entire 
depo~it, it i~ generally quiw white, or ydlowisil, or 
feebly tiutt.-d with greeu; it i~ either n!lIl~t friable 
under thtl finger, or WI hard u chulk; it is of o.1.Sy 
fu~ibility, of little specific gravity, ill not harsh to the 
towch, adheres to tbe tongue, and when breathed on 
exhales a strong aluminotlil odour; it IOmetimes ooD­

tninla very little calcareotlil matter,lInd truces (besides 
the included Inminre) of gypmm. Under tbe microscope, 
according to Prof. Ehrenberg,' it consists of minute, 
trilurated, ccllular, glassy frngmenta of pumice, with 
Rome broken cry~taI8. In the minute gltl.:>!!y fragments, 
Prof. Ehrenberg reool"Ili~es organic structures, which 
l lUve been affected by volcanic hc.,t.; in the 8pooimeIl~ 
from thi. place, and from Port S. Julian, he finds six_ 

, 'liollauberkbtellderkOaig.Akad.nB<rlia,I'OlIIApriJ,18U.' 
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teen l'olyga.stric~1 nud twelve I'hywlitluuia. Of these 
organiijllls, !!e,'en tire new fOml!!, tho otheI'll beillg pre­
viouily known; all are of marine, and chiefly of ooennic, 
origin. This df;'potIit to the naked eye re!eluble8 the 
crllilt. which often appeaI'll ou T;eathered surfacC3 of 
feld~pathic rockd; it likewise resemhles tho.;e bedi! of 
earthy feldspathie matter, sometimes int.erstrntilied with 
porphyritic rocka, as is the C8!1e in this wry di~triCL 
with lhe underlying pUf})le clayswne porphyry. From 
examining apeeimeni! under Ii common microscop4", and 
compnring them with other specimens undoubtedly {.f 
volcanic origin, I had come to the sa.meconclnsion with 
J'rof. Ehrenberg, namely, that. this grout deposit, in its 
tirst origin, is of volcanic lIatute. 

Port S. Julian.-On the lIOuth side of the harbour, 
the following ~lion, which 1 here rCI)rot, givel! the 
nature of the bedS!leen in tho cliffs of the ninety filet 

No. A 

. . 
~~J~:,~~~~~'ie;;:!i 

plain. Beginning at the top,-ht, the earthy rnlL~ 
(A A), including the remaill8 or the :\lacraucbcnin, willi 
recent. ahellll OD the surface j 2nd, the porphyritic 
~hingle (B), wl\ich in its lower part i8 intef8tmtificd 
(owing, I believe, w redeJlOllition during denudation) 
with the white pumiceou~ mudstone; 3rd, this .hite 
mudstone, about twenty feet ill thickness, and divided 
illw two varieties (C and D), both closely resembling 
the lower, fine-grained, more unctuous and corDI)act 
kind at. l'ort Desire j and, u at that place, including 
much selenite; 4th, a fosai1iferoWl masa, dhided Into 
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three mn.in }Je(h, of which tho nppennOl!t i6 lllin, nnd 
coniji~tli of ferruginous eand"tone, with many 8hell~ of 
tbe- Weat oyste-r and Ptden Para1leJt6i1l; the middle 
bed (E) i8 a yellQWi~h earthy sandm.one abounding with 
Scut('llro; and tile lowest boo (F) i8 an indurated.. 
gr{'('ni~h, Fandy ('lay, including large ooncretiona of 
calearoou~ sand~t/)n(', many 8hells of tile great. o),ster. 
ami in pam alm06t made up of frngrnentll of BlIlanidre. 
Out of these thre(' hros, 1 procured tho following tweh'e 
~peei(>lt. of which til(' t.wo tint were e:a:et>ffiingly nume-rouil 
in indh"iduals, lUI were the Terebratube and Turritdlll! 
incertainlayer1l:-

I. O.t ... Patagonita. d·Orb. ·Vo,.... No' (aleo.t St.. Fe alld ... h~Ift 
_oI~ia). 

t. P..., .. rua-, .. d·Or-big. do.. al>CI. PlllL t. '0 at !hi. work (St. 

""~' Ja.eI. Ptwr. Deo" .. ). 
3. P_l:<"ntnol;" O. B. 8o ..... b" PI. IU. t. 31 (rJeo P. 1Hti .. and 

8.C..,I). 
4.Pf!I"U'ngerniMtu.do..PI.H.flll 
r...T ............. b: P.&IIfC9IIin..do..PI.II.f.ll(l&l>d27(al""8.J_t). 
1I./ltnlthiolaria ..... at .. do..PI.I\'.f.lS2{oJ-08.Cfta). 
7 ............ Pacar>ooieu.do.,PI.l\-.t.M. 
8. F ...... N.-h;n .... do., Pl. IV.'. l\8""d 69. 
9.,<I(-rJR"" ... gul_.do.,Pl.Ill.t.411"nd43. 

10. Tnrril.ellaa .. balae ... m.do., PI. 111. t .• 9( .. '..,R C ..... ). 
II. l';t"la.<a&.of. lib P. nam.o.of !lo ...... hy. TukCaL 
12. n.I&D .... ..."... .. O. B. Sowm." PI IL I -t, 6, 8. 
13. "o:I!tflll.,dift'mllll"".lbe.pocisfI'l)lllN ... «IG.Jf. 

At the head of the hmcr hnrbour of Port S. Julian, 
tIle fOl'lliliferous rollll8 is not displayed, II-nd the l'eI1--Cliffs 
from the water'! edge to II- height. of between i 00 and 
200 f()('l Ilre fonned of tIle white pllmioooll~ mudstone-, 
whidl here includes innumerable, fa~l:tendod, .ome­
timt.'ll horizontal, .ometimee inclined or \·ertical iamimll 
of tmnsparent gypsum, often Iloout an inch in thick. 
nC!'!', F urtlJef inland, with the exception of the 
~upt'"rficilll gravel, the whole thicknea of the tnmcntffl 
l!ill~, which rt'1lte'W.'nt a fonne rly continuoU!! plain 950 
feet in height, Ippea ... to be formed of tllis white mud-
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stone: bere and there, however,flt \,mOIUl height", thin 
earthy laye"" containing the grOflt O)'lW, PuUn Pllra­
tI~1Ui6 find Turritdla ambulacrum, are intentratified; 
thWl lhowing that the whole IDI!.S!lI belonga t.o the 113me 
epoch. J nowlwre found even a frngment of a ~hell 

actually in the white depoe-it, and only a single ron of 
a'I'lIrritella. Out of the eighteen mierfl'OOpic organi~ma 
di!lOOH'Tt'd by Ehrf'uilerg in the apeeimcns froID thia 
place, I.('n are common to tIle IInme drIIOIIit at. Port 
DelOire. I mlly IIdd that specimens of thia white mud­
atone, with the same identical chamct(,111 Were brought 
me from two point!l,.......()ne twenty milo. north of 8. 
Julian, where a wide gra\'el~pped plain,350 fl.-'Ct ill 
height, i~ thu!! Nmp!l8ed; and tb;> oUU!!' forty mill's 
80Utb of R Julian, where, on the oK! chart~. the cliffs 
nre marked M' CluJ!.: JIill,.' 

&Itltfl. Crnz.-The gnm:~I-<:apped cliffnt the mouth 
of thl" river lire 355 feet in height: tbo lower part, to 
II thieknOAll of fifty or 8ixty feet, CQn~i8t.s of 1\ more or 
i("I1s h~nlen('(l, darkiijh, muddy,or argilill('('Oul8RndRtone 
(like th(' lo .... e~t bed of Port De~iro). containing very 
many 'h(>ll~, Nlme silicified and 110100 oon"ertt>d into 
SI'UOI>' ea.lrorf'()us spar. The great oystC1' i~ here 
nUJl}('rou.8 in layen; the TrigoooceliA and Turritella 
are abo ,try numerous: it ia remarkable that the 
Ptct~l. Pltmnentri., 110 common in All other part.& of 
the coost, is here abaent: the shells con,i,t of:-

I. OR_ Pa~""" d·Orbig. ·v,,~ Pal.' (_I .. lit St.. F' ... d 
. -hol.e...tarr'lolllj,>Oni_). 

2. r~on cent .. I;.., O. B. >Iowub,. PI.lIl. t. ~I (aim P. DII*i .. ud 
~. Jmliu). 

:: ;;::.'!::~:t;:nlii~ ~°j,~i~~~' PI. II. t.lI. 
b. CR .. ".um J>1I~l~bubl. do. PI. JI. f. IIi. 
G. C ..... hlAl''''-!r>.ira,do.l'l.Il.r.11. 
7.M,,",,",~· .. do.P1.II.t.8. 
&'M~n.......;a;;.do.PI.lI.r.8. 
t. C\o(ILU .... alu., do. Pi. U. t. 22, ZI (.&.0 P. Do.I .. ). 
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10. Tn.o-I. ;-.li1A, &. PI.ll t. 20.21. 
II. N""""'(1')cw-.&.PI.. Ilt18. 
It. (.""'p;d .... &"Pria. do.. PI.. ilL t. 3f. 
IS. y .. hlla..!IA,40..PlI\'.t.a. 
u. T .... hu ooILori •• do..l'!.. III.!. H. 4.\. 
16. S~, .... ""Iid.(1').do..Pllll r .• I),u. 
UI. Suathi..loria o....IA, do.. PI. 1\'. t 12 (alto P. n..' ... l. 
17. TumteU ..... hularnun, hI'!. IH. t..~(.ao P l-I. Jmli .... ). 

Imperf..c. 'rarmer>t. or tbe (Ie'*" Dy.oa-. Artemi .. ....J.h ..... 

The upper part of tho cliff i8 generally divided iuto 
tl' rco great strata, differing slightly in composition, hut 
eilllentially I"CIelilbling the pumiceous mud.tone of the 
plt\CCilfarther 1I0rth; tbe del)()llit,however, here is more 
arcnneeou!!,of greater specific gravity,and not 10 white: 
it i. interlaced with nUlDerou~ thin '"tins, partially or 
quite filled with trann'erse fibretlo£gype:ulII; tbese fibreil 
were too abort to telU;h ael"08il tbevtin, have their eJ:tre­
tniUee curved or bent: in the 8.1me veins with the gyp­
sum, and Iikewbe in separate veins as well as in little 
nests, there is milch powdery sulphate of magnesia (as 
a.soertained by .Mr. Recks) in nn uncompre88Cd form: r 
hdieve thllt this !lOlt bas not heretofore boon found in 
nins. Of the three beds, thccenlrnl oncia the most com­
pact, and more like ordinary !lOncbtone: it inc1udCil nu_ 
I\lN'OUB flnttenoo ~pherical con('retionl, oft(:n ullitecllike 
a necklace, composed of bani cnJcarl'OllA sandbtolle, con­
taining a few 8hells: lIoOme of these concretion, were 
four feet in diameter, and in a horizontal line nine feet 
apart, .howing that the calcareoUil matter mlll!t have 
been dmwn to the centre! of attraction, from a distance 
of fOllr feet and a half on both sides. In the upper and 
lower finer-pilloo strata, there were other concretions 
of a ~('y colour, containing calcareous matter, and 10 
fillt>-grnined nnd compnct., as almOllt to rescmble pot­
celnin-rock: I have se.:n Cl[(Wtlyaimilar concretioill ill 
n volcanic tufllooolll! bed in Chiloe. Althollgh ill thill 
upJkr fine-grained Blrata, organic remain. were very 
rare, yet I noticed a few of tbe great oyater; and in 
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one included 110ft ferruginoU8 layer, there werclIOmellJeCi­
men. of the Cu.culi<t(&. alt(&. (found at l'ort Desire in the 
lower fOliSiliferous ml\Jjll) and of the .Va,ctra.'MI.{Jai.(&.,which 
latter shell has been purtiaUy converted into gypsum. 

In a~nding the "alteyof the S. Cruz, the upper 
~trato. of the eoasHIifI'_ are prolonged, with nearly the 
same characters, for fifty mile.!: at about this poiut, 
tb .. y be~..jll in the mODt gradual and scarcely perceptible 
wanner, to be oonded with white lines; and after as­
c .. nuiug ten miles farther, we meet with distinct thin 
lay(·1'lI of whitish, greenish, lind yellowish fine-grained, 
lu.ible sediments. At eighty miles from tlw COlUit,' in 
II. cliff thus composed, there were a few taYl!1'S of fcrru_ 
ginous 6Dndlitone, and uf an argillaceom l8udstone with 

.. 0,.'" .... --. .. -... ....... .. t.cu........,.lo.Ion. .. _ot_~ 

concretions of lUarl like thoee in the Pampaa. At. 100 
mileil from the coast, thlt is at a central point between 
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the Atlantic and the Cordillera, we hal'e the preceding 
IJeCtion. 

The ul)per half of the sediment:1ry m8.!;ll, under the 
bru.altic lam, consists of innllmerable zones of perfectly 
III'llit(', bright green,yello.i~h and hrownish, fine-grained, 
@(lmetimCilincoherent,l!edimentarymatter. The whitE', 
pumi<."eOu,," trachytic tuff-like varieties nre of rather 
greater specific gnn'ity than the pumiceous mudstone 
un theeoost to the north : some of the inyers,e!lpecially 
thtl orowuo:-r onel!, are coarser, 80 tbat tile broken eryl>­
tals lire distingui~bable with a weak lelU!. The Inyers 
\"I1ry in character in short. di~tnllees. Witb th(' excep­
tion of n few of the Ostrea Patw,J<Inica, which appeared 
to hal'e rolled down from the cliff nbol'e, no organic 
rE'mnins were found. The chief difference between 
th~ myerll taken nI a whole, and the upper OOds both 
at t he mouth of the r i\'er and on the eoast northward, 
!le('ms to lie in the occasional presence of more colouring 
matier, and in the Kllpply hal'ing been intennittent; 
th~ characters, a8 we have seen, ,'ery gradually dil>­
appear in descending the valley, and this fact may 
perhaps he 3I!COunted for by the eunenl8 of a more 
open sea hAving blended together the sediment from a 
distant and intermittent source. 

The coloured layers in the foregoing lICCtion rest on 
a mus, nppnrently of great thicknC8!l (but much hidden 
by tlu'! talu~). of 110ft sandstone, almoet compo&ed of 
minute pt'blI1CB, from one-ten til to two-tenths of an 
inch in diameter, of the rock~ (with the entire elception 

j(1'Mt'\'p ... hic"hMformodbill.brt~ftIHlRlldTOf"""inheil(h'.&Dd 
.... tilto<lIM" .... ;l\lObill'hl,.i ... h..lud_urti..u.,.,.it ....... 
TIHo Ilrata ,.......,J.I .. dif1"'d at ... "111. f,f46°I" .... nblhe~liffl'rom 
.. Ind> the,. had .h~..t. Iheno ...... .d,a.1i;-. boohoa .. om_it_lid. 
1 ..... _I~.t~lh;. In .... rd dip ;''''rrg.ooe.,.!. h itd", toth, 
h,.dl'OOllatier ..... ' .. of .... ' •• p""""I.liog .. ithdiffi""ltl W""':f:htb • 
• tl'&I.&cC.1DII";thg..t.l" ~'"th.bueo!th._th&D .. a> ... th. 
~1'~P""t~ 
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of the basaltic lava) compo~ing tbe great bould('re Oil 

the surface of the plain, and llrobnbly composing the 
neighbouring Cordillera. I"i\,e miles lligher up the 
"alley, and again thirty miles higher Up,1 (thati~twenty 
mne~ from the nearest range of the Cordillera) the lower 
plain induded within the uPller Oi!Carpments., ill formed, 
as l!een on the banks of the river, of 3. nearly similar 
but finer-grained, more earthy, laminated Band_tone, 
alternating with argillaceous beds, and containing nu­
merous moderately @izOO pebblf>il of the eame rock~, and 
IOme@hellsof the great Ollt/"!(, Pala{JfJ1lica. A3 most 
of th('tQ @hella hlUi been rollod before being here em­
bedded, their pre~nee doefl not pro"e that the Mnd­
ltone belong!! to the great Pntagoniau tertiary formation, 
for they might hlwe been red,· posited in it, when the 
"alley e:li~tOO !Ill a sea-stmit; but IU amo'[;g~t the 
pehbletl tll<'re were none of OOM.lt, although the cliff~ on 
both sides of the \'a1ley are C\)m~i of this rock, I 
belie\·e that the sandstone does belong to this formation. 
At tile highest l)Oint to which we MCended, twenty 
miles distant froID the nearellt slope of the Cordillera, I 
could lee the horizontally zoned white beds, stretching 
under the black basaltic lava, e10se UI) to the mOllntainll; 
so that the valley of tIle S. Cruz giVetlll fair idea. of the 
con~tituHon of thp whole width of Patagonia. 

B(lRfutic £at'a of tM S. Cnc.-Thia formation is 
first met with sinY-5e\'en mill'il from the mouth of the 
ri\"Or; thence it extends uninterruptedly, generally but 
not exclusively on the northern side of the valley, e1011C 
up to the CordillNa. The basalt is generally blnck 
and fin<'-grRined, but sometimes grey and laminated; 
it contains some olh'ine, and higll up the mIley much 

, I , .... ~ &L boI:h Plaeeo, ba.t DOl. i .. .u.. q ...... titi. of to~ir • ...- ud 
..,.ji..,.,., d'_Jledu~ou 1,I~iW W'OOd, .hicb __ uami_1ot m. by 
:Kr.H. Bro .... 
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gllW!Y feld~par, where, "Iso, it is often amygdaloidal: 
it is ne\'er Ilighly n':I!"icular, e:t~pt on the !idell of r!'tlts 
find on the upper aDd lower, spherically laminated wr­
faCf1l. 1L is often columnar; and in one place I MoW 

magnifiC<'nt columns, each face tweh-e feet in width, 
with their int.el1!tice8 filled u\) with calcareous tuff. 
The ~tream8 rest confonnablyon the white l!Cdimentary 
l)(>(I~, bllt I, Ilowhere saw the actual junction ; nor did I 
Illlywhere l'E'e thl' white beds IlCtually 8uperimposcd on 
the lllva; hut some way up the valley at the foot of 
the uppennO@t et'Carpments, they mUlt be thus lIuper­
impotled. ,'lorecH-er, at the lowert. point down the 
nlley, whf"re the streams thin out and tenninate in 
irregular projections, the Bpacet or int.en-ala between 
these proj('Ction8 are filled up to the ll'velof the now 
denuded and gra\-el~pped BUrfacetJ of the plains, with 
the white-zoned sedimentary beds; proving that thi! 
matlf'r continued to be deJlOl!ited after the stream! had 
flowed. lI enoo we may conclude that the basalt is 
eontl'ml)()Tuu('QllS with the upper parl! of the great 
tertiary formation. 

The lam where fil1!t met with is 130 feet in tbick­
neu: it. thf"re consists of two, three, or perllllJ):' more 
IIlrel1ln" divided from each other by ,·I't'ienlar !!pheroids, 
like thOlW" on tbe surface. From the 8tream~ ha\;ng, 
as it allpetU's, e:ttended todifferentdi~tancea, the terminal 
point~ are of unequal heighu. Generally thl' surface 
of the bll83lt i~ smooth j Lut ill one p.1.rt high up the 
vaU<,y, it wa, so uneven and hummocky, that until r 
Bft(!rward~ 83.W the $tream~ extending cOlltimlously 011 

i)()th ~irl('!l of the valley up to a height of ai)()ut 3,000 
ft'et.cIQl«l to the Cordillera, I thought that th('crBtersof 
eruption were probnl)ly close at hand. Th;~ hummocky 
Bllrface I helicve to ha"e been C81l!K'(\ by the Cros~iDg 
and heaping IIJI or different 8tream~. 10 ODe 1118~, 

c.. l I t 'II rk ,f :t--lf' 
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there were Iel"eral rounded ridges about. t.wenty feet in 
height, fIOrne of them 8.11 brood 8lI high, and $Orne brooder, 
which certainly had been formed whilst. the lav8 Wll!I 

H\lid, for in trnusvell!e seclions each ridge WIll _0 to 
be concentrically laminated, and to be IIOmpoeed of im. 
perfect columns radiating from common centres, like 
Ihe@IKlkcsofwheels. 

Tho ool'lillic ma.s8 where first met with is, 11~ I ruwe 
Mid, 130 feet in tllickness, and, thirty_five miles higher 
up the valiey, it increase!! to 322 feet. 10 the first 
fOllrtcen and a hllif mile!! of thill distance, the upJl('r 
IIuriace of the \aya, judging from tilret' measurements 
taken ahol"o the Ic,"e1 of the riw·r. (of ,rhich the appa­
rently very nnifonn indination Iliu be<-n calculated 
from ila tolnl height at a point 135 mil"8 from the 
mouth) ~Iope!l towards the Atlantic at an nngle of only 
if 7' 20": tbis must be coo~idered ooly liS 110 approxi­
mate measurement, but it cannot be far wrong. Taking 
the whole thirty-five mil<'!!, the upper ~urfaet) ~lopes at 
an angle of 0° 10' 53"; Lut this result i~ of no wliue ill 
allowing the inclination of anyone stream, for Imlf-way 
between the two poinu of meuurement, the 8urfaee 
~uddenly ri~ between 100 and 200 feet, apparently 
eaused by !!Ome of the uppermost 8trenm~ ha\'ing 
extended lhll~ far and no farther. From the mellllure­
menta made at these two poino, lhirty-fh"e miles apnrt, 
the mean inclination of the sedimentary beds, over 
which the la\'u 11M flowed. il Mil' (nfter elevation from 
Hnder the sen) only 0° i' 52": for the Bake of compnri. 
8()n, it !llny be mentioned that th" bottom of tbe present 
sea in a line from tbe mouth of the R Cruz to the 
Fulkland I slllnd~, from II depth of 8Cv('ntet!n fathoms to 
a depth of eighty-five .fathoms, declines at an angle of 
0" I' 22"; between the beach and the depth of !'even­
teen f."thoms, the depe is greater. Jo'rom a point about 
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half-vmy up the Yalley, the ool'8ltic IOUI ri_ more 
abruptly towanill the foot. of the Cordillera., namely, 
from a height of 1,204 feet, to about. 3,000 (toe!, above 
tb\l ~ 

111[, great delu~e of lava is worthy, in ita dimen<ions, 
of the greaL oontill<'nt to ...... bich it Jx,lon~. The aggre­
gate ~trl'am~ han; 80wed from tho o..rdillern to a dis­
tam'o (unpamlleled, I believe, in any C8JIO yt-t knowu) 
of about 100 geogrnphirol milC!'. Near their furthe.Jt 
e:t:tremity their total thickness is 130 feet, which increase 
thirty-five miles farther inland,allwe ha\"o just seen, 
to 322 fl*t. The lea&. inclination gh'cll by M. E. de 
Beaumont of tbe upper 8nrfaceof a lava . tream,llamely, 
0° 30', i .. that of lbe greet subnerial enlption in 1783 
from Skaptar Jukul in Iceland; and .\I. E. do Beaumont 
.bOWi\1 that it must have Howed down a mean indination 
of Ie. than 0" 20'. But we now see that. under the 
pressure of the lea, 811ceesaive stream. lu\\"e flowed ol-er 
a smooth botwm with a mean inclination not. more 
than 0" 7' 52"; and tbat tbe upper surface of the 
terminlil portion (over a space of fonrteen and a half 
milet) hall an inclination of DOt WOTe thall 00 7' 20". 
If the elevation of Pat.1.gonia haa been greater nearer 
the Cordillem than near tbe Atlant.ic (81 is probable), 
then theta angle!! are nowall too large. J mn!t repeat, 
tllat. although the foregoing llie&llUrementl, which were 
all earefully taken with the barometer, may not be 
abeolutely eorrect, tbey cannot be widely erroncou& 

Southward o( the S. Cruz, the cliff, of the 840 feet 
plliin extend to Coy Inlet, and owing to the naked 
patcb~ of the wilite sediment, they are said on the 
chnrhl to be 'like the coast of KCllt.' At Coy Inlet 
the high plain trends inland,lem'ing flut.-topped outliers. 
At l)ort Gallegos (lat. 51° 35', and ninety miles iOutb 

, ·.lUIIKIi ... p""" ocm~.' &c., pp.. 118 &ad 217. 
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of!'. CrWl), I am informed by Captain foiulhan, It X., 
that. there is II gm\'eJ-eapped plain from 200 to 300 ret't 
in height, formed of numerOli1l strata, IlOIUO flne--grnilloo 
and pa\ewcoioured, like the upper beds at tho mouth of 
the S. Cruz, othera rather darker and conraN, flO aa to 
resemble gritstone!l or t\lff~; these latter include mther 
huge frBJ{wents of aPl)O.rently decomposed "oleanio 
rocka; Ulere are, abo, included Jayenl of gra\·cl. This 
formation is bighly renlarknble, from abounding with 
mallllniferolls remains, which have not Il8 yet been 
eltnmined by Professor Owen, but which inclucle some 
large, but mostly ~m.111. ~pedes of Pnchydormnta., 
Edcntntn, and Uodentia. From the IIllpcarnllcc of the 
pn\f'-CO\oured, fiue.grained bed~. 1 Willi inclined to 
belie\"o that tbey corresponded with the upper I)(l(h of 
the S. Cruz; but Profef:llOr Ehrenberg, who has ~xAmined 
!<GlUe of the specimen!!, infonns me that tlle included 
microseopical organisml lire wholly different, being 
fresh nnd brackisll WlI.ter forlU~. lience the 200 t<J 
300 f('€t plain at Port Gallego8 is of unknown age, but 
probably of 8uh8e<luent origin to the great Plltagooian 
t.ertiaryfonnation . 

. J:.'tuW'n Tim-ra tiel FUef!O.-J udging from the 
height, the general allpearnnce, and the white colour 
of the patches \'igible on the hill @ides, the uppermost 
Illain, both on the north and western sido of the Strait 
of Magellnn, and along the eastern COO8t of Tierra del 
Fuego lUI fliT !iOuth lUI Ilenr P ort St. Polyenrp, I)robably 
belongs to the great l'ntagonian tertiary formation. 
Thete higher table-rnngea are fringed by low, irregular, 
('%te08i\"e plain~, belonging to the boulder formation,' 
and compo!!ed of eoal1!e unstratified W8811C11, IOmetimes 
88t'QCi8ted (as north ofC. Ylrgin'_) witb fine,L"lminated. 
muddy saudstonCll. The cliffs in Sebru;tian Bay are 

I n-:ribed im the • Goo1oci<al Tn.mACl;"""'· 1'01. vi. p. 416. 
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200 feet in height, Dnd are compo8Cd of fioe 8IIn1lnOOes, 
often in curvilinC&r layen. including hard concretions 
of calcar(lOu8 Bnnd~toue, nnd layers of grel'('\' In tIle&e 
beds there are frngmentsof wood, legs of crabe, barnnclea 
encrusted with com1\ine<! still partially retainiug their 
colour, ilnperfl'Ct fragmenh of a l'holaa dirtinct from 
any known apedes, and of a Venus, approaching- "ery 
c1o><ely to, but ~lightly different in form from, the 
V. ienticulal"i8, a species !iring on the COllst of Chite. 
Lca"es of trees nre numerous between tile itullinoo of 
the muddy 8Dndatone j they belong, IU I am infonned 
by Dr. J. D. Hooker,! to three speciea of decirluoltll 
beech, differellt from the two apet'ies which rompot;e 
the great proportion of troea ill this forest-clnd lalld. 
}~rolll these f!leU! it ill difficult to conjecture, whether 
we here IlOO the basal part of tbe great Pntagonian 
formation, or lOme later depotit. 

Summary on t1~ PatIVJOnian Tmiary F{)nf«llion 
-Four out of the 1Ie'·en fOlll!it allells, from St. Fe. ill 
Eutre RiOll, were found by :U. d'Orbigny ill the !!and 
atone of tho Hio Negro, find by me at San ;Io.<>f. Three 
out of the six from San J08('f are identical with thOlle 
from Port Detire and S. Julian, which two plaet'll have 
together fifteen !1)C(:ies, out of which three are common 
to ooth. Santa Cruz hu l!eventeen speciea, out of 
which five are common to l)ort Desire and S. Julian. 
Considering the difference in latitude between these 
8Cveral plaoes, IIIld tbe small number of 8pecietlal~'t'ther 
collooted, namely thirty ... iz:, I conceive the aoo\'e p~ 
I)()rtional number of specie.! in COllImOn, illuffieient to 
show that tbe lower fossiliferons mass beJollgoi nearly, 
I do not say abeolutely, to the IIIIme epoch. Wbnt this 
epoch may be, compared with the EnTOpcnn tertiary 
Ht.ap, .1\1. d'Orbigny will not pretend to determine. 

1·llot.oarotl»A .. _ieV<Y!....,:p.~lt. 
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The thirty-six species (including those collected llJ 
mYIII'tf and by M. d·Orbigoy) are all extinct, or at k'IU-t 
unknown; but it should he borne in mind, thnt. tile 
pr(,lICut coast C()nsht, of shingle, and that DO one, I 
l~liew, has dredged here for shells ; hence it is not, 
improbable tlmt IIOme of the ijpecies may hereafter 1.e 
fouud lh"ing. Some few of the ~pecies lire closely relatNl 
with existing OUei; this i. e;!peei:tlly the C38C, according 
to "M" d'Orbigny aDd l1r. Sowerby, with the P/UI'<j 
Pul{t[joniclUJ; lind, according to jUr. Sowcrby, with 
tlw Pyrula., the V"nt.t.8 'fMridion"a/.is, tbe GI-epidula 
!/rt{j(lria, nud the Turritdla ambulacruJ,.., and T. 
P{,wyvnica. At lea/jt three of tbe genera, llImlely, 
Cucullrea, Cr8.$ljnteUa, and (us determined by Mr. 
Sow,-,rhy) Struthio\aria, are not. fouud in this quaner 
of tbe world; and Trigonocclia is extinct. The evid,"net' 
t.,ken altogether indicutes that this great tert iary 
formation is of considerable antiquity; b,lt when treat_ 
ing of the Chilian be4i, I shall ha\"e to refo:r again to 
this 8ubject. 

The white pumiceous mud~tone, with itt ahundant 
gypsum, belongs to the same gtneral elKlCh with the 
uuderlying fOiti.ilifero1l8 mass, ns may be inferred from 
the she1il! included in the intercalated Inyer8 at Neu\·o 
Gulf, S. Julian, and S. Cruz. Out of the t1IieutY-!lCveli 
marine microecopie 5tructUI"CII fonud by Prof. Ehrenberg 
in the specimells from S. Julian and l )ort Deijirc, tell 
are COUUUOII to thCile two places : the three found at 
:\""em"o Gulf are dilltioet. I bave minutely d~ribed 
thi, dep03it, from ita remarkable cbarnders and its 
wide cxt.eI13ion. '-rom Coy Inlet to l)ort Desire, a di~­
lance of 230 miles, it is cenninly eontiouOlli>; aod I 
ha,·c reall()n to beliel"e that it likewise extends to the 
Rio Chupat, Neuvo Gulf aud San J O!lef, a distance of 
5;"0 miles: we hll\·e,ahJO.Feen that a single layer occurs 
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at the nio Xegro. At l)ort S. Julian it is from 800 to 
900 feet in thicknell!!; and nt S. Cruz it eJttends, with 
11 ~light\y altered cbnracter,up to the CordilleTli. From 
ih microscopic structure, nml from its analogy Witil 
otll('r formations in volellllic di~trid.'l, it must be con­
~id"rl'd as originally of volc:mic origin: it mlly ha,'e 
~'n formed by tbe loug-routinued nttrition of vaat 
quantitiCii of PUllli<:.'e, or judging fr~m the manner in 
which the ml\.!<~ becomes, in a~cending the valley of S. 
Cruz, di\'idorl into \'ariously coloured layel'!l, from the 
long-continued eruption of douds of fine IllIheR. In 
either c.'lSC, we must conclude, that tbe southem \'olennic 
orifice!! of the Cordi!lern. now in n dormant state, were 
at about thi8 lK'riod over n wide Bpace, and for II great 
length of time, in action. We have e"idcncc of thi~ 
fnet, in the latitude of the nio Negro in the 8llnd~wne­
conglomerate with pumice, and demonstrative proof of 
it. at S. Cruz, ill tbe Vagt deluges of basnltic lam: at 
this same tertiary period, abo, there is distinct e\'idence 
of volcanic action in Western Banda Orient,a\. 

The l)atagon ian tertiary formation extend~continu­
ouoly, judgipg from fossi ls nlone, from S. Cruz to 
near the Rio Colorado, a distanoo of abo"e 600 mile«, 
nnd reappean o,<er a wide area in Entre mOll and Bamla 
Oriental, making a total diltanoo of 1,100 Inilea; b\lt 
this formntioll undoubtedly extends (though no f08i!ils 
were collected) far 80uth of the S< Cruz, and, accord­
ing to :\1. d'Orbigny, f20 milea north of St. Fe. 
At f'. Cruz we 1Ia\"e seen tllut it extends acr08i! the 
rontinent; heing on the coast. about 800 feet in thick­
IlEi18 (and rather more at~. Julinn), and ri~ing with 
thecolltcmponllleou~ la,"a,trcams to II height of about 
3,000 feet at the base of the Cordillera. Jt reah, 
... bere\'er ally underlying forUlation can be roen, on 
plutonic and metamorphic rocks. Inclnding the newer 
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Pampean dt!poBit, and those ~trnta ill eastem Tierrndcl 
Fut>go of douLtful age. as well as tha boulder formation, 
we hll\"c II line of mora than twcntY~\'en dcgrees of 
latitude, equal to thllt from the Strnits of Gibraltar 10 

thc BOmh of Iceland. continuously oompoeed of tcrtiar~" 
fonnalionF. Throughout thi! grcat space tile land lms 
iJe('1I upraiflCd, without the strata havin,l!' been in a 
~illgle in"tane(!, as far as my mean~ of obsen'ation went, 
uIIC<jlmlly tilted or dislocated hy a fault. 

T~rtiaMJ Form.atwlUl on tM }l'ut O0«8t. 

Cl,OIW8 A rchip'lullo. - The nllm('rolls i.lands of 
thia group, with the exception of JJI·mJ\~. )'pun, eon­
~i~lormctamorJlhicllChi~ts; tIlt'!!(' two i~lnnd~ nre fi,rmoo 
of softibh l,'I'ey lind Lrown, fu>ible,oikn inminatcd t;and­
bton('!l, containing a few pehhle~, frtlf,rmenu of Mack 
lignite, and uumerou~ mammi!Jatoo concretionM of hard 
calc.,rC()us SIIJHhwllc. Out of the~ concretions nl Ypun 
(lat. 40° 30' S.), I extracted the four following extinct 
speeie8of81wlls:-

~: ;:';:~l: :a,.~t':~a~:! ~IJ~:/J6,1~~" t. 60 (Al"(!iVid"d). 
3. en!::;::;). (f) ... louJ.- (1). 00. PI. 1I. t. U (aJ.o l"hiloo and 

4.\'olau..f~t.or. 

In the nortllem parts of tbi! group there are IlOme 
c1iff~ of gravel find of tbe boulder formntion. In the 
sonthern pnrt (al P. Andres in 1'res Montes), there is 
a, volCllnic fonnlltion, probably of tertillry origip. TIle 
ia,\'8.8 attain a thickness of from 200 to 300 feel; they 
fire extremely variable in colonr nnd nature, being 
compact, or hrecciated, or cellular, or filUygdaloidal 
with zeolite, agate and bole, or porphyritic with glassy 
Illbitic feldS'par, There ill also much imperfect mbbly 
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pitchstone, witll the interstic~ charged with powdery 
I:ll.rbonate of lime apparently of oontemporanoousorigin. 
The!!e lava!! lire oonformably a~!!OOiated with strata of 
breecia and of ))roWD tuff cOllt.'1ining lignite. The 
whole mass has been broken up and tilted at all angle 
of 45·, hy a lIE'ries of great volcanic dikes, one of which 
was thiTty yards in breadth. This volcamc formation 
reilCmblC" one, presently to be described, in Chiloe, 

lIlLa/o.-This island lie~ between the CholJos and 
Chiloe groupil : it is noout 800 feet high, lind perhaps 
has n nucleus of metamorphic rocks. The strata which 
1 examined consisted of fine-grained muddy ~andstones, 
with fra;;mcnts of lignite and concretions of calcareous 
llalldslone. I collected the following extinct shells, of 
which Ille Turritelln. was in great numbers:-

I. n"ll" ...... mopbil ... O.D.SOW'C.hy.I'L 111.1.35. 

i: ~::7'.;I~:;.!:~~~g;i,~~ no~~··:~~.2 1'1. X11. t. 6. 7 ( .. I"" ~t 
Coq"lmbo). 

!: i~:~.,1:':Ch1l.~;!~d'o.Op~1~;.e~~Yi"t: ii,;.,~,,~~· 
!: g~~~:r:~:~~;(~~::b~ ~n;!r ~~perf~. 
Clti~.-Thi8 fine island is about 100 miles ill 

lpngth . The entire southern part, and the whole 
western coast, consist.s of mica-schist., which likewise is 
~n in the mviuCIl of the interior. The central moun­
tains rise to a height of 3,000 feet, and arc s,lid to be 
partly formed of granite and greenstone: there ar(> 
two small vo\eanic districts. The eastern coast, and 
large parts of the northern extremity of the island ar(> 
composed of gravel, the boulder formation, and under­
lying horizontal strata. The latter arc well displayed 
for twenty milCil north and gontll of Castro; they vary 
in character from common sandstone to fine-graincd, 
laminated mudstones: all the specimens which I ex-
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alniued are elUlily fllEihle, and IIOIne of the beds might 
he called "oleanic grit-sIOnt'l!l. These latter ~trata are 
perbaF- related to a IDa88 of columnar traeltyte which 
OOCUni behind C. stro. The lIandatone oecasionally in­
eludet pebbles, and many frngments and Jayel"ll oflignite; 
of Ihe lulu-r, some are apparently fonned of wood and 
otllen of leaves: one layer on the NW. 'ide of J.emuy 
is nearly two feet in thickneu. Thl're is all!O much 
silicified wood, both common dicotyledonous and coni­
ferolls: a section of one @pecimen in tltedireetion of 
the medu\lllry rays hal!,as I Illuinfonned by Mr. It Brown, 
thl! dioce in II double row placed Altern:lteiy, and 1I0t 

opposite !L!I in the true Arnuenrin. I found marine 
remain. only in one ~pot, in !IOIne concretiou8 of bard 
calcareous I18nd~tone: in 8e"ernl other di5tricts I havc 
obo!erl'ed that organic remains wl're eJ[c1ui!ively confined 
to Inch concretions; are we to account for thil fact, by 
tile Buppo"ilion that theshellslived only at these points, 
or is it not more probable that' their remilins were pre­
lleT\'ed only where concretionJJ were formed? The shells 
here are ina bndstatc, they consistof:-

I. Telljn;<t~. (?) ol..lo~ G. n" 80 .... 1..,., PI. U, to 12 ( .. .,L.nella ill 
M.d'{lrl>il(1ly'.Or;D;on). 

:: ~:2ir,·~~~~~·,;, ::J~::9~'~a ~ lIDafo~ 
At Ihe northern ~tremity of the iihlnd, near 8. 

CariOll, there iM a large volcanic fonnntion, bet"'een 500 
and 700 feet in thiekne!<'<. The commont'lt lava is 
blacki~h-grey or brown, either '"C!lieulnr, or aJllygda­
ioidal with calcareous spar lind bole: 1l10st c"en of the 
rlarkest vnrietit'l fuae into a pale-colonr{'(\ gln~~. The 
next commonest ,"ariety is II mbbly, rardy well charac­
terised pitchstone (fusing into a white gla~8) which 
passel in tile most irregular manner into stony gray 
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lav8..'!. T hill pi~hgLOne, 3!! well a6 SOlne purple clay­
stone porpilyry,ct'rlnillly llowed in the form of stream~. 
Tllese various lal'118 oftell pagg, at a oon"idcrahle depth 
frOIn the ~urfnce. in the mObt abrupt und singular 
manner iuw wacke. Gr<.'atllllll!Se!i of the IlOlid rock are 
brecciated, Rnd it wall geuernlly i lnp08~ible to di!lOOl"er 
whether the r~'C('mellting proceEl!l bad bet-u I1n igueoui 
or aqueous action. I The bed~ are ob!<cIl~ly separnh:d 
from each other; they are JIOmetimeil parted by !\C31ll$ 

of t ulT nnd layers of pebble!!. til one place tlley re"ted 
on, and in unotller Illace were callped by, tuff~ and grit­
stones, apparently of submarine origin. 

The neighbouring peninsula of Lacuy i~ almo-t 
wllOlly formed of tufaceous depol!il8,conllf'Cted probnbl.v 
in their orib-in with the "olcanic hill~ just described. 
The tuffs are pal~lourcd, altenmling with hllninat('(1 
mudstonesRlld II.'uldfWlletl(nll easily fu~ible)and pass.ing 
!!Ometimes into fino gmined white beds strikingly fl'­
gembling til() great upper'infusorial depo!lit of l 'ataWluia, 
aud IIOll1etimCf! into breccioll\.ll with piC<:.-es of pumice ill 
the 1116t stab~ of decay; these Ub"ftill pnu into ordinary 
COllfi!e breccia! nlld collglomeratetl of hard rocks. With_ 
in I-e'y short. distances, some of the finer tuffs often 
paACd into each other in a peculinr manner, namely, 
by irregnlar polygonal ooncretions of olle mriety ill­
creasing 110 much nnd so suddeuly ill size, that the 
i!f.'{lond variety, instead of a lly longer fo rming the entire 
m ass, was left. merely in thin ,'ei lls betweell the concre-

'h,.ehlrollb.obard_l.~t • .,_,lf""Dd ......... 1 

::,"':'..;:~:~ :~~~;:~~ :.:~~!.~f.~ ::;:nl!,,~~: 
mbed. I ~ i, III"""),, and of ,. II ........ ~'; i~ i, Ihinly .... ;-', 
;lith the ..... ; .... 1 ... " ........ "1 andetutie; i~io,. 1iltJ.ba<dnlhan tal· 
~ ~r; i~ i. ;nf ... iM. ulld .... !lIe blowp; ........... Iim ... d .. o:e-
~':,!~,!;l~· d::;!::-:'~:~~e:;;;l.b~~n·I~~r ~4t, ':'d;1':~'C.~; 
nOlCed .. ilh ",,"n. I bA~. no ,d ..... hot ill true nature it, On lIul 
_iogit, l ... i<100k it fb.ligtrite! 
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tiolls. In a straight line of cliff~, at Point 1'o.:I1I1Y, r 
unmilled the following remarkable section :-

No.3:'. 

On th(' left. hand, the lower part (A A) CQ1l8i~t.Jorregular, 
alten1ll.ting strata of brown tuffs and greenish luminntcd 
mud~tolle, gently inclined to the rigllt, and conforrnnbly 
coveroo by a ma....s ( B ('It) of a white, tllfacrous nud 
brecciolnted depo;;it. On the right haud, the whole 
cliff ( B" ri[Jld) COIl:li..ta of the !!IIIne white t\lfaceou~ 
mntlRr, which on thi~ side prc!«'uts scarcely a truce of 
stratification, bllt to the left beeomes very gmduaHy 
and rather indi~til\etly dil'ided into strata quite con­
formable with the underlying be<L! ,A A) : moreover, a 
few hundred yards farthe r to the left,where the surface 
haa hoen leM denuded, the tufact'OlliI stratA (11 lift) are 
conformably covered by Allotilcr set of stmta., like tile 
underlying ODes (AA) of this section. I n tho middle 
of the dillgram, the beds (A A) are _n to be Ilbruptly 
cut off, Illld W abut 8gllil\~t the tufaceou8 IlOIl .... trnti6ed 
mll88; but the line of jllnction has been u«identally 
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not repn"iented steep enough, for I particularly noticed 
that ,*fore th<' beds had bet!n tilted to the right, thb 
line mu~t hal'e been nearly vertical. It appeaTII that a 
eurrent of water cut for itself a df'ep and ~teep sub­
marine chaunel, and at the Mme time Or afterwanls 
filled it UI) with the tuf.1Ct'()US and urf.'eciolaleJ matter, 
and Rpread the Mme on'r the surrounding ~ubmarine 
bo..><ls; the matter bcc<Jnling Mratified in th('!!e more 
di~tant and less troubled part./l, and heing moreover 
~ubl!('qucntly covered up by other strata (like A A) not 
shown in till> diagram. H is ~ingular tlmt throe of tIle 
beds (of A A) are prolonged in their proper direction, 
IU repreaented, beyond the line of junction into the 
white tufnceous IIlatter: the prolonged portioDs of two 
of the beds are rounded; in the thinl, the terminal 
fmgment hM been p\lShcd upwards: how these beds 
oould hal'e been left thus prolonged, I will nol pretend 
to eJ:plnin. In nnother section Oil the opposite side of 
fl promontory, there was at the foot of thil same line 
of junction, thllt is lit the bottom of the old submllrine 
c1l1mnel, a pile of fragmentB of the strlltn (A A), with 
their interlltit:es filled up with tile while tuf:lCeQUlI 
matter: this is u:actly what. might. hal'c bef.u rUltici_ 
pated under $uch circumstance;<. 

The I'!IrioU8 tufaooous and other beds at thi~ northern 
end of Cililoe probably belong to about the 88me age 
with thOil(' near Castro, aod they contain, /1.8 th('rt', many 
f"'h'lnenB of black lignite and of silicified and pyritowl 
wood, often embroded close together. They alBO oon­
tain many and ~ingular coucrctions: BOrne are of hanl 
calcareous Mndstone, in which it would nppellr that 
broken "olefinic crystals and sc1l1es of miea have been 
hetter preserved (as in the case of llul orgnnic rcmains 
llear Castro) than in the surrounding mass. Other 
concretions in the wbite brecciola, are ora bard frr-
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lugillOUS, yet fusible, nature; they nrc II.! round as 
cannon_balli, and "lIry from two or three incbell to two 
floet in diameter; their insidt'll gCfM'rally oonaist either 
of fine, scareely coherent volcanic flaud,' or or an argil­
lace6\1stuff; in thillatter case,the external eruslwas 
quite thin and hard. Some of the 'phericni !Jails were 
encircled in the line of their equatora, by Il. necklace­
Iikcrowofsrnnllerconcretiol\s. AI,'!lin lhere were other 
concr(·Uon~, irr<'gularly formed, and C<lmpo8(:(\ of a hard 
l'Ompnct, 8Bh-<loloured stone, with aD almost poreelain­
OilS fmclure, adhesive to the umgue, and without. auy 
caleareoul maUer. Tbe!!e bcd, aTt', also, interlaced by 
many \"ein~ containing gyp!ium, ferrug'inolill matter, 
cnlcal't'011I spar, and agate. h ""1lJI iu!re It('('n with re­
ImIrkable di'tinctDeE;3, cow intimately concretionary 
action ami the production of fi,;sllre. lmd \'eint are re­
lated together. The following diagmm i, an accurate 

repre!ICntntion of a horizontal sp8t:e of t1Lff, about four 
'Thtl'focqlltnt~inirontofotmholloYooorretioalorohel1 



396 Tuliary Fonllaliolts. 

feet. long 1" two aud a half in width: the double line;! 
reprez.cnt. the fillll\l['I~\I partially HIIM with oxide of iron 
and agate: the ~url'ilinel\r Iinl'~ ,how tIle oour-..<: of the 
inunmerabll'. concentric, concrdionary zont'fl of different 
I<hndes(,fcuiU1lr and of C(lIullt·nei<.ii in tbe particles of 
tuff. The symmetry and complexity of the arranW-,lDcllt. 
b'll"e the Mllrface an eit'l-,"llilt appearance. It JUay he _II how olJ\iou.ly the ti~~ur(.'" deti'rmine (or have bl-en 
determined I,y) the shal)c' f;OlIlctimes of the whole con­
cretion, and ~lUctimC!l only of iLl centrol parte. The 
tiltSurCj al.o ddermioe tile CIiJ'l'atllteil of tbe long undu­
lating zonct of concretionary action. From the "aryiog­
compotlilioll of the "eins and concretion!!, tOO amount 
of cllemical action which the mWl3 hall undergone i~ 

~lIrprisiugly great; and it would likewi.$l IlI)JXmr from 
the diifen:-nC!i in size in the partides of the concretiouary 
sones, that the waF!!, al!lO, 11M beeu ~lIbjeeted to inten181 
mccbanicalmo\ewenta. 

I n t.he peninsula of IACtlY, the strata over a width 
of four wHet! have beeuuphenl"{!(\ by three distinct, and 
/!Orne other indi~tinct, Iinell of elevation, nmgillg with­
in a point. of north sud IOlIth. One line, aOOut. 200 
feet in height, it regulBZ'ly anticlinal, with the struta 
dipping n..,...y on both @ide;o,at an angle of U·, from a 
central' ,'alley of eJeration: about 300 yRrd~ in width • 
.-\. !ICOOlld narrow steep ridgt', ollly ,ixty feet hi~h, it 
uniclinal, the IItrata throughout dipping weatwarrl; 
those on both Hankil being inclined at. an angle of from 
ten to fifteen degrees; \\'hil~t. those on the ridge dip in 
the same direction at. au angie of between thirty Rnd 
fortydegteell, This ridge, traood northwards,diesa"ay; 
a nd the bedill!.t its terminal point, instead of dipping 
""est.ward, are inclined 120 to the north. Thi~ case 

<'OO>.aimi"f ;~t""'t _u •• i •• i"~lu; D'Aaba,- ('T"';t" doo 
O..,...·l4IIL' ..... J(8).-rb_lh .. fII~ 
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int t' n'_too me, lUI being the finn. in which J fouoel in 
Nulh AmE'rica, formations perhape of tertiary orif.,-in. 
broken hy linet of elevation. 

Vnblit·jll: h{and oj .llfoc/u,--The formationa of 
('hilOf'll!eem to ('xtend with nt'ATly the IIRme charn.cter 
to '·jl.ldivia. nnd for IOm(' lenglles north"'1u,:! of it: the 
underlying rocks nre micllCOOu8 IIChisUo. nnd lire covered 
up with sandstone nnd othersedimentnry beds, indudi ng' 
n~ I WIlS IIS!1ured, in many places Inyers of lignite. r 
did nnt hmd on :Uocha (lat. 38° 20'), but Mr. Stoke!! 
"rought me 8JX"'!imenB of the b'f1!.Y. fine--grninoo. BlighUy 
ralcaroon~ Mnd~tone. prceigeJy like that. of Ji unfo, C('Ill. 
taining lignitennd DIlIllCroll~ TnrritelllJ'. The i~laDd i, 
Hat tollpe<l. 1,240 feet in height,and appears likeao 
ontlier of the -.edimentary beds on the mainland. The 
(,·w Mell, oolll'Cted cou3i"t of:-

I. Tu,rit.lI"f'b;t"".io.. O. n. ~...m:.,.. PI. 1\'. f. ~I (aJ ..... e lh",ro). 
!. ~· ... a., ~." ;1IIl"'ri""t ... ,m ... hat ...... ~bt;nllt F. oubrefl..,;"" or 

SUI.!",l (PI. 1\'. r. ~1'). l>atpr<.>Lo.l>ll d,ll ...... "t. 
'.\·.n"",f~m."1aor. 

CmCf'}}I.·if"l. -Sailing northward from ,'nidivia, the 
cOl.Ist-eliff~ arc seen, fil"li't to a~~llIne n('Qr tho H. Tolten, 
1100 thence for 150 mile!! northward, tn be eOlltinu.-.d 
with the !lame mineralogical characl("l"i', immediately to 

be del'Crihlo.'l lit Coneepeion. 1 heard in many place!! 
of bed~ of lib'llite.lOmeofit finellnd glOiey,and like'llise 
of IJilicified ,,·000; near the Tollen the cliffs are 1011', 
but Ihey I&OOn ri!'e in height j and the horizontal nmta 
are Ilrolongro, wi th a nC3rly !C\'e! !lIrfn('(', until coming 
to B more lofty tmet between points ilumella and 
J..:wapie. Here the locd8 llRHI been broken up by at 
least. eiA"ht or nine parallel lines of cloylttion, ranging 
E. or EXE., and W. or WSW. Thl>;l(l lines can be 
followed with the eye many milCll into tilP interior; 
they are all uoiclinal, the strata in each di)llliog to n 
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point. bet ..... een S. and SSE ...... ith an inclination in 
the central liue;! of about forty degree!!. and in the 
outer ones of under twenty degr~. This t.nd of 
symmetrically t.roubled country i3 aoout. eigllt. miles in 
..... idth. 

Tho islllnd of Quiriqnion, in tho Bny of Concepcion, 
is formed of I'arions soft IIml ofton ferruginolls 8und­
~tonIl8, with bands of pebbles, nnd witl, tho lower strata 
IIOmetimCl! p(lssing into a eonglomerntl} rC!!ting on the 
underlying metamorphic schi~La. These beds include 
lIubordinate layers of greenish impure clay, 110ft mica· 
COOIU and calcareous sandstones., and reddish friable 
eanhy matter with ..... hite specks like decomposed cI)1!tals 
of feldip:u-: they include, abo, hard concretions, frng. 
menu of shelJ..s, lignite, and silicified wood. In the 
IIwer part they pass into ..... hite, 110ft sedimenlB and 
breo;=iolaa, very like those dCiCribed nt Chiloe; na in­
deed i~ the wllOle formation. At Li"guon und other 
plncos on lhe C!lstern side of tilt> Lny, lhere nre good 
sections of t.ho lowef sandstones, Wllich nre genernlly 
fefruginous, but which I'ary in el1tlmctef, and el"en plW 
into an argillaceous nature; they contaiu hard conere­
tionij, fmgment/l of Iib'llite, silicified wood, nnd pebbles 
(of the same rocb with the pebbles in the sandstones 
of Qlliriquina), and lhey alternate with numerous, often 
I'ery thift layen of imperfeet OXIBl, generlllly of little 
lpeeifie grul·ity. Tbe main bed here is three fret thick; 
and only the coal of this one bed hllJl a glQl!8y frneture. 
Another irregular, cUfvilinear lx.>d of brown, compact 
lignite, is rcuwl'kable for being' inelnd<.,{\ in n mn8~ of 
oo(~rfIC gmvel. These imperfect cOllla, when placed in n 
henp, i/,'11it.e spontaneously. The cliff~ on thia wde of 
the bay, lIB well as Oil the islnnd of Quiriquina, afe 
C.'PI>OO with red friable enrth, whicll, M stated in lhe 
nillth cbapter, is of recent formation . The strntifica-
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tion in this neighbourhood is generally horizont:ll; bllt 
near l.irguen the beds dip NW, at lin angle of 230

; 

near Conccpcion tlley are alllO inclined: at the northern 
end of Quiriqwna they ha,'e been tilted at an angle of 
300 and ut the sout\lcrn end lit lIogiC!! vnrying from 160 

to 400
: these dislocations mnst havc takt!ll place under 

theilen, 
A collection of shells, from the islund of Quiriquinll, 

has been descrilOO by M, d'Orbigny: thcy are all extinct, 
and from their generic character, .:\f. d'Orbigny inferred 
that they were oftcrtiary origin: they consist of:-

L s...IRriR Chit.TUliO!. d'Orbig, \ 8. Cnrrl'nm &C'\lli_141um, 

2. !i.t;x:"...:..!":i~'&l.' 9. ";:~::!:X;ya."",, PILI: 
3. Nat ..... n.'rali .. do.. 10. M&lCtra""';leoollLdo. 
4. F ...... diftkili.o. do. 11. :&I..ua AnuNna. d ... 
6. I':rruI81ongi",.t,.,..do. 12.A""'A"''''''M:do: 
6.l'lm,ruto"HLAI"IIuc""",<1o. IS. Nucul".L.,gill,eru.do. 
7. Cill"Uimn uuca., do. l;.'Jrig<>,u ... ll>u,oti""o.,do. 

During 3. second vi~it of the Beagle to Concepcion, 
Mr. Kent collect.ed for II1Il some silicified wood IoInd 
wells out of the concretions in the sand~tone from Tome, 
ritunted II. short distance north of Lirgucn ; they conrist 
o{:-

L Nati~ILRU'lruli'.'d.orbi8'''OY· 1 ford_rirlioo. 
llII:"PaI: ~.llneulitel rogina. E. Fort-. 

~. 111_.-. A ... """"", do. PI. Y. f. I. 
3. Tri;rOD'"IIJLbeu.t.1l&,do. O. :Soutih •• d·Orbil""Y"nu .. E. 
4. p .. ten.rrngmentouf. I'rohbly FnrtM., 1'1. Y.f.I(_)"od I. 

IWO'llfd .. , \'ultoohn1"'rffCt (b). 

Besidcs tllCSC shells, Capt.nin Belcher 1 fOllnd ll('re lin 
Am:nwnite, nearly three feet in diameter, lind 80 heuvy 
that he could not bring- itaway; fragmenUt are deposited 
ntHll.lllnr Hospital: 11611.180 fOllllo the silicified \"ertebrm 
of sowe very large nnimal. From the identity in 
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minemlogieal nature of the rocks, and from Captain 
Belcher'~Jninutedil!(,'riptioDofthe COMt. hetwern Lirg-uen 
IUld 'I'oJn('. th(' f"".-iliferolls concretions at this latter 
plaet' (,(·rtainl: belong to the I;:llUe form:ltion with the 
hl'(L. ('J[rlJnin~-d by mpelf at Lirglll.'n: and thl'1Ie again 
ar(' IIndouhh..tly the ",.,me with the stmh .. of Qlliriquina; 
lIIort'QI'('r, th" three fiTllt of the ~I\('IL'I from Towl', though 
n><oocintM in the I!3me ooncrction~ with the Baclllite, 
nT(' id('nticol with the speeletl from Quiriquilltl. Jlence 
fill til(' Mnd~tone and lignitifcrous beds in thi' neigh­
hourhood certninly belong to the IIlUlle formation, Al­
though Ihe generic cbaractl'r of the Quinquina fOS!'il~ 
naturally led ;\1. d'O~higny to eonceil'<' that they were 
of tertiary origin, yet a& we now find th(>m B.SijOCiated 
with th(> nw:«li~s t'aginc, and with an Ammonite. we 
must, in the opinion of M, d'Orbigny, and if we are 
guided by the IlnnlogyoftheNorthern ll emi~ph('re, rank 
th('m in the Cretaceous system. Moroover. the Bacvlitu 
l'(lginll, which i~ in a tolernble atMa of Il regen'atiou, 
ap)M'!lrs to Profet;SOr l~. "'orbea certuinly to be identical 
with a species, I!O named hy him, from j)ondicherry in 
lndin ; where it is llSSOCillted with numerous decidedly 
cretaceous specieE!, which approacll most n('arly to I..ower 
Greensand or Neocomian forms: this fact, oon!riJering 
tile \'ast di~hlllce between Chile lind India, i~ truly snr­
pri,ing. Again, the KaUlilus d'Oroi!]nyanu8, Ill! f.u 
a~ ib imperfect state alloWli of oompariflOlI, resemblei', 
a~ I alii informed by Professor Forheo. both in its genernl 
f"rm and in that of its chambel1!, two species from tile 
L'pper Grtensand. It may be added that e\"f~ry one of 
the abov('-naUled genera from Qlliriqllinn, which have 
Itn !I]lparently tertiary clmrncter, nrc found in tJlel'on­
die]wrry strata, T here are, however, I!Ome difficulties 
on thi~ \';('11' of tile formations at Concepcion being ere­
tacoous, which I shnll afterwards allude to; and I will 
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here only state that the Cardium~ auoa is found also at 
Coquimbo, the beds at which place, there Clln be no 
doubt,are tertiary. 

N(wid{l,(l.'-The Concepcion formation extends some 
distance northward, but how f'lf r know not j for tbe 
next point at which I landed was at Nnvidad, 160 miles 
lIol'th of Concepoioll, and 60 miles south of Valparaiso. 
The clitf~ here are about 800 feet in heigllt: they 
consist, wherever I could examine them, of fine-grained. 
yellowish, earthy ~andstones, with ferruginous veins, and 
with concretions of hard calcareous sandstone. In one 
part, there were many pebbles of the cominon meta­
morphic porphyries of the Cordillera: nnd ncar the 
base of the cliff, I observed a single rounded boulder of 
greenstone, nearly a yard in diameter. r tmced this 
sand~tone formation beneath the superficial covering of 
gravd, for sOlnc distance inland: the straia are slightly 
inclined from the sea towards the Cordillera, which 
apparently has been caused by theil' having been accu­
lllulated against or round, outlying masses of granite, 
of which some points project nenr the const. The sand­
stone contains frogments of wood, dther in the state of 
lignite or partially silicified, Sllal'ks' teeth, Rnd shells in 
b"l'eat abundance, both high lip and low down the 8ea­

cliffs. Peetunculus and Oliva were moo-t numerous in 
individuals, and nut to them Tlirrit.eJla. and FusUR. I 
collected in a short time, though suffering from illnes<;, 
the following thirty-one species, all of which are extinct, 
nnd several of the genera do not now rango (a~ we shall 
hereafter ~how) nearly so far south:-

1. On"lr"H~nI caP<', 0.1l. So .. erby, PL H'. f. £8, 60 
2. lIlonoc.ro., frnKtuonl.!l of. oonoid.red by M.d·Orbigny "" • new 

"1"""001. 
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a.. \'oIuw .lta, o. It s-._rt<,.. PL 1\'. t. 7;\ (~by ll. 
d·Orbilflly .. di.ti .... r .... tlM\· .• h.,,fI'l.Cn.). 

:: ~;1:.lad~:~;::~~.Ii,i ~~~'. ~.I\". r. a. 
6.I'leul'Olo ..... .Ji.-ro ... ,I<>.I'l.l\·.r.61 
7. Pleu"lJ.>mlllurt.iuolloid<'ll,d(), pl.l\'.r. ;\3. 
8. F" ..... ab • .tl"ltIJ.dQ.I'1.1\·.r.67. 

1~: ~:~::::,Pi;~~~f,~mi~ d~L~~· ~;I~jV. f. M (cuui.kn..! t.r)l. 

11. T!~~~!,,:;:,~~·g~~.·~}.,. Pl. Ill. t. &/ •. 
1t.T<>rrit.lt..~ __ .i .. {do.)'PI.lil.r.48It"""""1'oI). 
IJ. TP'OdI .. """ O. B. !lo.-ro1. PI. ILL t. 46. 47. 
1I.Tr<>.h .. roIlar; .. do..I'1.IiI.r.H.4;\{_iJ .. ....tb1.M· 

d'OrWj/DY" t1M"...l>,toh"-T J:wo-i.). 
]6. ('_il _i]jr..,..o.11. I:'o ..... by. PI. IV. r. M. 

it ~i~~ ~~~]!;-..IJ~~·1.tlt\ 83. 
18. ,<Iillll'Ma .... b(llobcwa>r, O. 1l.1<o.-~.by, Pl. Ill. f. 38. 37. 
]i. ~;.t;..",lid .. d,\.. 1'1. IU. r. 40. ~l (itildouf,'ful .. lIetberthe~. 

20. T:::::r~~~;'o~,:,~r.~~~~~~1: a. 
21. T .... ""' ..... llat.o.dG.,Pl. 1\'. t. 70. 71. 
2t.llalJ.(t .. ~l.aon 
U. I~D • .Ji ..... ~'~a •. do.. PI. U. r. I. 
21. n....tali ....... '....,m. do.. 1'1 II t.2. 
2;). Corl,.;. (~) bHigll'''' do.. l'l 1'- t. 11. 
28. <'IIrJiumm .. lti ... ,li""u ... d<>..I'l.II.r.18. 
27. \· . .. u~ m...-irlioD. li .. do., 1'1. II r. 13. 
28. l'oM",",,,I,,. ,li,p""(P) n.b. (""",iJo....d by )l.d'OrtoigD,.", II 

di .... i"" • • peri . ). 
!!~.30.Cyth_.od .M""' .... r..,....,nu of (<<I ... i,al'fd 1.0,. M. 

d·OrIJiJ:1lJ' ,, "'''.pec_l-sl.p_r...-lao!. 

Coquimho.-F'or more tban 200 miletl north\lfllrd of 
Nllvidad, the COIL'lt eonsistt of plutonic snd metamorphic 
rocks, with the cl:ccption of IJOlie quite insignificant 
8uperlici!11 beds of recent origin. At Tonguay, twenty­
fire miletiBouth of Coquimbo, tertiary hedt recommence. 
I ha,·c already minutely described in the ninth chapter, 
the 8tel~forlied plQins of Coquimbo, nnd tbe upper 
calcan'OlIlI bed! (from t .... enty to thirty feet. in tbickDt'SII) 
c(>Duliliino; shells or recent species, but in different 
proportions from tho<re on the beacb. There remains 
to bo described only the underlying ancient tertiary 
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beds, represented in tbe following diagraID (here gh-ell 
again) by tbe letters F and E:-

~". 3i. 
Soc\loQ oItho TertI"I'JI'ormallo •• tCoqo.laobo. 

f obtained b'OOd sections of bed (F) only in Herra­
dura. Bay: it cons.ists of soft whitish sandstone, with 
ferruginous veins, some pebbles of granite, and concre­
tionnry layers of hard calcareous s:\!Id~tolle. These 
concretions are remnrkable from the grcatulIlllber of 
hlrgc silicified hon~s, apparently of CCtlU:OOU8 animals., 
which tlleycontaill; and likewise of a shark's teeth, 
closely re~eU\blillg those of tile Cal'clWliWJ me!Jr.uodon. 
Shells of tht' following ~pecies, of which the gigantic 
Oyster and Perna are the most cOllspicuolls, are llUlIlcr­
ously eillbedded in the collcretionll :-

I. Rulla""'l~K"*:d·Or~g.·\'''J"agel'.al.' 
2. Moooe.el'Ollala,uilli •• do. 
3.Qo ... liulD"_ do. 
•. I"onpR>1~aimbu"i .. <b. 
II. P.,,,,,Onud,,,lu!udi.do. 
6. Art~mi. po"d ....... : :llr, &:> ..... rb,. « .. find "" diI<lingu;.~i".K 

(hArnc!&r Lot ...... thi. r"" .. 1 ""tI 11'8 ""'l'''~ A. pondol'O&ll; ,~ Ii 

•. O:;:,:,'~ir,~tII;~~!"(;;'~[~~ ~::~b~Y ~~&I:,~,:~;'~;,~'::~4~'~i~:~'i.hitlg 
~!~'~f'":h; ~~~~;~~:~o;l:i~~'::ti~:~~ t"u;";:~"~itll :::;~~:,~ 
toalf\,mthtthoYRr.,doRli""l. 

8.I' ...... monUlQ! .. \'."uoalidNatica.. 

The cliffs on one side of llerrndum Bay are capped 
Ly D. mass of stratified !;.hingle, coutaining a little calca-
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roous lnnUer, and I did not donbt that it belonged to 
the ~nm6 recent formation with tho grnrel on the sur­
rounding plnins., a1.so cemented by cnlcareou~ matter, 
until to Illy surprise, I found in the lIlid~t of it,a singl .. 
thin lnyer almostt'lltirely composed of the nbovo f,rigautic 
oy.tel'. 

Ata little distance inland, I obt.ained severalsectiollS 
of lhc bed (E), which, though different in appearance 
from the lower bed (F), belongs to t.ho salll6 formation: 
i~ cOIl~jsh of a highly ferrllginon8 ~nnd~' mnss, alm~5t 
composed, like the lowest bed nt Port S. Julian, of 
fmgments of Balanidm; it includes somo pebbles, and 
layers of yellowish_brown mudstone. The embedded 
shellsconsistof:-

I. )[O"~'1'(lIO Biain,-;lIii.d·Od.ig. 'VOYR!reP"L' 
2. __ R"'~i~uu •• O. H. ;>OW.rby, Pl.l\·. r. 66, 67. 
3. A"omi"n\1ern"n •. do .. PI. II. f. 2~. 
4. PeeUln rudi •. do .. PI. ill. f. 3~. 
f,. P"'l'"Gnu,liehnudi. d'Orbig .. \'oy"gu P,,) , 
6. O'lrenl~ltKJlOllio"V) do. 
i. O.lre·" .• ~""ll .p""'~". in .i11lp<rfoot "flU.O) it nppenr«\ to me like R 

~mllll kln',l nowli\'ing In. bUl\'"ry rarO i'llhe bay. 
8. ;llyulu,CIHloousi": .Mr. ""'''''''lJycnn flndno lli.L;,,!,!ui"hillgcha . 

• nelC. between IhlO foo.i]. na far H. it. root "~ry perfactcoTldition 
,dlnw8ofooLUI"'.i!lOn, "ndlhere"""t8p"oi ... 

9. n"lnnu.Ccquimi:>en.i •. G.B.><Ow",!,y, PI. Il.f. 7. 
10. Iln1Hlll •• p"it"'.UBJ King. Tbi~ nP1_ro 10 ~Ir .• ':!ol<a,hy and 

my .. lf iden!ienl .... it.h.Il .... ry large kod common .pede. ne ... 
h,.iogOlllbe"",,", 

The uppermost layers of this ferrllgino-llUndy Illass 
life conformably coI'ered by, and impregnated to the 
d"pth of !le\'ernl inches with, the calco.reous rn.1.tter of 
the l..cd (D) cnlled 108(1' hence I nt one time imngined 
that there was a gradual passage between them; but <IS 
till the spe~ i(:S are reC6nt in the bed (D), whiM tlte 
moatchnmcteristic shells of the nppcrmost layers of (E) 
111'0 tho extinct Perna, Pecten, and Monoceros, I agree 
with J\f. {rOrbigny, that tbis view is erroneous, and that 
there is only a mineralogical pas8.'\ge between them .. 
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and no gmdual traurition in the nature of thC'ir organic 
rl'mains. Ik>:.;idelthl.' fourteen Sj)('Ciellenum"ralai from 
tbe.;:e tll'O low",r be<1~,:ll. d'Orhigny 11M d~ri\.Je(1 ten 

other ~pecie!l gh'l'D to him from thi~ locality; namely, 

l. Fun, C1~~n .... d'orUI:' , 1l. \' •• ". r-t'!;~DII. d·Or!.'''' 

~. ~~!ili;a~:~'.' de>. 7. ~";~~;':!: do. 
3, '".u".h."et;"n •. do. ~. ~l .... "rt".h ... ';onu •. d" 
~. _ i~rt. (T) do. II. M.ct .... """... d~. 
6. __ 0 .. ., ... , ... , do. 10. Oh~,.",,~..... do. 

Of tl}('!le twenty-four Bliells, all Are t'Itinct, acept, 
lIcc<mling ttl .Mr. Sowerby, the A dl'nli6 pmllUI""OIJ<I, 
,I/!Jtill/~ ChiJ.~II#I~, and probably the great lialllll1l8_ 

CvquillJIO tn Copia[XJ.-A f{-w milM north of ('0-

(I'limbo, I met with the ft'rrugiuou~. IlIllnllifcrou~ ma.'.' 
(I.:) .ith many silicified ooneA; I WlUI informed tbat 
lhelle ~ilicifh:'(1 hone~ occnr nlo«) nt Tonguay, lIOuth of 
('()(Iuim!.o: tbpir number i! certainly Tenmrkllhll', and 
they Ilt .... m to take the place of the ailicilled wood, !!O 

cOlllmon r,n IheC()!lst-formntion~offlOutht'rll ('hill.'. 1n 
tho \·nU(,.I'ofl'hniieral, [ngain &LW thia !\nmc formation, 
capIX'<1 \lith the recent cnlcllTOOUij IJ,OO., I here left 
Ihp COlI~t, and did Dot see auy more of the terti:uy 
forlllnUOIlft., until del;Ceoding to the .... a at Copiapo: 
here io olle plllce 1 fOllnd '-llriOIl81.1 "Oloured Iayer~ of 
Mild and Mil. snO(I~tooe •• ith seama of gypsum, nnd in 
aDothl'r pl:lce. II C(lmmiollted ~hdly IDMIl, with laye", 
of rotten-;;tooe Bod !!earns of gypsum, including Illany 
of the extinct gigantic oyster: bedB with theae oysters 
nre anid to occur at. Engli~b Haroor, a few mile!! north 
of Cop in po. 

Cl.!{Ut oj Pert/..-With the ('xception of deposits 
containing recent Bhells !wd of (Illite insignificant 
dimension!, no tertillry formntion. }la\'e boon ob&ern,.:1 
011 thi! eons!. for a space of tw('nty-two degroetl of lati­
tude Ilortb or Copiapo, until C(llllillg to J)ayta., wher ... 



,,06 Tcrliary Formations: 

tllere ill said to be a coDsiderable calcareous deposit: 1\ 

few fOSlliis bave been described by ol i. d'Orbiguy from 
this place, namely :-

1. RootelLRri"O"oo.,hIt....:!i.d"Orbill.'VoragoI'al: 
2. P~uneul'.'~l'ayt<>u.il. do. 
3.\'eoUII1",t,UftI,a. do. 

4. OK§~~~§:;.:~~¥i~!tf~f~r¥.~~J:~ 
ftomC<>qo;mbo. 

Concluding Remm·k..o.-The formations delicrihed 
in this chllpter, have. in the CI\fIe of Chiloe aud probably 
in that of Concepcion aDd Navidnd, apparently been 
accumulated in troughll formed hy ~ubDlarine ridge~ 

eJ:lendingparalieltotheancientshoresoflhecontinellt; 
in the ease of the islands of Mocha nnd Jl uafo it i~ 

highlY lllobable, and in tlmtof Ypun and Lemus (l\most 
eerl-lun. that they were accumulated round iwlated 
rocky centr611 or nuclei, in the li<1.mo manner I\.~ mud 
nud mnd is now collecting round the outlying isleta 
and reefs in the \\'e:;t Indian 'Irehipelngo. lIenoe, I 
may remark, it does not follow that the oullying ter· 
liary ma8I!CS of 1Ilocllaand lI unfo were ever continuom,lv 
united at the same lel·el with the formntioDs on lh~ 
mainland, thongh they may hal'e been of contempora­
neous origin, ancl been SUbete<ltlCn1iy uprai..oo. to the 
Mme lleight. In the more northern parb of Chile, the 
tertiary strat..1. seem to ha\·e been separately aecumu· 
lated in bny~, now forming the mouths of mIlI'Y~. 

The relation between these so\'enll dCpo!'its on thl! 
lhores of the Pacific, is not nearly 80 clear as in the 
CI\fIe of the l.ertinry formations on the Atlnntic. J udging 
from the foon and height of the lnnd (el'idence whicll 
I feel BUrl! is here much more t.rll~tworthy tlUII! it cnn 
he in such hroken continents all that or Europe). from 
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the ilielltity of minerniogicai oompl)1'ition, from the 
IITeieU<.'e of fra~menbJ of lignite and of lIilicified wood, 
and from the intercalated layers of imperfect ooal, [ 
mu~t believe tba~ the coa!It-foJrmatiuDI from central 
('hiloe to Concepcion, a distance of 400 miles, are of 
the nIne age: from nenrly simil'lr r(!'1\fIOn~, 1 Stulpect 
that the OC-d6 of Mochll, Huafo,lIlld YpUIl, b.!longalso 
to the IlnUle lK:riod. The commonest shell in ,Mocha 
und lIuafo i~ the same species of TUlTitella; and I 
heiie\-e the !lame CI·therrea ill found on tht.' ialunds of 
lI ulIfo, Chiloe, and'YpuII; but with the.e triHing ex­
oeption~t the few OTb"8uic remaioJ found at these places 
are di~tiuct. The llumf'rotIlilhell. frOm Xal"idad, with 
the eXC<'lltion of two,. namely, the ~jgnretull and Tur­
ritelln (ound at Ypun, are likewise di~linct from those 
found ill any other part of thi" CQ8st. Coquimbo hall 

(.'(U'ui II III auca in CQmmon with Concepcion, and J'II.B/L8 
ClnyalluB with Huafo; I may nJd, that Coquimbo hill! 
VenUII pttitiww., and II. gigantic oyster (aaid by 
:M. d'Orbigny al!!O to be found ~ li ttle !IOuth of Coucep­
cion) ill common with Payts, tlJougb thid latter place 
il eitllated twenty-two degreee north ..... ard of lat. 27°, to 
which point the Coquimbo formation extend!!. 

"'rom theee fnetl', and from the generic re!«'mblance 
of the fOll>lilBfrom the different localities, I e:!.IlDot a.oid 
the lluspicioD that they ~ll belong to oearly the &ame 
epoch, which l'poch, as we I;hall immediately I!ee, mWlt. 
be a "ery ancient tertiary one. HuL u the Baculite, 
especially considering iLl apparent idenlity with the 
CretnceoU8 Pondicherry species, and the presence of an 
Alnmonite, and the resemblance of tho Nauti lus to two 
upper greensand Bpecies, togother afford "ery strong 
evidence that. the fo rmation at Concepcion i8 a Secondary 
one j I will., in my remarki on the f .. ilB from the other 
localitiCl/. put on one side th<Ke from Concepcion and 
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from Eastern Chiloe, which, wlmtever their age !nay be, 
appear to me to belong to Olle group. I mU$t, howew>r, 
again call attention to the fact that the GlIrdi um auca 
is found both at Concepcion and in the undoubtedly 
tertiary stmta of Coquimbo: nor ~hould the posoihility 
be overlooked, that as Trigonia, though known in the 
Xorthern Hemispbcre only as a Secondary gellu~, has 
lil'ing- n:presentath'es in the Australian I'eas, ~o a Bacu­
lite, Ammonite, and Trigonia may have S\Irvil'ed in this 
rcmote part of the Southern Ocean to a somewiJat later 
period than to the north of the equator. 

Before pa!!8ing in re\'iew the f08;;ila from the other 
localities, there are two points, with rf'sped to the for­
Illations between Concepcion and Cililoe, which de8ene 
some notice. First, that though the strata are generally 
horizontal, the,!' have been upheaved in ChiJoe in a set 
of parallel anticlinal and \lniclinal lines ranging north 
and 8Quth,_in the district near P. Humena by eight 
or nine far-extended, most symmetrical, uniclinal lines 
ranging nearly east and west,-... ,nd in the neighbourhood 
of Concepcion by less regular single lines, directed both 
NE. and SW., and NW. and SE. This fact is of BOrne 
interest, as showing that within a period which cannot 
00 considered as very ancient in relation to the llistory 
of the continent, tlle strata hetween the Cordillera and 
the Pacific nave been broken up in the lIIl111e variously­
directed manner as ha\'e the old plutonic and meta­
morphic r(M:k~ in this same district. The sewnd point 
is, that. the sandswne between Concepcion and Southern 
Cililoe is evcrywhere lignitifcrous, and include'! much 
silicified wood; whereas the formations in Northern 
Chile do not include beds of lignite or C(lal, and ill place 
of the frab'lllenta of silicified wood there are silicified 
bones. Now, at the present. day, from Cape Horn to 
near Concepcion, the land is entirely concealed by forests, 
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which thin out. at. Concepcion, and in C('ntrnl and 
Ilorthem Chile entirely disappear. 11!is coincidence in 
tbe distribution of the fossil wood lind the liI-iog fore_til 
lOay be (Illite nccidental; but 1 incline to take n diffe­
rent \'iew of it. ; for, as the diifo.: rence in climate, 00 

which the presence of fore~U depend!!, is here obviouijly 
in chief part due to tile fonn of the land, and as the 
Cordillera undoubtedly existed whcn the liguitiferoua 
beds were llecumulating, I conccil'e it is oot improb.'lhle 
that the cHnmtc, during the lignitiferous JX'riod, varied 
on different parts of the coast ill n 8Om('what Bimilar 
malm,'r /I.!I it now does. Looking to nil earlier epoch, 
when the slnlta of the Cordillera wert' depositing'. there 
were il!laod~ which e\'en in the latitude of Xorthem 
Chile, where now all is irreclaimal)ly detert,8u!)ported 
larb-eooniferousfo~t~. 

Sc\'enty-nine speciC!' of fO!l"j] ~hell~, in a tolerably 
recognisable condition, from the coo~t of ('hile Ilnd Peru, 
are dcscril.ll..'d in t hi" \'ohune, and in t.he i'allrontologieal 
part of M. d'Orbigny'a ' \ 'oyage' .' if we I)U~ on one sid,· 
the twenty speciCl! exclusively found at Concepcion and 
Chiloc, fifty-nine ~peciC!! from Nayiclad and the other 
specified localitiC>! remain, Of th('!l(' fifty-nine RjX'Ci"~ 
only an Arternil!, a ~ Iytilus, and Balanu,," all from 
COlJuimbo. are (in the opinion of :\Ir. ~werby, hut llQt. 
in that of )1. d'Orbigny) identical with lh-ing ~hell~; 
and it would cert.'liuly req\lire a better aeri()ijof speci­
menll to render this oonclu!!ion ~rU\in. Only tim 
Turriulll5 ChilemnlJ from H uafo and .\rocha, the T. 
PatO(Jollica and Venus meri<lion((li, from Na\'idad, 
come very ncar to recent oouth Amcrican 8hell~, namely, 
the two 'I'urritellas to 1'. cingulat(t, and the Venus to 
1'. e:ealbid(,; IIOme few other specieo come mlhcr less 
nenr; aud &ome few resemble forml ill the older Euro­
peau tertiary depoilili : none of the lpecict reaemble 
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eeeondarv forms. Ii('nce I concch'e th,·rt' can be no 
doubt Ul~t tb_ r ... nnations are tertinl)·,---a point ne­
cessary to con~id('r. nf\.l·r the CMe of l'vnccpcion. The 
fifty-nine ~pt"Ci('. helong to thirty-two ~'('1H'ra; of th(~, 
G:c;tridiulll iii cxtiucl. nue! thre(' or fuur of the genenl 
(\·iz. l)anop.:m, UO:Jtdlarin, Corhilf? nnd I bclie\'e 
Solecurtui:I) are not now found on the ..... ('~t con.-t of South 
America. FirtCf'TI of the genem II3\e on thi8 COl\>'t 
living repre.;entath·ei in about the Mme lntitudes with 
the fo.--il !pecies; bllt tweh'e gent'm now rallge \'er~ 

fliffcTCntJy 1.0 what they fonnerly did. '1'111' idea of tht' 

'~='":'=I~"'1:;~,,!:: .. ~""i :;:-~~..::il=-:il: 
"'_olll.~'1 CIolIo_,,-- __ ol"~ 
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table on tile pre,'io\ls paJCt', in which the difft!rence 
bet .... een tile tlten~ion in \RtitudeofthefOlillii aod existing 
lpt'Ciea i. ,hown, is taken from .U. d'Orbigny'.work; but. 
the range of the Ihing shells is !,>iven on the authority 
of .:\[r. Cuming. wh(lile long-oontinued reoJel\rches on the 
oonchology of South America ROO well known. 

When we consider that. "ery few, if any, of lhe fift.,\". 
nine fOil8ilshells are identical with, or make any dO&) 
npprcuch to, Ih-ing species; when we consider tim!. some 
of lhe genera do not now e);i~t on the west ooa.~t of 
South America, and that nolca than twelw! genem out 
of the thirty-two formerly ranged \cry differently from 
the {'xi.ting ~peciCiil of the snme genera, we must admit 
thl\t th_ depo.;iU are of colIsid"mble antilluity. and 
that tlley probRlily ,erge on tht' oomm('nCflDf'ul of tlw 
tertinry era. 1\lay we not \'entllre ttl belie\'e. that tney 
!ire of lIenrly contemporan«lu~ origin with the Eocene 
forlllation~ \If tbe S orther!l Ifemisphl'fe? 

Comparing the foosH remains from the eonst of Chile 
(leaving out, as before, Concepcion nnd Chiloe) with 
those fro m Patagonia, we may conclude, from their 
generic rC8('mblallce. and from the small number of the 
Bpedeil which from either con"t apI)ron.ch clOlicly to 
living forms, that the formationB of both belong to 
nrorly the same epoch; and thi~ iii the opinion of M, 
d'Orbigny. Had not a single fOMil &hell been COlDmon 
to the two ooasts, it oould not lune been argued that 
the formation~ belonged to different ~; for 1\[ClISrI!. 

C'mning and Hinds have found, 011 the comparison of 
nenrly 2,000 Ih'ing species from the oppo!!ite sides of 
South .I\merica, only one in common, Immely, the Pur­
pura lapiUu8 from both ~ideil of tho Isthmus of Pnnama : 
e\'en the shells collected by myself amongst tho Chonos 
l alands and on ihe roast of Patagonia, are di8l!imilar, 
and we mWJt de..<.cend to the apex of the continent, to 
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Ti('rT1L dd Fue<,.:o, to find tb"" two great. cullchological 
pro\-in«. united into one. lienee it ii remarkable tbat 
four or fin' of the f,....,il ~III:'II .. from Xal-idad, nalJ}!'h', 
Vubda lul(,. TftrrilJJa Pall'10.lil:<t, TfV(1.1Uf colla'1:tJ, 
VtJIlU& 'MrVlwlln/~. perbal~ ~·(~i(!(1 ~oJljdJ" and per­
halll! the large oy .. ter from Coquimoo, Ill'(' con~illcred by 
Mr. Mwerby as identical with ~pecicil from ~ .. mta Cruz 
allfl Port lkloire. .'1. d'UrbigllY, IJowcvcr, admits the 
perf<.'Ct ideotity only of the Troehul!. 

On. tI~ 1~mfHralu7'tJ of 1M T~dinry P~ritxl.-Al! 
the number of the f~il ~peciCl And genera from the 
\\·t'titem and CW!t.em CQIlStii it considerahle. it will be 
inlcrt'!'ting to consider the probable nllture of the 
climate under which they lived. We will fint take the 
rase of ~al'idrul, in lat. 34,0, where thirtY-(Jne 'peciCii 
.... ere ool1~ted, lind whicb, l\II we ,hall pre&ently ace, 
must ho,·e inhabited shallow water, and therefore will 
'lI'cCIiIl.rily well ed'ibit the elfecta of temperature. 
Heferring t.o the Table gh-cn iu the previot\8 page, we 
find that the eJisting speciea of tho genera Cl.ISIIis, 
1'yru!a, Pleurotoma, Terebra, ond Sigaretu~, which are 
geJ1C'ral1y (though by no mean) im·arinbly) chnnlC'terisLic 
of wanuC'r intitudes, do Dot at the present dny range 
nearly 110 far eouth 00 thiB line of coalt M the f06SiI 
.peciee fonnerly did. Including Coquimbo, we ha'·e 
PC'ma in tbe enme pre<iicamenL 1110 tint imprei!llion 
from this fad. i~, that tbe climate must formerly hal'e 
been wnrmf'r than it DOlii' is; but 1\·e mUft be ,-ery 
cautious ill admitting this, for CardiulU, Bulla, !Iud 
F'UQU8 (aud, if we includo Coquimbo, Anomia nnd 
Artemis) likewil!e fonnerly rnnged further iIIOuth than 
t hey now do; and lUI these ~nem a ro for from being 
chnracteri~tic of hot climates, their former greater 
lOuthenl nlOlr' may well hal'e been owing to C8UiIeI 
quite distinct from climate : Volutll, again, though 
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generally 110 tropical n genus, i~ a~ prest'nt confined on 
the west COO!t to colder Of more llOuthern Intitudell than 
it wnsdurillg- the tertiary period. The Trocltu8'ooll«nB, 
moreoW!r, and, 8S we hOI'ejllBt !lE'C1i acoordiug to Ur. 
Sowerby, t ..... o or three other ~peciCl!, {ojrmarly ranged 
from ~a\'idnd 8' far lIOuth as Santa Cruz in lat.Wo, If, 
instead of comparmg the f()S!jis of Nal'idad, till we hal'e 
Ilitherto done, witb the shelb now Jiving on the west 
coast of South America, we t'Ompare them with those 
found in other pnrUi of the world, under nearly similar 
iatitudell; (Qr in~tance. in tlle lIoutilern parts of tbe 
:'lLediterrnn(1l11 or of AIL~tralin, there is 110 cI'idence 
that the Fell off Xal'idad was formerly hotter than what 
might have he('u expected from its latitude, ('I'en if it 
wa~ somewhat warmer than it now is when cooled by 
the great JIOuthem polar current, Se\'eralof the JOost 

tropieal gpnera ha\'o 110 reprel<·IIt.1til'e fo;o",ils at Sa!'i­
dad: Iud there areoDly single ~peciel of C",,-,is, ]JyruIa. 
Ilnd Sil,'urettl~, two of Pleurvtoma aDd two of Tcrebrn, 
but none of thCl!e species lire ofconspicuolis Si7A!. I n 
Patagonia, there i! e\'cn ~till less c\'jdence ill the 
character of the fOSllils, of the climate having been 
formerly wanner.' As froln tho \'nrioull rea.Klna nlready 
Il!signed, there c:lD be little doubt that the fomlatiolls 
of Patagonia lind at least of NII\'idnd and Coc:,nimoo in 
Chile, are the equh'alonts of nn ancient stage in the 
tertiary forlnlltiOIJ8 of the northern llemisphere, the 
conclus.ion that the climate of the southern IICIIS at this 
period Wall not. botter Ulan "'hat might lun-e been ex­
llCt!ted from the iRtitude of each place, appears to me 
highly important; for 11'0 IIIn~1l believe, ill accordance 
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with the "ie.,,'s of .\Ir, Lyell, that the ('aUk'S which ga\'e 
to the older tertiary productions of the quite temperate 
7.()n~ of Europe a tropical character, weNJ of a local 
('ll.Iu·n('t~r aoo did not affw. the entire af~. On tbe 
other hllnd, I han' endea"ourf"d to ~how, in the' Goo­
lo~ic;11 TmnsactioIl~: that, ata rnudllatcr Iloeriod,Europe 
ami ~orUl and South AmeriL'll. wpm nearly contempora­
nooubly suhjected to ice-action, and consequently to a 
oolder, or lit least., more equable climate than that now 
charneteristicofthC&lme Intituck'!l. 

On tlte Ab8en/!4J of tu:UMit'e mod.ern COlld.ijerotUJ 
lkpoeikl in South .. ,hllerioa; (nul on. tJUJ Contemptr 
NMOIJ.JUJU of llUJ ~r Tertian) lkpoeiU at dietant 
point. beina dIU to contempvrall~1U tlWt.~nh of 
~i(kna.-Knowing from the re8C8rthe. of Profesaor 
E. Forbet, that. moltu!lCOu~ animnb chiefly abound 
,..ithin a depth of 100 fut.bomllllud uuder, and benring 
in mind how many thou!>!llld mill'll of both eouu of 
South America have been IIJlrnised within the recent 
period by a BlolY, long-continucd, intermittent mOI'e­
mellt,-lIeeing the diversity in Ilature of tho shores and 
the IlUlIlUer of shells now ti"ing 011 thclIl,-lICCing aha 
lhat the Ilea ofT Patagonia and off ma.ny ImrUi of Chile., 
was duriug the Lertiary period highly favourable to the 
acculUulation of eediment.-lhe abeenoe of eI(enlive 
deposit.. iDeluding recent. shelb o'-er these \ust. ~paees 
or ooaet it highly remarkable. ..11e coDchiferons cal­
careous beds Rt Coquirnbo, and at Il few isolated poinu 
northwnrd, offer the most marked eleelltion to tilis 
~tatemellt: for theIIC beds are from twenty to thirty 
feet in thickness, and they &lrtl.eh for IIOlIIe miles along 
shore, nttninillg, however, only It. "cry t rifling breadth. 
At Vnldivia there is some aand8tone with imperfect casts 
of bheJt~, which po1!si.bl.y may belong to the recent period: 
parts of the boulder formation and the shingle-beds 00 
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the lower plains of l'atagollill I)robllbly belong to tills 
llame period, but neither are fLWiliferous: it 11.110 so 
happelUl that. the great Pampean formation docs lIot in­
clude, 'Gith the exception of the Amm, any mollu&ea, 
There CIlnnot be the ~malle>t doubt that. the npraised 
~he1l8 along the shores of the Atlantic and l)acific, 
whether Iyillj:t'oll the bare ~urfaoe, or embedded illlUould 
or in mild-hillocks, will in the eOllrseof ng6ll hedC>.'tro,ved 
hy nlhll'inl action: this probauly will be the C:l!!e evell 
with the calcareou8 beds of Goquimbo. 80 liable to dis­
IIOlulion by min-water. If we take into con~idemtion 
the \)robability of Q6Ciltations of le\'el and the eonse­
quellt. action of the tidal ,,-a,'e!) at diff"'rellt. heighUi, 
their destruction will appear almO!lt certnin. Looking 
to IIU epoch as far distant. in futurity Q.~ we now are 
from the past :\liocene period, there l!(!oCmll to m(' !!Carrely 
n dumoe, under e:lti!ting eonditioll~, of the numerous 
shell, now HYing in those wUe!) of depths mQ!;t fertile 
in life, nnd found exelusin,ly on lile w('IItem and liOuth­
enstem coa~h of Soutll Americn, being preserved to this 
imnginary distant. epoch, A wl1010 conehological series 
will in lime be swept away. wilh no memorinl$ of their 
Clistellee IlrellCrved in the Ulrth·scrust. 

Call Ilny light. be thrown 011 this remarkable absence 
of recent. conehifecous depoilitll 011 tbe!le coosa. 011 which, 
at an ancient. tertiary epocb, IItrnla ahoulldill~ with 
organic remainR were extensively accumulated? I think 
there can, namely, by eon~idering tile conditions nece!l­
llary for the prl'SC'f''lltion of n formation to a distant 
age. l.ooking to the enormOllA amount of denudation 
which on nil lidO!! of us hM heen etfeel(.-d,-as evi­
denC()(1 by the lofty dilft cutting oft' on 80 many eoasts 
i1ori1.ontll! and oneil far--extended Rtratll of no great 
antiquity (as in the case of Pntagonia)'-1I8 evidenced 
by tho lel·el surface or the grouuel on both sidet of great 
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fault~ alld di!locntion~,~hy illiand line. of ~('nrpm{>nt..s, 
by outlier .. and IIl1mberlf":>S other fact~, and by that 
argunwnt of high generality "d"anced I.y :Ur. Lyell, 
lIaml:iv, that eYery.~ 11lluntanJ formatioo, whatl,'\'cr its 
thickol'M may he, and ol'cr howel'cr lIIaoy hundn.od 
il<,lUar('milll1itmayeJ:tend,islhert'~ultnndtoomeallurt' 

of an ('(Iual 811l0U'lt of wear and tear of pre-e:listing 
formationB; con,ici('ring tht'&' fad~. WII mu~t conclude 
lhlil-, I\ij un ordinary rule, a formation to r~i~t 8nch vast 
dCfitroying powe"" and to lll..'!t to a di.\ltallt epoch, IDU,;t 

be of wide extent, und either in itsc.lf, or to.;-ether with 
~ufK"rinculllbent ~tmtn, be of grrnt thickneu. In tbia 
ditcll""ion, we are considering only formations COllwin­
ing the remains of marine animal~, which, Il8 before 
mentioned, lh'{>, with IIOme eJ:ccptioDs, within (mOllt of 
t helll milch within) deptfu of a hundred fathoms. How, 
then, CIlII a thick and widely extended fonnation be 
lI.cculllulaU'<l, which allaH inclnde such or~'llnie remains? 
FiAt, le~ ll.8 take the case of the bed of the I!Ca long re­
mainiugataslaliolltlrylc\'cl: underth()@Ccircutnstances 
it is e\'id(!nt that IXmChiftroUlJ strllUL cun accumulate 
only t.o the !!aIDe thicknC3ll with the depth nt which 
th. shell .. can live; on gently inclined COI1llU alone can 
they accumulate Lo any conBiderable width; and from 
the ",.ant. of superincumbent preuu",. it iB probable 
t1ml the aedimentary matter willileidolll be much con· 
IIOlidntcd: ,ucb formations hal'e no very good chance, 
when ill the COUrilC of time they are uprniiCd, of long 
resisting the powers of denudation. The chanoo will 
be l~ if the submarine surface, instead of baving ro­
lItained stationary. shall have gone on slowly ri~ing 

during tho dcpoaition of the Btrat.n, for ill this case their 
total darkneSll mu~t be lCS8, and each part, before beillg 
aonllOlidated or thickly covered up by superincumbent 
mattcr, will ha\'e had Bueceash'ely Lo pau through tbe 
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ordeal of the beach; and on WOIIt coasts, the wn\'f!Il on 
the beach tend to We&r down and dispcne el-cry object 
exposed tothcir action. Now, both on the lOuth-eastem 
lind western ahores of South America, we ha\'e had clear 
proofs that the land hll!I been slowly rising, and in the 
long UnCI of lofty cliffs, we have IJOOn that the tendency 
of the fleA is almost everywhere to eat into the land. 
CoJllllidering these fllcts, it cease!!,l think, to be sur­
prising, that ed,ensive recent conchiferolls dep08its are 
entirely IlhacnL on the southern Dnd western 8bol'C!l of 
America. 

I . .et us take the one remaining cnse, of the bed of 
the tell slowly subsiding dllring a kngthof time, whilst. 
lJediment hM gone on being depoe.ited_ It i~ evident 
that strata might thus accumulate to any thickuess, each 
stratum 1x>ing deposited in shallow water, aud conse­
quently abounding with those ~he\l8 which cannot. lh-e 
at b'1'Cllt dt'pths; the pressure, also, I may ob!lcn'e, of 
cac1l fre.h bed would aid in conllOlidaling nil the lower 
onCfl. EI'en on a rather steep coost, though such mu~t 
over be unfavourable to widely extrnded de[lOSit.s, the 
formations would always tend to in('rease in breadth 
from tht> water encroaching on the Innd. Hence we 
IDay admit that periods of slow Bubsidcnoo will com~ 
monly be mOl!t fa\'ourable to lhe accumuialion of 
ronclLljlJroUl deposits, of sufficient thickne., exlen!!.ion, 
and hardnC8l!, to ""ist the 31-erage power1J of dcnudation. 

W c ha\'c seen that at an nncienl tertiary epoch, 
fOilililiferous deposits were cxtensi\-eiy deposited on the 
coasts of South America; and it is a very interesting 
fact, thut there i~ evidence that tllC8(l uncient tertinry 
bed~ were dcposited during a period of subsidence. 
Thus, at Navidnd, the strata nrc about 800 foot in thick­
ness, and the fossil &bells arc abundant both ut the lentl 
of the lea and some way up lhe cliffs ; luwing sent a 
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lilt of theeo fOlili18 to Professor E. Forbe., he thiuks 
they mllJlt ha\"(~ lived in water betweeo ono aod teo 
fathoms in depth: henoo the bottom of lhe Ilea 00 

which lh_ Ihela once lived mu&t. hue lub&ided at 
le\Ut 700 feet to allow of the luperincumbcJlt mntter 
being deposited. r must here remru-k, that, ae all tbe8e 
Ilnd tho following fossil Bhol18 are extinct 8pecies, Pro­
fe8HOrForbes necessarily judges of the delltha lit which 
they lived only from their generic clmmcter, and from 
tho noalogicnl distribution of .hell. in the Northern 
Hemisphere; but there it no just caUlO from thi, to 
doubt the general results, At Hoafo the atmt. are 
about the same lhickn6U, namely, 800 f~ and Pro­
feaorForbee thinlu the fOMi18 found there cannot bave 
lived at a greater depth than fifty fathomt, or 300 foet. 
Theile t'lfO pointe, namely. Navidad and J(unfo, are 570 
mile!! apart, but nearly half-way between them Het! 
Mocha, an island 1,200 feet in heigbt, IIpparently formed 
of tertiary stmta up to its le\'el summit, and with many 
.helll, including the same Turritelia with that found 
lit lhmfo, embedded close to the level of the &ell, In 
Patagonia, Ihells are numerous at Se Cruz, at the foot 
of the 350 feet plain, which baa certainly been fonned 
by the denudation of the 840 feet plain, and therefore 
11'&11 originally covered by strata that number of feet in 
thickness, and theae 6hel1a, according to !)rofessor 
"Forbel, probably lin~d at n depth or between 8e"\'"eD and 
fift.een rnthom.s: at. Port St. Julian, sixty miles to the 
north, shell. are numerous at the foot of the ninety reet 
plain (rormed by tbe denudation of the 050 feet. plain), 
nnd likewise OCCIISionally at tho lleight Or8C\'ernl hundred 
feot in the upper stmtll; these shell. must hnvo lived in 
v;aier HOmewhere between fiye and fifty fathoms in depth, 
Although in ollier p8rta of l)atagonia [ ba\'c no direct 
evidence of shool-water shell. baving been buried under 
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a grent. thickness of $uperincumbent. lubmarine stm.ta, 
yet it. should be borne in mind tbat. the lower fossi li~ 
feroUlstrnta witb &en!ral of the same Bpeeies of .Mollusca, 
the upper tufllceoUli:le<h, lind the high lummit-plain, 
Itretch for a considerable distance lOuth,,-ard, and for 
btmdreds of miles northward j eeeing this unifonnit.y 
of 8tructure, I concci\'e it may be fairly concluded tbat 
the suJ.>,;.idencc by which the ahellB nl Santa Cruz and 
St. Julian were carried down and co\'ercd up, wtUI not 
confined to these two poin!:.!!, but was eo-extensive with 
a considerable portion of the l)atagonian tertiary forma~ 
tion. In a 8ucceeding chapter it. will be teen, that we 
are led to a similar conclu$ion with respect. to the 
second.uy fOl!l<itiferOWl strata of the Cordillem, namely, 
that. they abo were deposited during a long~ntinued 
and great. period of lubBidencc . 

.... rom the foregoing reasoning, and from the facta 
just. given, I think we must admit the probability of 
the following proposition: namely, that when the bed 
of the Ilea is either stationary or ri~illg, circlltrlJjtances 
are fnr le~s favourable, tlmn when the le\'el iB Sinking, 
to the acelllnulation of ooru::hiferous deposits of sufficient 
thieknw and extension to resiat, ,,·hen IIphea\'ed, the 
average \'a.st amount of denurlation. 11lis retult appears 
to me, in IMweral rei!peef!, vcry intere!ting: e\'eryone il 
at first inclined to belio\'e that. at innumerable points, 
"hefC,"er tbere il a supply of eediment, foesiliferous 
&t.mta nrc DOW fonning, which at IOtDO futuro distant 
epoch will be uphea\'ed and preserved; but on thoviewl 
ab(l"e gh'eu, we must conclude that. this ill far from 
being tIle case; on the contl"Rl'Y, we rt.'quire (1st), a 
long-<:ontinued supply of sediment; (2nd), an extensive 
sllallow nre3; nnd (3rd), that this area Ihall slowly 
lub~ide to a grent deptb, so as to admit the accumula~ 
tion or a widely-extknded thick mag of au perin cum bent 
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strata, In how few parts of the world, probably, do 
theee C'!Ondition~ at the present. day concur! We can 
thus, allO. undcrstand tbe general want of that elOile 
fie(IUCDCe in fO!1<!.iliferous formationR which we might 
theoretically ha,'e anticipated; for, without we lIUPpoee 
n lubtiding mon'ment to go on at the same spot during 
an enormous period, from one geological era to anQther, 
nod during the whQle Qf this period acdimcnt to accu­
mulate nt the proper rate, 10 that the depth shQuld nQt 
become too great for the continued eJ.:istence of mollus­
cous animal!, it ill scarcely poiIIible that Ulere shQuld be 
II perfect !!eqlleooo lit the same spot in the fossil sheila 
of the t ... o geological fonnatiOOil. L So far from a ,'ery 
long-tontinlWd IJUbridence being probable, many facta 
lead to the belief that the earth's flUrface oecillatel!l up 
and dQwn j nnd we ha"e fleen tbat, during the eie\lltory 
mo"emcnts there is but a gmall chance of durabllj foa­
silifcrOlLs depoeih accumulating, 

Lastly, thCi6 lIaIIle considerations appear tQ tlUQW 
some light on the fact that ce:rt.'\in periods appenr to 
ha,'e been f"I'Qurable to the deposition, or nt l('ast to 
the pretK'rmtion, of CQntemporaneous formations at "ery 
diltnnt pointJ. We ha~'e fleen that in South America 
an enormQUS area baa boen rising within the recent 
period; and in other quarten of the globe immense 
8pac61 apllCaI' to OO,'e rUen oontempornuoou~ly, From 
my examinatiQn Qf the eoraJ-reefs Qf the great ooeans, 
I havo been led to conclude tilat the bOO of the &ea has 

'l"tofdooorILD,IIo«uo.in h.UCllIent-..Jd_tothtA..,i.tion 
(It .\\IleriHn O ... ,I'>¢lb{~iIli ....... '. 'Joun.Bl,'.-o1. d~ii, p. 2H), ....u.lho 
foll.,...i.,g."ma.k,' IqtlMtioD if :or" &re Bl.1! n"~1'!0 ho .. """,pkuJylb 

:~::i:~nit,-:'~lIor<kr.:~ i~tl.~ ~:":1:~i~!!Ii:::':: ~~i~ 
how .ffioeh,~]I.r, in other WOYda. .... .,. roriod of limo ..... """,II.,. it • .,.,.. 
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gone on alowlyainkingwitllin the present em, over tndy 
"ut. areal!: thill, indeed, is in itself probable, from the 
.umple fact.of the riling areas 1lRving OOellao large. I n 
South America we have distinct evidenee that at nearly 
the IlIlIDO tertiary period, t.lJe bed of the 1IC8 off parls of 
the coast of Chile and off Patagonia was sinking, though 
these regions are ,'cry remote from each otber. If, 
then, it holds good. as a general rule, that in the same 
quarter of the globe the eectMJ cmst. tend! to .link and 
rise contemporaneously over ,'rut spacet!, \\'e can at 
onoo see, that we ba\'6 at. distant poiuliJ, at the I!3JllC 
period, those very conditions which 31)pear to be re~ 

quisi le for the accumulation of fossiliferous IDIUliiCS of 
sufficient extension, thickness, and hardncas, to resist 
denudation, and consequently to last unw an epoch 
distant in futurity,' 
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CHAPTER xrrr. 

PLUT()~IC AND META)lORPIlIC ROCU:----cr.EAVAGE A"'D 

THlt mctamorphicand lliutonie formatiollil oflhe 1IC\'ernl 
distrietl! visited by the Bta{}~ will be here chiefly 
treated of, but only such cases all appear to me new, or 
of !!Orne apeeial interest, will be described in dewil; at 
tbe eud of the cbapter I will 111m up all the facti! 
on cleavllge and foliation.-to which I particularly 
attended, 

Bahia, Bra...--il: lat. 13° sou/h.-The prevailing 
rock is gnei!l9, often paasing, by the disappearance of 
the quartz and mica, and by the feldspar lOlling its 
red colour, into 0. brilliantly grey primith'e green_ 
stone. Not unfrequently quartz and hornblende are 
arranged in layers in almost amorphous feldspar. 
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TilcTC it lOwe fine-grnined sycnitic granite, orbicularly 
marked by ferruginoUll lines, and weathering into 
vertical, cylindrical holes, almO!lt touching roch otheT. 
In the gucillll, concretionl of granular feldspar and 
othen of gaTnetl with mica occur. The gueiH is 
traversed by numerous dikes composed of blaek, finely 
crystallised, Ilornblendie rook, containing a little gla8liy 
feldspar and 80metimes mica, and "arying in thickness 
from illere threadB to t.:n feet: thCliC threads, which 
are often curl'ilinear,could 80metimes betrnoodrunning 
into the larger dikes. One of thet!6 dikes wae remark­
able froln haVing been in two OT three places laterally 
diBjeint.OO, with unhroken guei. interpoeed between 
the hroken ends, and in one part with a portion of the 
gneilll driven, apparently whilst in a IOftened state, 
into ita side or wall. In Be\'eral neighbouring places, 
tho gnci!18 included angular, well~dined, SOlnetimes 
bent. mD!I8elI of hornblende roek, quite like, except in 
being more perfectly crystallised, tbat forming the 
dike!<, and, at least in one iurlance, containing (as 
determinoo by I'rofessor Miller) augite 1\1 well as 
hornblendt'. In one or two case! these angular masses, 
though 1l0W quite liCparate from each otheT by the 80lid 
gnein, had, from their exact correspondence in !.ire 
and shape, e\'idently onoo been united; henoo I cannot 
doubt that mOlt ~T all of the fragmenta have been 
derh-ed frow the breaking up of tbo dikes, of which we 
IlOO the first stage in the above-mentioned latemlly 
diBjointed one. Th~ gneiss c10ee to the fragments 
generally contained many large eryst.nls of hornblende, 
which are entirely absent OT rore in oth~r part,,: ita 
folin or lnminro were gently bent round tbe fragments, 
in the same manner 8.Il they 8Ometime8 nroround concre­
tionl. H enoe the gneiss has certainly been softened, 
ita composition modified. and ita folia Ilrranged. ~ub-
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sequently to the bre,'lking up of the uiket!,1 til e!lC latter 
all;o bM'ing been at the same time bent and II()fw.ned. 

[ mllA. here take the opportunity of premi."ing, 
that by Ole term ckal.'«fIt, I imply those pll\neI of 
divi~ion which render a rook, appearing to the eye 
quite or nearly bOlnogeneous, fissile. By the termfol~ 
tion, I refer to the layers or platet! of different minera­
logical nature of which mOllt metamorphic schist.! are 
coml)()Se(J; there are, 11180, often included in such 
matI:IIeI'!, alternating, homogeneous, tisiile layers or folia, 
and in this e.ue the rock is both foliaW and ha3 a 
cielwage. By 8tratifictdwn., lUI applied. to th'*l forma_ 
tions, 1 mean those altenmte, parallel, large mll.Si!Cll of 
different comJ>Ol!ition, which are theUllleh'cs frequently 
either foliated or fu:.silc,-lIuch lUI thl' alternating IJ()­

called strata. of mica-siate, gneiss, glQlllly clay-slate, and 
marble. 

The folia of the gneiu within a few milet! round 
Bahia generally strike irregularly, and are often cur­
vilinear, dipping in all directions at variolla Bngles: 
but where best defined, they extended most frequently 
in a l'I""E. by N. (or East. 50" N.) and SW, by S. line, 
oorretponding nemly with the COOBt-line north warm 
of tile bay. 1 may add tlmt Mr. Gardner I found in 
8Cvernl pnrts of the Ilrovince of Ceara, which lies 
between 400 and 500 miletl north of Bahia, gnei8il with 
the folia extending E. 45° X.; and in Guyana, accord­
ing to Sir R. Schomburgk, the ~Ilme rock strikes E. 
5io N. Again, Humboldt df!8Cribes the gnci»-grnnit..e 
o\"eran immense areo in Veneruela ande\"en in Colombia., 
llII Itriking E. 50" x., and dipping to the If\\'. at all 
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angle of finy degrees. Hence all the obsern.tions 
hitherto made tend to sho ..... that. the gneilliie lOCka 

over the ""'hole of this part of the continent ha\'e 
their folia e:a:tellding generally within almost a point of 
the oomptl9l! of the stllne direction. I 

Rio fk Jallnro.-This whole district is almost 
exclnsively formed of b'1leiss, abounding with garnets, 
and porphyritic with large crystals, even three nnd four 
inehe& in length, of orthoclase feldspar: in these 
crystals mien and garnets nre often cnelollod. At. the 
western baao of the Coroomdo, there is iIOme ferruginoU8 
carious quaru...rock; and in the Tijeulm range. much 
fin&-gmined granite. I observed boulders of greenstone 
in &e\'eral placCll; and on the islet. of nUegngnon, and 
likewise on the COIl!!t IIOme milQ;l northward, two large 
trappean dikes. The porphyritic gnei9', or gueisa­
gnuile as it has been called by H umboldt. is only 110 

rar foliated 1l.13t the constituent minerals nre arranged 
witll n certain degree of regularity, Bnd may he said to 
JI!we II 'fJ/·ai.n,' but they are not separated into distinct 
folia or iarninIC. There nrc, howo\'cr, &everal oUler 
vnrietiea of gneiss regular ly foliated, anel altcmatillg 

• IIMlded aIOll!,. OM VI..,. DOrtb ofllNl.ia. ... m~I,.,.lP ....... mbuM. 
lfoaDdthereoal,.ooft.,horizont&tl,..c.-atillfd....u.r,r-...lfl'Ollldi.­
.n\lllgr&lb:lfJl"lUli1ic ........ Dd ....... ,..,Unnh.",pllftlli-......pl'D­,-bt,. of. terti....,. opoeh. I bani dMtrihfd • _ .in/l:1llar ... t ..... .t 

::~!;h!~:!i~=:,~":;-c:~R:;:-2~P~:z 
A.u<»aoo 11I.&"ft,1.l.18°S.~§I ... t"OUIof1JrujI.-Althoaah lOOt 

lItnetJ,. in pI_. 1 do IIOl k"" .... ho .... 1 .. n ""' .... eon",lIi~ntl,. d""';bo 
Ihi,liut. fI"O"p of ...... l1 .. lando.. Th.lowf'tl. hfdi •• IIInd.lOne with 
f'rruai""". ni ... : it .... lh ..... ioto.~ut.-.on.1i"",.,.bon..,._bed_; 
.. oo-reitth.-reil .. d&rk..:olouredarg,U.......,.oh .. I.:.bo"r.thi.llmA...., • 
.. lIdlltO_JIl .. king.t.o".lthickue.llof .. bootli~tyrHt: .. IldIMllJ'".lIoon 
th_oedimentll.,.bed •. tb.,..,iuflne con{o.mRblOlll_ols-nlltOne, ib 
1IQ""p"ruhMiog .. rolumOR •• truelO,..,. ,\1!th •• t ... tll, ...... l1 .. the 

d::~~r!.!:!'.!t :e:'!l;"!i~:!~i':!e~~r~ ~N';';~:'~ 
peoon"""b,gene",U,.,howo .... , ... ithtMonoo.tonM_ppiogoutonthe 
IIOII1h ..... IIlooNo. 
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with each other in so-called atrnta.. 'l'he atrnlification 
and foliation of the onlinary gnci88et, and the folia­
tion or • grain' of the gnei ..... granitc, are parallel to 
each other, and generally strike within a point of NE. 
and RW. dipping at a high angle (betwoon 50" and 60") 
generally to SE.: 80 that here again we meet with the 
strike 80 premlent o\'er the more northenl paru of this 
continent. The mountains of gneiss-granite are to a 
remarkable degree abruptlycouical, which lICems caused 
by the rock tending to exfoliate in thick, conically 
concentric layers: these peaka resemble in 8hape those 
of Ilhonolite and other injected rocka on "olcanio 
isllmd!; nor i8 the grain or foliation (aa we ahall after· 
wanls lICe) any difficulty on the idea of the gneiss­
granite hnving been nn iutn..,ive rather than a meta· 
morphic fonnnlion. TIle tinct of mountains, but not 
always each separate hill, range nearly in the same 
dircdion with the foliation and ao-oo.lled stratification, 
but ratller IJl()reeasteriy, 

On a buro gently inclined surface of the porphyritic 
gMil!ll in llotofogo Bay, I observed the appearance Ilere 
rel)re8euted. 

A frngnl<'nt seven yards long and two in width, 
with angular and distinctly defined edges, compollCd of 
a peculiar ,'ariely of gneisa with d'Uk Inycn of mica 
aud garnet&, is 8urrounded on all sidet! by the onliuvy 
gneiti-gl'l'nite j both baving been dislocnted by a 
b'TJ.nitic vcin. The folin in the fragment and in the 
surrounding rock strike in the sam.e N~'E. and SSW. 
line j but in tbe fragment they are vertical, whereas. 
in the gneiss-granite they dip at a small angle, as 
s.hown by the arrows, to SSE. This frngment, con· 
sidcring its great ~ize, its solitary position, and ita 
foliated structure parallel to that of Ole surrounding 
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rock, is, lUI far lUI 1 know, a unique case: and I will 
not attempt any explanation of its origin. 

The numerous travellers Lin this country, have all 
been greatly surprised at the depth W which the gneiss 
and o(ller granitic rocks, IlS well a8 the lalcose slates of 
the intnior, hal'e been deeomposed. Ncar HiD, every 
mineral except the quartz hlUl been completely softened, 
in IIOme p!ace8W& depth littlelca than one hundred feeV 
Tho minel'll!a retain their poLIitions in folia ranging in 
tho Il.;ual direction j and fractured quartz veins may be 
traced from the IIOlid rock, running for IIOme distance 
into the IIOfkned, mottled, highly coloured, argillacoous 
man. It is said that these decomposed rocks abound 
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with gems of various kinds., often in a fractured state, 
owing, as some have supposed, to the COllllp8Cof geodes, 
nnd that thcy contain gol(l and diamonds. At mo, it 
appeared to me that the gnei.6!l had been softened before 
the exca,'atioll (no doubt by the sea) of the existing, 
broad, fiat-bottomed \-alleys j for the depth of decom­
position did not. appear at all conformable with the 
)lrcscnt undulations of the surface. The porphyritic 
gneiss, where now c:'I:posed to the air, seems to with­
stand decomposition remarkably well; and 1 could _ 
no signs of any tendency to tile production of argilla­
ceous masses like th0!!6 hero described. 1 was also 
struck "ith the fact, that. where fa. bare surface of this 
rock sloped into one of the qniet bays, thero were no 
marks of erosion at the level of the waler, and the 
parts both beneath and abo\'e it preserved a uniform 
curve. At Bahia, t1H~ gnei.6!l rooks are lrimilarly decotr.­
posed, with the upper pnrU inscnsibly lOlling their 
foliation, and passing, without any distinct line of 
separation, into It bright red nrgiliaceOlLs earth, includ­
ing partially rounded fragments of quartz and gnmite. 
,"'rom this circuUlstance, and from the rocks appearing 
to Jlave suffered decomposition before the eXCll\'ation of 
the valleya, 1 Iwrpect. that here, as at Rio, the decom­
pG!;ition took place under the sea, The suLjcct 
{tJlpea.red to me n cruioUJ onc, and would llrobably well 
rOllay careful eJ:amination by an able mineralogist, 

T/~ ~-()1'1.}1eT7I. Provill.cu oj La Plata._According 
to some obaen"alions communicated to me by Mr, Fox, 
the coast from Uio de Janeiro to the mouth of the 
I'lata seems everywhere to be granitic, with a few 
trnppean dikes. At Port Alegre, ncar tho bouudary of 
Brazil, there are porphyries and diorites.! At the 
mouth of the Plata, I examined tho country for twenty-

I 11" Ja~II .. • \"oJallll n_ AJIft,' po 4it, 
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fh'e miles west, and for about &eventy mill!:ll north of 
Maldonado: n!;:3r thill to1l.'fl, there iI some common 
gneiM, and much, in all pan. of tho country, of a 
C<Nll"iI('..grained mixture of qwutz and reddillh feldspar, 
onen, however, all!luming a littlo dark-green imperfect 
hornblende, and then immediately becoming foliated, 
'J'he abrupt billocb thus compollOO, l\B well as tho 
highly inclined folia of the common varieties of gneii!S, 
strike NNE, or a little moro easterly, nnd ssw, Clay­
~lato is occasionally lUet with, lmd nenr the L, del 
Potrero, tllere ill white marble, rendered fiss-ile from the 
pJ'C9('nce of hornblende, mica, and lllIlx!i!tus; the cleavage 
of t11(1e rocks and their stratification, that jj the alter­
nating maaeeil thus composed, strike NXE, and SSW. 
like the foliated gneil;llOs, and ba"e all tUmOlJt \'ertical 
dip. The Sierra Larga, a low range fin) mil('!l west. 
I)f Mal(lonndo, consisu of quartzite, often ferruginous, 
having nn arenaOOOlill feel, and divided into el:C~h'ely 
thin, almOfOt rerticallamin:e or folia by mieroBCopically 
minuto acales, apparently or'miea, ami striking in tho 
u.sual NNE. and SSW. direction. Tile range iL;elf j" 

formed of one principal line with j;(Ime Juborclinaoo 
ones; and it extends with remarkable uniformity far 
northward (it is said e\'en to the confinC!l of Brazil). in 
the same line with the \-crticnlly ribboned quart ... rock 
of which it is composed. The S, dc l:\s Animllll it the 
hight'it runge in the country; I estimated it at 1,000 
feet; it ruW! north and south, and is formcd of feld-
8pnthic porphyry; ncar its baso there is a NXW, and 
SSE. ridge of a conglomerate in a higllly porphyritic 
ba8i8. 

Northward of Maldonado, and soulliof La8 :.\1inas, 
there i8 lin E, und W. hilly bund of country, some miles 
in width, formed ofsilice<lllSclaY-lilate, with 80000 quartz, 
rock aud limeswue, having a tortUOIlS irregular clolH'-
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age. generally ranging earl lind west. E . and SE. of 
Laa Minas there is n oonflUed district of imperfetl 
gnei811 nod laminated quartz. with the hilll ranging in 
varioul directions, but. with each sep:uute hill genemlly 
running in the same line with the folia of the roek! of 
which it ia composed : thig confusion appean to have 
been CllU!!ed by the intersection of the [ E. and W.J and 
(NNE. nod RSW.] strike!!. Northwnrd of fA'! ~Ii na.s, 
Ole more regular northerly mnges prodominatc : from 
thil place to ncar Poianco, we meet witll the coarse­
gmined mi:r.ture of quartz and feldspa r, ofuln with the 
imperfect Ilornblellde, and then becoming foliated in 
a N. and S. line-with imperfect clay-alate, including 
lamiuoo of red crystallised feldspar-with white or black 
marble, IOmelimes containing nsbefltUJ and crystals of 
gypsum-wilh quartz..roek-wilh IIYcnite--and la'lily, 
with much gnmiw. The marble audgJlmite alternate re­
pe'.ltedly inalJpnrently "ertical m:wea: somemilct north 
ward of the Polanco, a wide d i ~trict is Mid to be cntirelv 
oompolCd of marble. It is remarkaule, how rare rni~ 
is in the whole range of country north and we~tward 
of )laldonado. Throughout this district, the cleavage 
of the clay-slate and marble-the foliation of the 
guei. and the quartz-the stratification or alternating 
mafJIICII of the!!C ICveral rocks-and the range of the 
hi1l~, all coincide in direetion; and although the 
country is only hilly, the planet of division arc alm06t 
('\'erywhere very highly inclined or vertical. 

Rome ancient ~ubmarine volcanio rock. nre worth 
mentioning. from their rarity on this eastern side of 
the continent . In tIle valley of the Tnpa!! (tifty or 

.sixty miles X. of Maldonado) there iij a tract three 
or fOllr miles in length, composed of "arious trappeau 
rocks with glasey feld~par-or apparently metamorphoged 
grit.-llt.onea-of purplish amygdaloids with large kernels 
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of carbonate of limel-and much of a hanlwb rock 
with glaay feldHplU' intermediate in character between 
clay-none porpbyry and trachyte. Tbil latter rock W8JI 

in one lPOt. remukable from being full of druaycal'itiea, 
lined with quartz cryst.als. and arranged in planes, 
dipping at an angle of 50" to the eut, and Itriking 
parallel to the foliation of nn ndjoining hill composed 
of tho common mixture of q\lart~ foldspar, nud im­
perfect. hornblende: thill fact pcrhapi indicatea that 
thete ,'olcnnic rookll hal'e been metamorpbOlled, and 
their constituent parts re-armngcd, at the llamo time 
and according to the same laws, with tbo granitic and 
metamorphic fonnaliona of thiA ,,'bole K'giOD. In the 
,'alley of tbe :llarmanlJll, a few mil~ Mlulh of tbtl 
Tap .... a b&nd of trappea.n and amygtlaloidal rock il 
interpoted bet ... een a hill of granite aDd an ('Iten~ve 
lurrounding fonnaliOD of red conglomerate, which (like 
that at lhe foot of the S. AllimlLl) h:ll ita basill porphy_ 
ritic with eryatalll of feldllpUr, nnd which henco hB..l! 
certainly 8uffered metamorpho~i8. 

Mont, V~.-The coekl here cOlllist of lleveral 
I'ari<'tiel of guei~~, willi the feldlpnr often yellowillb, 
granular and iIDJX'rfedly cry~tnllised, alternating with, 
and pnIlIing inlll'D~ibly into, bedi!, from a fow yards to 
nearly a mile iD lhickn_. of fine or coane grained, 
dark-green bornblendic ~late j thit again often IMMing 
iDtO chlorilie achist. Thete ~ eeem chiefly due 
to change. in the mica. and iUl replact'ment by otber 
minerals. At Rat hland Ie.lamined a mauof chloritic 
achiBt, ollly n. few yards &qt18re, irregularly surrounded 
on sll .idCl by the gnej,!.~, nnd intricat.ely penetruted 
by many cur\ilinear veins of quartz, which gradually 
blencl into the gneiBs: the cleavage or tbe chloritic 

, !far the "" .. d. Asuat the .. ;' 101M .... "i.,h porph,..,.. ill Onto 
plact ... 1JdolkIidalwlth"..e, 
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IIChi~t anll the foliation of the gnei. were uactly 
parnUel. Enatwnrd of the city tbeore is much fine­
grained d:uk-('()Ioured gneiss, almon 1W1tming the 
character of homblende-!llate, which alternates in thin 
iaminl(l with laminoo of qunrt7., th£' whole matI8 being 
trall~"cl\Iely int('rsected by numerou! large "cins of 
quartz: J particularly observed tJ1!lt thl'8(l vcin~ were 
absolutely cOlllinuouswith the alternating laminoo of 
quartz. III thi~ cnsc and at nat hland, tllc JXIsaagc of 
the gnci~~ into imperfect honlblcndic or into chloritic 
slate, _m('(1 to 00 connected with tile flCgregation of 
the ,·eio90fqnarlz.' 

Th{' llount, a bill believed to bR 450 feet in height, 
from ..... hich tbe pla.ee t.ak~ ita name, is milch the 
highest land in this neighbourhood: it collsisUiof hom­
blendic ~lrlte, which (eJ:cept on theenstem nnd dinurbed 
baM!) hit.! nn east and west nearly vertical ele:wage; 
thc longer a,;i, of the hill also ranges ill this 8ame line. 
Near the summit the homblencie-sllllc grndually be­
cornell mor£' and more coors('\y cry~l..:Iltised, lind less 
plainly laminated. until it passes into a h£'lwy, IKInorous 
gr(!('lIstonc, with a slaty conchoidal fracture; the 
laminae on the north and lIOuth sidea nenr the summit 
dip inwnrds, I\S if this upper part had I':l"panded or 
lliliged outwnrd.t!. Thill greenstone must1 I oonceh"e, be 
considered 3!1 metamorphosed homhlende-elal.e. The 
Cerrito. th~ next highest, hut milch 1_ ele\"ated 
point, ia almost similarly eompoiOO. In the more 
wCiltern ptllU of the pro,-inee, hesidea gn~i~ there is 
qlmrtz.-rock, syenite, and grnnil.6; nnd at Colla, I heard 
of marl, Ie. 
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NeIlr .11. Yideo, the spaee which I more accura~ly 
eumined Wat about fifteen milea in an aut and we:d: 
line, and here I found the foliation of the gneiu and the 
c1ea\'llge of the Blatt'll generally well de\·e!oped. and ex. 
tending parallel to the al~rnating atrata compofled of the 
gneiSl!. hornblendie nnd chloritic !!Chisls. Thet16 planes 
of division 1111 range within ono point of east and wet!t, 
frequently Cflst by south and weat by north; their dip 
ill generally almost vertical, nnd scarcely nnywllere 
under 45°: tbi, fact, considering IIOW slightly undula­
tory the surface of the country is, detef\'cs attention. 
"rest ward of M. Video, towardll the Uruguay, where\'er 
the gneiss ill exposed, the highly inclined folia. are 
seen striking in the !!arne direetion; I must except 00& 

Ipot "here tho strike 'illS :SW. by W. The little 
Sieml de S. Ju."Ul, formed of gneia and laminated 
quartz, must also be excepted, for it ronges between 
[X. to ~E.] and [So to SW.] and teems to belong to 
the snIDe system with the "bills in UIO Maldonado 
district. Finally, we haw !lCCD thnt, for many miles 
nortllward of Mnldonado and for twenty.five miles 
westward of it, as far 3.1! the S. de 1&8 AnilllM, the folia· 
tion, cleavage, IIO--CfIUed stratification and lioet of billi, 
all ronget NNE. aud SSW., which i. nearly coincident 
with the adjoining coallt of the Atlantic. Wcetward of 
the S. de la~ Animas, as far 113 even the Uruguay, the 
foliation , eieanlge, and stratmcntion (but not lines of 
billa, for there nrc no delined onCII) all ronge about E. 
by S. and W. by:S., which ill nearly coincident with 
the direction of the northern ahore of tho I)lata: in the 
confused country near La!! )linaa, where thel() two great 
system8 np~nr to iuter8e(lt each other, tho cleavage, 
foliation, :lud stratification run in various direetioD9. 
but genemlly coincide with tho line of each separate 
hill. 
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&utlurn La Phda.-Tbe first r idge, 8Quth of the 
Plata, which projects through the PAmpean formation, 
it the Sicmt. Tapalguen and Vlliean, situated 200 miles 
lIOutbward of the difttrict. j ust detlC.rihed. Thi, ridge il 
only R few bundred ft'flt in beight, and ruD~ from C. 
Corrientes in a WNW. line for at. least 150 mil('ll into 
the interior: at Tapnlguen, it is composed of llnatrnti­
tied granular quartz, remarkable from forming tabular 
mrwM'tl Bod small plniD~. surrounded by precipitous cliff~ : 
other parts of the range are said to consist of granite : 
and marble is found I\t the S. Tinta. I t nppcnlll from 
M. PareLnppe's I obioefTationll, that at Tandil UICI'C i,l a 
mnge of qua~ gtlriss, "e:ry like the rock. of the S. 
Larga near .Maldonado, running ill the same .X1'I'"E. and 
SSW. direction; flO that the fmme-work of the counlty 
here is "cry !imilar to that on lhe northem ahoro of 
the Plata. 

The Sierra. Guilru-gueyu is situated Ilirly miles 
lOuth or the S. Tapalguen ; it consiWI of numeroua 
parallel , IIOmetimcB blended together ridgea, about 
twenty_three mile. in width, and 500 feet ill beight 
8bo"8 tile plain, and extending in a NW. and SE. 
direclion. Skirting round tile extreme SE. termination, 
I ascended only a few points, which were composed of 
a fiuc-gmincd gneiu, almost compoted of feldapar with 
a little mica, and pauing ill the upper ports of the 
hills into II. ratller compact purplillh-clay I!I.nte. Tile 
clean'lge wnI nearly vertical, striking in II. NW. by W. 
and SE. by E. line, nearly, though not quite, coinci­
dent with the diredion of the parallel ridges. 

The Sierra YelltanaliCfl close 80uth ofthntor Guitru­
gueyu; it is remarkable from attaining a height, "cry 

~~.~;o;~JnI~~:~'~...;.. ~J::::::;:!'"b·i~i. ~~;r,::,·eou.:: 
u ... a1;Q.IlItI.morpbicrur ..... t;\ltI,illml'JourDalofR~hto'(2nd 
edit.)p.II(I, 
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unusual OD this liide of the continent., of 3,3-40 feet. It 
COll!i~u up to iu 8ummit, of quartz. ~nerally pure and 
white, but IOmetimes reddish, and dh·ided into thick 
laminro or 8tmta: in one part there il a little glossy 
ciny .. inte with a tortuous cleavage. The thick inyen 
of qllnrtz striko in a W. 30° No line, dipping southerly 
at 1111 n.nglo of 45° and upwards. Tho prineil)allino of 
mountaiu~, wiUI aome quite subordinate I)nrflllel ridges, 
mnge about. W. 45° N.: but at their Sr~. termination, 
Qnly W. 250 N. 'l'bil! Sierrn is Baid to extend between 
twenty and thirty lenguea into the interior. 

Pal{lfJOnia.- With the exccption pcrhafJI of the 
hill of S. Antonio (GOO foet. high) in tho Gulf of S. 
Matia.s, 'll'hich ha.s ne\'er been vi!!ited by n geologist, 
crystalline rocka aro not met with on the COOlltof ]lata_ 
gonin for n i<jMlCC of 380 mile. 80uth of the K "enlana. 
At thia point (lat. 4.3' jO'),at]lointa Cnion and Tombo. 
plutonic rocka nre said to appear, and are found, at 
rntiU!r wide interml~, beneath the l'atagollinn tertiary 
formation for n ~paee of aboct 300 mile8 aouthward, to 
near Bird hland, in lat. 48° 56', Judging from spoci­
mens kindly collected for me by )lr. StokCII, the pre­
nliling rock at PorU St. Elena, Cum('r,...n,..." Mnla.spina, 
and lIa far IOlIth nJj the Paps of Pineda, i. a purplish­
pink or browni:,.h claJlltone porphyry, IOmctimes la­
minated,lOmetimea &lightly ,"eaicuiar, with crystals of 
opaque fc!d~par and with a few gmin! of qunrt:r.; hence 
these porphyries rellemble thoee immediately to be des­
cribed at Port DeI!ire, and likewise a series which I have 
teen from P . Alegre on tho BOuthem confines of Bm?il. 
Tlus porphyritic formation further r('scmblCli in II. 

~ i ngularly dolO mauuer the lowest stratified formation 
of the Cordillera of Chile, which, as wo ahalL hereafter 
see, haa II mat range, and attailll a great thicknCllll. 
At. the bottom of the Gulf of St. George, only tert.iary 
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depoe:its appear to be present. At. Cape Bianco, there 
it quartz rock, \'ery like that of the Falkland Isiandg, 
and IIOrno hard, blue, !Jiliceous ciay-tllate. 

At Port Desire there is an utelbivo formation of 
tbe e1aydone porphyry, stretching at least twenty.6.,e 
Iniles into lhe interior; it has been denuded and deeply 
worn into gullie!l before being coven'<i up by the ter­
tiary deposits, through which it here Rnd Ulere projeets 
in hills; those north of the ooy being 4-1.0 feet in 
height. ~l"l1e strata. have in several places beell tilted 
.t BlUall angles, generally either to NSW. or SSE. 
By gradual passages and alternations, tho porphyries 
change ince81!9.nUy in nalure. I will describe only 
IIOrne of the principal lDineralogical changes. which are 
highly iMuucth'e, and which I carefully e.zamined. 
The pr8\'ailing rock has a COlDpact purpliBb base, with 
cryBtallof earthyoropaque feldspar,and oft.enwith grains 
of qUArtZ. There are other \'Srieties, withan almost truly 
tracbytic base, full of little angular \'esiclea and crystals 
of glasay feldspar; and there are beds of black perfect 
pitchBtone, as well lIlj of a concretionary imperfeet 
varicty. On a casual inspection, tho whole aerie. would 
be thought to be of the same plutonic or volcanio 
naturo with the tmehytic yarietiea and pit.chatone; but 
thil i. far from ~ing the case, II much of the porphyry 
i. certainly of metamorphic origin. Be!i.dea the true 
porphyriea, there are many beds of earthy. quite white 
or yellowish, friable, easily fusible matter, lCIICmbling 
chalk, which under the microscope i. &Oen to oooost of 
minute broken crystals, and whicll, as remarked in a 
former chapter, singularly resembles the upper tufaceo\l.'J 
bed! of the Patagonian tertiary formation. This earthy 
8ubtltanoo often becomes coarser, and contains minute 
rounded fragments of porphyri68 and rounded grniD!l of 
quartz, and in one ease eo many of lhe latter ll!j to 
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resemble a common sandstone. Tbcee beds are IIOmetimes 
marked with true linea of aqueous deposition, separat­
ing particles of different d~ or coarseneM; in other 
cases there are parallel ferruginous lines not of true 
deposition, as IIbown by tbe arrangement of the par. 
ticlCl!, tbough singularly resembling them. The more 
indurated varieties often include many ~mall and !lOme 
larger angular cavities, which appear due to the ~ 
moval of earthy matter : some varieties contain mica. 
All these earthy and generally white stones insensibly 
pau into more indurated sonorous ,·arietica, breaking 
"Witb a conchoidal fracture, yet ohmall apec:ific gravity; 
many of these latter varieties 8Sliume 0. pale purple tint, 
being ~ingnlarly banded and veined with different shades, 
.and orten become plainly porphyritic willi crylltal.e: of 
feldspar. The formation of these cry!tals could be 
most clearly traced by minute angular and often par­
tially hollow patche1! of earthy matter, fint IWnming 0. 

fibrous structun, then passing into opGque imperfectly 
shaped cryetais, and lastly, into perfect glallliy crystals. 
When tbese crJlltals have appeared, Rud when the 
oosis haJJ become compact, the rock in many place8 
could not be distinguished from Il tnlc claystone per· 
phyry without a trace of mechanical stmcture. 

In some paN, these earthy or tufaceou! beds pass 
into jaspery and into beautifully mottled and banded 
porcelain rooks, which break into splinter&, i.ranaiucent 
at their edges, hard enollgh to IICrawh glasa,and fusible 
into white trnnsparent beads: grain. of qUl'lrtz inclnded 
in the perceiainoua varieties cau be seen melting into 
the surrounding paste. In olller paris, tho earthy or 
tufaceou8 beds eit.her insensibly pan into, or alternate 
with, breccint composed of large und small fragments 
>(If "arions purpfuh porphyries, with the Illatri:s: gene­
rally por]lllyritic: these broocilUl, thongh their BU~ 
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aqu{,()\1~ origin ill in many places IhoWlI both by the 
arrnngemcnt of their smaller particle. and by all oblique 
or current lamination, also pall' into porphyriet!, in 
which (',"cry trace of lllecbanic:1i origin Bud stratifiea­
tion III" been obliterated. 

:Wme highly porphyritio though coone-gmined 
mlUlle~, evidl·ntly of sedimentary origin, and divided 
into thin Jayen, differing from each other chiefly in 
tho number of embedded grains of quartl.o illt.ere~ted 
me mllch from the peculiar mauner in which hero and 
tbere sowo of tbe layen terminated in nbruJlt points, 
qnito unlike those produced by n layer of aediment 
nalumlly tllinning out, and apparenlly tb(' result of a 
lublequcnt prooea of metamorphio aggregation. In 
another common HLriety of a finer texture, tbe aggre­
gating proce. had gone further, for tbe wholo mas. 
consiated of quite short., parallel, often ~lighUy CUr-ied 

Inycn or 1).,1tehes, of whitish or reddish finely grallulo­
crystalline feJdspathic matter, genernlly terminating at 
both enda in blunt points; these layen or patches fur· 
ther tended to pWill into wedge or almond sbaped little 
m:lII8CI, aud these finally into true crystals of fchbpar. 
with their centres often slightly drusy. The aeries was­
I(l perfect that 1 could not doubt that these large 
cryBtal" which had their longer axea placed pnrallel to 
each other, had primarily orit"rillated in the metamor­
pbom and aggreption of alternating layen or tuff;. 
and hence tbeir parallel position mUlit ~ lIuribllted 
(unCJ:peeted though the oollelusion may be). not to 
laws of chemical action, but to tbe original 1)lan('8 of 
depOilition. 1 11m t-empted briefly to describe three 
other singular allied mrieties of rock ; the fint with· 
out cxaminlllion would have pAsaOO. for II. stratified 
po'1)llyritic breccia, but all the included angular frag. 
wenl! consisted of a border of pinkish crystalline feld&. 
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pathic matter, surrounding a dark translucent siliceous 
centre, in which grains of quartz not quite blended 
into tbe paste could be distinguished: tbis uniformity 
in the nature of the fragments shows that they are not 
of mechanical, but of concretionary origin, having re­
sulted perhaps from tbe self.breaking up and aggrega­
tiou of layers of indurated tuff cont.aining munerous 
grains of quartz,-into wbicb, indeed, lhe whole mass 
in one part passed. The second variety is a reddi~b 
non·llOrphyritie clarstone, quite ftilL of spherical 
cavities, about half an inch in diameter, each lined with 
a collapsed crust formed of crystals of quartz. The 
third variety also consists of a pale purple Iloll·porpby­
ritic ciaystolle, almost wholly formed of concretionary 
balls, obscurely arranged in layers, of a less compact 
and paler coloured claystone; each ball being on one 
side partly hollow and lined with crystals of quartz. 

Pseledo--Dikes.-&me mile~ up thc llarbour, in a 
line of cliffs formed of slightly metnmorphosed tuface· 
ous and porphyritic claystone beds, I observed three 
verticnl dikes, so closely resembling in genernl appear­
ance ordinnry volcanic dikes, that J did no~ doubt, 
until closely examining their compo~ilion, tllat they 
liad been injected from below. The fint is straight, 
with parallel sides, and about four feet wide; it C(}1l­

sisti! of wllitisb, indurated tufaeeous matter, precisely 
like some of the beds intersected by i~. The l'CCond 
dike is more remarkable; it is slightly tortUOlll;, about 
eighteen inches thick, and ean be traced for a cen­
sidernble distance along the beach; it i~ of a purplish­
red or brown colour, and is formed chiefly of rounded 
grains of quartz, with broken crystals of earthy feld· 
spnr, scales of black mien, and minute fragments of 
claystone porphyry, all firmly llllited together in a hard 
sparing base. The structure of this dike shows obviously 
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ttat. it is of mechanical and sedimentary origin j yet it 
thinned out upwards, and did not rut. through the 
nppermost Ilrata in the clitfg. Th.i.8 fact at. fiNt nppean 
to indicate that. the matter could not llaxe ~n washed 
in from abo,"e; I but if we ceRect on the ruction which 
would result from a dee)Hleated fifllJt.Lre being formed, 
we may admit UrnI'. if the fissure were in any part. open 
to the surface, mud and water might well be drawn 
into it along its whole COUT8C. 'fhe third uike consisted 
of a hard, rougll, white rock, almost eomposed of broken 
crystals of gla86y feldspar, with numcrous scale! of black 
mica, cemcnted in a IICllnty base j tbere WI!JI Iitue in 
the appearance of this rock, to preclude the idea of ita 
having been a true injected feldspathic dike. The 
matter oompoe.ing these three pseudCHlikes, especially 
the IMlOOnd one, appears to ha\"e suffered, like the sur­
rounding strata, a certain degree of metamorphic 
action; and tbia has much aided the deceptive appear­
ance. At llahill, in Brazil, we luwe Been that a true 
injected bornblendic dike, not only 1m! Buffered meta­
morphO!ri9, but hall been dislocated nnd el·cn diffused 
in the surrounding gneiss. under the form of separate 
eryatals and of fragment.s. 

}'al&n4 I8W,ndI.-I have described these islands 
in fL p."lper published in the thin! \·olume of the' Geo­
logical JournaL' The mountain-ridges conaiat of quartz. 
nnd t.he lower country of clay.al.ate and ~andstone, the 
intter containing pal:eozoic f088ils. These fouils have 
been separfLtdy described by Messrs. l\[orru nnd SllalpC : 
!lOme of th~m resemble Silurian, and otheu nc'·onian 
form~. In the eastern part. of the group the several 
parallel ridges of quartz extend in a weat and east. line; 

IUpft.lledflaun.o ..... ~loooeurbolh;ftvul""D;c&lI<lin 
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but farther westward the line becomes WNW. and ESE., 
and e\'en ~till more northerly. Tho clcamge-plalle5 of 
tile c1ay-6late are highly inclined, generally nt nn angle 
of aoo\'e 60~, and often n~Ttical; tlil.'y .trike almo;;t 
invariably in tbe lIaJIIe direction with the quartz ranges. 
Tho outline of tbe indented shores of the two main 
islands, and tho relativepoeitiollll of the smaller islets, 
accord with the strike both of the main ucs of elevation 
and of the cleavnge of the c1ay-shlle. . 

l'krro del i'uego.-:lly notes on the geology of 
thia country ace copious, but liS they lire llCimportant, 
and III fossils were found only in one district, a brief 
IIketch will be here sufficient. The I.'lI5t coast from the 
Straits of l\[ngelLan (where tbe boulder formation is 
largely de\'eloped) to ~t. Polycarp'i &y is formed of 
horizontal !crtiary strata, bounded lOme way toward;; 
the in!crior by a broad mountainous band of ciay-fliate. 
Thi. great claY-flLate formation Cl:tcnds from St. I.e 
Maire westward for 140 miles, along boUI Bides of the 
Bengle Channel w neal' it.!! bifurcation, South of this 
dmnncl, it forms all Namrin h land, and tho ca~tern 

half of 110.00 hland and of llardy Peninlula; nortllof 
the Beagle Channel it cxtends in a north-west line on 
both Bides of Admiralty Sound to Brunswick Peninsula 
in the Strailll of MngelklD, and I have reason to belie"e, 
slretehCtl far up the eastern side of the Cordillera. The 
wet!lern and broken side of Tierra del Fuego tOW'J.rd;; 
tbe J'acifie is formed of metamorpllic aeilista, granite 
and mrious trappean rocks; the lino of separation be­
tween the cry~talline and c1ay-alato formations can 
gencrally he diBtinguished, as remarked by Captain 
King,' by the parallelism in tbe clay-slate districts of 
tho shorOl! and clumnch, ranging in a line between 
(W. :Wo to 40~ N.] and [E. 20~ to 40~ S.]. 

, • Gqrophieal. J""",oJ: t'OI. i. f'. 106. 
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The elay-ilate is generally filll!ile, somelime& ~i1iceo\ls 
or ferrub';nous., with Yl'i~ of quaril: aod ealearl'Ol1!l 
spar; it often lL~umes, especially on the loftier moun­
tains. an altered fe1dspatWc character, pw-ing into 
feldspnthic porphyry : occasionally it is lllIIIO<'ini;.ed with 
breccia and gmuwackc. At, Good foiucce!lS Bay, there 
is a l ittlc intercalated black crystallillO limestone. At, 

})ort Famine much of the clay-~lnte is calcareous, and 
pasr;<.'s either into a mudstonc or into gtnuwacke, in_ 
cluding odd-llhnpcd concretions of dark argillaceous 
limestone. Here alone, on the ~horo n few milC!l north 
of J)ort Famine, and on the flUmmit of Mount- 1'am 
(2,600 feet high). I found organic remains ; they CC.ID­

sinof:-

~: ~:!!(iaim~'1~"~~:~big. 'Pal "Fnuse.' (PI. Y. t. 2)l(",,~ Tan>. 

I.N~ do>. do. 
f.I'eataerimu do. do. 
6. Loci ... tKent ...... 0. II. Sower",. (PI. ".!g. ~]).l·ort Jo'nmiae. 
6. "UD.(inimperf«~ .. ~) do. 
1, Turbinolu.1 do. do. 
8. Jinm;taelatior,0. B.80wuby, do. 

M. d'Orbigny states I that :MM. Hombron and 
Grange found in thill neiglloourhood an Ancyloceras, 
perlUlJlII iI . aimpiu, an Ammonite, a Plicatub. and 
)lodioln. M. d'Orbigny belie\'es from the general 
charnct('r of these fOS!'ils, and from the Ancyloeerns 
being identical (as fur as iUi imperft!Ct condition allows 
of comparison) with the 11. simplu of Euro!X', that 
the formation beloDgs to all early ~tage of tho Cretaceous 
ty.tem. ProfCllsor E. .... orbes, judging only from my 
sped men!, concurs in the probability ofthia conelw:!ion. 
Tho lltunit'B tlntior of the aoo\'O liat, of which a des­
cription i~ gil'cn by Mr. Sowerby in tho Appendix, a.nd 
wbich i, remarkable from its large size, JIU not been 

L'voyag.,l'arl. Oiolor.'p·2H. 
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seen either by )1. d'Orbigny or P rofeaaor E . Forbes, as, 
since my return to Englrmd, tho specimens have been 
lost. Tho great clay-slate formation of Tierra del Fuego. 
being cretnceou!, is certainly a \'cry interesting fnct,­
whether we oolliuder tho allpearanco of tho country, 
which, without tJlO ovideneo nfforded by tho f08Sils, 
would form tho analogy of most kno\lo'tl districts, pro­
bably ha\"o been considered as belonging to the Pnlroo­
zoic serie~,-or whether we yiew it as showing that the 
age of this terminal portion of the great axis of South 
America, is the 81'11no (all will hereafter be seen) with 
the Cordillera of Chilo and Pem. 

The clay~late in many parts of Tierra del Fuego, 
is broken by dikes! and by gn:at luaSlleS of greenstone, 
often l!ighly homblendic : almOllt all tho small islets 
within tho e1ay~late di~tricts aro lhull composed. The 
slate near the dikes geDernlly becomes paler-ooloured. 
harder, leq fissile, of a feldspathic nature, and passes 
into a po'llhyry or greenstone: in one case, howevcr, 
it beerllne more fissile, of a red colo\lr. and oontnined 
minute scales of mica, which wcro a1.t.icnt in the un­
altered rock. On t1lC CfilIt side of Jlonsonby &und, 
fIOme dikes composed of a pale IOnocoWl feld~pathic 

rock, porphyritic with a little feld~pnr. were remnrkahle 
from tildr nuruber,- lhere being withiu the space of a 
mile at lcnat ono bundred,-from their llC'drly equalling 
in bulk Ihe intermediate slate,-and more eBpeeially 
from the exeessh"o fineDcllll (like the fine~ inlaid car­
l)eutry) and perfect parallelism of their jUllclion~ with 
tho almost "ertical laminro of clay-elatc. I Wall unable 
to persuade myself that thC&C great p:ul!.lIel 1Dasst.:!! had 
been injected, until I found ono diko which abruptly 

'ID. gNeDltOnlt-dib in !.be Maj;:\!al.n Channel, tho. f.Wlp&>" 
cl ... .-ed ... i\Jlth.abgleofalt.ite.Thi.dlb_~, ...... Il&llh. =..:!,:" IInte, by a. Ia.rgG ~cin of'l\lalU, a. d""'m.tnn~ of unu.unl 
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thinned out to half itll t11iekn~ and had one of ita 
walla jagged, with fmgmenlB of tJlC! glate embedded 
in it. 

In 80uthern T. del Fuego, the clny ... late towards 
ita S\\'. boundary, become!! much rutered and feld­
spathic. Thull on W oUaston bland alate and gmuwacke 
cun be distinctly traced pa!'tiing into fdtlspathic rock.'! 
and grcen$tone~, including iron pyrites and epidote, 
but Btill rct.'lining traces of clenvnge with the usual 
strike and dip. One such metamorphe&ed mass was 
tra"ersed by large "ein-Iike mll!i8e8 of a beautiful 
mi~ture (lUI ascertained by Profe8llOr :\liller) of gr~n 
epidote, gaml'ts, and while eaiearcoUJ spar. On the 
northern point of this same i~land, there were "arious 
ancient submarine ,·olca.nic rocks, consisting of amyg_ 
daloid, with dark bole and agate,-of basalt with 
dcoompoeed oli"ine,--of compact 13\'8 with glasay 
feldspar,-and of a COOJ'l!C oonglomerate of red .I!OOrire, 
parts being nmygdaloidal with carbonate of lime. The 
.southern part of Wolllll!ton bland lind tlle whole of 
H ermite and 110m Islands, seem formed of conell of 
greenstone: the outlying i8leta of II Defen80 and D. 
Uamiuez are said I to OODllist of porJlbyritic )3\'a, In 
crouiug H ardy Peninsula, the alate still retaining 
traces of it. Ulnlll clcamge, p!li!IelI into columnar feid_ 
spatbic rocks, which are succeeded by an irregular trn.ct 
of trnppenn and basaltic rooks, containing gias<!'Y feld­
spar aud much iron pyritel!: tbere is. ai8o, 80me harm 
1'00 claystone porphyry, and an almost true trachyte, 
with needll'll of hornblende. and in one spot n curious 
alaty rock divided into quadnmgulnr eohlmlls, having 
II bnl'6 almo,t like trachyte, Witll drusy en.dties lined 
by cry~l.tii~, too imperfect, according tol>rofcssor Miller, 

T '" um ~t W clofe ..... 
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to be lnetUlurcd, but resembling Ze-agoniLe.L In the 
midst of theee singtLlar rocks, no doubt of ancient !ub­
marine "olennie origin, a high hill of feJdspathic clay_ 
slate projected, retaining ibl U3ual elea\'1lge. Near this 
point, there WM a llDlall hilJook, luniug tlle aspect. of 
gmnite, but formed of white albite, brilliant erystals of 
hornblende (ooth :l.SCeriained by the reflecting gonio­
meter) lind mic .. !.; but with no qUluU, No recent 
volcanic district has been observed in nny part-of Tierra. 
del 'Fuego, 

Fhe milCII west of the bifurcation of the Beagle 
Channel, the slute-formation, insLead of becoming, at 

in the more southern parts of Tierra del Fuego., feld­
spathic, and Rll*X'iated with trappenn or old volcanic 
rocks, pMIeI by a1ternatiOIlll into a great underlying 
IIUUIIl of fiDe gneiSi!l and glOBSJ clay-slate, whicb at no 
grent distance ia succeeded by a pnd fonnatioD of 
mica-slate containing garneta. The folia of tlwse 
metamorphic schiah strike parallel to tlLo cleavage­
planes of the elay-slate, which lla\'e a vcry lLniform 
direction over the wbole of thia purt of the country ; 
the folia, however, are undulatory nnd torltlOlll!, whilst 
the c1ean'Lge-lamime of the slate aro straight. These 
&Chiate compo&e the chief motlntnin~hain of aouthern 
T, del Jo'uego, ranging along the north aide of the north­
ern arm of the Beagle Channel, in II. abort WNW. 
and ESE. line, with two points (Mounu Sarmiento and 
Darwin) ri.,jug to heigba of 6,800 aud 6,900 feet. 
On tho lOUth-western &ide of thia norihern arm of tbe 
Beagle ClmnneI, the cla.y_slate is seen with its stmla 
dipping from the great chain, so that the metamorphic 
&chiate here form a ridge bordered on each side by clay­
slate. Fu rther north, however, to the west. of this 

, ~ lb. lIrookt'. Paper j" tM' Lo"dDII l'llil. Mq.' ovI. L T~L... 
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grentmnge.lhere il no c1ar-slate. but only gnei.!;o, mica. 
and hornblendie Imh .... resting on great barren hills of 
true granite. and forming a lract about lixty miles in 
width. Again, westward of these roeb, the outermost 
ig1and~ are of trappeRn formation. which. from infor}un_ 
tion obt. .. l.ined during the \-oyaget of the' Adrenture' 
and' Beagle,' I _m, ~cthcr with granite. chieHy to 
prenil along the we;tern coa..<:t all far north a~ the en­
tmnce of the ~t. of \Iogcllan: a little more inland, on 
the eastern lide of Clarence Island and~. lk'><Olation, 
granite. greenstone, micll-~Iate. and gnei~ nppmr to 
predominate. T am tempted to believe. that whero lilt' 
day-slate lUlS been metnmorphosOO aL great depths 
bencath the surface. b"llei~lI. mica-"Iate, and other allied 
rocks 113\-e been fonned, b\lt where the ~tion haa taken 
pbce nearer the surface, feldspathic porphyri('!t, green­
'IItoncs, etc_, have ret!ulted, often IlCCOmpanied by su~ 
marine volcanic eruptions. 

Only one other rock, mel with in both arms of the 
Beagle Channel, deserves nny notice, llIlInely n granulo­
cryatalline mixture of white albite, black hornblende 
(ascertained by ml'a~urement of the erY8tab, nnd con­
firmed by ProfelllOr )Iiller), and more or lea of brown 
mica, bllt without any quartz. This rock occurs in 
large masses, closely rellt:mbling in eJ[ternal form 
granito or syenite : in the lIOuthern arm of the Channel, 
oue 8uch mBlli! underlie8 tho mica-slate, on which clay_ 
slnto W:l.l! superimposed: this peculiar plutonic rock 
which. B.!! we ha\'o IICCn, occurs also in Hardy Penin~u1a, 
is interesting, from its perfect similarity with that 
(hen:after oR.cn to be referred to under the Dame of 
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andesite) forming the great injected axes of the Cordil· 
lemof Chile, 

The litralification of the c1aY-filat.e ill generally \'ery 
ob!!cure. whereas the c1eamge ill remarkably well defined; 
to begin with tbe extreme eastern part. of 1'. del Fuego; 
the c1eamge-planes near the St. ofLe )lairo st.rike 
eitlu:-r W. and E. or WSW, and ENE., and ;,re higbly 
inclined; the fOTm of the land,including Stnten Island, 
indicntes that lhe u.xe~ of elevation have run in this 
same line, though I was unable to distinguish the planes 
of ~trnti6.cntion. ProooediDg wCfltward, I accurately 
&nminoo the c1cnvnb"C of the c1aY-lllllte Oll the northern, 
-eastern, nnd wl!l<l.ern sides (thirty.fi\'l.' milC't apart) of 
Na\'nrin blnDrl, and e\'erywhero found the InminRl 
ranging with extreme regularity, WNW. and ESE., 
.seldom nrying more tiLan one point. of the compa&'! 
from this direction.' Both on the C&it nnd W(·.t coo~t.s, 

I eroSliOO nt right-angles the clea\'age-planes for n space 
of nbout eight miles, and found them dipping nt an 
angle of between 45° nnd 90°, generally to SS W., 
-sometime.! to :KKE., and ofu::on quite \'erlically. The 
SSW. dip was occ..'Ulionally succeeded ahruptly by a 
NNE. dip, and this by a ,'crtic.'l.\ cleavage, or ngai o by 
the SSW. dip; a.'I in a lofty cliff OD the eastern end of 
the island the laminm of date wefl~ !!t'en to be folded 
into very large llteep cun'es, ranging in the usual WNW. 
line, IIIUIlpect that tIle varying Hnc\ oppollite dip!! may 
possibly be accounted for by the clea\'age-lamillre, 
though to the eye appearing straight, being parts 
of large abrupt curve!!, with their summit.8 cut off and 
worn down. 

I n l!C\'cral plllCC!l I was Ilarticularly struck wilh the 

!t.;~~1~D::~;:tti~~h::::r1~r!~::E: 
_46° . ndiDlwoOlhMo,!JI>. 
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fnet, that the fine laminre of tho clay-slatc, where cut­
ting straight through the bands of stratification, Ilnd 
therefore indisputably Into cleavage-planes, ditTered 
slightly in their greyi~h and greenish tints of colour, in 
comp3ctneSll,tlnd in IKlmo oflhe Inminm IIM-inga mther 
more jaspery 1\1)JX'3.ranee than otb£'n. I hl\\"o not seen 
this fact recorded, aDd it nppenn to me important, for 
it shoW!! tllllt- the 8I\me calise Wllich has produood the 
highly fiwle structure, has n[teroo in II. &liglJt degree 
the minernlogical eharncter of tlle rock in the same 
planes. The bands of stratification, ju.st alluded to, 
enn be diatinguislled in mtlny places, espeeially in 
Nilvarin Island, but- only on the weathered surfaces of 
tile slnte j they consist of slightly undulatory zonel of 
different shadCl of colour nnd of tllickneIJSClI, and re­
semble the marks (more closely than anything else 
to which I can oomp3re them) left on the inside of a. 
veael by the draining away of IOmo dirty elightly 
agitated liquor: no difference in composition, corre­
sponding with these zonet!, could be seen in freshly 
fractured 8ur!iu:es. 1n tile more level pnrts of 
Xavarin bland, these bands of stratification were 
nearly honzontal j but on the flanks of the mountains 
they were inclined from tbem, but. in no instance that 
1 !IIlW at a very high angle. There can, I think, be 00 
doubt that these zanet!, which appear only on tho 
weathered sunaeet!, nre the lMt \·estiges of the ori­
ginal planCi of stratification, now nlm08t obliterated 
by the highly fillllile and Illtered structure which the 
IrullI8 has assumed. 

The elaY-IIlate e1envet! in the snme W1oo,\V. and ESE, 
direction, all on Navarin Island, on both sides of the 
Beagle Channel, on the e8l!tem sido of Hosle Island, on 
tho NE. sido of Hardy Peninsula,and on the northern 
point of Wollaston Island; although in these two 
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latter localities the c1cnvlIgc llu been much ohlcuroo 
by the metumorpl108Cd and feldap.!.thic condition of the 
Blate. Within the area. of thCIIC aevernl ilIlands. in­
eluding Nlu'uin uland, the direction of the stratifica­
tion and of the mount.-lin-eha.illll ill \"ery obscure; thongh 
the mOllntains in severnl places appeared to mnge in 
the Rame W'~'r'W. line with the cleavage: the outline 
of the cout, howewr, does nut correspond willi this 
line. Near the bifurcation of the Beagle Channel, 
where the underlying m('lamorphic 8C.hists are first acen, 
they are foliated (with IIOmc irrcguiaritiCII),intJli8I13me 
\V1\'V. liue, and parallel, as before stated, to the maill 
mounta.in~iI of thi~ pa.rt of the country. W8I!"iward 
of thil main range, the metamorphic IIChis;llI are filliated, 
thotlgh Ie. plainly, in the same direction, which is 
likewillc common to tho zone of old erupted trappenn 
rock~ forming the outermo.t islet.. Hence the area, 
o\"er whicll tll(' c1earagc of the @lateand the foliation of 
the metaluorphic i!Chi~t. cxtendswith an Il.\'erngc WXW. 
and ESE, &trik(", i~ about forty milea in a north and 
lIOuth line, and ninety milCti in an ea&t and weot line. 

Further northward, n{'3r Port Yamine, the stmtifi­
cation of tile claY-fllate and of the a..eociated rocks. &. 
well defined, and there alone the cleavage and strnla­
plnnCII are IlRrullel. A little north of this port thero iil 
an anticlinal axi~ ranging III"W. (or a little more westerly} 
and SE.: IOIlth of the port, u far an Admiralty Sound 
and Gaurid Channel, the outline of the land clearly 
indicates the exilltenceor 9C\'ernl lines of eill\'ation in 
this same N'''. direction, which, I may add, is 110 uni­
fonn in the we;tern half or tile St. of Magellan, that, 
as Captain King I hat! remarked, • a parn.llel ruler plaoOO 
on the map upon the projecting point.'! of the IIOUth 
shore, and extended lIl'roQ the strnit, will also touah 

I 'GoogrIph.loumal:1"OI.i.p. ]7(1. 
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the headlands on the opposite coost.' It would appear, 
from Captain King's oheen'ations, that o\'er all this 
area the cleaxage e.J:tends in the Ilame line. Deep-water 
cbanneill, howeyer, in all pari.iJ of Tiena del Fuego 
hsxe bunt through the tnmmels both of stratification 
and cleavage; mOlit of them may haye been formed during 
the elevation of the land by Jong~ontin\led ctOliion, 
but othen, for instance the 13roglo Channel, which 
stretches like 11 narrow canal for 120 miles obliquely 
through lhe mountaillil, can hnrdly IUH'e thu~ origi­
nated. 

Finally, 1\"e haye seen that in the e.z.:tremo eli&.em 
point of Tierra dol }<uego, the c1eango and coast.-lines 
eJ:teud W. and E. and eyen wsw, and ENE.: over a 
1arge area westward, the clea\-age, the main range of 
mountains, and IIOme subordinate rangeto, but not the 
outline. of the ~ strike WNW. and ESE.: in the 
central and wcetem parts of tho Strnit of Magellan, the 
Itratification, the mountain-rangc., tho outlines of the 
coast, and the cleavage all strike nearly NW. Ilnd SE. 
North of tho strait, the outline of tho coast, Ilnd the 
mountaiu8 on tho mainland, run nearly north and 
lOuth. Henoe we flee, at this southern point of the 
continent, how gradually the Cordillera bend, from 
their north and 80nth CO\U'!Ie of 80 many tbousand milO!! 
in lcngth, into an E. and even E~"'E . direction. 

Weat Coast, from. the Sott.tlum CIwno8 [slaw w 
Norl.h8ni. Chik,-The lint plAce at whieb we landed 
north of the S1. of Magellan WlllI near Cape Tres ,Montell, 
in lat. 47- S. Between this point and tllenorthern Chonos 
Island~, n. di$tancc of 200 miles. the • Heagle' visited 
S(lveral points, and specimens were collected for mo 
from the intermediate Spaoell by Lieut. Stokes. The 
predominant rock is miClH.late, with tll ick folia of 
quartz, "cry frequently alternating wilh and passing 
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into a ehloritic, or into a black, gIOl8Y, often striated, 
slightly allthrncitic v.::hht, which soil, paper, and he­
comes white under a great heat, and tben fw;e!!. Thin 
layen of feldspnr, swelling at interval, into well crystal­
lised kernels. are 80metimes included in thelle hlack 
IChists; and I observed one mass of tbe ordinary black 
variety inllt'nsibly lose its fi8l!ilc structur<"and 1)388 into a 
singular mi:lture of chlorite, epidote, feldspar, aod mica. 
Great \'{'ios of ql1ll.rl.z are numerous in the mica~hi8t; 
where\'er these occur the folia are much COD\"olutoo. 
In the southern part of the Peniuijula of Tree Montc!!, 
a compact altered fddspnthie rook with ery~tnl~ of 
feldspar nnd gmiI\!l of ql1ll.rb; is the oommonest ,"nriety ; 
this rock I exhibits OOC3IIionally tracCil of an original 
hre<:ciatoo structure, and often JlTCllCnts (like tht' alh'red 
state of Tierm del FlI('go) haeC!! of ei('ava",""<'-planes, 
which ~trike in the ~me direction with the folia of 
miC!l-!l('hi~t farther northward. At Inehemo hland, a 
similar rock gradually hN:umes gmnulo-cry~'alJine and 
acquires ecnles of mica; and this Ytlriety at S. E~te\"an 
bccomee highly laminated, and though still exhihiting 
lOme rounded graim of quartz, pwlt'et into the hlack, 
glO!!tlJ, slightly anthracitic I.iChi~t, which, aa we h.a\'e 
seen, refWatedly al((ornat~ with IlDd pu.oes into tlle 
micaceous and ebloritie II('hist~. Hence all the rockil 
OD thL, line of roast belong to one serie~, and ill!ICn~ibly 
\"Dry from aD altered feld~pathic elay-slate into largely 
foliated, truo mica-sehbt. 

The cleavage of the homogenooUB sehists, the folia­
t.ion of those eomposed of more or lei18 di~tinct minernl!l 
in layen, and the plane! of alternation of the different 
varietiee or IJO.Called stratification, are all parallel and 
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prelJervc over this 200 miles of COlUlt a remarkable 
degree of Wliformity ill direction. At the northern 
end of the group, at Low's Harbour, the well-defined 
folia of mica·schist everywhere ranged within eight 
degrees (or less than one point of the comp..1ss) of 
N. HI" W. and S. 19" E. ; and even the point of dip 
varied very liUle, being always directed to the west and 
generally at an angle of forty degrees: I ~holLld mention 
that I lIad here good opportunities of ohaefvlltiou, fol' I 
followed the nllked rock on the beach, transversely to 
the strike, for a distance of four miles and a half, and 
all the way attended to the dip. Along the outer islands 
for IOOmilessouth of Low's Harbour, Lieutenant Stokes, 
during his boat.-survey, kindly observed for me the strike 
of the foliation, and he assures me that it was inmriably 
northerly, and the dip with one single exception to the 
west. ]?arther south at VallenarBay, the strike was 
almost universally N. 25° W. and the dip, generally at 
an angle of about 40° to W. 25" S., but in some places 
almost vertical. Still farther south, in the neighbour. 
hood of tho harbours of Anna Pink, S. Estevan, and S. 
Andres, and (judging from a distance) along the southern 
part of 1'rc8 Montes, the foliation and cleavnge extended 
hI a line between [N. 11° to 22" W.J and [So 11° tQ 
22" E.] ; alld the planes dipped generally westerly, but 
often easterly, at angles \'arying from a gentle inclina_ 
tion to ,·erlicnl. At A. Pink's Harbour, where the 
schisu gcnerably dipped easterly, whcre\'Cr the angle 
became high, the strike changed from N. 1I0 

\\'. to 
even as much as N. 45" \V.; in an analogous manner 
at Vallenar Bay, where the dip was westerly (viz. on an 
average directed to 'Y. 25° S.), as soon as the angle 
bee.1.me very high, the planes stnlek in a line more 
than 25° west of north. The average result from all 
the obeervatiolls on this 200 miles of coast, is a strike of 
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N. 19" W. and S. 19° E.: considering that in each 
specified Illace my examination t!%tendod over au area 
of lIeH:ornl miles, aud that Lieut. Stokes' observations 
apply to a length of 100 miles, 1 thiuk this remarkahle 
uniformity ill pretty well Cl!tablillhed. The pre"alence, 
throughout the northern half 01 this line of coost, of a 
dill in one direction, that ieto the weet., instead of being 
IIOtnetime8 we~t and sometimes eaat, is, judging from 
what 1 have elsewhere seen, an unUlllml circumamnce. 
In Benzil, 1 • .1. Plata, the Yalkland 181«nd8, and 'I'ieren 
del FUl'gtl, t.hero is generally an ob"ious relation be­
tween the:U:(l8of elemtion, the oulline of the coast, 
and the strike of the cleavage or foliatiQIl: in the 
ChonOll Arehipel~'O, however, neither the minor details 
of the COOlIt-Ijue nor the chain of the Cordillera, nor 
the Bubordinate tmWlve~ mOlllltain-8.Ie.<, accord with 
the strike of the foliation and c1ea\'age: the sea'ward 
face of the uumerous islands eOlnpG1'lng this archi­
pelago, and app:mmtly the liue of tho Cordilleru, runge 
N. 11° .E., whereas, as we have just seen, the average 
~trikeofthe foliationisN. 19°W. 

Thero i8 one interesting uception to tho ulliformity 
in the strike of the foliation . At the northern point 
of'l'ft'II ':\Iontcs (lat. 45° 52') a bold chain of granite, 
betweeu 2,000 aud 3,000 fc.!t in height, fUn! from the 
coo~t fur into the interior,' in a EHE. line, or more 
~trictly E. 28° S. and W. 28° X. [II a bay, at the norlh. 
em foot of this runge, there are a few islets of mica­
~lntc, with the folia in some parts horizontal, butmosUy 
inclined at nn average angle of 20& to tho north. On 
tho northern steep flank of t.he runge, thero are Il few 
j)lltciles (eome quite isolated, Rud not larger than half-a-

'In1.h. di&tan''CI,01.he~'''OIIutai ... <"OIlIdbe_n'I'~otlI,,,,,ging 
SNE. au..! ~"w. at light .ngl ... to .hi. one. I mAl ..!d, that DO!. far 

!':: ~e:~ J:'e-::'~~·i~rE.·:rR~ :J.b;,~,~~ich 
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crown!) of the miC3.-<lChist, folinted with the same 
northc.-rly dip. On the brond summit, a! far 8.lI the 
~uthcrn erest, there it muell miea-elate, in lOme plnces 
e\'en 400 feet in thickness, with the folia all dipping 
Ilorth, at anglee varying from So to 20". but I(Imetimes 
mounting up to 30°. The liOuthern flank consisb of 
bare granite. The mica-slate i8 penetrated by small 
veins I of granite, branching from tile main body. 
r..c.wing ou~ of view the prevalcllt strike of the folia in 
other parla of tllis archipelago, it might have heen 
('xpected that here they would have dijlped N. 28° E., 
thnt iw directly from the ridge, and, oon~idering ita 
nbruptneu, at a high inclination; bul tho real dip, as 
we have just seen, both at the foot and on the northern 
flank, and over lhe entire summit, is nl a amallanglc, 
and directed nearly due north. t'rom these considera­
tion. it occurred to mc, that perhaps we here had thc 
1Iovel and clU'ious case of already incliued !aminm 
obliquely tilted at a subiequent period by th~ granitic 
:ais. Mr. Hopkina, SO well knowu from l1i8 mathe­
matical investigations, has most kindly calculated th~ 
problem: the proposition Wilt wWI,-tnke II district 
composed of iaminre, dipping at an angle of 40° to 
W. 19° S" and let an axis of elevation travcl"$C it in an 
E. 28° S, line, what will the poI!ition of tho IBmmm be 
on tile nortbern flank after a tilt, we will fint. suppose. 
of 45°? :'Ilr. HopkiD.!! informs me, that. the angle of 
the dip will be 28° 31', and ib direction to north 
30" 33' WClt,' By \"al'ying OIC HUppCllled angle of the 
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tilt, our previously inclined folul can be thrown into 
any angle bet.ween 21)<', which is tbe lea.st poes.ible angle, 
and oct; but if a small inclination be lhUB gh'en to 
Ul(!m, their point of dip will depart far from the nortb, 
and thereforo not accord witb tho actual poIition of the 
folia of mica-schist on our granitic range. Hence it ap­
pears "cry difficul~ without varying oon.udembly the ele­
mcntaoftbeproblcm,thustoexplainthennomalou8striko 
and dip of tho foliated mica-schist" ospeciaJ!y in those 
parts, namely, at the base of the mnge, whore the folia 
are almost horizontal. Mr, Ilopkina, howen~r. adds. 
that great irregularities and lateral thrust. might be 
expected in e\'ery great line of ele\'ation, and that these 
would acoount for coruiderable deviations from the 
calculated J"C>Oulta: considering that the granitic axis, 
as DOwn by tbe Yeins, has indisputably been injected 
after the perfect formation of the micn-alatc, and COD_ 

aidering tho uniformity oHhe rlrike of the folia through­
out tllO rl!l!t of the archipelago, r cannot but 8till think 
that their anomalous po~ition at thia ono point is some­
wny directly and medmnically related to thc intrusion 
of this WNW, and ESE, mountain-chnin of granite. 

Diket are frequent in the metamorphic lCiliall of the 
Chollos hland.., and seem feebly to repre8Cut that gre:\t 
btmd of tmppean and ancient volcanic rocks on the 
8Outh-weatero coa.:.t of T. del }o~uego. At S. Andres I 
oJ.,..en·ed in the I!pace of half-a-mile, llevcn broad, parallel 
dikC8, oomjlosed of three \'arietiC8 of trap, running in a 
N\\'. lind SE. liue, parallel to the neighbouring moun­
tain-ranges of ultered clay-elate; but they mUlit be of 
long sub8equent origin to these mountains; for they 
intel'l!octed tile volcanic formation dC6Cribed in the last 
chapter. North of TlC8 :MontCl!, I noticed three dikeg 
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differing from each other in oompo~ition, one of tbem 
ha\'ing an curRie base including large octagona of 
qllarb; UUlIC dikes, Ill! well al! Beveral of I)()rphyritic 
greenlumc at Vallenar .Ea.y, extended NE. and SW., 
Ilcarly at right angles to the foliation of the schiBts, 
but in the line of their joints. At Low's Harbour, 
llowever, a IJCt of great parnllel dikCl', one ninety yards 
and another sixty yards in width, have been guided by 
the foliation of the mica-schist, nnd llenco are inclined 
we8tward at an angle of 45Q

; th()l;(l dike.i are formed of 
vnrious porphyritic traps, seme of which arc remarkable 
from containing numerous rounded grainll of quartz. 
A porphyritic lrnp of this latter kind, paliolCd in one of 
the dikes into a most euriouij homlltone, perfectly whit.e, 
with 0. wruy fracture and pellucid edh'llto fU!!ible, and 
containing many grains of quartz and specks of iron 
pyrites. In the ninety yard dike !le\'eral large, appa­
rently now quite iJOlated, fragments of miCll-!!lnte were 
embOOded; but ail their foliation was exactly parallel 
to that of UU) I!UITounding solid rock, no doubt these 
now sCllIlrate fragments originally formed wcdgtHIhnped 
dcpending portions of a continuous \'!Iult or crust, 
once extending over the dike, but. since worn down and 
denuded. 

Clt~. Valdivia, COn«pcion.-In Chiloc, a great 
fonnation of mica-schist. strikingly retembles that of 
the Chonot Islands. For a space of ~le\'~n miles on 
the RE. coast, the folia were "ery dblincl, thollgh 
slighUy com'oluted,and ranged within n point or NNW. 
nnd SSE., dipping either ·ENE. or Illore commonly 
" 'SW., nt au average angle of22G (in one 81Xlt, howevcr, 
at 60"), nnd therefore decidedly at a le,>er inclination 
than amongst the Chonos I~hmd.. On the WCllt and 
north-w~ltcrn shorcs, tllC foliation wns often obicnre, 
thongh, where best defined, it ranged within a point of 
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N. by W. and S. by E., dipping either easterly or 
westerly, at \'arying and gcncmlly "cry !mall 8ngll=l. 
1 [(,lice, from Ule !Outhem pan of Tre!I ':\lonteB to the 
northern end of Chiloe, a distance of 300 miles, we 
have closely allied toeD with their folia striking on an 
average in the same direction, namely, betwcell N. IIG 
and 22" W. J\gain, at Valdivia, we Illcet with the 
same micll.-lIchi~t, exhibiting nel1rly the &. ... 1Il0 mincm­
logicul ~ls8ages 118 in the Chollos Al'cldpeillgo, often, 
llowoler, becoming more ferruginous, lind containing 
110 1l1uch feldspar liS to pass into gncillB. The folia were 
genenilly wcll defined; but nowhere else in South 
America did I lICe them "urying 110 much in direction: 
this ilC'Cmc<i chiefly caused by their fonning ,mrt4, as I 
eQuid .8OmotimCll di;:tinetly trace, of largo flat curVeI: 
nel·erlhelc., both near the IK.'tt iemcnt Dnd tOIl'ards the 
interior, a S\\'. and SE. strike ~med more frequent 
than any other direction; the angle of thc dip wall 
b'Cncrnlly ~mail. At Concepcion, n highly glossy clay­
~late imd iu cleavage often slightly curvilinear, aud 
inclined, ~eldolll at a high angie, toward~"nriouM I)oints 
of the COmpll!8 ; 1 but here, all at \'aldivill, 111\""'. nnd 
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SE. strike lIOOmed to be tbe most frequent one. In 
certain spotl large quartz ,-einl were numerou~, and 
near th"m, the clea\"llge, as was the ca. .... ' with tbe folia­
tion of the I'Chi.,b in the ChonOll Archipelago, became 
extrcmrlytortllOus. 

At the northern end of Quiriquina I,land, in the 
Hay of Con~:ption, at least e ight rudely pnrnllcl dike,:, 
which have ~n guided to Ito ctrtain cxu:nt by the 
clet~\'ng(\ of the slate, occur within the ~Imce of a quarter 
of n mile. They VIlry much in COIllI)();Oition, rerembling 
in many Te!lpCCb the dikel! nt Low's Harbour : tLe 
b-retltcr number consist of feldspalh ic porphyriCl!, IIOme­
timel! containing grow of quartz: one, however, was 
black and brilliant, like an augitic rock, but really 
fonned of feldspar; others of R fdd~llI\thic nature were 
perfectly whit.£', with either an rorthly or crystalline 
fmctull', and including groins Rnd regular oct.agoUB of 
quartz; thClOC white Yllril'ties pa ..... -ro into ordinary green­
stone!;. Although, both here and Ht Low's Harbour, 
the nature of the rock varied con~idcnlbly in the same 
dike, yet I cannot but think Umt at thcsc two places 
and in other pmtll of tlle Chon08 groU!l, where the dikes. 
though clOllC to each other and running pnrnllel, are of 
dilfel"mt composition, Ulat they IIllll!t have been formed 
at different periods. In the CIU!C of Quirilluina tl,~ i.g a 
rail'('r interc;;ting oonciusion, for thef16 eight p&ralIel 
dike;! cut through the metamorphic &<:hiats in a ~'·W. 

ami f't:. line, and s.ince Uleir injection the overlying 
cretaceoll/l or tertiary !!trnta h.:we betn tilted (whilst 
!!till under the _) from a N\\'. by N. and fjE . by 
S. line; and again, during the great earthquake of 

OOlIIe .. hatRnal"frO<lObutl_r-eguI ..... Pr-raDOl.th.oa.great.r 
~.(·LoDdonl'hil.:lIa(.'yol.ni.p.18~ ),,,odpl"OdllctdbJ .. q,,il. 
,litr~ ... ut .. D ... MlJlelJ.bJtbeltl" .. Dd.iD.gorlfrM.tieebolp; t.hi.lattor "Vl*"'- hat.t.:) bteDot.enoed in North A_m... 

The ComD~te Work of c.'IaI1es Dilrw..l 0nlWk 



em/ral alld Nor/lum Chile. 459 

February 1835, the ground in thi.1I Dei~lbourhood was 
fillilured in NW. and SE. linetl j and from the manner in 
which uuildings were thrown down, it wall evident tltat 
the BUrfnce undulated in thU 8IIme direction .• 

Central and lYQrlhern ChiU.-Northward of Con· 
cepcion, lUI far Il.i Copiapo, the Bhores of the Pacific 
con6i~t, with the exception of some IImn1l tertiary l.:w3ins, 
of gneiss, lIIiea-o;chist, altered clay..jjlate, grnnite, green· 
stone and ~yenite: hcnee tI.e const from Tres Montes 
to CoI)inpo, a di~t.anoo of 1,200 mile<, lind I ha,"e reason 
to believe for u. much greater lIpIIce, is almOlit @imila.rly 
oon~1.ituu.J. 

Nt>ar Valparaiso the prevailing rock is gn('~, 

generally including much hornblende: concretionary 
ball.i fonned of fdd.~par. horn blend .. and mica, from 
two t.(l throe fL'et in diameter, an' ill H:ry many pillCle;! 
oonfornmbly enf"lded by the foliated gnei.'I!: "eirul 
of quartz aud fddspar, including hlnek lichurl alld weU. 
cry61allbed <'pidote, are numerou~. Epidote likewise 
oocur~ in the gtJ<'i:.s in thin layel'!', parallel to the folia­
tiOIl of tho Ina;:.,.. One lnrgt' vein of n coarse grnnitic 
c1mr&ctcr Wnil n:mark.,b1e from in 0111' part quite 
chnnging itt charneter, and il1l!elll<ibly pallf;i11g into a 
blacki,J\ porphJry, including acicnlar cry~ta.lB of g~y 
fdebl ... 'f and of hornblende: I have m·ver ~II any other 
such C/UIl'.t 

I ~IUlIi in the few follolOing remnrka on the rocks of 
Chile sliude exclu~i"cly to their foliation slid clca,·age. 
III the gnciSl! round Valparaiso the strike of the foliation 
ill I'ery variable, but 1 think about N. by W. nod S. by 

"Gtol"'.T .... T>L'TOl.vi.pp.602I1nd6J7. 'JournalorR-rch ... ' 
(2Dd.u;t.) r. 307. 

·lIQmholdt(·I'C....,alS8rT11tin.'rol.i ... p.W)~ .. d..:rjb.l,.;t.b. 
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E. u the commonest direction ; t.his likcwi.e 1101d~ good 
with the t"Ieange of the altered fi'ld"palhi~ clay-slates, 
occm<ionally mt,twith on the coast (or n incty miles nortb 
of Vall)ftrni:<n. Some feld~palhi(ll;late, Illtcruatiug with 
simta of clar~tone porphyry in the &11 of Quillota 
and at Jajucl, and therefore, perhaps. klongiLlg to 8 
ill.l.(:r JlCriod than the metamorphic tieh i8b Oil the coast, 
c1ea\ed in thiSl>lUnc direction. In the "Eru;ttJrII Cordillern, 
ill the J'ortillo l)ru;s, there h a grautl mll!;8 of mi<.on­
~lnt('. folinv..-d in a north and 1I01Itli line, nnd with a 
lligh W(.""tcrly dip: in the Uspallata mug<', day-s.late 
nod grnuwncke have a highly inclined, nearly north and 
llOuth clcanlge, though in !lOme paru the ~trike ill irregu­
hu: in the main or Cumbre range. the dirediou of the 
clcaxnge in the fcldspatbie clay-elate i1l XW. and :-;E. 

Jktween Coquimbo and GUllllOO there are two oou­
~idcrnblc fonnations of mica-a1nte, in one of whieh the 
rock IlflMCd sometimes into common cla)-slateaud IIOme­
timCfl iuto a glOSl!Y black variety, very like that in the 
Chono~ Archil)Clago. The folia and cleavage of these 
rock~ mnb't.od between [N. and NW. by N.] and [B. and 
S\\'. by S.] Near the Port of GlIll!CO o;(I\'cml "arietiez; 
of altered clay-.slate have a quite irn'gular cle:wage • 
.Between Guasoo and Copinpo, there are BOrne siliceous 
and t.'\lcace<lUlI !;latez; clem'ing in n north alld IICmth line, 
with an easterly dip of between 60° and ;00: high up, 
also, the lIlain ,-alley of Copial)Q, there is mica·~lat.c 
with a high ~terly dip. III the whole ~pace between 
ValparaillO and Copiapo an casterly dip is much more 
common tlum an oppobite or we~terly one. 

Concluding Rcmal'k8 Oil Cktwage and li'oliation. 

III thi~ lIOuthem part of the Southern Hemi:sphere, 
'we have &Cell that the cleavage-Iaminm mUb'll o\'cr wide 
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areal with remarkable uniformity, cutting ~trnight 
through the l)lanes of stratification, ' Lut yet being 
pnra.ll('l in strike to the main lUes of eleH!.tion, and 
generally to the outiinell of the CO&!lt. The dip, how­
('ver, iii 81 "arinbl(', both in angle and in diredion(that 
is, IIOmetimC!< !x-ing indined to the one side and 8Orne­

times to the dir('(!tiy oppotOit.e ~ide), lUI the atrike i! 
uniform. In all these respecbl there is a close agree­
ment with the fllcb g iven by Professor 8rogwick in his 
celehrated memoir in the < Goological Trnn8flctiolll!,' and 
hy Sir R I. Murchison in his "Ilrious exce.llent dis­
clW'ion~ on tllill snbject. The 'Falkland Iglands, and 
mort' t"'pet"ially Ti~rrn. dell'ul'gO, offer ~trik i llgin~tanees 
ofUlI'linf'tl of dea\,!lg'I.', the principnlax('IIofeievation, 
and the outlines of the coa.;;t, pdually changing 
togcth("T tl,dr counx'.o" The direct ion which llrevailil 
throughout Tif'rrn. del Fuego and the }<'nlkland h land. .... 
namely, from wel"t with some northing to east with 
sollie 8Outhiul{, is also common to the IICl"crni r id~s in 
northern J1ntagonia nnd in the w(>l;tenl 1l3rts of Banda 
Orient-'ll: in this latter prov ine<' , in the Ri!'TTa Tnpnlguen, 
and in tilt' wC"t("Tn Falkland h land, the W. by N., or 
WNW. and E~E" ridges, are cl'O><lll!d at ri~ht angles by 
othel'!l ronging 1o.'XE. and SSW. 

The fact or the clca,-age-lamiIlOO in the c1ay-s.late of 
Tirrrn dd }"u<"go, .... hrre l'CCn cutting straight through 
the plan~ of ~tratification, and wh("r6 oonileCjUf'ntly 
there could IX" no doubt about their nature, differing 
slightly in oolour, textUTC, and i1ardnetli!, appeal'!l to me 
I"ery interesting. In a thick mru;s of laminated, feld~ 
8pathic aud altered clay-slate, interpo8C(i between two 
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grent atrnta of porphyritic eonglomrrllte in <.'entrlll 
Chilr, and ..... here there could be I.M.lt liltlf' doubt about 
"the bt>dding, r olll!em'd similllr 'light difft'ren~ in com­
JlO'ition, Rnd likewi>!C some diJ;tinet tI,in layeril of 
epidok', parallrl to tile higllly indinoo d('ll,\·n~e of the 
mlU'l'. Again, [ incideutaUy noticed in North Wale!!,' 
where Rlnci(>r~ had pns.-cd o,·er the truncnted ed~ of 
tho high ly inclined iaminroof day-slntc, that th{' suriaee, 
though ~mooth, Wa.'l worn into small Ilarnl1d undula. 

i.iona, caused by the component iaminm he·ing of ~lightly 
di/fNent degm:'4 of hardnes.... With reference to til(' 
Flatea: of North Wales, Profe&iOr Sedgwick de!lCribes the 
pianO!! of deanlgt', lIS 'cooted on'r with cMorile and 
eemi-crystal1ine matter, which Ilotonly mrreiy define the 
planes in quMtion, but strike in parallel flake!! through 
the ,.hole mruotl of the rock." In some of thOl'(' gIOMJ 
lind hard wlrir1iC!! of clay-s.late, which may often be 
!lOOn passing into mica-$Chist, it 1mB appeared to me that 
tIle clclwage-plane! W{'ri' fonned of elee~,irely thin, 
generally slightly com·olutcd, folin, composed of micro­
fiCO]licnlly minute ~cal{':!J of mien. From tllC8C 8e1·ernl 
factil, and more {'!<pecially from the CIl!l(> of the clay­
~lato in Tierra del Fuego, it must, I think, be con­
cluded, that the IIIlme power which hllw impreaed on the 
~]ate it! fi~ile ~tmcture or c1ea,·nge hIlS tended to 
modify itt! mineralogical character in parallel plallCl:<. 

Let till now tum to the foliation or tile metamor_ 
phic IIehiiM, a @ubject ,.hich has been much ie!<S at· 
tended to. As in the ('Me of cleam.,"'C-laminre, the folia 
preaen·e over very largo areas a uniform strike: thn~ 
H umboldt' found for II. distance of 300 milt'll in Vene­
:l!Uela, and indeed ovcr a much larger Space, gneillS, 
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grnnite, micn, and clay-slate, striking "cry uniformly 
NE. and SW., and dipping at an angle of between 6(Y 

and 70" to .N\\'. : it wOlild e\-en allpea1" from the facl:.8 
given in tbis chaprer, that the metamorphic rocks 
througllout the north-eastem part of S. America are 
generally foliat.«l within two points of NE. and SW. 
Over the eastcrn parts of Banda Oriental, the foliation 
fltrikCll with a high inclination, very uniformly .l"I'NE. to 
SSW., nnd over tho western parh, in a W. by N. and 
E. by S. line. For a space of 300 mill'll on tilC filiorea 
of the Chonos and Chiloe Islands, we have seen that the 
foliation flCldom deviates more tlian a point of th", com­
pMilfrom a N. 19" W_ and S. 19" E. strike. As inthe 
cue of cleamge, the angle of tile dip in foliated rocks 
i~ gpnemlly high but ,miable, and alternate. from ono 
side or the line or strike to the oth('r ~ide, IOmetimes 
being n'rtienl : in thenorthem Chonos r~land~, howe\'er, 
the folil\ are inclined almorit alWll.Y' to tbe we~t; in 
nemly the aame manner, the cleamge_laminro in 
80uthHn Tierm del F uego certainly dip mlleh more fre­
quently to SSW. than to the opf>Ol'itc point. In 
caIltern Banda Oriental, in part.! of Urutil and ill BOrne 
OtJU'r district.., th(' foliation runij in the B3me direction 
with the mountain. mnge" and adjoining con:st--lines : 
amongst. the Chonos Jsland~, howe\'er, t.his coincidence 
fails, and I han~ given my reasona for 8lU1peeting 
tbat one granitic axil! has burst through and tilted tbe 
already inclined rolia of mica-schist.! in tbo case of 
e1eamge,1 tIle coincidence between ita strike and that 
of the main stmtification IiCCIn/I IIOmetimes to fail. 
}'oliation and cleavage resemble cach other in the plane!! 
winding ronnd concretions, and in becoming tortuons 

'c..... .... giftllhrM •. JueI,illhil 'Otology o! Newf.,undWw.!,' 
tao. 

Th C lmDlete fork ofCharle .. ar~1 u hn 



464 ClmvQg-c a1td Foliation. 

whel"(' vein~ of qnartz abound.1 On the fl:l.llk~ of the 
mountains both in Tierrn del :Fuego and in other 
oo\lntrie~, I have obscn"oo llmt thecleavage-plancs fre­
quently di ll at a high angle inwnrd~; and this was long 
ago observed l,y \'Oll Bueh to be the ease in Xorway : 
thi.'! faet is perlinpi' analogoll8 to the foldoo, fan.like or 
radiating !tructure in the metamorphic sehish of tho 
A1 pi!,1 in which the folia in the ecntrnl cre~t~ are vertical 
and on tJlC two flanks inclined inwards. Where m!l&'!e!l 
of fillSile and foliate<i rocks nlt{'mnte together, thecleav_ 
age and foliation, in all ca!<e1l which I have ee<>n. are 
pnrnlle1. Where ill one district tbe rocb are fissile, 
fmd in another acljoining district they aro foiinted, the 
planes of c1e8l'age and foliation are likewiso gt'llernlly 
parallel: thi8 ill tlle caso with the feldspatldc homo-­
g<'noous Blllw~ in the !lOlithern part of the Chonos group, 
compared with the filiI' foliated RlicaofiChi~tjj of tile 
northern part: 10 again the clay.~late of the whole 
eastern side of Tierra del Fuego drows in exactly the 
IIame line with tho foliated gneil!'! and mica-slate of the 
western coast; 01 her analogollli instances might have been 
addlleed.~ 

With respect to the origin of the folia of (Iuartz, 
mica, feldspar, and other minertlis composing the meta­
morphic IIChi8t8, Profes!lor Sedgwick, ) Ir. I_yell and 
tnO!!t authors belic\'e, that tho constihlent parts of each 
layer were l!eparntely deposited as sedimellt, and then 

I I han .... ;aRruil.DdCbil.-..etiODlth .... enruld.tdb:oroli. 
r.t.ed~; .. ;.".})I_ ... 11H ... h(·llillhlhdt,·'tOi·i.p.U)b ... d_ribed • 
.;m;)ar ....... F ........ 1 ___ ;11 d.,...JaIe, _ Prof. 11 .... 10 ..... 
l lemoiriD·C.ml.ri.1(o l'hil. TrllaL' Tol. i. P 31'9, &.lid lh ...... l1oeh·8 
·ClaM. oC Ro.-b,' r. S~1. With -rect t.oboth Coliation Bnd ~I ... ~age 
be.ominl!: tOr'luouwh.,.., quart •• vo;", .bou...J, J hR~e _II in'lAn"", n ... r 

~=.:~t~'~ri~t:r~~i~~:th;~tnOi Wa.ado. s.. olIO :ur. 
'St...urin'F ... ha. S ..... }'h,I.JOQn1&L' 1'OI.Diit.p. ]41. 
'I h111"cgi1"fIlOC'lLeOinA ... tz&\ia. SeaCbo.pta,'II.ott.bUiwwl:. 
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metamorphosed. This view, in tho majority of co.aee, I 
believe to be quite untenable. [n thOle not uncommon 
imtancee, where It. IllM8 of clay-slate, iu approaching 
granite, gradually passes into gnei.ll.'!,' we clearly 800 

that folia of disti nct mincrals can originate through the 
metamOrphOBis of a llomogencoull fiMile rock, The de­
pos.ition, it may be remarked, of numberlessalternatiollB 
of llUTe quartz, and of the element.ll of mica or feldspar 
does not appent II probable event..t In those districts 
in which the metamorphic schiri.ii are foliated in plant';l 
pamllel to tbe cleavage of the rooks in an adjoining 
district, are we to believe that the folia arc duo to 
lICdim"ntary lnyers, whill.lt the eieavilgo-lamina.'. though 
parallel, im"e 110 relation whatever to &ucb planClil of 
depolition? On thi~ view, how can we reconcile the 
\'astne. of tho arOOt over which the strike of the folia­
tion i~ uniform, with wlmt we see in disturbed districts 
eomfJO"Cd of tru<' Itruta: and especially, how c;lU we 
underst .. md the high and (,,'en ,'ertical dip throughout 
many wide di~trict.ll, which are not mountaiDou~, and 
throughout some, as in w('lo;tem Banda Oriental, which 
are not e,'en hilly? Are we to admit tbat in the 
northern part of the ('hODOS Archipelago, mica ... late WIUI 

first accumulated in parallel horiwntal folia. to a tl.ick­
ne"9 of alt(mt four gcogra.phicnl mile!!, and then upturned 
at an angle of forty degreet; whibt., in the BOnthern 
part of this .me archipelago, tho e1oo\-age-lamiolB 
of clOllCly allied rocks, which no~e would imagine had 
ever heen horiwntal, dip at nearly tho Ilame nogle, to 
nearly the Ilame point? 

&'f'ing, thl'o, that foliated schitb iodisputably are 

.""~ ~~~~:~;.~&:t \;:!~.(thio YQrII)"good i ... 1<1 ..... of 

'~i;t'de~~~.tp~r::;t·,\i .... '!:.. ... :t.!"bJD'~~;~ 
SiU"" .... ·•• .\",<rUaa J<.>Ur1I.' n.t. s1~. p. 106. 
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tometimes produced by thft mf't.lunorpbO!!i8 of homo­
genooUli fiBl!ile rocks; llCeing that foliation and cleavag"ft 
are 110 cloaely nnalogouB in tho lleveral Ilbove-enumemt.ed 
respects; &ccing that IIOmo fiuile and almost homo­
genooU!! rocks .bow incipient mineralogical change!! 
along the plane. of their cleavage, and that other rocb 
with a fi_no atructure alternato ... ith, and pue into 
varieties with a foliated structure, r cannot doubt that. 
in most C8.8CII foliation and deavage are pacta of the 
lame prooess: in cleanage there being only an incipient 
teparation of tho coWltituent minerals; in foliation a 
much more complete sepamtion and crystalliantion. 

The fact often referred to in this chapter, ofth" 
foliation and tho IIO-Called stmta in the metamorphic 
leries,-tbat i.a, the alternating matJSell of different 
,victies of gnei., mica-tlChi~t, and hornblende-slate, 
&e._being parallel to each otber, at first appean quite 
oppor!O<l to the dew, that tho folia lin,·e no relation to 
tlle planes of original deposition. Where the IO-Called 
})ed! are not very thick and of widely different minera­
logical oompoaition from each other, I do not think that 
there i8 any difficulty in Buppoling that they have 
originated in an analogoUli manner ... ith the IICparate 
folia. We sbould bear in mind what thick Itrnta, 
in ordinary .ooimentary IIl&I8Cs, have ob"ioualy Leen 
formed by a concretionary proceM. 10 a pile of volcanic 
rock! on tlu! Island of Ascen8ion, there are strata, differ­
ing quite at much in appearance as the ordinary 
varicliell of the metamorphic aehiata, which undoubtedly 
have been produced, not. by IUCCCllllive fiowinga of 111.'·11., 
but by internalmoleeular changes. Near Monte "ideo, 
where the stratification, as it would be called, of tho 
mt'tamorpilie .. rica is, in mOlit parts, particularly well 
de,'e!oped, being as usual, parallel to the foliation, we 
ba\'e seen tbat a mass of chloritic acbist, netted witb 
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quart.z-\"cinlO.o is entangled in gnei!l8, in I"cll a manner aa 
to Bhow that it had certainly originated in .orne pro­
ce88 of ~tion; again, in another spot., tho gneiss 
tended to pa!III into bornblendio echilt by alternating 
with layen of quart:.r;; but these l:lyen of quartz almost 
certainly had never lken separately deposited, for tlll"y 
were abeolutely oontlnuoU/lwith the numerous intersect­
ing vE'in8 of quartz. 1 have never had an opportunity of 
trueing for any distance, along the line both of strike 
and of dip, the I!O-called oo<h in tile mctamorphic 
~hi~l", but. I .trongly suspect that tht'y would not. he 
found to I"xtenrl with the same chamct.er, "eryCar in the 
line I"ither of thcir dip or htrike. J [once I am led to 
belien', that mM of the so-called beds are of the nature 
of Cl)mpl,·x folia, and haye not been .. parately de­
pot<ited. Of course, thU "iew cannot he extended to 
thick ma_ included in the metamorphic ICriet!, which 
are of t<ltally different compoeritioll from the adjoininJ 
schi~h, and which are far extended, WI il 80mctimes the 
case wilh quartz and marLle; thcse must, gencrally be 
of Ule lmture of true slrata.' Such strat.a, however, 
will almOt<t always strike in the IOmo direction with the 
folia, owing to Ule axea of elel'lllion being in mo,·t 
conn tries parallel to the ~trike of the foliation ; but. 
they will generally dip at a different Iln;;:le from that of 
the foliation; and tlle angle of the foliation in it8elf 
almost alnYi! '·aries much; hence, in cTONing a mcta­
morphoeed IJChistO!ie district, it 'Would rt<luire especial 
attention to di~criminate between true Ilrata of depo­
,;itiOll aud complex foliated ma8.'lCl' . The mcrc presence 
of t rue strata in the mid,;t of a eel. of metamor phic 
IIChi~b, iB no argumcnt that the foliation is of sedimen-
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tary origin, without it be further shown in each case, 
that the folia not only strike, but dip throughout in 
p&r1lllel planell with those of the true stratification. 

As in .ome cases it appear. that where a fikile rook 
haa been expoeed to partial metamorpllic action, for 
inmnee from the irruption of grnniw, the foliation h.u 
supervened on the already existing elclwage-planCl!; &0 

perhapil in some iOlltances, the foliation of a rook may 
ha\'a been determined by the original plaoell of depo!li­
tion or of oblique current-llIlllinro: I 118VC, however, 
myllClf, never seen such a case, and T must maint.a..in that 
in mOlit eJ.:tenlJive mctamorphic areal, llle foliation ill 
the eJ.:treme mult of that proeeM, of which denvage 
i8 the firsteffect. Thnlfoliation may ari!le without any 
previou. structural arrangement in the rna., we may 
infer from injected, and therefore once liquefied, rocks, 
both of volcnnie and plutonic origin, somctimell baving a 
• grain' (ascxpf'CS8ed by Professor Sedgwick), and some­
timet! being composed ofdiatinct folin or millinro of dif_ 
ferentooml)()sitions. In the earlier clmpte['JI of the pre­
IICnt work, r have given several instances of this struc­
ture in \'Olennic rooks, and it is not uncommonly l!een in 
plutonic mS.l!8C&-tbus, in the Cordillera of Cbile, there 
are b.fgantic monntain-like masaea of red granite, which 
have been injected whilst liquefied. and which neverthe­
leas. dilp\ay in parb a decidedly laminar Itructure.1 

"Finally, we have seen that the planl!8 of dea\-age 
and of foliation, that B, of Ole incipient PI'OCC'III and of 
the final re,ult, generally !trike parallel to the principal 
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axel of cle\'ation, and to the outline of the land: the 
rlrike of the axOl! of elemtion (that is, of the linOl! of 
fiseures with the strata. on tIleir edgel upturned), ac­
cording to tIle reaaoning of Mr, Hopkins, i. determined 
by the form of the area. undergoing changes of. level, 
and tbe consequent dir~tion of the iiueB of tension and 
fiS!!\!re, Now, in that remarkable pile of volcanic rocks 
at A!!Cenaion, whic!l has several times been alluded to 
(and in some other cases),! have endeavoured to show,! 
that the lamiuation of the several varieties, and their 
nit.enlation!!., haye been roused by the moving masa,jllllt 
before ita final consolidation, having been subjected (1111 
in a gla.cier) to planea of different ten~ion; this differ­
ence in tIle tenBion affecting t.he cry~talline and concre­
tionary p~ One of the \1!.rietic. of rock thus 
produced at Ascenl:!ion, at fil'$t~ight, ~ingularly reaembles 
a finc-grained gneiS!!; it consiRU of quite straight and 
parallel zonC:il of e~cessive tenuity, of more and IC:ilil 
coloured cryst:dli!lC<i feldsp.1r, of distinct crystals of 
qnurtr., diopside, and oxide of iron, ThOSG coll!.idera_ 
tiona, notwithstanding tIle experiment<! mado by Mr, 
Fo:z:, showing the influence of el~trical eurrenta in pro­
ducing II. structure like that of cleovage-, and notwith­
standing the apparently ine~licable ,'ariation, both in 
the incliD.1Uon of the c1eav:lgc-Iaminl8 and in thcir dip­
pingfinrt. toone lideand then tothe other !!ide of the line 
of strike, lead me to IIIlllpect that tbe planes of cleavage 
and foliation are intimately connected with the planes 
.or different tension, to whieh the area WIUI long su~ 
J~ted, «jUT the main fissures or !ll:C8 of uphcavement 
had been formed, but bef{}t'd the final conlOlidation of 
tbo mll..llfl and the total cessation of nIl moltICuiar move-
ment, 
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CHAPTER XIV. 

C&.'I"TRAL CIIILII ; STRC"CTC"nl'l 01' :rUE CORlHLLr.n,l. . 

Clo!ot ..... CIt~Bu.JI_li" ... "liN c-JiJ/~-Orig<" W I'" par­
J>Ayrll ... d., ..... ....,--u~.I ...... t_,·.u...t.:I"IIIt'h----Sm .... iI/ 
1M OIrfliJipa &,.IM~ fW IWIiJ/" Pau--Gftal gl~ 1_ 
~ __ ~lw; I~W'I..u..loMl, <>/~l'ur1illo li_. 
~,(OOtliti<:~.· .... _,l;.,._.w.i<:.....b"I_a..­
."'''1_,.,o.INmtultU __ .u...t_.jllwrwtilltllu..-

8«1_ ., IIw c......".. • C:",..u..t. Pu.-PttwpII!fM--G~ 
1I....J,,-8«t __ l'tInu tiM J_;lf>IIih W-·G"",taJJ.iJ,",,­

I.~ ... ~-l'laiIa ~I r.;,,.u...u.-!wt;'" oliH U~ 
~""""_& ..... jw ... _ 104'1 .... "I INII ... I"-Sil~ «1'1.,..--
G_I nlJriin_G .... 'ilit:_.h"I ...... ··C~~dj-.g~.b ... IN 
UtpiJU"t" I'tIMg~; ortg;" ~ II> IMI~/I1w .. ,,; .. QmJil/n'll; 
tec>ptrlodfifMiJffI",,;~"""".,;14IA~PorI;/b)d..,.;lI. 

THF. district between the Cordillera and the Pacific, on 
a rude awrage, is from about. eighty to one hundred 
milet in width. It ill crossed by many cilaim of moun­
tains, of which the principal onM, in the latitude of 
Yalparni llO and lIOuthward of i4 range nearly north and 
lKluth; but. in the more northern parts of the pro\'inoe, 
they run in almost e\"ery possible direction. S ear the 
)lacific, tile mountain- ranges are generally fanned of 
'Yenite or granite, or of an allied eurilic porphyry; in 
the low country, beside!! these granitic rocka and green­
SWIle, and much gneiss, there are, C8pecinlly northward 
of Valparai!O, !!Orne oonsidernblc districts of true ciay­
slate with quartz vcinll, passing into a fe1dspathic and 
porphyritic date; there ill al!lO iOmc grnul\"acke and 
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quartZQl;e and jlU!pery rocks, tbc latter OCCIUionallv 
~uming the character of the basis of claY-fMue po;_ 
pbyry: trnp-dikcsarenumcroUll. NearertbeCordillera 
tbe ranges (such 11.8 tllOl6 of S. Fernando, the Prndo,l 
and Aooncagua) are formed partly of granitic rocka, 
and partly of purple porpbyritic conglomerate., clay­
IItone porpbyry, greenstone porphyry, and other rocks, 
auch as we shall immediately lICe, form tbe basal strata 
of thc main Cordillera. In the more northern parts of 
Chile, thiill)()rphyritic seri~ utends O\'er large traet.s 
of country far from the Cordillera; and even ill Central 
Chile such ocea.;ionaUy oceur in outlying positions. 

I will dCIICribe the Campana of Quillota, which 
stands only fifteen miles from thc Pacific, aB nn instance 
of one of theli6 outlying mail'lC~. This hill is CQDt<picuOUll 
fCOID rising to the heigbt of 6,400 feet: iUi summit 
shows a nucleus, unco\'erod for a height of 800 f(.'E'l, of 
fiDe greellOwne, including epidote and octahedml mag­
netic iron ore; itA flanks are formed of great. ~trat.a 

of porphyritic clay-stone conglomerate, lIJltIOCiatoo with 
various true porphyries and amygdaloids, altt-mating 
with thick ma_ of a highly fcldspatbic, tomctimes 
porphyritic, palP-OOloured ~Ialy cock, with iUl cleavage­
laminre dipping in'Wlll'ds at a high angle. At the base 
of the bill there are syenites, a granular Illi,;ture of 
qUllrtz and feld~par, nnd banh quarboli6 rocks, all be­
louging to the basal metamorphic series. I may ob­
sen·c that at the foot of !lCvernl hllls of this eJ8I!l<, where 
the porphyriee are first !leeR (88 near S. Fcm8lldo, the 
Prado,.Las VaCll8, &c.), BimillU" harsb qU8ri%OlO cocks 
and granular min-ures of quartz and fel<hpar ~ur, 88 

if the more fu~iblc constit\lent parts of the granitic 
scriC1l had heen drawn off to forw the o\·erlying por­
pbyriell. 

, M.:rn.' Roo;.. .. Erd.,' Th. I. .. %36. 
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In Central Chile, tho flanks of the main Cordillera, 
into which I penetrated by fOllr different \'alleys, gene­
rally consist of distinctly stratified rocks. The strata. 
arc inclined at angles varying from sometimes even 
under ten, to twenty degrees, very rarely exceeding 
forty degrees: in some, however, of tho quite small, 
extorior, spur-like ridges, the inclblation was not lmfre­
quontJy greater. The dip of the strata in the main 
outor linea was usunlly outwards or from the Cordillera, 
bnt in Northern Chile frequently inwards,-that is, 
their basset-edges fronted the Pacific. Dikes occur in 
e:nraordinary numbers. In the great, central, loftiest 
ridges, the strata, as we shall prescntly see, are almost 
alwaysWgMy inclined and often verucal. Beforegiving 
a detailed account of my two sections RcrOllS the Cor­
dillcra, it will, I think, be convenient to describe the 
bru;al strata as seen, often to a thickness of 4,000 or 
.'i,000 feet, on the /lan ks of the outor lines. 

Basal StJ'ata of the GOl'dilleJ'a.-Tlio prevailing 
rock is a purplish or greenish, porpllyritic claystone 
conglomerate. The embedded fragments vllry in size 
from mere particles to hlocks as much as sU: or eight 
inches (rarely more) in diameter; in many piliCes, where 
the fragments were minute, the signs of aqueous depo­
sition were unequivocally distinct; where tbey were 
larg£', such evidence could rarely be detected. The 
basis is generally porphyritic with perfect crystals of 
feldspar, and resembles that of 3. true injected clay­
~tone porphyry: often, however, it has a mechanical 
or sedimentary aspect, and sometimes (as at Jajuel) is 
jaspery. 1'he included fragments arc either angular, 
or partially or quite rounded; I ill some parts the 
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rounded, in othen: the angular frngmenlll prevail, and 
mually both kinds are mixed together; benoo the word 
breccia ought. ~trictly to he appended to the term por­
phyritic oonglomMate. The fragloenlll eon~i.t. of many 
varietiea of ciay-stone porphyry, u~ually of nearly 
the Enlne colour with the ~urroullding basis, namely, 
purplisiH"€<ldish, brolVniijb, mottled or bright green; 
oecll8.ionnUy fnlgmenb of a lamilmted, palc.coloured, 
feldspatllic rock, like altered clay-slate lire included; 
AS are IOmetimeti grains of quaru, but ollly ill one in­
stanee in Central Chile (oamely, at the mines of Jajuel) 
a few pebbles of quartz. 1 nowbere obaened mica in 
!hi! formution,and rarely homblende i wilere the latter 
mineral did oeeur,l W'M generally in doubt whether 
the IDa .. really belonged to this fonnation, or "'"lI~ of 
intnlsh'e origin. Calcareous spar oeauionally ()(:eurs 
in llnall cavities; and ncsli and Iayeu of epidote are 
common. In J!()me few places in the finer-grained 
varieties (for il)stance, at Quillota), till're were ~hort, 
interrupted layers of earthy feld~par, which could be 
traced, e:xncUy ILl! at Port DC!<ire, p:UII;.ing into large 
cry~t.aI8 of feld8paf; [doubt, howe\'cr, whether in this 
instance the layers had ever been llel)''1ratcly deposited 
IL8 tufnoeous iiediment. 

All the varieties of porphyritic conglomerates and 
breccins )R.>;II into each other, and by innumernble 
!,"!'I\dntioll8 into porphyries no longer r~tainillg the least 
trnce of mechanieal origin: the tmn:<itioll appears to 
hare been effected much more ('I\~ily in th~ Iilwr-graiuoo, 
tban in the ooarser-gminoo varieties. ln one inijta.nce, 
ncaf Cuuquencs, [ noticed that a porphyritic <.'Onglo-

ptbbl_, rur ilUt/llK'O f1ibt pobbl .. from tho eMU: ..... _i_.ohM 
_~Iric:fl1!y with their WOrn lWd J'OQndod IQrlftoe!lll, might han-' 
lodlbi~rOt.I""t~bal"oCp<lrphy..,. ..... DOttl'lWlptbbl"hntbd 
aici_1ood iD C'lODCfttioaal')' 1IIti<m. 

Th om I 
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memt.e asswned a spheroidal structure, and tended to 
beoome rolwnnar. Besides the porphyritic conglomerates 
nnd the l)Crfectly characterized porphyriCii of meta­
morphic origin, there are other porphyries, which. 
though differing not at all or only slightly in composi_ 
tion, certainly have ha.d a different origin; these rond 
of pink or purple claystone porphyrietl, sometimes 
including b'Taill8 of quarlz.-of gretllstone porphyry, 
Ilnd of olher dusky rocks, all generally porphyritic with 
line, lnrge, tabular, opaque cry~tals, often Illaccd eross­
wisc, of feldipar cleaving like albite, Uudging from 
severnl measuremenL!:), a.nd often amygdaloidal with 
silex, ngate, carbonate of lime, green Ilnd brown bole. 1 
Theile IICveral porphyritic and amygdnloidal ,·arieties 

!i.~&~~t~E.~~~:;I;!~~~=b;~ 
b ..... tgroonJllm. hi .... ftaml .... t,. .. nctbedb)'.qllill; n..dortbe 

t::t::";:~:li~ C~)' ;~~I .~.::,,:!r O~~d:lI~i::t~ c~":h~ 
.... l"cb of\en _ .... in lubmarm ... oI..ani-: rocb. An u,)qiootioo of 

:~:.~L~~:;<).:,~i= :~'~I1~!:~h~r;.,(;:,~~"~!y~~~~: 
.J~l"*"edlQr ... -e,,,,uog.ir-Y .. ,d ....... <)t~,,,,Uo""1')'origl";forin 

:::'~1~':'D::e ~)t~17o~ !i~\~t':::''': ~~n ~ru;l:J: 
w..")'''''''' ...... l1k. lhel:MiIOCth.oporpbyl'J'.u.d...JiDC; ... illllt.ilDperlett 
~1') .. 1."r r.w.~.; .ndu.-. ra.eaped liul, __ .n tM ..... h~ 

;:~h::=~t~~=:·t:;:£b! 
~~~;"?::::"f:~~i?:~?Ji:~ 
inaa.u.· l1ent r-JlU .... Tro.procu(·&Ii".:!I".· .. Phil.Jo.".ll: ... I..ili. 
p.1U).h ... ~,.".;thgre.tf,)ree,thAta.lIRm)'gUaluidalmi""rab 

::·i~)' ~n R~l=~"'!, bI =:: . ...:~I~,,;!;L..II i:~;:.t~i;.?c~ 
1',-,,\ .,.."rlr, of 611 RID1gda.l0iJ~1 rock, .. ith many of t.b.c:eJ1. ooly 
I,RJ(ftU«l"p.".;thftm .. "typ'cmm ..... 1. 

)1. JIo:. h.u d-.riW n amnda.loid. bl1l<lfbt to)' Dr. 1I..,. ... 
(' R~i .. am &de,' Th. I. .. 31~) from Clule, "'<:OlII'"ti"~orel'J'.Wliad 
q .... ru, with (.,..w. of .ilbite "";thi~. uJ h-t ut.:nWI), L)' green 
~"". 
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nCI'er show any I;.igns of passing into ffi!l8>!e8 of sedi. 
mentllry origin: tbey occur both in grelt llnd small 
intrUliivc 1ll3l!8CS, and likewise ill strata nlternaling with 
UlOilC of the porphyritic conglomerate, and Witll the 
planes of junction often quite distinct, yet not seldom 
blended together. In somc of tbcse intnlJ;il'e mMS(!S. 
the porphyries e.:dlibit, more or leSil plainly, II bre<!Ciated 
structure, like that OftCllllC(!D iu I'oicllnicmaasea. These 
breecintcd porphyries could generally be distillgublled 
at once from tllc melamorphor.ed, porJlilyritic breccia­
conglom(-raleft, by all thc fragmenUi being angular and 
being fonned of the same variety, aDd by the abbence 
of elcry trace of aqueous depot;ition. One (If the por· 
phyriNaoove ~pecified, namely, tile /-,'Tt't'ulltone porpilyry 
with Jarj,,'t' tabular CI)'8talS of albite, is llarticuiarly 
abundant, and ill some part. of tl .. " Cordillera (lUI ncar 
/:it. Jngo) I!('(>mt.(i more common ewu thall the pllrplii;h 
porphyritic' couglomerate. Nlllllt'rtlUa djkCl likewise 
coll~i~t of this greenstonr porphyry; olh"111 nre fonned 
of various fillc-gmint-d tral1lJean rvcks; but I'cry few 
of c!nY-ijtone polJ)hyry: I baw no trill' lnanltic dike~. 

In M:I'cml pl,"*~ in the lower pnrt of Ilu.' ~ri('!I., but 
not el"CrywJICI"I.', thick Inagf,('11 of a highly fddspathic. 
olkn porphyritic, ~Iaty rvck occur iutel"l!trntified wiU, 
the polJ)hyritic conglomern\(>: I J.,cliel'e in one or two 
C!UIo.'11 blncki.,.h lime-toue haa be<-n fouud in a aimiiar 
I)()';'ition. l11e fdd¥thie rock i.. of tI (lOle gn>y Of 

gret:ni.oh COIOUf; it, i.;jerutily fusible; where porphyritic, 
the ery .. tals of feld~pnr are generally 8mnUand vitreollll; 
it U di~tillctly laminated, nnd somctime;! includes 
1lamll('1 Inyel1l of epidote; I the lnminntion IIJlI)(,1lI!I to 

, Thi, min~tal i, ."tNmely ""mmon in all t.b.lonl'lAtiolll 01 Chile; 
In t~ l"dM n ... l'all*'""i!lOaod in thu/I'n"'itio .... ", • .",.,,,/1';1,;,, 

i~~!1~ ;:~:-=h";~~~m~~~Q:~Uli~ 1:i,~%';I.';.~;~ 
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be di.,tinet from stratification. <kcMioually thill rock 
it .omewhat enrious; and at one spot, namely, at the 
C. of Quillota, it had n. brecciated struetun'. Near the 
miuCII of Jajuel, in n thick stratum of this fcldspathic, 
porphyritic ~llIte, there was a laycr of hard, blackisll, 
lliliceollS, illfu.:;ible, compact clay-slate, such lUI I saw 
now hero ebe: nt the IInme JJiace [ WWI able to follow 
for a considerable d~tAnoo thejunction between the slate 
and the confonnably underlying porphyritic conglo­
merate, and th<'y oertainly pagsed gradually into each 
other, Where\'er theae slaty feldspaUlie roc.k8 abound, 
greenstono seems common; at the C. of Quillotn a bed 
of well-crysl.'\lHzed greenst.ollo lay oonf<.lrmably ill the 
midst of the fcldspathie Blate, with the upper and lower 
junctioIlB pa.ssing inaens:iJ.,ly into it, From this fuct., 
and from the frequently porphyritic condition of the 
5lnte, 1 should perhaJMI ha\'O oon"iderOO this rock M an 
erupted one (like certain laminated fcldspathic lavM 
in the lrachytic BCriCll), had I not eeeu in '1'. del Fuego 
how readily true c1ny.slate beoomCII fcld~pathic and 
porphyritic, and had I not I.IOOn at Jajuel the included 
Jayer of black, l!i1icooUll c1ay.&iate, which no one could 
have thought of igncou8 origin. TIle !,<enUe Jmssage 
of the feldspathic @Inte,at Jajuel, into the IXlrphyritic 
conglomerate, wMeh is certainly of &quOOUlJ origin, 
Ihould :1180 be taken into aooount. 

The alternating Ilrnta of porphyriet and porpllyritic 
conglomerate, alld with the occuionally included bedlI 
of feldspathic Ilate, together make a grnnd fonnation ; 
in 8C\'eral placel! ..... ithin the Cordillera, I (!f!timated ill! 
thickoCSll at £rom 6,000 to 7,000 feet. It extends for 
many hundred mile., forming the ..... estern flank of tile 
Chilian Cordillera; and e\'On at Iquique in J)eru, 850 
milee: north of the IOUtllcmmost point enminoo hy me 
in Chile, tho oonsl.escnrpmcnt, which ril!Cfl to n height 

Comolete :~ 
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of between 2,000 and 3,000 feet, i~ thus compol!ed. In 
1Ie\'eral part~ of Northern Chile thia formation extends 
much farther lowruds the Pacific, over the granitic and 
metamorphic lower rocks, than it.. doce in Central Chile; 
hut the main Cordillera may be cousidered lU its cen­
tral line, and its breadth in an east and WfIIl. direction 
ia never grent. At. first the origin of tllis thick, maa­
sive, long but narrow formation, appeared to me \'ery 
anomalol1s: whence were derived, !Lod how were dis­
llersed tile innumerahle fragments, often of large size, 
IOmetimes angular and 8OmetiI1le~ rounded, and almost 
innriably comJlOijC<l of porphyritic rucks? Seeing that 
the intentrntified porphyries are ne,'er '-esicular and 
often not ("I'en amygdnloidal, we must conclude that.. the 
pile WRI fonned in deep water; how then <'nme 10 many 
fragment. to be well rounded and 10 many to remain 
angular,lOme-timea the two kinds being equally mingled, 
IOmetilnl'S onl' IlIld 8Omelime~ tho other preponderat­
ing? That.. tho clay-stone.I."ft..'Cust.one, und other POT­

phyricK nud nmygdaloids, which lie collfoM1U.l.bly be­
tween tll(' i}!'(h of conglomerate, are ancient sul"mnrille 
ItlVas, T think there can be no doubt; and I belie,-c we . 
must look to tile craters whcncl' the>«' IItreams were 
erupted, 1111 Ihe 80uree of the brcccia-conglomerate : 
lifter a great 6plosion, we =1 fairly imagine that 
thl' waler in the heated and scarcely quiescent crater 
would "'main for II con..dderable time I sufficiently 
agitated to tritur:lte and round the loose fragments 
lying within it: these rounded fragments, fell' or many 
in number, would bo shot forth at tIle next cruption, 
associated with a fell' or many nngulnr fragments, ac­
cording to the ~trength of the eXJllo~ioli. Tho porphy-

'Thl .... ·l'lainl1 ....... l.(>hn&labul'\aoeiDO()m'r"""nlTolefl,Du, 
.... bipelagoeo ... Itt the Gala~ .. b~ .. II~uoltenaree"'lu • 
• iRllrOrmeJorlllff·.....J.{rIIfPU<ul.lolla~ .. 
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ritic conglomerate being purple or reddish, even wIlen 
alt.ernaling with du~ky-ooloured or bright. grec>n por­
phyries and amygdaloids, is probably an analogous 
circumstance to tllt' sc~rim of tb(' billeki~b baSllts be­
ing often briglit red. The ancien\. ~ubmariDe orifices 
whence the porphyries and their fragments were ejected 
having been arranged in a band, like most still active 
Yolean08, aeeounb for tllO thicknC8ll, the nan owDC8Il, and 
linear CltCIiBion of this formation. 

This whole great pilo of rock blUl Buffered mneh 
metamorphic neiion, as is very obviouB in the gradual 
formation and appearance of tbe crystals of albitic 
fdd~par and of epidote-in the blending Wgether 
of the fragments - in the appearance of a lami­
nated Itructure in the feldspothic side-and, lastly, 
in the disappearance of the planes of stratification, 
which could IOmetimes be l!('(!n on the same mountain 
(Iuite distinct in the upper part, leI'S and le8l! plain on 
the flanks, and quite obliterated at the basco Partly 
owing to this metamorphic action, anrl partly to the 
dofIC relationship in origin, I ilava seen frngments of 
porphyries-taken from a metamorpholJed conglomerate 
-from a neighbouring stream of la,·a-from the nucleus 
or centre (u it appeared to IDe) of the wbolesuhmarine 
volcano-and lastly from an intrusive maSll of quite 
6ublJequent origin, all of wbich were ab!!olutely undiJI.. 
tinglljthable in external characters. 

One ether rock, of plutonic origin, and bigbly im­
portant in the history of tile Cordillera, from havin.~ 

boon injl':Cted in mOllt of the great aXel of elevation, and 
from having apparently been instrumental in met..,:· 
morpho~ing the superinclUnbent Mtmta, may be COli· 
l"enientJy described in tllill preliminary discussion. Jt 
has beeu called by some authors AlI<k.<Jiu: it mainly 
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oolll:li81.i1of well~ry8t.allised white albite,l (118 determined 
witb the goniometer in numeroull lpecimens botb by 
Profeeeor Miller and my!elf), of 1e81 perfectlyeryatal­
lilled green hornblende, often a!I/IIleiated with much 
mica, with chlorite and epidote, and occasionally with 
n few grnill8 of quartz: in one instapee in Northern 
Chile, I found crystals of ortllitic or potash feldspar, 
minglod with those of albite. Where the mica nnd 
quart7: are abundant, the rock cannot be distinguished 
from granite; alld it may be called nnrlCBilic granite. 
Where thell!! two minernl~ are quite absent., and when, 
aa often then happens, the cry-stahl of albite are imper­
fect lind blend ttv","l'thcr, the rock may be called ande­
~itio porphyry, which bears nearly the .me relation to 
andt'!litic granite that euritic porphyry dOCl! to common 
grnnite. Th,..e ande;;itic rocb form mountain 1Jl1l._ 

of a wllite colour, whicb, in their general outline lind 
appearance-in their joint8--in tlleir ocClUionally in_ 
cluding dnrk-coloured. angular fmgment~, apparcntlyof 
IIOmo l)re-t'xi~ting rock-ami in the great dikea branch­
ing from them into tbe 8uperincumbent Ktmt.a, manifest 
a dOle and nriking re!!t'mblance to llla!\6ell of common 
granite and lI),l'nite: I ne\'er, howe\'er, III!.w ill th<'l'e 
Ilnde,,"itic rock.., those granitic vcina of .egregntion 
which aro KI oomlllOll in true granit', We }I1I,\'e _n 
that. and,,,ite OCCUI1l in three placel in Ti~rrn del :Fuego ; 
in Chile. from St, F",mando to Copiapo, 8 iliIItanoo of 

, J ...... , ADd el .. · .. "" .... Hll by tho. _. t.t.c. (.Id~I.b.i" .. i ...... 
t:~~h~.~~":;:~ ~~I:~)~t:~ ~~i:~ b:".~f;:d !'~i'!~~l;~ Pb~; 
Clnhl!e""" .... ial.ll<l .. ithhor1lbl"~ ... "d <J"J\tI . (rrot.hlJ It. ....... 
.... t .. ith thal here uMn d;""' .. ,~,,). wInch el ... _ lit~ albite, bu~ 
wbloh k .. """ mild dioti".t ti"d, .. )1,<.\ bJ him "_<lui",,, It i. Illlibll 

:~e:t' 1:i.th'::i~::~~r;:::1 (I:i.~'b:~~l.~[6,li:~ 
oopt bJ "". 1,..i&. 
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450 milea, I found it under most of tho aXel of ele,oatioD 
in a collection ofspecimenllfrom the Cordillera of Lima. 
in l'ern, I immediately recogni!!ed it; and Erman' 
stale! that it occurs in Eas~m Kamtecbatka. From 
it. wide flInge. and from the important part it haa 
played in lhe bislory of the Cordillera, [ think this 
rock hili well dl'8ern!(:i itll distinct nllme of Andesite. 

The few still nclh·e volcnl108 in Chilo arc confined 
to the central and Ivftiest rangell of the Cordillera; and 
volcanic matter, lIuch 8!1 appcnn to h!we been of lIub­
atrial enlption, i8 e'·erywherc rarc. According to 
~"eyen.1 dICre ill a hill of llllmioo high up the yaUey 
of the Maypu. nnd likewise a trachytic formation at 
Colinn, n vil1!1bte aituatcd north of St. Jago. Cloee to 
thi' latter city, there are two hills formed of a pale 
feld'pnthie porphyry, remnrknble from being doubly 
columnnf, grent cylindrical columns being lubdhided 
into smaller fOllr or fi'·e sided onCf!; nlld a third hillock 
(Ceno Blnnco) ill formed of a fragmentary mass of 
rock, which I belic\·o to be of volcanic origin, inter· 
mediate in ehllfllctcr between the aixwe feldspathic 
I>orilhyry and common trachyte, and containing needles 
of hornblende alld grallular oxide of iron. Ncar the 
Baths of Cnuqneu~ between two ahort pnrallellinC8 of 
ele'·ation, where they ar ... intenected by the valley, there 
i8 a ffllllll, though distinct \-olcanic district; the rock 
is a dark grey (andesitic) trachyte, which fuses into a. 
brteenis.h..grt'y bead, and is formed of long cr~ta.ls of 
frnclurro glnny sHiite Uudging from one meA5I1rCm('llt) 
mingled with well-formed crystaI!, often twin, of nugite. 
The whole 1D3.Il8 is \·~icular, hut the ,urfncc is darker 
coloun"d and much more wiliculllr than any oiller part. 
This tl'tlchytc forms n cliff·boundcd, horizontal, narrow 

, 'Oongraph.JOIH'IIAl:ToI..ill.p.,\IO. 
·'Rei.o"",Erde,'Th.l . .. U8udS42. 
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strip on the st<'<!p lIOuthem side of tho "alley, at the 
height of 4.00 or 600 foot. .bo"e the rivor·bed ; judging 
from an appnrently corresponding line of oliff on the 
norUlem side, the yalley must once have been filled lip 
to this height by a field of lam. On the lummit of 0. 

loRy mountain IIOme leagUe!! higher up thiB mme "nlley 
of tho Ca.clmpunl, I found rolumnar pit.clllltone porphy. 
ritic with feldspar; I do not IIUPpose tbill rock to be 
of ,'olcanic origin, and only mention it here, from ill 
being int.cl1!OOt.cd by mnlSes nnd dikes of II. t'ukulm' 
roek, appronching in diameter to tmcbyte; in no other 
part of Chile did [obeervo Ye!!ieulnr or nmygdnloidal 
diket, though till'5e nre 110 oommon in ordinary "olca.nio 
districts. 

PaA~(I{J'! of Ib~ Amlu by tlte POl"tiiw tn· PtmlJuenu 
P{l8~. 

Although I cro~ the C-ordill('nI. only onOf' by tbill 
pass. Imd only once by that. of the Cumbre or Uspnllnta 
(prl'>ll'ntly to be described), riding dowly nnd halting 
occuionally to Meend the mountaiD.!!, th('re are m:\ny 
ciCClllllstanoell fnyoumble to obtaining a more f.1.itliful 
~k{"tch of their BtruCltlCC than would at fint be thought 
poIIIible from 110 liOOrt an examinfltion. The mount.'lins 
are ~p and ablo!utely bare of \'I'getation j tbe atma. 
I!pheroi8 resplendently clear; thestrntificlltion distinct; 
and the rocu brigbUy and variously coloured: IIOme of 
the uatuml aeclions might be lnt!y oompared for dig... 
tinctnC!'~ to those ooloured OIlC~ in b"Co!ogical work!!. 
Conllidering how little is known of the stnlcture of thjg 
gigantic range. to which I partieulnrly attended, most 
tra\'ellen haYing collected ollly ~im('n! or the rocks, 
1 Ulink my Iketeh. sectioll!!, though neccsso.rily illlper. 
fect,possesI lIOmeintercst. ThelleCtion gil'en in PL'lte I • 
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fig. 1, which 1 will now describe in dct.ail, i, on a 
borizontallCule of a third of nn inch to a nautical mile, 
and on a '-ertical !!CIl.le of one ineh to II. mile or 6,000 
feet. The width of the rnngt', (excluding II. few ouf... 
lying hillod[M) from the plain on which St. JI~ the 
capital of Chile ~tands, to the Pampn~, is sixty miles, as 
ftlr 11.8 I can judge from the maps, which differ from each 
other and nre all ~in(Jl!l imperfect. The St. Jago 
plain at the mouth of the ,Maypu, r ('l!timate from ad­
joining known poinu at :!,300 feet., and the Pampas at 
3.600 feet, both above ti10 10n'l of the R'Il. The height 
of the POllqllenCII line, nooording to Dr. Oillies,1 is 
13,210 fect; and that of the Portillo line (both in the 
gape wher~ tbe road CrGS:Se!l them) is 14,345 feet; Ule 
lowest part of U10 intermediate ndloy of Tenuyan is 
7,530 feelr-all abo"e the le"e\ of tbe &ea. 

'1lC Cordillera here. and indeed I belie"e thronghout 
Chile, collsiet of &e\'eral parallel, anticlinal and uniclinal 
mountain-linea, mnging norih, or north with a little 
wCllting, and BOuth. Some (lJ:torior and much lower 
ridges of'tcn \'!iry considerably from thia COU1'llC, pro­
jecting like ohlique spurs from the main rallges; in 
U1C district U!1I'ards the Pacific, the lIlo\LIltains, M be­
fore remarkoo, extend in ,'arious dirt.'etiOll., even east 
nnd west. In the main exterior lines, tile Illata, 111 also 
before remarked, are seldom inclined at a high angle; 
hut in the central lofty ridgea they are almott alway, 
highly inclined, broken by many great faulls, and often 
,·ertica!. M far all I could judge, few of the ranges are 
of b'Te8t length: and in the central pIlrt.s of the Cor­
dillera, [ WM frequently able to follow with my eye a 
l idge gradually beeomiug lligher and higher, us the 
stratification increased. in inclillation, from one end 
wbere it. height WIl.lI triBitlg and its strata gently inclined 

I ' JOILnIAlotNaLed.Gtognpb.8oioDoe,'Aqut, 1830. 
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to the other end where vertieal slmta formed snow-clad 
pinnacles, Even ouuide the main Cordillera, near the 
bath~ of Cauqllelles, Iobl!crvcd olle Bllch CIIIK', where II. 
north and south ridge had its strata in the nlley in· 
CliDed at 37-, lind lw than a mile 80IItli of it at 670 : 
another pnmllcl and similarly inclined ridge rose at the 
dist.ance of noout lh'c miles, into n lofty lllount.ain with 
al>1!Olutely \'ertieal stmu. Within the Cordillera, the 
height of tile ridges Ilnd the inclination of the strata 
often became doubled and trebled in much shorter dis­
tllneel than five milCi: thi. pccnliar form of uphel\.\"al 
probably indicate!! that the stratifil'<i crust was thin, 
and lienee yidded to the underlying intn",ive lUas.;eiI 1111_ 
c<p.lIllly. lit certain pointa on the linct of fiuure. 

The \"nlleyg, hy whirh the Cordillera arc drained, 
follow the Ilnticlinal or rarely ~ynclinal trougUs, which 
dc.-vinte 1lI000t from tile IlSllIllnorlh nnd !lOut II ronnie; or 
101ill more commonly thQ<,(' Jines of faults or of unequal 
ClICI'nture (that i~ lines with the ~trnta 011 hoth Ilandli 
dipping in the SlIme dirt'Ctioll, hut nt n !lOn1('what 
diff .... rent angle) which d(·vinte mo,t from a Ilorthc.-rly 
coune. OreMioll.ally the torr~nl~ mil for IIOlDe(\i."l:ance 
int];c nort!. nnd lIoutl. vnU<-ys.nU(1 thell 1"CCQ\'er their 
(·!\~tern or lI'e~tern COlll\lC by bunting through the ranges 
nt th08e point.~ wh('re UIC !<tratn ha\e been least. inclined 
all(\ the height con!IC<J.uenUy u IC"I<~. H ence the valll::ys, 
along which the roods nUl, are generally zigwg; and, 
in drawing all elUt nnd WC"I<t !leCtion, it ill nece;;;;nry to 
l"Ontrnct gr<.1l.t1y that which is actunUyseell on the rood. 

Commencing at the western end of the coloured 
acetioll [ P late 1.] where the It )Inyp\ldeooucheson the 
]lInin of St. Jago. we immediately enter on tile. pol'· 
I)hyritic conglomerate formation, and ill thc Illidst. of 
it find 101M hmnmockl [A] of gmnite and 'yenite, 
wllieh probably (for I neglected to collect specimens) 

© The Comolete Wofi<:. o f Charles Derwin Online 



484 Sec!z()ff by tlte PortillQ Pass. 

belong to the lIu<iel'itic ellUI!!. TI'e8e lire !uceeedoo by 
IIOme nlgr,,"l'd IlilI~ [H] of ullrk-grecn, crystalline, feld­
spathic lind in some p. ... rb aillty rooks, wl,ic11 I be­
lie'"e belong to the altered c1aY-Ilate formation. F rom 
this point, great mountains of purplish and gre<>ni"h, 
brenernlly thinl~· Itrntified, higllly porphyritic eongl~ 
merntes., inc1u<lin~ many strata of amygdaloidal nnd 
green!;tone porphyrie<, edend up the "alley to the 
junction of the riven Yeso and Volcano As tho vnIley 
here mnll in a vcry lIOutllerly COUr&e, the width of the 
porphyritic oonglomernte formation i!l quite conjedurnl; 
nnd from the " ... me caU3e, I WM unable to make out 
much about the stratification, In most of the exterior 
mountaiUll tho dip was gentle lIud directed inwards; 
lind at only onc 'pol I ol:l!len'ed a ll inclination lUI lligh 
IllI :10·, :Near the jlmction of the R, Colorado with the­
main stream, there ia a hill of whitish, hrccc:iated~ 

partially decomposed feldtpnthic porphyry, hnving a 
,·olcanie aspect but not being really of that Mture: III 
Tollo, however, in this valiey, Dr. 1\leyen' mel with a 
hill of pnmico oontaining mien. At the junction of 
the 1'0110 and \'olco.lI [D] therl' is an exten~ive mil!!, in 
white conical llillock.!, of andesite, eontaining IIOme 
mica, and I_ing either into anderitic granite, or into 
a ~pottcd , HCmi-b,""nubr miltturc of nlbitic (?) felchpar 
aud hornblende: in thc midst of this fonnation Dr. 
~[eyen found lme trachyte. '1'ho andesite is col"('rOO 
by ,tram of datk-coloured, cryptallinc, obscurely por­
phyritic roob, and abo,·e them by the ordinary por­
phyritic couglomt'ratefl.-tbe ~trtlh, all dipping away at 
a IImall angle from the tmderlying mllM. The lurround­
ing lofty mouutaill~ a.ppear to be entirely composed 
of tho porphyl·itic conglomemtt', and I e;olimated its 
thickness here at between 6,000 and 7,000 feel. 

t 'RtiM1PQEnI,'Th. t .•. us,all. 
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Beyond tue junction of the Yeso nnd Volcnn, the 
porphyritic strat.a appear to dip towards the hillocks of 
andesite at an angle of 40Q; but at !:lOme distant pointll 
on the same ridge they are bent ILp and vertical. 
:Following the vaUeyof the Ye~ trending NE. (and 
thllcefore still unfavourable for our transverse IICCtion), 
the sam{' porphyritic conglomerate formation is pro­
longed to nclir the Cuestad{'l radio, situ.1ted at the 
wc.;tern end of the basin (like a drained lnke) of reso. 
Some way before arriving at this point, distant lofty 
pinnal'les capped by coloured stratn belonging to the 
grrot gyp!'OOul formation could tint be IlCeU. From 
the summit of the Cuesta, looking southward, there iii 
a magnificent aeclional dew of a ffil)untain-mIlSll, at 
lcn"t 2,000 ft,·t in thickneSlJ [E"\ of fine Ilndt'Sitic 
gmnite (containing much Mack mica, a little chlorite 
and lluartz), which sendil great whit..l dikes far into the 
superincumbent, dark-oolourcd, porphyritic oouglomc­
mtetl. At the linc of junction tho two formations are 
wond{'rfnlly intcrlared togethcr; in the lower part of 
tho pofJlhyritic conglomerate, the ijtrntifieation haF, 
been quite oblit{'ratcd, whilst in the Uppt'r part it is 
,'cry di~tillct, the beds oompo~ing lh,· crt'llUi of the 
1!urrounding mountailliL being inclined at angles of 
betwe<:n 70" and SOQ, and SOII!C being (,W'O vertical. 
On the norUlcm side of the Yalley, tiU're ia a great 
cofTellponding 1U!UIiI of andei!itie gmnite, which i~ encased. 
by I)()rphyritic conglomerate, dipping both 011 the 
western Rnd eastern tides, at about SO" to west, hut on 
the (,Mtem aide with t.he tips or the stmta bent in Buch 
n manner, III to render it probable that tlle whole lllaS3 

Illld been on that side tllrown over 01ld inverted. 
I n the valltly-balJin of the Ye!lO, wllieh I cstimated 

at 7,000 foot above the level of the sea, W6 first rench 
.at [ .. ~] the gyplleoUB formation. III thickuesB ill "ery 
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great. It oonlistt in most. pnrt8 of snow-white. hard. 
oompact hryp8l1m, which breaks with a l!acchnrino frac­
ture, having trauslucent edges; under the blowpipe 
give!! out mudl "apOllr; it. frequently includCfl IlCflts 
nod exceedingly thin layers of crystallised, blackish 
enrbonate of lim(', I.argt', irn-gulnrly shnped concre­
tions (extermllly still exllibiting lines of AqUeoUS 
(iel)()@ition) of blacki~h-grny, but sometime. while, 
-coarsely 111l(i brilliantly crystnJli!lCd, hard nnllydrite, 
abound within the common gypsum. II illocks, formed 
of the hardO>!t lind purest variet iCfl of tlle white gypeum, 
stand lip above the surrounding parllI, and have their 
ijllrfaces crncked and marke<J, just. like newly bnked 
brend. There ig milch pale brown, soft, nrgillat'OO1I8 
gypsum j and there were some intercalated green beds 
which I had not. time to rt'ach. I saw only ono frag­
ment. of 8('lenite or transparent gypsum, and that. 
perhaps may bn'"o oome from lOme Buhl!equently formed 
,"ein. From tile mineralogical characters here given, 
it. is probnble t1mt these gypscous beds hare undcrgone 
!lOme metamorphic action. Tho strata are much lddden 
by detritus, but. they nppoored in most IlRrts to be 
11igbly inclined; aDd in an adjoining loftypillllRcle they 
could be distinctly seen bending lip, and becoming' 
vertical, confonnabiy with tbe underlying l)Qrphyritie 
conglomerate. In very many parts of the great moun­
tain-face [F], composed of Ulin gypseous beds, tllcre 
were innumcrable masses, irregularly shaped and not. 
like dikes, yet. witb well-defined edge<!, of an imperfectly 
granu!nT, pule greeni ~h or yellowisb_while rock, el'.sen­
tinlly composed of feldspar, with a little chlorite or 
}lomblende, epidote, iron-pyrites, and fcrruginolls pow­
der: I believe that these curious trappean masses have 
been injected from lhe not far distant mounta.in-ma.sa 
[E] of andesite wbibt It ill fluid, nnd tbat. owing to the 
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IIOftnC88 of the gypseous ~trata th('y have not acqllired 
the ordinary fonn. of dikes. SIIb!lequenlly to the 
injection of these feldspathic rocks, II. great dislocation 
has taken Illacc; and tile much @hattered gypleQ\I~ 

strata here o\'crlie a hillock [G1 composed of vertical 
strata of impure lime!!tone and of black highly ClIleare-
0118 shale including tbread~ of gypsum: these rocks, as 
we 8h311 presently see, belong to tJH.~ upper parLe of tho 
gypSl'()U8 series, and hence mu!!t here luwo been thrown 
down by a "nat fault . 

Proceeding up the '"lilley-basin of the YCIIO, and 
taking our section sometime!! on one hand and IIOme­

time!! on the other, we come to 1\ great hill of@tratificd 
porJlhyritic conglomerate [H] dipJling at 450 to the 
west; and n fow hundred yard!! farther on, we ha\'e a 
bed between 300 or 400 feet t11ick of fO'pwm [I] dip­
ping eastward at a very high angle: here then wo lla,'o 
II. fd\llt and anticlinal axi~. 011 tile opporrite side of 
the \'alley, 1\ vertical Illa$!l of red conglomerate, con­
forumbly undt·rlying the gYI~um, apllC'al'1l grndufilly to 
10lI0 its HtratificaUon and p.'\~se~ inoo a Illountaiu of 
porphyry. The /..'Ypsum [I] is covered by a bed [K), 
at least 1,000 feet in thickncsF, of a pUrJllish-rcd. 
compact, heal')', fine-grained sandstone or mud~tone, 
which fulICII easily into a white enamel, and is I!cell. 

under n 1('01 to contain triturated cry~tals. Thill ill 
fIIIcceedcd by n bed [L]. 1,000 feet thick ( I belie\'e I 
und('rstate the thicknes3) of gypsum, eltactly like the 
beda before described; and this again is capped by 
anoliler great bed [::\1] of purpli~h -red i!3ndstone. All 
tllelle strata dill ('astward; bllt the inclination beromes 
Iell!! and lea!, RlI we leave the first and almost vertical 
bed [ IJ of gypsum. 

Leaving the basin-plain of \"eso, the road rapidly 
ascends, pauing by mountains composed of the gypseous 
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and RSIiOCiated bed~. witll their atrnti6catiou greatly 
disturbed nnd therefore not easily intelligiblc: hence 
thill part. of the ~tion has been left uncoloured. 
Shortly bt{ore reacbiu~ UIC great l\~Uolucn~ ridge, the 
10wC!'t Itrntum visible [X] is a red Nlndsi.one or mud­
stonc, capped by a Hut thickuC!!B of blnck, compnct, 
calcarcous, Hhaly rook [0], which has been thrown 
into four lofty, though ~mall ridges: looking nortllward, 
the stmta in the.e ridget! nrc seen grad\\3lly to rise in 
inclination, Uceoming in some di~taut l)inliRcles abeo­
hltcly,·ertical. 

The ridge of Peuquenes, which divides the waten 
flowing into the Pacific II.Ild At.lantic OceAns, extend. in 
Q. nearly N:\'''W. and SHE. line; it. IItrata. dip eastward 
at an angle of between 30° and 45°, but in the higher 
peaks bending lip and beeomiug almost v~rtical. Where 
the road C~ thi ll mnge, the height is 13,210 feet 
aoo,'c the Ilea-level, :lDd I estim:i,ted the neighbouring 
pinnaclea at from 14,000 to 15,000 fecl.. The lowest 
stratum "isible in this ril1ge is a red strati6ed , .. mcMone 
[1>]; on it are ,uperimpoi!ed two great maS1M'!! [Q and 
S] of black, hard, compact, e,'en liM·jng a conchoidal 
fmcture, calcnreou~, marl' or lea laminated shale, ~ 
ing into limestone: thi' rock oont.1.ill! organic remains, 
presently to be enumerated. The compacter varieties 
fuse easily ill l\ white g13Sil; alld this 1 may add is a 
"ery gt'n('ral character with all the sedimentary bedJ in 
the Corllilll>ra: although this rock ,,·hen broken is 
gt'nerally quite blaek, it c\"erywhcre wrothen into an 
Mh-gray t int. Bet wccn these two great maJ:II!U [Q and 
S], a bed En] of gypsum is interposed, about 300 feet 
in thickne8ll, and ha\'ing the same chamcten as hereto­
fore describc(l.. I estimated the total thickneH of these 
three bedl [Q , n, S] at nearly 3,000 feet; and to this 
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must. Ix· added, llB will be immediately seen, a ,,'Tent 
o,·erlying mUBI of red sa.no:btone. 

1n d''llCending lhe casten! slope of t!li, great cenlral 
mnge, the strata, which in the upper put dip enm.ward 
at about lID sngleof 40°, become more and morecun-ed. 
till they ilre nearly ,·crtical; and a little fMlher onwarch 
there ill seen on the farliler side of a ravine, a thick 
ffilUll of stram of bright red Mnd.tone [1'], with their 
uppt'r extremities 51iglltly cun-ed, ~howing that thcy 
wero once eonfomlably prolonged over tile beds [S]: 
on the southern and opposite Bide of tho road, this rOO 
sand~tonc Ilnd tho underlying i)lack ~haly rocks stand 
,·crlical, and in actual juxtapottition. Continuing to 
<l~nd, we come to n syndinal ,·alll'}' filled with 
rubbi.h, Jx.yond which we hal'e th,' r....J saoo~ton(' [1"] 
col"I"eSponding with [T], :Inl\ now dipping, at i~ !leefl 

both llorth lind south of the rond, at -IjO to the west j 

Ilnd under it, the beds [/:i', no, Qt, auo! I 1 ... liel'e 1"] 
in corre~ponding order and of ~imilar compOilition, with 
tl108e 011 the wCl;tern ilank of tl1l' l'tuQUCIH" range, but 
dipping westward. Clo>'C to the ~ynclinnl I"nll!'y the 
dip of thetIC strnta i~ 45°, but Ilt the ca~ttrn or farther 
end of the IK'rie! it incrcasc;l to 60°. lIcre the great 
g:,-peeoWl formation abruptly terminates, and ii ijUC­
ceeded ('8.'<t,v.-ard by :l. pile of more modl'ru !;lmta. 
Con~idering how violently the!!6 c<'IltrJ.I rJ.nget hal'O 
been didocated, and how very numerous dikes are in 
the exterior and 10,,·cr paru of the Cordill('m, it i.(l 
remllrkable that I did not here 110tioo a liingle dike. 
The premilillg rock in thia neighbourhood is the black, 
cnlc.'l.roous, compact shale, whibt in the ,·nlley-bnB.ill of 
t1le Yeso the purplish red sand.itone or mud~tone pro­
dominatea,-bolh being associated with gypsooU8 strata 
of e:mctly the sarno nnture. It would be vcry difficult 
tonsccrt.aiu the relative superposition of these severnl 
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mJl!l!:lt'!'. for we shall afterwardll BOO in the CumbJ:e Pasa 
that. the gypSOOU8 and intercalated beds are leull-flhaped. 
lind that they thin Ollt, e\'en where \'ery thick, and 
disappear in abort horUontal dislnl\ct'IJ: i~ ill quite 
poouiblc that the black sbale;s and red sandstolles may 
be conlempornneoUJ!, but it is more Ilrobable that. tile 
former compose the uppermost part~ of the !!CoC!<. 

The fosaiis nbo\'c alluded to in lho bluck calcareous 
shal('!l aro fow in number, nnd nro ill lin imperfect 
condition; they consist, as named for mo by I t. d'Or· 
bigny, of-

1 .• \lIItnun;ICI,inc!.etenni ... ble.I>eulO.d.roeti<oolalt<f.lYOrbig.'PaI. 
F ...... ' (N_i ... r.,.......t>oa). 

2. 0!l!~t'!t)rIOG.c....w.i(S_i .... r_UcmIOr~·""""'ud 

3.!i"~ ..... IIld_; ... bIe. 

:: ~~~!~~:g.~:~'t"=~M'::lioal. 
6.. T ... b .. toolaP 

Some of tho frngments of Ammonites Wi're as thick 
ns n Illiln's nrm: the Grypll:ro. ill much the IIlost 
abundllnt. shcll. These fossils )1. d'Orbigny con8idcr~ 
118 belonging to the Keocomian stngo of tIle Cretaceous 
~y~tcm. Dr .. 1Ileyen,1 who asccnded the valley of the 
Hio Volclln, a bmnch of tllC YCIIO, found a nearly 
similar, bl.lL apparently more calen.roou8 formation, with 
milch gyp!>tlm, and no doubt the eqllh·nlent. of that 
here dl'1<Crihcd: the beds w('re ,'ertical, and were I)TO­

longt'<l up to the limits of perpetual ~now : at. the llCight 
of 9,000 feci alxwc thc sea, they ab))lIlded witll fOI>:;i1s. 
con~isting, according to Von Buch,' or-

I. .e:':;:':'h~OIT.:.~ ~!r'!( ~.!:~:;~11 i~nt;('I.] with 'P'cilll.u 

~: '[,:r.:;:t:~:.ta, } ;d.DtK~lu.:~~~ =R/ll~1eJ,~i~~. upper 
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Yon Buch conclude!! that. thi, fonnatioTl is intermediate 
bet.ween the limestone of the J \1m and the chalk, anel 
that. it. ill analogotll! witb the uppermost. JUrn!liIic beds 
forming the plnins of Switzerland. Henee M. d'Orbigny 
lind \'on Buch, undcr different. terms, compare the!!e 
fossils to tllOse from Ule same lnle lltage in tIle Seoondary 
formatiolllofl-:urope. 

Some of the fOSl!i\s which I collected were found n 
good way down the weatem ~lope of the main ridge, 
and hence 1I11l;!t originally have been CO\'erro up by a 
great. thicknt!Oil of the black ~haly rock, inllependently 
of the now denuded, tbick, o\erlying ma&ICI of red 
eand8tone. I neglected at titt' lime to Ci'limate how 
mallY hundred or rather thousand f(,(,L thick the 
luperinctunbent stratn ImL..t have been: and I 'IIIill 
not. now attempt to do!lO. Thill, howen'T, would hn\'e 
heen a highly interest.illg point, as indicn.th·e of n great. 
amount. of 8ub!lidenee, of which we ~ha\l herenfter find 
in oU!':' r porta of the Cordillera analogous evidence 
during thia !lalOe period. The altittLde of the Peu­
queuC3 Uanh'1',oonl'ideri[.g il.!l not great antiquity, is. 
\'cry remarkable; many of the fQII~ib were emhedded at. 
the beight. of 13,210 ft'f't, and lhe flame h('d~ are pro­
longed up to at lea.st. from 14,000 to 15,000 I1bo\'e the 
le\'e) oHhe 1Kl3 . 

Tl~ Portillo or EaJI/f'm Cludn.-The valley of 
']'enuyan, 8ep.,\nlling the I'euquencs and ]>ortillo !inC!!., 
i~.1LII estimnted by Dr. Gillies Ilnd myfIClf, about. twenty 
miles in width; the low('"st part, ..... here the road CI"O!!8C8 

the rh'er, being 7,500 feet abo\"e the 8CIl-lo\'cl. The 
paN on tlte Portillo line iij 14,365 feet lLigh (l, t OO feet 
higher than thnt on tbe Peuquenes), nnd the neigh-
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bouring I>innaele!l mllllt, I ooncein', rUe to nenrly 16,000 
feet. noo\"o the &ea. The river draining the intcnnediate 
valley of T~'nuyan, pas--es through tho l'ortiJIo line. 
To return to our sedion :-abortly afier leaving the 
lower hed~ [1' t] of the gyp<eGllil formation, we come to 
grand mMa1e8 of a coarse, red conglomerate lY], totally 
unlike any ttrata hitherto seen in the Cordillera. This 
cougloID{'ratc is di~tinetly stratified, lome of tJle beds 
being weB dc-fined by the gre..1ter Hi?e of t he pebble!: the 
cement jp calcnreou8 and sometime!! cryst.nlline, though 
the mnss ,hOWl no signs of having been metarnorph~. 
The inclnded pebble!! are either perfectly or ouly par­
tially round<'d: they conllist of purplish Mudstone,., of 
VlI.rious porphyriell, of brownish Iime~tolle, of black 
calcareotlJ, compact. shnle precisely like that in situ in 
tbe l'eu(luenea rnnge, and cclllt(lillin!J 80m4 of tM BUII1(1 
f0fJ8U BlIdu: abo \.cry many pebble!! of qUlutz,liOme of 
micnceous llChist, and numerous, broken, rounded crys­
tals of n reddish orthitic Or potash feldtpor (a.. deter­
mined by ProfeR80r -'liller), and thC16 from their Si7.(l 
must have heeu derived from n coarsc_grllined rock, 
probably grnllite. From this feldspnr being ortllitic, 
and e,'en from ita external appearance, 1. \·enlure poIIi­
tively to affirm that it has not been derired from the 
rocks of the '!fe-tern ranges; bllt, on tho other hand; 
it lIlay well hM·e come, together with tbe quartz and 
metamorphic IChi~b, from the etu!te.m or l~ortillo line, 
fOf this line mainly cowu of CQ.'1rie orthitic granite. 
The pehbles of the fossiliferolD Blnte and of tho purple 
Mlldstone, certainly have been derh·ed from tho I'eu­
quenCfl orweetern ronges. 

The rond crosses the valley of Tenllyan in a nearly 
east nnd west line, and for l!evernl miles we ha\·o on 
both l18nds t.ho conglomerate, everywhere dipping west 
.nnd forming scparate great mountailll. Tho strata, 
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,..here first met ,..itb, after Ira\ing the gypseous forma­
tion, are inclined westward at an anglo of only 20", 
which farlher on incrcnaet to about 45~, Thcgypseous 
Htrota, R8 we ha\'e flCCn, are also inclined westward; 
hence, when looking from the eastcm side of the valley 
towards thc J>euquen(>l ronge, a most deeepth'c nppear_ 
ance is presented, as if the ncwer beds of conglomerate 
dipped directly under the much older bedl! of the 
gypsooua formatiQn. In the middle of the \'alley, a 
bold mountain of unstratified liIac-colou.rt>d porphyry 
(with crystals of horllblcnde) projec:ta; :md f. .. rlher on, 
IL little BOuth of the rond, there is anotllC!r mountain, 
with its stmta. inclined at a small angle ('a@tward~, wllich 
in iLa general aspE'Ct and colour, resembll'8 the porphy_ 
ritic conglomerate formation, BO rare on this side of the 
PeuqucnC!l line and 80 grandly del'eloped throughout 
till' western rangt'!'. 

The congioml'rnte is of great thickDl_"IS: I do not 
SUPI)()8C that the strata forming the sep.1rnte mouutnin­
mtl81I('!I [Y, Y, "] havc ever been prolonged oyer each 
otller, but that one maIlS has been broken 1IJ1 by sel'ernl, 
di~tinct, parallel, uniclinnilinCl! of elen,tion, ,Judging 
lheref()re of the thieknC!l~ of the conglolDrratA>, as seen 
in the 8t"parate mountnin-mllSllCll, I eetimated it nt least 
from 1,500 to 2,000 fet't. The lower bed~ reM. con­
formablyon lOme ~illgul/lr1y coloured • .on strnt.'l [W]~ 
which 1 could not reach to eumine; and these again 
rest. conformably 011 a thick mass of micaceou~. thinly 
l/lmiuflted, siliceous sandstone [X]. associated with a 
little black clay-slate. Theile lower beds are travened 
by Be\"eral dikes of dCC:Olnposing porphyry. The lami­
nated sandstone is directly Sllperimpo!!Cd on thl: \'R8t 
W!lSIieII of grnnite [Y.11 which mainly compose the 
Portillo range. The line of junction between this 
latter rock, which is of II. bright red colour. and the 
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whitish .1Ild~tone was beautifully digtind; the !land­
Itone being penetrated 1)1 numerout, great~ tortuous 
dikes branching from the granite, nnd ha,"ing been 
con'-ertcd inlo 11 granulnr quartz rock (singularly like 
that. of the Falkland hlands), containing specks of an 
ochery l)()wJl'r, and black cry!talline atolIlt, npparrnUy 
or imperfL'Ct mica. The qllartJ:ose strum in one spot 
were folded into a rl'g'lIJar dOllle. 

Tho granite which COlllpot;CS (he magnificent baro 
))innncle~ and tho steep wCiMrn flank of tho Portillo 
chnin, i8 of a brick-red colour, coarsely cry~tallized, and 
compoo!ed of orthitic or potash feld~par, qu.nrta, and im­
perfect. mien in small quantity, IIOmetim('3 Illl8I!ing into 
chlorite. Tlu~ minernIa occasionally ft8f!ume a laminar 
or foliated arrangement. The fact of the feld.!par being 
orthitic in this range, is '"ery remarknWe, col1l!idering 
llOW nue, or rother, 8S 1 belie'-e, entirely nbi!ent, thia 
mine",1 ia throughout the western rnn~ in which 
"oda-fcJd~l)8r, or at lcaat a variety dt'jlving likll albite, 
is!lO e:.::tremely abundant. In one !!pot. on the western 
flank,nnd on tho CMt.ern flank lIeur J.osl\lnnllntiniCti 
nnd ncar the ereBt, I notioed BOllIe great IIlIl8llCll of a 
whitish gt'ftnite, l)Ilrts of it. fine-grained, and purtil ron­
taining large cry~tals of feldspar; I neglected to collect 
1!pccimeIlB, 110 I do not. know wbether tbiB (eld~pnr is 
alMi orthitic, UK/ugh I am inclined to think 10 from its 
h",neral appearance. I saw alilO lOme 'yenite an,1 one 
lDa;;II which retembled 3mie.lit.e, ~It of which I likewise 
uC',.:lected to collect specimelll!. From lhe mnnncr in 
which the whitigll gr.mites formed iM!p!lmte mountain­
llllli!llCll in the miru.t of the brick-red "ariety, and from 
one such mau 1ICM the Crellt being trayersed by nume­
roua veins of fl('llh -<:olonrcd and grcenigh eurite ( into 
which [ oocas:ioually obo!en'ed the brick-red granite 
iUICII!ibly ptL"4!ing), I conclude that the white granites 
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IlrobRbly belong to an older fOmLl!.tion, allnOilt over_ 
whelmed and penetrated Ly the red granite. 

On the cre;;t I !>aW nbo, at a short distance. IlOme 

~oiourcd ~rntified bed~, [IJlpnrently like thOlKl [W] at 
the western base, but was JlfC\·ented examining them 
by a snow-lltorm: :\lr. Cltidcleugh,l howe~er, collected 
llere KJ>ecimens of ribOOnoo jaaper, mngnesian lime­
stone, and other minemli!. A liUle way down the 
eft.Stem slope II few fmgmenu of quartz nnd mica-slate 
nre met with; but the !,'TCat formation of this latter 
rock [7.], which CQ\·eNl up much of the ennern flank 
nnel OO~ of the ]lortillo range, cannot be conveniently 
(·J[aminOO IlnW milch 101l·('r down at n 1)lace called ) rnl 
])a!!O. The mica-l!Chi~t here con~istJ! of t11ick laycrs 
of quartz;, with illt~n·ening foli ... of fillcly-o;ca.ly mica, 
often pa.'!l!.ing into a ~lIb«tance like black glOll'!'y day­
I<lnte in one spot, the layeNl of quartz hnving disnp­
pellred, the whole IllI\M iJeCaille oom·erted into gJ()!Il;y 
dnY-Illnte. \\11ere the folin were best defined, they 
were inclined at II Iligh angle we;;twnrd, thnt is, townrd~ 
the rllnge. The Jill(' of junction between thc dnrk 
micn-e.la\.e and the OO:I.r!lC rro b'TRnite WM mOi't clearly 
dirtinb"lishable from n ,.n;;t distnn<'e: the !,'t1\nite !!Cnt 
lIlany lIDlftll yeins into the mica-lliate, and iucluded 
!lOme IUIgular fragmenu of it. As the 88mbton~ on the 
western base hu been CQZI\·crted by the red granite into 
1\ grauular quartz_rock, 1lO this great formation of mica-
1!Chist may poIIIlibly have been mctamorphoeed at tbe 
SlIme lime and by the SlIme means; but I think it 
more proboble, considering ita: more perfoot. metamor­
llhie character and iu well-pronounced foliation, that it 
helongs to an anterior epoch, connected with the white 
~'Tftnites: I am the more inclined to tllis ,·iew, from 
ha,·iug found at the foot. of the fl\nge the mie.l-lIChist 

, 'Trnel';&c.,n>i. 1'. 308. 

© The Comolete Wor!< of Ch rles DarWin lnll 



496 Set/wn of the Portillo Chaitl. 

lIurrounding IL hummock [ Y I], cxclul!h-ely oompol!ed of 
white gmn itt', :Sear Los Arenlllea, the mount.siruJ on 
1111 s:id, .. lire oom~'d of the mica-slate; and looking 
backward" from this point up to the bare gigantic 
pee.lu! aOO\"l.', the ,-iew '\I\1UI eminently intt'rellting. The 
colou", of the red granite and the black mica-slate are 
110 distinct, that ',1ith a bright light these rocks could 
be read ily di~til\~'1ti.'hed even from the Pam pall, at a 
\ev-el of lit least 9,000 feet below. Tbe red b"J"anite. 
from being dh-ided by pnmllel joillt~, hrut weathered 
into sharp pinnaeles. on !lOme of which, e,'en on !lOwe 
of the loflieo;t, little C.1pS of mica-achiat oould be clearly 
_n: here and there isolated pnt<!het of thu rock 
I\dhert'd to the mountain-flanks, and these often oorre­
llponded in height and position on the opp<lI!ite "ides of 
the immenll(! nlieY"_ Lower down the acllist pre,"ailed 
more I\lId more, with only II few quite small points of 
gran ite projecting through, Lookillg I\t the entire 
eastern fnce of the Portillo mnge, the red eolonT far 
exeood.'! in /lTea the bla('k; yet it WlUI flCa rcdy poesible 
to doubt thut th(' granite had once been I\ lmO!lL wholly 
eneased by the mi(1t-B<:hist.. 

At .LoA Arenal('!l, low down on tile east<-m flank, the 
mi('ll •. date is tm\"ersed by !Ie'"eml cloeely adjoining, 
broad dikCfl, parnlld to each other and to the fvliatioll 
of tile ecili"t. The dik~ Ilre fonned or three diff('rent 
''lIrietieil of rock, of wbich a 1)(Ile brown reld~~thie 
porphyry with grains of quartll ..... as much tbe mM 
I\bundnllt. The,., dike!! with their grnnulc;l or quartz, 
as wdl lUi t he miea...scbist iu.eIr, strikingly TeilCmhle the 
rock~ of tile ChollOll Archipcbj:,'O. At !I height of aoout 
1,200 fC(:t nboye til(' dikC!', alld l)Crllal)!! oonnected with 
th(,lII, thel'e ii II. range of cliffa formed of succ("JO<! i,-e 
la"II.-strenmM [A Al. Jx,tween 300 and 400 feet in thick­
ness, aud in pJl\CetI finely oolumn.1r. The Lwa cons.i&s 
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of dark-grayi!lll, hanh rock!!, inten'lOOiate in character 
between tmch)1e aDd basalt, containing gl4/lfy feldsp"c, 
olhine, nnd a little mica, nnd IIOmetimes amygdaloidal 
with zeolite: the basis i, either quitecompaet, orerenu­
IatOO with air-vesicles armnge<l in u..minll'. The 
IItreams arc liCp!lmtoo from eaeh other by beds of fmg_ 
mentary brown lIOOrire, firmly cemellted wgether, and 
including a few well-rounded pebbles of lam. .From 
their gcnernl nppearnnee, I suspect that t!Lese lrwa­
stream" flowed at an ancient period under the pressure 
of the 1It.'8, when the Atlantie co\'ered the I'lllUjlftS and 
wa...hed tbe ~'lern foot of the CordilJern. l On the 
oppo.tite and northern side or tbe \'al1ey there is another 
line of 1a\'8.-diW. at a corre<ponding Iwight; the \'a.lIey 
between I.·illg of cun,;illern.Lle breadth, IUld IIlI nearly 8.11 

I couJd e.<timate 1,500 feet in depth. This field of 
Ia\'" i~ COnfinlod on both siJes IJY the mountains of 
mien-..... hi~t. nnll IIlopes down rapidly !Jul irregularly to 
the edge of the Pampas, where, having a thieknesa of 
ahout 200 fed, it terminates :lJ,'Il in.t a litH/' mnge of 
cllly-~tonc poCjlbyry. The \'alley in this lower part 
eXIWlnd~ into a hay-like, gentle slope, bordered by the 
elilT_ of lava, y;hich mmt certainly OUl't' haH' extended 
acroet thi_ wide expan..c. The inclination of the 
.u-eam. from J,()lI Arenalti to the month of the \"&lIey i5 
110 great, that at the time (though ignorant of ~L Elie 
de Beaumoot'_ "':le3.~he!l on the extremely smalll!lope 
o\'er which la\"& can flow, and yet retain a comp'ct 
Itructure and con~iderable thicknC"S) I concluded that 
they llllll!t subsequently to their flowing have heen 
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uphl'flved and tilted from tile mountllins: of this con­
c1u~ion I call now entertain not the amnllt-t doubt. 

At tIll' mouth of the \·alle., within the diff~ of the 
above lava-field, there are re;nnanto, in the form of 
separate ~mall llil10cks lind of lin('$ of low c1iff~, of a 
con~iderahle depo-it of compile" whitt· tuff (quarried for 
filtering~toneil), rompose<i of brok('n pumice, "oleanic 
cry~bll~, /ICIlle;l of mica, and fmgm('nt~ Qf lava. 'This 
ma~s has suffered much denudation. and the h~rd mica-
8Chi~t has ~n deeply worn, s:ince th(' period of its 
deposition; and thifo period ffiU.>-t have been 8ubiiequent 
to Ule denudation of the hasaltic la\'l\-!ltreams, lIS nt­
i.cI;ted hy their encircling e1iffs standing at a higher 
le,·e1. At the preecnt day, under the e.~.sting' arid 
ciimnte, nges might roll part without 1\ fKJl!are yard of 
rock of any kind l)('ing denuded, exC<'pt perhaps in the 
rarely moistened drainag~ll3nnel of the valley. Must 
we then look Unck to that ancient period, wben the 
waHa of tbe eea beat against the eastern foot of the 
Cordillem, for a power Bufficient to denude extensively, 
tbough superficially, thi. tufnccolUl deposit, 80ft 111-
thongh it be? 

There remnina only te mention IIOme little water_ 
worn hillock8 [8 H], a few lmndred f('et ill height, nnd 
mere mole-bills compared witb the gigantic mountain8 
behind them, which rise out of the ~Ioping, shingle­
covered margin of the Pampas. The fiMlt little range 
is compollCd of 1\ brecciated purplo porphyritic clay­
stone, with obllclu'ely marked stmla llillping at iff'to 
the ~W.; the other rangea con~ist of- ,a pale-coloured 
feld8pu.lllic porphyry,-a purple cl!ly~tone porphyry 
willi groins of quartz,-and n rock almost e)(clli~h'cly 
composed of brick·red cry~talil of feld~pnr. Tht'<IC 
OIlUorlD(N!t EmaIl lines or ele\'ation eltend in a NW. by 
W. and SE. by S. direction. 
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COIl.dudiJl!} RwmarhJ O~ 1M Portillo RanrJt.-When 
on tho Pampas Ilnd looking lIOuthward, and whiht tra\'el­
ling northward, I could lICe for "ery many leagues the 
red J..-ranite and dark mien-9Chist forming the crest and 
eastern Hank of the ]lortillo line. Thia gt(!at range. 
according to Dr, Gillies, call he tmeed with little inter­
ruption for 140 milllll lIOuthwllrd to the R. Diama.nte, 
where it uniles with the we;;teru rangell: north""Hd, 
according to thi..~ IIIlme autho~, it tenllinatel where the 
R. :\Iendo:r.a debouches from the mountains; but a. 
little farther north in the eastern part of the Cumbre 
section, there are, as we shall hereafter lICe, IIOme 
mouutain-lIm.uet1 of a briek-red porphyry. tile last in_ 
ject.ed amidst many other porphyries, and baYing 110 
clOle an analogy with the coarse red grnnite of the l)or­
tillo line, that. I am teml1ted to belie"e that they belong 
to the llame uis of injection; if w, the IJortilJo line is 
at least 200 miiC!l in length. I ta height, en'n in the 
lowest gap 011 the road, is 14,365 fL ... ·t. and .orne of the 
pinnacles apparently attain an elevation of about 
16,000 feet abo"c the sea, The geological Ilistory of 
this grand chain appean to me eminently interenil~. 
We may Nlfely conclude, that at a former period the 
valley of Teuuyan eristed III an arm of the lIOO, about 
twent.y milet in width, bonlered on one hand by a ridge 
or chain of i~leta of the black calcareous shales and 
purpl .. ~nd-tonet of the G ypse<Ius formation; and on 
the other hand, by a ridge or chain of ~let. eomposed 
of mica-IJ1rtk, white granite, and perhapll to a parlial 
utcnt of red granite. l'heie two chain&, whilst thus 
bonlering the old sca-ehnnnei, mUlt have been el:posed 
for II V8~t lapse of time to 1l1ltn-ial nnd littoral nction, 
during which the rock~ were ailllttcred, the fragmenta 
rounded, and the strata of conglomerate accumulated 
to a thicknCiil of at ICllIlt 1,500 or 2,000 feet. Tile 
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red orthitic gronite now fornu, lUI we have teen, the 
main part of the Portillo chaill: it. ill iJljeeted ill dikes 
not. only into the lllicn-!IChi~t and white granites, hut 
into the laminated IIIl.Ud.;WIlC, which it. hili mctmoor­
pbo.;ed, nnd which it has thro ..... n off, together with the 
conformably o\'crlyillg ooloured bOOB and stratified 
eonglomernt~, al au angle of forty-fh-c degrees. To 
111,,-e thrown olf IJO \,.,~t II. pile of strata. at thi~ angle, 
b II. proof thnt the main pIIrt of tho red gnmitt', 
(wheillor or not l)Ortions, na perhaps is probable, 
previously eli~ted) v,'aII injected in II Jiqui.6ed staIR after 
the II(:CIIIDII\atioll both of Ole laminated aand&t.onc lIud 
of the conglomerate; tlli, conglomerate, we kool\', Wall 

aCCllmulated, not only after the depG@itionofthe fOlBil­
ifcroUll IItratA of tho jlcuquenes line, but nfler their 
elevation and long-oontinued denudation: and these 
fouiliferoui It.rata. belong to the early part of the 
Cretaceou~ ly8tcm. Late, therefore. in a geologienl 
6e1l~, as mlbt be the ago of the main put of the rt'd 
granite,l can conceh"c nothing more imp"",h-e than 
the easten} view of this great rauge, as forcing the mind 
to grapple with the idea of t.he thoUl80ds of tholLlBnds 
or years requibite for the denudation of the strata 
which originally eneued it,-for t.hat the fluidified 
granite wa$ once encased, it. mineralogical comvo,itioo 
nud !tructure, and the bold oonical lhape of the 1D0un~ 
tain~!lla.SIi('!<, yield sufficient evidence. Of the encaaing 
1ltrata we 800 th{' last '"e!Otiges in the ooloured beds 00 
the cre;t, in the little cap' of miea..chist Oil lOme of 
the loftieost pinnacles, and in the ilOlated pntdJetl of thi~ 
I18lOe rock at oorT(ll!pondiog heights 00 the now bare and 
steep flanks. 

The la"a-t;lrooms at the eastern foot of the l'ortillo 
are interesting, not 110 much 'from the great d"ntlll.\tion 
"which they ba'"e luffered Ilt a comparatively lote period 
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11.8 from the (widenOl' they afford hy their inclination 
taken conjointly with their thicknell and compactness, 
that lifter the !,"l'eat range had lU!IIumed iu pl"(':ijI!nt 
~-eneral outline, it continued to rise Ill! an uia of cle\'a­
tion. TIl(' plains extending from the bMe of tbe 
Cordillera to the Atlantic ~how that. the contincnt has 
been upraised in lIlllSI:I to a height. of 3,500 feet, SDd 
probably to !\ much grmtcr heigilt, for the ~wooth 
~hingl<'-(l{)vered margin of the ]laml)IUI i. prolon!,'Cd in a. 
gl'ntle unbroken ~Iopo far up many of tho grent ,'alleys. 
Xur It't it be 1W1IIned that. the I\:uquenCl alld Portillo 
ranw~ lun'(l undergone only mOl'erneutl of e1!'nltion; 
for "'e Idmll hereafter lICe, that the bottom of till' sea 
~ub,.idcd I('\'eral thollilllud fed during the dt'po!'ition of 
strata, oo.:cupying tbe same relsHn' place in thc Cor­
dill"m, with thOSt' of thl" ]lcuqU<'IICI ridge; lnort'O,'cr, 
we ehalllM'fl fronl the unequivocal edrlenee of buried 
upright trt~';o, that at 110 somewhat Inter period, during 
the fotmnlion of the Uspalintaehain, which corrt'~ponds 
~'COgmphienlly with that of the Portillo, there was 
Ilnother sub,.idt'lIC'(' of many tholl'nnd fl'f'L: hen·, jo­
dN'd, in til\! \'al1t·y of Teouyan, thell()l'ulIlulntion of the 
coal">'<' ~tratified conglomerat!' to 11 lhiekllCN of 1,500 
or 2,000 f .. "t, offl'n ~trong pl'l"t'umptin· ('l-idellce of 
lubo<id"llce; for all e.ri>Iting ansll)<,::-iE" Il'lld to tile belief 
that. lar:.;" ptbblCII can be tranll]lOrh,-d only in aha110w 
wnter, liable to be Ilffeded by currenh lind moYem<'1lts 
of undulation-ami if ~O. the sh"llow bed of tho sea on 
which tile 1~:bh!.""lI were fin;L d'-'J>O"ited WIl, t llec<'i!3rily 
hal'e SUlik to ullow of the u()l'umuilltion of tho super­
incmnoont btrntn, What a hibtory of clJ3l1gcs of 10l'el, 
and of wcar Ilnd tear, aU since the ngo of the hitter 
Monunry formatioDJ of Europe, dvea the ~tructure of 
thi& ono great mountnin-cbain rel-enl ! 
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p(UlJ(l/ft of Ou .tndu by t/u Cumbn or Uq>«llnta 
Pau. 

This JlIIU croases the AndCflabout sixty mile. north 
of that just deeeribed: the aection g1\'en in ]'lat6 I. 
fig. 2, is on the 8flme scale at Wore, nnmely, at one­
third of an inch to 1\ mile in distance, and one incb to 
a mile(or 6,000 feet) in height. Like the last !OCtiOll, it 
iB Il mereaketch,and cannot pretend toaecurncy, though 
made under fnvoureble circumstances. Wo will com· 
Illenee a8 before, with the wettem half, of which the 
mflin raDf,>e bean the name of the Cumbre (tlult. ill the 
J~idge). and corretpouds to the ])euquenes line in the 
former seelion j lUI does the USJlaliata mnb't', though on 
n much sm.aller &ca\e,totJmt of the l'ortillo. Near the 
p')int whero the river Aconcagua dehouches on tile bru.in 
plain of the same name, at a height. of about 2,300 feet 
aoo\'e the 8CfI, we meet with the usua] purple and 
greenish porphyritic clay-f;t.oue conglomerate. Bcds of 
this nature, altenlating with uumeroilll compact and 
nmygdaloidnl porphyries, which luwe flowed flS sub-­
marine lav1l8, find Illlsocinted with grellt mouutain· 
mflSile8 of nriollSl, injected, Ilon-f;tratified porphyries, 
are prolonged the whole distance up to tile Cumbre or 
centrel ridge. Oue of the commonest stratified por­
pllyriC1l is of a green colour, highly nmygdnloidal with 
the ~ariouB minerala described in the preliminary di,:;. 
cug~iou, and including fine tabular crystal, of albite, 
The mount4in.range north (often with a little we!ting) 
and south. The Itratilication, wbere\'er I could clearly 
di~tiug\iish it, was inclined weitwnrd or townrds the 
Pacinc, aud, e:reept near the Cumhre, seldom at angles 
aOO\'e 26°, Only at one ijpot on thi8 western Bide, on a 
lofty piuuaclo not far from the Cumbre, r I'IlW Btrata 
apparently belonging to the Gyp!OOUll formation, lind 
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conformably capping a pilc of IItratified porphyriet!. 
H ence, both in composition nnd in stratification, the 
structure of the mountains on this western @ide of 
the ditoor/ium aqua1'Um, is far more simple thnn in the 
(:orresponding part of the Peuquenes seetion. In the 
porphyritic clny-lltone conglomerate, the mechanical 
8tructure and the planes of stratification have generally 
been mucl\ obllcurcd and e,'en quite obliterated townnls 
the bat;e of the aeries, whilst in the upper parta, near 
the 8ummitiJ of the mountmns. both are distinctly dis-­
played. I n th(>ffl upper portious the porphyries are 
gencrally lighter coloured. I n throo places [X, Y,7.] 
1Dasse!! of nndc~ite are exposed: at [11. this rock con_ 
tained llOme (Plnl"tz, but the grcntcr part conwisted of 
audesitic porphyry, with only a fcwwell-dc"elopcd crys­
tals of albite, and fonning n ~"!'e1I.t white mas", hn,-ing 
the external 8S1)C('t of granite, C3llped by much dark 
unstmtified porphyry. In mnny paru of the moun­
taius, there nro dikes ofa ~'Tt:\."n colour. and other white 
ones, which latter proba.bly !pring frGlIl underlying 
mMoSCS of andesite. 

The CUinbre, wllere the road CfO,;ses it, is, I\Ccording 
to lli. l 'entlnnd, 12,45.1 feet above tbe 1IeIl.; and the 
neighbouring peaks, composed of dark llUTJlle nnd 
whitish porphyrie~, llOme obscurely stratified with a 
westerly dip, and others witllOuta trace of ijtmtifiention , 
must exceed 13,000 feet in height. Descending the 
eo.stern slope of the Cumbre, the Btmctute \)eeQmet very 
complicated, and generally differs on the two ,ides of 
the east and welt line of road and section. First we 
come to n great IUrL8iI [A] of nearly "erticai, singularly 
contorted stratn, composed of highly compact red sand­
stonC!', and of often calcareous coilglomeratCfl, and pene­
trated by green, yellow, and reddisb dikes; but f shall 
presently ha,'c au opportllllity of describing in &orne 
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detail an analogous pile of stmta. l'he!e ,·ertical beds 
an> abrul)tly succeeded by othen [D], of app:trently 
nearly the snme nature by more metamorphosed, alter­
nating with porpbyries and lim('><tones; these dip for a 
~hort BP.'\ce westward, but tbere h!18 been here an ulm­
ordinary dislocation, which, on the north side of the 
road, appcau to h:l\·e determined the excamtiOD of the 
north and lIOuth yalley of tho it de las Cuems. On 
thi~ northern side of the road, lh(l strnta [B) are prn­
louged lIlI they colDe in c1o~e contact- with n jagged 
lofty mountain [D) of dark-coloured, ull,trntified, in­
tru.ive porphyry, where tbe bed3 han' been more highly 
inclined and itill more met.'\morpb05Cd. Thi8 moun­
tain of porphyry seems to form a short a}:is of elevation 
for IIOlllh of tbe road in its line, there h a hill lC] 
of porphyritic conglomernte with abeolutely ,'ertical 
~trllta. 

We now come to the GypseoU8 formation: I will 
fint describe the structure of the !lCrernl mountains, Rud 
then giro ill Olle section a detailed lIceG\LUt of the nature 
of tho rockK. On the north side of the road, which here 
runa in an east and west yallcy, the mount.'lin of por­
phyry [D] is 8l1cceeded by a 11il1 [E] formed of tho 
upper g~1>M'OU8 8tmta tilted, at an angle of between 
70" Ilnd 80" to the west, by an IIniclinnllU.is of ele,·ation 
which doea not run parallel to the other neighbouring 
ran~ and which is of short length; for on the lIOuth 
sidl' of the ,·alley its prolongation i8 marked only by a 
amnII flexure in a pile of strala inclined by a qnite 
I.'Cparnie nxi~. A little farthl'r on thl' Ilt)rth and !Wuth 
\'alll'yof Jlorcones cnlers at right angll'8 O\lr line of 
section; its we!>t('Tll side iij bounded ily a hill of 
gYJl~l'01l8 simla [F], dillping wel'twnrd nt nbout 45°, 
and its ('n~l<'T11 side hy n mountnin of similar atrnta 
[0] inclil1t.'<1 westward nt 70", and superimposed by an 
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oblique fa.ult on another masa of the same strata [ HJ, 
a1!o inclined wC!!tward, but. at. an angle of only about 
30° : the complicated relation of tllCse three ma_ 
[to, G, II] ilil exprnined by the .tnlCture of a great 
mountain-range lying IIOmeway to the north, in which 
a reJ.,"Ular a.nticlinal axis (represented ill the section by 
dottl'<i lines) is IlCen, with the stmta on its eastern side 
agnin bending lip and forming a distinct.unic1inal axis, 
of whiciJ the beds marked [If] form the lower part, 
This grcat IInicliual line is intersected, nenr the Pucnte 
del I nca, by tile nlUeyalong which the rono.l runs, and 
the &tr:\ta compo!'ing it will be imml'diately dC"6ribed, 
On the lOuth ~ide of the ro;'1d, in the spaoo corrc'lxmd­
iug with the mountains [E, t'alld GJ, the streL" every­
wilcre dip ,..'e,hrnrd generally at an angle of 30°, oeca­
lionaUy mouuting up to 450

, hut not in an lIul,roken 
line, for there are IIoerernl n·rticnl tault~, fOfming 
separate unielinnl mas.<c~, all dipping in the II30me 
d ircctioll,-a form of elevation {'Ommon in tbe Cordi l­
lera. We lima tee that within a narrow space, the 
gyplleOlI~ ~tmta have heen unhcaved IUld crushed t~ 
geth('r by a gr('at uniclinal, anticlinal, nnd olle le!<~r 
ulliclin:lllino [E] of elemtion j and that bt:'Lween the<;e 
there linOi ami the Cumbee, in the BIl.nd~tont'!'. eOll­
glomernk~ and porphyritic fonnation, there have been 
at lea~t two or three other great eie\'lltory llXe~. 

The ulliclinal axi~ [l] iutersceted near the Puente 
del l uCll 1 (of which the strata at [lr] form a part) 

h~~n:~ :~~r!="~~.d7ng",~oL::t.°j~'!..;:::d(.'t~~~~,~~ ;:~~ 
9]°; tb,'y ~mi~ much 'i!""' A.,.,.....jing 1.<.> )Ir, Jl",,,de, ofthc Roy .. 1 
lJo>tiLutic",t<'"cub' •• I'".ho.C'OntAill!orty·hoflrain.of ... lidtn>t.t~r, 

~:;;~~~"·~~~~A~I;;,~~~'::;.;r~idt:~J ]~~'t:.e, '~!t~"JJ:y1~~: 
'"'- 'I'nn,1 d.- _,t muoh tuf .. In tho form of. ,';""1 10,11.. Thoy 
bU .... LI"rtl' .... Jotl'_o.fCa1l<]Uon .. ,aadllC'O blyd,_.,('·,ILo. 
'·i....w:IO,Ou .. 1;1>6ofel~\"lI!loD. 
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mngell N. by W. and S. by E., forming a. chain of 
mountains, aWarently little inferior in heigbt to the 
Cwnbre: Ole nrnta, all we ha"e seen, dip at. an average 
angle of 30° to the wed. The flanks of the mountains 
nre here quite bare and steep, affording an excellent. 
fleCtion j I!O tbat. I was able to insl)Cct the strata to a 
thicknCIIII of about 4,000 feet, and CQuld clearly dis­
tinguish tbeir gcneral nature for 1,000 fet!t. higher, 
makiug' a total thickness of 5,000 feet, to whicb must 
be added abou~ 1,000 feet of the inferior strata seen a. 
little lower down the ,·alley. r will dClICribe this oue 
8CCtion in det.'lil, beginning at. the bottom. 

1st. The lowest masfl is the altered clay-alate fles­
cribed in tbe preliminary diseu88ion, and which in thia 
line of IJection Yo'I\8 bere fint met. with. Lower do\\'11 
the miley, at. the Jt de las Yacas, J had a better oppor­
t.unity of examining it; it. is there in I!OlDe pam well 
cJmmcterised, having a dirtinct, nearly "crtical, tortUOllil 
clea"age, ranging NW. and SE., and intersected by 
quartz \leins: in mOllt. parts, howevcr, it is cryatalline 
lIud fcldspatllic, and passes into a true green~tone often 
including grains of quurtz. 'fhe clay-slate, in itJs uppcr 
IUllf, is frequently br~iuted, the cmbedded angular 
fragments being of nearly the Mme nature with the 
}>lIIIte. 

2nd. Se"entl strata of purplish po'llilyritio oon­
glomerate, or no very great thickness, rest conformably 
upon the fcldapathic date. A thick bed of fine, purple, 
clay.stone porphyry, ob6cnrely hrecciated (but not. 
of metumorpho!ICd l:!€(\iment..1ry origin), and capped 
by l)()rphyritic conglomerate, waB the lowest. bed 
actllnlly C:lamined in this section at tho P uente del 
Inca. 

3rd. A stratum, eighty feet. thick, of hard and very 
compllct. impure whitish limC5tone, weathcring bright 
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red, with included Jayl"rfI breecinted and re-remented. 
Obscure marka of shell are distinguishable ill it. 

.ah. A rod, qUartzoee, fine.gnlilled conglomerate, 
.... ith pina of quart&, and with patches of white earthy 
feldspar, IIpparently due to some pl"OOOSI of concretionary 
crynalline ;Iction: thia bed i~ more compact and 
mctnmorphoscd than any of the orcrlying conglome­
rntes. 

5th. A whitiah cherty limestone, with noduJetI of 
blueish argilllloooUlllimestone. 

6th. A white conglomerate, with many particles of 
quartz, nimOllt blending into the IlNIte. 

itl!. Highly siliceous. fine-grnilloo white sand­
Iltone. 8th and 9th. ned and white Lcd. not ex­
amined . 

10th. Yellow, fine.-grained, thinly ~tmtified. mag­
lleeinn Uud¢ng from its slowdi,;to1()\ution iuncids) lime-
8l0llt': it includes some white qu.artz pebbk'fl, and little 
ca"itie;., lined with calcareous apnr, IIOme retaining the 
formofsh<'lIs. 

11th. A bed lx!tween tw<'ntY!lml thirty f<'et tllick, 
quite conformnule with the underlying (one$, composed 
of n hard hom, tinged lilac-gray porphyritic with 
IlUUI(!l"QU4 tryoul.s of whiti"h feld~par, with black mica 
and little __ polll of soft. ferruginous mntter: c\'identlya 
luwnariue lava. 

12th, Yellow magnesian limestone, na before, part­
~tpiDod purple, 

13th. 1\ mo.t !ingular rock; bMis purplish py, 
ohecurely cry~talline, easily fusible into n dark green 
glass. not hard, thickly speckled with crystals more or 
leu l)Crfect of wllitc carbonate of lime, of rerl hydrous 
oxide of iron, of a white and transparent mineral like 
analcime, ami of a green opaque miuerallike IIOOIHltone; 
the bn..<is is moreover amygdaloidal with mallY spherical 
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balls of white crJ!tallised carbonate of lime, of which 
some nre cooted with the red o:Jide of iron. I have no 
doubt, from the examinntion of II. superincumbent 
stratum (19), that this i~ a submarine IM·a j though in 
Northern Chile, 80me of the metamorphosed sedimentary 
bed~ nrc almost all crystalline, and of !U mried com­
position. 

14th. Hed sandstone, pa!i>ing in tht! upper part into 
n eoon;c, hnrd, red conglomerate, 300 feet thick, Imving 
11 calcareous cement, and including grnins of 'luartz and 
broken cry~ta1s of feldspar; klll.is infusible j the pebbles 
consist of dull purplish porphyries, with 80me of quart?" 
from the ,ize of &. nut to a man'a head. This i. the 
coarsea:t conglomerate in thi, part of the Cordillera: in 
the middlo there Wall a white layer not examined. 

15th. Grund thick bed, of a n'ry hard, ycllowish­
white rock, with a crystaUinllfeldspathic base, iucluding 
large crylltnlll of white feldspar, many little cavities 
mostly full of soft ferruginous matter, nnd numerous 
hc.ugonnl plates of blnek mica. The upper p..·ut of 
this grcat. bcd is 8lighUy cdlnlnr; the lower p:lrt 
compnct : the thickness varied a Iitt Ie in different parts. 
)lanifest1ya submarine lava; lind i~ allied to bed II. 

16th nnd lith. Dull purplisll, calcareous, fine­
grained, compact sandstone'!', which pllll8 into coone 
white conglolD{'rates with num{'rotlll p:lrticletJ of quartz. 

18th. Se\'eral altemationJl of red conglomernte, 
purpli.h sand"ton{', and ~llbmnrine la\'n,likc that singu­
Jar I'Q('k forming bed 13. 

19th. A v{'ry hen\'y, compact, gr~ni~h-black stone, 
with a tinc-gmined obl'iously crYijtnlJine bn~i~, contain_ 
ing n few epoch of white calcareous spar, lOany specks 
of the cryMt.'lIIi~ed hydrous red oxide of iron, Hud some 
specks of n gT€'en mineral; there nTC veins nnd nC8t!:l 
filled with epidote : certainly a IIllbmariDQ la\'3, 
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20th. ;)lany thin atrata of compact, tine-grnined, 
pale purple sandstone. 

21st. GYPijlLlll in a ne.'lrlypure stllte, about 300 feet 
in thicknCSl: thill bed, in its concretions of anhydrite 
and layer!! of 810all blackisll cryst.'lb of carbonate of 
lime, exal.:tly rcsemble8 the great gYI'!lCOUS bOOs in the 
})euquene mnge. 

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

23rd. A thick m3!1i1 coUlIKl8ed of layers, often na 
Olin as paper and oon\'olutcd, of pure b'YPSUUl with 
others vcry impure, of a purplish colour. 

24th. Pili\! gJ»Sum, thick mass. 
25th. Hed il;].nd~tolle~, of gre.'lt thickness. 
26th. })ufe gypsum, of groot thickne>8. 
27th. Alternating layer!! of 1'llCC and impure gypllum, 

ofgreattllicknes!!. 
I WIL'I 110t able to ascend to tllCSC few lnat great 

strata, which oompoM' the neighbouring loftiest pinna.­
cles. The thickne:;s, from the lowc~t to the uppermost 
bed of gJpsum, cannot be It .. than 2,000 feet: the beds 
beneath J et!limated at' 3,000 feet, and tlli8 doe!! not 
include either the lower purL! of the porphyritic eonglo-­
mernU!, or the altered clay-Mate; 1 eonceh'e the total 
tbieknCSII must he about 6,000 fc-eL. J distinctly 
observed thRt not only the gypsum, bu~ the alt.ernat.illg 
l!3odstooe:!l and cooglomerntetl were iCD.3-IIilaped. and 
repe3tedly Ulinncd out and replaced each otber : tbWl 
in the distance of about a mile, a J...cd 300 feet thick of 
sandstone between two heW of ID1)sum, tbinned out to 
nothing amI disappeared. The lower part of thill ~ion 
diffeu remnrkably,_in the much h'Tellter diversity of 
ill mineralogical compollitiou,-in the abundance of 
calcareo~ matter,- ·in tbe greater OOOrfcness of IIOme 
of the conglomerate~,-alld in tho numerous particles 

01 The Comolete Worn of Charles Darw1l'1 Online 



510 SectiOll by the ClI1Jlbre Pass, 

and well rounded pebbles, sometimes of largo ~ize, of 
qunrtz,-from any other IleCtion hitherto described in 
Chile, From these peculiarities, and from the lens­
form of the .trata, it is probable that this b'fel\t pile of 
elrnt3 Wall 300uwulated on a shallow and very une\'en 
bottom, near some pte-existing lanel formed of \'srioull 
porphyries and (1IIIlrtz-rock, Tho formation of por­
phyritic Cl3Y-fltone conglomeratedOCll not in thia &ection 
nttain nearly ita ordinary thickne88; thi! may be partly 
attriblLted to tilC metamorphic action having been here 
much less energetic than usual, though the lower bed8 
hfl\'o been affected to a certain degree. If it had been 
81 energetic Ilt in most other parta of Chile, many of 
the bed! of sandstone and conglomerate, containing 
rounded ma~5eS of porphyry, would doubtl~ hal'o been 
converted into porphyritic conglomerat£>; and thC!e 
would have alternated with, and e\'en blended into, 
cl)'lltalline and porphyritic IItmta without a trace of 
mechanical siructure,-namely, into tholKl which, in tho 
prescnt atato of the !!e<ltion, we l!C(l nre unquestionably 
8ubmarinolavlUl. 

The beds or gypsum, togeUler witll the red alteruut­
ing Mndstones IlIld conglomerates, present lIO perfect 
anel curioUlLa resemblance with thOllC acen in our former 
~tion in the \:oal!in-I'alley of Yeso, that I ennnol doubt 
the identity of tho two formations: I may add, that a 
little westwnrd of the P. del Inca, a maatI of gyp!lum 
passed into 1\ fine-grained, bard, brown lI8ndlilone, which 
contained 10m£' layeTl\ of black, calcnreous, compact, 
ahnly rock, preci.sely like that 800n in Huch "nst masses 
on the Pe1lquenes range, 

Near ti,e IJucnte del Inca, nUmerOU8 fragments of 
limestone, containing 80me fOSllil remaim. wero llCattcred 
on the gro\iIld: thCl!e fragments so perfeclly resemblo 
the limestone of bed No.3, in which 18tl.w impressions 

• Thf., C, "'D~te or!< of Ch 



Nt:(}«(!1Jlia1tFossi/s. 511 

of thelll, that I ba\'e no doubt they have flllien from it. 
The yellow lDago~n limMone of bed Xo. 10. which 
alao includes ~ of ahelts. hat a different appearance. 
These foaiJ~ (at named by .11. d'Orbigny) consist of-

O"1PbM.. .... rIOG.('''UO'I(~_iftllro ..... tiOll). 
A ..... p"tb.JII.,. GdIw;ftU, d·OrbIg. '1'-.1. ~'''III<).'{SIlOtOlaiaD lor. 

""'tioa). 

Mr. Pentland made a collection of 'hellll from thi8 
IIluno ~Jl()t, nnd Von Buch I con.e.iden them WI collJ"isting 
of- . 

Tnjr",ia,.-",UiDgiaf<ll'lllT._.u.. 

~:,~~-:-,~~~Da~~::7~ 

Two of theiC ahelll, namely, the Gryphrea and 
Trigonia, appear to be identical with ~1)(lCiCl collected 
by ~leycn ami my;,elf on the Peuqll('n .... range; and in 
the opiniOIl of Von Buch and M. d'Orbi!.rtly, the t",·o 
formntirms belong to the "''1me ag'('. r must Ilero add. 
that J'rofl'!IliOr E. F orbe8, who ha-q elnmined Illy Bpeci­
Illl'ns from lhi~ plMe and from the PeulJueneft ronge. 
hal likewiFle a Ftrong impr(l!!~ion that they indicate the 
Cret.aceoll~ I)('riod, aud probably nil early epoeh in it: 
80 that nil the pa.lmontologi~ta who h:\,\e ICen thC!!f' 
fOll"i11 nearly ooincide in opinion regnrding their age. 
Tht' lim ..... tone. howe\'''''' with thl'110 foaliIJI IN-re li~ at 
the \'fry biI.III' ofthe formation, just ah(we the porphyritic 
conglomerate, and certainly &e\'eral thoulIUnd f~ lower 
in tho ~ri~, limn the cquh111ent, fOll!ili£crottl!, black, 
thaly rock! high lip on the Peuqucncl Tange. 

n is well worthy of remark that thOle shells, or at 
least thOllO of which I saw impression! in the limestone 
(bed No.3), must h;l.\·o been covered lip, 011 the ltaflt 
cOlDllutatioll, by 4,000 feet of itrnta: now we know 

, 'n.tript. Pb;ra. d. II .. eu: p. 47'. 
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from Profe8)r J::. Forbes'~ TelIeIU"Cbea. tbat the IiC8 at 
greatN df'pth!! than 600 feet beoolnel exceedingly 
bRrren of orRBnie beings.-a re~ult quitc in aceordanee 
with \\'llat little I have seen of deep-1lCll 8Ouudings. 
lience, aftcr I hi~ limestone with iu ,heUs WM deposited, 
the bottom of the gea where tile main line of the 
Cordillern. llOW stands, must have suhBidcd f!(Imc thou­
sand fed to allow of the depo~ition of the lupcrincllm­
bent ~ulllllarine strata. Without 8uppoaing n mo\'ement 

'of this kind, it would, moreover, be iml)Ossible to 
undent.nnd the accumulation of the Ikwernl IO~'er strata. 
of coarse, well-rounded conglomerates, whicb it is 
IICIlrccly poo;o.ible to be1ic\'e were spread Ollt in Ilrofoundly 
deep watu, and which, especially tlloll6 containing 
pebble!! of quartz, could banlly ha\'c bet-n rounded in 
submarine craun and afterwards ('jeded from them, as 
I lleHem to have been tIle ease with milch of the 
porphyritic conglomerate formation, I lUay add that, 
in Profesaor Forbes's opinion, the aoove-enumcrated 
~pcciCli of :Mollusca probably did not live at n much 
greater depth than twcnty fllthom~, thnt is only 120 
f~c 

To return to our section down the \'all('y: standing 
on Ole great N. by W. aDd S. by E. uDidiDal lI.Xis of 
the I)ucnle del luCll., of wbich a ..eclion hl\l just been 
" .. \'CD, and looking north-ca~t, great tabular masses of 
the gypseollK fonnation [K K] could be!leen in the 
(Ii~tallc(" vcry ~Iightly inclined towanlij the ea;;t. Lower 
down thc valley, the mOllut .. ,ius are ahUOlIt eJ:clUl!iveiy 
oompoll('(\ of porphyries, lllany of them of intnlSive 
origin and 1L0n-stratified, othcr~ stratified, but with the 
stratificntion seldom di~ting\li8Imbl(l exccpt iu the 
upper l)I\rt~. Disregarding local disturbanCe!!, the beds 
nrc either IlorizoDtal or inclined al n small angle (,Mt­
wanis: Iwuce, when standing on the Illaiu of lfijpalillta. 
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and looking to the welt or backwards, the Cordillera 
appear compo!«! of huge, Ilqluue, DC'Mly hOrUontal, 
tabulnr m!\!!i:lell: I!O wid£' a space, with slIch lofty moun­
tains I!O equably clevated, i~ rarely met with within the 
C()rdillem. In thi! line of I!eCtion, the inten-a! between 
thc Puente del Inca Rnd lhe neighbourhood of the 
Cumbre, includes aU tile clliefaxe8 of dilliocation. 

The altered clay-slate formation, already described, 
ill 8e('n in IM'wral parl.! of the valley as far down lUI Las 
Y:leas, underlying the l)Orphyritic oongiomerate. At 
the CnM de l)ujios [L], there i! a hummO(:k of (Inde­
sitic?) granite; !lnd the dmtificntion of tho surrounding 
mOUlllniu here chllIlget from W. byS. to SW. Agnin, 
near the n. Yarns there i~ a larger formation of (ande­
silk?) granite [M], which !lend! a llicall_lIo-ork of 'tins 
into the rupt·rillcumoc·nt clny ..... lat.e, and which locally 
thmw8 off tIl" ~trata, on one ~id(' to NW. and on lhe 
other to SE. hut not II.l a high angle: at the junction, 
the c1l1y-.. late i! altered inlo fine-grained greenstone. 
Thi! granitic axi., is intt·rtl('C.too by a green dikr, which 
I mention, beeau8(' [ do not remember having eliiewhere 
&ern dikll!! ill thiM lowest and latest intrUSl\'e rock. 
From ti,e It "!!,(:as to the plain of Uspallata., tllO "alley 
runM NE.,80 that I have lUld to contract' my section; 
it rUll8 exciu<in'ly through porphyritic rock~. At far 
as the Pn.,;s of Jaula, thtl ciay-rtone conglomtmte fonna­
lion, in mo~t parts Ilighly porphyritic, and croilSCd hy 
nUll1erous oik...'11 of gret'n~tone-porphyry. attaint a. great. 
thickne,;s: thN"C is alI!O much intru~h'e porphyry. From 
the hula to the pillin, the ~trll.tification hat been ill 
mOl1t places oblitemted, except near the top' of \lOme of 
the mountainM; ano tbe metamorphic action hIlS been 
extremely great. In this space, the number and hulk 
of the intrUllive!llaSS(l8 of differently colollred. porphyries, 
injected one into another and intersected by dikes, ill 
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truly extraordinary. I saw one mountain of whitish 
poTJlbyry, from Wllich two huge dikes, thinning out, 
branched oov'nw(U'tu into an adjoining blackish por­
phyry. Another hill of white porphyry, which had 
hunt through dark-coloured !tmta, was itself injected 
by a purple, brecciated, uud recemcntcd p<lrphyry, both 
being croSl!OO by II. green dike, and both having been 
uphc:wed and injtttcd by II granitic dome. One brick_ 
red porphyry, which above the Jnula forllls an illOlated 
maS8 in the midst of the porpllyritic conglomerate 
formation, nud lower down the \'nlley II magnificent. 
group of peaked mountains, cliffei'll remarknbly from 
all iboother porpllyries. It consists of n red ft>ldspnthio 
base, including !lOme mther large crystals of red feldspar, 
numerous large angular grains of quartz, and littlo bits 
of II 110ft green mineral answering in most of its charac­
ters to soap-stone. The crystals of red feld!pur resemble 
in external appearance tllOSC of orthite, thollgh, from 
being partially decomposed, I was unable to measure 
them; and they certainly are quite unlike tho variety, 
80 abundantly met with in almost all the other rocks or 
this line of sectiOll, and which, wherever 1 tried it, 
cleaved like albite. This brick-red porphyry appears 
to have burst through all the other porphyries, a.nd 
nllmeroUll red dike~ traversing the neighbouring mOlm­
tains ha,'" proceeded from it ; in !lOlUe few places, 
however, it was intersected by white dikes. FrOIll this 
posteriority of intrush'e origin,-from the close general 
resemblance between this red porphyry and tbe red 
gruuite of the l)ortiUo line, the only difference being 
that the feldspar here is IC8!l perfectly granular, and 
that IlOap-stone replaces tho mica, which is there im­
perfect and passes iuto chlorite,--and from the Portillo 
lino a little 80uthward of this point appearing to blend 
(according to Dr. Gillies) into the western rnnges,-I 
am strongly urged to belitwe (as formerly remarked) 
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that lhe grand mountain-m_ compolle(i of th!~ hrick­
red porptyry helong to the llame uis of illjl'Ction with 
the grnnite of the l'ortillo line: if 110, tho injection of 
thi. porphyry probably took place,3B long tmbMequently 
to the &e\'eml nJ:etI of ele\'alion in the gypeeoua fonna­
tiOIl near the Cumbre, 38 the injection of tho Portillo 
granito has bl'cn shown to ha\'e been 8ubsoqu('nt to tho 
e1omtioll of Ule gypseoUil strata composing tho Peu­
qUOlleti nmge; alld this interval, we Imre seen, must 
im\'e been n \'ery long one. 

The Plain of Uspallata bas been briefly d('fl('ribed 
in Chap. X'i it resembles the ~in-piaill~ of Chile; 
it i8 ten or fifteen miles wide, and llIl3.id to edend for 
180 milet northwanl; ita surface i.ll nearly 6,000 feet 
abo\-e thl' ""; it is oompoeed, to a thickot'81 of ",me 
bundred f{'<'t of 10000iy aggregated, atrntificd Ihingl!', 
whid. is I)rolonged with a genUy sloping 811rfl1('(' uptbe 
nlley! in the mountainB on both .idC1l. One section 
in this plain [Z] is intere~ting, from 1h(' unusual l cir­
cum,tan('(' of alternating layen of al mOl<t 100106 red and 
wl.ite IIlnd with lill f'!l of pebbles (from th!' 'i7 ... • of a nllt 
to that of nn npple), and beda of grovel, killg inclined 
at an angl,' of 45°, and in lOme itpOu even at a lligher 
angle. T h • ...e beds are di~located hy Imnll faulta: lind 
are caplX'd by " thick Illll!I~ or hori7,Ontnlly!!tratified 
gnwcl, ('ddently of aUOOquf'Ollij origin. lIa"ing been 
&ccUlltom •• 1 to oiJ>.,-·TTe the irregularities or beds IlCI:'U­
mulatoo under currenb, I fcc-I lUre that. the inclination 
bere ilfl .. ~ not been thUi produced. The pebbles con~ist 
cllicflyof the brick-red porphyry just dC8('ri\.Jed amI of 
white granite, both probably derived from tile mnges 
to the 'IIcst, and of allercd clny-tlato Ilnd of certllin 

I I thtd thlll Mr. ~",ith, of J....JftJlhili. h-.. ~Hd / ' Ediahv.rgh 
Nt. Phil. JeMlm.' rot DY. p..192)botUof_Dd"ndp~1. _r &liD· 
barab,tilt.,.tllt""uaI,fIl6O". uddilloeaudby ",,,,ilUtnramh ... 
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porllllyrie~, apparently belonging to the rocka of tlle 
l TspaUatAchain. This plain correspondB gt!Ogrnpllically 
with the Hilley of 'l'ennyan between the Portillo and 
l'euqul!netl ranges; but. in that valley thE' shingle, 
which likewise hu been derh-cd both from the eutero 
nnd western ranges, 11u been celnented into a hard con· 
glomerate, and has been throughout. tilted at a con· 
lIiderable inclination; the gra"el there apparently attains 
a mnch greater thickness. and il Ilrobably of higher 
antiqllity. 

1'1UJ UlJpallalh. Range.-Thtl road by the Villa 
Vicencio J)llI!Idoa not Itrikedirect.ly acrosatherange, hut. 
rung for lOme ICSf,"Ueti northward along its western base: 
aud [ mu~t brieRy describe the rock. here &eOn, before 
coutinning with the oolouredeast and west. section. At 
the moutll of the "alley of Cailota., and at. IOvernl 
pointIJ 1l0rthll;nrds, there i, lln e~tenlli\'e formation of a 
glOl!Sy ami harsh, and of a feldspathic clay.slate, inelnd­
ing strata of grnuwaeke, and Ilaving 1\ tortuolls, nearly 
vertical dea,'age, traversed by numerous metalliferous 
veins aud otbers of (Iuan:!:. The day-slate is in many 
parts C3llped by a thick ma.u of fragments or the IIIlme 
rook, firmly recemented ; and both togetJler have been 
injected and brokel) up hy "cry llllmerous hillooks, 
ranging north and !lOuth, of lilac, white, dark and 
IIIllmon--oo!.oured porphyrie,: one steep, now denuded, 
hillock of porphyry had ita face as distinctly imprt'l!iied 
with the angles or a fragmentary ma9f of the siate, with 
!lOme of the points still remaining embedded, as BCl\1iDg­
wa~ could be by a seal. At. the mouth of this IIIlme 
... -alley or Cafiot.a., in Il fiDe escarpment baviDg the atrnta 
dipping from 50" to 60" to the N"E.,I the eiaY..f!iate 
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formation is seeD to be covered by (lit). Ii pllrpleday­
stone porphyry resting unconformably in &orne JXlIU 
00 the IJOlid f!late, and in othen on a lhick fragmentary 
milA: (2nd), a conformable stratum of oompae~ blackish 
rock, l1a\' iog Ii spheroidal stntcture, full of miuute 
acicular crystals of glaS!ly feldspar, with red ~pou of 
oxide of iron: (3rd), a grca~ stratum of purplish-red 
daY-Atone porphyry, abounding with cryslal~ of opaque 
feldspar, nnd Inminatcd with thin, parallel, often short, 
layen, nnd likewi:>e with great irregular patches of 
wh.itt', earthy, IleUli-crystalline feldspar; this rock 
(which I noticed in other neigbbouring plaN's) per­
fectly rc,;f'mbles a curiOU$ mriety described at Port 
Des:ire, and occa.aionally oeCU.r1I in the great.))()rphyritie 
oonglomerate formation of Chile: (Hh). a thin ~tl1ltum 
of greenish-white, indurated tuff. fu~ihle and containing 
broken crystals nnd pariiclC3 of porpllyrit's: (5th), a 
grand mll~~, imperfectly columnar and divideo.l into 
three parallel lind closely joined strata, of crCllm­
coloured cllly~tone porphyry : (6th), 0. thick stratum of 
li lac-colourcd porphyry, which 1 could .co WIU callped 
by anothcr bed of the crcam-colollred vllricty: I was 

unable to examine tbe still higher parts of 'the escarp­
ment. These conformably strntifiec1 p<)rphyriCl', though 
none arc "ither H'sicular or amygdaloidnl, ha\'e c\'i ­
dcntly flowed as I!ubmarine lan\!: &orne of them are 
IJeI)(\ruu'd from each other by l!C!Ilru, of indurated tuff, 
which, howe\'er, are quite insignificant in thickness 
compared with the porphyriC!!. This whole pile 
rCllcmbles, b\lt not ,,~ry closely, &orne of the les~ 

brecciated parl.!! of the great porphyritic conglomcrate 
formation of Chile; bllt it doe~ not prohobly belOllg to 
tbe same age, as the porphyries here rC8~ unconformahly 
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on the altered feldipBthie cIay-sIate, when'ftJI the por­
phyritic conglomerate formation alternate. with and 
~8U conformably on it. These porpllyriet!, moreover, 
with the exception of the one blackish stratum, and of 
tho one iudurated, white tufaccous bed, diller from the 
1)L'(I~ composiug the l'~pn.llata rauge in the line of the 
nUa "icpueio Pasa. 

I will no"'" gil"e, fint., a akeU:h of tbe atrueture of the 
ruDge, lUI repre..ented in the coloured sectivn, and will 
tllt'll dellCrioo its oompolition and interellting history. 
At it~ western foot, a hillock [N] is ~n to rille out of 
the I)lain, with its strata dipping at iO° to tile west, 
front(.<d by strata [0] inclined at 450 to the eaat, thus 
forllling a little norUl and 8~lUUl anticlinal uU!. Some 
otllt'r little hillocks of similar composition, with their 
IItrntn highly inclined, range NE. amI SW. t obliquely 
to the main l'spRllata line. The caUII(l of these dislo­
eations, which, though on n small scale, hll.l"e bo'Cu vio­
lent and complicllte<l, is seen to lie in hummock~ of 
lilac, purple and red porphyries, which l\n\"e ~n iu­
jeded in a liquefied $tato through and into the under­
lying clay-slate formation. Several dikes were exposed 
here, but. in no other vart, that [saw of thi~ range. 
A, the strata OOllJlj"t of hlaek, white, greenitih. and 
brown coloured roc~, and as the intrWJi.'"e J)()rphyrietl 
are 10 brightly tinted, n most extraordinary view was 
pre>ICnted, like a coloured geological drawing. On the 
gently inclined main western sloPl' [P P]. abo,'o tilt) 
little anticlinal ridge>ljuBt mentioned, the strata dip at 
an avemge angle of 25° to tbe west; the inclination in 
HOm,· placC>l bciugonly 10", in lOme few others as much 
3845". The rn.as.;e,j havinglbef!e different inclinations, 
arc ~parated from each other by p:1rallel vertical faults 
[a. represented at PaJ. often giving rise to acpnmte, 
p."lralleJ, unicl..lOal ridges. TIle stulllui~ of the main 
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mnge iB lJroad and undulatory, with the stratification 
undulatory and irreg1.Llar: in a few pl3CCII granitic and 
porphyritic 1JlIl8OO!l [Q] protrude, wbich, from the small 
effect they ba\'o locally produced in deranging the 
strata, probably fonn the upper points of a regular, 
great \mderlying dome. ThCflC denuded granitic points, 
1 e1!timated at about 9,000 feet in heig.ht abo\'e the 1iC8. , 

On the ('astcrn slope, the strata in the upper part are 
regularly inclined at about 25' to the cast, 80 t.hat the 
sUUlmit of thill chain, neglecting slDllll irregularities, 
fOnllll a brand anticlinal axi', Lower down, howo\'er, 
noor LOI IlomillO!! [R], thereil a well-marked synclinal 
axis., beyoud which the ilrala lU'e inclined at nearly the 
lame angle, TUlIDf'ly froID 20" to 30", inwarde or weM.­
ward, Owing t..) the amount of denudation which this 
chain iJa.o ~uffcred, the outline of the genUy inclined 
eaat.crn Hank scarcely offers the ~lighte.ot indicatioD of 
thit 8yDclinai axi~, The stratified b...'(I~, which we have 
hitherto followed across the range, a litllc farther down 
are seen to lie, I believe unconfonnahly, on a broad 
mountainous band of clay-~lato nnd grauwacke. The 
.trata and lnminoo of this latter formation, on the ex­
treme CMtern flank, are generally nea:rly vertical; 
further iuwanls they become inclinod from 45° to 80· 
w the west: ncar Yilla ncencio [8] there is apparently 
an anticlinal axis, hut the structure of thia outer part 
of tho clay..;Jlate formation is 80 ol..cure, that I hn\'e not 
marked the pbnCIL of ~tratifiC8tion in th\lo coloured sec.­
tion, On the margin of the Pampa.s, .alOe low, much 
dislocated lipun of this snme forlUation, projoot in a 
nortlL-<'aiwrly lint', in tbe !lame ol!lique mllDner as do 
the ridges on the western foot, and as ia 80 frequently 
the callO with those at the base of the main Cordillera, 

I will now dC!leribe the nature of the beds, begin. 
ning at t,\e bn.se on the eattem sidc.F'int, for the 
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clay-alntc formation: the ~law i~ genemlly hard aud 
hluiah, with the lamin:e coated by minute micncroU!! 
Beales; it alternate;! many timl.'!! with n eoon!('-gmined, 
greenbh grauwacke, containing roundt-d frngm"ut~ of 
(Iunrh: and bit. of alate in n slighlly calcareous bw!is. 
The .late in tho upper part gcncrnlly becOIDf.'!! purplisb, 
and tile cleavage BO irregular tlmt IiII.' whole consists 
of lIIore eplintcrs. Trans\"crse veins of quartz are 
nllmerou~. At th(' Calera, some leagues distant, there 
i~ a dark crystalline limestone, apparenUy indudtod in 
thi8 formation. With tile exception of the gmuwacke 
being here more abundant, and the clay--alate lea altered, 
thia formaLion clOllely resemblea that unconformably 
underlying the porphyries at the western foot of tbi!! 
~lIme range j and likewise that alternating with the 
porphyritic conglomerate in the main Cordillern. This 
formation is a considerable one, nnd e:Jtends I!e\'eral 
leagues BOuthward to near Uend07~1.: the mountains 
composed of it rise to a height of aoout 2,000 feet 
aoovo I he edge of the l)ampas, or noout. 7,000 feet 
noovo the sea.' 

Secondly: the most ueual Led on the claY-I!late is 
n 00II.111(>, white, slightly calcarooUJI conglomerate, of no 
great. tbiekneas, including brokl'n cry~talJJ of feldspar, 
groins of quartz, and numerollJl pebbles or brecciated 
claY-41tone porphyry, but without allY pebble!' of the 
underlying claY-l!lnte. I nowhere laW the actunl junc­
tion between this bed and the clay-tlate, though 1 spent 
a whole day in endearouring todiscorer their relation!. 
In !lOme places [ distinctly saw tho white conglomerate 
and ov{'rlying beds inclined at from 250 to 300 to the 
west, nnd at the bottom of the ~ame mountain, the 
clny..gJate and gtnuw:1ckeinclined to the same point, but 

, I iftf~r!.hi. f""" u.. beigbt of \'. ', ....... io, which YU .-ru.i"..J. 
by llr.lIi ... to b.6.328 f.abo ... tlM_. 
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at. "n angle from 70" to 80": in one instance, the clay­
alate dipped not only at " different angle, but to a 
diff\::rent point from tbe o\·crlying formation. In these 
CIl!IU the two fonnations certainly appeared quite un­
conformable : moreover, I found in the c1ay-slate one 
I.-reat, verlical, dike-like fissure, filled up witb an in­
durated whitiah tuff, quite similar to !lOme of Ule upper 
beds prcsclltly to be described ; anel this allOWS that the 
clay-sl .... te must have bcc.ucollsolielatcd and dislocated 
befoTe their depositiou. On the other Imnd, the strati­
fication of the alate and grnuwacke,1 in !IOmo eases gUl­
dually and entirely disappeared in approaching the 
overlyin~ white couglomerate; in othl'T 1'8!le!! the 
stratification of the two formation. \x>cnmf' I!trictlycon_ 
formable; and again in other C8SC!1, tbN"C 111m some 
tolell!.hly well charnctcri.,.oo c1ay-slat<> lying abo,·e the 
conglomerate. The mo,t probable eOllelll~ion appcZ\rs 
to he, that nfter the clay-slate formation had been dis­
located and ti lted, hut whilst under tbtl 800, a frC!!iI and 
more r~llt del)O>lition of clay-!!late took place, 011 which 
the while conglomerate was coufortJll\bly deposited, with 
herl' and thl'f(' a thin intercalated hed of e1aY-Blate. On 
thiB vil'w the white conglomeratCli and tlw presently to 
be dei!Cribed hlff_ and !a,·ftS arc really unconformable 
to the 1I111in pl\rt of the clay-slatc; and thi~.lllIwe have 
lICt'n,ecrtainlyisthl'casewitb theclnY-l!tone lavas in the 
,·alley of ('nflOla, nt the we.;tcrn and opp6I!ite ba..e of 
the mngt'. 

Thirdly: on the white conglomcrate, strata se,·cral 
huudred feet in thiel>lCl!!! Rre Buperilllpoi!ed, varying 

aw:.,;,!i :'m'::. ~i~~:~t1:1 ;:'~::~{u::'''It::~':~A':J:~A;~~{! 
."dtl .. ""lunolthu",beddf'dorgan;"n::"'.AiD ... b·""I".,...ur.,Dd,,,,,,,, 
thot tht "0010 b ... """0 • d~p.""tu depoll!. Wb._ M~O tbe """0-

~~~~:~!'~::6El~:;~~::r::!~ 
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much in nature in short distancetl: the commonest 
,-arit-ty is a wbite, much indurnted tuff, IIOmetimes 
lilightly calcarcoUl!, with ferruginous sl)Ots and waler-
1ille~, often p8S!<ing into whitiBb or purpli_h compact, 
fine-gmined grit or ISDnd.;toOetl; other '"arieties become 
semi-I)Oreellanic, and tinted faint green or blue ; othen 
})'188 into aI\ indurated shale: lllOilt of lhC8C varieties 
nroen..ilyfm,.iblc. 

Fou rthly : 11 bed, about 100 feet thick, of a compact, 
partially COhlln113.r, pale-gray, fcldsllnlhie la\'", stained 
w:th iron, including very DlllnerOllA crysta18 of opaque 
fehl~l)8r, nnd with some crystallised aud di_minated 
calcareous matter. The tnfaceou. etrntum on wllich 
t1lie fdd!<p6thic Ian reats is much hardened,lItained 
purple, and hal a IIpherioo-ooncretionary structure; 
it llere contains a good many pebbles of clay-stone 
porphyry_ 

Fifthly: thin bed!, 400 feet in thicknCIIS, varying 
lllllCh in nature, cOlllli8t.ing of white and ferruginouM 
tu!T$, in !lOme parts having a concretionary structure, ill 
others containing- rounded grains and n few pebbles of 
quartz j also passing into lIard gritslOnei and into 
gl"Ol'nidl mudstones : there is., also, lIluch of a bluish­
gray and green semi-porceilanic stone. 

Si:a:thly: a ,"olcunic stratum, 250 feet ill thicknCll8, 
or 10 varying a nature that I do not believe a. !!COre of 
Ipeeinl('1111 would show all the ,1Lrieties j much ill highly 
amygdaloidal, much compact; there nre greenish, 
hhtkiah, l)Urpli~h, and gray \-:lrieties, rare ly including 
cry.-<tals of green augite and minute acicular ones of 
fdd~l)llf, but oftcn crystals and amygdaloidal mallllCll of 
white, red, nnd black carbonate of limc. Some of the 
blackiah \'!uieties of this rock luwe a conchoidal fmcture 
and rCI:ICmble tlMait; otbeT!l lla"!' an irregular frncture_ 
SoI110 of the gru.y and purpli..h ,"arietiel are thickly 
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apeckled with gr~n earth and with white cry~talJine 
carbonate of lime; others are largelyamygdllloidal with 
green earth aDd calcareo~ spar. Ab'1'lin, other earthy 
\arietil.'II, of b-reeui,:h, purplish and gn,y tinti!-, contain 
much irun,lInd are Illm()l;t haIr compoioOO of umygdaloid.&l 
ball, of dark brovm bole, of a whili~h indurated feld&­
pathic matter, of bright green earUl, of ngllte, lind of 
black aDd whitecrYijlallised carbonate~oflime. All thei16 
\'arietiCll nrc L"II.:;ily futiiblc. Yiewetl froID a distunee. 
the line of junction with the lmdcrlying aemi-porcel_ 
lanic straUi was distinct; but when e:l3minoo c1011Cly, 
it was iml)()ll;ible to point out within a foot where the 
ta\-a ended nnd where the l\edim"ntary IIUll11i bt. ... "lIn: tile 
ruck at the time of junction " .. as in mOat placea Iuu'd, of 
a bright grL't:n colour, and aboundt:d with irregular 
amygdaloidal 1l\.3l;lW;l of fcrruginoUl nDd pure calcareoull 
&)3.r, I\ud of agnte. 

Rerenthly: ~trata, eighty fott in thickneM, of yuriou.s 
indurated tu!T~.1l.8 before; many ufthe \llril'tie~ have a 
fine basis including rather COIln!C cxlronoous particles; 
some of tlwm are compact aud ICllli-llOfcdlllnic, and 
include \l'b,\:tnbltl iDlpfe ... io'I~. 

Eighthly: a ".>d, about fifty fl'Ct thick, uf groollish­
gray, compllCt, fcldopathic lam, with num"rOIlI! J,mall 
cf)'llal!! of upa<\M fl!ldspar, black aUJ.;'ite, and oxide of 
iron_ The junction with the bed un which it rested, 
\1'&1 ill dl!finl..}; bath and m!l3liel of the fddspathic 
rock being tuclolltld in much altered tuff. 

Ninthl)': indurated tuffs, ll.8lx!fore. 
Teulhly: II. conformable lay(.'r, 1(.'1iB than two foot 

in thickueu, of I)iteh~toue, b"t::nenlU)' broceialed, lind 
trll\'er800 by "dus of agate and of cnroonllte of lime: 
paru ure cOlllpoo!C<l of apparently concretionary frag­
ID('OU of a morc perfect variety, arranged ill horironlal 
linea in a 1_ perfectly ehamCt.erill€(l \·ariety. J ha\-c 
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much difficulty in belie\ing tlmt this thin layer of 
pitchlStonc 80 ..... 00 as lanl. 

Ele\"enthly: lSedimeutary and tufnceoU!! beds as 
before. pl~ing into I!3.nd~tone, including solUe con. 
glomerate: the pebbles in the latte r are of clay-stono 
porphyry, well rotmded, and I!Ome as large liS cricket-­
balls. 

Twelfthly: a bed of compact, sonorous, fcld~pathic 
lam, like that of bed Xo. 8, dil"ided bynumerou8 joints 
inw large angular blocks. 

1'hirtccnthly: sedimentary beds as before. Four. 
teenthly: n thick bed of greeni!h or gmyish black, 
compact basalt, (fusing into a black enamel) with !maU 
c rystals, occasionally dilllinguishable, of feldspar and 
augite: the junction ..... ith the underlying .alimentary 
bed, differently from that in ID08t of the foregoing 
Iitrenms, here ..... a!lqllitedistinct :-the lal1\ :lIld tufacoous 
matter preserving their perfect charnctcnl within two 
inches of eacb other. This rock clollely resembles 
certain parh of that varied and 8ingular Java-stream 
No. G; it likewise re,;emble~, as we ehall immediately 
see, IUany of the great upper bedil on the \\·eatern Hank 
and on tho summit of this range. 

The pile of strahl here descriLed attains D great 
thickness; Dud llbol·e the last,..mentioncd volcanic stra­
tum, there were !lC1·eral other l:,',.ent tilfilCOOUS beds 
altenlltting with submarine lnvas, which I had not time 
to cxanline; but a corresponding lleries, aeveral UlOU­
IItIlid feet ill thickness, is well ~l:hibited Oil the crest 
and WCfitenl flank of the rallge. :MOIlt of thc lal·a-. 
atreruns Oil the western side are of a jct.black colour 
nnd i.lI.l8.1lt ic nature; they are either camp/let an(l 
fine-grnincd, including minute crystals of augite nnd 
fcldsp.1r, or they lire coarse-graiucd and nbound wilh 
mtiler large coppery-brown cry~t.1l8 of an augitic mine--
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mI.l Another \"adety was of 110 dull-red colour, haling 
a dny-stone breccinted basis, including ~pecks of oxide 
of iron alld or cnlcareoUll !>par, and nmygdaloidal with 
gi"et!n enrth: there" were apparenlly 1Ie\'ernl other 
,·arietie~. Tbese submarine lavas often exllibit a Bilhe­
roidnl , nnd iIOmetimca an imperfect columnar ttnlctnrc: 
their tipper jllnction~ are milch more clenrly defined 
thnn Uleir lower junctions; bu~ the latter nrc not so 
mudl blended into the underlying ~cdimentary beJs as 
ig the eate in the eastern flank . On the crClt nnd west­
ern flank of the range, the streams, \icwed tl!I a wllole, 
are mo~tly basaltic; whibt thol!e on the ClUtern .ride, 
which slnnd lower in the llerie!, are, WI "'6 hav6 _n, 
mOl!t\y fcldspathic. 

The lledimcnlary strata alternating with the lavas 
on the cre8t and we!'tem side, are of an nlmOl!Ot infinitl'iy 
"nrying n:l.ture ; but a large proportion of them cll)l;ely 
rescmllie tho~ already de!ICribed on the erutern flank : 
t1lere arc while and brown, indurnt('(i, eaBily fusible 
tulfLl,-some pa&!ing into pale blue and grC('n lIemi_ 
porcellanic rocks,,, ·others into browlli~h and purplhh 
sandstonCl:! ami grlt»lones, often including grains of 
(Iuartl:,-other~ into muli:<toDc containing brok('n cry~­
tali and partides of rock, and oecru<ionnlly single large 
pebhlCl', 'l'h"re was one stratum of a bright red, coa.riIC, 
volcanic gTit..lltone; another of oouglomernte; another 
of a black, in,lun!.ted, carbonaceous shale IlUlrked with 
imperfect vegetable impressions; this hitter bed, ..... hich 
wna thin, rested on a. submarine lava, Ilnd followed aU 
the oon~ idcrahle inequ.,1itiCl of its tipper 8urlllCC. lolr. 
1I1icril slaws that coal has been fotmd in this rangc. 
L.1St.ly, there was a bed (like No, 10 on the en~tern flank) 
(n-idcntiy of sedimentary origin, and reml'ukablo from 

I\'c'1_i1,.rlllibleintoajethhw:kt..d,aUtactt.!L,.lb,laajpIoOt: 
lb, uyRab .... 100 "'..,}, t.an>itJ>od to be ........ red b,. the .... i .... etc •. 
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clOllCly npprooching in cbaractl:'r to an impl'rfec:t pikh. 
@tone,and from including extremdy thin layers of perfect 
pitchstone, M well II!I nodule. nnd irreglllar fragments 
(but not re-cmbling extraneous frngroentA) of this same 
rock arranged iiI horizontnllines: I coneeil'e that this 
bed, which is only a few f~'et. in thickne><", mlL«t IIa\'e 
I\8I!lImed iLll present state througll metamorphic and 
concretionary IIction. Most of these lICdiment.1rY strata. 
are mudl indllN\ted, and 110 doubt luwo been partially 
metltmorphosed: many of them I1ro extraordinarily 
helwy lind compact; others hal'e ngnto nnd crystalline 
carbonate of lime disseminated throughout them. 
Some of the beds exhibit a singular concretionary ar. 
rftngement, with the clln'es dctermined hy tile lines of 
fi88ure. TIlere are many I'cins or ngnte and calcareous 
tpar, Rnd innumerable ones of iron and other metals, 
which h3\'o blackened and curiou@lynffected the stmta 
to considenlblo diriances on both sides. 

]\[uoy of th~ tufaceous beda rC'~e !l\ble, with tile 
exception of being more indurated, tho upper beds of 
the ~ ... ent Pat.1goninn Tertiary formation, especially 
thoee \'l1riou81y coloured layen high up the ril'er Sauta 
Crlll., lind in a remarkable dC'gree tho tllfaOOOu8 forma· 
lion Ilt. tho northern cnd of ChilO('. I WM I!O milch 
&truck with this reeemblanco, that I pnrtieulnrly looked 
out for ~ iHcified wood, and found it under the following 
extrMniinary circumstance;t, High up 011 thi8 western 
flank,! at a beight eiltimated at 7,000 feet above the 
fIOIl, in a broken escarpment of thin slrata, comfKl8Cd of 

, }'or th' information of' t"1 {utllN t ... ~ell .r, 1 will d_ribe th6 
.pot in tlcuil. ~ing lO\rt""rd fl'Om tho AgM d~l Zorm, and 
"fu,MrI\Nt l'Il,;~g OIl tho north lide of the f'Md . ... ""ho Rtt-,cb"l to 
""".,.ldIr01d-m ,n",J1>UI""'"thmugh"lf\Illywithlowbut l_p""'t.o 
OtltlUthhnd, th • ....dth.nb.nd.,."dtho .aeentbtoxom"' . teeper. A 
f.wh~nd""" Ylrd. fartb ... on, a l1<>li.'. th""" on lM_th.idl Qfth" 
roo.d,tb ... bitec,I<aJ'lOllIltll"'l'"m&ybt _ lI. Th • • poti • • bouthaIC 
,,,,il._eofthtAgnadelZo...,. 

s:l TheCO<l'Dlete 'Iorkofl;h ..... . -III',Nfl';' ~ 



____ U-''P'--n-''ff'---ht Silicified Trees. ~ 
compact green griutone passing into a fine mIlJ~tone, 
and nht'mating ""ilh layc", of COIlIlWr, brownish, wry 
heavy mudlltone including broken eTyi>tal.s aod pnrticlcII 
of rock almost blend<!d together, [ counted the BtuIDpS 
of fifty-two trees. 'I'hey projected between two and 
6\'0 feet. abo\·c the b'1'ound, and Btood at clncUy rig:ht 
Bngle!! to the stmta, which were here inclined at. au 
angle of about 250 to tbe Weill. Elc\"en of theee trees 
'll'er6 lilici6ed and well Pre!M'T\'OO; lilr. R. Brollloll has 
been 10 kind as to examine the wood wilen .sliced and 
poliBhed j he !lilY' it is conifcfOtl!, partaking of the 
characters of th(' Arnucnrian tribe, with lOme curious 
point. of affinity with the Yew. The bnrk round the 
tmob must IIM"C been circumrly furrowl'd with irregu_ 
lar line!', for the murbtone round them i. thul plainly 
mnrked. One cast con~iBted of dark arb..jll.ac,~){" lime­
Itone; alld forty of Ihem of COIll1lf'ly crystDllillUd car­
bonate of lime. with eayitil'll lined by quartz crybU\I~ : 

thlll!e latter wldte ClllcarOOIl' oolumn~ do not. reta in nny 
internal stn!ctul'(', hut. their external fo rm plainly show8 
tlleir origin. All the stnmps haye nearly the II/une 
diameter, "arying from one foot. to eightef'1l inclu'S; 
IIOffie of them stand within a yard of I,'9.ch other; thl'Y 
are grouped in a clump witbin a space of about aixty 
yard~ aerOll!, with a few ICIlttered round at. till' di~t.o.nce 
of 150 yards. They all ~tand at about the !lame le,'el. 
The longest. stump stood IlCvcn feet out of the ground : 
the rootli, if they are still preserved, are buriod and 
concealed. No one layer of the mudstone nppeared 
milch darker than the othen, 9JI if it. had former ly ex­
isted lUI iIOil, nor could this be expected, for the s,"lme 
agcnu which replaced '\I';th silex and lime tlle wood of 
tho trOOll, would natumlly have removed all "egt'table 
mntter from the !!Oil. Besides the fifty-two upright 
t rees, there were a few fragments, like broken brnncllCs, 

t The ComDlete 1 of Charles Darwlrl Or ' '" 



5~8 Set/iolt oj the Uspallata Ral'ge, rAn 0, 

horizontally embedded, The tnrrounding !lrnta are 
crossed by veins of carbonate of lime, agate, and oxide 
of iron; and n poor gold vein haa been worked not far 
fromtlletree.o, 

The green nod brown mudstone beds including the 
treet!, are conformably oon~red by much indunlted, 
compact, wllite or fcrruginOlI$ tuffs, which 1)..1"3 upwards 
into a fine-grained, purpli~h sedimentary rock: these 
atrnta, which, togctller, are from 400 to 600 feet in 
thickness, rctt on I!. thick bed of submarine.lava, and 
are conformably covered by flnother great ma&il of fine­
gmlned bwialt,l which I estim.s.ted at 1,000 feet in thick· 
ness, and which probably has been formed by more than 
one stream, Aho"e this masa I oould clearly distill. 
guish five conformable alternations, each tlel'eral hun_ 
dred feet in thickuess, of stratified sediment.:lry rocks 
and lavas., such at bave been previOllllly described, 
Certainly the upright treea hove been buried under 
~:wernl thouSDnd feet in thieknell8 of matter, nccnmu­
Inted under tl16 f!Cll" As the trees obviollBly Illust once 
hlll'e grown on dry land, what an enormou! nmount of 
8ubaidence ill tlma indicated! Xevertheless, had it not 
been for the t~ there wag no alll)C8rance which .... ·ould 
hnve led anyone el-en to hove oonjootured that th_ 
stmta Ilnd 8ubl!:ided_ A~ the lond, moreover, on which 
the trCCII grew, ift forme<\ of 8ubaquCOug deposits, of 
nearly if not quite equal thickness with the Buperin­
ewnbent strnta, and III thCilC deposits nre regularly 
8trntified and finc-grninoo, nollike the matter thrown 
up on a sea-beach, a previou8 upward movj!Jnent, aided 

'Thi."""kll<luitllLlAek,andtu..into .. blil.c:kl~,attl'&Cled 
ot,.""rlybyu..n:oaret:itb_ko .. ithaeooehoidalfrA.<:tu",:th.in­
eh.df<iuyao.!.ot·acit ..... d~;.tu.bl. bythen&Udtye.but .... 
Dotpc.t«tOlOOUlhtot..meanred:~ ........... Ymiout.eacicu.l ... 
crYlw.ofgluoyleld.pu. 
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110 doubt by the great accumulation of laval! and .ooi­
ment, is also indicated.1 

In nearl, the middlc of the range, there are IIOme 
hills [Q], before alluded to, formed of a kind of granite 
externally rC8embling IllIdaite, nnd oonEisting of a 
white, imperfectl, granular, feldspath ic bagjs, including 
some perf~t. crystal, apparently of albite (but r was 
unable to measure them), much black mica, epidote in 
vcins, and ,"cry little or no quaru. Numerous small 
"cins bnmch from this rock into the surroumHllg 
Htrata : and it is a singular fact that theRe vein~, tbough 
compo&ed of the same kind of feld~porand smalll!e1\le, 
of mica as in the solid rock. abound with innumerable 
minute rO"IJII(l«lgmins of qU:l.ru: in the veins or dikes 
"Iso, branching from the great granitic ilXis in tlu:! p<'n­
inguiaof l'res )Ionte9, I obilerved that.C]uartzwWl more 
abundant in them than in the maio rock: I ha\"e heart! 
of other nnalogouil caiCi: c:an we nCC<)ont for tbis fact, 
by the long-continued \'ieinity of quartzt when cooling, 

I At tint I im~glned. tbat t.b~ lima with t~ t.- "'igbt lulu '-n 
1teII1D"'1ll,'<I"'~IaU:blltth"",,'~highl,., .. ~;! .... ,~t, .. 

~::Pba~·=':7r~~~~"':":i!':u~~ 
:~"::~~=~~ ... -::~=;;':" nl':J~lh-:::::~~":: 
two rLo .. n..-.-rily bo("m the ~o"""tiOJl of lh& t:.""U.t" ""nge. 
IU1dlhu.!""'ODth.marginorthe,.nd.lu.I .... T"'n .. efLb.j'...,~! 
lleDnll."".d..Je.lbatll;.luftlll~ly_rn.ob.U.thatthotlt..wo. 
...... OOCC1l .. w.t«!"..de.lh._: th • ....taa.r.llhtordelllldatio,a._ ... 

E~7,~~t:~~'1~g~:¥=o~r~~ 
~~.;:~~~£~!~~rt;~~: ~~:~.;::r~~!re 
;:;~~=:1th:':~Lt~:-.=!irig..i ='!:i: i.'::'~!i 
~:..5h!.;.~~~~~ti:"J::'I~~~:~ft::;· !i~ 
r"""'IAnd.oc~_I«te<Joo.·n"tU'et.ft ..... tinguprlibt.",,"'ngtQlht1.I'WI. 
boillglo-declwillt..nh. 

·See,,~~.byll.FJi.d.Il.UIDOI1I.'Soe.J'hilcmath.·lI.y,ln\l 
('L'I"'titn!: lsall.r.llll). 
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:md by its h:ning been thll& more elsily lucked into 
fis.;ul"C!l than thc other comtitucnt millcrah of g-ranite. 
The slrata ellea:.illg thc flank. of these granitic or 
andcsitic rna ..... , and forming n thick eap on one of 
their !:'lImmil<, appear originally to ha\·e been of the 
same tufaeeous nature with the IJCds already dl'llCribed. 
but tbey are now changed into poreellanic, jll!'pery, and 
cry~talline rocb, und into others of a wllite colour with 
a IJaNh textUfl', Hnd haling n siliC<'ous aspect, though 
really of n fchI~l)athie nature and fUl!ible. Doth the 
gmllitie illtru~h·e lua.;;.se;] nnd the encasing strata are 
penetrated by innumerable metallic H!ins, mOfltiy fcrro· 
giDOUS and auriferous, but lOme containing copper­
l)yrit.eB and n few silver: near the veins, tbe rocks are 
blackened IU if lliasted by guupowd('r. The strata nrc 
only slightly dislocated clo&<' round tIle&<' hil1!lo nnd 
hence, pcrilnp;', it mly be inferred that the gran.itie 
lUasses form only the projecting points of 0. broad 
continuous lUis-dome, which haa given to the upper 
parta of this range its anticlinal ~truet,ure. 

Conclu.di'llfJ Remarks on ilUJ UspaUata Ran[J~.-I 
will not attempt to estimate the total thickneu of the 
pile of strata. forming thi, range, but it mllSt amount 
to many lilottsand f ... "(:t. The 8I'dimentary and tufa.ccoug 
bed, have throughout a general eimilarity, though with 
infinite yariationq • TIle 8ubmarine lama in the 101l'er 
part of the eerie! nre lllo~t1y felcl3pnthie, whilst in tlte 
upper part10n th<' summit and western flank, they are 
mo,t1y basaltic. WI.' are titus reminded of the relnti"e 
po~ition in mo,t ct."Cent \·olclnic di.J;tricls of the trachy­
tic and basaltie laYIU,-the latter from their greater 
wcight llll.ying ~llllk to n lower level ill the earth's 
cru~t, and haring coll>cquently bet·n erupted at a later 
period oycr the lightcr and ul)jlCr lavas of the trnchytie 
li<.:rie..' .Both the bn.roltic and fcld~pathic ~ublUnrine 

·~onthi .... bjlC!{.Chapttr\"1. 
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atre:J,ffiS ere ,"ery oomp:1cl j none being vesicuL"lr, nnd 
only n. few amygdaloidal: the effecu which IIOme of 
thrm, ClOpccially tho!le low in the .series, have produced 
on the tufaeeous beds over which they have flowed ill 
llighly curiOIlS. Independently of this loclIl meta· 
morphic action, all the strata undoubtedly di!play an 
indurated and altC'roo character j and all the rocks of 
this range-the 1:I.\"ns, the alternating sediments, the 
intru~i\"e granite and porphyries, and the underlying 
c1ay-.late-are iul.<'nected by rnetalliferoua veint. The 
lal"lHtrnta ~ll often he IJ('('U extending for great dis­
bncc~, conformably with the nuder. lind o\"er-Iying" 
bed3 j lind it was ob\ioll~ that they thickened toward.'! 
the Wl·St. Hence the pointt of erHption ffilL4 hn\"(' been 
IlituateJ we.<tW'lU'd of the prellt:nt rangf'. in the direction 
of the m."lill Cordillera: a~, howe"cr, the flnnks of the 
Cordillera are entirely oolll~l of '"lIriou. JlOrphyries., 
chiefly clayijtone nncl gn"<'lutone, IJOme intnl>'in', and 
OtlU.'Ol belonging to the J)()rphyritic conglolll(>rnoo for­
mlltion, but aU quite unlike these tlubmarine la\"a­
,tre:\m" we IlllL~ in all Jlrobnbility look to the plain of 
Ufpallata for the 1I0W dC<'ply buried poinu of eruption. 

COIl)llaring Ollr seetion of the I;"pallata mngu with 
thnt of tIlt' Cuml're, we 1IIt'e, with the exception of lhe 
lInderJ)"ing dnY-l!lale, and perhnp;> of the intru~i\"e rockll 
of tl,e Il1:CI', n striking dilil'imilarity in the strata COIll­
I~in" tlwlD. The great porphyritic oonglomcmte 
fonnlltiOIl has not utendpd 118 far liS this mnl.'Oj nor 
ha\"e W6 here allY of the gypBCOus strata, the lnab'lle~iall 
and other liwbtonCf', the red I'.1mMolle!, the ~ilioeoIL~ 
IINI, with pebbl~ of quartz, and compnrath'ely little of 
the conglomernte,., :.11 of which form lIuch \"lIiIt IllIUlile!l 

O\'cr tho bMal scri<'l in the main Cordillern. On the 
other hand, in the Cordillcrn, wedo Dot find those end­
ICIII mrietics of indurnled tufT .• , with their uuwerOllil 
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veinl Ilnd concretionary Rrrnngement, and thollC grit 
and mud 6t(lnet!, and ~illgular semi-porcellallic rocks. 
III) abundant in the l'l-pn.l!nta muge. The ~ubmnrine 
lavas, alw, differ considerably; the feldspatbic .treams 
(If the (;(.rdillern contain much mica, which i~ absent in 
those of the Cspnllatll range: in this latter nmgu we 
have IleCU on how grand, a t'Cnle, basaltic lam has been 
poured fortll, of which thpre is not II truce in the 
CllrdilJera. Tl1is dis..imil/Uity is the Illorc striking, 
conl:Cidering that thCl!e two parallel chaius are Iil.'JXlrated 
by a plain only between ten aud fiftei'll miles ill width; 
and that tile Uspullata lavall, as well as no doub~ tho 
alternating tufacoous beds, ha\-e proceeded from the 
we;!t, fmm pointt apparently between lhe two rangt'!!o 
To imagine that these two piles of strata were con­
tempornncously deposited in two closely adjoinillt:", IWy 
dec]l, 8ubmarine areas, tlCpnrated from ('nch other by 
a lolly ridge, ",hero a plain 110"· extenm, would be a 
gratuitous hypothe!i~. And had thcy been contcmpo­
Tanoously dcposill.'(l, without allY sllch dhiding ridge, 
surely lOme of the gypSOOU8 and other sedimentary 
matter forming Iuch immcnsely thick 11l3Sie11 in tbe 
CordillCrd, would have extended this sbort diatanoo 
eastwnrds; and surely somo of the t:~pI11L,ta luffg and 
ba.oalts allO accumulated to &0 great 1I thickneu, would 
have extended :\ little we~twan:l. lienee I conclude, 
thl1.t it i, far more probable that thC!!e two !!Cri~8 are 
not cont('mporanoous; but that t110 strata of one of the 
chains were dep(liIited, and e\'cn tbe chain itsE'1f uplifted, 
before the formntioll of the other :-wllich chain, th('ll, 
is tht! oldt.,;t? Considering that in the U~pallata mnge 
the lo\\c~t stml.' on the wc~tcm flank lie Ullconf"nna· 
bly on tbt' clay-slate, as probahly is th!;' rase with tho.'!e 
on the CfIlitern flank, wh(,reRS in the Cordillera all the 
overlying stmta lie cOllfonnahly 0;] tid! fonnalion:-
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.con,idering that in the L'~pallata range lOme of the 
beds, both low down and iligh UI) in the aeries, are 
marked with \"{'getable iOlprt'Sl!ioDS, showing the con_ 
tinued existence of neighbouring land i----eonaidering 
tile cl086 general n!gemblance between tbe delKlilita of 
this rn.ngo and those of tertiary origin in 81:weral parts 
of the c(lntinellt i-and lastly, even considcring the 
1cS!lcr height and outlying position of the Uspallata 
range,-Iconcludc that the strata compoeing it- arc in 
allilrobnbility of subi;equent origin, and thnt they were 
IH.'clIlnulatQ(\ at a period when a deep 8ctt. ,tudded with 
submarine \'ole:mQ;l washed the ea!<l:enl base of the 
alrrody pnrtially elerated Cordillera, 

This conclu~ion is of much importance, for we b:n"e 
seen that in the Cordillera, during the d<'position of 
tbe XMComian strata, the bed of the &en. mw,t. ha\'e 
1mbsided many thousand f ... -et : we now lelU'll thnt. at a 
later period an adjoin ing area first. received a great 
accumulation of strata, and was upheaved into land on 
whicb coniferous trt-es grew, aud that. this area then 
subsided II('vernl thou,;and feet to T('('eh-e th(' Rllpcrin. 
cllml)('nt sllhmarine strata, afuorwanh k ing broken up, 
d<'1\udcd, and e!t'\llled in maSII to ill pn"~.:nt height. I 
nUl 8tr('ugtll<'ued in tbia conclusion of there baving 
be(on two IIiFtinct, great. periods of lIub.ide-nce, by 
reflecting 011 thf' thick llia."-li of COIU'IIC .trutificd (longl!). 
meratc in the ,'alley of Tenuyan, between the Peuquenes 
lind Portillo liIlC$; for the accumulation of this lllIl8iI 

JiCCm~ to mf', 88 pre\'iously remarked, almOfit necesSll rily 
to ha\'o re<[uired a prolonged subsidellee; and tbia 
subi;ideuc<!, frOIll the pebbles in tile conglomerate h:\Yiug 
been to a great extent derived from tho gypseoua or 
Neocomian ~trata of the Pcuqu('Jjcs line, we know mUllt. 
ba\'o heen {[uite diatinet frOID, and subsequent to, that 
~iuking mo\'ement which probably accompanied tll" 
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deposition of the ]lcuqllenes strata, and which certainly 
accompanied the depo~ition of the equil'alent beds ncar 
the ]luente del Tnca, in this line of .;.t"etion. 

Tbe L'q>nllata chain corret;pond~ in geogr:lllllical 
posilioll, though on a smnlll!cnle, with the l'ortillo line; 
and it!! clay-slate formation is probnbly the equivnlent 
of the miCll-t!chiet of the Portillo, there metamorphOllCd 
by the old white granite~ nud syenite!', The coloured 
beds under the conglolDernte in the I"alley of Tenllyan. 
of which traces are seen 011 the crc40f the IJortillo. 
and CI'ell the conglomerate it~df, m:J.Y pcrlHlpB be 
ByIlchronoulI with the tufareous bcdl! and submarine 
Im'as of the lJi!pallnta ronge; an open ~ and \'olcnnic 
Rction in the latter case, and a confined channel between 
two bordering chains of islets in the former callC, having­
lx't'n sufficient to account for tbe mineralogical di~~hni­
larity of the two IlCriCt, "From tlli~ correspondence 
betwccn tile lJspallatn lind Portillo rnnges, p<>rhup!'I in 
nge nnd certainly in geographical position, one L. 
tempted to (;onsider tho onc range 1\8 the prolongation 
of the other; b\lt thcir UC8 arc formL'<I of wtally diffe­
rent intrusil'e roeks; rmd we ham traced the IIppal"('ut 
continuation of the red granite of the Portillo in the 
roo porphyries dil'ergin~ into tbe mail\ Cordillera. 
Wbetller the axis of the Vspallata. r;l.oge was injected 
before. or, as perhaps i. more proooble, after that of 
the Portillo line, I lI'iI! not pretend to decido; but it 
iH well to remember thllt the lligilly inclined lam­
streams on the t.'3.5tern flank of tho VortiIJo lin(',I)rOI'O 
that ita IIngular upllel\\'cment w:t.8 not II. ~ingle and 
suddcD eyent; and therefore that the anticlinal del'a­
tion of tile l:8pallata range Illay hal"e been contempo­
ranCQus with some of the later angular mOI"emenlR by 
wllich the gi~antic ])ortillo range gained it~ present 
height aboye tho adjoining plain, 
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CHAPTER XV. 
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ValparailO to Coquimbo. -I ha,'e alrC'3dy d~cribed 
the generoillature of the rocks in the low country north 
of "allJCll'll,iso, ('(lll~bting of granite!!, ~yenitea, gtef'll­

stone~,and altered fddspalhicclay-slate. Near Coquimbo 
there it 1ll1leh hornblendic roek and '-aril)lll du~kr­
coloured porpllyrie'. 1 will dc'eribe only one section 
in this dittrict., Dllmely, from n('1lr lIIapel in a :XE. line 
to tIle mincs of Los J-Iorn o~, and thenee in a north by 
Mat direction to Combarbala, at the foot of the main 
Cordillera. 

Near lliapel, after passing for 80mI' distance over 
gl1lnit.e, lIudCl!ite, and andesitie porphyry, we come to 
II gr('('ili~h stratified. feldspnthic rock, which 1 belie\-e 
i, altered eL'ly-&1ate, conformably capped by porphyriea 
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and porphyritic conglomerate of great thickness, di~ 
ping at an a\'erage angle of 20· to :NK by:N. The 
1I1lpenno.t bed, COll!;ist of conglomeratea find llaodstone 
only a little mHamorpbosed, and conformably co,'ered 
by a gyp,;C(lUB fonoation of yery great tbickoesa, but 
much deolld<'<.l. This gypseolls fonnatioll, where fiM 
md with, liell in II broad \'alley or hasin, a little flOuth­
wtlrd of tht! willCl! of lMI Homos : tile lower half alone 
contains gYpllum, not in great m115ll('8 as iu the Cordillera, 
bllt ill innumerable thin layelll, IiCldotn more than an 
inch or two in thicl..·YU!8i!, The g)'»IlIun i. e ither opaque 
or transparent, and u associated with carhonate of lime. 
The Jaycfll alternate with numerous \"lIrying oneil of a 
calcareous c1ay.shale (with Btrong aluwinoUll odoW", 
adhering to the tongue, 6al!i ly flll!ible into a 1)8le green 
glnH), more or let;;! iodumted, cith~r earthy nnd cream 
coloured, or greenish and Imrd. The moro indurated 
"arictiea have a compact, ilOmogenCOU! nhnost crystal­
line fmclure, and contain granules of crystallised oxide 
of irOIl. Some of the ,'arietie~ almost 1'(.'liCmOlo hone­
stones, There is also a little black, hardly fusihle, 
6i1ieeo-calcaJ'(.'()u~ clay.slate, like some of the \'arietieil 
alternating with gypsum 011 the l'euquenCi range. 

The uPIX'f half of thu g)'perous formation u mainly 
fonned (>f the IiIImc calcaTOOUS da.y •• hale rock, but 
witilOut any ID'p8um, and ,-a.rying extremely in natW"e: 
it ~~ from a 10ft, ~,earthy, fermginow slate, 
includiug pa.rliclCII of quartz, into compact clay-8ton~ 
with cry~lal1W oxide of ilOll,-into porccllanic layers, 
alternllting: wilh scalD! of calcareous luatter,-aud into 
grC<'n porcelain.ja~per eXCCSlliI-ely hard, but ca~i1y 

fusible. Stmta of thill nature alternato with mucll 
black and brOI\'1l sili('e()-CalcarCOHI ,late, remarkable 
from tile wonderful number of huge embedded logs of 
tilicified wood. This wood, according to )Ir. n. Brol\ll, 
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j. Uudging from /!otweral ~peeillleIl8) all coniferous. 
Some of ti.t(' myen of the bb,ck sHiceQtlll alate contained 
irregular angular fragmcnu of imperfect pitchatonE'-. 
which 1 belie\'e.31 in the l'!paUllta range. hal origin­
ated in n metamorphic proeel!l!. Tltere v;as one bed of 
Il marly tufncooul nature. and of little Bpecific gra\i ty. 
Veins of agate nnd calcareous 8pur are lltuncrous. The 
whole of thi. gypsoous fonnntion, C6IICCiaUy tile tipper 
llaif, hili ~Il injeetcd, metamorphosed. and locnlly 
contortod by uumerous llilloda of iutnl.ire porllhyries 
Ci'O"'ded. together in an extraoniinary manner. 'l'lle&e 
hillock~ <:unsi;ot, of purple e\ay-6toue aud of rarions other 
porphyril .... and of much wllite feld"pathie ~'f'(l('nstone 
pe_ing into allde~ite ; tlJ.i,l latter \'ariely included in 
olle caee crptals of orthitic and albilic feld~l)8r touch­
illg ench otlwr. and otb.;,n< of homblelldt'. chlorite. and 
ellidole. The I!trntn surrounding th~ illtrllloin;" hil­
locks at the minCli of Los Horno~. are intt·}'fo('Ctcd by 
mallY \eills 01 cOJlpt r-pyritt' .• , a>'Soc iawd with much 
micaceous iron-ore. and by !!OlIle of b'Old: in the neigh­
bourhood of these wins t he rocks 11ft' Llackclloo and 
wllch altcn..'<i. The gypsulll U<'lH the intrll~i\.ema!!*.ll 

is alway. opR'ltU'. On~ of tiWIiC hillock~ of porphyry 
W1llI C8PIlt.'\l by fIOmo stratified porJ)hyritic C<'Inglomt"rale. 
which mu"t. hal'e been !trouglit up from below. through 
the whole immen<E' t11icknCIIII of the o\'erlying gyt)jj('Ous 
fonnntion. Tbe 101l'cr beds of the 10']>0'001111 formation 
re!K"nlble the corresponding and Ilrob8bly contemporn­
noous fltmta or the main Cordillera; whilst tlle upper 
bcd, ill 8C\"ernl r<:lipeelll resemble tJ loSe of the Uspallata 
cllllin, and I~ibly may be l'OntempOrftnOOU8 with 
ti1{"m; for 1 lJnl'e endea\'oured to show 'hat. the Uspnl­
lata hed! were accumulated subsequently to the gyp­
!COli! or Noocomian fonnation! of the Cordillera. 

ThiJJ pile of !lrata dips at au angle of about 20" to 
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XE. by X., el~, up to the ,·ery fOOl of the CUl'~tn .:Ie 
) "og Jfom~ fL crooked range of mountain! fonned of 
intru~i,"e rocu of the &lme nature with till' nbo'·e de­
seribed hillock!. Only in one or two pl3C('>;, on this 
llOuth-eastem ~ide of the range, [ noticed a narrow 
fringe of the upper gyp:!Colls Iitraln bru~llCd up and 
inclined Month·castward from it. On it.!! north·rostem 
flank, and likewi,;c on n few of the 6unllllit~, t1u' strati· 
nod 1)()f])llyritic conglomerate i~ inclinC(t NK; 110 that, 
if we di~rcb'tlrd the wry narrow anticlinal fringe of 
gypseous strdUl at its SE. foot, thi~ mnge forms I\. 

f!eeOfId unidinal ftxi! of elemtiOll. P~ing in a 
nortll hyeast direction to tbe ,-illage of Combarbala, 
wo COlJle to Ii tbird ellCarplllentofthe porphyriticoon­
glomerate, dipJling elUllward~, and forming lhe outer 
mngu of the main Cordillera. The lower beds were 
here more jaspery than usual, and they ineluded wme 
while cherty strata aod red saodstone~, alternating v .. itlt 
purplo clay~tonc l)()rphyry. lrigher uJI in the Coroillera 
thero nppenred to be a line of nndCl;itio rock~; and 
beyond them, a fourth esc..1.rpment of the I)()rphyritic 
eongl:Jml'mte, again dipping c"~twards or inwards. 
The o\·erlying gypiiOOus strata, if they ever existed here, 
have been entirely remo,·ed. 

CIJPfXr .1lilU8 oj PWLURCiUo.-rrom Combarbal.n. 
to Coquilnbo, I trn,-eI"Sed the ('Qllntry in a zig.zag 
direction, erot;oing and recro.;,;ing the porphyritic con. 
glolncmtl! nnd finding in the granitic district.. an un. 
lL'lual number of mountain_mlllllk!ll compoK'd of mrious 
intnu;il"c, I)()rllhyritie rocb, many of them nnde"itie. 
One common ,·ariety was greenisll-black, with large 
cry~tal" of blacki"h albite. At l)anuncj\]o a short 
NS\\'. and f.iSE. ridge, with n nucleus form('(1 or 
{,'TC<'n~wno and of a sL"lte-eoloured porphyry including 
crystn.1t of glastiy feldspar, desen·es notice, from the 
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"ery 5illb"lllnr nature of the nlm08t '·ertic.'ll rtrata com­
posing it. These oon.mt ehieHy of a finer ~r OQanlCr 
!,"l'fIlllilar miJ:ture, not very eompnct, of white carbonate 
of linle, of protoJ:ide of iron and of ycllowish garnets 
(IUICCrtaiuoo by Prof. "\Iiller), each b"l'flin being an 
almost perfect crystal. Somo of tho "orietiCtl oonsi.!!t 
eJ:ciusil'cly of granules of U10 cnlcaroous spar; and 
some CQntain graius of copper ore, ami, I bdic\'e, of 
quartz. These slrata altenmto with n bluisi1, compact. 
fusibll', fcl<bpathic rock. :Uuch of Ihl.' above granular 
mixture haa, abo, a pseudo-hreceintcd structure, in 
which fnlgments are obtieurdy arrnnJ.,'t.'<i in l)lanes 
parallel to those of the 5tratifit'fltion. nnd nre con­
~piCUOU8 on the weathered ~urrllce.·. Tho! frag-menu. 
lire IIngulnr or rouudt.J, Mliall or Inrgl', Dnd L,()llbi~t of 
blui"h or reddish OOlllpact fl·lrupnthic mattu, in wl1ieh 
o few ncicular crystals of fl'id'pllr t'fln IIOmctime;! be 
t!CCn. The fragments ofteu blend at thdr edge~ into 
tho surrounding granular ma~~, nnd K'Cm d\le to a kind 
ofcoilcrctiol1oryaction. 

These ~inglliar rocks nre travcr .... -d. hy many copper 
\'ein~, and appear to fe"t confurIIUlhly on n granular 
mixturo (in parts all fine-graiUl-d. IlII a anndstolle) of 
quartz, luiCll, hornblf'ndl.', anti feld~I);IT; nnd thi~ on 
tine-b"l'flin,,<l, common guei ; anli thi. on a lamillJlted 
mDU, compo!'(!d of pinkish Orlilitic fdtl~par, including 
a few Bpeelu of hvrnbleude: and la$t1y, this on l,rrnnite, 
which together with audl.'!litie rockil, furm the Murround­
ing district. 

CoquimbD: . .!finillg District oj .Arqu"''08.-At 
Coquimoo the porphyritic conglomerate formation ap­
prOll.che, nearer to tho Pacifio than in allY other part 
of Chile \'i~itC'd by me, being separated from the coast 
by a tract only a few miles broad of the usu,'ll plutonic 
rocks, with the addition of a porpl1yry hMinci a red 
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euritic bose. In pl'OC't'eding to the miDes of ArquclU, 
the 6tratnof I)()rphyritic eonglomerate are at first nenrly 
horizontal, an unus-ual circum~tallee, and afterwards 
they dip gently to SSE. After luwing aseended to a 
eonsidernblc IICight, we come to nn undulatory district. 
in which the famou~ ailwr mines are ~ituated: my 
examiUi\tion Wall c1liefly confined to those of S. Rosa. 
:Most of the rocks in this dbtrict nrc ~trRtified, dippiug 
in \'ariona direeUons, and many of them are of so 
singulllr a nature, that at. the ri~k of l.oeing tediolls I 
mu~t briefly describe them. The eommOllest \'aricty i~ 
a dult-red, compact, finely-broeciat.ed stone, containing 
much iron nnd innumerable white cry~t.a.llised particlCil 
of carbonll.le of lime alld minute extrnnOOllS ffal,'1Denl8. 
Another Hlrietyis almoo;t. equallycolnmon nesr K Hosa; 
it has a bright green, l'Canty bal!i~, including distinct 
cryst.nls and pateh~ of wllite cnri.()nate of lime, and 
grains of roo, semi.micaCCOI.l8 ol ide of iron: in partg 
the basis bel.:omea dark green, and n~sume8 an obscure 
cry~talJine arr:mgcmcnt, and occn~ionnl1y in l~lrts it 
lx-oolues soft and sligllUy trnmluccnt like soapstone. 
TI1Cse red nnd green rocks are often quite distinct, and 
often pnn into each other: the passage being sometimes 
affected by a fine brect.:iated ijtrlletufC, particles of the 
red nnd grl.'l'n matter being mingled together. Some 
of the mri('tie. appear gradually to become porpl.yritic 
with fddspar; and all of tb('m are e:J~i1y fll.!Jible into 
pale or dnrk-colourt>d bead~, strongly attrat:ted by the 
magnet. I ~hould perhaps llll.\·e mi~t.uken several of 
Uu.'II:" ~trntified rocks for submarino lavlUI,like IIOme of 
those dL'IlC ri bc<i . at the Puent(! del I n<::n, had I not Cl[. 

lUuined,a few Ical."lI(,s castwnrd of this I)()int, a fine IOCri('l! 
of analogoll! but ICiIII metamorphosed, BCdimentnry beds 
belonging to the gypsoous formation, and pfOlnbly de­
ri,·ed from a volcanic lIOurce. 
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This formation is intel'$CCted by Ilumerous metal_ 
liferous "eill!, running, though irrt'gulnrly, ::-ny, and 
~E., and generally at right angles to the many dikes. 
The veins consist <lf nntive !ilvt'r, of muriate of sill'er, 
:m amnlgnm of sih'er, cobalt, auliruGny, and arsenic,' 
genernlly embedded in sulplmle Gf borytes. I was 
assured by .Mr. J..ami>ert, that nativc copper witl\Out a 
trace Qf sUrer has been fQund in tho IIIlIlIC vein with 
llntiVC silver without a trace Qf (:opper, At thc mines 
Qf Ari&tcn~, the Fih'cr veins are snit! to be unprQductive 
as 800n fl.Ij they pa;!11 into the green strata, whereas at 
K UGsa, Goly two Qr three !Diles di~tnnt, the re"el'!!C 
happens j and at tbe time or my "isit, the millen were 
working tllrough a red ~I_mtum, in the hQpes of the 
,'ein becoming productive in the llllderlying green lICdi­
ment.'lry mass. I ha,'e a specimen Gf <lO{> of the.;e ,,'Teen 
rockB, with the mual grtIllules of whit{> CIIlcnreous spar 
and red oxidc Qf iron, abounding with di.1'('minated 
particll'il Qf glittering nntil'c and murintc of silver. 
yet taken nt the distance of one yurd from any 
vcin,-n tircumstance, a~ I wn8 I\!~ured, of ,'cry rare 
oceurrellcc. 

&ctwn 1:u,ltll'ard, up till'! V(llinJ (,I Coqv. iJIJ)f),~ 
After pa.~~ing fQr a few milt'll O'W tIl<' COIlst granitic 
series, we ('Ome to the porphyritic ('Onglomera~. with 
itl ullual ehllrnc~n., and with some of the beili di,;.­
tinctly diBplnying their meclHloiCtlI origin. 'fI1f'i'trala, 
where first met with, are, as before stated, only 8lighlly 
inclined; but ncaf the lIaciendn. Gf l'ludaro, we come 
t<l an nnt idillalnxis, with tIle bcdsmueh di~located and 
shifted by n grcat fault, Qf which nGt n tmoo is ex­
tcrulIlly I!C('I1 in thc outlinc of the hilt. I bclicm that 
this anticlin:ll uis cnn be tmced northward~, into the 
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district.. of Arquero~, where a con~pielloull hill called 
~rro BiancO), formed of a hal'1lh, c~m-ooloured auritie 
rock, inc>llIding !\ few crystals of reddish feldspar, and 
tllOtOCintro with some purpli~h claystone porphyry,seemg 
to fnll on n line of elc\'ation. In de,;cending from the 
ArqllcrOlidistrlct, I crossed onthenorthernbord('r oCthe 
yaU<,y, stmta inclined eastward from the Pluciaro axis : 
Oil th(' porpllyrit ic conglomemte there re~t('d Il mass, 
some hundred feet thick, of brown argi llacoous lim()!;tonc, 
in pllrts ('ryatullinc, and in pam nlmos!' composed of 
I!ipPIII'it~1I Ch iJ~rl8ill, d'Orbig. j abovQ this cnme II. black 
enlcnreous Ihnle, and on it a red conglomerate. I n the 
brown iim<"l'lOII(", with the H illpllritC!l, there Wall an 
improiliion of a Pecten and a coral, and great numbers 
of Il large Grypbrea. very like, nnd, Iloooniiog to Prof. 
E. Forbc!;, probably identical with G. Orimt(llit>, Forbes 
:\1.8.,-n cretaceous spedetl (probably HI'per greensand) 
from Verdnchcllum, in Southern I ndin. These fosailij 
seem to occupy nearly the iI<'lme poIIition wilh those at 
the l 'uente del Inca,-namely, at t he toll of the por­
phyritic conglomerate, and at tIle base of the gypseou~ 
formation. 

A little abo,'c the H acienda of PlncIaro, I made a 
d"tollt on the northern side of the ,-nlley, to examine 
the Rllperincumhent gyp!lCOus alrnt.'1, which I .,timnted 
nt 6,000 fL'et in thicknCSE. The Uppermost. beds of the 
porphyritic ccn;;:lomerate, on whkh the gyp'lCOW strata 
conformal)ly I'Cf!t, nrc ,-arioll~ly coloured, with one very 
singular and brouUful strntum compolOO of Jlurple 
fX'hbles of \"arion! kiud~ of IXlrJlhyry, cmbedded in 
white ('alt-arCClit spar, inclurling cnvities lined with 
Lright-grcl'u crystallised epidote. T he wholo pile of 
strain IN·longing to both formations ia inclinoo, ap­
p.'1rently from Ihe above-m{'ntionro axi~ of J'luclnro, 
at an anglt· of lx!tween 20G and 300 to the east. I will 
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here gire a &eCHon of tho principal beds met. with in 
crOl'~ing th., entire thieknCM of tho gypseou~ @tmio .• 

Fil1lt: aoo,·c UJO poqlhyritie couglomerate for_ 
mation, there i ~ a fine-grninoo, red, cry~ltLlIino 1It1lld· 
stone, 

Secondly : :1 thick ma~8 of smooth.grninoo, calcareo­
aluminoit';, shaly rock, often marked with dendritic 
rnangnuC!le, and ha"ing, where most compact, the eJ:­

tRrnal appearance of honcstone. It is ('8sily fusible. 
1 sho.ll for the future, fllr convenience sake, call this 
variely pseudo-honC!<tone. Somc of Ihe "nri('tiCfl are 
quitl.' hlack when frClOhly broken, but nil weather into 
n yC'ilowi~h .... "l.sh coloured, 10ft, earthy 8u1lsUlnce, pre­
('ifl<'ly tI.>I i~ tho Ca!!1l with the compact ahaly roch of 
tho l'eu'1IlO"IlC>l muge. Thi~ ~tratum i~ of the mme 
general nature ""itll m:lIly of the bed!! n<'flr Lo.i H OrD()jj 

in the lllapel &eCHon . In tWi se<"t>ud bed, or in the 
underlying red AAm\';tonc, (for tho ~Ilrfaoo V.llS partiaUy 
concealed by detritus) tht-re was a thick mlUl8 of gypsum, 
hal"ing tho "'"l.mo mi1l('ralogical charlleters wilh tho 
gre-at beds described in our reetions aero .. tho Cor­
dillera. 

'j'h inlly : a thick ~tratllm of fine_grained, red, 
M'(liment."l.ry maU('r, easily fllllible into a Wllitc glass, 
like the b:J.si~ or claytit.<.flC porph~'ry; Lut in part 
ja~pcry, in part~ Ln'<!ciated, and including cry~tallinc 
~k~ of carbounte of limf'. In Fome of the jaspery 
la)-er~, lind in some of th(j blaek siliceous slaty blinds, 
there were irr<'gulnr ,"",ams of illlp<'rfl'Ct pitchstone, 
undoubtedly of metamorphic origiu, and other llO."l.ms of 
brown, crJ~taJlille Iimestol)('. Here, also, were masset!, 
externally r~mbling il\·lu·"'!lCrnxl ~ilicified wood. 

Fllurthly and fifthly: ('81careous l)I!Oudo-honcstone ; 
nnd a thick stratum conet'!llcd by detritU2. 

Sixlhly: a tllinly stratified ma!;S of bright green, 
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compact, smooth-gntined, cnlcareo-orgillaceGul! Itone, 
easily f\l~iblc, nnd emitting 1\ strong aluminous odour; 
tho wholll has a highly angulo-eoncrctionary structure j 
nnd it resembl('~, to a c{'rtnin utent, some of the upper 
tllfaOO)-infu~rial deposits of the Patagonian Tertiary 
fom.alion. It i~ in its nature 1\1Iied to ollr pseudo­
Ilon{'stone, and it indud!'!! well cbaracteri~ layers of 
that mrietYi anti other layers of a pale green, Immer, 
nnd br(."Ccinted I'ariety; nnd othel1l of roo !ll'(lirncntnry 
matter, like thnt of bed Three. Rome pebblel of por­
phyries an'! cmbedded in tbe upfX"r part. 

Seventllly: red eedimenlary matter or sandstone 
like that of bed One, 8e,·ernl hundred feet in thickne;li;, 
an(1 including jnspery Jayen, often having n finely 
brcceiated structure. 

Eighthly: white, much illdurated,aIIllostcry~tI\11ine 
tuff, severnl hundred feet in thickne"",. including 
rounded grain.'! of quartz and pnrtidea of qtcen matter 
like tmtnf bed Six. l'nm P-'IY into a ,"cry pale green, 
semi_porecllnnie stone. 

Ninthly: rod or brown co.'Il'SC eong-Iomenlte, 300 to 
400 feet tilick, formoo chiefly of pebbles of por]lllyriC!!, 
with volcanic particles. in an an'!naceou8, non.caicare-olls, 
fusible bMill : til ... upper two feet are nrenacoous without 
any pebbles. 

Tentllly; the IlI.8t and uppennost stratUlD here 
exhibited, is II. comp.'Ic!, slatc-<:olollred porphyry, with 
numerous elongated crystals of glassy feld~par. from 150 
to 200 feel in thickne;li;: it lietl ~trictly conformably 
OD the underlying conglomerate, and is undoubtedly a 
8ubmarine lava. 

This great pile of strata Ilils been brokell \IP in 
8c'"eral plnee~ by intrusive hillocks of purpl(· clay,tone 
porphyry, and hy dikes of porpbyritic greengtone: it iii 
liaid tilat. a fcw poor metalliferous "CiD~ have been 
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disc()I"ere<i here. From the fusible nature and general 
appearance of the finc~ined strna., they probabl,v 
owe tllc;r origin (like the allied beds of the U@I)311al.l~ 

range, llnd oCthe upper Patagoni:m Tertiary fonnntions}t 
to gentle volcanic eruptions, and to the abl"llllion of 
volcanic rocks. Comparing theBe beds with those in 
the mining distr ict of ArquerOll, we see at both places 
rocks ell.IIily fusible, of the same peculiar bright green 
and red COIOlll'1l, containing calcareous matter, often 
ha\'ing a finely brecciated stmcture, often passing iul.{) 
ench other and ofim alternating together ; hence I 
cannot doubt that. the only difference between them, 
IiCII in the Arqucl'()8 beds lun'ing heen more metamor­
phosed (in conformity with their more dislocuted lIud 
injected condition), and collJlC'q\lcntly in the calcareous 
matter,oxide of iron and green C,)IOllringmatter, b3.ving 
been segregnted uuder [J. more crYltalline form. 

The strata. nre inclined, all bc>fore stated, from 20" to 
30° OftJ!;tward, tOWllrd~ an irrl'gular north and lIOuth 
chain of nndeMitie porphyry aud of porphyritic green­
stonl', where tllt'yare nbnlptly Ctlt off. Tn the \'alley 
of Coquimbo, Jl(!8r to tht' H. of Gualligtl..1cn, !imilar 
]liutonic rocks are met with, ap]lnrently a southern 
]lro1ongation of the abovl' chaiu ; nnd eastward of it we 
Jmv(' nn e!<ellrpment of the porphyritic congloilicratc, 
with the strnta inclined at a small angle eastward, 
Wllich makes the tllird escarpment, ineluding tliat 
neare..t tbe coa-t. P roceeding up tbe valley we come 
to another north and &Outl. line of granitl', andC!ite, 
and blackish porphyry, which !!Cern to lie in all irregular 
trollg)1 of thl' poT]lbyritic conglomerate. Again, on the 
south sid!' of the U. Cl1ro, there are IJOme irregular 
grnnitic hill~, which huve thrown off the rtmtll ofporJlhy­
rilic conglomcrate to tile XW. "y W.; hut the stratifica­
tion here hal! been much dish.rbed. I did not proceed 
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any farther up the valley, and thill point is nbout tw()-­

thirds of the dlillallce bctW('e1l the Pacific and the 
main Cordill('rn. 

I will d('fjCribe only onc other section, namely, on 
the north side of tbe n. Claro, which i.'I intere~ting 

from containing f~.i18: the ~trata are much di!located 
by faull~ and dike~, and are inclined to the north, 
toward~a monntaiu of andesite and porphyry, into which 
they appear to becomo ahno~t blended. As the beds 
IIpproaeh thit mountain, their ineliuation inereallC8 up 
to an angle of ;0°, and in the uppcr part, the rocks 
become highly metamorphOlled. The lowellt bed visible 
in thi8section,i~ a PUrl)1ish hard sandstone. Secondly, 
a bed 200 or 300 foot thick, of a white siliceous sand­
stone, with a calcarooll.!l cement, containing lICaillll of 
alatysanwtoue, and of hard ye\lowiah-hro\\-n (dolomitic?) 
limestone; numerous, well-rounded, little l)Cbbles of 
quartz are included ill the sandston{'. Thirdly, a dark 
(;olourcd lime!<toue with !lOme quartz pebbles, from fifty 
to sidy foot in thickness, ~'()ntaining ll\uneroull silicified 
.bella, presently to he enumerated. F ourthly, very 
compact, calcareou.i!, ja.spe:ry sandstone, passing into 
(fifthly) a great bed, severnl hundred feet thick, of 
conglomerate, composed of pebbles of whitc, red, and 
p\Lrple porphyriC!', of sand~touc fmd quam, c('mented 
by calcareous lilaUer. I obserVl-d that IIOme of the 
fieer pam of thi~ cooglomemte were much indurntcd 
within a foot of a dike cight feet in width, :lnd were 
rendered of n 1)8ler colour with the calcareous matter 
!;Cfregated into white cry~tallised pnrticlell; fIOmc pnrts 
were staiued green from the ~'Olollring maltcr of the 
dike. Sixtilly, n thick mass, ot .. curely stmtificd, of l~ 

n-d sedimentary ~tonc 01' snnd~tone, full of crYbtnlline 
culcar{'(lUii matk-r, imperfect crystala of oJl:ide of iron, 
and I bclie\'c of feld¥r, and thl'rdore dOlO·ly retJcID-
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hling lOme of the highly metamorpbo.ed beds nt. AT­
queros: UIU bed WIlS capped by. nlld nppeared to pass 
in ill upper po.rt into, rocks similarly coloured, COD ­

taining calcareous matter, and abounding with minute 
crystAh, mostly elongated and gIn.y, of reddish albite. 
Seventh!y, a. conformable ijtrntum of Bne reddish por­
phyry with large crystals of (albitic?) feldspar; pro­
bablya submarine Lwa. Eighthly, another conformable 
bed of green porphyry, with specks of grocll earth and 
crenm-eoloured crptals of feldspar. 1 believe that 
there are other 8upc.rincumi.>Cllt cry~talline strata and 
submarino la\-aa, hut I had not tilM t.o cnmine them. 

The upper beds in thi~ seetion probably corr('!tpoud 
with part. of the great gYfJII<'(lIQl formation; and lhe 
lower be<b of red sandstone conglomerate nnd fOti~ili ­
(eroull limelltonc DO doubt are the eq\li\"aleul~ of the 
H ippurito Itratum, sef'n ill deK~'nding from J\rqucrtlB 
to ])lucllU'O, which there liet conformably upon the 
porphyritic conglomcrate fonnation . The foe,ils found 
in tho third bcd, cOD~ist of-

Pecten Dufreynoyi, d'Orbig. "'oyngt>, Purt. Pal.' 

Tbi, 'peciH ... bi.h--.. .. here ia .... ' ....... loo ... .......runr toll. 
d·OrLIJ!1I,.,_bl(!fcertai .. ~retaooo ... tOrm.l. 

Ostrea hemispbcrica., d·Orbig. '\'oynge, &e.' 

Alta _hIM, -.liDc to tb_ ... tIm.~ ... rOl'1lll. 

Tercbratuln Enigma, d'Orbig. "'oyage, &c.' (PI. 
X.XIf. figs. 10-12), and 1>1. Y. fifo"!', 10, I J, 12 oftllis 
work. 
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B.hioh T. tet...J .... by Ihe ... ri . ..,. hui,. tb. ";be .harp ud .....u 
dri" ... It<ltb~beook.whi1l1inth&llriti.blJ*i .. th.,.l«om.~ott 
.nd 'lIIoocb,..! d"wQ; bu~ this ,liff~l'tntol i. !KIt eonstnnl. I'M. 1'01"1>. 
add.. ~hat, "",,"ibLy, iOI ..... 1 eha'"""~" ..... ,. ni.1. wbich _ld dimn­
lII'i.btbe.\_r ....... !"'<i .. CromiUl ~:a"'f*lnall;"" 

Spirifer lillguiftroidet, E. Forbets, P I. V_ figa. 17, 18. 
Pmf_ • • ·orbeoltAc..{_ AppMklilt)thalthi.o-veei_.-"-" 

t<l;.;.];IIgQif" .. nll'bilLil"'(ac.,.bo",if ... )n~li_r"'I),bo,pro-
1.bl,.diotin<t. l L d·Orbil"',eonoiJe .. itu perhll"'in,\iealill(lbe 
Jn~iepe";ud. 

Ammonitl'i', imperfect imprC!'~ioll of. 

M. Domoyko has sent to Jo'tanee a coll tlCtion of 
fOMils, which, 1 presume, from the deecriptiou given, 
must havo eomo from the neighbourhood of Arquel"(l6; 
they consist of-

Pecten Dufreynoyi, d·Orbig . • Voyage. l 'art. ])11.1.' 
Ostrea Ilemispllerica, do. do. 
T urritella. Andii, do. do. (P icurotomaria Hllmboldtii 

of Von Buell). 
Hippuril.e8 Chilens.ill, do. do. 

~~ t::.~~~:::~ ~P;''';~'i:;~~ t~i~ ~~~~.~i. 
opinioathey _b\e, .. doeou..Tluri~U. ADdli, ~ (nW'" 
c-....J.)fonu.. 

NautiiWl Domeykll.ll, d'Orbig. do. do. 
Terebrntula Illnigma, do. do. 
Tcrebralula ignaciana, do. do. 

This bu., ~ ..... C~and 1.,. M. Dume,.ko in Ib~ ...... block of 
li_ .... witblh.T ............ A_rdi"Ct<llLd·Orl>Ip,.,i~ ....... 
-.,t<lT ...... il~rrom.theu... A.m..oLlh'-'oJPIci_eol-
lert.e<l &I. G_ bao lIMn _iud 1., pror....,.. E. Fort.... aDd be .ta .... that.ili.dil!ltnllto<llit.inguiohb.t ___ .ottb •• peci_ 

~:.,~ '[.; ~ l~:" !,:,~:!II ~;:r::.·~:~~t~~ ~lt!:b:~~ 
~.~:~~ ~!':l:i~"Its;Q~fl~~~te~.!:=~":~~~f=:bl'&I.~t 

The rem1rka given on the !Ie\'eral. foregoing Bl1ells, 
,110W that, in M. d·Orbigny'. opinion, the l)ecten, 
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Ostren, Turritella, and Hippurite indicatc the creta­
ceous period j and the G ryphoon nppeaffl to })rof. 
}'orbe8 to be identical with n species, I\h()('inted in 
Southern India with unquestiollably crel.4crouB fonns. 
On the other hand, the two Terebratulro nnd the Spirifer 
point, in tho opinion both of M. d'Orbibrny and Prof. 
}'orbe8, to the oolitic scrie~. Hence 1\1. d'Orbigny. not. 
IIM'ing himself examined thi. country. has concluded 
tbat there are here two distinct formations; hut the 
Spirifer and T. renigma ,..ero cert.,inly included 
in the same hed with the l)octen and Ostren. 'I\'hen08 I 
extracted them; alld the geologist .:U. ])omeyko !lent 
home the twu Terebmtlliro with the othf'r-named ~helL~. 
from the 1IIl1ll0 locality, without specifying that they 
came from different bed~ Again, al we shall prt ...... lltly 
8Ce, in a collection of shclls gin'lI me from Gua.ero, the 
aa.me ilpt'Cies, and othel"3 pre8('lltingannlogoUII diff('r('nces 
are mingled together, and are in tht' mme condition; 
and lastiy, in three pl:'lCel! in tho \'alIeyof Copinpo, I 
found some of thcse same .pcciCII similarly grouped. 
H ence there cannot be any doubt, higllly curious 
though tho fnet lit, that thOl8 1II'\'eral fO)!O>iu, namely, 
tho Hippnritt:'l', Gryphtro, O~trca, P('(:t('n, Tllrritel1.a, 
Nautilw>, two Tercbrntuill', and Rpirifer nil belong to 
the !jUlie formation, whic11 would appellr to form a 
pnssnge hetwC('u the oolitic and cretsceouH ~r-Wm8 of 
E urope. AlthougII aware how \LulIsuul tllt' term must 
lOund, I sball, for convenience mke, call tIli! fonnation 
cretnceo-oolitic. C{lmparing the tleCtions in this "alley 
of Coquimbo with those in the Cordillt'rn described in 
the last chapter, and bearing in mind the charactcr of 
the beds in the intermediate di~trict of Los J lornos, 
there ill oertninly a close general mineraloglcnll"Cilem. 
Mance between th('w, both in tho underlying porphy­
ritic conglomemte, and in tho o\'erlying ~ypeeoUIl 
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formation, Considering this rellemblllnce, nnd tbat tbe 
fOo',ils from tbe Puente del Inea at. the bn5e of tbe 
gyp.;ooua furmation, and tllronghout. the greater part of 
ita entire thicknt..~ on tll<1 PcuquenCfJ r.lnge. indicate 
the Neocomian period,-that i~. the dawn of tlle ere­
taceou~ ~y~tem, or, as !!Orne IIM'e belicn~d, a pMSIlge be­
tWe('n t.his latt('r and the oolitic ~crica-r conelune that 
Ilrobably tll(' gyp~eous and a!lllOCiatcd beds in all the 
seetion8 hitJlcrto described, belong to the Mme great 
formati on, ",hid, IIH1\'e denominated-cretaCeQ-()Olitic. 
I may add, Ix-forelen\'ing Coqllimoo, that )1, Gay found 
in the nt'ighbouriug Cordillera, at the height of 14,000 
fCl't aoo\"e tbe!lea, a. foS!!i1ift!l"oll! formation, including a 
Trigonia and Pholadomyaj I_both of which brenera 
occur at the Puente del Inca. 

CoqUilll,bo to Guasoo.-The rocb near the coast, 
and IJOme way inland, do not.differ from thoec described 
llorthwards of '-alparaiso: we have milch greelll!tone, 
sycnite, feld~pathic and jaspery slate, nnel grauwackes 
IlaYing a b.u.is like that of e1aYijtoM; there aTe IIOme 
large tmctll of granite, in whie!1 the constituent 
lnillerala arc sometimes arrallged in folia, thus compo&­
ing nn imperfect gneiss. There are two large distrietl 
of mic;l-IChi~t, pa.s.>ing into glossy clay-!!late, and re-
1:1Cmblingthe great fonnation in the CbonosArcllipeiago. 
In the "lIl1ey of Guasoo, an e~carpment. of l)Qrphyritic 
congiQlnerute is fil'llt seen high up the ,'"Iley, about 110,0 
leaglle~ ell.lltward of the town of Ballenllr, I heard of a 
great gy}I'-COUS formation in the Cordillera; and a col­
ieclion of shells made there WIliI given me. 'J'iJese 
shells nre nil in the same (.'ondition, nDd appear to have 
come from the same bed: they consist of-
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Turritcllo. Anmi, d·Orbig. 'Voyage, (lart. l )nl.' 
l'cet.en Du£reyuoyi, do. 
Tcrebmtula ignaciana, do. 

Thereillti,,"'oftll...l.pecia" .......... ,i ..... uder tboo "-1 of 
Coq,uilllbo. 

l'crebmtula renigma, d'Orbig. 'Voyage, Part. Pal.' 
(mr. E.F'orbe;l, L'l. V. figs. 13, 14.). 

I-illirifcrChilcnsis, E. Jo'orbe;<, P I. \ ' . figs. 15, lG. 

pror, ..... F".beerftllUbthatwuf_il_l>l __ I .... boai­
r,.- liDl«<""~ ;'~~r ..... ; ud t\oa.t ili. al.o relt.t.edto_liaMic 
.peei .... !;.Woleoti>. 

I£ th~ ~llclls had been c:J:amined indel){'ndentiy of 
tbe other collections, they would Ilrohl\ll1y haye been 
considered, from tim charact.cIll of tho two Ter<'hmtu\ro 
lind from tho Rpirifer, n~ oolitio; hut.eonsidcring that 
tho three fiIllt ~pecic~, and ac::onling to Profl'lIIlOr F orbes, 
tho four fir~t, are identical with th080 from Coqui mbo, 
tbo two formations uo doubt are the eamc, awl may, 
&$ 1 ha\'o anid, be llro\-isioually caned cn·tacro-oolitic. 

YtU{"!I of Copiapo.-The jOllml'y from GIlrL.'CO to 
Oll'iapo., owing to the utterly del/·rt nature of tbe 
countr)", vms nece;.-;arily 110 hurried, tbat I do not con­
sider my noU'!! worth gil-ing. In the \"alley of Copiapo 
IIGUlO of the !!('Clious Ilre very intere><ting. From the 
&ell. to the towu of Copiapo, a (li~tance estimated al 
thirty miles, the mountains are COlllPOfle(\ of greenstone, 
gnlllil£', andesite., and blackish porpllyry, together witl! 
lOme (l\l~ky-grct'n feld~pathic rock!!, wl!iell I believe to 
be Illt~rcd eiay.slat(l: these mountains ~re cr065Cd by 
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many brown-coloured dike>!, nlnning north nnd IIOUtll. 

Aoo,"e the to~·D. the main ,-alley runa in a lIOuili-ea.!t 
and en'" more l'Outherly coune towards the Cordillera, 
where it is dh'ided into three great m\'ineil, by lhe 
northern ono of which, can J olquCrtI, I penetrated for a 
short distance. The ooloured section, fig. 3 ill Plate 1.. 
gives nn eye-sketch of the ~tructure and composition 
of the mounlailiB on both sides of this miley: a straight 
cnat nnd west line from the town to tile Cordillera is 
perhaps not more tban thirty miles., hut nlong the 
,-aUey tbe dilltnuce is much greater. Wherever the 
valley trended vcry l!Qutherly, I lun"c ende:woured to 
ooulmct the 8CCtion into its tnll) Prol)Ortion. This 
valley. I mny ndd, rises much more gently than any 
other "alley which I saw in Chile. 

To oommence with our section, for n ahort distance 
nbove the town we bal'e bills of the granitic aeries. 
together witiJ !lOme of that rock, [A]. whicl. I BUSpect 
to be alt<>rcd clay-slate, blLt which Prof. G. HOlM.', judg_ 
ing from specimens collected by :Morn at 1', .Negro. 
states is 8CqKmtine pa.l!sing into gr('Cnstonc. We then 
come Buddenly to the great G-YllIOOllB formation [B] 
without having l~ o\"er, differently from in all the 
eectiollil hitherto described. any of tho porphyritic con­
glomerate. TIle stmta are at fint either horizontal or 
~"Cntly inclined westward; then highly inclined in 
"arioUl directions, and contorted by underlying masses. 
of intn1!ive rocks; and lastly, they hal'e a regular east­
ward dip. and form a tolernbly .... ell pronounced north 
and lIOutll line of hills. This formation con~i8ts of 
thin stmta, with innumernble nitenlationq , of black, 
calcaroous slato-rock, of calcaroo-aluminollH stones like 
those at Coquimbo. which I 11al'e called pscudo-hone­
stOlles, of green jaspcry layeu, and of pnlc-purplilih 
ralcareoll,8.. 80ft rottenstone, including &Cluoa and veios 
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of gypsUIn. These strntaare eooforrnably overlaid by a 
great tbickne!S of thinly stratified, compQct. Iime!!lton6 
with included crystals of carbonate of lime. At a plaoo 
called Tierra Amarilla, at tbe fooL of a mOllntain thw 
OOlllpoaed, there is a broad "ein, or pcrhnllil stratum, of 
a beautiful and curious crY8lallil!C(1 mi:xture, composed. 
according to ]'rof. G. Rose,' of sulphate of iron under 
two fornu, and of the llulphatcs ofcOPI)erand alumina: 
the aection is !IO obscure that 1 eould not maka out 
whether thi, "cin or stmtum occurred in tllO gypsoous 
formation , or more probably in !IOmc underlying masses 
[A]. which I belic"c are altered d.1l.y-&latc. 

&ct:md Azi8 of Ekl .... twu .. -Afuor the gypaoous 
lllllIICS [13], we eome to a Hue of hiJlIl of ull~tmtificd 
porphyry [C], whicb on their t1l$t~'n1 sido i)lcnu into 
ijtraln of great U)ieknesa of porphyritic conglorncrnte. 
dipping C8.itwarcl. This latter fOnrn\tioD, howev(>r,IH~re 
has not been nearly so much mctamorph(N!(l(! a~ in mo:;t 
pnrt.8 of centeal Chile; it is oompo!lcd of beds of true 
purplo c1aytitone porphyry, repeatedly alteTllatiug with 
thick beds of pnrplisll-red conglolncrate with the we11-
rounded, large pebbles of variOU8 pvrphyri(.,., not blended 
together. 

l'llird Jlzj" of 1.'kL"Gtion.-Xear the ravine of Los 
Hornitos, there ill a well-marked line of elevation, 
CJCtending for runny miles in a N~E. aod SSW. direc­
tion, willi the strata dipping in IllOllt pnrtt (as in the 
!!COOnd uis) only in one direction, namely, eastward at 
an average angle of between 30" and 40· . Close to the 
mOlltll of the valley, howe"er, Ulcre is, flll represented 
in the 8eCtion, a steep and high mountain [0], oompol!Cd 
of various green nnd browu illtrlL~i,"o porphyries en­
veloped with strata, apparently belonging to tho tipper 
parts of the porphyritic conglomemte, and dipllillg 
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both eastward and westward. I will describe the 
section seen on the eastern side of lliis mountain [D], 
beginning at the bIl-~ with the lowest bed ,·isiblo in 
the porphyritic conglomerate, and proceeding upwards 
through the gy()SCQus formation . 1100 (1) eOllsisu of 
rOOdi~h and 11rownish porphyry varying in character, 
and in lOany parts bighly amygdaloidal with carbonate 
of limc, and with bright green and brown bolc. 118 
upper ijurfaco ill thrOUgllOut dearly defined, bll t tlle 
lower ~nrface is in Illost parh indistinct, and towards 
tho summit of the mountain [D] quite blended into 
the intr11~ive porpllyries. Bed (2), a pale lilac, hard 
but not heavy stone, slightly laminated, including slllall 
extraneous fragmcnts, and imperfoot ns weli as some 
perfect and glas~y crystals of feldspar ; from 150 to 
200 feet in tllickness. When examining it in. situ, 
I thought it was certainly a true porphyry, but my 
specimens now lead me to suspect that it powbly mny 
be a metamorphosed tuff. F rom its colour it could be 
trnced for a IOllg di~tanc .... overl)'ing in one pnrt, quite 
conformably to the porphyry of bed 1, and in another 
not di~tant part, a wry thick m3S8 of conglomernte, 
composed of pebbles of a porphyry chiefly like that of 
bed 1; this fact shows how the natuTe of the boUmn 
formerly \-aried in Sllort hori7.Qntal distances, Bed (3), 
white, much indurated tuff, cont.'lin i~g minute pebbles, 
broken crystaL., and !!enlcs of mica, varies much ill 
thickneF;lO, This be(l is remarkable from containing 
many globular and pear-shaped, externally rnsty balls, 
from the ijize of an apple to a ffian'd llead, of very 
tough, slate.coloured porphyry, with imperfect cryst~ 
of feldspar ; in ohape these balls do not resemble pobblet!, 
untl I btliel'e that they a11! wubaqutou.s t:olcanic bombs; 
they differ from 8ubairial bombs only in not being 
vesicular. Bed (4) ; a dull Purillish-rcd. hard conglo-
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mcmte, with crystnlli!;Cd particles and w~ill' of carbonate 
of lime, from 300 to 400 feet in UlickD~. The 
pebbles are of claystone porpbyriN of mnny \'nrieties j 
Uley nre tolerably well rounded, and "ary in si7.C from 
a large apple to a man's head. This bed includes 
three lnyel'll of coo.rse, blnck, caicnteOu.8, somewhat 
a1nt, t')ck: the upper part plWCl! into a compact red 
sauc6lonc. 

In 11 formation so highly variable in minernlogieal 
nnture, nny dil"isioll not founded on fooil remains, 
mllst be c:J:tremely arbitrary: ne\"ertheh.·~., tile hoos 
below the last conglomerate may, in nccordnnoo with 
all the ",-etillIlS hitherto dl'>iCribed, be coill!idered 89 

belonging to the porphyritic conglomcrat(', and tbose 
nOOnl it to the gypoiOOWI {oonation, marked [E] in the 
IeCtion. The )lOlt of the mlley in wllieh the following 
beds are o;o.~·n i111car Potrero Scco. ik>d (5), compact, 
fin{'o-grninoo, pa1e grecniEh-gmy, non-calearo.!om, indu­
mted 1II\1(b1.oul', I'lll!ily fu~ible into n ]lal(" gr('('n and 
white glas'_ lkd (6), purpli,h, eoal'1'O..'-gra ined, hard 
8Il.nd~1.otlc, with brok("u cryRtah of fcldspa.r lind erystal­
lif!t.od Jl:lrtidell of carbonate of lime; it possc_ a 
slightly nodular structure_ ned (7), blt1cki~h-gray. 

Illtleh indurntl'(l, calcareous mudstoll!.', "ith extraneous 
panicl.s of UUC(IUal size; the whole hl'ing in parts 
findy bn~'Ciatcd. In tbis mass th"re is a stratum, twenty 
feet. ill thickn.,,~, of impure gypstun_ ned (8). a 
gror'ni~h mUt:l~ton .... , with I!e\-eml layers of gypsum_ Bed 
(9)'8 highly illdumtcd, easily fusible, white tuff, thickly 
mottled with ferruginous mattl'c, and including some 
wllite 8('mi-porcdlnnic laycrs, which arc intcrlnced witll 
fCITuginoUll \"ein~. This stone closely resembles IIOme 
of the commonCiit \-arieties in the Lspnllat." chain. 
}kd ( 10), n thick bed or mther llright grcen, indurated 
mudstone or tuff, with a concretionary nodular &truc~ure 
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110 strongly de\"eloped that the whole mass consists of 
halb. 1 will not attempt. to el'timuto the thickll('011 of 
the strata in the gYpseDUj formation hitherto dClICribed, 
but it mu~ Cl'rtainly he very mnny bundred f<'('t. Bcd 
( II ) ill at least 800 feet in thickneu: it consists "f thin 
Iayen of whitish, green ish, or moro commonly brown, 
finc-grn.ined indurated tuffs, which crumble into anguIar 
fragmenh: some of the layen are semi.poreellanic, 
many of t11(,W hiE!"hly ferruginoW', and !lOme are aimQ!;t 
composed of carbonate of lime lind iron with drusy 
cavitieelilled with qunrtz-cry8tals. Bed (12), dull pur­
plish or greenish or dark·gray, vcry compact nnd llluch 
indurated mudstone: ~timated at 1,500 feet in tllick· 
ness: in some parts thi, rock alI!Iuml'S the churacter of 
an imperfect coane clay-elate j but viewed under n lcns, 
the bnais always has a mottled appearance, with tho 
edges of the minute component particles blending to­
gether. !):IIU are calcareoUll, and there are numerous 
"eins of liighly crystalline carbonate of lime charged · 
with iron. The mass has a nodular structure, and is 
divided by only a few 1)lan~ of stratification: there 
are, II0wc\·er, two myers, each about eighteen inch('l:l 
thick, of Ii dark brown, finer-grained stone, hadng a 
conchoidal, semi.porcell:mic fracture, which can be 
followed with the eye for 80me miles across the country. 

I b:!tieve this lut great bed ij covered by other 
nearly ~ilUilar alternatioUJI; but Ule section is here 
obscured loy a tilt from the ne:J:t porphyritic chain, 
presently to be described. I Ilave gh'en tilis IlOOtion in 
detail, u.s being ilIuslrntive of the general character of 
the mountains in this neighbourhood j but it IUI1~t not 
be suppolled that anyone stratum long preserves the 
8ame chamcter. At a distance of between only t",·o and 
three miles, the green mudstones and white indurated 
tuffs are to a great atent replaced by red ClIldstone 
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sud black oolcnreou5 shaly roeb, nltcrnnting together. 
The wbite indllrnted tuff, bed ( II ), IH!re contains little 
or no gypsum, wbereag on tbe northern and opposite 
side of the nlley, it ill of much greater thickness and 
abounds with laycn of gypsum, some of them alternat,.. 
ing with thin seams of crYlltnlIino carbonate of lime. 
Tho uppcrwOIIt, dark coloured, hard mudstone (bed 12) 
is ill tbis neighbourhood the most cOIl~tant stratum. 
Tho whole series differs to a cOllsidcrnblo l'.xtent, 
especially ill ita upper part, from that mel with at 
[BB], in the lower part of the "fIlley; nevertheless, I 
do not doubt that thcy are equh-alcnu. 

Ft)urth. .Lrj~ of l,'lemtwll, (ITalky oj Copiapo.)­
Thill uis is formed of a chain of mOllntains IF]. of 
whicll tiN' c('utml lII.lI.SSeS (near 1.:1. PUllta)cou.sk;t of 
andcsite containing green hornblende nnd COppery mica, 
and the outer lllllSI;eB of greenish and blnck porphyries, 
togetber with some fine lilac-colourcd clnystono por­
pllyry; all thcl!(! porphyrics being injected and broken 
up Ily small hummocks of andesite. The ccntral great 
mas~ of tbis Intter rock, i8 cO\'crcd on the eastern ~ide 
by a blnck, fine-grained. lligbly mienoeou8 slate, which, 
togct11cr with the succeeding mountains of porpllyry, 
arc travened by numerollij white dik('~, branching from 
the nnde~it(', an(l some of them ext<.'nding in straight. 
line;:, ton di,tanec of a le.1~t. two mil<'!l. 111e mountnins 
of porpllyry eastward of tht micaceous 8ehist. 8OOn, but 
gradually, llS8uml' (as obsen'ed in 1M) mnny otilcr cases) 
II. stratified stnlctUte, nnd can thell be reeogni7.ed as a 
pnrt of UIC porphyritic conglomerate fornmtion. ThCf!(l 
stmta [GJ aTe inclined at a high lmgle to the SE., and 
form n IUnss from 1,500 to 2,000 fed ill thickness. 
TIIO gypseoll! tntJ..lW'S to the west alrcHdy dCliCribed, dip 
diN'Ctly toward" this axis, with the stmta only in a few 
placet (one of which is represented in the BCetion) 
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thrown from it j Iientl' this fourth lu:i" is mainly 
unie1inal to'A,.rda the SE., and just like our tbird axis, 
only locally anticlinal. 

The above strata of porphyritic conglomerate [GJ 
with th('ir.outh-eastwani dip, eODl('ahruptiy up ngail\st 
beds of tho gypseous formlltion [ Il]. whicb are genUy, 
but irregularly, inclined westwnrd: 10 that there is 
hero a synclinal axis and great fault. f'urtber up the 
m iley, hero running' nearly north and lIOuth, the gypse­
O1l8 formation is prolonged for !lOmo distance; but the 
stratification iH unintelligible, the whole being broken 
lip by faull!!, dikes, and metallifel'Ollll ,,('ins. The strata 
oonsist. cbicHy of red calcareous II3nd..t(lne;;, with nume­
roUI w~in8., in the place oflnyers,o{gypsllln; the sand­
awne iSl\SSOeiated with somo black calcareous slate-rock, 
and with green p!JCud~bonel'tone~, pnasing into poree­
lain.jasper. Still fartber lip tile vnlley, near J..a.s A.mo-. 
lanas, [I] the gflMjeolls strata become more regular, 
dipping at nn angle of between 30° and 40° to WSW., 
nnd conformably overlying, ncar the mouth of the ravil\03' 
of Jolquern, strata [K] of porphyritic conglomerate. The 
wbole ~ries has been tilted by a partially concealed 
;u:is [Ll, of granite, nnde~ite, and a S'rtlllitic mixture 
of wliit(' f('ldspar, quartz, and oxide of iron. 

Pijth Azill of Ekmfion (ValwJ of COPUIPO, '1Wlr 

Loa AmoolJl.(UI).-f will deiCribe in 80me detail the 
lcls [ I] eeeD here, which as jU-'lt stated, dip to WSW., 
at an angle of from 30° to 40". I had not time to 
eJ[8mine the underlying porphyritic eongiomcmte, of 
whieh the lowcst beds, liS ~n at tho mouth of the 
Jolqucrn., are highly compact, with cry8tnl~ of red oxide 
of iron; lind I am not prepared to l'Ily whether they 
arc chiefly of volcanic or melamoq)hie origin. On 
these bcd~ there rests a coarse Il\Irplish conglomerate, 
very little metamorphosed, compo!ll'd of pebble!! of 
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porphyry, but remarkable from containing one pebble 
of granite ;-of which fnet no illitance hu occllrred in 
the lIlCtion.J hitherto described, Aoo\'e tbis conglome­
nile, there ia a black lIiliCf!'Ou! c1ay-ttone, and above it 
numerous alternations of dark-purplillh Rnd green por­
phyries, which may be considered as the Ilppermost 
limit of tho porphyritic conglomerate formation, 

Abo\'o theae porphyries cornea a caarK', arenaceous 
conglomerate, the lower half white and the ul)per Imlf 
of n pink colour, compoBe<i chiefly of pebblea of various 
porphyries, but with some of red llUld.Jl.on{' Ilnd jas!X'ry 
rock.. In IIOmc of tbe more arcllaceoliS plirtil of tho 
conglomerate, there was an oblique or current Inmina­
tion ; a cireum!!lance which I did not ei"t'wherc ob8crie. 
Abo'e thi3 congiom('ratc, there is a \'lUlt thicknl'AA of 
thinly stratified, pnlC'-yt:llowilb, lili(,('OIt.~ !lalld~'one, 

PftS,ing into a gmnularquarlz-rock, ,!led for grind tones 
(hellco tbe nnme of the place Leu Allwlarnu), and 
certainly belonging to the gypseous formation, IllI docs 
probnbly the immediately underlying cODglom{'ratc. 
In tbi8 ydlowh,b !I1lndstone thero nre layel'll of white 
and pule-r('d Bilierous oonglomt:rat{'; other layel1l with 
!'mall, wt'll-rounded peblJk'S of whit<, quart1., like the 
bed at the]l, Claco at Coquimbo; otht'1l! of a greenish, 
fioe;::rained, I..,. ~iliceous stonp, .nmewbllt rest'mbling 
the jlICudt>-honf'l!toues lower down the \-alley; and 
lnatly, otherll of a black ca1careollil shnl<'-rock. Inone 
of the layerll of conglomerate, then' WIl!I embedded a 
fragment of ruictL-IIlate, ef which thi~ is the lint in"tance; 
hence, perhaps, it is from Do formation of mica-slate, 
that the IIlIID(,COua ~mall pebbles of quartz, both llere 
and at Q:.quimbo, 1I1I.\'0 been deril'OO, Not only does 
the Iilieoou8 !I1lncL;tone inclllde layeu of the black, 
thinly etratilied, not fi,sile, clllcnreoua shnle-rock, but 
in one Illace the whole rna&:, Ci'lll'Cially the upper part, 
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wll8, in a man·elloU.::!ly short IlOrizontl\l distance, after 
frequent alternations, replaced by it. Wben this 
occurrOO, a mountain-mllS!, !!eve",1 thoul:l.Ild feet. in 
thieknCIIII was thus eompo&ed; the black calcareous 
,hale-rock, bowenr, always included tome layen of the 
pole-yellowish siliceous sandstone, of the red conglome­
rate, nnd of the greenish jaspery nnd pe('udo.bonesWne 
vnriclie~. It. likewise included three or fou r widely 
sepnmted layera of a brown limeswne, abounding with 
sbella immedintely to be described. This I)iie of strnta 
was in pnru tmverl!ed by many "cinl of gypeum. The 
caicareaul shale-rock, though when frel!hly broken quite 
black, "'eaUlCMI into 3n asb-oolour; in whicb respect. 
and in general appearance. it perlecl.ly reeemblt"ll those 
great. fOlSiliferom bed! of the ])euquenCII range, alterna­
ting with gypnnn and red sandstone, described in tbe 
last ebapter. 

The IIhells out of the layer!! of brown limestone, in­
cluded in the black caicareoull ijhale-rock, which latter, 
118 just stilted, replaces the white silicooul Mndstone, 
eonu.stof-

Pecten Dufreynoyi, d'Orbig. 'Voyage, Part. Pa!.' 
Turritdlo. Andii, do. 

llI:lati~IIIr1ff11 iD the liar ..... CoqDilOlbo. 

Altnrte Darwinii, E. Forbet!, PI. V. figs. 22,23. 
Grypha'a Darwinii, do. PI. Y. fig. 7. 

(iryphtl:!a, no\·. spw. ? do. 1'1. Y. fig'l'. 8 and 9. 
Vernn Am('ricana, do. 1)1. V. figs. 4, 6, G. 
J\\-ieuln, noy. ~pcc. 

CoDtid~red byllr.O.R &.-erbyutheA.echiMtll. br)f.d·O.~y 
uO/<JftlliDly.uc .. uJd,O[iDrt.opeci ... bAYrnl,,1urDMic upec:t. n.. 
opeci.eD hu bwu uo(QrtDDately bt. 
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Terebrntumrenigmtt,d'Orbig. (nr. of do. E. Forbel, 
PI. ,', figs. 13,14)' • 

Thi. i. the __ ...ariel" with that from 0-, ..,Daidend by 11. 
d'Orbign, to booad;It;DCt."..., .. tl"Olllh;'T, _igma, ud ",t.t.Iod 10 
T.ob.o1e\.&. 

T'lngiostoma and Ammonites, fragmente of. 

The lower byen of the limestone contained thou­
sands of the Gryphroa j and Ule upper ones as mnuy 
of the Turritdla, with the Gryphrea (nov. spec.) nnd 
SertJulre adhering to them j in all the layers, the Terc­
i)mtula ami fragments of the Peet~n were included, 
It ",-as evident, from the mnnner in which tile ~~ie8 
were groUI)C(\ together, that they had iil'()(\ where now 
embedded, Uefore making any furtherremark~, [ may 
state, that. higher up thi~ I'IIOle valley we .hall again 
meet. with a !<imilar association of shcll3; nnd in tho 
great De!J)ohlado '"nlley. which branches ofT nt"3r tho 
town from that of CopiaJXI, the Pecten Dufreynoyi. 
SOUle Gryphites (I Ix'!ieve G. Darwinii}, lind the Irut,. 
Terebrntula ronigma of d'Orbigny ""ne found togt'tll("r 
in nn equivalent fonnation as will be hereafter lM'Cn, 
A s~imen :lho, r may add, of Ule true '1'. renigma, 
was gh'en me from the neighbourhood of the famou~ 
~ih'er min("8 of Chanuncillo, a tittle !;Qutll or tile valley 
of {'opiapo, and th~e mines, from their position, [ Ilal'e 
no douht, lie within the gt'(-at gypIICQUS formation: the 
rocks close to one of the Iilver leill8, judging from 
frngmellts ~llown me, resemble lhOl!O singular mcta­
mOlllhoscd deposil!! from the milling diatrict of ArquelOll 
near Coquimbo. 

I will reiterate tIle evidence on the association of 
th<'!lOlICl'ernl 811ell8 in tbe I!('verallocalitiea. 
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GlUlleo. 

Copiapo. 

Con~idering thia wblt', I think it is imJ>Ol;SihIc to 
doubt that nil these fo-<sils belong totheFamcformntioll. 
If. however, tl\o species frOIn Las AmolannB, in tIlc 
Valley of Copiapo, had, 38 in the case of those from 
Gu:~, be€n f!eparnt.4.'ly {'stlmincd, they wouW probably 
hnve been ranked na oolitic j for, although no ~pirifcr8 
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were found here, all the other species, wiLh the excep­
tion of the Pecten, Turritella, and Ast.mte, have a lIlore 
ancient IUlpect than cretaceous forms_ On the other 
hand, taking into account the evidence derived from 
the cretaceous character of these three sheUs, and of 
the Hippnrites, Gryphtea orientalis, and Ost.rea, from 
COqUilllbo, we (tre driven back to the provisional name 
already ~eed of cretaceo-oolitic_ Prom geological 
evidence, I believe this formation to be the eq uh-a­
lcnt of the Noocomian beds of the COI-diHera of Central 
Chile, 

To return tj) our section near I,as AmolanlUl;­
Above the yellow siliceous sa.ndstone, or the equivalent 
calcareous slate-rock, with its bands j)f fO!;SiI-shells, 
according as the one or fhe other prel'ails, thero:~ is 

. a pile of ~trata, which cannot be lCl!8 than from 2,000 
to 3,000 feet in thickness, in main part composed of 
a coarse, bright, red conglomerate, with many inter­
calated beds of red sandstone, and some of green :md 
other coloured porcelain-jlUlpefY laycr~. The include(l 
pebbles are well rounded, varying from the eim of an 
egg to that of a cricket-ball, with n few larger j und 
they consist chiefly of porphyries. Tho basiH of the 
conglomerate, R.8 well as some of tIle alternatiIlg th.in 
beds, are formed of a red, rather harsh, easily fusible 
sandstOne, witll crystalline calcareous particles_ This 
whole great pile is remarkahle from the thou~and! of 
huge, embedded, silicified t.rliniu of trees. one of which 
was eight feet long, and another eigllteen feet in cir­
eumferenec: how man-ellous it is, that every I'essel in 
so thick a mass of wood should have been converted 
into silex! 1 brought home many specimcns, :md ::Ill of 
them, accol"ding to Ur. R. Brown, prellCnt 'n coniferous 
structure_ 

Abol'e this great conglomerate, we have from 200 to 

© The Comolete Work of Charles Darw,n Online 



564 Valley of Cop~ia~'P_o. __ _ 

300 feet in Lhickness of reel mndstone; and above this, 
n. stratum of lJlack calcareous slate-rock, liko that 
which alternntes with and rcplaeei! the underlying 
yellowish white, silieeous sandstone. Clo!lO. to the 
jnnction between this upper black ~Iate-roek and tIle 
upper red sandstone, I found tlle Grypha:a Danuinii, 
the Tw·;·ilella.1l rulii, anu vast. number3 of a bivahe, 
too imperfect to be recognised . lI~nce we see that, as 
farasthecviuence of tliesotwollllellsscrl'cs-nndthe 
Turritella is all eminently characteristic speciea--the 
whole thickness of this vnst pilo of strata belongs to 
the same age. Again, above the last-mentioned upper 
red sanustone, there wern scveral alternations of the 
black, cnlcnrcous sbte_rock j but I was unable to ascend 
to tllcm. All these uppermost strata, like the lowl'r ones, 
"ary e:'!:tremely in character in short 11orizontal distances. 
The gypseOUB formation, as llem seen, has a coarser, 
morc mechanical te.:dure, aud contains much more 
siliceous matter than the corresponding beds lower 
dow\) the valley. Its totnl thickness, togetller with the 
upper beds of the porpllyritic conglomerate, I estimated 
at least at 8,000 feet; and only a small porLion of the 
porphyritic conglomerate, which on the eastern flank of 
the fourth axis of elevation appeared to be from 1,500 
to 2,000 feet I.hick, is hcrc included. As corroooratil'e 
of tI1C grcat thickness of t.ll0 gypseOU8 formution, I 
may:mcntion that in thc Despoblado Valley (which 
branches from the main vallcy 11. little above tllC town 
of Copiapo) I found a corresponding pile of red and 
white S:l.lldstOIlCS, and of dark, calcareous, semi-jaspery 
mudstones, ri~ing from a Ilcarly level surface aud 
thrown into all absolutely \'ertical position; 80 tliat, by 
pacing, I ascertained their thickness to be nearly 2,700 
feet; takillg this as a !itandard of eomp.'lrisoll, I esti-
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mated the tbicknesa of the strata abot·~ the porphyritic 
conglomerate at 7,000 feet. 

The fossils beforo enumerated, from tho limelltone­
layers in the whitish silicoou8 sandstouo, ~Lro now 
oovercd, Oil tho least computation, hy stmta from 5,000 
to 6,000 feet in thicknCSl!. Professor E . .Forbes thinks 
that the!!e shells probahly lh·ed ata Jepth of from about 
thirty to forty fathoms, that is from 180 to 2-10 feet ; 
anyhow, it ill impoi!l!ible that they could hn\·e lived at 
the depth of from 5,000 to 6,000 feet. lienee in tllis 
casc, as in that of the Puente del Iuca, we 111:1y safely 
(.'(Include that tlle bottom of the ije:J, on whicll the shells 
lived, subsided, so 118 to receivo tho superiucumbent 
Rubmarino strata: nnd this Rubi;iij(,uce Wll:;t have taken 
place during the exi~u>nce of tiw,;e ~hells; for, as I 
luwe Ehown, !lOme of th('m occur high up 88 W~'11 as low 
down in the !;Cri(>!l. That the bottom of the lM'a su~ 
I!ided, is in harmony with tho presence of tho lay<'111 of 
eoarse well-rounded pebbles included througllout this 
wholo pile of strata, as weUal! of .the great uppt!r ma.os 
of conglomemte from 2,000 to 3,000 feet thick j for 
coone gra\·el could hanlly bavo been formoo or spread 
out at the profound dl'pths indicated by till' thicknl'SS 
of the strata. The lub.ridenee, nlso, rnu~t h8ve been 
slow to ha.\"e allowed of this often-recurrent I!preading 
out of the pebblC". ':\Ioroover, wo sllall presently ~ 
tbnt the 8mfacCl! of !!Orne of the ~tfcalUS of porpllyritic 
hW\L beneath the gyp!ICQus formation, fll'(' flO highly 
I1lllygdnloidal tbat it is acnrcl'ly po~.iblo to bclic\'c tim" 
they flowed under tho valt Ilre&Sure of a deep ocean. 
The conclusion of 11 great 8ubf!idence during the exist­
ence of these cretaeeo-oolilic fossils, may. I belie\"e, 
be extended to tile district of Coquimoo, although 
owing to the fOllS.ilifcrous beds thero not being directly 
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~x)\"ered by the upper gypseou8 etmto., which in the 
IICCtion north of the \'3116y areaoout 6,000 feet in thick. 
Ilea, I did not there insist on th" oonclwion. 

The pebbles in the above oouglomer.uetl, both in 
UIC upper and lower beds, are all well rouuded, and, 
though chiefly composed of mrious porphyries, them 
nre lOme of red mndsiAlne and of II. jnspery sLone, both 
liko the rocks intercalated in layers ill this same 
gyPIK'OUB formation; {;here was olle pebble of mica-alate 
and lOme of quartz, together with fiallY particles of 
quartz. In tht:.;(! respects there is a. wide differenoo 
wlweell til(' gJl)!IeOUS oouglomernt.cs and thOile of the 
porphyriti<H:onglomeraf..e fonnatioD, in which latter, 
8uguL1r and rounded' fragmentg, almOflt exclusi,\·cly 
oompotsed of porphy"ries. are mingled together, and 
which, all already often remarked, probably wereejeeted 
from crnten drep under the sea. From these facts I 
conclude, that during the formation of the conglome­
rates, land existed in the neighbourlHlod, on the sllQre& 
of which thl'. iUllum\!mble pebbles wcre rOllnded and 
thence di~l)ersed, and on which the conifcrous forests 
fl.ourihhed_for it is improbable that 1:10 Dlany thousand 
logs of wood should have been drifted from any great 
distanC(', This mod, probably ismnds, must have been 
mainly formed of porphyri~ with lOme mica.-@iate, 
whence the q\larlz was derived, and with IOmc re<I !!and­
&lone and jllSpery rocks, This iatt('r fact is important, 
U!I it show~ that in this district., e,'en prcdously to the 
d('po,ition of the lower gyp;;eous or cretaceo-oolitic beds, 
~tratn of an analf)gollil nature had elsewhere, 110 doubt 
in tile more central range!> of the Conlilll'ra, been 
elevated; thus n .'CUliing to Ollr mind!! tile relatiolll! of 
the (:tIlnbre and Uspallata chain~, Jlaving already 
I'('f~'rreJ to the brreat lateral miley of the Ik~poblado, 
I many mention that aOO\'e the 2,iOO fl'Ct of red and 
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wbite I13l1dtitone and dark mudstone, tbere il a \'aSt 

tnaSiI of coaNC, bard, red congloln('rUte, .ome thousD.od 
feet. io thicknen, which containl much lilicified wood, 
aod cvidently coneopond.!! with the great upper oon­
glomero.to at Las Amolana.!l: llere, bo'tl"ever, the coo_ 
giomernto OOD8.i.st.8 almost exclUiliveiy of pebbles of 
granite, and of disintegrated crystals of reddish feldspar 
and quartz firmly recemented togctller, Jo this case, 
we may eonclude that the land whence the pebbles were 
deth-oo, nnd OD which the now silicified tree!! once 
flourished, Wall formed of granite. 

Thl' mountains near .Lo.s Amolanas, composed of 
tho cn:taceo-oolitic strata, are interlaced "'jth dikes like 
a apid .. r'l wcb, to an (':dent which I ba\'o never teen 
cquo.llal, e:ll~'pt in the d~l1uded interior of a \'oleanie 
ernter: nortll ant! aoutb line«, hO'tl"6\'er, predominate, 
Tbete dikes are composed of green, white, and blacki~h 
rocks, all porphyritic with fcld~lmr, and often with 
large crytitals of hornblende. The wil ite varieties 
Ilpproach elo~ely in character to amll'!<ite, wbich com­
pose~.DS we luwe !!CeO, tlle injected axes of I!oO many of 
the lin('l! of ell'V3tiOD, Some of the gr()('D varieties 
are finl'ly laminated, parnllel to th(' wa.lls of thl' dikes. 

8i;rth .-t.ris of J:lel:(ltiQn (Vnlu:J of Copi«po).­
Thi, lUi, coD~i.u of a. bro:W mo\mtainoUl man [0] of 
and{'!lil(>, com~ of.alLite, brown mica, and chlorite, 
paw.ing into andesitie granite, with qUllrtz: on its 
western lide it h:u thrown olf, at- a con@iderablo angle, 
a thick mau of stratified porphyri('!l, including much 
epidote [N ~], and remark:lhln only from beingdi\'ided 
into w~ry thin beds,:lS highly :.unygdaloidnl on their 
8urfaccslUl sub-aerial lav:l-fitreams are often vesicular. 
This porphyritic formation is confonnably cOI'ered, as 
lle('n lOme way lip the ravine of J olquera. by a mere 
remllll.nt of the lower part of the cretnceo-oolitic for· 
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million [)L M). which in ODe part euClUif'f', lUI repro­
IleDted in the coloured section, the foot of the ande!lilic: 
an. [L]. of the already described fifth line, and in 
another port entirely conceals it ; in this latter case, 
the gypteOI18 or eretacoo-oolibc stnltn fabely appeared 
to dill under the porphyritic conglomerate of the fifth 
axis. The lowest bed of the gypseouB formlltion, as 
8CCn Jlcre [:\1], is of yellowiijh ~ili~u8 snnd~l()IlC. pre­
cisely like t1mt of Amo!ao3Jl, interlaced in parts witb 
"cina of gypsum, Ilnd including layen of tho black, 
calcareous, non-figgile slate-rock: the 1'urritell(, Andii, 
PtcUn DufNPJ1K11fi, TerWratula (enigma, t.'a1". and 
!lOme Gryphite were embedded in these layen. The 
sandst.one nirie! in thickneiil from only twenty to eighty 
feet; and tbia variation is cnused by the ineq\uilitiell in 
the UIII)!!f Burface of an underlying atream of purple 
claystone porpbyry. H cnce the above fOSllils here lie 
at the very base of the gypseolls Of crcta~litic 
formation, aud hence they were probably once covered 
up hy strata about i,OOO feet ill thicklle88: it is, how· 
CI'cr, 1)O~8ible, though from the nature of nil the other 
IJCetions in tllis district not probable, that the porphy­
ritic daY-lltone IM'a may in this case Imve invaded a 
h igher lel'al in the series. Alx)I'e Ule 8alldetolle there 
ia a considerable mass of much indurated, purplish­
black. calcareous clay-stone, allied in nature to the 
onen-mentioned black calcareous slate-rock. 

Eaat."'1\rd of the broad andes:itie a:t:is of this si:t:lh 
line, and penetrated by many dikes from it, tbere is 
a b'tcat formation [I'] of mica-schist, with its usual 
variation!!, and passing in oae pnrt. into a ferruginous 
quartz-rock. The folio are curved and highly hlclinod, 
gcnerally dipping eastward. I t is probable that this 
mien-schist is an old formation, connected Irith the 
granitic rocks and metamorphic schids Dcaf the coa,,-t; 
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and that the one fragment of miCIH.late, and the pebble!! 
of quartz low down in the SYpIOOUlI formation at La! 
Amolaaas, ~\'e heeD derived from it. The mica-achitt 
il succeeded by stratified porphyritic conglomerate [Q] 
of great. thickn-, dipping caJltward with a. high in­
clination: I hlwe included tili, latter JllOunw.in-mass 
in tIle snIDe anticlinal axis with the porpllyritiestreama 
[N N]; but [ am far from Quro that the two masses 
may not have been indepeudcntly uphen\'ed. 

&tvmth _/h:i. of Ekvation.-J'roeeeding 1I1l the 
ravine, we oolne to another mass [R] of nnd~ite; and 
beyond Ulis, we again ha\'e a. very thick, atratified por­
phyritio formation [8], dipping at a ~mall angle east.­
ward, and forming the basal part of th." main Conlillern. 
I did not. ueend the ravine any higher; hut h('re, 
near Ctstano, I eumined 1IC\'ernllleCtion~, of whicb I 
will not give the detail!, only oVKer,"ing, that the por­
phyritic beds, or submarine lavll!1, prq)(lIIderate greatly 
in bulk over the alternating sedim("nt.1ry layt'rB, which 
hlwe been but little metamorph()S('(\: thet<l' lutter con­
sist of fine-grninoo red tuffs and of whiti&h "oleanie 
grit-ttonel!, together with much of a singular, compact 
rock, Imving an almo:;t crptnlline ha~i>", finely tree_ 
ciated with red and gr~n frugmenttl, nnd occa~ionallJ 
including a few large pcbblC!l. '1110 porphyritic la\'llS 

are highly nmygdaloidal, both on th('ir uppcr and 
lower slIrfRcetI; they consist ebieO, of claY-41wn6 por­
phyry, bllt with oue common \'ariety, like IIOme of the 
stream! Rt the Pucnte riel Inca, IlR\'in~ a gray mottled 
basis, abounding wilh crystals of red bydrolI.J oxide of 
iron, green ones nplmrently of epidote, lind I\. few glRSSy 
ODCI:I of fcldapnr. This pile of ~lrnta diffcrfI eon~ider­
ably from the basal strata of the Cordillera in Centml 
Chile, and may possibly belong to the upper nnd 
gypeeoUl-lCriea: I snw, howeyer, in the bed or the 
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n!.lley, one fragment of porphyritic breceia-«lnglome­
rate, exactly like those great lliB.Sllel met with in the 
more IiOlithern parts of Chile. . 

Finally, I must obgen'c, that though I blh'e des­
cribed between the town of Copiapo and the western 
flnnk of the main Cordillera seven or eigbt nXe8 (If 
('\CWltiOIl, extending nearly north and sonth, it must 
not 00 supposed tbat tlley all run continuously for 
grrot ciigtnnced. All wag stated to be the ease in our 
fleCtion! neroM tbe Cordillem of Central Chile, 80 here 
most of the line!! of elcl'3.tion, with the exception of 
the fint, third, and fifth, are I'eryabort. The stratifi­
cation is cI'erywhere disturbed nod intricate j nowhere 
hal'C 1 leen more numeroUli (aulta nnd dikes. The 
whole district, from the iieB. to the ConliIlem, is more 
or leAA metallifcroug; and I heard of gold, silver, 
copper, lead, mercury, and iron veins. The metllmor­
Ilhic action, even in tlle lower stratn, hIlS certainly 
been far IC88 here than in Central Chilc. 

Vallcy oflhe Dupobl(<<lo.-This great bn.rreu vn11ey, 
wllieh hns already been alluded to, cnters the main 
l'aIley of Copiapo a little alx)\'e the town: it nm~ at 
tiMlt northerly, then ~E., nnd more casterly iut(l the 
Cordillera j I followed ita dreary course to the foot of 
tIle fiMlt main ridge. I will not gil'C a detailed section, 
becnlllM! it ""ould 00 _ntially similar to tbat already 
gh'en, and because the stratification is exceedingly 
compliented. After leaving the plutonic hills near tho 
town, I mpt fil'1!t, as in the main valley, with the gypseoliS 

formation, having the rome divet8ificd character as be­
foI'(', nnd IlWn afterwards with mll1lses of porphyritic 
conglomf'rate, about 1,000 feet in tllickoC:lill. I n the 
lower part of this formation there were ycry thick hed~ 
composed of frdgmenu of clay-stonc porphyries, lxlth 
angular and rounded, with the ~maller nnell partially 
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blended together and the ba3i.ll rendered porphyritic; 
theeo beda .eparnted distinct ~treallU, from sixty to 
eighty fo..'cl. in thickness, of clay..tone lan". Near 
llaipote, allo, thcre ~1UI much true porphyritic breccia· 
congloUlernte: nevertheless, few of these In:l8IIeII were 
metamorphosed to the fl3me degree wilh the corre­
llponding formation in Central Chile. I did not moot in 
tilil \,IIUey WiLli auy true andeaitc, but only with im­
perfect IJ,mlClitie porphyry, inclucling large crystals of 
horllblend,': numerou~ as have been the yarietiCII of 
intrwoive l)()rpliJrie8already mentioned, thcre were here 
mouutainl eompGlMld of a new kind, iladng a compact, 
llUooth, crcam-coloured ba:!ilI, including only a few 
c'1-..t.aI~ of f"ld~I)llr, and mottled with dendritic BPOt" of 
oxide of iron. There wetc also IOmc mountain. of a 
porphy'1" with a brick-red ba~i., containing irregular 
ofum lens-thapN, patches of (:ompact feldspar, and 
cryslalli of fehl~llllr, whieh latter to my !urpriec I find 
to be orthitc. 

At the foot of the fint ridge of the main Cordillera, 
in tile ravine of lIaricongo, and at lin ehll"ation which, 
from the utrt"me coldnl'o«! and appearanco of the \"ege­
tation, l l",timatcd at about 10,000 ft....,t, 1 found bed, of 
white j<\lltbtOIlC and of iim<lblone including the Pecten 
DU.jl"6'!JfWyi, T~rdn"(ltu.la renig""j, aud MOmeGryphite&. 
Thill riJgu throW>! the water on the one hand into tbe 
l)ncific, aliI.! on the other, WI I wu informed, inwa 
groot gran:l-COl"('Too, basin_like plain; inc.luding a IIIllt,.. 
lake, and without IIny drainage-e.rit. In eTOl!!ling tho 
Cordillera uy thia l)a!!', it is lII\id thllt three principal 
ridgt's rou~t, be lrrn"el"l>Cd, inste:.J.d of two, or only one as 
ill Ct.'utral Chile. 

Tho cr(:.Ojt of this finst lnain ridge and the !urrollnd­
ing mountnins, with the exception of n few lofty 
pinnncleJ., are cnpped by n great thicknen or a hori-
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r.ontnlly rtratified, tufaeeou8 dCI)()lIit. Tlu.' lowest bed 
ill of • lillie purple colour, hard, fine-grnined, Bnd full 
of broken cry~tab of feld!;Jl'llr and tcalea of mica. The 
middle bed i~ coarser, and lees hanI, and henC(' weathers 
into '"ery ahar!, pinnacle!!; it includes very lmall frag~ 
mentJ! of granite, and innumerable ouet of all size!! of 
gray H~~icular trachyte, some of which were rliatincUy 
rounded. The uppermost bed i~ about 200 feet in 
thickn~~, of II darker colour and "llllO.rcntiy hard; but 
IlIad not timo to IUCcnd to it. Theil(} thT«' horizontal 
beds mny be BeeD for tbe distance of many leagues, 
especially w(.'!Itward or in the direction of the Pacific, 
C&11lliog the summit.. of the mountains, and Itanding on 
the Ol)poeite aides of the immense "nlley. at exactly 
C("IlTeI.ponding heights. If united tlley would form a 
plain, ineliued very slightly townrdll the- Pncific j the 
bed, become thinner in thi, direction, and the tuff 
(judf:,-ing frolu oue point to which I ascended, !lOme 
way down the valley) finer-gmilled and of leq ~pecific 
grlwily, though still compnci nnd IIOnorou8 Ullder the 
hammel, The gently inclined, almoqt, horiwlltai 
stratification, the presence of lOme rO\lndoo pebbles, 
aod the eompactOelil! of the lowest bed, though render­
iog it probable, would not lu,,'e con\'incro m{' that this 
mllll had been of 8ubaquemu origin, for it ill known 
that \'oleanic Mhes falling 00 lIand nnd moi.,;tened by 
rain often become hard and atratified; hut bed~ thus 
originnting, and owing their colilOlidation to ntmo­
.plK'ric moi~ture, would llll\'e C()v('re(\ ahn~t equally 
every neighbouring summit, high and low, lind would 
not ha\'o left those above a certain eJ:net level abso­
lutely bare j this circ\lm~tance lI('Cmll to me to prove 
that the ,'oicauicejectiODS were nrreated nt tlleir pre-
8(>lIt, widely extended, equable 1('\'el, nDd Ulere con­
IOlidated by lOme other menns thnD .imp!l' atmo<:pheric 
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moisture; aud this no doubt mwt ha,-e been a sheet of 
water, A lake at this great lwigbt, and without a 
barrier on any one side, is Ollt of tlte question; conse­
quently we mUllt ooneludo that the tllfuC(l()uS mat.ter 
WIUI anciently deposited beneath the sea, It was cer~ 
lainly deposited beforo the e:lCl1vation of tho valleys, or 
at least. before their final enlargemont; I nnd r may 
add, that )11', l.amlx>rt, a genUema.n well ncqWl.inted 
with this country, informs me, that in IUlCCnding the 
ra"ine of Sant. ... ndres (which branehes off from the Des­
PQblndo) he met with streams of lava and mueh ernpted 
matter eapping nil the hills of granite and porphyry, 
with the exception of some projocting l)(Iint!; II(' also 
remarked that the ,'alleya bud been cxcll"atoo subse­
quently to titeseeruptions, 

Thi~ ,'olcanic formation, which I am informed by 
Mr, Lambert eJ:tend~ far northward, is of interest, lUI 
typifying whal hlUl taken plaoo on a gratlder scale on 
the cort'Cl'ponding wbtern !<ide of the Cordillera of 
Perno Under another point of dew, however, it pos-. 
!IeiIieIl 11 far higher in\.eu:<t, as continuing that concln~ 
sion drawn from th ... ~tructure of the fringes of stratified 
~hingle whi<."h are prolonged from the plains at the foot 
of the Cordillera far up thl' \'alley~,-oamely, that thi.~ 
grl"flt range has bN-n e1emted in InIU'll to II. lldgllt of 
between 8,OOOall(i 9,000 feet;' and now, judging-from 
thb tufiu~eom depo;;it, we may conclude t1mt the hori~ 

I J Ju~o onJ""WIlI'l'<l to ~h<> .. ;0 my 'Joo"".l; &c. (2nd edit.) p, 
3M,u.,t thioarid ... 1I~1- l..n bl the rflnlltill8 _ .. u.. Iaod 
.101o·l,. ..... int.he.laUIio .. hieb., ........... ,t. 

· I ... ,.h"",,,,,,,,ti,"'th.olOlltb. _h";deoll.b~ ... i,, .... Il.,.of 

~tal~ot~i';.d~l~UIlt~~~~":~ie~~':!.~·t!~== 
I .. ~ n.nd ~,ooo f...t .. bon tl", ! ... l of lhe nUey_ Thi. ahiDf!l., I 
h"!i,'yo, fo ..... tlieedge of • .ride rbn, which Illret1:b. ICt:lth ... rdll 
b<l"tt'nloromQuntainl'8"£"'_ 
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zontal elevation has been in the di.lrict of Copiapo 
about 10,000 fcet. 

In the nlley of the Despoblado, the litmtification, 
as before remarked, bas been much disturbed, and in 
fl(lI ne points to a greater degree thall I hM"e anywhere 
elaef!e('n. 1 will gire two cases: a very thick mnssof 
thinly stratified red sandstone, inrwlurlillg beds of con­
glomerate, has been Cflllihcd wgcthcr (Ill "'Presented 
in tho woodcut) into a yoke or tlnl-formed trolLgll, IlO 
thnt the stratn 011 both side;! havo been folded inwards: 
on the right hlllld UIO properly Ilodl'rlying porphyritic 
claystone oongiomernte is seen o\'crlyiog tbe sandstone, 
but it. flOOD becomes ,'eTtical, and then i8 inclined to­
wan.ls tbo trougb, so that the beds radiate like the 

apoke/l of a wheel: on the left hand, the iU\'ertoo por­
jlhyritie congloluernte also assumes n dip towan1s~tbe 
trough, not gradually, as on the right hand, Lut. by 
mean. of a vertical fault and ly1lclinal break; and a 
little Btill farther on towaros the left, tlll'rc L, a second 
great ohlique fault, (both shown by tho arrow-lines) 
with the sirota dipping to a directly oppo~ite point ; 
these llIountnins arc intersected by infinit('ly nUill('rous 
dikes, some of which (:3.n be seen to ri86 from hummocks 
of grrenstone, fllld can be traced for thOlL$nnd~ of feet. 
I n Ihe BCcvnd case, two low ridges trend togethf"r and 
nnite ~It the head of a little wedge-,haped ,'alley; 



Iq1filjlIC, Peru. 575 

throughout the rigllt-Iland ridge, the stram dip at 450 

to tbe east: in tbe left-hand ridge, we have the very 
same strata and at fust with exactly the same dip; but 
in following this ridge up the ,'alley, tho stratn are 
seen very regularly to become more and more inclined 
nntil they stand vertical, they then gradually fall over, 
(the basset edges forming symmetricall!erpentine lines 
along tbe crest) till at the very bead oftne valley tbey 
are reversed at an angle of 45"; so tbat nt this point 
the beds bave been turned throngl} an angle of 1350

; 

and here there is a kind of anticlinal axis, witll the 
straIn on both sides dipping to opposite points at an 
angle of 45°, but wiLh those Oil the left baud upside­
down. 

On the Et'Upti~'e Sources of fhe Porphyritic Clay-
8wne (m(l GrulUlione L(was.- m Central Chile, from 
the extreme metamorphic action, it is in IlIwt parts 
difficult to distinguish between the streams of porphyritic 
lava and the porphyritic brcccia-conglomel'ate, but 
llCfe, at Copiupo, they nro generally perfoctly distinct, 
and in the Despoblado, I saw for the first time, two 
b'1'eat strata of purple claystone porphyry, aftcr having 
been for a considerable space closely,mited together, 
one above tbe other, become separated by a mass of 
fragmentary matter, and then both tbin out ;-the 
lower one more rapidly than the upper and greater 
stream. Considering the llumber and thickness of the 
~treams of pOl'phyrit.ic lava, and tlle grent thickness of 
lhe beds of breccia-conglomerate, tbere can be little 
doubt that the sources of eruption must originally have 
been nnmerous; nel"erlheless, it is now most difficult 
cI'cn to conjecture the precise point of anyone of lhe 
ancient submarine craters. I have repeatedly obserl"ed 
mountains of porphyries, more or less distinctly strati­
lied towards their summits 01" on their flanks, without a 
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trace of stratification in their central and bas;ll parts , 
in most cases, I believe this is simply duo eit]ler to the 
obliterating effects of metamorphic action, or to sllch 
parts baving been mainly formed of intrusive por­
phyries, at to both causes conjoined; in some instances, 
however, it appeared to me very probable tbat the 
great central unstratified maSSel! of porphyry wero tbe 
now partially denuded nuclei of the old submarine 
volcanos, and that the stratified parts marked the 
points whence tbe streams flowed. I n one case alone, 
and it was in this Yalley of the Despoblado, I was able 
actually to trace a thick stratum of purplish porphyry, 
which for a space of some miles conformahlyoverlay 
the usual alternating beds of breccia-eonglomerates and 
claystone lavas, until it became united witb, and 
blended into, a. mountainous mass of vllrious unstrati­
fied porphyries. 

The difficulty of traeing the streams of porpbyries 
to their ancient and doubtless numerous eruptive 
sources, may be partly explained by the vcry general 
disturbance which the Cordillera in mos~ purts bas 
suffercd j but I strongly suspect that there is a more 
specific cause, namely, that tlte (n·iginal points oj 
eruption tewl to betxmM tlte points of illjecfi(Jn. This 
in itself does not seem improbable j for where the earth's 
crust lla5 oncc yielded, it would be liable to yield 
again, though thc liquefied intrusive matter might not 
be any longer enabled to reach the submarine surface 
and flow as lava. I have been led to this conclusion, 
from having !!O frequently observed tlmt, whore path of 
an unstr;\tified mountain-mass resembled ia mineral­
ogical character the adjoining streams or stratn, thcre 
were severnl other kinds of intrusive porphyries and 
andcsitic rocks injected into the same point. As these 
intrusive mountain-masses form most of the :l::I:cs-lines 
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in the Cordillera, whether anticliual, tLllielinul, or syn­
clinal, and lUI tho main nlley. 00\"0 generally been 
hollowed Ollt. along the.le linCll, tho intrusive mll.88e8 
have generally suffered much denudation. l ienee they 
are apt. to stand in ISOme dcgreo isolated, and to be 
tritnated at the points where the valleys abruptly bend, 
or where the main tributaries enler. On tbill view of 
there being a. tendency in the oM poinw of eruption to 
becomo tllO I)()inta of Hul.o;equent injection and dis­
turbance, and coDse<lucntlyof denudation, it ccases to 
be surpri8ing that the ~treams of hwa in the porphyritic 
clnystone conglomerate fo)rmatiOD, and in other llnnlo­
gOlls CIUie~. should mo.t rnrely be trnccuLlo to their 
nctu.alllOurC('~. 

Iquique, &utl~r,~ Peru.-Differently from what 
we havo !it't!1l throughout Chile, theeo:l.al hero i8 formed 
not by the gmnitie ~ ... rie;<, tout by an (':;carpment of the 
pOrpllyritic coug-lomemt(l formation, between 2,000 and 
3,000 f .. ...:t in height.! I had tilno only for 11 ,'ery IIhort 
examination; the chief part of tIle escaTpment appears 
to be compoeed of varioll" reddi~h and purple, lKIme­
times laminatt.'(I, porphyri<.>!I, resembling thOlO of Chile j 
and I 6flW IIOffiO of til<' porphyritic breccia-conglomerate; 
the stratification appeared but little mclin<.'ti. The 
lIJlpcrmOl<t part,judging from the rocks near the famous 
.ilver mine ef Hwmtajayn,~ oon~ists of laminated, im­
pure, argillaceous, purplish-gray limcstone, ussociated, 
J belicw, .... ith lOme purple sandstone. In the lime­
atono e1Ic1li! arc found: tho thr<.>e following spedCli were 
gh"enme:-
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Lucina Americuna, E. Forbes, I'l. \'. fig. 24. 
Terebrntula inca, do. PI. V. fig.. J9, 20. 
--oc-nigma, D'Orbig. PI. V. figt. 10, L1 , 12. 

This lnller specie. we ilal'e seen associated witll the 
fOll!!ils of which li,ta hal'e been given in this cbapter, in 
two J)lacet in the ,'alley of Coquimbo, and in the I1lvine 
of Marioongo at Copiapo. Cousidering this fact, and 
the superposition of tht'lle beds on the l)Orphyritic con· 
glomerate formation; and, lU we shall immediately see~ 
from their contain ing much gypsum, alld from their 
otherwise close general resemblance in mineralogical 
nature with the strata dellCribed in tho valley of Copiapo, 
r hal'e little doubt that these fossiliferolll beds of Iquique 
belollg to the great cret.aooo.oolitic formation of N orthem 
Chile. Iquique it situated liel"cn degree. latitude north 
of Copiapo; and I ma, here mention, that an Ammon_ 
itet!, nOl'. spec., and A~tarte, nOl". spec., were gh"en me 
from the Cerro Pasco, about len degree! of latitude north 
of lquique, and 1\1. d'Orbib'1ly thinka thnt thcYI)robn.bly 
indicate a Xeooominn formation. Again, flfteeu degrees. 
of latitude northward, in Colombia, tllere is a grand 
f08!!iliferous depoeit., now well known from the labours 
of Von Buch,Lea, d'Orbigny, :md Forbetl, which be-­
longs to tile earlier .tages of the cretaceoUll system. 
J ((lnte, bearing in mind the character of the few follSils 
from TielTa del Fuego, there is some evidence that a 
great rortion of the stratified deposits of the whole vast 
range of the South American Cordillera belongtl to 
about the same geological epoell. 

Proceeding from the coast. escal')lInent inward~, I 
crossed, in a SJ)IlCe of about iliirty mil"", an elevated 
undulatory digtric~ with tho beds dillJling in mrious 
directions. Tho roek$ are of llIany kinds,-whiw 
illminuted, sometimes @iliooou~ Eandstone.-purple and 
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red sandstone, sometimes so highly calcareous as to 
bave a crystalline frnctUTe,-llrgillaceous limestone,­
black calcareous slate-rock, like that so often described 
at Copiapo and othcr p\aCCll,-thinly laminated, fine­
grained, greenisll, indurnted,sediment:uy, fusible rocks, 
npproaching in character to tbe w-.called pseudo-llOne­
stone of Chile, including thin contemponmeolls veins of 
gypsum,-and lastly, much calcareous, laminated por­
celain jllSper, of a A'Tcen colollr, with red spots, and of 
e:r.tremely easy fusibility: I IIOtiCed one conforlllable 
stratum of a freckled-brown, feldspathio lava. I may 
liere menlion that I lleurd of great beds of gypSllm in 
the Cordillera. The only lloYcl point in this formation, is 
the presence of innmnemble thin layers of rock-salt, 
alternating with the laminated and hard, but sometimes 
earthy, yellowish, or bright rod and forl'uginolls !lUlld­
it..ones. The thickest layer of salt was only two inclles, 
and it thinned out at botll ends. On one of these 
!W.liferou8 masses I uoticed n stratum nbout twclve feet 
thick, of dark-brown, hard brecciated, casily fusible 
rock, containing grains of quart1. and of black o:Jide of 
iron, together with numerous imperfect fragmenta of 
shells. The problcm of the origin of san is 80 obscure, 
that every fact, even geographical position, is worth 
rCCQrding.l With the el:ception of these saliferous 

1 lti ....... nknOWIIWLfltratifled .. 1Li. fOlIodio .. ~eml pl1lCe1 00 

~~: ~i~~folfue~;IU1~~,~~;~~~~!uiD'iliick:~~~ ~:~ o~;c~ 
i.haudpurph.h,hllni .nkeon", or enrlhy""udstoUM, IlltenlRting"';!.h 
thin t...ycnof.bnle ... hicb illplACelll I ......... i nto.gro<!ui, h,llenli-poreel­
IlIoic.fuiblerook. Tbcroan>5OltIetbinbe<lJior.,.do.li.bmuw.t<mo.hnd 

:::~":.'Joit~:." es~i,~I\~to;~";h:~n~;)~:':d~~!{.:t~,~;" !:a ~:~I!ro~! 
thin ... un.cfrock_""h: l""l!linfOrn>ed tbatou.i.R1"r hwlt-nronnd 
lYO ;nobell in thickn-. The manner in .. hieb the nliDUr...~ 6 .. u_ of 
the di.)Dnltodbedllba", hoon po.uctmted by tb .... lt. appllrentlyhy .... h-

i:j:::~~n~u;::~ ; r::o:..it,~ton~nhn~: :.thdi~:::'· i;~:! 
"'e hero bate 8I11t, fD'P'lurn. BOd coal MIIOciuted togiltber. The ~tmt& 
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beds, moilt of t h .. rocks as already r€>IDarkcd, present 
II. ~triking gen!'l1Ii resemblane!' with the upper psrl! of 
the !O'~U5 or eret..'lOOO-OOlitie £onnntion of Chile. 

JIdallift'l"OlU VOiM. 

I have ooly n few remarks to make on this subject : 
in nine mining di,triets, 80m€> of th«111 of oon~idemble 
extt!nt, whieh 1 visited in Celttml ClIne, I found the 
prindpal n·illJl running from between [N. and NW.] 
to [ft lind RE.];' in !!Ome otilf'r pltlC8, however, thei r 
OOUrll' appean>d quite irn"gulnr, as is said to be ~e­
rally the ea.&& in the whole ,·s.llor of Copiapo: at Tam­
billOl, lOuth of Coquimoo, I saw ono large copper ,·ein 
ext('ndillf{ eut and west. It i! worthy of notice, that 
the foliation of the gnei!~ and mie3-f11ate, and the 
eloovage of the altered eIa.Y-41latc, where .ueb rock! 
occur, certainly tend to run liko the metalliferous 
vein~, though oft.cn irregularly, in a direction Il. little 
wctltwnrd of north. At Y IIquil, I observed thnttile prin­
cilNlI nuriferoUli vcin~ mn nearly pnmllcl to the grain or 
iwperfect cleamge of the Burrounding yranitilJ rocka. 
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With respect to the distribution of the different lnf'ta18, 
copper, gold, and iron are generally a8!looiated together, 
and are lll();!t frequenUy fouud (but with mnuy u­
OOlltiOns, as we &hall ptCSCntly ICe) in. the rod tJl of the 
lower series, between the Cordiller.\ and the Pacific, 
namely, in granite, syenite, altered feldspathie clny­
sillte, gneiu, and nil Ilear Gua800 micn-tlcbisl. The 
oopper-()res coneist of sulphllreb, olCide~, and ca.rhon­
ates, sometimCII wilh laminoo of native met.1.I: I was 
l\If!uroo that in soIDe cases (as at l)nnuncillo SE, of ~ 
quimbo, the upper part of the anme \'ein contain. oJ:ides., 
and the lower part Rulphurci8 of copper,' Gold occun 
ill itll lIath"c fonn; it ill lx-lie\'oo that, in many ca~~ 
tIle upper part of tIle vein is th,. most productive part: 
tbia fact proba\.lly is connected with the abundanc<' of 
thi. metal ill the itrntified d,~tribli of ChiJ(', which 
must haye bel>1I chidly dcrjn~1 froID the degradatinn of 
the upper portiou~ of the rQCk~, Tlw:oc ~lIpl'rfieinl beds 
of well-rouudlod gr.wel and Klmd, containing gold, 
appeared to me to hM"e been formed undH the sea 
close to tile beach, during tile 810w elention of the 
laud; 5ehmidtlneyer' remark~ that in Chile guld is 
BOUght for in I!beh'ing bank~ at til<' 11Cight of IIOme feet 
ou the ~ideR or the ijtreanl', ancl 110t in th('ir oo<b, lIB 
would b.we been the case had thi~ metal been depo~ited 
by common allu\'ia! action, Very frequf'nlly the 
copper-()res, including &Ome gold, are a!</lOCialed with 
abundant micaceous !<JlElCular iron" Gold i ~ eften 
found in iron-pyriws: at two b"Old minell at Yaqui! 
(near Nnncagua), I .... -a8 informed by the proprietor 
that in one the gold was always R..'<;lQCiated with copper­
Ilyrites, and in tho other with iron-pyrites : ill thill 

I ]'b . ...... fM't hu bern "'-ntd I>,. lfr, T.Jlor i ll C1ItJJ.; 'LoaJoo. 
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latter case, it is said that if the \'cinceases to contain 
i ron-pyrites, it is yet worth while to continue the 
search, but if the iron-pyrites, wIlen it reappears, is Dot 
auriferous, it is better at once to gil'e up working the 
vein. Although I Jx.liel'e copper and gold are most 
frequently found in the lower granitic and metamorphic 
schistose series, yet these metals occur both in the 
porphyritic conglomerate formation (as on the flanks of 
t he Ikll of QuiJlota and at J ajuel), and in the auperin­
eumJx.nt strata. At Jajuel I waS infonned that the 
copper-(lrc, with some gold, is found only in tbe green­
stones and altered feldspathieclay-slate, whieh alternate 
with the purple porphyritie conglomerate. Several 
gold veins and !lOme of copper-ore are worked in severnl 
parts of the UspaUata range, both in tlle metamor­
phosed strata, which have been shown to lml'e been of 
probably subsequent origin to the Keocomian or gyp­
seOlIS forma tion of the main Cordillera, and in the 
intrusil'(l andesitic rocks of that range. At Los HOrDOS 
(NE. of IlIopel), likewU;e, there are numerous veins of 
copper-pyrites and of gold, both in tlle Iltrata of the 
b'1'J!SCOuS fOI'mation and in the injected llills of andesito 
and various porphyries. 

Silver, in the form of a chloride, sulphuret, or an 
amalgam, or in its nath'e state, and 8.S-oociated wilh 
lead and otller metals, ami at Arqu~ro8 with pure 
nuth'e copper, oceUTS chiefly in the upper great gyp­
scous or cretaceo-oolitic fonnation, which forms pro­
bably the richest mass in Chile. We ma.y instance 
the mining districts of Arqueros ucur Coquimbo, 
and of nearly the wllole "alley of Copiupo, a.nd of 
I quique (where the principal ,'eins run NE. by E. and 
SW. by \V.), in Peru. Hence cOlnes Molina'8 remark, 
that ~il\'er is born in the cold and 80lilary deserts of 
~hc upper Cordillera. There are, however, execptiollil 
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to tbi .. rule: at l'arai (8E, of Coquilllbo)ailver is found 
ill the 1)()r'Jlhyritic cooglomerate forrontion; all I IUSpect. 

is Iikewi.ilO the ca.\Ie at R Pedro de Noluko ill the 
Peuqwmes })&.I!I!, Rich argcntiferou. lead is found in 
the clAy-elate of the espallata range; and 1 !laW an old 
,ih'cr mine in II hill of syenite at the foot. of the Bell of 
Quillota: r WIUI also assured that sih'er Iw been found 
.in the l\udCll itic and porphyr itill region betwQCn the 
town of Gol1ial)() and the Pacific. 1 have slated in a 
prtwious p6r~ of this chapter, that in two neighbouring 
min<~ 111. Ar<jllE'roiI the "eins ill ODe were Ilroducth'e 
when lhty t ra\"Crsed the I!ingular greE'n III'<limcntary 
beds, and unproductive when croo..-ing the reddi~h beds; 
whcl'CftJl at the other mine uactly the re,'cne takes 
I)lace; I IlIl.\'e alolO de;,crihed the lingular and rare case 
ofDlllnel\ll~ particles of natim ~iher and of thfl chloride 
wing di&!l;minatro in the l.'l't'CU rock at the distance of 
n yard from the \ciu. ~lercury OCCUr!! witli ai lvcr both 
1.11. Arqucl'OI and at Copiapo : at the 1)1U16 of C, de los 
H ornOlJ (SE, of Coquimhn, a different place from Los 
J[ornOll, before mentioned) [ saw in a Ryenitic rock 
IIUlUcrou~ (llUlrtZQMl "eins, containing II little cinllnbar 
in DeltJi: there were- bere other parallel vein!! of copper 
.!lllel or a fl'rrugino-auriferow ore, .( belie\'e tin has 
never heen foulld in Chile, 

r'roln inform.ation giveu me by )1r. NiJ:onof l'aquil,' 
nnd by othcril, it llppeal1l that in Chile thoae wins are 
geuemlly IIIObt IlCrmauently producli\'(~. which (.'Onsirt­
iog of "ariollB minerah (80metiUlefJ differing hut llightly 
from lila ilu rrouuding rocla), include pnrnliel strings 
rich in metlllR; iju~b a vein is called II. veta~. More 
collllnollly the milles are workod ouly where one, two, 
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or more thin veinij or ~trin~"," running in a diffc!'('nt 
direction, inte~l a poor' veta real:' it ill unanimoUllly 
belie\'ed that at !uch poilltJI of intef'k'Ctioli (crucQoi). 
the qUlllltity of metal is much grcater than that con­
tained in other parts of the intersectiug veius. In lOme 
CMtOl!ln:lf or points of intenection, the metals extend 
e\'en lK>yond tlK- walls of the main, brood, stony n~in. 
It is sain that the greater the angle of intersection, the 
greater the produce; and tJl8.t nearly parallcl ~trings. 

attract taCh other; in tbe l 'lIpallata ranw-, I oh!oo'r\'oo 
that numeroUll thin anti.ferruginous veins rcpeatedly 
ran into knots, and tllen hnlUchcd out again. I have 
already described the remarkable manner in which rooks 
of the Uspall.nta rnn~ are induroted and blackened (3.5 
if by a bla.st of gunpowder) to a oonsideroble distnnce 
from tllemetallic\'cins. • 

Finally, I may observe, that the presence of metallic 
"Veins IICI'DlS ob\'iOUJlly connected with IIIC presence of 
intnl!hc roc.kt., nnd with the degree of metamoT))ilic 
action which the different districts of Chile hn,'e 
undergone.1 Such metamorphollCd Ilrellll are genernlly 
nccompanied by numero\ll1 dikCll and inject«:l m~ 
of andCllite and mrioull porphyriel: [ have ill IJevp.rn1 
placeB traced the metalliferoull "('jIlB from \lIC in­
trusive maSllt'll into the encasing stmta. Knowing 
Umt the porphyritic conglomerate formation conWta of 
alternate "hearn! of lubmarille la\"a8 and of the debris 
of anciently erupted rock8, and that the stmta of tIle 
upper gypgeOus formation IOmetimes include 1I\lbmarinc 
la\"u, and are composed of tuff~, mudl!lol1l't!, and mineral 
subltances, probably due to "olcanic exhalatiolls,-the 
richnCS8 of theM(' ~tmta is highly remarkable when com-
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pa.ftl(1 with Ole erupted beds, often of submarine origin, 
but not 'T'IUunTu)Jplwtre<l, which compose the numerOU8 
islands in the I'ncific, I ndian, and Atlantic Oceans j for 
in tbeo;e alnnds metals arc entirely absent, and thcir 
nature c\'en wlkuOWll to the aborigines. 

SUlIlrIW,lY OIl t11~ GMlogical Jli8irmJ of tlt8 Chilian 
CQly.lilkra, (mil of tlI8 SOUtlI81'n Part8 of SOttlh 
A~rica. 

We ha\'e.-en that the shol1'!l of the l)acilic, for a. 
!IpII.OO of 1,200 miles {rom Tret )lon1e$ to Copinpo, and 
I belillYC for a \'(~rJ much greater di~tallee, Me com-
1)Q$Cd, witb the {'xceptioD of the tertiary bal'ins, o{ lnela­
mOr))hie $ChisUt, plutonic rock.!, and more or lCOlll altered 
clay-slate. Qn tbe floor of the ocean tlllL~ cool'iituled. 
vast ~treama of \'arioull purpli.h clay-st<Jllc aud gt'OOo­
swne porphyril~ werc poured forth, togt'therwitll great. 
alternating pil t'll of angular and rounded fmgrncnts of 
iUmilar roch l"j octl'(i from the ~ubmarinc craters. F rom 
the compactD('l<8 of the ~tro:amij and frngmellt~, it is 
probable that, with the eX(~'pti"'ll of eDm6 di~trict8 in 
Xorthem Chil{', the eruptiollll took place in profoundly 
deep water. Th{' orifices of eruption appear to have 
been studded O\,{'T a breadth, with some outlit'n, of 
from 50 to 100 miles : and clol!Cly enough togeUler. 
both Ilorth nnd !Duth, !lnd ea!!tnnd west, for UU~tjected 
maUer to fonn a continuow; 1ll1lS!!, which in Central 
Chile is more than a mile in tbicknes:;, llrnced tliis 
mould-like mrulll, for only 4..')0 miles; but judging from 
what I saw at. I quique, from speci!l)cn~, nnd from 
published accounts, it. appears to have 3 manifold 
greater length. Til the bttsnl part:! of the II('ries, and 
especi31ly to"'llrcL! the flllllU of the TUnge. mud. since 
conn'rted into a feldspathie ~laty rock, and IOmctimCiO 

© The C m le W rk of Charles Darwin OrWle 



586 Summary of the Structure 

into green-stone, was occasionally. depoi!itOO between 
the bed! of erupted matter: with thi! CJCceplion the 
uniformity of the porphyritic rocks is very remarkable. 

At tile period when the e1ay-etone and grcel1-f!t.one 
porphyrie!l ncarlyor quite eeatICd being empted, that 
great pile of strata which, from often abounding with 
gypilum, I ha,'e generally called the Gypseous formation 
WILfI dCjX)@ii.OO, and feldsputhie luvM, togethcr witli 
other singular volcanic rocks, were occll8ionnllypoured 
forth: I am £"U from pretending that filly dbtinct line 
of dcmarkfltion enn be dmwn between this formation 
and the underlying porphyries and porphyritic con­
glomerate, but in a IIllI.SlI of such great thickness, and 
between beds of such widely different mineralogical 
nature, some divi"ion Wall nooessary. At about. the 
eommenoement of the f:,'YpI!OOus period, the bottom of 
UUl sea here IieelnS first to h.we been peopled by Hhell~. 
not many in kind, hut abounding in individllal~. At 
the ]'. del Inca. the fOSiiils are embedded near the base 
of the formation; in the l)eugueues range, at different 
levels, half-way up, and even I,igller in the series; 
hence, in lhesellCCtions, the whole great. pile of stmLa. 
belong!! to the !!Rme period; the same remark i~ appli().. 
able to the beds at Copmpo, which attain a thickness of 
between 7,000 and 8,000 feet. The fOo;l!il shelill in the 
Cordillera of Centml Chile, in the opinion of all the 
pnlroontologisls who ha"e examined them, belong to 
the earlier 8taW!' of the cretaceous 'Y'tem; whiillt in 
Northern Chile there is a most @ingt,wr IIILrl\lre of cre­
taceous and oolitic form~: from the geological reiations, 
]\Owever, of the!le two districts, r cannot bllt think tha~ 
they all belong to nearly the sallie epoch, which I have 
pro\"isiolll\llycalled erel:aceo-<lolitic. 

The Btmta in this fonnation, COIUposed of black 
calcareous Bhaly-rocks of red and wllile, and sometimes 
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ailiceous s:mdstones, of coarse conglomerates, lime­
stonell, tuffs, dark mud-stones, and tbose ijingular fine­
grained rocks which I have called pseudo-bonestones, 
vast 1Jed3 of gypsum, and many otber jaspery and 
scarcely describable varieties, vary and replace each 
other in sbort hori?.ontal distances, to an extent, I 
believe, unequalled even in any tcrtiary basin. Most 
of tbese Hubstauces are easily fusible, nnd hare nppa­
rently 11ecn derived either from volcunos still in quiet 
action, or from the attrition of volcanic products. If 
we picture to ourselves the bottom of the !<Ca, rendcred 
uneven in an extreme degree, with numcrous craters, 
some few occasionally in eruption, but tho greater 
number in the state of solfutaras, dischargmg calcareous, 
ailiceous, ferruginous matten, and gyp!!um or sulphuric 
acid to an mnount ~urpassing, perhaps, <:lven the exist­
ing sulphufcous volcanos of Jam,1 we shall probably 
undersL1nd the circumstances under whicll this singnlar 
pilC! of varying strata was accumulated. l'hll shells 
appear to have Jived at the quiescellt periods when only 
limestone or calcareo-argillaceous matter wa~ dCllosit­
iug. From Dr. Gillies's account, thi~ gypsoous or 
cretaceo-oolitio formation extends as far south as the 
Pass of l)lrmchon, and I followed it northward at in­
ternJ1s for 500 miles: judging from tbe chamcter of the 
beds with the TfJJ"ebratuia amiama, at Iquiqne, it 
extends from 400 to 500 miles farther; and perhaps 
even for ten dcgrees of latitude north of Jquiqne to the 
Cerro PIISCO, not far from Lima: ngaia, we know tlmt 
a cretnceousformation, abounding with fossils, is largdy 
developed llorth of the equator, in Columbia: in Ticrm 
del Fuego, at about this same 11eriod, a wide district of 
clay-slate w~s deposited, whicb in ita miacralogical 
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cbamctcl'll and e:Elemal featurt'll, might be collliJared to 
the fo;i1urinn regiona of North Wnlea. 'fhe gypo5eOw 

fonll8tion, like that of the porphyritic hn."CCia-<:onglo­
memte on which its resU;, is of incolliidelBble brmllth ; 
though of greater breadth ill .xorlhem than in Central 
Chile. 

Ali llw fo:<,il8helillin tllie formntion nre co\-ered, in 
the PClIqucnes ridge by n great thiekn<'!ltl of /Otmta, at 
the l'uentedel (nca by nt least 5,000 f~t.; at Coquimbo. 
though the 8uperposition there is lelill plninly lIt.'Cn, by 
nbout 6,000 foct; and at Copiape certainly by 5,000 
or 6,000, and probably by 7,C)(X) feet (th,· ~mo ~pecies 
there recurring ill the upper and io"'Cr parU of the 
seriCIJ) we may feel confident that the bottom of the 
IJC8, 11,I1",ided during this cretacoo-oolitic period, 1:10 all 

to allow ef the accumulation of the ~ul)CriDcumbent 
lubmarine strata. This OOllclUllion i8 oon6nned by, or 
perhnJll:l rather e:lpinina, the l)re..enee of the mnny beds 
ut mnlly levels of coarse conglom<.'mte, the w('ll·rounded 
pebbles ill which wo cannot beliero were transported in 
\'ery deep water, El"en 1110 underlying porphyries at 
Copinpo, with their highly nmygdaloidnl surfaCCII, do 
not appear to hal'e flowed llnt.i{'r great pn:"IU'e. Tho 
great linking movement thus plainly indieated, must 
bal"o edended in a north and south line for at. lCll.i!t 
400 mill'll, nnd probably was co-el[ten~h'e with the 
gypeeou~ fi,nnation. 

The bOOs of conglomMlte jugt refcm.'<l to, and the 
e:s:traordinarily numerous silicified tnlllk.~ of fir-tree. 
at Loll Jl omo~, perhapil at Coquirnbo and nt two dis­
tan t points iu the vnHey of Copiapo, indicate thnt land 
c:lillted nt thi~ period in tbe neighbourhood. This lund, 
or i8land~, in the northern part of the di.!ltrict of 
Copinpo, must l1a\'e been almOBt e:xclu~i\'ely composed. 
judging froln tho nature of UIO pebblOi of granite; in 
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tho lIOuthem parb: of COlliapo, it. mwt have been 
mllinly fonned of c1ay-'lAlne porphyrief!', '!I'itl! some 
mica-!!Cuist, Ilnd with much sand-stono and jaspery 
toCk~ exactly likc the rock~ in the gypseoU9 formation, 
nnd no doubt belonging to its hasal 8erie~. fn several 
other plncetl nlso, during the accumulation of the 
(O'ptK'OUlj formation, it~ l)ll.oal parts nnd the underlying 
porphyritic congiolnernte mu.,,""l likewise have been 
already partially upheaved and exposed to wear and 
t('tlr j nt'ar tbe Puenu-del fnea and at Coquimbo, there 
mu_t h:n-e exi~ted IlllLlIsC!I of mica-schilot. or some such 
rock, whence were derived the many ~mllll pebbiCII of 
OPll'lIl(' quartz. It folloW8 from th('~e fact .• , thnt. in 
HOUlt' pnru of tho eordillera the upper iJ(.>(Jg of the 
gyp«'OulI f<>rmation mutt ii(' ulloonformaMy on the 
lower bl'dil; and the whole gypseou~ formation, in 
parts, !moonfonIl.ll.My on the porphyritic eonglomernte j 
although 1 saw no ~uc:h ctue'!'I, yet in many pla.ceE! tile 
gypiOOu. formntion i.~ entirely ament j and thi~, aUhotlgh 
no doubt generally Cl\U~ed by quite subsequent. denuda­
tion, may in oth{>1'!1 be dul" to til(' Imderlying porphy­
ritic conglomerate I1M'iug bt>en locally upheaVed before 
the deposition or the gyptW'OIL" !!tratn, and th\l~ Illl\'ing 
become the 1IOllTCE' of the j""'f'i,Uiesof porphyry embedded 
in tllem. In th ... porphyritic conglomerate fonnation, 
in it. lower and middle Ilarh, there is !'ery rarl:'1y any 
evid(,Dce, with the excl'ption of thc 8mall qunrl7. pebbles 
at Jnjuel, nenr Al"oncoglla, and of the !ingle pebble of 
granite at Copinpo, of the exi~tcnce of neighbouring 
land: in tile upper llaruo, llowc\"er, nnd ef'pecially in the 
district or Copiapo, the nllm\)('r of thoroughly well­
rounded pebbles of compact porphyries make me be­
lie!"e, that, us during the prolonged R('(!umulntion of 
til<' g:y!lCOtl~ fonnation thl' lower beds had nlready been 
locally upheaved oud eXpoied to wenr and tenr,80 it 
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was with the porphyritic oonglomerate. Hence in 
following thus far the geological history of the Cor· 
dillera, it may be inferred that the- bed of a dOC'p and 
open, or nearly open, ocenn WIl<! filled up Ly porphyritic 
eruptions. aided probably by 8Om(' geneml and iIOme 
local elevationl!, 10 tbat comparatively shallow Ic\'el at 
wllich the crctaooo-oolitic shells fil"!lt lived. At this 
period, the submarino craten yieldcd at intervals a 
prodigious supply of gypsum and other mineral exhala­
tions, and occ:ll!ionally, in eert,ll.in pla<."C!I l)Oured forth 
IRv1U!, chiefly of a feldJpathic nature: lit this period, 
~landa clothed with fir·trees and composed of porphy_ 
rie&, primary rocks, and the lower gYpIlCOllIl strata bad 
already been locally IIphea\'oo, and expoeed to the 
action of1he wa\'elI;-the gencral mon'ment, hOtlfc\'er, 
at. this time haying been o\'er a \'cry wido area, one of 
,low ~ub.oidcnce, prolonged till the bed of the lea !!ank 
severnl tbolls:md foet. 

In Centml Chile, after the depoeition of a great. 
thiekuClls of the gypseous strata, and after their up­
heaval, by which tbe Cumbrcand adjoining rnnges were 
formed, a \"1U!t pile of tufacoous matter Ulld submarino 
la\'a waa accumulated, where tIle Uapallata thaill now 
stands; aoo after the dcposition and upheaval of the 
equh'alent gypseous Btrata of the Pcuqucnell range, the 
great. thick mass of conglomerate in the \'alley <If 
Tenuyan WM QCCIIIDlIlnted: during tho deposition of 
the U8pallata strata, we know abeolutely, from the 
bllrk-d yenicnl tree;, that there was a snbl:oidcnce of 
!lOrne thousand feet; and we may infer from tho nature 
of the conglomeratc in tbe valley of'l'enuyan, t1mt a. 
similar I1nd perhap!l oontemporancous rnoven)(,llt tbere 
took place. WC 11Il\'C, then, e\'idenoo of n second great 
period of subsidence; and, as in the Cft'lO of the ijll~ 
sidCDee whicb accompanied the llC('umuiation of the 
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eretaoco-oolitio strat.'l, so thi' later subsidenoo appeal'll 
to have been comillieated by alt('rnate or local e1e\'lltory 
movement-for the "ertienl trees, buried in tho midst 
of tl.e UlJfI&llata ~trata, must l.a,-o grown on dry land. 
formed by the upheaval of the lower submarine beds. 
l 'reeently I shall Jla'-e to reco.pitulate tbe fnets, Rhowing 
that at a still later period, namely, at urnrly the com­
mencementofthe old Tertiary deposita of Patagonia and 
of Chile, the continent .tood at nearly itB PreiCllt level, 
1100 then for the third timt', Ilowly subsided tothl'lImotmt 
of &ew:rnl hundred feet., and was afterwards slowly 
ro-uplifted toit8 present levI'\. 

Tho Ilighest prokB of the Cordillera apl)Car to COIl­
sist of acth"e or JIlore commonly dormant \-olennos,_ 
such as Tupungato, ~[aypu, nnd AconeaguII, which 
lattpr standi! 23,000 feet aoole the le\"e1 vf the _. and 
nmny othen. The next highe"t peak.~ are formed of 
the gypeeoUB and porphyritic ~trata, thrown into "crHenl 
or highly inclined I)()!<ition~" Betiides thoelel"ation thus 
gninedbyangnlar dill plncem('nl~. l infer, without any he,d­
latiOIl-from tho stratified gravel_frillgt!ll which f,O'{'ntly 
~IOI)C up the mlleys of the Uordillera from the gl'lwel­
capped Illailll! at their to.e, which latter al'{' connected 
with the plainI'., still covered with TCCellt bhells on tho 
OO8lIt-that Urn b"Teat range luts been upheaved in maiiil 
by a ~low mo\-cmellt, to an amount of at l~t 8,000 
fCf't. l n tho Despoblado Yalley, north of Copial)(), tho 
horiwntal elevation, judging from the compnct, stra­
tified tufnceous depo~it. eapping tbe distant mount.'lillil 
at corresponding beighti<, was about 10,000 feet. It i'I 
very JXNIi'ible, or rather probahle, that this ele\"lItion in 
lDIUIlI may not have beell strictly horiwntal, but more 
energetic under the Cordillera. tban lowanla the coa.,t 
on either side ; ne,"ertheIC!O~, lIlovemenlll of till.! kind 
IIlny be convcnicntly di.:ltingui~hed from thollC by which 
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~buta luwc been ahmpUy broken and uplumed. When 
\"iewing the Coniillera, before bavingread Mr. HopkiIU'~ 
pl'<ifound 'RCIe!U'ches on Pbpical Geology,' th" OOD\'ie­
lion Wall imprt'l<!'t'd on me, th:!.t the angular dil!lueations, 
howc\'er YioleDt, were quite subordinate in importance 
to the great upward movement in Iru.M, and that they 
llRd been caused by the oogt'll of the wide fissures, 
wllich nocc><,arily resulted from the tension of the 
e!ev"tcd al"C!t, 1Hl.\'iog yielded to the inward ru~h of 
lIuidificd rock, aud baving thus been upturned. 

The ridb"Cll fonned by the angularly ullheaved stmta. 
are Beldom of great length: in the central parts of the 
C-Ordil1C'm they are generally 1",,1111.1101 to each other, 
and rlln in north and BOuth lioell; but towards the 
flanks lheyoften extend more or let!!! obliquely. The 
angular displacement bas been much more ,'iolent in 
the ... enlml Ulan in the exterior main. !inC!!; but it. ha!! 
likewise been violent in IIOme of the minor line!! on the 
extreme Hlmk~. The violence hru! been very unequal 
011 the llIune short lines; lllC crust. having I!.]ll):nentiy 
tended to yield on certain pointll "long the lines of 
fi Bllurea. These points. J have tndeavourro to show, 
were probably first foci of eruption, and afterwards of 
injected mallltell of porphyry and andC!!.ite.' TIle close 
similarity of the andel!itie granites and porphyries, 
throughout Chile, Til'rm del Ftwge, and ('\'cn in Peru, 
is w~ry rem:uKable, The pre\'alenoo of fddtpnr c1e:I.\-. 
in~ like albite, i~ common not only to the ande!'ii.es, 
but (l1.li I infer from the high lIuthority of Prof. G. 
ROIK', l1.li w{'H as from my own mC'MUremellts) to the 
H .. riou~ e\lly-ri()ne and green-tlone porphyriCl, and to 
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the trnchytic InvlLl! of tlle Cordillera. The f1nde!!itic 
rooks have in most cases been the last injected ones, 
and they prooohly form a ooutinuoUl! dome under this 
great mnge: they stand in intimate remtioDllhip with 
tile modem lama; and they seem to have been the 
immediate agent. in metamorphosing t.he porphyritic 
conglomerate formation, and often Likewise tllcgypseous 
strlltll,to theextmordinary extent to which they have 
suffered. 

With respect to the age at whicll the severnl pll.rallel 
ridges composing the Cordillem were upthrowlI, I have 
Little evidence. :.'IInny of them may have beeu con­
temporaneously elevated and injected in the same 
mllllner I as in voiC'dnic archipelagoes lavas lire contem­
pomuoou!Jiy ejected on the parallel lines of fi!JSure. 
But the pebbles appar~ntly deri\'ed from the wear and 
tear of the porphyritic conglomerate formation, which 
are occ.1.sionnlly present in the upper parts of this same 
formation, and nrc often present in tilC gypseOtlS for­
mation, together with the pebbles from the lmsnl parts 
of the latter formation in itllupper stratn, render it 
almo«t certain that portions. we may infer ridges, of 
these two forlllatioll8 were succeSl!il"ely uphcaved. In 
~he case of the gigantic Portillo rang~, we may feel 
almOlit certain that a pre-existing granitic line Will! up­
rnil!Cd (not Ly a single blow, as shown by the highly 
inclined basaltic streams in the valley on its eastern 
flank) at a period long subrequent to the nphenvement. 
of the parallel Peuquenes range.1 Again, BubllCquently 
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to the upheavf'ment of the Cumbre chain, that of 
Uspallata was formed and elevated; and afterwards, I 
may add, in the plain of Uspallata, beds of sand and 
gravclwero l'iolently upthrown. The manner in which 
the various kinds of porphyries and andesites have been 
injected oue into the other, and in which t.he infinitely 
numerous diktls of various composition intersect each 
other, plainly show that the stratified crust has been 
stretched and yielded many times Ol"cr the same points. 
·With respccL to the age of the axes of elel"ation between 
the ]'acific and lhe Cordillera, I know little: hut there 
are SOIDe lines which must-namely, tllOSC running 
north and south in Chiloe, those eight or nine east and 
west, parallel, far-extended, most symmetricnl uniclinal 
lille!! at P. Rumenn, and the short NW.-SE. and NE.­
SW. lines at. Concepcion-have been upheaved long 
after the formation of the Cordillera. Even during the 
earthquake of 1835, when the linear north and south 
islet of St. MaIY was uplifted several feet above the 
surrounding area, we perlm ps see one feeble ~tep in the 
formation of a subordinate mOllntuin-axis. In some 
cases, moreover, for instance,nenr the balhsofCauquenes, 
1 was forcibly struck with the small size of lbe breaches 
cut through the exterior mountain-ranges, compared 
with tIle size of tbe 6.1.me valleys higher IIJl where enter­
inA' t1\e Cordillera; and this circumstance appeared 
to me !!Curcely explicahle, except on the idea of the 
exterior liues having been subsequently upthrown, and 
therefore llaving been expoged to n less amount of denu­
dation. From ' the manner in wl.ticb the fringes of 
gravel are prolonged in unbroken slopes up lIle valleys 
{If t.he Cordillera, 1 infer that most of UlO gl'eater dis­
locationa took place during the C/irlier plU't.s of t.he great 
elevation in mass: I have, however, elsewhere given a 
case, and M. de Tschudi I has given anot.her, of a ridge 
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thrown up in Peru acroS!! the bed of II ril'er, lind conse­
qucntly after the final elevat.ion of the country ubove 
the level of the sea. 

Ascending t.o the older Tertiary formations, I will 
not again recapitulate the remnrkaalrendy ghcn at the 
end of the Twelfth Chapter,-on tllCiT great extent, es­
peciaUyalong the shores of the Atlantic-(ln their nnti_ 
quity, perhaps corresponding with that of the Eocene 
deposits of EUTope,-on the almost entire dissimilarity, 
though the formations are apparently contemporaneous, 
of the fossils from the eastern and western coast!;, as is 
likewise the case, even in a still more marked de<Jree, 
with the shells now living in these opposite though 
approximate 8en8,-on the elimllte of this period not 
hnving been more tro})ical thlln what might have been 
expected from the latitudes of tile places under which 
the deposits ocellr; a cirC\lIl1strmce rendered well 
worthy of notice, from the cont.rast with whllt is known 
to have been the en.se during the older Tertiary periods 
of Europe, lIud likewise from the fnct of the Southern 
Hemisphere having suffered at a much later period, 
apparently at the same time wit.h the Northern Hemi­
sphere, a colder or more equable temperature, lUI shown 
by the zones formerly affeetoo by ice-a.etioD. Nor will 
I recavitulate the l)fOof8 of t.he bottom of the sea, both 
on the eastern nnd western coast., baving subsided 700 
Of 800 feet during t.his Tertinry period j the movement 
having apparently been c(H;!xtenllive, or nenrly co-ex­
tensi\'e, with the deposits of this age. Nor will I ngain 
give the facts and reasoning on which the propo,ition 
W\lS founded, that when the bed of the sea is eithcr 
stationary or rising, circumstances aJ"e faJ" Jess f:lI·011r­
able than when its level is sinking, to the accumulation 
of conchiferoU!! deposits of sufficient tbicknC!!S, exten­
sion, and hardness to resist., when uvllcavcd, the 
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ordinary vast amount of denudation. "Te have seen 
that the highly remarkable fact of the absence of any 
e;dens-it·e formations containing recent allells, either on 
the eastern or wc~tern ooasts of tllC oontinent,-though 
these coasts now abound with living ])loliusc.'1,-lhougb 
they are, and appllrelltly lm\"e always been, Ul' favour­
able for the depo~ition of sediment as they were when 
tbe Tertiary formations were copiously deposited,-and 
though they haw been upheaved to an amount quite 
sufficient to bring up strata from the depths the most 
fertile for animal Hfe,-can be explained in accordance 
with t,he above prOI)Osition. As a deduct-ion, it WM also 
attempted to be ~hown, first, that the want of close 
sequence in the t~l<I;il8 of successive formations, and of 
succes~il'e stage, in the same formation, would follow 
from the im1lrolmbility of the 8amo area continning 
8lowly to subside from one· whole period to another, or 
even during a ~inglc entire period j and seeondly, that 
nertain epocbs hllving been favourable at. di~-tant points, 
in the same quarter of the world for the synchronous 
accumulation of fO._;;iliferous stmt[l, would follow from 
movements of 8ubsidellce Jlaving apparently, like those 
of elevation, eonremporaneollsly affected ,ery large 
areas. 

Thcre is another point which deservcs some notice, 
namely, the analogy between the tlppcr parts of the 
Pntagonian Tertiary formation, as well as of the upper 
1lossibly contelllporaneous beds at Chiloe and Concep­
cion, witIl the great gypBeoliS formation of Cordillera j 

for in both formations, the rocks, in their fusible nature 
in their containing gypsum, and in mllllyother elln­
racter~, ~llOw a conncdion, either intimate or remote, 
with volcanic nction j and as Ule strutn iu both were 
accumulated dllring sul>l!idencc, it appears at first 
natura1 to conuect thi~ sinking movement with a state 
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oflligh Ilcthity in Ule neighbouring ,-oieaoOl!. During 
the cretaeoo-oolitic period thi-i certainly nppear3 tohal"e 
been the Clt!!e at the Puente del Inea, judging from the 
number of interealated Im-a·streftlllll in the lower 3,000 
feet of simla; but generally, the volcanic orificea seem 
nt thistime to hare elisted as suumario(' IIOlfntara~.and 
were c('rwiuly quiC>lCeDt. oomp.·\I·oo with their state 

• during the Ilt'Cumulntion of tile porphyritic <,onglomerate 
formation. Ouring the dcpotlition of the tertiary strata 
we know that at ~. Cruz, delu~ of hl\."(litio la'l'a were 
poured forth: but as t~ lie in the upper pttrt of the 
eeriCl', it i~ J>O"-ible that the 8ub,<id{'I1<'6 IDay at tlHlt 
time haIC ceo..«! : at Cl..iloe, 1 WIUI unable to aacertain 
to what part. of the aeries the pile of ian", belonged. 
The Ulpallatn. tllff~ and grent ~tream~ of ~l1bmarine 
lavu, wcrt' IlrobRbly intennediate in 11;.."8 het'll'eeD the 
crctaceo-oolitic and older Tertiary formntionrt, and we 
know from the buried trees that tlH're W!\iI a great ijub­
sidcnce during their accumulation ; lmt 61"en in t hi8 
case, the ~\Lbeidence may 1I0t. hale oc't'n str ictly con~ 
tempomnOOll1l with the g reat volcanic eruJlt ionR, for we 
must believe in at least one intercalated period of eleva~ 
tion, during which the ground was uJlrfl.i>led on which 
UIO now buried treea grew. 1 have ocoen led to make 
three remarb, and to throw lOme doubt on the iltrict. 
oontemporaneougne;;ll of high I"olcanic acth' ity and 
mOI·emcntt or lubsidt>nce,from the conviction illlpressed 
on my mind by the study or coral formations,1 tllat 
theee two action~ do not generally go on syuchronou_ly; 
---on the contnlry, that in I"oleanic di~trictH, subsidence 
censea as 80011 aB the orifices bUrilt forth into renewed 
action, find only recommences whcn they again hal'e 
become dormant. 

, '11M8lntt ...... &<:.oICOnlRee&,'hted.p.uO;2nded.p.180. 
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At a later period, the Pampean mud, of estuary 
origin, Wl\S deposited o\'er a wide area,-in one district 
conformably on the underlying old tertiary strata, and 
iu another district unconformably on them, after their 
upheaval and denudation. During and before the 
accumulation, however, of the~e old Tertiary strata, 
und, therefore, at a very remote period, sediment, 
strikingly resembling that of tho Parnpns, waB depa-
8ited; showing during how long a time in this case the 
same agencies were at work in the 8I1me area. The 
deposition of the l'ampean estuary mud was accom­
pnnied, at Ieru;t in the southern parts of the Pampas, 
by an elevatory mO\'ement, sa that the M. Hermosa 
bed~ probably were accnmulated nfter the uphea\'nl of 
those round the S. Ventana; and those at P. Altn after 
the upheaval of the Monte Hermoso stmta; but there 
is some reason to suspect that one period of subsidence 
intervenod, during which mud was deposited over the 
COl)r~e sand of the Barrancas de S. Gregorio, and on the 
higher parts of Bunda Oriental. The mammiferous 
animals characteristic of this formation, many of which 
differ as much from the prcscnt inlmbit.ants of South 
America, as do the eocene mammals of Europe from 
the present ones of that quarter of the globe, certainly 
co-existed at B. Hlanca "ith twenty species of mollusca, 
one balanus, and two cornls, all now living in the 
adjoining sea: this is likewise Ule elise in l)at.agonia 
with the Macranchenia, which co-existed with eight 
ahclls,still the commonest kinds on that coast. Ilvill 
not repeat what. I have elsewhere snid, on the place of 
1mbitntioll, food, wide range, nnd extinction of the 
numerous gigantic mammifel's, which lit this late 
period inhabited the two Americas. 

The nature and grouping of the shells embedded in 
the old Tertiary formations of Patagonia and Chile, 
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show U8, that the continent nt that period mUIlt ha,'e 
stood only a few fatholl1!l below ib preeent level, BDd 
that Bfterwardl! it .ubaided o,'el a wide Brea, 700 or 
800 feet. The ml\Uncr in which it haa linee been re­
brought up to ita Bctualle\'el, was described in detail 
in the Eighth and Ninth Challters.. It wa~ there ~hown 
that recent shella are found on tbe shores of tbe Atlan­
tic, froDi Tierra del Fuego northward for a space of at 
least 1180 nautical miles, nnd at the height of about 
100 feet in La Plata, and of 400 feet in Patagonia, 
The ele\'aLory mo\'cmellts on thi~ side of the continent 
have been slow j nnd tbe coaat of Patagonia, up to the 
height in one part of 950 feet and in nnother of 1200 
feet, ill modelled into cight great, ~tep-like, gmw·l­
capped plnins, extending for hundred! of miles with the 
same hcights j thi, fact shows tim!. the periods of denu­
dation (which, judging from the amount of mat~r 
removed, must h.we been long continued) and of ele\'a­
lion were synchronous o,'er surprisingly great lenJ.:1h8 
of coa8t~. On tiu.' ijllOreil of thc l)acific, upraised shells 
of recent specie&, generally, though not nlway~ in the 
same proportional numbers u in lhe adjoining sea, 
have actually 1Je(on found o,'cr a north Illid south space 
of 207[; mile!!, and thcre i~ r{,!UIOn to believe that they 
occur over a space of 2480 milC!!. The elevation on 
I.hi!I weetern side of thf> continent 1m!! not beeu equable j 
at Vall18raiso, within the lK'riod during which upraised 
shelill have remaiued undecnyed on the 8urface, it haa 
been 1300 feet., whilst at C,oquimbo, 200 miles north­
ward, it 1m!! been within this sarno period ouly '.!52 
feet. At I,ima., the land haa been uplifted at lelU!t 
eighty-fl'et ~ince lndian man inhabited that district j 
but the level within historical time. allll1uently liM 
sub!ojded. At Coquimbo, in a Ileight of 364 feet, the 
elevation h.as be. n interrupted by five periods of com-
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p.1ralive re<t. At &e,-eral plocell the hmd hall heen 
lately, or lltill i" rising both in&en,ibly and by sudden 
Btart. of a fcw feet during eartwiltake-&hocke; thiB 
Ihow~ that tlie-e two kinds of llllwnni movement are 
intimately connected logetlier. For n space of 776 
mile~, uprnised recent shells are found on the two o~ 
poeite ,ides of the continent; ELnd ill lIle lIOuthem half 
of llLis spnce, it mny be safely inf\'rroo from the slope 
of the land up to the Cordillern, nnd from the shel~ 
found in tho centrol partof Tierro del l''uego, and high 
up the rher Santa Cruz, that tho entire breadth of the 
continent haa: heen uplifted. From the general oe­
currence on both coaFt.8 of ~II<Xlea1ive line. of eecarp­
mentA, of IIIlndunea and marks of el'06ion, we JUUn 

conclude that th'!! ele\'atory mOI-ernent hail been nor_ 
mally interrupted by period!, when the land either Willi 

Itationary, or when it rose at 110 810w a rnte as not to 
resist the nl'emge denuding power of thl! waves, or 
when it Bub!iided. In the ease of tho prC8Cnt high sea­
cliffs of Pntagouia and ill other analogou8 inBtnuces, '111'0 

bave seeu that the difficulty in underatnnding 110'111' 

strnta Cltn be removed at thoile depthlL under the I!oCa, at 
which the current8 and O!icillation. of the water are 
depositing a smooth surface of mud, Mnd, and sifted 
pebble;!, lead. to the 8mpicion that the ronnalion or 
denudation of Bueh elilf8 haa been acoompanied by a 
sinking mOl'cment, 

In &uth America, e\'erytbing haa taken place on a 
grand scale, and all geological pbenomena are still in 
Retire opemtion. We know how I'iolent at tbe present 
day the earthquakes are, we have seen how great an 
area is now rising, aud the plain~ of tert iary origin lire 
of nUlt dimension!; an alLnOllt Btmight line can be 
dmwn from Tierm del Fuegu for 1600 milet northward, 
and probably for a mueh greater distance, which ~hAll 
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intel"&CCt no formation older than the Patagonian 
dl'pG!<iu; 10 equable 111\8 been the upbea\1\1 of tbe bed!, 
t1J..1t throughout thia 10llg Iille, not a fault in the 8trati. 
fication or nbrupt di~locfltion WlUI anywhere observable. 
Looking to the oo!'nl, metamorphic, and plutonic rocks 
of the continent, the nrefll formed of them fire likewil!e 
VWlt; and their planes of eleavage and foliation strike 
O\'er aurprisingly grmt lpacetl in uniform directiom. 
The Cordillera, with it.. pinnacles here and there riling 
up .... 1\rds or 20,000 feet above the level of the Ilea, 
ronges in an unbroken Iille from Tierra del "Fuego, 
apparently to the Arclic cirele. This grnnd rallge h .... , 
Buffered both the most \'iolent dis1ocation8, find slow, 
though grand, upward, and downward mon!menu in 
m8.8l: I know not whether the llpectaele of it. immense 
\'lIlley$, with mountain-UlIllI>I('iI of once-Iiquified and 
intTU.lih'e rocks noll' bared and intersected, or whether 
the "iew of thO>l6 pillin~, compo,;ed of shinglt\ and liedi­
ment henoe derh'ed, I\'llich .treteh to the borden of the 
Atlantic Ocean, ia betit adalltcd to excite our Wltollish­
m(,llt at the amount of wcar and tear which these 
mountain! ha"e undergone. 

The Cordillera from Tierra del Fuego to )ruico, is 
penetmted by "olcauic orificet, and tbOllC now in action 
are connected in great tmins. The intimate reilltion 
between their recent eruption! and the slow elevation 
of the continent in ma .. 1 appears to me highly impor­
tant, for 110 explanation of the one phenomenon can be 
considered as llati~factory which is not applicable to 
the other. The permanenoo of tile volcanic action on 
this chain of monntains ill, IIbo, a striking fact; first, 
we ha,"e the delugCB of Hubmarine la,'as nltcmating 
witli tile porphyritic conglomerate &trntn, then occa-

, o..,h. CoDae<1ioaorc<"rI~in \·olcanic:Phenome .... 'n.%ollhA .... rira. 
'O...,I ... 'fnI.....:I..'ro1.v.p.6OtI. 
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lIionally feldspathic streams and abundant mineral 
exhalationll during the gypseoull or cretaceo-oolitic 
period; then the enlptions of the L'spnllata range. and 
at lin ancient. but. unknown period, when the sea cnme 
up to the eastern fool of the Cordillera, 8tream~ of ba~ 
sallic lava. at the foot of the l)vrtillo range: tben the 
old Tertiary eruptions; and lastiy, there are here and 
there IImOllgs~ the mountainll much worn nnd appa~ 
rently \·ery :mcient volcanic formations without. any 
eraters; tbereare,also, eraters quite eltinct, and others 
in the oolldition of solf:1.tamll, and others occasionally 
or habitually in fierce action. Hence it would apl)C8r 
that th~ Cordillera has been, probably with .!lOme 
quiescent periodll, a .!IOUTC'e of volcanic matter from an 
epoch anterior to our cretaceo-oolitic formation to the 
present dny; and now the earthquakes, dnily recurrent 
on fiOme part of the western coost, give little hope 
tbat the subterranean energy is elpended. 

Recurring to the evidence by which it WfU shown 
that .!lOme at lel\.8t of the parallel ridge~, whicll wgether 
compose the Cordillera, were 8ucce~sively and 810wly 
upthrown at widely different periods: e.lld that the 
whole rtUlg'(' ~rtainly on~, and almOl't certainly twice, 
subsided fII:)Ine thousand feet, and being then brought 
up by a slow mo\·ement in ma!!ii!, Dgllin, during the old 
Tertiary formations, subsided several hundred feet, and 
aguill was brought up to its present le\·el by a Elow and 
often intermpWd movement; we see how oppotied is 
this complicilted history of changed 810\\·ly effected, to 
the views of those geologi~ts who believe that this 
great mountain-chain was formed in late times by a 
single blow. I have endeB\·oured elsewhere to Bhow,l 
that the exces~ively disturbed conclition of the strata 
in the Cordillera, 80 far from indicating single periollil 

, '06Olog. rn.-t..' ,..,1. •. P. 828, 

f "I" , .... on All, 
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of Cltreme violence, present. inruperabJe difficultiee, 
except on the admission that, tho mll.~BeB of once lique­
fied rocks of the lUeB were repeated!! injected with 
interval'J Bufficiently long (or their luooesh'c cooling 
nnd OOIlIOlidation. Finally, if '11'0 look to the analogies 
drawn from the changetJ now in progress in the earth', 
crUllt, whether to the manner in which "olennie matter 
ill erupted, or to the manner in which the Janel i. histo.­
rically known to have riBen and Blink: or again, if we 
look to the vut. amount of denudatioll which C\"cry part 
of the Cordillera hu ob,-iousiy suffered, the changes 
through which it hal been brought into iLa preeent oon­
dition, will appear neither to have been too a10wly 
effected, nor to have been too oompllcated. 

~ ...... -AA. both i. ~ ...... ud Eacland, tn.MIat ...... 01 • pa-. 

~1.~:2f:;:~t~~~~~€~ 
d~it .• "jh,. • .....J..t..:!''''''biDl'o...,.tt..~nd,r:..'''''~O .. th~ 
authority of ~ [cotler 10 m~, lha~ l~_ malta!,,, ....... ,Dn) ..... t. The 
(0111) .. ;ag;' tlul ~ ,n queot,oa:-'1>u""h n..:btnn~ dt. mikl'O­
_ploellen Fonnen IwII .i~h ann r .. ",nen ~n,'- di.lI .. todoc,lea. 
Lopr .... Lo. PIlle nnol oli. KDocbea·~r .m 1I>"'1~ Hermr:.l, 10";' 
olio dor ~.oiLrtehJai .... in 11 ... w-hiifila bti I~. DIa_ 

:rr::.: ~=~tJ":'.h-:.~=.~==r~~llt~'! 
tid'_ .. Feot1r.rIde ~'_j{_"-";"-4u Mr kUai9' . .d1tM •• ~ ft B...u __ .AprilISU. 
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APPENDU TO PART II, 

DESCRIPTIONS OF TEItTURY FOSSIL SIIELLS 
FROM SOUTH AlfERICA. 

By O. B. SOWEIIDY, F_ •• FL.8 .• &~ 

llicrJU.P at(u.T.\._P1.1I.611'.K 

.lfocfrtJ' 1M" obio~gd. ttfll"i, t~rgidd.ltdny mt/ico flliilJn, rot ...... 
4610, .pq;ilco UMf"'fJN', anomi .. ,,/o, liNeU i""'tmenti"'flO' IXm­
..... tnca,'.§onntmtww. 

The .bell il«lfil ch~ inU) OYp$um. 
8&n~Cru1, Patlttro"i .. 

M .• (1'&.1 D.\JI'II"llrn.-PI.JJ.6(r.O. 

,lI,n,.,. t.u«WIi,~.,.,ui,""'rwtI:~, t~,l.ri., 
l'O>I<'f''''mltrWt4,....t~rot.fIWI4tJ,'''*w~iailfW,ttb­
'1lf.(1f/rtJl4. 

It i, ilUJXl68ible to ~~ .. t the hinge, wherefoJl"llit cAnnot be 
..c<:'rtained po>itirely to be .. "actra. 

SantaCnll, I'at.agOoia. 

CliaJ,n:u.., LTKLUI._I'L II. fig. 10. 

et--ft& tHtd ~.~~,t"".u.-u,pMwInlgtilst4. 
-.-gi,,~ ~w tMJnn/. M .... , "'PW.fo:i~ ,wid. oM..." fflfIIXU. 
/lm!fitoufi .... lib"'onJ<lid. 

Thill 'J'flC'iee . WOIIt nearly retewblel Ch_ttlJa wnrdl_ (If 
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Lam. j it u, bo ... e~lJr, ~titute of tbe ertltt lamellie whicb om .. 
meD~ tbe 1W'f_ of that 1peci8. 

Santa Oru~, Patagonia. 

Oo.naP ~loJ.n.-l'l II. fig. II. 

CIrioi. 1.4 f1M~'''ItJat4, t'ItfItricotd, Uftigfrid, marg; .... illliu 
/«n: hmg.3·2jlat. 2'; a/t.2-7, ptJIJ. 

I tiinolwithontllOmeh6l!itBt ionthlt l h.t.vepiaeedthilinthe 

r~:n~~:!~h,O~~~!~~~.Of ~~~ ~:~~:r~~:t:'~Bi~~; 
or Ia .... ~. Tb<!I'6""" t ... o 8peci.ueO&, both of them 110 imperfect 
~:thii~ ~~S<:~i:;=':"ith ~rtainty the character or 

NI\idad,Obile. 

1'KLLIlfID_POIlLO!f(U .. -PlTI.6g.12. 

T.u~"Nl~obftmgd,..u.-pulbl"",,;.IfIIt~"'N100n,1"":' 
lin.., _ .... _~, iii,..;' .......... "'«111: 4._ g/tJlJro, h...., 
;~,..ti,".".m4ldo,."gtttrJo: 10t0g.l·3; 1ll1.&7,polJ. 

Thil lhell ;1 Tery tbin, llod heiDI!' embe-dded in • hard oom~ 

!t~:r,,~ ;I~'i~ ~.fl:!':.~ ~et~~n~n':"~bkt i~r~~!: 
mOIl! nCllrly in e:rtemlll cllI~l1\Clel'8. M. dThbigny oonertn it /I 
SokR.Un_ 

Obiloe, _tern COMt. 

YI!I'nlOlBlllIOll'olUt.-l'lJl.6g.13. 

V ...... INlA _Ii, ~f>U'fI,~m tlriutI, It';" -'.u, 
liwlffd-.. ~i#. iftln-ltun. nMiiatiHl ~ ttrfaJ.u: 
~ • .m.od __ nYOIIodat,,-

be J!~.;~~!,"::~Mbr1b·=ti~~ 8::rh': ~~ 
cnmul.ted uwgin. 

s.nt. Onu, P.tIgonill j Rnd NlVidad, Obilt.' 

Ol'TIlBRIll SULCULOI!J.._I'I. 11. lig. 14. 

Oyth,..". INi4 ",wrola, ,,"lite ,u",,,dat;on, po«~ lo"uwf't, na"n'" 
11I.lu«<UJ4, OOitud; ,IdeM collcndncu, to"ful;~", t/,tdio 

- I \\'htl'f' ...... f .. ilhubeen fuund . tlW<lIoc. l;liea, tru.a ..... $ flrEt 
linnimplitilhac.th, b.topoc;me ..... ",efromtbatrLKe. 

It'l ~ CI'>""olete work of Ch"lrl.. • I"'" n f'lnl!'le 
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... ..."mltaplfttciy ... lJCId.orib .. unll.U,101IIg.l·;Alt.0'7; 
Ud.0'4,ptiIJ. 

I bave eompAred lhe lingle nl~e or IMa wilb numeroU8 rooent 
llndfoe.ilV_.ndcyIM ....... , ... ilbou~beine'abletoidelltifyit 
.. ilbll.lll·. AaJblOl'e nolhflellableto_tbebinp,lhanl only 
jlldp;lrttobea~rrom...:lOl!J'. 

Chil~e&!IlCm ooallt: illlandlof lluafo llIId YpunP 

CJ.IWITK Pt.'1w::Bt:K.-I'Lll.fig.l!i. 

Qmii .... IMl.4 wbgloboe4, t#w"i, Urriuctdd, /tIt_ fO«ieo. ~ 
",,10, .up"~ fl.rii. rmiit1fl/.1nu, "",,~,,,", ~fm;,.·"," 
'rllirwn4. 
Tberadiat~lIrifojandtbeillte .. tioMaJ1I-nJeq_ N'eull 

the .. bol. outer 8IIrfllOl ill gollfl !'rom botb .peeimena. 

&ntaOrul,I'atagonir.. 

CJ.IWII"K Il1.'IJlUIIU.Tt.'lI._P1.11. 1Ijr.10. 

Omiiu'" f~lId ",bglobofd, N>C,II;' ~..Jimrt'b ... plfticil 13, rotNndnt;', 
~i",," pI,m·"," pkotMlat", ""'"M,li" NIt."odnt"; marrrilN 
d~inoInto. 

Th_ are all the tbarlld!!", that tall be !i'i~en ... there il onl, 
tbe{'Ol'MillrportinDofonenl\'e;of('(MIl'Hthegeu .. ra1rOnllli 

on11I1lrmilled, and tbeproponiouacallJlot be ucer\lined. 

N.ridad,Oh~. 

O,l.III1IT,I. P nAoolflc.&. 1'1.11. fig. Ii. 

c.....IU.,.4M11t~r_WoI.....u,I_itl4,~if_i,ncboO. 
'i'l"",,,,*"NI(/imtl:i-2~,,,,,gut;" agtd..tu.~ ... 
''"~ntit ... Iot~ 
:->e.rlyrelated toe WMll<wt.lI,llIId lI1&y be diIIti.nguiebed by 

ha'-int!'f"...,rarI\IDIOfIjd.il!tantriba. 

8.ntaCruI, Patagonia.. 

NcC'l:u.~uL.uu.-PI.IJ.fIg.18 . 

. ~--;;,!MI..:ag~7:::::f.;; ~':!;.1~.1!w::...::::;;:, z:..~, 
I bue refenet1 Ibia to ,y~, heo:A ..... there ill toO ertemal ruJ_ 

crum{ortbeatt..:.hlDCllto£tbee&l"l.ilagtlandligament;tllfIlI&tllN 

omDlete of Charles Oarwan Onine 
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of the 'tone ill which iti~ imbedded h1\.8 rendered it impoa!!ihle to 
eXpoiliIlIllsparloftbeinBide. 

SunmOruz,Plltagoni8. 

Nt;(l[;l._. OR..UTA._PI. D, fig. 10. 

:K!U:~::da:;~~,,~'::·1c.t;';':~1,l .. "","!!"naill, fllJIfJjicie lilH~iI! d..."lit 

l'ort Desirc, Pntngonia 

TRHlO:SOCELIA INSOLITA.-l'1.Il. figa. 20, ~1. 

Tr'!I"nocdin ttl/a ,ui>oroli, crfJUi"""ulti, ""M~ obii'lua, 1«,';:. arM 
li!J",,,mli Ing.ma, lateribtJII ~l",-vrti&: d~nlib'141Ht!U:"', "'"!l"''' 
This 'peeie! is mom unlike the typienl (om, of Ptel""","'" 

Ihen l\ny which hlll!co~eunderruyoOOer\'llli"n,being0l'enm?re 

:~~~~et:'~~ ~~~ :",,:::7,"; ~~~,,{:id'~~~n~~'~"I'~;~:~b 01 ~~l:~ 
ingridgos. 

Snn\nOJ·tlz, T'(I.\.ngonia. 

OUCUI.l.lE.I .\LT.\.-P1. 11. figs. 2~, 23. 

OUCldlmll IffiA Ot"(lifJ-trnpcdjQ,:",i, B"l;ol>/ilJ,ui, tU/;""!/OfIi, ,,,,,~am1}tJII 

;~~~:~~~":t',::~~~t.~:::"It,;'f:;;:~~:.',[MM, i"'pre.viamt ."".-

.~~er:,,~ c:,n,;'!~~I~=;,<i,~: :;:,.~\h~::i: }:!:8.' C~: 
m8~', how~vpr,.be eMIly t1.1stin:;'tnshed from the Drili!ih, hy its 
g-nlRleT hC'lthl. Ita m01re O1bhque fOnD, lind by the gre .. tcr number 
t>fimpre&lll-dline"onthelig-amenta1arell. 

Snntn Oruz lind Port Desire, T'etll~nill. 

ANOMUALTEIL"ANs,-I'1..lJ , lig:26. 

Afwmi" Ictll1 B«/xJ!'iJio«I",:i, c(J#d/l~ ''(r(limltiuPI8 I"""i,,,,',, B""_q''''­
·"ifep·iB,flliel·p!i$m,p!onb, .... 

Thcroi"onlya"ingle"aheofthis"~ies, 

Ooquimoo,Ohile. 
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TnuIUYUu. P.o.UOOYICJ..._Pl u. 1Ip.!!6, 21. 

T ..... .J. tNtd omIi, 1; .. .-, NlrV/ri ..,0lIl/ .... ('OIO..,....:,,~. 
protlwdlf, ;1'ICUn>II.jI,,..m;.u mogrt(J, "" moT!li_ ....Jmn"'./ .. 
paralklo: dtltidiil,m«Ii~: n~..t('tJrdi~nl;"'IOC'tWII',.I(lN~ 
t ........ u.t.: -v'· ... oaticoi..t..,,-a. 

(Wd. ~~: ~~7.n~irr~ ~~ ~ ~ho~:!~tt:hil ~ 
ne&ri,. related, .. i~ i. allo to tb. T. bVilllU'lta, Lam., of the 
Pan. buill. It may be diltinguiabed from both by it. having no 
.n ... in the anterior marpn. 

SanJ~fands.aJulw..Patavollia. 

1'BcrElr (lIlII:lI"Hn.· 1'1. Il.1Ig.2t. 

l\It:tMt.,u.,.....Jri . ....td,...-;..w ... .-,..",...w-.,I!fIIIt ... ratlio..t ... '*' *ft'#",wJ'lm. :!"!, ,-..JIIlII;' ; iltltrWi(i,. G/I_"'I«~, 
_IIM"f'I"'" <'(If(cJ ""-" i,..tnldd: """"",ld G/tmJ ... ~ 
radinti ... «IIIttdd. 

aoJr.~:~~r. :,w~~n:;~ ~:t{:!ti:t~:2 
~rt~~;:!:~~tt Jl=~~L·:: !:r:;!~r.i~t,~ 
cordingtouoldfUM. 

SanJn1ian,Patagunia. 

I'1Iar:E:!. DAR1O'T!fUltn.-D"Orbig. 'Yoy"S'f', Part. Pal.' 

(PL 1Il. figI. ~, 20. of thil 'll"Qr1r.) 

~~:£=::E:!f:~~~::±~7~~/,~d~ 
Like 1'w4. ~,., 1'. JrrpqoUt:w • .m. P. o6liUrdt., in 

~...I char.ct.:.., but euily ~tiDfJUiobMl from all lhretl by tbe 

Thl::=h~ :~= '::'::=~~ ~~11~;~i;,::: 
::!,~:ati~" u~~;:."ni~ o;;1..~ ~:'Dt:~O~~::4; 
adriable toepl"I"d the abo .. e.pociflc char&der. 

San J~r, Patagouia; &lid St. F'. Entyt! Rioe. 

(I:;) The Comp,cu, 't'ork of Charles Darwl/'l 0rWle 
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PF.CTElf 1"\'R_\'l<l> .. "81~._D"Otbill' .. ' yo~·~, PIU"I. P&!.' (1'1. III. 
fig. 30 of Ilul worlr.) 

~:~~)!.-:=;e~~",~~l~'!:.~bed by M. d'Or-

San J, ,·r,N.oJWian,portDt.i~, PI~ia; IJId St. F" 
EDtreRu.. 

PJ:cr,~" CElfTRA.u •. _ l'l. III. fig. 31. 

~~~~::i:'~;::~";;.~';:'::.:=-::::: 
".rtn.liI""'9"Ii,~/ibN' 

A.i~lernljml('ntorthil",lUIItlrlhle~ ...... rolmdat 
PortS.Juliln: t .. o othe ...... e.., brought from l'ortDeli",. Theee 
lra@:m~n\.laro.uor Ihe fl6meliM,1IO that "-eire .. )~tbutvery 
lmperfectlyacquainwd ,,·ith thl'll',,,,iea. 

San Julian, Purt Der!i",,1:ilnIICnll,l'lt&gOnia. 

Pn:n~" Acrlll"ODIII._PI. lIl. fill" 33. 

~~£~t:l:~'~I:d~"tl~~ 1o~~Ifnt~r!:~7::! ~~mi:i; ~.:~ o:u~ 
San Joaef, P.tagoni&. 

PIX'TE.'I Rt'nl'.- 1'1. UL fij!. 32. 

P«12~~~::rr3'E:J:.:?!!;:~·~~ri?1~l. 7n1~C:~: 
The ~i,,""ni.(\nlyl(~ntj anotherfragment-.ooompt.nielO 

it,wwch may P'*"ilolybe tbe oppceitG valve. 

Goquimbo, Ohiloe. 
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OllEl'rDUT..I.GREO.l.RE..I..-Pl.ll.fIg.3-I. 

~r~t;flaO;:;";;:t:'::';';;;::',d ... .wrugold; M'pto tiOl.gato, 

Thl'8recit)$ iB remnrkab1eforil8lengtbenedlorm: ilis fonn<! 

!::~r: lrr:,~~~~~::h1:ri~~=J:I:C~:;~i:f;;{~·'!.fU:~;!~; 
New Eng""!!,!, nmi genernlly on the .,Ulantic ooutl of North 
Americn. 

&ntaOruz,Patngowa. 

BULLA.CO!I.l(OPHlLA..-l'I.W.fig.3U. 

Bulla It.1Ii .,,/Jc!llimlractl/ .. tXtr.mil{J(ilm4 obiru;" r«",,,JatM, 
""tied }1l11du/uu. lulion; iii";;' ...... "_, oo".(.rli" IT"'''' 
_N, i"lt"',~i;' u"9wLilHilnu planilUlCKli., I"N9' 0-0; lal. 0-4. 

Idoootfind IIl1\'chara<:wfo di~tinp-ui~bthisfrom thefOilBil 
:~~o~~dU~~!rinp!~: :ij~~f!=nd~" ~~~hkh lIJ!l:~~~hh~ 
~g,,~;~:~ i~ ~:~~la:i~y"~~~rt~;g~:'f~ '~~"i;::;,;~'i;!;;o~':~·~;~~~t 
cal form. 

lbnfoI81and,Ohile. 

SWAIlP.'I'USBvn(;LOllosr;s.-PI.IU.fie&-3(1,31. 

Sip,,"lru tutd ."b.'1lo1nJ&d, (m/r(lc.'iblUJ 'IUII1,WI", 'pi,.IIliln- ('<)~ci",1<l 
,,,lrntil,{o"!I.(JoO;/nt.(}8,uli.O·DIi,l'oIf. 

The Bpil"flL IftOOfe8 "ml intermediate ri.4tet are n'r.'" n,·atl.'" 

=~I~n~~~":'~1~'~fh,~~:~~e~,;.~;:,i~ulh~,}:'~risse::~ 
~~~i:ii~: o~,,~~ ai~:!u~.!:~ ~~chS.l:!~.:~~~I,~.:h: =--ft 
BpecieaoommOl1l1t YRlpal"fli!!O. 

Nal·jdau, Chile; o.nd Ypun laland, OhQIIQ~ Arehipelngo. 

"XATlc.\rlllllLA..-1'1.1lI.fig.3Et. 

Nl1licalut,iocafo-'ubglolOJ6,!I/a'mi,anjractiblll'l""t"ol", "mhitico 
"'119"0, IHlt~lo. 

A!in1leindil'idllRIof thi81!t1lnll Bpecie., ,,·hiel. "ppea1"il0ll f!l.r 
116 I c""Ju<ige to be di5tinct from IIny of t~e recent 8pe-cica, occurs 
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{n the_.m.or I"OCk, nr.melv, a vtryhard IIJId "rr dukolive 3::bi:=-_ '1!ut';b.(:=~"=tedn.:. d;:'ul~~ 
taining with certainty ... hether or DOt there bt lUI umhihl 

""-Ohiloe, eutemec..L 

N.t.TIc.\ !lTRIouu.-PL m . !lg. 30. 

l"'al"",u«dd<'P"";~, ~.w.rctM, gkrbfod, mrf~ac-= Sf:7ui~~~~2~='~;~ -. 
form~~ =i:"tb:b!:~~n:;:U~"1tt =: ":;J:: 
Weuluand the mnbiliea1csll ... ill rounder. Judffing rrom. tbe 
&ppAI'(l'ntl(elM'raI f<>Tm., I at fimosiJtbt, ... ben l only ..... the1lpper 
.uri_,had takf,nit for$;g<rfllu _~, ... b~b itabo_blelj 

~e!..t '"::tWDbtl:i~:n~il ~:~ t=~=o: :t; 
"led_ 

Ohiloe,eaeternooaat. 

N.l.TICJ.eoLf1)A._Pl. nr. !lp. ",o, 41. 

1I"al.i€. u.4 ftIhgIobootf, et'~ {;no', ..... ~·,""~ibu , ...... 

=i«~-==~~~~~~~ 
l·~poIJ. 

TIl .. C,.,m:>lete Wor!< of Ch",rI n ........ , nnl'l1" 
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~a=ilieedl:l~'Cru";l~te.-::jr!~~;sdt~t~; 1l.dUrbigny 

Na~idad,Obi!e; s.ntaOru"l'lIlagouiaf 

Sc.I.I .. I.KIJ,. _'Con.ou._ PlIlL Iijp.. 42, 43. 

SooI<rrWtatd_mj ... lI-f'YNlmjJoIj,t.'NfMwctd4,,,"''' .. ~"'f'u.r, 
~':"*', t:ro«tU, MIIJlOOiil .. 'JlJ.tNiil. .. u ,ptroliier 

in ~~u~:h r:~!et~e;n ~w:!:!;::t:lx:::l !ri!.ua1~! 
_b. 

TROOnt:J ooLI.lllla._I'I. 111. f1go. 44,4I'.i. 

TNll:lu., tM' a>rI~,. I,",,', on/radib.., ...b.Pqllolib.." .tt'lllll ........ 
trll'lUWnimflrwJlI,po«w,......f1<t..,...,t~"",~ .. ..tU 
........ teNt;', .. ,/,... ......... ....n:.,IpirtlM" t~lIol" flntdil,. 
tIp6I_.wpI"uI,............,,,: Jq"g,o-46; r.,o,~,,,..u, 

C<*f .. '·~1::r,~O\':'~O:i~~ ~b;e~:~~:u;;:: =~d~i~: 
.;:ence. UmbihcUl" flU' .. 1 can~udge th .... """" in II ... (ollowing 
apecje.,Tr.lm:U. Thilm'YI"*,blyooonlyayoullj,flbpJ\o(tbat 

;FS~1~~o!!;i:~~:!;:~t~~~~I~;;::: 
.anditIQU/ltbeo~'edtbattb.lirn,oluti<JDIarebrokellliom 
botbthe.~m~llIorTr.Icn.. 

Naridad, Chil~, &nta Cruz, l'atagOnia. 

Taoc:nn I...'t."1'J$.-PI.1II.1i;B.46,47. 

TrorJ, .... t .... ~,~, ~/rGdiM """"v-l'O"",~ .... t~ 

:::::ti~7~~E~~~~= 
.uhi~to:~,1·3;1ot.2',poIl. 

ThereruaiUl"rtl"'peIl'lyillOOrro.ta&l'll J..lltitullyirill_t 
iDt.hi&lpecietjtheouwtudaolildll1L 

Navided,Ohlle. 

© The omol te Work f Charles Darwin Online 
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'flr1mn:::n.u. P.ll'..I.GOlfI(l.l._PI. IlI .f1g . .foil.. 

T..nt~a 1_4 rlOllfJ'll~it06,mlfrwt't~ ~,3".,4 ~trt,,,. 
CfIfIu, iNnwtMiJ~ ... ~d .. ,own:b"',pHticd #III>­;:t':ilKt7""'*' -jon', tntid ..... n·_ 4..........u: ...tMTd 

it lu~~'l::r;:t:!:'::br.::!I!~l!,ae:~~~:~l~rth~·f~·i~;~~:'~ 
in!\luwell all it~ ~<lI~lioDll increMe in !i.e ",ore "l'i,Jly than i.n 
eitll~r lbl' T.(,'li{nl,.,or T.a",bul~"". In -orne rNlpectall .... 
rMel11hle. T. Mr;"if~ro of Ik.banll; ,t ia ''')~ hn"·H~·t 'WlTI". IlOo 

~1)Ort~~~on \0 it.tJ .... idtb. 1 hne adopted IIl1ame auggt"!ted 

Putt De.ire, Patagonia j aod fragroentt at Xilvidad, Chile. 

TURIlIIT.LL.I. A.ll1l1:l..lCllnl._Pl.lll. fIg •. IR 

Tllmttl/6 tttl4 rlungMo-tllt"l'ild, mlfMrlt'h4 J-." q>i,."lii" I .... 

Ef~;:~o:, i::::.m~7;t:;,.;:r:;o;;':j"CO:;M:;:; 
A \'ery n'marinlbko 'p"dH, wh~h -ome .. hat reeernbl~. il TIl-

~~:h:;~ hL~"~h~..;:;~~~n "~:;;:"t7~1'"~~:nh~~:;i~';.;ld~:~~li': d~::cn~ 
nearer to fll('h oth~r thllll th~y are in thefoe.llj lI11d IhIl al,i11l1 
~~eatthefl1turoia\1luchdeeperll",IMIT"wc.1nthef .... ilthall 
iD the \Wt'Dt, 

Sauta Orul aDd_San Juliao, l'dagOl1ia, 

TDRfllZUA ClUt'K. ... n .. -Pl. 1\', II!'". 61. 

T .... rildl". IrfiJ dfPtp<rttMlUriJti, "'fnt:"~ 11-.., fftIIn.wo.. 
.,....,Mtrlrinlfiat..,CfIfI .. grmoukN,'HttrffU'didmnjori,ndlUii 
II'IM/aunpo.td. 

Ke.tly related to Twrn~~lb. ~kd" (::-;.".h. 'Tank. 0 .. 1.'); it 

~f e;'~:tq~~i~~b~r,,:;e~~~~ i~.mi,~~;~,;I: :i1"l~ tr:b:Z'~I:;: 
1n dof~renMltD\.b"Dp;ni"nnf D·Ol'bi.m,'·, who hltll ",,,,,,,·.t('(\ th ... 
D&m~, I hMe hen ;nd"f"t'd to d"ocril:o it. The prindpRi dilfer­
ell"" l)f'!wf'<'nthiland T."in!l"ltrl." Rre,lh"f(mllof th~'·olntiom, 
whi,·h in thia RI'!I '·etllriNlll6; th~ 1l1, ..... nl'f! nf nam,,,, inl~rmedi&te 
rid!(t'Rj ,uld the rreaterdepthof th~poo'-e in ... h;,.ht"" ""tl1m 
itplat:'ed, l'foQm T ... "J"J.,,.,,.m itdilf"r8 pri",·ipAilyin lhe cir­
eu.m.laoeeeoCthecenl.ralrihheing therno.t\,rOluioont, while in 

Th .. Cr.rnDiete wow of ChAli n ... "",,,.. nnlon ... 
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T.,,,,tb..Jatorwm it ill the\ea..t promi!W)ot. Thl!ri~ in the Lattez r;. are but e1ighllr pd<IR, aIId the groo" at the lulW'O ill 

U ut.fo IOlId. Mocha I.e.~ COMtof Obile. 

TtlllUnLL..\ n'TCILlLI&._ I'l.llr.lig.llO. 

T~~~ ~"'.t:~i;<:'~=';;;::::;:t!;;:l~;:'": 
.. "iMftti_. 

Fr8@1DI!nb~~n be.epuat«l {rom Ibeba~ItoDllin"lUeh 
=~o:bedded; II baa lberet.,re ~impoe>lbIe login the 

Navidad, Chile; and Ypun hlAnd, OhQnot Archipelago. 

l'u\.""IIO'ro.ll..\IO.BQl"".I...LlI._PL I\'.1g.62. 

1'ttw.:t ..... " t .... cGI<mgd, lountJ, wlrd'l~ ut"",i'"I~ _'_", 
amic4 IHvrWri: ~~frt><·I'~UII ... ,iI, ".'Mio .... ,;"ijtri., .... ,;114 
tll&:rndijwd : tdl,_ ... jrtJCl .. cui"., 'l,,;It'/W, poItlC"tlli IIibtr­
ttIliftnl: Iortg. (HI; ltd. IT2 ... 

The ~ .... b i~h mUl'! _.1,. ~mble thi~ illlI.D unducribed 
recent rpeei ... from 8.. . \ ,u~riea, Iwa f_il ~po.~-',", ililf\'~ ho"-"·er 
from the l'I'O:eot one inlhto PO,,.ilioll!>flbetlo,,,·binlb,,,,ut'·rlip, 
"hieb in '.be.r ....... i1 fIC,"""pond~ "";Ih lbe ",'Ierior lu,,",rculiterou.. 
earina, .... bll~lIIlhe""""'I .. "'" th .. D<Itl-hiaplaNdhalr ..... ,-bo·t .. _ 
tbe poa~riur tuben:uJiu-r<_ earl .. and the •• 111"" There are 
other ruub or diff,· .... n.re, hutthill m.y Lee •. m.i.Jcre\! aullident," 
lUrnll "S' at Once adi.linct cri terion. 

lilLlfoWiond,c:ot.oItltrCbilt>. 

PLETROTO)(A T':"KIIL'I"ELLOIl1t:s.-PI. l Y. fig. ~ 

~(IM .. IM4~.I..to..nt';""''',INmI~mt,...u..·'''~InIlri­
Mi .... ri«4, _!~ibw 1";":" • ..,,.In-u, j,'/~ ... ill" tll6oer­
ctd#tOl, tMh.ctJ., ........ oJ, ..11._ mat~ liM. ,....t_ wi 
pi"'JI .... lI«>l~toJwn,/lrt;,:CItII<dilirm:llJll9'.l"3ll; hlt.O"82, 

""", 
or r~;d:!~r:=.trro":'~~~:~Dm,.h:;' ~i,~~=~ 
~ DamOO l't.. i,..pnWJu b~· Lamard:. 

riavhlad, Chile. 

The Complete work..)f Charles DIlrWII1..Q!W1e 
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PUXIlOT(l.ILL DDODu.-PL l\",fIg. IW. 

~=-t!:!!:.1t=.."!"~:~: ... -=:-:~~f..:: 
Mtiri ..... ."....;. fIIIh(~" .... ...no: twAM> ~ 
~;~;;U.I~ .rWto, nHlI.OfI>tU4 rfCUJ, IOttf. )'8; lat. 

Wn~ it:~1'i:h:.C~2~~I;: 1~ (:f~ii~rt~:Ol'!!i.~; 
andwhieb ",ayperhBpoI be merely R vRri(ltyo{ tbatBpecie.. i n 
ItatU1l) &lldgen~ra1 chartlCters;treeembleait very cloeely i itaatn.. 
&nI bowever'~r:r d;lf~rent. 

fun 1lIIIULl.B1IP_ PLIV.flg. 66-

n.n!yIiO~~':ry !m4~ ~:mci;:;~l~bco:~f:'::~: of 
ita ~ deei~r ;111 chancten being 1I:;'~n. It U DOteun 
certain tbat it beloogll to tbe genm. ll. d'Orbigny __ den it as 
aciliiliDCtlpeciM. 

NHidad,Ohile. 

l~nt:l rYHUI.IroHllII._Pl.IV. fig. 00. 

~t::d ..!dt":j,;;i:~:'::"~~~ .. :7'..r:: 
tnnuwr.'", 1tIktJtU,'" ~tU ..wd«Wl'fftlI;~: MfUlli tkmg«to, 
~mlltdatto. 

Tbia aome ... bat relembte. tbe Tnt"" fflwtdor, Lam. (a n!OIlIt 
apee;e.), in funo; ita ~pire u bo ... ever more elerated, and i1ll 
canallhorterin proportton,Ijud~iltobeaJ-__ from the 
geraera1extf'm&1ap~,bu.tCUlDOlbequitecertain,"rtbe 
Rolle about the mouth illO m .... h indllJl.ted thati! CIllnOt be 
clearedlwar· 

N .. vidad,Ohile. 

FnL'll IUDIlD'I.llXt8.-Pl. IV. fig. 67, 

FIIIUI tntd J~';J_"tll.m·U;, Irtl'IIlUf'.im "rilltd, r/ri .. i~ 
lnNlnu,01/ffl<'(ibu"""",?,"'M;ol~I"'fI""01Itnot_ 
.ldNHipr_,ronalimnl,ocri IIJJrt.p.ro,lMtg. 2·1,fC.l·, 

pOI. 

Ih~ C ... m ete Work of Charles Darw, Dr"IIInt!, 
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TheshelltowhicJ.tl:llisbelm!thelU"llte&tre8embI8ncei811fossil 
P8DIed P,*,q/Qri .. B .. rdig"u...u, Def •. by De llMtoret in the 
'M~moire8 de 18 Soc. d'IIiHt. Kat. de Pnri~;' iu our shell there is, 
howe"er, po appeat1Ulce ofohlique ColdseD tho anterior part of the 

:!;:17t l:':it~i:~1;.ik~e~4:a~)~beti:: b::~;.ri!~: 
It.I!!pireil 10llger in proportiOD to thelut"olutioll,and ita canal 
shorter. 

Nllvidnd,Ohile. 

111.181.16 Xo.u:n:nms.-l'1. IV. figl!.ll8, 1iO. 

Fulll' luM OI'ulfJ-!u'ifor:"';, ui.rli'l'!6 .• ubaCl!lJIi""td, (1''l'W''~ "!'-

{::;~~~;~ ~:9J.' :;:';i:~t;:n:;';C:'dct~~:';'t,~'~~17'''::::' 
diOl:"M·"uball/Yflil~I~II"lurddwilU"td. 

A ~ea which bears some """'mhl81lC~e to J""""lI"oa, r...m. j 

~ll~~~~/::.~ "::~~i,ic7~sit:fs ~;\!kt!~:' b.~i:I::~J~o d:ti~: 
01 the 18.mellar "ariC!es, SD thnt it msy easily be distingui8hed. 

SanJulian,I'IltBj,'OIDa. 

TuaU8 PATAaO~""ICU8.-Pl. IV. flg. 00. 

~'U~cn:~t~ I~L~::~?!;:,~!:~riE~:tl~:'~~~~~r~;;~~~%~E~ 
aprlnl"ll.ubcircu/d";,cmwliiwf.'u«ulo,u",bi/icol·,,/ilfo. 

Kcariy related to FII4I14 lam~O«IId a.od ~: ,}[(Jgtl/tm;ctU, and 
npparentiYCODIl(l(:linglhotwo. 

PYRUW- DISTA..'\"s._PI.IV.fig.Ol. 

Pyr:it''':",:!,f.t~~:/~'i'~:'~~':i1,~, ~;,~~;~"::~~:Z,:; 
c(lrim's 11-12, rlid",!ti['ut., ,,,mmdlil in!trll.ili"libu", min", 
clerall6: IrmIJ.J·S; wt.l·2.l'oIl. 

A "cry clegnnt specie/! of bu" PYNdd, somowhnt resembling 

f:~~:;.~t~~I:iY::~h~~~l~~;~~::t:~~l~~~~:ei~~:~ ~!n::,~ 
NII\·idRd,Ohllc. 

© The Complete Work of Charles Darwin Online 
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SUrTDlOLlIlU OJl..".lT.l.-I'L 1\'. flF. t}..'. 

StrwlllioM,;., t~.. fR<Ii4, <rpW _"" .... 0, mo/,.,ilnu _;" 
.piral'.' .. fIlrOotil,f1"""'IMfM,! ........... Cmllllic..J.tdj,:/""!!'IIMi'JUJlitn­
rf)ftat .. ,"'""' .. obt ..... ,tndococtW .. IiIUlh ... IptNlfi1noo,tlttJ<Jt;" 
mol; mtd ...... ~i1 .. ,..,"'" pro/lI.ltdd: 1cfttI. (M j lat. o-4ti, 
poll, 

Tb~ ;1 tho only fOS!!iI ~peciM of thi~ nu'o ~nUl I have ever _no (1ut.l\o(alllrge,·arietYBrefoundin &IOOII!!eJB~'cyMDd­
atone at 1'(II·t ~an Juli",!. )1. d'OrbigoyentertaitJI 110m*, doubt 
abouttbil ooing BStruthiolaria. 

Santa Oru~ and San Julian, l'.tagonia. 

TIlITOlI" "nRBl""Cl.""LOIIl"lI._I'l.. 1\'. fig. 63. 

TI"ilOlt I~d orot_iM, t_~· ... tnt""n- fIlrint .. , _/NId,"'" 
.... ~t 1"*"'" '"'.~ 11.11"'" ... tdia~d t ........ f_I? ri ... ~i., ,lItj_ 

e::;:..Jb:u7:-t=;';:::::if:;':;;.i~J;iI~;..c::;:. 
IttV: UNt!l.I·Oj Ust.I-05,polJ. 

This ma" be distinguished from Tn'/OII I~~o"'" (lIaO«'ffa 
kll.<:'Oltollla. 'Lam.), w willeh rneent .po.·dt'A it j, mB;t n .. ady 

~!i:e~ l;~. t~~~ 1:~~~;;~u\~~~~~~.Jo)~~~~:~ .. t,ht~~d·t~ri·:~Arok.i:: 
OO'titllte"rtbepit:lwhlchal"<)lIO<futi.nctb..bindth~\"&ru:e.i!lthat 
lpeck .. 

Na,idad,Chil ... 

TIlITOlI" LEl""COIII"OKolDlll.-PI.IY.IIF.tJ.j. 

TritOilt /tlftd-'o-<J6IortgJ. -pird oil ....... _/mrtiln...-.:. . ...,.. 
-''*-iflptNJitN"'fflctdu: ~ IlRO!Iitouiioudol" ~,,' .... .......,;"w,., 
"""'"'9~, ....t1".dat .. ,tr-artr~".,IIkot ... 

ThiA "]lI!"i"" rellmJ.bles TritOIl ~_ (/~'" kw-t:W1)1tUJ. 

~~~I:;q~~~~~~~~a;7!:·,1~~~~~~~~o)::~~~rc!f::: 
DlIlu<'I"<lU", a",\ extelld ncatlvtloewloolel .. ufrthor ~~h,"Olutio!l; 
wh"reM in T. k_QItIIJ, tL~v Ill'(! littlo mO!1) than el"1lt8ted 
tuberch·"n..8t tho middle of thO. whor!.&. 

lIuaw .laiaud, ClOUt of Chile. 

11< C()rno~te w or!< of Ch-'!rI 



o .... Q KOlfILIFO..-Pl. I Y. fig. 66. 

~..!'1:. =t~ ~i...!"'9'~;=''::: t~ 
::-~t!t,::=~~~:ti:"~~~ ,... 
A MoCOnd row of ~mall tuberd811 may be ob.fn·/'d oeo:MioDaJly. 

I kno .. of 00 8pecle. to which tbie;8DcarlyNI.ted. 

S.,·id.d,Ohil ... 

Mo!COCPOI .un.uH:n.-I'1. IY. fiWO. 00,07. 

,V_,..,t"4,..6g10b0td,~ ..... 14,/.m~ .... I4,~""lil~~ 
"'~4, trpf't"ttu"4 ~, lab«I ul ..... o ,"' ... '--..-'0, 
• ..biI.coperr'O,lIRgtUto. 

M. '~'Otoi~. ;r'";;,:~v i:"b~::r t~'\,,~~:!i':~.;.nt~~'t!;t t:: 
.V.t:r,..;Ut6n",,,fl.mattk. 

Ooquimlo.., ChiJ... 

(t~mrrK.'-.Yon"" 0,.. .... 

• n:~'~:~~li'~'~~~:~~~ :":l~t.)c~;=!~ ~~~. !:r~~r ::~ll!~ 

~~!\::;:~~~~~:=~=i~~~~ ;:~t!~~:D~ 
pl.m6ftt", of Cbemlliu , ... hich ~"-"_'" hu d,·.i~tMi ~ tb .. 
~ricMme or l 'lnulol ..... ·) •• lId ... 1I;"h, to .,,,i'" tho> __ -ityof 
.ddi.n+rtotb"num ...... or~rirn ........ lh .... unit..dt"th" 
Eboonwr." SucballlOanotwof.-iJliu-llId ... riho-dandfilZUl"<lhy 
J~.) ..... UJld~r tt.. nam ... of B .......... Ti,rr. aud B.Ji-tIl--
0IIft .~I1'-·mbl ... tb;" "DM'..-bat in l<'rID, but in "tl ... , ~ 
11 .. ~rvdill"t'rent.aud thi. b ... t-II. pI .... · ... with the DW'<'iu in 
""ood"'::;uppt.,'alld..-itb tbe1-',.". by Oray. Tbe eb.rac~n&y 

h·. l. ~m lete Work of Char1es Darwll1 Onhne 
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which Ihiao ..... gen ... may be kno..-n &Dd dielillgu.i.ohed (rom itA 
alliedgtnen,an. .. rollow:_ 

TttIU MltrinW, ...."..... • .,.,.. w..', .. /-x ..... pllfto« .., 
1IIl __ ~: .,.t ..... ~ ~;: ~; pllfttot. 

""9*"0: _oco ltd." ,.,fozo: Iobfo &rtwooo ".ia ;JtCt"....to, 
_;.:»Uo! ......... ,thtct.! ..... ,~~i~,jIIIf'VfH_icmn 
pm-tnntx*to:lob;ocol .. m~/Jm-j,~o, ~,pwti«(lpu.d 
""AQkm~t. 

O.U~RZDII:lI O}:(> .... -Pl. IY. till''' UiI, 00. 

GllIItrid;"""M"Ct'JNIf/o.-m',l=igatd,moliclJrpil"lr/it"...Jcatd,lobii 
uttnti_,.,. .... ""'-tot.crnwio:I'1ft{J.2·3,1ol.J-7,poJL 
Na,idad,Ohile. 

TEB.DIU. CXWDILL..U".I..-Pl IY. fIgL 70, iI. 

T ...... 1-." twrrit4, um~, _lntCtib ... ___ I.",tdi~w, 
poII.~lf""';m~f!b«,/ .• t4 ... at ... ,Nflttil". __ ""'yiJ. .... 
d.lf<IlilHlf,tUr.l ... :"pwt...."col.~l.Irrib"'. 

TbellllDlberof >"lutil'lILllandlheproporti"DIi cannot be given, 
rortbereiaonlyal!illl!'lefr&(!'III~ntorthia.~. 

Na"idAd, CI,il". 

1'I:ru:nKA t;lfDt:LIFEIU._PI. IV. flgt. 72,73. 

T~..!t~ "'::fmo-;.~~=';:7'~'7"'~~~"'!j~"'t; 
pl .... m ... ,~idt .... ;.H~;.,I;'!"" ... ~~",mtJdio 
no6.-ootc.rl'U:~IU'd .. ~,col .... fll4I#:ri. 

There &nI onlytwo~nl8 "r lhia OIp«'iH,it ia ob~y 
impo.iblew &lClerta.i.D th .. nnmkro(1"OIuUontorlhepropor-

"'- Naridad,Chile. 

YOLl"TA fRIPLICAT.I.._I'1. IV. fig. i4. 

Yoi::,,?-u:,~; =;::iC;:W:t;;.;;~ "~,::4, ;:(::::';~tI= 
t~w,t..ht-rct.I"'ill<WiiUlJIIiidMct<rrmtilnu:"p'rlu~d 

~:;;;!: ~~:~::;:/:g~·!at~~~/n'pliCQU,plicV 

or ~:~:Pful: ito~l-::: :O,,::!:!e ~~':b~IlD~!~~:: 

~ The Co.'TIOIete Work of Charle!._ 
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!;£:=~;r:;::~:=~;:::~ei~:~~ 
oolu.m .. Ua.beingverylMlllrlyeqwUi.nour.pecleiI.,"'~illthe 
two .00«1 mentinMCi the poMerior {olck .re more numeroua IUld 
tll very m".elo &Wflller than tb., Anterior: moreo"~r,thepoo!tcrlor 
Jl"rtoftbevol"tinMilnotfllip~ineithero{thoMiapeciM, 
IUldtheproportiOllfl.rellllodiJfe~nt. 

Na-ridad,OhiJe. 

VOLtru. Al.TA.-I'1. rv. fig. 7r;. 

J'oltlifl I." ~~, ...... tdtr.WDld, _/f'fJIdihw _', 

~~Zt=;~::.,:w~,~~== 
:!;~~: ::'2~1!.";rj!,~'luab ... «VtiU#CtJiI,pttW/i'luil, 

Tbl'reiflon1,.o .... ~oflhifl .. e"!~ .... rhhl •• hfJ1,of 
,..hU:b the IUlterior partlll 110 impt'nN'l, that no part of tb,illDer 
Iipornfthecanaii.tobe_n,OOnl!equcntlytbeproportinn. 
j(I"en aoo'"emay boli.hleto a.lighterro • . Tlo •• pecieoJl,n.euer 
to V. '''~. than to ,u.'· other koown~; it may, 
bo .... uer, euil,. be diating1Wbtd (!'filii. th,t.pecioII by tbe 
charactere .oon ,taw. At 8anta Crnl, tb~re are two cuu., 
dl(h':;;::'~y .. 'd~:~. to thifl "P«i~ hiLt rolllidfrOO. by M. 

Na .. idad, Chile; Santa Ornl, Patagonia ~ 

OLIn DlllIDIArj._T'l.IY.fige.'O,77. 

Oli ... t"d~"''''''''_mi'''''4,~~._ ; _/t"fJdit­
...... ..ui ..... Ii ..... ttlt ......... " /rtmn¥ni". d .... idioto: l'fII.....nJ4 
tmI.~plitVpi*l""~pMicd-:fori:lottg. Oil; lat. 
o-37,,.oll. 

f6(e~~~:C~.;:: ~ili~!hlc'bf='~~~~~:' [:;:ea~:I~k~ 
ahl,cireumatenceotiub6\"~abT'O&dhaitdof('ll&melt(l .. eriDg 
thelUlterinrhtlfo(lhewtroluti"nlbov.orbohindthe 
ooILlmeUarblnd,whiebifldiati.¥,LiablldfrolJl theJll)*teriof~rtQf 
the .. olILlion by ~ nry fine httl', behind whieh may be !>eo.ln tbe 

:"t~~~;:n I~~hl! I:::::;ri~~f :'e:,e~"h b:dl~ ~ 
a geDl!l'fli ,,-,mblaoce to O. UpOJ"u., a 000>111<111 reeent ,peci~ 

Nllvidad,Ohiloe. 
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DEn,u,IUll GIGA...UElllI.-PL II. fig. 1. 

~ttllium InM It~tli, rtctiuteulti, &nl""IDn!l,~,ulintlliblU num~, 
in/~~lI.ili" ro/,mdtl/;': lDng_ 3'!!, lltt. {)o;j,poIl. 

for ~;:~8fr~~~~tRSrat~ =a:~~ha~~d I~ 1Wr~ il~ l~,~~r:, l:Talt:~ 
inch in whlth fit it~ smnller e:dremity, find ~ix.tenth$ of lin inch (l.t 
italnrger; whiJeillitathickost plitt tLoaLolliWllf isO'l3 of nn 
inch thick. 

Nnyidnci,Ohilc. 

DElirALIUJ.t. SULOOSU1l.-P1. IL fig. 2. 

Iknllllru", If'fIli furli, rocti'I4CUJIi, COII.tlli, limgil"dinalibu$ 
tltratilUl:1dr" ,uhdiotantibtlll 14, irtl.tnt.,~ir, lola""ltll". 

me~~~'~r,r~~~o:"~~::e:~Y:he; [:., I~~i'oo°nll~e~:m.~ 
by the IIIIndatono in wbichit OCCU11j. 

Nal'idad, Chilo. 

DEli'IALIUl! lIluuB.-Pl.T1.flg.n. 

DB,,(n/iU!ll INUlle"eli, ,'eclil<8Culd, cO<Itis IMI,IIilwlillulibWi 2 . .1, lIUen,i~ 
''''fjvl'ibtlJj,i"t,rsluiiB"o/uwJ,,/;s. 

The Ilroportions ofthi~ Bpecies cannot 00 givon, oocnU8e thero 
aTe onl~' !IOmo fragmenta; it appears to b,:i one of the larger 

r.~~~"~~/;;~e \lrn::h8r.:,~:~:· n:%.htg Jttudiff~~"f:~D~~: 
species in the cireUIDStllDC8 of its never hal'ing \lilly ~i" llDj'!le.; 

:r!!t::.!I~,!,fe~':of'l:t,a:;"~' ~~l:}i:~:~ o)"t\:~,.l)a~ 
being lea rnpidl~· attenuated, BUd in be"'ll' ~trnighter. 

Jluafo18lnnd,conS'tofChile. 

B.u.A..'<USYARIANs.-1'1.U,figs.4,v,O, 
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~~m!:'~~d a~JO::Xid l~ri~~L:lt T~~~~n ~~t ;\:: !:~~~n;7~~f~II'~~: 
in fOl'""iatheh~snl \·nll·e. Jtis to be obsen'edthnt iu m08t,if 

~~! iSo:~b~: fu:1:p~e~:\fei~~h:h~l~h:t':;:~gl:~::;j::; 
wheneYcrany llCCidcnlai cireumatanee C"!llleS the @beU to be 

~<>~~":~d~;:'1:i8iJ~I~:e ~::s~~:~d tb~8t;: ~:;\::l:r :~ 
~l~!ttl~l:~n!~.\.'~~:~k:i~ ::t0Ju~~tbnc,..;r;=tdB:;~~\:gee~e~ 
~lll~ebn;~Y;'~~~~~: :;~e~i/:~:~de t~\~J ::~~: fubll:f~r~~~I~l!~~ 
the panetal "'lhes changIng III fonu; hence III I!Om\) spet:lmcus 

!h~l:~~~;e:~:;e~ea:.~ ~~~di~::: ii~~~a:t ~~~:n~l~;i: 
olhero,which han~ been placed ..-en·elosely together when ,"cry 
J'Olln!l',thishA~nl"nheh"" tahnn inore or .1e&ldeepcupBhnpe, 
:~'f,~:ft~' ~u.:~ll nl its lower extremity and mcreasing in dimen_ 

SnnJulinu, "Patagonin. 

B.U ... Ut'1I00QUOOlE."\aUl.-Pl.II.fig.,. 

JJnlnmu tuia pol.'II"orp/ld, tY1/t-i, /1'I1l-i/JUI, tlO""Il"'IIUm' r(1(lifl/im 
.In"flIM, /"I,,.,I/ibur poIiicil GlIglj$/i()1'l1tur: Gl'icibUl 8UUn!tlwt."; 
1f1'el"lura}",,·uP<U. 

}~I;~~~~~:i~8~::tih;t~::£~~~~~~:]~~:~~ 
ofnumerou~ indi,idullis being clUl'ely grouped togeth~r, each one 
IUUlbeen compellcdtoleng-thenthe bnsnl ..-RI..-e,1!O 113 to f,'rm 1I 

;:~:~l~j~~~:~C~~~l,~' ~;~tildi:jo~~:: 111~~"b;"!:~' tl~~\d ,,;f\~~I~::~; 
ynlrea, this incl'clI~~ in the length of the bMe 'cClllB 10 hllve 
tnkenplnee more rnpidlythan the growth of the Rnimnl would 

ro;:,ui.;,e~~ Jlf:Jl~I'~ ~;ite~~~e.;/~~i~fe~l:~a::I~~u~ I~~~~~: 
aeptll, .-ery irregulnr indeed, hut whieh would, ne,·crtheleM, 
lIllJIwer the l'urpoll6 of supporting the Ilftso of the animnl in 
tIle tube, r;o M to enllble the Rnin1el 10 continue ile "jtnI 
functiolls 

OoquimOO,O),ilc. 
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DESCRIPTIONS OF SECONDA.R.Y FOSSIL SErELLS 
FROM SOUTII AllERICA. 

BY Pao'-'Il E. t'onnES, F..R.S.,~. &e. 

N.l.lrTUt'I lI'OuIIlTT ........ U-PI. V. 6g. 1. (a) 1. (6). 

SAtIl-vne-(pro6a/Jly..ootA.-.lIli¥IItly.rrJNictII.J1). M....tA 
wry 1INod, tVIIif_. BUr" r-o"ltIkd. Sill.,.,. 6ttod NIlJeroiy 
1"""",,,-.1 ..... r to, LA. .mIItltc.1 .... toW h«1< tky ..." wry 
Iliffhlly ..... wctd. 

:hlee~~'i!ek'=J:,rf~~r::~~ ='= 
~~::~~~~libe~~=r~:=":: 

OoncepciOIl, Chile. 

n..tnII IUTIOa.-G. n. & .... 6\'by. 

TtrIU -rd. ~1I«'fIl4, J.rf, ,..btyliJOdrit.yl ...... 111.. tktWu, 
~. ~Jm" • .--t4, utt'tMitali1;.., i.no:-~ 
IOdmot ... 

Tbioillthe1&rge.tEIamiteIhn • ..ujitillll8r1yeyliodrical, =' :!:olE'::r ~~ !!!~i';hb='~~e~;r ~~:! ;te ~t:':. 
~~:li..:.r ~~~I'::'.:-~:'I'::'=OIIl!;.r ri:..~i~ 
relum to EPgIaDd, I.IId 10 eanoot be figured. 

Po,",i-'amine. Tierradel:r~f!O-

Pt:Rlf",A.Jn;.RW.llU._I'I. V.fIgL4,lI,O, 

SMlJ /mItv/4t.t1 "",""'-, Nri¥UJl..J, .,.,,~;. 11M ('fII"f/ilttJ/ 

;Z:.':j"',.el~!",~~~~::"~ 
TIM ,,.,,,.-' of t4c ..,...,.. ~ • ..--, ....., ropUr. 

\c) The Complete Work of Chlirlf'~ Darwin Onl'n o> 
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The ,ur;f''''" of tIM "!dl O}>pMTI to /un'S b«n co"~lIiricall!l' 
IlIough 'rN'yula,.ly, 8f.,.uried. 

twoT::.!r..:.c.msiat8 of the cardinal II.IId apical fOrtioIlll of 

Copinpo,OhiJe. 

Al!URTII D.Ul\\"!l\"ll.-Pl. V. fig~. 22, 2'l. 

SAdl brondly ooote, ",uch com}W"J!f&ed, mm-ked wil.h mill" dUtan', 
r~ .. lm- l:OIICmiric ritJ~, tM ;ntNl/ticn brood aNd co~n" 
cally 8f.ruJl.; ",,,,I tlnd rmrlul.r.",i/iu nMrly eqtU/lly broad; 
br"aks~"'ry obtl4. 

Dr«lIIl",ll.ik»tJi",Hj l"icJ.ma,!.ojllQ.;JI<"A. 
o<;'piapo,Ohile. 

GBTPIIL\ D.utwr:fu.-Pl. V. fig. 7. 

L/nu,. twh.", lV!l"y t,,,,,id, '/1"'9I11tfi, al"/l1illted,luterally comprtAed, 
'lnd ,,,tIC'; mcuntd tit th. owtrnl utremitYI it. MArface .... a .. -
/aled mJ dUtant. !'Utind linlWUljurrlHCl, .. ",,.ked flJitA luItr 
8t<kfllium or 8f.n"tiqm. Upper wive conc""", 81",/",,,1., aml 

;~:;!f~'g:~f~r; ~A~:M{;:'''~~'i:;;:. 0/ bMk to 

O<;.pillpo,Ohile. 

GBIT'IUa Nov. Sp. P_PI. V. fige. 8, O. 

Lou:" 00/'''' not 'DW!I ccm~, r"yg«l, ""gul,,ted: "pper~rI"" """"""r<', 
orbicular,juJTOlVrdlC.thd.tl,eol1lY:!uric,ulcatio,u. Ar'f'Or.,m/y 

II !I°L;·;y:~:~}';elib"""III", 2'"0; thicJ.-neg;" 0/ (Ill incl!. 

O<;.pillpo,ChiJe. 

LIJCIlU A.lIElIZC ........ j..-Pl. V. fig. 2·1. 

SI~i4£;#;~f~:Yii/#j§?f.~;<J!!:,~::jflgi:. 
In ~hll!,!, thi"~pecie" resemble;! the recent L,.ci"u rm/u/a. 

lquiqu~,&)UthcrnPeru. 
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L CCTIfA llXCl:lITRICj..-O. n. So'll'l!IIU, 1'1. V. Bg. 21. 

Tnt4 lIIboM1i, I~ ... ;,,~uiwlt:i, I~";, "",/10". adullro, 11Otli« 
..un. profoltdo 00 ,,~od nwrrgi_ ;Mf",o"'~_'M M. COIITf'IOt.i .. ..uWlfml ... , .......... J'N'.I..-i .. alJ.n-a,"""g.I1>; 
,..1'; 1dI.2·,*,. 

).ih LIICi .... (7tildr.,.i, the t ... o \'al~ ate _ ... hat uneoqual, 

ib!;:~Zh!t~~~:~i:;::!~H~~~~~:'d~~i:~: 
orbieular. The pl'elent .pecie. may b. ~ed .. obliquely .u~ 
onl 

Port FamiM, TieIT& del J.'uego. 

SPlRIPDI. CRILE1UD.-Pl. ". llga 15, 16. 

!;J,fU INborbteul",', tumul. lJrJrltd 'ffll~ d~ 14611111~ ~ll'tIll 
cardilUJ/ar""fktr1. ... IIImtIMlr"'''_d;''' .. rl.,.l!fiMr<iI~, 

~~~f'IOt~nt-.z-t;;tl1r!~e 
~~ J:r...:.~.:(':!A,t:.u~~:,;101~-:. 
,4.1 ... ""), t-ou"~!1 «>.oktft itlrOr4f 110. ""fIla of 110. t-on1,lUJ/ 
_, rnwtJ by Ilro"fJly nwrk«J .,,_Ii_ of 9''0«10. ])Mk 

W!tI:O::"::!;;::'~ O;;M~::' :::"fJ ,,;.. tf:::...;:::£ .. ri~ 
.wfill«imMalridge. J.'roIttalIlll>l')'i"oJbot"Nh~llig!ttly1f .. g." 
f~· 

Tkn ...... 1_ rwri«wrt/tIo':'lMiJ, 1M """ ........ -.. l .. lAid 
tMIItMotJw. 

ear!all.·~, 1{; l~o7t::; :"I~~' oY~~!:' 
J ;IOC'" IIIickNHf of .... it:l ~~ It rif " .. '11('''. 
Thi, .bell nearly _rubles Ie~tral tArboniferoua limeetone W=". 11 is al80 ~lated to lOme Ii...." opeciet, .. Spin/'" 

OordilJel'llorOu~Cbile. 

SrIRIJ'I!R Lllf(lUlFEROml!ll.-l'I.V.Iig..I1,lo!l. 

SIoHJ~,91<»-,"'rf~ .... ",d,,, .. d..urt.trllt1tt'f1rt4IM,,,,,,,,, 

e:!::·~~~~~£I'=~~i.~ 
(c) The Co molete Work of Cha rl e~ Darwin Online 
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Yery near Spirifw 1i"P'/"'" ofPhillipi (a C&l'bonirel'Out lime­
"IOll(lf<.*iI),ootprollflblydLslinct. 

lUo O\&ro, Yaney of Coqllimbo, Ohile. 

ToIlIIl.UI.'U 1lI'o.-PI. Y. 6ga. 11), ~ 

SAt:~~:;=l=~~=;=:'/:~ 
1M ",myi~. lJor,," rolN 0110* t'OIIVU. }hm/1Il ", .. rgin oil­
tolMLutl /Mlilll.w<d, .. owl .. " yow"9 .pteim~ lligAt/1l t .... "NJl.t. 
BlIdJ: of.u.-...l m/P/' OW)" pr-tlttttl mwJ ;_Pl'd, olXlWly 
mof/ltd at. 1M 'id~, tm"'naf'Itfl;IIl II (.maU')pwfl»"alitm. Arttl 
rwy,..tallh1otdilt;Pfrl. 
~4 of d..-.alttllPl', I,·.; IJrtdti14, I,"'. or .... ;NC"; tlt~ 

",.,I.d. 
''1wque,Soulherul'eru. 
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INDEX. 

A HBL,l>t.,on cntclll'OOlli! rests at 
.tlc l/ocCspoofOoodllopt, 163 
A~~~ on R ne .... '!'MinI of feld!!pa~, 

!t~fI'!: I~r~~d~'. !~! 
-inCl"OstMion on, 38 
Abeeu""ofrecentform,,tiono()ntbo 

S.AmcrieanCOOIIM, 414 
Aeo,ta On all ""rthqunkll-lmTe, 472 
Aeriform ,",pIOJl;on~at A""",,.ion:4~ 
Aguorrollorl olo ..... uoll of impcnnl, 

n, 
Alr~;""'"' ,lri,.on from St. Helena, 

Albemnrloblnnd.117 
Albite lit tho Oaln!",!:"" Ar~hi. 

pelag<>,118 
_l"Ou.tilucntn,in .... 1 iu Bud",ite • 

478 
_in rocb ofT. del Fnego,H;; 
- inporphyriee.4i4 
_.eryl!U.bof,withortbite.479 
AhooD, Mr .. on elernLion of \'01-

P'"'!,;"",239,2H 

~:~~ii<!~ulf'::" C!~~~ion, 399, 
'" AmolRHM. U.". 6~n 

Amygd"loidn] < .. (l1L9,hlllftlU .. d, 31 
A.nygd")oid,"nrioll"",,l'iot,i •• of,474 
Amygduloid •. t"lcatoou8originof,18 
-"ftheU"I~Lllnt"l'''nge, 522 
-ofCopiapo,6G1 
And".iteofChile.~7a 
- in tho mlloy of May\l'l, 483, 485 

Andceite of th~ CumLr~ PaBs, fi02, 
fila 

_oftheL!IpIIILRta .. nll",629 
-ofLosllo",0I,~8 
-ofO?pinP">fi~\,~57,567 
Anhydrnc.001\0 .... tio"""r,486,5oo 
A"'lICBri..,~ili.;fted .. oodof,a91,~27 
Ariea.elev"lionof,26" 
Arquero~"nine,of.MO 
A,oension. ~O 
_arbor""centineruijtationo,,roch 

of,S8 
- a\) ... ,,"o ofdikOfl,froedom from 

volc"ni~Mtiol,,,"d"lIItooflnv"­
"t1"<Nl.ln,. 10" 

-gyp~nm<lcp""il&don. 273 
-41;;"nawdV01CAniCrockl! of, 466. 

.&scidia,ulinetionof,169 
Albntio 0"",,", ne ... ,-olcanie f"'!llS 

in. 10~ 

~f..~r!~:!~~~~n goei ... 423 
_lnthal\),ta,)nl1lva,4SO 
AllSUln,:Mr.R.A.C.,onoontcleav-

ngolamipa,461 
J\Ul!tin. C~I'!... on sea-bottom, 230 
Au'tMllin, 1(0 
_foliawdrockoof.4M 
harll,,"Uala,bcd.of,atSanPooro. 

191,316 
A;rores,28,111 

BAE~f!~fR~O~~;:,~~~'j,O;93 
_tortnll.ti~n.nonr,321 
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IUHIA tllIel l 

&bio. Bt.w.. ~"-te. or li~iDg Blake,lUr .• onl"-dectlyor.l .... tod. 

rW.~~~"Ji!:Ndik"&t, 13\1 _-!:I~I=~~:a.;s~ _el._ioa_ •. !lIS lJoI •• lolo8.~H 
_~I'}'It.Ui ... rodfor.n2 BoU....t,lI ••• ollllli ... oflquiq .... 
n .. my . .11 •• on lhe "",,,"111;'" or ~1i 

)hollrit; .... 34 Bomba, n>le .. oi~, H. Mf 
n..i<lH...!.161 BoaM.';licift.oI.403 
1l4UAnl.M"oolh.preeipitlltionnf '-f_il.frMh""",hIoi0ll<1f.33\1 

... lphRt. of oode. 310 Bo.y.!;t.\,ifICenl.oo~bo.H 
Ileml" Orionllll. torlia.,. f'lhnAtionl Ilotlom of_oft"PaUlgoo,a. 21 4. 22~ 

of. 337 BongRln';I1 •• 0" .lention of,ho-
-.l'J"ItRl1i"el'Oek;oot,~28 FRlkJudlllall.t..2!O 
lI.nUeoTe. 111. 1~1 llou.w •• f,,1'II\I\I1oo of S. en.., 202, 
& ... ""IM.bo ... __ I .... 1,238,246 21\1 

•• 1I .. ri..,lOlIp~lhell .. 238 _",.· .. lklaOO lalaado. 210 
11 ..... Th .. St. lIel,,, .. 811 - .~or to ~ ... ill utiDet'lw-

~ts.~&C .. ilyol,U6 _7t~:14t'IIfIOo38:; 
-4~;-of.illt_Portillo..... ~~&p:~oo10H~7:; ..... 
_iolb. 1.'.po.lWa~:;U - cfgree .. toHiIIN ... l.-Lr.zoJ,lrOo 
llutIhie _t _otlli"" at &. - i" the Cordmu .... 2\11. 296 

JIlfIO,21 -IMllllportedb1 .... thqll&ke-_ ...... 
_.t~la .. ritiuo.U 301 

1L..i~ ~bRl~~':;.c~,~~, 283 -4i~1 ftll .. grainMi III'tillry d'pooits, 

u..~l. Cb.onnel, 416. 4f>O n"DlI~. :'1 ... on II millel'o.! "V.ing, 
u.r.uRIOI1I.l'.lie de. 00 IamiDII\OO ,jIM 

dik •. l(l B .. ul,bl~Q(!. 173 
- 01> illCli ... tio<!of Ia,.... ........... H ...... i .. ll..oo.l.ntK>nors.."'''. 

100. a84. 497 di ..... i .. Ul 
- On dike. iodic.~illflel ..... tion, 107 fuuil. II"'Rtion ot. IU 
_OIIrin:ool.,..J;. • .w-inl ..... 116 -aylIlailin._Uol,HZ.~2lI 
- on .. itcid '1 .......... rod:. ~29 H .. nur. "'i. D., on • .,.I .. ,,_~ 
Beo.-h.t ..... l_~ .. nr 1i_1I. ~S6 ... i_1 ... ""111_ n 
lIee"' •• ", c.pl..on __ holtom. 2~ -on~~gt...o, 143 
lleL,·h.r. Lien!.. "" ellnted olw:lt. llrodmp Mr .• on eI ....... l .belt. 

Ile~~~'~f:~::";.l;~o I B!;:~:- ~nditic 00-
B.nA,Dr.,OIId_po=-:Ignoite, di ... inlili.c-,ft",lwood,ltJ 

n.~:W~.Ollmeo"'l'Oeb or, 1~2, :!~~~~~fl~~orf;opal:: 
Bellington. Mr .• 011 '1uadntpe.b .... 627 

In.nlporl ... lby.hero,363 -on.ilicift""wood.M3 
H.q"""t.~I .. OD.iI",,iD t,....,byt~,j7 11 .. eale ....... I" .. t~ ,bello D ...... ~39 
- on l.,mb •• ~3. U IIlIth. \'01>.01, oboi,\i"n ot_m., 13 

=:: ~:\J~~~~r IIl1ngory, i2 =::: ~:!~:11:,~!", b.dI il> 
- 01> J.ami",,~1 trachyt •• jj' lhe Clonary uw.t!a, 100 
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IIllen 

Bw:b,\'OII,OQeo.nrDOIIIlan,IIS 
__ oIi1·, ... illt..a!t,11S 

-1':2C11'tabl'lIki.illoboidian, 

_"' ~IraI""'~1 13 
-OQ~!.~~SI 

Ccnl ..... (r-il), 1.;1 

~....c:~~'i!'.ll~ot,U6 

_OIIer.t __ f<ltoibllf,boCor­
dillora,IIH.6Il 

-oDllM~alpbu_vokaDOOpr 
)&n,687 

Buell" Ayl"H,316 
BUn'hell,.lI.t .• wellnt.ed.b. lIlof 

8"";l, 1~3 
nyronollell",te<!ohll!a,Z3Z 

CbaIeedoayill~taadi",'liciled. 
wood., ~, 

ChaIIi&Jn b1aDd, Ill, 1I~.130, 141. 

'" Chevalier, 111., Oil ~!o, ... tiOll DeU 
i..in ••. 2e6 

Chile, "1 ..... IjOIl<.>ttMot. 2M 
-.'ru.tu ... ~fOOUlltrybelw~II'b. 

COlllille ... lldlhel'o.c:iflc,283 = :,i:':;1i:';:~i:, O{:.:!IO 
-C<'1I1ral. g«>1"IQ'oI HI 

cr~~~.~s~:;; bOGlJen iD nil.,. Ci,;Ti:~~!r2~~ ;~: 
Caldclt~b, lIr .• 011 dentioD ol _urtio..,..r ..... t ...... ()/.SIIO.407 

o,qlll .. bo,~1 1-err-... 1h~ ....... toof.41io8 _OIIl'OCboilbeP .... illo ..... ChIunI...-bioI, .... lI.\·ideo,I" 
tt~. ('hl"ropboeit~, I~' 

00lJa." .1 ..... 1 __ '. 261 0.-.- Arrblpet.,o, ttni • .,. 10 ...... 
-old IOYII of, 212 tionool, ss~ 
Cal<)ll.reo .. dt.,..jteISt.Jago,ajf~ _r..,..tal.li ... ,,)d,.or, ~oo 

1 .. 1 by heal •. ~.t ChllJlOlI R"" """ ... ''''""ported I.oy, 
_111.",,,, 1MU", .IIII11f1"led in 101 

It" .. to ill 1NlOn.. 16 Clarb. lin. W., Oil the Cape of 

=i=~::iO~'~ ~~:::;i'~! M et!':fli~0~.!I~:.,..!!61.oodJo 01, ~16 
_ andolone at SI. " tie .... 98 Clay .b&J. IIf I..,. 11".-. 637 
_ ... perll"'l J,ed.o.t KiIlfl"O..-~·. Claplat ... iu d~pooil~'D and 

s.,nod. 181 Ju ... hoa w,Ih ..... lUle,.1 lb. Care 

~':.'{~Ibl!n~~~f. II.) -1(.::t!I~T.I:~ FllllgO, UI 
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