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INTRODUCTION. 

THE object of the present memoir is to describe the principal phenomena 
generally accompanying the earthquakes on the west coast of South America; 
and more especially those wh ich attended the shock that overthrew the city 
of Concepcion on the morning of the 20th of February, 1835. These phe· 
nomena evince, in a remarkable manner, the in timate connexion between the 
volcanic and elevatory forces; and it will be attempted to deduce from this 
cOllnexion} certain inferences regarding the slow formation of mountain 

chains. 

Observations on the Earthquake in Chile of Feb. 20th, 1835. 

This earthquake has been the subject of several published memoirs: the 
sixth volume of the Geographical Journal *' contains an admirable account of it 
by Capt. Fitz Roy, R.N., in which many interesting facts are detailed, and the 
elevation of a large extent of coast is incontestably proved. The Philosophical 

• USketch of the Surveying Voyage of His Majesty's ships Adventure and Beagle." Vol. "j. 

Part II. p. 811. 



c. I).,"W'~' !C'q.,on ,"o/canie 

'!'mn.aclion. {or 1836, ,,1>(>, conl.ino n memoir on Ihi, .ul~ecl by Mr. C,,)d_ 
cleugh. imu,t,lhcrofuro, refer 10 lh •• enulho""wlu,.e.lalemc"t.., a.sfaru 
IlmJnn0I'IK"Il",ilyofob,e"i"g,iclnfull)·corrobora(c,foral'"r(ic"lardc· 
Scriplion of the carth'lnake i(self, .",1 ofthc cha~geo oflc,·.1 w),ich Qccom_ 
I",nicdili" IheneighbourhoodofConeel",;oll. I will adJ only n fcwdelail., 
""d .. illth"prouedloJe,crihclhcm"uncrinll"hichthe.outhern,·oicQno. 
ofChil"wcreRlfcdcdduringlh~.hock. 

The island <>fJusn Fer"."t1ez,liIWl.let! 3GO geographical mile. N.E. of 
Concepcion, .~em. I" h,·e hUll mort .i!>lenlly .huh" thn" the ol'rolile 
,horc "flhe ma;uland. Rnd at tioe ",me lime ~ suhmarine voleam" w[,ieh con· 
tinue,linacliondurillglheJ"l""dl",rloflhcfollo .. irlgnighl,bur;;l forth 
n.~r Hac"lao ll ead, where the ,Ieplh wlU Qfterwa"l~ n,eerlainWIO be ,idy_ 
nine foth"m •. Thi . faell"'''elI'eS'' peculiar i"ter .. l, ina.much 8. during 
Ihe ~arlh~"ake of In), which ulluJy ",·erthrew C,,"ecpc;<>n, (hi. i.I""d " .... 
like,,·i,e ~ITecle,1 ,n ~ ren'~rkablc mon"er, cO"'ider ;n;: ils greal ,li'~1"ce 

froon Ihe d,ief .eal of di,turb.ncc. If .n)· e~"C1 record h~d been kepI of 
Ihot c.·enl, '"."y otherpoinlo ofre,embl""ce w"ul<ll'robah ly ha~e hee," di._ 
co.cred. There;,,,lnuliti,,,,, Ihalthe 1,,,,,1 ,,"'then perm""enllyel ... aICd, 
and Ihe area aITcolcJ "ppe""I" ha,·e been .·cry much the ,an,e wilh Ihnl 
,1i'lurhe,1 in Feb. 1835. ~Inli"a· al". ,illte., that the unJulation l",vell.,1 
from Ihe "'"Ihward; ~"J ill Ihi' .""onJ CHlnslropl,e Ihe 'nlo"loil"n'" .greed 
'''Ihinking that il came from S.W., or e'·CR more """thedy. After an inlerval 
"fm,lycigioll-f"nrlc"", il i, not 01.11 improbable Ih~t Ihe .ubterran""n 
forccs.h .. uldhe Jircclc,llow"nl.lioe""nle iJeulic.lroju". 

Ilcing"nxioull<>trocelheefl"cct.ooflhe"",lhq"akelotloeloUlh, I 
"role, ohortly after vi.iting C<:mcep(:ion, til ;\Ir. ])""g!.\', a ,·cry i1l1c!lig~ut 
man, wilh ... hoo" I h .. ,1 becon,eHcquaioled in the i.l~nJ "r Ch,l"e; and Ihe 
an .... er, which I ba,·e recci~ed .i"ee my rclurn to E"gland, il full of curiou. 
;nformatiun 

1(,d< ... io..'b< .. "~qud<'''~''h 'Pi ... " .. h ... ,-.f, I, •• " ,he "ho'"", ".1.-, 
'he..-m'.o"", ( .. f" .. 'J..d .. hof'''"'"''''n''y'''" ..... Ii«l'''') •• heing ... y.Ool,ot. 
11 · .. ,·.' .. " ..... 'l",i"""'.bdo .. ' .. i .. ,.'oho>;k."iA,ogo ..... fd, • • 'i"o .. " .... 
"I,i<b I dOl n,nh .. ,.f,n •• y.oh"p"" !l . ~ .. "oI.e ,i"" ... 'foo"boo1.fC. ",ah".,(_or 
'bt .... r i.,." on d" i"'"'-'".l ' '', .. of Ch,l"') .... "".,i ..... ,o .. do .. n''''folk>wing .. ,,,., .. 
,nhu.l'od ,,_book, "P,Io . n .. "h<jo. k ... h.t.lf.I".'.I ... no·d""k."'UO'h.,.i,.". lODd.k> .. , 
.i .. il.r'o' ... 'of .... p .. ... ""n' ... f ... . hi'" , .... I".~.I1 ... "h ,1,,,,, .. ij ••• 110<10 ,n. 
""n" ......... "h .... 'on,.,,'h •• ' .. """'iaO<dmoo .... ,di,," ... from/<.E ... 8.W.I'.,,""« • 
... "lr_'he<l' ... s,ou.oo!,.tl" .. J"t<,"" .. b., ..... r,II,n ... '.'<',.;,y;-po< .. 'oomp . .. pI..,..J. 
~· .. I .. the ll'ooool.:;.po;", .. , ... M, ... "·I"".o; .... ,,.td 01>" n .. o .. ..,Jd.,ing' .... ioltn' 

·c..'l"'ndiodolaU,,,,,,i.>JdR.,,,,,deCL;l<,.ol.i.p.ll 
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shocks two points to westward and only half a point to eastward; stood at N. whcn the motion 
was less violent. four minutcs nfterwards, a shock more yiolc nt tfl:m any of the preceding ones, 
affecting the compass as before: another violent shock, ana then the moyemcnts became gradually 
less distinct. anti eight minutes after the first COmmencement, they entirely ceased ." 

I have quoted Mr. DOllgl"s's statement with regard to the compass~ although 
it is not clear how any movement could have forced it to o!Ociliate towards one 
side more than to anothel·. J presume, however, if the needle with its card had 
not been acted on by the magnetic force, it would have been thrown in the 
trough (if such an expression may he used,) of the undulation, that is, in a 
N. tV. and S.E. line, and, therefore, that the TeCu.rrence of this tendency, act· 
ing ag-ainst the polar attraction, caused the unequal oscillations, as described. 
In my Journal of Researches·, I have endeavoured to show, that the vorti· 
cose movement, which in several earthquakes appears to have anccted the 
stones in buildings, possibly may be explained on the same principle, namely, 
that the stones are so shaken that they arrang'c themselves accord ing to their 
forms, in thc line of vibration, as the compass \'Ilould have donc, had it not been 
acted on by the magnetic force. rrhat the movement of the sur~ace was UIl­

dulatory, is shown by the fact, that at Concepcion the walls which had their 
cxtremities directed towards the chief point of disturbance generally remained 
erect, although much fractured j whilst tho~e extending at right angles to these 
first lines, were hurled to the g;round; for in the latter case we must suppose, 
that the whole wall was thrown at the same moment out of its perpendicular 
by coinciding with an undulation. 

The fact mentioned by 1\1r. Doug'las of the trees almost touching the 
ground rrom th e effects of the movement, though very extraordinary, has 
been noticed by eye·witnesses of earthquakes in other parts of the wor/dt. 
The circumstance (even supposing it som~what exaggerated) is the more 
remarkable, since at Valdivia, which is situated on the coast between this 
island and the centre of the disturbnnce at Concepcion, the shock produceJ 
no such effects. I was seated in a thick wood there, during the earthquake, 
and the trees were only slig'htly shaken. 

The range of the Cordillera opposite Chiloe, a narrow island nin ety miles 
in length, is not nearly so lofty as in Central Chile, and a few only of the 
culminant peaks, which arc all active volcanos, exceed 7000 feet in heig·ht. 
Mr. Douglas hus given me a detailed account of the elrecl produced on them 
by the shock . 

• Journ:tl of Researches during the Voyage or!he Beagle, p. 376. 
t This is mentioned by Dolomcu as a well-known fact during the Calabrian earthquake of 

1783. Lyell's Principles of Geology (5th edition), vol. ii. p. 217 . 
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The volcano of OscmO had been in a state of moderate activity for at least forty-eight hours 

previously; l\linchinmarlom in much the ~amc gentle action as for the last thirty years; and dIe 

Corcovado had been quiet during the whole previous twelve months . " At the moment of the 

shock, Osomo threw up a thick column of dark blue smoke, and directly tl1nt passed, a Inrgc crater 

was seen forming on the S.S.E. side of the mountain; it boiled up lava, and threw up burning stone~ 

to some llCight, but the smoke soon hid the mountain. When seen again a few days afterwards, it 

showed vcry little smoke by day, but by night, the llew crater, as well as tIle old one on its trun­

cated summit, shone with a steady light. This voicnno appenrs tu have remained in activity 

throughout the year. The action of l\linchinmadom was simi13r to that of Osorno: two curling 

pillns of white smoke hnd been observed all the morning; but during tIle shock, numerous small 

chimneys seemed to be smoking within the great crater, and lava was thrown out ofa small olle 

just above the lower verge of the snow. Eight d:tys afterwards this little crater was extinct; but 

at night five small red flames were seen in a line, equidistant from each other, like those in th£! 

streets of a village. By the 1st of March its activity was much diminished; but on the 26th there 

was a smart earthquake, and at night the five fires were again seen . A fortnight afterwards the 

tops offifteen conical hills could be seen within the wall of the great crater, and at night nine steady 

fires, of wllich seven were in a line, and two straggling." 

At the time of the great shock, the Coreovndo showed no signs of activity, nor was it heard in 

action after tllC Cordillera were hidden in thc clouds. Mr. Douglas, hOll'ever, states, thnt when 

that volcano was visible a week afterwards, the snow was seen to have been melted around the 

N.W. crater. On Yantales, a lofty mountain south of the Corcovado, three black patches having 

the appearance of craters were obsen'ed above the snow~line i and Mr. Douglas did not recollect 

having seen them before the earthquake. Bearing in mind, that on many occasions, the melting of 

the snow on a volcano has bcen the first indication of a fresh period of activity, and that, as I 

shall presently show, the eruptions of the Corcovado and Orsono arc sometimes co-instantaneous, 

I think tllere can be little doubt that these appearances prove the elTects of t'he great convulsion 

of the 20th of February to have been felt by these, the most southern volcanos in America . 

Mr. Douglas states, tllat on the night of November 11th (ten months after the overthrow of 

Concepcion), Osorno and Corcovado both burst out in violent action, throwing up stones to a 

great height, and making much noise. He subsequently heard, that on lhe same day, Talca­

huano, the port of Concepcion, little less tllan 400 miles distant, was shaken by a severe earth­

quake. This latter statement has sincc been confirmed to me by a gentleman, who was at the 
time resident in Chile. I'lere, then, we have a repetition of the same connected ·action, which was 

displnyed in so remarkable a manner on the 20th of February. Mr. Douglas in conclusion add~, 

tllat on December the 5th his "attention wns arrested by the grandest volcanic spectacle he had 

ever beheld; the S.S.E. side of Osoroo had fallen ill, thus uniting the two craters, wllich appeared 

like one great river of fire. Enormous quantities of ashes and smo/,e were erupted during the 

succeeding fortnight ." 
It is therefore evident, that the volcanic chain from Osorno to Yantales (a length of nearly 150 

miles) was affected not only at the moment of the great shock of February 20, 1835, but remained 

in very unusual activity during many subsequent months. 

Again, on November 7, 1837, two years and three quarters after the overthrow ofConccpcion, 

both Valdivia and San Carlos, the capital of Chiloe, were violently convulsed , even more so, ac­

cording to 11,1. Gay·, than in 183.5, oron any former recorded period; this shock was sufHciently 

* Comptes Rendus, 1838. Seance J uin 11. 
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strong (bas/mIle recio~) at Talcahuallo j and it appears from the evidence of Captain Coste, pub­
lished in the Comptes Rendust, that the island of Lemus in the Chonos Archipelago, 200 miles 

south of San Carlos, was, by this S:l.me e:l.rthqu:l.ke, upraised more th:l.n eight feet: describing the 
present st:!.le of the island, M. Coste says, "des roches jadis toujours couvcrtes par Ia mer, restant 
aujourd'hui constamment decouvertes." 

'Ve see~ therefore) that) in 1835,-the earthquake of Chiloe,-the activity 
of the train of ncig'hbouring volcanos,-the elevation of the land around Con­
cepcioll,-and the submarine eruption al Juan Fernandez, took place simulta­
neously, and were parts of one and the same great phenomenon. Ag'ain in 1837 
a large part of the same area was violently affected, whilst a district, 200 
miles southward of San CarIos in Chiloe, instead, as in 1835, of 300 north­
n'a rd of it, was permanently upraised. vVe mu;t therefore believe, that these 
two elevatiOl~s of the land, although not simultane~us, were effects of the same 
motive power intimately connected together. 

Although the earthquake of February 1835 was so severe in Chiloe, yet at Calbuco, a village 

situated on the mainland opposite the northern extremity of the island, it was felt with much di· 
minishcd violcnce, and on the neighbouring Cordillera (ncar M~lIipulli) not at all. Some men 

who had been employed in the mountains splitting fir-planks, wilen they returned in the evening 
to C"albuco and were told of the shock, said, that" about the time mentioned, they recollected that ~W __ ~~_~_~_~_~W~a_M_~ 
cutting too deep." This probably is not so fanciful as it at first app"ears; at least it shows that, if 
thel'e were any motion, it was of an exceedingly gentle kind. It is a most interesting circumstance 
thus to find, that the great columns of smoke shot forth from the tall chimneys of the Andes, re· 
lieved the trembling ground. which at that moment was convulsed over the whole surrounding 

c.ountry. 
Mr. Caldcleught, has stated in his l\iemoir, that several volcanos in the Cordillcra northward of 

Concepcion were in a state of great activity aftcr the earthquake. It is therefore remarkable that Vil­
larica (near Valdivia), a volcano which is more frequently in eruption than almost any other in the 
range, although situated in an intermcdiate position, between dIOse of central Chile and those in front 
of Chiloe. was not in the least alTected. The day was very clear, :l.nd although not at the moment of 
the shock, yet within two hours after it, I attentively watched its truncated summit, but did not per­
ceive the least signs of action. This circumstance probably has an intimate relation with the less 
force of the earthquake in the same intermediate district. In 1837, however, it suffered simi­
larlywith Chiloc. Although Villarica was passcd over in 1835, yet in the account or the earth­
quake of 1822 at Valparaiso, it is said, " at the moment the shock was felt, two volcanos in the 

neighbourhood of Valdivia (where the eartllquake was pretty sharp) burst out suddenly with 
great noise, illuminated the heavens and the surrounding country for a few seconds, and as sud-

.. Voyages orthe Adventure and Beagle, vol. ii. p. 418. 

t Comptes Hendus, October, 1838, p. 706. 
t Phil. Transact. for 1836. I likewise was informed by an intelligent person, that he had seen, 

from the plain ncar Talca, a volcano in the Cordillera in great activity on the night subsequent to 

the eartllquake. 

4 I 2 
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tlenly subsided into their quiescent state*," The vents in Central Chile, ncarer the chief focus of 

disturbance, were not at the time of that earthquake am~cted; hut according to the information 

received by Dr. Gillies t in 183G, from a miner who had resided many years in sight of the vol· 

cano of i\faypu. its eruptions were vcry frequent during the four years immccliately subsequent to 

it. i\1[lnyother instances are on record of earthquakes having passed ovcr certain districts, in the 

same manner as we see the eruptive force acted with respect to Villarica. Humboldtt remarks, 

that the inhabitants of the Andes, speaking of an intermediary ground, which is not affected by 

the general motion, say with simplicity, "dlat it forms a bridge" (que haec puente); and he adds, 

"as if they meant to indicate by this expression, that the untlulations were prop3g3tcd at an im­

mense depth under an inert rock §." 

On tlte identity oj the joue which elevates Continents 1Vith that 'Which causes 

volcanic oulbu7'sts. 

It has frequent ly happened, that during the same convulsion lal'g'c areas of 
the g lobe have been ag'itated, and strange noises pl'opag·ated to countries 
many hundred miles apartl\; but in these cases, it is not possible to form any 
conjecture over how wide an extent, any actual change has taken place in 
the subterranean regions. It is different, when we hear from Humboldt, that 
at the moment when the volcano of Pasto ceased to eject a column of smoke, 
the city of Hiobamba, sixty leag'ucs to the southward, was overwhelmed by 
an earthquake; for the effect here produced certainly cannot be explained by 

the mere transmission of a vibration~. During the Concepcion eal'thquake, 

'" Journal of Scicnce, Vol. xvii. 

t The Edinburgh Journal of Natural and Geograpllical Science, August 18.::10, p. 317. 

t Humboldt's Personal Narrative, Vol. iv. p. 21. English Translation. 

§ Another instance of carthquakes, violently affecting distant regions and p:lssing over the in­

termediate country, is mentioned in the" True relation of the Earthquake of Lima, 17·106." It is 

there said (p. 1[12) that the shock was most violent at Lima and Callao, becoming gradually less 

along the coast, but that at Gurtncavelica excessive shocks were felt and noises heard. The editor 

believes, there is no other place called Guancavelica except the famous quicksilver mines of that 

name, situated 155 miles to the S.E. of Lima. MacClclland (Report on the CoalllIines of indin, 
p. 4.'3,) mentiolls some cases of intermediate places being little shaken during great eanhqllakes. 

n As examples of the first case, may be adduced the trembling of the ground on the coast 

of Chile along: a space of more than one thousand miles j and during the Lisbon earthquake in 

1755, countries about :WOO miles apart were a!Tected (see Michell 011 Earthquakes: Phil. 'l'r:ms. 

1760.). With rcspect to the second case, Humboldt states, that during the eruption at St. Vin­

cent's, subterranean noises were heard on the banks of the A pure, a distance of two hundred and 

teo leagues. ( Person. Narr. Vol. iv. p. 27.) During thc eruption of Coseguina in 1835, it is 

said. that noises were heard at Jamaica, 660 miles distant. 

~ As other ioswnces of the slime kind, I may mention the outburst in J 822, of the volcanos near 
Valtliviullt the same moment that Valparaiso, ne3rly 400miles distant, was levelled to the ground . 

Again, ill 174·6, when Lim3 W:IS overthrown, three \'olcHnos ncar Patas and one near Lucanlls, thc 

tll"O places being '180 miles apart from each other, burst forth during the same night. (Ulloa's 



Phenomena in South America. 607 

at one extremity of the area affected, the snow WDS melted on Yantales and 
the neighbouring vents renewed their aclivity; whilst at Juan Fernandez, 
at the distance of no less than 720 geogTaphical miles from Yuntales, an 
erup tion took place beneath the sea; and soon afte rwards the volcanos in the 
Cordi llera, 400 miles to the eastward of that island, burst forth in act ion,­
a large extent a lso of country, in termed iate between these extreme points, 
being permanently upraised. To form ajust idea of the scale of this pheno­
menon, we must suppose, during the same hour, Europe to be shaken from 
the North Sp.a to the :Mediterran ean,-a large tract of the eastern coast of 
Eng'land to be permanentiyelevatedJ-a train of volcanos on the north ern 
coast of Holland to burst forth in ac tioll,-un erup tion to take place at the 
bottom of th'e sea, near the northern extremity of IrelandJ-an d th e ancient 
ven ts of Auvergne, Cantu], :Mont d'Or, and others, so lon g extinct, each to 
sen d up to the sky a dark column of smoke. Moreover, as, in'Chile, a large 
part of the same area was two yea rs afterwards most violently shaken, at th e 
same time tha t Lem us was upraised) so must we imag-ine that, sub!:ieq uently 
also, in EUl'Ope, whilst France, from the E ng-li sh Channel to the central pro­
vinces, where the volcanos had been excited into long' and fierce ac ti on~ was 
desolated by an earthquake, an island in the IVI editenanean was permanently 
elevated ;-tben should we have the sub terranea n movements which shook 
South Am eri ca on th e 20th of February, 1835, and on the 7th of November, 
1837, acted in countri es with whi ch we arc familiar. 

\Vhen first cons idering- these phenome na, which prove that an actun l move­
ment in the subterranean volcanic matter occurred almost at the same in stant 
of time at very distant places, the idea of watc" splash ing- up through holes 
in the ice of a fro zen pool, when a person stamps on the su rface, came irre­
sistibly before my mind. The inference from it was obvious, namely, that 
the land in Chile fl oated on a lake of molten slone, of which the area, as 
known from the various points in e ruption on the day of the earthquake, 
would be nearly double that of the Black Sea. If this inference be denied, 
the on ly alternative is, that chann els from the various po ints of erup tio n unite 
in some deep-seated focus, like the a rteries of the body in the heart, whence 

Voyage, Vol. ii. p. 84 .) I allude to these ca~es more particularly , because that distinguished 

philosopher, 1\1. Boussingault (Bulletin de ia Soc. Ge%g. Vol. vi. p. 54.), having been much 

struck with the fact, that the earthquakes which have been most destructive to human life have 

been unaccompanied by volcanic outbursts, has, I think, generalized the remark too far. The 

earthquake of Conccpcion in 1835 undoubte(lly was one of extreme \'iolcnee, although, from hap­

pening in the day, and from commencing graduall!J , it caused but few deaths (probably in the whole 

province not more th,lIl 70); nevertheless we bave seen, that it was accompanied by co-instanta~ 

Ileou~ eruptions from several and very distant points. 
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an impulse can be transmitted to distant parls of the surface, with nearly 
equal force. Bul according to this view, if two separate trains of volcanos in 
the Andes have any cannexion whatever, which seems highly probable from 

the s)' mmctry of the Cordillera, (and possibly an intimate one, us will pre­
sently be discussed,) then the common focus, from which the two main branches 

arc sent ofl~ must be seated at an enormous depth. But all the calculations 
regarding" the depth at which molten rocks must necessa rily be mel with, if 
they can be at all trusted.J tend to prove, that the earth's crust is not much 
morc, and perhaps less, than twenty miles in thickness; and if this be so, the 

crust may, in deed, be well compared with a thin sheet of ice over a frozen 

pool. 

These considerations arc) perhaps) of little weight, but we must bear in 
mind, that the elevat ion of muuy hundred square mi les of territory neal' Con ­

cepcion is part of the same phenomenon, with that splashing up, jf I may so 
call it, of volcanic matter through the orifices in the Cordillera at the moment 
of the shock; and as this elevation is only one of a long series, by which the 
whole coast of Chile and Pel'u, evcn for marc than a thousand miles, has been 
upraised several hundred feet within the recent period, (as I endeavoured to 

show in a paper formerly read to the Societyt and I hope hereafter to prove 
more fully,) the body of matter added below must have been enormous . )Vhen 
we reflect on this, it is obvious, that the term channel can not be app li ed to a 

meand of communication extending beneath a larS'e portion of a continent, and 
from the interior of the g lobe to the superficial crust t . rrhe faels appear to 

me clearly to indicate some slow, but in its effects g reat, change in the form 
of the surface of the fluid on wh ich the land rests . 

• i\ f. Parrot, however, (:\ Icmoires de l'Acad . Imp. des Sciences de St. Pctersbourg, Tom. i. 

1831. Science. l\lath. Phys. et Naturclles) altogether denies that the data are sufficient to form 
any judgment on this ::.:ubj('ct. 

t Proceedings Geol. Soc., Vol. ii. p. 446, hn. 1837 . 
! Professor Bischoff (Edinbu rgh New Philosophical Journal, Vol . xxvi. p. 59, 1838.) has even 

argued that" the immense ma::.:ses of Java ejected from a. single volcano. and the enormous extent 
in. which volcanic actions are felt at the same time. scarcdy leave room to doubt that every active 
volcano is in immelliate communication with the whole melted matter in the interior." How in· 

comparably stronger this argument is, if applied to the plutonic as "'ell as volcanic rocks. composing 
the great masses of the Cordillera! but now that we know, that continental elevations are caused 
by the very ~ame impulses with those which eject lava and scorim through tIle moulhs of volcanos. 

the 'lrgumellt from the bulk of maHer observable in ejected or interjected masses of roek. may 
be passed over, since the matter added below, when a whole kingdom is permanently elevated, 
must far exceed that composing either a volcanic hill or the axis of a mountain-chain; and there­
fore we are so much the more strongly urged to look for its source in "Ihe whole melted matter 
of the interior," and not in any local receptacle. 



Phenomena ill, South Amel'ica. G09 

Tn a geological point of view, it is of the Itig'hcst importancc thus to find 
three gTeat phenomella,-a submarinc outburst, a period of renewed activity 
throug'h many habitual vcnts, and a pcrmancnt elevation of the land,-forming 
parts of one action, and being- the c[fecls of one STeal cause, modified only hy 
local circumstanccs. 'Vhen we consider, that the southcrn volcanos wcre in 
eruption some days before the eal'thquake, and that onc of them, l\linchinma­
dom, has seldom been dormant for lhe last thirty years, and that they all re­
mained aclive for many months afterwards, wc must conclude thallhc impulse 
giren to them at that moment, was of the same nature with the force wltich 
has kept up their activity during the many ages necessary to accumulate the 
volcanic matter into great snow-clad cones, and which force still conlinues to 
add to their height. If the earthquake or trembling of the ground (which, 
however, we have seen was less near these volcanos than elsewhere) had 
acted in no other way, than in merely breaking the crust over the Java within 
the craters, a few jets of smoke might have been em ittedJ buL iL cOllld not lml'e 
given rise to a prolonged and vigorous period of activity, 

But the power which manifested itself in this renewed action, and to which 
same power, acting at former periods, the enti re formation of these several 
volcanos has evidcntly been due, was likewise the cause of the permanent 
elevation of the land ;-a power, I may remark, which acts in paroxysmal up­
heavals like that of Concepcion~ and in great volcanic el'Uptions~ in precisely 
the same manner~ for both these phen ome na occllr Oilly after long; inten'a ls 
of rest, during which the volcano merely casts out, perhaps, a felV showers 
of sCQI'ire, and the land rises with so slow a movement that it is called insen ­
sible ;-therefore no theory of the cause of volcanos which is not applicable 
to continental elevations can be considered as well-grounded . Those who 
believe that volcanos arc caused by the percolation of water to the metallic 
bases of the earth, or simply to intensely heated rock, mu st be prepared 
either to g ive up this view, or to extend it'*' to the elevation of such vast con­
tinents as that of South America', 

• The arguments in favour of tile theory, that steam, produced by the percolation of water to Ille 

interior of the cooling plnnel, is the motive power in volcanic aClion, 1t3! becn latcly strongly put 

by Prof, Bischoff in his paper in the Etlinb\lrgh Journal (Vol. xxvi, p,25.), That it must be a 

modifying cause of great importance seems higilly pl'Ouable; but that it is the primary one of Con­

tinental ele\':ltions, I C:lnnot admit, The phenomenon, as it 3Jlpears to me, is on far too grand a 

scale to h:lrmonize with such 3n expl:ln3tion . C3n the riling of the whole west coast of South 

America, and of the whole widlh, ;1t least of the southern portion of ii, be explained by the lateral 

force exerted during the general shrinking of the earth's crust, modified only by the formation of 

lIlteam under high pressure, in those parts where water has percolated to the heated interior? Such 
an explanation surely is inadmiuible, 
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On periods of increased Volcanic Aclion (ifJecting large Areas . 

Humboldt, when describing' certain volcanic phenomena in that part of South 
America which borders the 'Vest-Indian sea, seems to consider, that periods 
of increased activity a[ccl larg'e portions of the surface of the earth. He has 
drawn up the two following tables*, to which I have added a third, containing 
the remarkable events that happened during' the years 1834 and ]835: 

1st. TABLE OF VOLCANIC PHENOMENA. 

1796. November . ••. . •• The \'o\cano of Pasto began to emit smoke. 
1797. February 4th ...•. Destruction of Riobamba. 

September 27th ••• Eruption in the West-Indian Islands. Volcano of Guadaloupe. 
December 14th .•. Destruction of Cum ana. 

2nd TABLE. 

J Sll. May. • •.••••••• Beginning of the cartllquakes in the Island of St. Vincent, which lasted 
tilll\1ay 12th . 

December 16th .. . Beginning of the commotions in tIle Valley of tile Mississippi and the 
Ohio, which lasted till 1813. 

December . . .•••• Earthquake ofCaraccas. 

ISI2. March 26th . • . . . Destruction of Caraccas, earthqlHlkes, which continued till 1813. 
April SOtho •.. .. . Eruption of the volcano in St. Vincent's, and on the same day, subler· 

ranean noises ,,1 Caraccas and on the batik of ihe Apure. 

3rd TABLE. 

18.'H. January 20th .••.• Sabiondoy, lat. 1° 15' N. (near Pasto), dreadful earthquake; eigllty 
llersons perished; town of Santiago swallowed up. 

May 22nd .•...•• Santa Martha, lat. 11° 30' N.; two-thirds of the town thrown down; 
in course of a few days, sixty bad shocks. 

September 7th ..• Jamaica,-violentearthquake, town not much damaged . 
1835. January 20th ....• Osorno, lat. 40° 31/ S. incruption . 

Before day-light Aconcagua, lat. 32° SO'S. in eruption. 
in the morning. Coseguina, lat. ISO N. in terrific eruption, continuing in activity dll~ 

ring the two ensuing months. 
February l~th. •• Earthquake at sea, very strong off the coast of Guyana. 
February 20th .•. Juan FcrnanJez, lat. 33° 301 S.,submarine eruption. 

ll t A.M. Concepcion,' (lat. 313° 40' S.), and all the neighbouring towns destroyed 

by an earthquake; the coast permanently elevateJ. Volcanos 
along the whole length of the Cordillera of Chile in eruption . 

N.B. These volcanos remained in activity for some months subse­
quently, and many earthquakes were fclt. 

November 11th .•• Concepcion, severe earthquake; Osorno and Coreovado in violent 
action. 

December 5th. • .Osorno fell in with a grand explosion . 

• Personal Narrative, Vol. iv. p. SU. 1 have altered some of tile dates in these t3ules. as they did 
not agree with the text or with the well-known period of the events. 
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'Vith respect to these (able~, it must be observed, that we Cll n never feel Su re 
that the connexio n of volc .. nit: phenomena .. t very dist .. nt points is rent until 
some strongly marked event takes place uUI'ing the same moment at those 
points, the intermediate country being likewise affected to a certain degree. 
In the first two tables, the conn ex ion of the 'Vest- Indian vents and the coast of 
Venezuela mlly be admitted as almost certain ·, nor is the distance very g reat, 
being at most only 400 mi les. But when, on the one hand, we include Quito, 
distant from the above area more than 1'100 mil es, and, on the other, the Valley 
of the Mississippi, the case is very much more doubtful. 'fhe coincidence 
certa inly is very remarkable, both in regard to the comm ence ment and the 
cessa tion of th e long series of earthquakes whi ch an'eeted South Carolina, the 
basin of the i\ liss iss ipp i, the Leeward Islands, and Venezuela: yet New 1\Ja­
dl'id is more than 2000 miles from the latter. A repetition alone of such coin­
cidences can dete rmine how far the increased activity of the subterranean 
powers, at points so remote, is th e effect of some general law, or of accident. 

' ;Ye now corne to th e third table, with which we are more particularly con­
ce rn ed . I have already described in detail the remarkable volcani c ph eno­
mena which happened, in conpexion with each other, on the morning of 
February 20th, 1835, and likewise during the subseq uent year. 

On January 20th, onc month prcviously. three eruptions. as stated in the table, occurred almost at 
thc samc hour in very distant poinu of the Cordillera. Nc:!r midnight on the 19th, tllC su mmit of 
Osorllo shone like a g reat star inlhe horizon; and this appearance soon incr('a~ed into a magn ificent 
glare oflight. in the midst of which, by the aid of a telescope, great da.rk bodies were seen to shoot 

upwa rd and to fall down in endless succession. When I was at Valparaiso !tome time afterwards, 
1\1 T, Byerbache, a resident merchan t, informed me, tha t sailing out of the harbour one night very 
late, he w:!s awakened by the captain to see the volca.no of Aconcagua in acti vity. As this is :1 

most rare e\'ent [ rccorded the date. Some time afterwards papers arrived from Central America 
giving: an account of one of the most fearful eruptions of modern times t. " On the 19th o f Ja­
nuary, after tw enty-six years' repose, a sligh t noise, attcnded willi smoke, proceeded from the 
mountain ofCoseg\lina. On the following morning (thc 20th) about half_past six o'clock, 3. cloud 

of \'cry unust/.11 size :lnd shape was observed by the inhabilllnts to rise in the Jirection of tJ,is 
volcano," Enormoull quantities of ashes and pumice were then ejccteJ, and the air was darkened, 
and the ground convu lsed, during the three succeeding days, Nearly two mouths afterwards thc 
volcano was in action. Mr. Caldcleugh obse rves, that perhaps the only parallel case on record 

is the wcll ·known explosion of Sumb3wa in 1815. 

' Vhcn l compared the dales of these three e \'cnts, I was astonishcd to 
find that they agreed within less than six hours of cach other. Aconcagua 
is only 480 miles north of Osomo, but Cosegu ina is about 2700 north of 

• 1 [umboldt's Personal Narrative, vol. ii. p. 226 ., and vol. iv. p, ~6 , 

t Caldcleugh on the volcanic eruption of Coseguina, Philosophi~al Tr3nsactions, 1886 , p. 27, 

VOL, V.-SECONO SE IU ES. 4 Ii. 
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Aconcagua. H may be asked~ were these three eruptions, which burst through 

the salllc chain of mountains, in any respect connected, or was the coinci­

lienee accidental? 'Ve cannot be too cautious in guarding against the as­
sumption that phenomena are connected, because they happen at periods 

bearing' some determined relation to each other. If we wished to show that the 

subterranean forces acted after periods ofa century, as has sometimes been 

believed~ we might adduce the case of Lima, violently shaken by an earth­
quake on the 17th of June. 1578, and ag'l1in on the very same day in 1678; 

or the eruptions of Coseguina in the years 1709 and 1809, wh ich are the on ly 

two on record previous to that of 1835. Again, we might urge, on such 
gTounds, that the Guatimala convulsions follow, at the interval.of one year, 

those near Pasto; for a district in the neighbourhood of the latter place was 

overthrown by a violent shock precisely one year before the explosion of 
Coseguina; both having occurred on the 20th of January. Cosme Bueno 
imagined that this relation actually did exist between the subterranean move­
ments in Guatimala and Peru, and this'case makes one more to the list which 

I have subjoined · as extracted from Humboldt. "Vilh respect to the simul­
taneous eruptions of Aconcag'ua and Osorno) there is little d ifficulty in ad­

milling that they may have been connected) because in this same region) 

and only a month subsequently, volcanos rurther apart were an-ected by the 
same impulse . There is nevertheless this remarkable difference in the two 
cases ;-the last, or that of February the 20th) was a period of commotion 
throughout the kingdom of Ch ile, while the simultaneous eruption of Acon­

cagua and O S0l'l10 appears to 11five been unaccompanied by any general 
movement in the subterranean regions. This eruption, probably, was the 
fir.'I t indication of those great volcanic disturbances which ensued exactly one 

month afterwards; for it seems to be a very general occurrence in earth­

quakes, that weak spasms precede the worst convuls ions. Thus, in 1822, on 
the 4th of November~ Copiapo (Iat. 270 10') was visited by a severe shock, 
which damaged many houses; and was followed the next day by a much more 

violent earl.hquake~ which nearly destroyed the town, and did considerable 

• Afaico. 

(Lat. ISO 32' North. 

30th of November, 1577. 

4th of March, 1679. 

Peru . 

(Lat . ] 2° 2' South.) 

17th of June, 1578. 
17th of June, 1678. 

Difference of time. 

Six and a half months subsequent. 
Eight months in advance. 

12th of February, 1689. 10th of October, 1688. Four months in advance. 
27th of September, 1717. SthofFebruary, 1716. Seven and a half months in advance. 

Humboldt's Personal Narrative, Vol. ii. p. 227. These fhclS perhaps tend to show that periods 
of increased volcanic energy are common to remole parts of the continent; but as die order of 
priority is not constant, I cannot believe any otIler law is indicated. 



Phellomena in Soulh Ame)·ica. 613 

injury to that of COquiOlho. in fal. 29° 501
•• On the 19th of the same month 

Valparaiso was almost destroyed. Other instances,!, might be brought forward 
to show that most earthquakes. though appearing sudden, are in truth parts 
of a prolonged action. as evinced both by the c\en(s which precede and those 
which follow it. 

Althoug·h. possibly, we may allow that the eruptions of Aconcagua and 
Osofno) occurring in the middle of the same night, were connected together, 
and formed a par·t of the great subsequent disturbances,-yet \\'hat must we 
conclude respecting their coincidence with Coseguina, so immensely remote? 
rr ll e case is rendered far more extraordinat'y by two of the three volcanos 
being' generally quiescent. Coseg'u in a, according to 1\1"1'. CaldcJeuS'h, burst 
forth after twenty-six years of repose; and Aconcngua so seldom manifests 
any signs of activity, that it had eve.1l been doubled whethel' any part of this 
gigantic mass, with an altitude of more than 23,000 feet, is of volcanic origin. 
'1'0 illustrate the case: if we suppose Stromboli and Vesuvius to be in violent 
eruption on the same hour of the night~ lillIe would be thoug'ht of the coinci­
dence; but it would be otherwise if this should happen with Vesuvius and Etna; 
and OUt· surprise would be gTeatly increased if we afterwards heard that Hekla) 
after twenty-six years' repose, had burst forth at the same time with tremendous 
explosions. Nevertheless, if such a coincidence h .. d occurred in Europe, a 
country possessing no unity of character, and the two points not being morc 
than 2000 miles apart, it is very doubtful how far the phenomenon would ha\'e 
been worthy of consideration . llut the case is dilrerenl in America, where the 
volcanic orifices aJl fall on one great wall 01' fissure, (for the Andes may be in­
diOerently so called,) and where the immensity of the level area on the eastern 
side, proves with what womJerful equability the subterranean forces have 
acted on this portion of the globe. ,l\Ioreover, when 11 line of coast more than 
two thousand gcogrflphica l milcs in length has been elcvated (as I hope here. 
after to prove) within a period so recent, that, as compared to the countless 
past ages of which we possess records in the wOl'ks of nature) it may be 

• Journal of Science, Vol. '(vii. 
t Several distinct C:1ses are known in which springs and wel,!s have Ucen affl!ctcd, their w:ltcr 

rendered turbid, and altered in qU:1ntity, previously to bad earthquakes. This W:1S observed at 
Lishon in 1755; :lnd in New England during: two or three days before a shock. "the waters of 
sOllie wells ..... e re rendered muddy and st.:mk intolerauly." (Michell. Philosophical Trtms::Ictiolls, 
1760, p. 44.) Humboldt and others have noticed, timt the wells in the neighbourhood of Vesuvius 
::Ire affected previously to its bad eruptions . These facts ::Ippcar explicable, on the idea of a slight 
st retching or movement taking place in the crust. berore its tension is overcome, a fissure formed. 

anll. as :1 consequence, :10 enrthclu:1Ke or eruption caused . Courrejol\es, also, 11:15 rcm:lrked in his 
memoir on earthquakes (JoufIl:11 de Phys., Tom. Ixiv. p. 106.), that great eartllquakes are almost 
always preceded by lesser olles. 
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reckoned as unity; on such a coast it ccases to be improbable. in any ex­
cessive deg-l'cc. thut the many impulses which tog'cther have produced the one 

STand erreet, should sometimes have been absolutely simultaneous. 
II has long been remarked, that the vents throughout the Cordillera may be 

g;rouped into several systems. Thus we have already shown, that the extreme 
southcl'I1 volcanos arc connected with those of Central Chi le; and [ was in­
formed by an intelligent resident that he had seen Aconcagu<l and two vol­

canos northward of it, in great activity togelher:-we thus have a portion of 
the Andes 780 g;eog-raphical miles in length (about the distance from the south 

of England to Vesuvius) forming aile connected system . Ulloa"" slates, that 
when Lima was overthrown in 1746. three \'olcanos ncar Patas and onc ncar 

Lucanas burst forth; these places being 480 miles apart from each other. 

Moreover. Arequipa, to the south, has twice ( 1582 and 1687) been affected 
by severe earthquakes simultaneoudy with Lima. The distance between 

Arequipa (where there is an active volcano) and Patas is mther more than 
600 miles; and this perhaps may form a second system. 

11umboldl'J" says, ,~ it appears probahle that the hig her part of the kingdom 
of Quito, and the neig'hbouring Cordillera. far from being a group of di~tinct 
volcanos, constitute a single swollen mass, an enormous volcanic wall stretch­
ing from north to south. and the crest of which exhibits a surface of more 

tban six hundred square leag'ues. Cotapax i, Tung-urag'un, Antisana, and Pi­

ch in cha. are placed in this same vault. on this raised ground. " lJe after­
wards shows, from the phenomenon already alluded to, of the cessation of the 
column of smoke at the moment when Riobamlll\ was overthrown, the con­

nexion of these volcanos with those of P asta and Popayan. This joint system 
is rather less than 300 miles in length. Again, to the north at Guatimala, 
]\ fexico, and California, we have three gTOUpS of volcanos, each system being' 
a few hundred miles apart. 

'rhe connexion between the vcnts in each separate system has bcen, in 

some places, plainly shown, and is extremely probable in all ; but what relation 
the diO'erent systems bear to each ~ther is more doubtful. 1 am not aware of 
any fact on record, sim ilar to the contemporancous erupt ion of Osorno and 

Aconcagua wilh Coscguina. It must not, however, be overlooked, that such 
c\'cnts may havc happencd every yeal' sincc the Spanish conquest, without the 
coincidence having once been detected, Excepting from the concurrcnce of 

two accidents, I should never have known of this case. On that same night 
every ,'ent in the Cordillera might have shown transient signs of activity, 

and six months afterwards it would have been as impossible to have d iscovercd 

• Ulloa's Voyage. English Translation, Vol. ii. p. M. 
t Personal Narrative. Vol. iv. p. 29. 



Phenomena ill Soulh America. 613 

Ihat such had happened, as to have ascertained whether the next day were 
bright 01' clouded. There arc some active and somc nearly cxtinct craters, 
in the interval between the Ch il inn and Peruvian systems, (which is the longest 
of any, being 900 miles,) but they arc situated in countries \'ery thinly peopled, 
and in so me parts entirely desert; and who is there in such cases to record 
phenomena, which, evcn if beheld, arc thought of little consequence? 

Returning to the third tab le, 1 feel no doub t that the volcanic phenomena 
whi ch occurred in S . America sometime previously as well as subsequently to 
the months of January and February J835, wcre far more numerous than the 
average proportion during an equal length of time. This remark applies 
to the two tables copied from l-lumIJOldt. In look ing at the dates of these 
events, it must be remembered that each date represents only the moment 
when the crust of th e earth has g iven way beneath the fOI'ce, which in some 
cases has a lready shown its act ion, and invariably continues to do so during 
a period, often of considerable length. Under this point of view, the earth­
quakes of Caraccas and New Madrid, of Cosegu ina and Concepcion, may be 
consid ered as actually contemporal~eou s. 

From these various circumstanccs, I a m strong ly inclined to bcli evc, that the 
subte rran ea n forces manifest their action beneath a large portion of the South 
American continent, in the same intermittent manner as, in nccol'dan ce with 
all observat ion, they do beneath isolated volcanos,- that is, remaining for a 
period dormant, and Lhen hursting forth throughout conside rab le districts with 
renewed vigour. 

Nature oj the Eartltqua,;es on the Coasts oj Soutlt America. 

1 will now more particularly consider the nature of the earthquakes which 
occur at irregula r intervals on the coast of South America. It cannot be 
otherwi se than difli cult to trace their precise origin, but the following COI}­

side.-ations, as it appears to me, lead to one conclusion alone-namely, that 
Lh ey are caused by the interjection of li (luefied rock between masses of strata. 

Ulloa~ in his travcls ·~ says, 

.. Experience has sufficiently shown, especially in this country (Sollth America), by tlle many 
volcanos in the Conlill~ra which pass through it, that the bursting of a new burning mountain 
causes a violent earthquake, so as totally to destroy all the towns within its reac h, :IS h:lppened at 

the opening of the volcano in the desert of Carguagoazo. This tremulous motion, which we Illtly 
properly call an earlhquake, does not so USU.1l1y happen in c:lse of a second eruption, when an 
:lIperturc has been before made, or, at leasl, the mot:on it causes in the earth is comparati\'ely 

but smal L" t 

• Ulloa's Voyage, Vol. ii. p. 85. 
t Michell, in his remarkable paper on E:lrthquakes in the Philosophical Transactions for 1760, 
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Althoug h th e bursting fOlth of a netl) venl may invariably be accompanied 
by an earthquake. the converse is not true; for if it were, at Valparaiso, Con­

cepcion) Limn. Caraccas, and oth~1' places, in the immediate neighbourhood 
of the part most violently shaken, an eruption must always have taken place, 
which, even if we suppose it to have occurred bencath the seu, is improbable 

in the highest degrce. But we muy suppose thal these earthq uakes are owing 

to some phenomenon auaiogotls to volcanic eruptions. rrhis opinion is much 

strengthened by the fact. that great earthquakes; like gTcat eruptions, gene­
rally recur only after long intervals of repose. and lh ey thus lead us to believe, 

that the subterranean force is relieved by e ither in the same manner. 'l'his, 
indeed, is the direct opinion of tile inhabitants of the whole west coast of South 

America, who arc fil'mly convinced of .an intimate relation between the sup­

pressed activity of the vulcanos ill the Andes and the trcmblings of the ground. 
'Ve have, also, seen that, when the islnnd of Chiloe wns strong'ly shnke n, some 

llIen at ''t'o rk on the flanks of the Cordillera, between the "olcn nos of 0 501'110 

and l\Iinchinrnadom, ( which both sent lip dark columns of smoke, like signals 

to mark the new period of violens;e, ) were quite unaware uf the great convul­

sion, which then caused the shores of the Pacific to vibrate throug'hout a space 
of more than a thousand miles. 

There is, however, one dincrence, althoug'h more apparent than rea l, be~ 
(ween eU1'thquakes like t.hat of Concepcion, and (/lose alluded to by Ulloa. 
In the fonner, it has almost in variably happened, at least in those on the South 

American coast, that a vast number of shocks have followed the first S'I'('at 
cOllTulsion·, and these, as we ll as the accompnnying subterranean noises, 
having proceeded from the same quarter with the first shock, are therefore 

undoubtedly due to the very same cause, on ly acting with somewhat less 
intensity. 'rhus, even in the first twenly·four hours after the earthquake of 

(p, 580,) has quoted this same passage in con firmation of his view, that" the eruptions of volcanos 

which happen at the same time with enrtlllluak es may, with more probability, be ascribed to Ihose 
earthquakes, than the earthquakes to the eruptions, whenever :It lenst the earthquakes arc of con­
siderable extent ." The term earthquake is here used to e'"press the cause of the trembling of Ihe 
ground . Sir James I-Iall, in his celebrated memoir on " Il eal modified by compression," (Edin . 
Phil. Trans., Vol. vi. p. 166,) distinctly slates" that the earthquakes wh ich desolate countries 
not externally volcanic, indicate the protrusion from below of matter in liquid fusion, penetrating 

the mass of rocks i" but he docs not extend this view, which is the same which I hold , to any 
comprehensive generalization, or restrict it to any particular class of e,uthquakcs . 

• Courrejolle8, in his Memoir on Eartil(lUukes, (.Iournal de Physique, T om, liv. p, 106,) snys, 
" Les grands tremblemens de terre sont presque toujours precedes et suivi s quelque temps nvanl 

et aprcs p3.r de petiles secousses." Michell ( Pllilosophical Transactions, J 760, p. 10) has g il'en 
some inst:mces of successive minor shocks, which appeared to travel from the same point, whence 
the previous more violent ones had come. 



IUG .. l Lin'a, "ol Ie" lllan 1100 horrible ( I u5CthelanguaO'colfilJ hi.torim'l 
.hod,. ".recounted. Now in Iile ollher ea,e, l 'lIoa.al', Ihatwhen thewi 
6cenfen'l'lioni.oncefor""xl,tlleenrthbcco",,,,,nearl)·lranquil;}elwe"'ell 
k"olV, Ihatllle,'oleanol ibe1r "10100\ i",."riabl} continue. in greal acli"ilyfor 
man)lVceko "ncnnrd •• 11.,1 UIIOI., ho"e.~r, .tGOd near the ernler itself, h~ 
wOIl!dundoubtedlyh.,·cfclttho.e.malllremorl,,,.hichBceoml'''''yeachfre.l, 
c~plooioln, a.o del(;rihctl b)·olhe ... ,..100 hal'e b«n to rircum".nccd. 1'h 
lremoro,Iherdore,leCmBnalol,'1I'" 10 IhelcconJaryohoch; and,th;. being 
"",Il,ephcno",cn"in Ihel .. " em.eo are ioe.eryr .. peel do,ely.imilar. 1" 
a pr;maryyolcanic oulhu"l, we know the call'e 10 belhe e~pl",ion ofliquiJ 
anJ.eriform mllllcr, fin;t Ihrough oohJ ,lnlla, lI.udafterwarJolhroughRncarly 
openl'.""ge; hencewcRrelcJ 10 condude, Ih.t Ihe en"ie olf the simple 
c:o.rthquake, with its .. condary .hocks, arc expln.;on. olf. limilar "alur~, 
whid., howe"er, Jo nolInpCn B I'.""g~, bUI rcnd.ucc,"",i,·cly I'0rl;o""oflhe 
,ul",rinrunob.ent", ... eo. 

AtCollcepeion, .. berelhellreetlruninlWOleriCl,.' righla"gleo to each 
olher,lhew .. II.were.lf.eled, .. "lr ... dyo~,,·ed, Rcct>rdingloll,c;rJ;...,c_ 
Ii",.. Thi , ,,'a, str;k ;ngly e~eml'lir.eJ in the calhedral, wh~re Ihe greal hut. 
Ire .. ,e., buill ofooliJ brick .. ",k, "ereo"lollf OJ if by a d,i,cl,Rnd hurled 10 

Ihe ground; whilst Ihew.lI, In,u!,porlwh;,h they haJ been I·.inly bu;lt, 
Ihough much.ballered,.tootlcrecl,_furlhelalterllad its c.\lre",;ly d ireeled 
w"'",J,thelooint "hcllce Ihevibrtllion trtl"elled,hul the hnUres.te, "ere in 
line. panillcl tn Ibc undulation. Nearll.;",ilarcircum,t.nceowereob,c,,·eJ" 
in tSll2atV.lpara''''' ' AttheJ:,'1"Ca'earlhqu.keofCaracca")'edirccliOll 
Oflhcyib .... t;oln"",E.N.E.."d \V.S.W .• Rndtomedefinitedi,«lion"ppca", 
In ha"e been observed in ~1n>Oileveryviolenl""rlhquRke. Now, ;lmRY be 
ukcd,couldav ibralioln,whicl,ll3dlra.elleJul' ... rd,lhroughtheearthf,o.n 
a profound Jepth, be fell On Ihc,urface, ll.I;f;t had oome from a gi"en poinl 
olflheeo'''pa'',andcouhlill;kcwi,edelerminetheowrlhro .. of .... l1'Rccord· 
'''glo Ihcirdirection wilhrelpecllo.ny,uchpoint' " .pl'ears10 medurly 
"01; butlhat a,·ibrat;nn 10 l'roduce.uch clfec,", ",uol bctntn'nliued from the 
rcndingofslntla,atBl'oill1nOI"erydccpbel"wl),enrfacenfll,ecanh. 

Earlh~uakeog.ne"'lIyalfeCle!ongated areu. In Ihelhockofl83T,in Syria, 
th,,~ib .... tion waS felt "nil. line 500 mile. ill length by 90 in br .... dlht·· 
I'umlloldl: remarko, Ihat~arth~"ake. folio .. the 008,1 of Ne .. Andalu ,ia ;n the 

·s..,.II .. ,..·.T" .. l.inCM .. ,\"ol.i.p."!. 
t 1',......tIDgaofG..,logkalS<>< .. 'y. p. HO. A!~,J ~"', II". 
! 1'" ....... s .. "" ... Vol. ii.,p.'U 
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same manner as they do that of Peru and Chile. Thus) at Valparaiso in 1822, 

the movement was felt along' 880 miles of the shore of the Pucific; and at Con­

cepcion, in 1835, for the g-realcl' length of more than 1000 miles; but 0 11 no 

occasion has the shock been transmitted across the Cordillera to a nearly equal 

distance. In 1835 the rocking of the ground was so gentle at :Mendoza, that 

an old mall, onc of the inhabitants, (and every onc in these countries is pos ... 
sessed with an almost instinctive power of pCI'cei\'ing the slig'lllest tremor,) 

told me, that foJ' some time he mistook the movement of the ground for a 

giddiness in his head, and that he called out to his friends that he was going 

to die. At Concepcion, Valparaiso, Lima~ and Acapulco"~ the residents 

believe that the disturbance generally proceeds from the bottom of the 

neighbouring· sea; and thus they explain the unquestionable fact t, that the 

inland towns are generally much less injured than those near the coast. It 

does not appear, that the disturbance proceeds from anyone point, but from 

many ranged in a band; otherwise the fact of the linear and unequal exten­

sion of earthquakes would be unintelligible. Thus, in ]835, the island of 

Chiloe, the neighbourhood of Concepcion, and J uall Fernandez, were all 

violenlly affected at the same time, und more so than the intermediate di­

stricts. In mountainous countries, such as New Andalusia, Peru, and Chile, 

when earthquakes follow coast lines, they may be said to extend parallel to 

the littoral chain of mountains. 

The last consideration 1 shall enter on, as indicating· the cau~e of earth­

quakes, is, that in South America they have sometimes (if not, as 1 believe, g·e­

nerally t) been accompanied by elevations of the land; but this, judging from 

the Lima shock of 1746~ does not appear to be a necessary concomitant, at 

least to a 1Je1'ceplible amount. It might at first ue thought that, at Concepcion~ 

the ,uplifting· of the ground, which accompanied the first and great s hock~ 

would by itself have accounted for the whole phenomenon of the earthquake. 

The great shock, however, during· the few succeeding days, was followed 

by some hundred minor ones ( though of no inconsiderable violence), which 

seemed to come from the same quarter from which the first had proceeded; 

• At Acapulco, Humboldt says, the shocks come from three different quarters, the west, 

north-west, and south. (Polit. Essay on the Kingdom ofNelV Sp:lin; English Translation, Vol. 

i\'. p. 58.) 
t Almost every author, from the time of Molina, makes this observation. See Molina's COlll-

1Jcndio de la /fist. del Reyno de Chile, Vol. i. p. 52. 
~ My belief is grounded on dIe fact that, on the same coasts, and within tIle same perioll, in 

which a vast number of earthquakes are recorded, there exist proofs of an elevation of the lallll; 

although the risc is not known to ha\'c been connected with any particular earthquake. 
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whilst, on the otller hand, [iIe level of the ground certainly was not raised by 
them; but on the contrary, after an inter\"al of some weeks, it stood rather 
lower than it did immediately after the great cOllvufsion,-a consequence, 
perhnps, of the sett ling down of the shaken ground. In the same manner, in 
1822, at Valparaiso, the permanent change of level in the rocks on the coast 
was observed the morning next after the gTeat shock; though the earth con­
tinued to tremble at intervals for many days. In these instances of change 
of level we IUlYe, then , a clear indi.cation of some cause of disturbance, super­
added to that which produced the vibrations, and which, it is hig'hly probabJe, 
,,'ould accompany the simple elevation of the coast in mass . 

Prom these considerations, we may. I think. fairly conclude. with regard to 
the eUl·thquakes 011 the west coast of South A merica, 

1st. That the primary shock is cnused by a violent rending of the strata. 
which seen1S generally to occur at the bottom of the neighbouring sea. 

2 nd. That this is followed by many minor fractures~ whjch~ though ex­
tending' upwards nearly to the surface. do not (excepting in the comparatively 
rare ca~e of a submarine eruption) actually reach it. 

SI'd, That the area thus fissured extends parallel. or approximately so, to 
the neig'hhouring' coast mountain s, 

4th. That when the earthquake is accompanied by an elevation of the land 
in ml.lSS~ there is some additional cause of disturbance. 

And lastly, That an earthquake, or rather the action indicated by it. re­
lie\'es the subterranean force, in the same manner as an eruption through an 

onJina,.y volcano, 
Now. what constitutes the axis~ where visible, of most great mountain­

chains.? Js it not a wedge-formed linear mass of rock. which scarcely any 
geolog'ist disputes was once fluid. and has since cooled under pressure? 
:Must not the inteljection of such maHer between masses of strata have re­
lieved the subterranean pressure in the same mann er, as an ejection of lava 
and scoria! through a volcanic orifice? The di slocation having been effected 
in that portion of the upper crust of the earth, now forming a mountain, must 
not .superficial vibrations. proceeding' from a focu3 not deeply seated, have 
been pl'opag'a ted over the surrounding country? And~ whatever direction 
these dislocations took, would not an arca, elongated in the same line, have 
been 'affe cted by the vibration? 

In drawing' this parallel, 1 statc' my belief. that those earthquakes, with 
their secondary shocks. which are attended by such phenomena as accom­
panied the earthquake of Concepcion in 1835, 'arc caused by the rending of 
great masses of strata. and their interjection by fluid rock i-a process which 
must have formed one step in a line of elevation. 

VOL. Y.-SECOND SERIES. 4 L 
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The inhabitants o f Concepcion believed, that the vibrations proceeded frolll 
the south-west, in which quarter subterranean noises were like\'\'ise frequ ently 
heard. It is, therefore, a most interesting' circumstance, that the island of 
Santa :Maria, si tuated 35 miles distant in this direction, was found by Captain 
Fitz-Roy to have been elevated to nearly three times the heig·ht that the 
coast ncar Concepcion was upraised. At Tubul, S. by E. of Santa Maria, 
the land was raised 6 feet; at the southern extremity of the lattet' island, 8 
feet; in its middle, 9 feet j and at its northern extremity, upwards of] 0 
feet · . These measurements, which were made with extreme care by Cap­
tain Fitz-Roy, seem to point out an axis of elevation in the sea off the north­
ern end uf Santa 1\1aria. 

Thel:e is one remark, which 1 must introduce here. The mOlion of the 
earth, on February 20th, lS3 5, at Valdivia, appeared to me like that of a 
crust, spread over an undulating fluid; and in my Journat I have compared 
the motion to the bending' of thin ice, beneath a moving weight. After­
wards, when I became convinced that the crust there does rest upon a sea of 
molten rock~ my first impress ion reg·arding· the movement was strong'ly con­
firmed. ·Michell long since observed, (Phil. Trans., 1760, p. S) that or the 
motion of the earth in earthquakes is partly tremulolls and partly propagated 
by waves, which succeed one another, sometimes at larger and sometimes at 
smaller distances; and this latter motion is generally propag'ated much furth ~ r 

than the former." This distinction~ I believe, is strictly true. Professor 
Phillipst argues that rocks, although elastic in their parts, are «very imper­
fectly so in their mass, owing to the numerous divisions which intersect them. 
Composed of such lUaterials/' he says, " the crust of the earth does not, and 
in fact hardly can, vibrate, in the ordinary sense of this term; the motion 
observed is more sim ilar to the undulation of a flexible lamina over a n agi­
tated liquid. " The result arrived at by this reasoning' thus coincides with 
mine, drawn from the impression on my senses; and it, at first, appeal's to 
explain) in a very satisfacto ry manner, the propagation to greater distances of 
the long and gentle undulations than of the vibrations, by the transmission of 
the fonner in the subterranean fluid, and of the latter in the crust of the 
earth. "Vith respect, however, to th e supposed want of elast icity in the crust 
of the earth, taken in mass, l call not agrce with Profcssor Phillips. l\IIichell, 
(Phil. rp rans., 1760) p. 35J when he addu ces the facL of the great vibration , 
or rather oscillation, during' g·ales of wind, of steeples, and even towerst, 
which may be sa id to be com posed of a vast !;tumber of strata of different 
dcn~ities, and which are frequentl y t!"UHt'sed by fi ssures or faults, leaves 

• Geographical Journal, Vol. vi. p. 327. 
t Lardner's Encyclop:cdia, Geol., Vol. ii. p. 209. 
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scarcely any doubt on the mind that a similar and much gTcater vibration 
might be transmitted from the depths of the earth) where the parts must 

be pressed together with in comparably g reater force than in any building. 
Plausible as is the foregoing· explnnation of the two kinds of mo"ements~ I do 

not believe it lo be the correct one; for if an undulation be e\'er produced in the 
subte rran ean fluid expanse, we can hard ly conceive a more powerful cause of it, 

than the upward rush of n great body of molten rock amI aeriform mntter from 

the lowest abyss of a ,'o lcano: but we know that erupti ons on an enormous 
IKule have happened through old vents, even in nrcas suhject to fal"~extended 

and undulating earthquakes, without such movements having been produced. 
From this consideratioll, and from the fact that Hie force of earthquakes nppears 

to have a definite relation to the thickness of crust ruptured, as we may con~ 
elude from the great difference in the effects caused by an e ruption throug·h 

an old, and one through a new orifice, I do not conceive \ye arc justifi ed in 
admitting the hypothesis of an undulating fluid. The two kinds of movements 

may~ poss ibly~ be explained, by considering that when the crust yields to the 
tension, caused by its gradual elevation~ there is ajar at the moment of rup­

ture, and a greater movement may he produced by the tilting· up of the edges 
of the strata and by the pass~ge of the fluid rock between them. In breaking 
a long· bar of steet would not a jar be caus('d by the fracture, as well as a 
vibration of the two ends when separate? 

IVIr. Hopkins·, in his R esearches on Physical Geology, has demonstrated, 
that when an elongated area is elevated by a force acting equally beneath all 

parts~ if the strata yield, fi ssures must be formed pnrallel to its longer axis;, 
and other minor ones transverse to it. l(nowing th en with certainty, that the 
coast of Chile~ ncar Co ncepcion, was elevated all the' 20th of February, and 

likewise that the area affected by the earthquake was elong·aied ;-bearing· also 
in mind~ that several of these elevations have occurred, as attested both histo­

rically and by th e extensive beds of recent s:pecies of shells, at the altitude of 
some hundred feet~ we are absolutely compelled to believ e~ that the area (with­

out we assume that the strata possessed extrao rdinat·y powers of extension) was 
at that time fi ssured in lin es, the principal of which were para llel to its longer 

axis. If, howev~r, the elevato ry force acted un equally in different parts, as 
was the case in Chile, we call understand, from the admirable g·eneralization of 

the same author, t hat sepa rate fissures mig·ht ue formed, whicll would produce 
at the sa me in stan t, in distant places, separnte shocks, perhaps of dilTerent in­
tensities. Hence we need not suppose, that the shocks felt more strong ly at 

J llal1 Pernandez; Concepcioll) and Chiloe, than at intermediate points; pro~ 

• Transar::tions oftllC Cambriuge Philosophical Society, Vol. vi. Part 1. 

4L2 
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cceded from any OIlC focus, but that they were generated in each separate 
distt'jet,-the vibrations probably having-, in each casc, diITerent directions *. 
This explanation is, I think, f<lr 1110l'c satisfactory than that alTered by Hum­

boldt, of the supposed inertness of an intermediary muss of rock, in transmit­

ting ~o the surface vibrations from a deeply-seated focus. 

On dAffeTent hinds oj Earthqualo.es; mul conclusions regarding those which 

accompany ElevatoJ'!} I1Jovements. 

I confine the foregoing observations to the earthquakes on the coast of 

South America, 01' to similar ones, which seem g·enerally to have been accom­
panied by elevation of the land. But, as we know that subside nce has gone on 

ill other quarters of the world, fissures must the re have been formed, and there­

fore earthquakes. 1 think,itwould be highly advantageous to geology, if the au­
thor who has followed out the eO'ects of an eleva tory force, would consider th ose 
produced by the failure of support in tbe arcl1cd surface of the g lobe. The 
earthquakes of Calab ria, and perhaps or Syria, and of some other countr ies, 
have a very diffe rent character from those (In the A mer ican coast. 'Vhen 

lVlolina, the historian of Chile was in HaIy, he was much struck with this dif­

ference; he sayst, in Chile even the smaller shocks extend over the whole 
king'dom, and a re propagated horizontally, whilst those which he felt at Bo­
logna, were of smull extension, but instantaneous, and common ly explosive. 

I will add, that in the accounls collected by 1\11'. Lyell ! of the earthquakes 
of Calabria, Lisbon, and some other places, portions of the surface a rc de­

l:ic ri bed as having been absolute ly engulphed, and seen no more: but this 
does not appear to have happen-ed in any of the earthquakes on the west coast 
of South Amel'ica. If the fluid matter, 011 which I suppose the crust to rest, 
should gTadually sink instead of rising, there would be a tendency to leave 

hollows, and therefore a suct ion exerted downwards; or J1O IIo\\,s would be 
actually lefl, into which the unsupported masses might be precipitated with 
the violence of an explosion . Such earthquakes, we muy conclude, from what 
has been shown in the foregoing' part of this paper, would seldom be accom­

pani ed by eruptions, and never, probably, by periods of ~'enewed volcanic 

• At Concepcion the line of vibration appears to lmve been N. W. and S.E., coming from S. W. 

At Mocha, (an island between Concepcion and Valdivia), from tIle manner in which water oscil_ 

lated. in the bottom of a boat drawn up on shore, the vibration must have been N. and S. coming 

from either E. or \V . For the facts alluded to, see Capt. FitzRoy 's account of the Voyages of the 
Adventure and Beagle, volume ii. p. 414. 

t Compendio de 1.1 Historia del Reyno de Chile, Vol. i. p. 36. 

+ Principl~s of Geology, 5th edit. Vol. ii. Book ii. Chap. xiv. 
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energy. Acconling to 1\J. 13oussinS<lult·, those earthquakes in South America 
which have been most destructive to human life) that is, which have been most 
sudden and violent, have not coincided with volcilnic entptions. He adduces 
severa.l instances, including the shocks felt at Caraccas in 1812; but, according· 
to llumboldtt) the connexion between the subterranean disturbances at that 
place and the ,"Vest Indian vents can hardly be doubled. 1\1. Boussingault's 
remark, indeed, although perhaps generally truc, shoutd be taken with some 
reserve; for had the earthquake of Concepcion happened at night, thousands of 
persons must inevitably have perished. 

Tn a line of fracture, produced by subsidence, the di stortion andoverthrow of 
the strala would probably'be even greater than in one of elevation, from the cir­
cumstance, that as soon as the weight of the mass overcame its cohesion, and it 
began to sink, thf!re would be 110 counterbalancing power, like gravity during· 
elevation, to check the movement, excepting, indeed, thc lateral pressure of the 
masses together, and this would only add to the disturbance . There would be~ in 
this case, no axis of injected plutonic rock~ or at least not one protubemnt above 
the general surface; and thus we may explain the extreme disturbance in the 
strata of countries which are only hilly, like parts of Great Britain; and the oc­
currence th ere of such axes of elevation, as thcy arc generally called~ but which 
probably, in most cases, would be more appropriately tcrmed axes ofsubsidcllce. 

If the theory whi ch I have s·iven of the cause of the carthquakes on the 
west coast of South America be true, we might naturally expect on the same 
principle to find proofs of successive formation in the many parallel ridges, of 
which the COl'dillera is composed. In the parts of Central Chile which 1 
examined, this is true, even with regard to the two main lines; of which Olle 
is partly formed of inclined beds of conglomerate, consisting of pebbles de­
ri\'ed from the rocks of the other . I have also evidence, but of a less satis· 
factol'y kind) that some of the exterior lines of mountains are altos·ethcr of 
subsequent date to the more central ridges. l\,Ioreover, in all parts of the 
Cordillera, there are proofs of fln

t 
equable elevation in 'mass to a very great 

altitude. I was so much struck with this latter fact, connected with what 1 
imagined mu!;t have taken place during the Concepcion eal·thquake) that I 
came to nearly the same conclusion, which 1\lr. Hopkins has demonstrated by 
his mathematical researches, namely, that mountain·chains arc only subsid iary 
and attendant phenomena on continentnl elevations. Jf this be so~ and few, 
'after having read Mr. Hopkins's memoir, will dispute it; then) as it is certain 
continental elevations have certainly taken place on a great scale within the 

• Bulletin de la Soc. Geo!., Vol. vi. p. 54. 
t Personal Narrative, Vol. ii. p. 226, and Vol. iv. p. 6, English Translation. 
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I'ecent period, so, as certainly, must masses on the lines of fracture have been 
unequally lifted up and let uown,-that is, some steps in the formation of a 

mountain-chain have been produced. 
I may here ask. when Mr. Hopkins· says, he «can in no way conceive the 

successive formation of parallel fissures, without hypotheses respecting the 
mode of action of the eleva tory f(lrce, which are inHnitely too arbitrary to be 

admitted for an instant/' has he considered the effects of long' intervals of 

rest, during \~hich the injected rock might become solid? "YouId not the 
crust in such case yield more readily on either flank, as I believe it must have 

done in the Cordillera, than on the line of an axis composed of solidified rocks, 

such as gTanite or porphyry? An extremely slow elevation 'o f the land, with 
long intervals of rest, being the only kind of movement of which we have 

any knowledge, the slow cooling of that portion of the liquefied rock which is 
propelled into the upper parts of the crust, cannot be considered an arbi­
tral·yassumption . 

From the facts stated in this paper, we may safely conclude, that voicanic 
action, even on a very grand scale, as in the Andes, is only one effect of the 

power which elevates continents, at the slow rate at which the South Ame­
rican coast is now rising. In looking back to the past history of the world, we 

learn from lVII·. Lyell t, that there have been volcanic eruptions during cvery 
epoch, from that of the Cambrian formations to the present day. The ancient 
eruptions seem to have been accompanied by all the ci('cumstances which 
attend modern ones; nor is there any evidence, as remarked by the same au­
thor, that the quantity of matter ejected, in the greater number of ancient cases, 
was excessive. Therefore, we must conclude that continental elevations, oue of 

the elTects of the same motive power which keeps the volcano in action, has 
ordinarily gone all, since tbose ancient days, at tbe same slow rate as at pre­
sent, and, consequently, as above inferred, the step-like formation of moull­

tain-chains. It may, therefore, be questioned, whether wc are justified in 

admitting the hypothesis of a paroxysmal elevation of any mountain-chain? 
without di sti nct proofs in each particular case, that a series of impulses, like 
thost', which now acting frequently on the same lines, rend the earth's crust, 

• Abstract ofn Memoir on Physical Geology, by W. Hopkins, Esq., M.A., p. ~J. 

t Elements of Geology. In the 2·Hh chapter, Mr. Lyell has collected inslances of volcanic 

eruptions in each of the great epochs of the geological history of Europe. The argument, which 

follows in the text, is the same with that advanced by this author in the Principles of Geology, 

(Book J. Chap . v.) but :r..h. Lyell more particularly applies it to the earthquakes and convul _ 

sions, "caused by subterranean movements, which seem to be merely another portion of 1111.' vol­
canic phenomena." 
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Rnd elevate unequally portions of it, CQuid not have effected the observed 
effecls. It is, however. a subordinate question. whether there exist proofs 
of paroxysmal violence in some mountain-chains; the important fact which 
appears to me proved. is. that there is a power now in 'action, and which has 
been in action with the same averag'e intensity (volcanic eruptions being' the 
index) since the remotest periods, not on ly sufficient to produce, but which 
almost inevitably must have produced, unequal elevation on the lines of frac­
ture. 

Theoretical Considerations on the slow Elevation of iVlou..ntain- Chains. 

The conclusion that mountain-chains are formed by a long- succession of 
small movements, may, as it appears to mc, be rendered also probable by 
simple theoretical reasoning. Mr. Hopkins has demonstrated. that the first 
elrecl of equably elevating- a longitudinal portion of the crust of the earth. is 
to form fissures, parallel to the long'el' axis (with others transverse to them. 
which may here be ncg-Iected) of the kinds represented in the accompanying 
diag'l'am (No. L), copied from that published in the .Cambridge Philosophical 

~o.l. 

Transactions. But he further shows, that the square masses, now disjointed, 
will,-from the extreme improbability of the force uplifting them, when sepa­
rat.e, equably, or from their settl in g' down afterwards,-assume some such posi­
tion as that given in Diag-ram No.2. In the Cordillera, which Illay be taken 

No.2. 

, N' ---'--....... 11 ~
." 

~ - --------' - ~- " -- - .~----
)r' 

as a good example of the structure of a g-reat mountain-chain, the strata in 
the central parts arc inclined more commonly at an angle above 45°, than 
beneath it; and very often they are absolutely vertical. The axis of the lines 
of dislocation is formed of sycnitic and porphyritic masses, which, from the 
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number of dikes branching from them. must have been fluid when propelled 

against the lower strata - . J r then we suppose DiagTam 2 to I'cprescnt the 
section of the Cordillera before its final elevation, 1 may ask, how is it pos­
sible, that so me of the masses of strata should be placed vertical, and others 
absolutely overturned, by the action of tltcfluid rock, without the vcry bowels 

of the cal,th gushing out? Should we not have olle ellO l'mOllS delug'c of 

volcanic matter, instead of wcdg'e-formed, injected Illasses of solid crystalline 

rock ? On the other hand, if we suppose the loftiest chain of mountains to 
be formed by a succession of shocks similar to those of Conccpcioll,-a few 
stronger and many slighter ones, separated from each otlier by long intervals 
of time,-then we may believe, that the formation of a fissure through the 
whole thickness of the crust would be the effect of many en'orts on the same 
lin e, and that during the intervals, the rock first injected would become 
cooled. "rhell~ therefore, the tension (which~ according to 1\11'. Hopkins, acts 
011 the lower surface firsti') caused the upper part to crack, the fissures, if 
on the same line, would meet the consol idated extremity of a dike, instead 
of the fluid mass below. I n those cases, however, where the fissure happened 
to traverse at once the entire crust, a volcano would be formed, such as that 
Ileal' Juan Fernandez during' the Concepcion earthquake. On the same 
principle, after the masses of' stmta had been very g'radually lifted into the 
position represented in Diagram 2, the rock beneath the anticlinal axes, 
from having beel! propelled beyond its former subtel'fanean isothermal line, 
would be cooled, and, if sufficient time were allowed, it would be consolidated. 
In this manner the strata, each new fradure being firmly cemented. by the 
cooling of the injected rock, might be overturned into any possible position, 
amI yet, rrom a grmlually thickening crust being formed over the fluid mass, 
on which the whole is believed to rest, the earth would be protected from a 
deluge or hwa. H this reasoning be sound, we may deduce this remarkable 
conclusion, that in a mounta in-chain, having' an ax is of plutonic rock, which 
was propelled upwards in a fluid state, where the strata betray the effects of 

.. According 10 i\J. Boussingault (Bulletin de 130 Soc. Geol., Tom. \'i. 1" 55)1 this is not the case 
in the Cordillera of the Equatori:'!1 regions . H e state$ that trachyte there forms the base of the 
mountains, and that it has been protruded in a consolidated (arm. Out can the deep-seated axis 
of:'l gigantic mountain-chain be composed of trachyle,-a rock essentially volcanic? If we could 
penetrate to greate r depths, it cannot be doubted we should find the trachyte guduating into some 
plutonic rock; and one may be allowed to suspect that its junction with the superincumbent strata 
would present very different appearances from that of the trachyte i-the trachyte, indeed, we 
may well imagine to be the crust of such plutonic rocks cooled under little pressure, and forced 

upwards on the surface of the molten mass, in a lioHd form. 
t Cambridge Philosophical 'l'ranS3ction5, Vol. vi. pp. 'l3-.5. 
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the most violent action. although it be on a t;igantic Rcalc, therc we have the 
best evidence of an almost infmitc series of small movements·. 

r will enter on only one other consideration connected with this subject. 
From having in my mind the proportional thickness of the strata, usually given 
in sections in geological works, 1 felt much surprise. when I crossed the 
Cordillei'a, and found highly-tilted anticlinal lines succeed ing one another at 
short distances, that the rock composing the axis was not to be met with. ex­
cept in patches in lhe vn ll eys. 1f we suppose parts of the strata in Diagram 
2 to he placed vertically, the I'Ock of the axis would necessarily be exposed 
in wide spaces; but here, I beli eve, is the source of error,-g;eoiogists have 
not always sufficiently considered the thickness of the mass upturned, in re­
lation to the distance of the parallel anticlina l lines one from another. In the 
Cordillera, in a width of abo ut sixty miles, there are eig'ht 01' more anticlinal 
lin es; and thus the centres of the troug'hs and of the ridges are about four 
miles apart. Now, if we suppose the upturned crust to be only four miles thick, 
(which is somewhat more than can actually be seen,) the strata~ when placed 
vertically, will occupy as gTeal an horizontal extension as they did before 
they were disturbed . In Diagram 3, which 1 beg it may be understood is 
given merely to illustra te this one point, 1 have taken portions of strata of 
the same exact length as those in Diagram 2; but I have increased their 

No.3. 

thickness, so that it equals th e distance of the anticlinal lines from each other; 
-we shan now see that not on ly the whole axis is covered, but that the masses 
cannot be forced into their former horizontal limits. ] have not, however~ 
allowed for the imm ense abrasion which, under such circulllstances, the lower 

• Humboldt has insisted on the fact, that in double chains of mountains, such as rorm large 
portions orthe Andes, the lorty parts of one line correspond with the lower parts or the other. 
Such symmetry or structure is hardly conceivable on thc idea or mountains having been formed 
by paroxysmal violence; but ir lYe conside r the whole range as the effect or a widely-extended 

clevation,prolongcd during many ages, it is easy to understand, that if olle line be weak, alld COli· 

8equently be subjected, for a long time, to disturbance from the subterranean force, it is probablc 
that during so much the less lime will the parallel and approximate one be affected . 

VOL. V.-SECOND SEnIES. 4 M 
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angles wou1d suffer, nor for the denudation and rounding of the upper ones. 

This supposed crushing together of such ~;igalllic flTloolllCnls will, perhaps, 
explain the utter confusion. which must be familiar to every geologist who 
hus examined any great mountain·chain·. [must here add, that according 

to these views, which I believe arc correct, the theoretical part of the fore­
going; argulllent, namely the difliculty of confining- during any paroxysmal 
movement the fluid matter within the crust, is weakened; yet I believe the 

principle holds good, fOf" in order to break up and throw over portions of very 
tfLick crust, as in Diagram 3, there must have been great horizontal extension, 
an d this, if sudden, would have cawwd ns many continuous outbursts of vol­

canic matter, as there now are axes of solid rock. l\Iorcover, whcll we con­

sider .. first .. that the fragments must have stood for onc instant separate from 

each other, and .. secondly .. that the force necessa ry to turn over and crush to­
gether at one effort these immense masses .. must have been in proportion 
enormously great to that required merely to lift them~-it cannot, I think, be 
doubted for a moment, that if the force had acted suddenly, these portions of 
the earth's crust would have been absolutely blown 00: like fragments of rock 

by gunpowder; but this has not happened, and, therefore, the force did not 
act suddcnlyt. 

If we gmnt that the earthquake of Concepcion on the 20th of February 
marked one step in the elevation of a mountain-chain; then, as during the 
twelve succeeding days there were counted upwal'l.ls of three hundred shocks, 

which proceeded from the same quarter with the g reat shock~ so the fluid slone 

.., In the Cordillera, tile axis of plutonic rock is less exposed in tile principal, dtan in the subor­
dinate lines; some strongly marked exceptions, however, occur. Tn tile former, also, the str.:!!.:'l 
.:'lre most inclined. As, according to the views here ad,'ocated, the formation of a mountain-chain 
is due to innumerable impulses, the highest part must generally have felt the greatest num­
ber or impulses, amI .therefore its stratification would generally be most disturbed. And if a 
great part of the disturbance be due to the later:!l force resulting frolll the compression of the 
great thick portions of tile earth's crust, then the central lines, or those which have several ritlges 
on both sides of them, would be most crushed together, and consequently the strata would be 
most closely packed over them. I can understand 011 no other principle, tile circumstance of the 

rock of the axis being visible not on the loftiest, bllt on the secondary lines of a mountain-nnge. 
whieh very frequently occurs. 

t Mr. Hopkins moreover argues, (Abstract of a Memoir on Physical Geology, p. 15,) tllat if 
the elevatory force had the character of an impullin: action, it II would produce the most irregular 

phenomena, and such as would be altogether without the sllhere of calculation. 1 exclude. there­
fore, the hYl,othesis of this kind of action, not as in\,oh·ing in itself any manifest improbability, 
but as inconsistent with the existence of distinct approximations to general laws in the resulting 
phenomena." In other parts the author shows that such approximations do exist in nature.-See 

alia Phil. Mag. 1836, Vol. viii. p. 2S·~. 
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must have ueen pumped into the axis by as many separate strokes; nor did the 

process cease for many subsequent months·. In the central ridges of the 001'­
dillel'a~ there arc masses of compact unstratified rocks, half again as lofty as 
Etna~ and I believe, from the reason ing above given, that they were formed 

by steps nearly as slow as those indicated by the innumerable layers of volcanic 
matter accumulated on the flanks of the Sicilian mountain. In the volcano, 

that is, a mountain which has been ruptured in its incipient state, the nuid 
stone being brought to the surface is rapid ly cooled, and hencc successive 

layers are formed; but in the axis of plutonic formation (or subterranean 

volcano, if it may be so called), the injected matter, not being rapidly cooled, 
is blended into one huge conical pile. This whole view is nothing' more than 
an applicat ion of Hutton's doctrine of the repetition of small causes to produce 

great effects; and which MI'. Lyell has already brought distinctly to bear on 
this particular subject. 

The action of the elevatory force, as known by beds of littoral shells, suc­

cessive lines of aqueous erosion on cliffs of solid rock, and terraces rising one 
above another, seems everywhere to have been prolonged, although inter­
mittently: in the volcano, the structure of the mountain, as well as all history, 

bespeaks the same fact with respect to the eruptive force. During the Con­
cepcion ea['thquake~ we have secn that these powers, so ana logous in their ac­
tion, were absolutely parts of one common phenomenon. Dearing' in mind 
1\1 r. Hopkins's demonstration, if there be considerable elevation, there must be 

fissures, and~ if fissures, almost certainly unequal lIpheaval~ 01' subsequent 

sinking down.-the argument may be finally thus put :-mountain-chains are 
the effects of continental elcvations; continental elevations and the eruptive 
force of volcanos are due to one great motive power~ now in progressive 
action; therefore the formation of mountain-chains is likewise in progress, 

and at a rate which may be judged of by either phenomenon, but most nearly 
by the gTowth of volcanos. 

Concluding Remarl..:s. 

\Vith these views, if we look at a map of America~ and observe the con­
tinuity of the great chain of the Andes, and its lesser parallel ones, in which 
from lat. 550 40' South to 600 North, a space of little less than 7000 miles, 

the volcanic forces either now arc, or recently havc bcen~ in action,-and 

likewise the symmetry of the whole~-we shall be deeply impressed with 

• In a.n extract from a letter, dated Concepcion, "}'Ia.y Olh, that is seventy-six days after the 

great earthquake, there is this passage :_" It is only since n fcIY days, that a day htls passed 

without a shock, and even yestcrd3Y we h3d one." 

4,,2 
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the grandellr of the one motive power, which, causing the elevation 0 f the 

continent, has produced, as secondary cOeds, mountain~chains and vol­
canos. The same reasons which led me to the convictioll, that the train of 

connected volcanos in Chile and the recently uplifted coast, together morc 

than 800 geographical miles in length, rested on a sheet of fluid Olulter,ul'c ap­
plicable with nearly equal force to the arcas beneath the other trains. "Ve see 
that these areas arc connected by one uniform chain of mountains, from many 

disi..1.nt points of which fluid rock is yearly ejecled; and as there are proofs 
that nearly the whole west coast of South A merica has been elevated within 

a period geologically modern , and that this movement, in some parts at least, 
has extended across the continent,-keeping, nlso, in mind the probability, 

that during periods of increased subterranean action, such as t hose indicated 

in the foregoing tables, the whole "western part of the continent has been al­
most simultaneously alTected, it appears to me, that there is little hazard in 
assuming, that this large portion of the earth's crust floats in a like manner 
on a sea of molten rock. l\Ioreover,-when we think of the increasing' tem­
perature of the strata, as we penetrate downwards in all parts of the world, and 
of the certainty that eve l'y portion of the surrace rests on rocks ",b ich have once 
been liquefied i-when we consider the multitude of points from which fluid 
rock is annually emitted, and the still grealer number of points from which it 
has been emitted during' the few last geologoical periods inclusive, which, as 

far as regards the cooling of the rock in the lowest abysses, may probably be 
considered as one, from the extreme slowness with which heat can escape 
from such depths i-when we reflect how many and wide areas in all parts 

of the world arc certainly known, some to have been rising and others sink­
ing during the recent rera, even to the present day, and do not forget the in­
timate connexion which has been shown to exist between these movements 

and the propulsion of liquified rock to the surface in the volcano i-we are 
urged to include the entire g lobe in the foreg'oingo hypothesis. 

To the belief in these large seas of molten rock, not to speak of an enti re 
concentric layer so constituted, it has been objected, that if its fluidity be to­
lerably perfect, (which there is good reason to think is the case from what we 

see of the junction of the plutonic with the metamorphic formations,) the lava 

ought to stand (supposing a comparative examination possible) at nearly equal 
heig"hts, within neighbouring volcanic orifices. To th is I may answer, if it be 
permitted me to assume that the subsiding as well as the rising areas rest on a 
fluid surface, tbat whatever the power is wh ich causes one to rise and another 

to sink, acts with unequal force (greatly modified, also, by unequal resistance) 

in different parts of even a very limited area, The main strength of the eal"th-
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quake of February 20th, 1835, passed over Valdiviu, hut affected the districts 
north and south of it; and it appears that this tOWll, ulltilNovember 1837, had 
been less injureu hy the innumerable shocks which uevnstated Chi le than any 
other; yet. the subterraneall uhysses ilirectly beneath it are in connexion (as 
shown by the action of Villarica in 1822) with the district to the North, 
which has been so often convulsed; and in November 1837, at the same 
time that an islanu far southward W(lS uprai sed eig-ht feet, it was shaken by 
an earthquake so violent that it escaped utter ruin only from the houses being 
built of wood. The comparative freedom from disturbance of Valdivia on the 
20th of Fehrunry, cannot be attributed to the fiction of Villaricil, for we have 
seen that this volcano was quiet ; nor indeed is there any re3son wily sllch an 
effecl should be attributed to its action, since the eruptions of Osomo and 
l\1illchinmadom diu not savc the northern parls of Chiloe, though th ey occupy 
the same I'elative situat ion with regard to them, wil ieh Valdivia does to Villal'ica. 
Shall we thcn say~ that Valdivia escaped so long the subtcl'I'anean disturbances, 
some of which affected simultaneously r eg'ions norlh and south of it, solely 
on account of the greate r strength of the crust in that part? This appears 
to me a cause quite inndequate; and the direct supposition is better, that as 
within th e Same period one part of the continent has been elevated more than 
another, so the lava has been propelled by tile action of this force more pow­
erfully towards some, than towards olhers, of the volcanic orifices which 

penetrate it. 
The secular sh rinking' of the enrtll's crust has been considered by mnny 

geolog'ists a sufficien t cause to account for th~ primu,'y motive power of these 
subtcrranean disturbances; but how it can explain the slow elevation, not only 
of linear spaces, but of g'l'eat conlinents, I cannot understand. 'Vith the same 
view) some hig hly important speculations have recently been advanced,-such 
as changes of pressure on the interna l (luid mass, from the deposit ion of fresh 
sedimentnry beds, and even the attraction of the planetary bodies 011 a sphere 
not solid throug'huut; but we can see that there must be many agents, modi­
fying" all such primary powers; and the furthest generalization, which the 
consideration of the volcanic phenomena <1escl'ibed in this (lrtper appears to 
1ead to, is, that the config'uration of the nuid su rface of the earth's nucleus is 
subj ect to some chrtng'e,-its cause completely unknown,-its action slow, in­

termittent, but irresistible. 
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