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DEDICATIO),;. 

T I> )1. HE It ~ A ItIl ,'IT \) E It. 

((mn~"I'O"lJI" \11 'IIWII Of 111" 110) \1, AI .\.11\ \(\ or", 11-\1 F" ~ 01 11 m..- , O~ 

1111 ,'IIJO'~I 1" " 1111\1 OJ \\ \"III,I.tO'. 01 1!1! fLOI(l(:I(~1 ~'"IF1Y 

'" III\'I~, 11f 11(.,A'nl'!t'))I ~~(mOl (,FOIOI.YA\IJI'II\ " , f S I ' Jill 

(\ 1\ 111"1 1\ Co! /lilt'!. 

M, Ih.>\H ~IH, 

]n former ttnu.':;:, ]1('liicatimls ~ pre usually tlH' 

fnlfihncnt of a stipulation, iI,\ \\ hieh Patrona{!c 1\.1"- to ht, 

purchased bj Eulogy. I~1I1 !'ilWl' Patron3!!(, has ccasl'tl to 

secure SUCCCi;" to nh'liiocrity, and complimentary phral>c"i 

hale hc('omc too trill> to he g'mt ifyin,!!! a Dedication ha~ 

occomt' It rare a.ppcndagc to a book. 

NI'Y('rtlicl<'ss, it has a]wa)"$ appeared to m,' all opportu­

nity to lH' vaiued by a. literaJ') man, of c'\prc~sillg publidy 

his respect fnr th(' talents, aUti hi:; ('l-tl'em fur tht' (;ha.l"a.ctcr 



DEDICATION 

of another, in terms requiring- nl) rhetorical embellishments, 

because, in that casr, the Illnguagt.l of Truth and of Eulo~y 

is thc same. 

That you were my compamon through scvl'ral of the 

most inten~sting Sl'cnes d('scrihl'd in this Yolume, would 

alone be a good n 'ason for rf'qm'toting pcrmis~ion to dcdi(:ah' 

it to )OU, ('s})('cially as its appcarall('(' is not wholly um'oll­

Dectcd with cOllnrsations which thcn passe,l betwcf:n us, 

But when I add, that your intimatc ul:qnaintatHl' with 

the Alps and their btructurl', ucriv('(i from many p'ars of 

unwcaricd rcsf'arch, gins you an e~l,)l'cJaI right to jud~c of 

a'Vork relating to their Geography and Natllr.lllIistor;,­

a farther reason for this Dedic,llion will be understood bv 

those who arc awan' that the brst·informed arc u~ually the 

most candid judgc" of tht" merits of other:-. 

Independently of tllis, J am happy in bring able to 

claim your bym))Iltlly and friendship as the he~t rem.on of 

aU,-a sympatl ·y derived from common pursuits, and a 

friendship which, though not yet old, may certainly be 

affirmed to bc not uutriC'd. 

I remain, 

Your!- very slncerciy, 

JAMES D. FORnES, 
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! TRAVELS IN THE ALPK. 

American eonttnent, and the overla.nd rout.! it> India is clirouiried like 
that from London to Bath. TJlfI Dtlllflrt has ita poet-huulIeg, and 

.Athena b.., itl! omnibuse1!. 
One eonst:quenee of this surprising change has been, upon a great 

acale, like that which the el.iUeRce of rail"""y. bas produced in any 
partil"ular district. Pel'8ons who travel for tbe purpose of aee ,ng, and 
relating what tbey hate seen, are ill BUel, ha.ete to escape from more 
fawiliar and &Cet'ssible object.<c, that the world gradually at'ceptR ,t as a 
principle, t·hat what is worth de&t"rihing must be distant by at least the 

breadth of an ocean, or half a continent, from the home of the tra.­
,'eller. The result is, tbt those who write books of traveJ:\ with 
other objeeta than to m&ke mouey, or to indulgt' a. harmless vanity, 
have usually 80ught remute couutries for the flUhject of their writing&. 
Thu8 by an insatiate thirst for novelt)'. and fut commumcatmJ:( wttat 
is mt)flt nev; or f!trange. rather than ",1131 i6 worth knowmg, w<, 

lind that the prop&r diJ:(nity of all mtelJigeut book of trav('}t, lias been 
often overlooked. The questioll may yot ",main. whether it is not a 
greater service to the ~olDmunity to ",bow how much remains to be 
seeD and 8tudied in COUlltricb. comparatively IIpcaking. acce8~ible to all. 

than $0 write detailed descriptions or rC~lOn' presenting few natural 
objeets or importancfl, or or remote LrlLel;, u",-j8ited pt'rlll'pB only ~ 
cause nninteresting or dangerous. 

To write a book of Travels ill the Alpa., will 110 doubt appear to 
many persons a very unpromiRing as well as eU}lf'rfluou8 under4tJting, 
it being takr-n for granted that what is fjO caIIily accessible mUlt be 
perfectly well known; and the absence ()f anv recent book of Uie 

kind, intended for more than a wmporary objel't. and speedy oblivion. 
might tend to confirm the idea that no sueh work is required. It 
hu, howevE'r, been the result of journey. continued throughout aeYB­

raJ e-ammel'8, in countries commonly called the bt>st known in Eu­

J'Ope, t.1at I am pel'liuaded that ewn in the8e tbrre is yet much to 
be teeD, mocL eJ.pJaioro, and mnch of which a general aooount. 
mal proTO aJj inwrestlng .. that of vi,ita to more diltant, though 
1ClVOOI, more nnknown landl. An exetilleni work might be writtea 

--ad' it would be • Large ODt---<ln diE' 1 .. known or undeecriblll 
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parts of .. he most fl'eqllented diatrict8 of E1ll'Ope, which would show 

what a narrow line it i9-no broader sometimes than the ooloured 

border on '" common map. separating one province or kingdom. frol1\ 
another-which divideo; the known from tbe ullknoWD; the high­

way along which roll daily the IUXUriOUM travelling eqnipa.g'Otl of 
Russian wealth or EngliKh f3.'lhion, and the remote valley ecs.reely 
outlined in our atia.'!es, with a population speaking no acknow~ 

ledged EuroPffiD language, and to whom the sight of a foreign pe­
destrian oceurs perhaps but once or twice a-yea.r. Nor this alonp. 

Evon ""here.all InCIl ~o, nonl' ma.y have stoppt'd; what all men see, 

nODP may have observed. As In many parts of experimental science 
unexpepted di'lcovcries are mad1:: in a work-shop or manufactory. so thE' 
book of nature, whose p~t's are opf'n to all. il'. read but ily a few; and 

the notoriety of a fact , or a supposed fact., i"l often exactly the cause 

why no explanation of it iR HOught, or lL'I qUfl8tionabll' authenticity 

"'\Pd. 
It is not too mudl to say that Ule natural history of a great part of 

the .chain of Alps., the most instructive and grandest theatre of natural 

operatious in Europe, is in this predicament. Thou!lands of travene~, 

many of them among!!t the most l"nlightened men of their day, fre­
quent t.hem: But y, here II< til!' fruit! Whilst Parry. and Franklin, 

and Foster, and Sabine, and Roes, and IJal\vin brave the sevprities of 

Mt'tie and antarctic climates, to reap the knowledge of tho Yll'ious phe~ 

nome!l" of earth and atmosphere. climate and animals, the geology. 

m6teorology. and botany of countries comparatively uninteresting to 
us, are we perfectly infonned of aU these particulars even in our own 

quarter of the globe! Undoubkdly not. W'bere are we to look for 

travels like De SauMure'r.., and why are comprehensive works, adapted 
lor the genetal re.c.der and student of nature, to be replaced. entirely by 
studied monographs conMCted. with some single ~ienee in 80mB single 

wlltriet t 
The belief that. the narrative form is &t onoe the moAt agtfleable IUld 

tM m .... natura.!, both to author and reader, when truths progressively 

attained, and founW on numerous observ.tionl of detaehtd facta, are 

IIot ..u.;-, J., finaU,. determined me to f.lfil an .. rly and lMAlly 
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aa...doned project of writ.ing a hook of travels, Tho pretent. volum.e 
ia \be reeult. 1t may be considered as an atwmpt to show, upon" 
.,...u seale, 'A,hat it is believed might 8dvn.n~llRly be pUf'8uf'd npon 
a larger ODe. The aim of the work ill confc~lIy to illustmte the 
physical ~'graphy of a partimdar district in one of the most frcr 
queuted rt'g-ions of tbe Alps: and mort' c:ff'l'{'ially to arrive at nltlwt." 

of a definitc kind rc::p<·cting the natut':ll history of glaciers, those 
great ma.'!seN I,f ire whil'h 1)0 ~('ncrally attTal't the casual, though 
only the ca.'HIal, notice u{ travellers. 

If is a duty wlii<.'h every one who writes owe!' to the public anll to 

himklf. to 00 infomn·d, generally Ilt ImUlt, of tllll labours of hi" PI'('­
deeessoTB, that he may IIOt, tlvcn invululitarily. U&lumc tu him.-.elf credit 
for that. which bclon~'S to anothC'r, nor invite attf'ution to that which 
is nlready w('ll knoy,n . 

The duty i~ not au N1i',V one, TopographiC:lllitoratur~. more than 
almost any other, is difl'used onr bulky and unLlHlex<Jd cumpillltions, 
nr mott' irr~\oca"ly lost in fugitivt> pa.mphlets. I well know, from 
some former experlellCe, the labour of an attempt to analyse aU lhc 

writjn~ connected with evell a. small di .. trid, and, g:cneralJ.\' I!peaking, 
ita litt.le vaillc as re~rUs su\)st.1.ntive informat.ion: and 1 soon saw 
tbat such an :~ttcmpt in the rrel'letlt case would bt, wholly incompa.­
tible with the propo.'loo extellt of tbis work, and with the time which 
1 could ,,;thdraw (rom otber duties (()r writing it. 1 JIOptJ that it 
will appear, notwithstanding, that I have not bef.n inattentive to 
what my predecel:!SOr8 b&ve done, and that I have endct.voured 
througbout, in matWr1! of original ob8f'rvation, to noder t.o diem their 
due. I do not, indot.'<1, prl'teud to have read thl' whde work!! of Sim~ 
Iu, Selieachzer, snd Gruner, the older alpine historiSIl8 ~ but I have 
careftill,. 'ilxa.rnined them in many parte, espt'eially thoS(' whieh bear 
upon the doctrine of glaciers. 

The writingl:! of De SaUMure havl' boon tlll' "ubject. of perpetual 
ftlfeteD~Dot only at home, bllt amongst the very secne! whieb 
he baM de8Cribed, and where it ill easy to retraee the exaetneu 01 
his aeeertioDl. a.nd the faithful yet tober colouring of bie deaorip-­
tioo.. HiJJl.Mlf a man of indepandt!oce Aud station at Ge.eva. 
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early imbued with a taste for exploring mountain scenery; well 
iII.t.ruated in the then exating etate of natural hietory and the 
allied bmncheH of phy!'ics, he WM exactly in the proper poRition 
for advancing a knowl~g6 of hie own country, &nd of th086 Dir 

tural law", which m3Y best be studied amongst its mountains. 

His journeys were not "tour' O~ forci,"" mir&eles of rapidity and 
boldness. from which, if any thing were gained, it nuud have been by 
a sort of intuition. On the contrary. evt'D his more adventurous 
expeditions were commf'llced ..... ith a c.."\lm foresight, peculiar ro him-
8elf, of the ends to bo gained, and the best methods of attaining 
thE'Dl. He did not court danger!! ; he did not affect to despise evell 
mconveniencCFJ. Hi" fortune petmittcd him to travel and observe in 
a Dlanner "'hich is 38 rat(' at till' prc8tlnt day as formerly. He wa..'! 
frequently accompanied by teu or twch'c mell, a.nd four or six mules 

carrying bagt.,>age, provi'l;ions, instrument~, bl-ds, n.nd a tent; and 
perhaJ»! to this precaution may be partly attributed the long pe­
riod of life through which he W&8 able to exwnd his laborious re-
8(larches, trying to most constitutions, and from which, he atatctl, 
that even he did not fa.il to suffer at IMt. He arquired by his 
eonvenient pol:lition, (for he always resided at Gtneva.,) a fami­
liarity with many of the sc('u~ whieh he d('scribed by I"Cpt'ated 

visitfl, each one ('Iearing up tht' doubts of tht' Jaet For many years 
he made an annual jonnlry. and a g rt'at pan of t.he Alps waa traversed 
by bim, although unnot;rcd in hi~ publi~hE'd journ('~'s. DE" SaUSIIUNl 
had a partic'llar caution and anxiety about the odit.orial part of his 
writings ;-it. is probahlc that h(' only selt'ctt"li the most complctf> for 
publication.- It undoubtedly roquircR a vcry long apprenticeship to 
the art of travelling to learn how La group fll.('t:i.,-to observe with 

intelligence, and to reoord observations on the spot with sufficil'nt 
c1earnCllB and detailt De &u8sure had seen some other countries 

-----------------
• See dK-Ad.~t to tbe fl.nt volume of hi!< TTavllls, dated 1 i79. 
tThe~.-bic"l ba"e Iongadoptlcd With adv&I •• ,is thili.- to rafT!a flKlIUorand"lll'l1 

book with lIarwoo:l'a ~ paper "lid metalhe pendi, in wlnth uot~ auli olJolocrvw-, 

ud aHpt u.~ lit" e-'m'Y dllllK:l"iP'lon, arc made on tIlt' tIplt, lind in 1m' (!:o.aet <W'det" in 



wbieb he was able to romparoe witb the stnl(,"tul'\' of the AlpM, althuugh 
he does no\. appe&r to haTe tranUed much hE>.,"ond Switlf';t'la.nd aud 
France, ~('epting on(' jonnlt'y to Sit"i1v. It is not t'la$y to a'lC<'rtain 
from. bit puhli!\btd joume.,", and still JeSli from t·he mt'J\.,"'1't' hicograph.v 
which exists Il( bim by SeDebiet', tile t"xaet timt> which 11(' spent upon 
hiB traTt>Is eat·hsomnlf·r: A, ~ f"rafl I eaJl gath('r, hOWCTl'T, it appe/u'lI 
not to haTe btwu Tcry long: aOll 'HI arc IItruck with th(' ('irtumstaJu'u 
thAt many remarkablE' parts of thr Alp!'_ "itlnn et\II.~. rea<-h of Hene,'&., 
a.reo .. holly nudf'Seribt'd, and tha.t he would appPar v{'r:' ~eldnm to have 
taken up hid Tesidtnee ftlr a rousiderablc time at on(l Iltation. 

Tbat Dt> SnulWure 1fA>l a bold mountain('('r ill pl~in fr(lDl hi .. "'('II 
kno.n &Set'ut of Mont nl~lc. at a tim(' Whf'll flurh liiffif'ultiE'tI, littie 
IlDderstood.. /If'eml''d far mon" fumlid.,blc thl'ln at prNI~nt, \\"hell tile ('bif.'f 
obsta.cl~ to slleh B fCBt, l\ri~ from It' "('I)' famili,lrLty, ahd tlu' O8tOIi' 
tatiOD!! and f''tpe1l~ivp pf('('aution~ \\111('11. not nn"'''i''I~' pt:rhap.!l. h.ne 
bet>n lllte~'il to it!! l\('('omplishment. Hut tltl' JIlll'lt IIlt('rt"l!Iting and 
moat adventoroos fE'Ut whie-h De Saus.~un' p',rfomH,-.d, W&II hi!! tMideDce 
of 8('Tcntren dayA on the Col du flL~nt, ~ IU'it:tht of nbov(' J 1 ,000 ft't't ; 

of wbich I shall g'lVP l\ !!('ramte Mt"lJunt in the 0011111(> of thi!! work, 
Df! SaU981ll"1"" st:"jt' III ~t"11N1L,II~' ('311,Y 3nd interMing. witbout &u,Y 

pretell$ion to elaboration. And in this rt'llJ'f'Ct hill work ('Ontr&8U hl~t 
happilJ' with that of Hourrit, pliblil'lhed about tbe II&fTHI time; .Iw, 
though by no mean!' an llnlDtcreMtill~ writf'r, cOllvcy~ tI", simplest 

lacts thl'f)ugh a medium of .. uch unmixed bombast. all to disgust. the 
J't'ader, rath~r than arou~ hi .. !!ympathies for Mllliration or for a .... e. 
In botb, bowP\'('r, it must hf' admitted that Ih're and thf're a natural 

_kidI '"" _. Tbe.t nl.Jkot .,.., IIImo.l ~ and &I'f1 fl\"llft'Yed (or ,..,_. 

'Dw.r aft tbeD exll'rMW, .. r.r .. po:.ibkJ, e"vy "\eni"", _"II peQ AIId ink, .. a.w&&ble 
".... in tM '- of a JI.'W'IIal-from wh.eb, fillan). the) lIIay be txlraeted and mtldiftod 

fGr WI, u-w P'1YJIOII8' TiM! ~1 fnt-Jlnt.>JI 01' 1Df'1J\OTalI1b b.... """I!!nl v-t 1tdt"aA­
~; it. __ • 6elibtnit ~ of obIena.t~whto\her or il1ltrume:lltlt ... of __ • 

~ the ~ lin fftllh PI tIM miDI!, _hi .. ~ fI1, ..... "*1 be-aht. 
... ....,. CIA-. ..... iW, amlolF.U'u" or _~ illdrrut 0( ft~ h,. tr..b ...,-I., 
iIIdL BI em. J'l'CC*IItion, 100, d .. not u.-.iderat.le rWr. of loiIia8 III cba fnd~ a( _ 

'Wf!Itb 01' kbonr, by the bo! ,t!. poc'kn-boH, ;. uoidri. 
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puaage of calm eloquenee U\&y be ((.nnd de8(lriptivc of lla.tur'"4.1 beaut)!, 
and of t.be sentiment.&, irrepressible in most minds, of Natural Heligion, 
which fAmiliarity with great mOl1lltain !!IceDory peculiarly calls ftJrtb. 

De S.u8~ure halt aimed at variety ill Ids work-aud beyond a doubt 
Inl~fuJly. Topography, I!attlral ltilj;tory, and peNlOnal adventu..re 
are happily t"OlJIuillN.i ; and lIIany perllOn!! wh!J WQuid have been repelled 
by • profeascd wurk 011 th~ gt:ology of the Alps, han r~ with avidity 
one which offerll tro llIuch eltle ~, tbeir attention. Even at the pre­
sent time D", SawulUN-"tI TJ'II,\'e)s ca.1l hardly be ca.lIed obaolete. beeauac 
no other work iJlw n·plaet.'lI them; atd thuugh the goology of hi. day 
i8 in some dC"gtc.> cxplod(,(}; till' \(' X.tUtt' ot th<' work is sufficient to 
J'f>tain for it a pcnmuH>ut intete15t. The arrangement it! gcneraHy topo­
graphical; if any pJ&<"e has bern repeatedly viltiited, the dCfI;cription 
J't'fers to the gt'urrnl r('8uit of tht· ob!.enatiou!!!. If only once visited, 
the n..-rati"e form i8 adopted. Oc('a.siODIlI clia.ptf.<l'b a.rt' devoted to the 
nplanAt.ion of :mbjechl Wllich have occupied much (If his attention, 

withoui reforcDco to particular localiti!'!!. Such an arrangement has 
many advantages. The platc~ in lJt:l Sa.u,'IIoure'~ work, though more faith· 
(ul tlum thOl:K' of Bourrit, &l'tI not happy, a.nd the maps give but au un· 

favourable illlpr('AAiol1 of tbe state of topograpll)' or of art at that time 
in Switurlaud. 

There i ll scarCt'ly ollt' o( the Uiorc modern wrikr.:: with whom I am 

aoquintoo., Wh08e writings can be classeJ with those of the great bi ... 
torian of the Alps. The reputat.ion of Df' Sausgure I:!eems to have de­

terr.d othetlt, however well ljul\lific-d, from J'eltlwing and continuing a 
work wbidt., whether Wt' rt'gard the state of knowledge when it WM 

writ.n, or the vast exwnt of Alpine ('oulltr.." scarcel.v noticed or un­
mentioued ill it.! pages. ought ratber to ba\'O boon oonsidered as a com· 

lIleDOelDent and .. model, than A8 the completion of an undertaking 80 
vut &lid fK) varied. )i aJ" be it (rom me to undernte what has beeu 
aooompli.hed fliDee his time for \he na.t.ural history of Switzerland by 
IDOIt able ao.d _OWl obeeners in special departments of eeien«. to 
whioh the u.oeIlent J oumals., and the Taluable Academical Tr&D1JIC­

tiiom p'llbliebed there, espeei • .uy those of Genen, and of the Swiu 
8ociGty, oo..r 'ample testiwony. Fa.r be it (rom me to ovt'rlook tho 
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ruonogtapha by N('Oker and ~tuder. Escher and Dc Charpentier, 
Lard,. and ZUDlst('in in tllt' «IuDtry it8eli, aoJ th08E' of mallY eminent 
foregnen OOlmected with goolo<~,\'; and of V cneb, Dtl Charpentier, 
Agassiz. and 1W!lIdu on till' 8uhjt.'('t of ~13cicnl. which JI:"'C rtl('llllod at­

ieDtion to wltat Dc SauMure had onl.,· oullinN.i, and whilKt showing the 
inrompleteul'ss of his :!cllcraiiIJ3tillU"', rt' \'j"l.J. in us al the samtJ tillle 

admimtioll tor hi" gt'uiu .. , hi" liJI· liIY. and his "atil'li knu"'lc..'tlgt" 1''''0 

\1I'orl,;8 onl~' of latf' ~'L'aN !-I'l'nl "t all to clJluiak Hl' SaUSlluro it! II lylo 

or nmttt'r- Ihl' •. ~aturhistorisrll(' Alpeur('il:lC"' uf Hug-i . aud the 

.. Etu,II'S Jan" It'l!! Alpt's " of ~l-'k{'r. 
Tbo fonupr is n .!ti ngular, we might call it a f .. nt.alltit'ai ,", ork. With 

a prai:<cworthy d.~irc to iK>uf'-fit ('xl)(,'riult'lltai philOlWphy, as Wi'U a.tI 

the 1It>il'Ill'('S of OLsf'i\'atiull, by hi~ n'ry 1l11\i ~ ua.I and illtr4·pi .. i juurney.!>. 
the Pruft's.~or \,f Svlcllt't" dcst'ril,.. ... in ddail hi .. iUli lrUllh'nts aut! the 
result !> JU' obtain::! ",ith tilt·m, ",ili t"h ,In' nft t'II, \tu .... t'vcr. So' lHucb 

at \'ariaure .... itlt tliOM' of lIl<iubita,hj4' antlll-rity, UI< to rf' wler Ul! ~Ilm~ 

... hat diflhh'ut iu tht· adopt IOU t,f thcm. \\'(. calUlot but rema.rk, too., 
that the o~tcntatiou,. bl~'k uf tran·llill!!; ",hi "1! ht· pr'.(Nrl-d, "ftclI with 

twt"i\'t! or tiftet'li cotnpalli 4Jn!l and ~ni, il,·s lar!.!:(·ly ,'aid, wali Ilct't'l!oSarily 
confiDed to "t' r~' short and iUkrruptl>o t'XCllNi<Ju", \I hich in 1Il0llt cases 
'H're bruugllt tu n pr"matur!' <'lOSt· 1.0)" had v.t'a.tllf'r, ",I ... u hll W;wI COUi­
pt'lIeo.l to Lreal up hill Laut!. and rciiutluiolh hi .. oLjt..'Ctg. Amidllt mueh 
.... hicL Dp[H'ar,~ !IO paradoxical in IJugi 'H writill1:.>'S, ruI to I"L'Id .... ith mnuy 
(or Cahul'IUI>, we .[M"iCl·j\,O a bold alld de«·nlliucd "pirit dariIIg' to follow 
nature, and in the lively. ~"lOetimN rf'llolly ('!rHlul-nt. dto;l(:rJl'tionlt of 
soon,.r)". WI:! di8('(j \'cr, too, the heart that {'lill feel uatur!', Amidllt, a 

mas8 o( dry deta.il~ ther!' is Itufficient narrati\'c to rcudllr the ,,"lume o( 

Hagi agreeable rcadillg. and this i,ij anotilf'r tNltilllllUY to the ,'aluc nf 
tho 8tylo of writing of which we .!!pcak, which pr~cllt8 t"'on IIclclitifie 

t.rutJu~ in u. f0rm ealculat(!d to int.erf'st Jk'rAl/lls at largt·. 
Very cliiJ'ercut if! Hie ,'lllumc of M, NI·rker. Honorary Professor of 

M.ineral.)gy at Genova., and ,ErandMln of »c SaUMure. It (orm~ only 
a porti,on of an eItended work, ealculatNi to ombra.ce thll gf'(Jh~ or a 
large diBtrict o( tho Alps. h .. arrangement ilj, however, rather HYIf1o-. 

matic than loal, and, th('rt'(f1tC, it w:wts BOme of the livelint. .. whioh. 
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cbaraet.eri&e9 the writin~'II of tile author of tho "Voyages dans let 
Alpes." (Jontaining as it dl>e8 abundant references to the localiti(,11 of 

the Alps, to which the author's enquiries are especially directed. it is 
tmriehed with the fruih vf hiM obscrvation!:! and long retlidence iu other 
COUn,triC8. Still by it.K naturo aJJd arrallgcment it is a book of geoLogy 
and nut of traveliJ.· 

With 1"{'''!X'd tn tIl(' pl'Cllent work, it il'l eOTlsidvrably more special 
tJI3.11 1 ('oulll hat' "~ \t;~IH~d it to hf., hl~d my .. ole object been to give a. 
"Pllt'inwu of a contilluatim! of tr-.n 'eh, in till ' Airs in the manner of De 
Sau8Imn', WhiJ"t gt'1U'1'31 geology 11l1l)' he ('onsider(od as the basis of 

1,1'" work , III' tlw iul'{· ... ti f,:!l tion whi rl! guided tIl(' CQur.oe of hi!'! travels, the 
thooey of giariorll. and of tlIP cil'partmcnl'i of gev]vi!Y aud torography 

more imrtl('l.liatdy CnUIll'rh'u with t hem. furms the groundwork of 
IDllIt'. Tl1 ill C it'l'llIIl ~tanrt' ha." h,u nl(' in the jOurIW~'S, which are to be 
descrilx><1 ill this VOIUIIII' , throllg-It lIlo r o wild alld remote sC(' l!cry than 
un'y othn indueenwllt. ('Xt'e}'t pt'rhaps a passion for the chase, is likely 
to Nl.try 0. trnwllcr. Smne account of thelle lI('cncs !IIay ha",t' ~uffic ient 

intl,>r('!lt for titc gencro.l t'l':vl l' r to illdu('(' him to excu:!c the mol'(> scien­
tific dl'taik I c.'\1\ a.t \('u"t plead, in t' ).Clli:C for an attempt which [ 
fet'l to bordH 011 prt'", llIliptiull ,-tilc cndt'asour to follow tht' g«'at his­
torian of tlie Alpi' in h is 0\\11 countr,:.', and to meet. him on his own 
ground,- that it is UP"l1 n,) !'udd,'u impnl:!c that I ramc forward with 

th(, liMt." nott'9 of a fl;w mOlltlU-l' tour to Jay them \x>fore the pbblic. 

It is JIOW a. ~ood many ':"I'Il.rS l'Iince I pl'OpoE'Nl to mpelf to t.ra\·cl, not 
&8 I\Jl umusemcnt. but ~ a seriOUI{ O('cnpation, a.nd with De Saussure 

befOtfl me a.'1 a model. I haw" reason tu be glad that t'ircumstances. 

\'Y poIItpolling ita (,XcNltion, led mo to a.pprociato more fully tllO 

• For .. eopioaa liA of _b puUlbohed 0\1 Swih':erlanU. _ EaSL'3 awld, lilll V".!'I'9" .... 
LOru . i. M~DY of llietlO t't.IIlaill valuable information; aud 61-'t.'n fl'UUl a>TI llUOo. WIU' and 

ride.book., _ful r..t-ta may ,,/'tOlII be pUled. ThOIII' of Eb..,! j,iwae)f. uf Latrobe and 

I8ImUDd, of Frobel &rid dgelhardt, of Br'Oekodoo ~Id &lr.ewdl, In,,) Ill> mentioned; but 

lINt" do not ~. _ ullder thc eIaIIII 01 wllri.J I'f'.tCl'n'd 10 j" the t .... .I . 
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di8ieultiee of the plan. and to come to It..! (ulblmout. afwr some expc-­

rienoe, with moderated expectations of ultimato IIUcecH8. The Iu.bit 
or obeervation. ] bavo already observt'd. is of I:Ilow growth-to usc 
opportUlliti~, we must p"-'Il&re to seize thelll. I had the advantage of 
1'eOOiviug my fil'!!t 1mprt'l!lsioU!t uf Switzerland in early youth, and 1 
have earefull:' refN!sllC't! and !'trrngthrnoo thelll b)' succl'ssiv\ "jaits to 
allllU8t (,Yery distrid of. tl\<' Alp~ lK-twt>en Prov\'noo and A~tria. 1 
ban' cJ'O!!:ied the principal chain of Alps twclltY-!l/'vcn timl'd, gt'n<·rally 
on foot. by tWf'llty·three diilcl'f'nt pas"':!!'. alld htlw of roul"I'!(' iulRr· 

fleCtN tut' lateral. chains ill n'~' lIlany tiirt' l:tiuIl8. In Illy jOl.lnu.'YH J 
have most [«'<lueulI.,- been alone, altlwu!;h QCca.~itl lla.lI.\" 1 bave had tho 

advantage of {'minent lIaturali:<ts and O"IN.'JnCtI fri,-nd ... for my COIl1-

pauionfl. {rom who:ie impcrior kuuwlNlge I han> ~·en happy to gain i!l-

• The £.,IJ" ... mg are the MIUCII .... 1 dlr.o<tio,,~ of the-...' I' ........ , rom""·"",,,!: ''-Ilb the !of.· 
nUll!<! AI.".:_ 

(" .. I d' Arg .. ntih't., From f4", · IJ"n.' It~, To (,,,,,,. 

Cui de \".II.nt ... :\bri~ C .. ~tl'1 lldfin, 

('01. ft"I. -r .... '''n.cIU', Abri ..... ~Iu ....... 

Col de !. e .... u. Ahn<-><, i.ll t'1'mA. 

MI.G."ft~H'I', Un.",?,n. F,·n,,,tn:lk-. 

Mot.. Ceni .. l.&n~-h·.u..)\Irg, l-. ...... 

r etlt SI. &-rnard, !!Iwtie"" A_ 

w l dll Bonhoouue. St.. G .. ,.,.U" (;. ... lMnay...ur. 

Col du ldan!,. (')l&1Douni, ('onro")<'Ill". 

Cut de t-.-rret, Mu1lguy. C()UTIlIaJ ''1.lf". 
Grand SI. Bernard, llutlgnJ. A<.ooI'-. 
Col de FeDet ...... -~. Valp..-lline. 

{'~ d'AroU., Evolma, VlllpeUine. 

Col du )i.:mt ece,..-/n, l"A.'nu&tt, Chati.llon. 

lion"" Moro, Sou. M..,ugn&p. 
Sitnplon, Dri~, Jloom .. d'(lI!eola. 

St.. Gothard, Aiwrf, u.:mnz.on. .. ........ Cvire, Chiaven""" 

&elm. Innabnlek, Bonnio. 

Dnnn.er-, hllWLruck, llo ...... 
Velber_Tauem, Mil~U. Windi3ch Matni 
MalDiUer TIWtIltll'I, rtUtcin. 0bA0 V"u.c.b. 
P ........ , u-nwz, llruek IW MClI'. 
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rvnflation M a learnt-f, and by whose urbanity and kindness tbt: rough· 

tlBt way ilL! been smoothed. an'd the longest day beguiled, 

1 havt: likewi,~ uudertakeu I!imilar Journeys in otbtlr mountaiD.Ouil 
countriee witJl A. "iew to compare tlH~ rc.rmltH. I 113ye spent a part or wn 

• flumme)'H on the Continf'llt, and ",ix or t!.CIro in the Alps and adjacent 

('ouDtry, I hlloVl'tltus repeated my "j",itN to tit", same sl)Qt, and without 

allllmlt any <'xcf'ption, Illave rouud more to enj(lY, to aclrnirc. Hond to leam 

on tl16 J'ellf'wal of my acquaintance witll it. Most of the plactl8 dcscribed 
in thi~ volulllc hayf> \wen \·i ... itl'd twic(', and Ht'veral of them in four dif­
ferent YNIoNl. AI< llv' men' lW\'elty of tra\,(·Uing wears off, its deeper 

rharm" imprc.'!/ol tbcme('l\'t'~ IIwre indelil)ly-th(' habit~ or observation 

and of thought Ilrc ~trt'ngthene~l-th(' IIllOrt tt:rm of human life it.aelf 
!«'t!ms tAl ('xpand in proportioll to the ""Tiety and gr('atnes~ of the 

ui.ject'l L'{mkmplatl·d; and if tht: ~olitary pedestrian in foreign pam 

ff\(']1l hi ... 1lf'tJ.rl oft('n gill\\' with thought" which l}('ar him untiring com· 

pan,v, iuo,:ummullieabk, and with \\hich the f1tranger cannot inter. 

meddle, 11(' may ;.\'('t have an hOllC.st gratification itt att(>rnpting to convey 

to othf'l'tI ~mf' part of his eujoyul('ut iu th(' conquc"t of ohl;taclefl, and 

in till' pUNluit of truth, 

Swit:t.('rland j." IIndouilh'liI,v 011(' of the mOfo.t agreeablf', aa well ;\S 

moat itltl'reRtill)! ('ouutri(,.'1 iu thl' w"rJ~1 to trovel in. Itil part.s rise tl) 

:111 th e elen&tion which ill; Ilc('('s.sary in ord('r to convey ~Q the imagi­

na.tion the fnIle,,"t Sellse of the Jl;ublimt' in Jl;uch objects, whilst their 

dimenl<ions-gi;:;antic. no doubt , compared to th(' mounta.ins of the 

British lalande-do not present till' ull",icld~' exll'nt of the Andes or 

Himalay~, There is no tra1UNT'H! \'alll'~' in the Alps-that is, one 

leading dife<'tI.v from the plains to the highest ridge-up which a.u 

3C>th'll mllli cannot walk ill tWf) days, and the actual passage of the 

chain may usually be efi~ttld ill Ollt'. Now, any great in('reaae upon 
eut'h a &call' noc('8lla1ily \\ea.ries the travE'Uer with monotony, even 

though it be the monotony of gra.nd(fur, whilst it t.a.lIks his ph~·8ica.1 

powers by keeping thr.m too long npon the strptcb. The circuit of 
Mont Inane or Monte Itos. .. h~ quite as long and fatiguing as mo.st. 

persons will coDf:liJe. DN:eS8sry to give them a vivid concE'ption of 

An immense hill. "lid if we a<'curattly (,X&lIIinc the slow progress 



TIU\'KL8 IN TilE ALPS . 

• which the QDedUca~ tlye wakeli to a corrt.'<'t cstiul&f.tl of ruagnituOO8 

and distances in t.1It! Alps, w{' find tlll .. t. I,nr.ctically. their sealtl ill 
•• 8ieiently gl't'at t.o afford to at least. nino-tenths uf travellers tht) 

ID08t majestic t.'On~ptious with which such objeeL8 can at all wtlpiTtl 

them. 
Add to tJlia. that th~ aetual ht.ight of the -'IlOIlO of porpl't.u:aJ S IIOW 

ia &8 great as tlI:~t of :my mOllutaiu!! in tilt' world, witb Ollt! or two 
ex"-'t'ptioll!t; for the hi!.Jhust laud. on thu surfa<'<' of til(> glot., is ncar 
tilt' equawr. whert· th., coIT(!;!Ipondillg high tClllpuraturc rai~CiI tho 

limit at ",hiI'll perretu:!.1 snvw CO'lIIll~lW$ t<1 nearly till' cxtrellw height 

of Enropo.'an muuntains, TIll' t'Yl'. which !1\U$t alway" "11\'1.' 'KIII\U 

actual or cOIl\"eutiollal Ilt.'lIHbrll vf r(·fl'fencc. if it callnol jtl.l~o by 
tbe lewt of tht! I>Ca., t.akI.'S thll h'wl uf the pillin ,loS a. I\t:~rtillg­

POlDt. 01'. if therf' IX' no plaiu, tll(' le\'c! of pcrpt'lu..J snow il< a uatund 

indel. of elevation, \\iJirit. ronnoctN! :\.I< it i8 "ith !1I·il!ht;l<Ol!tuuc, aUti 
\'a8tDes, ... , iOll'rcs.'(\~ tIll' mimI ..... ith the hig-h,·",t Sf'nM) of g-r .. ndl,ur iu 

natnrnl "'('('ul'ry. It it",..; ofti'll bt'~'n nb"crwo. tha.t ('himbor~o j,t Il'M 

e lemtro aoo\'o tbe tabll' lalld froUl \\hid, It ri<l" 5 thoU! ~ltmt JJl.'Ule is 

above the \allf'y of Ch;:llllouui; ;:Iud. t;lkllJ7 du' h,\'f'\ or pr rr.ICtllal BilOW 

in tht· Alps at x:.OO fed , :'.lollt Hlallc is sno ..... ·dad thruut;llOut iUt 
bi~ht'r 7000 r~t , :"0 \\ ,:1 }It'ak in dl1 ' Himalaya rnll~c, ill order 
to fihon a.M much. ..... (lUld u(,<>U tf) ri"c to nbove 22,000 fl'ct ,-a height 
wbiell f~w of th elll (·X-C{'I~ I. 

The climate of the A Ip~', as well a.'1 t1wir scalf'. iM highly fl\\'\JUMlt,lo 
to observation :Uld to IlI:~Clnal eXt'rtion; alLd it mU"It not be rt'f'kIlD(.<d 
a smal1 advantage, that '!hdlcr, if 1.Iot aceollllUouali<llI, is to be ft)uud 
witbin a modcrat o di&tanc.' of the 1110111. rrtil't..'(l and wildest Iicclllory, 

Obet.acIWl ti) t"',,\·cllin.;, v.lwth.,r from rude curi""'ity or violenco, on tho 

part of the inhaLi .. ants, I)r(> undouhtedly "mailer in Switzorland thau 
iD auy other country in Em·oJ'*l. The tranUt'r who makes a sojourn 
of lOme J('n,.,~h in the relnotN pam of e,en thf' mo;;t i1'6lluentcd OOlUl­
trios, JII as often lIubjectcd to the ~1U"'picionll of the auUlOritif's JWi of the 
people. The mere fact of Jlia trov(; rsiu.I; RlQUntainfi where no ODe habi­
tually pas8C8. i ... a. Mufficicnt rrime in the Oyl'fi ()f the vigilant polico; 
:and if to thill hI' add a. turn for wkctdling, or the usc of a. hammer or 
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barometer, or any Huch inlltrumont, he is likely to r .... ist a host of popu* ­

Jar prejlldicf'8, whORe extent can often only 1" gue.llSt-d from the extra-­

ordh,ary conjM·turc!l which lw oCI'38ion&lIy finds to be cUrJ"('nt respect-­

ing his chR.rnctcr and pllMluits. Having, at differ~t times, had my 
own ehare of tb('!<t, troublt's, I apprl'Ciatl.' highly the happy indf'pend* 
enec of a pc<le!ltrian in SwitzerlulId, whpt't', partly from the peculiar 

cllartl('ter of the pl'oplf', partly from th£,lr form of government, and 

partly fr(lm thllir familiarity with stmngl'r'l of every country, race, 

oet'upatioll, and fallcy, 110 one moed fear Leillg "ot down either for a 

lIlagil'ian or a. puliti!'al a: .. :Nlt--thc two olli-lI ... ivf' cat£'gories in wrueh he 

ill nftt'lI e\:.('witt'rl' inc1lH11,""; 301111 (>\"('D til£' pi,iloBophcr. with all Lie 

whim~ and hi'l chattl']", hi!' labou)'<\ and haroship<j; which !tcelll to end 

in nothing. i'l allowloJ. aft('r a short croAfj .. e",a.mination, and Do signi6cant 

foIhru;, from tilt' Ilu('stjooer, to PllnlU(' quietJ~< an avot'atioll , which is 

COTlsidl'f"t-d at i~'a.!Jt all harmlt· .... " as walking in a motley snit would be, 
or tw('nt,'o" otil('r ",ngllr;(·s.. I oym, thM although thp t'hameter of the 

~Wj'l8 or 8.woynnl I)('as:mt {'an rard~' ('x('ito much enthusiasm or admi­

ration alJlOll£1"t those wlw kllow thelll w('lI, I alwaYri it'd a AAtisfa.ctiOD 
and R frC{"(tom from J"t·straint "hell I appro3ch tbeRe mountains and 

their l'Khilarnting atmospheN', whidl dispel anxi('ty, and invite to 
slltitainelll'x('rtioll. . 

What a field, ilHl(,MI, for 1110"(' whom pruf('ssiullal :l.od other earts, 

alld ('\"('\I thl' habit s of the ~O('idy whi ch th('~' fruJueDt, leave, Juring 
a gt'('3t portioll of life. bllt II. fl'w hlJltI"!O t0g'ethl'r, uover a. wbole day, 

which can be ('all(Od the-ir own, tl) find tJlI'lll$eh'l"s t.ra.nsplallk'd to a new 

"pnaition-timft at command-JIll intt"rnlptions-no calls, in\;tations, 
or cnNoments-no l('tt~J'fI to wrift' or Tecciv(' bllt those ",hi('h give 

pleaRure-Flurroundcd by lUl.ture ill its gralld~t forms. delighting the 

eye, y(Ot affording far keoner piea.."ute to tilt> intcllN,'t, by the intere~t of 

tho probi(,Dls ""hidl it pr('~'Ilt.s for lIolution! The attclltiol1, undis­

tJ'8M.ed, dwell!! on the o~j{'('t8 around Without Ilindrance or sati('ty .. 
The !lot)8(" of petfcet health-the rapid and refreshing sit'('r which 

attendtl m08t peNK..'ll8 escaped from the bot-Ixod lang:uour of towns to the 

fl'efllmCM of tho Alpl', stimulatt· the POWCI"8 of thought; and thought 

is withuut mtigue when each pa8sing eVl'nt ~v("s a varied tone to it-
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whtm: each 8tep fumish(>@l a new I!I U~ieet fOJ iL" (IIoreill<'-wh"n all 
natuft' is our lahorae.ory. and we reM the axioms of 4M" philosollhy 

iDde1ibly engraveD 00 the et,emllol hil1~, 

Mere change of scene and actin· exercise prolll1ce fati~.l(' at last, 

unless the mind hawl somf' wholi'3omfo elllplo~'Dl('nt as well aEI tUf! body; 

and moet lIf tholli:" who have made thc trial will prohahly rt>gard as 

amon~t the bapriNlt period:o of thf'ir liv68 tho .... e in which" favourito 

study hal'! wn PUrlIuro ill the t't'tirelnt.'nt of moullt.lin ~('(·Ul'ry. Morn· 

ines of 3("li ... (' cxen'iSf', from sunrise till Aftt'rnooll, AIIII (>\'(·ni n,!!1! of flui .. t 

thought and !!J'I<'<'ulatioll, with lH'1"t" 31111 there a day intf'rpoflf'd of e&MY 

5Q("iety with intellig f'Tlt tl'1l.velh·rs, or \·mp!u.,·..q ill rt>ducing ami digfl8t· 

iog the knowledgf' IH'e,'i ou,.I~' 3(.·quireu Ly Ub!lt'tVlltioll, ~i\"e the l'lenae 
of !i"ing twiN' <'nr. TIll' body awl the lIlind Rrl' ;J!ikt- im'igoruled and 

refl"t"Mloo: wearines.'I frum fatigue, and We&rinl'AA frlllll illa('ti"ity, .U'f' 

fOrgoth." l1. together with tht' other l,\"j(" of our IllIlN' anifidlll ,·Xi,.tf·Ol'i', 

The student in hi" e\o!O('t C'xhau"t:; hi!! poWNS hy on.' kind <If tllil, whilst 
the (ox.-hunter and dt..'Cr-lltalker "xitau!ltg them h~' allot IH'r: both ('aIL 

it pit'a-'!uN'; but the ont' i ... all t(.O(I ('xeiuai\'ri)' "llI"'uiatin" till' fl tiwr 100 

t'":tclusin-Iyactin. Let ~pl.'l·ulati()ll au.-l al'tinu lIliuist.t"r 10 Ollt' ulIudll'r; 

theil, like> a well-coIllIla..:h·J body. til" nh·rnlwr.< IlCt in h8nn01ly._11\(\ 

dlluhle ,·'terei.!>e pre,'enl'l fatigue. Harp," the tra\.:olh·r Whll, contl!!!f to 
le&'"e to others the glory of (,()Ulltiug tI,(, thouMnlLl (If It·aguclI ,,( ('Iuth 

And ocean they haH left L,·hinJ t1lt'III, eltublislll'd in liome mountain 

shelter with his hooks,lrt.:lrt!! un hi ll fiNit day''!! walk amoll!.'11:t tIl(' AIJlII in 

the tranfluil morning t.f a lOllS .July da.v, Lru!llling th.· carly d.·w 

before him, and. anueJ with hi!! !;taff. makcs for th" hill-tup. (kgirt. 

with i('c ur t'f)(·k. as the ra."'11 may be.) whence he ~ccs the field IIC his 

lJummer's r&lJIpaign "'prf'all "lit before him, it.'! ..... onders. its bt!autics, 

and its difficulties, to ~ explained, w be admired, and 1.0 be (""cr· 

eome. 

.. Ig""tili ..,......N· l.",i.., i::"rrta 1',>1,,", 
fhllni_ pud,·I.o., ; IU HIO ."lll..H~ l.UIOIU:.., ." 



I'J.:NNINR CIIAIN-JUUItNEY UJ.' 1842. 1.1 

It only I't'maina to be added here, that the country which It III pro­
po86<l fA:) dC8cribc in the. present volume, include!! exaetly that pa.rt of the 

Al],in£' chain c.all&d by the aneienta the" Pennine AIp.'1,'" a. tenn of 

doubtful origin. but which it ill convenient to retain, as having no 

modern synonyme. It exLendll from the Col du Bonhomme- on the 

wellt eide of Mont 11lan(', to Monte RoII~ inclusive, thus comprilling 

the highest ground in Europe, and the two most colossal mountain 

groups. The map facing t}lI~ firRt page of this work shows its limits, 

and ..... ill be roum) useful ill tracing liw routes to be d£'scribed. It has 

been compiled with r:LN', though on II "mall scale. The basis is the 

1310\1 edition (If Koller 'A Ulap. TILt' valley of Erin and its neighbour­

hood arc rofT{·cted fnom Friibtl; tho!<C nf 5t. !\icolas a.nd Saa.s from 

De Charp(>ntier alltl Ens(>lhardt; til(' I(}utlu-rn side of Mont Rosa from 

,. un 'Velden aud the new ~ardilliau Survey; and thr passes and 

glacicrI< Ll·tW('(!1l St. Hcmard and Mont (it·nin from III~' uwn observa~ 

ti(ol\~. IW far us tlH'.'· I!:IJ. 

Till! Pennille chain i~ particularly dilltinguished by the number and 

f"xtrnt of its glaf'ien;; and a.~ the !!tudy of thel'it· formed the thit'f objeft 

fOf 1Il~' jOllnw,Y in H!.j.;!, upon wllieh the matt'ria.l of tlti!' \'olume is La6t'd, 

it l,re1;entl,d itl~l!-lf as til£' Illost natural 1i£'ld for Illy £'nquirie-s, Themer 
• 

rl~ .Qlace (If Chamouu.i, from it!' nrv £'u:o\'y a("C'f"Ss. and it.!1 great extent 

and \'arirt,r of /fllrface, lw<"mru to me the 1lI" .. t f'li£iible 110141. and I am 

indin"'" tn think tbat it il\. Oil the whule, tile OOfOt n.Ul"d iii Switzerland 

or Sa,\'IIj' for ill\'t.l8ti~ationl\ like tiWSl" which I had in vie....... \Vithili a 

t'lton("~ throw of the icc. at tllP ~1{Jlltau\'ert, is to be found suffi("ient 
"helter, fitted for a. Pf'tllll\De-nt residence of !>Oint weeks or mont.hs, 

which is of the very first impnrtallcl' in the prose<"ution of & task 

requiring much peneveranc(', dt'tail, tlir usc of a multiplicity of instru~ 

menta, the performa.nC(" of calrulations, and the making of drawings. I 

know from experience how little of this ("an be accomplis}u:"<i in a tem­

porary l"et!tdence, /ludl &l! a tent or hilt. ~ithout tables. chaiN!. or a 

fire; and however amul'ing fluch privations arp for a time, and ho ..... -

ever pleasant it Intl.y be to laugh over them in good t'ompany, such 

expeditioJls tend rather to amu~ement than edin.('8,tion. ] preforred, 

there/ort', in generaJ, the least e-xpensive and least ost.entatious methods 
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and grand cbaraoteritltice can bardly Jll'tld tm inducement to miter intv 

eome inquiry respeoLing their natu!'C aud origin.-
I have alreooyallndro. to the 1ilt'L, that high fDOUJ.tains in r\· ... ry 

put of the world lll'e (,'O \'CrN with snow. Jt ill enough for our prfIMnt 

pW'pOtlE". that lIu fad i4, that the atmOflphol't' bt'('t)IIIC~ colder as Wf' 

U<'end in it. until that ('(lId rl'l~hes 110 gre .. ,t IUU,) hiUuuto unm ... "' .. uM 

intensity. Con~uently. by II\('I'\')Y 3I!rt·nding the tt1o,.·' o( a hill, w(' 

pa8II through Slu .. ~in'! gradA.tioll.:l of !! l'a.~b~. Whili<! tht' plaill.~ aN' 

ffl\"N'ed ""ith the verdure of ,:uml111'r, (·tetllnl willwr n·i~1I8 upon the 

flumrnit.?:!. and tiJU3 the sturf.'Ddoutl I.l.ll~t'.!I of till' Himalaya II" til!' And" ... 
pr't'8CDt , in ot\{' t.'Oudeu!K'd l'idut'l.·, ;111 the dillllltc" .,f till' eartk (1'1.1111 

the tropies to tht> polN!. 

Since tht'll , til(' lung :JunUIIN'~ U:I,\', of ,.:ix lII"ut itS' tlurutil'U iu till' 

&relic n>;itJu,q. i:t iu~ulli ('it·1It I" IIWIt 1111' a,·(·umulalt·d it't', it i."! lJ/.I 

surpriliiug. thai .~t a cl'rtain Ilf'i~ht "h(l H tllt· l·'lrth·~ I'ItlrfaN>, "!lOW 

all'!'3J' s Ii e:,<. -.l twi;;ltl grt'at"~t at f lit' t~I'Jat(lr. 311l"ulttiltl.;" IlwrIt W 

16,000 fl'1.~t a.1.1O\·p the !I(,a., ..... hich, iu tlu' ~wis" AII'~ ' ha .. "! dimiuifllwd to 

8700 fl'('t , an.) \· .. hi,·lI ill \"t' r..'" Iri~h blillhh·~ n ·a .. L('!l to tltt· I('\'d or ttl!' 
~. so that there dw naturdl ('u\"\'rin~ of the ('arth i~ f:nuW, and tnf' 

very Mil is frQzt'lI to 311 iUf"n'a:!in;r (Iq,th. Tlw IIlN"t' ('olllinuauce of 

mo ..... (In any spot do\.'tI tlflt l<Upp<'-"t> that !l1l1l'A" tn'Vt'T melt" thf'l"e. \Vere 

that the ('»I', a pr,,~n'AAi\'e atld ullcea.-<illg acculIlulatioll \IIould bt> the 

result; tbe pOliitiull of the mate lim', or wha.t ill 0(ll'1I "rrOllt'uullly called 

~ Jj,U of fWtpduai aJllfl,/atillu , if! dt't{·rmiuct.i II()I{·I~· hy thi" ,'il"('lIlII­

stance, that durin: (.rne cOlllph·u· re.olution of the N'aA'JI}S. or in tht' 

ooW"Se of a year, tAl' ./KIU" trAirn lalU u jlut tlk'1i«J t"I1/tJ 'w »lure. 
Now, a snow-dad mountain ill UII' a glacil.'t. Whcuc(' th.· real die· 

ference, or hf)w it {'olnes that in !:IOIn(, ~irnatf.'!1 glaeien an' produCCKI in 

flituatioDI and circulIlJIl:inccli apparently IIiUliio.r to tbolt' whic-h yet do 

~ Fur _ (UrtJlr.J' de\&iJII !han would hi! mru.i.n.!nl with lbe dult "'n~ of thM! ,-limi .. 

..., eMptn, J would ~(1!1" Ow roader Ifl an artiel .. in 1m- BJi."'" ~, (or April 

184'2, GIl tho! aubjed of G~"",, .b;('h haa '-"n admizably t~tM iato . ' ... ,d\ ill tIM 
A • ..t. _ CliM&r, b-~ IIlId liOT"'Ilbe-r II"':!. FI'Oal that U'title, (wriW1l h)' my­
d,) 1 ha~ nhcWd ODe 0If ,_ ".,..,. HI lb. aad 1M Qt"I:I ~r. 
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not prodtU"(l thf'm in others, il!l a question which we do not mean Mw 

to handle. But let 118 tint sec what is understood by a glaeif'r in t.li(: 
more famIlia.r A('nee oC the word.- Thc common form oC a. glacier is a 

river of iee filling a valley, and pouring down ita m888 into other val­

leye yet lower. It is not a. froz~n o{'ean, but a frozen torrent. I~ 

origin or Countain ill in thE' ramificatioDs of the higher valleS8 and 

gorges, which descend amongst the mountainll perpetually snow-clad. 

But what .c'ivrs to 3. gl.a.eicr itA most peculiar and characteristic fea.tnT'f' 

is, tl1&t it does not belong exclusively or n~cel!8arily to the snowy region 

already mentioned. The snow disappeat1l from iU! lIur£a.ce in summer 

M regularly as from that of the rocks which 811l'ltain itl.! m388. It is 
the prulongntion fir outlt-t of t}U' willk'r-world above; itA gelid mass is 

protMldt'd into tllr midst f)f warm and pill('o-ciad slopes and green !cIwa.rd, 

and sometimes rroehCK even to the borders of t"uith·ation. Th(> very 

huts of fhr peMautry are somctllnp!!I invaded by thiq moving ice, and 

milD:' pt'1'lIU1I'I now Ih' ing have Be('n the full ('am of com touching the 

glaeirr, or ga\hcroo rilK' ('herrit-III from tlll' tr('r with one foot standing 

on th(> ice. 

Thu~ much, then. is plain, that the existence of tile glacier in com­
parati"el:o' wam, I1UJ flh .. lterfld situations, exposed to e"ery influence 
which can inflllrc and l\('('ch-ratr- its lhplcf::trtion, can only be accounted 

for by suppO!!in.tr that the iec i" pl'('S8(ld onwards by 8vmt' IiCCret spring, 
that its d.'ily waste i..- J"Clwwed b." its da.ily d .... :tCent, and that the k rmi­
nation of the glacier. which presents a seeming barril.'r or crystal wall 

immoveable, and h:,,;ng u81l8.lIy the Harne apJK'ara.nce :\nd poeitioD, i8, 
m fact, JK'tpt'tually I.'harlging-a ~tationary form , of which thl.' 8Gb­

at&nee .. u~ thing p<'rnUUll'ot in the 8.('t of dis.qoluti.oD. 

The ro8ult of the IIrat of tht' \"alll.':' in thawing the ict', is a stream 

of ice-eold turbid water, which is.sues £rom bene&th its eJ:tremity, and 

which, by ~naJly undcmlining, wInks out a. lofty cavern, from beneath 

which it rolls. Thill water is derived from various sources: in the 

---- -- - - ------ -- --------- -
• GlooW ~ ~ o.rmu, G.i-oaw. ltaliu.. But the l*illN have allO pro­

rinoi&l-. u P_ III til. Tyrol.. AI,.. Ka. ill. c.rlDtllla, J'_rf'U.oI in I*" of 11&11. 

BWp. ia" V~ .Jt.U" ill Pi_moat. s..-u In u.. P1ft11 ...... 
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tint p~, (rom thc natural "pringe whi~h, it mo.y La ('(In("tllvNt, ri~e 
(rom the earUl hf.nl'ath tllf' il'f', just us they would do in any otber 
...tley. This lKluree remains, in a great mf'fI.8urc, even in wipter, wlwn 
the gla<'ior ~lreamt though dimini!llu'tl, dot'S Dot \'a.nisll. 8.'('onlily. from 
tbr brat of tIle ('arth in C'OUial't with the i('e, which llrouahly ml'lllI "nnunl. 
I~' a "t"ry' l>maU thieknt't18 of its 1II1lS11. Thi!!, too, will not (1('I!I'ud upon 
thE' &'aBon. Thirdl~'_ tlit' fall of rain upon the wllol{' Aort'a ~hil'll thf' 
;Iader "ul{'~' drnin_~'hi('b I4<'tll, in tht' 6n1t pla('l. by m('llin~ titr su­
perficial iN' I\Dd snow :-and tht' raiu watt'r b('in;:: thlill r.'C.hll'(Id to tll(' 
fn--eIin~ point. wasIlt'il through tllft ('fa.rks and fitllluN.·s of tllr ier by 
mDumerablt, streamlets. \II'bieh ullite belHiath it, mM"-, Iwd IIwl,lI tht' 

c;:rnrral htream. Fourthly, tho W:lSLe nr tlw glll('i,'r iUwif dut' (.j) thr 
3t'tjon both of ,;un and rain-a mUlit important itt·m. and wl.idl Cf-n· 

stitutf'f:, tlir main volunH' nf mo~t gia.:irr stream!', (',{('t'pt ill tin' (11'})lb 

or winter. It i!' 0[1 tIll:' 3!'\'O\lIlt thai Iltt, Hhinc and oll.('r ~I't'at riveno, 
d('riVt~i {rom Alpillf' ~O\lf('eSt han· tlU'ir !!rl"atc~t flo(lds ill Jul~' , and 

and not in "pring or autumn. a8 would b£. tIl!' C:lIIf' if t1w"" werc ali· 
mented by rain-watrr nnly On th,. !lame :\t"MIiIlt. tllf' IIIfJ1llltain tOI"­

rents rna.'" be Jll>(>n to !''''ell \'iJ!'ibly, and ro.1r DWI'(> loudly. 33 the hotter 
part (Ir tlu.' da.\" advaD<'f'S, to dimini~1i t"ward!! cvt'lling. a.nd in tbe 
mQrning- to Ix> llmallcllt. 

The lower end or a glacier i~ ll'!ual1~' vr-ry IIt('f'P alld inat"('cuible. 
This ari!!CR. in fIOme ..... ~'tj, from the figure of the ground, over wbi('h 
the gla.cier tumblcs in all icy ('ai(cade ofte·n a thOllilalld ft.'Ct hi~h. Iu 
middle course ill morr levE'l, aud its lIig111'8t portion, again, stet-per : 

thOl!l the fina.l ice-fall or tlw glacier ])el! BoiR at Chamouui il! indinl.od 
20°, the mean portion iwtw{'('o 4" and 5°. and tht' higher part at leut 
8" or 10' . 

The mean or middle portion of the gl&<'icr ill a gontly ,doring it"y 
tcnent, (rom hul£ a mile to three miles wide, mom or !I.'/M undulating 
on its 8urfac.., and this undulating IUrface more or 1688 broken up by 
cr~,· whi('h, gtlJcrally nearly vertical in dlCir directioD, have a 

• n. tnn"" 01 tJMo YI'NIt'b word at_ intolbe t-.:.,I.a c~ •• too ...ndead, Ill' 

.ppli~ to lb-. qM &..uJoed e'-... IbaI _ltIoaIl ___ tl, .d,opt Itt. .'~ .,..a-., 
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width of (rom 11 few inchell to many feet; Mid a lcn~ .. th which I!OtIletilll~ 

uxtendlS alm08t from lIide to ISide uf the glacier. In all thiH, tllt~~ ;" 
little or no rNltJmbian<'e to water tranquilly frozen. The surface is not 
only UDoven, but rough; and the texture of the ice wants the home,­

gem·ity of that formcli Oll th(' surfa.ce of lakel!. The bollows, which 

appear but trilling whell viewed from a height and compared with the 

upause tlf icc, aru individually so great as to render the passagt' 
amougllt thelll toilsollle ill the t'xtrcme, even independent of the cre­
\'asses; and tIlt' tr-J.n·lIer who ha..'i to walk for 8cnr-ol,l hours along a 

glacier, will oft"1\ I'r"f"r srramloling o\'cr Htones and rocks on the side, 

to tl10 hanl.'1sing illl'<lualitit'H \\hieh npl)Cared at first 110 trivial. In a 

Ilay of h"t KunshiIll' or of mild rain. the origin of the hummocky ridgca 

ill appnt'('llt: th{' inh'rwnin; holluws ha\'!' ('wry ont' of them their rill, 

which, hy a eomplicatt·J lI.n.telU of surfa.:e-ilraining. discharge the 

water, CHpi(lll~ly lIlelh·d by the ~olar iuflu(,IH,'f', tile contact of warm air 

and tilC' wa..-.hiug of tltt' raill. 'fh('l'It' rills combinc and unite into Ia.rgf'r 

8tream~, which 1I..'!~llllle sOUl{'tinu"O; the \'cioC'ity and volume tof a. l'ommOll 

mill-race. TIlt',\' run in iry l'hallllcls, eXC'3\'ntcJ by themselves, and 

unlike the w:\tcr ,':';caping from bmeatll the glacier, king of exqlli~ite 

plII'ity. tb,'), "r(' both' bea.utiful a.nd rcfre~hing. They seldom, however, 

punme thl·ir nnillterruptt't.l rOUTMt' vcry far. Imt roaching som(' rrevasse, 

or cavity iu 111(' g:l:\Ci"r. IlwC'liauirall.y ftlrllll:d (luring itll motion, tb(>y 
are precipitated in ill,\11 casra<it's i1lto its iry howc].r-tllt·I"(', iu all pro­

bability, t~) QugmC'ut till' fl ood which iSllUC8 fJ'om its lower tennination 

Nothing i.s mure I!trikill); tha.n the contrast which day and night pro­

duce in the lIupcrfil'ial dt'll.inagc (If the glacier. No sooner is the sun 

set, than flit' rapid chill uf nClling. rtodndng the temperature of the air 

to tbe freezing puint or h,w('r, the uvcturna.l radiation at tbo same 

timo violently ('()()]ing tho 8ul'facl'-the ;;Iacicr life seems to lie torpid 

-tht' sparkling rills shrink and rol1le to nothing-their gushing mur· 

mum aud tbe roar or t.heir \\Bw",falb gradually 6ubsidl'-and by IIII' 

time that the ruddy tints have quitted the highf'r hill.tope, a deathlike 
silonee reigns amuht th('se untC'u&utod wild!'. 

Winter i •• l0llf; night amongst the glacit"l'8. The SUD'S rays have 

lIeI.nleIy power to melt '" little of the mowy {'o&tmg wbieh dcffnd.s the 
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proper 8Unactl of 011: il't-; thtt Iluperfieial wadte iii ne::r.t. to lIothing; t.lId 
\he glacier torrent i8 rOOueed to it.8 uarroWe8t dimflDtliolll'. 

The glacier in tbb part of i'll 1'0tll"lW i, more 111' k'M oo\'l·rt\ll with 
blocb of lltOQ(I wlli('h movt> alon~ with it, or rather lore bomf.' dowil 
upon its IIW'face, The motion of the gla<'it>r we have already inferred 
(rom th(' suooiste:nc(' of till' it"C ill nllu,\'lJ wht'I'\' thl' dally 'o\'f.IIW is im· 
ml"D5t', and Wilt'N Y('l tilt' glw.'iH mailllain~ it!! positioll; bllt ibl pro­
g:t'CM is uhu weU marked by til(' di,cplaccment of great. block", of I'tOllt' 

Upoll it.'! 8urface. "'hieb, from tlwir Iliw or fig'ure. caliDOt bto IlIl~takt'lI, 

and which may be ,,"&tehf1:1 ~rom year to year dt~('ndiug tbe i('y I'troatn 
wh08e deliberate spt..ro tlwy mark, as a. flua1.in,C' 1('3o( dUi'ti tha.t tlf a t'ur· 
rent of water, The.se detached rocb (nU frolll the ditf!l which ulIunll,V 

oound both sidll'tl of a glacier in its middlt' l'IOrtitlu, I\IHI from wilidllhu 
alternate effect.'! of frost alld thaw r3pi(II,vand SUI"'!"," sl'll.1.mtc tlll'lII. Tllt·y 
may lK' 8t,~n to faU allll~t en'r,\' ~umlll('r'H da~', ill roU~\'fjUNI('I' uf till' Iw~· 
filling of tlw it'." baJld,i whil'll bold tl)f!f'thcr fr~n\(,I!t.~ 11f1.viow;ly wrelwhctl 
asonder by tltt: irrt·sistihlc (·).palllliull of fm'ziul! watH. A !-lill1:I\' pro­
montory may yif'ld a £"N'at fltl"'!':IOl of thow bl" ... '!../! ill tl ... 1'01111<\' of ~'car,.; 
wetc the il'(' MtativlIary, tllt·~' would a~'culllulal<' 1111 it>! !llIrfM'C a1. the 
ba!4IC of the promontory, bUl n.~ tht- ict a.halll'c8. ita (,har;;:t. 18 carried 

along with it. and the glat'ier berolllNI buttiulU'd 011 both f!,iJt~ with a 
band of bl'H'lll. which by tlll'ir goeolo.!.;ical charact"r ~':1r t.he impreee 
of tileir origin, and thUd not ulIfl'f"llUt'nti,v bring down to til(' reach of 
the mineralO!!i!!!t I'Ipceim('IUI l'I'hich utlierwiec wmdd hf. quilt· unattain­
able, lUId whO/'!(' nativ(' r,l3ee may be llurely iuft'rrt-d by Ul"IN'nng the 
direction of die it'e sttf'am which i!! charged with them. Such, for 
instance, are fragment!! of tll(' (;ab/Jro nf Saaa, wlli('h b&l! not yet. btoell 

foond i. «4a, Lot .hi('h ill di!K'hargt.od by the J!;iacil'r of AUaleitl, in thfo 
Vallais, near Moute Ruaa. 

\\'bat a conoU6 internal hiswrieal E!yidenf'p., thl'n, doefJ a glacier bear 
to de progtl'88 of evenUi whi(,l! hal'O modified iUi flUrfa.t'6! It ill an 
t'bdleM acrolJ, & Irttc&m of tim(', upon whose Htainlefle ground ill cnp 
Yen the 8ucc.etl8ion of en·nla. whOfH: datell far tranllCCud th(l memory o( 

living man. AflHuming, roughly, tJle lungth of a glarier to be tWCDty 

milM, and ita annual progl't'flltiUD .;1)0 (oot, the block which ill AnI(' dis· 
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charged from ita surfa.ce 011 t4e termillal moraine, may hav~ started 
fNJm iu rocky origi,n in the reign of UharIes I.! Tho g~ier history 
of 200 yean! is rovealod in the interval, and 8. block larger t.han th~ 
greatest of the Egyptian olwn~klJ, \l'hich 1138 just oommeuood it.:! march, 
will 800 out the ooursc ot Kix generations of men ere ita pilgrimage too 

be accomplisllCd. and it is laid low and motionless in tlte common 

gra,·o of it); prcdoecs:!Qrs. 

Tho 8toll~' I.xmlct>l now dCl:!criiJcd Me called MoralluB in French, 
Ouffer or fJl1jTrr-lilJil:1l ill German. The glacier retains a portion of 
them on itt! OWII lIurfacc, and tllrO\\8 up a. part upon t1u~ bank or shore 
which COllfiUOfl it. Jf the flllure be predpitous, it will be conceivoo 
tilat tho bloekil cannot lw.. strandc·d, and tilcrerf) rc either remain OD 

tlw 8Urfacfl of tho iee, or fall into the "ee3.l!ional vacuities l~ft betwecn 

tho icc IIlld ite \\lLII, and tilcrC' arc ground and chafNl. acting, of course 
in a notable manDI'r uron the rock. and produeing rounded surfacefl, the 
am;lf"lt being worn of 1', and groo\"CS and s('ratchclI parallel to the direc­
tion of mntlOn of tliC' il·C'. All thill i8 an imm('.a.iate IUId ne<:eMary 

confot>qllen('e of til(' fact of the glacier moving and hNl.yillg blocks along 

its edges. Whell the rtX'ky ;,lupc or shore £If the glacicr is less steep, 
Rim'c, o\\illg to thf' heat rdk"Ctl.><i and communieat.ed from the ground, 
the ice all110st iIn-;~tlabJ.\ :<ink~ towaru.s thf' I>idcs, a portion of the load 
of biocklJ fa118 owr, aud is u{'('umuillted in a ridgo as from an over 

filled wagq'on. Hut the more IItrikin,!! caUfiC of this accumulation is the 
os('illat.i.oll of dimCllsioli of till' gladcr at dilierent 8('asons, and ID dijf~ 

rf'nt years. If the glaeit'r from a.D~· cause whaw\'er becomes enlarged. 
and, like a ewnlll'U torrent, Q('('upies its; W to a.n unusual depth, the 
Morai"". arc Ilplifted with it., and whC'n thc return of summer or WVUler 
lIC&8one redu(''i!!! the iC(' tu it~ formcr bulk. the blocks art' deposited at 
the higher levC'l. Sucb momill1'1\ an' to be seen in the neighbourhood 
of moet modern glaeicnt, and tbey Me important to be obeorved, booaU80 

the existunt'1l of 8imilar mounds in places remote from existing glaciers, 
baa been inferred t41 demonstrato their former preeence. Tho sketch 
at the head (If thiA cba.pter repre!:lf'nta a. moraine about a hundred feet 
aboye the preaent level of tbe Mer de g\a.oo of Ohamouni. 

It. often happer.& tba.t two glaciers, having Reparate 8ouret's., unite in a 
eommon. vaUf7, ('uetly a!:l two riwrs would do. Eacb. of course; has 
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"" ""P'I ......... lUt, ""d therolon> wbon III. glaciO" aaile, lb • 
..... iuer ~ m,st uuite abo. Thil cto. Dot, how-oyer, alter 
..,. eUnoter:; ... in the cue of the Rhone and Saone uniting t.htlir 

.... ai LJOU, er.eh pneen'H tile characteMie CIOloar oi ita water 
for aloDg way down, anmu::cd with iLl aeighbour riTeI'-M)., much more. 
do. tIte oompaet aDd firm glacier. The dbiI prop&!' to each unite 
apoo She nrfacc. and mark by.. band of atone., often for milea. the ,· 
__ lepu'&tiOil of the two iee stream&, whieL. otherwiee would (at 
that diatanee) have be«tme undi.tinguilJbahle. The. united bands, 
which are eqllll io number to the junetioDi of trihntary pers '«hieb 
oombioe fA:) fonn .. ~t one, &re called flfMial ffIOnJitUl, whilst tho. 
formerly deeeribed are ea11td l4UraJ ftlQmi... The former baye only 
beeu di.r.inetly explained of late ycant, lly Aga...~iz· and De Cb.arpen .. 
•. t whi1Jt the latier have b£.en Jong IJI(Irf(>('t1y .wderttood. Then. i.I 
nothing Dlore lurprising to be (ound in the writinP.' of IH Sall8lure 
thu. the most WlDtisfactory n.planati~D wh:rh he ginlt' of wedial 
1DOftines.: 

.A. tb80 facta are important t.o be 
di.iiuetly apprehended, w)me alight 
firr- may tend to illustrate them. 
Thus figure J rt'presents a plan (If au 
ideal glacier composed of fiYe streams, 
~ .. c, n, It, each t)r which bu it. 
lateral moniDee, aDd the union or 
.- repraonW by the dotW lilI ... 
1. 2, 3, 4, 1 ..... 111 ... perlieial t...m. 
J rocb which are eained along on 
lINt Jari'aot or lhe ice. A mere pro­
miDeot I"OCk or illet in the ice, ., that 
betwec 0 IDCI E, may yiold alJo ita 

omal1. OOIiIriboti.. or bloeb. Th. 
__ iii figure 2 rep_." • glacier 

, 

....... & .., .. .u. 4., where Ml8ElCJ,lIeaU,. tb41 deb~ an 

....... 1. 

... t.c.... .. _O~I(l4 .. tr-i .. r_O ...... IIUI. :V.,.......611:·, . 
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between the wall and the ice, producing friction, and an inclined sbore, 
h, 00 which the lateral moraine has been depoeited. There i8 all!O 
.hown, at (I. the potition of an ancient' moraine, depo!rited at a time 
wheD the glaeier WM elevated enough to. haye submerged. the pro­

mOatory' /J; oue of the msdial momi .. 18 mown at d: The ice ri&es to 
• ~r height UDder it tban at any other part, owing to a eireutn· 
ataaee to be mentioned iunnediately. An euet idea of the general 
pbenomooa of moraines will be obtainod Crom the large map of tbe 
Mer de glaee of Chamouni aecompallying this work. and from Plat,(, 
II., which giveli a ~i",w of it. 

The preacnce of these blocks upon the surface of the glaeicr, and of 
tbtl fine sand and debris wbich is produced by tll~il' trituration, givea 
rice to a peculiar and striking class of phenomena, eallily explained., yet 

at first sight mo!:!t astonishing. The fturfaoo of a glacior is ueWlony 
divided by numerous rente or CN!\'a8i!t'8, stretching as we have .Been, 

often nearly from side to si4e, and into these renUs blocks are co~­
tinDaUy f&lling. Still, the fa.c:t is, tha.l the moraines remain upon the 
.urface, and unlesa after a very iODg or very uneVen course, they are 

not di.Wpated or ingulfed. On tbe contrary, tho largest 8tone8 al'tl 
eet 00. «mBpi~noua pre--eminenee,---the heaviest moraine, far from 
indenting !.he surface of the ieu, or .inking amongst ita subatanoe, rides 

upon an icy ridge M an excrescence, which gh-ea t.o it the character of 
• eoloesrJ. beclt·bone of the glacier, or 8Omf't_imee appears likt> a Doble 

eaUewaYt fit indeed for giants, stretching away for leagues over ~ 
ootonoUi ice, with • bn.'6dth of ROme hundrecb of feet, and iaised 
60m 6fti ~ ,~~y reet above the geoeralleyel. Almost every stone, 
bo"n ... ~ :~, ... ~~oe; the mound ia oot a mound of debris, II it 
iDigb ... !ire< ;;pt appear to be. Nor i. thio all. Some block of 
:greater-:u th~lt~~Deigbbolll"8, covering I; considerable surface or the 

ioet ;~. d~ '·from them., IUld aeema .8hot up upon an icy 
·~i'. the way repnllelltecl:. in the FruDiiapiece. from a real and 
',e~l~ eD.I1l,.. whleh .occ~ in 1842 OD the Mer de glace of 

~o.,i. '1~ia appareat t.eadenoJ of tbe ic.e to rite· wberc\'er it i. 
eo"tred ht, a' I&ooe. of any .iae, reiulUs from the fad., th .. t its surface 
ia dopl"Mled every wbere el&e by the melting actioD of the !lllD Imd 
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raiD; the Mock, like an umbrella., protects it (rom bod.; its elevation 
m."ues the le,-c) or the glacier at a fonner period, and 'UI the de­
preeaion of surface is very rapid-amonnting' ev('n to lL foot per week, 
during the WM1D. mouths of summer-the ice, lik6 th~ fblds, puts 
(orih its mushroom9, wltit"h t'xpand ullder tile illflueuc(' of tho warm 
showers. until the cap. bt-romiug too Ilt'a,'Y for die st:llk, or the ('('litre 

of gravity of the block Ct'a.,.<.ill~ to be 8Upportttd, the slab bcginR to slide. 
and, falliu!;, 0 11 the ~urfaee of the glarier, it defcutls a u('w Bpal-~ of 
i«,. aud fortbwith hegills to mount afro."II. TUl'St.' appearnllcf'S arc 

-eallt'd Glll("ier Table!!, Tllt'ir origin was perfectly explained by De 
SaUl!8\lr'e. 

,Vhere sand df'rivcd (rom the mOrailH'S hal!! been washt'il h~' lIt-per­
ida! water-nm!! into tht' d('('p caviti('s whi rh art' o('(''''<ionally fonned in 
the glacier, the accumulation is at l(,lJ!.:'th sufiiri(,l!t to check the pl't~ 
gree.s of the Wadte of ire, and what "as a 1101(' fillell with &'l.nd. becomes 
a pyramid projecting above its ~urface, and coated with the prot('etillg 
layf't.· These produce glacit>r CIlIJ(':I, whidl are ammJ~'St the 1/I08t !lin­

gular aud apparentl~' uuarcountable of thi~ clas'! of pIH·nomNl.1.. They 
are sometimes astonishingly l't"';:lllar, 20 or 30 ft'Ct in height, and 80 or 
100 in eircnmfercnct>;- but tbis is om' of the rarer appearnncfllI. 

From what h~ been lOaid, it ~i11 appear that a glal'ier has a remlU'k· 

able tendenr~' to reverse its ronrour, or to prc~ent at one tilll{' the mould 
or caBt of what it was at anotbtJr; an~' part of the RUrr."ce prominently 
exposed is SUf'{' to be Bpt'edily reduced, and the hollow!!, whether holes 
or cracks or water-runs, hy being silted up are prot.f>eted from fartht'r 
decay. Th(> vall(>ys are literally exalted, and the IJills levelled. It is 
owing to this beautiful compenS3tion that the gllloCier maintains a 
tolerable evenness of surface. 

A ronvenre action, however, may be noticed. 1t is always on n. 
small se&le, and there are two cause!!. Thf' first occurs from the ooJ~ 
laction or small objects of a dark colour and in no great '1uantity on the 
surfac, of the ice, wbich absorbing the 801ar heat, tn.nsmit it quickly to 
the ice beneath, and flUeh particles of black Mnd, or even It1aves which 
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aro waf too by the wind (rom vast distances upo~the glaciers, are found 
sinking into cavities, whilst blocks, largt!r than a cottage, and weighing 
williuu!:! of pouuds, risc above the surface. The other £act is tho deep­
ening of ca.vltioo in tllC iC(>, once formed and .filled with water, but con~ 

tainiug' no cOIJl:l idct"J.Llo quantity of detritUl. These baains, or hai!l~ 
noirll, a!:I tlwy arc ullually caUl·d, appt:ur to be formed in the following 
lUanller, first explained by Couut RUlllford. Water, just freezing, is 
lifJllter than wtJ,h'r at a. temperat.ure sOllwwhat higher , the water at 
a2~, t1 JCrefore, floats 011 tho tmrface of the other. Imagine a small 
cavity ill icc, fillert with water just thawed. 'fIle sun's rays first heat 
tllO surface of tho water, which bccomill~ df1uer descends, and is re­

placeJ by water at 32°. But the water v.hich suhsided with a tempe­
ratu re. 8UI)po!>C of 36", 80 UII ('omlllullicatl'~ ita he.1.t to tho sides of the 
icy r('ceptaclc, awl being cooled to 32" it rises in its turn. The heat 
of the dCIHll'r water is thus speut ill mclting the iet· of the bottom of 

t ile l'avity, which is thw. dcepC'lIcd " .... the continual currcnt. 
The icc of which the glacier, in tile s tage which we have described, 

is composed, is unlike that pn:.duced by freezing still water in a lake or 
pond. Although N'lIIarkably PUrl' and free from all intl.'nnixture of 
{':II"thy mattt'r, and evclI tile i; lIIalicst frao'lllCnts of rock (except very 
twar wlll'l'(> it toucllt's tho Imil) it iii far from J~omogencous, or uniformly 
tmllsparcllt. It has been dc>-cribl'd a... composed of layers of pcrft.oct ice 
and of fro w n S II OW intermixed, bllt this docs not oxpr!'''!!! the fact as 
oUsI·rvt.," in till' middle and lower glarier. Till' icc is indet:d poroul1ll1ld 
full of air Lubbles, and it is very probable that these hubLles result 
from the fmezing of suow imbibed with water; but as it exists in 
tllU glacier it is not gmuular. Lamina.·, or thin plates of compact 
transparent blue icc, altemate in most parts of every glacier, with 
laminru of icc not Icss hard and perfeet, hut filled with countless air 
buhbles, whicb give it a fn:)thy semi~opaquo look. This peculiar struc­
ture, which gi"cs to gla.cier ice its extremo brittlenclI8, (which mak(l8 
the formation of stepi!l witb a comDion ha.tcJlct a. very easy task com~ 

pared to wha.t it would be in common ice,) may be compared to what 
geologists call the Jaty ckafIQ!/8 of many rocks, rather tha.n to stratifi­
cation, properly so ':'aUed. The distinction is important, and amounts 
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to \1118 ; that fltrat.a art' dt'JlOSil('l1 in H"f'r{'S.'liun, and owc tllCir (oMn 

Uld 8ep&mtion to that cireuIIISWII't! l'ul,Y; WhNCaA, slaty clrov"'S't" or 
fltmctural plaut'S. OCf'ur in rorks. nud iu many bodies, wllllily im"';p'·l'· 

th'e of stratifirati{\l} or deposition, and ltlay ~ COIiUllullicated to a llIaal! 

.rter romp!t'tt' or partiall'llllsolidatilln, 

The alh'matioll of bands, I!lt'll, ill a ~Ia{'icr, is marh,! by blne and 

g'ret'nish.hlll(, or '" hitt. ClIT"('8, whi"b arc ~CCIi to tr.~"'('I'!'IU the ire 
throlll=hout its thicku('1-S wiIt'U('Vf'r a ~·t inn is m;~de. It is thl'f'(>(urc. 

no (':Itt'mal a,1,'('idl'nt, il is til{' intimate struCt\It(' of a gl;~jcr, aud tilt' 
oilly one whjd~ it po:J.,.<';('SSC!'I, and Ill:'!y hi' eXllI.'t'ted to throw ligllt Up\.lU 

tLt' l'irculUstalll't.'S of tilt.' funll ati.,n awl TI\()tiOIl of tllf'Sf' 1l1:I"'S('S. I 

became 1'LC'luainh.'i1 with tlli" fal't b:,' "bser\'int: tht'sf' ha1\ll!'l l'H: Iill! 

lowl'r ghwier \.If til\' .\ar. Whl'll I "il4ih:ci it fur tht' lil'l!t time III cOlU lolmy 

.... ith!\t. Ag~si7. ;Iud Mr. Ih,,\th in AII~\I ,~t HHI. It :\I'I"·arl. ... 1 ~\ll'laill. 
that I was surpri;l{'ti to find tlmt M, Ag:a.<';!I;z, whn ha~1 pasl'l('(1 a pnrt .If 

two prt'l,t.Jin~ 8umlller« 1111 {hI' ";l.lIl{' g l;ll'i l'r, ,.lIl,ul,1 han· o\'{' rlookl-d ;1 

At first he mainta;U\.>d lh;~t it W:l:l a rlu}M)rfil' ial !<tl'il'iu~ of til(' it"'. uwill).: 
t.o tLe wa~hi ll~ of sand alou,!! il .. "urfa'·(' ; Lilt wlll'lI I ~IIOWCt I Illat it 

Jea<'endt,J to a dl'pth ,If hn'uty (,'('t or 0101'\' in til\' ('rl' \·a..,~C~, hi' ~tatcd 

that it 1llU;!t ('f'rtainly han~ aplw:U'cd plIIll'C til" prc"iou!l year, , 

speedily, how('\'(~r , H'rificd il s I'ICCllrrt'UC" in IItllt'r glacit'l'l!. where it IlIvl 

Dot bt>eo r~'warked any more than on thl' !!lacier of dw Aar, and frorn 
that timt' thf> a.ttention of g lacial tlll'o rists ha.'! I)f'('n .~cul'rall.r Jirc('t('(1 

to this euri(.u!'l, important, and quite gelJt'ral pliCnOIllt'lIfJu. M.Ou.,-ot, 
an ingenious !lroft .. lIsor uf Ncufchiitt:l, .. tated, aftl'r 1 had left SwitZl't­
land, that hl' had uhsctvc,d a sim ilar appcarallcf' in QUO :;laeiN (that of 

tbf> GriciI) some )'caNJ beCure, whi(·lt he de",crihcd aloll!; with a nUIllOcr 
or adler facta CIllJuect(od with !.:lacicl'II, in a Mf'lIIoir read befl)rt.' a pro­
yincia] mooting (l( naturalist>! at Porrellttu,Y ill .Fr:UlC(', Thill Meou,ir 

remainw unprinted, and the inHulated fact obsf'rn'<i on the glacier nf 
the Gri68 was forg()ttt>n, unti! J dn'w attention to it !!! im(,ortalll'c and 

generality in 1Ml. It is bingular, that not 'lilly in the writillb"M of De 
Sau1l8ure aod the oldl'r naturalists (80 far a8 ),et appears) can therE' bo 
traced no notice or thia \'fJin(~ lItructurc whirll pt'rmdell gI8l'iertf, but in 
tbe modem litoratuT{, of tllf' Hubj.,.t" Hugi'f/ Travds, f'"LJiHhed in 1 R30, 
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and the writings of Aga.'V3i7., Hodcfroy, De CJ.arvcnticr, and Rendu, d/'­
WltOO ('xl'lusivcl)' to glacierR, and published in 1840 and 1841, there is 
an ('CIua.1 "ilence a.s to til{' 1"Cl\1 natuN' of glacier stmcture, which WI' can 
scnrc('ly account for. jf ('If) ohV"iou!51y important a. fact, however difficult 
to I'xplain. had bC<'n known to a.ny of these authors. It will be seen, 

frolll tll<' dt'sl'riptiOT1S \!if' flhal! havf> to give in anoth<'r place, as ..... ell as 
frolll Pla.tl's I. :md V., that this appearanl't· is in many gladers a 

~trikillg one. It has, J know, boon distinctly r('m&rkcd by several 

ingt'niollR pt'rsnIl8, both in this country and abroad, who yet, from 

not h'~\'inA' been cugll.trcd in the special study of glacic~, or from ha­
ving uttaeh<,d to it no particular illlport:l.ncc, or perhaps from a. very 

natllnl suppo9ition that it must loe already dt'8criiJed, have published 

no account of it. A IllOngst Otll('N!, Unlond Sabine and M. EJie de Beau­

mont haw' Inrntif)ned it to me M a circum!otance which they rocoU~t..1.ed 

tv have attr:l.t'te<1 their attt'ution whilst on tho iet:; and Sir ])avid 

nrt'\V~tcr hali ~howll me a memoranduOl to the same effect made in 

lRH. 
As oL'lervNl 011 til(' glacier of the Aar it exhibitoJ an appearance of 

almost "erti('all:~y('rs ncarl)' parallel to the length of the glacier, inclin-
_, iug outward!> a little, like the rays of 

a. fan, as it approached either shore. 

It was difhcult to make out its form 

nt tIle lo\\cr torminatlOlt. A visit 

which I sub!1I-'quently paid to thtl 

glacier of tho Rhono, satisfied me 

that thcse apparent layers bent 

round the lower extremity of the 

glacier, dipping fonvarde as tbe sur­
fa.ce was depressed, and at last becom­

ing nearly or quite horizontal. This 

eireumstnnt'(l was explained by me 
at the time to M. Agassiz, (who 

WAS not present when I visited 

the Rhone glacier.) and also in a pap<'r read in December ]84<] to 
the Royal Society of Edinburgh, which forms Appendix, No. 1., to 

thill volume. It WM illustrated by the sketch of a ground plan 01 the 
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lacier of th(' 

• 

b the dotted line, how 
th .rectuml v in 
followed he circum­
£; reM of the i ,but 
th circum tanc of the 
varyin dip and oup­
like form hich th y 

m ,ill better 
uod ratood from fit>', 4-
in hjch an ttempt i 
made to r p nt by 
id 1 tiou g~i r 

of this kind. fy later 0 rvations will be detailed in anotb r part 
of the p ent work. 

Th ph nomena we havo de cribed belong to the m'dd/4 and lower 
panal glaci rs: 1 t us no trace them to their on '0 amon t the r~ 
petual 0 , of which it' impo ible to doubt tha.t the glad 1'8 ar in 

me e he outle - hat i • that th yare fed or mruntnined by tue 
o hieb othe~i would aceumulat in th hi h r TaU y, Bllt 1 , 

us a once and (or good 'pel th natural error which indu man 
on who have never seen a. ) ier. to uppo e that in it middl OJ' 

lowe.r part i i fed or increased by the snow whi h faIl annually upon 
j 8tU"f or wed cd in t i id, JJet it be di tinctly under­
stood ha the 0 regularly di appears and mel from tll U1'£800 

of th glacier it doe from the mace of the round in i neighbour­
hood, Bere and there 3. patch of the last winter' now in a "hady 
nook, or a doop crev: , enables u in a moment to draw the distinction 
between it and mere hardened now;-the 006 i blue or blui h-gr en, 
and transparent though fill d here and ther with aif buhble and 
arit" ; the other remains throu bont the whole y ar of a dull whit , 
Without an approximation to the character o( ioo, or th least tendency 
to ent..er into " complete union with it at the point of contact: the two 
tlUngs remain aa distinct as the geological contact of sandstone with 
e1ate¥ However, therefore, the middle and lower glad r is maintained, 
it i most assuredly not by the asaimiIation into its substance of the 
fallen. mow of winter, either superficially or laterally. 
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'f11 asc, however, differs in th higher ice-world. We find the 
now disappearing more and more tardily from the surface of the ice as 

we asccnd, and at Length we reach a point where it never disappears at 
all. This i , of C UrA , the Bn01D line upon the glacier. It is somewhat 
lower than the snow line upon the ground, but it is fundamentally the 
arne thing. · Here a well marked change occurs. There is often a 

passage nearly in en ible from perfect now to perfect ice: at other 
tim the 1 vel of the uperficial snow is well marked, and the ice 
occurs beneath it.- No doubt the transition is effected in this way :­
The ummer's thaw percolate the snow to a grea.t depth with water; 
the fro t of the ucce ding winter penetrates far enough to freeze it at 
lea t to the thickne of one year's fall, or by being repeated in two or 
mor years, con olidate it more effectually. Thus M. Elle de :Beau­
mont m t inO'enio08ly account for the alleged non-exi tence of glaciers 
hetw n the tropics, t by the fact tha.t the asons there have no con­
siderable variation of temperatur , and the thaw and frost do not cpa­
rat ly pen trato far enough to convert the snow into ice. 

The pa.rt of a ~lacier covered with perpetual snow i what I under­
stand to be meant by the term ~t;e in the writings of the modern 
gLaciali t although that term i vaguely defined. It will appear, how-
v r, to offer a ery distinct and important line of demarcation in this 

view. It i where th ' urface of the glacier begins to be annnally 
ren w d by the unmelted accumula.tion of ch winter. It is called 
fom in orman witz rland. The e accumulations of snow prodllOO 
a tru stratification, which has be n recogni d by De aussure, Zum-
tein, Hugi, and a.ll later writ . I a!!l'e with De harpentier! in 

thinking, ha. this stratification i enti ... ly obliterated as the n~ve 
passes into compl te ice. Oth r writers, and particularly M. A iz,/I 

• See the description of th C1aei r of Maeuguaga in the latW J.l&rl or this volume, and 
the refere~ to V rilltd MId.re u th index. 

t ~.1I4M 11M "!IUI~, pG" Ririe,." l1U2. I find 1& notice of Gladen ill 
LiWe Thibei, l&i. 36° N., in VIQNB' Tr4eela ,. KaM""", ii, 285. 

: &.i, p. 8. 

H "UD autre OU"ICtere propre 1la glace d. glaci." et qui &ieDt 110ft mode de form .. 

iiOD, c'. qu'elle • 1&ratiAle," c.-Btu.. .. "lei GlooWn, p. 40 • 

• 
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b&.e att.cmpWd to ttaC<' UU'I«' la.,'t'f'lI throughout tile Ip"'('r .Il'la.cil1r, alld 
maintain that the wholll gla<-it.r i!J l'ltratifiNi 11Orhwntally-o.n ovcnlight 
whicb appt'6t11 to h"vtl ariM'n from tilt! II.p~nttUII·o of tlu: vnried 8true­
tore or tht' Il'rmin31 front of tht' glacier beinl! Il(':uly in paralld hori­

zontallincs, (!It '(I fi;!, 5, p, 2!l.) whirl! Wl're imngillt'd to be 0. continua 
tion of thc "'Irat iScation of the IU:\'l'. tilt· iUWMIII. ... iatc l'ltru("ture hn\ ing' 
bt-t>n o\'(~tlook~-d, 

Thf> ~ranulat NI lItru("tll'" Clf Ihl' IH.' \'(' ill A("'(lmpallilod with the dull 
whitf> (If snow p:~"'!Jing intn a gn>enish tinge. but raN·ly. if ("l'r. dCl!'/j it 

l'xhibit the tm.~pa"mr~· and hili' of thi' proper :::Iacicr. TJIt' dt'f'pflr 

parts an' mon' ~rfet.'t1y rongC'ale<l. Alld tho hands of iCf' wlwh of IN. 

allt'malt- ~;th thi' hardellOtI M.O\\', ar\' pf"llulllJly dill' to tilt' t,ff(,<,t of a 

thaw .!lurceodini( tilt' wint!'r '·<latin,!!'. IIr an.\' l'xlraMtlinar,r fnll. 011 

('xposMl !!Ullllllit:!, wh('J'(' tIll' :~f'tivlI flf tin: ~lIn a1l11 tilt' (·!t'IIIt'III." j.ol 

~real('r, till' MDO ..... tIOt·!' not lie tlH long in n Jlt)\nit-r.'" .. Ialt·. all.) th,. ('x­
po&.->d .!'urfaN> bt'<.'(IIIlI'S ("lIInpl('I{'I.,' (rllzl'lI. H t> III'" tlw hid!!.,.' 11<11'1 IIf 

MUllt B1am', the .Junj!f,.m. and t,tlll'r ~UUlmits. i .. (''>\·,· r, .. ) with hard 

it'E', though al ..... ayll (If a ..... hitish ("!l llIur. Th., II"atiu!:i 1IIa,-. .. t'1'I Cl\n(~ 

ict'--Jx.rg'! in Ihr p',Jar 1'1.'3" art', for till ' Tn!).. ... , part. (If tlu- !latun' of ,J-tV., 
11)(;1'(' ('OD!lolidatNi S lIo)W , Th" o('cnrrcnl'j' " f trw' il'!' ito ('ollll'aratin'l.\· 

rarp • and j" ju!<t1y dreadf'd b)' ,dlips, 
Till' f'r('\·a.~e>! ill tllt-- nhe diff'l'r from thn!>l' in tllf ' ;::-la"iN loy tlleir 

greatf'r width and irreC'Ularity, and fty the ~1"f'f'1l ('1I1 .. ur of th(' light 
tnmsmiltro by their wall", and thf' apprar.ml'(' of h"rizullfal !ftrntifu-a-­

tion. The !lub ... t.an("1' is far mOff' ('a.@ily fr:u.'tu t\'(! than i rl', allt! ailltl mom 

readily titawro ami water-won. ; Ilcnf't' tilt' I'an'nl!' ill tho u~\"c aN' 

ut('nlliVt· alld (anf.a..ltit'al, often ('xtC'llding to a ~at distan{'t' und t·, n 

deeepti\'e N)v('ring of ('\'('n snow, which may luf'(> the unwary tra\'(,lIer 

to dPlltruetion. SOIllf!limrtl, through a narrow IIlit or hol(' ope'lung to 

the qrfaf'C vf thE.' n(>t't', h(' may flOO 8pacioWl (!8,\'I'ms of wide dimcn­
e'ons, OTer which hp h&ll been ignorantly trf'ading, 1iU(I(I with pill'M 
of detached iu--blockN, tOS-'fCd in ("haotic heaps, whilst watery etalactilt!e 
-icicles of ten or twenty ff'et in length-hang (rom thf' roof, and 
give to thPM! singular t'aultll all the grotctquc varictiCl o( outliM 
which are 110 much admirt"d in calcareous caVCrn1f. but which heft' 
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IIhow to a (ar greatt!r :t.!lv8nt."gl', in CQnSNJllftDee of their exqui~ite 
tranllparency "lid lustro, and (rurn bei ng illuminated, in~t-ead or l,y a. 

few l'.andlcH, h.Y til(' m,l~cal li~ht of a tender g reen which issues rrorn 
the very walJ~ of tho crY!ltal chamber~. 

eonsi!ll.'riug. thell. tilt! gl:.il'ien; Wi the outlet:! of the n\.8t r('senOIr8 

of MlCIW of tllO hic:llt'r A Ip~,-a.'! icy ~tt'f'alll'" JIIovinlj downward",_ and 
continually "uI'flJyill~ tht·ir uwn wa.:.tc III til(' luwer vaHey"'_ iutu which 
tlH'Y intrude tlwlII·ehv likl' ulIwi,lcc>ul{' gU4'sb, ill til(' mid~t of wge­

t.3ti 4.n, awl to tht· nry thrl· .. II"ld of I.abit."tiunil.-it i ~ a ltUl,~tioli of 

tilt' higlll:'~t init'rt'st to t·x plaiu till' call,'1.' uf this m"yuuent uf the icc. 

Tlw illfluirJ lII:!.y Hot rt'~n lt in 3n~' illlllu'diat"ly useful application. but 
il!' illlt'rc~t is tll(' Mille 3Ij that which bclou,!!<s tu tl. ... tllt'flries of physi­
cal a:;trollolUY, ur tu the CAlIS(' o( any '1ther nal..u ... .ll 4,tf''I't which com­

mends itt;l'lf to our attention hy it.s grandl'ur, its N'gularity, and it'! 

r<'lli8tlt'~ pow('r. The glacil·r mov('s Oil. like the ri n'r. with a s teady 

flow, altlwu:;h IH. l'Jl' Sl'Cl'I it ~ motiun; but frolll day to day, alld 

frulll ,\'pa.r tu yt'a.r, tll(' "'t'crl't .. ill'lIt cau~' produl' (,1I the l'f.'rtain 810w 
(>A'l..'t't ;-1 h(' a \'alawlll' ft,,,,ls it , and swells its flowing tid(>. Ilu~ mighti t'!;t 

ma.s:i(>8 willclt li~htllillg or til ... c1('IIll'IIt.~ roll from the mountain 6idc 

upon its liu rfa.('t', art' ~'rl\{' along wilbout paul'C; 1';]I ... n the glacier, 
a<hal1('iug bCJHlld ill> 1I;<1I:1llilllit , l'rt' !I;w~ fun\ :.rd iuto til(> lower \·,ill ... ys. 

it turnl:l up t1w l<Oil, and wrinklet', far in 3I.h'ancc. tht· ~rccus"'&rd of 

tbe mcadowH, with its trl' lIIcndtlu~ I'lon~hshart'; it brings amongst the 

fieldil the lolruots of winter, ami OVt>rthro~ 1I trl'('l< anti houst!l!:I like atubble 

iu its ruthkfl..'4 progffi'ls; no {'ombinnli'>l1 of power and 8kill {'all fllaY 
i18 mart-h, aud who can dc611C the limit tlf itt; aggre&>itm! Its proud 
wavos are however !ltaY(\4I. and by ('aUSl',~ ~<Q mY8tcrious 3.!1 those o( its 
eullU'g'emt'ut. it rctrt'at. .. yt..tr by year within its former limits; hut 

where tbe ;arden and the meaduw \\I{'l'"" it has lcft a desolak> sprt'ad of 
ruin, like the fall ?f a mountain, which never again may be till("(l. and 

over which for at least half a c('lltury not !well a go:I.t, sha.lI pick the 
scan,y h.ro.g... 

The tht'Ory whit'" "Ppe&r8 at fir61 ':lIght moM rC!adily to account for 
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the leading facts, is that maintained by Dil Saussure, that the valleys 

in which glaciers lie being always inclined, their wf'ight is sufficient to 
urge them down the slopE', prE'ssed on by the &ooumulations of the winter 

snows abovf', and having their sliding progress assistOO. by the fusion 

of the ice in contact \\;th the A'round rt'sulting from the natural heat 

(If the earth.-

This cause of motion has been rejected Rd insufficient by M. de 

Charpentier. who has supportC'd another which, though like the last, 

suggested originally by an ohler author, Seht'u('hzcr, as Dc Sauasure's 

was by Gruner, having received a. !1;cif"ntifie form and detail in his 

hands we wiH call " Charpentier's Theory of Dilatation," as thl' other 

may be calloo. II SatlllSure's Gravitation Theory," or the sliding theory. 

Dt' Charpentier's theory is this. The snow is penetrated by water 

and gradually consolidated. It remains however, eyen in the state of 

iee. always permeable to water by means of iUIlulUel':l.bI" fissures which 

traverse the m&'lS; thes£' art' fillf"d with fluid water during the heat of 

the day. whidl the cold of tht' night freezes t in thf'sC 6~sure8. produc-

--- - ---- ---- - - - ----- ------
• I 'III'i8b to quote De SaUS5ure'l\ o ..... n staV'llumt of his vi(' ..... K, whieh is very di!!t.il'let,­

.. Cell IDaNe!I g1aeCes entr&in~ par la pt'nte du fond lIur lequel "UI!II reposent, M~ 
par lee MUX de la I~n qu' ellell pournient eontraewr a\'ec ce meme lond, &OU1evhts 
menu- quelquefoill par Ie!! I'aux- doivent pf'll-il-peu gliMer et dellCendre en suiVfUlt la pente 
dl'fl vall6et1 ou dee eroupe8 quelles OOU~TeDt. C'(l6t 00 glilllt'me.Dt lent, mais eontinu, dell 
g'- IIDr lenni bast-s inelin6e.l, 'lui I~ entnme jWl<lue dan8 let! IJaMes valk'e8, et qui en~· 

tient eootinuenernellt dell aIlla/l de g1accft danM lea V&l1')IlII __ t chaude pour produire de 

;nmdll ubree., et meme de riehCll U1oillMn8."_ VO!Jag~ •• § 53,~. For De s..UJlllUr<-'8 v<!'ry clear 
v~a ~g the action of the heat of till.' earth, SCI.' § § 5:12, r.33, Sa., 53.), 739, &e. 

t The following quotatione make it quite plaiD, that it ill to the dilferenee of the tempe­

ntuJ'e of the day and night alon(', dlat the (reeting o{ thc water in the eapillary filllll11'88 1. 
attributed : 

.. II reenlte ... _ que pomlant If'tI juul'$ d'tti lee glaciers e'imbiloeot d'eau, ct que celle-ri 
II'Y coupe p"ndant It"" Jluitl!."-CU.!.Rt'.EroTIER, R,.,i, p. II 

.. o.u 1& pluptrt d(lfl !lultl! durant I'I"U' k.,. gladc", augmcntcnt de volume par I. tongt!'. 
lauon de I'eau qu'iLe ont absor~ pendant Ie jour':- J& .• I'. 14 . 

.. Cet&e altrrtJ&tiV& de gt'lce et dcgcl, comllla jc vicnll dc 1(' dire, a lieu pendaut Ia \It.lle 

"'''1'1, surtout i; I'dpoquc dee jours Iell plU8 clll.udli t!llh'i~ dl' lIuitll fraiehOll.-I'. ) 5. SeC! 
iUto p. ZS. Cc.n.nptt.r'tl AG .. U.fiIZ, Et.d..o., 1'1'. 1115, 211 • 

• TI," fIia!Ia"" ~~ _no. III ,ooInl 'n ~ CIIuor vi mOiJ<>n Idle \I,a l dnd"p<'d In a Cllrluu ,..~r "/1 
m.","" pabli.btod b. Mr RohtM Jhllfl II r"'blln '" 111.'11. 
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iug by the expansion which freezing water undergoes in that proc6Bs, 
an immense force, by which the glacier tends to move itself in the 
direcl.ioD of least resistance-in oth~r words, do¥.'tl the valley. This 

action is repeated oVAry night during summer, in winter tho glacier 
being assumed to be perfectly sta.tiona.ry.-

]0 the Hdinburgk R~iew for April ]842, I have stated BOme lead­
ing objections to both of these theories, to which I refer the reader. I 

will content myself with specifying one against each, which Ii66ms con-
clusive. • 

1. If the glacier lline down its bed, why is not its mot.ion continually 
accelerated-i. 8 " why does it not result in an ayalanehe! And is it con­

ceivable that a vast and irregular mass like a glaeier, having a mellD slope 
of only 8° and often IllSS than 5°, can .lid-e, accordiD:g to the common laws 
of gravity and friction, over a bed of uneven rock, and through a channel 
00 sinuous and irregular, that a glacier is often embayed in a valley 
whence it can only escape by an aperture of half its actual width r On 

all mechanical principles, we answer, that it is impossible. W 6 may 

add, that many sma.lI glaciers arc seon to rest upon slopes of from 20° 
to 30°, without taking an accelerated motion ~ and this is confonnabltt 
to tho known 1a.ws of friction. It is known, for illstanC(), to architects, 
that hewn stones, finoly dressed with plane surfaces, will not slide over 

one another until the slope exceeds ::lO". 
2. The diJatatioll thCQry is founded 011 a mistake as to Ll. physical 

fM't. f am sorry to put it in this way , but it is unavoidable; and the 

- -----.---- -----
• 

4 .. Une tzoiBieme objection eoutre Ie mouy{>mcnt d('8 glaciers pa.r I",ur Ilropre poilk, &6 

tire de lolU' immobillU pendant l'hin·r. Car c'(.>fIt un fait I'!l(lOnnu ct atteste }*r tous 

ooux qui dllmMU'Cnt danB leur VOiBillRgl', tele que It'll habitaM do Chamounix, de Zennatt, 

de Sue, de Grilidel ... .Jd, &'c., que 1I!s g1&ciers restent pur/<JiUllttJtt «aticmcHru dans cette 

..w.on. lit DC commencent i. 80 mouvoir qu'i. 1& {onto dt>8 nciges."-CllA.G.l'., p. 36 • 
.. Le mOll.v"moot dC8 glaci~t'f\ mppoee dell al.ternanOC'B frequent.e8 de cb..ud et de {r"ld. 

.. .... n en reeulte que t' hiver est polU' let! glacien l'~poque de l'6p08. "-AO.USIZ, p. Ii 5 . 

.. rell~ l'oiver touw .. mMIIC (r. <1, d., du g1t.cier) est ~ un etat de rigiditi pennA· 

nell~ 11m 11. maintient dan •• IIe imnaobilitE (II1I1Jieu jusqu'a l't!poque du .".tool' des ,·ariA' 

lioDl de .. tealpC'ratlU'('."- Ar..6.88IZ, p. 212. 
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respectable author af the ouly iutelligibl., or preciBe acrQunt of the 
theory will, I hope, excuse me (or pointing it out. 

h The maximum temperature which 110 glacier can have, .... observes 

M. de Charpentier,- "is 0° centigrade, or 32" Fahr, and the wa.ter in 
ita fissures is kept liquid only by eke mall quantity oj heat which reaches 
it. by the surface wa.ter a.nd by the surrounding a.ir. Take away this 
sole cause of heat-i. f., let the surface be frozen, and the wa.ter in the 
ice must congeal.'" Now, th.is is a pure f&llacy, for the fact of tho 

• Latent Heat of water is entirely overlooked. The latent heat of water 
expresses the fact, that where tJu~t fluid is reduced to 32°, it does not 
immediately solidify, but that the abstraction, not of .. a small quan­

tity," but a very large quantity indeed, is necessary to conv{'rt the 
water ft.t 32° into ice at 32°, Not &. great deal It,SI'! heat mU FIt be 
abstracted than t.he difference of the hoot of boiling water and that at 
common temperatures .• The fallacy, then, consisUi ill this: Admit­
ting all the premises, the ice at 32° (it is allowed that in summer, during 
the period of infiltration, it cannot be lower,) is traversed by fissures 
extending to a great depth. (for otherwise the dilatation would be only 
superficial,) filled with surface water at 32". Night approacllCs, and 
the surface freezes, and water ceases to be conveyed to the interior. 
Then, says thA theorist, t,he water already in the crevices and fi~surel!l 

of the ice, and in contact with ice, instantly freezes. Not a.t aU; for 

where is it to deposit the heat of fluidity, without which it cannot, 
under any circulDstancP.s, a,.,surne the solid form? The ice surrounding 
it cannot take it; for, being &lreadyat 32°, it would melt it. It e&n 
only. therefore. be slowly conveyed away through the ice to the su .... 
face, on the supposition that the cold is ,uffi.~ently intense and pro.­
longed to reduce the upper parl of the ice considerably below 3~. Th() 
progreea of cold and congelation in a glacier will therefore be, in geDe­

ral, similar to that in earth, which, it is well-knowll, can be frozen to 

the depth of but a few inches in one night, however intense the told. 

Such a dtgree and qua.ntity of freezing as can be attributed tv the cold 

• Enai, fT. 9 and 104. 
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of a summer's night must therefore be absolutely inefficient on the mass 
of the glacier. 

I will not stop to consider the attempt made by M. de Charpentier 
to show, that the friction of any length of a glacier upon ita bed may 
be overcome as easily aft the shortest, from a consideration of the 
forces producing dilatation; but it ill as indefensible on mech&nical 
grounds as the preceding theory is on physical ones, (ElIOi, p. 106.) 
I quote from M. de Charpentier, not because his defence of the theory 
of dilatation is more a.ssailable than that of others, but because his 
work is the only one in which an attempt is made to explain its physi­
cal principles with precision. 

I cannot admit, then, that. either the sliding ()r dilatation theory can 
be true in the form which has hitherto beren given to them. When I 
first began to study the subject minutely, under the a.uspiCfls of M. 
Agassiz, in 1841, its difficulty and complicatien took me by surprise, 
and I soon saw, that to arrive at any theory which, consistent with the­
rigour of physical science at the present time, would be worthy of the 
name, a very different method of investigation must be employed from 
that which wa.a then in use by any person engaged in studying the 
gln.cieNl. 

To a person accustolIled to the rigourof reasonings about mechanical 
probJems, the very first data for a. solution were evidently wanting­
namelYt the amount of motion of a glacier in its different parts at dif· 
ferent times. A few measures had indeed been made from time to 
timo by M. M. Hugi a.nd Agassizt of the advance of a. great block on 
the glacier of the.Asr from one year to anothert but with such contra... 
dictory results as corresponded to the rudeness of the methods em~ 
ployed; for in some years the motion appeared to be thrt16 timu as great 
as in others. I then pointed out to M. Agasaiz, how, by the use of 
fixed telescopest the minutest motions of the glacier might be deter­
mined,--a. ,HUggestion whIch he has, 1 believe, since put in practice. 

' It ieems very singular that ingenious men, with every facility {or 
eatablishing facts for themselves, should have relied on conclusions 
vaguely gathered from uncertain data, or the hazarded assertions of 
the peuantry .bout matters in which they take not the slightest in-
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GEOLOGICAL AGKNCY OF GLACIERS . 

..... r.a oDd feroor ~beD iIU GeiM:e abCD Si& eoIlieD &lett. bt'i ,pntniendoJ' 

BpoeM .. A1lftbaaeol, niedenJaDken nnd f'U.r ewia: in &emden noocll li~n bleit-.'t 

WIl.lIU. MltlSTu'II WalMieryalrt. Edit. 1829. 

YmaUXo two or three hitberia aileD' pesta c:aI.led ta their ';'d a poriod. 01 LntiCDleo cold. 
wit.b ~ deeeendiDg from the higbNt mountain augel, r&l' into the low eoouQ'y, upon 
wbieb, .. OD lUI ibclined plane, beavy primitive blocks We1'l! !lid rarth!!l' and farther (IlI­

.uda: So that, a& the period or tbawiDg of the ice, ~e1lUk down an~ mnainod ver­
muentl,. 011 the loreigD _il. 

IT has been stated !n the last chapter that glaciers are useful geolo­
gical emissaries, which bring down from the inaccessible mountain 
cha.ins, where they origina.te, specimens of rock which otherwiso would 

be unattainable. The glaciers have a carrying powor which fl'tCCedS 

that of any other agent, vital or mechanical. Hence, geologists having 
observed th{' benefit which existing glaciers conferred on their cabinets, 

naturally enough considered whether tho enigmatical dispersion of 
blocks of foreign materials upon wide surfaces of country, in the most 
singular positions, might not be due to the former existence of cxten­

Hive glaciers in those regions. 
The occurrence of vast masses of primitive rocks, apparently with­

oot any great wear and tear of travelling, upon secondary or alluvial 
sunaces, at great dist.a.nc~s from their origin, has hocn onc of the nu­

merous ~a of geology. It is peculiarly so, because a thllusand 
cireumstances demonstrate that the deposition of th(jf4e masses haa 
taken place at the very last period of the earth's history. No eon­

siderable changeR or frurface have occurred since. These blocks are 

superficial, naked, deposited upon bare rock, which has received no 
coating of lKlii since, and are often pla.ood in positions o( such tioklish 

equiLbriam that any eon~iderable convulsion of nature, whether by 
earthquake or debacle, must inevitably have displaced them. A geoIo­
giet might, therefore, fairly be asked,_u If you cannot aeoollDt (or 

these very latest and plainest phenomena or change r.nd transport on 
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the earth's surface, whos(tvarious revolutions you pretend to explain. 
how shall we follow you when you tell us of the metamorphose! of 
slato& and the thl'068 of granite!" And certainly geologists were 
put to their·wits' end by such questioning. for DO hypothesis seemB too 
a.bsurd to have found a. place amidst their conjectures OD the subject. 
Explosionl5, without apparent origin or cause, which projected the primi­
tive blocks in a Bllower carrying them to a distance of a hundred. miles 
or roore,---eurrents of water which, derived from some unknown 8OUl'Ce, 

took their way on either side of the axis of a great chain of moun­
tains, and with ~o 8tupendou~ a velocity as to carry with them blocks 
containing hundreds of thousands of cubic feet, and not only that, but 
transported them acro8S lakes and up hills, and finally deposited them 
unshivered, and even with s}larp angles and ooges,-such were amongst 
the speculations proposed to account for theee phenomena. A more 
pla.usible theory was that of ice rafts, by which (as on the ice bergs 
of the Polar soas, which are masses detached from the great glaciers of 
the north) blocks of stone were to be transported across lakes and 
wafted to the sides of distant mountains; but the immense changes 
which must in many cases have been admitted in the contour of the 
country, to Pfrmit the existence of such lakOB, besides many peculiarities 
in the distribution of the blocka, Ilt least in Switzerland, renders lbis 
ingenious thoory not universally applicable. 

The first person, 80 far as I know, who pcl-ceived the poStlibl~ import­
ance of glaciers as geological a.gents, W&B my respected predeceasor, 
Professor Playfair. This indication, which forms part of the very 
note on the Transportation of Stones, in tho IUustralitYnl of tIuJ nul­
Ionian TI&eory, is neither vague nor indirect. It is put forward as the 
most probable expla.nation of all cases of transport where immense 
power was obviouely required;-

U For the moving of large masses of rock," says Profeseor Play­
fair, " the wost powerful agents without doubt which nature employs 
are the glaciers, those lakes or rivers of ice which are formed in the 
highest valleys oC the Alps, and other moontains of the first order. 
These great IIla8Ie8 are in perpetual motion, undorminei1 by the inOux 
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oJ heat front the eartll, and impelled down du' declivitic.!:l ou whidl 

t.he,. rest, by their 01'0"11 enormous weight, together- with tha.t of the 
innumerable fragments of rock with which they arc loaded. ThoS£l 
fragments tb~y gradually transport to their utmost ooundariCf" wllCl'fl 

• fonnidable wnll ascertains the magnitud!l. and attests tbe force, of 
the great engine by which it was erected. The immense quantity and 

size of the rocks thus transported, have been remarked with adtonish­
ment by every observer, and explain sufficiently how fragment! of rock 

may be put in motion eveD where there is but little declivity, and 
wharf' the actua.l surface of the ground is considerably unevon. In thitl 

manneI'", before the valleys were cut Qut in tho form they now aro, an.1 

where the mountains were still more elevated, huge fragments of rwk 
may have been r.arried to & great distanc,,; an(l it is Dot wondcrful if 
these samc masses, greatly diminished in size. an-i redueoo to gra"cl or 
sand, have reached the shores, or even the boV..om of the sea.. .J'~eZ't ill 

/brC6 IIJ 1M glad.eN, tbe ~rrent,q aN: the most powerful jnstnllJlellt~ 
employed in the transportation of t'tones."· 

Now, as the passage immediately preceding that wlJich we have 
quoted wntains a statement of the problematical facts mentioned aoovt:, 
respecting the distribution of the travelled blocks uver the plains of 
Switzerland and Oll the Jura, we cannot but gil'e to Professor Play fair 

the credit of having clearly pointed out the probability of tbe former 
greater exten:;ion of gia<:jera as the most l)C)werful known &gl'Ill8 of 
transport. 'rhis was in the yt'3.f 1802, before the author had had the 
opportunity of personally eet.imating the a.pplicability of the theory to 

phenomena. The following passage from the notes of his joum"y in 

1816, shows that his views in this respect had undergone no change in 
the interval, and were only confirmed by an inspection of the errati" 

. bloch on the Jura, which he unhesitatingly asCribeH to thtl fonner exilllt­
ence of g1aeiers which once crolled the lake of Geneva and the plain of 
Switzerlhad. 'I A current of water,'" he say!, II however powerfu~ could 

* IlvUolliall TIuory, Arc. 349. 
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never have carried. it (the Pierre it. Bot, near Neufchiitel,) up an accli­
vity, but would have deposited it in the first valley it came to, and 
would in a much less distance have rounded its angles, and given to it 

the shape 80 characteristic of stones subjected to the action of water. 
A glacier which fills up valleys in its course, and which conveYI!I rocks 

::m its BUl'Ca<>.e free from attrition, is the only agent we now see capable 
of transporting them to such a distance, without deatroying tbat sharp­

ness of the angles so distinr.tive of these masses ... • 
Like many other anticipations of new theories, theBe pointed and just 

observations of Profes.qor Playfair lay dormant until the opinion whieh 

he &dvancr.d had bren separately originated and discussed. M. Venetz, 

an inteHigcnt engineer of the canton of Valais, speculating upon the 
irregular periods of increase and decrease of glaciers, collected partly 
from history and partly from tradition a. variety of curious and distinct 

facts hearing upon thf'sc oscillations of the great glaciers of the Alps. 
He united them with judgment and impartia.lity in a memoir which 

was read. in 1821 to the Swiss Natural History Society. and published 
in the second part of the first volume of their Tratuacnons. In this 

paper, M. Venetz eia.ssifit'B separately the facts whi~ prove an increase, 
and tiJO!C showing a decreaae of glaciers in modern times. The fonner 
are certainly the most l't'markable--6howing that passes the most inac­

cessible, traversed now pcrhaps but once in tWf'nty years, were fre­
quently passcd on foot , sometimes on hor8('ba.ek, between the eleventh 

and fiftt'enth centuries. ThUl~ the Protestants of the Haut Valaia 
took their children aeross what is now the Great Glacier of Alet.8ch to 

Grjndel~d for baptism, and at the same period horses passed the 
Monte More from Saae into Italy; and the peasantry of Zermatt, at 

the (oot of the Monte Ro~, went annually in procession through the 

Eringer ThaI to Sion, by a pass which few inhabitants of either yalley 
would now venture to at.tempt. We regard these fe.cts, not 808 fonning 

any proof of lobe Cormer·great extension which carried the glacflrs even 
over to the Jura., but as evidencing onc only of many oscillations 

----..,--- -- - - -- --- -- ----- ----
• PLHHIR'. lVo, ...... I., p. :uix. 
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which the glacier bound&oriea have undeJl.,rone; and as important in 
ehowing that &0 wry rwta.bk enla~ement of these bound&ries was eon8i8~ 

eDt witb the limits of atmospheric tempemture, which we know tbat the 
Europeao climate has not materially overpa&red within historic timea. 

It DlIl1 not, therefore, require 80 violent a depression of temJ>f'Nlture as 
we might at first sight suppose, to account for auy extension of the 
glaciers which the fAC."U! may require us to admit. Thc C&USf'S ,.f these 
oeeillatioDs are as yet very obscure. I purposely refrain (for the sake 

of conciseness) from analyzil1g the theories which have boon given, 
because I find them &oll unsatisfactory. . 

M. Venetz ha.s, in his memoir, furtht'r pointRd out ('(!rtain ancient 

moraines, belonging to modem glaciers, which iudicate their previously 
greater extension; an evidence which had formerly been aceeptt-'d hy Dc 
SaD88Ure, e8pecially in the ease of tbe Glacier du Bois at Chamouni,· 

and that of the Rhone.t The remark is important, because it requires 
WI to investigate the character of a moraine, 80 as to recognize it whe~ 
ever it may be found .• 

It does not appear that M. Venf't.z has publishod any other memoir 
on the subject of glaciers; hut it is quitl.' certain that he W&I the first 

person pobliely to maintain in Switzerlalld the doctrine of the former 

extension of the glaciers to the Jura., lUI the transporting agents of the 
erratics. I was introduced to M. Venetz in ]832, as the man who had 

originaUxl & 8pecula.tion, which, though it had not then porhaps ano­
ther advocate, was acknowledged to be novel, ingenious, and bold; 

and the reputation which the author ,of it had acquired, &8 the intrepid 
and skilful engineer of the works on the glacier o( Getroz, (the cause 
of inundations whieh threatened the town o( Martigny with destruc­

tion,) gave it a. coDSC<J.uence which might not otl!erwise have heen 000· 

eecled to it. 
La the 8tICOod edition of Gothe's Wilklm MeUur, he has introduoed 

• disclnliOD .. to the cause of the transport of erratic blocks, which I 
have plaoecl at the head of this chapter, and in which the g)aciertheor,y 

i8 .DOt forgotten; and W38 most likely bolTOWed from Play{air . 

• V~§6'la. t V 0)ItI'}ft. § 1722 .• 
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The fe.rther history of the geologica.l theory need not he deta.i.led. 
It received in Switzerland the powerful support of De Charpentier, and 
WM ytlt farther pushed by Agasl!iz, who attempted to extend it with 
some variations to every part of the temperate zone, and to explain the 
distribution of tho Scandinavian blocks, and those of Great Britain. by 
& similar action. We will confine ounwlves, however, for tbe present. 
to a brief consideration of the erratic phenomena as they present them­
selves in Switzerla.nd, and without attempting to demonstrate the a,b.. 

surdity of other suppositions, give some reasOIlB for considering the. 
former existenco uf glaciers 100 miles long or more. a:J & less extrava-­
",nt hypothesis than ahnost anyone will at fi!"St sight be disposed to 

regard it. 
There are two principal grounds tlpon which it is maintained that 

the former presence of a glacier ca.n he proved. In the first pla.ce from 
the TRANSI'ORTATION OF BLOCKS; and, secondly, from the FORM ASD POLISH 

which glaciers give to the rocks which they chafe during their descent. 
The most weighty objections urged ~o-ainst the theory are (1 ,) tbe diffi­
culty of admitting a former condition of climate cold enough to pennit 
80 vast an extension of glacier8 as would be required; and, (2,) that uu­
der allY ci~um8taneos of climate it is difficult or impossible to conceive 
that glacier8 could have existed in the particular situatiolls conjectured, 
on account of the little declivity which the tJurfa.ce could have had, and 
which it is assumed is inconsistent with their progressioll. 

W e shall consider these points briefly in order. 
The transportation of blocks by e~isting glaciers has been already 

spoken of as one of their most marked prerogatives. The quantity is 
often 80 great. Il8 almost entirely to conceal the mass of the ioe under 
the prodigious load which during a long descent is accumulated upon 
it. Thus, the lower parts of the Glacier de Miage, near Mont Blanc, 
a.u.d the Glaeier of Zmntt, near Monte Rosa, are completely darkened 
by the quantity of rocks which they transport. And althouglt in some 
cuee tlw diaappearance of these moraines, which it would seem ought 
to have formed in the course of ages & VMt accumulation at the foot of 
the glacier, may require IIOme farther explanation; in others, there is 
no want Qf evidenoo of their geological power. filling up entire valleys, 
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and formi.ng lakes., as in the cas!' of the OIacicr de Miage, just. men­
tioned, and that of Al1a1ein in the valley of Saas,-

The dimetlftQ", of the transported masses, of which we shall p~sflDtly 
speak, offer no difficulty on this theory; massoif of nearly or qoito 
equal size lIlay be seen Oll existing glaciers, nor does there appear to he 
amy limit to their magnitude except the cohesion of the gra.nito or other 
rock of which they are formed. I have seen 8. ma&3 actually on the 
ice of the glacier of Yiesch in the Va11ais, nearly 100 feet long (judg. 
iog by the eye) and 40 or 50 feet high. There is also a block of green 
slate in the yalley of Sa.a.s, pusilt'd forward by til<' glacier of Schwartz­
berg. which contains, according to Y cnetz, 2U.OnO cubic feet. It Y.aR 

deposited about twenty years ago, and the n"<~ier h3S now retroatcd at 
least half a. mile, leaving the intervening I:!p~l.Cl· covered with true crra· 

tics, and which in that condition is called I;y the German writ.ers, 
GktlcAerboden. 

Again, a very remarkable action of existing glaciers is to chafe and 

polish the rocks over which they are puslted or dragged. whether by 
their weight or by any other cause. Tho fact is certain that, at least 
at Ulcir flid(>S. tllere i~ a coutinuN contact between tho supporting rock 
or wall of the glacier, and the glacier itself. lkl stupendous unwieldy 
tna88 is dragged O"flr the rocky surface, it first denudes it of every 
blade of gt"al:lS and every frogment of soil, and then proceeds to wear 
dov."O t.he solid granite, or Alate, or limestone, and to leave most unde­
niable proofs of its action upon these rocks. It is very strange that 
this most evident and seemingly natural action should have been so 
long overlooked, and finally ('onteeted; it is to De Charpentier that we 

owe its clear assertion and the proof, in the following passage, published 
in 1835._"' We know that the glacier.!! rub, wear, and polish the rocks 

with which they are in conta.ct, Struggling to dilate, they follow all 
the sinuOfIitics, and press and mould themselves into aU the hollows 

and excavations they can r~h, polishing e,,'cn overhanging sunaceEl • 

• F(oI' an acl'Ounl <of all tJlCM' J,j".mOflwna in th ig work, see the index ~Jldt'l' tilt' J1rol>cr 

Illlm' .... 
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which 3. current of water, hurryiug stones along with it, could not 
effect.... An attentive survey of the glaciers cannot leave the slightest 
doubt of thid action on the mind of any unprejudiced person. 

There can be DO doubt from observation, that & glacier carries along 
with its inferior surface a mass of pulverized gravel and slime, which, 
pressed by an enormous superincumbent weight of ice, mtUt grind and 
smooth the surface of its rocky bed. The peculiar eharacter of glacier 
water is itself a testimony to this fact. Its turbid appearance, con­
stantly tho same from year to year, and from age to age, is due to the 
impalpably fine flQ1~r of rocks ground in this ponderous mill betwixt 
rock and ice. It is 80 fine as to be scarcely depositable. No ooe who 
drives from A vignon to VauclusE' can fail to be struck with the contraBt 
of the Rtreams, artificially conveyed ou onl:! and on the other side of 
the road, in order to irrigate the parched plain of Pruvence. The one 
is the incomparably limpid water of Petrart'h's fountain; the other an 
offset from the river Durance, which has carried ioto the hrort of this 
sun-burnt region the unequivocal mark of its birth amidst the per­
petual snows of Monte Viso. This is the pulverizing action of ico. 

Moat crroneously .have those argued who object to this theory that 
ice cannot scratch quartz-iet! is only the setting of the harder frag­
mfluts, which first round, th<-o furrow, afterwards polish, and finally 
scratch the surfOlCe over which it moves. It is not the wheel of a lapi­
dary which slits 3 pebble, but the emery with which it is primed. The 
gravel, sand, and impalpable lllud are the emery of the glacier. 

Although the contacts I)f ice and rock are very generally covered by 
moraines, an attentive examination of almost any glacier affords evi­
dence to the wear of tho lateral rocks. We shall shew in future 
chapters how unequivocally this appears on the Mer de Glace of Cha­
mouni, and on the ~lacier of La Brenva, to which, in the meantime, we 
refer as evidence of the fact. 

Having stated that the transporting and the abrading power of 

------- ----- ----- --------
• i'Ouliu MI,. fa cattle pN,wUe d" traH'f'Orl du Bitl()f; l<.·rm(irptrl d, fa SH wr. Par M. J . 

CJUBI'SI(Tlaa. (I';xtrllit du tome ,iii. de6 AnnlllCll de!! MiIlCII.) IH:l.5. 
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glacier! is undoubted, we will now describe !!IOmo of the phenomena at 
a distance from glaciers, which are 8UPPUSeJ to gtve sure ~viJ.ence of 
these ()QWeJ"8 having fonnerly been exerted. This evidence iE so. very 
remarkable (we speak now of Switzerland) as to deserve a most earefnl 
study before any hypothesis admitted to be meckanically adequau is 
rejected on grounds of indirect improbability or opposition to experience; 
for the facts to be explained, if they rested on other evidence wan that 
of eye-witnesses. would themselves be reje("ted as incredible aud absurd. 

A glance at any map of Switzerland will shew that it consists of 
three distinct portioDs-the great chain of Alps ; the plain of Switzer­

land containing numerous lakel!l'; and the secondary chain of the Jura. 
which runs parallel to the Alps, and attaiU!~ a very inferior "Ievation. 
The plaiu. or great valley, runs of course parallel to the two ranges 
which bound it, that is, in a dire("tioll fmm sOl)th..v,o.st to Dorth-east., 

and having a breadth which may be roughly rJtated at 30 Eng-LiMh 
miles, but the distance from the higbest part of tho Alps to the high­
('8t part of the Jura is not lcss tha.n RU En::;lish milfs. Nearly opJlO"'" 
site to the great gap in th(' main chain formed by the valley of tho 
Rhone whertl it opens upon the Lake of Geneya, we have the Lake of 

Neufchatel, with mountains of S('condw-y limestone. corresponding to 

some parl8 of our Oolite forma.tion, rising to & height of nearly 3000 
feet above the vaU!'y. 

Upon the slope of this range, - not at the level of the lako but 
considerahly higher. and just facing the Rhone vaney, lie extcIl8ive 
depoeits of angular Mocks of the kind of granite which especially 

characterizes the eastern part of the range of Mont DIane, which is 
also the nearest point where tbe rock in qUe!tion occurs in titu. It 
may be difficult to point out with certainty the locality whence thesa 
fragments are derivod, as the kind of granite called Prot<Jgint (which 
contains tale instead of mica) of which they consist, is common in 
mauy parill of the Alps. nut it is perfectly certain that no rock ap­
proacb:ng to it in the remotest degree is to be found either in the Jura, 

or. nearer than t"he part of the Alps which 1 have mentioned, and which 
may be (rom 60 to 70 milee distant as the crow flie8. A great helt of 

these blocks occupies a line, extending for milce, at an average height oC 
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800 feE't above the level of the Lake of Neufchatel, and above &nd below 

that linE', they diminish in number, although not entirely wa.nting. 
They have been most extensively broken up and removed, for building 

purposes, or merely to disencumber the land, and many of them are 
conccaled amidst the woods which clothe the mountain slope. But 
wherever seen they fill the mind with astonishment, when it is recal­
loo~ that, as a matter of certainty, these vast rocks, larger than no 
mean cottages, have been removed from the distant peaks of the 

Alps, visible in dim perspective amidst tlw eternal snows, at the very 
instant that Wt: stand on tht'ir debris. The most notable of these 
ma.<!8E'S, caUed the Pierre a Bot, (or toad-stone,) lies in a belt of 
wood, not far from a farm-house, about two miles west of Ncufchiitel, 
and near the road to Vallcngin and La Vhaux de Fonds. The first 

height ahove the lake being gained, (vine-clad on its lower slopes,) we 
,orne rather abruptly upon a well cultivat.ed flat or terrace, where the 
fann-house just mentioned is situated. This hollow in the hm permits 
some a.ccumulation of soil, which elsewhere is very thin and bare, a.nd 
probably the configuration of the ground has had something to do with 

the deposition of the block' which have no doubt been carefully cleared 
Boway frum this more Il'vel spot. Immediately behind, however, the 
llill again rist's, covered with thick wood, in every part of which, not a 
few, but lmndreds and thousands of travelled bl(){'ks may be found. 

Some small and rounded, but a vast number exceeding a cubic yard 
in contents, and perfectly angular, or at least with onJy the corners 
and edges slightly worn, but without any appearance whatever of COD­

siderable attrition, or of any violence baving boon used in their trans­

port. Indeed, lIIuch violence would be quite inconsistent with their 
appearance and present position. 

The PimT, a Bol is figured at the head of this chapter, from a sketeh 
made on the spot. Ita tlimensions, according to Von Bueh, are 50 

feet long, 20 wide, alJd +0 high, containing 40,000 cubic feet (French.) 
It forms a stUpetldOUB monument of power. It is impossible to look at 
it without emotion, after surveying the distance which separates it 
{rom ita birth-place. No wonder that geologists have vied with one 
&Doth"r in attempting to account for so extensive and surprising a phe-

" 
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Domenon. I( transported by water. why do those masses Conn a band eo 
high above the plain !-why, rather, WtllC they not buried iD "he depths 
of the lake beneath; and why do they show such slight marks of the 
frietion they mu.st inevitably have experienced! If they slid down an 
inclined plane, touching the Alps and Jura, of what Watl their plane 
made, and what has since become of its material! Besides. how is it 
poEsiblc that rough blocks could slide down any natural slope of ) 0 8'. 

which is all that the relative positions of the blocks, and their origin, 
pE'rmit !. 

Lastly, if these blocks "ere transported, like the erratbs of the 
arctic rogions. upon floating rafts of ice, what was tho extent, lloud 
wht tIl(> boundaries and barriers of the natural lako on which Wl'Y 

were transported! Such boundaries or barriers cauuot he pointed <>ut. 
consistC'otly with ",hat has hoen said as to the unchanged condition of 
the superficial deposit in Switzerland gcncnJly. since the period of thc 

transport of erratic~. Their orderly distribution with respt'ct to the 
nature of the rocks, those from the smile origin being genomlly grouped 

togf'ther, is jnconsistent wit.h tbe idea of iccbergs floating hithor 

and thither, and wrecked or ~unk by chance on any part of the lake. 

Nor is tbis:ill: the supposition of a lake washillg the base of the Jura 

range, and cold enough to ma.intain a heavy fleet of ice-islands, is a 
supposition as gratuitous, and very nearly, if 110t quite, as violent witll 
respect t() change of climate, as that of Venotz and De Charpentier, 
who attribute this transportation of rocky masses to a mere extension 

of glaciers now existing, which are at this hour depositing terminal 
moraines of blocks similar to those upon the Jura., but which are COU~ 
fined to the hpads of the vaHeys which they fonnerly entirely occupied, 

as well as the plains beyond. Of course, this recession was not iDitan~ 
taDeollB, but went on gradually throughout a IOllg seriee of years, 80 

that the moraines wbich commence on the Jura bave covered by degrec!:! 
the whole intervening space betwcen the former aud the actual tenni~ 
nation of the glacie1'8. 

• CU.t.IU'XIH1&ll, p. 174. 
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If thi/j tltcory have any foundation, we ought to find confirm ations oC 
it in the valleys through which the supposed gla.ciers must have passed, 
and this we do in a most remarkable manner. Not to dwell too long 

on a general point. which would admit of much detail, I will confine 
myself to a few observations which I have had an opportunity of mak­
ing, chiefly in company with M. de Oharpentier himself, in ~he part of 
the Rhone valley between Martigoy and the Lake of Geneva. 

The narrow gorge through which the Rhone passes at St. Maurice 
is familiar to all Swiss travellers. If the glacier which then filled all 
the upper and trihutary valleys whoso waters now form the current of 

the Rhone, passed through t.his place, it must have been violently 
accumulated. in this ravine, and prbSSeiI with excessive force upon the 
bottom and sides of the valley. The marks of glacier wear and polish 
are here extremely visible, especially on the rocka which occupy the 
bottom betweon St. Maurice and Rex; and they extend to a ver,f great 

height Oll the eastern side of the valley, exactly opposite to the village of 
Bex, where' M. de Charpentier pointed out to me the most exquisitely 
polished surfaces of rock, quite as smooth as a achoolb8y's alate, and 

displaying an artificial section of all tho interior veins. After p8S8ing 
the defile of St. Maurice, the glacier spread itself over the enlarged 
b&ain immediately beyond, partly furmt"fi by tho tributary Val d'U­
liel'8. The north-western face of that valley fronts the tide of ice 
which then Bowed through tho rocky defile (on the theory we are die­

cussing), and which bore upon it with its latera.! moraine. The re­
sult is not less surprising than what we ha.ve de8Cribed upon the Jura. 
The rock hore, too, is limestone, and not perhaps a fourth part of 

the distance of the Chaumont (above Neufchiiwl,) from native granite, 
but the magnitude of the moraine is proportionally greater. The 

"blocks of Monthey," as they are called, from the village immediately 
below them, must be seen to I>e appreciated. I wandered amongst them 
for a who}" forenoon, and though 1 had previously heard much oC their 

magnitude, I had formed no idea of what I then saw. We ha.ve 
here, apin, • belt or band of blocks-poised, as it were, on a mountain 
aide, it may be five hundred feet above the alluvial Bat through whioh 

t.he Rhone winds below. This belt has no great vertical height, but 
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extends for miles-yes, for miles along tbe mountain aide, composed 
of b\Qeks of granite of thirty, forty, fifty, and sixty feet in the aide­
not & few, but by hundreds, fantastically ba.la.nced on the angles of one 
another, tbeir grey weather-beaten tops standing out in prominent re­
lief from the verdant slopes of secondary fonnation QJl which they rest. 
They are thickest in the midst of a wood, and the tra.veller has 
his admirat.ion divided between t.he 8ingularity of the phenomenon 
and the exquisite picturelqtse of the spot. For three or four miles 
there is • path preserving nearly the same level, it,'ading amidst the 
gnarled stems of ancient chestnut trees which struggle Nund and 
among the pile of blocks, which leaves them barely room to grow: 80 

thaL numberless (.,()mbinatious of wood and rock are formed, whft~ a. 
landscape painter might spend days in study and enjoyment. The 
trees opening here and there display the vaHey of the Rhone benea.th, 
the exquisite meadows and orchards which surround the town of Be,.. 
l:IurmountN by the lofty aud imposing summit of the Dent de Morcle; 
whilst the snow-('Jad AJp~ whose fragmellt~ are beneath our fcot, clOEIc 

the farther distance. The blocks are pih'd one on another, the greater 
on the smaller. leaving deep receSS('R between. in which the flocks or 
their shcphf'ros seck shelter from the snow-stann,· Slid seem uot 
burloo by a natural catastrophe, but as if ba.lanced in lipon by giant 
hands. For how came they thus to alight upon the steep. and there 
remain! \\rJlat foreL transported them, and when transported, thus 
lodged them high and dry five hundred feet at leaRt above til(' plain! 
\Ve n-ply, a glacier mlgkt do thi8. What other inanimate agt·nt could 
@ it, we know not. 

I h'l.\'e adverted to the ma.rks of friction and polish visible upon the 
fi1ed rocks neaf St. Maurice: ] must add a word about a.nother ap­
pearance higher up and which gave mc a strong conviction of the im­
f'OlVJibility of currents of water producing tbese cffects which I examined 

• One of ~ al'orded aheJter k> • monomaniac, diu.ppoiDted in 1oYe, _hOlO Md etory 
i. known to mall)' 01 tM inhabitaDta (I( !.be valley. who raeolleet him. The block, whieh 

i" /iguftd in de ClJupeAUer'a work, ;. named {rom the poor IlW!. who lived 1 think tor 
fort,. )'car. UDder it, PinTe Ii Mila,.. 
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ca.refully in August 18401. The c&8cade of the Pisseva.che between 
Martigoy and St. Maurice, upon the left bank of the Rhone, is per­
fectly known to travellers, but few probably have taken the trouble 
to ascend to the level of the higher valley through which the stream 
(the Sallenche) descends before being finally precipitated. When by 
a toilsome climb 1be higher level has been gained-above 1500 feet 
above the Rhone valley-bare rocks are seen to rise almost precipi­
tously on either side of the channel through which, at a great depth 
below, the stream leaps from crag to crag, and even the din of its 
greater fall is IvRt in the depth. Now these vertical precipices, which 
form the mural angle 01' buttress between the valley of the SaUenche 
and that of the Rhone·(which are at right anglf>~ to one another,) are 
scored by nori:matal stripes, or grooVeR, or fluting, evidently the result 
of superficial wear. But what could have WOrD it in this position! 
Could a current of water, of 1500 feet deep, have borne boulders on its 
surface which should leave these plain horizontal markings! What 
could have been moved with a steady pressure as a carpenter pres.ses his 
cornice plane on the wood, 0' as a potter moulds with a stick his clay, 
pressed laterally too, with a perpendicular face of ] 500 feet beneath! 
Nothing tha.t I am a<'quainted with sa.ve a glacier, which at this day 
presses and moulds aud scores the rocky flanks of its bed, extending to 
a depth often certainly of hundreds or fN't beneath. A torrent how­
ever impetuous, a river however giga.ntic, a flood howevpr terrific, could 
never do this. 

The result of the attrition of fixed rocks attributed to glaciers is 
threefold. In the first place, the surface of rock, instead of being 
jagged, rugged, or worn into ragged defiles, is even and rounded, ofien 
dome shaped or spheroidal, showing the structure of the rock: in sec­
tion, and occasionally 80 slflooth as to be difficultly accessible, &8 at the 
Hollenplatte near the Handeck. Such surfaces were called. /lQcIw 

M01JtonnffA by De Saussure, 
&txmdi.y. Subordinate to tb6l:le general fonns are the long, smooth, 

parallel grooves or flutings which have been already mentioned.. 
T4irdly, ThePe polished grooves are often traversed by fine Jines or 

.trUe, cut as it were by a. ha.rd point, which often C1'08B one another. 
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TheBe vvious pbenomena. are {\hservod OOt,h dose to mMom glacif'l'S. 
Uld in the distriete of the Alps and Jurn. which abound with er""tics. 

The strite of the Pi8sevache are a.eoompanied by the presenct' of 
erratic blocks. They are al4 I think, from the nt>ighbouring moun­
tains to the westward : From this faet, and from the diret'tion of tho 
marks on the roek, I concluded, in ]841, tll\t the Val de Tricnt was 
formerly oceupit'd by Do glacier which passed by tbe village of Snlvcnt 
and joined the grea.t Rhone glacier, by sweeping round the angle of 
tho Pisaevache. This conjecture win be found to be confirmed by 
more recent observations in the vaJ.le~· of Valoraine, which will be 
found in one of tbe later chapters ofthis work. 

It remaina to dose this very brief sketch by reforring to the two 
chief objections already mentioned, by which the glacier theory lias 
been moat ably opposed. And, (1.) that the cold supposed is contrary 

t9 received geological opinions, or to probability. To this I wiJI 
briefly answer, rust, that the opinion of geologists appears to havo been 
far too exelusively grounded in this, as in some other parts of their 
science, on zoological evidence: and in the present case that evidence 

appeare t.o be both inconclusive and contradictory; inconclusive, be-. 
e&use new recent species (1 sUnde to inhabitants of the ocean) arc 
being continually found in climates to which they were not formerly 

supposed to belong, and contradictory, because, instead of a constantly 
warmer climate in fonner times appearing from the evidence, such ~ 
it IS, of the fossil shella. it is affi.nned, not without plausibility, by Mr. 
James Smith, Mr. LyelJ, and M. Agassiz, that the shells of ihe par­
ticular epoch corresponding to the dispe1'8ion of erratic blocks have a 
decidedly arctic character. I answer, secondly, That the advoeatcs of 
the theory of ir..e !'aCta require a much greater degree of cold than at 

preaent, and that all geologists, from De Sau88Q.re to M. Elie de Beau­
mont, admit that there are traces in certain glaciers of the Alps of their 

haTing formerly extended a certain way beyond their present limite. 

I o~"e, thirdly. that the depreeaioD of temperature Deed not pro-­
bahly be 80 very great, as might at first eight appear, in order to cover 

Switzerland with ice. J t will be seen in the course of the preaent 
work that many glaciers have undergone surprising variations of exten~ 
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.,nd covered whole acres with their debris, within the memory of per­
sons DOW Jiving. &Ild this due to causcs which, though doubtlesa euer­

getic, &re not sufficiently developed to enable uS clearly to define them.­
It would not be difficult to show, did space permit, that a great increase 
of glacier surface' must result from a small depression of atmospheric 

temperature. • (2.) A morc fonnidable objection has been drawn from the IrMIl 
inclination under which these primitive glaciers must ha.ve moved, and 

carried down their debris. The mean inclination of the entire glaeier of 
the Rhone valley has been estimated by De Charpentier at 10 8'; but 
the slope of a great parf of its course must have been much less, and, 

comrmring the height of the erratiC8 near Martignv with th080 upon the 
Jura, it is estimated by M. de Beaumont at nearly 15'. The question 
then comes to be, can a glacier move at all under Buch slopes! Speak­
ing from experience, we find the mean slope of glaciers to be much 
above what has been etated, hilt whethttr this is essential to their 

motion or uot. is quite a different question; it may result mel'tlly 
from the actual inclination of the valleys to which the glaciers 
are confined by the present laws of climate. It seems impossible to 

g:vl' any just answer to the questioll,-" Under what slope would a 
glacier ]00 milcs long move ~" Without first answering another,­
U What is the immediate cause and morle of glacier mot.ion!'" It is • 

hoped that something like an answer to the latter qu~tion may be found 

in this volume. We may then attempt to reply to the fonnar. 
Some farther illustrations of the subject of this chapter will be found 

in the Edi1wurg" a.,.;"" already quoted, in which I have stated my 
opinions on several points more at large; as well as in the clear and 
able work of De Charpentier. where the rival theories are ingeniously 

handled. 
In conclusion, I will call atteption to two simple wood-eutB, of paral­

lel aud similar b"· --ry diatant phenomena,-the one, of travaIled 

• See ref.,... to thlI8haen cia ~ of La Bl'eJIn., of VU de Bagnes, of Ley., UIod 

8i:hwarisbcq in ~ iades:. 
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CHAPTER IV. 

DESCRiPTION OF THE MER DE GLAOE • OF CHAMOUNI. 

PHY8ICAL GEOGRAPHY OF THE ICB-WORLD--OLACIJCR DB LIIICIIAUD--GLACIBB 

DtT GBANT--80L'BCB OF THE ABVEIBON-HAJIBAU DIIS BOI~ BU PIGft 

-ANOIENT MORAINB OF LAVANCHI -J,B OHAPEAU-'IfAUVAII PA8--CATTLB 

TRAVB1UJtNG THB GLACIER-BLUE COLOUR OP ICB-MONTA.NVBBT--AOOO -

MODATIONI-THB VIEW-LBS PONT8-L'ANGLJD--PAB8AG& OF TRB GLAOID 

-LRI CHARKOZ-TRBLAPORTE. 

Nee 'ridiMe 1M eet :.-Iurum calavimua aNlaGl'. 

Ovl». TrUe. III., x., 89. 

Tn glacier which occupies the vut gorge or system of valleys to the 
t of ODt Bl c,' usuall, and, I belie e, correctJ.y termed the 
... fJIt.It1I.- Dame of 0-.. dM Boit confined to its lower 

eDP8ID~ WDBll'IIL. ellapil~ from the delle between the r0-

of the Aiguille du Dna, it 
illlllIle1Il-, "1I'G1I __ the faDtaatic fa 

of La hi 
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oDe baud, and thoee through which the U:l!uaUy frequented path to the 
Montanvert pa88e1', on the other. If I do not always use the Glacier 
da BfIiI to signify the lower, &lld tho Mer de Glact the middle and 

upper part of this vast ice stream, I sb&ll not probably incur any 
risk of being misunderstood. 

It is proposed, in this chapter, to describe such peculiarities of struc­
ture. either in the \'alley in which the glacier liE's, or in the ice itself, 
aa may tend to illustrate the physical geography of the district; and 
eepooially the theory o( existing glaeie .... and of tbcir fomor exten­

sion; and if the details into wllich I shall enter appear somewhat 
minute, it may he well to recol1ect, that 'thE' absence of su('h local know­

ledge has been the cause of much of the unoortainty under which we 
at prescnt labour as to the past history of thes(' wonderful m38Sefl. A 
pennaDtlnt record of their prt'sent limits, conditioll, and phrnomflna., 

will he an important document for future times; and the convictIOn of 
this led me to incuf the very gre30t labour of constructing a detailod 
map of nearly the whole glaeit'r. A more particular account of the 

survey will, as a Dlatter ap.'\rt, and less interesting to the general 
reader, be found in a. scpa,.-"te chapter. The time f<:'<Juired for such a.n 

undertaking. and for the minute inspection of every portion, waa of 
the highest importance in foreing upon my atu-ntion facts whieh it is 
almost impossible not to overlook on a superficial glance; and the 

t..>pogrnphical detail I am now to give may aid the reader, in a similar 
manner, to transport himself in imagination to the seene of the experi­

menta on glac:ier motion which I shall afterwards detail. 
There is nothing more practically striking, or more captivating to 

the imagiDation, than the ext.reme slowne88 with which we )~ to 

judge of distances., and to recognise loealities on the glacier eurfaro. 

Long after i('y ecene8 have beoome perfectly (~iliar, we find that the 
f118 is still uneducated in these respeet..s, and that phenomena the mM 

nm.a.rkable when pointed ont, have utterly eeeaped attention amidBt 

the magnificence of the surrounding l!JCI8Jlery, the in'figoration whieb 

the braciDg .. ir prodnoee, and the uioniehing efect of intenninable 
_ .n&b whieh icy plairuo ou&epruod for mil8, le1?DiDated by. 
penpecli •• of almool shadow) ... IIlO,,), .)opeo, impreee the miDd. I 
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cannot now recall, without some degree of shame, the &lmost blindfold 
way in which. until lately, J was in the habit of visiting the glaciers. 
During three different previous summers. I had visited the Mer de 

Glace, and during two of them, 1832 and 1839, I had traversed many 
miles of its· surface; yot I failed to remark a thousand peculiarities of 

the most obvious kind. or to speculate llpon their cause, or else the 
clearer apprehension which I now have of these things, has wholly 
driven from my mind the previous faint impression. Of the exilltenee 

of the moraines, b"enerally, and their cause, as weH as of the fact of the 
deeoent of the glaciere, I was a.ware. but I can ecareely recall another 
of the many singularitios which they present, as affecting my im-agi­
natitsn then in a lively manner·-the wear and polish of the rooks-the 
vast m888e8 of travelled stone thrown up high and dry far above the 

prosent lovel of the ice. like fragments of wreck, indicating. by their 
elevation on the beach, the fury of the past swnn-the pill.&rs of ice, 
with their rocky capitals. studded over the plain like fantastic monu­
ments of the Druid age--or the beautiful veined structure of the in­

terior of the ice, apparent in almost every crevasse,-these things, 80 far 
as ) now recollect, were passed by unobserved. 

Evon in the summer of 1842, during which the present survey was 
made, I had abundaut pI'flOf of how much remained unseen only for 
want of tlle faculty of concentrating tllt! aUp-ntion at once upon all the 

parts of 80 wide and glorious a field. Weare not awar", in our ordi­
nary r6eearehes in Physical Geography, or the natural sciences in 

general. how much we fnll back upon our general knowledge and 
Aahitual observation in purauing any special line of enquiry, or what 
would be our diffioulty in entering fJI men upon the study of a world 

which we had not familiarly known as children. The terms of Bcienoe 

are generally but tnmelations into prooi8t' language of the vague obser­
vations of the uncultivated semes. Now the ice-world is like a new 

pla.net, hill of oonditions, a.ppearances, and l88OCiatioDs alien to our 
common uperience; and it is not wonderful that it IIIhonld be only 

a&.er a loog training, after much fatigue. and dazzling of eyes, and 
weary llltepa, aDd many a hard bed. that the Alpine traveller acqwres 
lOme of that nice perception of cause and effect-the instinct of the 
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children of nature-which guide/il the Indian on his trail, and t{'aclies 
him. with unerring philosophy, to read tho signs of change in earth 
orm. 

But to return to the Mer de Glaco. A glanco at the nlap will show 
that this gn-at ice rin~r has near its origin two dh'ided streams, dori,'£'d 
from different sources. The westward branch, denominated the Glacier 
du Geant, or Glaeier du Tacul, has its rise in a vast basin immediately 
to tbe eastward of Mont Blanc, confined between the proper ridge of 
the Alps extending to the Col du Geant, on the south, and the chain of 
Aiguilles of Chamauni- on the north, comml·ncing nearest Mont Blanc 
with the Ai~uille du Midi, and t(>nninatingwith that of tho Charmoz, 
round whoMe eastern foot the Mer de Glace swoeps. The other branch, 
called the Glacier de Lechaud, has its origin at the foot of La. GrandE> 
JOI'88B6. ODe of the highest mountains of the chain which separates til(' 
Val Ferret from that of Chamouni. This glarier is smaller than itt! 
neighbour, although it is swelled before its junction by the tributary 

ice of the Glacier du TalHrc, which ralls in upon its right bank from 
a detached basin, encircled by inarcessible pinnacles of rock, in wilos{l 
centre is the spot called the Jardin, now so froqucntly visited. ThE' 

length of the wboh~ Mer de Glace is cstimatro by the guides of Cha­
mourn at eighteen leagues, an enormous exaggeration. if leagucs of the 
usual horizontal measure be reckolled. A ifmguc, llOwevcr, is generally 
understood to mean an hour'l' walk amongst the mountains, and in tha.t 
view the estima.te will appear less abaurd, although it conveys no correct 
idea of superficial extent. The distance from the foot of the Glacier du 

Bois to the top of the Glacier de Lechaud might probably be traversed 
in l!Iix or seven hours, and by the other branch to the Col du Geant, 
supposing that the state of the glacier permitted the traveller constantly 
tN advance (which is not the case) in about nine. The ehortest, linear 

• I ft1ain De SaU88llJ"t', llpelling of ihie familiar name, although f lUll aware that the 

mOIIt. ecftt!et OI1bograpby b; Chamoni,;. But I have, in J1:nen.i, pre1l'ned Do SauMure', 

aalllori&y, OIl the epelling of pl'Oper name., to all oihen., and that of Chamouni hu 00en 
--.J. aaDOIIpi EngI.iIb, aa well .. many S.,. Mtthors. The eecond .yllahlo ill Pl'OllOUlloed 

... ""' ...... 
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distance from the (oot o( the glacier to the highest ridge of the Alps is 
by my survey about seven milt!s, and the breadth of the glacier seldom 
if ever exceeds two-thirds of a mile, but is generally much less. This 
docs not give any idea of its apparent extent. The toil of traversing 
it, the endless (/£t<JurB, and the rt:eurring monotony of its crevasses, 
exaggerate inconceivably the distance, even to those most experienced. 

\V c commence our survey at the foot or lower end of the ·glacier, 
proceooing upwards. 

·The view of the lower end of the Mer de Glace, from the road lead­
ing from Chamouni to Argenticre, is exceedingly striking. The valley 
of Ghamouni is here broad and flat. Three haDJlcts of sinall size are 
planted in sight of one anoth~f, I.es Praz, Les Tines, and the 
Hameau des Bois. The latter is almost in contact with the glacier; 
and, indeed, in 1820, it attained a distance of only sixty yards from 
the bouse of Jean Marie Toumier, the nearest in the village, 
when its farther progress was provi4entially stayed. The va.lley 
down which the ice pours, meets that of Chamouni at a considerable 
elevation: the western side of the glacier (in contact with the Mont­
anvert,) pteBscs right upon the verge of a precipice, down which frag­
ments of ICC IUC prceipitatcd at all seasons, whilst the eastern stream, 
following a gentler slope of ground, awpeps more gently round the foot 
of the AiguiJIe du DochaN, and beneath the station called the Cha.­
peau, when it is again diverted to the west, pa.rtly by the accumulation 
of its own moraine in front, and partly by a. projecting rock of a. re­
markable kind, of which we shall immediately speak. From the village 
of Les Pr4Z, theb. this cascade of ice is seen directly in front, but the 
Source of the Arveiron, at its lower extremity, is hid by the m8B8 of the 
moraines. The Source offers, however, nothing extremely remarkable, 
and the views which have been given of it are in general greatly exag­
gerated: It is an arched ~vity, almost annihilated in winter, &Dd gra­
dually incroaeing &8 the season of waste and avalanches ad vanccs, untii 
it forms an archwa.y of considerable height and width, from which the 
tarbid stream of the Arveiron ftows. The quantity of water varies 
oxcessively at different seasons, and even, I have been assured, on dif­
fe~ d.ys. It i8 fulle8t, I think, in July; and, in winter, though 
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email, I am UfJUred by natives that it is ~ery rar indeed from alto­
gether oeuing. retaining. I was informed, at least haIr as much water 
as wben I saw it in Sept.ember, when I eetimated the discharge very 
rudely (it does Dot admit of exactness) at three hundred cubic £66t per 
second. The source of this water in winter, whon the glacier is frozen, 
may be partly from the heat of the ground in contact with tho icc, as 
supposed by Do Saussure, but it must also be recollected that ",he ico 
valley of the Montanvert may he supposed to have a due proportion of 
springe taking their origin in the iuterior of the earth at B depth to 
which even the cold glaeier-eontact does Dot communicate a sensible 
intluenee, and the 800ree of the Arveiron is the natural drainage of tile 
springs of tbat valley. 

o 

The fin.J slope of the Glacier du Bois has a vertical height of at 1l'38t 

1800 feet, (the height of the summit called Le Chapeau, a.bove the 
valley at Lea Tines,) down which, as has been said, the ice deRccnds 
half sha.ttered, half continuous, twietoo into wild shapes, and travcl'8cd 
by countless fissures, whilst on the right the precipire above the BOone 
of the Arveiron raises ita batt' forebead without even 11 stunted tree or 
a blade of grass, for its 8Urill.te is continually furrowed by avalanches, 
and its hollows waAhed clean by foaming cascades, which both originate 
in the diadem of jagged pinnacles of i~e by which it is surmounted. 
To the right and left the prospect is enclosed by the warm green fir 
woods whieh t.Quch either moraine of the glacier, and behind and aloft 
the view is terminated by the stupt:ndous granitic obelisk of Dru, which 
has scarcely its equal in the Alps for apparent insulation and stoop­
Dess-a monolith, by whose side thOle of Egypt might, stand literally 
lOltt through imignifieance. 

When we approach the foot of the glacier at the Hameau des lloir.!, 
we are at no 1088 to peroeive that the ice has retreated. The blacke of 
the moraine of 1820, in which year the glacier made its greatest iDCU,... 
sian (in modern times) into the valley, lie scattered almotJtat the doors 
of the hoo.eee, and have raised a formidable bulwark at JOBS than a phJtol­
shot of distance, where cultivation and all verdore suddenly cc&Se, &Ild 
a wilderness of etones of all shapee and eizes commences, reaching u 

far as the present ice. The limit of the moraine of 1820 is marked in 
• 
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the map, whence it appea1'8 that the fonn of the extremity of the glacier 
was pot very different from the present one, only that it swelled out 

more, and that it very nearly had divided itself into two streams, sepa­
rated by the promontory marked Cote du Piget. This promontory 
commands an excellent view of the extremity of the glacier. Upon its 
southern face the glacier has spent its strength, heaping ridge upon 
ridge of its moraines agaiust it, The northern slope m perfectly pro~ 
tooted, and trees grow to tho foot of it. One cannot help being re~ 

minded of the position of the Hermitage of St, Salvador, on Mount 
Vesuvius, roulld which the lava. !"trea.JIlS pM8 innocuous. 

But this hillock has an CRpeeial interest. Iu. resistance to the pres~ 

surt' of the icc led me to suspect that it is composed of firm materials, 
and is not merely a heal) of rubbi!Sh. And so it proved: but whilst 
the cliffs above the source of the Ar .. eiroD are of gneiss, whose beds dip 
inwards towarrlH til{' axis of the chain a.t an angle somewhere about 300

, 

this hillock is of stratified limestone dipping similarly under the gneiss, 
and at about tho same angle. We find it continued, in exactly the 

same circumstances, a little to the eastward, at the foot of the AiguiUe 
du Bochard, on the path leading from tho village of Lavanehi to 
tho Chapeau. There is there a lime-kiln, and it is burned for use. 
The Cow du Piget is mentioned by De Saussure,· and he refen 
to its calcareous nature in his cha.pter on thc ftecondary rocks of 
the valley of Chamouni. nut he does not notice the sectiop below 

the Chapeau. 

The moraine of J 820 rises some way upon the slopes which border 
the east side of tho terminal part of the glacier. But when we come 
to examinEl the!:lc slopes themselves, we find in them indubitable evi­

dence of their being real moraines of a. former age, left by the glacier 
when it had a greater extension than at present. This is a (act of 

wwcb it seems scarcely J"lBBible to doubt. We find it admitted by 
SauSBure, t and moat, if not all, of his followers. There are eiream­

l'Itances OODDooteci with this moraine which rcndera it wortlJY of most 

- ---- - - - --
t lb., § 6Z:f. 
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parotiouJar attention, for it is a. common grolUld on whiuh the wnoeates 
of the former vast edension of the gla.ciers, aud the opponeuts of that 
doctrinE., are ready to moot. both admitting that this mass of debris, 
extending quite up the prcsC'nt gla<-ier, has unequivocal marks of 

having been a former moraine. 
Its form is not a little peculiar. It is the convex 88carpmflotaecn in 

the map to travcrse the vallcy of Chamottni l'OOvo the village of Lee 
Tines. presenting it~ convexity towards Chamouni. ] tslength, reckon­
ing from the existing glacier, was estimated by De Saussurc at 1300 (Ir 
14000 feet; but by the map it would appear to bo 6000 feet, or 

above 8 mile, reckoning from the rock of the AiguilJe du llochard to 
the opposite side of the Arve (rom Lavanchi. It hlUl already been 

said that the valley oppo8ite to the Glacifr du Bois is Oat and level; 
the road from Les Praz to Les Tines, a distance of above half a mile, 

is almost perft'Ctly 80. 'l'JU'te we rcacll tho foot of tile convex 
escarpment oC blocks, which aro ('overed with soil and trees on the side 
next Chamouni, but ita composition is abunda.ntly testified by the 

appearance of its summit, and especially by the sl'ction in the ravine 
through which the ril"cr Arv£', dt'Accnding from the <AI de Hahne, and 
swelled by tht! gl&eiel' streams of Le Tour and Argcntiere, forces its 
wa,V. The cut is a dcl'p one, and wo find the mound to be almost 

entirely composed of detached fra.!!1nent8 of transported grani~.e, lIimilar 
t.o that of the chain of MODI Hlanc, rough and angular, or only rounded 
at the edges by partial friction, and accumulated in the utmost dis­

order, mingled with sand, witbout any appearance oC stratification. 
Tbe embankment has been cut '''rough by the river, 80 that a portiml 
remains attached to the northern side of the valley, (the slope8 below 
the Flegcre and the Aiguillcs Rouges,) upon which vast illBulatcd 

granitic fra.gments may be found lying at a considerable height. There 
ean be no) reasonable doubt tha.t this mound WIM once continoous, and 

obstructed the course of the river, Of this we have a farther evidence 
in the deposit oC the alluvial Oats which succeed it in aeeending the 

valley towards Argcntiere, evidently formed by the waters of a lake; 

and jut at the margin of these, close to tht' eaRum side of the mound. 
the village of Lavanehi now IltanM. 
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The entire mound, I have already said, ill composed of materials 
"imilar to those of the moraines or glaciers generally, a.nd or the 
Glacier du Bois in particular. The arrangement or these ma.teria18 it 
also the same. The eltearpment to the weet doe! not appeaT to be the 
result of erosion 8uhllequent to the depollit, but. to be the original ronn 
into which the materials have been wrought. The summit is a long 
narrow ridge, sloping rather steeply both ways, and garniehed with huge 
blocks on its very top. The largest of t.heee i. marked. on the map under 
the name or la pUtT, fk LUboli, and io some plaees thel!!le ridges are mul­
tiplied and parallel. es:actly lUi! in a modem moraine. It will he observed 
tbat the ground-plan of trull mound is very singular, being convex to­

wards tbf" glaeier, instead of concave aq is usually the caRC. This is an 
important f&et, and requires ~ spooia.l explanation. on the hypothesis 
(generally admitted) of its being due to the fonner extension of the 
Mer de Glace. The ice must ban dt'scended in such a mass a.s to have 
blooked up C(\ropletely the whole valley, a.nd a.butted ~<ra.in8t the oppo­
site slopes of the Flegertt. So grca.t was its mass, and so nearly level 
the vaney of Chamouni into whi~h it descended, that when resisted in 
front it spread la.terally in both directions, and pushed its moraine up 
the va.Uey ~ woll as down. The presence of the glacier, obstructing 
the oourse or the Arve, produced a. Jake, as in other well known 
case. such as the lake of Combal in the Allee blanche, formed by 
the Glacier du Miage, and that of Matmark tn the valley or Sa.as, 
formed hy the Glacier of AUalein. The almost entire disappearance 
of the moraine on the weltern or lower side of the glacier IS DO 

argument ~"&inst its existence; on the contrary, we have direet 
evidence in favour of it, derived from vast blocks of granite whieh 
are met with as far down the valley as the village of Cbamouni, 
and whieh weTe fonnerly very numerous indet.-d, but are everyday disap­
peariDg with tlle progress of "ultivation. In external and mineralogi­
eat eharaetel'll thE.Y ate identical with thOde &lready noticed. A farther 
oon6mu~tioD will be found in the enormous traneported blocks whi('h 
lie some hundred feet above the le,,·el of the glacier on its west Side 
near the Montanvert, r.nd wMeh are not. I think, alluded to by any 
writer. POMibly tht- glacier once fillf'fi the valley of Cbamouni to a 

• 
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greM extent, and \hu8 formed ita own barrier. and perllapel we are to 
look for the proper terminal moraine much farther down. This is in­
deed the more probable hypothesis, both owing to the appearance of tho 
rooks below Les Ouchee, which we 8h&11 hereafter notice, and because 
it would be difficult to aooollDt for tile remoni of a vast lateral barrier 
on t.he weat side sufficient to produce such an accumulation on the 
east. De Saussure's remark on the smallness of the terminal moraines 
is one of the most acute in his work. He says, U Lee blocs des pierres 

dont est charge Ie baa de 00 glacier, invitent une re8exion asaez impor­
tADte. Loraqu'on considere leur nombre et que I'on pense qu'iltl se de­
posent et aecwnwent .. cette eJ.tremite du glaeier .. m08ure que Bee 

g1aces Be fondent, on eet etonne qu' it D'y ait pas d(>t\ amas heaucoup 
plua oonsiderables. Et eette obseryatioD, d' accord en cela avec heo.ucoup 
d' autres que jc devclopperai soccessivement, donne lieu de croire, 
comme Ie fait M. de Lue, que l' etat adoal de notre globe 0' f'st. point 
&WI8i ancien que quelquC8 philosophes r o~t imagine," Voyu!Ju, § 625. 
The reason which we would assign for this remarka.ble fact. is that tho 
extremity of the glacier having a moveable poSition, the blocka havo 
been graduaUy deposit-cd as tho glacier retreated from theJower end of 
the valley of Charuollni to its present position. 

If we continue our survey of the glacier, Mcending the ancient 
moraine of LauDehi, we come in contact with the rock .. little ltigber 

than the Pierre de Liaboli. a.nd the rock here is limestone, &s already 
mentioned. ] t is just in contact. with the gneiae, whosc beds lie 
,loping southwards exactly at the same angle with the limestone, 
namely, about 30". This limestone is, no doubt, of the same formation 
with that which has been noticod in other parts of the Valley of 
Ohamo1lIli, and especi.tly by de Sauasure, as underlying the gneiee of 
ihl: AiguiUes opp06ite Chamouni, towards the hamlet of Blaiticre. Its 
poeitioll is very remarkable, thus ioterpoeed between two granitic 
mar""." (or t.he AiguiUas Rouges aYe also of gnei88 or granite. and the 
almost euct symmetry. in point of &rrangement and stratific&t-ion, 
which we IIhall find fA) exist on the BOuthem side of the chain at 
rCourmayeur, gives to it a peeuliar interat.. 

When we begin to command the view of tbe glacier in a.pproaeh. 
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ing the Chapeau, we are struck by the size of the blocks whioh 
eeem poised on the projections of the cliO'. at a great height above 

the ice. &Dd which are rounded and scored in 8uch a way as to show 
that the detached muscs were deposited here in the usual progress 
of the glacier wheo it attained tbis height. The view here of the 
AiguiIle du Dru, and of the pinnacles of ice of the Mer de Glace it.elf 
is very striking. A portion o{the moraine of 1820 isoexterossoo, and 
at length, after passing a torrent, we find ourselveB at the foot of the 

hillock called La Chapeau, on the precipitous side of which is a cavern 
affording some shelu,r, and an excellent view not only of the glacier, 
but of the valley of Chamouni which it eomm.&nds, and the effect i. 
extremely beautiful, especially ill the evening. This spot, although 
extremely easy of accesS, is rarely visited by tourists, unless at SeMons 

when the Montanvert is too much enveloped in snow to be conveniently 

reached; but the two views have very little rcsemblanee, since the 
portion of thfl g'lacier seen from the Chapeau is the lower part, or Gla­
cier du Hois, whilst the upper part. or Mer de Glace, is commanded 

from the Monta-overt, and the other i~ nearly concealed. 
Beyond the Chapeau, the precipices of the Aigui1le du ·Bochard, actu· 

ally meet the gla.cier, where it tumbles headlong from the rocks, and both 
seem to forbid farther passage. N~v('TthcleS8 it is practicable, keeping 
the face of the rock, to continue the ASet!nt along the aast hank of the gla.­

cier; and indeed there is scarcely any part of this hank of the Mer de 
Glace, as high &8 the foot of the Aiguille du Moine, which I have 
not traversed. The rocky precipice alluded to would be very difti· 

cult to pass. were it not marked by rude steps cut here and there in 

the soft ste&titic rocks, which mingle with the gneiss, and which, 

being continually wotted by trickling rills, are very slippery. The 
goat.-herda are in the habit of continually pa.eeing, and there i8 nothing 

to daunt any tolerable moul,'ainQer, although the spot has acquired the 

name of the MatIMu Pat, whic'it bears more frequently than ita 
proper "'e of La lWehe de Mont This rock (which i. exactly oppo­
site to the e.l.treme promontory of the hill of Montanvert on the west 

aide) forma one of the barri .... of the N.,. de Gidce abov., put which 
it POW'll dowD the precipice in the manner already mentioned. Cons .. 



quently. wben the height of the Roche de More has boon gained, wo have 
a new reach of the glacier in view, a.od the ice begios to M8ume a oo~~ 
neeted and ooosisteJlt a.ppearance. although still 80 excessively fuU of cre­
vasses as to be generally im~bJe but f('lr & very shnrt distance_ But 
the icc is bere th(> real icy mMS of the Mur de Glace. whilst below, it 
haa been tossed and twisted 80 as tQ be entirely remoulded, and to beM 

none of ita original impre&J. At the poiht at which we have now 
am,-oo, the glacier may be compared to the inclined, dark, unruffled 

sweU of swift water, I'WIhing to precipitate itself in a mass of foam over 
a precipice, it has all tbe Comlls of a. compact mo,-jug mass of ice, 

altbough rent &mnder across its breadth by the rapid depression of tho 
bed. along whicb it is urged. 

'fhe promontory of the Roche d(> More g-.uncd and passed, the 

slight bay behind has, as usual, been partly filled 'll> by accumulated 
moraines. upon which we now walk instead of on the solid rock. Some­
what farther on a noisy, foaming torrent, ca.llcd Le Nant Blanc, 
deaoonds from a seemingly small glacier, called Le Glacier du Nant 
BlafU, lodged in a ra\'ine interposed bt:twcen the AiguiUcs of Bochard 
and Dru; this torrent is weH iI(.Y'n [rom the Moutam'crt--it is most c0-

pious in July, and it.s appearance is a good index to the state of tern­
pen.ture iu tbe higher regiow, instantly diminishing with the first cold 
nights of autumn. A s6eond torrent delSCends farther on [rom the 

glacier at the foot of the .A igllille du Dru, and beyond this are some 
fine pa.>turages, which extend along the foot of tJl6 jagged and rocky 
chain which extends from the Dru to the point of Les Echelt:t8 marked 

in the map. Here, on the higher part of these grassy slopes, near tlH~ 
promontory of Lee Echelcts, are the highest stunted pines and larehetl, 

which occur on either side of the Mer de Glace. From amongst 
them., now and tben, some grand peeps ma.y be ohtained of the AiguHle 
do Dl'Il, whieh shoots aJmOBt vertically above the eye like ItOmc tall 
_ple-poiDtiDg w the deep bluetJ.y. 

These pastnres are worthy of Dotice from one circumstaDce, D&wely, 
.. hat they are grazed by COWl. for a. good many weeks in summer. How a 

eow tan fuld looting among sure rocks, or aaeend and deeeeud path.ay" 
"hieh might be pronounced disagreeably precipitous by even a not f~ti-
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dicus trav-eUer, and whose zig~zags are often not half the length of the 
animal's body, may appear sufficiently surprising ;-but it is nothing 
compared to the seeming impossibility of ever bringing them there at 
all or removing them. To traverse the Mer de Glace opposite the 
Montanvert, is at all times a feat of some difficulty for an unloaded 
man; it is commonly said that there exists but a single practicable 
pathway amongst the creVaBses. That this is nut {'orrect, and that it 
varies much at different 8ea~on8, I know from experience--hut at all 
times it requireB an expert iceman (a correlative word to seaman or 
mcksrnan, may perhaps be admitted) to effect this paRsage with cer­
tainty and alone. I renlomber to have found Mrne stray goatS. which 
had wandered from the shore, quite lost amidst thl" wilderness of cre­
vasses, and bleating for help.· The only other access to this pasturage 
is by the Roche de MorC, and there, most certainly. no animal heavier 
than a goat or a man could make its way unaided. The most usuru 
way of transporting the cuws is by the glacier at the foot of the Mau~ 
vais Pas, wheru I have already said the icc is in the very act of tum­
bling headlong down. There, by the aid of hatchets and planks, a sort 
of rude pathway is constructed the da.y before the ascent or descent of 
thc cattle is to be performed. and then abuut thirty peasants assemble 
to pass 38 many CCWq, and by the aid of ropes succeed, usually without 
~ny loss, in compelling the poor animals tv trnvcrse the rude gangways 
which they llave pr~pan·d. The ('owe were taken to the valley in the 
end of September last, and I regretted extremely that I missed the 
opportunity of witnessing Sf) singular a cavalcade. 

I have traversed tho Mau\'ail!! Pas frElquently. On one of these 
oecaaions, T proposed to Auguste llalmat to attempt to cross the glacier 
diagonally from just &bov(> the prfllllontory of the Roche de More to 

• CaUle an.t .omeWnC* taken &CI'OaI the gtkler at thl8 p~, and OfIe of the hotel-ketJ>enI 

at Chunoani NOOWlce4 to ma .. curiooa hiJItory of the nell. wbich he and • eompanion had 

t'Im in ~ .. mukl. They Wt!l'e _iming him with rot-. aIId &he wnW slipping, 
rulW them bMb Into" ere .... : tMy eeeaped with difficulty. abluldonlflJl: ~ mule 10 bill 

f"te. 
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tbe Mllutannrt. The thing had never been linne, he said, but there 
.... no reuon why it should be impoBSiblt:, and we could but 0081e 

back .t the worst. We got upon the i~; and after a loug aDO cir­
cuitous pro;,'1"e8&, succeeded in reaching thE' other side 118 we proposed; 
and I often crossed the glacier afterwards in nearly every direction 
(excepting just abo\'t~ the final cA;iu) where the guides doolared that 
DO Doe ever had passt'li. or oould pass without ropes or a hatchet. The 
fonner we never usro, and tht' lattllr rarely. Auguste, though be had 
lived thl'e(> years at thE' Montanvert. had never been compelled to tra · 
verse the ice but in a few directions, I\Ild it was -as Dew to him as to 
me; but his intelligence and zeal were 8Upenor to the lazy dogmaa of 

impossibility, which are no where more frequently heard than from the 

guides of Chamouni. 
Speaking genenJ.ly, the fissures of the glacier in thil!! part (betw~n 

the Montanvert and the Dru) are mostly transversal, though so in~ 

t.erlaced, and forming so many compound fractures, t.hat. the lIOlid 
part continually tbinl out into an edge, which at length becomes evan· 

eeeent between two crevasses. It is evident that in this way, a 
glaeier maintaining its continuity beneath, rna)' becomo abaolutely 

impaesable, except by descending one vertical face and ascending 
another. which, owing to the depth and width of tho creVMfJe8 here 

would alway! be a perilone attempt. Tht! crevasses of the Wef5tem r.nd 

middle part of the Mer de Glaoe below the Montanvert are very coo· 
tinuous and 8traigbt, aDd BOme of them t:xtend for at least half tho 
entire breadth of the glacier. They are often 15 or 20 feet wide, with 
walls perfectly vertical, ... d to move at all parallel to the length of tbe 
glaeier io thie place requires immf>n!e dhoun. 

It; il the east side which ill 80 excessively crevaaeed, &Dd ~hat during 
the whole length of the united stream of the Mer de Glace. When. 

e .. er we touch the medial moraino, (tho mark. of the junction,) there 

the multiplied aod complicated ereVll8lle8 begin. The ...... n I believe 
ia be thtl: the glacier which (OI1ll8 the greater or weatern portion, 

which it deri.,.ed (rom th<? Glacier du Geant, move. futelt, and has 

by far tbe greater DlMI. The oth('r, (rom the Glacier de Lecbaud 
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uniting with it, is oompelloo. to follow, or rather accompany it. It 
is thereCore drawn out, and at the same time squeezed into very much 
narrower limita, as the \lDited stream is forced through a space Dot 
greater than the larger alone bad 'before oocul'ied,-just &8 wben two 

rivers unite, the smaller and weaker is thrown into turbulent eddies by 
the UDioD with the swifter and more powerful. 

Turning now to the We8tcrn 8ide of the Mer de Glace in ita inferior 
part, but a few remarks occur. The usual path from C1amouni to the 

Montanvert, and the steep ascent of La FiJia, - from the source of 
the ArveiroD, require no particular mention, but the examination of 
the promontory north .If the chalet of Montanvert is not without 

inw.reat. It is possible there t-o get a little way upon the glacier, 
amongst the immense fissures which precede its abrupt descent; and 
from this icy platform a fine view of the valley is attained. The 

ice Jlere is remarkably pure, and tbe fine blue caverns and crevasses 

may be"as well studied as in almost any glacier in Switzerland. Of 
the cause of this colour I may observe once for all, that I consider 

it to be the colour of pure water, whether Liquid or solid; though 
there are no doubt conditions of aggregation which give it more or lesB 

intensity. or change its hue. But this has a parallel in very many 
cues not considered as paradoxical. Most bodies when powdered 
have a different hue than when erYtl1allized and compact, the topaz 
amongst solid bodios, and the iodide of starch aDJODgst fluids, change 

their colour with temperature, and many bodies change their tint wit~ 
their conlistency, or lose it altogether when mixed with grosser mat­

tAr. During an expedition which I made upon the ice in tbe month 
of September, during a snow-storm, I observed that the snow lying 
eigbu.n inches deep exhibited & fi .. u.e .t • small depth (about six 

inch .. ) wherever pi.reed by my stick. Nor could this poosibly be due 

------- -----
• 1 & !lot Iuw. the origin 01 tbtlname. Thiuking that It 1DiIh' mer \0 eome legeDdary 

IItorJ fIla young...-nan I..t at. tlw ~ of 100 Ant&ron. 1 oace ukcd a ~tiye uf Cba­

raouDi ita ..... , ... lO wlJiob he replied, &imply enough,-- Je ne .. pM ai Cl' utest. puee­
qu.'og 1 J.U tOCI& _1.," Y:hich all who bavt' fU",/t<kd it ""ill rsdily.dmi' to be lbe cue. 
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to any atm.ospheric reflection, for the uy WM of .. UDif'orm leadeD hu.e, 
ao4 10011' wu falling at the \ime.· 

The weet bank or the Mer de Glace is here extremely steep, though 
not absolutely precipitoua. It is clothed with grIM and rhodod(.ndroD, 
IVld in many plaoes with spruce ~1'8 of considerable size. Amonget 
these lie fragments of transported granito, wherever a ledge eute luffi­
cient to maintain them, and they &l'tI accumulated especially at the 
promontory at the foot of which the glacier still sweeps, though .t .. 
great depth below. On thE' stet·p side of the hill facing the valley of 
Cbamouni. and therefore sheltered front the glacier. these 1Jla88e8 are 
comparatively rare. They ext-6Dd quite up to the dwelling of the Mon­
tanvert., a height of 24-0 feet above the glacier. and even somewhat 
higher; but the limit is perfectly well markPd ; for although the rocky 
ridge which descends from the Aiguille des Charmoz: tto the Montanvert 

(and which is here called ~Ilmply Lea Charmoz), IS l'oven-d with vut 
debria,-thest.' debris are all in ntu, and in cont.a<-t with the native 
rock, a slaty t3J.c08e gneiss. These blocks COD!)titutc, therefore, an 

undoubted moraine, corresponding to that of La.,·anchi and Tines on 
the east. sidf', and indicating the maximum level of the glacier in very 
remote time::.. I may adJ, too, for the sake of connection, that the 
fixed rocks in the immediate neighbourhood of the house of the Mon· 
tanvert, ex.hibit clear tract'S of being rounded and furrowed, though ioo 

much weathered to exhibit any thing like polish. Such rocks 00ClUf 

on the descending path to tbe glaeier. 
The earliest habitation on the Montanvert is thug described by I.kt 

Saussure :-" Mais OU couche-t-on sur Je Montanvcrl? On y couche 

dana un chateau; ear c'est &ins; que lea Cbamouniards, nation pie et 
nilleuae, Domment par d.trision 1& chetive retraite du urger qui garde 
lea troUpe&UI de cctte montagne. Un grand bloc de granit, pon.;: a 
&Dciennement par Ie glacier, 011 par quelque revolution plua ancienne, 

----------------------
• OIl &be Colour c{ Pure Water .. Nft'1'OJII, (.7.du, Book J. Pan ii. 1'Joop. 10; Hv.­

~D'r. VOJ49A. 8vo. iI., 133; UUT, SaI-.,lia, 3d edit., p. S17; AIUoGO, ec."u. .n..J • ., 
2311 Jw, 1818; Collin )luna.e:, Ed,,, . /tnr I'lli/. JllvrruJ, Vul. n . 



MONTANVERT. 73 

est MIla aur une de lee faeea, tandi8 qu ~une autre face lie releva en fai­
sant un angle aigu avec Ie teTrein, et laisse aiDal un eepaoe vuide au­
det80U8 d'aUe. Le berger indU8trieux a pria la faee eaill&nte de ee 
granit pour Ie toit f't Ie plaIond de SOD chiteau, la terre pour 8QD par­
quet; il8'e.t, prese"e des venb eoulis, en entourant cet abri d'UD mur 
de pierre8 8eches, et iI a l&is8e dans la partie 1& plu8 filevee un wide 
ou il a place une porte haute de quarante ponce! et large de seize. 
Quant aux fenetre8, il n'eD a pas eu OOsoin, non plus que de chemiDh; 
Ie jour entre et la fumeo sort par les vuides que lai88Cnt entre eUes lee 
pierree de la nmraille. Voila. done l'interieur de sa demeure: eet 
e.space angulaire, renferrne entre Ie bloc de granit, 130 terre et 1& mu­
raille, forme Ill. cui8ine, 1& chambre a coucher, Ie ..::ellier, la laiterie, cn 
un mot, too.t Ie domicile du verger de Montanvert."- VQ9agea, § 627. 

This was in ] 778. Dut it appears that things werp 800n improved ; 
(or, in one of Link's excellent coloured views, (published at Geneva, and 
very superior to all the more recent ones,) entitled" Vue de 1& Mer de 
Glace et de l'tlopital de Dlair, du Sommet du Montanvert dans Ie mois 
d'Aoust 1781," a regularly built cabin, with & wooden roof, is repre­
sented, with this inscription above the door ;-

.. BLAIR'S HOSPITA.L. 

UTII1'; DULCE." 

from whence I conclude that thi8 hut wa.s bnilt by an Englishman 
named. Blair, between the years 1778 and 1781. 

At a later period, a small solid stone house of a single apartment, 
waa built at the expense of M. Desportes, the French Resident at 
Geneva,- ba.ving a bla.ck marble slab above the door, with the inscrip­
tion, AlaN attire. On my first visit to Cha.mouni this was the only 
building, but soon after a much more substantial and effectual shelter 
was erected. at the expeDBe of ~e CommuM of Chamouni, aDd is let to 

• £bel Ji.- the fcllo~ MIOOWlt. of it. ~ M. &.rri& de GeM",- l·.u~ Tfn'IU 
et .. gtdW J(J" 4. Da..a fit ~ I. G!cI", OI).t uicu.te Ie pIu de M. ~. 
I.e bl'i •• u oI'roit 1III81ftDde laDe pourrue d'aDe abemin6B. d. deus fenli",., de ..... 
In •• ~ •• .0 dee cbai.a., dee • .,.., del ~ &e. Ia fraia de I' &W--t 

mon~ ~ 86 loa." GttWt d. Vo)'QS'ftlr, 1810. Tom. b., P. I6t. 
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\be p_t tenant, n.vid Coutlet, (togoth., with the grazing rouDd,) 
tOt the considerable 80m of 1400 franca. Tho principal ftoor oouslata 
of aD ample public room, a small kit.chen, a guido'lJ room, and throe 

Wroolllll for straogcrs. besides accommodation below fot the aervl.nte 
of the 88tabliflhmcut, of whom two or throe, remain here (or (Ollt months 
of the YE'ar. This establishment, tbough simple and uno[,trlWve, i8 
n.ffioiently comfortable and cleanly. IWd ] sbould be Vl'ry ungrateful 
DOt. to acknowledge the kindu8118 and attention which I uniformly 
esperienood during many week.s~ residence in this house; cold aDd 

desolate it certainly was occasionally-in September tbe thennolDot.er 

feU to 39· F. in my bedroom, and there was little choioo of provi15ion8 
beyond the excellent mutton of the Montauvert; yet, on the wboJn. I 
preferred the tranquillity of the arrangt'Dlcnt8 to tbe huatlc of tbe 
hotels of Chamouni, whither I seldom resorted but under 8trees 0; 
weather. 

We &ro almoet tempted to forget tha.t a vic,., 80 univeraally IKll'U. 

and 80 often d88Cribed. &8 that from thl:l windows of tile Montanvert, 
loees DODC Qf ita real majesty in consequcncc of the easo aud familiarity 
with which it is visited by thousands of tra.\·oUCI'8. J;'or myMlf, 

repeated visits, and & long residence. havo only heighfA'!Ded my admi· 
ration of this. ecrtainly one of the grandef!lt of Alpine view.. The 

AigoiUe du Dru has in ita way 8C:ArOely a rival, and there are vory ftl" 
glacien indotd ,,·jth a eoune 80 undulating and picturesque as "10 

Mer de Glace, and with baob 80 wildly gnw~ or which the gen&rat 
e&"ed: can be so well aeitod from anyone poiot.· De.ides funner visits. 

I have this year seen it UDder every circumstance which could enhanoo 

it.e 81Iblimity ~ -onder the piercing glo" of tbe almoo insupportable 
midsummer'iS sun, &nd again in the SDOWY ahroud of premature winter, 

-in the repoee of the atill(!et and 18nJle8t moonlight, ILDd lit up ifot 

mihigbt by tb. brilliancy of almoot tropical lightning. 
The gJacier immediately below the MODtanvert i8 eaaily aceeuible, 

whilst it: pnoseDii at the same time aU the grander and morc remark· 

• It 1M, be _ ~ moe 1Id".oW«e from • ttatiOil Min(' hundred fOod 'higbor on dKt 
Cbarmos. wbeaee the YI" in Pbte 11 ., " !allm, 
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able features or glaeier ice. The moraine is abundant, and the ere­
V888M moderately large. A few hundred foot farther down, there was 
this ytlltr (1842) ,. mau of travelling rock of enorm008 dimensions upon 
the ice. A sketch of it is given a.t the head. of this chapter. Ita posi­
tion, which is accurately fixed on the map (where thiB block is marked 
D 7,) will define tbe motion of the glaeier in future years. There is 
,. footpath hero along the moraine, whicb is a Htoop stony ridge, aboot 
thirty feet high on the landward side, and much mora towards the 
glacier in its present state. Tbe matlses of which it is oompoeed, and 
indeed of &II the older moraines of this neighbourh~ are not larger 
than th08e which are at prCAOnt to be seen on th~ surface of the glacier. 

Proceeding upwards in our l:Iurvey of the Mel de Glace, we find a 
footpath which conducts us from the house of the Montanveri, tint 
nearly down to its level, and then parallel to it.fJ length. By awd bye 
we come to pretty smooth faces of rock, which go down sheer under 
the ice, and whose exposed promontory is now visible, ground away by 
the friction of the ice, or rather of the m&8S of abraded rocks mixed 
with sharp stones and sand which it drags along with it. To crosa 
this rocky face, some rude steps are cut in the alaty gne~ a.nd 
the two Pfl.88C.8 of this deseription are called the premier et ucond POfJtI. 
De Saussure mentioIl8 (§ 628,) baving employed two men to blast the 
rocks to facilitate this paasage, and the marks may still easily be ~n. 

Opposite to this promontory the glacier is greatly helivcd and OOD­

toried, owing probably to the inequalities of its bed. It is not 
easy to estimate the m~rnitude of these icy hillocks or waves, 88 they 
have been termed. This arises chiefly from the enormous magnitude 
and great angular elevation of the peaks and wild rocks beyond. I 
had a proof of thia one day on the rather rare ooouiOD of. fog settling 
down to Dear the level of the glacier. which enveloped entirely the 
eoenery of the farther bank. Then the ioe inequalities aeemed to rise to 
mount.ini, and it ..... dillloWl to persuade on_If that !.he glacier, 
like the ocean, did not DOW and then raise its billows in a storm, to 

tw1.oe o~ thrioo tJuJ height which oontinual obaervation had made so 
fomiliar. It mighl be ... ny. and ill'deed ifl gen.raIIy. ,upposed. Ihat 
!.he glacior ifl h .... impuable; bul on Ih. 18th S'plemb<, 1 .. 1. I 
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arieing from !!lome sudden change in-the glacier, with loud noise, whieh 
continued for several minutes. The pasnge of the Mer de Glace almost 
rnquiree an experienced guide. I know of no better instance of the con~ 
fusing monotony of the gla.cier eurface, and the kind of skill required 
to retrace one~8 steps on the ice, than the passage of the Angle. The 
CreV&8S68 are so multi}llied, yet so similar, that f'..ach seems to rise end­
lessly " a.nother yet the same." ",. e continually fancy that we recog­
nise a particular feature, which is perhaps a hundred times repeated, 
with the slightc'It po8sibl~ varia.tion of fonn. Once strayed from the 
right path it is difficult to find it again, because a false tum may S8p&­

rate us from the region we are endravouring to reach by impassable 
craV&8I:108. Consequently, the gUides , who very frequently pass during 
the season in conducting travellers to and from the Jardin, rt"SOrt to 
piling stones llCre :wd there upon the ice, or upon blocks, as land­
marks, such &8 are uscd occasionally on moors or hills subject to fogs. 
Even oue who. has great facility in retracing ~ path once pU1'8ued on 
solid ground. or in discovering a track for the fi1'8t time. finds himself 
here quite at fault; and I ha.ve frequently known experienced guides 
of Chamouni go astray. and lead travellers into difficult and embarras- t 

sing situations,. or place landmarks in altogether wrong positions, so 
as to mislead future passers by. I euppose that I passed the Angle &t 

least foriy or fifty times last Bummer, and althc.ugh I at last became 
pretty well acquainted with its intricacies yet it was impo~ible to 

extricate oneself mechanically, or without vigilant attention. Y. 
Bourrit hu given a just and not exaggerated description of similar 
difliculties. "Rico ne peut donner une idee du nombra prodigieux 
des erevaaaee de cette vallee, que la difficulte d'en sortir. It n'est 
j&mrd!!l arrive de retrouver au sortir If' meme bane de glace pu' OU 
ron est entre; 8ouvent, au contraire, ron erre pendant trois quarts 
d'b~re, et 168 guides etobnea, reoourrent aux enchantemens pour ex­
pliqu ..... t eIfel d. Ia maltipliciiO d'objel8 .. mblabl ... t qU'unelongue 
frequeat.&iion n'6ppread. poiDt .. distinguer .... • It deserves, bowevut 

--- --.- - . -. _._ --- ---
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to be mentiont..-d. aa a point not only curious in itself, but highly impor­
tant in considering the conEtitution of ghwiere. that thoy prcstnt year 
after ~'ear a 81lrfaee so very sillliin-r, that an experionced guide will 
m&ke his way over the ice in the same direction, and scem to avoid the 
same CNn'a.ss6B, whilst ho is, in fact, walking upon ice wholly changed 
-that ia, which has replaced in position the ice of tho previoll8 year, 
whicb has been pushed on'A-'ards by the progressive movement of the 

glacier. 
This iii a fact which, thouJ.!h generally enough admitted, has not yet 

excited sufficient attention. The surface of the glacier has, for the 
most part, the same appearance as to the variations of 10\"01, tho OCCIll'­

renoo of moraines, the systems of complex crevasSl1S, and the formation 
of superficial water-courses, in anyone season a.s :11 another. Thea') 

phenomena, then, arc dctennined by the form of the bottom and sidel:! 
of the rocky trough in which the glacier lies, and by its slope at tlw 
spot. Just as in a river, where the same molecules of water form in 

succession the dt'Cp still pool, the foaming cascade, and the swift eddy, 
all'of which maint.ain their pO.:litioo with reference to the fixed objects 

" round which the water itself is ever hurrying onwards. The passage 
of the Angle is more difficult in some seasons than others, but it pro­

baLly varies much moru in its character between spring and autumn of 

anyone year than between one year and another. This I have, on the 
llnanimou~ testimony of the guides, and my observations of three dif­
ferent yeaN! confirm it. 

The A nglc past, the moat conspicuoU!'! object is the imposing Ai­
guille des Clmrmoz, which rises on the right, The rt)cky pinnacles of 
which it is compol:!6d exceed in sharpness those which I have 8('On in 
any other parts of the Alps. There is one which is cODspicu(Jus frr>ni 
the Montanvcrt, and which has an unna.tural and exaggeraLed ap(1Car­
anee in most of the engravings, which is really &8 attenuated as it is 
possible to represent it. The mass is of granite, iu which sapphires 
are found, though rarely, in the OQuWir immediately beyond the Angle; 
I have found a singular porphyritic rock amongst the fragments, 

containing felspar and epidote, which it is difficult to refer to any class 
of primitive rockEl. 
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From the foot of the higlH'r summits of the Aiguilh· df's Charmoz, & 

small glacier, which has been already alluded to, takrs its origin, It 
is one of those short ilmitf'd glaciers termed by De Saussure, glacier,_ 

o/eM 160000 ()t'der.- They may be studied to advantage in these val­
leys, though the iee of which thcy are composed rarely descends so a2 

to touch the prinripal glacier, which occul'ies the bottom of the vallf'J. 
Their cxtent would hardly be oonceived from tho foreshortened view 
wiJich we have in looking up at t hem. The map shows that thf'y covet 
a large surface. They do nut (>Hsentially differ in st.ructure from otbt:r 
glaciers, but aie sh'Jrtcr, owing in all probability to the little surface 
which thoy prcscnt for ri"'cciving snow and thus increasing their 
dimpnsions, as well as to the great anglo of incliuation of the beds on 
whicll they commonly rest. This i~ indel'd such as to render their 
adhesion to the ground an astoniHhing circumsbnce. M. de Charpen­
tier has very justly quoted several examples as proving, that if glaciers 
really ,did over the soil as De Saussure supposed, thc~e c..ouId not for 
a moment sustain their position at an angle of !lOa or more. In the 
higher part of the Mer de Glace. or rather, on tbe great chain between 
the Grando Jnra8so and Mont Mallet, there are some of the icy 
masses which SPCIO to hold on to the faee of the rock>:! by mero adhl'­
sion, presenting precipices ccrt:tinly of several hUIldrro feet in height. 
I have watched these masses day aftE'r day, 'When the sun shone so as to 
throw the deep shadow of the icp·cliff northwards, givmg it a magnifi­
cent relief, when tlll' stability of these gla.ciers appeared little short. of 
miraculous. It would be of importance to a.<!ccrtain the rate of motion 
of such glaciers. I had intended doing so, but the bad weather of the 
month of September 1842 put an end to this as to several other plans. 

It is evidqnt that the little glacier at the foot of the Charmoz has been 
more extensive an.-I thicker, within no very long time. The former 
level. of the ice remain: perfectly well marked on the rock hE'Lind, 
showing its ,subsequent duninution; and occasionally these glaciers 
a.ltogether disa.wear, a.nd probably re-appear again after a series of oold 

.. VOYllgp, § 521, 52!" Su eXlUlljllu of glaeiel"lJ of the ~ccond order ill Plate J X. 
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se&8ons. I notiet'd on the Glacier d'Argentlcre, (near the Mf'l de 
Glace,) at the foot of tbo Aiguillo of the same na.me, the vacant bed of 

a glacier which had melted away. Do SaUBsurc asserts the apptar­
ance of new gia('ier1l, (§ 540.) though he does not give any instance oC 
them within his own knowledge: but there is no reason to douht the 

fact. 
A rocky ridge, descending eastwards from the Charmoz, compcsc9 

tbe massive promontory of Trelaporte. round the foot of which tl.o 
Mer de Glace struggles more ,-iolently in its passage tha.n at any other 
part. The result is a. series of fissures, which imllH'diatcly at the turn 
of the rock are quite impassable, and which eAtena radially outwards, 

like the joints of a fan, in the same way as .M. Agassiz h~ figured in 
the great glacier of Gorn('r, at the north foot of Monie Itosa. To pur­

sue the course up the glacier, these crcvass('s must be crossed nearly at 
right anglcs, until the centre of the glacier !wi been gained, or the 
great moraine descending from the promontory of the Tacul, which di· 
vides the glacier into two portions. '\'~e may, however, asccnd the 
promontory of Trelaportc itself, whicb ('ommands a very intere!Sting 
Vlew. 
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CHAPTER V. 

DESCRIPTION OF THE MER DE GLACE-CONTINUED. 

TKELAPORTE-A TRA Vl:LLEB. CRAG-FAST AMONGST I'RECIPJCE8-THE MORAINES 

OF THB MER DB GLACE-" MOULlNS"-lUSCOVERY 0)" DE 8AU88URE'Jj LAl)­

DIUl-TACUL-LAK.:-fllVonAC UNDER A ROCK-THUNOF-RBTORM-THE 

CBAMQIII lfUN'TER-8UP1!:RR GLACIER TAllLE---GLAClERS OF LECHAUD ANO 

TALBFRlC--JARDIN-PIERRE DE BERANGER. 

No part of the valley of the Mer de Glace shows bet.ter than the 
Tr~1a.porte tbe a.brading action of the ice upon the rocks, or the height 
to which the glacier has evidently once risen. The forms are every 
where smoothed and rounded. Vast shet:t3 of bare granite, nearly 

vertical, and without a fissure. occur up to a. great heIght, s.nd 8. few 
hundred feet above the glacier level is a Bort of shplf, covered with 
large deta.ch.ed masses of gr.w.ite, which have formed an ancient mo­
raine. On the top of one of these my surveying sta.tion G was actually 

planted. There is something singularly desolate about the a.ppearance 
of these rooks, broken here and there by a tuft of grass, which adheres 
in the midst of an inaccessible precipice; and as a. few sheep pasture 
here every year, without any resident shepherd, these poor animals, 
.traying in eear¢b of food, perish in considera.hle numbers, from fer 
mine, 01' by falling down the cliffs. A singular incident occurred hert' 
in the past autumn, which shows the danger of venturing into such 

places without a guille, or at least an attendant. 
On the 17th September, 18.2, I walked up to this lonely promon~ 

F 
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Lor], which, as it leads no wllcrt', it! unfrequented, except L,r thf' occa· 
sional visit of the shepherd, to carry salt to hilS sheep.- Having swppoo 
to sketch the bold outlines of the Dru and Moi,~, which form the oppo­
site boundary of the glacier, I sent Auguste to seek somo watt'l" "hich, 
owing to the form of the rocks I have mentionoo, it is difficult to find. 
I was not surprised that be did 1I0t immediately return, but when, 
baving waited half an hour, a.nd fiuished my skt'ich. I BIloW nothmg of 
him, I began to fear that he bad got entangled amidst these wild n.cks, 

and proceeded in st'arch of him. After SOUle timo I I$aw him coming 
up with two lads of Chamouni, whom we bad seen start from th(\ 
Montam"ert in the morning, for the Jardin, and If'ading oot"een them 

a man c\'idently exhausted, ('onfused, and his clothes tOfn to rOlgs. 
On approaching, I found Augu~t<" bearcely h·ss c'(cited than the man he 
led, and w rescue wbom from a ledge of rock, on which he had paud 
IIu tclwle night, he had placed himself in imminent danger. 'l'his 
person proved to be an American travoller, who lHl.d \\311deroo all alono 
the morning of the day before oYer tile hill of Charmoz, abovo the 

Montanvert. and scramblf'd a.@ fa.r as the solitary precipices of Trela­
porte, un\ iSlted, as we llavp said, except CaBually by a shepherd, and still 
more rarely by somo Chamois hunter. Towards afternoon (by his O",,'D 

account) he had slipped over a rock. and ht-illg caught by the clothes 
on some bWth&. had his fall ehcckoo, so as to gain a little ledge SQ!'­

rounded by preeipices on .. very side, where he found himself lodged in 

a perfectly hopeless prison. Here he passed the whole night, which, 
fortunately, was Dot oold, a.nd in the morning he su('ooooed in attract-­
mg. by hil:l erIes, the young men of Chamouni, who were on their way 
aeross the glacier, at a great distance below. The two boldest, with 
difficulty, climbed, by a circuitous pa.th, so as to gain a position abon 
him; but their united efforts would have been unequal to 1't8CU" him 
had ! 110t providentially gone, with my guide, the same morning. to 
this remote spot. Whilst he was on a. "earch for ttrtl water which 1 

• Aceordingty. "here and ~btewherP •• tn.'i'l!lIer may be ineonunoded by the importlinaUt 

~ -with which tiKI Iilie<:p surround anti follow him, IUppoaWg that he hal brought 

-.It 1IIith him. The) are all lanlll .. dome.tie animaL!. 
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reqnired he carne within sight of the boys, vainly attempting to 
Pxtricate the traveller. Ba.lmat insta.ntly joined them, and hy grPat 
personal eoumge, as well as strength, succeeded in dragging the man 
up by the arm, from a spot whence a Chamois could not have escaped 
alive. Ba.lmat told me, tha.t ""hil!'!t he bore the entire weight of the 
man on the slippery ledge to which he himself clung he felt his foot 
give way, and for a moment he thought himself lost, which was the 
cause of the v('ry visible emotion of which he bore traces when he 
joined me. I gave wine and food to thf' traveller, and the others, and 
espcdallyapplauded lhE' humanity and courage of the la.ds, one of whom 
conducted tho traveller back to Chamouni, for hi 'l nervous system was 
greatly aife("tcd, and for a timE' I doubtE'd whetner he was not de­
ranged.· I r('turn('d with Dalmat to vi('w the f'xact spot of the ad­
venture, and a mor(' drE'adful pri~on it is impoe<;ible to conceive. It 
W&,.'I, as I have said, a h·dge about a foot broad in most pl:l('es, and hut 
a few ft>et long, with grass and juniper growing on it. It thinned off 
upon the cliff entirE'ly in one direction, and on the other (where 
widest) it terminatoo abruptly against a portion of the solid rock, not 
only vprtical, but overhanging, and at least ten feet high, so that no 
man, unassistrd, ('ould have climbed it. The direction of his fall was 
attested by the shreds of hls U.Ju,r. which were hanging from some 
juniper hush('s, which he had grazed in hIS deClceI:t, but for which 
evidences it would havo appeared to me inconceivablt:: that any 
falling object ('ould so have attained the shelf on which he wa!l 
almost miraculously lodgro. Immediately below the 8pot he fell from, 
the shelf had thinned oR' so completely that it was plain he must 
have fallen obliquely R('rosS the precipice, so as to attain it. The 
ledge W&B about twenty feet below the top of the smooth granitic pre­
cipice, to which a cat could not have clung, and below, the same 
polished surfacf' wt'nt ahetr dl)wn, without a break, for & depth of at 

• 
leut 200 feet, where it sinks under the glacier, whose yawning ere-
VUIes would have received the mangled body, and never would have 

----------------
• I rlp'etted ttl '-am af\enrard8 ~ be had ao\ IIhown tun.elf genenmOJly Mnc"bJe of 

\be rreat deft UIled in hi!' ~I'fttion. 
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betrayed the traveller~8 ( .. te. A more astonishing esea.pe, in .n its 
puts, it i. lmp06Bible to coneeive. It is proba.hle, that h~ the young 
men Dot Cl'OB8ed the gla.cier at the fortunate moment, my guide and I 
would have passed the rock fifty yards aooye him, (it was in the direc­
tion in which we were going) without either party Laving the remotest 

idea of the other's presence. 
The same day I climbed, with 80rne difficulty, to-",·ards tbe rJdge of 

the Channoz from thi:s spot, intending to gain a remarkable cleft in 

the rock, conspicuous both from the upper and lower part of the 
glacier, and denoted on the map by the Dlark 0.- There was fresh 
snow on the rocks, which made the &scent very didagl't'eabll:, a.nd tlltt 

secondary glat'ier, which extends for a long way on the soutb-eB"tem 
foot of the Channoz, facing the Tn.clll. sent down an intf'nnittin~ fire 

of stone:J by the passage which we "hose to attempt. and rcnderro it 
prudent to abandon the &8rent until more favourable wcathf'r. This 
neTer came, and I was obliged to quit the Moutanvert without accom­
plishing it. This I regrettffi, for the station 0- would command tho 
whole glacier, and would hav(' enabled me to make observations of use 

for the perfecting of my ma.p. 
To return w the Mer de Glace. The foot of the TrClaporte offers 

several excellent contacts of the ice and rock, which is there, aa at 
the Angle, much worn by the abra.eion of the stones or gravel. It is 
quite practicabl(1 to travt'l'8e tho glacier from hence to the Tacul, or 

promontory at the bifurcation of the glaciers du Giant and L€cAaud. 
The usual course of proceeding is, 88 we ha.ve observed above, to croS! 

the glacier before reaching Tremporte, until the principal medial 
moraine is attained. The whole of the {'astern part of the glacier i8 
here much lower thlm the western, which is heaped up aga.inllt the 
promontory, and the effect i8 to squeeze the moraine! together into the! 
I~:" or ea.atern portion of the glacier. The regula.r curvature and 

gneral paralleliBm of these moraius, amidst.n thiB eonfll8ion and dis­
location, i. exceedingly remarkable. From the point we han now 

.... hed, up'9J'ds, four of tbem may be most distin.lly traced. [See 
Plate II.] Two descendiDg the glacier d. Lkhaud, ODD {rom the 
promontory of the Ta<'ul, and one the print"ipa.l meqiaJ moraine or the 
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glacier du Geant, which, descending from the promontAlry called La. 
Noire, (See the map.) we shall designate by that name. Of the first 
two. IlDe descends all the way from the foot of the Conrtes, on the 

Glacier du 'falefrA, and the other is the media.l moraine of the Glacier 
de Uehaud. The two IMt have a remarkable dUlocation or lateral dis­
placement, opposite to Treiaporte, which arises from some cauae 

which r am unable to determine. Nor do I know whether this ap­

parent dislocation advances with the progress of the glacier. 
Near the same spot are the" Moulins,'" which the guides always take 

care to point ont to travellers going to the Jardin. They are deep and 
nearly cylindrical holes in the ice, into which the water accumulated 
in the rills which form the <luperficia,l drainage of this part of the 

glacier is precipitated in a more or lcs'! copious cascade according to 
the season. Sometimes these cascades are double in the same hole, or 
one stream separates into two cascades; but always, u:ka~ be t4e 
slaw Q1' progre# of tlte [tifUicr, thae c<ucadea or " Moutiru" are found in 

al11W8t exactly the same poIiti<m, that is, opposite to the same fixed 
objects on the side of the glacier. This is an evident proof of the con­
tinued renewa.l of the glacier as to its state of aggregation, the external 
fonns remaining fixed, whilst the intcgrant pa.rts are advancing. 

I was greatly strnck by the cha.nge which I perceived in this part of 
the gla.eier, between the month of J unc, when I first vjsited it last sea-

80n, aDd the close of September, when I quitted:t. At the former 
time the crevasse'! were ('omparatively trifling, and they eont.inlted to 

open more and more the whole summer, 80 that at the end many places 
were nearly impassablc, which earlitJr I had traversed without difficulty. 

This is a mogt important fa.ct, for it shows that during winter the 
glacier consolidates. and that every summer its crevasses open afresh, 

whilst its oontinued adapta.tion to the external constraint which ita walls 
or bed impose. show that the glacier mass is far more p3B8ive and plastic 
than it hM usually been supposed. I might have stated that in the 

lower part of the glacier this is perhaps even more striking. for there. 

the ihaw begillning earlier, and being more complete, the crevasses 
which have ope\\oo in 8pring attain their wideet extens.n in J wyand 
the beginning of August, and a(terwa.rds by the coU4psing of their sides, 
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and the general softening of the mU8, they IHlbside into rounder forDle, 
ud t.he eaTit.iea being partially tilled ani more easily Cl'088OO. 

It Wall nearly opposite the" Mouling, "-that is, between the etatipnt 
marked G and H on the map, that in 1832, on my way to the Jardin. 
my guide, Joseph Marie Oouttet, pointed out to me some fragments of 
wood, evidently much wasted tWd rubbed, which be a.8SUrcd mo were 
part of the identical ladder which De Sa.ussurc had used on his memoJ'o 
able journey to the Col du Gtfant, forty-four years before. I kept a 
portion of the wood as a relic, without. hOW6\"er, attaching very great 
faith to ita history. but the inquiries whirl! J mooe this year (1842) 
di8pose me to belie..-e it probably corroct. Couttet and his brother 

repeated to me exactly the same story as before, and mentioned the 
year 1832 a.s that in which the ladder reappeared, and pointed out the 
very spot where I had my.self found it, without }layjng the least idea 

that I had heard of the thing before. They farther mentioned tha.t 
there W86 no question that it was a ladder, for tha.t Captain Sherwill 
had seen and taken some of the steps still adhering to the lateral props. 

It was certain that the morsels in question had descended from the 
AiguilJe Noire, or at le38t in that direction, for this, the most westerly of 

the medial moraines has its origin there;· and it is quite certain that 
& Sa086Urc deRcended the glacier lin that side, and that he left a 
ladder there ;-for he tells u.s that he WaH unable to pass by the west­

ern side of the Glacier du Tacul, on account of the crevasses, &nd 
Couttet's father was hiIllStllf on the expedition, and descended from 
the Col with the (lnOMDOU8 load of 160 pounds after the termination of 

-- - - -- ----- ------- -------

• The r.et that the origi. of the mt'dial morainetl is familiarl), known to the guidell of 

Chamoon.i 80etnIJ equivalent tI:> .. true t.heor)' of 1be origin of tbeee moraine. eo 1CnDge1)' 

aaiIIIIppremded b)' De &u.ure and IDOIIt of bis followers. Since .. mediaJ. IIDCIr"aiofJ may 

-.In,. be ~ up to a pfOmOllSOl"y. and Olen! be .een to origbI.a&e, or at!.- io be oom­
lIiDtd oM ol the two IaterallllOl'Une8 which ihere unite, it would eeem imJK*ih1e 10 uc:ribe 

too ibem. UJ1 other than the true origjn. And that the Chamonil"rdll verfeetll1ll1dentand 
... ia pIiIiD fI'OIrI the fact ~t tht,. _k iD each moraine t.he minerals proper to the IIOI1J'Ce 

.. beDoe it. • der;,-ed; tor m.w.ee. the red GIlOl"..-pu' in the moK euterlJ" mon.1ne 01 the 
Okl.citt de Leel..-, _bieb bu d.oeoded the TaIdre, an~bu iM origia at the foot. of the 
l'I.oCb c&J1ed Lea eoun.e., _here thil rwe mineraJ it IOUght ill ,illt. 
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tile expedition, and he assured his sons that the ladder had been left 
there. Beeides, among the few &scents to the Col du Gea.nt since the 

time of De Saussure, perhaps everyone has been performed by the 
western Bide vf the glacier, whieh, as I have said , is the safer and 
more usual coul'8e. and har! a ladder been left there it eould never 

have reached the medial moraino of La Noire. There is indeed one 
other alternative,-that the ladder had. been used by the crystal hunters 
who used to frequent the rocka of the Aiguille Noire, for the black 

quartz crysta.la which perhaps occasioned the name of the spot. But 
in this case it it! moro than probable that the Couttets themselves, the 
most experienced crystal hunters of the valley, would have been aware 
of the circumstance. On the whole, then, in the absenre of a.ny direct 

information of any other ladder hdving been left in this partieular 
quarter besides that of De Saussure, it set-ms reasonable to admit that 

the ladder in question descended from the Aiguille de !a Noire to the 
point in question, near the Moulms, between the Yf"ar 1788 and the 
year 1832. Tho observation is interesting, as determining 80 far the 

mean motion of the glacier in the interval. By the map, the distance, 
allowing for the sinuosities of the glaci('r, appears to be about 16,500 
fo('t. which being travelled in forty~four years gi,-es 375 feet per annum 
for the mean motion of this part of the glacier. We shall afterwards 
consider the theoretical bearing of this fa!'t . 

A little higher up we stand in the centre of three Y'lllE'>Ys, and in the 

most extensive part of the 'Mer de Glace. The guides belicvp. and 
probably with reason, that it is h('re df'cpest. They assure me tha.t 

they have sounded a. " moulin " of above 350 feet deep. \Vhat is per~ 
haps as good a proof as any of the m3.HS and solidity of the ice iSt that I 
bave seen enormous crevasses anu basins holding still water, and tht'1'C­

fore completely closed below. The water was of an el.quisite blue colour 
independent of the oolr)Ur of the ire· The view from the centre of 

the glaeiE'r iu fine weather is one of the finest which can be conceived • 

• J hue deecribect It in my Journal .. " neal'il' or qUlteu blue a.tI tim Rlwrh lI.t Genev .... 
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10 order to reach the promontory of the- Taoul, where the glaciers 
divide, it is usual to cross the fourth and third morainea (1 will in 

future designate them by numbers counting from the east) and in the 
ce.otre the glacier is here easily traveI'8ed. The Tacul is reaohed c0m­

monly in three ItOUJ"8 from the Montanvert, but" practised walker will 
do it in two, and I have dE'scended in much less. The union \)f the 
two glaciers is attended with some circumstances worthy of, notice. 
That deacending from the GCant is by far the most. powerful one, and 
the other is forced to yield somewhat to its pressure, The IDa88 of 

rock fonning the lateral moraine of the Glacier de Lechaud is, however, 
the most considerable, and tbi8 is wildly tossed up into a lofty medial 

moraine at the meeting of the ice streams. The Glacier de Lecha.ud 
clings as it were to the rocky wall of the promontory.-the Glacier du 
G~t has thrown up a "ast mound of debris, whIch prevents it from 

approaching the rock within some hundred feet, and leaves a hollow 
between, part of which is f3<'cd by a huge icy barrtcr, of considerable 
elevation a.nd difficult to scale. In this hollow-between the edge of 

the Glacier du Geallt and the promontory of Tacul-there exists at 
certain seasons of the year a small lake. I first visited it in ]842,0.0 
the 25th June. w}Jen it contained no water, but a few days of continued 

hot weather, by melting the ice, filled it, &lId it remained more or 

less full during the remainder of the season. I have seen it, however, 

vary exoeedingly in level from one day to another, 80 that there O&D be 
no doubt that it has an oullet through the moraine under the glacier. 
Balmat af6rms that the source of the Arveiron i8 treeD suddenly to 

hDnlt Cortb with great vigour, and that this is attributed t.o the empty­
ing of the Lac au Tacul :-which is by DO means impossible. It 

appearB from the ustimony of M. Bourrit, (Voyag8l, i., p. 90,) tbat 
De Sanseure was the first stranger who reached the Tacul. 

The point marked B on the promontory oC the Tacu1 waa one of my 

principa; .WiODS, commanding an esteJl.8ive view of DfIaI'ly the whole 
glacier. It was at a height of 277 feet above the lake, 150 that the 

riew embraced not merely thE> three branches of the glacier, bul, that 

of Tale:fre, the Jardin, and the mouptaius beyond, and a portion of 
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the valley of Chamouni opposite the Montanvert, the l"&Dge of the 
Aiguillel Rouges, and the 'snowy summit of the Buet peeping over be-­
yond. 

Near the side of the la.ke, at the foot of the promontory, lies an 
eoormous block of granite Lelonging to the moraine of Lkhaud. The 
cavity beneath its south-west side is 8. well-known refuge for Chamois 
hunters, and for the few travellers who pass the Col du Geant, who 
u.sully save from tlwo to three hours of fatiguing walking by sleeping 
here instead of a.t the Montanvert. It is, in fine wea.ther, a. pretty, 
tranquil spot. 'fIle glacier is in a great measure concealed by its lofty 
embankments, which shelter it frorn the chillest winds. The slope" 
round are grassy, and diversified with juniper bushes, and the little 
piece of water, when unfrozen," has a chpcrful effect. Here I spent two 
nights with Balmat, with a view to advance my survey and the experi­
ment8 on the ice; for whilst pursuing my inquiries on the higber 
glacie-r~, it was found to make a most laborious" day to Mcend so far 
from the Montanvert (carrying instruments and food) before the day's 
work could be begun, and to return again in the evening. Day after 
day I have been out thus from ten to thirteen liours upon the glacier. 
A bivoua.c was, in favourable weather, a preferable alternative. The 
juniper bushes aftorded a cheerful and serviceable tire, and with the a.id 
of a Chamois skin to protect me from the damp ground, and a strong 
blanket ha.stily sewed into the form of a bag. in which I slept, the 
nights passed not uncomfortably. But, on both occasions, when I 
meant to have passed some days here, I W8B forced to descend from the 
bad weather, agaiwt which we had no sufficient protection, the cavity 
under the stooe being quite open in front. The last time that we were 
driven from this poor shelter was on the 6th August, when a day oC 
unnatural mildness was succeeded in the evening by the most terrific 
thunderstorm I have fiver witnessed. We were overtaken by it, and 
thoroughly drenched, beroft; we could reach the Montanvert ; but after 
SUDset it. ra.ged wfth the grea.te8t fury. From the windows of the little 
iDD, I ""Iohed with admiration the whole ,eenery of the Mer de Glace, 
lit up by the explosive lightnings .... hich followed for some hours with 
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liUle iDterioiMiou, whilst the Crail building Nemed to rock nodflf the 

.rw., of the gale, and vibrate to every peal of thunder. Each tiny wrent 
now gave tongue increasingly, until the fitful roar became a stewy din, 
with now and then a crash arising from the discha.rgo or stones hurried 

alung by the flood, or an avalanche prematurely tom from the glacier 
of the !'i&Dt Blanc. It was Saturday night, and l3a.lmat had gone 
down to Chamouni tAl attend mass next morning. He told me after-­
wards that the dazzling effect of the lightning was such, that it wa.s 
wiLh the utmOBt difficulty he could keep OlD familiar path from tho 

Montanvert, and that he wandered, drenched to the skin. as if blind­
fold, through the wood. Ne-xt day brought tidings of disasters from 
the valley. The road at Les Ouchef) bad Leen broken up by the tor­
renia, 110 as to be impassable; many cottages werc filled with stonc8 
and gravel, and deserted by the inhabitants ~ lnd I believe some sma.ll 
bam.a were carried awa.y-but no lives were lost. 

One Dight I had a kuest in my rude shelter. It was a. poor man of 
Chamounj. who. impelled by an irreBistible passion for the chB8c. 
came to pass tbe night on the glacier, in hopes of finding his game in 
the momin~; a. hopefess task,-for the Mer de Glact:l is now 80 eom~ 

pletely berert or chamois. that, during tho whole summer, I do not 
recollect to hat"e sceD mort" than two uptln it, though on other leas fre­

quented glaciers J have seen whole herds. The cAauewr WM very poor1 

a.nd by no means young; he gladly partook of tbe provisions which I 
could spare ~ and learning that he was a respectable man, though 
UD8eU,led in his habits, I could not but fed an iutercst in the singular 
ardour with which he pursued his thllllkiess toil: Truly might he say 
with the bunter in 'Manrred-

her uim'We ree' 
H."tI hUftt'd nle ; my gUll! to Iby wiU MlaI'<!e 

Jkpa) my break-neck tr"a)'ail, 

The poor fellow owned the inratuation of what he ('allM iliA " mRl~ 

heureue passion;" but be seemed willing to die for it_ Late on the 
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afternoon of next day I met him; his sport consisted in having l!leen 

a chamois' track, and killed a marmot. By his want of dexterity, 
however, he had very nearly made a victim of one whom I could ill 
have spared. Baimat, whilBt employed for me on the ice, heard a ball 

whiz close past him, aud, looking up, saw oor guest of the previous 
evening behind a rock, whence he had. taken aim at a mannot! These 

animals are very abundant in every part of the higher Alps. P They 
emit a ~hrill cry like a whistle: they lie torpid in holes a great part 
of t.he year, and are valued for their fat. When young, they 6rv 

eatE'n. 
The chamois lJUnter s('Cks the limits of the glacier region in Ute 

evenir:g; lies under a rock, as we did. and 8tarts before dawn to 

watch tho known avenues by which tht: chamois descend to feed. If 
alarmed, they take to the hill tops-to crags rather than <jlaciers t 

thero he must follow them, heedless of danger, impeUed alone by the 
excitement of the l-port. The day is soon spent in fmitles13 ambus­
cades-night arrives--and his previous shelter is luxury compared to 

what he haa now the option of ;-a. face of rock, or lcaflese bed of 

debris must be his couch, and his supper is bread and cheese. Alter a 
few houl'S rest, he repeats his meal, drinks some brandy, and starts 

&o~in. If the chase be prolonged, physical endurance is pushed to the 
utmost. A moet respectable lDan ot tllf Canton of Derne, who had 
himself killed seventy-tv.o chamois, a.!:Isured me that lie had wandered 
thU8 for three days together, tasting nothing but wa.ter; which wculd 

seem incredible, if we did not recollect tha.t hunger is ofte» repelled 
for a time by fatigue. De Sa.ussure mentions three hunters, father, 

aon, and grandson, who successively lost their lives in the chase;· 
but such accidents are, I conceive, now more rare: The value or a 

chamois is only from twelve to fifteen francs, including the skin, 80 tha.t 
it oifeJ'8 little pecuniary tp,mptation to the exposure ol life. No doubt, 

&8 the historian of the Alpb adds, the excitement is the real reward. 

• V lI)'IIIg"', § 736. 
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u in &he soldier, sailor, and game.'Jter; and perhaps the nat.urali8t has 
little J'9II80D to expl'e8l!l surprise at the riskll and privations of Ule hun­
ter'! life, when his own would appear to 80 many pel'llolUl mnch lesa 
in~ligjble. . 

B\rt to return to the glacier.-Following the eastern branch above 
t.he 8I:'paration at the Tacul, we find ourselves on the glo.cicr de Lt..~ 

chaud. Two eonspil'uOUS moraines belong to it, which I h&ve called 
Nos. J &Dd 2. The first is the ulcdi&l Dloraine of tbe tributary glacier 
of the Tale:fre; the other CODles from the eastf'nl side of Lt.'chaud. 

aiKwc the union "ith the Talefre. It is in connection with the (ormer 
of these moraiu£'8, and nearly opposite the promontory of thf' Couverclc 
that there lies upon the icc a very remarkable flat block of granite, 
which particularly attracted DIy attention on my first visit in 1842 to 

this part of the glacier. It is a m~oni6ccnt sla.b, (marked C on the 
map. being the positIOn which it occupied in tht month of .Tune,) of 
the dimensions of 23 feet by 1 i, a.nd about 3! feet in thickness. rt was 

then easily aeces.~lIble, and by climbing upon it, and crf'cting my theo­
dolite. r made observations on the mOVf'ment of t1l(> ice. Dut as the 

Beason advanced, it cbanged its appearance remarkably. In CQufonnit.Y 
with the known fact of the wa,t !' of tbe icc at its surface, the glacier 
sook all mond th~ stone, while the ice imuwdlately beneath it was 
protected from the IIUD and rain. The stone thus appeared to rise 
above the level of the ;;lacier, supported on an elegant pcde, tal of 
beautifully veined icc. Each timo r viHited it, it was more difficult of 
ueent, and at )3l;t , on the 6th August the pillar of ice was tlu."rteenf«t 
/rig!, and the broad stone so delica.wly poised on the summit of it, 
(whieh meaaured bot a few feet in any direction,) that it was alm08t 

impossiblft to gOl"SS on what it would ultimately fall, although, by tbe 
• progress of tbe thaw, its (all in the course o( the sommer was \lertaln. 
On a 8till lawr day, I made the !Sketch in the frontispiece, when 
probe.oly it was the mOlJt beautiful object of thf' kind to be seen 
anywhere in Switzerland. The ice of the pedestal pret:lentcd the 

beaut.iful lamellar structure parallel to the length of the gl&C'icr. 
During my absence in the end of Augu8t, it slipped (rom its sup-
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port, and in the month of September it W&8 beginning to rise upon 
11 new one, whilst the unmelted base of the first. was still very visible 
upon the glaciq,r. 

The Glacier de L&JJ3Ud is on the whole pretty even on itB aurfaoo­
I mean that part which liE'S to the MOuth.west of the medial moraines. 
On account of its gr('at elevation, it is covered in ita higher part with 

snow almost the whole year, and until the month of A ugust it offers 
very disagreeable walking, on account of the half-melted snow on the 
surface, which likewise conceals the crevasses, and renders it somewbat 

dangerous. It IS joined hy some small tributary glacieJ'8 from the 
Mont TacuJ. Opposite the Glacier du Talefre o"cur two" Moulius,'" 
one of which was remarkable last summer for its gleat depth and per· 
feet verticality. I had intended to ascertaiu the depth precisely, but 
was improed by a fan of fresh snow, and broke the cord which I had 

lowered with my geological hammer attached as a weight for the pur­
pose. A bout aD hour's walk above the Tacul, is station E on the east 

side of the glacier, whence I watched its motion. It is here just pa.ss­
ing into the state of ni~, whirL defines the limit of perpetuall!lnow on 
the 8urCat'e of the gl&eier, whilst there is true ice beneath. The view 

here is very grand. The level is 7926 feet above the sea, &lid the glacier. 
almost froe from crevasses, IS tlpread out like a magnificent level floor 
from which rises the tremendous and inaccessible wall terminating the 
view to the southward, of which the Grande and Petite JomsMes form a 
part. The Grande Jorasse is the highp't mountain of the range next to 
Mont Blanc, and its northern side is quite precipitous. From the point 

L it is seen under an angle of 30 degrees, the horizontal distance oC its 
summit being less than two miles. The origin or feeders of the Glaeier 
de Leehaud are derived from the right a.nd left. From the immediate 

top 07 head it has no proper feeder ex('ept the fallen snows, which can­

not adhere to the rocky llreeipice before mentioned. To the south­

east there is t.. tributary glacier, which runs up to between the Petite 
JOra.aMI &lid the range of the Aiguilles de Ikcbaud, whieh separate 

Ih. «laci .... of TaI.fro .. d Lechaud. II has it. origin 01 a lofty &Dd 
remote nmmit, considerably to the eastward of the Petite Jorasee, 
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ahout which I made frequent enquiries of the guide!, a.nd [ found that 
it was eaUed (in transla.tion from the Patois) thE> Montagne des Eboule­
ments, or Des Huines, being. a.!l they assured me, andJ daresay with 
l't'l&80n, the summit nt the hf>ad of the Glacier du Triolet, ""hich de­
scends into the Val Ferret in Piedmont, and of whieh the fall (partly 
of the glaciE'r and partly of rocks) was attended with disastrous conse­
quences about a cl'ntury ago. The western feeder of the GilX'icr de 
Leehaud descends from behind the Mont Tacul from the serrated ridge 
which connE'cts it with the great Alpine chain. This ridge is caUed 
Ln P~1'iade8, and its culminating point, Mont Mallet, which, however, 
is to be distinguished from tile Aiguillo du Gen.nt in its neighbourhood, 

which bears also tho na.me ef Mont Malkt on the Italian side of the AI~, 

{ront which it alone is visible. From tho eastern foot of the pinnacle 
of Mont Mallet the tributary glacier df'sccnds. 1t is pretty extensive, 
and ,not wbony inaccessiblc, for the brothers Couttet aSRurt' me, that 
thf'y have thus gained the summit of ~{ont Tacul from behind, which, 
at the best, must be a very long and difficult j ourney. 

The higher part of the Glacier de L6chaud is scarcely ever visited, 
except by crysta.l and ('hflomois hunters. Tourists who venture across 
the Mer de mace always make their way to the Jardin, and with good 
reMon, as it offers some of the grande~t points of view any where to 

be found on this glacier; nor ill there perhaps in the Alps any ex· 
Pf!dition so practicable in fine weather, which repays so completely the 
traveller who appreciates the wildest and grandt'st natural scenery. 
The traveller to the Jardin does not need to touch the Taeul at all. 

He crosses two of the medial moraines at the Moulins between Trela.­
porte and the Couverele, and higher up he passes the other two, near 
the great stone, C. It is difficult to approach the lower part of the 
Coovercle much nearer. I have more than once Vf'lltured down the 
east side of the glacier, unrler the Ail,,'llille du Moine, towards station 
F , but the p388age is embarrassing, often impossible. When the two 
glaciers meet, (as I have already rema.rked), the eMtern ha.lf ii, die­

located c:rCfssively, and is all but impassa.ble. The promontory of the 
Couvercle it.8elf, opposite 0, may be easily reached, and oWeJ'8 some 
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interest from the visible friction to which it is subjecW by the descent 

of the glacier. Fartller up, we atand in front of the des('ending ice of 

the Glacier du TalCfre. which presents a. majestic and perfectly inac­

cessible accumulation of icy pyramids and fragments ejected through 

tho narrow opening which gi\'C" vpnt to the basin of the glacier, which 

POUI'S over the precipice in a solid ea!:.cadf', presenting a perfect chaos 

of forms. Of the structure of the ice hcre 1 ~ill afterwards speak, 

but I may observe that th(' prf'servation of the medial moraine in the 

midst of this mass of confusion i!! a very startling fact. It is indlcaWd 

mel'ely by a strl}Jl' of dirt, which discolours the centrf' of the icy cas­
cade, but no sooner has it readu.:-d a comparative level, th:1u the masses 

of rock dislodg+'d from the side of the higher ~lacicr are found on 

the surface, arranging: themselves with admirable order along a. line of 
no great breadth, '\\hieh forms the medial moraine No.1, which may 

J..e traced distinct from the others along by fa.r the greater part of the 

Mer de Glace. 
The ascent to the Glacier du TaTcfre is ul>u:111y accomplished by 

rocks of the Couvercle at the foot of the Aiguille dn Moine. It offers 

no kind of ddficulty. The ascent, where steepest, is called Les Egra­
lets. A hove these the view becomes wild, but very grand. On the 

left is the Aiguille du Moinf'. * oue of the most eir'gant and uniformly 
conica,lsummita of the chain ~ at its tooL n!"f' huge blocks of fallen rock, 

tooantcd by marmots. Looking back wards, we oomma.nri a large space 

of the Mer de Glace, and the grand view up t.he Glacier du Geaut lIPfus, 
and Mont Bla.nc begins to appear for the first time, fortified on this 

.ide by the imp .... ble barriers of the Monta Maudit.. The AiguiUe 
du Midi, from its height, begins to overtop those of Grepont and 

Blaitiere, and between it and Mont lllanc the rounded form of the 

Dom.e de Goute iB not to he mistaken. In front, the wide basin of 
the Glacier du Talefre, ;'1. a great measure ('oncea-Ied from the Mer de 

Glace by itH height, and thl: 3teepncS8 of its outlet, begins to open. It 

hae a singular and iuteresting appearance. It is shaped almost like a 

• C.IIed AiguiIJe uu TaU£re b.) 1)(1 SaUBtUre.- vogt~, § G50. 
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yolcanic crater with oue side blown onto and it is surrounded by rocky 

pinnacles of the wildest fonns, which appear. aud for the most part 

are. totally inaccessible. It ill cElrtain that no one has sucreeded in 

paaeing this s('rrnted barrier at any point. - The topography of tho 
Glacier du TaIefre is n'ry ill laid down on all the maps and models. 

It is bounded on the west by the chain of peaks vi~ible from the Mer 

de Glace, which connect tIle Moine and Drtl. The north-c~t barrie .. 
which is the longest, and tolerably straight, passes through the A iguille 

yerte, (which separates this: glacior from tha.t of Argentiere), and a 

single range of very sha.rp Aiguilles ca.lled in succession Les Rou~es. 

Lt>s Droites, and Les Tours des Courtes, and it terminatf's in the south­

east by a remarkable glaci.::r summit ma.rked [II] in the map, whenco 

a tributary glacier desceJ.ldso Though I ha.~e detennined the position 

of this point, as well as that of another [fl ] to the south-w{'Ht of it, J 
am unable to gin~ them their proper names, as no one could iufonn me 

of them, but I apprelwnd that they belong to thc axis of the grca.t chain, 

and t"ommand the glaciers of the Yn,1 Ferret. It is also possible that 

the point [A] is the lofty white pt'ak which I saw when I visib,d the 

extremity of the Glacier dOArgentierc, of which it occupies the higher 

termination. It is perhaps the Mondelant. TIle south barrier of the 

Glacier du TalCfre is tlu" range of the Aiguilles de Lechaud, which 
I!leparates it from the glaci{'r of that name. 

The glacier of TalCfre is pretty even on its 8urf&ee, and is covered 

for a great part of the year with snow; its level, accurding to De 

Sal1ssure, is ] 334 tOiSC8, or a.bout 8.500 English feet above tile sen.. 

In the centre of the snowy baain is a very large exposed surface of 

rock. of a triangular fonn. covered with soil on its lower part, sufficient 

to maintain a goud turf, enamelled with the usual Alpine Bowers, 

during the few weeks of the yea.r that it is entirely uncovered with 

snow. This spot is called the Jardin (or Courlil in patois,) and is 

now a very frequent excursion from Chamouni. There i8 a spring 

of water near the )ow~r part, and lying f!xposed, at a high &ngle 

- - - - _ . 
.. Tht> CQuttets ",iMhed to pass to the glacier of Argentiere ,*hind the Aii!UilJe VerU, but 

t. ... iIlB piD~ the ridge, tl,ey"fI'J'e unable to deBl'epd. 
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towardy the south, it is anything bllt cold in fine weather. Indeed 

I ~('a.TCely ever rem om bel' to hav(' found the sun mort' piercing than 

at the Jartlin. On thre(' difftJrent occasions I have visited it, and 

Oil all under the most favourable circumstances, in 1832, in 1839, and 

in 1842. The reflection .of tht; hpat from the snowy basin by which 

it. is surrounded, and its comparative sllcit('r from the wind, pro· 

hably cause this intensity. On Nl.ch visit 1 have found the scenery 

if possible more admirable than before. Qn the 1a..'lt occasion I c1imbpd 

to the very summit of the triangula.r rock forming the Jardin, a task 

.,f more labour than it. would a.ppear to be, as it is both long and flteep. 

The top is at a level of 9893 English feet above the sea (trigonometri­

('any detcr'llmed), and comm&l1ds an admira.ble range of view. From 

thence 1 took a number of magnetic bearings for the plan of the glacier. 

The Glacier du 'falCfre pres('nts two medial moraines, marked on the 

map; one takes its orj~n from the Jardin itself, thf' other is derived 

from Le~ Droites a.lready mentioned. These beoome oommiug'led du­

ring the precipitoul:! llf'Scent of the i('c, and reappear as one on the Gla­

cier de L&haud. 
From the J ardill it is not difficult to descend to the Giaeier de Le­

chud by tho south margin of the Glacier du TaJefre. Tho passage of 

the last named glacier IS, howew'r. almost always wet, and the foot per­

petua.lly bursts throu~h the frail sup("rfiCial ct,ating of icc fonned in tho 

night, and plunges ancle-deep into thc snow-cold sludge benoath., The 

lateral moraine gained, it pw;cnts a steep and nnea!.y descent towa.rds 
the Gla.cier de L6chaud. At about two-thirds of the descent is a 

grassy shelf upon which some of the debris of the moraine have accumu­

lated. One mass is of onormous size., and from its ppenliar form is well 

seen from the Glacier de Lechaud in all directions. It is a. useful 

landmark, and is called La Pierre de Beranger, no doubt from a M. de 

Beranger who is frequently m£'otioned in M. Bourrifs narrative, 

though I am not a.cquainted wittl a.ny particulare respecting him. The 

Pierre de Beranger is marked on tile ma.p; it is sometimes used as 

a shelter for the nigh~ by hunters; thence the glacier may be more 

easily,gained by the TOl!k than by the moraine, a. bypath not generally 
known to the guides. 

" 
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This cuncludt's wllat I havt' to .sa.y rcspectlIlg' the topography of the 
Mor de filact' generally, aud of its tribntarieos uf Lt:(,hnud and Tait!£ro. 

The other great bmuch, the Olaein' du G/:(ml or d/, Tacul, remains to 
be deerrilwd, but that lIIa.y properly fOfm a. pa.rt of the narrativtl IJf t11e 

passage of the Col du Gcant, to which 1 sha.ll devote a R(lparatc 

chapter. 



CHAPTEH VI. 

ACCOUNT OF A SURVEY OF THE MER DE GLACE 
AND ITS ENVIRONS.· 

OIUECT Ot' TTlI': flUIl\'EY~1·IH'. e ;'1·I·mJ MF. ... 1'iI~TIIF. nA~p. LI!'<t:-TIiE TRIAN'~ 

GIII.ATION-IiEIGIITI'l O~· TIm 1'1'1 ,\1lO~S REI ~;RIUW 1"0 .'lJ~'IA;\' VgRT--flI.OP~: 

or TilE GLA(U:;Il.-IU;H.l1TS OP THY. "EW l)kOI'}lI:>'(; MO!;:STAIN8 ABQYE THE 

SEA---(1)NSTIUJC. 1'I0N OF TIlE l\f \ I'-(; ~;O( ;){" 11'1 •• - ,\ I. j'Ol'iTI O"lS. 

IT was the ,-'special uujc('t of my journry in l S42 to ohserve accu­
rately tlJ() rat.u ('\f motion of some ('xtcnsiv(' glacier at difiercnt points of 
its length and breadth. . 

In order to draw precise or valuable conclusions frolU these cxprri­
fn flnf s it was nc('cr-"ary to be ahle to assign accurately the relative 
positioJls and distance!" of the points ousen'rd. It was also highly 
desirable to asrcrtain the slope of til(' gl~ci(' r iu its various parts, which 
can only be exactly dOllE' by a combination of horizoll~a.l measures with 
vertical heights. These, and some other propo:::f'd experiments r£'!.fu,!red 
of necesclity a geodetical apparatll:-, with which I pr(lvidtd myself, and 
I soon found tha.t the only sa.ti~fa('tory mod(· of proceeding would b{' to 
add to my direct observations on the movement of the icc, a general 
survey of the glacier in its various portions. This being resolved 
on, it followed as a matter 'If course to lay down thf' neighho~ring 
mountains, and to determine "heir }leight, and hence the construction 

• It lIlA)' be right to (,b&crve, that this Cha[)U'r, whit'h i ... httltl hk('ly w mt()I'CSt lhe St'IIt­

ral.-.der . ... ) be omitted by thoee who ",ould IJ.\ ()HI o,ueh dd,a.I II;, Tile two fol1c'''ing 

C~ on the Motion _d Structu"" or the Ice ma~ .lr.o be b.hghliy Itl&SIied o\'er by those 

who are willing to take for p-ant.ed the l'ftult.l\ which will bo fouod 10 the coJ)~luding 
Chapter or thit volume. 
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of the map whid) aC{'t))lIpanic~ this work, and ",hidl 111 based l'xclu­

:$ively· upon my own obs('f\·at ions. 

Tht' iustrllllWut 011 whit'h I ('hi~'fly d('p('ndt'<i, as \wll for the !It·trr­
minntioll of til(' Il)(l\'CIII('nt (If tlH' g-la('il·t :\'1 for it~ tria,n!!nlatiulI, was a 
Kat('r',s :~"'trouomi('a l ('i]'elf'. made for !lU' hy t1l(' Jatl' Mr. Rohhlf·I(lll. 

It i~ of thl' largf'r sill' of surh instrnnH' llts., hasiu,!! hoth till' iwrimlltai 

nlhl Vl'rti~·all·ird(·" of four and a !talf Im'h(''! diamch'r, thll former with 

dlh't' lIIicrosl'opCS and ,"('miers. the lattf'r "jth two. 'fll(' ('on~trlU'~i"tI 

of tilt' horizontal part i !l. a.9 n-mal, lllOJolt "arf' flilly cx:('cute-d, and lhf' 

r('adings illl'omparJ.bly bctt('r th:Ul til{' Yt'rtit'al ,ml''!, Th(' tciCHt·{ .p(> i!l 
pro\-idf'd with five filll' nrti('al wir('s, m.(' a. trau~il in~trum"llt, anti 

Oll{' horizuntal. and a diagonal ('~'c-ri{'('{'; rhrre i'l .t spart' tclrs("(lp", 

for J:eepill," lU1/cll, till' work I!,!:! I)f whirh was not, t.Qwt'\-{'r. :-ati<:flll..'iory. 
and it was ~ddom u<.c-d. thr <;traciiu("<:s of t}u' instrulllt nt hein,!! srrn­

pulou.;ly vl'rifit,u by a rrtUrH to the <.tartinq or zero poillt. It IS far­
ther proV"ided with a good 1('\-rl, \\hich wa~ fr("IJu('lItly verified , and 

\\hi('h fOflUllatrly l'.:ocap('ci ally a(' rilicnt. The wholf', mOllutt'ti on 

RobiD.:'/Jn·~ l')..c('lIcnt I)<)l"Iahh' tripod, wa~ as "teady as could r{'a~onably 

bf' dc~irl'd. whrrr the rrroUl.J for planting it was favourahl(·. The U8e 

of it llpon thl' ice was al ..... ay.<: attendt,<l with some ('m ha.rra.<:"sment. (Jwin~ 

to thl' ul)f'quaJ .. inking of the suppllrt~. The workil)~ of the tangent 

~cr('ws wa.Q perhaps the I ~a..'lt sati!'>fact()ry part of the apparatu~; but, 

on the whole, it ",ould he difficult to imagiu(· an imdrutn('nt mor(' peT­

feetly adapted fur the vari,/Us U<:t'.": to which it W:l.~ put, or to find 

one \\ hil'h I'Quid have b('ttcr answt:rt,d to the character (If its maker 

throughout a ,:!ca~on of most tr:ving work. The in!'ltrument, as mounted 

for usc, is aeen ill the Fr(Intif-piccc, 

In selecting a station for pu~uing my inquiries, I had no reason to 

regret my choice of th(' :Mcr ill' Gl3<'e of Ch3monni. Its vast surface' 

pn:set.t~ every vari('t." of glaeicr structure and a.rrangement; ita great 

]('ngth, J.ud its r('markably ulliform breadt.h, for SODle Jlsta.nee, adapted 

• Jt ill aeueely neces.r) to memj'>n Man uC('ption a /linglf' point (the poAition of tIwt 
Col du Giant) .... hic::h hu been detennined (rom Dc SaWWlUn.'1I data, and the !IF-rinK and 
c::a.utiou tIIIe of lOme puhlillhed enp.;nga in 'a) ing dO'l'n IKlTIle natural featul'8ll. 
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it peculiarly to my illvestigatiolll:l, which had reference t(l the velocity of 

movrment as affected by the former circumstance and without reference 

to the latt{'r, I ts easy accessibility, and the ready communication with 

vlace~ wliencc any rt"quisite implements might be procured, aided in 

detennining my choice .-but bt'yolld all other circumstances, the cer­

tainty of finding a permulIcnt shelter duriDg all weathers, and in the 

imlnediak vicinity of the icc, such as the cottage of the Montanvert 

atfordli. 

Tho form of a glacier like the Mer de Glace, presents almost every 

difficulty which can he experienced in conducting a 8urvey. The only 

~potH ncarly le\',,1 (I mean vu the :mrfacc of the icc itself) are unfit for 

me~llrill~ a O:l.l$C, vr perflll'ming any important par> in the triangula­

tion. The walls of the glacier arc cxcec ... ivcly rugged, often inacces­

sible, The stations arc difficult to choose 1:10 as to be visible from one 

an')thcr, owing to tbe intricate winding:-l of the ice stream, and the 

enormuus hei!;ht of the rvckl'!, Tho fnudamental triangulation must he 

carried up a 'Mtleg, ",hose extrellIiticl'!, iuth'pcndent of trUJU;ntaina, differ 

in Icvd by 4400 feet. Fina.lIy, the oLserver---solitary and without 

tile 3SHistancc of any oue understanding the usC' of instr1lments-is ex­

post'cl, .~ \·tm in the finest \re<Lther, to alternations of the most intense, 

almost Htupifying, solar JJ(':~t reflected from the snow and threatening 

him wit.h hlindill'ss, with the chill winds alld lIuddcll storms of these 

grea.t heights :- Iw nIll!)t often haw the alternative of walking for seven 

or eight hours flf tlU! da.y over iee, merely to go to and retUnl froUl R 
8ingle statioll to gain perllapt:l a t:liIlde oLsen'atioIl, or else of camping 

out undl'r flVIllC rock, expot:lf'll to the chlmcc!:! of wcathpr, These consi­

deratiuus, it is hoped, will be takl'll iuto account in l'stimating the 

kind of ac('urai~y to be l'x}){'ctl'd ill a survey like this, and the amount 

• of criticism of which it lllay be tllVught li('serving in respect of mi­

nuteness of detail. It w~!1 appear, howcvt>c, (1 hop<') from what is 

to follow, tha.t ill(' ba~is or skt:h·ton of thl.' map is sufficiently accurate 

a.,'1 to thl' relative positions of all the great points, which arc in gcncml 

determined with m{lfO exactness than the scale fH'rmi~ in laying them 

down. 

llf'sidel'l the instrllllll<'nt jUlt mentioned, J had takt'n with m€' from 
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England, a small sextant and horizoll (of whIch llllade no UHC). one of 
Troughtun and Sinull~' standa.rd steel tapt! mC&bures, MI. ordinary var­
nished tapo measure, wat.(lrprol1feu string Bond silk lines ;-30 kh<8cope 
by Tulley. 2t iu('ht"f' apeTtUN', and a Kat.er'" compass. whioh 1 found 

of admirable sen-ire.· 
I had originally intended mt'MuTing a base line uron the ice. near 

tilt' <.'OuflncDt't' of the GbcicT8 de LLoehaud and 1'<I.('u1. whi('h [ ink-oded 
at OOCf" to 1>1.' the' founilation of my triangula.tion, and to decide the 
(Iu(>stion of tilt' ~upposed dilatativn of the ico during itt-! progrnss. I 

~Ub"l'qUl'ntly dt'yiscd a lH.'tter !!chenlt' of ascerta.ining thl' Jatt(lr point, 
and SIXlIl heca.lUt' ('()n\'inccd of the iuconv(,lliencc~ which wUlold attend 

• In additivn to thl"l'(' I had, fur ~(,I\enl \,\\TI~_, ij;" thCnllI>tnCkl"o. a U1a"illluln nut! 

, .... " minimum :ht'nnometel'!<, 00(' Buntrn'" baromC'ter, t .... Q impn.ve(! ~.''Tllpj ... ~um('t('"'' t .... 1) 

photOU\etl"f'II, two at1inorucwn;, a RI18!ILan {uMlAt-t' ..... itb alcohol for !.Qiling ... ·at .. r and a 

lilermorul'ter for ~rta.ining ils 1cDll'eratun'," nwal~urillg dlll.i.n Qf III 'lieu-.. .... hurru ... ·l"d at 

(,blLruouni, It.:! w<!U "" ajtH"l""', 30 incill"'lIQnlj. for rna!.;!!!! b (>l~ in thl' ico'; twu hamID1'J'ti. 
Ihn'C ..ere ... drin'J"I. a hatl"lll·t, nU!IlrroUlI !-tan", for .. taloun poin"'", ... ·jth N'd ILntl ..... hit(­

ft&g3, chiHels, I:'ed and ~' hitE' IlQint :Illld bru .. h ..... fnr markinl:" th .. IltAtiOll' and other poinw 

pen:oanentl~· 00 the rocAA, t" (> r \u,Qowk-r.. and compu!HCtl, :Il IJOrt&ble tclt>tOOpe (PddlUcU) 

h~·. PI&!!i1, ~blcts, plicrs, a hand ,·iL"l". a protractor, &en!,', Jrr.",·ing matrri4Ulant! eolf)uN, 

euloun rur inJectin!; th.- ;('t'. viz. 1000000 '''.,j, eannlllC, \it.lOlI.'1, aut!. lith"t;r'l'pbH: inl.. So ample 

had k-en JIl~- 1'!"IwihiQU ,,[ app:u-atut that I haJ 11" O('(':IL.I;;on [<lr .ny thiug ill ..oditioll which 

Willi nut rf!adil~' proeurahh: Ilt Chamouni. 

It may not be Wlf'le@fIto add th.t in po.oint of eiothin1'. thou1'h tny ".rdr"hc WM Vert far 
from bulky, I &eldoflJ IlUffel"t-d fmlll fflld. Without Illy '-olUnlinQUIl d.-lui or fun, I found 

&lln~1 nClo.t tht' , !. iJl (dtJubllo.d if IIf'CCtIo88tY,) 8tlMllountcd U) a tOml'''"''' IIWt of 10ft Chamuis 
leath<-r to bc ,.·aTmer Ihan it ........ l:;encrOl.U) .gn-< .... bll· to '111', .... CH'1l III IIk't'ving in tht! Opell 

-.ir nev the ,e:laclt,r in wmmer. 'ro avoili thl' continu.1 riIIk of (1"I>Oi'UM.' to eold during 

protraetod ob.eTvationll aftn a IahOriOUK ", .. lk, I genl'n.lly found a woollen ..atcOat 

with sleeve&, on!'!' IlIC nne 1 n., ually IIoCal', .. lIufficiNlt prou.'Ction; and logtthl'l1' ....t\L a 

ligbt Seokh .... ()f)lIcn pwd. or a ('O(onlon hingle-LI'f'..Mwrl groatc:oa.t, sufficient lor tho "0111t 

.... eatha during CXl'reillC. l.ong .... oMltl.'O' ,tA>('''ing~ <lv"r IIhort one., ud rUT·lined !;lovell 

.... ithoa,r.paration for th,· fingl'J:'I<, ",hieh, howevl'T, I ,-ery ..eldotn ~~. A IItraw hat, on 

JJ1 oeeu.iOb! during el.f"l'eiMl, with a Yl'iTet tap undel', or "clwlgW fOJ' .. 110ft lur tap 
during obIkrTa.lioull. "'or IIhoe. n(,thing ill C1luai tu London onel with doul,1c IIOleti. eon­

tU1Iwl, wpplied ... ith frc.h mull! » the 010 "n..,., ""' knoek..u out. Square hea.dt.-<l naila 
ur aDCb~ headed na.il&, ilIleh .... are UK-d in S,,;uf"rland, to <lrfl.'nd the l'dgcs of tiLt' k-a­
ther, IIrr the bcf.t.. Of late yl.'al'lL I haVl' 1Ie,'er habitua.lly UIICd lIJlikf1li or cra"'Jl<JJI.I of lUll 

kind f"r en";n}:: (hI' Ice. 
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such a.u oporation. I ultimately acquiesced in the advice which Mr. 

Airy had already given me to measure my baBe in the va.lley of Cha­
mouni, anti to continue the triangulation up the glacier. The main 

obstacle to this was the extreme rapidity of the Montanvert, and the 

difficulty of finding any point from which the glacier and the valley 

could be at once commandt>d to any extent. This was however at 

length overcome, and stations, though not affording by a.ny means the 

mOl'lt eligible forms of triangle.'!. were at last decided upon. The 

measurement of the base was one of the later operations, and the con­
ncction of it with tIl(' tria.tlgles on the higher leycl of the glacier thtl 

very last. 1 shall commt:fwe, howC'vcr, with an account of 

TI,(' jJfU(' Lin". 

J t being decided that the tri.'!'onometri('ai baBe .. liould be in the val­

li':,", thert· was no diffi('ulty in selectipg the mo.<rt proper place for it. A 

perf('Ctiy strni;ht road, irading fmIn t1lr village of Les Pra7. to that of 

Les Tille~-a distance of about an English mile-parallel to the length 

of ttl{' valley of Ch&mOUlli, and Df'arly oppo!'itc to the foot of the Glacier 

du Hoia, at once suggested itself. A Dca.r('r inspC'ction confirmed my 

opiuion a." to iis fitnes!;. From nlittle wooden bridge 500 yards east.of 

the village of Lea Pro:.: to the wood!:' nE'ar tlu' hamlet of L(>s 'fine~, which 

begin to conceal the glacier and part~ adjaccnt. is a de-ar spa.ce-of 1090 

yanli'l, which Retlmed a sufficient length for my purpo&. A ma.thema­

tically stra.ight lino could be drn'\\n throughout this spare upon tho rollod, 

which was s(,lIsibly lm-eJ to Ib(' ('ye, (ibi mC':m inclination being 440' sla.nt­

ing upward~ towards Les Tinefl,) and whi('h was formed of dry well com­

pacted gra\'lll. In short, a more <>ligihle spot ('ould hardly be desired. 

The termil1 i of the baRt' mark<'d N a.nd 0 on the Illap were fixed by 
long pins of liard wood driVtn into tho !!"round, and the tops marked 

by a. nail driven into each as a starting ptlint. These pins may pro~ 

bably remain £I)r somo year,.. The tirst is exactly at the casWnl 

end of the beam which forms thE' south side of the little wooden bridge 

nea.r Lea praz alrcady mentioned. The station 0 is marked by a very 

conspicuous solitary larch trf'C. wiill its lowf'r branchps lopped ott, 011 
the l!IOuth side of the road, &ta.nding quite apart from the wood ncar 
Lee Tines. Tht" tfnninul'l a.t 0 may 00 referred to the Wltre of thi~ 
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larch tree by ro-ordinatcs perpendicular a.ud .. raUel to the liue 0 N. 

I t is on t4t- road 5 ftc'('t 7 inches lH',U'er to N, and 4 fet .. t 1 inch uorth of 

the said larch. 

The interval was twire IIlc!iSurt,d-Qo the J 4th and 23d Septcmbrf 

18-1,2-b," till' aid of n ten mt.'tre ch:lin kindly lent to rue by M. llla.nc 

(If GhauJOuoi ; and the chain was t'OlllpnreJ with Trouglitou's stool ta~ 

di\'idcJ into Eugli!:1h feet awl iUt'lii's, in tlu.' intel'va) (Jf time betwoon 

t1l(' tWo Ill('~urement!.. Tilt, ('haiti 'In:o n good irol\ one, unitoJ b~' 

very solid bras:: ring~. Thl' fin.t IIIca .. 'iurcnwnt Watt intended on ly as 

an approximatiou, but tilt:' St'COlld \Illt' cOllfirml'd it HI) wcll that I 

thouJ!ht it Utllll't'l'ssary for tlU' purp~'sl' ill I'iew to undergo the labour 

of a (hiro. The distaul'e Wa." !.J1 ~ rhain:., Of, more correctly, 914· 

IIIl·treS. \Vith the a:;. . ..,i~tallcf' "f III)' iutdti,!!cllt and useful guide 

Auortli>h.' Halmat, and allotht'r p!'h.OIl. I fixed til{' distances of 30 and 

H{) t.'hains. abo by h.~rJ \\()(.o. pillS, and 011 the ~('CoIld lIl('asUft'lIll'1l1 tht· 

differi'D!,€, was undt't one inch :It hutl! plact's, :1ud tl tempotary mark at 

xo chain!! ap[K'ared to ,g'ivl' as small au ('rrot. Tlwrdore, though 011 

the wholf> IIIcasut('lIleqt there appean'<i a diR;"relll'(' of :, inches, I ('011-

~iderf'd lIlysdf a: .. J'ustificd in attriLutitw it to I!'onw mistake in tht., • e 

II1pde of ('ouutilig tilt· links, which, iu my fir~t Dr approximate measure­

lIIctlt. wa'! the ollly IOt·thod I had used of estimatiug tht· fractional 

~rt vr a rhaill. Havill!; mca:l.url'd tilt.' space hetwt.-'CD the 80dl 
ehain and Hit' end of tlIt: ba.!ie twire oYer witbout scn!!ibll) dill'cnlncc. 

and having mea..turctl tIlt.· ftar-tional residue with Troughton'lI !.apt', 

] think mysdf ('fltith·d tl) conclude diat til(' probabll' error of tJu' 

wLoJ(· d(l('.<I 1I0t j'X('N'd materially tilt' ob.oI(·r\"ed diift.'rt"j(·(, at :W, 60. and 

kO rhains.----that i~. ont~ inr-h , or lit tle mute. Of al~.Illt 1·36000 of the 
length of the ba. .. ~·,-a quantity mUt'h uudt·r tht: otlll.'r illl'vita.bll' t'rrorl'l 

of obst'rvation in thl' ItIlh6cqu1·nt triangulatilJu. Thl.l It·ngth of tilt· 
lt~, WaJI. 

91 chain.,"+26 Engli<lh fCl't+;!.50 incilf:o!. 

Thl' el)Ulparition of the 1() ml·tre chain aJld tllc btct'l tape was ,'ory 

eart·fully pl'rfonned und t:r the woodell gallf'ry of the Hotel de I'Uuion 
al Cltamouni. Botli the chaiT. a.ud the tape wetc ~trctch('d with a 

w('ight of about I4 lim., whicb ie tllat iupicated a8 the stretching 



TUB TRIANGULATION. 105 

weight of the tape, and the chain was found not to yield sensibly to 

a.ny moderate force , after being once fairly 8tr~tched. 1 ts length was 

found tv lH> 
32 feet 10.675 inches, 

the temperature of both being 4P F. The 

measurement might amount to one·fiftieth inch. 

the base will be found to be 
2992.952 English feet. 

probable error of the 

Hence the length of 

Tlti!:! ()ught to be rcduc(.'<i ill the proportion of the cosine of 44' to 

radius, that bcitLg th e mean inclination of the base to the horizon. 
This amounts to a shoMcumg of only QlIe tu:elr6 thousandth part; and 

the calculations ha.ving been COllllllCnceu without adverting to it, I 

have thought it superfluous to a.lter the tHimLers 3fl. to the distance and 
ci('vation of the varion," poiuts of the I!urvey by thi:; small quantity, 

'\hirh, howcV('r, lIlay ea.«ily be applied, if de::nred, to the results which 
ar(' to h(' gi\·cn. 

The Triangulation. 

The plan propos('d for the survey was simple enough. A series of 

point-s were taken on the rocks on either side of the glacier, and at 

8omo lleight ahove it, so as to l'ollllnand a view of two or more of the 

others. Tho circuDl.:ltanccs \\hich, as already observC'd, compelled the 

selection, and til() labour of access and of obl:ll I"v(ltion at many piints 

prevented a great tnultip1iration of the trianu:it's, or the a ... oirl.ance of 
Jromc very oblique Oll('~. Still, as the object was only to lay down 

correctly a vcry limited ra.nge of country, the accuracy of the instru· 
mf'lIt-a1 nwthods was sufficient to allow me to dispense ,,,ith the selec.­
tion of stathllls which would have been requisite in an extensive sur­

vey. Rut C.,cry pains was taken to aBrertain that the triangles were 

accurately dot('rmincd, of which tbc thr('c angles were in most ('a8('-S 

measured; and considernt,;" the circumstances under which they w(>re 

ubserved, it will probably bo cVDsidered as a fair proof of their exact­
lIf1SS, that the sum of the angles seldom differs l' from 180°, notwith­

l:Itanding the great deviations from a horizontal plane. TIJe aides of 

the system of triangles thus determined along: the ya.Uey served as 
bMe8 from which to measure tho altitude of the mountains, and the 

bearinge of the vanous points which were to be l&id down on the 
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glacier; whilst various !lubordiDtlte stations wt'rc marked, from Wht.·fH'(" 

u secondary stations, frf'sh auglt18 might bt- taken with the COlllpAAA 

for the better compn·htJnsi\)Jl of dC'\.ai1~. 
The stations ..... eN." talwD with particular refcrt'nct' to the obscnm.tiolls 

which wel"l' to bo made upon the i(,e, and tht'Y wet£' all markfld in such 

a way AS may f'na.L1c them to be l'(>Co~lIi7,t'd at a di!ltaucc of some yeaN!. 

Thc)" "'t'fl' ill l"l'ry ca,"e (t·xecpting at the t'xttt'mitics of the base, 
whi{'h hnl' bc<>n :llroac.ly dCdcriLcd) on t(J('k, or, at lcast, the instru­
llwnt W3.'! placed on ;<ome fixed stant', littl!' likely to 1)(' tf'llIo\"ed . A 

et'08S W<IoS cut with a ilammt' t. or ehiM'I, imuH'uiatdy hdow tho lX'utrc 

of the instnmH.'ut. dctctmilwd hy Do station puilltt't, and that ('ro~!'. 

was paintrd reu. with :\ !.lrg''' {'3pital I('tter n.J.~o ill tt'ff. paintt.~1 
~idf' it. 1 ~ill Lridl:' d£'!;cribe the pl}!'IitlOn of tb(' ~t.'\tion~ ..... hich 

~('rYi'tI fo r tlw In.,in tri::mgubtioll . aud ..... hich art' marJ..vd !JII tli£' laJ1.!c 

mal" 
Commencing in th(' \"'II('.\', tll(' ('xtrClIliti('9 uf th(' ba.ec line mark('d 

Nand 0 on the lIlap han: ~ .. n already dp!<('ribed, From till'S£' t ..... o 

S.ta.tiOIIS th (· rtwk al~,'!' th £' C!Japp;m !'(mld )w " i~tio('t ly :-;Ct·o, and that 

formed t hf' third !'!tatiun markNi I. I t i~ at a ht'i~ht or no leSt! than 

I ROO f!'(>t al~,Y{· dlf" other two. I t i ... on till" summit of a !!rf't'll o;addlc­

!:'hapt>d !llop<'. aoon- till' t()('k and (':1\'(' already Int'utiont'll, (Iuiw above 
th ~ few trt>f~ ..... hjl'h fring-(' tht· pr(>{'ipif'l'. Tltt, croS!! is on a :fiat stoop, 

rmnk in lh" ~ra.."!'t. n·r," lIf'3T till' fiNt tixf'd to<'k, a t th(" head of the gnL'"'sy 

ridge. Tili!' ~tati011 f'IJlJm\alld~ thl' glacit'r to a cOll!lidrratJlo ('xtt'nt, 

ev{'n ~ rar a."1 the T:vul; and 1 wa.~ abi(, tf) ollilrr\'c tIle sigllnl whif'h I 

had planted tll('re (~tati('n n.) It W38, therefore, a nlo!'t (·l igiblt' con· 

noctinl; point LCh·f·t'tl the vallf'y and tht: upper level of th~ Mer dc 

Ola.ce. 
TIl£' ltbscrn:d angle=- of this 1 riallglt· Wl'tf'. 

SIO IH' .5!)' aW 

ION 127 :;4 (J 

() :'i I ~3 " <iiI 

17~ 5H' :JO· 

The Jtl'xt 1Itati(tn L i~ nn till" tfwk,\' ridg-f', {\xtending- ahnn' diP Mon .... 

all'ff'ri, towards fh l' A iguillr dl'R Vharmflz, which ridgf' iH itllc1f fami· 
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liarly called Les Channoz. It is 867 feet abO\re the Montanvert, and 
therefore. full ha.lf hour's ascent along the southernmost pa.rt of the 

rugged ridge in question. It was fdund impossible to obtain a. Rtation 

here wbieh should cummand at once the two extremities of the measured 

baRO and the middle portion of Ol e Mer de Glace. I watJ obliged to 

select a projecting masfl of rock. which commanded the eastern extn., ..... 

mity of the balm, and the statioll I . ] t is at a height 3600 feet aboY(· 
the furmer and 1800 abuve the latter. It is marked wi th a Crl)BS and 
pyramid of stones and the letter L. The angles are 

o L 1 
L 1 0 
1.01 

360 18' 20" 

"4 ,6 21 
5k 45 40 

l iojO 00' 21 " 

The Montanvert itself watt not found to 'be a comllJalu.ling enough 

position to be sdected as a principal station, although it has been aceD- • 

rau·ly connected with four or til'(· otbers. 
Station F i H on the Call ten} side of the glacier, on the promon­

tor\' Iff L{'~ Echelcts, and is at about 1,=) () feet above the level 

of the glacif'r, near the ridgl' I)f the llill, but rather facing the 

north. It comma.nds ~ view at once of the Ch:tpcau and Tacul. It 
is marked like the others, and connects with stations 1 and L. &8 fol­

lows,-

L F 1 
1 L F 
? 1 L 

48" 30' 15" 
102 4() 10 

2M 48 50 

17W ,;9' 15~ 

Station G is on thfl ridge of Trclaporte. or Entre-la-Porte. 011 die 

west side of the gla.cier, at tile foot of tbe Charmoz, a.nd its elc\'ation 
may be 300 feet above the levrl of the ice. It is on the littl(' le'tcl 

space fonnerly al1'lded to, occupied by a series of blocks which appear 
to mark the fOrm (lf boundary of the ~lacier. It is on one of these 

large blocks (but to the south of the large,") that station G is marked 

by a red cross and pyramid of stones. It is one of the most eon-
• 
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tlpicuous tltation!i, and commands the 1!;1a.cicr both w~ys. Only 1\t o 

angles of the triangle connecting G with L all;:! F wert: observed, ~ 
follow,-

LFG 1220 37' 45" 

FLG 28 37 50 

151 c 15' 35" 

L G F 28 H 25 

1800 00' 00' 
Station U, on the promontory of the Taclll, commands a. mor!' gClleral 

view of the glacier t han any other sta.tion . I could see up the ic,:> 
streams of Leclm.ud and t.he Gca.nt, and down to th{' station of La 
Chapeau, whence the statiml B wa.~ di8tinctly observed, and served as 
a. verificdtioll.· Tho prom,-mtory iii composed of rather 1001'10 rock . A 

pretty solid pt'dcstal was built up of the larger ma~scs on the ridge, at 
"height of 277 feet (harornctrically measured) above tim little lake be­
low. The cross was cut in fllc ccntre stone under tho pyrnmid which 
support.s the flag. and the pyramid was removed as in the other cases, 
when the instrument was planted. x'rODl this station, by observations 
right and left, t he movement of either glacil'r was determined. 

Th t: position of R is dett'rmim,d by a very oblique triangle, tbe pre­
cipitous nature of till' rock' 0pro~itc affording 110 c.mvcnient station 

whclIct: F amI 13 could at ollC'C be ::icen. Its augles are 
(; B F 11 0 4;' ()" 

F G B 
(' F 1l 

ViI 

1r-

1 i!J 

!i2 e--" 
i.) :, 
~ 

:)J.j' ;)0' 

~ Tiro(.' tlu!t(onl)~ Iff ;i rk,l< t il.~ "'-.... met.! ~u /'cr;ur to nny u tJU't Illltrii (,of 1.1". ~tIltj"'I~. 

Wbf'tc auo .. h.la'll 10 all"w til<' ~talf 1,.. 'nr;1I1; the tlagto be 6<.'eU di"till('tJ~, itM lUoti~1 "('rn'll 

I.u distiugui~h th., flllJ.; fl'"m nll~ marl. " II 1111' r ock, or l'atdu .. -s or Mil"'" ... lli(,I,. in tIlt. 13l\o'r 

Il&rt {,f 'he lI(!~n , "ftcn ~lUleN...t the oh,'crvatioIiM lJifficult a.nd unct;l"Ul in. II WUII, rur hl­

~~I1I"'e, _ith the ~,,"·aI ..... t truuLlc 111M I JltI<"C('('rll'<l in "ll1\('n':n~ "'tali"" L fro,ul 1 .ll>lrtl~· 

(lwIOg !o dw hadot'!ll!l of Ih{' light, parlly t.1I IIII' marl.: Ullt being lII~n aglli""t Ilrt' ~ky (or di .. · 
tanl bill, aDd paTtly from t.he numbt'rl_ ratchee af IIIlQW. I 91ab ah"$(t..J In nt.urn repeal. 

flJly, and Oil thill and nlall)" vUlt'r OCC&I<inll8 '1'1UI struck '1'ith the far 111(11"<' loerit'f't f'yceigh I 
"f IJalrual for di~~1 ul,j~tI!!.ha1l m.1' O'ln. 
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• Station H was at the foot of the Couvercle, opposite' ~tatioll n, and 
beneath tbe Aigui11e du Moine. It i~ on a gr3S~y sht"lf, above rocR:' 
precipices, which ri~t" porhaps 200 feet from the level of tilt" glacier. 
Jt is accessible only by a bmall ravine or watercourse to the south, and 

even there not eMily. The vegetation hert" is more luxuriant than on 
most parts of tht" glacier ba.nk~ at so high a level. I observod particu­
larly a luxuriallt specimen of the alpine ro ... o wlthout thorns. It jq 

1177 feet above the Montanvert. or 74fi7 abovt" th(' bea. The station 
is marked on a grca.t stone imbedded in the turf. From it n{'ithel' 
the Montanv{'rt nor Lf's Echelets cou1tl be twen. 'rhe po"itillll <If Ii 
is d{'tel'minctl from G and B as follows,-

GliH 
nnG 
H(lll 

660 40' 10' 
W/ 48 .5 

2:1 :l2 ~O 

1800 00' 45" 

Finally, anot!'er stntion wa'3 selected as high up the Glacier de Le~ 

chaud aR a fix('d rock convcnirntly accc.ssible could h<- found for esta.· 
blishing it. It is on the castern side of the gla.cier, exactly opposite 
a. remarkahlf' rock, calh,d Oapucin du Tflcul , and about half a.n hour's 
walk above th(' junction witll HI(' Glacirr du Talcfre. It is markE'd 

station E, and will br more rN\uily found by the uutli..nes on the 

ma.p, which '\\cro carefuny bkctrhcu, tha.n h:' minute descri'{lt\on; it 
is on n. rocky ]lromulltor)', pl'rlH)'ps about si1l.ty fept abo\'(' the level of 
tho iN', whieh is hcI't' ('>..irelllely (,J'ovassed, so as to render this spot 

sOl':lewhat difficult (If ac('('s'" in the la.tter part of the season. From it 
aovcral of the higlwr ~umlllits were measnrcd, a.nd the motion of the 

ice near it<~ origin determined. Tho following triangle connects it 
with Band H. 

llEH 
RilE 
ERn 

21 0 24' 1" 

67 60 40 
90 45 40 

1800 00' 21" 
The sides of theM various triangles have been ca.lculated by two 
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oomputerB, and compared by a third, The rell'uit gives the fnllowill! 

numbers (subject to the reduction of one 12000th, on the ground staf.torl 

above, page ]05.) 

Fet't. fo'eut. 

NO = 2992.95 U L = 8208.28 

N I = 727:i.7t) FB = 1085;1.I 

I 0 = 5043.0-1 Gll = 650B.75 

L 0 = B48H9 GH = 59S0.7~' 

L I = 7282.61 HIl = 2808.01 

I F = 9485.56 HE = 7127.97 

L F = 4686.50 BE = 7693.66 

G F = 4670.13 

Tbo station E is distant from the bUl'e, line ahout 28,600 feet . 

As these stations were to he used for the determinati.on d tJle actnal 
h eight of variou!> mountain tops ob::. t'rvcU (rl)m them, as well as of va­

rious points of the glacirT snrfu'ec, it bc(',:unf' lH'cesM.ry to ascertain tlu,ir 

elevation aoow som £' kuo',\'1l point, such as tbe Montanvert. I accord­

in!!ly observed carefully t he elevations, ami usually also the f'orre­
sponding dt'pre.!l'Jion'l of the different stations, so far as they were 

visible from onc another. The distances ht·ing known, the rolative 

heights of the stativns, taken by pairs, becomes easily known from the 

following data., on which it must be remarked, that the observations 

with an asterisk prefixed arc double ones, or the mcan of an observed 

elevation and deprcssion, which eliminate~ at once the eRects of the 

curvature of thc earth, atmosplieric refraction, and the ('rror of 

collima.tion, while the single obl!crvations (those of elevation are 
marked +, tho~e of depression -) are corrected by the following 
simple but abundantly a.c('nrate formula for such small distances, ",hich 
includes the effects Loth of curvature and refraction. 

Correction in English feet, (always +) = .5714 D', 
D being the distance between the stations in English mil&. 

The error of collimation in a vertical direction was ascertained by 

observation, and found to be 

+ j' 15" 
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the readings being too Jow, when the microscope A was uppermost, and 
too high when tJ10 microscope II was uppermost. 

Statione. 
Di6l11llC". I Angular I 0","",'" j Ca',"'."'" F"'<lt, Altitude. Height iii F"-et. Height inl-'oot. I 

-
• 0 abovC' N -- 0° 44' 0" 3M.3 40.0 i 
• I -- N - - 14 1.\ 4.j 1 H49.!) J847.8 I 

• I - 0 -- 19 42 I :j 1806.0 I~07.8 
• J, -- I -- I:) 49 45 1792.6 178~.8 

• F -- I -- 8 40 0 1445.6 1445.5 
• J, -0 - 22 .\ 8 4:; 3597.7 3.397.6 
• J, -- F - -

I 
4 11 0 342.8 34:1.3 

• G -- F -- 4 4' 15 3~2 .. ; 396.2 
G -- J, + 0 22 1 ;; 54.5 52.9 
G -- I I - 7 27 30 1843.1 1842.7 , . U -F - - I 3 56 4.\ 74~.6 750.6 

I • II --H 
, 

3 5 30 351,5 354.4 I • --
II -H 

, 
I 53 0 92.3 96.6 --- i I • H --u ._- I 2 26 22 2;')4.7 257.6 

E -G -- + 3 3 15 707.9 I 703.0 

• E -11 --- 2 26 30 3.50J) 

I 
348.6 

• F. - H -- I 3 32 :lO 44l.t 4.J..5.4 
Mt- I 5!i90 I + 9 20 45 

I 
920.6 922.9 I 

F - M HM I - 6 17 45 523.5 I 523.6 
{J --M 9um; In 45 922.0 I 919.8 I - 5 

I 
, 

B -AI j;')·MO i - .~ 43 45 
I 

1273.2 I 1274.2 

- - - _ . . . 

t }t I!iandll. for tll\' M OIU(lIUl<T!, of which th!.l position a nd el('vlI.tion WILli! d<rtermme{\ by 
rdcr<'jH'<l to tJwse four IItntiuDS; bul 1\.'\ II" o\N:r\ations "HI:' tal-.m fl'<lm the MOlltlt.nvert 
it><clr. thf'SC arc a!l lliugJe altitudes. 

The numbers marked "calculated" werE' obtained as will be immediately 
stated. 

'fllese Nlsu1ts plainly form so many equations of condition far the 
determination of the height of the sta.tion~ amongst one another. 
There &Nl nine stations independent of M, which we take as a starling 
point, or Absolute level, and there are twenty-one equations of relative 

height. These baYe been combined by the method of least squares, 

80 /WI to give the moat probable height of each point referred to M. 
Double 'Weight has ~en given to the observa.tions of eleva.tion and 
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depression (,,()Ulbined. The mode of prol"codiug is to comhine ill a 

single equation a.U those which ('ontain allY one unknown quantity. 
From the nine eq1lations thus formed, the unknown quantities are 
successively rcmovN, by a !lomewhat tedious {'Iimination. Great £11'('­

cautions wete tak(,JI t-o ~woid numeri cal ('Trors, and the results arc a.!J 

follows :-

F~'et. 

N below M 27iO,7 

0 M 2720.7 

I M ~)2i.! 1 

L abo .... (' M H66.!J 

F M ,i2:J.6 

G M !119.1'i 

II M • 127-t.2 
II M 11774 

E M 1 fl22.8 
With these numbers, those in the last column of the prcl"pdillg taole 
have been computed, and the' ('omparison appears flatisfactory. 

Besides the main points of tlll> triangulation, Bcycral other stations 

were a"~flumcd, eitht,1' for determining the motiotr of the icc, or for ex­

tending the subordinate triangulation, which .... as performed I~a.rtly 

with the theodolite, and pa.rtly by means of Kater's eompa"~, 'l'h{' 
det-enninations with the latta are manifestly inferior to the formt'r. 

Some errors, perhaps, w('re o,villg to a local magnetic disturbance of 

no great amount, and others to a want ~of perfect mobility in the 
compaa~, which, bearing a ll eavy card, is not, after somo UflC, so delicat!' 

as might be desired. It is hardly necessary to observe that Kater'l! 

compass is provided with a vertical wire, and slit for taking azimuths 
which are read off at the instant of observation by the aid of a re­
Becting prism, which conveys the image of the divisions of <the scale to 

the eye, at the same time and in the same direction. as that in which 
the dista.nt object is viewed. ... 

Of tbe subsidiary stations, tbe chief were-

1. Station A , on the glacier opposite L'Angle, marked on the map 

near the foot of t he Charmoz; it was the earliest station employed for 
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measuring the motion of the glacier. It is determined in position by 
reference to stationl> L, F, and Ai. 

~. Station C, on a block of granik on tho ico, between the promon­

tory of the Couverclc and the 'ra.cuL It l ias already boen described in 

Chapter V. I ts position was a.,c~rta.ined by angle~ from nand G. 
3. Station n, near the MWltanvrrt, 011 a very large granite block. 

forming part of tJw au('ient moraine, nearly on a l~veI with tho 

Inn, and distant GO yards N. 40" E., magnf'ti{', from t.he soutlH'asf 

comer of thl' buildiRg. From this point tll!' motion of the gb{'ier 
lVas frc-quelltly determined: and, by means of a ~mall ba'lc liuC', its 

breadth in thi~ part, and t},e.> rli.,taneN, of brveral ml~rks upon it. 
4. A ;~tation nea.r the "O UI'Ct' 0f tho Arveil'on, u~ n the momiut' of 

1820, ncar thl' hillock of OGtc dn Pigct. From it a. numher of mag­

Df'tic bearings were taken. for laying down thf' dctnil8 of t1lC' lowcr part 

01 the gla.eier, 

5. La Croix de F'l~gere, a. small building, exactly opprn.it,.. to till' 

Montanvert, and at. t4e same level, on tho north .. ide of the valley of 

Chamouui. Its position is fixed by reference to Rtations J and M. A 
number of ma.gnetic bearings were taken from hellc(' especially for the 

position of thf' Aiguil1f' 'I .. and of Mont mane, which j~ laid down on the 

map from its bca.ring fromJu:m,ci!, and from the summit of the Jardin. 

6. The summit of the .J ardin, fixed Ly rcferc!l('e to '>tation nand 
tho Ai~uille du Moine. 

7. A st.'ltioJl on the bordel' of the Glacier du TaICfJ'c, above the 

Pierre dt' Bel'anger. marked [/]. It wa~ fix('d hy reference to the 

Aiguille du Moine and the top of tIte Jardin. This, a.nd tbe l~t sta· 
tion, a.fforded angles for dt'tcrJJlinin~ in flomc mea'>urc tll{' form of the 

basin of the Glacior du Ta.lefre. 

8, Station K, marked on tho south-oast side of the Glacier du Geant, 

was fixed and accurately wllrkt,d for the purpose of ascertaining the 

motion of this part of the glaciel. The cross is <,ut in a triangular im~ 

beddell E'tone a.t a contliderable height above the glacier, and which is at­

ta.ined hy aecendiDg a stoop couloir. Unfortunately, no seeond obser­

va.tion was ever made '0 determine the motion of the icc, the premature 

winter in September rendering it impolSible. 

9. For the same rf'aBon an intf'nded station, ma.rked 0*, bet":een 

H 
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Treiaporte aud the Charmoz was nev('r a.tta.ined lly angleq taken fronl 

thenoothe topography of thE" upper part of the Ulacit:r rlu Gcant would 

have been considerably improved. 

The topography of the vaHcy of Chamouni has been p~rtly filled-in 
for the purpos{' of ('onnection, but without vcry adequate materials. 

Most of the Swiss models represent tho glacier of A rgcnticro as 
extending altogcthE>r behind the basin of tho Taiefre, and touching t he 

mountains at t111' head of tho Glacier de Lcdlll.ud ! In fact, the upper 
part of tho Glacier d' Argcntii're is srarecly ev{'r visited. I apprehend 
that tll(' extreme boundary of these three glaeicrs, as bid down in tIlt' 
map accompanying this work, forms very nearly the rI.->a1 axis of the 

chain, and that the glacier of Triolet, in the> Ya.t Fern>t takes its origin 
from the mountain to tIle ('ast of the Putit('- JOra5se, which is marked 
Montagne des Eboulements. Tho mountains at the llCat1 of the Glarier 
de Leehaud,-the range ('aIled l/'If Pen'adell, which enmwcts the Tacul 
with the main rhain,-the group of the Geaut and Mout Mallot, and 
the rathe>r complicated and "lender ramifications in the ueighhourhood 
of the Col du Geant, are all pretty satisfactorily understood and de­
termined. The summit of Mont Diane is entirely cut 08' from the 
upper ice basins of tho Mer de Glare by the inacccsl'ible ridge extend­
ing {row the two Flambeaux to Mont llIanc du Tllol·U1. Of the range 
of the Monts Maudits, and the origin of the glacier of La Bran­
va., ] have onl:.' \'ague topographical information; it is therefore not 

drtailcd. Between the elevated and wild rocky summits of tho Aiguille 

du Midi and Mont Ulanc du Tacul, there if: a sort of depression 
(probably quito illacccsflible on its western side) which separates the 
glacier of llossons from tbe tributaries ()f the Mer de Glace. The 
range of AiguiUes of Chamouni then follow. J have considered them 
a.e four in number ;-1. The Aiguillf' du Midi, with its: grl;'at lSubordi· 
I.l;afp, glacier on the north slope. 2. The Aiguilles de D1a.iticrc or du 
Plan-a. great group, which some authors subdivide into two, and 
""hieb has a third app{·ndage on its Houthf'rn sidf', to wi ieh I shall else­
where ad\'ert. 3. The Aiguillc de Gre~lD-whieh is more definite: 
between it a.nd tiw I~t there is Ii "mall glacier, as well as to the east­
ward between it and, 4, the A igui1le~ deM Charmoz, a many-headed 
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group of sharp points difficult t o define. I have marked on tbe map 
tho position of two of the chief heads. The Aiguillc des Charmoz 
brnncLes into two, one arm descending steeply to Treiaporte, the other 
embracing the Mer de Glace all the way to the Montanvcrt. 

E le'tati0n8 ab()'De the Sea. 

It has already been observed that the heights of the various sta­
tions have been referred to thr level of the Montanvert, which thus 
bocomes our starting point. This level has not bef'n very accurately 
ascertained. Dc !':lau"bure (Voyages, § 607,) calls it 428 tf)ises above 
the vallC'y of Chamouni, 01 954 above tiJ r sea., without stating upon 
what th;s measure is founded,-probably on a. aiD6:1e barometrical 
observation. It sives 

6101 Engli '>h fect. 

n.-rger, quoted by Alphonse ])ccandollC', - gives 
99'~ toiscs = 6357 Engii~h feet, 

whilst Shuckburght obtained 500] English feet above th£> Lake of 

Gen eva., or above the sea 
623] English feet. 

If we arid 32 feet to De -8aussurc's Dlf'a<;ure for the admitted error 
of his earlier estimation of tho height of the Lake of Geneva.,t it becomes 
6133, and taking th(' mean of the~(' t}lrce not \- cry concordant observa,.­

tions, we obtain, 
Height of Montanvcrt, mean of Borger, Shuckburgh, and De Sausaure, 

6242 English feet. 
But the height usually adopted is tho fitnallest, or De Saussure's. 
During my stay ~t the Montanvert, in June, July, and August, I 

frequently observed my barom('ter ncar the hours of regula.r observa­
tion at the Geneva. Observatory, as well a.'l tho a.ttached and detacJwd 
thennometers. Tho barometf'r having been broken on tho 6th A ngtl lO t, 

an end was put to these comp~m~ons. It had bt'f'D carefuIly compared 

• HYP"Ometric dl'll Envir{lllli de Geneve, p. 63. A mOllt useful work. 

t lLid. Then! appclU'll to be lOme error ill Deealldollc'! J"eduetion of this observation 

to the levol 01 th~ IRa. Ctompare Phil. Tralu. LXVII. p. 5'12. 

:: Ibid. p. 8. 
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by M. Planlamour with the UOllfva ba,1'OIllCt.l)f, ::md found (nfter 
fourteen comparisons) to stand on ly O.O~ milli.1Jt>t.re higher, a quanl..ity 

80 small, ('Ollsideriog- the unc('rtainties of a Syphon b:~rOnH'ter, (it Waf! 
011 Bunwu's l'(lhstnldioll.) that I haw left it out of M'COUl\t. 

Now thC' IHt';m of twentY91'<{'\"t'1l (,olJlpari~oJl " giws 

Ill.m. Att. Th('r. 

Mtlflf3m'C'I't. filO.:'.:; I:! .1'12 C('nt. 

G('ncnl ()b~t'r. 72S.JO (rl'du('('rl to) I) (~Ilt. 

whence we ulltain for the hf'igitt. 

Det. 1'llf'r. 

9"8!} V'>1l t. 

Ry the tables of the " Anllllairt,," 

Uy naily'~ Table. 

4!~tiO.3!l English {1'Pt. 

4!It'iO.(i4 

T}I(' htlight of tht' baroll1rh'r In tlu' 
metres a-bove tht' sell,· or . 

ob<;('I'vatul"Y at Gen(lva If! 

1 :;4:, EIl,!!lil'lh feet. 

Munt.:m\'(,l't above tlw spa, 6:W:1 

407 

A result nearly 200 fl'ct gr(·a.tcr than Up Sau!'slln"~> and 60 (pct 

greater than tll(' mean of the tllrcf' old (lOf;{,i\'('rFi , NC'vcrtlll'lf's!l, W:I 

the prl'yiou9 ob~crvati()lIs were, .. () far a!o T know, ~mgl(' and isolated, 

I f('cl bound to adupt the new value, ('ouk'iderillg the numLer alld ad­

vantageous circumstances of the obscrvatiunl'l, It is also confirmed in 

a ~triking, t.hough no doubt partly accidental manner, by the measure­

ment of the (Jol du Geaut, which, adopting the height just givf'll for· 

the Montanvcrt. by compari.;on with the barunlf'ter at the Montanv(>rt, 

is ] 1,14~ feet above till: ):lea, ""llili;t, by direct comparisoll with Gene,'a, 

] find} 1,146. The Larometer at the Montallvert was hung at the 

uaual height above the floor of the inu, or .. pa.villon," which may, 
therefore, be Teckonf'd at exadly 6300 feet, .But tho point-takcn as 

station M iii the ca"o of the roof, and about ten feet higher, wherefore, 

Level of atation M abov£' the sea, 6310 English feet. 
I vbserved that the door-step of th£' pavilIon of the Croix de FUgt-re 

on the opposite sid~ of the valley, viewed from the M(mtauvert, was 
depressed 32' 45.... Its distanco (by the map) is 13,200 feet. Hence 

• J\.1 eworoJogiClil Ta!,)"" in Biblioth~qu(' Unin"rflCIJe. 
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the (corrected) lcvel is 122'2 feet lower, or it jij 618\ feot above the 

Ma. The mean level of tho base line appears a.lsol to be 3552 feet 

abovo the sea, which 18, therefore, the height of the valley of Cha­

mouni in that place. 

Slope 0/ the Gl=ier. 
'fhe source of the Arveiron, according to Decandolle, is 805-6 metres, 

or 2643 English fcet bclow the .Monta-uvert. '1'lle ledge of rock over 

which the western side of the glacier discharges itself, is ncar the 

level of the Atation of the Chapeau, which is 923 fcet below the Mon­
tanvert. The height of that precipice if!. therefore, about 1700 fcct. 

The longth of the final sweep of thl' gla~·icr. from the tep of the preci­

pice to the source of thc Arveirou, i .. ::\.bout 4500 fllut, following the 

curve, hence tho meau slope of this part of the glaeier, (whiC'h is com­
pletely dislocated and confused, ) is 200 41 ' «N. 

The level of the icc ncar the western hank, a littl(' below the posi­
tion of tile Montanvert. at the point nmrked )) 2 on the mah is 285 

feet (determined trigonometrically) below station D, which is on the 

level of the MOlltall\"f'rt nearly. Honce, bctw('cD the w('~t edge of the 

precipice 1Uld the Montanvert. the surface of tho glacier ri,'>es by about 
638 feet, 011 a. dist<lnce of 3000 feet, being an inclina,tiOll of J 20 0' 22". 

Again, from Monta.l1vcrt, or rather the poiut D 2, reckoned along 
the glacier to station A oppos ite the Angle, ig a t1;~bn~ of 5200 feet. 

The level of station A is (barometrically) 1:31 fL'ct above MOhtanvert, 

therefore 416 feet above D 2, gi"ing a mean inclination of 4° :W 26". 

From station A to the foot of the 'J'a.cul, reckoning paralic] to the 

axis of tho gla<'ier, is a di stallce of about 10,520 feet. Now, by three 

barometrical observations, the Cabane at the Taeul, lIear the level 

of the lake is 1003, 990, and 997 feet,- mean 997, which may be in­

crea.aed by 30 feet, to bring it to the len~l of the glacier in this place, 

ma.king 1027 feet, or a rise tlf 896 feet from station A , which gives a 

mean inclination of 4° 52 5". 

If we reckon slong the glacier, from £lta.tion A to station C, the 

* One day'. obeerv.tion~ ha.ve bef.n nt'giectcd which had not L"{)tTe8ponding ones. a.nd of 
which the re&Wt 1Ii"M TO (t'f't "OO\"e the m(!aB of the othel'll. 
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.. Pierre Platte;' we have a distan ... c of 1l),600 feet. The level 
of C, by two barometrical observtl.tions, ou diffcrt;>nt da.ys. is 1076 or 

1097 feef a.bove Montanvert, mean 1086, which gives 955 altoyo 
station A. Thr mea.n inclination from A to C is, therefore, 5° 5' .')3 .... 

From station C to station E is a dis tallC'o of 6800 fc('t along the 
icc. A singll' baromt>trical observation gi,"oS )668 ft'd above Mout­

am-crt for the level of the ccntrt' of the glacier there. I prefer, l,ow­
ever, to deduC€' it from the trigonometrical height of statIOn E, or 1623; 

and we may suppose tll(' highest part of the glacier there to ha.ve a 

height of 1600 feet, or 514 above ;;tation C, giving an inclination of 
4° ]9 22~. 

On the whole, from the precipice of icc opposite tlHl Chapeau, whero 

the ice lJeeomes broken and discontinuoU8 to this po'nt E, not far from 

the proper origin of the glacier d{' Lechaud, is a distance of 25,600 

feet, and a rise of 2520 feet, giving a mean indinatioll of 5° 37' Hr. 
I sllOuld have multipli ... ·d these ()bSeHutiullS muell mort· had lIot my 

barometer been unfortunately broken. In particular, T regret Hot to 

have taken the height of thc glac\er du Gcant at the foot of the Aigu­

iIIe Noire. Dut If we rCf'kon the entire course of that glacier up to 
the Col du Gca.lIt, we find the distance of the latter from tho Tacul 

to be 24,700 feet, and it.O! rise :3!:SU foct. giving an inclination of 

80 46' 40", 
T:.king the entire length (If the Glarier des IJoi~, Mer de Glace, and 

Glacier du Gcant, from the ~(urce of the Arveiron to the 001 du Geaut. 

we have a distance of about 47,920 fect, with a rise of 7484 fed, 

being a mean inclination of SO 52' 36", 

but the higher and lower pa~ arc precipitoUFi. 

From the vari{)U!~ "tatirms ~cveral of the principal mountain tops which 
admitted of more BCrurat(' triangulation were observed, and their ele­

vations ta.ken, which were then reduced to the Montanvert, and thenr8 

to the Jevel of the 8ea. The differences in the following taLle for the 

same summit a.rise almost entirely from the impossibility of determining 

the geometrical summit of the hill accurately; not oue of these peak8 

being accessible. A very small error in the distance entails a vcry 

f>cnsible one on the height, on account of til(' great angles of eleva.tion. 
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19781> 17 ;12 15 6:?6 1 
1 45.l, Z2 44 4 .~ I 6lU6 
9 :.1 ';1> ::JO 18 4.~ .H7:? 

IU OO I n to U 37H 
(;~60 28 2 1 4S ! 3.l42 

lIi30 1 23 37 4!1 I·H35 

1RUOO 

!l:1::Ju6 17 JI 1 ~ 51120 
15111 \ 20 7 4!. \ 5'>44.1 
12695 23 35 I." I .i530 
13200 0 32 4,1 I 11'2 

4H8 ! 4794 
484.'> 
7122 

:SSS3 

5809 

4626\ 
H82 
59M 
5907 
59.l2 
71tH 
72IJJ 
7095 
4664 
4720 

11109 
I 

1:U32 I 
9U93 

"119 II 

10914 

I 
12246 I 

I 

::::: i 
67.'i8 \ UuGR 

"") GII';!O 13099 1 

"", \ I I lZ2 61Sts I 
The ~jgnille Vertc ilJ tailed the AlgulJl0 d ' Al'!. ... mt;4!re in some MapiJ, I think erTO­

nooUl>iy, IS by Sir Goorgc Shulll..burgh. l'lIi!. Tranrs., "01. 67. 

It may be doubt.o..>d, whether the Meut Mallet III lIot 1.1 high 1.1 the Aiguille du 

G<&nt. 

The AiguiUe du Moine i, the Aiguillo du Talifre of De SaU8llllre. 

The Promontory of Tn!'1apcr1e i.I! e.Jled Entre 1& Porte by tlle older writen. 

The AiguilJ" du DnI. No. I, is thai ywble [t'O(D tlMo MontAnyert. No. '2 is a higher 

lNuunit In the direeQOfI, of the AiguiUc Verte, which III iDywlJle from the 

MonwlYori. 



120 SURVEY OF THt: MER DP. ULACE. 

These heights vary in S()veral particulars from those previously givrn, 

especially by De Sall8sure. Those of the Gra.nde Jorasse and Aigui:le 

du Geant in thtl pI'f'ceding table havo boon \'crined with especial calO. 

The former il;! 300 fee-t gnm,tol', the 13ttel' no Jess thaD HOO feet less 

than tho previous dct(' rminations. According to Pictct and Do Halls­
sure the orlit'r of e10vations of mountains next Mont lllane would be 

Gf:allt , Vertt', Jora316, 

By the precedillg tabl e the heights of the Gl"Jondo Jora.ssc and thl' 

Aiguilll.l ,r eric arc :limol'lt tli l' salllC, and cOIlle next to that of Mont 

mane. whilst the Aiguillc du Geant and MOllt Mallet are 400 fe ~t 

lower. The following table contains the heights ahOYl' the sea. of point!l 

mentioned in this chapter from my own obscrva-tions, and the best of 

those forlllf'rly made ; the Ia-tter 1 ha.ve taken cJJiefly frOlJll)('caudoUp'g 

H!IP~ometrit: des t.'n~ir(fTU de Gel/ere. and rt·f!ul'cd them to English feet. 

!J. D. F., lll~:!. 

1\I0lit llbue, 
Grande J orassc, 
A iguillc Verte, 
Aignille du Gcallt, 
~lont ~lall(>t.. 
Aiguillc .tlu :Midi, , 
Aiguillc du Drn, No.~. I 

Aiguille dll Bru, No. 1. , 
Petite Jora'Sse, J 

Tours des COllrtcs, I 
Col du Gcant, 
Aiguille tIn :Moiuc, 
Mont Tacul. 

II Aiguille du Charmoy,. 

I 
Aigui~le dn Lechaud, 
Grond Mulct, 

. Jardin, (bighest point,) 

. Jardin, . . . . . 
Glacier du TalCfrc, 
Station E; Lechaud, 

1 :1-1% 
134:J2 
13()!)!;I 

1306~ 

12245 
1~178 
122+6 
121 J 9 
11146 
11109 
11002 
J0944 
10914 

9k92 

Other AuthQritieft. 

I t.:nJ;. feel. ! . 
15744 , French Eu,!.;'inecrs. l 
I j I ~j:l . .) ! Pickt. 1 
1;,B02 I Shllckburgh. i 
laS75 i Sautlr;ure. I 

121:122 

12.')20 

11172 

9131 

9996 

9042 
853U 

! Saussurc. 

J'ictct. , 
I 
I SaUi;~ UJ'P. , 

I Pictet. 

I I Harry. 

I Pictct . 
I PietlJt. 
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1- ---
_ -_--__ -' IJ.~. ~-,~1~.~-2-~ ;--_-_-O~J1-,_'-'_A_,,_J1_,,_,_iti_~ __ -I 

Elnglillh feet. Englillh feet·
I
' I' 

Station n; :Tacul, 
Tacul, Lake, 
Station H; Couvert'lo, I 

Station C; Pierre Platte, 
Station G; Tr('laporte, 
Station L; Charmoz, 
Station F; E{'helt:t.~, 
Station A; L' Anqll" 
M on tan vert, lovelof tlo()r, 
Croix de FI(.gere, 
StatiOi. J ; C1Iapeau, 
Sonre!' of the Arveiron, 
Station 0; Tines, 
Station N; Praz, 
Cliamouni, 

7584 
7300 
74H7 
73H9 
7230 
7177 
6833 
(j.j.~4 

(;:300 
61SH 
5387 

3.>78 
35:)9 

6242 M{>ful of 3. 

:l667 DccandoUe. 

:l42Fi I 1\1 can of scvl"ral. 

A vcry ff'w wordti TC'main to be i:!a~d respecting tile cOllstruction of 

tht' map accompanying this work. 

The sides of t}IA fundamental triangles were, as we have seen, com­

puted from the observations. They wpre then la.id down on a. scale of 

T II AliI) of nuturo. J t is much to be regretted that lho prncticr of adopt­

ing a 1iutural instead of an arLitr:ry scale has nnt yet found He way 

into ma.ps laid down in this country. It has the very obvious advan­

tage of at once conveying to the mind an ide;'). of tho real srale on whirh 

t.ho map is drawn, which cannot be tlw caso otherwise, unless the per­

son is acquainted with the local measures used as a standard. Th(' 
.cale of six incllCs to a mile, offers no idea to a person accustomed 

to a acaJe of metres 01' of Frcnch leagues, but a. fractional scale of na­

ture is the same in Germany, Franc(', or England, and maps dra.wn to 

any scale may very readily be reduced to another, provided a con­

venient series of sub-multiples of the natural magnitude be ust'd. A 

Bcale of llI:An of nature is 6.336 inches to a mile, or somewhat greater 
than the recent OrdnaNce Survey of Ireland. The details of tho icc 
a.nd outlinea of the glaCIer 3S far up as the Tacul were also filled-in on 
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the same scale. The more general map was d!3wn out roughly by my­

self on a scale of nAn-ii' It was then reduced by the pcn~frJ"aph to 
U3i1lh and drawn out, under my own ~.vc, in a very artist-like mau­
ncr by Mr. Knox, the principal draughtsmllu of Messrs. Johnston, 
engravers in Edinburgh. It has lx'cn also engraved by them. The 
aim has been to preserve distin"t the tIlteO characterB of glaciers, mo­
T"dines, and solid rock; these wore distinguished by colouring in detailed 
eye shtches taken on tho spot, and an endeavour has been madt\ I 
hope not ineffectually, to preserve their character in tho engraving. 

I need not say that I am very far from considering my map 38 ~ven 

approaching to perfection. The parts, however, mo~t open to ('riticism 
are perhaps those of tht' least interest, I mean the details of tho valley 
of Chamollui, and the low grounds adjoining, of which I took no rogu­

lar survey as being beside my principal object. I hope, however, that 
the candid and well-informed tra.ve1lcr will find tho d~tail.s of the glacier 
and its ramifications a..'! faithful as tho circumstances under which they 
were made fairly admitted of. I nformation and corrections 1 shall bo 
roost anxious to receiyo. 

The geographical position of the diFltrict of country contained in the 
map, may be most correctly inferred from the position of Mont Blanc, 
as determined by the French Engineers. According to them it has 

for 
Latitudf', 45· 49' 58".84 N. 
Longitude, Ea.st of Paris, 4° 31' 42".52 " 

Greenwich, 6° 52' 6".5 " 
In 18321 made observations for the latitude and longitude of eli&­

mouui by altitudes of Polaris for the formf'r, and by a chronometer ff)f 

the latter. The details are given ill a paper in the PAilosopkirol 
Magazine for 1833,· and tho results are,-

Chamouni, Lat. 450 55' [;4" N. 
Long. 6° 51' 15" E. of GreenwiclJ . 

. - -- - --

• Netto &na, ii, 61, To thll6e we may add Do SAUI\IjUrc'B determination of th(' latitude or 

the Col du Ghnt, viz;. 450 4,)' 54 ".-- VoY"9'~~, § '2036, 
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) regret very much tha.t) neglected during my late visit to determine 

the position of the meridian with reference to tho points of my map, 
which might very easily have boen done. It is laid down on tho paper 
magnetic north and !:louth, but thpre is some uncertainty as to the 
magnetic variation. It appears, how~ver, in the time of De SauS8ure's 

visit to tho Col du Gcant to havo been 190 W. which was its value 
about the same time at Geneva, and as that is also the pre~ent variation 
at Geneva, it ha':! been a!>sllmed to be the same at Chamouni. 
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CIIAPTEH VII. 

ACCOUNT OF EXPERlMENTS ON TIlE MOTIOX 01' nn: 
ICE OF TH E ~IEn DE ULACE OF CHAMOUNI. 

G LM n :R :o.I OTIO:'Io' A M E('" A ~\il C'A L "UOIJ LP.M----(,O"" R \ ''' e TO't)" OI'IN IOXS 111':­

SPtX'TI;\"1'l IT-F.XI·F.!U;\I ~;:''' T.s 1'():\lMF,:\O.])-tlAIL)" MOrltl"" J)~;rf:CT~;II'-Mcr. 

, '10)11 ny D ol Y ' Nn IIY l'i 1L:H T--- IIOUIlLY MOTIO'V---t 'E" I'In: .\10\ lo;'1 "0\. >11'1-:-1 1 

-TAHU; OF ItES I}l.l'''-I.A'' ,'1 OF U I.,u" 'BR MOl'lOl'i" 1'1<0.\1 OB.'1 .;n\·\T10~-Ali 

ItESI'ECT S Tin: U:XGTIl - TIII : t!IU:A IJTlI OJ TlIF 1'(.,H'lt:U-TlH: r:;E .... HON 0 1' 

TilE Y E"oIt, ....... 11 >:11' -\:1 E Of 'fH E lHl:w:o.W\,Fryt\ - ('1I 1:-;1.1:,., 0 1' 1,.10;\")'; 1. OF TilE 

ICE AT DlFn:nEi"iT H.:'\SO"~. 

The gJac"'r'~ I'o ld Ilwl "-",tll_ ma!>~ 

Mo ... ~'tI oll .. nr<! (1a~'I,~ t!1L~" 

Fr.o~ the time of my being introduced to the Theories of the 
Fonnation and Maintcnal)('c of Glaciers, maintained by M. M. 

De Charpentier and Af!assiz, it had struck me M very singular, that 
DO numerical teKU had been applied to a.<IIc('rtain th(>jr insufficien('y. 
(lr to prove their corrC'ctness. A carf'ful p{'Tllsal of thc writings of 
thes(' and other ;ngellious 3ut iJorR had left on my mind no d ear 
demonstration of any fad connpcted with the route of fJrogrem'on 
of gJat>iers. Y ct this surely lies at tilt: very basis (If any speculation 

respecting the causes of their existence and perpetuation, as well as 
their formerly grea.ter extent and geological agency. Most of the 

arguments in f3l'our of thr progresBion being due to water absorbed by 
capillary fissnreR, and tli f'n frvzcn so as to produce dilata.tion in the 
whole mass, were deduced from considerations either if pricn'i, or at 
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least indirect. III 18 ~ 1, r suggested to M. Agassiz thE> use of coloured 

liquors, to act as the injections of an anatomical pr4'para.tioD, in show­

ing the fi ssures a.nd capillary canals of the ice; but no such satisfac­

tory mode occurred to mfl of proving dirrctly the fact of congela.tion in 

the mass ; to whirh, besidos, thero a.ppeared to me objoctions arising 

from first principles "0 insurmountahle as tu rpndcr any thing short of 

til(' most uncqui~ocal dt'monbtration, unsatisfactory. On studying the 

'Hllij('ct a.t hOIflt' and ldsurely, I s!~tisficd myself that experiments I'ould 

he made upon the DI(}tion of the icc, which should, in a. good degree, 

throw light upon the 'l.lIP ~tiOll. The qlle'3tion is reduced to one of 

pure m(l(' lianics, and E.hould he treated as such by a rigorous analy­

sis. The mQtiM is the' thing to be accounted for. Have the Ia.ws of 

the motioll bf'en d('termined! Hav(' we tlH data of the problom of 

which we seek for the solution ? Had not ubserva.tnrics existed for 

j'('nturic'J, and f' lllpirical MtroHOmyarri\ed at a v('ry gl'eat degree of 

pr('cision, the theory (If Ney,ton would hM'e been a baseless spc"ulation. 

J 1\ fact, it Il{'ver could have existed at all, its very essence consisting 

in it .. conformity to cert.1.ill fart" rf'spe(·tillg the motions of the planets 

far from ohiou~. a,nd the result of elaborate ob'Jen'ation and still m(lre 

l'lahoratc effort .. of I'ombination and l'edudion. No doubt, man,)' pro­
hlem~ aw "0 I:\unplc t\~ not to n"lui"!'f' so el.~borate a mechallism as tha.t 

by wl.ich the theory of planetary motion was sucet;;;ef1llly reduC<'d to law; 

and under the suppo.,ition tlla.t the glacier prohlem was a vt:ry simple 

Olle, and only required a g('ncr,d kuowlcdge of elementary mPehanies to 

explain it in an ob"'ious way, De Saussure aud other writers first t.reated 
it-and others followed with unhesitating assent-until Venetz and Dc 
Charpentier had the coura.~c to expose the difficulties which the sliding 

theory involved. But, from this moment, the glacier theory required a 

more ela.borate analysis than had yet been given to it. The mere fact 

of motion seemed explicable in various ways, but to each, substantive, 

~f not unanswerable, objections, might be urgte>d.. From this moment, 

it ht>CaJDe necessary to submit the phenomena. to analysis, and to ascer­

tain the Law of V 4I'iation of the Quantity of Motion, in terms of 
some of those 'Va.rying agents whieh were supposed to influence that 

motion. Such a corpari80n. such a reduction of oircumlt4nca to mM-
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.. ru. h86 operated, in every Bcienc(', in the ntC'81. wonderful m::l.Ilnl't, in 
reducing guesses to cl'rtaintics. In geologJ'. it is unfortunat<'1y not 
possible to ascertain the measuI'C of effectfl in tenns of tlirir supposed 
causes, because (in the opinion of most geologists) the effects and their 
.causes having ceased or been greatly modified, and not reprodncibl<· by 
human agency, nor J"('('urring at known periods, n. looser kind ·A in­

duction must he tolerated in that SCi(,Dt'l', Thr gIacic.rs have had their 

phenomena more closel,v linked tu the sciences of observation tlmn to those 

of experiment-to natuml history rnther than natural philosophy; and 
henee a problem which is, ill the firat instance, one of pun> mloch:mit's 
-the motion of a. mass, the natur(', inten~itv, and direl'tion of whose 

cause of motion is to be ascE'rtainoo,-has been Irft to b" dis('ul!sOO on 

mere grounds of probability, or the adc<J.uacy of Bupposf'd causcs to pro­

duce a certain kind of effect, of which the degree and circulIlstanceH 

had remained almost unstudied. 

It was, accordingly, matter of the greatest surprise to me, to find 

that those ingenious persons who had lx'en engaged for year!! in tho 

study of glaciers, and in maintaining their theories of their motion hy 
many ingenious unalogies, and observations of structure, and the like, 

should not have thougbt of d,·termining th" motion accurately, with 
reference to 8ea.son, w('ather, inclinatioll of surface, alternatioll of day 

and night, and at difff'rrnt points of the length and brearlth of the 

glacier. I suggested one cxperimcnt of this kind, which sc('med to me 
to be critical :-

" If De Saussure's theory be true, tho glaeier moves onward without 

sensibly incorporating new matter into its sub.'1tance--continually fed by 
the supplies from brhind, which form a. orw and endless glacier. The 

mechanism may oot inaptly he compared to that of the modern paper 

machine, which, from the gradually consolidated material of plllp, (rc­
f'rcsenting the ncv(.), at lcngt}1 diHrharges, in a perpetual flow, thE> 

snowy wt'h. The theory of De Charpentier, on the oth('r hand, repre­

sents the fabrication of the gla.cier going on within the glacier itself, so 

that each part swells, and the dilatation of each is added to that which 

acted upon itself, in order to Rhovc on the scction of tho ice imme­

diately in ad\·ance. In the former calf, then, the diltance betueeu two • 
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determiMu poi1ltB of tI'6 glaeier remaina tlu Ia~; in tke latter, it will 

oontinuall!l itlVreas6. Aga.in, on ~M former h!lpotkeBi., tile annual pt'04 

greu of ang poi11t of tilt! fJlader u independent oj its prmtitm; on the 
latter, it inereas6s tcitk tne diBtanee from eke origin, (the trans'te7"68 seeti(}n 
of the iee being the ,ame.) The ~olution of this important problem 
would bc ohtained by the correct measurement, a.t successive periods, 
of the spaccs between points markeu on insula.ted ~)lllders on the 
glacier; or between the heads of pegs of comiderahle length, stuok 
iuto the mattor of the ice, and by the determi.nation of their annual 

progross. ". 
The more that I revoh"cd the subject in my own mind, the more 

clearly was I persuaded that the TOotion of glaciers :-dmitted of accu4 

rate determination, and must lea(1 to definitt· conclu~ion8. 
We have seen that the motion of glaciers has been for much more than 

half a. century uni\'crsaJly admitted as a phy~jcal faet. It is, therefore, 
most ulJaccountable that the qualltity of this motion h,lS in hardly 
any case been even approximately determined. I rather think that 
tho whole of De Saussurp's writings conta.in no one P'Itimate of tho 
a.nnual progress of a glacier, and if we ref('r to otlH'r authors we obtain 
nuwbers \\ hieh, from their variety and inaccuracy, throw little light 
011 the question. Thus, Ebcl gravely affirmst that the glaciers of 
Chamouni advance at the rate of 14 feet a-)('.::r.r. and those of Grin­
delwal<1 2."> feet a-year; whereas, as we shall SN" such SP<:l.CCSl are &C 4 

tually traversed by most glaeif'J's in t}l(' • course of a few days, This 

statement is quoted hy Captaill Ha.U, ! and other recent writers, and 
even by M. Rendu, (now Bishop of Anne('y,) the author of a most 
ingenious paper on Glaciers, too little known.lI Hugi perceived the 
errors arising fl0m a confusion between the rate of apparent advanro 
of an increasing glacier into a warm valley, whilst it is continually 

being shortened by melting, and the rate of motion of the icc itself.§ 

- ----- --- - - - -------
• Eduw.rgA brltu-, April 1842, p. 77. 

t Glude du V01agcur, Art. GlfJCitr. .:: Pawhwork, J. 109 
II Mem. de [a &eu!U &e&dtmique de SavOl(', X. qS 

§ Alp4"reiN, p. 371 . 
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He points out the correct method of ob8ervAtion; amI. although I. iN 
work contains no accurate 1u{,!\!luI'{,s,. he was jX'rha.ps the first whu, by 
observing t,he position of a. remarkable block upon the glaeior of tho 
Aar, indicated how such observa.tions might b(' usefully made, instead 
of trustin~ (as appears to hayl' bcf'u the> forllIer pra.cticc) to tho vague 
rE>ports of the peasantr:r. Hup's observations on the ghcil'l' of the 
Aar gi,'c a. motion of 2200 £('ct ill niu(' ,Y{·:tI'S, or about 24-0 fecI pOl' 

annum.- Now. ill I'ontrndiction tn thi f!, it would hpp('ar from M. 

Agassiz' UbS(,n'I\tion!l. that fri)11l ]8:16 to 1839, it mon-d, as far as in , . 
the preceding- Iline y t'!1N-that is, thrt'(, tuoes as fast.t There is 
tt'a!\Oll, however. to think, that M. HUgl'S cstimatc is the morc oor­

reet. 
Bake-well! aSSit:'D~ 180 ya.rd \> per anllmll U8 the motioll of tIlf' Mer 

de Glace, and Dc la Bcd,e§ 200 .vards, on Captain SI,l'rw;!rs autilOrity .11 
But Loth of thesr W('fe hcar~a: rstimatC's by the l;uideli. M. lWlldu 
R('ems to have been morr awarc of thr importanco of the dotermination 
of tho rate of motion of glaciC'r'3 than any other author; but tho bf's t 
information ,~hich he couM C'oJlcet in 1841, Jid not much tend to cleal' 
up hi!; doubt '!. He giVl·g the follo\\ing ratl 's of motioll of the Mer de 

Glace, or Glarier de.'! Bois, WIthout Iwing able to decid(' upon which is. 
the mo:'! t tru!otworthy: 242 fcet per annUlH; 442 feet per annum; & 

foot a da.y; 400 feet per annum; and 40 fort per annum, or on6-te1uh 
of the last '-a. diifl'rencc which he attributos to the different rat.c8 of 
motion of the centre and siucl'l·.·· De CLarprntier, so fa.r as I rel'nlloct, 
ofter!! no opinion in his work un glacier'J as to what ir, to be considerrd as 
their rate of moti()D. 1 \\as not there·fore wron~ in supposing dlat tile 
actual progres.., of a glaf'icr wa,> yet a. nt'w problem when I commenced 
my ob<..ervations or th!' Mer de Glace in 1M2. 

I had myself b{'/'n witness to the position, in 1841, of the stone 
wh~~1! place had bcen n(Jtcd hy Hugi fourteen years before, a.nd it was 
manifest that it had moved st-veral thom~a.nd feet. In conformity with 

the prevdent view of the motion of the ice being percoptible chif·fly in 

• AOAMIZ, Et!ldQ, p. ISO. 
! Travel. in tIlt' Tlll"Cntaule, I. 36.S 

II 100 ~ards, ill PMI"tlphiool JJayarillt, Jan. 1831. 

+ Ibid. 
i G~ogi«Jl MUlIIlal. p. 60. 

U .Mmoirn. crt., X. gh. 
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summer, J made the hypothesis tha.t the a.nnual motion may be imagined 
to take place wholly during four months of tho year with its mazimum 
intensity, and to [lta-nd still for the remainder. \Vith this rude guide, 
and supposing the {Lunua-tillotion of some glaciers to approach 400 feet 
per annum (as a. moderate estimate from the previous data.,) we might 
expect a motion of at least 3 feet per diem for a short time in the 
llCight of summer. There appeared no reason why a quantity ten times 
less should not be aecurately mcasured, and I, therefore, felt confident 
that the laws of motion of the ice of any glacier in its various parts, 
and at diiff'rent sca.son~, mlght be determined from a moderate number 
of daily nbservations. 

I went to Switzerland, therefore, fully prepared, and not a little 
anxious to make an experiment whieh seemed AO fruitful in results, 

&ltd though 80 obvious, still unattempted 
Tho unusually wann spring of 1842, gave me hopes of cnmmcncing 

my operations f.'llrlier than the glaciers are usually frequented; and it 

was evident, that, to detect the effect of the SCa80tU on the motion of 
the ice, they could not he too soon begun. I left Paris on the 9th of 
Jun(l, hy the malle p(Mte for llesan,on. After sp('nding 3 day at Neuf­

chatel, I pro('('oocd to nerne to "lsit M. Studer, and from thence I 
went to Bex, to make the acquamtaiice of M. de Charpentier, with 
whose goological and other writings 1 had. so long Leon familiar. I 
onlyalJowed myself a JJ:~sty viait to my fricnd~ at Gmeva, and Ip{t 
that town with lowering weather, on the 2~d June>, for Chamouni, de­
tennined to await its clearing, and then proceed at once to the Mer 

de Glace. No patience was, however, rl.'quired. The weather cleared 
that very da.y, and reaching Chamouni muly on the following one, I 
made tho requiJ!ite arrangements at the yilla.go, and leaving my bag­
gage to follow, I proceroed straight to the Montan·;erl. 

I resolved to commence D.y experiments with the very simple ~nd 
obvious one of selecting Borne point on the Burface of t.he ice, and de­
termining itJ pOlition wit" rupect to threejixed cQ-o-rdinat(!$, having refer­

enCE: to the fixed objects around; and, by the varia.tion of these, to 

judge of the feasibility of the plans wbich 1 had laid out for the Bum­
mer campaign. One ,lay, (the 25th,) was devoted to a general recon-
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naimltiCt'of tilt' glacior, throughout agooo p:lrtof its lengt.h, wiLh:\ virw 

to fixing pt'rmanent statiolls:, auu Ih" 1Iox1 I pl'O{'{'rlil'd , at ; ~n t'ariy 

hour, to till' gl:l,.('i(·r oppositf' to the l'(wky promontqry 011 tilt' ""'{'st tlid" 

of tht· gl:~ier. callC'd L 'A"pk, lililty lIlinlltl'~' walk fr(lUl t1J(' Montall­

Ycrt, which pN'~('nted a. solid wall of ro{'k in (·outa.d with thl' ict" ~() 

tha.t npun tIlt'· flll'Ult'r,;~ upon a fix('(1 wall or dial, might be ItHlol'JH.d 

til(' prngrcS$ of tlu' glaciC'T n.s it t'-lid hy. 
TilE' instnuncnt d{'stiu{'u for aU tiLl'!l(' nh1-l'ryatlOn,s was th(, jojmall 

a..<.trunomical cil"ci(', \)T·H inch th rodolitl· alrt'ady d('lIcriht·tl, rmpport,·d 011 

the portabll' tripod. A point of the ic(\ whos(' lllotiOIl WlUI til b(' ob­
sf'rwd, was fixt,d hy a hul(' piCTCI·d by lw'ans of :~ eomlllon bla.'1ling 
iron or jumper, to the d('pth 01' alwut twn fl'et, At fir~t , I wa." milt 11 
afraid of th(' loss of tilt' h()lr· by thp 111('hi1lO: \If til(, ic(', ami t il(· Iwr('o­
la(ion of water fr!l~H tby to day; but I sonn ;ounJ that YI' ry litttr 
precaution was 1H'!·r .... 1'-l)ry 011 tbi ... at'Cf)llllt, and tha' su('h a hoi .. i ~ reall)! 
a far more perm:lUellt mark tha.n a hlo('k of stOlll' ,,:w\'cra.1 tOIl~ ill 

wci?lll rt'.<: tiu? oil thl) in', ,~hieh i ~ \'cry lial>l(' to ('liang(' of position, 

by bein.; rais(·d on a pl'tlestal. and finally ",lid into some ,'rCYa8SU, 

An accura.t(' ycrtieal hol e b('i ug madl', thc t ill'odulitf' was nicrly ('ell­

trf'd upon it by mean" 'If a plumb line, and iI'Ycll(,d, A lc\"d run di­

reetly to the v('rtil'ai fal"" of rock, gun at oncl' thl' co-ordinate for the 

flf'rtical direction, or tile IlCigllt of tLe surface of the ~lacjer . T1Hlllcxt 
cit ment was the position " I' co-ordinate parn.Ilel to the lcngth or dircc­
tion of motion of thl' gIa(·ipT. Thif. was f)btaillcd by directing the tele­

scope upon a dist...·mt fixed ohject, nearly in tlHl direction of the declivity 
of the glacier, and '\\hich obj('ct was nothing else than the south-cast. 

angle of thc hOUbC at the Montam'crt, distant 5000 feet. The tele­

scope was then nlOwd in azimuth exactly 1000 t,Q the left, and thu.!! 

pointed again~t the rocky wall of thf' g lacier, which wa.."1 here very 
8mool.h and nearl.~ perpendicular, owing to tho friction of the ice and 
stones, My assistant (Halmat) was stationed tbere with a piece of 

white paper, with its edg(' vertical, which 1 directed him by signs to 

move along the surface of the rock until it coincided with tbe vI·rtical 

wire of the telel!lcope. Its pOl:!ition was then marked on the stono with 
a common pencil, and th(' positions of successive p<>ncjJ marks were 
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carefully measured by a tape or rulor frolll day to day. Ma-rks Wet';; 

tiJ('u intfented in the rock with a chisel or pick-edged hammer, anti the 

mark painted r('(] with oil paint, and the date affixed. Thf'se marks, 

it is beii('vll<i, will remain for ~cveral y\·ar8. The station on the ice, 

(marked A on tl)(' map,) was cli .. b\.1lt ~,)O f('(>t from the rock, and, by 
repeating the observation fr(>qu ently, J ff)und that it could be depended 

on to about ono-fourth or om-third of an inch. 

The third co-ordinatl', or that which s110uld m('a~Uf{' the distance of 

A from th(' rork wa ... not w) accuratelya.<;crrtained. No rpady mea.ns 

oifer(·d itself for a.scertaining \\ itll quicku<'Ss and accuracy any variation 

of di&UtnC'(' in rtJspect to the br(':~dtll of the ~lacier. '''hilst J admit; 

that tlli" would h3ov(' betJn an advantage, I tn:J.y ub'lerv(' that in most 

ca'les there is no r(l3o<;on to doubt that thf' motton of t1lr· ice is scnsibiy 

parallel to it& length , and that any .,mall ('rJ'or in dlt· rlirection would 

8.car('cly affect th t., rf'fmlt. TIH' direction of motion of tlif' ire i<; unc­

quh'o('ally proved by the direction of the moraine ... , "hi('h are an ex v 

t ernal indication of that motion. In general, therefore, I hayc mea­

sured the movement of the icc parallel to the moraines whero they were 
~ell markro. 13m of opinion, however, that a r}l('('k of some kind. 

such as the mca.'>ul'ement uf a. third f'o-ordinate, would hE' advantagPOu" 

where applicable. 

It was with no small f'urioslty that J return('d to the st.i.tion of the 

.. Angl<," on the 27th, the day followin~ the first observa.tion. 1'h" 

instrumrnt being pointed, alll1 adjugtt.'d as already described, and sta­

tioned above the hole picl'ced ill the ice the day before, when the telescope 

was turned upon tlw rock the red mark was left far above, the new posi­

tion of tll" glacier was 16.5 inches lower (that js:, more in advance) than 

it had been twenty-six hours prt'viously. Though th(' result could not be 
caUed unexpected, it tilled me with the most lively pleasure. The diurnal 

motion of a ;:lacior was determined, (as ] believe,) for the first time, 

from oMervation, and the methods employed left no doubt of its being 

most aer.ura.tc1y determined. But a question of still greater interest 

rema.ined behind. Was this motion a moan and continuous one, or 

the result oC some suJden jerk of the whole glacier, or even tbe par­

tial dislocation of the mass of iof' on which I stood! Thi,Q could onl~T 
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be tested by successive days' trial, and] awaited the rC!:mit with doubt 

and curiosity. Of this I was persuaded, that if the motion ~hould 
.ppear to b(' ('ontinUQU8, a.nd n«rrly uniform, it could not tc due to 
the mere sliding of the cntiru glarier on its bod, a.9 Do Saussuru sup­

posed; for, admitting the possibility of gra.vity to uvercome such in­

tense friction as the bed of a glarier prcsonw, it s('clllcli to mo quite 

inconsisteJlt with all mechaniral cJlpcricll{,e' that $urh a motion, UJlicsti 

so rapid as to be an accclrl'a.tl,d one, and that th~ glacier should slide 
beror£> our C:\"('8 out of its hollow bcd, <''''hidl wouM hC' an ~walanchc), 

could take place, ('xccpt discontiuu(!usly. and by fits and starts, 'fo 

this most elementary question no ans",.cr founded on direct experience 

is to be found, so far as I know, in any work; and although tho w),nlo 

theory.- might turn upon so simple' n. point, as whether tLo giacirr jf()'/£' 
down e'\'"cn1.\", or nHIYf'S by jerk::;. opinioll~ seem hitherto to }layC bcen 

divided.- On the 2Rth .Julle J tllf'rcfore iLa.<:tellt'd with not lei:Co!{ 

interest to my PO.'lt, and found that in 2:1-4 hourI< the ad"anc(' had been 

17.4 in('hf's, ne:lrly tho ~amt'. though sOJn('wJmt more rapid, than ou 
the prenous day. I no longcr doubt('J. that the Ill utinn was Cf\n· 

linneus, but I hn.stcllrd t() put it to a. still morf' severe te!"t. and like­

wise to make an (lxperiment critic:!l for the theory of congela.tion and 

dilatation. I propo'ied to compare the diurnal and 110rlurnal march. 

I fixed its position at six I'.M. on the 28th, and n(:xt morning by six 

o'clock I was again station(·d on the glacier. It had moved eight 

inches, or ('xlU'tly half the mean daily motion already observed. Tbo 

night had Leen cold ; the ice was still frozen, though tLc tcmperature 

of the air bad already risen to 40~ ; a. thermometer laid on the ice 

stood at 36~ . If' eongdatil)n had r('sult('d during tllO night, 80 as to 

freeze the water in the capillary fi!!~urcs. nearly the wholo motlOIl of 
the h\'enty-four lJOurs ou,:;ht tf) ha.vE' taken place whilst tho glacier 

(roze: but not at all: from six A,M. to six P.M. o( the 2f..1th, the glacier 

advanced 9.5 incheR, giving a tutal motion of l"j); inches in twcnty-

-. ----- - -
• I b ... e found the true opinion, that of eonstant, insensible motion, to Ix> held byaltnOHt 

.11 the intelligent moantailHler'll with wbom 1 han "POken; a majnrity,1 think, rI Qm 
alto declart- that the glacier .dvaneeI\ during wintel' a, well u in lIW'IRlIer. 
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four hours, somewhat greater than either of the prcccdillg days, the 
motion appearing to increaso' as tIte warm weather continued and in­

crcatled in inten'lity: At least so I interpreted it. The same after­

noon Iliad no difficulty in detecting the advance of the glacier, during 

an intnval of an hour and a half The continuity of motion was thus 

pl~Qd beyond a doubt. The markij on the rock indicated a. regular de· 

scent in whieh time was marked out a~ by a .shadow on a dial; and tho 

unequivocal evidenco which I h~ now for tn..Jir!.t time obta.iued, that 

even wllilst walking on a. glacier, we are day by day and hour by hour 

imperceptibly carrkd Oil by tIle rcsistless flow of this icy stream, with 

a solomn slowne8!! which dude'! our unaided sell"'es, filled mo ",ith an 

admilatioll amounting almo:.t to awe, whilst I foresaw with lively in­

terest tJw defillite amI sati!!fa.ctory knowlC'fige of laws which would re­

sult from these methods of obscrva.tion. 

Thu following morning (30th JUUl.,') at SIX o'clock, tho glacier was 

S.t') iuches ill advance, and durmg tho bucccedmg twclv~ hours of day, 

S.9 indws, ma.king tugether 17.4 inches for the twenty-four hours, a 

result not difl'cring sensibly frum that of the day befure. 

I observed distinctly the progress of tllC glacier on the 30th from five 

to SIX o'clock I'M., and on this occasion, as on the day before, it a.ppeared 

to mc that the motion at that tilDe o)f day was t1"b()re rapid than the mean 

motion. The motinn in twenty-four hOUTS for tl,c1:(, fOllr days had been: 

1.3.2:- Hi.3 :_ 17.;"i:- ] 7.4 inches. 

A variation which I beheved (and am persuaded) to be by no meana 

accidental, but due to the IDcreasing hoat of tho weather. 

These rpsults were tho more interesting, (and with respect to their 

regularity tho moro unexpected) because the spot where they were 

made was a. part of th(' ice deeply crev3.SsE'd. It had been selected on 

&ccount of the proximity of tho naked rock; but though the most ~{I1id 

acC(lssible part. of the ice was chosen for station A, it was surrounded 

by chasms in every direction, and the glacier in nearly all its breadth 

between tho Ang\e a.nd the Echellets is (in ordinary languago) impas­

Mable on account of its disloca.ted and shattered condition. Yet amidat 

aU this turmoil and confusion there were no .fits of advance, no halta, 
but an orderly continuous progression. 

But during the last wE'ek of Juno, in which, stimulated by the e1-
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traotdinary fineness of the weather. and .ht' fresh lUtercst at tl\o,}r.v daf:l 
experimenUl, I spent from twelve to fourteen bours daily all. the glacior, 

-I was able to make utller observations of interest to the tluMry, and 

not lCS8 consistont with one another. I fixcd two points in the ice by 
bored holos a little way below the Moutauvert, oue IlC:Lr tl1(l side, the 

other near the centre of the !.Jla.cicr. MOflt authors, I believe. ha\'c 

asscnl>d, that the sjdt!$ of tilt' glaCier mo\'c fastl'r than tile t!etitrd.­

Rut this seemed worth.V of proof. Stat.iolling Illy thcodolit.·, not 

upon the ict', but upon the lufty wcstem bank at the station D, un 

a great boulder 60 yard.:! ID a direction north, 4() ea.'!l (1U<)gru·tic) 

from the south-cast comer of the house of the Montauvert, I hwellcd 

It carefully, and th(,l1 turning tbe tdt'scope so a.!> to point acrou tile 

~Iacier to the rocks on the OPPOSik toide, by unclampin:; thc tclcscolJO 

I cau'!Od it to dc~('rlbe a vertical grt!a.t circle. I (.<\u8(<(1 a taU cro!:l~ 

to be pa.int('<i ill red borurrcd with whitl' >In a fa~'c of rOl·k oPl'o· 

site, making an angle of li b with the l'OrlH.' r 01 the Montallvcrt 

already mentioned, and dJ",tant froll! J) 28!~8 ("ct, The cross is 

marked D I, anu ,., a httlc to th ... north of a. sma.ll ca .. ;eau ... laid down 

III the map. 

Ry pointing the tell''''COPC upon the cro~s, and theu cau8lDg it ttl 

describe a w'rtieal clfI:lc (like a tmnsit instrument a.djusted upon a 

meridian mark) the HlloClty of til t' dift'I'rent parts of the gla.cil'f ('ouM 

be detennincd a:~ they flowed past. Two stations, a.tI has lH'Cll said, WI'rl' 

finlt fixrd upon anti rnarkt'd by vertical holes in the icc rcnewt..'t i frolll 

~ime to time; the first U 2 ('it.."{' the map) W3.>I about 300 feet from the 

,",cst bank of the glacicr, then-foro, nearly ("orre~polldjng in position to 

station A, whi('h WW! .')200 f(,l't higohor up ; the other, marked U 3, was 

795 feet farther cast, or r.tther h{'yond the centre of the glacier, being: 

wit.hin 1:;0 fct't of thf' fir ... t moraine. It HI, howevor, "cry llcar tJu.' 

cclJ'!re. 
Side (V 2' ) (..entro (U :J ) 

From 29th JUlie to J:;t J ul ~~ the IIIH(.IQ}J In 

2.J boum, WIl.'1 17 . .i Inches. 27.1 indu'/l. 

~. far ('umplt', AS-I":, bhldn, p 11i 7. 
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Here, then, was a diflerencf> not to be mistaken, and the near c()im'i­

IlelU'e (If the .!lido statie>D with tIlC result at station A, J considered at 

tile time coufirlllatoryof its aC(,llral'Y. Hencefortll, J entertained no 

IJoubt that tllo geJlcraIly rcrpivoJ opinion is incorroct, and that tile gla­

(·jer ~tream, like a river, moves fas tL"t towards its centre. 

In the same line llCrOf:iS the gla.('ier with D 2 :lond D 3, several other 

!Stations were aftcrn'ards fixed with a view to test the modification of 

velocity defWlldin~ on the dista.nec from the bank ur edge of the glacier. 

These llieasures proved that the velocity of the central parts is nearly 

alike, a.nd that t,ht· gn':l.k'lt (Iitf('rellrcs ill velocity are c1o~c to t.he side, 

where friction m:~y be (,xpt'ctefl to n.et eAa.ctly as i.1 a rurrent of water. 

My next Qhject was to :l.!lCcrtaill tlu' ra.te of motIOn of point."1 of tho 

Mer dC' Ware higher up and nearN itf! vrlgiu. For thi" purpose J 
fixed upon the rl'lIUlrkablc laT!.~(' flat ~tQlJe , Qr !.\lacier table, formerly 

desp,ribed, a.nd marked () Oil tllt' map. It lay on the Ulacier de Le­
chaud, hetwpen the promollu,ry of tilt' Couvercle and the Tueu!. Trust­

ing to its apparent solidity, I Jitluot. apprehend that it.s position was 

likply to be spoodiiy ciisturbcu, and 1 fixed my iustrunleut upon it over 

a n·d eros;, wit.h tho letter C. In this, howe,·or, I was deceived, for 

tlm·c wc(>ks ] ... ter, 1 could 110 longer mount UPOlJ tho stone by any effort, 

or even sec it~ upper surface, and In !fll) month of Angnst it slipped off 

itl:! Iwdcstal of iet' . Tlli .. did not, however, a.lter tI.e f'haraetcr of exact­

ness of tho ob~ervatioll1'> iliadi' by means of it. It was but fOT a few 

da.ys that 1 us('d th(' st01ll' a.:; 1 had done station A :tt the angle, plant­

ing the th('O(iolit(, npon it, fixing the azimuth by a. dista.nt object in thc 

dir('diol1 (,f tl](, letlgth of tll{· glacit·r, and then turning thp telescope 

through a ('ertaill number of rlt·grN.·s, and marking the progress of the 

ice upon the dorm hare fa('o Hf f(wk at the (Jouyercle. 1 soon, however, 

a.bandoned thi~ plan, and l:lta.tionillg my,,('lf on a commanding spot of 

the promonu)ry of the Tae,11 (I:otatioll B), I directed the telescope upon 

a eross m~rked C I, painted upon tlU' f1p}lOl:Iite rork of til<' Couverclc, 

'lUd causing tlw tclf'scope to describe n v('rtical circle, I lIoh'<l (·xactiy 

U8 at statio)) D, tr.C' progr('~~ of the gJ'i'at 8t(1l1(' C, a~ it fluwed. on with 

tho gla.ci(ll'. 'l'hll~, bctwcC'1l tit(' 27th aud 30th JUlle, this mark had 

n.dvanced 30~ iuch-s, or ahout 10.2 iudJ(,s prr dielll, iUl:otcati of 17 
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inches M at the Angle, and ncar the side of thtl glacier below the Mon­
tanvcn., or 27 inches 3.':1 at its centre. Hf'ncc, it was quiu> certa.in 

that 'n this particular case th{' higher part. of the glacier moved more 
slowly than the lower. 'VeIl awart\ how{'\'er, that this might be due 
to tho \"anable f;('ctioll of tit" glacier. I ma.do }lrepaf".IotionR for oon­
linning it at diifeN'nt points, and still ncartlr the orig in of the gla.cicr, 
but at tho sCtb OJl I han' m ClltioliOO the higher parts wt!rc almost inae­

cC.!losiblc from the qu:mtitil'S of !mlf-uwltt·d snow which conccal.,d tho 
Ch' Va.s:;t'S. 

A w{'{'k of siu;:ularly tim' weather cnabll.'d mt' to obtain all the 
r('suit5 which I haw ment iOlwd, and several vthers, previuus to the 
1st July. on which da.y I Il,j't tho Montanvcrt, m order to proct·ed to 
Courma),cur and Turin, fur the purpose of witnessing fhe total cclip~e 

of the 8UD. In tllt.'sc few days 1 had R..'l.t isfied myself uf the applicabi­
lity and ('('rtainty of the ml'tlwds I lInd cmployed; and tho marks 
which I left in thc iet·, wi th Jir('cti (ln~ to Augu~1 c Halmat to watch 
them in the illtcrml of my ab~cnct', sud to renew the holes, if neecs· 

sary, promised rnf' fr(><lh results fl f in terest on my return. In the 

mea.ntime, I communic1.tcd to my friend, Professor J arn eson, the 

leading results v.hich I had then obtained, in a letter, datrtl tlu' 4th 
July , from C(lurmayeur. "l,ich was aftcnmrd~ printed in his Journal.-

After my return, the mea.<!urernentl-l were renewed on tiH' 28th July, 
the holefl h:wing hf.en aU deepened in my absence by the care of 
Balmat. Thr rat<> of 10sI! at the surface will be m<>ntioncd by and bye. 

Thel"(' was thus detennined the nUJtion, during one month, of the iC(l 
at station A, L'Angu, alrca.dy mentioned; of two points in the Lrcadth 

I the glacier at the Montanvett; of station C, and anoth(>r point in 
tho breadth uf the Glacier de Lcchaud, marked n 1, and Ilf a point 

marked B 2 on the Glacier de Gcant, opposite the Taeul, alld at about 

the Qme distance afl C and B ] frr)m the lowor end of the glacier; D 1 

and n 2 were observed in the way a.lready d{''6cribed from sta­

tion B. 

• Reo.prmted In A!'Toendlx, No. II. 
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A t later periods, thoro were added /" ., 
the following poin~ of obsorvation, c{ 

all of which a.re aecurawly laid down ~ 
on the la.rge map, but which will he G! ~.w ... III" . .. , ... 

more readily underHtood at a glane"! " ,.' 

from the annexed wood-cut, which 
shows their relative position. 

- , 

D 4, ]) 5, and V 6, opposi te s1.1.­

tion D, near t he Montallvc\·t ; inter­

mediate 'Letweoll n 2 <loud D ~l, as 
shown 011 tho map. D .... It.nd 1) 5 
were on the !:lame part of the glacier, 

but the mark, 1) +. was tmA'crcd to 

disappcar during oue of my aLs(lnc('~. 

Thus tho order of station'l, and their 
,I "' ~'''''b' .~ .." . "" ... o,--- u 

distanc(J$,. were--

I 
fJ S I:', ydo 
I 

". , _ }w.edJ«) •• ~tac,u 

On 3(:{'ount of tho st CC'}lIlC'SS and discontinuity of the glacil'r farther 

down, it wae Hilt thought advisaLlo to attcmpt to oL:;crve itl:! velocity at 

a lowor poillt.. 
Station A at the A IIplfj was oLsorvl'd during t11(' whole season, and 

tho corresponding nl3.rkM in rcd paint woro continued 011 the tuck. De­

twoon tho end of June and the end of September, the motion of the 
ice a.mounted to 103 fo(·t. 

AftE'r the great stOllC at station C had slipped from its icy pt,>destal, 
the ,velocity of the glacior was observed by means of a. ]lOle driven into 

the ice as at the other stations. In addition to mark B 2 on the small 
mora.ine of La Noin~ en the Glacier du \}L"-ant another poiDt ill tho 

breadth of the sa.me glacier was takon ncar its centre, and in the same 

right. line froul station n with the mark B 2. This lino was deter­
mined by pointing the theodolite from station B upon the mark C 1, 

painted on tho rock of tho Couvorclc, and then causing it to revolve 

through 115" to th~ left. The mark in tho centro of the Glacier du 
Geant was distingui~hed as n a. The position of the marks D 2 and 
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n 3, were dl'wrmilu'ff b.l' :mg!l.'.s from H. 1hll only observation of n· 
locitv made durin" lilt' s£';)Son 18~2 which I 113\,(' roil.·cted. i!-l uno vf .0. 
B 3. TIle dllily "d(wily frolll AI1g-u!tt 2 to August. 4 was :1:2 iUl'hf's. 
whilst that \If til(' lH'ighbouring' lIIark R 2 W~ only 14 inches. A 1-
thou~h till' pro~imity of tll(' laUl'r to dll' sid,· of thl' glacier wa~ a good 
reason that it SIIOUIJ mow siuwer. ,this disproportion 8t'cnu'{] unlikely. 
and till' l'xp...rinll'nt wa:< iUIIHl.'diatl'iy f('l'catcd. The next two tlays gavl' 

4\ wlO{'ily of l~ tu the fir.:-t, alllJ ] +·2.i tn tht,) ""t'tlllli. a jlwportioll 

whidt wa:< ul'arly prl'scrwli tlllrill~ the rC'lIlaim!er uf the Hl'!\80tl. Till' 
mark n :1. wa..'" fiXt,d U!l thl' 2J Au;!usL 

The Ul' X.t station, E, furnlt'rl)' dc:.crillt'J l1 .. ht.'in,:":: ,It tilt' hi::::hcr part 
ur th{' Glarier dl' Ll:('L:mJ, wa"! 1I::il'1I til detl'rlllinc tile n,jlwity III' till' 

ice at the diJl' and Cl'utre of till' ~la('ier iu that part. A mark. E I. 
W38 pla.red 210 fC'{'t from the e:1."t M!!t' uftlU' !!beit' r. and allvthcr, .. ~ 2, 

about 645 fl'd farOwl', The,,!' marks were t'lItal,lis lll'u 011 till ' ::Wth JuIJ ' 

The ob!:lervatiun \\as m:Hlt' by fixing thl' instruml'nt at 1-tatio\l E, an": 

fixing thcazimutllul wil"(, of nil' kl{""'C(IIH ' 1111011 till: ... Iwrl".\'-dctinp(1 :lr('~ 
of the aiuf!'ular rock oppo.~jh', call('d Lt' CapuI'in dll Tacul; tlll, tf'lc!:It'ope 

lH'ing then mon>d ill a , .. ri lcal ('ircll'. pa.-;!!{~J ov!'r Ilu: lllark.'4 Bland E 2, 
A check rcfcrcllcl' ..... a.'I "Ja\.h' tu thl' prollli1l(,lIt I'dg!.: of tho Pierro do U\:r­

anger, which. on 0lU' occa8ioll. pruved IllUfot scnicl'ablc. O ..... ing to tlll,if 
~t distance from the Moutau\'('rt, tIUtPiI' point.'4 Wl'fl' nut ofkll Vi8itt'li. 

1 al~ ('~tabli ... 1H'd h'u corn·!<}lontiill!.; st,\tiIJH'j I'll tllll hig}wl' part of 

till' GJacif'r du OC"tlnt. on tho lith Auguf"'t, whit'h ~wc ruarkt-d K laud 

K 2. ~hl~t unfortullatt'\Y . aftl 'r Ill," ri'tllnl from a jUUillI.'.\, In MIIIlI<' 

Uosa, in the Le!.,..jllllill~ /,( SI'I'ti'I1lIN'r, I was prc\'I'lIt('d, L.v incessant 

bad Wf'athf>f all·t Ilnow, from 1'i.'aA'i1iu/,: this relllote statioll, and. a'\'lwat­

ing the oLscrvation8, whidl therefore leu to 110 ft',"ult. 

Durillg the ab~l'n('c jUHt alluded to, the hoiell at all the gt.atiollb 
were vieited by Auguf.ite Ualmat, and det'pcned, .!:In a" to preserve dwm 

for my return. J must re<:ord my gratitude fl'; hi~ lwal in t\C<,orn­

plishin::; this fatiguing and liot vl'r," agrl·t·able t:\!:!k during hill n'coY('r.v 

from a rather 8(lv('rc illness. {n1H1 ""hida he (julii'n.d dUT'ing Illy .~bIH'ne(', 
brought on partly, I fNtl' , by thl' faliglH'8 alltl l'xpnSUff' whict. he 
underwent in my ,..cnil'l' , 
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My ha.bit was to lmter my obael'vationB ill ll. jourua.l, and reduce 

thom immediately to th" mean da.ily velocity of each point since t.Ile 
last obtlen'ation, allowing for variations in tho hoW'B a.t which HICY 
were noted, if such vct'urrcd. The first of til(' following table8 coltta.in'> 

dU' actual progres!:I made by ('ach part of thc glacier, from the com­

mencemunt of observations upon it, in U1chNI and feet; tho second 
contains the corr('~puudin~ v('lo('itH~s, or lllutioll9 ill twenty-four hour", 
expressed ill Eng!Jio,h IIldw9, 

TABLE I 

GLACIER MUTlO('I;. 

Rl:X'KOfl,' lW IN HAl II ( A/S ~' I Ito.'.' TIl L i 0 \t.'! [;l\f I 'I f N J 01 I II I ollSPItV \ 110' . 

N< .r" ).I "n t .. ~ 
"t1 (I I 

!\e>r M""!",, 
nrt (J \ 

~' " \1" " 1 .. ,, 
'U' I ~ I 

:-;Ia. ~h>"lItn 
>crt, 4 I 

,., 

Ju", ~ 
Jut. 1 

" ~l 
A" , , 
""pt II . 

" " 

II\! '" 
1:.""II.b 

" I'Juh211 1 " 
'\.\U 2" Au): I 1101 !I 

\IK ~ .... 1 •• !ill 
:~., \ 411 U 

\ 17!~~~1~::: I) " 
141104 11K" 

IH .. ' J li'I}"',,! I; " 
I" In,1JllII'l, J« r;} 
\101 ICoI'" ' Ill!. , .... ~i" 
~ I'H-iHh!llh , l'Il llil!i 
:ill IJ"lt'tH I3.! " llIlnJl 

IJr. '" A 

I:!"l ll.b .... ,Hob Engll'" 

1" H '''u /" .. I"'~ \ ]" PI 

'--, I '. 
0:-...1" 17 I' OJ .. nd!" 1 0 I'JII"'-~' I " II 

ill 'lO . .. n "IJuh I ~!I "~ Zl 1"1 I I' 
11l 1\, 1;01714'1 ~, ,,'2 M" , 211 11':; 16 

2IlN;III!.<IAu~ I,,",! 71; ,,2', \ 4" 41 

" " '" , .. 
'" 

i>cl't It, /'.>1 1 lfoJ ~ ~ . fifo ~ ~', 
I, 1'11:1"4 h,~ 5July »< "I'" 1!1~ 
." .,/o'li lin~A".Il 1 I r,rr,4 ~~ ... 
~ !If,'" 11I'''i '. " MI ~1 
Ill! nl~ 111U"!..1'1 "' IIIi'] "" 

, 2G 1116 100 1 



1+0 P>lOTlON OF TH}O: Ml':.R DE GLACE. 

TAilLE I J. 

MEAN DAILY MOTION. 

n , n , .. 
/ ",b .. I," 1>0 , .. -

J Ju'). Ii ~ Ju,, ~ tl - I Jul _, r" J""" ")(0 Ii! '"' we 
J .. no 211" 

,- " ,; '). July , _ 211 July, 2" 7 , .. ,-. IH1) 
Jul> ,,- 'A", '" 

m - , Aul. • 21 <l b- 17 h 1'1 " 
A"~ ,- '. '" "u~ • _ ," ~I'l , ii!~1! 

'I _ Ib $<'1>1 '"" !-..l" Ii. _ I, '" 17 _ l!I' ,,, '" ~ I't LIl- 17 II," 
17 - IH '" ii' - lb ." lun~ .'1 _ , 

'" '" 
HI_I'I '" \II',-~ H' ,., , - , 14 " 

I~ _ itl '" 
, - " l~ l~ 

,"-" '" " 
- 17 :.. ,., I(,~ 

0,-" I'J~ A 

Ju"~ lIi lh 27 Jun< '" 1\ .' ... 
?:l - 2U u" 

1.1, 211- \ Atog it h 111 _ 2!J Ii J 
,\u~ 4 _ r. A • • 1"\1 

",' .-, '" J'J _ •• Ii 4 "-Ii 1>0. 1'\ '" 
., - :!II 'ul, " '" Ju l, 2:1 _ 1 A"~ "" &" 17 _ J 'll'~l't IHI, ... ,,~ • - ' . ." •• 

\'/ _ 21' "" " - It,",)'1 \1" J"ll 2') - ~ A" .. , 
.1>' _ :11, I'!! :..e,'l If.-:l!, II " 

, 
Atll: , 

" . ., 
2!; - 2!I ~H' n _ 2~ !-..p' 11.' 

fir. , 
• , 

~" 17 \" 21' ~,pl l'I7 J","" r, - II Ju"" '" , 
211 - 'j, ." Ji'l _ ~ A~ '1'1 Ju l, :."1 _ , A" n~ 

tFi _ SOlI '" A", , - 17 "'-1'1 " A., • -, 163 

From the pN'ccding tables, especially the second, we may ga.in 3 great 
deal of practical informati.on. The consistency which may be shown 
to suh"'st between their parts, inspires gt:eat confidence as to the 
results for this pa.rti.cula.r glacier, and shews that a 'tet"!I fow experi­
ments, as carefully made, would 8ufficCl to determine aU that it i8 im­
portant to know rCFlpecting any other. A convenient way of repre­
senting th(' results to the eye, is to project the volvL'jty of any point of 
the glacier Ly a. vertical line, whilst the lapse of time is exprpsf.led by a. 
horizontal line, whence the space moved over in the interval of any 
two times will be denoted by the area. of tht' shaded spaces represented 
in the opposite figure. Had the velocities boon measured da.ily, we 
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DIAGRAMS OF TnT<: MEAN RATE OJ.' DAILY MOTION OF DIFFE. 
UENT l)ARTS OF Till<: 1o.IEU. DE GLACE O~' CHAMOUNl, AND 
TlI£ CORRI<:SPONDING MEAN TEMPERATUUE. 

11I42.-Ju .... ,.. 

M ean Tcm(W'l"IIoturc lIy 
Jl'I·ri~.,j ..... t thcGI ~ftt 
51. Ucrllanl. 

STATIONS. 

D 2. 
Nul" Montanvcrt, 

(WL"t 81llc.) 

n J. 
Moutanv"rt, 

(A IIttleclLlltofccntf'f') 

tH . Un. 
Montalll t·rt, 

(Nca.r..~t U :n 

n, (, 
MOIL{ahvcrt, 

(UCt .... U:11 1) 4 be. U:\ ~ 

Station A. 
L'Anglc. 

St..tion C. 
l'icrre l'la..ttf'. 

Station 1.1 I. 
'Glaeler dt' L~IJI'od. 

StAtion n 2. 
Glaaer do Ckant, 
{Suuth.t'Ut ,ide.) 

Sladon B 3. 
Glacier du GUnt, 

(Ntal' eelltre.) 

Station E 1. 
Glacier de ~Dd, 

(Eaat .aide) 

Statiou E 2. 
<lI.ti.. de UeMud, 

(c......) 

, 
• 
, , 

' ,. • .. 
" 

JULY. AUGU~. 



should hav(' h:\d Q. run"{' WhOSl" hci~ht would Itavp l)(,(,1. comtantly 

yarymg. As it i'J. Wl\ of rOUN\(" gh'c to the yclocity it!ol mron valu<" 

and suppos<, it romt.'lllt during the int('rvals of (liJst'rvation. An in­

("CE'ase in tli(' I"3pidity of motion of any part of tilt' ~la("io r, ·will he 

iltdicaft.J by a fi BP in tJl{' st'rratod iin(>; a dccrt·a.Yc by Il fall. A care" 

fill examination of tilt' second tabl~" and of tllf' diagrams, will confirm 

tlu' foll.1wlng rlrdu('tions. more full and ('xpli (, lt thall thu~f' which my 

fi~t ,"wk's obsl'rvatiolll:' all"ordl'u, and \\1IiI"l1 lay noull , I bdie\'e for 

the first time, the General L.'l."~ of till' Motion of a Glacier dl·duct'<i 

from ooo('r'""tioo. 

1. Tile 'lMtiOfl of the hif"l" parts oftkt ltfl'?" de Ula('(' t\ 011 tM U'//Ole, 

FLO~'-F.R than tllat 6/ its lotl"i'1" portion; bllt tlif' nV'Jtion vf tlit' middle 
rpgicm i, Wnrer than eitkn, 

I had not failed to point out. wh,'n I propo!'(>d the det('rmination of 

the ,"elocity of diR'erent points of a glaeirr , as a t{'~t of til{' call~c of itJJ 
motion, that thi s must (Irp"nd matrriaUy UP()O thr fonn of it,.q soctiOD 

at diifer('nt parts. The yclul,:ity of a. ri\"{'f is :;r('atest where it narroWf:I, 

and is small in the lar<O'e pools, J list so in tho Mer de G1a<'c, It is 

truly a \',loSt maga7.inr of icc, with a comparatively narrow outlet, a!,I 

the map di~tinctly !'llOws; the two glaciers (If tho Oeant and Lcc}mud, 

uniting just abo,'c tho '1trait forniI'd by the promontoric·s of T'1.1aporto 

and the Couverclc. Hcnctl r('~ult,,;. as we have seen, tll('~r('at icc bn."jn, 

where we have reason to conclude (as before obSl'rved), that the gla­

cier attains a greater thicknes8 than at any othor p.~rt , nnd thu8, " 

though the breadth of tllP two confluent gla.ci('fs t.~ken separately is 

grcat-er than after their union, being, undoubtedly, much slu"llowor 

there, their area of H<'Ction i8 small!'f, and thCfl'forc tho \"elocity of the' 

ire will be greater. Thore will, in,h'Cd, be always a cotuienwticm of 

the :00 within the triangle J3HG, o~ing to the f('~jstance opposed to 

its egress; and here, accordingly, the surface of the ico ie moat level. 

It is not indeed strictly true, that the quantity of icc patl8ing through 

any section of the glacier in a gi ,'cn time, is {lXactly equal; because 

there is fU8ion and evaporation. amounting to an actual fml3 of 8ub-
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!! tan{'t' . brtwrt'll allY twu 'It·f·tiOllS, aBCI tlli <l brcomr':l cfpeeially nbvioUl. 

noal- the lower extremity of til(' gi<lcicr_ It i.'! like tho well knowlI 

problem of t1H' distributioll of heat in a bar of iron come to a. !!tt'ady 

tt'lIIpl'raturc, wh('rc the tr.lll'lfcl" of heat acrol'ls any section of the ba.r is 
t'tlua,\ to thl' tmn~ft'r acros~ any othlll ~('f'tion nearer the sourc(' of heat, 

,limilliJ-ih\d by till' amount radiated by the surface in tho interval. 

TIII'I't, i ~ , thl',-(>fol'(', no !:;rflund for surpri se at tho fact, tha.t the middle 

part of the g-I:wit'r movt'li forward slower than the lLighor parta. 

H"c! thl' !!hwior ("()lIthltl~(1 t'J o)'pand in breadth, as v(>ry ma.ny gla.cil.'rs 

do, 110 ('lll'ek would h,~ ... .-. I)c('urrc'd, and the anomaly would havo dis­

apJll'arcd. 
Sin('( wc ha\'c 110 a.ccuratc IUcan~ of ~a.ugill!:; the <;eeti01l of the 

gla.t>ier in any part, ('all WI' form allY jl1t1~nlf'nt of what would be the 

motion tlf th" ice ill a uniforLlL ('unal, or dra.w any COnclll'llOn as to the 

('(fllllt' of glacier 1IIotillll? 1 think w(' ('all; but first lei us plac(' the 

obsln-cd law (. f vclo('ity in a more concise !:!hapt'. 
'I'll(' fir~t :-;ta.tion in vl'der, -that at thc mark 1.) 2, a little be­

low tlH' Mcmtam'crt , awl at 100 .yard~ from the wcstern ('dg(' of the 

~lac'ier,-has 1)I..'(·n tliat, 011 til(' \\ holt,. 1II0st ,-,ollsta.ntly ob~erved through. 

ont the wlw\(' 'lca_"'\\l1l. T:\king it.!:! motion 1.1,:; a st::uu:L1.rd of comparison, 

we may COlli pare it with tilt' 1l10tlOIJ of :lIly other part of tho glacier 

during- the partil'ular ,>ca"on when the latter was t,br:I'rved, and thus 

wc !!hall ohtain an appro:rimatiQIl to thc relati\(, vt'locities of tLt:: diffe­

rent points of the glacier to D 2, ta.ken as a standa.rd. That this 

ratio d(>p(,lId~ in finme degr(' t' on the season, wlll be shown farther on; 

still it nfrord~ the most rrady way of obtaining a practical comparison. 

Thus, for cxa.mplC', it will b(' found, from Ta.ble I :, that the point C of 

tho glacier m(,ved, bt'twe>en the 27th June and the 17th Septembl'r, 

0\'('1" 757.6 int'hcs, whilAt D 2 moved o\'('r 1579,8 inches, or more 

than twico the former. Th~ exact ratio is 479 to 1000, which may 

be convoni('ntly cxprcltScd by tho decimal fraction .479 for station C; 

a.nd ao of thf' other<!_ Thu,!!, the velocity ratios of the diffcl'('nt points 

arc_ as in the annCAt>ti Tablc,-
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TABLE III. 

N .. nl~ ,,{ th., 
:" Rti""' . 

II ., 

n~:n5. 
II ti, 
Il :l. 
A, 
C 
H'l, 
II :.!, 
II :I, 
,; I, 
E2, 

I "",I"ti.~ \"~""'i_1 ,I, .. or Ih .. jt'<.. 

---~I 

1.000 t 
1.37,; 
1.:'156 
1.:l!18 
n.iiO 
11.4,9 
O .. ~;4 
O,tijfl 
U.j:!~ 

lI,ro;" 
1I.:.I:!5 

\V c may 1'I(>} ('('t from a.monr;st t hf'.~e. tlll1 poi lib IlW f< t fittp,l (M our 

purpose of romparison, tho:'!£', fllr example. al ong the !\1 ('r lIt! Glal'P :LillI 

Glacier do Lcehaud, not vcry di~tant from the NIge, awl thl'rcforc all 
retarded by the frictiun of the sidl'S,-

D 2, 
A, 
C, 

E J, 

1.00Xl 
0.770 

O.H9 
O.fi71 

Let us ohscl'TC thrn,-the mere nU'cha.nical constraint to which the 

E;lacirr is 8uhjectf'd, by the form of its ...-alley. wuuld neccs~arily. a.nd 

irrc!fpective of all theor:'. infpt a quickE·r JIllltion at 1> 2 nwl A, than 

at C, where the glacier iR ncar its greatest width, or at j<;, IlNLr itl'l 

origin. These facts are, then, so far in conformity with tilt: IIIcdlani­
cal nc<:e~.!Iity alluded tf). Dilt again, if tlw rau~c of glacier motion 
were the expansi'1n of the supcriflr portion of the i('o forcillg dovm the 

lower end, that velocity (supposing the section consta.nt) would \xl 
proportional to tho distance from the upper end f)r origin. Now, to 

take a most extreme supposition, let us imagine the Glacier of Ucha.ud 

(see the map) to take its origin at the very (oot of tho Gra.ndeJorasse, 

which is 8000 (eet beyond station E; then, on the Dilatation theory, 
the motion at E would be due to the expansion of 8000 feflt of ico, by 
the congelation of infiltraU!d water. This, we will suppose, produced 
the mean da.ily motion of J 4.2 inchps in the height of summer. Then, 
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('nnHidcring only the influence of lengtll, irrespective of Flection, tbo 

st.ation ]) 2, iH 23,000 feet farther rlown , or nearly four timl's as far (rOtH 

tho Grande Jora.<;f!c,-thc volocity ought, therefore, to haw' hc{'u fllUI' 
times greauJr, or fiftY-Rix inche.'! pf'r d::ty. J t wa..<; (mly 1 fUl inc1\f',!, or 

one--se-re1lt/~ part greatC'I'. A nel yet we havc Meen .tllat the influenec of 
section must lmv(' bf'en to acm·lf'ratc the motion in the lower part. 1 

do not mf'an to ~ay, that tIlE' rea ... oning ju .... t used i!'l rigorous, but the 

rrsults to whi('h it leads, arf> HO wholly opposed to the trnt}l, as to be, 

it soems to me, quito eontlusive a.~ainst the theory of Dilatation. We 

have two powerfnl qJacirrs unitin;.r, ffJIming a g n·at ice-pool, which 

iSSUl'S tly a channel not wIller than the smalle r of its feeders, makiug 

all allow:m('c fOT evaporation. we ('onclude', without difficu1ty, that, in 

ordor that tho irc· !)trcam .'!hall di ."ichargo itself, it must accumulate 

above tho contraction, dimiDi~h in velocity tlll-re, and then rapidly 

inereaae in swirtnes~, as it iSS11('!) through tlJC opcnin~, wht-re it will 
ccrtainly movo fast<'r than in eitJwr of the ori~inal trihut..1.ric.'1, whose 

united breadth is far grC'atrr than thc !:<inglo thannd of dHux. All 

this llappcns, 3.." tho folim plc mechanirul theory of di f:: dlurgc, witbout. 

inilC'finitc ac(,umulation, would indicate; bllt if we come to combine 

\o\ith thiA, a theory of glacier motion. which would rrquif'c a. velocity in 

tho lowf..'r part of the ghl'ier t hrf'c timcs gn'atcr tlw.n wo find it to be, 
we aro entitled to rcj('('t tIle tllf'ory as . i,1('C'llsif:.tcnt with facts, even 

altlmugh thc mrre staicment, that tho IOWN end 01 a. ghcier, on the 

w1l01(', movr.~ fa..'!lef;:t, may apprar to confirm il... 

At present, we havf' te, do with the conclllf~ions of our own obscrva~ 

lions, and not with other or hypothetical eaBf's. I may obf::('rvC', 

hOWC\'C'T, tlHl.t if 3 glacior wid,·n." uniformly. ,tllO 'ffll're lafl' of diKliarge 

tcitlwut flCC'llrlltJiati01l, or ('han~C' of yolull1c, would givl' a diminishing 

vcl'R·it.y at tlw lower extremity, Such an occurrcnce would, evidently. 

be still morc 0ppOMOO t.o ttw theory of Dilatation. 

II. The Glacicr du Geant mo,·cs fastor than the Glacier de Lecllaud, 

in the p'roportion of about seven to six (comparo 111 with n 2 and 11 3, 

in Table 111.) Tho Vl\8t ma.."'~ of thc former glacier tRuds to o\"('rpower 

the other, in BODle measure, and it takes tho lion's ISha.re of the exit 

through tile st.rait ootWt'{'1l Tr{Olapurt(' alld tho Cou\'cr('IC', :-;quf'ezinp; th~ 

• 
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i('<" or l..l;~hnud and T:\ll;frc united. into litt\{' nIOTI' than (jlw-third (If 

the brt'adth or tlw whole. It is to this ciri.'\lm~t:t.nc(' that J impute 
the cxc('ssi\-dy cl" ... "as~rd !ltatc of thr ea.strrn !-lido of all tho .M t'r til' 

GI~I'. whirh r('ut..irT" it aittlo!lt illlpossih!f' to hI' trav('r!olt'tl; tht' ie(l il'l 
tnnlultu(lu.!.ly h"rllf' ;llmlg .. an,!. :It tilt' SallH' tiltH' •. <.j'I'H'j'U',j lMt'r;tlly 

b," tht' ,'rf'nh'r ,",d'l!·;t" alltim:L"" Ill"' 111(' \\\·~t('rll hranrh. . - . 
IH .. TI,,- ("','lit" (:f tl, . .. nf(lcilr lII\1r.,~ frlJltl"" (a!'l WI' ha\'e' S('l'II) f/.all tIll' 

Bidl'$.. " "he'll 1W(l glal"il'l"" 1IIIit(', till'.'"' ad ;l .. '" a ... ing],' 0111' ill thi~ 

fl-Spect, just a~ t\\ n unitt"ll r;\"'('r ... \\oultl du.. N,!w t!lii \"';u"ialion is 

1Il(l:'=t ~pi(l I1l'ar tht' ~iJl'.". :l1ltl a gr('at part of tlw {'('ntral pOl'tioll IIf 

thl' ,.,.Ial'ier IlIU\y ... with 110 fl"l"l'nt "al'iati,)11 of \"'d'II'it\"'.. Thtl~ \H' lilHi - " . 
that four "tat ion" takf'H ill urllt·r, from till' !Oi,I." to> the' ('('ntn' ,)f th" 

f!1a"il'r (fir a littl<· I}{':"llud it), have (11..'"' Tal'h' 111.) t i l(' following rat\'~ 
of motion .. 

I.UOO I .. :;[1 ,"I .. 

Or if WP ('om pan' I,h"t' r\"';ltion", Illa.lt ' all ;1/ du' ";WlI" ""'m."ml of t1lf' 

,'"'('ar (S('pt!'mh,'r) , we .. hall liml tilt· in,·r,'a ... 1' " f nl,,,';I:,, III t'H'n" 

r3S • ., 

1.000 

The fir"t pOint \\a8 

IWtt 13fl yard .. farther. 
abo\"'(: a thirlj l>.1rt .. 

I .. :l.")(j 1 .. :Hii .. 
I 00 yar(l~ fr,ml th, .. cd!!:(, I)f till' !!;lal·!.'r; I h(' 

I n t',i~ l"IllOl't foIp[tf 't' th(' nloeity it;lIi ill('t'1:.'a., .. M 

The ('xplalJ3ti'Jll \lhiclt we Offl'f of thil-l, a ... due t(l till' fridion of tile 
\IoaU.::. of the ~ Iatipr, wuuld I('ad us to ('xpt .. ,·t ~u{'h a law of i)lOtifllL 

The r(·taruatil". of a river i!< rhictly ('onfinNl to its ... i,ll·" ~ til(' motioll 

in the cpntrl" i:i 1'''lIlparativ('ly uuiform. 

Similar J"'{'a.«oni llg wlJUlr1 lead us til t'xpr'<'t that (supposing thp 

glacier to J;lidc along it.'! ba.~(') tho portioJll"l of iet' in ,'on tad with til(.' 
hro of the \"'alll'j' will he rctarcle<I, :lnd the superficial part.,; oll;.;'ht to 

advt.n ... e more rapidl\"'.. Tlte rh:uwt' ()f \",l'llIcit) .. ill tilirf I'a,.'l(' al~o will ." , 
Iw grC;\test Dear the hottom .. 

I Y.. Tile differetl~e of 11Wtion of tnt' UTltre and 3irk's of tltl' glacier ~arjea 
11) ritk tit" MJa#Ort of tM !lear. (11K! (2) (It diffcretlt part, of the lrnflll, of 
til" .'!lacier. 

(1..) The fnllr)wing 1l1lmbcI'H show thl' vl..'lo('ity ratif)8 of the centre 
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:Lwll'litle uf til{' glal"icr, llf'ar the 'Montanvcrt, at the mark r::; J) 3 and 

P :? dUl'iug: diff('r("nt part"! (jf thf' ~('a<'fJn 18 '~2:-

fulativl' Vl'loeity, ));1 ; D'l . 

• J Ull!.: ~n·-J tdy L UHk 
.July I- July 2k, 1.48!l 

.J uly 2k-S('ptemh("r \(;, 1.349 

Sl'pt(,llllll'l' I n-s~'pt (,lllb('r 21-;, 1.367 
In !!:f'lIcral, tllt'n-t'ur(','tllf' f:ariation rlj'-rducil!1 dimilli~·!ted as tlu- .~('w.l()n 

adrdlli"I'J; \\f' ~Itall pr('s!'ntly I'Ihow that it ,'a'l Vt'fY lLf'arly prop?rtional 

to tilt' al'8oiutl' y{'lurit)' 01 the ~Iaricr at the same linl('. 

(2.) TIll' raritll;ull u/ r"f«jty Icitlt tlte {madill <g' tlw giacil'r i ~ lea.'Il 

{'onHid('raLh, in tlwlliglH 'l' pn-rts of tilt: gln(' ier 01' near its origin. Thus, 
if Wl' ('omparr tht' WIOl'itic:o> of Rtation U, ;\nu t}1I' mark n 1 011 the 
f ; lacier 41(' Lcchaud llmr t hI' 'I'acul, t ht. ["rtncr heIDI; n('ar the side, the 
latter liNt.!· tIl/' (,pJltl'1' of tli!' glaC'if'l'. 'I t' lind 

Jun(' 30-Allgu:'it ~. 

Angn.<;;t 2-S('ptC'Ol L('r 1i, 

Itelath!' l'clocIIY, n I to C. 

l.O~ 

1.12 
A~ain. higIH'I' up Ihf' sam£' g-Ia!'ier, oppo"itf' E, w(' ha\'o the velocity 

ra-hol! at the I.·cob!· and ~id(' of th!' ::iacier-

F.2:EI. 

.July 2fl-.\ngu,<.t 2. 1.19 
August 2-Augu<;l k, I 14-

Thi1o! ratio is iudced a littl C' grcakr than tht' pr('ccding, which cor­
n'Rpr.ods with til(' faet which w(' lmvc all'('ady found, tha.t thl' ab$olnte 
\'e1o('ity of t.lw gi:\('irf i~ grl'ah'r at E tha.n a.t C. H ence, it is highly 
IIl'obablc in ( 'H'ry casr tha.t Iltl! Mri(]ti01~ of 'rf'focif.ll ill tlu· hreadlk of 

a .qllJcU:r is proportim101 to t/if' "bsol /ltf ~l{)('it!l, ot tRr limt'o of the ice llnd{'r 
experimmt. TJ,is is farthrr cunfirml'd by thr vclocities of the Gla.cicr 

du Ocant at the omrk!< n 2 •• nd n 3, of which tho former is near the 

side and tile lattf'r ll('ar 1\)(' C(,lltr~-

VeiO("ity ratio, B 3 : U~. 

August 4-August 6, . 1.30 

A ugu~t 6-S('ptt'mbor Ii, 1.21 
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Now the absolute ,'clo('ity I)f thi.'l glacier is greater than that of Lt'-­

ebaud, but l~ than that at tilt' l\fontanvert. 
Y. TJu moti(m of tM glacier pelleral/,lI. Mriel 'U';th the 3etUOJ. of tke 

yet.,r dlW tilt' Wilf' oj the elu..,.mQ1iwfRr. PcrhapR tlU' 1Il0~t. critic::!.1 con~ 
sideration of auy for tllC' y:\rious theories of glacit·t mution 1"1 tht· in­

tlueuct' of t'xterual tt' mpf'raturt· UPOII Ibe \('illCity. III thili rt':-lIK'ct III,V 

obsen'a.tiotl:5, though ('ontined ouI) tll the .:IumulC'r and autwun. arc 

capable of gil iug })rdty definite iuformation. 11lJecu, one (·ircum­

.stanco which Qn otht'r a.cCOUllt~ I had much reason tu rl'g-rd. I IIIt'an 

tho rigorous weather tlf tho month of St'ptcmhcr, v. !lith hindl'n,d many 

of my undertakings, ga\"t~ mc all opportunity uf oL .. t.'T\·ing tho ('ifef't of 

the first frosts, and thus cstabli~hil1g !MnlC impvrt..1.ut fact<l a.'1 to ihe 

influence of cold and wet upon the gtacil'r. This I apprl'hcnd to be 

clearly mado out frolO my experiments, that thmrill[l fuatlwr ami a zed 
nate oftk ice (xmducu to iu adranct'1'lU"flt, aud that cold, 1rnrther sltdden 

lW prolonged, ched$ iu prOf!reu. I may IlPIl1'al ~l'ncrally to tilt' cnrvt'li 

of page 141 as sllOwin~ dJ(' variation!' of yclocity with the 8ea.'Ion. It 
is to he attended to in looking at tlwse fi~\Irtl~ that tlll'Y 0111 .... rl'prescnt 

the mean motion during certaiu intcnal.il which arc unt exactly the 

same at the dlfft:rcnt points, and that, tllt'rrforc, the nSl'g and fallf! do 

not appear alwa .... s to coincide when tlwy might actually do 80, king 

1(J~t in the 3\'cragc of a distinct p('riod. A careful examination of awn 
v.ill, how£>vcr, show tha.t the \'ariatioDS of "'clocity have \.Jcen rcmarl:­

ably general :md !.imultancoua. and that we arc entitled to look for 3. 

common cause. This cause seems dearly to he found in the temperature 
(If the air eomhincd with tlw degree of moilituro which on a glacier 

ulmany accompanicI> a rise of temperature. The rapid movoment in 

the end of .J UIlC which i'J pcrcl'ptiblt, at J) 2, J) 3, A and C, j" duo til 

~h(' \"try hot WC;'/,thN which then occurred, and the' Yory markt,d redue­

lion at the end of July, to a ('old w('('k whid~ (,('cllrrNl at that period. 

ThE' striking \'ariations in Sf'ptcmbcr, {·gpeciaUy at tlll: )ow('r litationll, 

~hich were frf'qul·ntly ob"ccnd, pro\'c the conlll.'ction of temperature 
widl velocity to dem(JIl~trati()Jj. 

Vunn?!' the continU3Jll'C of thf' ('(,Id wratller, 3("('ornpanit.d by flno\\', 
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from tho 18th to the 27th Septemb~r, it will b(' obHerved that the 
glacior motion was visihly retarded at a.ll the lower stations which 

were' thou ObSt:rvN. During this period the thennometer fell at the 

MOlltanvcrt to 20° Fahr., hut when mild wea.ther set in again, 

the ;;lacier hlocamo clea.r of aI1ow, (which took place in the lower part 
on the 27th,) and beillg thoroughly satura.ted with moisture, it resumed 

a marl'h M rapid as that of the height of summer. 

This fact ili 8urdy most important as allowing tha.t wo cannot pos­

sillly ~wribc tLae m(ltion nf the glacier to the eRect of congelation; for, 

aatur:\tcd a.K the icc was by the dfl'cts of tho da.mp and changcabl/" 

weather tlf the Olund} of Scptcmber,-whcn a week of frost set in every 
thing lIlUst llavt' ix'en exactly in till: condition to acquiro a rapid 

inl'rt':l.IiI· of \l'locity, exa('tly ill proportiou a.,"1 the I'old penetrated the 

1llX:il> of tho g-Ia.cier, SUppf,sinl; that it flid I)('n(·trate to a considerable 

1I('l'th, which J will afterward ... {'ndeavuur to proyl' doarly was oot the 

ea . .'m thun, and q fortiori lIever can Le thl' t'3./:IC ill the height of sum~ 
ult'r, when the ~laci rr motion is most rapid. 

But I would farther request attention to a still more dircct proof of 
.t1l' ~Icpcndl.'nce of the vcltJ('ity of the glacier upon the I'xtl'rnal tempera­

tUI\'. 1 have takcu froUl the r('~ibter, kf'pt at tho Grca,t St. Bernard, 
tht'meall daily tl'lIlperaturv during till' .:;UOlmcr months of ]842. I 

han' divided tlwlll into period", corrl.':;,pollJill~ to those intervals at 

wtidl trll' pro,!!rl'!'~ of tlu.' gl a.ricr at the poiht D 2 was ascl'rtambd; 
and 1 ha\'(J tak\,U the lHeall tf'llllk'raturo of th050 periods. ] find, that 

ill almust every iu::.tauI'c a. change of incr('aso or diminution of ml'aD 

tcmpcratur'1 ill ac('ompanicd WIth an incrrasc or diminution of tho 

glacier's lllotion. And whl'u \\t. cOTlsidrr the Jifl'rrcnce of position of 

tho 8tatiom~, tho {'oinridollt,(, sef'tnS quit.e a.'I prrfect as we can 1'C3800-

:~bly oxpcct. The convcnt uf St. Ikrnard i~ 21 EngliRb. miles distant. 

from the Montanvcrt, iu a I"i!!ht lint" and ]900 ft'ct higher; but as 

many parts of tlle ice of'\h(> M('r do (.lat'c have a. still gl't'ator elf'1'atioll, 

it ma.y be 8upposod to represent prctt,)' truly the ronditions of climat(' 

to whieb tho cnti~' gla('icr was subjoctcd. 

A comparison of the first cur\'c, or Acrrated linr, in page Ht , which 

rrpl'Cscnta the mr;\n temperaturt' of certain pt"riou!'i, with tho ('urv{' 
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immedia.tely beluw, which shews the ,!!'lacicr motion for the A~mc ink-r­

vals, will full~' justif:,: the assertions just made. 
I do not S!\y that the velocity is l\lwa.ys the sallie at tho sallie tern­

peratur('. In autumn tho velocity was as great with a tcmpcroturp o~ 

0° centigrade, as ill summer with a telllperature of 10" c. This wu.s 
tho C:l.SC, however. only at thu sidt! (If the glacier. Near its contrt" 
~ at 1) 3, it wi111e f;Ct'1l by tho diagram that tho motion iiJ still fIIOl'l' 

IIQarhr COllformablt' tt) the cbaD""!) of tCJlLI)('ratlll'e. All that J infer 
• • 

frOIll the comparison is, that II rise of h'lIlpcratllre .. was gf'lleraUy 

aceompallicd with an increi\sed ratt~ uf 1lI0~iOIl (If the g-lat'i('r, and tiw 
cOllvert:e. If tilt· state I)f imilibitioll, or wt'tucsa of the glat·l(·r, be the 

main cause of the illcrc~cu \"cl~ity, a" J iw\ic\"(' it is, we ('::loll rerulil" . . 
ullder8:tand how mild mill , or thawing SIlOW, p .. odu<~l'!o, the ... amc CaC(t 
:\1'1 intense sunshillt'. 

'Vhilst it appt'ar::l probabk, OJ'. juliet·t!, ~'t'rLaill, frum these fact:,! , tlmt 

the motion of tho iCI' dt'f)(!II(/" UpOIl tIL" trlllpcrMUrt' of tho air ill ('011-

tact wi th it , aUtI that it j" {TI'ate/' ill "arm, lIud It':l'> t ill co'" Wt,ltthl'r, 

it doe ... Hut at all fullow. a...~ ha.-I ill ~rm'ra\ hl'('l1 t (11I hastily a.s::lullIl'd. 
that the glacier IItt llldli st.ill ill "illf('('. 011 the I'olltrary, I have IUII~ 

belien·d that it ClIlltiU ll all,Y adqu('(''', althou!;h ill a less degree. Tht, 

cirl'um:-tancl' jlJ~t mentiulit,d, that t-holl!;h hot and ('old wf'::lother proJul'(: 
rel(i,ti-rr11! th,' cfii.'t"L of :lccdcr:~t i ll [T all\l rctardiH<~ the mt'V('lIll'nt of tJn· . ~ ~ . 
iN'. th(' \'c1ociIY i":! in nu .lin::d prnportiolt tf! thl ' tf 'mpl'rat ul"l', cOlltil'ms 

thi 'i. TI lt· vpiniull of many of til(' 1II.,":!t ilJlt'lIi!!"l'lJi pcn:mlll:-, wh\)111 I 
h:l\'C t"1'll'mlkoi flU til t' point. are al .. o ill (:I\'('UI' tof tiJi ;o\ \·il'w. Tlw\" 
gcncr.l.lly bpli{' \"', that tllC glacif'r pusllf'Ji itJi(,lf forward under til(;' I'now 

in winter ; :l1l,1 w}U'1l 1 havt' applif'd ttl thl'lII fill' the c\'iddlce, th(\y 
aMurc Inf', that tll1 '\' han ~l'I'Jl tlifO if'/', at the lOWN extrt 'uity of a. . . 
7f,1('icr. prt!:,<;:i u;,;- tllt .-IU,,", ollw:lrtl.... I do nut. iudf..'Cd. by great Hltl"H~ 
"por. thj~ tt·~limoH." , ("oll~idf 'ri lJ~ tIlt (:u·jJity with whieh such periKln:i 

oftC'h adopt "rollg "pilliow~: Lut it ... gCIlf'r.dit~! :~mon;Ht tho peasantr,\' , 

a.nd its COnlin;! in dit'I'ct corl\lLtm~tilJn of the !-.anw conciul$ioIl til wllicil 
1 have hel'n lell [roUl other SOllt'ecf!, f'htit\c it to I)(lme wt·igllt. 'flws\' 

,l!rouJI<b nil! bl' ,<o(tatf'd III!)rJ' particularly "lieU we ('()me to ('on~idf'r t)II' 

'JIJI':!tim. ill anorher plat'r ill ;1 IllOl"I' gpncflll (/lI'IIl; hUI , may add, that 
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the he8t conjectureR which I can at prescnt form, ill the absence of 

tlilcct'experimeutA, as to the annual motion of the Mcr de Glace, 

would give a 1'1;lfnlt so ycry much excf"Oding that which can reasonably 

be attributed to the pro~rcgs, during the summer month" alone, that it 
iR highly prohahle, that the motioll i~ continuous, though unequal, 
throughout the yea.r, a.nd is far from Leing nothing at any season. 

1 will give one cxa.mple of my meaning. The llIotion of the Gla.cu:1 
du Gi'ant, at tll(' mark II 2, has becn shown above to be .678, or about 

trco -tkirdli.pf the 1II0tion uf the icc a.t mn.rk j) 2, Ileal' thc sido of the 
glaricl' below the l\1011t,\DHrt. Now, let U'I admit, for a moment, the 

Mtory of J)e Sau~Kurc'8 ladder, which would 3.SSigl~, if true, a velocity 

of 375 (('('t per annum to thl!> pa.rt vt' the glacio,'; consequently, the 
comparative adva.nce of the l()w('r icc would h(' a. llal£ morc, or 563 feet. 

Now, of tiwso j{)j fcet, ouly 132 (:-I'P TaLle L) w('rc performed during 

til() thre(' hotkst mouths of thl' year, whi<·h barely a1l1fmnta to the 
propurtionaJ I;).t ,· of motion of a qua.rtcr of a y('ar. Now, this estimate 

may lK' th{)u~ht a 'cry rlldu 0I1C, from the nature <If thtl a.uthority 

wil('n!!c it j ~ dcri \' I'<1. And so 110 doubt it i'). Y et it will be, on 

tilt' whole, confirmed frolll othl'l' toUur('ct-; amI nl> w{' have seen, Mr. 

Ual..cwell 1.1\:; l·stmmtcd, ff(,m the information of his guides, the mOVl .... 
m{"nt of tl.(' iet' of tllC :Mel' do lilaco ,\.t 1 XO yards, or 5~b feet per 

:UlllUllI , a quantity, it "ill Ot· ob"crvcd, sin~ularly u.,;r{,ping with the 

previoul't one. Hut "ith(jut !'Iuppo:iin!; those (,h'ts tu be more til"'ii pre-

13umptiw cvidl'nl'l', tll\';'-, ,Il ka!'lt. give ~tl'ong reason for bclicYing, that 

the ,'<,ioeity of motion is Jlot (''\('(I:hi\,t·!;.· small, cyen ill winter.-

l"rom iltfonliatioIl nhjch I lJal'!:' rCl'('in~d siurl.' my return home, 1 

find, that 111) ~ltirlc, Allgn"t!' Halmat, 11,\ .. , :\t lily request, watched the 

prol;l'Cs.\I of tllt' great blo('k ,)f stOllC L ... ipw tho Montanvcrt, (markt'd 

D 7 on the map,) and ha.~ found that it IlhlWtl 

:From O('tvLf'J' 20 to Dp('eml.nr 12, 1S4-:? 5:l dan, 70 feet. 

Its daily v,Jlo('it,v Wrnl thcrefore. 15.1:' ind16s, 
or v('ry llcarJy its .U"crag-~· Bummcr n-Iocity . 

• TIl<' proooding IJRjte<l 'IItl'C 'IIrltlcn u..-£Ul'(' I 1'0"""SdOIl tilt' (hnel I'reuf" uf til(' "inter 

motion ot the glal'it'r "onuiuud ill tho lIut're,'dlu!!, plIl'"l!\'l'1lf'hs. 



, I ' • I" I"" t ,)<\·Lr",," 17. 1~43. it I1Iu"(I(1 7t: f('+'t. f rom ~m\K'r... - , ( • 
"'1 . . 13.6 illcJ" ... 

~~v . 
, • I "3 . I 1:6 Jt't,t. 'From F€'bru:u;,' 17 to .\ prll -j., h .... , It mOl l't v 

Or d3ily, 
] haTt' perfe(,t ronfidcDcc in tIl(' liddity of tJlt'Sl' o~cnatiuJl.ll; /1.'i, 

howen-r, in thC! first and last case, lJalruat oL8('rn~d that tilt tStOllQ 

had rolled on,~ard~, 80 ~ to faU upon a new ~idc, and haa aUouptod 
to estimate its roUillg progrt.'s!:I, there Illay be a slight error on this 

account. The mcasuTcmclIts arc in Em:;lish feet, lIIade \\lith a lino 
wbich I left at Chamouni, on purpo~c. 

I presume tllat the immobility of glaciers in winter, bO IOIlg: roccivcd 

as an ulldoubt".J. fact, :\8 a ba:,i ~ of theory. will no" be> ~llIlittcd to 
have hct'u as gratuitoul>ly :J.bsumcd, a~ the greater, d oci ty vf thp sidrs 

of a. glacier compared to its ccclre. 
The continuity of glacier motion, l'\l'll in ,,,nter, might have hc('n 

iuferr('d from the " ell known ill::.tal'(·e~ on record of tLl' fall of great 

aV3lanchc'lof jec during that f.casull · Rueh, fur instance, Wa.:! the fall 

uf the glacier of Randa, in till' vall('y of St. 1\"10013.'>, 0 11 tho 27th Ve~ 
cember 1819 ; . and f,uc!t i~ the direct testimouy of Dc Sau!lsur(' in 
the .. c \\or<k: .< L es glacicr~ uwttcnt am.:!) f'U mouvcment d chasl'wnt 

• 
demnt cux Ics tcrr('<., ct picrro<; accwnull~es dcvallt leur gia('os, a leur 

cxtrcmitc iuf":ricufe J t' vi .. ('0 phcllomcne f'Il ] 764, de la manicre Ia. 
plus c,-idcntc, et j'eu'!' ell memo terns la prru'te qlll/ Cl' mouTrment arait 

lieu mfmtJ dall' Ulle sai,on qui f'st enCQre kif'Jt'T pett.r ('I:I m01/tagll~·s"t Commo 

Ie glacier et tou" cu~ ah'utours ctaiont en entier couverts de Ilei~e; lora· 
qu'il pou~ai t CIl a.va.nt ic<; terre'S accumu!ce-, duvant ~cs gla<,"olls, ccs 
terre~, en .. "[.J.,oulant sc rem'crsaic.nt par de'lsu<; 130 neig<' ot mcttoif'ut 

en evidpD(,c lc'l p'u ~ petit'l IIl01l\'Clllcnts uu glacicr (lui se contillucrcnt 
SOU,"I m{.os yeux pendant tout l~' tCIllP~ que jc passai a robserver "! 

• A. 'S.~I(., pttgc 1';11. 

t Thls appcan< mOlit prollAhl) to ha~, /'N.ln III tll C month of Marcil 1764, frnm a IlaralM 
'~l' III ~ ~:!o of lk .<"(lIIUflrt'. 

: O~ b.\.1 .,", R~ Vo.",,..,, ~ ~JII. 



CI1ANU£ OF LKVKL O}' THE ICB. 

On "" ci.,''9' Of 1 .. ,1 of 11 .. Mer <k Ow... 
It hils aJrua!Jv boen observed that olle of my first cares on rea.chincr • • 0 

tll(' glacier in Junt', wall' to ascertain the level of the icc at station A. 

TJlflfW levels 'tot'ro takeJ] from t jme to time, and afford unequivocal 
proof of tlw df'proBsion of the surface of tlj lj glacier during summer, to 
all extellt whicL lias probably JlOt beeu s U8pcctrd. 

1842. From To 

The level bad lowered 

Feet. Inehea. 

Daily depTeA8ioll In 

the lDtcrval 
In.cht'll. 

JUlie 26 to June 30, 1 9.0 4.1 

July 2", 10 11.0 3.6 
A llg. 9. 140 10.0 3.7 
Sept. 16, ~4 fl.,) 2.;; 

Now this dp}lrc" .. -ioll i'l not llecPRsariJy tlJ C result of I<uperficial wasto 
alone. J doubt whether it i .... e Vt' ll mainly du (' t o that C:luse,-and not 

rather to a HU},f.idence of tIlt, entire ma.<. ., of the irc, which vibihly col­

laPSl'S a.& the warm se:L~on advancf''1. Such a t'olla.pse:> may be due to seve­

ral cir('ulfl':!tanees. 1. Tho lludcrmilJing of the g1a.cier by the excava.ting 

u('Lion of the wat(>r streams wl1i ch flow Lcn('aLh it in summer; 2. The 

fu ..,ioll of the i(,o in contact with the soil, due to til(' earth'/:! heat: 3. Tho 

It'Wf'r cAtrewity of the ~lacicr muving faster thnn it<; higher portions, 
and thus cxtclluatill~ th(' Ill:1S~, a. cJ.use which ads with energy at thol:le 

!iCa.'~OllS when the difi(.r('ll('C of motions of the two pal t .::: i~ a maximum. 

The ,'1ulwrficial wa.-;tc is lIot 'lO ca~ily mcasurf'd ;t" at first sight it lI1;ght 
appe:>ar to hI'. M. E:-/'her'dt, la. Linth mca.~nrcd it ill 18+], and the 

gla('it~r of Alctscl J, by tho (>xl)()sure of :-takes in,'1l'rh,d to a eertain dt'pth 

in til(' ire,-as tIlt' i('c lIIelted, the s t ;~kl's were C'xposed. M. Mnrtins 

JlH'a.-.url'd it by tilt ' g{'olnctril'aJ dl'pression of the surface. The Jabt 
method wo hav{. .!It.'ell mca:; Ul'eS [o!('veral eH'eets im:.tead of 01lC'; the former 

llIay lead to tl!C' most inaccura.tl' results. \VhclI t.he stakes IJavC' beeu 

<'Xpoaotl to a c('rtain depth, the apparent result is al'tually in\'ertOO­

tho hole is dtepetwd. Tho irregulariticl'l resulting from this mode of 

observa.tion will app.~ar from tho following facts :-• 

. _- . - - --------- ------
.. Tho holl'll wero examiuod, amI tilt' sticks notched by Dalmat on the 16tb July, wh~n 

Ilwy ,..c~ all>O do.:t'f'CDCd, ann the variauoua .... Cl~ Ilftcl'~'llrtle DICMun'd \1) m.\ ycJf. 
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iuch(lll. 

At the mtlrk D 2, tho stiek rose out of till' hvlo iu the icc from 

July 1 to July ]6, 17 
1<'rolll July]6 to July is, (luly 5 

At tilt' mark n a, during til(' fir"t periud till' stick ro~o 2t~ 

Durill)! the RCCOllt1 period it actually 8/llIk, showing, that 

frum ~ome caU$(' tire hole had decpcllt-'(1 fa:!tcl' tkm the 

8urfa('c wasted. 
At station A, from JUIIl' 311 to Julv Hi, the stick rose 2jt 

From J ILly 16 to .J uly 2S, it $Ullk 2 
At the mark B 1, from June 3U to J \lIy Hi, the stick roso j;S 

From July 16 to July 2H, it IIlIlIk 5 

The calise of thi!:! :momaltltls action it is nol difficult to o" plaill. 

It is, ) aPllrclwnd. the salllc u..'" WI ' have pointed out un p:.g<' 27, :LI'l 

O<"ca:.ioning tIll' ftlTlllation awl pcrprtu,ltion of IlOk'l ill tlli' i(''', uwing 
to tbe less dcu'lity of freezing' watc'r than that ~onlt' dl'gl'(,l'~ warmer. 

The holes by which my statiuns Wi'l'e marked alw:\."s eontainl,d more 

or less water. 'Vhilst the Stil'K fitted tht'm !1.('cumteiy , it Il{'arly 0 1' 

completely obstrud(.'u tilt' thJ.id ('url'Ciltf' ; but, in proportion as the 

holes VoIJeued, till: wat(-r c-irrulated. more frecly , and the c:l.\'itjc~ spon­

tanC<lu1(iy deepelled, \\hil'h j ", one ca.use of t heir preservation. 

It i:-: ('\·jd<.'1J[ t1Hlt the apparent IORS of surface of the icc in this ('x­

periment \\iIl be gcllt-rally t l'O RmaU and nC\'t,'r too great. Thus it 

appear'; that at ~tatiom: A and B, til{' supl.rfieial iof'.s of ice wa.s, at 

lealt, :l9 awJ 2~ iu('Ih'~ 1'f'," pcC'tivc1y, during the first sixteen daYR of 
July, or about q inl'he:- per day . 1'h~ actual full of th(' ~u rfaco at 

this time wa.'I, &'1 w(, ha\'e ,>c('n, twice as great; but this J atiriLuto 

mainly to the g!'llCral fmb:.idtnce. A met hod, which 8eems tbf' only 

slIre one of determining the superfir·jal lORa (an important datum,) 

would be to drivc horizontal holes in the vertical walls of conspi­

cuou fissu:es, and to measure tlwir di~tancc from tIle surfaco of tho 

glacier. At thoso stations which did not conveniently admit of ntn­

ning a. level to tho side. I employed a different and vpry simple 

method of meMuriug the absolute depression of the surface. It had the 
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advant.age of ooillg appli('J at the sallle timo that till' motion of tilfl 

glacier was IIwa8ured. a.nd with little additional trouble. Thus, a.t 

station D, WIWDCC thl' various marks aero!:!!! the glacier were observed 

in Imccellsion, tho progl cf'~ wa.'; noted Ly causing: all a.~<;istallt to df'­

sccnd to the ice with a deal rod, a. elii l'lcl , hammer, awl pegs of wood. If 
thtJ Illotion since the la.st oLliervation wa,s small , he was directed to lay 

the deal rod parallel to the lellgth of the gbcier, aud to pu~h it lip or 

down :.1.'1 directeJ Ly si~ryl<ll:; uutil the extremi ty was in the exact azi· 

mutll of the IIJlpositc ma.rk beyond. the jec. A pencil ma.rk a.nd Dum­
bpr were thC'u made U]lOll the deal rod, in order to fix the dislanec from 

the previl)lIs station . If the (iista.llce JJloved over wa.s greater, the 

extremity of tho rod wa.'! moved pamllcl to the glaeier a.B before, and 

whell duly placed, a hole W:l.'J ma.de in the i Cf-. with a. ehi <;el, and a peg 

inserted, until 1 had time myself to df'I<CCllU and rnt.a;;;ure with a linc, 

and in a. carefully dl,termiued direction, tho whole 1Il0t ion from th~ 

la8t fix(·d point. Now, ill .1uditioll to this, ill ordcr to asccrtain the 

ehaug{' of ll}'tei o[ the icc, 1 lw,d only to uLserve from my cievntcd posi­

tion , the angular dcprl'ssioll of the lIlark~ in 8u('cc1).'!iun 011 allY partjcu~ 

lar day. The~c wert', for t'x<lmplt'. 0 11 the ;20 th SeptcmLer, 

D 2.=.:::!~c ()' I)" D 6.= 11" :lj' 45" D :J.= l {)" G' 0" 

A vertical rod being pia.t'l'd ,\t eac~l of thc~" })oiuts 011 :my future day, 

the telcscol)C being uepr{'ssl'U to the sa.llll'degrec, pointd , of course, 

to a height upon the rod O(luivah-nt to t in' former leycl of the ice, which 

Wa.;J determined by my assistant sliding up or down a slip of paper iu 

obcdicllcc to my :-;ignals. 1t is to be rc('ollc('ted, that the icc was here 
much CI'(',,~scJ; alld thougll its onwa.rd 1lI0v('ll1ent was wonderfully 

regular, it was liable t o 1\)(·al!>5u\;sidenceM. Occasiona.lly, I ha.ye found 

aM great a depre~sion :11'1 a foot pl'r day durill,!! wet mild weather in the 

Ia.ter part of the SC3.80Il. During frost, when the gla,cicr had more 

oonsistonco, the subsidence w~ pvidcntlv diminish('d. 

This mueh is certa.in respeeting the Ie-vel of the icc, that tho glacier 

undergoes a. surprisin6 '\HLste during the summer, and that there is not 

the slighttlst reason for believing that any process, whether of congelation 

or other, aasists in its renewal during that season. The comparison Df 

& glacier tb a mBtB13 of leavened broad expanding upwards, and th.us 
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supplying the superficial waste, appea.T8 to in~ulv() an MBortion wholly 
unsupported by evidenco, and contradicted hy my oxpt:rimeots. And 
as I readily admit.. that 8uch a. swelling or vertical dila.tation of the 
D16S8 would be a necessary reeult of the theory which ascribc~ tho 
motion of the glacier to the expansion of wa.ter frozen in its fissures, 
I must cODIJider the fact, tlU1.t no such dilatati~1l is apparent at. the 
season when the motion is most rapid, to be in itself concluaiyc ~'lI.in8t 
tbo djJatation theory of glacier progression. 
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CHAPTER VIlI. 

ON THE STl\UC1'UHE OF THE ICE OF GLACIERS, A~D 
OF THE MElt DE GLACE IN PARTICULAR. 

UESI!:ItAI. FACTI! 01 STH.l Il TIlIII:- iII,'4l.0Vt;fI.Y 01' WAVI!:·LIK)o; UANlJij ON THE 

1I1'1It'A,n: O~' TilE (;LAI IEll.--I'II;\ ' R£~ O~' Tilt: 8TIlUlTlJIU;' ANf) HECTIONIj Ot' 

rilE Mt:1t IlE GI,A('E-Ut:T .... Il.s--(a .At n:H flU "'A I. EFllP,--CRt:VA88E8 OF 

ULAI'IRllII--TIIEIll ;\IO;l1THJ.Y CIIANbY.:;- ~IISIJTE n s"UI:F.1i Ot' 111£ ICE-ITS 

1'I.:II:'.lt:AIIII,I1'" ~ " '\'Al'~:R-VY.I SEll !;lTHI'('Trllt: t:X I'I,AI~}"IJ, 

S01oU: ,t('(!OUllt Ita." alrC'ady bevlI gi Yell , ill p:l;!t' :!k of this work, of till' 
l'!iruetllfY' I,f il'c, which wa.~ lioli('cd hy M, Guyot uf NC'ufehutel, in 

lK:18, in the G-laciC'r of till' (}rie:-l, and which I redi3eoverlod in 18n, on 

the G1acie~ of Ihl' Aar, the 11holl(" and others, alld described as being 
one, probably genf'ra.I, and c(>rtaillly important ill the considera.tion of 

1 he nl('ehanism [illd fun"tioll:i! of gla.cil'Ts. 
It hal'! already been ~aid, til"t J am di/'!jw,.c,J to regard the problem 

hl' the cau/'!e of ~hl.l'it:r motioll a.'! a purely 1II C'"ha.nical one, a.nd that 
it should b(' trcatt,.l, likt, other problems (If Ul otilm, by a. cOllsideration 

of thc mallllC'r .\lId dt'l.;ree in whirh that motiolJ varies with seas"n</; 

alld Cirt'IIIllRtaIlCt!l:I. ratlwr than h;y endeavouring to deduce, a priori, 
till' Illotion from the ('ircumstaut'cs, ami from a hypothetical structure 
of i('e, ur a.ny peculiar fun('tiOIl~ of its molecular cOlLstitution. I am 

fa.r from dellying, howey('r, that a knowledge of that internal constitu­

tion will Lt' of the utmost cOllscquen('(' in modifying or confirming our 
mechanical thC'oricR, 'From an oarly p('riod, I felt convinced, that the 

v('inro Mtructllro of icc, d(,Rcrib~.1 by JlIe III D('ccmber 1841, was an 

importa.nt, though Ob:;('l1l'(" indt,x of the mode of glal'icr progression; 
a.nd when J procrcdNl, in 184-2, to obtain dcfinih- infurmation to bear 

upon Illy Mpc('ulatiolll>l, ) propo~;('d 1(1 Hlysrlf, ;l." a chief problem, 10 

nWaF'oor t(J C.,mhi11f' eJu. di,./'('I ('ridnu"-1' "'hich tPI' olMn't:ntion if tile 
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NWcily of eM iu i" ilijft!rP1lt pam of itl fIJa88 ",;g41 !urni8A a. to ~", 

(l(IU&t of JMtion, trith thl' 6tatical Qr permanmt NidnJU tlJhicA the lDr'WI 
QI tAe MtlI (If' rih/Jo,u>u Itrfwtu,.1' perMding it. mtUI, Utidm,btedl.'l bPor. 
to KJmt c4allf" ~aieil (If' optTatilIp in itl intn"ior. 

I am indinoo to think, that I ha,"(' arriv(ld at a result which ('om· 

biDE'S these ind(,prndcnt e-ridcncl's; and I feel the more confidence in 
it, because- J :un conscious of haying comml'nced my researches with no 

bias in m\'our of onc theory of glacier motion rather than another. or 

onE" caUSE" of vcinro structure rathrr than another; indeed, I might 

rather say, that I commrnced them in 1842, with an equal dilittUst of 
all theories proposed to account for the former, and in ignorance of any 
theory worthy of th(' name which should account for the latter. Far­

ther than this, I spent Burne we-eks amongst the glaciers in .June and 

Jul.v ]842, without ('ven approximating to a tht>ory f'ithcr of motion 

or of structure, until at lCIlp:th I h<-gan to fcar. that days and monthl1 

of incessant observation. or pa.tient thought, would lea,£' me no wiSf'r 

about this great problem, than when I commenred. But, as has been ob­

served t-o be the process of disco\"cry in all complicated qucstions,-when 

the confusion seems grratest, and the mind is so imbued with the sub.­
ject, that the ver,)' multitudt.· of dt'tails confounds, and the antagonism 

of conflicting spt'culationR s('ts order at defiance, then from Imme un­

suspeet4!d comer springs up a light. unROught, and seemingly casual. 
but which struggles into more perfect evidence by being dwelt upon, 
and at IMt, throws a complete illumination over the sca.ttered clements, 

which appeared undccypherahle and unmeaning, only because they we", 

dimly seen .. 

Such infonnation respecting tho theory of the glacier structure, I 
acquired first on the 24th of July, and again a fortnight after. on the 

7th AugtUlt. ]842. One half hour on each of these days seemed to 

te.ch me an that 1 learnt during my stay upon the ice. All before 

was preparatury to knowing, all after was simply confirmatory, or 
proving wbat I knew. 

But before I can make tbe reader aware of the nature of the ohee .... 

Yati\JD8 and re8ectioDs whicb then came home to me with 80 much 

force, I must endeavour to describe what I had previowdy observed 
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widJ respect to the structure of the ice of the Mer ue Glac{' in p~r­
ti('ular. 

Thfl external fonn of the ice, the crevasses by which it ib fi ssured, 

and oftf'n di,·idud into tranSVf'rse sli ceA, or pyramidical blocks, and the 

finer net work of fi%lIr(' s, , .. hieh we bhall al so find to pen'ade itR iute­

nor, n.1l tlH'''Ic nlay hI' described a.~, in ~olllr ~eme, the" structure'" of 

th, ire. But what we JINe IIll'an hy " 6tructure,'" i!j E!')Olething ante­

rior to, and more fundam ental tkm all tlif'sc,-it is tho intimate 
• 

nrMlngf'ment of the very particles of the frozen water, and which 
('onstitutf's as propc'rly its fltructurC, as tIl(' ])att('rn of a picce of curious 

Jam3.8k do('.s, or as the VeilH~ of a. " oody libre do, in a. piece of maho­

gany. The proximate cnuse of ti lt' ribboll('d nructur~ of the ice, it has 

been scen, that J ~crib('d to t11 E' a.ltcrnatlOll of Lands, or paranel veins 
of i('e, of difl'(1r('nt tf'xtur('s. 'fll c<;e Land,; or voin~ wer£- (·onspicuously 

distingnishrd (on th(' !:b.c-i rT of the Aa.r :md oth f'N) hy two eharaete~ 

1. DifJ'erencl.' of hardn(><;~ ; 2. Differ~ncc of colour. ThL fonner dis­

tinction CaU'iCR thl' harder (which 3.r(' also the bluer) vcins to sta.nd up 

in ridgcs, as tilt' iro Jnrits by thl" artiun of the sun or rain, and allows tho 

comminuted sand from tlu' morainl.'s to Jod.go in the intervening linear 

hnllows. which }rd, M Wf' hrwe SPOIl, some persons to suppose tllat 

the heat of the sun, acting upon tho sand, caused the hollows in which 

it la.y. This peculiarity is admimhly s('en 0 11 many pa.rts of the Mer 

de Glace; and no where better than upon the ('ommon touto from the 

Mont.'mvcrt to the Jardin, where it pas!'l(, ~ by the foot of the Aiguille 

des Channoz, hctwet'll the Angl.e and Trdaportc. H ere tho whole 

surface seems striated with fino lines ; and where groups of the harder 

bands occur, t}lPro are projel'til1g ridges\ with grooves between, continu­

ous for very many fathoms alollg the icc, resembling the cart ruts of a 

much travelled rond, when covered with stiff lUud, which was the 

accurate comparison of au En~Ii&h traveller, whose attention was 

directed to them last f;ummcr {I) r tlJt~ fir8t timC'. This appearau('c is 

moat coDspi('U()QS aCter rain. The other characteristic, that of colour, 
requires an attentive examination to pcrcei\'e its immedia.te cause; 

but in. ltDy gl~ier, wLere th(' strueture is well developed, there is no 

didiculty in deciding upon it. The phenomenon is not one of those 
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which, like tM colour of water, or of nu", can nnly bo soen in vast 
masses. I have often dl"taclwd luJrul apec-imem of tho iet', which, if 
they could be preacrvf'd in cabinets, would convey the most perfoct 
idea of the structure; there, to be sure, the depth of colour ha.':I Dcarly 
vanished, but the ba.nds and the cause of colour remain. If we 
a.ttempt to look through such a pioce of icc acrou tho direction of the 
ribboned structure, it looks opaque; but if we look parallel to ~lC 

veins, we percoive that semi~opa.qllO bands alternate with otht'ts of 
glassy purity; the former ~ppear greenish whito on a groat scalc,--the 
latter blue. If we examine them closely, either with the eye, or with 
a m~rrnjfying glass, we find, that the blue and glassy part is puro 
smooth ice, whilst the intermrdiatc portion is, not gr~nular or SIIOWY, 

as I myR('J(.at onc timE' ~upposcd, but simply frothy or full of air-bub­
bles of various forms, disseminated through the pure ice, and always 
arranged in parallel p1a.Uf'S, of more or less at> mdance, producing 
greater or less opacity. TlJCSC cavities do not appear to commuuicate, 
though we shall see reason to believe that they generally do 80. It is 
a gencra1 fact, that, as ice 108c!! the porfection of its crystallino struc­
ture, it passes from bluc, through green, to whito, which is always its 
colour when granulated. It is for this reason, that the transition from 
ice to snow, in the higher glacier regions, is mually through shades of 
green; bllt when even common snow has acquired a certain degree of 
imbibition by moisture, and is DO longer dry and powdery, but allows 
a pretty free pMsage to thfl light, it becomes distinctly blue, by trans­
mitted light, and of as great or greater intensity, than I have ever 
observed in 'pure ice-or water at the same thickness. I attribute it to 
the free admission of light, in consequence of moistur~ filling the 
ca.vities betwoon the snowy granules. I ha.ve clsewhore observed, 
that I consider that no fa.rther expla.nation of the blue colour is reqnired, 
or can be given, but that it is the colour proper to pure wa.ter, both in 
its soiie' and its liquid form. 

It hat1 been said, in a former chapter, as weH as in the paper which 
will be found in the Appendix, No. I., that the direction of the bands 
depends materially upon the configuration of the glacier. and the 
nature of its boundaries. In a long, canalwshaped glacier, like that of 
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the lower Aar, it was nearly parallel to ite length, and nyarly vertical, 
bui inclining upwards and outwarde where the ice Wa.<J supported by 
the lateral focks. On the glacier of the Rhone, on ihe other hand, 
whi('h ha,!! a lIut vp.ry elongated form, and which enlarges itself sud~ 
denly, these ba.nds described onl lines upon the surface of the ice, as 
we have already seen, and dipping inwards at angles more nearly per~ 
~ndicular, as the centre of the glacier was approached, might be com~ • pared to scctions of inverted cones, baving a ('ommon apex pointed 
downward8, but whose angles continually diminished towards the 
centro. Not, indeed, that the ovals wern complete all round 
the gla.cier, but they were complete, or nearly so, for two-thirds 
or tnreo-fourlhs of the circumfcronC'e, as shown in pa~e 29. Guided 
by what I saw at the glacier of the Rhone, J ascribed the apparen/, 
frontalstratificatim of the lower extremity of the glacier of the Aar to 

the same cause, namely, the twisting round of the planes of structure 
• which cropped out (to use a geological phrase) on the slope of the 
lower end of tho glaci€'r, with a continually diminishing dip, as the 
level of the ground was approached . 
. Evidently, then, the one of these structures was but the limiting 

CMe of the other; the canal-shaped glacier is but the oval glacier drawn 
out longitudinally, its lower or unsupported part invariably assuming 
the depressed conoidal structure. 

In the course of my numerous crossings and recrossings of the Mer 
de Glace, I observed a general confirmation of the disposition of the 
ie.> tQ a parallel8truHure, sometimes vertical, sometimes leaning against 
the 'walls of the glacier, a.nd often, where one aide of the gIa.eier was 
heaved up in its progress against somo opposing promontory, the whole 
etructure (preserving the genera.l trough~shaped section) a.ppeared. to 
lean over in one direction, as shown in the figure No. V., page] 66. At 
the same time, I found flO many anomalies, as to make me cautious of 
hazarding the assertion, that the trough-shaped structure was rigorous 
aDd general, and I d~termined. by patient obaer·vation, and laying 
down on a sketch the ~aring of the veins or bands, and their dip at a 
grO&t number of points, to obtain an empirica.l repr~s('ntation of the 

L 
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structure in <l,uestion, over as largo a portion !.If the surface as possible. 

The labour would havo been great, wiLhout somo tetter cluo tv guide 

80 extensive an enquiry; fortunately it bad h:udly commenced before 

I obtained on{:. 
On the evening of tho 24th of July. the day following my descent 

from the 001 du GCant, I walked up the hill of Uharmoz to a height of 

600 or 700 feet above the ¥ontanvcrt, or about 1000 feet above the 
level of tho glacier. Tho tints of sunset were cast in a glorious manner 

over the distant mountains, whilst tho glacier was thrown into compa­
rative shadow. This condition of half illumination is far more proper 
for distinguishing feeblo shades of ('olour on a very white surface like 
that of a glacier, than the broad day. Accordingly, whilst revolving in 

my mind, during this evening's stroll, tho singular problems of the icc· 
world, my eye was caught by n. very peculiar a.ppearanco of the surface 
of the icc, which I was certain that I now saw for th3 fir~t time. It 
consisted of asoriea of nea.rly hyperbolic brownish ba.nds on the glacier, 
tho curves pointing downwards, and the two branches mingling india· 

criminately with the moraines, presenting an appearance of a Buc~ession 

of waves some hundred feet apa-rt, and having, opposite to the Montan· 
vert, the I*culiar form which I havo attempted to show upon tho map, 

whore they are represented in the exact figuro and number in which 
they occur. They were ovidently distinguished from the general mas! 
of the glacier by discolouration of some kind. and indeod thcy had the 

appearance of being supernumerary moraines of a curvilinear fonn, 
detarhed from the principal mOl"'"ines, and uniting in the centre of the 

glacif r. Although this was my first idea, I was satisfied, from the 
general knowledge which I then had of the direction of tho "veined 
structure" of the ice, that these discoloured bands probably fol­
lowed that direction; and accordingly next day I carefully examined 

the surface of the ice, with the view of determining, if possible, their 
connecti~n and cause, being well S3,ti8fied that this new a.ppearance 
was one of great importance, although, from the two circumstances of 

being best seen at a distanre or considerable height, a.nd in. feeble or 
sl.nting light, it had very naturally been hitherto overlooked, both by 
mYflelf and othen.:. 
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I had oCten observed that some parts oC the ice were dirty, And 
ItI)IDe parts clean, but it waa not until I examined its surfaeo mi· 
nntoly on 25th July, that I discovered that the II dirt bands," as 1 
called them, had a definito position upon the glacier and a regular 
reeurrenee. I had no difficulty now, whilRt examining the ice when on 
its BUrftLOO, in dooiding whether I was standing upon one of the "dirt 
bands," or on the clean ice, although, from the inequalities of the sur­
face and local effects of light, it would havo been almost impossible to 
113ve traced out, step by step, the fonns of these discolourations. They 
are like what are calleJ "blind paths" ovor moors, visible at a dis­
tance, but lost when we stand upon them. 

The came of the discolouratioD was the next point; and my exami· 
nation satisfied me, that it was not, properly speaking, a diversion of 
the moraine, but that the particles of earth and sand, or disintegrated 
rock, which the winds and avalanches and water-runs spread over the 
entire breadth of the ice, found a ifxl.qement in thoso portions.of the 
gheier whero the ice was moat porous, and that consequently the u dirt 
bands" were merely indiC€8 oj a peculiarly porQUS ~eined struduf'e tra­
,,"sing tke mau of tke glad" in tue directions. A most pa.tient exami­
nation of the structure of the iee opposite to tho Montanvert, sa.tisfied 
me completely of the pn.rallelism of the ,. TcinAd structure" to the "dirt 
bands;" the fonner was the cause of the latter; and some laOJA genera.l 
cause, yet to be explainod, caused the alternation of the porous veins at 
certain intervals along the glacioI'. This, then, tended to clear up 3 

multitude of doubts respecting the real type of glacier structure in 
long or canal·shapffi glaciers. That jt was not merely trough-shaped 
was clear, but tho direction and dip of the veins near the centre of the 
glacier was generally too confused to give a r('OOy solution of its real 
structure. I now found that the veins appeared generaU!I pafallel to 

the moraines and aides of the glarier, only because the curves re­
presenting their rE"al forms had branches which merged into parallel. 
ism, and that tbOl'o really was a tendency in the direction of the veins 
on the two Bides of the gl~ier to converge to a point in the centre. 
But the most difficult point to decide was, What is the form assumed 
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by the veins. where they meet in the centre, at the vertex of the curve! 
After much attention , I found that the nonnal structup here (though 
often obscured or annihilated) turned round and formed a loop ElX· 

actlv as in the oval-shaped glacier already described, the direction of 
the "etructure being, for a short space. directly across the strata, and 
dipping inwards at a considerable angle, The ground-plan. transveree 
sootion, and longitudinal section, (at th(' centre of the gla('ier,) of such 
a structure would be the following :-

No. I. No,~. 

Opposite w the MontanvE'rt, the dip inwards at a a a (that is, 
towards the origin of the glacier) appeared to bo 45e, This is only 
~.... through a narrow space, and is often extremely 
~ confus('d, but, whenever the Fltructure appears 
~~~)~~ cieady, th;, ;,;\8 pOB;t;on. Th. ;c. ;, often con-

ff£~t1~ torted in the moat fantastic manner, like lim&-

~~-'-~ ~ stone strata in the Alps, or the veins of knotty 
7'VMt<d'lld"', wood. 

Of course, after the di800veryof these" dirt bands .... below the Mont­
anvert, it became an object to trace them throughout thA glacier, mark 
their variations, and compare them with the structure of the icE', so &8 

to a.8certain that they rigorously corresponded; lastly, to fix their 
.numbers, distances, and form. Although at mOAt times of the day J 
could distinguish their position aftfr once ascertaining their exis~nce. 
yet to see them wen, or to count them throughout any extent of the 
glacier, required an elevated position, &Ild a peculiar effect of tempered 
sunshine I)r moonlight. In broad daylight, without clouds, only the 
more ooD«pi -:uous ones could be seen; but it is not to be l"Upposed from 
this that there was anything illusory in their exiAtence or position. On 
the contrary, both were 80 perfectly definite, that I h"ve repfatedly 
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counted the ba.nds visib1e from station L, (on the Oharmoz, above the 
Montanvert,) all the wa.y between the ice precipice at the Chapeau to 
the promontory of Trelaporte, whicJl are exactly 18 in number as laid 
down in the map. The lower 10 bands (including 9 intervals) are 
contained between the right lines joining stations L and I, a.nd Land 
F, and the distances of thes(l lines are laid down on the map from 
actual survey. The mean intervals will be found by taking the dis­
tance along the axis of the glacier between the lines just mentioned, 
and dividing it by 9. That distance is 6400 feet, and consequently 
the average interval j r;; 711 (eet. But the intervals are not all alike; 
indeed, they differed sensibly to t be eye. The differeore, however, for 
this part ofthe glacier, is probably nut a tenth part ot toile mean for 
anyone interval. The distance between the v,:>rtices of the two dirt 
bands immediately opposite to station D was found trigonometrically 

to be 667 feet. • . ' / 
The ground plan of the ribboned l:f~' -

or veined structure gtnerally, and of .-...1. ot, .. 
••• 0..1 T&I~LI . D .......... 

those porous vems lJl particular coo- "', ... , , 
stituting the" dirt bands," ma.y be •• ' 

• 

• 

pretty corrcctly judged of from the 
map; but for a complete understand­
ing of the iltructure, and its modifica­
tions, the following remarks are essen­
tial, which will be · made pla. in by a 
reference to the following sections, 
taken from eye sketches made on the 
epot. and to the ground plan, which 
is here repeated, and which Bhows the 

b ' ~''''D' ~ .... ... .. 
lines of section. Thus, 

• b 

H d • 
fG 

FA 
Dil 

corresponds to section No. I. 
No. II. 
No. III. 
No. IV. 
No. V. 

D 
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1. Opposite to the Mont.allvert, and beyond Lei:! Echellets, the curved 

loops extend acrQU the entire glacier. They are single, and therefore 
cut the medial moraine, though at a very slight angle. The strllcture 
of the ice to the east of the medial moraine is nearly parallel to the 
length of the glacier. It is also nearly vertical; but the whole trough­
shaped structure, accommoda.ting itself to tho irregular form of the 
glacier. leans over towards tho Angle IU! if tilted up by the promontory 
of Lps Echellets, which if! really the caae, as shown in the scctions 

Nos. IV. and V. 
2. The position of tho vortices of the curv~ of structure incline!! 

towards the left bank of the glacier, as we approach the promontory 
of TrCla.porte; and about that portion of the glacier we begin to dis­
tinguish & separation in the structure of the two confluent glaciers, 
which do not appear to bo there fully consolidated. The Glacier du 

Geant has its own system of curves, and the GJacier de Lechaud its 
l!Iystem, 3S shown in the map. From about the position where the 
jUlocation of the moraines is marked on the maps t,lear the Moulins, 
up to the promontory of tho Tacul, tho great medial moraine of the 
two glaciers, marks, as it were, a common vertical wall, formed by the 
mutual pre8Bure of tho ico streams, and throughout aU that spaco the 
verticW. structore of the ice follows precisely the direction of the m~ 
rame. Oli. either aide it begins to incline into the trough of its own 
glacier, as shown in the sections Nos. III. and II. After the glaciers 
have thoroughly amalgamated, the structure of the more powerful 
glacier (du Geant) predominates, and absorbs the other. 
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3. Wit have seeD that the Frontal Dip, that is, the dip of the veined 
structure inwaro. throughout the very narrow space iD which its diNC­
tiOD is tranl'n8r8e to the glacier, or nea.r the centre of tho ice stream, is 

a.bout 45°. This dip certainly increases as we ascend, exactly as 1 
have shown, (see Appendix, No. 1.,) and shall show, (Chap. X.,) 
that it does in thoso glaciers where, the ice Lcing less confined, the 
frontal dip is a well marked angular phenomenon, as in tho Glacier of 
the Rhone, of La Brenva., and at the lower extremities of many other 
glaciers. Now, just above Trelaporte, on tIw Glacier du GCant, 
though the frontal dip is undistingui8hable, yet the curvature of the 
structural planes is perfectly elpar, and likewise thl> occurrence of the 
dirt bands, which aro hero more rounded. and not so excossively drawn 
out as at the Montanvert. But, jf we pursun tho Glacior du Geant 
higher up, as opposite K, tho tran8f1erse structure in tke centre of Ike 

glacier is perfectly distinct, and the frontal dip is 'l:ertical. This is an 
important fact, and conformable to what I have observed on the Glacier 
of the Rhone. 

4. The Glacier du Geant has a single or simple structure botWOOD 
'freJa.porto and the Tacul, and for some way higher up. The system of 
curveH, (ormed by tho structural planes intersecting the surface of tho 
ice, have their vertices near tho centro of t'ho glacier, and become parallel 
to its length near the banks. cutting the Moraine or La Noiret and 
stretching quite from side to side. But as wo advanco nigher up, alld 
approach the Aiguille de Ia Noire, which separates the great mass of the 
glacier from the small glacier descending from the range of Les P6ri­
ades, we perceive a tendency to a. double structure, as at the union of 
the Glaciers de Uchau.d aDd Gcant. (Soo Section No. 1.) I am unal*t 
to state the exact number of djrt bands between the foot of the ice 
CMCade opposite La. Noire and the corner of Tr€la.porte. Under a 
favourable light they may perfl'lltly well be counted, and I recollect 
doing 80 once, but the number was not noted, 88 I intended to make 
thl: obael'Vation more scrupulously another time, hut was prevented by 
the fall of snow in September. Indeed, it is for but a. very few weeks 
of the year that this part of the glacier is tolerably free of snow. My 
belief is. however. that thC!so bands are not only more uniformly curved, 
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(ae haa already been said.) but are cumpr8l86d, or more numerot18 in the 
same space. This a.ppeared to me to depend partly upon the smallness 
of the declivity of the glacier. 

5. If we follow the Glacier do Lechaud from the Moulim, we have, in 
the first instance, as has been said, the vertical stratification accompany­
ing the media.l moraine up to the Tacu1. Thon' are two medial mo­
raines on the Glacier de Lcchaud itself; one coming from the J adin 
and the other from the Aiguille do Lechaud. The ice between the 

latter and the Couverclc is tho ice of the Glacier du Ta.lefre; that be­
tween the same moraine and tho Tacul belongs to the Glacier de L~ 
chand, descending from the Grande Jorass6. Now, this moraine 
(de r Aiguille de Lcchaud) divides the soparate"structures belonging to 
these two, i~(' "treams, wbilst the structure of the ice df'rived from tho 
TaIefre c'uts the moraine of the Jardin at an angle, and forms only a. 
single system of curves. ]Joth of these systems dio out about the 
same time, after a complete union has been effected with the Glacier du 
Geant. I have not particuIa.rly n.oticcd the dirt bands on the glacier 
de Lt!"chaud, but I ha.ve carefully exa.minod its structural planes, and 
traced them quite up to thcir disappearance, which takes place a. little 
below station E, where the glacier is without any trace of structure. 
The structure commences a. little below the junction of the steep 
glacier, des~endillg from the foot of the Capucin du Taeul, and it is ma..­
nifestly augmented, and becomes general after the confluence of the 
Glacier un TaIefre. I have often observed (and believe it to he a gene­
ral rule, ) that tenere a glacier is contracted and jostled by its union wil.A 
others, if not violently creva.ssed, there tke l/1"ucture comes out best. The 
structure is rather elongated here, and not so transverse 88 in the. 
glacier du Gcant. 

6. The structure of the ice of the TaIefre, forming the north-eastern 
}YIrtion of the Glacier de Lcchaud, is remarkably well brought out, and. 
instrocti"2. At the Pierre Platte C, it' is beautifully shown; and here 
I first distillctly remarked, that the structure is not &lw""ys parallel to 
a medial moraine, as I had at one time supposed. It evidently cuts 
~he moraine of thc Jardin, as aIroady melltioned. This part of the 
~laeier is steep. and its surface convex. It has very much the char&C-
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ter of a glacier poured out into a vaHey, as it really is, being derived 
from the stupendous ice cascadc which falls from the basin of the 
Taiefl'e. The Corms of the veined structure are more rounded than in 

most other parts of tho Mer do Glace: I mean, that the superficial curves 
do 'not come to a. sharp point, but have more of a circular swoop, and a 
well-defined transverso course, and a frontal dip inwards of 63°. But 
one of the most interesting points connected with this ice stream is 

the Budden change of structure which it undergoes at the foot of the 
ice fall descending frum the l'alcfro. The structure of the ice through. 
out the fall is mOi'(' flifltinctly striated in a vertical direction, and 
parallel to the sides of the glacier, than I recollect to have observed in 
any glacier 80 violently crevassed <l.ntl dislocated. The meraines are 

faintly perceptible by dirty stripes during tho fall. But when the 
shattered icc is collected, and remoulded. upon reaching the foot of the 
precipi('o, by the pressuro of the Glacier de I~cchaud, a most remarkable 
and sudden change takes place. The ice, from fragmentary and fis· 
sored, becomes compact and swollen into a convex form, produced, no 

doubt, by the lateral pressuro to which it is now subjected, and which 
it struggles to overcome. lVitkin the space of a few kundred feet, eM 
trulutJers(J nructure become8 dtmelcped, tho former longitudinal structure 
at right angles havin~ disappeal'ed in the interval, and the wave~like 
forms of the structure swell out more and more as tho glacier is urged 
down the steep slope towards station 0, with the Pierre :Platte. The 
convexity uf this part of the gla<:ior will be perceived from section IV; 
and as t he glacier is swollen and. pressed onwards, the crevasses in 
this part radiate, as from a. centre, or in directions perpendicular to 
the lines of structur~ exactly as I have described in the Glacier of 
the Rhone. These facts, which I have verified in many ot.her glaciers, 
conclusively show, t.hat the 8truoture i8 ~loped during tke progrus of 
t.lut ice doumttarth--is subject to the variations which its momentary 
conditions of constra.int impre\s--and tha.t it has not the slightest re­
ference to the snow beds of the neve, or to any primitive conform .. 
tion whatever. 

7. When we trace the structuTII up to the icy baain of the Talefre, 
wo perceive the origin of the linear vertical structure of the ice which 
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acoompanies it in its fa.ll. The ice, ncar the moraines of thf' Jardin, 

is distinctly ribboned in a vertical direction parallel to those mora.ille8; 
and this structure, so far as I have been ab]~ to observe it at the ~ost 
favourable seasoD, when this glacier is tolerably free of snow, spreads 
itself upwardsl moulding it8elf by the {onne of the rocky basin which 
confines it, nearly a.s represcntOO in the map. The directions remind 
ono irresistibly of the lines of floating matter upon a. current of water 
COD verging towards a narrow outlet. The direction of the creV&8!!ca 
above the outlet, or icy cascade, is still perpendicular to the direction 

of the structure, and therefore their lines of fra('ture are contez upwa,.da. 

Higher up the Glacier du TalcfrE', as the structure of tho ice beoomes 
mote snowy, and less crystalline, the ribboned appf'arance' vanishes 

altogether at the surface, although it is probably continued at a greatcr 
dopth. 

Such a.re the facts which 1 have becn able to ohserve most carefully 
with respect to tJIC arrangemt'nt and distribution of this remarkable 

structure ovcr a'glacier of grf'at size, and variety of surface. It will 
be found to represent very well the normal type of all glaciers, as 
we shall afterwards havo occasion to illustrate by examples. In the 

meantime, 1 will say a few words respooting the accidents of crevasses, 

and theD endeavour to explain the views which the study of the Mer 
de Glace suggested with respect to the cause of tho voined appearance. 

Perhaps the most Ui:lual amI general rule for defining the direction 
of crevasses, wben n. glacier is not violently dislocated by moving over 

, excessively steep or irregular surfaocs, is, that they tend to a direction 
perpendicular to tho structure; since, however. a rent once determined 

is often prolonged, irrespective of the immediately producing cause, Buch 
crevasses may, throughout their lengtll: cut the structure at different 
angles, whi 'lh they often do. Soma of the crevasses of the Mer de 

Glace are probably 2000 feet long. I carefully examined a crevasse 

near tho Montanvert, extending frOID the medial moraine quite to the 
western side; and in the higher parts of glaciers, as towards the Col 
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du Geant., crevasses extend, by communication with one another, to 
far greater distances. 

It. hag been stated by BOffilt authors, that crevasses a.re generally in 
lines traIl.8verse 'thtl glacier, and convex downwa.rds;· but I doubt this 

being gencrally true. It is by ntl means 60 easy sA it appears, to ascer­

tain the general ground plan of a system of crevasses, for nothing is com­

moner, in viewing a glacier from 8. height, and seeing one system of ere­

V888es, than to lose sight altogether of another set which cross the former. 

This is the case opposite to the Montanvert, where there are two dis­

tinct systems of CI'eVa8St's, equally inclined to the axis of the g1.a.cier, 
and formmg an angle on its surfa.ce of 65° with one ;.nother, 80 that each 

set devi&tea 32io from a line transverse to tho glacier. In turning 

round the promonwry of TreIaporte, a series of fan-shaped crevasses 

Bucceed ono another, as already remarked. It is extremely curious 

to observe the hyperbolic "dirt bands " maintaining their position 
amongst tllliot confusion. Higher up, the crevasses become bansV"erae, 
and less numerom.. 

When the glacior makes a rather abrupt turn, as between the 

EchcllctB and the Angle, it appeared to me that the crevasses of the 

higher glacipr are stopped up by the pressure of tho icc where it i8 
reflected from the rock, and a new set npen, corresponding to the new 

direction of motion. It is this interference of a CUlfcnt. of water and 

its rejledion from a promontory, wbicll breah the surface of a l'ivE'tr 
into foam; and something of the stupe kind may be perroived, if I mis­

take not, bctween the Angle and the Montanvert. The old crevasses 

are sealed up. and new ones fonned, cutting them across, which pro­
duce the tumultuous looking hillocks in that part. of the ice. 

But etill more important are the circumstances attending the fOrDlA- ' 

tion and change of crevasses during different SO&90OS. Bey~nd the 

general admiS8ioD that creV&8ses result from a glacier being pushed 

• )I. Apillliz. boweveT, bu malntained the I'IOntnry opinioo, and 6tlppaM16 (in CO!IIe' 

queDct ot the cxreYUllefJ beiDg eonveJ,: ~ the origin of dIe glacier,) ihaf tho glacier 
movee .... ter at the &idea than in tho oentre. Such are the difference. of opinion upon wllat 

appeal' even b m08t Ibnple ~d t'Wmenta.rr points, in thilllUbJeet.-b'hldtl, p. 167. 
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wer a surface presenting great irregula.rities, which irregularities break 

the semi-rigid mass over them, little or nothing has bef'D agreed upon 
by a.uthors as to their origin. That crevasses fonn with a sudden nOlSO, 

and are at first mer$) cracks into which the blade of a knife would 
scarcely enter, is beyond a doubt. But the fact for which I was least 
prepared, but which my long residence on the Mer de Glace last sum­
mer convinced me of, is this, that these Cl"Ovasses, if not entirely renewed 
every year, are 80 at least in a great degree; tha.t they are formed 
during spring, summer, and autumn, by which time the face of t~c 
glacier is in some resped.!! entirely changed-much moro 80 indeed 
during a few months than it ever is from onu year to 8onother,-8o th&t 

a traveller may revisit a. glacier from year to year, and tbinl that h6 
recognises localities on the ire, he may map the fissuree and accidents, 
and seem to discover them afresh, but they are only the ghosts of his 
depa.rted fricnd'l,-forms, which unlike a wave which moves on whilst 
the substa.nce which moulds it is still, remain planted amidst mo­
tion, as if anchored in the icy cataract. This fact has fonnedy been 
insisted on, but what I wish now to make plain iR the certain fact that 
the crevasses are in a good measure formed afresh every season. 

,Vhen I traversed thl;! glacier in a great many directions in the end 
of June, Iliad ample means of judging of its sta.te from the obstacles 
which were opposed to a. passage over it; I hM also an opportunity of 
noticmg the width of the crevasses, their regularity, and the sharpness 
and verticality with wbich thpy generally terminated at the surface of 
the glacier. In July and August, during many ex.cursions in the 
sa.me di.oections, the change was most conspicuous, and especially in 

the higher parts of the glacier betwoon the stations G, B, and H, 
whetp the snow had only recently uncovered the ice at my first visit. 
There the crevasscs had increased to such a degree in number and 
breadth that the glacier seem~d unlike what it WaB, a.nd a ~paee which 
I had formerly considered as almost sufficiently even for measuring a. 
barte tinA np.m the ice, was now traversed by clefts. Even at the Mj)nt­
aDvert the CreVaBSe8 were visibly wider, and the whole texture of the 
i ~ more shaken. 

But it was in the month or Srptember that the change ". mci!lt per· 
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ceptible in the lower part of the glacier. I have already aUverted to 
the Joss of surface, .and to the general subsidence of the whole mass of 
the glacier. The several stations where I made my regular observa­
tions on the ice had of Poourse their topography and peculiarities firmly 
fixed on my memory, and there tile change of feature, within a. few 
weeks, was such as to render them scarcely recognisable. Great cavitiee 
or defts were entirely soldered up,--others had encroached an their 
l!Iolid partitions so as to unite with independent ones; precipices bad 
~ecome gentle inclined planes ;-the landma.rks of great stones were lost 
-they had tumblod into crevasses, or been so tnssed over as to seem 
no longer the same: but the general character at this season was a 
subduing of all the a.ngular rugged character of the ice in spring. The 
fissures, though wide, were many of them choked, their walls melted, 
and their edges defonned. The mid-day sun shilleR owng the glacier, 
hence, (the fissures running generally from cast to west,) tho southern 
wan of ice was shaded, tho northern exposed to the sun. Thus, it 
happened that ill the month of September the northern edges of the 

crevasses were nearly all degraded 
o in the manner represented oppol!Jite, 

/" • ~ I I/. ~ j and the eminences falling into the 
>. ''0 V;~0!~1'1 . .., hollows rendered the passage ofthe 

glacier much caAier tha.n it had 
been some weeks before. This occurred also in the higher parts :-a~ve 
TnHaporte I observed crevasses similarly deformed, and at the same time 
cloud, 80 that a. mere crack now stood in the place of the open cleft. 

It ma.y here be proper to say one word about a system of crevices, 
of small dimension, which appear to traverse the ice of glaciers, and 
about which much bas been said which is unimportant, and much 
has been supposed which is untrue. 

We have already observt)d that glacier ice is eminently fragile .­
hence the facility of making steps with a. ha.tchet, by which mea.ns 
&1000 many otherwise inaccessible summits are gained. This fragility 
depends upon the ice being traversed by an infinity of capillary fiS8Ul'eS 

-generally invisible-but which become dist.inctly seen near the walls 
and moraines of glac;ers, and wherever the ice is exposed to sudden 
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altematioDS of temperature, by being in conta ... t widJ rocks or stones. 
There the glacier consists of a congerie.!l of tightly wedged polyhedrons, 
of the most irregular figures, often three inches or more in length, and 
of which a bunch may be held connectedly together, until, by melting, 
they become disengaged, and fall asundor. Dut, whilst the pieces 
remain thus conneeted, the fissures impart to the mails a. certain rude 
flexibility within small limits, and they undoubtedly permit the freo 
infiltration of Burfa.ce water to grea.t depths in the icc. These ereviMR 
and tho granules which they separate, have been particularly described, 
and their existence insistf'd on by Scheuchz£>r, Hugi, De Charpentier, 
and Agassiz; and this has been described as tho peculia.r structure 
of the ice, while the veins of cleavage, or ribboned structure, remained 
unnoticed; it ls, however. entirely subordinate to, and supcrinduC(ld 
upon the latter, as I may later ha ... e occasion to show. Jts existence 
near moraines and fixed rocks is too obvious to be doubted; but I was 
for some time sceptical as to its pervading the glacier generally. When 
I had the pleasure of visiting the Glacier of the Aar with M. Agassiz 
in 1841, I communicated my doubts to him, and euggf'Rted making a 
hole in the most compact part of the icc, and putting into it a coloured 
liquid. which might inject the rrevices by which it is trnversed, and 
thus demonstrate their existence. .M. Agassiz was obliging enough to 

sacrifice two bottles of red wine to this enquiry, but the result was not 
entirely satisfactory to me, as, though tho wine certainly escaped, it 
left no traces of its passage. I therefore resolved to perform tbo expe­
riment more carefully in 1842, and took with me several portable co­
louring ma.tters. To these, by the advice of M. Regnault, of Paris, J 
added some cakes of lithographic ink, which not being soluble. but only 
susJ>fnded in wa.ter, might, he ingeniously suggested, adhere to the 
capillary fissures, and indicate thC'm more plainly. Holes about a foot 
21uare were made, to a small depth, in the most compact part of the 
ice, near t~ Montanvert, in the evening. when the superficial wet was 
least, and the black- and red dyes, very concentrated, were poured into 

• The black was poured in in thlt moming, !lOme hours oorol"(' the final examina. 
tion. 
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them, to the extent of some pints. I will state the result obtained 
the next forenoon in the wordi in which I noted it at the time :_ 

H Witll an axe I carefully cut the ice round the cup of ice in which 

the madder infusion had been put last evening, and also round another 

similar one, in which dissolved [diffused] lithographic ink had been 

placed this morning. Though much colouring ma.tter yet remained in 
each, much W:lS effectually and visibly infiltrdted into t.he ice beneath 

and liround; tl10 smaH solid colour-particles being visibly confined in 
• 

the air cavities from which no visible capillary fissures extended, and 

[from which] they ('ould not be removed by ordinary wa.ahing. This 

ice is seemingly compact; it does not exhibit obviouR traces of capiIJary 
fissures, and mere immersion in a coloured fluid produces no true infil­

tration-the adhering colour may be imml::diately washed oft'; whilst, 

where the ice is exposed to the air, it is fissured into the grains so often 
mentioned, and which may be immediately infiltrated with wine, ink, or 

any fluid. But this experiment shows that these do ex.ist, and unite 

the air-eells, or many of them, though unperceived; even tho undis­

sol ved fibres of madder and grains of lamp-black, had penetrated to con­

siderablo distances." 

I th(\tefore freely admit-what I fonnerly doubted-that a. glacier in 
summer is pen(ltratoo. to a grl .. ~t dept.h by water, which saturates all ita 
pores. I am equally satisfied that during SUffiJJlSr t,hia water never 

freezes, and in winter only partially, Hence a glacier is not a m.ass of 
solid ioo, but a compound of ice and water, more or IMS yielding, ac.­
cording to its state of wetness or infiltration. 

It is now time to consider how these facts ma.y be combined with 

those of the observed velocity of the glacier in different parts, in order 

to account for its veined structure. 

ExaCtly a fortnight after observing the hyperbolic dirt bands oppo­
site the Montanvort, I walked on the 7th August to the same spot, a.nd 

I then obtained an iusight into the cause of the phenomenon and of 

glacier motion generally, which I have no doubt ie in substance the 

true one, The fOnDS or the.ElUperficial curves before me recalled almost 
involuntarily the idea gf .fluid motioo ;-they resembled perfectly the 

lines into which the froth or scum on the surface of & viscous fluid would 

form themselves if that fltrid were propelled along a.n inclined trough or 
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basin. The cause of snch a fonn is evidently the grea.t.er rapidity of the 

centre than of the sides, a rapidity which,jn the r.ase of a viscolls fluiu, ia 
occasioned by the less adhesion hetween jts particles than between the 

fluid and the vessel in which it is containod; and in any fluid a similar 
effect would ar180 from the friction of the banks or sides. Then the r&­

Section naturally o('currcd-it is not only probable that sueh would be 
the motion of a semi-fluid or pasty mass placed in the conditions of ~he 
glacier, but it is CN'tain, from my own experiments .. already detail>3d, 
that the actual motion i8 such as we have Rupposed it might be; it 
doe. move laster in the centre than at the sides; it is no hypothesis to 
say tbat the gla.cier moves as a viscous or pasty mass wouM move­
we know that opposite the Monta-nvert the motion of the it:le at 
the centre of the glacier is two-fifths greater than at even a very 
sensible distance from the bank. A glacier rnny, therefore, really 
be in its structure and formation, like what I bad compared .it to 
in 1841._" A pailful of thickish mortar" poured out,· and the , 
wrinkles on the suM.'l.ce of the one and of the other may have more 

than 8. vague analogy. Rut I carried my theory much farther. I con~ 
sidered that a semi-rigid mass, like a glacier, which has no preten­
sion to be called a fluid in the common sense of the word, if it do not, (as 
it rertainly does not,) move in all its parts parallel to itself, there must be 
a lolutiqn of continuity between the adjacent particles of ice to enable the 
middle to move faster than the sides. Imagine the surface of a glacier 
to be di,"ided into a number of stripes parallel to its l~ngth, and adjoin­
ing but not cohering. If it b(l ascertained that each stripe nearer the 
centre moves faster than ita neighbour nearer the side, the stripes will 
move past one another parallel to their length, the central Rtripes gain­
ing upon the lateral ones. If we attempt to give such a varying mo­
tion to the parts of a flat stiff body, as a long sheet of paper, we cannot 
effect it without tearing the paper by rents parallel to its length, Or the 
directioll of movement. Now, such must be the case with a. m8S! of ice 
which does l'ot move with a unifonn velocity in its transveJ1!C section, but 
where every line of particles has the velocity proper to its position in 
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the ice stream. The ice will, therefore, be rent by innumerable fissures, 
whose general direction will be parallel to its motion, and these fis,:;ures 
becoming filloo with water and nltimately froz(,1l eluring winter, will 
produco the appearance of bands traversing the general mass of the ice 
having a different texture. 

It appeared to me not improbable that the rpcurrenee of beds of 
more or less porous structure, to which we have seen that the pheno­

menon of " dirt .bands" is due, might depend ill some way upon the 
season of their first consolidation in the higher glacier, and that this 
character being preservcd, with some modification, throughout their 
future course, would callSO t.1l1' recurren('c of thesu porous bands at 
annual mtf'rvals, so that they may rcpresent the "annual rings" of 
growth of a glacier, and tho intorvals between them its annual pro~ 

gress at any point. It is certain, that if their original formation in 
the higher glacier could be satisfactorily accounted for, the very elon~ 
ga.ted Conn oC the curves towards its lower end w~uld be exactly such 
as the difference of velocity in the central and lateral parts of the gla.­
cier would produce; and the gcntle curvature of the planes of struc­
ture in the higher parts of the glacier confinns such a view. It must 
be owned, however, that there are several difficulties which require to 
be removed as to tho rc{'urrence of th cee porous beds; and especially 
it must not be forgotten that we Imve already shown in this chapter 
that the structure is not in any connection with the stratifica.tion of 

the neve. 
But the theory of the cause of the ribboned structure goes much 

farthor. We havo hitherto spoken only of the infl~ncc of the sides 
of a canal upon fluid or viscous motion, but tho bottom has also its in­

fluence. It cannot, I think, be doubted, after what has been stated, 
that the motion of the ip.6 is more rapid at the surface thau at the 
bottom, for the very same reaRl-n, that it is more rapid in the centre 
than at the sido. The friction of the bottom must retard it ~ and, be 
it remembered, that the less pla.'Jtic the matter, the farther from the 
sides or bottom will the influcnce of friction extend. In a. limpid 
fluid the friction of the containing vessel will extend but a little way; in 
the case of a solid body sliding down ita bed, the friction affects eqnally 

M 
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the motion of the whole mass; in a viscid ()r plastic mass, it is par­
tially tra.n!mitted throughout. This fact is well kl?-0wn to all writers 
upon hydraulics who ha.ve attempted to Msign the proportion ..... hich 
the superficial \Oclocity bears to tha.t at tho bottom of a running 8tr~am. 
and the difference is greator in proportion as the stream is shallower.' 

1n consequence of this it is concei'Mble that a glacier might remain 
permanently frozen to its bcd, and yet move on; that is, the strata 
might move over ono another, and the highest most rapidly. I am fal~ 
from saying that this is actually the case; for I believtl that in most 
cases the glacier is detached from its bed hy tho natural wa.rmth of 
the earth ;-yet, where the friction is so enormous, as wheh ice rubs 
over a channel of rough rock,-and when, what is far more important 
and unanswerablli', a gla.~icr, accumulating in an icy basin, flows out by 
a narrower aperture from that by which it rntered, motion, as a. solid 
body, is out nf tho question-it can only move by its parts yielding 
-in other words, it is plastic. I therefore undclstand, that in every 
ca.~e whel"t' the friction of the icy particles against one another is on 
any account less than th!· friction of the ice againp,t the rocky walls, 
then tht' ice will move fastest a.t its centre, and the motion of the 
centro due to gravity will draw after it the lateral and more sluggish 
parls-which justifies M. EHe de Beaumont's acute observation, that 
a glacier does not so much resemble a body tlJrust or pushed forward, 
as one dragged down and pulled. 

It may appear that the explanation now hastily given of tho varying 
rau- of motion of the different portions of the ice, diminishing from the 
centre to the side and from the surface to the bottom, could only pro­
duce a sories of trough-shaped fissures, of which the scction should 
everywhere resemble fig. 2 of page 164, but that the circumstance 
of the frontal dip shown in fig. 3 would be wholly wanting. A close 
attention to mechanical principles will, however, show that this is .not 
the case, and that tho forms will be such as has been already explained. 
Not to prdong an already tedious chapter, we will, however, postpono 
this general consideratioll to tho recapitulation of the theory with 
which it is proposed to clo.!le this volume, when Wf' sha.ll a.lso ha.ve an 
opportunity of supporting it by experimental analogies. 
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CHAPTER IX. 

THE TOUR, UF MONT IlLANC-CHAMOUNI TO 
COURMA YEUR. 

OLACIRR DRS ROSSON9-I'rS CIIlBF I'RENOMENA-ROUTR '1'0 TilE MO:i1'AN­

VF.,VT-GJ,A(;IJo:lt 11£ 'rAC(;oNAY-ROCIIE8 MON'l'ONNEF..H AT PONT l'I<:LISSIER 

-BATHS OF BT. mmV,US---ORIGIN OF TilE UI.QCKS 01' TilE VAl. MONTJOIE 

-NANTuoun4NT-COL no lIONllO.'tI'l\fJ::-COL DE LA SEIGl'I'E-ALLRE 

IlLANCHE---CQURMA Y RUR. 

\VHAT is called the TO'Ur or. circuit of Mont mane, is an easy jour­
ney round its hage, heginning and ending at Chamouni. It is fami­
liarly described iu many works, and well dp1'!crves all tho praise which 
can be bestowed upon the admirable and varied scenery through which 
it leads us. 'fa those who look at matters mot(} dosely, it offers great 
Mlterest, because it gives an opportunity of examining in succession 
every one of the valleys and ravines which take their origin in the 
('bain of Mont lUanc, and which are usually in part or entirely filled 
with glaciers. I allaH suppose the traveller starting from Cha.mouni 
so as to cross Mont Blanc at its western shoulder called the Col du 
Bonhomme, where he comas amongst valleys which pour their streams 
into the !sere, and thence to thE:. Rhone; turning next to the eastward, 
and crossing the Col de 13 Seigne, he enters the Allee Blanche, a valley 
of singular grandeur on the southern side of Mont Blanc, and parallel 
to that of Chaml)uni. Here the river Doire (Dora Baltea) takes its 
origin, which, joining the Po bolow Ivrea, goos to swell the waters of 
the Adriatic. Courmayour, a Piedmontese watering place, is situated 
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on the Doire, immediately behind the chain of Mont lll:mc. The Illa p. 
facing page I, contains the routo which we a.re now con~idering. 

The first object of importance aft~r leaving Chamouni is the Gla.cier 
des Bossons,- (thepatoi, of Buissons, as it is speIt by De Saussure,) 
of which the exquisite purity is known to all travellers. I shaH not 
stop to describe the phenomena of its Aiguillea of ice, and its greenish 
blue crevasses, so familiarly known, but I will point out shortly 
what seems most worthy of remark, especially in connection with tl,t' 
theory of glaciers. 

1. The Glacier of Bossons belongs to what may be called (!Ice page 30) 

tho intermediate kind of glacier, that which, taking its origin at a great 
elevat.ion, pours itself down in a confused mass into a valley at a low 
level, where it spreads itself out as far as thp. principle of the equality 
of waste and supply (page] 9) will permit. This glacier has brought 
down beside and benea.th !t a grea.t mass of dl'bris of th!· rocks of 
Mont Blanc, (including serpentilles of doubtful origin, but most likoly 
from tho foot of the Aiguille du Midi ,) and these have fonned a. steep 
embankment, projoct.ing into tho valley, upon whose top the glacier 
rests. This gives to it a very remarkable appearance, especially as seen 
from Les Ouches, farther down the van;y, where the fir woods conceal 
the origin of the glacier, and the lower part, thrust forward as it wert' 
from out of tho sido of the hill, stands forth like an island of crystal in 
the bottom of the valley. This part of the glacier is very nearly 6at, 
and. it HI there eaaily crossed. Quite at its termination it falls over 
t.he slope of its moraine, and fonllH doop chasms and lofty pinnacles. 

2. The Glacier of Bossons, like most of those in the same neigh­
bourhood, attained, in 1820, its greatest extent in recent times, 
when the moraines advanced over cultivated fields, very near to the 
Hameau des Bostlons. The traces of this progress are very visible. 
One enormous block has rolled out from amongst its neighbours on the 
eastern aid" of the glacier, and has mowed down a. path for itself, 

.. &fore cr'I'If!8ing from the rigllt to the lef't bank or thll Af'\'I!, &OIlle fine springs are 

p&Med au the root of the Dre\-en: th<,y are ClInl'oJ Elfuz ti, Gllilland. The temperature on 
the 27th Allgu~t 1832 W~ 44°fi FlIobrenhcit. 
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through the wood, on that side, and there it lie~ on a slope sUI'rounded 
hy trees, exactly like the morainos of the Chaumont, or of Manthey, 
(Chap. m.) 

3. The glacier of BossonA has no medial moraino. It descends (as 
De Saussuro has remarked) in an ullbr()ken ('ontinuity of ice from the 
very summit of Mont Blanc. Its great feeder is the Grand Plateau, 
a.nd almost the only rocks which break its passage are the Grandi 
Mulets, the first stage on the ascent of Mont Blanc. The detritus of 
these is, however, too inconsiderable to afford any medial moraine, 
especially as the glacier is one of the mo~t precipitous, for i~ extent, 
in the Alps. 

4. The structure of this glacier is generally homogeneous, and almost 
snowy, or at least opaque white, with little green or blue tinge, except 
ncar its edges, where it is most ·icy. The 'l:tlins, or bands, are distinct 
near the sides, and faB towards the centre in the usual manncr. They 
are not formed in this glacier by a simple alterna.tiun of parallel layers, 
but tho icy bands have all the appearance of posterior infiltration, occa­
sioned by fissures thinning off both ways, and filled with frozen wa.ter. 
The icy cascade above seems to have little or DO structure. The structure 
is gradually developer! as the glacier consolidates and moves more hori-· 
zontaHy, but it is never perfect, owing i~pparf'lltly to the shortness of its 
course, and its great breadth compared to its length. Thn tendency, 
however, is evidently towa.rds the usual type of such glaciers, the 
structural veins bending round in a loop, as seen on the surface, and 
with a frontal dip diminishing as the glacier approaches its: termina­
tion, where the hands arc more distinct, and indeed well defined, in­
clining altogether forwards and parallel to tho soil on which the ice 

rests. 
5. Tbe paucity of moraines, and the very slightly developed struc­

ture nea.r the centre of the ice, occasion the t'xtraordinary purity of 
the Glacier des Bossons, in whIch it bas a remarkable analogy 
with that yf Rosenlaui\ in the canton of llerne~ which has a some­
what similar course. We han socn that it is the veined struc­
tare which intercepts- and retains the sand of the moraines. Now~ 
in the ca.se before us, where the glacier is in contact with the lateral 
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morain~8! we perceive fragments of E1tone and ~arthy matters inter­
mixed with the ice to a. considerable thickness, and evidently fol­
lowing tho direction of its cleavage. These are, no !foubt, the 
earthy beds of which Do Charpentier speaks, - and which he distin­
guishes from true stratification, but of which, nevertheless, he gives 
a very unsatisfactory account, supposing that they arise from debris 
which had fallen into crevasses, and which had afterwards become pa,. 
raHel to the sides of the glacier, or its line of contact with the moraine, 
by some process which he docs not explain. The real explana.tion, 
upon the theory of these veins which I have given in tho last Chapter, 
a.ppears to be, that they are due to the fissures developed near th<1 
edge of the glacier, where its friction is greatest, and the velocity 
of its layers most unequal, and, owing to t.his inequality, the faster 
moving parts of the ice dr:t.g along with them .!lome of the particles 
of th£' moraine with which they }lave become soiled. In these parts, 
the icy structure is perfect, owing to the complete thaw whiC'h the near 
contact of the warm ground produces, for the lower level of the glacier 
of Bossons is unusually deep in the valley, not probahly more than 
3300 feet above the sea, or at least 5000 fed below perpetual snow. 

6. The Glacier of Dossons, then, by showing the exact manner in 
which an almo!!t homogeneous mass of opaque white ice begins to ha.ve 
a structure developed 10,000 feet below its origin, by the fonnation of 
fissurel:! into which water being infiltrated aBstlmes tho appearance of 
bluish veins, which finally present tho usual forms of glacier structure, 
is highly iHustrative of the views formerly explained. I must add, 
t hat the peculiar phenomena of dirt bands on a great scale described in 
page 162 arc not here wanting. although from the dazzling whiteness of 
the ice they may very easily be overlooked. They aro best Been in 
cloudy weather, when two or three of great breadth may be easily seml 

tnversing the lower end or ,ru)tlt of the glacier where it dif's away in 
the valley. . 

The Glacier of BosBOns is hOllndf'd on the ('Mt by a steep grassy hill . 

• &!lHi, I'. ; 5. 
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which riaes to the foot of the Aigllillc du Midi, where it is surmounted 
by the Glacier des pelerins. A very interesting and by no means dan­
gerous excuI'fIion may be made in this direction from the Glacier des Bos­
sons to iho Montanvert, OT the reverse. Above the Chalet of Para. (on 
the slope just mentioned, and the last habitation paBsed on the ascent of 
Mont Blanc,) is a grassy height which may be from 7000 to 8000 feet 
above the sea, and whence a most interesting view is obtained of the 
highest pa.rt of the Glacier des ROBflons, the Grands Mulets rocks, the 
Grand Plateau, and, indeed, the whole course of the route t9 the sum­
mit of Mont Blanc. From theD('e the Glacier de-s P{>lerins is crossed 

.. (where De Saussure met with one of the uarrowest e(;~apes of his life, e) 
to the Sommite des Croix, another grciln hill-top which olfers a magni­
ficent view; and continuing nearly on the same level, avoiding or 
crossing with precaution the glaciers of Blaitierc and Gr~pon, the ridge 
of tho Channoz is gained, along which the dC8('ent upon thE' Montanvert 

is easy. 
The western side of the Glacier des llossons is bounded by the Mon­

tagne de la (Jote, a very narrow and steep ridge of rock, covered, how­
ever, by many pines, which separates the glacier just named from that 
of 'l'acconay, whif'b descends immediately to the westward, and has a 
common origin with it amidst the snflWS of Mont Blanc. Naturally 
enough the earlier attempU! to ascend Mont Blanc w!'re made by the 
Montagne de la Cote, but it has been found on tIle whole easier to tra­
verse the glacier. It was by the Montagne de 130 Cote that De Saus­
sure ascended, n.nd he slept on the summit the first night. The Glacier 
of Tacconay iq remarkablo from this circumstance, that it appears to 

have diminished. JlotabI:r in modem times, whilst that of Dossons has 
either i.ncreased ()r perhaps rema.inf'd stlJ.tionary. The modern glacier 
of Tacconay has but sIJlall moraines, whilst the ground below, and in­
deed the whole neighbouring Il'I.llcy in the direction of Les Ouches, is 
strewed with immense fragments of the granite of Mont ·DIanc, which it 
seems impossible to doubt ha.ving been transported by this glacier when it 

• VO~" § 67.5. 
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formerly attained a grea.ter bulk, and crossing the Arve, deposited these 

. blocks on it,s farther balik, where the river take!! a BuddeD turn to enter 

the valley of Servo.", Limestone occurs on both sides of the Arve, in the 
neighbourhood of Les Ouches, and is connected with the great.secord~ 
ary ch:l.in to the nl)rth of the Braven. Farther down, however, it is 
succeeded by a nondescript quarto:.:e rock, forming the ridge between 
Servoz and St. Gervais. Between L('s Ouches and Pont Pclislji.~r, 

this rock is furrowed and polished in the most characteristic manner of 
the glacier action of the Alps, in a. direction parallel to the length of 
the valley, and which it is impossible for one moment to doubt being due 
to the abrasion of some heavy superincumbent rubbing body. Thcf;e 
forms may be compa.red to those produced in ductile plaster by the 
wooden mould with whi<'h the workm a.n finishes a corni.ce . They 
extend t·o some height on the westrrn .~lope where I fil'st noticed them 
in descending from the Col du Forclaz. The whole of thi. tI part of the 
valley scarcely contains one angular fixed rock-a,ll are smoothed and 
polished. Near Pont P elis!:Ii£'r, and on tht: western !:Ii.de of the Arve, 
arc several hilloc.ks presenting precisely the phenomena. of 1'oche8 montMv-: 

nees, and that their forms are due t.o glacier action, is rendered the more 
probahle from the occurrence of blocks amongst them, one of which, of 
immense size and angular shape, secms poised on tho very top of 
one of these bce-hive-like summits; such phenomena ha l'c been called 
by De Charpentier OWe.1 perc/kll, alJd it is impossible to see a hotter 
example than the one I have just mentioned. It is truly surprising 
that in the minute mineralogical doscription which De Saussure gives 
(If this route * he makes no allusion to these phenomena. This is one­
example amongst many how obvious facts may escape the most expe­
rienc~d and assiduous observer, for De Saussure must have passed 
through this valley dozens, if not hundreds of times. 

Some miles below Scrvoz, the valley of the Arve is joined by the 
Vall6e de Montjoie on the left, trans versed by the rapid and cheer­
ful stream of the Bon Nant, which forms a. remarkably pretty and 

-- --~.-.------------

• VUYlIfII'l, Will i., ellaI'. U. 
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well-known cascade immediately behind the Baths of St. (lervais. 
l'JICse batlls a~e situated in a deep and picturesque ravine, a little be­

low the village of tile same na.me, whose gay and neat a.ppea.rance at a. 
dista.nce, with its fantastic apire, decorated, like most of the churches 
of the province of Faucigny, with burnished tin plate, gives a spark­

ling character to the landscape. The mineral springs of St. Gervais 
issue from alluvium, through the floor of a subterranean gallery. 
The tlJree hottest vary in temperature·from 1040 to 1060 Fahrenheit. 
They contain iron and sulphnr. Like most therma.l springs, they 
issue near the union of different rocks. Thc valley on one side 
being composed of slate, quartz rock, and conglomerate and on the other 
of limes'Ane, limestone shale, and duck bens of gypsum from which 
copious springs rise, with a temperature of [)p, at no great distance 
from tho others. Several rxcursiOIlS of interest may be made from St. 
Gervais, which we will not stop to particularize; the Vl{'WS arc very 

striking. althnngh tho higher Alps a.rc concealed; but the limestone 
ra.nge of the Aiguillc do Varens which rises above St. Martin, is 8in­

gubrly picturesque in its outline and detail. What interested me 
most, however, in my last visit to St. Gervais, was the discovery of 
what I cannot doubt to be numerous and extensive Moraines in its 
neighbourhood, although the nearest modcl'Jl gb.(',ier is some hours' wa.lk 

distant. 
It is to be observed, in tho first place, that the valley is cllOked, as it 

were, in its lowcr pa.rt, by a mass of debris, through which the river has 
worked its way brlow tho village of St. Gervais. The rock, where it ap­
p8ars, is usually ela.ty limestone, but the surface of the soil is every here 
and there strewed with block!! of granite, some of them insulated and 
of grea.t size, at other times accumulated in ridge-like mounds along 
the face of the slopes, exactly like morai~cs. Amongst the woods 
on the western side of the val!t"y, not far from the baths, I found 
blocks of from thirty to forty feet in length, composed of well charac­
terized. protogine or granite of the cha.in of Mont Blanc. An exten­
sive and well marked moraine stretches a.long the face of the hill 
in tho direction of Sa.llcnches, and on the slope fronting the vaney of 
the Arve, where it is almost inconceivable that a. torrent could have 
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been embayed, so as to deposit its blocks, supposing it coul~ have 
moved such immense ones. Tiley lie high above the open plaID, and 
in,. regular ridge, exactly like th~t figured ~n pa~e 17. from the Mer 
d6 Glace of Challlouni. The ridge .lust mentIOned 18 partly gmssy, and 
partly covered '" ith small trCf~, but the:c is ample evidence of its com-
position being similar to that of Ii morame. . . 

TIJ(' most direct route from Chamouui to St. Gerv&lS IS not by Ser­
vo;>;, ['"t across tile Col do 130 Fordaz, wJIi('h ri~es immedi~t('ly aho\'c the 
village of St. Gervai '!J. }<'or a great height on this llath, angular granitt' 
blocks are strewed about. 

TJlO Col de In. !<'orclaz is a gorge, and therefore offers no view from 
the Rummit. The Col de Bellevue 01' Col do V 0;:30, which crosses the 
chain of Mont Lacha, somf'what higher up, and communicates bctwe('n 
the village of Les Ouches, in the vallf'y of Chamcuni, and tbt of 
Bionnay in the Val Montjoic, which commands tho prospect of Cha~ 
mount and Mont Blanc, is, therefore, deservedly more frequented. 
It also gives an opportumtyof io!>pectiog the Gla<-if't of Bionassay, 
which descends in a north~western dire('tion from ncar the summit of 
Mont Blanc, and approaches ncar the Chalets of the same name. The 
Pavil10n de Bellevue Oll the Col is nearly 7000 fpet above the sea, - and 
yet erratIc blocks are strewed all around. Not only is it inconceivable 
that a torrent should have passed over a. hill like this, fit to carry great 
block!! of granite, but the erratiC8 of tke Col mix inscmribly with tue modem 

moraine of tke GUuaet' of BiO'Pauay beneath, 80 that it is imp088ibk to 

.,y where the erratic p~on end8, and where tke glacial pkenomerum 
bogim. This is an argument very striking on the spot, in favour of tile 
glacial theory of erratics, and these very blocks of protogine may hf> 
traced, 1 beheve, without any intermiseion, down to the Baths of St. 
Gervais, and perhap'l to Sallenches. There are three, if not four, distint't 
glMiers which occupy the higher parts of valleys communicating with that 
of MontjOle: Bionaasay, (a,lreadymentioned,) Miage, (to be distinguished 
from that of the sarno name in the Allee Blanche,) and Trelatete, 
which descends opposite to the Chalets of Nantbourant. All of these 

• 6939 EngJtsh (eel. See LJeeandollc, H ypwml!rv. 
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transport numeroul!I primitive blocks, and sometimes deposit them upon 

inl!lul.ted summits noaf tho opening'" of the respective valleys. From 
Contaminee (where there is an indifferent inn) to Notre Dame de la 

Gorge, (a chapel and mission-house, wiilwut & village,) the scenery is 

cheerful and pretty. There the defile narrows, and the steep rocks of 
gneiss on either hand, between wllich the stream struggles, are pic­
turesquely clothed with larch and pines; and here, as is almost 

universal in valleys ('ontaining erratics, the surface of the rock is worn, 
rounded, and cut bv long smooth furrows, which rCl:lcmhle those pro­
duced, by gla.ciers. 'l'h(> torrent is pas ... cd by no bridge immedia.tely 

above a fine waterfall, alld we find ourselves in all upland pastoral 
country, but still pleas ingly divc~; fied by wood. A main branch of 
the Bon Nant descends a na.rrow rough gorge from the Glacier of 

Trelatete. We are now at Nantbourant, where travellers, making 
the tl)ur of Mont Blanc, usually pass the night. 

Nantbuurant. is about seven hours' walk from Chaumoni. The Col 
du Bonhomme is between two and three hours fa.rther. The wa.y lies 

chiefly OV(,f upland pastures, not unmixed with good trees; but the 
higher part is bare rock, with patches of snow. The upper portion of the 
valley is compol:lcd of se<'ondary limestone, containing Belemnitcs, and 
presents no granite blocks. But though Lho littlo plain of Les Barmes 
is covered with vast calcareous fragments fallen from tho cliffs above, 
these do not extend (so far as I have observed) iuto the valley beneath; 
and the numerous primitive blocks already mentioned cease entirely 
above Nantbourant, that is, they commence with the Glacier of Trela­
~te.; thus showing, that tIle transporting cause of these erratine had 
ita origin, not In the natural prolongation of the valley, (at the Col du 
Bonhomme,) but in the highest tributary which contains a glacier. 

The pa.9sage of the Bonhomme is one of the most dreary in the 
Alps:; and in bad weather it j., dreaded by the g-uides. The strong 
weat wind !tpends itaelf upon this great outlier of the chain of Mont 
Blane, and raioses the snow into femul eddies, called tourmentei in 
the French, and gu:cm in the German Alps, which are justly feMed 
by those who have been exposed to them. Here two English tra.vel­
lers lost their lives BOrne years since. Tht>ir last entry is still to he 
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found in th(l traveller's book a.t No.ntbourant. I have ero!080d tho 

Col du Bonbommo three times, and 011 one of these oecasiol18, 
having merely a portf'r )\;th me, who did not know th~ way, we gIlt 

be~;ldered in fog amongst the l'O('ks, from which wo werc only extri­
taW b~r lily referring' to the map alUt (,OIllPMS, instea.d of following the 
directions of Iny cotnp..'l.OiOll. 'Vhen the summit is gained, a wido 
,"if'w is StlCD {lver the l':llll'ys of the T.1rcntaisl'; and the tnH'eUer D:lturn! i'y 

thinks of descending immediately by a path right beforo lIim. Let him, 
bowcver, beware of this, for it will lead him into the valley of 1Ico.lI{ort, 

which is most likely not his intended route. If going to CourmayeuT, 
he (oHows an ill tmeed path on his left, oyer hlaC'k shale. (or snow durin~ 

.part of tht' sesson,) which ('onducts him nearly on a level, after a quarter 
of an hour's walk, to a point somewhat higher than the IMt, which is called 

La Croix du Uonholllme, auel which, on my last. journe.v, I found to h<' 
8195 f{'et abov{' the sea. The view from thence is ~triking, although 
)font Blanc is conccalrd. The mount:lius 1)( the Upper Ist're, stretch­

ing away towards the' ~font Cl'lliil, arc fully in view; and conspicuous 
amongst these is the Aiguilh.' de In ,Talloi:!!.', a snow-clad pyramidal 

summit between Montier flnd J.an!'l-lc-Ilourg, and which is undeniahly 
onf! of th€' most elegant mOllnta.ins in tin' Alps. 

ImmMiately be(llre the slwdator is the vm)' deep valley ()f Donne­
val, \\hich takes it..~ ri~(' at thr foot of thn Col de la Soigne, and which, 

turninr; sharply at thn Chal f't..~ tif Chapin, (whose position ma,Y bo seen 
at an immense depth hf·low,) forms a. very wild and uninhabited gorge, 

extending nearly to Bourg St. Maurice, in the valley of the IsCI'C. 
By this route the t.rayrllcr reaches the pass of the little St. Bernard, 

whith he may tra'\"erse to the Val d' Aoste. If, on the other hand, ho 
wish to reach Counnayeur diIX'Ctly, he may eitller descend from the 

Croix dn Bonhomme to Chapiu, and ascend to the Hameau dn Glacier 
at the hear! of the valley, or lie may croa~ the Vol des Fours, which 

coDdnct8 him by a shorter, but roug11er road; or, finally, be may 

eeramble along the rocks by an intennediate path, without descending 

IJ(j low as Chapin. The passage of the Col des Fou", is etm more 

savage than that of the Bonhomme, and it is considerably higher. I 

shaH loug remember an hour spent llcre in magnetic and ba.rometric 
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observations, in August 1832, amongst Pf"rpetual snow, and expoaod to 

a biting wind. ] t iK about 8.50 feet higher than the Col du Uonhomme. 
Tho middle path just alluded to is, in some respects, interesting. 

Insw'<l of descendiJlg (he steep pastures of Chapiu, we follow an ob­
scure track amongst the rocks toward!! the cast; and after traversing 
for some distance the limestone strata rising towards the north, of 
which the main chain j", here formed, we l.'orne to a mass of granite, 

rising from the valley, (Ow o'Cerlgi1l9 tltem at a considerable angle. Ncar 
the same point, there is a magnificent view of Mont Inane and the 
adjacent mountain!'!, I<O('U above the Col de 13 Seigne, which appears 

.iU1:~t in front. It pr()~cut!S the whole range, from the Grande 
Jorassc on tltl' cast, to the summit called. Aiguille tIu Glacier on 

tho west, from which tile vast glacier dest'end~ which occupies the 

head of the valll'Y of BOlllleval. 
A t tho Chalets of Motet, or Glacier, the traveller will probably make 

as !oIllOrt a flta,V as possible, and will then pro('eed to ascend till.' Col de !a. 
Seigne, which (as has been said) separates the tributa.ry streams of the 
Uholle from those of the Po. Tho a1'leent is very easy, but tedious. 

The RUIlllllit i~ 8422 f~et abo\'{· the ~ea, by my observations, and was for~ 

tHied (as 1 ",a.~ illfornH'd) when the French army endeavoured to force 
thi", pa.fI!'I. From the top, the extent of the Alice nlanche is well seen, 

with the great m~ses of the chain or Mont mane, whic.h 'Iound it on 

the left. Mont JUanc itsl:'lf prei{euts a singular appearance in this dil'OC­

tion, and would not be easily recognised by thos& who know it only in 

a northern or easwm dirl'Ction. The western and southern faces art' 

very steep, although not 80 a.bsolutely precipitous as they would appear 
to he, when viewed in front. The fonner falls abruptly towards the 

Glacior du .Miagc; tho latt('r, iu the dirc:ction of the Cramollt, or into 

the Alleo Dla.ncht> itself. The bottom of the valley is hert> not more 

than 4{)()0 English fl.'6t abo ~'~ the sea; consequently, this colossal 

mountain riS1!& above it a.t a very short horizontal distance, and DO lees 

than 11,700 feet· of vertical height. which, though not an unbroken 

precipice, is cornpoaed entirely of steep and savage roek, upon which 

the snow cannot He for Any ex.tellt, Its Mpcrt is, thel'(>fore, far more 

imminent and impoaing than on the sideofChamouni, where tho eye is 
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greatly deceived as to the adual dilta~ of the top. and ooruroquently 
as to its height. But hE>l'e the details rather aid the perspective. and 
when seen iu profile from the Col de Is Soigne, the stupendous but­
tresses, by which the mountain is supported, and e8pecially one prodi­
gious Aiguille of granite, called Mout Pcteret, come Qut in relief, 
although, when a front view is taken from Courmayeur, or its neigh­
boorbood, these pinnacles, thouSlWds of feet in heig'ht, are IOBt &ao-aiIl8t 
the toweringm~ behind, which then seems to rise likeawaU. I am UD ­

able to state the exact line of junction of tht' limestone with thE" central 
m&S8 of ~nitc. I apprehend, how(>ver, that it nms from aome way 
to the north of the Col de b Seigne (which j~ calcaroons) to tho Cime 
des Fou~ and so down nearly to Nanthourant, leaving the Aiguillo 
do. Glacier, and tb{' greater part Qf til{> Glacif't de Trelatcte, within the 

primitive boundary. To the {'ast the limit is, in a good measur(', dtlwt­
mined by thf'< direction of til(' Allee ntanciw, 'which separate!'!, for aome 
distance, the granite from til(' limcstone. Two conspicuous fllllomit.'i, how­
ever, which appear ncar the for{'~round of the view, a littlt' higlu·r t han 

the Col de la Soigne, Ilre the Pyramides Calcairf's de l'Allee lllanchc 

of De Sau&;uN'. They are upon the left hand iu desccnding. ' Jt is a 

walk of nearly five hours from the tllP of thE' Col to Counnayeur, during 
which we traverse thcwhole length of the Alle{' H1aueho.· It iM there met 

by another parallel 'm!iry, whil'h opens exadly OpIX/'iite to it, and 
forms, a.'i it wert', the prolon,tion of the Allee Blanche, for about five 

botn's (lU'tber. This is called !.ho Yal Ferret, ami tl'rminl\u's at the 
(".<)1 Fern>t. 

Th!" cbief glacicrs fJf the Alll:e Blanche (on the north side) are the 
following :-1. The Glac;(·t de I'E~tenettc ~ 2. The Glacier de I'AI­
lee B1anchc ; 3. Thc (.Iacil't de ~iage; 4. The Glacier de la Rrcnva. 

Theseeond and third of d1l!8l' have formed barrif'rs across the valley, by 
IDOraiuCfil. 80 as to have ocCMioned la.kes from tho interrtlption of the 

crurse of th(. "\o'er. That fonned by the Glacier de l'AlIc(' 111:1Ilclle is 

nearly filled up by alluvial mattt't; but an extensive flat attests its fonner 

• 0,. s.u-n- 6t.U'f! that below the nlacicr dl" Miage the name or Allel" Dlanche is 
!·:..dllUlged ror tb6t or \'.1 de Venr. 



OLACI1<.:R OF LA BRENVA. 191 

cxil!ltenc'e, together with the extensive bru-ricadc of debris, through which 

the river now tumbles in a foaming rapid. The moraine of tllC Gla­

cier de Miage is, perhaps, the most extraordinary in the whole Alps, 

and has given rise to the Lac de Combal, which will be especially de­
scribed in the next chapter. .Below the Moraine of Miage, which 

occupies the valley for a great space, are aome chalets, a.nd then a level, 
fertile plain, whilst the valley widens, and beoomcs more roma.ntic and 

less sa.vage. Trees appear on both sides, cspecia.lIy on the right, whore 
the fure8t is very fine, and clothes all the northern slope of a remark­

abll' hill, with a couien.i l:mmmit, called the Mont Chetif, or Pain de 

Sucre, which is eornpu::.ed of granite, although separated from the 
great dUlin by secondary rock-i!. 'fhe paths through these woods arc 
amongst tiw most beautiful and striking with which I am acquainted. 

That leading to Courmayeur, after attaining some height above the 

torrent, proce-eds nearly on a level, until, emerging from tho trees, we 

come iuto full view of the majestic Gln.eier de lao Un'nva. which, formed in 

a hollow to the e~t of Mont Blanc, pours its mass into the ,'alley 

which it has, in a good measure, filled up with its moraine, forming a 
kind of bridge, which it has p\l.'~h(>d before it, and on which it bestrides 

obliquely the Allee Hl:tncJlC, abutting aga.inst its opposite side, at the 
fuot of the Mont Chetif. ) t1:l appearaucc and phenomena will also be 
dClwrihcd in the next {"hapter. A chapel. dedicated t.v Notre Dame 

de 130 (Jul-rison, stands on tho ri,ght hand siJe of the way, exaeUy 

opposite to the ice ~ and allotJler steep descent conducts us again to 

the bank of the river, which here turns ahruptly, after its contluence 

with the l!itren.tn of the Val Ferret, into a ravine, cutting the range 

of the Pain de Sucre. The united ~t.reams are passed by a. wooden 

bridge 80t the Baths of la. Saxe, and tweuty minates moro brings the 

traveller to tho beautifully ~itua.ted village of Courmayeur, after a 

laboriou$ walk. of cleven houl'b from Nantbourant. 
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day'!-\ work ruIly to buminc the OIaciN de Mia.ge. I shaH \>I'gin with 
tbp latter. 

I had twico before Pa8900 the La<' de Combal, and the moraine of 
tho glacier which I ha\'c descrihed M l)Ushod {Jut into the valley which 
it occupies for seDera/ mikB in lenpth., nearly a. mile in breadth, and 
I'Icvoral hundred feet in d('pth. I had no small curifleity to ace the 
eh38m in the mountains whenco thiR mass of debris had b<>en derived, 
and to {'xamine the glacier which had been and still continues to be so 
powcrftlI an ag(>n l of d('gradatioll and tn\ll"port. Ac('()rdingly, on the 
1Jjth July H142, ] lcft Counna:'fcur at half pa<;t fi ,"o A. M., on foot, and 
reached tilr JO\\ r r extremity of the moraine at the (;h;~l('t .. of La Vis­
aillo in about tWH houl"fI. The' ])I)ire t lien' .. ,truggles thrlJUgh the nar­
row fa"in(' Idt bf'twccll the moraine and tIl(> foot of t)w calcareous hills 
on tbe bouth ~idc. Thr path kcf'ps the e;idt, of thl' morainE>, and is 
every y('~r mor€' or les:) injured by tbe fall s of rnbhish .• In this ravine 
on tho south side is a deep hole in the gypsum rock "hich occurs 
thero) in which my guide Antoine Proment a'>sured me that chamois 
frequently PMS the night, and thei r young arc <l.ometimcs taken alive. 
This surprised me, and I was inrlincd to duubt it, but we aetna-lly sa.w 
troces of them on a pa.tch uf <;nf'lw .... ithin a 1o>hort dii"umcc. In three 
hours from Courmayellt' T rcached the Lac dc Combat where the Doire 
issues from it, ( :)(.'e the Topo~raphical Skctl'h, No. I .) A dam has 
boon fonnl'd so as to sC(' ut'(' it s regulated di scharge, and to prevenl 
accidents. Thi~ la.ke, as has b('en already said, is formed entirely ,by 
the moraino of the gia.cif'r, which is here shot out from the side ravine, 
and occupicl'I the .. ntil'(' breadth of the vallcy. Tho moraine consists or 
two parts, the oIt! and the nl'W. Tt j" the old whirh bounds the lake; 
tho new morainc rises to a. gT'l.'ah'r hcight1 and swc('{N' more gently round, 
until it becomes parallel to the length of the vaJI('y. The old moraiuea are 
still fortified by the low walla w;th slits for mu' qnetry. probablY"'"l'ted 
py tbe Pieclmont.e80 troopg in) j94-. It is strange to see this applieation 
'" tbe artifielallooking mounds which the glacier has raised, and 'llhich 
bear no alight reeomblanco to a series of gigantic outworks of an exten­
sive fortifioatioa. It. ~8 the .()utenn08t of these ridges which is • occu­
pied. Th. orrangeIIle.t of the oth .... i. abundantly singular, formi~ 
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a series of four semilunar curves with their convexay up the valley, 3S 

sl\own in the ground-plan which is taken from a careful sketch mr..J.e 

upon the spot.. A small lake is formed behind these moraines, whicll is 

Cartber enclosed by other convex, though less perfect moraines beyond, 
of which tllO greater part are now grass-grown. I a.m by no means 

satisfied as to th(> way in which these successive ridges of debris were 

deposited by the gla{·jer. They ma.y either have been frontal morainf'.-S, 

or the contents of vast fissures which were deposited M the glacier 

melted. Something of the latter kind I ha.ve since observod to have 
taken place in the reccnt retirement of the Glacier de Lye, in the vaUt'y 

of Gressouay. near Monte Rosa. But as I cannot give any certain ex­

planation, I will not dwell upon it. 
Ha.ving observed the barometer at the level of the lake, I proceeded 

to ascend the modern moraine which is higher than would readily be .. 
believed from more inspection, and when I had gained the top and ('om-

manded a view of the Glacier de Miagr, I ohsr-rvcd the barometer again, 

and found the vertical height of the moraine (bt>sidcs what is below the 

level of the lake) to he 39.'1 feet.· Here I found the veined structure 

of the icc distinct, pa.rallel to the length of tho glacier, but dipping in­
wards at an angle of 70°. 

The Glacicr de Miagc, as I havc sa.id, is here pretty leyel; it is shot 

out as it were from a. narrow valley which works its way hack i.nto the 

very entrails of the great chain, gO that the head of the valley is eon­
sidorably to tho north-west of the summit of Mont Blanc, which here 

pCl!sents inaccessible escarpments. The valley is almost straight, and 

the sides par-Jollel, withont subdividing itself into considerable branches. 
The ice is shoved along this uniform canal, and receives a few tri­
butaries from either ,;ide, whicb descend with great steepnes!. One 

which I remarked on tho right bank of the glacier, at flo sPot marked 

A LID the map, descends at an angle, which, su far as I could ascertain 

it withont 1>eing on its surface, was inclined 50°, and which is tile 
. steepest u,wnJetm sunace of ice I have ever seen. It desoonded a nar-

• 'nJe height of the Lae de Combal is, by my obeervation. 2091 reet above Counnayeuc. 
or 630'2 fwt above the _. 
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row couloir from the Aiguill(·s Rouges (caned Mont Suc by de Sall!ol~ 

sure,) from a great height. The narro,\\-ness of the valley ma.kes it 
like an unfillishPd excavation intended to have cut the chain of Mont 
Blanc in two, and struck me with Elurprise, although I was 8ome~ 
what prepared for it after viewing the J.trodigious m3l!8 of solid matter 
which tho glacier haa poured out into the valley. It may be cited 
as a most striking instance of excavation by the ceaseless action of 
seemingly trifling causes. The continual fall of fragments detached 
from the neighbouring BummitR, loadR the glacier with debris which it 

bears in~ssantly down from the head of the valley, and discharges 
into the Allee Blanche; and as we jUdg~f the size of a. quarry 
from viewing its rubbish heaps, so here W.P. lave the mould and the 
cast, the die and the relief, the matter traT rted and the spot of 
its excavation. din\ 

I traversed the glacier in severa) directions Vtf!1.. a view to examine 
i,ts atructure, a.nrl whilst standing on the moraine I saw a fema.le cha~ 

rnois and her calf cross the glacier, within a very ~hort distance, to­
wards the AiguillAs Rouges, neady opposite the oouluir markt'ld A. 
They were followed by E'ight full-grown chamois, which I could watch 
all at oncc. They were tame, and stopped frequently to look about. 
them without apparent alarm, and took gently.up the hill. They are 
almost nc,'er hunted here. Ncar this part of the glacier, and alAI) on 
the face of the AiguiUes Rouges, at a very considerable height, a mine 
of lead and silver was worked for some years. It was a strangely wild 
poaition for the hope of gain to allure any speculators to esta.blish them­
selves. After the ore had been excavated and brought down the fooe 
of the cliffs, it bad to be carried on men's backs for several miles over 
the ice before eveD a mule track was reached. 

Two principal medial moraines occupy the centre of the glacier, and, 
as usual, their magnitude becollie8 apparently grea.ter the farther the 
glatier descends, owing to their exposure, by the m~ltibg of the ice, 
88 I ha.ve elsewhere espla.ined. The materials of these moraines are 
rather remarkable, and have been minutely described by De Saussure, 
who is the only author I have met witb who describeR ihis glacier. 
H. partioularj .... hUutiful granitello; .... poaod of cryslalli<ed f.l-
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ep&r and schori ~ :ullinnthns. of tho fillj slwrt kind like ddica~c fur, 

mixeO with quartz, and which OCCUI'S il\ all tho cahinctd of tho 1II1l1eru.ls 
of Mont Blanc; 8CYCraJ kinds of sCVpcutinc, and (what I have not 
seen,) caroouatt' of limo crY$t:tllizcd with quartz.-

The tributary glaciers of the Miagc, are, as already said, very stoop. 
MId sometinu,,'s pour their i{'y floM down unbroken, at other timCA they 

descend in arala"dtu upon the :nI'lin glaeior, and become gradually a.nd 

completely amalgamated with it. Thil:! is in the higher part, where tho 

descending masses are mtlll'r of ('om pact snow than ire. In this senso 

it is perfectly true. as ~ta~d by De Saussuro, that the glaciers aro 
partly (t'd by a.valanchc.!l. a position whi{'h has heen too Hatly contra­
dictcd.t ~uch is thl.) /t>«1cr marked II on th£' map. Aftt'r thrce 

ho\lJ'l5~ walk upon tl~ro'; c, I reached a con.sidcrablc height upon the 
north-wcstern trib%ra i : of the glal.'ier. which wa."1 in this part ('ovcred 

with snow, and, i'('t","\...(i, p:lSS('d into thp state of ncvc. I tMk tho 

height of til': oar(linctcr, n.nd found the d('vn.tioll abovc thc sc~ 

tho highest which I attain('d upun thi:'! g-lacicr, to 1)(1 H051 feet. 
I tben crossed f,he h('ad of til(' glaci('r, whit'll was hcr(' w('t with 
wide water ruP.", and remarkably free from crevasses, and w:ory care­
fully f'xamine4 thr structurc o)f th(' tributary glaciors, which fall into the 
principal glaeil'r from thc pr"cipict,S Qf Mont lUane. Theso afforded 
valuable studil'S of the manner of development of glacier I'truetufc, a 

subject which at the tim£' partil'lliarly engaged my attention, and which 
I ha\-'c since abundantly eonfinlwd in similar cases. Each tributary it', 
in the first instanrc, amorphoLls, without any apparent strul'turc, Dnd 
confusedly thrown togt-thcr in fragments,as it dcsCtlndl!! a. stCl'P and very 
uneven slope. As it approaches the foot of the f'tt'CP, jt at('umulatcs 

upon itr;elf in the W'Qnd stage of the process, and becomes a 1~l)ll!tOli· 

• J may mention that eaToonat{' ut lime w found, though vI'I'Y 11lrcly In the granll.cllin tht' 
very heuto( till: ellain ; Mfl.t LeeCoune., ncar the Jardin, on the G\aciC!' du TalHre. An 
enortnOW'l prioo WM ill>lc.ed ta"t ~umml'r at ChamOllw for a lnrie et'yl\talliwd ,pecimen of thill 

kind. 
t Dy De Charpentier and Agll54!iz. 
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tlatOO ghwier, in which a wavelike 1!tructurc is developed, with con· 

vex area on the 8urface, dirocted downwards, and the bands which 

form theso arcs, dipping iu"ard8, and approaebiqg horizontality, as the­
glacier approaches the lovd (If the otJler. But after it has done so, 
and the tributary glacier no longer CaUlS forwards, but has its ad·,anc· 
iog motion resistOO by the ice of the main stream, against ,,'hieh it is 

laterally fotCL'<i, tho structure plane'!! become steeper, and tlley gradually 

assimilato themselves, in the third stago, to those etf the main glacier, 
becolliing erect, 811d reprell'sing thc others. 'fhis arrangclllcnt is shown 

in seeti6D in fig. ], and in ground plan in Hg. 2. These figures were 
drawn on tlto spot from tho tributaries marked D, E, and F. It 
was from the euminat.ion of t11CSO that I 11:r"'t drew the Cf)nclusion, 

which I h3\'C since found to be (luite general, that the siructure of 

glaciers is developed from time to time, according to the ('onditions of 
the icc, that the structure of one part is not necessarily any modifiea-. 

tion (If thu structure of another, and that it is ill vain to attempt to 

trace the stratification of tho neve into the vertical bands of the 
middlo glacier, or these iut.o the conchoidal surfaces ncar the lower 

extremity. The appearance ef fig. 2 occurs when the tributary is of 

Fh:: .• ~. 
l'l.I.lI. 

insignifi<l&Dt dimensions, compared to the primary glacier; its struc­

tllf6 is immediately overpowert1d, and oo('omo..'l subject te the law of 
the preponderating ooe. But where the two streams arc .comparable 
in magnitude;the in0geulation is more gradua.l, and the structure is a 

more complete mixture of the two. Such a CWldition is shown in fig. 3, 
which is tbe condition (for cxa.mplv) of the Glacier du Talcfre uniting 
with the Glacier de "Lt5chaud. 
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In gtiocral, the structure of the glacier, whi~t it is bounded by the 
chain of Mont lUane, is well developed, both Dear the merlin.} morainE's, 

.and near the sides, in, nearly ,,('rti{'al planes. p'a.ra.lJel to the lcugth of 

the. glacil·r. 
Near the promontory of the Montagllt' do 13 llroglia, round which 

the glaeif't ~weeps, so ad to turn sharply into the AlI~c Ulanchc, the 
whole structure inclines from that promontory exactly as I havt· do-­
S{"ribed in the case of the Mer de GI31.'o, Nunding thl' promontory of 

Les EcbclletB, alit! as is figured in the glacier sortion, No. IV" p3g6 

166. Tbe rocks are smoothed by the action of the glsrif'r at s6vIJrai 

points on both sidc$. 

J was not aatisfiNi with haloing traversed the uppt'r nnd Dlort: level 

part of thtl glacier ill its wholr exu'nt, but I resolved 10 follow tho 
sun:.ce ~f the ice as (ar as possible, after it "pread~ itself nbrolul ill the 
Alll.>e lllanelle, in order to examiu(' its wonderful moraines, and if I'os· 
sibil' to trace its structure. From Il. distaJl('(', tlus apJlt>a~ !lot to 
be very difficult, for the 8urfaee is not steep, its lUcan ineliml.tion in its 
middle part being about 5f'. Jt~ imm(,llsc extent, howe\'cr, deceiVt's 
tbe eye as to its inequalities, and I scarcely ever remember to ha\'(' 
had a. more laborious or rougher walk than the travel'l:!c of the lower 

part of the Glacier de Miagc, which I followed down it-6 centre to tbe spot 

where, as will be seen by the ey~sketch, it divides into two branches, 
Thitl icy torront, as spread out into the Allee Blanche, appeared to 

m(' w lw 3. miles long and J ~ wide; but I am aware of the uncer­
tainty of these measures, After struggling for Q. long time amoDgtlt 

fissUre:! and moraiue!!, I at length mounted a heap of blocks higher 
tban the rest, and surveyed at leisure the wonderful scene of desolation, 

which might compare with that of chaos, around me. Tile fissures 

were numerous and large, not regular, like those of the Mer de Glace, 

tnwel'8ing the glacier lateran y, but so une\'cn, and at such angles, as 
oh-en to l~ve nothing like a plain surface to the ice, but a series of 

unCorm6<i ridges, like the heaving of a sluggish tna88 struggling with 
inteetme commotion, and toea:ing about ovor its 8urface, as if in sport. 

the stupendous blocks of granitr which ha.lf choke its CrtVa88e8, and to 

which the traveller is often glad \0 cling when the glacier iltlel£ yields 
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him 110 Ca.rtller p3.B8age. It is then that he surveys with astonishment 
tho strange law of the ice· world, that stoDes always falling eeem never 
to be abrmrW-that, like the fable of Sisyphus reversed, the lumbering 

mass, ever falling, never nrrives at the bottom, but seems urged by an 
• uuseen foreo still to ride on the highe~t pillDaclee of tho rugged surf3(·(;'~ 

Uut let tim pcd(·strian beware how he trUt/t.Of to these huge masses, or 
cOl1~iders them as stahle. Yonder huge rook, which I'Iccms "fixed as 

Snowdon," and which interrupts his path along a narrow ridgt· of ice, 

having a gulf on either haud, is so nicely poi!:lcd, " obsequious to the gent­
lest touch," that the faU of a Jlebble, or t.he pressuro of a passing foot, 

will I:Ibovc it iuto one \It other ~hyss, and , the cha.nces are, ma.y carry 
him along with it. Let him heware, too, how he treads on that 

gravelly oollk, which seems to offer a. rough and sure footiug, for under­
neath there is sure to be the mo.st pellucid ice; and a light footstep there, 

which might Dot disturb a rocking E!tone, is preh'11a.nt with danger. All 
is un the ev~ of motion. Let Jlim sit awhile, as ] did, on the moraine 

of Miage, tmd watch the silent allergy of the ice and the sun. No 

animal evc~ passes, but yet the stillness of dt'ath is not there ; the ice 

is cl'"J.Cking and straining onwards-the gravel slides over the bed to 

which it was frozt·o during tlle night, but now lubricated by the effect 
of sWlshine. The fine sand detached lvos(,T1s the gra.vel which it sup­

I)()rtod, the gravel tho little fragments, and the httlo f1'3!.rmellts the 
great, till, after lIome preliminary noise, tho thunder of clashing rocks 

is hoord, which ficttle into the bottom of some crevasse, and aU is again 

atiD. In walking o,'er ordinary rugged ground or rocks, the presump­

tion is, that the masses hlwe beeom(> shaken int-o the position of stable 
oquilibrium-that is, that if a block be moveable, it will tend to roll 

back to ita former position. Bnt, on the glacier, the conditions are 

exactly reversed, and the consequences are proportionably more serious. 
I had th() satisfactjon or yrcciving, as I descended the glacier, that 

whent it spread laterally, and at the same time feU Corward. the struc­

ture of the Gla.cier or tho Rhone, and those of similar type. (set' p. 30,) 

developed itself; tha vertical bands bent round in front of the descend­

ing glacier, &Ud 4ipped inwards at the point marked H, at &II angle 

of &50, and at a, at an angle of 45°. Here the fiaaur{ls become lon~ 
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gitudinal or radiating, and the iee Iti1l mure diftieult t() traverte. 
Nearly the whole surface is covered with the moraine. The extreme 
ditieulty of finding II. path, prevented me from asccriaiaing its 
structure right and left, where it divides into two brant'hcs; but I 
ha:e no doubt that in this, as in otber simi1&r eases, the divided 
streams have eMh tJle usual structure of II. single glacier. 

Tht> bifurcation of the glacier does not appear to be the result of any 
fixed obstacle in the valley itself, which interrupts ita progress. It is 
occasioned soIcl~' by Ule prodigious aceumula.tions of the medial mo­
raines, which, h."lving for agE'S discharged their contents in front of the 
glacier, at length accumulated a mound in the centre which parted the 
loo in 'two with less rrsistance than would ha.ve been required to above 
the prodigious mass forward. Arrived at tbe point of separatioD, I 
looked from the edge of the glacier into a hollow or ravine several hUD­

dred fcct deep, haYing \'ery steep sides, composed entirely of the m06t 
m.assive blocks which the glader Ims brought down, and whieh arc 

piled in V38t confusion. Down these I sernmblod with BOme labour, 
and found at the bottom, not the natural soil of the vdlley.but appar­

ently the surface of an older moraine. which had spread wider, though 

not to so great a height. A stream struggles from amongst the 
blocks, and waters a small valley containing some stunted larehC8 and 

alders. &lmost surrounded by the two anna of the glacier, ""hOHe mo­
rain~ noarly meet below, but the two streams do not again co&leeee,­

low this wild enc!lY.iure a few shcep are annually driven. I then eroased 
the torrent, descending from the Glacicr of Frene, which Falla from 

the eh:Un of Mont Blanc, but little below the moraine of Miage, and 

returned to Courm.yeur by • ple ..... t path through the WItt. or 
Frene, on the same side of the valley. 

------ . 
The Glacier of La. Rrenva may rank amongBt the most aeceeaib1. in 

the Alp", It doocends more prominently into tho lower valley. than 

--- - . --- -----
• The Jotrtlllt pu1 of the IDOIIent moraine is S4U3 ,. above &be -, or 1819 foot ... 

• be Lae de Combal. . 
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almost any with which I am acquainted, and may be very completely 
scen from a convenient mule-road which traverses the Allee Blanch , 
at a distance of less than three miles from the village of Cour-
mayeur. I have already mentioned the extreme beauty of the ride 
through the pine-woods which clothe the northern face of the Mont 
Chetif, from which the stupendous chain of Alps may be surveyed 
like a theatrical scene, and amongst the trees beneath the dazzling 
white of the glacier presents itself, supported on the bridge of rubbish 
by means of which it crosses the valley, and presents itself to our close 
inspection. 

Two circumstances arc especially worthy of note in this magnificent 
glacier: its veined structure, and the remarkable chruges of dimension 
which it has lately undergone. As I am not aware of any author who 
has traversed this glacier, or who has described either of these interest­
ing facts, I will devote a short space to them. 

The Glacier of La Brcnva consists (as De Saussure so far very wen 
described it) of two distinct parts; first, the rugged and fissured por­
tion, which is quito inaccessible, and which descends a ravine, having 
its origin very near the summit of Mont Blanc, exactly behind the 
Monts Maudits ; and the inferior, or gently sloping portion, which tra­
verses the valley, as already said, upon a mound or embankment 
formed by itself, and beneath which the river Doire at present makes 
its way. The middle of tho craggy descent is interrupted by a great 
prominence of rock, over which the descending ice fa.lls in a.valan­
ches, and is so completely pulverized, as to be reduced almost to a 
snowy condition, in which it lies on the surface of the consolidated 
glacier, and goes through the same changos as in the transformation 
from neve into ice in ordinary glaciers. It is, indeed, a little para­
sitic glacier, cradled in the ice of the old one. The Topographical 
Sketch, No. II., is only intended to explain the sections of the ice, 
showing its structure, and to give a general idea of the position of 
the gla.cier; but has no pretensions to exact topography, not having 
boen sketched with a view to publication. I · ascended the glacier to a 
little way above tho line a b, which I found to be 1717 feet above 
Courmayeur, or at }rast 1500 above tho point where the Doir 
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. ' 
issues from beneath it. The mean slope of the glacier seen froUl this 
point, looking downward, is 12°. The first se fon shews the uper­
position of the powdery ice upon the glacier, which latIt is thero tra­
versed by almost vertical bands, well developed, and which I trac d 
towards the centre, until 10 t beneath the other. 

The cau e of the sudden twi t in its direction, which, as will be 
seen, by the ketch, the glacier takes when it issues from between the 
rockS, i probably this, - The glacier, when it descended from the 
mountain, gradually accumulated an enormous moraine exactly in 
front of it, so that a valley was formed between the rock and the 
moraine on either hand, down which the glacier might naturally pass. 
It took to the left in the direction of the valley beneath, and the old 
moraine formed one of its barriers. ' There is no doubt, that in this 
and simila.r cases, the vast moraine on which the glacier rides is hollow 
at its centre, and the debris on either hand form a sustaining wall. 

At c d, the parasitic glacier assumes a tolerable structure, and it is 
there clearly of the cup-shaped, or conchoidal form, described in page 80 
as belonging to the Glacier of the Rhone. This observation is important~ 
as showing, that the arrangemen of the structural bands in glaciers of 
the second order, i independent of the annual layers of the neve, (seo 
page 82.) The superimposed glacier is here radially fissured like the 
Glacier of the Rhone. 

Between c; d and e f, the parasitic glacier gradually disappears; the 
vertical band of the fundamental glacier may there be seen to turn 
round, 0 as to present their edges across the glacier, arid to dip in­
wards at a considerable angle. (See figures, page 164.) In the centre 
of the line e f, the frontal dip inwards (see the longitudinal section 
attached to the Topographical Sketch) is 65°. Here the glacier is flat­
test. Its mean slope i 8°. I traversed carefully the breadth of the 
glacier; the sides being supported only by the 'momines, the dip no 
longer approaches verticality. The structure planes at the sides dip 
inwards at MO, as shown in the transverse section along e f. 

The next stage of the surface (marked 9 in the plan) inclines 14°. 
The frontal dip inwards of the structure planes is here 80°. Opposite 
the chapel, at the point mal'ked k, where the glacier is steep, but still 
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is at a considerable height above its lower termination, the frohtal dip 
inwards is 19°; and immediately above the vault of the torrent, the 
inward dip of the structure is only 5°. The four sections on the litho­
~aphed plan fully illustrate, it is hoped, the geometrical structure of 
this glacier, together with thfl superimposed one. It will be fi und to 
agree most accurately with what I have tlescribed as the normal type 
of glacier structure, and especially with the description given of the 
Glacier of the Rhone, which that of La Brenva very much resembles in . 
some respects, in my earliest paper on the subject, reprinted in the 
Appendix. 
. The alternation of bluish-green and greenish-white. bands, which 
compose this structure, gi\les to this glacier a most beautiful appear­
ance, as een from the mule road. An attempt has been made in . 
Plate V. to give some idea of this most characteristic display, and 
which is better seen here than in any other glacier whatever with 
which I am acquainted.. The sketch was taken by myself from the 
point marked k in the map, in July 1842. 

When the iee of the glacier abuts against the foot of Mont Chetif, 
at the promontory marked i on the map, it is violently forced for­
ward, as if it would make its way up the face of th~ hill. Here 
the contact of the icc and soil is very well seen; and my friend M. Ie . 
Chanoine Carrel of Aoste, with whom I 'walked several times in this 
neighbourhood, and who took an interest in such questiolHl, (Ji8covered 
a point of contact b~tween the limestone and a protuberant mass of ice 
which admitted of easy removal, thus showing the immediate action of 
the ice and rock. Having taken a man furni hed with a strong axe, 
we proceeded toO'et11er to the spot. The soil near the ice appeared to 
have been but recently exposed by the summer's melting of the ice. 
It was chiefly composed of clayey debris from the blue limestone. At 
the point marked by M. Carrel a piece of fixed rock opposed the ice, 

" and was still partly covered by protuberance of the glacier, which we 
speedily but gentl cut away with the l].atchet. The ice removed, at 

layer of fine mud covered the rock, 1Iot composed, however, alone of 
the clayey limestone mud, but of sharp sand, deJ'ived from the granitic 
moraines of the 'glacier, and brought down with it from the opposite 
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sido of the valley. Upon cxamining the fn.cc of the ice removed from 
eont.aet 'with the rock, wo (Qtmd it set aU OHJr with sharp angular 
fragments, (rom tho sizo of grains of sand ! v tltat of a chorry, or 
larger, of the same specics of rock, and which were so finnly fixed id 
the iclBB to demonstrate tho impossibility of such a surfaco being 
foreibly urged forward Wii.llOut sawing and tearing any comparatively 
soft body which might bo below it. Accordingly, it was not difficult 
to disoover in the limestone the very grooves and scratches which Wt're 
in the act of being mado at the time ~y the pressure of the icc and its con­
tained fragments of stone. By washing the surface of the limestono wo 
found it delicately 13moothod, and at thc same time furrowed in the direc­
tion in which the glacier was moving, that is, against the slope of the IliII. 
We succeeded in detaching some fragments of til(' I'9ck with hammers, 
having ev£>n the sharp sa.nd adhering to it, which I a.fterwards sccured 
with gum-wat.cr, in order to illustrate the exact condition of a rock 
subjected to glacier action. It would be impossiblo to catch _nature 
more completely in the fact than in till' obsprvation just sta.tcd. J 
afterwards returned with a skilful mason. who, with .much labour. 8UC­

ceeded in detaching scve,dl specimens of tllC striated a.nd polished sur­
face.- Not only was the limestoll<'> friable, but tho cleavage being per­
pendicular to the surface, rendered it impossiblo to obtain a slab of any 

extent. 
On the path leading to Courmayeur-a few minutes walk below where 

the glacior DOW ends-arc some admirable specimens of ancient polished 
and striah.od surfaces pf the sarno limestone, which it seems impossible 

to doubt were produced. by the icc at a. formor period. 
So fur as we can judge from the view which De Saussuro has givont 

of the GIa.cier of La. Uronya. and which he sta.tea was drawn in 1767, 
we must infer tllat the ;lacicr was then greatly less extensive than at 
prescnt. It seems almost certain that at that time the Doire did not 
pMS under the glacier at all, but in front of it. He likewise mentions 

• Ono of t.heso "peciOlenli is (icpOfIilcd in till' mUII<"llm of tile n"ynl"Soei,·ty (If Edinburgll. 
+ VOYOjf" Tom. ii., I'lalr J I I . 
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the chapel to which I have roforred as exactly opposite to tho glacier, 
and which ·is indicated in tho mall under the name of Notre Dame de 

130 Gueri80ty It is also called CbapcUe de Berrier. Do Sa,usaure 
speaks of it 38 in ruins in his timc, luwing been allowed to go to decay 
on account of the 8uperstitioilS t(l which it gave nse,- Itappe&, how. 
ever, to have been rebuilt, and was ~rralD reduced to ruins, under much 
IDOTe remarkable circumstances. Its position relatively to the glacier 
at the prescnt time will best be judged of from Plato IV., which gives 
a view of it as scen from near Entrcvcs, looking up the course of the 
Doire from below. The position of the modem charel will be observed 
on a rock at a great hcigLt :toovo tho glacier, on the left hand, near an 
aged larch tree. The height of this rock is about ~~I)O foot. Look­
ing at tha.t view. it will scarcely be bolie ..... ull that the glacier attained, 
only twenty.four years ago, so enormous a size aA to havo risen up to 
the level of that rock, (which is of limestone,). and to havo worked with 

such tremendous force upon the promont.ory on which the old chapel 
stood, built upon the rock itself, Dot fifty yards from the present one, 
as actually to have heaved both rock and building to such a degree as 
to fill both with fissuTCs, and to, cause the latter to be removed by 
authority, as in a dangerous state. 

The notoriety and recent occurrence of these facts, makes it DOW 

easy to establish them beyond a doubt; aud J have thought it well 
to do so on account of their great interest. That a seriHi 1)£ com­
pamtivcl,r cold seasons should have produced so enormous an increase 
in the unmelted portion of a. glacier, is a. fact 'of the highest import­

anco to any speculations as to the cirCuntAtances under which gla­
ciers might be enormously more extended than at present. So far 

• was there from Leing any marked change of climate at the period when 
thitl and many other glaciers w(:re undergoing an enormous enlarge­
ment, that, for the five years preceding 181~, when the glacier of 18 
Brenva attained ita greatest size, the moan temperature at. Geneva was 

7°. 61 .Reaumur, whilst the mean of thtl last forty years has been 

----- - - - -- - -------------
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70. 76,--& diffe",nee of not cme·tAird of a <lflgrf'G of ~-"&hrenheit. This 

difference i8 80 insignificant, that it iR most likely that the increase of 
the glaciers at tha.t time, depended rather upon an ineraascd fall of 
snow, ~n upon sny change of temperature. 

The ~eight of the ire was such in ]818, that the ghicicr rose up 
against the opposing wall of rock, until it covered the path, as Captain 
Hall att.ests;t and I was assured by eye-witnesses, that the hermitage 
connected with the chapel was supplied with water from a ooo('nit, 
which descended from tbe icf' of the glacier, which then had a higher 

leveL 
I obtained from the Syndic of Courmayeur a certificate, in the fo!ltlw· 

iog terms, of the fact being entered in the archives of the commune :­
" J e 8ous--signe, Syndic de Courmayeur, declaro uprcs 130 verification 
aur les registrcs des archives du prescnt lieu, que 130 ,~hapene de Denier 
a cote dll glacier de fa Drenva it cte ccroulcc en 1813, dans I' endroit 
oit elle Hoit batie ancicnnoment, par I'accroisscment du dit glacier. qui 
etoit monte au niveau de 130 dite chapclle; que 130 Notre Dame a ete 

transportee dans l'Eglise de cotte Commune 011 cUe y resta pendant 
deux ou trois ans environ, et que Ja dite ChapcUe fut rehatie dans 
I'endroit ou. clle est maintenant en 1821-22." 

I have examined various other documents put. into my hands by the 
Cure of Courmayeur, including the builder's report upon the state of 
the chapel, which leave not the fllightest doubt of the extent and cause 

of the damage.! Indeed, the force by which the strata of limestone, 
fonning the promontory, have boon dislocated and rent asunder, is 
ahundantly evident by inspection. 

Tradition relates that the glacier in fonner times did not occupy the. 
bott-om of the valley, which was then covered with meadows and fields. 
My guide imparted tf) me the following story, which I give as I re­
oeived it:-

- - ---- --
• Don, TefnioenUurvoriheilung auf der Erde. p. 26. 
t Patehwor.k, voL i. p. 108. 

, : He .yl," Je "Ai trouvi lcroulee pIU' Ia force du glacier, d,oiI il 1'I!StI1t.e de mute nice&-
lSi" de 1& nftablir, pui.qu'il n'ellWte que lea ruinOl." 
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On St. Margaret's day, the 15th July, no one knows in what year, 
the inhabitants of the village of St. Jean de Pertus, which was then 
ovorhung by the Glacier of La Brenva, instead of keeping the jete, 
pursued their worldly occupa.tions :-the hay is dry, they saij!; the 
weather is fine; let us s<'curb it But the sacrilege was soon p~ished. 
Next day the glacier descended in a momont, and swaUowed up the 
village with its inlm,bitants. My l-,"lliJe addf'd, in proof of the existencA 
(If this buried hamlet, thai a person now living at Courmayeur, ha.ving 
gone, when a. child of seven years old, with many others, for devotion, 
to the Chapel of Herrier, overlooking the glacier, heard tbe chaunting 
of vespers from under the icc, a.nd saw a procession COIHO out and ra­
tum; hut the vision was only scen hy the child, fo:' when he called 
the attention of the others to it, they beheld and hrard nothing. 



CIJAPTER XI. 

ENVIRONS OF COURMAYEUR-GEOJ"OGY. 

MINRRAI_ S(>RIN(,~ OFCOt.:"RMAYRUR ASH ST.IlIDIP.JI-U""'A.RKAflLE RF.J •. "TIOSS 

OF LIME8TOSE AND GRANITE IN THE VAt, pV-nltET-MONTAONF. OF. LA 8AXE 

--<:ROJ'X DE I,A BERN AnA MOl MONT CIlt. ... ·-!yMMY-TRY OF Til" G~:OLO(lY 

ON EITnER SlUE OF TilE ALl'l:I-ASCf1.S'"r OF TilE (:UAMONT-OII<IEln' ATIOr>;3 

ON 90LAR JlA1JlATOX. 

CoURafATEUR, by twenty-rour corresponding barom('trical observations 
which ] have made, is 876.5 metres, or 2776 English feet above 
Geneva, and therefore 4211 above t he sea. It is the highest consider­
ablo village in the great valley of Aosta, which takes its origin in the 
AlIee Blanche and Val Ferret, at tho southern foot of Mont Blanc, 
and merges into the vaHey of the Po at Ivrea. It is frequented by 
the Piedmonteso in considerable numbe.rs every summer, both on 
&eoount of the mineral springs in its neighbourhood, and for the sake 
of the oxquisite freshness of ite climate. A more complete contrast, than 
between the walks of Courmaycur and the etroots of Turin, in the 
month of July, it is hardly possible to conceive. 

All who have vi~ited thie place, under favourable circumstances, 
agree in considering its position one of the finest in the Alps. No less 

than six routes diverge from it,-the road to Aosta ~ that of the Little 
St. Bernard; the AUP.c Blanche; the Col du G~ant; the Col Ferret; 
and the ~l de Serene, leading to the Great St. Bernard. I have 
tra.vclled Qvo:!r all of these but the last, and several of thorn more than 
.1nco. Consequently my visits to Courmayour have been frequent; but it 

was (IDly in 1842 that I made any stay there. I devoted a fortnight to 
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explore its most inte~ing neighbourhood. At present, I shall only 
describe a few of the most prominent points chiefly connected with it!! 
geology. ..... 

The occu,renoo of mineral waters tirat strikes us. This is a. pheno<­
menon peculiarly interesting in a geological point of view, for it vary 
generally happens tha.t the appearanw of miner;L-1 springs, eepecially if 
warm, indicds a great disturbance of the strata, and very generally 
the appearance of what are ealIed intrtui~ rocks, such as granite. I 
have shown, for example, that in the Pyrenees, a district unparalleled. 
perhaps for the multitude of its thermal springs, that these occur almost 
invariably at or near the contact of granite with stratified rocks.· The 
springs near Courruaytlur have been described by De Sau88ure, and I 
have little to add respecting them. The watera of La Victoire and La. 
Marguerite rise from alluviu~ &Dd are saline and purgative. The 
waters of La Saxe rise in the defile by which the DOll'e issues from the 
baBe of Mont Blanc, exactly at the junction of the limest.lJne strat& 
with a rem&rkable mass of granite presently to be mentioned. They 
are 8ulphureous, and are used both for baths ahd internally ; but the 
bathing establishment is rather mean. All tho abovo springe are cold. 
Four miles below CourIDayeur, at St. Didier, is another bathing house 
formerly much 1001'(1 frequentod, and which is suppli1ft by a hot spring 
which issues: in tho deep and picturosqutl mvine immediately adjoining, 
through Which». torrent descends from the Little St. &mard. The 
spring is conveyed partly through a subterraneous gallery. , In 1839 
when I visited the source, I found the temperature to be 95°.0 Fahr., 
or 28° RCaumur: ,De Saussure found it be 270 .5 R. 

The relations of the limestone and granite in the neighbourhood of 
Oourmayeur are very interesting and remarkable, and offer so strik· 
ing an analogy to the phenomena of the same kind soon on the northern 

• side of the Alps, that we t'.annot but regard them as important with 
J'68peet to the formation of thh~ ~h&in. The Topographical Sketch, and 
Section No. III. are intended to illustrate these peculiarities. I 

-------------------
• ~piiml TraJUa«iou, 1836. 

o 



210 E VIRO t! OF COURMAYEUR. 

had observed on my former visit to Oounna.yeur tha.t there were 
appearanc of lima ton dipping under the granite of Mont "MIano, or 
rath~r of th Grnnd J oms e on the north side of tho Val F orret. 
This I was ena.bled fully to tablish, on my last visit, at several poi ts. 
I obtain d an excellent action by passing the moraine of the Glacier of 
La. Brenva to the we t of Entr ves, :md ascending the ravine, marked 
on the sketch, between that village and the glacier. There is there a 
complete uperposition of gnei to lias shale forming a precise counter­
part to that described in paO'e 66, as occurring under the Aiguille du 
Bocha.rd at Chamouni, and fortning a portion of the fan-shaped strati­
fication exhibited in the ection, and which had been so far anticipated 
by De aussure and M. Necker. In the ravine now mentioned the 
junction may be traced for a long way toward the centre of tho chain, 
the line of contact between the limestone and the overlying Protogine 
or Gne' , being inclined in the higher part of the section 38" to the 
horizon, (dipping north-west,) and in the lower part of the soct.ion 500

• 

The strata are therefore bent at the junction, but at a. Uttle distance 
they have a pretty uniform north-west dip of 38°. 

There is no difficulty in reaching the junction. The limestone shale 
i altered and cry talline near the contact. The gneiss is altered also. 
These phenomena bear the most striking analogy with those which 1 
have seen in the Alp of Dauphine, and which have been so well 
described by M. Elio de Beaumont. The junction may be tr.tced nearly 
as far as the glacier of La Brenva, but not (I think) farther west. 
The Mont Frety, which lies immediately to the east of the ravine in 
question, i also of limestone, which dips under the granite of the 001 
du Gea.nt, and a olo e examination would, 1 have no doubt, give .proofs 
of the same thing all along the north side of the Val F erret as far as 
the 001 of that name, where the limestone becomes nearly vertical. 

This analogy in the arrangement of the rocks on either aide of tho 
great rhain is not the only one, for on either ide of Mont Blanc is a 
secondary range a.lso composed partly of granite. The Aigumes Rouges 
(which howe 'er are not included in the 13ection) are granitic, although 

parated from the main chain by the limestones of the valley of Oh8o­
mouni, and the Mont Ohetif, and part of the opposing Montagne de la 
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Sax:.e near c.:.urmayeur are in like manner granitic. The form of the lat­
ter mass, as shown in the section, ie a great tabular body of imperfect 
grani~, greenish, slaty, and containing an excess of quartz, with lime-­
etone above and below, very nearly in the manner in which the green~ 
stone of Salisbury Crags, near Edinburgh, is interposed between the 
sandstones. Both the granite and limesu,ne rUe tQ1Mra. Mont Blanc, 
consequently, the limestones on the two sides of the Val Ferret rise to­

wards the axis of that valley,-a very remarkable arrangement.. The 
tabular mas! of Mont Chetif is cut through by the Doire At the baths of 
La. Saxe, where tht:re is an excellent section: the granite is then lost 
under the Montagne de Ia. Saxe to the eastward, which is chiefly com~ 
posed of limestone which envelopes the granite, and is ;llso covered with 
herbage. I had however remarked a summit parnllel to the axis of Mont 
Blanc, on the eastern part of tbe ridge of this hill. which I suspected 
to be granite, and baving made an excursion on purpose, I found my 
conjecture to be confirmed. This summit is called La Croix de la Ber­
oada; it may be e~ily reached either from the Val Ferret, or from the 
little valley of La. Saxe. Farther east the granite is again lost under 
the limestone. The genera.l dip of the limestone mount&ins farther 
from the main chain is itwards the southweast. 

In returning from the Oroix de 1& Bernada by the Val }'erret, I 
observed & very remarkable accumulation of dehria of granite which 
occupies the bottom of the va.lley to a great depth, and which h"8 been 
evidently cut in two by the river, the deposit being of Alpine boulders 
resembling & moraine, which lie heaped upon the north side of the 
Montagne de 13 Saxe, as shown in the section alrea<\'y referred to. The 
existence of this moraine, if we may so call it, taken in connection with 
the deposit of similar blocks upon the face of the limestone outlier of 
the great chain called Mont Frety, and which will be more particularly 
mentioned in the next chapter, certainly appears to favour the conClu­
sion that the glaciers, such as those of Entreves and Mont Prety, 
which have no"," retreated towards the Alpine summits, once filled the 
entire opaoo below, and transported th ... debrU. They are deposIted 
eloee to the IIldden turn of the riVal' betweeo the Val Ferret and thl 
ht.h.o or La S .... 
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I made another excursioD towards the Mont Chetif to detennine the 
relations of the granite in that quarter. I ascended Ule little valley above 

the vill80<1'C of Dolina, marked in the sketch behind the Mont <lte~if, 
until I reached a color passage which leads into the Allee Blanoh!, and 
which commands a magnificent view of the range of Mont Blanc. 
This is called the Col de Cheeruit. 1 had here an opportunity of 
exa.mining the granite of the ridge on which I stood, and of seeing it 
disappear to the westward under tile limestone, whieh it has greatly 
altered just at the Col. It is impossible to trace the connection of tho 
granite of Mont Chetif with that of Mont Blanc, owing to tho mass of 
debris and verdure with which the north slope is covered. I apprehend, 
however, th&t there is an undoubted connection between the granite of 
Mont Pereret and that of Mont Chetif, and tha.t it crosses the valley 
in that place. The last exposed limestone is seen (all obErerved in the 
last chapter) on the south side of the valley just opposioo to the Glacier 
of La Brem·a. 

li'rDm the Col de Checruit, ] saw very distinctly the dip of the 
limestone of Mont Frety. under the granite of the Col du Geant, 

which I afwrward.q confirmed OD the spot. The descent into the 
AUk BllWlche, through surne of the finest pite forests in the Alps, is 
a most inooresting walk. Everyone has noticed how rarely fine trees 
are to be seen in almost any part of the Alps. The forests on the 
north side of Mont Chetif are au exception, and whilst those in the valley 
of Courmayeur and La Thaille, are very generally in a dying state, 
from Borne C&USe which seems not to be understood,-these are flour­
ishing. Several epcampments of charcoal burners are met with dur­
ing the descent; and the latter part of the walk may be perfonned 
along a conduit of water through the wood, from which, at intervals, 
the noblest views of the unequalled range of mountains and gta.. 
cier8 beyond, and in both directions, may be obtained. The path 
of the Allee Blanche being reached, I returned to Counnayeur by La 
Saxe. 

De Saussure mentions the granite of La. Saxe, though he does not 
advert to the peculiarity of its poeitiQD, as respects the great chain. 
He notices, however, what he calls, .. La 8u~rpositioD monstrel18e des 
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roches primitives sur lea secondaires,"· at La Saxe. In the haste and 
exhaustion with which he descended from the Col du Geant, t he pro­
babl, omitted to examine the rocks of Mont Frety. M. Sismonda, 
the able geologist of Turin, mentions! the superposition of granite to 

limestone at Pm Secco, beneath the Grande Jorasse, where I noticed 
it in 1841. But the remarkable symmetry of the chain on both 
sides, has not, 80 far as I am aware, been hitherto remarked. 

The ascent of the Cramont is oue of the best known excursions near 
Conrmayeur. The great ohject is to command the complete view of 
the southern preeipices of Mont 131anc and the adjo;ning chain. Its 
elevation is conAiderq.ble, being, according to my observations, 4932 
feet above Courmayeur, and by contemporaneou8 observations at Aosta, 
I find it to be 9081 English feet (:2768 metres) above the sea. The 
route ufinally followed is, to descend tho valley of the Doire as far as 
Pre St. Didier, a.nd to ascend tho Cramont by its southern slope, 
although that mountain lies nearly due west of Courmayeur. It is, how­
ever, extremely precipitous on all sides, except the south. On the pre-
8cnt O(lf'.asion, I walked down to St. Didier in the evening, in company 
with M. Carrel, whom I Jlaye already mentioned, and having gone to 
bed for a few hours, we started by starlight, ill ~ heautiful morning, at 
half-past three A. M. , so as to gain the summit early. 1'he fir_~t stage 
of the journey is on the mule-path of the Little St. Bernard, whieh 
mpidly ascends the ravine whence the hot spring issues, as already 
mentioned. On this road is one of the grandest bursts of scenery in the 
Alps,-that, namely, which is enjoyed in descending from La Thuille, 
at the instant that the Aiguille du Geant, the Grande Jorasae, and 
the whole of the eastern chain of Mont Blanc come first into view. 
The road is soon after left; and a long but easy path, through mea­
dows, brings the traveller inserat'ibly above the level of the adjoiniug 
hillB. At length, t-he highest irrigation is passed, and a full hour's 
.. _----- ----- •.. _-_ . . _._-_ ... _._ .. -

• Voyogt •• § 881. t Voynga. § 2034. 
:- Memoria sui Terreni .... tiflcati delle Alpi, di Angelo S;Slnonda, p. 11. 
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~nt remams, over the WlOrt turf. by which die t.lp of the Cramont 
may easily be reached in four hours from St .• Didier. I was so fully 
imbued with De Sau6Bure~s enthusiastic picture of tho grandeur (If the 
station, that I was a little disappointed to find it, not only equalled in 
height by Borne others in the neighbourhood, but overtopped by one, also 
of lime.stone, which stands between the Cramont and the Alice llIancha. 
effectually preventing the eye from diving into its dCptJ1S, and thus 
mcaauring Mont Blanc at once from top to bottom, as is the case in 
the view from the DreveD, above the valley of Chamouni. This inter­
fering summit, which I cannot help thinking has been mistaken by 
some topographers for the Cramont described by Dc SansBurc, lie~ 

nearly west from tho Ommont, and at the lwad of the valley whoso 
atreanllet passes Dolina. Seo tho Topographical Sketch, No. HI. It is, 
in fact, the prolongation of the Mont Chctif and Col de Chocruit, and 
sepamtes that valley from the Allee Blanche. Tho ascent is obviously 
easy and direct, much more so than that of tho (Jmmoot; tllO height 
is greater: it is nearer Mont lUane, and commands completely tho 
AlIf!e Blanche and its glaciers. On all theso u.ccounts, I do not doubt 
that this hill is worth ascending, although it appears to be unknown to 
tourists, and even to natives, for I could not learn its name. 

The Gmmont is part of the limestone group, whose strata, dip south­
wards, and the northern face being composod of the broken edges, is 
extremely abrupt. A ragf,"t'd cliff extends for a long way, 'Without any 
great variation of height. 

M. Carrel, myself, and my guide Antoine Proment, had carried to 

the summit a considemble collection of meteorological instruments; 
for my intention was to spend the entire day upon tho top, in order 
to observe the (orco of solar radiation. It is a familiar fact to moun­
taineers, that the sun's rays have an intensity and energy at great 
heights, wb1eh they entirely want on the p1a.ins. At first, this might 
be BOp~ imaginary, or to result from the reDection of the heat by 
the snow. On a station like the Cramont, where there is no permanent 
snow, this error is avoidf'd; and no one who has compared the effect 
oC a single day'8 exposure amongst the Alps, in diacolouring the hands 
and face, witb that of the hottest weather at Paris or M&nIeilles, will 
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be dis~ed to qucstiin tho former assertion. The difference admits 
of being shown instrumentally, by meaDS of tllO valuable apparatus, 
called an actinometer, invented by Sir John H erschel, and I was pro· 
vided with two of these instruments on the present occasion. My ollject 
wnS, in completion of sonte experiment.!! made in former years, in other 
puts of the Alps, to ascertain the varying solar force at different hours 
of the day, at a height and at a season of tho year in whidt the sun'a 
rays travel through tho atmosphere with least resistance. - r bad, 
accordingly, brought these instruments on purpose from England, and 
I sought this hill in tho month of July, SOOI1 after the solstice, for no 
other purpose. llut !:Iu~h experiments are attended with numberlc'm 
clta.nees of disappointment. The day, though fine and bright, was by 
no meant:! so cloudless as to warrant any conclusions f!"Om tho experi­
ments, which I continued every IlOur from 8 A. M. to 5 P. M., the whole 
of which time I spent upon tho summit of tho mouutaiu. I had, 
therefore, abundance of timo to survey the magnificent panorama by 
which I was sllrrounded ; and having brought up a. very good telescope 
by Tulley, of 2* inches aperture, with a tripod stand, I could inspect 
minutely tho forms and details, both of the neart'r and more distant 
objects,-Mont Blanc, with its glaciers; the pass of the Col uu Gcant, 
exactly opposite to me, on which, with the glass, I could discover 
almost every step, and overy difficulty of t.he road; and to the east.­
wards, the summits of Mont Cervin and Monte r\ttJ~ especially en­
gaged my attention. 

As it waa now late, I proposed to Promeut (M. Carrel had left us 
early) to descend to Courmayeur by the rocks. He had not before 
done it; but W~ fouoo little difficulty in discovt~ring a. most direct and 

not dangerous passage of the cliff, which is here at least 1500 feet 
high. Observing the limit of the larch in tho valley of Courmayeur 
to be romarkably well defined, I took the level of it, which I found to 
be 7200 feet abovo the sea. From this point, the walk to Courma.yeur 
was easy and ploasant, and remarkably direct. 

- - ---- - -- - -- ---

• Soo a p&pef 011 thh w bject in tho PIJilOI5OphieAl 'I'ransactiollll for 18~21 Ix-ing the 

nakman Looturo fOf tha, year. &-e also Appendix, No. III. 



216 

CHAPTER XII. 

THE PASSAGE OF THE COL DU GEANT. 

PA88&9 OF TUB CHAIN OF MONT BLA.N~lU8TORY OF THIS PA8&-PRELIMINARY 

OB8TA~DEPART1JRE FROM CQUR1U.YEUR-ABCENT Ot' NONl FRKTy­

EXP£R..llIIEHT ON THE OO)(PARA.Tf\'k lNTENSITY OF MooNLIGffT, TWILIGHT, 

AND THAT OF A TOTAL ECLIP8E--GRANITE AND GRANITE IlLOCK8 OF MONT 

FlllI:TY-ARRIVAL ON TilE OOL--TII£ VIEW-HISTORY OF DE 8AU88UlUl:'S 

8OJOua. ... -AND OF HIS OB8ERVATlON8--THK DESCES1-1.IIFt' ICIJI:I'IKB Ot' 

TU.E OLACIER-t"()LLOW THE TRACK OF A CHAMOIS-ReACH TilE Nlm DR 

GLACE-MONTA NVERT. 

And followed where the tlying eluunoill leap!! 

AemM the duk blue rift/!, tbe onr.tlwm'd glacier dccp& 
Hluulft.. 

THE ehain of which Mont Blanc forms the culminating point ha6 
a very peculiar structure, and is connected in a rema.rkable manner 
with the great chain of Alps. One would hardly guess from tho com· 
mOD ¥laps. that Moot Blanc, and ita adjacent tributaries, form a kind 
of oval group rather than a portion of a line of mountain continuous 
from the Mediterranean to the Tyrol, such as the Alps are usually 
represented. In length this group extends from the Col dn Bonhomme, 
on the confines of the Tarenta.i8e, to the Mont Catogne, in the vaHey 
of St. Branchier, above Martigny, a distance of thirty English miles 
in a Dorth-east and south-west direction, whilst its breadth at right 
angles to the former, from (Jhamouni to Courmayeur, is only thirteen 
Englillh milt!8. Now to perform these thirteen miles, a tedious journey 
of two days (oDe of them of nearly 12 hours' walking,) is oecesaary. 
because this chain or group, being, generalJy speaking, impaasable, 
mast 1M! gone round. 
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To avoid 8() great a etreuit, the Col du Gea.nt offers the shortest pas­
sage.from the one valley to the other. It forms the crest of the chain, 
whert1 thA western branch of the Mer do Glace takes its rise; and., 
notwithstanding its immense height, it would probably be frequented 
but for the dangers of the glacit:r on its northern side. A trad;tiOD? 

common to this, and many other passes of the Alps, states, that for­
merly the glacier was les8 formidable. and that communica.tion was not 
unfrequcnt between Chamouni and Counnayeur.. This has not occur­

red, however, within some centuries from the present time. The passage 
of the Col du Gliant appea.rs to have been reckoned impracticable as 
late as 1781. M. Bourrit, writing in that year, an .... speaking of the 
aspect of that branch of the Mer de Glace of Chawouni called the 
Glacier du Tacul, sa.ys, with respect to the crevasses :_U Elles sont si 

effroyables qU'elies font desespcrer do retrouvcr jamais \a, route qui 
conduisait a la Val d·Aostc ..... t De Sausljure, in the second volume of 
his travols, speaking of tho Glacier du Tacul, does not say one word of 

this historical pastlage of the Alps, though he seems to ha.ve thought it 
just possible that the summit of Mont Blanc might be gaiued in this 
direction;! and, in the fourth volume, written BOrne years later, when 
a.bout tt) give an account of his memorable residencc on the Col du 
Geant, he speaks of .. 180 route nOl1vcllement decouverte," I! from Cha-­
mouni to Courmayeur. This was in 1788. 

There is said to bo a passage which has been effected from the (flap 

cier de Miage, which penetrates very deeply indeed on the south eide 
of tho cha.in of Mont Blanc, to the va.lIey of Contamines, by the gla.­
cier also bearing the name of Miage, on the north side:; but I have 
no accnrate infonnat.ion of its accomplishment, and the appearancc of 

the head of the glacier on the Bouth side gives little encouragement to 

the attempt. 
One other passage of the ehain has, however, been mooe, and th"at 

is by the Glaei~r of Le Tour, nQa,l' the Col de Ralme, descending by 
the Glacier of Salena into the Val Ferret. This was discovered a few 

- ------- - --------
• BollJUUT, Vv.,m'(p , l'I7'.!. 
;: Ii. 11'29. 

t lb., I., Jill> • 

II ~ :.1025. 
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years since by & guide of Chamouni, namw Meunier. It eNlDot be 
very long, and is probably Dot very dangerous. 

Such are the only known passes of this wild country. 
I Wa/J indtlced to undertake tho passage of tho Col du Geant, dliefly 

Cor two reasoDs; in tho first place, from a desire which I bad long 
entertained to villit & llpot rendered memorablo by Dc SnUBSul'6's ex­
traordinary residencc, and admirable observations; and, 66CtIDtJly, 

baving occasion, on otber grounds, to visit Courmaycur, and to roturn 

to Cbamouni, I preferred any alternative to that of experiencing !>DOO 

more the tedium of either of the circuits, by the Cols d{l Donhommc 
and La Seigne, on tho one hand, or tho Cola de I .... erret and Dalmc 

on the other. I had already traversed tho former three times on foot 
in different yeans; and, though 1 had passed the latter only onoo, I 
wished to avoid the repetition of so long and dull a route. 

Accordingly, having rea.ched Conrma.yeur, in th(" beginning of July 
18402, by the Col de llonhomme, in order to go to Turin to ace 010 
total eclipse of the sun, my resolution W3.'! taken to return by the Col 

du Geant. 
The guides of Courmayour were, with one exception, unacquainted 

with the passage. I therefore wroto to Chamouni aoout the middle of 

July. desiring myoId guide. Jean Mario Couttet, who knew the pas­
sage well, to come by tho Col do Bonhomme, on tho 19th, to be ready 

to return by the Gcant on tJle 20th. I had previously ascert.ained 
that my guide of Counnayeur, Antoino Promcnt, would eonsent to 
nndertake tbe passage with a single competent guido of Chamouni, for 
I had seen /!IO much of tbe uselessness and inconvenience of numerous 
guides on such expeditions, that I reaolved to take two only. Another 

item of expensc and troublo was saved at the suggestion of Promont. 
Hitherto the passage had, in every instance, been cffected in two daVli. 
In starting froto Chamouni, tbe Tacul was the placo of the first night'8 
bivouac; and, in the one or two paesag,es which have heen made 

from the "ide of Courmayeur. the travellers had slept. or at least lai1J 
on &.he exposed and almost precipitous fa.ce on tho sonthem ascent, 

which oft'ers no spot at &1.1 adapted for the most indifi~rent night's qua:­

teJ'l3. Proment suggested passing the Col without any halt, as t,he 
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first part of the way, being without danger, might be performed in the 
dark. I dotermined, accordingly, to leave Courmayeur in the night, 

and to reach 001 soon after sunrise, or at least before tho morning 
was far advanced. 

Couttet arrived a day before his time, and tho day of his arrival 
was also the last of fino weather, which had continued almost without 
interruption for a month. The south wind began to blow, the dew 

point rose, fogs covered tho rango of the Cramont, and formed a 
bel~ a.long the chain of Mont Blanc, and it was but. too evident that 
the weather was d(,O'angoo for sarno days. The provisions wero ready, 
the guides astir, and I wa. .. called at midnight of the 19th, to consult 
upon tIl<' state of the weather; wht:n it was unanimously 3offl'ced to be 
unfit for such a.n expedition. A repotition of the same occurrences 
took place for several successive days and nights. I was itnmoveably 
fixed in my purpose to retnrn by no other route, tlJld as resoluto not to 

attempt the Pass but with the finest weather. Promcnt, who was at 

home, bore the tantalizing delay philosophically enough, but CQuttet 
fretted himself into such a state of impatience, that I believed he would 
have left me, and returned to Chamouni. Sometimes he urged me to 

depa.rt, w1atAver might bo the weather; but, when tho hour of mid­
night came, and the council was cit-TIed, his better sense warned him 
Dot to make 80 rash an attempt; then he tried io i:1oiuce me to give up 

the plan, and return by the Bonhomme ;-anything to avoid thc !O'nnui 
of Counnayeur. But I was inflexible. The 20th, 21st, and 22d July 

were Bpent thus. On the evening of the latter day, the weather gave 
a promisc of mending, whilst tbe snow which had fallen on tho Col, 
and eVfln a great dcalo}ower, gave tbo prospect of 80me inconvenience 

from the cold, and increased difficulty in passing tho glacier. ConUet 
put these prominently beforo mo, as the last tempta.tion to abandon my 

project; but, finding me r&:iOlut~ he made up his mind for departure 

that night, good or bad. 
I was called a littl~ after midnight, between the 22d tlJld 23d July, 

and to my inexpressible satisfaction, I ~eld a magnificent calm night. 
illuminated by a mOOR juet full. J had sent off by an opportunity 

some days before my heavier luggage, so that my pacqllet was Boon 
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made. I earried) 88 usual, my barometer, halluner, compass, Bud teJe­
rseope; one guide took my little knapsack, and the ot.her a similar ono 
oonta.ining provisions. 1 took eome soup before departing ~ and Wtl 

were detained, and my temper a little rumed, by the stale imposition 
or a supplementary hill, containing items left out by inadvertence in 
the regular account paid the night before, which was presented to me 
at one o'dock in the morning. when remonstrance and appeal were alike 
Wl&vailing. Travellers who undertako expeditious beyond the com­

mOD run of excursions, cannot be too much put upon their guard 3hrainst 

the systematic extortion of innkeepers. seconde~ by the lovo of indul­
gence of their guides. The better WIly would be to let the guides pay 
for theJIl8Clves in every ease. 

Being fairly on foot at 30 minutes past 1 A.N. of the 23d July, my 
ill-bumour was Boon dissipated by the exquisite beauty of the BceDO 
which the valley of Courmay<,ur presented. The full moon was riding 

a.t its highest noon in a cloudless sky-the air calm and slightly fresh, 
blowing very gently down the valley. The village a~d n('ighbourhood 

lay, of course. in aU the stillness ofthe dead of night; and as I headed 
our little QM\vo.n, and walked musingly up the familiar road which led 
to the Allee Blanche and the foot of Mont Ulanc,-tbat V3ijt wall of 
mountain, crowned with its eternal glaciers, seemed to raise itaelf aloft, 

and to close in the narrow and half shadt.'<i vaney of Counnayour, ver­

dant with all the luxuriance of summer, and smc1ling freshly after the 
lately fallen rain. Of all thtJ views in the Alps, few, if any, can, to 

my mind, be compared with the majesty of this, and sCt'tl at such a. 
moment, and with the pleasing excitement of thinking, t.hat within a 
few hours I hoped to lHJ standing on the very icy battlements which 
now rose 80 proudly and so inaccessibly, it may be believed that 1 had 
never before regarded it with eo much comph.eency. 

Having left the baths of La Saxe on our right, we crossed the stream 
descendWg from the Val Ferret, and 8kirt~g the village oC Entreves 

under tht· guida.nce of Proment, who knew the by~paths through the 
fields, we gained, after about aa hour oC pleasant walking, the woods 01 

larth which clothe the 80uth-eastern foot of tile Mont Frety, as the 
pasture-mountaiu is called, above which the Col du Geant stand,. 
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The Mont Frety may be ascended either on its eastern or western 
side; both are steep and rugged, but not difficult. Some of the trees 
arc of considerable size, and every now and then from between their 
trunks, I caught M admirable peep of the still scenery of the low coun· 
try, bathed in moonlight, whil,qt, as we gradually but steadily ascended, 
.our progress was measured hy the suec~ssive hills or mountains which 
we left below our level: first, the M(}ntagne de Ia. Saxe--then the Pain 
de Sucre-finally, the Cramont itself sunk its head am(}ngst m(}re 
distant ranges of hills. CouUet had now taken the lead, and kept 
going steadily up hill at a very easy measured pace, but without tbe 
least intt"nnission. In thi.':I way, admirable progress ill madt'; the 
mind yields to the monotGuy uf the exertion, and c~ases to measure 
time, or to long for .3 remission of 80 Dloderate an effort. The footing 
heing easy, no annoyance was felt fr(}m the want of full daylight, and 
the eye was left generally free to dwell on the objectR around. 

Two hours had passed from the time of starting before we emerged 
from the larch wood upon the bare slope of Mont Frety. Twilight W&8 

ht"ginning to make evident progress in the serene sky above the Col 
Ferret. The moon was still high ill the south-west, 20Q or 25° above 
the horizon; and I was curious to notice the relative intenIJity of the 
moonlight and the dawn with reference to Rome experiments which 
I had lOMe during the total eclipse uf the sun a fortnight before. 
On that occasion, the light permitted me to distingui~h small print 
with difficulty in the open air~ and I think J could not have r~ 
writing. J compared it afterwards to the darkness in a clear even· 
ing one and a quarter to ont" and a half h(}urs after sunset. The 
moonlight now was evidently inc(}mparably brighter than the light 
of the eclipsed sun, and enabled me to road writing e3llily. As we 
ascended the slope with the increasing dawn on the right hand, and 
the setting moon on the left, I referred continually to a written paper 
in my hand, to mark the mon.'Int when it should appear equally legible 
\tyeither. The differeDctfof colour of the light caused some difficulty. 
·It. was the contrary of what we usuaJly perceive: the moonlight seemed 
yellow and warm, the dawn was cold arid grey. This was evidently no 
illusion, and arose from the quantity of blue rays retlected by the Luge 
surf'aoe of sky whence the twilight was derived. At 3 h. 30 m. A.M., I 
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jwlged the two lights to be equal, and in a v~ry {(ilW minutes the dawn 
had 80 manifestly gained upon the other, that it ,howed the method 
to be 8usooptible of some accuracy. Now, the summit of Mont. Blane 
W8B Dot touched by the sun until 4 b. 20 m. or 50 minutes later. This 
corresponds sufficiently well with my former estimate of the darkncSfl 
of the total eclipse. It was very far less bright than the light of 
the full moon; as much less, in fact, as the dawn 80 or 90 min~tCB 
before sunrise (in the month of July) is than the daWD 50 minutes bo­
fore suorise, which is probably not much more than a fourth part. 

This little experiment required no delay, and we kept always ad­
vancing. Tho Mont Frety projects com~idorably towards COllrmayeur 

from the great chain, although, viewed from below, it seems an almost 
precipitous slope. There is a ravine on either hand, the highest por­
tion of which contains a. glacier-tho Glacier du Mont Frety on tho 
weBt, and the Glacier d'Entreves on the right.· 'Vhat may be called 
the Bummit of Mont Frety is a green pasturage, interspell!led with 
enonnon8 blocks. By frequent examination from below with a tele­

scope. I had 8.'\tisfied myself that the upper part was of granite, over­
lying strata of limestone, wliirh dipped inwards at a considerable angle, 
and ruse that the blocks on the summit were granitic masses removed 
from !lome distance; both of these conjectures were confirmed by exa­
mination. The dimness of twilight permitted me only to ascertain 
generally the fact of the superposition of tht' granite to the limestone. 
As I approached the level of Uw scattered blocks of granite, I was struck 
by the peculiarity of their position. These enormous masses lie on an 
isolated ridge of very little extent, and on a. steep declivity. There 
are ravines on either hand; pl'6Cipices above, and the valley nearly 
3000 feet below. The level at which they occur is very rema.rkably 
preserved; and without by any mea.ns vouching for the explanation, 
they soom t(} me not to have alighted on this prom(}ntory in the course 
of rollinz down from the cliffs above, which is scarcely probable, hut 
rather to have been deposited by the glaciers descending on either 
hand. 1£ those glaciers formerly reached the valley beneath-which 
is n{)t unlikely-they probably occasi(}ned. the Tema.r~le deposit of 

• Theee are thf nametI giveD by De SaIl8llll'e, § 203.5. 
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boulders exactly opposite to Mont Frety, on the farthest or south 
side of the torrent of Val Ferret, described i.n the last chapter. The 
seetion in the Topographical Section, No. III., will give an idea of the 
combination of these remarkable phenomena, which contribute to ren­
der the environs of Courl1layour very interesting to the geologist. I 
have only to add, that the granite of the bouldors on Mont Froty does 
not resemble tho rock on which they lie, being more crystalline, and 
evidently derived from tho neighbourhood of the Col du Geant. The 
blocks in the valley have the same character. 

Having passed the sort of top or prominent flat of Mont Frety, and 
having now arrived at t~e foot of the final ascent after three hours of 
continuous walking without ~y pauso, we ha.ltod by ... spring to break 
our fast at 30 minutes past 4. 

The sun was just about to risc, and this was tho coldest period of 
the morning ~ at the height which we had now reached the frost was 
pretty intense, and the herlmortO :wllite and crisp. I breakfasted heartily 
on hard eggs and cold tea, of which I had brought a good store in a 
gourd. After a halt of about 20 minutes. we proceeded, the cold con­
tinuing sharp-the thermometer was 30". 

The ascent now began in earnest, and, before long, we had left all 
grassy slopes behind, and clambered upon the bare rock. This was at 
first precipitous, though not dangerolli>. 1 had so completely studied 
the route with tho telescope from tho Cromont,· that I oh,-ulld have had 
no difficulty in selecting, had it been necessary. the easiest path. 
There was but one point where it was necessa.ry to touch the snow, 
and th&t but for a few steps. Keeping always along the ridge. we 
climbed patiently amongst the loose masses of rock, which it required 
some care not to overthrow upon one another. We were yet nearly 
1000 feet below the top, where Couttet felt his breathing a little 
a.ffected, though not distressingly 80. This is a symptom very com­
mOD, and depending much upun the state of health at the time. I 
scarcely felt it even at the top; but in 1841 I was distinctly inoom-

• The vignette CJ! tlJe Mitt page giVeII ad imperfect repreteDtation of the ascent or the 
Col do. Gl!ab, .. MeD from the Cramont. It is. however, lIOlIIewhat deficient botb in elear-

11- aod 1ICCtll'ae1. 



on _mdI apon the &tate of 

that on BOIDe cia he ad his 81' have ,;.~ 
veBienC8 from ~he action Of the lunge at very modertte e 

• tiona. ~ntinuing eteadily to 
mount, and invigorated rather 
than incommoded by the sun·s 
rays, which DOW began to bea 
upon us, e reached the sum­
mit with aearcely ~y halt at 
20 miuutes past 7 A .... , or in 
I) hours 50 minutes from Cour-' 
mayeur. The vertical elevation 
is 7000 English (~ and it 
never before oceurred to me to 

• make a 10 g ascent 80 nearly 
in · one right line. The point 
at whioh we arrived, marked (I 
in the sketch) • very lowest 
point of the chain, and is pre­
ciselyat De SaUMUre's station. 

The disagreeable feeling of cold had now eMirely subeided. . The 
sun'. rays had taken oft' the frosty chill, though, in consequence of 
our inoreased height, the thermometer was only 290

, we established 
ounelves, nevertheless, not uncomfortably. in a hollow of the rock 
faciDg the lOuth, where we could rest after this, the moat toilsome, 
though not the most difJioult part of the day·, work, and lUJ'Vey the 
aatonia1pBg prospect which was spread out before' us. 

e were at a height of 11,1410 feet above the sea. It' Tery 
to * this elnation at 80 early an hour u seven in the morning, 

to eombine this el88Dtial for a distaDt prospect with 
llUlpiAoem weather as the day in flueation atl'orded. Tbtl atmosphere 
was; perhape, .. the event pro.ved, too clear for very penDaIl8J).tl1 
iDe eather,-DOt a cloud-not even a vapour WM'risible. air 
of • JoAy"'- wu in the IBOIt taaquil ~ 
rage of the A1pe, to the ... lOath, and ... ~ roee 
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perfect definition . up to the extreme limit whieh the actual horilOll 
pennjt~ 111 to lee. Never in my life have I 88en a distant mountain 
u.w in the ~rfeotion that I did this, and yet I have often been upon 
the alert to gain the 8ummiu before the buy nil of day had spread 

• iteeIf. 
Perhape it enhanced my admiration of the soene, that a great part 

of the labyrinth of mountains were familiar in their forms to my eye, 
and that from ~ving penetrated many of their recesses in different 
journeys, this wlcle glance 1illed .my mind with a pleasing confusion of 
the images of grandeur and beauty which had been laboriously gathered 
during many pedestrian tours, whoee course and bounds I DOW over­
looked at '!o glance. To the eastward, the Mont OerviD, with ita 
obelisk form, never to be mistaken, presented eviclen y the M~e out­
line as I had sketched last YVM, from a point diametrically opposed, . 
near Zermatt ;-close to it, on the left, rose another peak, which I con­
jectured and afterwards ascertained to be the Dent d'Erin.· A little 
to the right; moat exquisitely defined in outline, yet with every detail 
delicately subdued. by the undefinable blue of lUlmense dis~ce, was 

. the whole m8088 of Monte Rosa, the rival of Mont Blanc, with its many 
·heads of nearly equal height, whose geography I looked forward to ex­
ploring in the courso of the Bummer. The . hirsute and jagged rocks 
of the ValpeUine and its neighbourhood formed the base out of which 

the chain of Monte Rom seemed to 
riee; and a little more to the right 
lay the indentation of the Val 
d' A08te~ well marked by the COID­

plete separation which it forms be­
tween the mountains just men-tia_ ad Qloae which formed the middle group of the picture,. the savage 

• 0( Oogne to the south of Aoate. . These mountains (which I had 
Y traftl'llei i8 1889) contain Y 81U1l1Dits of 11,000 and 12,000 

p 
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.. the Becca di 
been repeaWl, 

.... ad b M. Carrel of AOBte, who even the night ~f the 7 
there, in order to witneu the 801ar eclipee :-the Montagn 

Cogne, the Gl'&Ild Paradis, aDd the Aiguille de la Saasiere, all strea 

iDg with glaciers. These were flanked on the left by the ltern grey 
mountaiD8 of Ohamporcher, and on the right by the snowy wastes ef 
the Ruitor. Behind the last l'OfJe the vaat maY of Mont beran, w icb 
completely conceals the Alpine chain beyond, and of coone the Monte 
Viso, which I had hoped to have recognised. Hitherward from the 
Ruitor the pus of the little St. Bernard carries the eye to the valley 
of the leer&, whose whole course I had also followed up to its p&­

rent glaciers, in the year 1839. Then a !resb range of snowy moun­
tains to the right, above which rises conspicuous the Aiguille de 1& 
V &Doise, (between Moutiers and Lanslebourg,) 3- mountain which, for 
elegance, vies with any in the whole chain. To the west, and beyond, 
stood forth in clear perspective the et more distant range of Mont 
Thaoor, separating the valleys of the Arc and the Durance; and Savoy 
from France. There, a very well defined, though very • tqt group 

of familiar forms neohecl my eye. 
It was the Moot Pelvou in 
Dauphine, rising proudly £rom its 
rugged basis of lofty hills, the 

P"1ftk of MMtt ~. highest mountain between Mont 
Blanc and the Mediterranean, and 

of moh I bad laboriously made the circmit in 1841, in company with 
r. Heath, by passing 0018 thexnselvee above] 0,000 feet in height. 

The adjacent ma&I of Lea Grandes Bo088e8, sloping towards Grenoble, 
cloeed ibis admirable panorama, which W&I thUs cut Ihort euotly 
where it WOJlld have become uninteresting, by the ooloual IDa8IJ of Mont 

hiobt with its huge 88ntinel, ~ Mont P~teret, Qbat nn 
rotk,. iguiUe which guards it on the aide of the All~ Blanche,} 
stood forth in the closest prosimit,., and &till at a height of 41600 feet 
above UI. 

I will not atop to dllcribe the appearanee of the ~ immediately 
bea88th 111, and of which the eye seised at ODee the groad 
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the grv.t heiPt at which we stood. It is very rare, as 1 haTe ob-
8eM'ed, to find 80 long and unifonn a slope, affording a clear Tiew to 

the Tery bettom, near SOOO feet deep. The Allee Blanche, with ita 
glaeiel'l!l, its lake, and its torrentl, all i. plano, the peaks of the Mont 
Ohetif, and enn the Oramont, now completely subdued, the monoto­
nous length oC the Val 'Ferret, the hamlets of Courmayeur and La 
Saxe almost at our feet, a.nd the meadows of St. Didier, green 88 an 
emerald, a~d set in a solid chasing of precipices, begirt with pines,-a1l 
these familiar objects scarcely withdrew my a.ttention from the magni­
ficence of the wide Alpine view beyond. 

The ba.rometer (one of Bunten's) had been set up on our arrival, 

and whilst admiring the scenery, a second and more substantial brea.k­
rut of cold fowl was proceewng with marked advantage to the pros­
pects of the journey,-for our appetites were excellent. I scarcely 
tasted the wine, and not at all of the brandy which Couttet had 
plentifully proTided and liberally partook of. We had yet many hours' 
walk. in the heat of the day, over dry snow, where no drop of water is 

ever seen. 
The.barometer had been exposed for forty minutes in the shade, and 

was nOw earefully observed. It stands .08 millimetre lower than the 

eorrected barometer at GeneVa Observatory. 

Col du Geant, 1842, } a-: A~er. ~~. 
2.'Jd July, 8 h. 0 m. A.M., 507.9 +0.6 29.80 

The following had been the readings a.t Courmayeur (hotel d~ rAnge, 

second 1I00r) the previous day, during the whole of whioh the barome­

ter bad been steadily rising :-

Courmayeur,!2d July, 4 A.M. 667.5 lS.0 

10 " 
669.4 18.8 61 
669.S 18.1 62 
660.26 lS.0 65 

68O.S6 16.1 65 
661.35 11.5 50 
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whence the height of the Col du (Mant ahovp. Geneva is 981lS faet, 

above the sea 11,146 foot. Above Courmayeur, by the previous ob!er­
vations, 6979 feet. The Col du Geaut, by observations at the Mon~ 
tanvert, on arriving there, is 4841 feet above that station. This re8ult 
we shall afterwards find to agree with the direct comparison with 
Geneva, and hence we are disposed to place the Col du Geant at 
Il,146 feet above the level of the sea. De Saussure determined it, 
trigonometricalIy, by referenco to Chamouni, using the Aiguille 
du Midi as an intermediate point seen from both, and taking the baro­
metrical height of Chamouni, he obtained for the Col du Gen.ut 1747 
toi8es, or ll ,172 English fect. By his sevt>.Jlteen days' harometri~l 
observa.tions, compared with simultaneous ones at Chamouni, he ob­
tained by the formula of Trembley, 16 toises less, reducing the height 
to 1l,070 English feet. I have recalculated his sim!lltaneous observa.­
tions a.t the Col du Geant and Geneva, and have obtained so Iowa 
result as 11,028 feet. 

The rock under which we breakfasted had supported the " Cabane .... 

of De Sa.ussure. I pleased myself with contemplating a. board which 
yet remained of the materia.ls of bis habitation, and a. very consi4erahle 
quantity of straw, which lay under the stones which had fonned its 
walls. The frosts of this elevation had preserved the straw in a pretty 
fresh state for half a century. There was also an empty bottle entire. 
This, indeed, had no claim to btl so old, but it might be a. relic of 
another illustrious gucst,-M. Elie de Bea.umont, the last traveller but 
one, who: seven years ago, had passed this wild ,spot. 

De Saussure's habitation, as figured very intelligibly in the fourth 
volume of his work, consisted of a wretched stone hovel, six foot square, 
and two tents. Here this remarkable man p&8.8ed sixteen days and 
nights, keeping, togtlther with his son, M. Theodore de Sau8sure, (the 
only surviving sharer of the expedition,) almost perpetual watch upon 
the instruments which he had undertaken to observe. No system of 
CODDtlctoo physical observations, at a. great height in the atmosphere, 

- - --- - ---- -----. -- _. - -----
.. Caleul&1M both l.Iy Baily'. Tables .Ild those of the French .. A"lullli,.,." 
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U~ aver been undertaken which can compare with that of De Sau88ure. 
At any .time such self-denial and perseverance would be admirable~ but 
if we look to the small acquaintance which philosophel'8 of sixty ye&l'S 
ago had with the dangers of the higher Alps, and the consequently 
exaggerated colouring which was given to them, it must be pronounced 
heroic. 

De Saussure and his son arrived at the Col du Geant on the 3d 
July 1788, accompa.nied by a. number of guides and porters, who ca.r­
ried two tent.g~ and the utensils required for a long residence, having 
slept by the Lake of the Tacul. On the 19th of the same month he 
descended on the side of OOI~rmayeur, having rc~ained !>eventoon days 
at this great elevation. It. may he believed, that those guides who 
remained to share the wretched accommodat.ions of this truly philoso­
phical encampment, were not a little exhausted by the tedium of Buch 

prolonged hardships. De SauSBure states, that he helirvea they 
secreted the provisions appropriated to the day of their descent, ill 

order to render impossible a prolongation of their exile from the world. 
The astonishment of the country people on the side of Piedmont, 
whence the position of De Saussure's cabin is distinctly visible, it may 
be believed, was great; and it naturally showed itself in the form of 
superstition. It is still well remembered at Courmayeur, that that 
month of July, having been exceedingly Jry, f.he report arose, that the 
sorcerers \4ho had established themselves on the mountain bd stopped 
the avenues of rain, and that it was gravely propos01d to send a deputa­
tion, to dislodge them by force.-a task, probably, of some difficulty, 
for a few men could defend the Col du Gcant against an army. 

If we look to what Wail accomplished by these indefatigable observers, 
we shaH find, that it was fully commensurate to the eR'orts made to 

attain it. Scarcely a point in the" Pbysique du Globe," which was 
not illustrated by their experiments. Geology, meteorology, and 

magnetism, were amongst the most conspicuous. I will pause a 
moment to St&toil some of their leading results, which, as respect 
meteorology, are of pennane~t and, even now, almost of unique interest 
in the !:Ieience. It were, indeed, to be desired, that the original regis­
ters, which are understood to '* in the possession of the family, were 

published entire. 
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After mentioning the few observations wlti~h could be made'on the 

plants and. animals of this wild spot, and the rock! of which the 001 is 

composed, the Meteorological Observations are next discussed.· The.'Ie 

were oonduetf>d every two houf8, from 4 A.M. to midnight, by the alter­
nate c&l'e of M. de Saus8UJ'(I and his SOD. 'Ve extract the following from 
the simple history of their days, each 80 like another, as to make tbe time 

seem to pass With extreme rapidity :-'" Vera les 10 heurea du 80ir Ie 
vent 136 calmoit; c' etoit r heure au je 13i88&18 mon fils 86 -coucher da.ns 
fa cabane ; j'allais alors dans 13 tente de Is boussole me blottir dans ma 

{ourrure, a.vec une pierre chande 80ns mes pieds, prendre des notes de 

ee que j'avais fait dans 130 journee. Je sortais par intervalle pour 

observer mes instrumens et Ie ciel, qui presque toujours ctait alors de 
la plUB grande purde. Ces deux heures me paroissaient extreme­

ment douees : j'allois ensuit,,· me coucher dans 13 cabane sur mon petit 

matelas etendll a terre a c(')tf! de celui de mon fils; et j'y trouvois un 

meillenr sommeil que dans mon lit de la plainc."f 

The mean height of the barometer during 85 observations was 

227.355 French lines.! At Chamouni the corresponding mean height 

was 300.688 lines, and at Geneva 323.668 lines, the temperatures of 

the air being 3~.630, 17~.288, and 19°.934 ReauIDuT, respectively. 

The temperature of the mercury of the barometer is not given. De 

SallB8Ure clearly cstahlisbed,-a.t a. period, too, when the diurnal varia­

tions of the barometer were little attended to,-that these oscillations 
are rewned in their direction at great lieightf, the barometer standing 

highest at 2 o'clock in the day, and lowest in the morning and 

evening. 

His thermometric observations are not less interesting Of original. 

His deduction of th(' law of decrease of temperature in the atmosphere 

is, probably, the best that we yet possess, 1° Reaumur for 100 toises 

of ascent. He shows, that a decreasing arithmetica1 progression satis-

------------'------------
• VOJllflU> I '2049. t § '2:03':!. 
::: Ingenuity n~v~r oontrivoo " more peM'er'!MI "Ylltem of Ilotation tban tbu lIubdivi8ilOflis 

nf tbe br.rorneter in the time of De s.ulMlure, who ~VI!8 his l'C6ultll in inehetl, till", (or 
twelfth-.) 16tlu, nf th_ Iin~ and tOOOth" or" thell8 16ths. I l11ve n'dueed them to 
Iintlll and d('('imall<. 
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fiea the observations better than the harmonic law proposed by Euler; 
he points out tho importance of his conclusions to the theory of astro­
Domical refra.ctions; he insists on the diminishing range of daily and 
annual temverature as we ascend. and observes, that this causes a cor­
responding daily and al.lnual change in the rate of decrement with 
height; a.nd he shows th~t he had a !'lear idea of ,pace possessing a 
definite temperature at a distance from any planetary body. He con­
siders, with much neatness and simplicity, the variations in the pro­
gress and extremes of daily temperature in the month of July at tltP. 
three stationA of the Col du Gcant, Chamouni, and Geneva. The 
mean daily ranges were 

~o .25i Reaumur, 
10.092, 
1 I .035, 

Of in the proportion of 2 to 5 nearly at the 61"8t and last statiolls. 
The progres8 of the diunlal warmth is mObt rapid at the higher station, 
for whilst the lowest tom perature of the night occurrod at all the sta­
tiolls at 4 A • .M., the mean temperature of tbe day was already attained 
at 6 A,M. at the Col, at Uhamouni at 8, at Genova only at 9 A.M. 

These experiments . are> amongst the most definite and exact which we 
yet possess ou th~e subjects. * 

On solar radiation the experilllcni.S of De Saussure were not so con­
clusive as on most other subjects. He employetJ und ... fcnded thermo­
meters, exposed iu the sun and shado, and gCllrrally not even bl(I.Ck· 
ened. Hence the difference of these was always trifling, and depended 
fully as mucb on the foret' of the wind, (as ho himself acutely notices,) 
as upon any other circumstaucr. The effoct of radiation from the eur· 
faoo of the snow, reduciug its temperature below that of the surround­
ing air, he seems to ha\'I' })a.rticularJy notired; and though he quotes 
Dr. \Vilson's paper on tho su~jl'Ct, (§ 203 ~.) it may be inferred, that 
he was not familiar with that curious observation a.t the timo of his 
own experiment . 

• &,.. a paper Oil the DiDUnut.ion or Tellllo<'ratul"e with Height in tJle AUJI(OIIphcre. and 

on thE' Diurnal CIII V06.- Tranll. xiv. 489. 



PA88A.OB OF THR COL DV GEANT, 

This remark, however, seems to have led him t.o make some moat 
interesting obeervations on the temperature ot' the interior masa of 
snow. He notices, that the hard cruet of cougealed snow on the Col 
du Geant extended to the depth of only 80me inches, and that below 
tha.t, down to 12 feet, the temperature was continually 00 Reaumur, or 
the freezing point. The following passage, in which De Saussure 
reMons respecting the progre88 of the winter~s cold into mMses of 8DOW 
and ice, compared to that in common soils, is 80 important to the 
modern theories of glaciers, and is, I think, 80 just, that I will quote 
it entire :-" La croute gelee," says he, "qui recouvre les neige8, eat 
sans doute plus cpaisse en hiver qu' en cte; je ne crois cepend&llt pas 
qu'elle &it plus de dix pieds d'epaisseur, at je suis persuade, qu'all del. 
de cetta profondeur les neiges demeurent tendres, et comme en eM, au 
tenue de la congelation. En eifet ai ron adopte Ie principe que j' at 
pose dans l'article pr~cedente que 130 difference entre II. tem~rature des 
plaines et cellf! des bautes montagnes n' est en hivor que les deux tiers 
de ce qu' elle est en etc, on Yerra que, puisque 1& temperature 
moyenne du Col du Gea.nt, n' est en etc que de 15 degree plus froide 
que celIe de Geneve, elle ne Ie sera que de 10 en hiver. Arnsi comme 
nos plus grands froids n' excedent guer6s 15 degres au dessous de zero, 
ceux du Col n' .excederoicnt gueres 25, et ceux de 1& cime du Mont 
Blanc 30 ou 31; ce qui est un peu moins que les plus grands froids de 
St. Petersbourg. Or, puisqu' a la baie de Hudson, dont Ie climat est 
beaucoup plus froid que celui de St. Petersbourg, la terre ne gele qu' • 
1& profondeur de 16 pieds angJais, environ 15. pieds de France, on ne 
15' ec&rtera pas beaucoup de la verite en supposant que, sur las Mutes 
eimes des Alpes, 130 neige ne gele en hiver qu' a ] 0 pied@! de profon­
deur; surtout si ron considere que la 11eige se 1&i8S6 penetrer par Ie 
froid plus difficiloment. quo la. terre ... • These views will be found to 
be in accordance with those which have lately been brought forward to 

illustrate. the Theory of Gla.ciers. 
On the e~ectricity of the atmosphere, De Saussure mad~ many obser-
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ntioDs on the Col du Geant, of which it may be said, that the imper­
fections were those of every observation of the kind, and that even at 
tho present day, it would be difficult to suggest very material improve. 
ments. He found the diurnal variations simila.r to those at the same 
season in the plains, showing that varia.tion of temperature merely, is 
not the cause of the dissimilar phenomE'na presented at different 
seasons. 

A very interesting chapter refers to experiments on evaporation, and 
the drynesa of the air, which, though tinged by the erroneous view. 
on Hygrometry then prevalent, present several results of value. The 
rate of evaporation was determined by the ingenious device of exposing 
a moistened doth on a stretchillg frame, whose loss of weight, in a 
given time, W1l8 determined by means of a nice balance. He thus 
ascertained, by direct experiment, " that other things being the same, 
with respect to temperature and dryness, a diminutioll of about one­

third in the density of tbe air, doubles the amount of evaporation .... • 
Besides thest', we have observations of great interest upon clouds, 

the formation of haiJ, an elaborate series of experiments upon the 
blue colour of the sky, with the cyanometer invented by himself, 
on falling sta.rs, on the colour of shadows, on the transparency of the 
air, on the scintillation of stars, and on the duration of twilight. 
He observt'd a sensible twilight when tht! .sun was 45" below the hori~ 

zon, instead of 18". as is usually reckoned in the plains. Pictrt con­
eluded,t that this reflected light was drrived from an elevation in the 
atlDoaphere of 121 leagues, where the air must be inconceiva.bly 
rare, if indeed it exist at all. It seems so much more natural to 
suppose, ¥ Arago has done, that the light ef twilight has undergone 
several 8uccoB8ive reflections, from. comparatively dense air, that one 

wenders that so pn.ba.ble an opinion was not earlier held. De Sau8Sure 
likewisE' made use of the influence of light in facilitating certain chemical 
operations, as a measure of the illteusity of light at the Col du Geant, 

compared to the level of Geneva. 

• § 2063. t. D~ s."'ltauu, V ClytI9I''' § 209(). 1Wk. 
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Beai.dee .u these varied 8ubject& of inquiry, we fiurl that De Sau88ure 

devoted particular attention to the phenomeIl4 of magnetidm on the 
Col du Geant. Indeed, it was one of hie chief objects, as Was sLown 

by <the extreme paw which he bestowed on the at'tAngement and ob­
servation of his mllctJ'Dotic apparatus, Seven times was tile pedestal of 

his variation instrument constructed before it pre8ented sufficient sta­

bility to afford consistent results, and it is DOt easy to approoiau. the 
zeal which, in such trying circumstances, returned so often to the ful­

tilmeut of its object. He found the diurnal vat'iatio1.l8 to subsist at 
this height aB at Geneva aud Chamouni, and to have generally the saDIe 

directioD. Their magnitude did Qot appear to be consideraLly aJtt'red. 

He WaB also probabJy the first person who attempted to inquire, whether 

the terrestrial magnetic intensity is sensibly diminished at thesc great 

heights. The observations made at Chamoum and the Vol du Geaut, 

at nearly the same temperature, agree very closely, .1.nd do not seem to 

warrant the supposition towards which De Sauflsure seems to lean 

(thougb with his usual caution), that the diminution was very ap­

parent.-
In reviewing thus hastily the results of the memorable journey of 

De Saussure, we cannot but be struck with the eompletencss of a piau 

of observation in terrestrial physICS, to which it would be difficult, cven 

at the present day. to make any considerable addition, except as to 

metlwdl. Himself on the borders of fifty, and with the assistance only 

of bis son, at the age of eighteen, he fiUed actively the part of geolo­

gi8t, naturalist, and pA.y,;cian, during seventeen days and nights, at a 

height which, but a few years before, was believed to be inaccessible in 

Europe,t and where it might well have been doubted whether human 

life could continue to be supported. Whilst the ascent of Mont Blanc 
baa ever been considered lie Saussurc's most popular claim to his df'lo 

I6rved reputation, the annalM of science will ngister the rcsidence on 

the CuI du Geant as the more striking, aa well as more useful achieve­
ment. 

--- ---- --- ---
• § 2103. 881' alao a palJet' by t.he author, Edill. Transa.etions, vol. xiv, p 22. 

t .. Environ 188 toilet! plUIJ bllt que I». drne du Buet, qni t-it iI Y a qUt'lqOC6 ann~1 

I>our I, eommite ~b1e I, pllIi (le"oo dc. Alpc!>."- J' "gugel, § 2032. 
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I left the Col to descend iis northern side towards Chamouni at 
8 A.M . A few steps brought me to the edge of the glacier, which may 
be considered as the head of the Mer de Glaee in this direction. The 
view, though very. grand, wants the effect of distance which the south­
ern panomma preaentM. The summit of Mont Blane is perfectly dis­
tinct; but it appears close at hand, and its elevation, though still 4600 
feet above the spectator, loses somewhat of its graJldeur from its appa-· 
rent proximity. The chain of Aiguille8, which separates this branch of 
the Mer de Glace (or Glacier du Geant or du Tacul) from the valley 
of Chamouni, complAtely bounds t.he view to the north, and yet does not 
risc to a great height abf)ve the eye. The row of their summits, 
exactly in the reversed ortier from that in which the.v are seen from 
Chamouni, is, however, abundantly striking, commencing with the 
Aiguille du Midi on the left, succeeded by the Aiguilles de Blai­
tiere, Grepon, and Charmoz. Tho great tooth-like form of the 
Aiguille du Geant, belonging to the chain on which we tltood, rose 
imposingly on the right, supported by a mass which completely cut off 
&11y view in the easterly direction. Tho comparatively small sum­
mits of the Aiguilles Marhrecs, figured by Saussure, occupied the 
foreground in that direction. But perhaps the most striking part of 
the northern prospect Willi the dazzling mass of glacier upon whoae sur­
faee we were DOW to walk for some houl'~, which occupied the ba.sin to 
the depth of several thousand feet beneath us, intermiAed with craggy 
pinnacles, which here and there connected thelll ~elves with the rock!! 
on either hand, or stood out as islets amidst the breadth of unbro~en 
white. 

On rising from breakfast on the Col, we hat! taken the precaution to 

tie ourselves together with two strong new cord6 which Couttet had 
provided; and as he took the lead, I being in the centre, aDd Proment 
behin~ about 10 feet apart, we had soon occaaion to test their utility. 
The snow had fallen to a. contliqerable depth during the late stormy 
days, and a.ided considerably to the difficulty of detecting hidden 
chasms in the ice; almost the first step that Couttet took UPOD the 
glacier. he sunk up \0 his middle in a hole. By dint of reasonable 
precaution in sounding with a staff, cven so trifling an accident was 
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not repeated, and we passed safely over the beautiful snow beds, slop~ 
ingatfust gently towards the north. 'l'he map of the Mer de Gl~egives 
a tolerably oorrect idea of the serrated ridges of gra.nite peaks whirh break 
the monotony of the scene. The first which we passed on oW' left is e&lled 
La Toter Roruk. Thia is connected with the main ridge of Alps, a little 
to the westward of the Cabin of De SaU8S1l1"f, where it tenninatea in a 
remarkably shaped hill, called Le Flambeau. It must be observed, 
however, that there are two rocks of this na~{', and which resemble 
one another extremely. The one marked on the Map 2'1 Fl&mbeau, 
is still farther west, and forms part of a transversal, and apparently 
in&eeeS8ible, ridge, which stretches quite across from the ,Glacier of La 
Brenn on the south to that of BOSSODS on the north, forming the mass 
of the Monts Maudits. These appear effectually to cut 00' access to the 
summit of Mont Blane on this side, nor does De Saussllre hint at the 
possibility of ascending it from hence. The western, or Second Flam­
beau, is a summit cODspicuotlS from several point.II, whence it could 
hardly be expected to be SOOD, a.a, for instance, from the Col de Balme. 

The glacier here, enclosed between La. Tour Ronde ADd the Aiguille 
du Geant, is very broad, but it ill only one of thQ tributarie.s which ali-' 
roent tbis branch of the Mer de Glace-another descends from between 
the first and se<:ond Fla.mbeau by the foot of a promontory caUed Le 
Capucin, (soo, the Map,) owing to the fantastical forms which the 
granitic obelisks here assume, and one of which has the rude outline of 
a human figure. Another and very large ice-flow descends from the 
Aiguille du Midi, and is more precipitous and broken; it breaks 
against a small rock ealled Le Bognon, nearly opposita to the Aigoille 
Noire, and which is sUTTounded entirely by the glacier. It was up 
this glacier that Col. Beaoroy first, and afterwards M. &milly of 
Geneva, aeoonded the Aiguille du Midi, at least up to the foot of the 
lMt rocky summit, which 1 believe is inaccessible. 

We continued to descend with precaution, though without any in­
convenience, excepting from the sun, which was now high and brilli&nt, 
and ita light reftected with more intensity than I had ever felt it from 
the fatet161 of the highly crystallised and fre8h 8now by which we were 
surrounded. I began to think that the passage was to be effected 
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without any difficulty worth mentioning, until we arrived &t the part 
of the valley where the three tributary glaciers already mentioned 
~giD to unite, and are together squeezed through the comparatively 
Darrow passage between the Aiguille Noire on the right, and the rock 
which I have marked petit Rogrum on the left. It is difficult to say, 
whether the ascent or descent of such a glaeier is: more arduous; but in 
descending, one is at least more taken by surprise; the eye wanders 
over the wilds of ice sloping forwards, and in which the most terrific 
chasms and rents are hi~den like the ditch in a IuJ.-ha fence. The 
crevasses of the glacier gradually widened; the uniting streams from 
different quarters met and justled, sometimes tossing high their icy 
waves, at others leaving yawning vacuities. The slope, at first gra­
dual, and covered continually with snow, became steep~r, and as we 
risked less from hidden. rents, the multitude and length of the open 
ones caused us to make considerable circuits. 

But the slope ended at last ab:nost in a preeipice. At the point 
where the glacior is narrowest it is also steepest, and the descending 
ice is torn piec&-meal in its effort to extricate itself from the strait. 
Almost in a moment, we found ourselves amidst toppling crags and 
vertical precipices of ice, and divided from the Mer de Glace beneath 
by & ch&Os of fi88Ut~ of seemingly impassable depth and width, and 
without order or number. Our embarrMcmnnt was still farther in­
cre8EIed by the very small distance to which it was poss,bll:l to command 
by the eye the details of the labyrinth through which we must pa&o. 

The most promising track might end in inextricable difficulties, and 
the most difficult might chance ultimately to be the only safe one. 

The spectacle gave us pause. We had made for the north-westerD 
tlide of the glacier, near the foot of the Petit Roguon, hoping to get 
down near the side of the rocks, although not upon them. But when 
we neared this part of .. he glacier, even Couttet shook his head, and 
proposed rother to .ttempt the old passage by the foot of the Aiguille 
Noire, where .& SauSSur6 left his ladder,-a passage avoided by the 
guid8fl on account of the steep icy slopes it presents, and the great danger 
which is run from the fragments of 8tone which, during the heat of the 
day, are dileharged, and roll down from the rocks above. These stonefl 
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are amongst the mosi dangerous accidents of gl&eier travel~, A stone, 
even if seen before ha.nd, may fall in adireeiion from which the tra\'eller, 
engaged amidst the perils of crevasae8, or on the precarious footing of a 
narrow ledge of rock, cannot possibly withdra.w in time to avoid it. And 
seldom do they come alone. Like an avalanche, they gain others dur-­
ing their descent. Urged with the velocity acquired in ha.lf rolling, 
half bounding doWll a precipitous slope of & thousand feet high, they 
strike fire by collision with their neighbours-are split perha.ps inw a 

thousand shivers, and detach by the blow a still greater maBS ~ which, 
once discharged, thunders with a.n explosive roar upon the gla.cier be­
neath, accompanied by clouds of dust or smoke, produced in tho collision, 
I have sometimes been exposed to these dry avalanches; they are 
amon~t the most terrible (>f the ammunition with which the genius of 
these mountain solitudes repels the approach flf curious man. - Their 
course is marked on the rocks, and they are most stl1aiously avoided 

by every prudent guide, • 
It was, however, in the direction of La. Noire that it was thought 

that we might pass; and we accordingly crossed the gll\Cier to inspect 

the passage. But there, barriers still more insunnountable .ppeared. 
One prodigious chasm stretched quite twr08l tke glacier,' and the width 
of this chasm wilt: not lcss than 500 feet, It terminated opposite to 
the precipices of the Aiguille Noire in one vast enfoncement of ice 

bounded on the hither aide by precipices not leas terrible. A glance 
eonvinced every one tha.t here. at loast, there was not a. chance of pass­
ing. wlprovided as wo were with long ropes or ladders. Nothing re­
'!lained but to resume the track we had at first abandoned; for the 
whole centre of the glacier was completely cut off' from the lower world 
by this stupendous cleft. Here the experience of Couttet stood Il8 in 

good stead, and his presence of mind inspired. me with perfect oonfi-

• At 6axum quoties ingenU ponderia ietn 

EsCUDtur, qualL. mpH quam vertioo montis 
AlIIICidh. impulau ventorum adjuta, vctWltas, 
Frangit cuncta ruelUl: nee tantom corpora pl'eh6a 
EQnimat ; tot.oe cum MIlgUiDe dillllipat anus. 

LOU!I, Pharo 1 J 1., 466, 
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dence, 80 that we soon set about ascertaining, by a method of trial r.od 
error, whether any passage could be forced amongst the labyrinth of 
amaller erevasecs on the northern aide of the glacier. A cha.mois, 
whoae track we had followed earlier, seemed here to have been &.!!!I much 
baffled as ourselves, for he had made so ma.ny crossings back and for­
ward upon the glacier, and had been so often forced to return upon his 
steps, that we 10Rt the track for a ti me. This a.nimal is exceedingly 
timorous upon a glacier covered with snow, since the fonn of the foot 
prevents it from offering almost any resistance when hidden rent! are 
to be crosl'IE'd. We had accordingly pa.'lsed earlier in many places where 
the chamois had not vcntur~d; but the case was now different on the 
hard ice. H o took leaps upon whi .. ll we dared not venture; and ~ we 
were never suro of not bt>ing obliged to rf.:trocA every step woo made, we 
took good care never to make a descending leap which might cut off our 
retreat. Many a time we were obliged to return , and runny a weary cir­
cuit Wa.'l to be made in order to recommence again ; but we seldom failed 
ultimately to rlJt;()ver the chamois track, which is the safest guide in 8uch 
situations. The excitement WI\S highly plea.'ling. The extrication 
from our dilemma Wa! like pla.ying a complicated game, and the diffi­
cult.y of the steps was forgotten in the interest of observing whether any 
progres8 had. been gainC'd; for now we were obliged to descend into the 
bosom of the glacier, and to select its m08t jaggOO and pulverized p&rt8, 
in order to cross the crevasses where they had. become choked by the 
decay and subsidence of their walls. Thus hampered by our icy pri80lI, 
we only emerged occasionally so as to catch 0. glimpse of what lay 
beyond, and to estimato our slow and deviou! progress. At length, by 
great skill on the part of Couttet, and pa.tience on the part of &II of UB, 

(for we remained inseparably tied together all this t ime) by clambering 
down one side of a chasm, up another, and round a third, hewing our 
stepe,· and holding on onc by one with the rope, we gradually extri-

~ A geologiaal h&mll)er sharp'!ned .t one end i. nearly., good an implemept (Of" thiI 
pg:poIe u • hUcbet. For !hi. reuon, amongst. others, 1 perall'y wore it. A pel'lOlllO 

pro'rided, if be ran. WlioJurei ibto • CI"(Iv.-, ~ \he MOlt euenUal me&lll or extrica· 

...... 
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eatM ourseivefl Jrom a chaos which' at 61"8t sight apptllU'ed absolutely 
impenetrable, and that without any very dangerous poBit.ioDS. 

Whilst we were in the middle of this confusion and difficulty, I 
could Dot help remarking how totally unserviceable any ad.dition to the 
number of guides would have been. On saying as much to Couttet, be 
replied. " ils ne seraient bons que pour Caire penr les UDS aux autres," 
which was perfectly true. At length, having been for some hout'S 
engaged in these toils., we saw a comparatively clear field before U8, tlle 

glacier became more level and compact, the crevasses were knit, and 
though no trace of life or habitation, nor the most stunted tree, wu 
witbin any part of our horizon, the familiar localities of the Mel' de 
Glace were apparent, the Tacul with the branching glacier, the Cou­
verele, the Jardin, the Channoz, and the Moine. Here we halted about 
one o'clock, for we had DOW reached teater, always a joyful sight to 
those who have bef>n long wandering over snow. fields. We drank of 
it freely, and th~ guides added fresh libations of brandy, wbich caused 
them to complain of intolerable thirst and heat of the bead all the rest. 

of the way to the Montanvcrt, which, by confining myself to cold tea, 
and a very little wine with water, I entirely escaped. 

As I have not described this branch of the Mer de Glace, above the 

Taeul, 1 will here add the very few worda wbich it requires. 
The Aiguille Noire, on the 8Outh, and the AiguHles de Blaitiertl and 

Grepon, on the nort.h, here bound the Glacier of Tacu} (orGeant.) The 

former gives rise w a pretty extensive lateral glacier, which d08cends 
from the foot of the Aiguille du Gea.nt, and the Mont Mallet. I disM 

tinguiah these two, as it will be 8000 is done on the map. But the 

Aiguille du Gea.nt ie itself sometimes e&lloo. Mont Mallet, on the 
eouth side of the Alps. What I have termed Mont MaUet, on the 
authority of the guides of Chamouni, is a very rt'markable peak, a little 
to the DorthMeast of the Aiguille dll Geant; and, so far IWl I can judge 
from a single altitude with the theodolite, somewhat higher, as indeed 1 

bad 8USpeeted, from observing both in different positions. The Geant 
appear! to be 13,099 feet above the .... Mont Mallet 13,068. The 

glacier d88eeDding from them is very convex and copious; and, by i~ 
union with the othe1'8, tenda to consolidate the whole. It it from the 
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Aiguille Noire, (probably so called from having formetly been visited 
in 88&rch of smoky quartz crystals), that the fourth moraine of t.he 
Mer de Glaco, mpntioned in 3 fanner chapter, descends. This moraine 
offers a feature similar to that of the Glaciers du Talefre and de L6-
chaud, namely, that it is at first imperceptible, or nearly so, and increases 
in distinctness and mass as we descend the glacier. I t is several miles 
below its origin, namely, near the" Moulins," that it is best dt:veloped. 
This very singular fact admits of 110 conLeet, but the mode of explana­
tion varies. Some bave supposed that it arises from the rejection of 
the stones through t he matter of the icc, which I'resuppo~es that the 
fragments have been mixed 1l;-t with or engaged in tht. solid ice. I 

believe that it arises from a very simple causo. \VLcre two glaciers do 

not unite at exactly the same lovel, (the most common case) , or even 
whert', the level being the same, the one vastly prcpondtllates, the lower 
oJ' smaller glacier flows or forces itself some way under the upper or 
greater, and thus the frag ments of rock borne by each to the point of 
union, are naturally canied inwards at t Il t' sloping junction, whero they 
lie for a time buried, as in figure 1, pag'" 166, which repl'fH1euts tho 

section of the glacier at this place, until the thaw or waste of the 
surface briugs thorn gradua.lIy to light. This is attempted to be re­
presented on the map, and it is one lOf thp most striking features of 
these accumula.tions. I must add, that, at t he foot lOf the icy pre­
cipice opposite to La Noire, I found rocks and sand appearing on t he 
surface in a way not vcry casy to comprehend. Tiley were probably, 
or altn09t certainly, derivcd from th(' Petit Rognon, but by what me­

chanism they were brought to lig~t I am unable sat isfactorily to decide. 
As soon as the glMier btlcomes compact and moderately fissured, the 
veined structure of the iee makes ita appearance, and continues the 
whole way down the Mer do Glace, as has been &tready particularly 
d...,ribed. 

The Glaci~r du Oeant, below La Ne"ire, is of great a.nd nearly uni­
form width. I have, on the present and other occasions, traversed it 
in vanOtl8 directions. It is little fissured, and consequently great 
watereoursea are formed, which pursue thei r way along the surfa.ce 
of the glaoier, of which the inequalitietl are sometimes vory cODsider-

• 
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able. 80 that the water at last finch! an ellit thrt.u,b some grea\ funnel, 
or vertical opening in the ice. and here and thtlre it 81.aDds in pool. to 

a great depth. A bout half~l\"3y from La Noire to the Tacul. there is 
a rocky promontory on the right bank of the glacier, marked K in the 
map, which W~ ODe of my point.!! of observation, and opposite to it is 
'all ofi"S l'It from the ra.uge of the Aiguilles of Chamouui, on th" left, 
which forms a series of very fantastical summits, one, of which might 

deserve & peculiar name, and is figured in the m&p as the .A igvill8 de 
Blaitiere derriere. 

Truncated glaciers of the socond order festoon the wild endosur\s of 
the valley on buth sides. Those OD the left are nearly continuous, and 
may. I believe, be traversed,80 as to rel\ch the shoulder of the Char­
mOE, or sta.tiOD G., from the upper part of the Glacier du Geant, an 
experiment which I W88 prevented from trying by prtmature ba.d wea,.. 

ther. 
From the Aiguille Noire it seems but A step to the foot of the 

Tacul. but the elevation is considerable, the glacier very wide, and 1 
was surprised at thp- distan(!f' which sepa.rated me from the regions 

with which I was thton fa.milia.r. I must not omit to add, that the 

view in descending the Glacier du Gea.nt is admirable. The picturesque 
mass of the Aiguilles du Moine &nd Dl"11, termina.ting in the enormous 
elevation of the AiguiUe Verte, forms a group of singular majesty, 
which cannot be so wen 3ppr£'ciated from any other point. The haain 
of the Glacier du Ta,terre is likewise exposed, and the triangular rock 

of the Jardin stands forth in fonn and dimensions veryapparent._ 
We all felt an exuberant cheerfulness at being relieved from our 

embarrassments, and ran cheerfully down the magnificent glacier, 

leaping crevasses which at another moment we would rather hav~ 
~,.oide4. Soon on the platform at the confluence with the Glacier de 
Lecbaud, all was plain and dir~t; and I reached the Montanvert at 
• quarter before four P.M., without fatigue, heada.ch, or laseitude. 
Here 1 remained. intending to spend !lome weeks. My guid6l, h.,.ing 

finished their brandy. descended to Chamouni, where their arrival 
created, 1 was told, some astonishment, as no one bad lICore crp88ed 
-the Col du Geant in a single day, andu it was .upposed that the lreeh 
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snow must at any rate have rendered the attempt im-pl'llCt.icahle. I 
.lept tllat night lWmewhat sounder and longer tha.n ueua.l, but roef' 
next morning with a freshnes<J and elasticity to which the inhabitant 
of the plains is a stranger. A threatening of inflammation of~the 

tyes confined me partly to the house, hut it fortunately subsided: 1 
felt at first a slight shortness of breathing on IUIccnding a hill, but 
that also disappeared the second day. My guides, as I afterward.!! 
learned, entirely lost the skin off their f&ees. The ba.rometer on my 
arriva.l was-• 
Mont.&nvcrt, 1842. July 23. 3 h 45111. I>.M: 

5 15 
" 

n1m. 

610.8 
610.2 

AT 

] 5.8 r. 
11.4 

I>T 

51 F. 
.\1 

This, compared with the ob'lrrvatlOn of the <":01 du Geant, glVl:'s 4-R41 
feet for iUl height abOY6 the J\1ontallvcrt, nf 11 ,144 abo .... e the sea. 
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CIUPTER XIII. 

FROM COURMA YEUR TO CHAMOUNI, BY THE COL 
FERRET .AND COL DE BALME. 

PIKDMOSTESE VAl, FERRET--GLACIER OF TRIOLET-VIEW FROM TilE 00[,­

fJWlBB VAL FERRET-NARTIGSY TO CHAMOUNI-GLACIER 0" TBIENT-COI. 

DE RALMI':--GLACIER OP ARGENTIERE. 

IN order to complete our narrative of the tour, or circuit of Mont 

Blane, I proceed to describe shortly the route by the Col Ferret across 
the great chain of Alps, and that from Martigny to Chamouni by the 
Col de Baimc, and those glaciers of the valley of Chamouni which 
have not as yet been enumerated. The former part of the route I per­
formed in 1841, in company with Mr. Heath; I have three times 
vi.ited the Col de Halme, in different years. 

The passage of the Col FeITct is tedi01l8, and perbapl leu inter­
esting than moet others in the Alpa; travellel'8 uauilly.'" perhaps 
wisely. prefer the longer round, by A08te and the Great St. Bernard, 
which offers greater variety. This route, however, completes the 
closer inspection of the great chain of Mont Blanc, which i8 very com· 
pletely 6ep"""ted, both geographically.nd geologically, by the 0.1 Ver­
ret, from the mountains of which Mont Velan forD18 the eulmiDMiog 
point. Alter having ascended the Piedmontese Val Ferret (the pro­
longation of the Allee Blanche,) and de8Cended the SwiM Val. Ferret 
to Orsi~teaI; and having, either by Manigoy or otherwiee, I"MCbed the 
Col de Halme, and thus passed into the valley of Chamoani, the ci~ 
CUlt of Mont Blane and ita ehain it complete. Unleee by pauing diffi­
cult or dangerous glaciers, II in the ca.se of the (Jol du Grant, this 
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extensive chain may be considered as impracticable. or nearly 1:10, in its 
whol. length. 

The ueent of the Val Ferret from Counnayeur seems monotonous 
after the moro varied grandeur of the AlJee Blanche and Val de Veni : 
-for here, though there are numerous glaciers on the left hand, they 
do not descend completely into the valh·y except near the head of it, 
and the mural precipices of the JOra8ses, which separates this valley 
{rom the tributaries of the Mer de Glace -of eha-mouni, although mag­
Dificent at a distance, rise here 80 completely overhead as to conceal 
their own f'lavation, and the Dl&e,onificent summits by which they are 
crowned. As the secondary mountains on the right hand-forming 
the prolongation of the M03t.agtLe de la Saxe, or Mont du pre.-olfer 
nothing of interest beyond what has been already mentioned in a for­
mer chapter, I alla11 merely enumerate the glaciers which desceud from 
the primary chain so far as I was able to ascertain thp,ir names from 
native guides. I am aware that the guides of Chamouni differ a little 
in their nomenclature. Ea.~twards from the Glacier of La Brenva, we 
have first the Glacier of Mont Frety, and then that of Entrcves with 
the Mont Frety between. From the Aiguillc du Geant descends the 
Glacier de Rochefort, and between it and the Grande Jorasae the Glacier 
de Ja f3-rande J Ora8se. 

The next in ordcr is the Glacier de Triolet. which, as already men­
tioned in the fifth chapter, is nearly opposite to the bead of the 
Glacier de Lcchaud, and desoonds from a. summit called by the Ch9-
mouni guides, "Montagne des Eboulement8." The event to which 
the name rofprs took place, I believe, in 1728, though I failed in 
obtaining at Cottnnayeur any authentic documentary evidence respect­
ing it. According to a small printed work, which was shown to me, 
tt. avalanche, or sudden descent of the whole gla.cier, took place on 
the night of the I5-16th August in that Yl'a.r, and completely ov('r­
whelmed. the chalets of Pre df> Dar, which were situated exactly in 
front of it, dO!ltroying of course thtl inmates and cattle. Tile modem 
chrJet8 of Pie de Bar are higher up on the southern side of the vallf'Y· 

Thoy ..... '."Y filthy. 
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BeyObd the glacier jutt n.mod i. th. Mont Ru. which IIOpQ1'teo it 
from the Glaeier of Mondolent, the higbeet in t.he valley. This ODe 

.,peon to have greotly .. tree<ed of late ye ..... 
There are two paaug81 of the 001 Ferret., the Petit Ferret, which·is 

• r~ path, and the horse road, whioh is more circuitous. It is five 
hours' walk from Courmayeur to the Col. The path of the Petit Ferret 
is aloes to the j1Ulotion of the limestone and graniw. The former i. 
nearly vertieal. rising against the latter at an angle of at least 70°. 
The junetioD i, well marked, Uld the limestone is a tabular alate. In. 
deed, the thief interest of this route ooaaiats in the eloseneBI with which 
the geological boundary is followed. Behind the Grande JOra.88e, at a 
point called Pra Sec, two hours from Courmaycul'. ill a junction anti 
apparent .uperpoilition of granite to limestone. which I noticed.;n ]841, 
and again from a distance in 1842. On neither occasion h".. I My 
doubt that the limestone actually dipped under thl1 gnmite Y, in tho 
interval of the two observations, I had establish&:l that it. does farther 
west. De Sau88ure, however, who aaeended to the junction, m&intainlJ 
thai the .trata rise towards tb. granite (§ ~7I) although he ... ms to 
admit that farther west both the granite and limestone dipa inwards ; 
but he Dever asserts the superposition distinctly. 

The view from the Col Ferret, looking back, is certainly one of tho 
finest which I have ellen. The prodigious outworks which sustaiu the 

DlA88 of Mont Dlanc 00 the son them side are more conspicuous here 
than from any other point, dpeeially the Mont. Peteret which stands 
out. like a majestic Gothio pinnacle. From bence, as from the 001 do 
la Seigne, we see how far tbi. side of the chain is from being an abso­
lute precipice AI it appeal'8 when viewed in front, a8 from the Cramont. 
The delCeDt of the Swisa Val Ferret to Orsieree, off"el'B no great int.&­
rest, and it is of most tedious length. On the right hand i8 teen "'e 
pauage of tho Col de Fen.lree loa<ling to tho G .... I 81. Bemerd, by 
... hioh the produce of the vaUey, and especially fire-wood, the property 
of the co.vent, is conveyed with the aid of mulea. 

Several glaciers are passed on the le(t; since,. however, the .ide of 
the valley i. exceedingly steep, several of these are only seen peeping 
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over the precipioll. One of them has evidently descended formerly 
into the valley, and bas deposited in it an immense transversa.l moraine 

which DOW stands alone ;-the glacier ha.ving retreated into the upland 
rame. It is oommonly supposed to be from theae glaciers that the 
vut granite ota8Bas descenrled which are still found on all the neigh­
bouring slopes ai. a great height above the valleys, the Blocks of Mon­
they and those upon the Jura. The AiguiUel; to the eut of Mont 
Blanc are indeed tbe only on~ in this district capable of yielding rocks 
of the kiod in question, and the secondary mountains adjoining 
OrBieres are strewed with mas8e8, having evidently a common origin 
with those in the valley of the Rhone. These wern well known to De 
Saussure,· and accurately " "scribed by his correspondent M. Murrith, 
but they form one of the especial grolmda of the theory of Venetz 
and De Charpentier and have been more particularly described by 
the latter. 

I shall not.dwell upon the descent of the Dranse to Mart-igny, or the 
circumstance! of the debacle of the Val de Dagnes. to whICh I shall 
shortly again recur; but I proceed to describe a. journey which I took 

from Martigny to Chamouni, in September 1842, in which, avoiding as 
much as .possible the common route, I visited the Glaciers of Trieot 
and Argonticrc. The Glacier 'Of Trient may be reached from Orsicres 
by crossing the Mont Catogne, or frem Martiguy by the Col de la. For. 
clu. In the latter case, the village of Trient bt,i:lg passed, instead 
of turning to the right in 38cending the valley, which would IE':.!.tI: to 

the Col de BaJ.me, I followed the eastern side of the glacier stream, and 

after a. rough walk, (baving mi!lsed the path,) I arrived at a. group of 
chAlets. The glacier is then well seen; it descends into a kind of basin, 
apparently inaccessible in its higher parts, from granitic pinnacles 
w1lioh divide thiS valley from the Val F erret. Of these the m08t 
oonapicuou8 is a fine point on the right hand, looking towards the head 
of the glacier; it was named to me Salena; and is DO doubt also at 
the head ot the glacier 80 called, whilst at thfl 8&lDe time it separates 

• v oyogu. ~ 1022. 
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the Glacier .r Trien! from tlut.t..r Le ·r ... r. I think il most likely 
that this is the Pointe d'Onlex, seen from Orsi~te8.-

The lower end of the Glacier de Tricnt ie a.bout an hOUf'S walk above 
the village oftbe same name. It is·& wellspfead out glacier, with fetN 
ramifications, and a rather attenuated front; it somewhat reftembles in 
contour the Glacier of the Rhone, or that of La Brenn, but it communi­
cates more directly with the higher slopes. An iuspection of the struc­
ture proved it to be quite nonna); so much so, indeed, that I could 
have aceurately predicted it before hand, by seeing merely the external 

form of the ice. Suffice it to say, that it corresponds generally to tbe 
struciure figured on page 30. The crevasses in the lower part are also 
radial, as in e\"ery glacier of this order, (see the fuUlines marked a 
on the figure, page 29.) In its middle or mean portion, the glacier is, 
M usual, most readily traycrsed. and here very easily. I r.rossed over, 

making observations in different directions, and obsening especially 
the chara.ctcr of the granite blocks which come down tbe.w~tem mo.­
raine from the slIm mit of Salcn3 jllst mentioned. These bioeke are 

remarkably chafed and rounded, no doubt from the friction they have 
experienced between the icc and rocks; but neither in this or in any 
other casp. ha\"6 I perceived an approach to poluk on glacier-moved 
blocks, which cannot (I think) for 3 moment ho confounded with tho8e 

.mooti pebbles and boulders plentifully found in the diluvium of aU 
countries, and composing many of those gravel heaps which · have been 
styled moraines . The nature of the granite, or protogino, appeared 
to . me aceuratcJy to re.semhle that of the blocks of Monthey, and 

those on the Jura. Supposing them to have been derived from the 
Pointe d'Omex, they may either haNe descended the Glacier de 
TrieDt when it filled the valley of the Tete Noire, and joined that of 
the Rhone below Salvent, or, (as is more probable. from the ditltri­
botion of tho blocks.) followoo the exterior of tho chain by St. Bran .. 
chier »'Jd Martigny. 

The hi~hest chalets on the eastern side, named Lali, are somt'lwba.t 

._---- .----------------.---
* See IDO!'e OIl Ihill IlUbject in the lWd CbapW. 
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higher than wb{'re I crossed the glacier, and I reached the western 
bank under the chalets of Chazettes, which are close to a ravine which 
oontains a stream from a glacier, which fins its higher part, and which 
dt'seends from t,be ridge of the Aiguil1e do Tour. Finding nothing 
more particularly worth exploring, I proceeded to look for the path 
which, I had been infonned, led directly to the Col de Balme, without 
descending to Trient. It was, I was told, above the precipices which 
bound the vaHey of Trient to a great height on its W('lStel1l side. 
Although I met with no one here to give me infonnation, I succeeded 
in di8covering the path, which is a bold and romantic '>ne, and crosses 
the mountain by which the ('.JOI de Balme is separated from the Glacier 
de Trif'nt, at a great he1g~'t Gn it~ preCip\tGuB ea.skm side. In the 
course of this walk, I obtained a. mure ('orfect idea of the chain to 

which the Dent du Midi of Bt'x belongs, than 1 before had. Instead 
of being an insulated pyramid, 0[' a pair of summit€', a"l it a.ppears 
from most points, it belongs to a jagged ridge, which is v(>ry elevated, 
and which t'xtends from east to west, including great fields of snow, 
and glaciers of the second order. I arrived early at the little inn upon 
the Col de Ha.lme, and slept th(>ro. 

Next morning I left the Col de Balme at six, with fine wt'ather, in­
tending to (lxl'lorc th(> Glacier of Argentiere. I had long ha.d a great 
curiosity to visit this glacier, becaust!, thllugh so near Chamouni, it is 
..,ery little known; and still more, beeause on ali th:, models it is 
represented like an unbroken, perfectly uniform, nearly level can::!. 
extending to the very axis of the Alps; and I was a.nxious. if possible, 
to dtltermine iUl bonndaries as respected the barriers of tho Glacier du 
TaIefre, to whieh I understood it to be contiguous. It is a glacier 
little known to the guides of Chamollni; but a few of whom frequent 
it for tho sake of the crystals, with which it is said to abound; but 
the length of the way is 80 great, and the snow lies 80 long and 80 

deep upon the higher parts, w}.ich are sheltered from the sun by their 
northern ex~re, that it is an expedition only to be attempted (J 
mp.&n for the ~earch of minerals) in the finest weather. and at a late 
leason of the year, when the boundary of the snow is highest. But as 
the days are then short, it is neees&\ry to sleep out, and this is no 
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p1euant task iu 80 very wild and remote a !lPOt.. So f&1' as the .report 
of the guides may be believed as tu tho l(wality of the miner&ls, (a . 
matter on which t.he eurrent information is little to be belieYed.) ~he 
Glacier d'Argentiere is the richest field in the chain of Mont Blanc ~ 
and specimens of red Fluor Spar and smoky Quartz,-the mOit ex­
pensive in the ca.binef.8 of Cbamouni,--at'6 understood to havo beeD 
brought from thence, often at imminent peril to those who s()Cured 

them. 
I have said that few of the proressed guides have been OD the higher 

part of the Glacier d'Argentiere. The makers of the two best model .. 
oftbis part of the Alps have admitted to me, that they took their 

design of ita locality from the perspective view on the Ruet, which 
looks right up it. De SauS8ure, I believe. only mentions it once;· 
loUd 38 be speaks of haying yisited it and tbe Glacier des Bois in early 

spring, it is certain that he can onl." have exaullooo its lowest part. 
It is UDDotieed, or aU but unnoticed, t:..v Ebel and by Pictet. 

Understanding from the innkevper on tlw 001 de HaIme-himself a 
good monntaineer-that the Glacier d'Argcntii.·re presented no un­

WlUaJ difficulties, I eontentt,d mYHelf with taking along with me the 

man who usually accompanied me, although he was rut,lO unaequaioted 
with the way. As we knew that we must again ascend, we unwil­

lingly went down the great depth which separates tile Col de Halme 
from thf' foot of the Glarier of Le Tour. 1 then regretted Olat I had 
not taken the guide of tbe Col de Balrne, who offered to conduct me 

by a little known route across the upper part of the Glaeier of La 
Tour, and to descend upon that of Argeutiere, near the Aiguille. 

which bears its name. But I was anxious to see the glacier in all its 
length, and nOL to come upon it in the middle. The Glacier of Le 
Tour has considerably shrunk in its dimensions of late yeam. as _'ell 
.. tobat of Trient. Beyond the village of La Tour, which 1 left on the 

right, a sharp ascent led me through extensive putU1eS, up to about 

the len} whence we had started, and keeping along about that line., 
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"e there came in sight of the Glacier of Argentierc, at a great depth 
.. below us. I did not descend, however, but kept along the face of the hill, 
rep1'68eDted in the upper left hand comer of the Topographical Sketch 
No. IV., 80 as not to lose the height we had gained. The path became 
smaller,-then a mere sheep f rack,-and that again was sub-divided. 
The mountain face became precipitous, Mfl in some places went sheer 
down to the glacier. As my guide, or rather companion, was somewhat 
nervous on untried excursions,-rather, perhaps, from a caution cha­
racteristic of the Savoyard peasant, of getting himself into trouble 
by bringing a traveller ~nto danger, than from any want of personal 
coumge,-I took the lead both on this occasion and on the previous 
day, and fortunate1y extricated myself satisfactorily Crom the preci~ 
piees, which, when seen in tho afternooll from the opposite aide of the 
glacier, were of a sufficiently dangerolls kind, anrl ha~:l we attempted 410 

passage either higher or lower, we must havo failed. Tho precipices 
passed, a long and fatiguing slope of debris was to be crossed, and then 
a vast lateral morninc of the glacier, coveriug a great surface with huge 
blocks, which, however. afforded solid and comparatively easy footing. 
a.fter what we had passed. Amongst theso blocks I was astonished 
to ohAerve Borne sheep, which must have been driven across tho nearly 
pathless rocks which I had travcl's('d. 

Nearly opposite this moraine, wiuch iii !!l~rked on the Sketch, the 
glacier is tolerably flat, and might be traversed from siJ.c to side; but 
being precipitous both above and below, I continued along the moraill~ 
until I came to the foot of the rocks descending immediately from the 
Aigllille d'Argcntiere to tIle glacier. Thore I made for the ice, having 
had, r&tlier to my surprise, a. fatiguing walk of four hours from the 
Col de Halma, before setting foot upon the glacier. 

The Aiguilles of Argentiere and of Chardonnet sepa.rate the glaciers 
of Le Tour &Dd Argenticre, and between these Aiguilles there descends 
• steep tributary glacier to th ... level of the latter. On the ridge con­
nected with the AJgllille de Chardonnet there is a remarkable instance 
of a glacier of the second order, which appears to be rapidly disappear­
ing. It is marked a on the Topographical Sketch No. IV. Its for-
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mer boundary is indicated by the wbitenfM of the rock where it has 
been benea.th the ice, of which there is DOW seareely a trace. 

On tbe Glacier of Argentiere tbere is only ODe medial moraine of 
any extent which comes from the higher part of the Glacier, on the ' 
left in ascending. There are two lateral glaciers also OD the JeIl, 
which appear to communicate with the Glacier of La Tour. Having 
gaiJled the ice, I proceeded witbout difficulty, (or on the higher part 
it is not much crevaased, and the higher we ascend the more level it 
becomes. The AiguiUe Verla rises in great majesty on the right. and 
from its rugged sides Borne short glaciors descend to meet that of Argen­
tiere. I walked on, having reached tho neve, or perpetual snow, until 
I had left the AiguiIle Verte quite behind me, and was now within a 
ebort distance of the head of the glacier, tha.t is to say, not much ex­
ceeding a.n hour's walk. The surface is {lven, and the whole topo­
graphy is eaeily seized. The direction of the glacier, which up to the 
Aiguille Verte had been S. 25° E., now became S. 50" E. This bend 
in the direction corresponds to the basin of the Glacier du TalCfre, 
which is only separated, as has been said, from the higher part of the 
Glacier d'Argentiere by the range of the Tout'S des Courtes, which 
appears to be of small thickness, a,nd is one continued precipice on its 
north-eastern side. I can only guess at the hoight of the upper part 
of the Glacier d'AJgentiero, as I was provided with an imperfect in­
strument. I t is, no doubt, more thaD 8000 feet above the sea. The 
extremity of the view is terminated by a snowy peak, which I believe 
is probably that marked [A] cn the Ia.rge map of the Mer de Gl*e, 
an-l which waq also visible at the J ardin,-perhaps the Mondolent. 

The structure of this glacier is very confused. The vertical linear 
baDds are, of course, visible throughout up to the neve; but it would 
be difficult to trace th ;} curves. The middle and lower part is 6068-

sively crevassed; and the extremity near Argentiere bas very much 
shrunk of late years. 

After a careful examination of the higber part J returned by the 
western side, under the Aiguille Vette, and gained the' bank some.. 
what below the tributary ~Iacier on that l:Iide. There is a small 
snowy peak to the north of the Aiguillf! Yertc, which is conneeted 
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with it by a. ridge dividing the ice which falla in the direction of the 
Mer de Glace and in that of Argentiere. From the samo peak de­
scends a timan glacier on the north side, called Glacier de 1& Pendant, 
or de I'Oignon, which, judging from the polished rocks below, appears 
to Il&Ve been fonnerly more extensive. From the highest Chalets 
there is a path to tho village of Argentiere. and another lellS easily 
found, which descends near Lavanchi. Both pass through fine fir 
wood. From thence the villago or Prieure of Chamouni, is soon 
reached. 



CHAPTER XIV. 

JOURNEY FROM CHAMOUNI TO VAL PELLINE, BY 
THE VAL DE BAGNES AND COL DE FENETRES. 

TIUCES OF ANCII!:NT GLACIERS FIlOM J.f'.,s MONTI:."l'S TO THE TETE NOIRE­

ARaIV"L AT THE GREAT 81'. BERNARlt--I' lND M. STUUER-l!E'CURN TO 

ORS1ERE8-THE VAL DE DAGNKB--CIIABLE-TIIE INHAlJITANT8-GI.Al'lP.R 

OF GETROZ-fHE DEnACI.E 0.' IBI8--cIlAu: rs Of 'fOREMtiEC-ItCONOMY 

Of' CIULE'T8, AND MA!I>NER'" OF Til E INJ\lATt~-G1.ACIER OF CJlEHMONTANF. 

-COL DE FE"\ETRE9--\' IEW INTO lTAT,Y-YALI,F:Y m' OI.LOMONT-GOITHF'.8 

-ABRI,'At. AT VALT'I::L1.I:'>E. 

BEFORE going to Chamouni in June 1842. I had visited my friend 
M. Studer. Professor of Geology at Berne. We then agreed, that 
a plan which had L€'en ngnely discussed between U8 the yea.r be-. 
fOl'e----Qf visiting thf' neighbourhood of Monte Rosa., and the alm08t 
unexplored valleys to the westward-should, if posaible, be &ceom­
pli~hed in company that sumffi('f. M. Studer visited me on the 1st 
August, at the Montanvert, anrl we then fixed the 12th of that month 
for a f'erukzfJQUI at the Convent of the great St. Bernard, he, in ~e 
mP6llwhile, making an excursion into the Ta.ronta.ise, whilst I re.­
mained pursuing my survey of the Mer de Glace. and determining 
ita motion. Accordingly, on the l1th~ I left Chamouni, having en­
gaged. an active young man, (not a professed guide,) of the neighbou~ 
hood, named Vietor Tairraz, to accompany mo on the expedition., and 
to carry my haversack and instrumf'lnts. M. Studer and myself had 
alretAy decided on taking one man &-piece as a personal attendant, 
and to secure guid08 from time to time, to assist in carrying the pro­
';SiODS,-which he was well aware would he requisite, from having in 
1841 visited the valley of Erin, and seen the almost total destitution 
which there exists of the commoner commodities of life. 

I had proposed cl'088ing the clmin of Mont Blanc, by the Glacier of 
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Le Tour, to the valley of Orsieres, a. pasil which has. already been 
alluded to; but I was prevented, partly from the difficulties and end­

· les8 formalitiAs always made by the guides of Chamouni, when any 
unusual expedition is cont.emplated, with a view of enhancing their 
services-and partly from a tritiiug accident to my foot, which yet 
occasioned me some concern, with the prospect uf a prolonged and diffi­
cult expedition before me. I therefore rode to Martiguy by the Tete 
Noire, a route with which I was already pretty wcll acquainted, Lut 
which offered me new subjects of remark and apeculation connected with 
the a.ncient extensiun of glaciers. I observed the distinct prolonga­
tion of the ancient moraine "t thf' Glacier d' A rgentier..:: towards the p388 
leading by Les Montets from the valley of Cbamouni into tha.t of Valor­
aine. This moraine seemed to me not IC8s clear in its origin and de­
tails than that of the Glacier des Boil< at Tines; and the low ridge of 
rock separating tIle two valll'Ys is strongly marked by glacier action, 
which has also deposited a number of granite boulders on the summit 
of the pass. The whole va.lley of the THe Noire shows, from time to 

time. proofs of having formerly been filled with moving icc. and h&­
tween the cascade of La llarbarine and the little inn of Tete Noire. I 
observed Lhe colehrated Valorsino puddingstone rock, which is exceed· 
ingly hard. beautifully fluted and polishAd. at a great height above the 
bed of the torrent. 

1. slept a.t Martigny, and next day proceeded in compa.ny with 
ot4er traveUers as far as Liddea, in a char, whence we walked to the 
convent, where I had the great satisfaction of finding that M. Studer 
had al'rived only ha.If an hour before from the southern side of the 
Alps, together with his tried and faithful attendant, Siegfrid Klaus • 
• peasant of the Oberland, who, for twenty summers, has followed the 

indefatigable Professor of Berne in his geological rambles, and has 
rendered himself a deserved favourite and friend, by lUs experience, 

laardihood, simplicity, and that pe(..'uliar patience and fertility in expo­
dienta which characterizes the best guides of Gennan Switzerland, to.­

gether wi~h an honest warmth, and even playfulness, which is less com­

monly united. with it. 
Our' greetings were be&rty when we met around the hospitable fire, 

which, even in August, IS the cbiefe8t luxury iu the domicile of tbe 
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worthy Fathera of the great St. Bernard. The IL!vening WaB putly 
spent in discussing our plans, to which the priests lent an in\ercsted 
~. One of them, the . Ohanoine L 'Eglise, almost volunteered t.o 
accompany us on 3 part of our journey, but unavoidable engagementS 
in the convent prevented it; however, he kindly gave us letters, which 
proved of ser..-ice. 

The next morning, at eight o'clock, I found water to boil at 199.{)S 
Fahr., the convent barometer being a.t 576.1 millimetres, uouanaHy 
high in this position. Accordingly, the Fathers predicted favourable 
weather for our. expedition.-

We walked leisurely down to Orsiercs by the same road as I had 
ascended the previous day, for we had decided upon commencing our 
journey by ascending the valley of Bagnes, which separates at St. 
Branchier, a little below Orsieres, from the valley of Entremont lead~ 
ing to the Great St. Bernard. I was struck with the extremely small 
interest of the Swiss side of the St. Benulord Pass. It was ten years. 
within a few days, since I had last visited it, but I well remembered the 
tedium of that interminable descent to Martigny. All the higher 
part is bare and wild. without either grandeur or variety,-or course I 

mean in comparison with other Alpine passe~. 

At Orsieres we introduced ourselves to M. Biselx, formerly Prior of 
the Convent, and now Cure of Orsieres, a man known in the scientific 
world by his zeal and acquirements, an intimate friend of M. de 
ChalJH'!ntier, and partaking his views on glacier theories. Our in~ 
troduction was easy, and the evening passed pleasantly in hi8 society. 
Indeed, we had a marked proof both of his skill and experience; for 
learning that M. Studer's syphon barometer was injured by having 
taken air, and considering the interesting results which it might afford 
on our present excursion, he begged to be allowed to boil the mercury 
in the tube, a critical and disagreeable operation, as every ono kD()ws, 
but which be most effectua.Uy a.ccomplished on the spot with his own 

e I detcnniQed the geograpbkal poaition or the Grtat 51. Bertlal'd, .. ) did that o( 

{'"bamoWli in 1832, aztd found it to be 

Lat. 4;5" 30 ' 66 '1 N. Long. 7" 41 ....... " E. (Of Green"fieh. 
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hands over a. cha,rcoal stove in the kitchen of the inn; he then bade us 
a. hearty fa.rewcH . 

• At Orsil>ree, we made a considerable provision of food for Dur journeYl 
for we were iml!lodiately toO leave the heaten track. A guide was eD­

gaged to go as far 8B Chable, the plincipal village of the Val de &gnes, 
where M. ~tuder had already been the preceding year, and had made 
an a.cquaintauce who might be DBefni in procuring us a persou anqua.inted 
with tho higher parts of the valley, and with the Col de Fenetires lead­
ing into Italy. 

At length, all p!'t'limin1uies being settled, we left Orsieres, in & 

beautiful morning. The ViAW towards the chain of Mont Bhwe was 
particularly fine, as seen by the early sunlight. The landlord of the 
Hotel des Alpes particularly pointed out to UM a oonspicllous granite 
pea14 which he called Pointe d'Ornell:, and which he assured u.s waa 
known by no other name in these parts. This mu.st., therefore. u.n· 
donbtedly be the same as Van Bllch referred to in his paper in the 
Berlin Memoir • . ~n the distribution of erratic blocks, and to the neigh­
bourhood of which be refetTed the origin of the PierN' it Bot and 
other masses of gralJite on the J ura ran~. The Mont Catogne, a 
oonspieuouR hill between Orsieres and St. Dranchi()r on the left, is 
composed pa.rtly of granite, but its '2f1stem face, which is very steep, 
presents a vast triangular 'I'e'eetemellt of limestone, 'Which here, as else­
where, riscs against the primitive rock, which, :l.S we have seen, bound.ot 
the Val Ferret in its whole extent. On the face of this limestone 
Rlope lies one of those vast masses of transported granite described by 
M. de Charpentier, under the name of bloc8 perdU8, which afford so 
strong an evidence in favour of bis theory of glacier extension. This 
vast mass may be distinctly Bet"n, notwithstanding its distance and 
height, from Orsiercs, ou a steep part of the rock, free from the trees. 
which nearly surround it. Itt; position is exceedingly remarkable, for 
it eeeIDB impos.!libJe to conceive & block of that si~ deposited by the 
mere force of water at !'Iuch a height above the bed of the valley. 

Our party now amounted to five, of whom the three guides were all con­
siderably laden, for, besides personal effects, and some instruments, we 
e&rried a provision of rice, bread, and meat, intended for three days. M. 

u 



258 FROM CHAMOUNI TO VALPELLINE. 

Studer's barometer was the only instrument for measuring heights which 
we could at the time depend upon, but I had a portable sympiesometer, 
by Adie, constructed on purpose for this journey, but whose indicaticns 
required a special correction ditlicult to determine, and one of those very 
convcnicnt Russian furnaces, made by Stevenson of Edinburgh, which 
proved an invaluable adjunct for melting snow, for making tea., and a.t 
the same time for ascertaining the tempcr&ture of boiling water b:r a 
thennometer, which I had adapted to it, reading from 185" to 2130 

Fahr., and on which a fiftieth of a degree was capable of estimation. 
This is the only instrument which I have found capa.ble of resisting 
sufficiently the inBuence of wind and cold to produce boiling water even 
from snow, in almost any situation, and it J"('placed the bn.rOlllctpr use­
fully, on several occasions, ~ will be sccn.- Our apP('arance was suf­
ficiently remarkable to attract the attention of the PaMcrs by, of whom, 
at this early hour, there were a. number on their way, to spend the day 
at Orsieres, as it happened to be a great festival ill this and the neigh­
bouring valleys,-the eve of the Assumption of the Virgin. The day, 
as I have said, was splendid, and promised to be very warm; but OlIr 
course, as far as Chable, la.y almust entirely on tho shady side of the 
valley of Dagne!!, which we entered by turning abruptly to our right, 
before entering the village of St. Bmnchier, an hour's walk below 
Orsierl"B. 

The path, whieh was scarcely traced on the Jeft bank of the rapid 
and impetuous Dranse, passed through woods and meadows, and the 
whole scene was refreshing and peaceful in tho highest degree, and 
seemed to augur success to an excursion 80 happily commenced. Chable 
is a considerable village, very pleasantly aituau-d in a tolerably open 
space, into which the va.Hey enlarges itsl"lf, Dear the foot of the Pierre 
a Voie, a. eonspicuous summit, which separates this vaHcy from that of 
tht! Rhone, and not far from which a path Ipads from ChabJe to Riddl's, 

• An account (If ,btl method UlII!d for aleula\ing IICighl6 from the temperature of boiling 

water ..... iII be found in the EdiftburgA TromaaWtlt, vol. xv., p6113. I have found that the 

temperaturt' ,,( tlle boi.I.iDg poin( falJa 10 Fallt'. (or 550 (eet of aseeDt, tlllifOf"lltly (or .. I 
beighbl. 
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on the Simplon ro&d. The neighbourhood is very fertile, covered with 
fruit trees and meadows, and studded with several villages; at this 
seasolJ it has a peculiarly cheerful and thriving aspect. As we ap­
pro&ched the "ilIage (liMing joined the great .road) we were struck 
by the appearance of the peasantry, awl by the great numbers who had 
met together on occasion of the f66tival. So numerous were they, that 
we were not surprised to learn. tha.t within the very small range of the 
Val de &gnes, which is perma.nently inha.bited, there is a population 
of 9000 souls. All the avenueR to the church were crowded with well 
dressed, respectable looking men, the women being chiefly within the 
building. Our arrival all/I accoutrements excited !:lome surprise, but 
we were allowed to pass unmolested by ill-bred curiosity, to one of 
the principal houses of the place, belonging to M. Gard, to whom 
M. Studer had been recommended on his former visit, and who, though 
a person of some consequence in the place, condescends, as is not un­
usual in ~imilar eircnmstanc('s in many countries, to make his house 
one of public entertainment, and the resort of the bctter class of 
peasa.ntry, who, when the service was over, came and ealled for their 
chopin8 of wino, as they would have done in any common inn. 

It waa vain to think of proceeding any farther in a hurry. The de­
meanour of the people was intelligellt. indppendcnt, and a.lmost sarcastic. 
A guide was our first rrquisition; and it was evident 1.lmt though thel'(' 
would he no difficulty ill procuring onc who was acquaintt.'<i with the paas 
into the Pays d'Aoste, his accompanying us would be considered rather 
as a. favour, and must be upon his own terms. These, however, were 
in due time adjusted with the usual success and conciliation witb which 
M. Studer always contrived to efiect these negotiations, which he kindly 
undertook to superintend; and after a. considerable delay, which had 
not, however, the effect 'If ena.bling us to eSf'ape the hottest }IOUrs of a 
very warm day, we tie! forth UDder the guidance of Jean Pierre Feilay, 
who had been recommended by M. Gard, and who presented a fair 
specimen of the manly bea.ring and somewhat haughty independence 
which I have mentioned as characteristic of the inhabitants: of this 
valley. After half an IJour's walk from Chable, we reached Champsee, 
a. sm&ll ha.mlet. in a grea.t measure destroyed by the catastrophe of the 
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ill of 181 . . our guide li eel; as had e 
dOII .. -c arrangemente to complete, e lost the greater part of aDO er 

in waiting for him. At last all was complete, and we were l!lirl 
in marching order. A little way beyond, we gained the n rthern lid 
of th Dranse; and having pasaed the village of Lourtier, the last in 
the valley, tbe path ascends rapidly. The river ie disoharged through 
a sort of chasm, whioh shows evident marks of the devastating ~rce 
of the torrent on the occasion alluded to. The character of the 
scenery becomes more grand, the walnut treee and irrigation disap­
pear, and we are once more in the region of pines and savage rocks. 
We remarked here a pretty illustration of the friction of glaciers as 
distinguished from that of water. The sides of one of the ravines 
through which the Itream struggles is distinctly marked on its bold 
limestone nrface by the long grooves which have been considered as 
peculiarly characteristic of the abrasion of glaciers. Though the descent 
is very steep, and the wall of rock almost vertical, these chiselled' and 
polilhed grooves are worn out in a nearly horizontal, slightly declining 
direction, and are continuou for many yards or fathoms. Superim­
posed upon theae, on the very same BUl'face, are the m&Ib of wear 
renlting from the action of floods, probably charged with great masses 

of debris. The r-marb are 
rough and cont118eCl, quite in con­
trast with the smooth prolonga­
tion of the other. They al80 slope 
downwards at an angle similar 10 

that of the river bed, whilst, aa 
has been said, the othel'l are DeU'ly 

... "." ". .... II"" .. ~. boriZODtal. 
ncclllD' on of basins and roeky clauma diveni11ee the length of 

daring several holU'll. I have eelclom felt heat more oppre8lift 
thaD claamg the find part of thi. walk, while toiling up the .. abo're 
1..nII11'ti·... Ba1ing, for several weeki previously, been tJinoat.-aoudUR1Y 
em \he ioe 8Ild at • height of 6MO feet above the ., the ~DtrM& of 

llUppoMt more strongly felt. The ohaime PNlItD&4N1 
... ..., ~og the whOle '*I)' of Water in the .un ..... 

• 
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the pictureilque eft'ect was certainly very much injured by the dingy 
and opaque appeanmce of the glacier stream, which rend6Ted the sheets 
dull and tn,trele88, instead of sparkling and transparent. The valley. 
above Obable is very confined, and almost untenanted; there are but 
a few ohileta inhabited, during a small part of the summer, higher 
than Lourtier. Hence the Val de Hagues, which is very long, acquires 
a wilder and more lonely appearance than many valleys more remote, 
and more dUlicult of access. Many cottages which once existed are 
now dismantled, and it was near one of these that we stopped to take 
our mid-day mea.l beaide a. brook; a little higher the defile became 
suddenly narrow, and present~d a bold and picturesque outline. The 
Mont Pleureur stood before us on the left, from which descends the well~ 
known Glacier of Getroz. Still more on the l~ft is the little frequented 
pase called the Col d'Orsera, leading to the valley of Heremence, which 
bad been traversed by M. Studer in 1841. The Dranse emerges from 
a dark defile, impassable on the left, and only to be traversed on the 
right by taking a l1igh line above ita level; from thence the water, 
swelled to its fullest in the month of Augu~t by the contributions of 
the various glaciers which we were Boon to approach, emerged, some­
times in thundering cascades, sometimes pausing in still deep pools as 
it pasaes under a fine and romantic stone arched bridge, called Pont 
de Mauvoisin, by which we were to pass from the r' t bank of the 
riTer, which, since Champsec, we had continually followed, to ita IJt 
bank, on which a.lone we could pass the defile. The bridge here, like 
almOit every other in the valley, was carried away by the DebAcle of 
1818, and the present lofty stone one has been sinee built, with a 
80liciitl wb,ich is rarely met with in such sequestered spots, where but 
• very lew persons pass during the entire year. A few huts in front -,he last built with any degree of solidity--eoncluded the pieture. 

The bridge paged, we slowly gained the elevation of rook OD the 
_ A oareean, made path continues for 80me way farther, 

.''Ptlll 0 t steep inclines or shingle annually swept by 
reQiu,' re the track to be made afreIh every year. This 

of the Dranse at a great height abo e 
of the Mont Plenreur, 
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and the gla.cier which has been the principal cause of 80 IUUel. devasta.­

tion. 
I felt some disappointment in viewing the Glacier de Gctro:, of 

which I had hea.rd so much, and of which the disastroUB effects had 
been so great. I had expected to Bee one as vast and beautiful as the 
Glacier of La. llrenva., for example, where, falling into the Allee 
Blanche, it forms a natural bridge above the torrent, or that of Miage, 
whose stupendous mamille has formed a lake, as the ice of Gctroz did. 
Instead of this, I found the defile narrow and confined, and though 
savage, scarcely picturesque. The proper Glacier of Getroz is si tuated 
at a great height amidst the defile~ of tbe Mont Pleureur, SQ that. its 
extent canDot be appreciated, or its beauty admired, even from the 
elevatiou of tho path opposite. The real source of the mischief is a 
secondary. and very uninteresting looking glacier, which, in its present 
diminished forDl, scarcely attracts attention in the depth of the vaUey, 
and resembles the masses of unmelted snow which so often ehoke ele­

vated defiles during a great part of the summer. It is in reality com­
posed of the fallen fragment.s of the true glacir.r, projected in the form 
of avalanches o\"er a cliff of enormous height, where the true glacier 
tenninates, whose mass, as it advances, is broken off, and falls head­

long into the abyss. The glacier remanie which results is soiled, and 
imperf(l('t1y cQDsolidated, and still forms a. partial bar to th& river 
Dranse. It must continue to do 80, as long as the stream has no inde­
pendent outlet, for the defile is so narrow, and the falling masses of 
the gl&eier so extensive, that the outlet must inevit.a.bly be choked in 
wilJter and spring when the Dranse (which owes its origin almost 
entirely to the glaciers still higher up the valley) has too feeble a. cur­
rent to keep its way clear. 

The story of the debacle of the Val de Bagnes in 18J 8, is too wcl] 

known to require to be detailed here, and I have no new facts to add. 
It is 8ufticient to call to mind, that twice in the 16th century a simiJar 
mishap occurred, and indeed it is difficult to conceive why it should 
not have been much oftener repeated. 1'he year 1818 had been, a8 

wo have seen, remarkable for the extension which most of the gla.ciel'8. 

in Switzerland had experienced after a series of cold winton, and in 
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this year tho ice benea.th the Glacier of Getroz accumulated so much, 
88 to have formed, by the stoppage of the Dransc, a. lake no le8s than 
hnlf a league long, 700 feet wide. and at one part, 200 feet deep. The 
impending danger was perceived,-tlte bursting of tho lake with tho 
return of spring was 3 certa.iuty. M. Venetz, the intrepid engineer of 
the Valais, and the founder of the modern Geological Theory of 
Glaciers, proposed to avert it by cutting a canal through the ice, which 
should grn.dually drain the lake. Between the 10th of Mayahd the 
l!1th of June thilJ was effected, and it was trusted that tho channel 
would be sufficielltl,Y deepened to let the water gradually escape. But 
water already at 32· has \July a feeble acti.on in ('roding ice, and the 
result was, that the cascade tumhling over the icy burrier worked back 
upon it so fast. that tho gaUery or canal, which bad !x'cu originally 
600 feet long, was destroyed, and fell away in fragml'uts. Nor was 
this all, the cascado working 011 the soil beneath had loo'lclled it so as 
to dctach the remaining ice from the mountain, and thu8 precipitated 
tho catastrophe. A deluge of 500 millions of cubic feet of water were 
let loose in the space of half a.n honr, to sweep through a. tortuous val­
ley full of defiles,-literally with the besom of destruction. A flood 
fi va times greater than tha.t of the Rhine at Basic filled tile bed of a 
mountain torrent. It was an awful. but a grand lesson for the geolo­
gist. The power of water was exerted on a seale .!I1\ch as Hutton a.nd 
Playfair would Itave desired to see, could it havo boen exerted without 
the destruction of life and property. Bridges Yielded; that at Chable 
dammed hack the tom'nt upun the village, but happily gave way just 
as tho houses seemed doomed to ruin. In this short space of its 
course, (from Uctro:r. to Chable,) the faU is no less than 2800 feet. 
Its acquired velocity was therefore enormous,-at the commencement 
of its course 38 feet in a second. Its power to QoertkrQW buildings. 
and to carry with it trees, htly-stacks. barns, and gra.YE'I, canDot sur­
prise u.s. But its transporting fl)rce upon blocks has- probably been 
over-rated.- Euormous masses were certainly moud, especially in the 

• On tbe I>t!bicle of Bapel!.!Iee BlhiiofMqloe U"iUlltlle, 1818 ; Edill. IN"I. J.,.lu<d, 

..-01. i.; L".Q.L'. GrokJ.:iy, bt edit., vol. i. i C.U'TAU'I HALL'S " PaJe!urorlr,,' vol. i. 
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neighbourhood of Martigny, .. deseribod by (J"I'tain Hall ond Mr. 
Lyell, who were both on the spot 800n after the event. Hut there 18 
no kind of eviden('e that these granite masses were brought down from 
the higher valleys by the torrent. On the contrary, I believe that 
there i8 no question but tha.t they lay (having been tranl5ported by 
ancient glaciers. or in Borne other mode) within a very short distance 
of their prescnt positions, and that some of tJlsm were merely rolled 
over a few times by the force of the current. I apprehend that the 
Debacle of Gctroz gives no countenance whatever to the opinion, that 
blocks of 20 or 30 feet of linear dimcnsions can be tT8Jlsported to 

any distance even by such stupendous currents. 
When we passed the Glacier of Hctroz, there were workmen (for 

whose use chiefly, no doubt, this road is kept in repair,) employed 
in di,-iding the ice into blocks, by the ingenious process of Venetz, in 
order to be carried off by the stream, a.nd prevcnt futuro accumula­
tions. The process consists in turning streamlets of water (not ice 
cold) by means of wooden canals upon the ico, so as to saw it through 
in the required direction, which is effected with rapidity and certainty. 
This operation is annually repeated, requiring the combined labour of 
severa.l men {or many weeks each Rummer. TIIO expense is borne by 
the Canton. There is but one way of pennanently avoiding the risk 
III future, namely, by constructing a tunnel, or cutting one through 
the rock, by which the torrent may have a certain egress, independent 
of the state of the glacier; but this bas been considered as too ex· 
JWnsive and difficult an operatiCtD under the circumstances. 

Our way now lay up the bed of the former so formidable lake. The 
bottom of the valley is fiat and monotonous, the river wandering from 
!!Iide to side, amidst roned pebbles. Descending to its level, we re­
cro888d to the eastern bank. Ourwalk from Chabla had cost us nearly 
four hours, and an hour and a half later we n'af'hed our humble reet­
ing-place I.)r the night, the chiilet of Torem"bec, 5300 feet above the • • va. 

The aecommodation offcred in the upland and unfrequented chlUets 
is everywllCTC nearly the same, and may therefore be worth describing 
{or once. There are usually two buildings, quite distinct, the day and 
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the night apartment. The reader must not, however. suppose that 
these correspond in the remotest degree either in appearance or in 
furnishing to the correlative establishments of a. drawing-room and ~ 
bed~room ; the first contains neither tables nor chairs, the latter neither 

Dlattress nor pillow. The momil'g room is Dlore properly a manufa.c­
tory of cheese and bntter than a plar.e of ordina.ry accommodation. 
The tire is kept up for the purpose of heatillg the milk, ;.vhieh is done 
in copper cauldrons, whose size, :lond weight, and bright polish COIl­

trast strongly with the want of every ordinary convenience of life. 
A repetition of coppcr nnd other vossels for holding milk and raising 
cream occupy most of the <lpare room in the apartmt:nt; the floor is of 
earth alld uneven, but, except in Pic,fmont, not usually dirty. The 
fire-pla.cc is a hole in the ground. t.he fuel is juniper, or scraps of larch 
wood where these e .. m be had; and a sort of moveable wooden crane, 
from which the copper pot is hung, is one of the most artificial accom­
modat.ions. There is no chimney. and therefore the fire is usually 
made near the door; nor are thel"e windows of any descriptiou. For 
light, they USA a little fat, burning with a wirk in a small vessel, but 

often merely a bit (Jf the more resinous pine wood, which they keep 
on purpose. There is no such thing as a table, unless tho top of a 
chance barrel be admitted as the representative of one; nor are there any 
chairs, though the one-leg.qed milking-swol, which affvrd.!! an inconve­
nient repose to a weary traveller, is an indulgenc<, which he probably 
owes solely to its illdispensability in the great and ovenveening object 
in which all the uses and habit.s of a chalet centre,-the keeping and 
feeding of cows, and the procuring and manufacture of milk. Morn­
ing, noon, and night, the inhabitants think but of milk; it is their first, 
last, and only care; they eat exclusively preparations of it; their 

only companions are the Mttle which yield it; money can proeure 
for them !ere no luxuries; they count their wealth by cheeses. 
T~e absolute want of culinary utensils is snrprising and embarrass­

ing. The only pot is sometimes that employed for beating milk, and 
of COfJ1HII'; at other times, there is also an iron one; but except certain 
wooden akimming-spoonll. nearly square, and five or six inches wide in 
the mouth, there is often DO other kind or description of dish, vessel, 
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platter, spoon, or ladle. Where tho civilization 18 • little greater (as 
at Toremboo), there are a few lcueiu, or woodeD bowls. or course 
these deficiencies only created amusement tol us, Hond the rice we bad 
brought was hoiled with milk and salt (which is kept for the cattlot in 

the onlJ iron pot, and made a most substantial and not unpalatable 
mess for five hungry men, with a surprisingly ama1l consumption of 
our stock. rhe evening meal being concluded, we betook ourselves to 

early rest. The sleeping apartment, I have said, is usually, as in this 
ease, a separate hut, without window, fire, or chimney, built of loos6 
stones. and with a door about tllrE~() feet high, the 6001' being covered 

with grass more or less dry. On this we arranged ourselves in par«ikl 
0Nkr, covering ourselves with a suflieiency of the hay. It might have 
been hoped, that here we Mould have escaped the tonncilts of & bad 
bed,-I meaD the vermin; but we had tho inconveniences of a hay~ 
loft without its in('stimable advantage-cleanliness; and in the course 

of the night I was forced to rise, and, stumbling over the bodies of 
four or five of my insensible companions, sock relief (or a while in the 
open air, which was cxcE'cdingly mild. 

We were astir by the. Dut it is impossible, generally speaking, 

to depart in a burry from a chilet, any more than froT,. a fashionable 
hotel. It was half-vaat six be'fore we had breakfasted, and made up our 
packages: and having left our hosts satisfied by'llo moderate gratuity, 
our caravan was once more uuder way with tbe glacjers in our front. 
Before leaving the subject of chalets, I may o~erve that the character 
of the inhabitants is not undeserving of notice. I have always ro-­
ceived, both in Switzerland and Savoy, a gentle, &D.d kind. and di8~ 
interestedly hospitable re<:eption in the chalets, 00 the very bounds of 
civilization, where a night's lodging, bowever ro.de, is an in('stimaLle 
boon to a traveller. These simple people differ very much (it has 
struck me) from the ot.her inhabitants of the !&IDe vaHeya-t.heir own 
relatives. who, living in villages during the busy trafficking season of 
summt'lr, have more worldly ways, more excitement, wider intere8ts, 
Clnd greater selfishness. The true Ffttre of the Alps is one of the 
trimple8t, and, perhaJ».!' one of the most honeat &D.d trust.-worthy of 
human ooings. I have often met with touches of character amongst 
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them which have affected me, as I may elsewhp.rc notice; but, gene~ 
rally, there is an indescribable unity and monotony of idea which fills 
tlJe minds of these men, who live during all the finest and stirring part 
of the year in the fastnesses of their 8ublimest mountains, seeing scattely 
auy strange faces, and hut few familiar ones, and these always the 
same; living OD friendly terms with their dumb herds, 80 accustomed 
to privation as to dream of 110 luxury, and utterly careless of the fa.te 
of empires, or tho change of dynasties. Instead of the busy curiosity 
about a traveller's motives and objects, in undertaking strange jour­
neys, which is m.lre flxperienced in villages the more remote they be, 
these simple shepherds never evince surprise, aad scarcely seem to 

have curiosity to gratify. Yet far;uoe they from brutish or uncouth; 
they show a natural shyness of intermeddling with the concerns of 
strangers, and a respect for their character testi1ied by their unoffi­
cious care in providing and arranging what conveniences they can pro­
duce. Their hospitAlity is neither that of ostenta.tion nor of neces­
sity. They give readily what they have, and do not encumber you 
with apologies for wha.t they have not. Every traveller will bee in 

this description, .strong opposition to tho Swiss character as usually 

displayAd; my remarks are confiDed to my experience in tbe higher 
chalet" of the Alps. Of course, I da n~t mean to state that exceptions 
are not to be met 1\'"ith. 

The same mmage exists merely on a larger scale, where the Alp or 
pasture ground is greater. In many an extensive range of cow-hoQses 
is attached to the enclosure of the clullets. I n some places, the cows 
are brought in to be milked; in others, this ol)eration is more pictu­
resquely perfonncd by ro.ngiug the cows-(llanz de, Vachel-whence 
the popular U&l110 of som6 Swiss airs)--on green sward terraces on 1\ 

hillside, where they ma.y be seen to the number of sotne hundreds, tied 
each to a little stake. whiM the shepherds busy themselves amongst 
th~D1 with tbeir milk-pails and OM-legged stools. But to return to the 

Val d. Bagn ... 
At half-put six, we left Torel\lbec, and ascended the remaining 

part of the valley, wltieh opened it3elf a little higher (the now small 
stream of the Dl'aDse beiDg again crossed to i f.s western or Jeft bank) 
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but Bourrit, in his lively work on the glaciers of S~voy, describes his 
having reached the Chalet of Chennontano, when: he slept two nights, 
and visited the neighbouring glacier, of which h~ gives 8. somewhat 
pompous account, and 3 toost exaggerated drawing of the lake; but be 
did not attain any summit or Col: indeed, I have not met with a 
description of the Col des Fenetres, from porsoroal observation in any 
work. It was by thia pass that Calvin fled in 1541 from persecution 
in Aosta, where 'he ha.d been established for five years.· Though 
M. Bourrit speaks much of the discoveries which he m&de during his 
visit to Chermontane, they a.ppear to amount merely to this: that he 

ascertained the existence of a great gla.cier, but neither its extent, its 
pra.eticability, nor the connections of the ramified valleys which meet 
near its head. Formerly, It a.ppears that this Col, like many others 
in the higher Alps, was easier lmssed than at present, and was even 
a common route of commerce. A t that time, it is statod,t tho 
Glacier of Durand did not extend so low as to require to be crossed, 
but was avoided. So small is the communicat.ion now, that there is not 
even a station of cU!~tom-hoU8e officers on the pass, though there is at 
Valpell ine. 

\Ve did not stop at Chennontane, or even go to the chiilets, but 
keeping on our way at a higher level, along the slope of Mont A nil, we 
graduaJly ascended towards the Col de Fenetres, always on turf, and 
without any difficulty. The 3dcent was tedious, and we skirtod the 
glacier without going upon it, for the greater part of the wa.y. The 
Glacier de FcnCtres is but little inclined or crevassed; in its higher 
part we travenlCd a portion of it without difficulty, 1:10 as to brain the 
Col more quickly. We reached the summit in four hours of easy 
walking from Torembce. For itfl height-which appears to be 9213 
English feet, by M. Studer's observations-this must be considered 
38 an eMy pass, presenting. in good weather, not. a shadow of danger. 

The view towards Italy is wonderfully striking. The mountain" 
beyond Aoete, &Od the glaciers of the Ruiter, a.re spread out in 

------
4 Compare Bounit, II., 16,and Baroffi Vj~io in PiellWllte ; Letteru,21-, p. 19. 
t GoIIBFIIOT, No&~"" la Glw:krr, p. 63 . 

• 
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the distance, and beneath we have the exceedingly deep va.lley or 
Ollomont, communicating with the Val Pelline, which is itself a tri­
butaryof the Val d'Aoste. It is enclosed by ridges of the most fan­
tastic and Bavage gri:l.ndpur, which descend from the mountains on 

either side of the Colon which we stood,--on the north-east, (rom tIle 
Mont Combin, rising to a height of ].4,200 English fcet; on the south­
east, from the Mont Gele, which is 11,100 feet high, and almost too 
8teep to bear snow. presenting a pp-rfect ridge o( pyramidal AiguiUcs 
stretching towards Va.lpelline. The side of Mont Gele towa.rd8 the 
Col presents a.Il; adhE'ring rmowy coat so steep, that, Been in front, it 
appears almost-vertical; mea'3ured laterally with a clinf)meter, its angle 
watl found to be 55° ; this appeared to be loose 8now. Our course to 

Valpelline required us to skirt the foot of the"eaky ridge just described: 
the descent was unusually ra.pid, and without pal'ticu1a.r difficulty. We 
passed a small la.ke partly bordered with snow. and soon after gai.ned 
the pastures. Here we made a hearty meal by a. brook, which ex­
hausted a good part f.Jf our available provisions, and we thence dismissed 
our guide, who had plenty of timc to recross the mountain hy daylight. 
It was a considerable way before we reached any chalet, but when we 

did so, we caught a. charming view of the bottom of the valley of OlLo­
mont, which had hitherto been mOj,jtly concealed. covered with exquisite 
verdure. studded with houses, and travcrsed by lively atrpsms., all seen 
as on a. map, for our eleva.tion was 8till 2000, if not 3000 feet abovt: it 
Deyond, the mountains near St. Dornard were apparent ;-below, tho 
villagtt of Vaux which we mistook for Ollomont. There we found 
copper works abandoned; they appear to have boon very extensive and 
complete; th~ oro is 8. I:!ulphuret, in the (metamorphic?) gneiss of 
which tIle whole of this district is compo8oo. There are several other 
villages, and Ollomont i~lf, composed of but a few scattered houses, 
distinguished by a church, is pleasingly situated. But here, as at 
Aoste, the enjoyment of natural beauty is rendered impossible by the 
loathsome defOl"mity of the inhabitants; we were really shocked to 

find that none of the villages through which we passed seemed to con· 
t.a.in one reasonable human being ;-goitre8 and cretinism appea;ed 
universal and inseparable. Repeatedly I tried to obtain an answer to 
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a simple question from tho most rational looking 1)1' tho inhabitants­
but in vain. This astonished and shocked us, for' we w~re still at a 
height of 4O()l) English feet above the sea., where these maladies com· 
monly disappear; and we looked forward with despa.ir to the prosjK'Ct 
of obtaining a guide for the difficult and unknown country whirh we 
were next to tra.verse, from amongst such a population. nut ill this. 
as in very many similar (,Mes, first appearances are not to be iJlt ~r­

preted to the letter. It was still the fete of Notre Dame du mi-Auut, 

and the effective population had mostly gone down to Valpel1ine, till' 
ehief place of the district, and others perhaps were with their herds in 
the mountains. 

The scenery continued more and more engaging. In the course of 
four hours walk we had pMsed from lCo and eternal snow to the cllarms 
of Italian scenery and climate, with more than It&lian v(Jrdure. We 
looked anxiously about for the village of Valpelline, which we expected 
to have 8een from a distauce,-we feared that our maps had deceived 
us, and that we had yet a considerable walk before us, when Buddenly, 
on turning 3 comer, we found ourselves in the ,·alley of V alpelline ~ 
the church, with a spire of tho Italian taste, and a few scattered houSl'f'I, 
mantled with vines and peeping out amidst walnut trees of exquisite 
beauty, proclaimed tho little capital of the district. In descending 
we noticed large fragments of true syenitic granito, which appeart>d to 
have their origin at no great distance, which we hoped that our Dext 
day's walk would reveal; in the meantime we entered tlle village. 



CHAPTER XV. 

FROM V ALPELLINE TO EVOLENA BY THE COL DE 
COLLON. 

ASCENT Ot'TIIE VAL I'EI.MNE OR BIONA-GE014IOY-8YENITEs----cnALKTB OF 

PltAKAYON -HEAD 0)' T"~ VALLEY-ASCENT OF TilE COL OE COLLON­

REMAIN'S OF TRAVF-LLERS LOn IN A TOI!RMEN'TE-GLAcn:R D'AROLLA­

ITS STRUCTURAL lIASn8-MAGNIPI(;ENT VIY.W 01' MONT COI,LON-OPPOR­

TUNE MEY.'CINO WITH PRALONR--IIISTORY OF TIJ~ VICTIM8---ARRIVAL AT 

F.\·OLENA. 

" C'<'!It Ie domaine riCA j:[la<"ell ('t dCfl neigl'fl, It' paJa.is de rJlivor, It' royaumc de I. mort." 

A. DUMAS. 

Tile: village or hamlet of Valpcll;nc offered little prospoct of comfort­
able accommodation, but we recollected a letter wIth whir-h M. Biselx 
had provided us at Orsicrc8, addressed to a propl'it;tor and householder 
of the place, by whom we were received in :Ii manner which I am sure 
that neither M. Studer nor myself will ever forget. The unexpected 
a.ppearance of travellers by so unfrequented 3 pass, and accompanied 
only by strangers, (for it will be recollected tJlat we had sent back our 
guide to Dagnes) produced a momentary hesitation. The wife of the 
gentleman to whom we were' recommended had not returned from 
church, and an awkward paw" took place at the door of the house, 
which was locLed, whilst our arrival excited some curiosity amongst 
the loitering groups around. At length the lady came, and hearing 
~ur story and recommendation, instantly set about every arrangement 
which true hospitality could devise to ensure our comfort whilst we 

remained, 1W.d to speed our journey when we departed. The afternoon 
, 
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was not far adva.nced, and we spent it in re~,·-in a short stroll 
through the beautiful meadows surrounding the viUage;-and in CODVer'!­

iog with our h'lSt and his SODB, wdl educated and sensible boya, ",hilat 

our excellent hostess busied herself in preparing supper and in arrang­

ing our apartment, which was the best the house afforded. Mcanwhi1e 
we made inquiry, not without anxiety. as to the possibility of finding 
a trusty and skilful gu.idc who should conduct us across a glacicr-pMS 
which w€' understood to connect the head of the valley of ValpeUinc. 
which is in Piedmont, with the Vallee d'Erin in the Vallais. Tllis had 
always appeared the most doubtful step in our expedition. Though 
we had reason to believe that such a pass existed, we had no informa.­

tion of any traveller who had actuaUy passed it, and we had been led 

to think that though guides might be found on the Swis.~ side, it would 

be much more difficult to procure them iu Italy. The specimen we 

had seen of the natives of Ollomont increased our doubts; but the very 

circumstance of the fete, whicll had drawn so many to Yalpelline, gave 
us the grea.ter choice of guides, and our host kindly aided us in the­

selection, and by his authority and consequence in tho place. procured 

us a most satisfactory guarantee for the capacity and fidelity of any 

one who should accompany us. Amongst tile visitors at Valpelline 

that day, was a tall athletic and handsome man, below middle age, who 

pa8!K1d for being the strongest man of the whole valley, and whoae usual 

residence was some leagues higher up. With him our arrangement 

was goon made; he promised to rema-in all night, and to accompany us 

pext day to th£' head of the valley of Diona (as the higher part of the 

Val Pelline is called,) whence starting early the following nwrning, the 

glaciers might be crossed to Erin. He assured us that he was per­

ketly acquainted with the pass, which he called the 001 d8 Oolton. 
The village of Valpelline is nca.r the opening of the valley of the 

same IJa-me, and only from two to three h()ul'8' walk from the Cite 

d'Aoete. It possesses the Italian character of scenery and products, 

althougb !104() English feet above the &ca. The morning of our 
departare proved the prelude to a very hot day. We were tempted to 
rest longer tha.n usual in our comfortable qnartera, and as we had. but a 

short journey before us we were in no hurry to depart. Madame A-
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had anticipa.ted all our wants. She had even prcvcnv:d our servants 
from attempting to procure any of tho necessaries which we wanted for 
our anluous journey. by jnsiE-ting on providing them, much more 

effectually of course. from her own stores. The cordiality and genuine 
kindness of all her arrangements Jeft us no room to offer any return 
but our truly heartfelt thanks for her generosity, and we quitted this 
worthy family with regret, being accompanied by one of the sons for a 
milo or two on our way. 

The valley was always narrow. but at Oyace, a little way above Val­
pelline, it seems too .·luse, and the village of that name is planted upon a 
rocky barrier which crosse." tIle ravine, and which we found to be com­
posed of true syenite, the same as M. Studer first noticed in boulders 

the day before. when descending upon Valpelline. There appear to be 
from point to point amongst these wild lIillR, ontbreaks of !)yenitic rocks 

which have more or less meta.morphosed the neighbouring Redimentary 
doposits, and have confounded aU mineralogical character:s in the result 
of this supervening action. Such at least was the opinion of my 
lel\rned companion, who~e long and close attention to the excessively 
i~trica.te phenomena of Alpine geology entitles it to the greatest 
weigllt; and to which any observt\tions which I had an opportunity of 
making in his company induce me bDtir<:"ly to subscribe. It is well 
known that M. Sismonda, the intelligent geologist of Turin, has en­
deavoured to separate the rocks of this part of tile Alps into primiti \o"C 

and metamorphic, the one of which he has coloured red, and the other 
bloc. So far 3B we could observe, this sf:'paration seems indistinct and 

inconclusive; a.nd with the single exception of the true unstratified 
syenites,--8uch as tbose of the Gla.cier of La. BreDa in the Val de 
Bagnes, and tha.t f)f Oya.ce,-the felspathose rocks seem to admit of no 
subdivision, but must be classed under the common denomina.tion of 
Gneiss, whether primitive or llJ(>mmorphic. 

The boulders a1ready mentioned, and others which occur from time 
to time in the valley, appear to be all derived from the neighbouring 
mountains j and it ie: exceedingly remvkable, a,nd quite in contrast to 

the appean.nees in the VaJ de Bagnes, that we found few or QO striated 
and poliabed roeka, nor great masaea of transported materials. 



276 VALPKLLINR TO EVOU·:N.o\ . 

• Between tht> villages of Oyacp and Biona., we vi.!litcd a vein of lime­
stone, interstratifiod with the (j·Jljpathose rocks in a direction }>aralJeI 
to the length (If the vaUey, and ro-apJK'aring at intervals up even 
to its v(>t,V highest part, where, as here, it is burnt for lime. Very 
Dear this, copper is found in tho same rock as at Ollomont. 

The village of BioDa is the last of any si7.o in the vall<,y,-the Ja~t, 

I think, which has 3 church. The vallcy takes hcncpforth the same 
name, Biona. We halted hert', and made a hearty meal in the open 
air upon fresh (>~gs and good Ao~tan wint'. We then resumed our 
march, as the day bteame cooler, and th,' scenery, at the same time, 
still more picturesque and interesting. An excellent foot or mule 
path lead~ aU the way up the valley. !l convouipnce whirh the travt'Her 

owes to the Jesuits of Ao!-te, who haw- ('xtt'n~iv(' property in the higher 

pastures of Diona ~ and it was at the chAlet bc1<mging to them that we 

proposed pltaSing the ni~ht. The village of Bioll3o is 5315 feet above 
the se&, by M. Studer's ohservation. Farther on, the larch trees 

descend into thr valley, and the riv(>r passcs through some pieturesque 

defiles. The views looking hn.f'k wert' very pleMing, and in front,.at 
the bead of the valley, ro~(> a lofty chain of mountains, (a mere appen­
t1age, however. to the great chain,) separating tho valley of Biona 

from the Val Tournanrhe; oVl'r which we aftt'rwards learned that a 

passage may he effected, though not withont difficulty. 
A t length we r(>ll.ched the mullets of Prarayon, which h<>long to 

the Jesuits of Aoste, and are marked by a lofty crucifix in front. They 

arc pleaaingly ijituated in a green meadow near tho head of the valley, 
and ahout six hours walk from Valpcllinc. There was no one visible, 

and it was some timt' hefore we obtained admi!'sion into the smaU£'r 

and humbler building, the larger one hf'ing locked up. Whilst supper 

",as preparing, I walked up alonf> to the head of the valley, which) 
was an1.i(lus to explore, for nur guide infol'mbll ua, that our next day's 

journey did not lie in that dirEWtion, hut that Wf' should have to return 
upon our steps a little way. and then tum sharply to the northward. 
It WM an hour's walk to the commencement of the glacier, whieh .6l1s 
the top or the valley, and whieh desct'nds directly from the great 
chain. Having gained an ('minence on thl' flouth-('ast side of tbp val-
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ley which commandod the g lacier) I saw that the ascent of it must be 
in Borne places very steep, though, I shonld think, not wholly imprac­

ticable. I recognised the limestono which we had found farther down 

the valley. Returning t.o the chillets, I found our evening meal pre­

pa.red; and I observed the tempCI'a.ture of boiling water to be 201 0 .58, 

whilst M. Studer's barometer stood at 608.3 ruillimetres. The height 

above the sea il!l 0588 feet. The general direction of the Va lpdline 

is N. 60° E., (true.) but for the upper two leaguC's N. 75° E., as fal' 

as the foot ofthe glacier, after which its course is N. 5° W. 
We passed a comfortablf' night. in a clean hay-loft, and slcpt longer 

tl;a.n we intended, for wo w(·re not fl'ady to sta.rt until 6 A .M. 'rhe 

morning was very favourable. Our t;,lide, "l'hommc fort de Hilma.," 

as ho was ca.lled, or "fltabit roupe," tho soubriquet whi ch we had given 

him, from tIH' curiou~ practice of w\·aring ~~"1rlet clot.h co,Lls, whieh is 

common ill the Pay::. d'Aostc---ga,vc us a.t first 110 small c\,nccm. HC' 

was in low spirits last evcu ing, Itnd ill 1I0 hurry to start t.o-liay, and 

apparently not aV"r!>c to draw unfavourable prcimges of the weather. 

W e began to fear that Ill' had undertaken more than he could perform, 

a.nd that t1m wa.y was perhapa known to him only by report. But our 

douLl.s gradually vanished. He took til tbe hill with t hat instinctive {'on-

6deuct' which tS lwwed that be undcrJtoo<l his busine:>s, and the farther 

we advanced, the more readily did lie go on, and becau,c I!l 'lrc communi­

cative. 'Vo afterwards fOllud that he had becD rl:ally un well from th" 

r esults of a drunken fit, from whieh he Imu not eacaped when we fi rst 

engaged him, a nd alf'lo that SOUle doubt whether we ahould be a.ble to 

fonow him over the glacier and rocktS, a.nd a fear that be might be 

brought into trouble through our means, had p"oLably opp~sed him. 

We found him gentle, docile, robust, and trustworth,v. During a part 

of this day's jonnley. he cal'ril'll not only aU our provisions, but no 

light share of the contents of Klalls's iwtte or basket. His na.me was 

Hiona, as well as that of his natiHl placc. 

A8 we had been toid the night befol'~, Wt! returned a. little way upon 

our steps ; then, followillg a. water-course utj(!d for irrig-dtioll, we 

tunled sharply to the right. All our maps were here at fault. That 

of W orl eapeeially, the mOflt detailed, prescnts 110 kind of rf'scmLIa,nce 
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to the outlines even of the great cha.in, and the p&s8sge mllst have 
been put down at random. It will be seen by the Topographical 
Sketch, No. VI., which probably approximates to the real arrange­
ment of the mountains, though in Borne degree conjectural, that the 
pass is through the first lateral Yalley of the Val DioDa below its 
bead. 'Ve there find a deep gorge, completely glacier-bound at its 
upper end; but from the nature of the rocks, it admits of an easier 
ascent than the glacier at the top of the Val Diona. We passed som~ 
wretched shepherds' huts; and following an impetuous stream, we 

came to the foot of a glacier descending on our left, which has blockaded 
the vaHey with its prodigious moraine, and left a .!!wampy flat above. 
This passed, we kept t-O our right hand, having in {rant of us another 
great glacier, which descends from the Col de Callan, a.nd more to the 
left a great and steep glacier, which appears to descend fr('lm the group 
of mountains connected with the origin of the Glacier of Chermontane. 
The direction of the valley we M.cended was at first N. 20" 'V., (trufl,) and 
when wo came in sight of the glacier which we were to follow, it turned 

sharply to N. 25° E. Pursuing a. "ery steep and laborious ascent over 
rocks, (without, however, any danger,) we reached the glacier, where 

it was much more level than in its lower part, and obta.ined a distant 
view of the Col. The ice 'was not much fi.!!5ured, and we proceeded at 
ease--only we came at length to where it was covered with perpetual 
snow, and there we required to proceed with caution. We leCt upon 
our right hand, the mass of mountains which separa.te this pass from 
the head of Valpelline, and on our left new and hitherto ' unseen 
cbaina began to display themselves, and rocks rising above the Vol 
or pass, which we were surprised to find marked by a. very small iron 
cross, shewing that It is well known to the country people, although 
unfrequented by travellers. The only traveller whom I am aware 
of ae having passed here is M. Godefroy, tIll: author of an Essay on 

Glaciers,· already quoted. We now also learned the secret of our friend 
"l'habit rouge," being 80 well a.cquaillte" with this obscure route, 

----------
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for he admitted tha.t he had frequently paasod it with bands of smug~ 
glers, who avail themselves of all the less frequented passes for intro~ 
dueing the articles of free commerce in Switzerland into Piedmont. 
We reached the Col in three hours from the chl1Jet, which was sooner 
than we expected; and 88 it. was only niDe o'clock, and a beautiful 
morning, we sat for a long time on the rucks on the west side of the 
Col, and enjoyed the noble scenery. Although tho height is 10,333 
fect above tho sea, (barometer, 528.1 millimetres,) it is so lUuch sur­
roundod by summits still more elevated as to command no very distant 
scenery. Dut bcful'C us. to tho north, roso the majestic form of Mont 
Collon, round which swept the very extensive glacier which we had 
yet to traverse in .its entire length during several hours; and to the 
eastward, beyond snow~fields of seemingly grp.at extent, rose snowy 
peaks, which afterwards appeared to me to be thl'l same aa I saw from 
the Col of Fcrpccle, and over which it is just possible that a passage 
might be effected from the Val Biona to that of St. Nicolas, though, 
from tho distanrc, it might probably be impossible to accomplish it 
without sleeping out on the glacicr, 

As wo were far above the limits where water is found on the glacier, 
I used my portable furnace to melt snow for the use of the party, and 
afterwards to. ascertain Hit! temperature of boiling water, which I found 
to be 195°.15. We spent an hour of great enjoyment, for we now 
ow our way clearlYt and all doubts were at an end of Ilceolfiplishing a 
passage which, not to have performed, would have materially deranged 
our travelling plans; we Lhen set forth in a cheerful mood to 
descend the long stretch of glacier which lay before us. There were 
few creva88t:8,-UlOugh whilst on tho snow we walked with precaution 
and in a line, but without ropes :-we descended rapidly, whilst the 
majestic form of Mont Collon rose with increased grandeur before us. 
When we were fairly abn:ast of it our guide set up a wild and sonorous 
about which the rarely wakent:d echoes of those stupelldous precipices 
Bent pealing back again in tones yet more fantastic. He added that 
this echo was well know~ to the smugglers, and that the reverberation 
of Mont OoIlon se:vcd to guide tJlem in foggy weather, in a. t~ck 
whieh muat be then siDgularly perilous, from the great breadth and 
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monotony of the glacier here, and the number of branchtls into whioh 

it divides in its higher part., anyone of which might easily be mistaken 

for another. 
Whilst we were amusing ourselv06 with die disoord&lJt sbouts of the 

party and responses of the mountain, our attention waa suddenly led to 

a very different matter. A dark object was descried on the snow to 

our left, just under the precipices of Mont Collon. We were not let. 
low enough to have entered on the ice, but were still on snow. This 

pro\"cd to be the body of a man fully clothed, falit'D with his head ill 

the direction in which wo were going. From the appearallce of the 

body as it lay, it might bave heen presumed to be rect:nt ~ . but when it 

was raised, the head and face wero found to be ill a Rtatc of frightful 

decay, and covered with blood, evidently ari~ing from an inci pient 

thaw. after having remained perbaps for a twc1vrlllollth perfectly con­

gealed. The clothe:i were quite entire and uninjured, and, Leing hard 

frozen, still protech."<l thc corpse beneath. It was e\'idcnt that a.n un­

happy peasant had beeD ovcrtaken in a storm, probably of tll t' previous 

year, and had lain th('re covefi·d with snow during Lhe whole winter 

and spring, and lha-t we were now, in the month of August, the first 

travellers wbo had passed this way and ascerta.ined his fate. The hands 

were gloved., and in the pockets, in the attitude of a person maintaining 

the last glow of heat, a.nd the hody being extended on the snow, which 

was pretty steep, it appeared that lie had been hturying towa.rds tho 

valley when his strength was t'xhausted, and he lay simply as he fell. 

The effect upon us all was cketric; and had not the sun shone forth 

in its full glory, aDd the very wildcrue8!:1 of eternal snow seemed glad. 

denP-d under the serenity of such a summer's day as is rare at thcS(l 

heights, we should cert.~inly have felt a deeper thrill, arising from the 

senEIC of persona1 danger. As it was, WhCD we had recovered our tirst 

8tupriSl>, and interchanged our expressions of sympatllY for the poor 

travoUer, and gazed with awe on the disfib'1lroo relics of one who had 

so lately been in the same plight with ourselves, we turned and 8ur­

Hyed, with a stronger seosc of sublimity than before, the desolation 

by ,,·hi eh we were surrounded. and b CCalllf' \S till moc!' ~rulibJe of our 

j ~oJati ou fnJDl huma.n dwellingR, Imman ht'lp, and human sympath~',-
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our loneliness with nature, and as it were, the mora immediate pre. 
sence of God. Our guide and attendants felt it as d~eply as we. At 
such moments all refinements of sentiment are forgotten , religion or 

8upe1'8tition may tinge the reflections of ono or another, but, at the 
bottom, aU think and feel alike. We arc men, and we stand in 
the chamber of death. Our friend of Biona., though he was the 
first to raise and handle the body, from which the ot.hers rath(;r 
shrunk,-and though he examined tho rigid clothes for the artirles 
which they contained, and with onr consent took out a knife and 

snuff-box from the pocket, and a little troasury of mixed Swiss and 
Piadmontese small coinfl (.'ODccaled in a. waistband aU entire and un­
touched, (by means of which we cuuld identify the pers!')n and restore 
the money to his fricnds,)-though lie performed aU this with seeming 
indifference, we had no sooner left tho spot than he declared that he 
would rather make a circuit home by the Great St. BCnlard than re­
turn alone by this spot. Indeed it might well require resolution in a 
~olitary man, with thc chances of weather, to pass alone a Col like this, 

where, supposing him caught in a toormente, it would, require no vivid 
sensibility to raise the image of the last sufi'erar before him, and hasten 

tlw moment· of despair, when the spirit yields to the pressure of hunger, 
fatigue, and bewilderment, and bub~irll'!s insensibly into the sleep which 
knows no waking. 

A very little farther on we found traces of auother vi ctim, plOb:a,bly 
of a.n earlier date ;-some shreds of clothes, and fragments of a knap­
sack; but the body ha.d disappeared. Still lower, the remains of tho 
honea tmd skin of two Chamois, and near them the complete bones of a 
man. The latter were arranged in a very singular manner, nearly tho 

whole skeleton being there in detached boncs, laid in order along the 
ice,-the skull lowest, next the arms and ribs, and finally the bones of 
the pelvis, legs, and feet, d;8po~ed along the glacier, so that the dis­
tance between thr. head and feet might be five yards, 1\ disposition cer­

tainly arising (rom some natural cause, not very easy to assign. 
The glacier now enters a regular vaHey, and leaves tlH~ high slopes. 

It is bonnded by Mont Collon on the left, 8wC<'ping for some miles round 
its base, and on the right hy rugged cliffs, chiefly of gneiss, in whifh we 
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could distinctly Bee well characterized granitic "iDS, !!hooting in irre­
gular zig-zags through the m8098. The glacier OD which we now 1reN 

it the Glacier of ArolIa., that which oceupiElS' the head of the western 
branch of the VaUee d'Erin. It is very long. Probably we might 
have continued most easily all the way along the ice towards the 
eentre; but our guide advised us to follow the right bank along the 
moraine, an excessively rough and fatiguing scramble. for a great dis­
tance, on angular moving blocks, without a trace of a path. This was 
by far the moet tedious and disagreeable part of our dafs journey; 
but M. Studerwaa rewarded by finding a mixture of gabbro or diaUage 
~k, in immediate connection with real granite and metamorpl: ic 
gneiss. to which he attached considerable importance. 

The structure of the G-lader of Arolla is perfectly DOnnal, present­
ing bands or veins nearly parallel, and verticaJ throughout a great 
part of ita length, which sweep round in the conoidal forms, proper, 88 

~ bve BOOn, to the lower termination or unsupported part of the 
glacier. The lower extremity is very clean, little fissured, and has 
from below a most commanding .ppearance, with the ma.jestic summit 
of Mont 001100 towering up behind. The frontal bands arE' very dis­
tinct, and even at a distance of a mile or more, those very marked. 

ODes which, in describing the Mer de Glace of C~amouni, I have 
called " dirt bands," and which, perhaps, are the anDual rings or 
marks of yearly growth of the glacier, are beautifully developed. and , 
rocur at intervals ma.rked with almost ma.thom&tiQ&]. precision. 

The stream which descends tile vAlley rises from ander an arch of 
iee at the foot of the glacier. The bottom of the valley is wide, g~ 
,,{'lIy, and waste. A number of desolate a.nd stunte;d pine trees occupy 
the western bank, and seem chilled by the near approach of the ioe ; 
many are dead, and some fallen. They serve to give a scale to the 
majeeti~ scenery behind. Their species is the pinm umbra, the h&rdieat 
of their ela88 which grow to any size in Switzerland, and they are CODS&­

quentJy to he met with at great elevations. This pine ha.a varioUl names. 
In the Patois of Savoy, and many other places, it is called "Arolla," 
whence the name of the valley and glacier. It is also called" Arve," 
and "ZirbelDusskieier." It yields an edible fruit., and the wood is 
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soft and well fitted for carving, for which it is preferred, especially in 
the Tyrol ,and eastern Alps. This wood of pines lies exactly between 
the foot of the lacier of Arolla and a small detached one descending 
from the mountain called Pigno d'Arolla, a summit on the western 
side of ~he great gla.cier. 

I ought to have mentioned, that in quitting the northern foot of 
Mont Callan, during our descent, we left upon our left hand a great 
tributary glacier, steep and difficult of access, which separates the 
Mont Collon from ,the Pigno d'Arolla, and which may possibly com­
municate with the icy mountain of Chermontane, beyond the head of 
the valley of Heremence. We staid some time to con~mplate the 
wonderful majesty of the scene, of which I made a sketch, from which 
Plate VI. has been executed, and we then proceeded down the valley. 

The Chalets of Arolla were a little way lower, across the torrent 
on our left, and the shepherd who kept them, perceiving the unusual 
sight of visitors, came down to meet us, and courteously invited 

. us to rest ourselves, which, as the day was not too far advanced, and 
the way was now plain, we willingly did, and partook of his cheese 
and hard bread, with excellent butter. The chalets had even a finer 
viijw of the gla.cier than that which we had quitted, and thus looking in 
front of it, I saw very plainly the succession of structural bands dis­
posed with the remarkable regularity already ailuued to, One of our 
first inquiries was con~ected with the fate of tlie unfortunate men whose 
relics we had observed; and it appeared that our entertainer, Pralong 
by name, had himself been one of the party to which the most recently 
deceased of those men belonged. They had started in the end of 
October last year (1841) to cross the Col into Piedmont, in all twelve 
men; but being overtaken by a tremendous storm, they at length 
resolved to return; but too late for three of their number, who,? worn 
out with fatigue, and benUIIlbed with cold, were left behind,-the 
imperious <:aIls of elf-preserva.tion requiring th~ir abandonment. Our 
lnformant assured ue, that he himself was the last to quit these unfor-

ate men in succession, when every effort to stimulate or assist them 
had been tried in vain. We understood that two of the bodies had 
aI1eady been recovered; the third was, no doubt, the one that we first. 

• 
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saw. The articles which Biona. bad taken from tIle body "ere after­
wards recognised in Evolena, and the money (which did not aUlount to 
more than three or four .French francs) W8.IJ faithfully paid over to the 
Cure, and measures were taken to have the body brought dOWl! for 
interment. 

OUf new acquaintance of Arolla gave us otlwr information, which 
interested me as much .. Having complimonted us on the sueclssfu! 

passage we had made, he asked if we were not dosirous of attempting 

the more arduous pas&'l.go from Evolcna to Zermatt, which, he 

aElsured us, that he and his father had more than once performed, and 
that they ;'cre indeed the only persons in the vall£>y who had dOlle so 
Now this passage had long piqued my curiosity, having a sort of 
romantic intCl't~8t, which atta.clH's to wbat has been so seldom per­

formed, as t.o render it~ pos~ibilit.v almost faoulous. It was certain 

that it must carry the traveller amongst sOllie of tho highe~t and must 

majestic peaks of this almost unknown di~tri ct. Its elevation and 

character I had already studied in 1841 from the side of Zermatt, and 

had conceived the most lively curiosity to travcrse thcse glaciers, anel 

to ascertain the relations of a group of mouutain~ 13 a.nd 14,nOO foct 

high, some of which are scarcl'll' indicatfld on scvet"<il of the iatebt 

mapa. My great noubt had beeD a" to the possibility of finding ally 

guide in Evolena., and therefore, that the first Illall whom we met with 

in the valley should h.e the very pen.on who, I knew fl'om Fnlbel's 
• 

work, was reported tu bave !:lome ppr!!Onal knowl edge of this celebrated 

pass, seemed a piece of good fortune not to bo lightly thrown away. 

After a short consulta.tion with M. Studer, I found that the heavy 
marching trilll of the worthy Klaus, and his own wish to visit the 

valley of Annivil'rs . would prevent him from und€'rtaking this journey, 

although we were both eventually bound for Zermatt; thcrcfo:r;c after .10 

fow minutes' arra.ngement I determined my plan, engaged Pralong to 

come down to Evolena next morning, and thence start with me in the 

a.fternoon for the foot of the Ferpcclo Glacier, where we might sleep, 
a.nd attempt thf' passage the following'da.y. Pralong desired nothing 

better, and wo soon started. for Evokna.. The walk to Hauderes, 

where the vall<,y of A rolla joins that of Ferpecle, the union of the t.wo 
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fonning the Vallee d"Erin, was very agreeable, and at time!:! bea.utiful. 
A t the hamlet of Chatorma we noticed striated and polishM rocks, of 
which, 4i'I has been already said, we saw nono in the Val Polline. Below 
St. Darthelemi the way becomes steep, the torrent descends in rapids, 
and the ba.nks are clothed with larch and pine wood; the ra.vine is 
altogether grand and picturesque. W e then came to steep watered 
meadows, and at length, crossing first ono str()am and then another, 
we arrived at the hamlet of Haudercs. Half an hour, which seemed 
a tedious while, ovcr a fertile flat, divided into grass fields, and thickly 
studded with baruS', brought us to Hie capital of the valley, the viHage 
of Evolona, which seemed t.o us the largest place we had sc~n for some 
timo. A nearer approach showell that the houses, which looked 80 

imposing at a distance, were built of logs, and had dark and uninvit­
ing exteriors. Uut when we came to seek fur accommodation, we 
found every anticipation we I;ould possibly have made of discomfort 
and privation much exceeded. 
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CHAPTER XVI. 

FROM EVOLENA IN THE V A~LEY OF ERIN TO ZER· 
MATT IN THE VALLEY OF ST. NICOLAS, BY THE 
GLACIERS OF FERPECLE AND ZMUTT. 

A NIGHT AT EVOLENA-WRETCnEO AN.'OMMODATION-OEPARTURE FOR ABRI­

OOLLA-ASl'F.C'1' OF THE GLACIER OF }'F.Rl'F.CLE-A NHlHT IN THE CItAU;:TS 

-.-\8C~NT OF TilE GLACIER- - 1'IIE MOTTA ROTIA-THE &TOt:KIIORN-MAO­

NIFICENT ,"JEW OF .MONTE ROSA ANI) MONT CERVIN-l)ANGEROUS DF..8C'ENT 

-PRECIf'ICIo:S-THF. HERG8('IIRUNI)--I'RAI,oNG RETURNS-TilE OLACIER OF 

ZMtJTI'-8TRUCTURE OF TliF. AIO:"i"T ('ERVIN-ARRIVAL AT ZERMATT. 

,V E knew too well what accommoda.tion might be expected even in 
the capital of a. remote Valaisan valley to anticipate a.ny luxuries at 
Evolcna. Indeed, M. Studer had already been there the previolls year, 
and having lodged with the Cure, forewarned me that our accommoda­
tion would not be splendid. A chango Jlad, however, occurred in the 
establishment of the" Pfarrhaus," since 1841, by the introduction of 
the ~e"'B sistc:r, who usually lived at Sion, a. person of ungovernable 
temper and rude manners, who seemed to find pleafJure in the arrival 
of strangers only as fresh subjects whereon to vent her splern, and to 
8how how heartily she despised the inhabitanU! of her brother's parish 
compared to the arist.ocratic burghers of the decayed town of Sion. 
Had this bt.-en a.ll, and had our corporeal wants been reasonably at­
tended to, we might have forgotten the ill-nature of expressions directed 
at random against ourselves and all mankind; but we experienced 
the great.:'lst difficulty not only in procuring anything to eat, but even 
in being allowed to cook our own provision!!. The Cure, & timid 
worldly man, gave us no comfort, and exercised no hOflpitality, evidently 
regarding our visit as an intrusion. Indeed, jaded by a fatiguing jour-
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ney, without any prospect of beds, (for we had been told at once that we 
could not lodge in the Cure,) we wished ourselves 3 hundred times, in 
the course of the evening, at the deserted Chalets of Prarayon, where 
we had spent th{J former night; whilst the amiable family of A­
at Valpelline seemed, by contrast, to bolong to another race of 
beioga. The faithful Klaus, too, had been taken unwoll during the 
latter pa.rt of the day; but there was no alternative but to sit round 

a table, attired as we were, for two hours, before 3 soup, })repared 
with our own rico, was presented to us. A t a late hour in the even­
ing we were told that one bed could bo had in the village; we gladly 
left the Pfa,rrhaus, shaking the dust from our feet, and went to the 
destinoo lodging, where we found civil, and tolernl.lly cleanly people, 
whose jargon, however, it was quite impossihle to understand. There 

was actually but ono spa.re bed in the whole village. Vie drew lots 
for the prizo, which fell to me. It was clean, though neither 80ft 
nor evcn; but betwoen two such journeys as I was undertaking, even 

to undress was u: luxury. and I slept till late next moming, when 
I was awakened by M. Studer entering. Where he had 81ept 
never transpired. He had, however, spent a night of misery, nnd 
came til communicate his intention of departing immediately for the 
Val d'Anniviers, instead of pas~ing the day in the noighbourhood of 
Evolena, as he had intended. I could not gain::::!y the propriety of his 
determination, although sorry to part. He left sllOrtly afterwards, and 
we agreed to meet at Zennatt,-he going by Viep. I by Ferpecle~ 

Before I h~ finished dressiulZ, our worthy guide from Valpelline came 
to bid me adieu. During the btter pa.rt of our yesterda.y's walk we had 
become well acquainted, and his simplicity of character had touched us 
both. He had more than once expressed a wish to accompany us far­

ther, as well as to a,,'oid returning to his own country the same way. 
He urged nothing of the kind now, but quietly bid me good-byo and 
took. the roa.d to Hauderea. When I saw him fairly gone, I could not 
but regtilt having parted with him 80 eMily. I thought that he might 
be TOry useful in the more difficult journey which awaited me, my own 
servrmt being inexperienced, and the guide of Arona, though he pro­
mised weH, being quite unknown to me. I, therefore, ran after" l'habit 
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rouge," and asked if he would a!,pompany 1M to Zerma.tt, and return 
home by the Val Tournancbe in Italy . 'fo this he at once a.s~nted. 
There was no barga.ining or hrsitatioll, alld he turned hack with me. 

In the fO~f'noon, Pralollg joinod Ill£' 3t'cording to promise. Having 
first dined, I started with my three men about two o'clock, with very 
fine weather, intending to sleep at the 13.8t cMIets of Ferpccle, a.nd to 
cross the glacier the following morning. nofore quitting Evdena. I 

will say a few words respecting the ': alleYA of which it is the centre 
and capital. 

The group of vallf'Ys of which Wl' speak, and of which Erin is thr 
chief, is situatl>d between the Rhone and the great chain of Alps. 
T)l('ir openings into the valley of the Rhone arc so linml1 and unronspi­
cuous that they arc passed unJlOtic('d by the tr.l\·elJer, rolling along in 
his primte carria.~e, or dlat of the Simplon rourier, almost without 
perceiving their existrnce; yet oppositf' to three well known stageH on 
that road, Sion, Sierre, and TOllrt('magnc, three scvcral valleys proceed, 
the Val d'Erin, or d'Hf'rens, tEringer ThaI,) the Val d'Anniviers (Ein­
iiS(lhthal,) and the YallJe de TourteOlagne. (Turtmantha.l.) Tbt'ir 
magnitude· and importance are in tho order jU8t sta.ted. The Val d'Erin 
diviJes into two hranches, the vaHey of Evolena a.ntl that of Hcr~­

menee, both of which terminate in great :;laciers. to wit, the glaciers of 
Ferpecle, Arolla, and Lenarct. The Val d'Annivier.s divides into the 

Val de Torrent and Val de Zinal, with glaciers of the same names. 
The valley of Tourtemagne j~ uninbabitf'd, except in Bummer, and ter­

minatef! in a glacier at the foot of the Weisshorn. 
These valleys have not only been hitherto unfrequonted by touriau, 

hut are almo!,t unknown even to tra'Deliers, (to make a distinction com­
monly and not unJubtly drawn in Switzerland.) De Sao.ssUTc says 
nothing of them. Bourrit speaks of them so slightly that it may be 
dtlubted whether hI} eVer was ~Vf'n 80 far as Evolena. Ebel mentions 
them or.ly to acknowledge his want of information, and Simond is silent 
alike on their history and existence. Even at the time I am neecrib­

ing, although it was past the middle of A ugust, the Cure informed UII 

that we were the only strangers who had yet appeared that season at 

Evo)ena. A pl:asa.nt little work, by Frobel, entitled, " R-eise in die 
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weniger bekannten Thuler auf der Nordseite der Penninililcben AI­

}>tin," · has given the first and onlv detailed account of them worth 

notice, anil cven his vis.it was one of but a very few days, and dirooted 
only to the more 80Ccese ible points. His work is valuable from an i~­
proved map which it contains, (upon which the index map in this work 

is partly founded,) and which corrects mao,)' of the almost incredible 

errors of the best llXecUted maps befcre that time, such as those of 

'Veisa, K eller and Worl. I should add, that a work publishoo at 

Basel, also in ] MO, by Engelhardt, under the tiLlll of " Natur schilder­

ungen der bOchst(:n ·';chweitzer Alpen," gives some account of these 
va.lleys, and cOllfirms thp unanimous testimony of travellors respect­
ing tbe discomfort and incivility cXp'.'rienccd at Evoltlna. 

It seems to he admitted by all who ha"o ment ioned these valleys 

that their population is of a distinct 1'300 from their Swiss neighbout8. 

Very different origill.8 have been assignrd to them,-that tlH'y came from 

the east, and were originally tribes of Huns and A lani, and that they 

~('ttled here in the 5th cen tury. is t he most prevalent theory; others pro­

nounced them to be Saracenic, dating from the 9th century, whilst Frobel 
inclines (chiefly upon etymological grounds, not perhaps wry conclusive) 
to cun!idor th r.m a Celtic race. That they lived in a very independent 

manner, were heathens long aftf'r t hp. conversion of their neighbours, 

became subject to tlle Bishop of Sion, and were ch ristianized by hia 

mi88ionaries, is confidently stated_ ]n modenl t imes we knu-,,;, that 

they have shown a spirit of stubborn independence, and resisted, 
in their unapproacha.ble fastnesses, the incursions of the French armies. 

at a. time when the rest of the Valla!s had submitted to the yoke of 

Bonaparte. 

Their character docs not appear to differ much from that of the Valai­

Ralls, Of, indeed, of the Swiss generally. Their hospitality, according to 

Frobel, is seldom disintereswi, and an intense love of money predomi­

Ilatea in all their transactions. A dollar which once finds its way to E rin 

is never cha.nged, &ni never comes forth again. This feature, supposed 
gell~ra1ly to be an ilnpof1,ed vice, conspicuous only Oil tbe great and 

frequented roads, is, therefore, not merely the rC8ult of English folly 

----------
• Berlin, 1 8 ~ O. 
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and extravagance; and my expcrH'llCe in other remote pia-ct's collfirlll~ 

the opinion. The char~ter of the JWople is, (norther, according to thc 

sa.me writer, stiff and pedantic, not unfrcquelltly producing a. ludicrous 

appea.rance of sclf·importa.nce amidst an utter neglect of the common 

comforts and almost decencies of life. Their food is not only coarse, but 

scanty, and even unwholesome . their housc~ and apartmcnts are amongst 

the worst in the Alps: cleanliness i.s nota.mongst their virtues. Much 

of this may be traced to laziness, which Frobel say~ is the prevaiJing 

\'il'c: mult,s are abundant for country uses, and no man walks who can 

possibly ride (even serond) on a mule; stiU h':ls will any one carry a 

common knapsack without complaint. Klaus's hQtte was the wonder 

of aU who Diet us. Frobel has, indeed, !laid so nHH'h about tho im· 

possibility of obtaining gnod guide~ in Evolena,· that I had despaired 

of uudertaking any considerable expedition. but Pralollg sccmed to Lo 

rather an exception to the usual charActer. being al'tive, civil, and far 

from exacting; he also displayed, on the wllOle, milch pcrsflual couragf' 

a.nd resolution. 
The Ia.nguage is barbarom::. hut I doubt whether it is more so, or 

more decidedly national thdon in many' other remote valleys of til(' 

Alps. The word" Bathig" for walll!!, which Frobel hru! mentioned 

as distinctive, I lla.ve heard in the valley of 8a.a.s, where the popula­

tion is, ] believe, purely Gl·rma:l. The namt· Evolena i.!l said to 
mean, in the native dialect, "tepid w3ot('r," and may be derived 

from a number of very b£'autiful spring$, which rise from the fallen de· 

bria at til£' foot of the mountain slope immediately behind tho town. 

Borpne, mean~ brook; 6itgno, glacier, and pigllo, mountain top, which ' 

last Frobel sayfi is $ynonymou~ with the Spanish pmwn, the French 

pigoon, the mOils pennimu of the R-omans, and the Gaelic bein. 

These valleys, notwithl:ltanding the seeming poverty of tlleir inhabit­

ants, annually export a great deal of produce. Evolena is eight hOUN<' 

distant from Sion. Its neighbourhood prcsl'nt.~ a \'('ry lively and fer. 

til£' appearance, the yalley being broad and w\'l1 watcl'f'd, cov"rod with 

- .. Vi(' Minnel' von Eyoleua .sind "'Chlechk Dcrglcutc." .. "..elm bill fUllfzeiltl Pfund 

auf den Hucken zu habcn ilIl cincm Manne VOII E\'olcna dill' unl'rtrliKliche Un\ol'tjll~ltI. 

,·M'cit," I'. !,II. 
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pasture, and studded with barns and chllietii up to a great height on 
both sides; for although the secondary fangeij, those which divide 
Eriu from Hercmenco and Anniviers, are of considerable ht>ight, and 
of & fatiguing nature to climb, &3 those who have passed testify. they 
are fertile and grassy, affording excellent pasture. The cheerful appear­
ance is indeed diminiflhod when we approach and find what scem to be 

villages to be mere barns, or rather hay-lofts, without a single inmate, 
and when, in the inhabited places, we find so much want of comfort 
a.nd dea-nlincss. But a8 I have said, the exports of dairy produce to 

the low country a.rf' lar~e, and probably very greatly excefld the im­
ports, although these mus L include most of what are commonly con­
l:Iidered as the necessaries of life. 

Bp-sides the natural entrances to these vallcYfI from the valley of the 
Rhone, which, as we have said, are narrow and ullcf)nspicuous, there are 
various p~ses to and from the higher parts of these vaUeYij. In former 
times, the glaciern were, us we have also sel!ll, undoubtedly much more 
a.cccssible, a.nd cven the pass to Z ermatt scems at oue time, like the Col 
du Geant, to have been frequently used. From Heremencc, there is said 
to exist a passage to tho Glacier of Chcrmontane, which may bave 
boen in the direction which we saw in cros8ing the Col de Felletre. 
Tht>re is also a long pass, but not over ice, into the Val de Bagncs, 
below MOllt Pleureur, which M. Studer cro:.sd in 1841. From Anni­
viers, it is very doubtful whether any glacier-pass eXiSt:.; hut from 
Tourtem3.0OJle, which is a valloy inhabited only ill summer, it is pos­
sible to cross tho northern part of the W cisshorn into the valley of 

St. Nicolas above Stalden. 
But to resume our journey. Having quitted Evolena at 2 P.M.,· 1 

walked to Handcrcs, where my guide, Jean Pralong, lived. This vil­
lage is at the junction of the two Borglld, three miles above Evolena. 
It Was nearly deserted. Pralong took the key of his house from under a 
stone, and invited me into it. The entrance was rude a.nd ill-furnished, 
the light and a.ir coming in 011 all ha.nds; but he conducted me up a 

-----
• The height of Evolena ,I 4b32 English fopt .. bon· the liCa by M. S~udt'r'!; obl!ervation 

I"Ompued with the baromt'tel1l al Genen • .IId St. Bemard. 



292 F.VOLENA TO ZERMA'fT DY TIlF. COL J) 'ERIN, 

trap-stair to a very tolerable a.partment, with u!('an-looking .beds, which 
we should have envied the night before, He offered me wine, and took 
a supply himself tor the journey, candles for our use &t nIght, and 
"'&rious other articles, including a rope- to be used on the glacier. We 
then started, and followed the east side of the eastern rivulet, that 
descending from the Glacier of Ferpiicle. We followed narrow water­
courses to abridge our way, and during our ascent I was surprised to 
notice tho oriental plane-troe and the currant both growing w Jd. The 
rocks exhibit tra.ces of glacier friction, hut neither here nor in tLe other 
branch oCthe \'a,lIey towards Arolla are the transported blocks numerous. 

After two hours' walk from Evolf'na., Wt' reached the chalets of Fer­
peele, thc highcst and only habitations of this part of t1le valley. Here 

we proposed to got some hay to form our bed at night. which we COIl­

jectured might be a searce commodity at thf' still higher sta.tion, wb<:te 

we proposed sleeping. But this was not so easy a matter, for tltl!:! 

l!leeming village containl"d not a single inhabitant.; the greater part Wab 

compoted merely of hay-lofts, which, upon examin&tion. proved to he 
much better secured than at first sight seemed probable. But Pralong 
was not daunted b.\· the resisUl.llcc of wooden bars and iron shackle!:!, 
and my geological hammer was unscrupulously a.pplied to obtain an 
entrance with the deliberate purpose of pillage. At hmgth one door 
was forced, and a. good armful of dry clean JHl:y W&':! 8<.'cured and carried 

oft', and an else replaced as beforo. \Ye had now the lower end of the 
Glacier of Ferpeelc immediately before us. The valley is very deep. 
and the scene solitary aDd I!Itriking, but it is impossible to form here 
any idea. of the extent of the icc. Kocpiu~ always to the left, we be­
gan a. smart Moont at first over the mora.ine of the glacier, whil!h here 
a8 el.eewhere SCi'ma to have retreated of late years. At length we 

gained a better path, traversing high pastures. and crossing the bede of 
several vast torrentiJ. Having now got considerably a.bove the ice, 

we advanced nearly on a level. We also saw rising beyond, group' of 
ja.gge1 summits, which separa.te the Glaciers of F(lt'pCcle a.nd AroHa, of 
whieh the most conspicuous is a. sharp pinnac1t' called Aiguille de Za. 
These tenninatc towards the great chain in a range called the Dente 

df'8 Rouquetinf!. Tbif! led us to speak of thnse a.nima-ls, a.nd I Mked 
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Praloug whether any wcrc ever soon. H {I replied that they had long 
disappeared, and that the story went that long ago the government of 
the V a.IIBis, 'dcFlirous to preserve the race, declared the shooting of a 
Bouquetin to be a capitlil offence, from which time not one of these 
animals has been 8een,--a. practical fJro.,f. he proba.bly meant to infer, 
of the impotence of extreme legislation. He also hp.gan spontaneously 
to talk about the glaciers, and the cause of their motion, alld put Beve· 
ral very pertinent questions. Amongst other things, be a.ffinned dis· 
tinctly, that the glaciers advaneo indifferently in summer and in winter, 
and even that if the lower (>xtremity be diminishing. it continues to do 

8D--if advancing, to advtl.uce a\sf)....-.in winter as in summer. 
As the evening fell we gradually apprnached-by a path which cer· 

tainly seemed to lead to no human habitation, but to an endless wilder· 
ness of ice and rocks-the chilets of Abricolla., whil'h we reached in 
an hour and a half from the chalets of Ferpecle. The first symptoms 
of human art, were two pyramids of stonf', (kommu de p£erre as they are 
generally called,) which directed us from a distance; then tv.:o stone 
huts near together, and one or two others 8- little beyond. \Ve soon 
found that there were inhabitants, and we were received with sim­
plicity, and with that composure and seeming a.bsence of curiosity 
whieh 1 have already mentioned as rC!JllU"kable amon~st the Fdtrel 

of the higher Alps. A visit even from Evolena i:; 1\ ru.rity, but 
most likely none of them had before seen or lodged 3 traveller ami his 
guides. prepared to cross the glacier to Zermatt. Nevertheless, as their 
reception was far from repelling or suspicious, I was well satisfied with 
their tro.nquillity about my concerns and objects; and preparing my 
arrangements for the evening, I left my guides1 who all spoke different 
native tongues, to satisfy, as best they might, any latent curiosity of 
our hosts. 

It W38 a. channing evening, almost too mild to give quite a favour­
able prognolJtic for the weather. After suns~t the' moon, which was 
almost full, l'OfIe, and threw her light over a Bcene not to be surpassed. 
These chalets, placed on a broad. grasllY shelf of rich verdure, ove~ 
hanging, at & height of several hundred feet, one of the noblest glaciers 
in the Alva, are not much l~ eleva~ed than the Convent of the Great 
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• St. Berna.rd,-a. position sufficient in most CMoCo:, to diOlini8h the t>fred 

of tbe higher summits, but which hero only lllc r easCI:! it, bO stupendous 
is the scale of nature at this spot. Rising abruptly from' the glacier, 
at no great dist.a.nce on the left, is the grand summit of the Dent 
Blanche. - which is called Hovcnghorn as soen from Zl'rmatt. Its 
height is probably unmeasured, but is marked in Keller'li map 
] 3,000 French feet, which, I believi', is rather under the mark To 
the south the view is bounded by the ridge which I proposed pa:>sing, 
from which the glacier dcscends in some places very steeply, and 
with a striking effect, breaking over a rock called Mottarott..'l., which 
divides its current for a short space. To the west of this: a narrow 
ridge of angular summits very abrupt and barf', divides tho glacier 
into two distinct Lra.neh~'i. This is called the Mvnt Mine, and is 
reputed to contain indication!' of ancif'nt mines. ] was surprised to 

learn that sheep are usually conveyed acros'i the glacier to graze upon 
what seems a. mass of broken rock. Between the Mont Mine and thl' 
ridge formerly mentioned as separating the Glaciers of Arolla. and 
Ferpecle, the western branch of the Ferpecltl glaeicr deseend~ . Thi8 
ridge is far higher, and more ('(lmmanding than the Mont Mine. It 
has its origin at the Dents dt's Bouquetins, near thc axis of the chain, 
and it de'icends to the> Aiguille de Za, and continues to its termination 
above H andert's, ill the Dent de Visivi. From the considerable height 
at which I stood, the glaeif'r was seen (in its lower part at least) in plan, 
and presented a vipw of tht~ same description, but more extensive and 
wild, than that of the Mer d(l Glace from the Montanvert. As now 
HeeD by moonlight, its appt>aranec was indescribably grand and peace­
ful, and I stood long in fixed admiration of the scene, the most strik­
ing of its kind which I have witnessed, unless, perhaps, I were to 
except a moonlight walk over the great Glacier of Aletsch under vcry 
similar circumstances. Among.,t other things, I did not fail to remark 
the wav&olike bands, or " dirt beds," at regular intervals on the surface 
of the glwier, in precise corresponU(lDCe with what I had observed at 
Chamouni from the Charmoz. Here they were, if possible, more strik-

--- -------
• See the Topogn.pbieal Sketch, No. VII., (or tblll route. 
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,iug, more numerous, and not Im~.o; rCJ;ular. InMtead of 18 Lands, I 
here connted 30, at intervals !!cnsiLly equal, and in forms like those 
figurM Oil the map of the :Mer de Glace. The moonlight was 'VNy 
fa.vourable to this observation. 

J soon after returned to the hut to supper. As might be expected, 
the cheer was not great, but cheerfully given. There could not be 
much less comfort than a.t Evolena; but it was at least freely offered. 
There was no temptation to prolong a stay within doors, unless ttl 
sleep. ] retired early with my guides to the lodging prepared for us 
with tho aid of tlw hay which we had brought. 1 t was a small shed, 
abQut six feet square, and four high, attached to the principal hut, 
entered by a doorway through which onc could crC<'p with difficulty. 
and whi~h was shut up with a piece of dotl]. I wa..~ placed next tho 
wall, and the others slept beside mf'. The shepherd." th f'msclves slept 
in a separate hut a little way re!H oved. Before WI'" went to rest, it 
was agreed that they should eaU us at 3 .... M •• that we might be on 
foot before day, for aU reports agreed, that whatever might be til{" 
difficultif.>8 of tbe journey, it wa..'!, at le:u;t, a very long O1W. In order 
to awaken liS at the right time, they begged to ha\'e my watch with 
tlu';ffi for the night, a request whit·h, in some other countries, might 
have been suspiciou~, (it wa,<l a valu:\hle gold chronometer,) but which 
here I granted as readily as it wa.., undoubti!I£,Iyaskc<l. A'i:I we lay 

. down I was struck by dle conduct of Pralong, who kneh d~wlI on the 
hay and said his prayers shortly, and without furm or pretension of 
any kind ~ and we had not bopn long composed to rest, before we heard 
a solemn, and not unmusical 'Voice proceeding from tho neighbouring 
apartment. On inquiry of Pralong 1 found, that the practice of 
evening prayer is kept up amongst the assembled shepherds; a rare 
but touching solemnity amongst men of the common ranks,-for DO 

women usually live in the higher chl1lcts,-separated during so large a 
part of th~ year from the meaD~ I}f public worship. 

I passed a sleep!ess, though far from an uncomfortable night. 
Pralong had spoken doubtingly of the weather in t.he evening. and I 
well knew that any thing like uncertainty in th&t respect could not be 
hazarded on such an expE'dition, for which I felt more and more dis-
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posed as I got better acquainted with the ooenf'ry of this interesting_ 

chain. E'f'ery change of direction of the moon's mys falling through the 
open walls and roof of our shelter I mistook for a cloud. and felt fresh 
anxiety lost tho hour of rising should bo oVNpast, as it had been at 
Prarayon. I was up before the rest, and whilst the stars were tJhining 
bright, the moon having set, I performod my hasty toilet. It ·was 
some timo before breakfast could be got ready, and, as usual, an hoor 
and a quarter elapsed beforo we were fairly under way, exactly at a 
quarter to 5. 

It may Dot be out of place to mention here what was known respecting 
this pass, which has rema.ined less celebrated than the Col du Geant, 
or the Strahleek, (both of which it exceeds in height,) because the '\'301-
leys between which it communicates are, J believe, little known. I fil'llt 
heard of it from a guide at Zermatt. Peter Damatt{'r, who told me, in 
1841, that ile had passed it, and that the town of Sion was visible from 
the top. He represented the distanee as excessively great, so as with 
difficulty to be accomplished in a day. Venetz, the able etjineer of 
the Vallais, (to which canton tllis country belong!!,) wrote, in 1833, 
that this pass was so dangerous that he had never known but one man 
who had accomplished it;· whilst he mentions it as a proof of the 
grp,at increase of the glaciers in modem times, that formerly it was in 
considerable use, and certainly, for the rare occasions that anyone may 
be supposed to have business between Evolena. and Zermatt, the cireuit 
ofthree or four tedious days' journey by Sian and Visp is by no means 
chllCring. Frobel mentions, that some years beforl' he wrote, several 
gentlemen of Sion effected the passage under perilous circumstances, 
having passed the entire day, from two in the morning until evening 
dusk, between the last chalets of Ferpecle, and the first of Zmutt.t 

- ---- ---- ' -

• Mtmoire sur de Ia Va.n&tion de Temp4'ature dane lee Alp' de Ia Suiae, p. 7. I quote 
from .. citati,m, Dot. having the origiElaI by me. 

t "lJie AD~ben nber die G&ngbarkeit dieees p~ mud eehr Tcnchiedeu. Wie bei 

al1er Glefl!eberpl8l!en 1rird auch hier alles vom Jllhrgange und von der Witterung abhan­
geu. Der Herr Domberr Berchtold in Sitten welcher ich ober dOlUlllelbep belrap, be. 

merIt~ mir, ee ee, in jed.om Faile' ein Aventure,' ubor ihn zu geben."-Fatl8U. p. 73. 
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Making all customary allowance for exaggeration, I had good rel!.8On to 

take aU precautions, and to start with the early dawn; indeed we were 
scarcely off when Prolong intimated that he feared we were already 

somewhat too late. 

I t will be recollected that, besides Pralong, the guide of Evolena, I 
ha.d the trusty Diona of Val Biona, and Tail'ral': of OhamOllnJ, as my 
attendants, The provisions, and my personal effect.s, made a burden 

80 light for each, that even an Eringer could not reasonably complain; 
and taking leav(l of our hosts with thanks ami remuneration, we 
hastened at a. good l':t{,fl to gain the glacier. Dut this was not the 
work of a moment. I havjJ already said that the chalets of Abricolla 

stand OJ; a shelf many hundred feet above the glacier; and, what is 
always disagreeable, our first stop to mounting was a steep and Ullcom­

fortable descent. We had not l(>ft the chalets tfm minutes when 

we found a foaming torrent to 'be crossed. Now, a plunge up to the 

knees in a river even ice-cold is a trifle in ordinary travelling, and 

might be com~jdered a refreshing commenc(>ment of a. long day's walk; 

but whun tha.t wa.lk is to be of ten or twelve hours on a glacier, and 

over snows 11,000 ur 12,000 feet high. such a. freak might endanger 
life or limb, Accordingly, while Pralong and Biona spluttered through, 

I sought, an easier passage higher up, which I a.t length found, and was 

followed by the wary Savoyard. Without diffi.cllltlc~ w(,rth mention­

ing we gained the surface of the ice, having lost, however, in le\'el, '" 

height of perhaps 1000 feet; we then patiently and warily proceeded 

on our march,-
To climb steep Ilills 

Requires &low pa.oo at first: Anger is like 

A full hot hOI'lle. who, being allowed hia way, 
SeU·mettle tires him.-

But an unlOokeu for inturruption occum·d. My guides were all 

seized with siclmeas within a. tew minutes of one another. Theil' 

Lreakfast (boiilld milk) ha.d probably been prepared in a copper veS­

&el, not cleaned overnight; and though all h&ruy men, with robust 

• Henry VUI. 
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stomachs, and &~customro to tilt' uuivcrsal milk diet of the Alps, tbey 

suffered distressingly from the poison. For myadf. long experience 

had made me almost wholly avoid these messes, and every preparation 

of milk. I bad drunk tea both night and morning, prepared in ID)' 

porta.ble boiler, and had filled my gourd with some of the sa.me invaluH 
able stomachic, which I now administered with effC<'t to Tairr'az amI 
Biona, whilst Pr&Iong dedared that his casket, or Iceg as it w(mld be 

caned in Seotland, of red wine, was worth aU the tea in the universe. 

Happily, J Bufferod no uneasiness, and the others, being probably ac­
customed to the disorder, made light of it, and gradually recovered; 

meanwhile we pursued our way. ,~re wero now (See the Topograpbi­

cal Sketch, No. VIL,) close under the rocks which bordered the 

glacier on our left, benf'ath the lofty peak of the Dent Blanche. 

Before us was the Motta. Rotta, t}lC rocky precipice already described 

as rising through the ice. A t length the glacier be('ame mueh erc­
vaascd, and we had a choice of difficulties, either to skirt the preeipi~ 

tous rocks OD our left, or to make for the centre of the gra.cier on OUI' 

right, with the chance of crCYaBSc8 yet more impassable. Pralong, 

indeed, broached the notion of attempting the ascent of the glacier 

between the Motta Uotta aud the Mont Mille, which, he said, would 

lead us more dirc('tiy to the Col; but he did not know that such a. 
passage had been a.ttempted, aDd as, upon examination with the tele­

scope. I perceived an enonnons Bt'1'g~sckrmul, or well defined CreV3Bii, 
which separa.ted the higher summits from the glacier steep, I prcrcrred 

pursuing the direction in which he had already passed. '''" c aocord· 
ingly made for the rocks, a.nd scrambled along a.nd up them for a. con­
siderable wa.y. ,V c were preceded by a whole troop of Chamois, eleven 

in nnmber, which we startled upon the ice, and which took imml)­
diately to the clifi'a. At length it became difficult to say whether 

the rock or the gl&cier was the more formidable oppon~nt, and we re­
gained, ·.vith 80me difficulty, the surface of the latter, being now more 

than on " level with the chalets which we had left. 
The 8un was only now rising behind the ridge of the Dent Blanehe, the 

ice was still hard frozen and slippery. The glacier was very steep and 

rugged, but the crevasses were e:s:posed ana the ,!alking was more diffi-
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cult tha.n dangerous, although once 1 was only withlu~ld by my com­

panions from slipping into a chasm. But the snow linc was soon gained, 

and the surface being still crisp, our footing was sure, and the bed of snow 

too thick to create allY risk from crevasses. We wero on the north or 

shady exposure, always the ('asi('~t to mount, and had a fatiguing climb 

up dazzling snow fields, about 30° of elevation abreast of the Motta 

Rotta, which was on our right, Pralong took the lead manfully, 

and was now quite recovered from his indisposition. The heights of the 

Motta Rot13 gaincd, tlia Col might be said to be reached, for although 
snow fields of great extcnt separated us from it, they evidently pre­

sented no difficulty. It is, perhaps, only in this part of the Alp'" that 

Buch a prodigious extcnt of comparativc table-lands of snow are to be 
found at such an cle\·ation. New peaks begau to rise before us, and 

especially the Mont Ccrvin, or Mat.tcrhorn, and the Dent d'Erin, 

whilst to the westward, the summits of Mont Collon, and the neigh­

bouring chains peep<,d over the wilderness of snow and ice. The Col 

or pass, Jay now, Pralong told me, considerably to the right, but see­

ing just before us a snow.v summit, which alone concealed from us the 
view of Monte Rosn, and the grea.t chain of Alps in that direc­

tIOn, I propos('iI, as we had gained this height at a very early hour, 

and with far less difficulty than] ('xpf'cted, to climb to the top of it 

to enjoy thC' view. Now, PralOllg was not Ot),: of those tea.zing, 

pedantic guides who will neVf'r listen to any opinion, ::md who make it 
a point to thwart a. proposition merely to show their consequence, the 
more so if it offer a chance of delay. I liked him for his confidence 

and good tpmper. He admitted that a traveller's opinion might be 
taken, at le&!t as to the course which would please him best; accord­

ingly, we walk~ right over t{Jwards the precipice marked on the sketch 

as stretching from dle Dent Blanche to the Stockhorn. As we ap­
proached it, I caught one of those glorious bursts of scenery of whieh 

all description must ever faU to realize the iucommunicable grandeur, 

and one sight of which at once and instantly repays the travf'lIer for 

day!!! 'of toil and sleepless nights. Wandering on alone as near the 

verge of the snow·crowned precipice &8 I dared venture, (for there an 
un!e~n fissure in t~e compacted snow, Borne yards from the very ledge, 
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.,.lIi1t oedIliioD ihe detaehlll t of a 
• e ab ) I gained the sUmmit of the toe Ii , 
I had considerably overrated the height from bent I ~t 

IN'O.,.!ICI ~ deviation, and was seated on ita top uaetly at ni e 
0" 

I wish I could convey an impreesion, howe r faint, of the vi w to 
the aut. The morning was calm, the 8ky pure, and the eun bright; 
indeed, there WI8 not a breath of wind, though I was here at a height of 
11,760 feet aboTe the sea, or 600 feet higher than the Col du Gault ; 
and this st.ilIn combined with the reflected IUD heat, made the alr 
feel perfeet1y mild, althougb, to my surpriae, 1 found the thermometer 
t6 be only 3'°. The whole range of Monte Rosa, including that p~ 
matie.! summit,. acarcely inferior to it iIi height, eaJled by lOme Mon­
tIpe de Fee, aDd by othera Mittaghom, filled the eastern diltaDce. 

, I I 

I ! I 
~ H ..... K=. 1IftI_ If. Coma. 

P"~ ....... tr- .. 0tJl, ....... 

From the great height at which I stood, there could be no doubt 
about which WaI the highest point. Although between 8000 and 4000 
teet higher, the distance wat!! 80 great as to bring the frYe apparently 
almost on a level, and in no direction is the relation or these mucll 
conteetecl ummita better seen. The summit which I thaa judged to 
be the highest, is exactly the "HOehate Spitze" of V on Welden, 
15,158 feet aboTe the sea, of which more hereafter. 

The wJaole bl8tre of the morning I1Ul shone .had~ 1IpoD theBe 

• What Von Weillen bu oaUed"..., X • 
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mowy height&, II1d upon the vast surface of the Glacier of Zmut.t, of 
which only a portion can be included in the Topographical Sketch, and 

h10h lay completely, " in a map, at my feet, separated from me by stu­
pendoul preoipioes-" .. vast vacuity." It is the eM attempted to be 
shown in the sketch, of which the Stockhom on which I waa seated fol'll1l ' 
at once the uJient ang, and the highest point. A branch of the per. 
it will be observed, comes close to the foot of the Dent Blanche, and 
to the base of the precipice. The Dent Blanche, thus seen in ita pre­
cipitous height from top to bottom, had a magnmcent appearance, .. el 
from the height which I afterwards aIroertained of the point on which I 
stood, I cannot doubt that its reported height (u6ally 14,000 English 
feet) is not, overrated. Beyond thtl Dent Blanche, appeared the elegan~ 
and commanding summit of the Weisshom, whose height, recently 
determined by M. Berchtold of Sion, is 14,812 English feet, and which 
sinks into comparative insignificanr.e the Gabelhorner and other rugged 
mountains, which separate the head of the Val d'Annivie1'8 from the 
Glacier of Zmutt. But amongst the objects nearer at hand, even the 
Dent Blanche was not the finest. Right opposite, separated from me 
just by the breadth of the Glacier of Zmutt, were the Mont Oemn 
and the Dent d'Erin, the former of ,14,766 feet,- the latter conjectu­
rally 14,000 feet above the sea. Of the former, a representation as seen 
from Zermatt, will be found in Plate VII.: its unsealed and UDlcaleable 
pyramid is, beyond comparison, the most striking object in the AJps. 
The Dent d'Erin forms distinctly a part of the same range, united by 
a continuous aad inaccessible precipice, and ~hey are not isolated and 
QDconnected masees, as l"epreaented in Frobel's map. To the west-
1VIU'd. were seen tho mountain groupe of the head of the Val PeUine ;-tbe 

ont Oollou, and the Pigno d'Arolla, the Dents des Bouquetin8, and 
the seemingl,.. interminable ice-fields over which (as I have said above) 

• De......... II. BerehtoId'I meAIIUl'eIDeIIt is Dot I18D11ibly different-namely, 13,839 
.. 14 fee&, .... W by BDpIhar4t In the proceedmp of the Sw. 

IUIIDttera giv .... In Eaplbardt's 14 ScbUdenlDgen" are maD)' of 
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a pastlage might possibly be eft'ected to the 0111 de CalIon, sLove which 

I thought that. I perceived the Mont Gele, near the Col de Fcnetres ~ 
but in thiR ] might easily be mistaken. It is probable that the MOllta 
Velan and Combin might be seen in the same direction, but clouds 
rested on that part, and on that alone, of the horizon. I apprehend 
that Mont Blanc must be cOllcealed by the mountains last named. To 
th€.' north was the Glacier of Ferpcele, which we had ascended, 
stretched out in all its length, fla.nked by itB Aiguilles, and descending 
into the depth of the valley, in which we I!aaily traced the village and 
church of Evolena, but Sion is certainly not visible. 

Of all the views which I have seen in the higher Alps, 1l0DO can 
('{)mpare with that from the Stockhom of the Col d'Erin, (as 1 propose 
to call this pass, which has not yet received a name. J The unequalled 
view of Monte Rosa, and tho centri cal position wIth re;spect to three 
;summits of the ~ecoud (if not of the first) order, the Mont Cerviu, nClIt 
Blanche, and Dent d'Erin, which seem all bO ncar as almost to be tan­
gible, are sufficient to mark its character. TIHl 'Veisshorn aud the 
Cima di Jazi, as well as Mont Cervin, a.ll border on ] 5,000 feet; so 
that, counting all tho peaks of Monte ltosa but as om', we see at once 
at least five distinct mount.ains higher than the Finsteraarhorn, loug 
esteemed "he highest. in Switzerland proper. Compared to the Col du 
Gea.nt, the view is here more vast and savage, and tho individual ob­
jf'cts finer aud closer; though the distant view of the chain of the 
Alps gives to the former a delightful and peculiar charm. 

Before leaving this part of our description, I must say one word un 
the geography of this part of the chain. By Wort's Map, or that of 
.Kellor until the editiou of 1842, it would appear impossible that such 
a pass can exist as that which I am now describing. '1'he chain of Alptl 
(1 write with Worl's Map before me) is represented as turning from the 
Mont. Corvin abruptly to the N. W.,-as inrluding the Dent Blancho 
at the B<.uthern foot of which the Val Pclline is made to take its risc <!) 
and then. as bending back again towards the head of the Glacier of 
ArolJa. Since the Dent Blanche jlj rightly placed between the Glacier 

of Ferpi·dc and that of the Torrent-thaI, it evidently would bave been 
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impossible to reach Zermatt from Evolc1l3 without crosding into Italy, 
and recrossiug near the Mont Cervin. Now, wit.hout det.a.iling other 

varieties of Arror, the reality is, that the main c1ul·in of Alps is here 

well defined, and nearly straight, extending from Mont Cervin through 

the Dent d'Erin to the nameless summits south of MOllt Collon, and 

at die true head of Val Pelline or Diona. The whole north face of 

Mont Cervin anu the Dent u'Erin it! a uuited a.ud inaccessible preci­

pice, which falll! into the Glacier of Zmutt, which extends far to the 

westward of botll, not rising (as even FroLel inaccurately represents 

it) immedia.tely bchiwl ihfl Mont Cervin, but in the great ice-mai!S t Il 

the westward of the D ... nt d'Erin. Nuw, just where the Glacier of 

Zmutt takes ita rise, is the commen{'ement of a. great lateral chain 

on so stupendous a scale, as to creatc little surprise that it has often been 

mistaken for the great chain. The Glacier of Ferpecle deH{'ends from its 
north-western flank, where it forms the Col d'Erin and the Stoekhom, 

upon which we conceive ou r~clves stationed. I t then expands itself into 

the mass of the D ent Blanche, which sends forth the ramification of the 

Dents u'A LricoJ1a. and Zatalane, which separate the valleys of Erin and 

Anniviers. From the Dent Blallcho the chain take~ an easterly direc­

tion, forllling the ~ lIl11mit called Moming in Erin, Triftenhorn at Zer­

matt, (wllcrc the Dent lllanche is calh,d Hovenghorn,) which :Cpa-ra.tes 

l.be valloy of Zinal and tlJat of Zmlltt. This part of Lht! ~hajn seemed 

to me quite impassable. 'l'hen follow a range of peaks called Gabcl­

horner, which continue the chain in a north-easterly direction, parallel 

to the valley of St. Nicolas, until we reach the culminating point of 

the \Yeisshorn, a seemingly inaccessible peak of 14,812 English feet, 

which is often mistaken for Monte ItoS3., especially from th<;: Pass of 

Gemrni, whenc(;; it and the Othl'T parts of tho chain just mentioned have 

been rlaborately figured in von Welden's work as the actual Chain of 

Monte Rosa, and received specific names aceoruingly, although the 

real Monto Rosa ig some thirty miles distant, and wholly concealed! 

It will thlls be distinctly understood that the passage of the Col 

(rErin is not that of the grea.t chain, but only of this ramification 

of it. 

M. Studer ha.'Yin~ takC'1l his barometer with him to Annivit.l r8, 1 
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had only thE' sympie80meter and the boilillg water a.pparatus to de· 

pend upon for the detcnuination of tho h{'ight. 1 consider tht latter 

&8 the most certain, &lld as probably not erring more than 50 foet from 

the truth. It gave (by comparison with the barometer at Genova) flo 

height of 11,770 feet, thl' tcrnperatllre of boiling water, being 192°.45, 

(or 19P.93 corrected,) and that of the air 34°. I nll'ltvd snow, and 
caused the water to boil with great ease, even a.t this height, an':! thus 

supplied the pa.rty with plenty of water to drink, which otherwise it 

would ha.ve been impossible to procure. 

Stretched upon the snow, we made a hearty 111oal; and the hour 

and a. half which I 8pent here in obsl:!rving my instrument, taking 

magnetic bearings of the principal objects, sketching the outline of 

Monte Roaa, and trying effectually t~ impress upon my memory a. 
8e~ne which 1 scarcely expect ever to SE'E' equallf>d Cot under circum· 

stanc~ so favourable, WE'llt quickly by, when Pralong modestly invited 

me to depart, as our task was far from a('eomplished; indeed, as it art­
peared, the most difikult part was to rO~le. 

Our object was now to descend upon the Glacier of Zmutt, of which, 

as I have endca\'ourcd to explain, and to represent upon the Topogra­

phical Sketch, No. V H., the lower or morA IN'"cl part s~'cpt "long the 
base of ihe Mont Cf'rvin and Dent d'Erin, whilst a higher stage of if 
rose to the foot of th{' lofty precipice above which we stood. N,w, 
whilst the top of this preripice sunk from the summit of thc Stockhorn, 
westwards to the Col, anrl then rose a. little, the glacier and the foot 
of the precipice rose rapidly and continuously to the westward, so 

tbat the top and bot!Om of the precipice beca.me at length blended 
together, under 11 snowy sheet. To rcach this point, however. would 

he.ve been a. Ion; detour, and the glacier appeared dangerously ere· 
vassed. Having, therefore, des<'endcd from the Stockham to the 

Col. (which WIl8 not a grea.t deal lowpr,) P:aolong proposed to at~' 

tempt descending tho cliff, by which to recollected to have ~8ed 
wh('n b·" last crpssed, and to have 811cces..'lfully reacJlCd the glacier be.­
'ow. We began c.lutiousI.v to descend, for it was an absolute preci. 
pice: PraJong first, and I following, leaving the other guides to wait 

about the middle, until we should sec wh<'ther or not a pasElagc eould 



l'ASI:IING THE COL. 

be effected. The precipice was several hundred feet high. Some bad 
tums were passed, ~nd I began to hope that no insunnounta.bJe diffi­
culty ~ogld appear, when Pralong announced that the snow this year 
had melted so much mOl'e completely than on the former occasion, as 
to cut oft· all communication with the glat'lier, for there was a height of 
at least thirty vertical feet of rocky wall, which we could by no means 
circumvent. Thus, all was tt) do over again, and the cliff was reas­
cended. We looked right and left for a more feasible spot, but des­
cried nona. Having regained tho snowIJ above, we cautiously skirted 
the l)recipice, until we ahould find a place favourable to the attempt.· 

At lenbrth, the rocks hec~me Itlostly masked under steep snow slopes, 
and ,down one of these, Pralong, with no common courage, proposed to 

venture, and put himself at once in the place of danger. We were 

now separated by perhaps but 200 feet from th(l glacier beneath. 
The slope wae chiefly of soft deep snow, lying at a. high angle. 
There was no difficulty in sccuring our footing in it, but the danger 
was of producing an a',;'alanche by our weight. This, it may be 
thought, was a small matter, if we were to alight on th(' glacier below; 
but such a surfa.ce of snow upon rock rarely connects with a glacier 
without a break, and w(' all knew very well that the formidabI, " Berg­

PAutng (,\e &l"gfdlnut</:. 

schrund," alrtlady mentioned, was optln tQ 

receive the avalanche and l.ts ~h!lrge. if it 
should take place. We had no ladder, buL 
a pretty long rope. Pra.long was tied to it. 
We all held fast on the rope, having pla.nted 
ourselves as well as we could on the slope of 
snow, and let him down by dogrees, to as­
certain the natu.re and breadth of the ere-

vasse, 'Of which the upper edge usually overha.ngs like the roof of a 
cave, dropping icicles. Were ~t covering to fail, he might be plunged, 
and drag us, into a chMm beneath. He, however, eff~cted the PIl5-
sage with a coolness which I have "never seen surpassed, and l'ihouted 

• 
• Upc:>n the J'()Ck from 1I'bflllu we finally de&eellded J left a bottle containing the names 

of thtI J'&l'ly. 

u 
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the intelligeuce that the chasm had bet'ln choked by vrevioul-I at'Qw 

lonchu, and that we might pass WitJlOllt da.nger. He thf'D (having 

loosed himself from the ropt') proc('cded to explore the foo.,ing on 

the gla.cier, 1f':1.v1ng me and the other two guides to extrica.te our 
selves. J descended first by the rope, then Biona, and IMtly Tair­
raz, who, being unsupported, did not at all like the slide. the ter­
mination of which it was quite impo~ible to se{" from ahovt· W 6 

then followed Pralong, a.nd proc('cded with great precauti.m to 
sound our way down the upper Glacier of Zmutt, which is here suf­
ficiently steep to be deeply fissured, and which is covered wi.,h per. 
petual snow, now 80ft with the heat of the morning sun. It was 
a: dangerous pasS.1.g{'. and required many wide circuits. But at 

length we reached in a slanting dir£'('tion the se('und tcrrnce or pre­
cipi('e of rock which separates the upper and lower Glacier of Zmutt, 

and which terminateJo; ill tli£' promontory marked Stockhi in the map. 

When we weTC fai rly on the debris W{' stoppC'<i to r('pose, and to congra­

tulate oUnlelves on the 8UCCt'8S of thi s uiili('ult passage. Pralong then 

said that he wished to a"k flo f:lyonr of me. To my astonishment, this 

was that he might be allowed to return to Erin inswad of descending 

~he Glacicr to Zcrmatt. He Wa.<! afraid, he said, of change of weather, 

&nd did not wish to lose time by going round by Visp. Of courae 

I readily granted his request, and paid llirn the full sum agreed upon. 

Tv return an alone (and it was now ~fternoon) over the trdock we had 

just accomplished was a picco I)f spirit which would scarcely have 

entered the imagiuatiou of any of the corps of guides of Chamouni. I 

almost hesitated at allowing him to expose himself, but he was resolved 

and confident, and having given him most of the provisions, and a.ll the 

wine, wo saw him depart. 

We had still a long, though not a dangerous, stretch of glacier be­

fore Uf:!. We had, in tho first place, t~ descead the precipices behind 

the Stockhi to the lower level of the Glacier of ZmuU. Though steep, 

they were not dangerous like the Jast, and though the way was new 

to my companions as well as myself, we found no particular difficulty. 

We had now DO alternative but to pursue the surface of the Glacier of 

Zmutt for several miles, which proved a fatiguing walk enough, the ice 
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being iutersected by crevasses, and in many placeR almost covered with 
vast boulders. During this descent I had an opportunity of examining 

closely the structure of the Mont 
Ccrvin on this side, which probably 

;: ~~ no mineralogist has had before. - - -= --: _ - - - - There seems no reason to doubt that 

~_~~~ E~~ _.___ it ~s entirely composed of me!amor­
;:;.~ - - - __ ;:..::;,;-- phlC secondary rocks. The lower 

-_. --= ~- ... ::~ -::: . .:::""- pa.rt is of the system of fI1"e<Jn datu, 

J/()JOt Cmrl .. frtmllhe N. IY whi{'h abound in this part of the 
Alps, and which here pa:;s into Mrpentinc and gabbr.), as the moraines 
testify, the higher part of grey and white slates, remarkably contorted, 
and probably calca.reous. The middle stra.ta of the Mont Cervin 

appea.r to form, by their prolongation, the Stockhi on which I stood, 
and the Col d'Erin and Stockhom are compOl~ed of a repetition of 

the green slatfl, which contains so much fclapar that it may be 
called gneiss. The whole height of the Mont Cervin, down to the 
level of the glacier, is one continuous precipice, which must be between 
7000 and 8000 feet. The ('onformation of the Dent d'Erin is similar 

to it. 
The gradual appearance of the moraint:b upon the Glacier of Zmutt 

was very striking. I mean tha.t they are slowly developed upon the 
surface of the ico, as I have described on the Mer de Glace of ()ha.­
mouni. They come from many quarters, and with a prodigious 
volume; from the Dent d'Erin, the Mont Cervin, tho Stockhi, the 
Stockhorn, &lid from other promontories divided by glaciers which fall 
from the range of the Dent Blanche and Triftenhorn, they accumulate 
a.t last upon so narrow a. space ')f glacier as, from a. distance, to appea.r 
to cover it entirely. The usual nearly longitudina.l vertical structure was 

developed in the ice where weJirst descended upon it. Both banks of 
the glacier were toe. preeipitou8 to attempt to climb them, and for a. 
long way we had to pick our steps 88 we beet could on the ice and 
among the moraines. At length we gained the right bank, not far 
above the first ohalets of Zmutt, with which I wa.9 already acquainted 
by my visit of the previoufl year. Immediately after, we entered the 
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larch froods, and crossed the river where a ... e~ deep ratline is ~p&llncd 
by a most picturesque and insecure bridge, which passes to th~ village 
of Zmutt on tlie left bank of the stream. I walked very leisurely, en­

joying the fine evening, and half an hour after reached Zermatt., where 

I took up my quarters in the clean house of the village doctor, named 
Lauber, which Berves 38 an inn. I arrived at balf-past fin', I' .M., or in 
£IOmewhat 1(>1'18 than thirteen hours. from Abrirolla, including various 

haltll. 



CHAPTER XVII. 

TlIE ENVIRONS OF ZERMAl'T. 

VALL!::.'!. OF tIT. NH.:QLA.!I ~' ROl\l VISP TO 7.f.RMATT-TORREN'rS--THE DI~8 

GLA(:I£R-l'08ITION' Ol' :tEIOolATT-GLACn;U MAll.Kti ON 'tilE ROCKS­

OLAI 'lEn Ot' GOltNlm-l'HE RU' t'EI ,UERG-VIEW ANO HEAIUNGS i'ROM 1'1'-

8KETj~1J O~· TilE GEOLOGY OF TUfS I'ART OF THE ALl's-BIMPLE .MINElI.AlJj. 

IN J84-] I visited Zermatt, in company with Mr. Heath, 6'y the usual 
route from Visp in the Rhone valley. It is about eight hours' wAlk. 
one and a half hours to Stalden, where the valleys of Saas and St. 
Nicolas separate, (sce the general map;) two and a half to St. Nico­
las; two to Randa., and two to ZerruatL.- Between Visp and StaMen 
the country is vcry pleasing, especially where the rivtlr i" crossed at 
Neubruck, whence there is a. vcry fine view of a sma-II portion of lh~ 
snowy rauge which separates the valleys of Saas and St. Nicolas. 

Ncar Staldeu a.rc earth pilla.rs, capped by boulders which have pro­
tected tht> tWil benoath from the rain, which has washed all the neigh­
bouring parts away, a.nd left these standing, not unlike the marks left 

/ 

.. By lOme &trange ovenight it is repretoentcd, M a klsiblu (');cun.ion, iu both cditioWl of 

Mr. M~1'. ""!uable Hmd·Book of SwilM;rland, to leav\! Viap ill the morniug aJld W 

oro. the P .. of MOJIt Oervin (Co! de St. Thi()(lule) into Piedmont the lIIolIle day. Now, 

tm, MOeIIt or UI'e St. TIl6>dule {rom Zorntatt i& alone nearly five hours' heavy .urk. 
(a rille of abon! 6000 f(:cet.,) 80 that wEIre any lueldeee traveller to take this advice he 

would lind himeelf, ~ .... irl«1'1 ~1.I.n· rralA illg, ill the midllt of • Vbt glaeief 11,000 feet 
.b.:rve the __ 



310 KNVIlWN8 OF ZKIlMATT. 

by workmen to show the extent of an E'xC'avation. Simi1ar oolumD!~ 

are likewise to be found near Uscgne in tho Val d'Erin, at St. Ger­
vais, at BotzeD in tho Tyrol, and nenr Qucyras in Dauphine. Tho 
boulders bere seemed to be Gabbro or diallage rock. From Stalden 
to St. Nicolas the vallflY is aom(>whllt monotonous; but the Weisahom 

is 3 striking objed. I did not troce here any decided marks of gla­
cier action. 

Between St. Nicolas and Randa several wild and hridgdess torrents 
ha,"c to be crossed, which, in bad weatllCr, must make this route nearly 
impassable. I Iloti('{"(l parti('ularly the mode in which a violent tor­

rent accumulates bOlllde~, forming a mound of blocks on I)ithcr hand, 

which serves, in stlmc measure, to rt'fltrain its furv, whilst the level of 
its bed is roDtinually raised by the detritus which it aeeumulatcR; 

and Whl'D, by cxtra.ordinar~' freshes, the batTier is broken, the country 
on eitht!r side is. of course, deluged. I oilly speak now of tho wild­
f'St and most powerful torrents drs('f'nding at a great angle, and WllicJl 
act suffieicutly on blocks to roll them witlt the aid of gravity for a 
great \Yay, and chafe them into irregularly rounded mA8see, with a 
noise which t'\'ery OIlP who has visited the Alps recalls M one of tliA 

most striking of natural souuds, aceompaniNi, as it always is, with 

all impression of ilT£'flistible force. Now these rocky aecuDlulations 
have a very strikiug resemblance W the moraines of glaciers, and this 
it! a circumstance whid! it is well to be aW3n> of, and which hM not, 
I think, \wen prominently sta.t('d. In form, theMe mounds rt's('mblo 

moraines, the external, and (','ell tl10 intcntal 8101~, being in both cases 

usually determined hy the Qn(fle of f'ep<J1.f! of the Llocks. The materia/" 
of both are also alike ;-angular blocks, mort' or less rounded by friction, 

neVf'r quite smuoth or poliHhcd, angular gravel, and sbarp saud. In 

the dilpolitiM of the materials, I have not observed that regularity of 
&rrangement which is said to distinguish water-action {rem that of 

glacit.·f8. Ou the contrary, the deposit of these torrents seems to be 
wholly devoid of laycl'8 of coarser or finer materials, and, as in true 

lUorainetf, the largest blocks ofwn lie uppermost. I may mention the 

great torr('nt de8CeDding {rom thE> Dent du Midi, which del'utatefl the 
country aboVE> St. Maurice, I\fl another example of this. 
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The village of Ra.nda lies amongst extensive meadowH, and although 
on the opposite aid~ of the valley from the Bies-GlctBcher, dcseen~ling 
from the Weisshorn, (which is now left behind on the right,) it haa 
twice ma.terially suffered from the lower part of that glacier giving wa.y 
a.nd filling up the whole bottom of the valley, in 1737 and 1819.­
Above the village of Tesch the valley contracts, and a rocky barrier 
bas to be 8urmounu'<i. li'rom thence a. grand view of the Mont Cervin 
opens; and soon after, the village of Zennatt, charmingly situuted in & 

green bollow, well flanked with wood, and enclosed by snowy summits, 
comes into "iew. It is at the rocky barrier just ",cntioned that I 
noticed the first clear tr~es in t.hiB valley of 8Jlcicnt glacier action in 
the poli!:lhing and striating of til(' surfaces,-a rCILarkably well defined 
result, which may be trnced at intervals up to the \'cry foot of the gla­
cICr. Thel:!c atrire wcre distinctly found by M. Agas:.iz in lS39, under 
the gla.eier itself. This is one of those case.s in which it seems impos­
sible to deny this to be a conclusivc prouf of the ancient extension of 
tbe icc. 

The village of Zcrmatt, (called Praborgne, in Piedmont,) is near 
the union of three glacier-bearing \'a,UeYM,-the main \'alley, a.t the head 

of which is the great Glacier of Moute 1<.osa, called also the Glacier of 
(Jorner, or Glacier of Zcnnatt: the valley immediately to the cast, 
which contains the Glacier of Findel('n, dc::;ct:n~lin~ from the Saas-grat; 
and that Oll the right, or to the west, hcad(·rl by the Ulacicr of Zmutt. 

The river \" isp takes it!! risc ill these severa.l valleys, and especially 
from the grea.t Glacier of Monte Rosa, where it issues, as usual, from a 
cavern in tho ice. I measured its temperature in 1841, a.t different 

poiuts of its length, which I found to bc,-
Under the glacier, 33°.3 F. 
At ~erma.tt, 35.5. 
Oue hour htllow St. Nicolas, 41.0. 
Half an hour bei·)w StaMen, 43.0. 

The great Gl&(lier of Montl' Rosa torminates at present about three 
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milee above Zel'lD&tt. The low~r part is too steep to be &lKleoded.. and 
it pneeota the phenomenon oC conoid.l hands, not only Calling forward! 
until the frontal dip i8 nothing. but actually sloping outwards 811 in 
gIaeien of the second order. It rests on serpentine and talc .!atel, 
.u.d these rocks pre5eut exquisite proofs of glacier polish aD tho !idee: 

of tho Rilfelberg up to a very considerable height above the western 
bank of the glacier. Its breadth is here Dot great, and the 6Urface is 
creV&88ed in .. remarkable manner, as it rounda the promontory of the 
RUfel. like the rays of a (an which M. Agassiz has well represented iu 
his Atlas, as wt'll as the IIledilll moraines aD its 8ur£a.ce, (whir}) an: 
numerous, and well defined.) and their origin at the rucky proman· 
tories separating the glacier streams whirh doec{'od from the Bteithc..m, 
the Lyskamm, and Monte Rosa. It is difficult to ascend the roCkH 

w the eastern bank of the glacier, but it is possible ; a.ud Wh{,D tho 
upper aurf8('1l of the ice bcgina to be commanded, there are one or twlo 

ruined buta in wbich a 8hepb{'rd lle(ks a temporary shelter, and which 
may serve as a landmark. Near this the serpentine rocb arc beautifully 
e:r.oayated in nearly horizontal atria', whit!;t below, in the immediate 
nei~bbourbood of the i('e. 1 found not only grooves bot 8cratch. Wf!1J 
marked on the serpentine :tud talc sl.a.te8. Tht'&! ecrateh81 visibly 

el'OSSfd ont: anothE'r in two series, uru:kr a comiderabk ~ and this 
must be recent work, because tbe weather BOOn weare thil rock. 

When the upper level of the glacier i8 viewed. either from the 
RiB'el or from the path up to the Col of Mont Cervin, it presents a 

Doble Beene. It i. a very vast ice river. whose 8urface, at the height 
from which it can be most conveniently ob8e"ed, appears nearly even, 
though div"",ified hy lisa ..... and by ,truet.ral banda like th ... on 
the Mer de Glace, which, 80 far as I can judge from the ~neral view 
which I obtained without walking over it. are most diatmet upon the 

oouthem baIf; and p ...... t eompl.u. loop" bounded by the medial mo­
raiD .. whilst the northern half (I mean of th. breadth of th. glAcior) 

h .. proIablJ a simimr structure, although leu distmct, &Dd in ODt! 

~ D8U the foot or Monte Rosa, is evidently much oontortod. The 

tributary glaciers deaeendiDg from the Breithorn hav€' al80 a well·de-­
veloped oyrIem of band., quite normal. 
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end,) the latter advancing for DWly years. this is a difficulty of 
whieh I know no plausible explanation. Peter Damatter, my guide, 
bot.h in 184) and 1842, asserts positively, that the Glacier of Goruer 
advances in winter, and nwre in winter than in summer; but by this 
is to be Wlderstood that tho lower extremity advances faster into tho 
valley; being, of course, proteck'<i from thawing influences. its advance 

would be more p<'tceptible. Upon quc8tioning him closely, he de­

clared that he had SCt'l1 the glacier preB8 on the snow before it ; and 
that, in Janua.ry 184-0 in particular, it had advanced towards a fixed 
Ulark no less than .50 k14fter «(athoms) in threo weeks; a rc8uit, how­
ever, which we mu:<t be allowed to doubt. 

The top of thf' Riffclbcrg is 3 peak, or .. hom" 38 it is called in O.;r­

man S,,;tzerland, which long pas~cd for inBt:ct&Sible, M nto guide at 

Zermatt bad attained it. In 11:1-4-1, I attempted it by tbe WCl!tenl 

6ide, and arriH~l within a few fathoms of th(> top, wlieD 1 was 8topped 

by a deft and a pr"cillice which Wa.." not to be ascended without incur~ 

ring a needless risk. In J tH·:!, Iwwc\er. some EnglilJb students of Hof­

W)'J, c1amlK-ring about the rock~. (ouud 3 circllitous path on the eastenl 

side, by which tbe wp may be t;ained without mucb difficulty; I, ac­

cordingly mouDled. it with Damatter, who had learned till' way. and 

proceeded to take some beatings from tho' !"ummit. wbich i~ a narrow 

rugged space. At first I thought Kater's compass pointA'd wrong, 

the tlUU, which was m'ar se'ting. al'pcart..'<i due north! Then I took 

another compass .and got the same result. It Watt clear tlu~t there was 

an enormous local attr&etion of tbe hill on th(' noodle. \V c would 

charitably wish this to be considered 88 a poeaibJe explanation of some 

portion of the inconceivable errors o( tbe more esteemed maps of this 

part of the Alps; errors which something like an ovel'8ight of 60°, ad 

in the present esse, would seem alone capable of accounting for. J 
wi14 however. preserve tbe bearings I took, including &II azimuth of th~ 

GOD, wbjeh may SPcvc to correct the others. and which Olay pottsibly 

be of lI.Je. They are expretlsed in degrees, round th(l cirole from N. 

by K 
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bF.ARINGS FROM UU'f'ELIiORN. 

Stockham, (Col d'Erin,) 

iJent Blanche, (Hovcnghom.) 

Triften.horn, (Moming,) 
Weisshom, 

Mont Fee! (Saaa-gmt,) 
Montc Rosa, (H6clisto,) 
Petit Mont Cervin, 

Suu's Azimuth, 21st Aug. 1842, 411. 34m, 
Mont Cervin, 

5.-
23 
54 
70 

139 
2()4 

289. 
349 
351 

:ns 

Now, the RiffelllOm bore 1206° il'tlm t.he Stockhom. Supposing 
that observation correct, the Stockhom ought to have borne 3001" 

froUi the Riffel; but it appeared to bear 5r, (or 365t".) consequently 
the local error was 65"! It appears, tlu.'refore) tha.t tlu> slaty beds of 

tile Riffel are hi~hly ma.znctic, probably from odohedral iron, which is 
found in large crystals on the neighbouring glacier of Findelen. 

1 take this occasion of adding a few remarks upon the relations of 
the rocks in this part of the Alps, which ha.ve been only incidenta.lly 

mentioned. lit J oi ug!:to we must carefully distinguish statements of 
fact from thcQrctieal sta1cments. The fur:n<>r include the general dis­
tribution of rocks of certain mineralogical characters tkollghout thc 

chain, as for instance gl".tIlites, and the positiul.I and arrangement of 

tJlC stratified rocks eonnocu,d with them. The nomenclature of these 

rocks, and the .Iimita of forma.tions, lIlay at prcsent be considered as in 
som6 degree hypothetica.l. • 

The granite of the Alps appears at intervals along the chain as if it 
were continuous below, but breaking forth only h('re a.nd therc, and affect· 
ing vanous other rocks with which it is intermingled, constituting, as 

M. Studer Jlas m08t prominehtly brought into notice, a series of dis­

tinct eentl'6lS, rathl1r than long lines or axes of elevation. At the same 
time, we undoubtedly find n. linear arrangement amongst these granitic 

groups. and frP.quentl;1 indications of true granite where the rock does 
not Ol'Cur ill mass, as in ih(> granit(> "eills of til(' higher part of the 
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\' al Biona. and of the valley of Arolla, and at Valorsinc. It IS lIot 

unfrequent that a seconda.ry or parallel outbu:::8t of grallit{' takes place, 
so that the chain appears to have two if not three axes. This is well M 

marked in the range of the AiguiUcs rou~es, ntmr Chamouni, an:l some" 
thing of the same kind will probably be found in the Val do lJagncs, 

the head of the Val d'Annivicrs, and in the valley of Saas. M. Studer 
has indeed mentioned the Dent Blanche as a granitic centre. I do 
not recollect to have seen granito blocks on the Glacier of Ferpee}!', but 

I cannot be certain. The Stockhorll is certainly slaty. Now, though 
slaty rocks containing folepar are often in contact with Alpine gran ite, 
it is impossible to consider them as representing universally the gneiss 
formatian of other countries. In the first place, the granite a& often, 
or oftener, O'Cerlies tlw slate than the contrary. 'rhesc slaty rocks Dlay 
be distinguished by Illinel-alogical character, but scarcely by any other. 
Thl'y are quartzose, or mieaceou'l, or calcareous, ')r contain serpentine, 
and are ill colour white, grey, black, or greon, and these colours are 
amongst the most di stinctive characters which OIOY present. Thus, 
there are the black~slates of Fit. and the llonhomme, near Chamouni, 

while tho greater part of the mountains we ha .... e lately been describ­
ing arc compo'led of regularly stratified alternations-felspar~slate, 

(gneiss,) quartz-slate passmg into quartz-rock, talc-alate (schiste8 urts) 

Vassing iuto liprpcntine and diallage, and calcareous slates passing 
into dolomite, wbich last occurs in several repet itions in the section 
of strata formed by the valley of the Visp (or Viege.) The talc­
slate also passes into pot-stone, which is worked near the town of 
Viege, (Visp,) and above Evolena. The Col of Erin is a Celapathose 
slate or goeihs, the Stockhi is a white quartzose slate, probably con~ 
taining limo, and this apJX'ars to const itute tho wholo of tho higher 
part of the MOllt Cervin, wJlOsc unapproachable precipiccEI will for 
over prevent the geologist from a nearer survey. I have already sdoid, 
that the middle strJ.ta are con toned, and probahly calcareous, and that 
the lotV,~r part, together with the Hirli-an ~cessible promontory at 
the foot of the pyra.midical pa.rt on tho side of 7.errrlatt.-is composed 
of tho grecn slates passing into serJlentinc and Gabbro. The mineralo­
gical dcscriptions of Dc Saussure of this part of t.he Alps arc intelligiblto 
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&Dd exact, and, with the exception of his attempt to classify the rocks 
amongst the regular primary deposits, may be considered to be nearly 
as l'roeiM as any that eould now be given. For tho sake of condensa­
tion, I may add, that, the Riffel, and nearly :ill the chain of Monte 
Rosa, are composed of similar bMS, whir,h generally rise towards the 
eastern points, on the north sido to the soath-east, on the south side 
to tho north-east. Dc Saussuro says distinctly, that tho beds of till' 
Mont Cervin rise to the north-cast at an angle of 450

; my impression 
was, that they arc less inclined or nearly horizontal-but De Saus­
sure is no doubt C(\n~ct.· His opinion of the arra.ngement and mate­
rials of the beds composin;t it. I find to coincide accurately with my own 
obsen-ations on the spot_ • 

The highest part of Mente Rosa., jtldging from specimens breught 
from the last accessible point by M_ Zumstein, il'l mica-slate. The 
whole system of Monte Rosa, n.s already said, rises to the east, and the 
first regularly crystalline rocks we meet with are near the Pizzo Bianco, 
above Maeugnagd, which will bo me~tioned farther on. \Vith respect 
to the age of these various rocks, few geologists are as yet disposed to 
decide with much confidence. I have already observed)t that the divi­
sion between true primitive gneiss and mica-slate, a.nd rocks of tlie samo 
mineral character, which may Le tra(,p.d continuously into beds containing 
lias fossilli, seems to be an arbitrary distinction, alld one opon which no 
two observers could exactly agree. The age of tho felspathie and mica­
ceous slaty rocks, may be considered as open to discussion_ The others­
namoly. the grey and green slates which I llave described, are included 
by M. Studer under tho general name of F1!l8d&, a widcly spread forma­
tion in SwitzE:orland, but whose superposition is too irregular and uncer­
tain, and tho series of formations too imperfect to afford any clue to it-s 
age. whilst the une or two fossils which have been found in it secm 
to point to an age newer than the lias, and older than the medium 
chalk formation. What an overturn of all ancient ideas in geology to 
find a pinnacle of 15',000 feet high, sharp as a. pyramid, and with 

t Pal'W 27:'. 
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perpendicular precipices of thousands of f~t on ('vcry hand, to be a re­

presentative of the older chalk (01'1I13tion ! and what a. difficulty to con­
ceive the naturE' of a convulsion (even with unlimited power) which could 

produce a configuration like the Mont Cervin rising from the Glacier of 

Zmutt.· 
Some pretty minerals are collected near Zermatt, princivaUy from 

the moraines of the Glacier of Findclen. The most remarkabltl is one 
of the talc family, a silicate of magnesia called Pe-.mine, which occurs 
well crystallized in talc-slate. It i8 blackish green by reflected light, 
and by transmitted light it is dichroiti(', being of a brown orange in 
one direction, and of a bright green in another. On the Riffel, ] found 
a large vein of an imperfectly characterized mineral, which M. Studer 
considers to be a variety of kyanite. A eousiderablo variety of garnets, 
particularly the black kind, are found at Findelt1D, as woll as octohed­
ral iron. 

• I .. m happy to l('arn (ronl M. Stu.let. that he h.1I at Il'l'Igtb roIDpletcd II- fil"8t approx;. 

matioD to a geological map of the S"jl!f> AI(18, the result 01 t'l\'ellt~ Yt'~rr;' obSE'rvation, 
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CHAPTER XVIII.. 

~'ROM l:EltMATT TO GRESSONAY BY THE COL OF 
MONT CERVIN. 

In:rAINIIII!;NT AT 7,F.nMATl'---ASCf:NT OJ' THE !'ASS Of' MONT CF.RY'?J- THE COl, 

-~'OHTU'I ('ATION8-1'II E O~;!;;eF-"T- II IOHLY F.l .F.CTRJC STATE OJ' THE 

ATMQ8PIlERE---CU8'rOM-HOUSE O~·P I(·F.RS-IIR}:ti ll.- V A I, TOURN II XCIiE­

CIfAMOIX-{;OI, UP, PORTOLA-VAL n ' AYA H-JlIIIJS80NE---I'OI. OF. RANZOI.A 

-AUnt""I, AT Gltl-;S80N'AY-M. 'l.UMSTt: I N . 

Ne,'cr till now, 

lli~ r go t1lrough II. tempet>t dl"(lPl,ing fire . 

• • • • 
.\ eornmolliliavo (you know him well by ~ght) 
Held up his left hand, wl ,i"h d ii! Harne aud burp 

Like t'n'lIty torches jQin'd ; and yet hiB hanu, 

Not ael)~i bl e of fire, l"Clllaiu'd uIIllCOrcb'lI. 

• 

J"IiN~ (;o:r,ar, A ct 1., &~'M 3, 

] N 184 t ] had heen prevented from cros!'Jing the celebrated pass or 
Mont Cervin along with my fr iend, Mr. Heath, and in 1842 another 
accident thrca.wncd again to rnake Zermatt the limit of my journey. 
A trifling injury to my foot, received on the Mer de Glace at Cha~ 
monni, and which hnd not ~ppeared to get woree during tho severe 
walking which I had since perttormcd, assumed a. more serious appear· 
ance during a day or two of comparative repose which I paBsed at 
Zennatt, waiting for M. Studer~s arrival from Visp. I became a close 
prisoner, for nearly a week, at the litt le inn at Zermatt, where I was 
fortunate in finding much comfort and attention from the worthy 
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Madame Lauber. The weatht'r had altered for the worse, which 
diminished my regret at the drtention, nnd I had tho advantage of 
M. Studer's company. My friend W:l.S, however, resolved to lose 
no mor.) time than the weather rendered necessary in resuming his 
journey, and as my foot was now conva.lescent, I consented to 

accompany him, on a morning of somewhat doubt ful promise, when 
we w('re called by the faithful Klaus, whilst the stars were still shining 
bright through the wild drift of cloud. The impatience of tllO guides 
on 6~ch occasions is not the least of the evils of detention. My 
Savoyard, who spoke not a word of German, pure or impure, (and 
nothing else was understood at Zennatt,) suffered the horrors .)( ennui 
to an extent which might be thought to belong exclusively to the loun­
gers of our great cities; and but for a small speculation in tho mincr;lls 
of Findelen, whiel~ he funy counted upon diRposing of with a profit tlf 

200 per <lent. at Chamouni, he very probably w:)uld have insisted on 
walking oft· to ettioy the daily fund of SUUlUlf'r'S gossip of his native 
vaUey. 

W e set forth about lta.Ir-p!lSt 4 A.M ., and having crossed the torrent 
of Zmutt, wound slowly up the steep pastures which ,skirt the western 
edge of the Glacier of Hornn. 'Ve gradually attained a eonsiderablc 
elevation above its surface, befor~ crossing another torrent, which de­
scends from the Boden-Gletscher, which we left upon our right. In 
the preceding year ) had ascended thus far, and crossed the Bl)den 
Gletschcr to the foot of the Hirli, whcre there is a gloomy tarn ca lled 
tbe Schwartzen Sec, beyond which is a fine view of the northern preci­
pice of the Mont Cervin, and of the Glacior of ~mutt. Those who do 
not propose to pass the Col of St. Thcodule may thus make a very 
intercsting excursion. and return by the ell/llets of Zmutt. Now, 
however, we kept right onwards, and a little after seven we readied tbe 
edge of the glacier which we had to traverse. Ita surface i ~ tolerably 
level. it is very extensive and desolate, not being included between bold­
walls an in the lower glaciers. but occupying a sort of vaat table land, 
at an average height of nearly ]0,000 English feet above the sea. 
W e had an opportunity of appreciating its desolation, for we were 
repeatedly enveloped in th(' rnlling mists which swept over the (10), 
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and which appea.red to boil up tumultuously from the ~ide of Italy, 
which we were approaching, and to he repelled on the Swiss side by 
an uBcertain north wind. This wind secured UB, however, a fine 
view of Monte Rosa, and of the chain of the W eisshom; but I learned 
nothing new of tho topography of either from this point, nor does the 
panorama admit of comparison with that frool the Col d'Erin. Even 
the Matterhorn, (Mont Cervin,) which, however, we saw imperfectly. 
loses its apparent height, since bere it rises only from the ridge, 
already at a height of 11,000 feet. Having walked already for a long 
time over snowy flats , we entered a kind of defile as we appro;l('hcd the 
Col. The mists closed ("'lund UB, and a etra~ger might very easily 
have entirely lost his way, for the defile presented many a.ccessible 
points; our guide, Damatter, however, took the matter very coolly, 
and brought us safely to the Col. The weather was damp and raw, and 
we had no view. W e "'ad boon five hours :tond 3 qnarter constantly as· 
cending from Zermatt. W e hastened to observe our instruments. The 
temperature of the air was 350 Fahrenheit, and the barometer stood at 
511.53 millimetres, 3i mi1limetres above what I had obBervCd it at 
the Col du Geant. The height above the sea comes out 10,938 Eng­
lish feet, by a f'omparison with the barometer, both at Geneva and St. 
Bernard. 

The Col du Mont Cervin, or St. Theodule, eonsis~3 of felspar slate, 
or gteiss, and exhibits well preservod traces of a rude fortification; 
called" Fort du Saint Theodule." De SaUBSure says, that it was 
erected two or three centuries ago by the inhabitants of Aoste,.to pre­
vent an invasion of the Valaisans. "Ce sont," he adds, "vraisem­
blabJ,roent les ouvrages de fortification les plus eleves de notre plancte. 
Ma.is pourquoi fa.ut il que les hommes n'aient erige dans ces hautes 
regions Un ouvrage aU8Ri durable que pour y l:l.isscr un monument de 
leur haine et de leurs })Msione tieetructives." Certainly there is nothing 
more jarring to the impressions of litem grandeur and vast solitude 
than the not unfrequent occurrence of military workB in many parts of 
the Alps, 

.. High Dea~en it6eU Oltt impiou& rage /LI!M.il& ;" 

x 
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the pass of the Col de 13 Seignl', at the head of th~ AlItfc Blanche, 
and more than one of tiHl very savage Vole near Moute Viso, b~ar 

witness to this strangf' anomaly. 
We were disappointed of tho fine view which we ought to have scen 

towards Aostc. Fortunately the clouds cleared so far ~ to let us ~ee 
our way :\eros~ the remaining part of the glacier on the ltalian side. 
which is lUuch steeper than the other, tLtld consequently traversed by 
extensi\-'c reut..s, which being coveted knec--dcep with snow freshly fallen 
during the last few days of bad wcatiJeT, were, in somo p1n~cs, not a 
little dangerous. The pass of the Mont Cervin appeared to me, on the 
whole, a. more considerable underta.king than J had expocted. Know­

ing tha.t it is frequently tra.versed in favourablo ' seasons by hors~s and 

mules, I (>xpected to have [wnd the glacier both shortn and casier. 

This season, indeed, no beast of hurden "ad crossed, a.nd it appeared 

almost inconceivable how they ever <,ould; but such iM certainly the 
fact., and we saw more than one traco of animals which had per~ 

ished in the passage. Anothrr f'ircumstn.nce which led me to expect 

an easier passage than we found it, was the ludicrous outfit of our 

fri end Peter Damatter, the guide of Zermatt, who, instead of bringing 
a good icc pol<' a.nd cord, as hr ought to ha.ve done. bl'ing aware of the 

fresh snow, had provided hiDl&elf merely with an umbrella. He was 

glad to borrow a stick from one of the party to sound his way on the 
Italian side, although we a lll 'gf'd, tha t he uSf'd it with little dexterity, 
but the pnow wa." literally knee-deep, and we encountered several wide 

crl'Va.s~cS, into one of which Tairrar. I,ad almost fall('n, although he 
was tile last of the party who had trodden in the guide's footsteps. 

Had he unfortunately done so, wo should bave had difficulty in 
ext"icating him for want of a rope. When he recover(·d his footing, 

he looked as pa.le as a. HilC(·t, but proceeded quietly. 
At JeI1C'th we were free of the glacier, and recovered a track by DI} 

meaufol ObVIO,IS, which leads to th e Chalets of llreuil, leaving upon our 
left hand the longer and more ditIicult rOllte by the Cimcs Blanches, con­

ducting 1.0 St. Giacomo d'Ayas. The atmosphere was very tUl'bir11 tho 

ground was covered with llalf melted snow, and some hail began to fall. 

'" e were, perhaps, 11)00 fect below the Col, or ,,:'I ll above 9000 above the 
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!lea. when I noticed a CUriOllS sound, which seemed to pro('('('J from the 

Alpine pole wit.h which I was walking. I a..kl'd the guide next me 

whether he heard it., and what he thought it was. 'I'hl' mombf'rs of 

that frntcmity arc very hard pushed indct'd, when tll ey have not an 

answer ready for any emcrgf'nf'y. H e titerf'fore replied with great 
coolness, that the rustling of the stick no dflubt prorc('df'd from a 
worm eating fhe wood in t11e interior! ThiR answpr did not appf'ar 

to me satiHfadory. and J therefore appli ed the experillU"ntttm crucis of 
rev('rsing the stick, so that the point was now uppermost . The worm 

was already at the other f'nd! I nex t Iwld my hand abo~ my head, 

and my fingers yielded ~ fiz/, lHg tlOUlld. Thf'rf' ('ouM he but olle expla.­
lIation-we wel'!' f'l0 ncar a t hundf'r 'Iond a,<j to bf' highly electrified by 

. induction. J soon percl'ived that all tIll' angular stones wor(' hissing 

round Uo!! like points ncar a powerful electrical machine. ] told my 

comphllions of our situatioR, and begged Damatter to lower his um­
hrf'Ua.. which lIe had now resumed, and hoistf'd against thl' hail shower, 

alld whose gay bra..~ point was likely to become the paratomterrl! of 

the party. The worda were scarcf' l.y out of my mou th wh en a. clap of 

thunder, unaceompanif'd by liglltning, justified my precaution. 

A t length we got lIplow the If'vel of the douds, and the first shelter 
Wfl reached was the wfr tch (>f\ retreat of two Sardinian douaniers, who 

had lightf'd a fire undr l' a. portion of thf' rl'nlaining a.rch of what had 

once bren a pretty l'1olid edificf', probably a ('I)whou'!!e; stone~ bc:!ing plen­

tiful. and wood the revors(', flli s modI' of roofing had Leen adopted. 

TJley I'f'ceivcd us with civility, and allowed us to dine by tllCir fire; 

and as we had been on foot !for {'ight hours, we were entitled to some 
repose ... The ab~olute lliscomfort in which this class of men live is 

greater than in almost any other proft'ssion. H ard diet., constant 

exposure, sleeplf'ss nights, combined with personal ri sk, and still more 
g:dling unpopularity, great fati,f;1lt', and perpetual fmrvcillance, arc the 

ordinary aC('idr llts of their life. Lla.blc to suspicion wJH.'n tJH'Y quit 

the wi}tle~t and mORt iUll.<'cessibJo parts of the dlain wht:re a smuggler 

may by possibility pailS, pos~ed for hours together on a glacier 9000 
({'ot above the sea, and, like anima,ls of prey, taking r('pose during 

daylight in some desertf'd ho\'l' \ in tlwir wet c1othes--<tne cannot but 
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conclude the smuggler's life to be luxury compared to the protra.ctet.i 

8ufl'erin~ of their detectors. On Illany frontiers the DouaniM'l are & 

slovenly and self-illdulgeut mco; but on others I know that this if( no 
e~~rrgerated picture of their lives, oven in the Gnest season of the year. 

'Ve deSCt'nded to Breuil, a. group of clutlets pleasingly situated at 
the nrst green level in the Valley, where we arrivoo at two o'clock, 
having staid an hour with the DO'-laniers. Tho scenery of the h<,ad 
of t.he Val Toumanehe, in whicll wo now found ouraelvee, is very strik­

ing. The Mont Corvin, which, owing" to the clouds, we sa.w imper­
fectly, is the most conspicuous ohject, and n<'xt to that the exccssiyely 
rugged range which stretches away from the Dent d'Erin as a centre, 
and fonns the boundn.ry between the Val Biona and Val Toumanehe ; 
the Dent d'Erin itself MSt) in terrihle majesty. We noticod what 

appeared to hfl an ancient moraine dcsc¥nding from Ix-twoon the Mont 
Cervin and the Col we had passed, exactly wherc. according to the 
general belief, the former passago existed,-nameJy, close under the 
Mont Cervin itself. 

We performed the road from Breuil to the viJ1age of Val Tournanche 

leisurely, having the afternoon bcfore us. In ono place the valley be­
comes ('ontracted, and the torrent dasJICS through a picturesque ravine, 
which exhibits distinct traces of glacier action as well &8 the friction 
due to water. Transported blocks arc not numerous. Below this oc­

cur the first perman~nt Ilabitations, and Val Tournanehe itself, which 
would be a pretty viHag-e any where, seems a pa.radise to one descend­
ing from such savage scenery as we had left. The valley, though nar­
row, and partly bordered by precipices, has yet aD undulating grassy 
bottom, with well watered meadows. The heights are clothed with 
pines, and the cottages peep out through walnut trees, &s well as the 
spire of the village church, whieh hal!! an ltaliaD character. 'l'here is 
no inn, hut we weI"'(> reeeived and hospitably entertained by the Re­
~eveur del~ Douanes, with whose subordinates we had diued. 

Nnt morning we proceeded to cross the lateral chain which separatefl 
the Val Tournanche from the vaHey of Ayas or Val Challant, to which, 
as has been already said, there is a direct passage from the Col of St. 
Theodulc. Thilt is the first of a. series of ridges which require to be 
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p&H8Cd in 8ucooesion by one who would make the circuit of Moute 

ltof:la. Theee lateral passes, though none of them difficult, are gene­

raUy stoep and fatiguing, and render thi8 expedition a far more serious 

000 than the circuit of Mont Dlanc. There ar(l usually several passes of 

these ridges : in the present case, having accidpntally met with 'the 

(Jure of a parisll which la.y in the way of the pass to Ay3JJ, we left Val 
Toumaneho. in comp:wy with him, at seven o'clock, A.M ., and deecended 

the vallry alittIc way farther; we then took a foot path to the left, and 

soon found oUl'8elvcs in a wood, which covers the precipices of tbat part 

of the valley. Our Cure was a ~tnut walker, aud a useful guide, for our 

footpath (which was a 8lwrt cut) SOOI1 split into numberless tracks, and 

as wo gradually got amongst the rocks, wo wcre glad tJlat we were lIOt left 

to waste time by discovering a way for oursolves. \'" (: ascended grad u­

aUy higher and higher, and aU tho while, as we walked parallel to the 

COUl1le of the valley, the torrent was working itself deeper and deefllr, 

~o that from each frc~b crag wo found a greater interval ootWCt'1l 

U8 and it, until a.t 13.St, turning a. rock, we stood above a preci. 

pice at lenst 2000 feet high, to which here and thero a. clinging pine 

seemed to givo more steepness, by offering a scale for measuring the 

abyss. This point gained, we rcjoif'f'd in the beauty of the morning. 

and of the herbage spangled with drops from the l.<lorly mists ; and as 

wo turned round wo saw behind us t ho Mont Cervin rising in uncluudpd 

gmndcur. W e thon passed from rock and wood to an open Alpine 

pasturage, which seemed cut oft· by t hese precipices from the world 

. benoath., and heh' was tbe home of our C~rc, a little village, appro­

priately named Chamoix, ODO and a half hours distant from Val 'four­

Danehe. 
From thence, a gentle though pretty long ascent took us to tho Cui 

de Porta.la, compcsoo of limestone. and very precipitous on the castern 

side, where it immediatoly overlooks Uw village of Ayas. Tho height of 
the Col, by M . Studer '8 ob6ervation, is 7995 feet, and that of Chamoix 

· 6004 feet above the sea. The desoont presentod no difficulty, and from 

AyaB, two houn' pltl88aIlt w.k, took us to lJru88one. In the course of 
it we Cro88ed a eingular tract of country. It was evidently the site of 

a Jake which had been formed by the damming of the waters by a tre­
mendous lands1ip which bad taken place from a. mountain on the right. 
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At first we thought it a moraine, bUL we saw evidelltl.v tllat it was but 

a current of debris which had dl'sl·t'udt'<i from Lhe neighbourin~ hill, 
disengaged, like that of Golthl1l. probably by thu force of water. The 

scale of it is illllllCflSl'. 

We arrived at Brossonc soon after three, and thought of going on 

~) Gressonay, which would have been quite practicable. The beauty 

of dw spot, however, tempted us to rem3in, notwithatall:ding the indif­

fereut accommodaticn which the Lion d'Or offered; but, aft.er all. we 

might haye been much worse lodged. The village is beautifully situ· 

ated on a. frcllueutt·d mule road from Chatillon to Gressonay, loy the 

Cols of Ion and Ranzola; the lewer part of the valley abe COnl111Ulli· 

catee with fh(' yalley of the Doire, near Ft.rt Bard. It appears, how~ 

ever, tc be shut in b.\· the highly picturesquo mass ef Mont Nery, a 

dark mountain, with ~now lying in. its higher ravines, and wbieh, frolJl 

its general chara('tt'r, i.!l probahly in W'ological relation with the moun· 

tains' of Cbamporcher on the otht'r side of the gn·a.t valley. 

The next monti1}; was beautiful. It was Sunday. and as we slowly 

ascended the IlCigllts aho\'c llrussoDP, we ruet numbers of peasants 

descending to church. who greeted us in French patois. After 2~ 

hou1'8, we reached the Col de Ranzola, which was higher than we ex· 
peeted, bt·ing 7136 feet above the Sf'a, whilst th(' level ef Brussone is 

4431. 1t is a narrow opening in the ridge, from whence we suddenly 

cbtain a. view of the deep and narrow Val de Lys, and, soon after, of 

the ,-mage of Grc!-I!:Io11ay. As usual, (owing to the general western dip 

or the strata,) the e.u<t side of the Col is steep. Right cpposite, Wt' 

olmcrvcd the Col of Val Dobbia leading from the Val de Lys te the 

Val Se!!ia. We eught to have enjoyed a view ef Monto Rosa; but 

though the weather Watl fin(>, the meuntain remained veiled in cloudi:. 

A rapid de'lccnt brought us, in about an hour, te tho village of St . 

• Jean de Gressonay, the principal place in the vaHey, where wo at cnce 

perceivt'd, by the appearance of the people in their Sunday c08tume, 

&,'1 well as their language, that we were amongst a. new race. In fact 

the Val de Lys. and part of the neighbouring ones, are inhabited by 
a coJeny of Germa.ns. W (> arri"cd at comfortable quarters, cluz 
Luscos,' in good time for the mirl·day meal, and diElposed ourselyes to 

rema.in there for the rest of the da.y. E\,t'ry thinO' ootokl'ned German . ." 
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neatness and order, and in a very short time, what appeared to us a 
sumptuous meal was sct on the table-, at which sat our host, himself the 
representative of 0I1P. branch of the family of Luscos, one of the most 

dignified of the vallcy, and WhOSfl stately portraits, mingled with thoS() 
of the reigning sovereigns of their time, graced the walla of tilt! old 
baroniaJ.looking hall with huge litoue-arched firc.pJaec, and Dumberloss 
windows, in which wo sat. The women, a.s usual, wore th~ more ella· 

r'dCteristie costume, and especially the caps of gold tissue, so common 
in some parts of Germany. The familiar language ta.Iked at table was 
Oerman, though probably nil the natives presel1t could talk more or 

less French and Piedmonte:!c_ 'V~ were received with courtesy. al1d 
entertainfd less as guests at an inn than as at. a private houso, and we 

found that tho charges boro a proportion to the favour thus conferred 
on us. Nevertheless, in such situations, a traveller is gellerally willing 
to purchase unusual comforki at a. higher ra-te. An intellig<'nt old man 
sat next M. Studer, and aft~r a little cOllversati.on, he turned out to be 

M. ~uDlstein, the wcll·known ascender of Monte Rosa, whose acquain­

tance we had been prepared to makl'. He entered readily into con vcr­
~ation. \Vhen, after dinner, I handed him a letter which had been 
Bont to me by the ever frieDl'lIy care of tho Chevaliel' Plana of Turin, 
he at once ofieroo to d{'vote himself to our .. crvice during our stay in 

the Val de Lys, and to accom})a.ny us to the glacier. 
10 pursuance of this piau, we proceeded Dext morning to Naverach, 

where M. Zumstein lives, forty minutes' walk above St. Jean, propos· 
ing to visit the glacier at tho heaJ. of the valley, and to eross the Col 
d'OJlen to tho Val Resia. next day. Dut the weather was too unfa.vour· 

able. The clouds which had hung over Monte Rosa for two days 

now descended ill~O the valley, a.nd by the time we reached M. Zum­
stein's bouse, it rained heavily. We thereforu paid him a long visit, 
aDd obtained some particulars re~pecting his journeys. His barometer, 

compared with M. Studer's, ga.ve (29th August, 11 A.M.)-

M. Zumstoiu's, 

M. Studer's, 

Fr. inch. Liues. 

23 7.8 

Tf'mpe:rature of boiling wat('r, uncorrected,) 

= 
MilliIDMr'eII. 

640.5 

640.4 
204,o.tO F. 
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In the afternoon, M. Studer and 1 walked (lown the Val de L)"~ 

about five miles below St. Joan. We quitted tho green slates atId 8('1'­

pentine, which &re the prevailing rocks of Gre8EIOnay, and found horn­
blende-slate-with granite veins; tile hornblende contains gnrnel.$, which 
are "ery characteristic of the mountains of Dogue, with which probahly 
the Mont Nery is geologically connected. We also observed well-cha­
racterised r0c/te3 llUJlummen, where the vaHey contracts into a J:arrow 
ravine, and its level suddenly falls. In general, blocks transported from 
any considerable distance are rare in this valley. \'" t' returned to St. 
J63n to dinner, and M. Zumstein spent the evening with us. M. Studer 
resoh'ed not to wait any longer for fine weather, and to cross at onco to 

the VaJ Sflsia. I was uDwilling, however, to omit examining the Glacier 
of Lys, and as our routes were to Reparate, at aU events, vcry shortly, 
he keeping the southern side of the Alps, and I returning by Monte 
Moro into Switzerland, we determined, though with regret, to part 
here. The day was finer than the preceding oncs, though clouds 8tm 
lowered. M. Studer crossed tbe Col de Val Dobbia, wbilst I re­
ascended the ,'aJley to Naversch to join M. Zurmtein who good­
natured)y accompanied rue to the glacier, though the day was far 
from fillp.. 
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CHAPTER XIX. 

GltESSONA Y -MONTE ROSA . 

THE GERMA N VALI, RYS 01' MON1'~ ROtlA-l'EClI l, tAlt RAC!:: 0 ... (tL"E.8'I'JOSAUI,E 

OIUU1N-TUt:m MA ;<.'NJ::HB AND UIALEl"l,'-I'OI'OUflAI'II Y OF M ONTI:<: ROSA­

A1"rJo:~I'TtI T O "IWEN., IT UY VINCES'!' AN n ZI ' .\ I STI'.:l N- T lI E 11I(,IJEM1' l'OIN"T 

111'ILL VN AT'I'AIS t: n -AN F:XeVRSION TO TilE GLACIEIt OF I.YS--ITS Rf:l'RK~T 

- ITti STRUCTVRE-1U,'TU itS TO 8T .... ·FI!:L. 

Tnz Valleys of GreB8onay, Sesi3, and Anzasca., aU in the Sardinian 
dominions, and to the south of the great chain of Alps. are inhabited, 
in tMir h{qAer p4rU ()niy, by a race of men whose physiognomy, dress, 
and language, alike besptlak a Gr.rman origin. 

W ero the heads of these valleys in immedj .. tc I'ommunication with 
those of German-Swit.:erlal1d by easy passes, thi~ would OCca~iOll little 
surprise, accustomed as we every day are to aee national lilUits trans­
gress natural or geographical boundaries, and tbe peouliarities of con­
terminous races to be softened by an imparceptible gradation. But in 
the Piedmonteee valleys of Monte Rosa, thu case is quite otherwise: the 
chain of Alps is their prieon, not their portal; for from two out of 
three of them, no human foot has certainly over passed directly from 
Italy to Switzerland, or the r'1verse. The German colony must, there­
fore, have boon introduced througL. the Italian territory, and their choice, 
or their necessities, have driven them to the mountain fastnesses. which, 

• 
perhaps. reminded them of those of their native land. 

De Sau88ure has, as J.8U&1, nearly exhausted what it is of import­
ance to say rospecting the possible origin of these mountaineers. He 
haa c1a8sed the existence of tbo German colony as one of the nine pecn-
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liarities of the district;· he bas stated, in a few Sf"Dtenees, what may 

be conjectured as to their origin, and in a. few more he has adroitly 
sketched their character. 

De Sausmre supposes that they wero Va.laisans who crossed tbe 
Monte Moro, (a pass from the Yal Anza.sca into S~it:terhmd,) at a. 
remote period. in order to occupy tbe higher valleys of Monte Rosa, 
whoso rough surface and rude clim:1te had repelled tho morc doli­
cate Italians. He describes tho people as simple, timid, and even 
rude, but honest; their greatest fault, a want of hospitality. which 
he found embarrassing at a time when inns wero even rarer tha.n at 

present. 
It rna)' hf' &ffirmed th~t the manners of the German settlers Imve 

improved since the time of Do Sau~surc, which lc~s us to bclic\'o that 
their fault arose from ttwir ignorance and isolation. 1 met every­
where with J't·;;pectful. and ('ven touching attention. Any traveller 

speaking the German language, is certain to be wen received; and it 
is interesting to obs{'ryc the tenacity with whieh thesc descendauts of 
an unknoVt'll stock ding to the UBllg<'S and dlC spt'cch which form the 
only evidence of their birth, (or history and tradition arc both silent 011 

the subject. Though most of the inhabitants-at least til(! meo­
speak seyera\ langua.ges, acquired during their earlier ycars of expa­

triation, they invariably prefer speakin;; German, which many of thcm 
do with thlellcy, and withGut accent.; far !Jetter, in short, than lllo~t 

~rsons of a similar class in German-Switzerland. The cxp.:'ltri­

ation to which I have alluded, arises from their pract.ice of. going 
forth from their valleys at an early age to push tlu.'ir (ortunes in 
wealthier lands, aud especially iu southern Germany. But, almost 

ioYariaLly, they at last return to marry,t and to settle in comtort a.i 

home. H ence, c3.ije and independence is still more marked bere t.han 

in Switzerland. Some of the earlier writers, as Scheuchzer, distinguish 
Gre380Df>.y as the .. Mcrchant-\~aney," ! par e:cu/Jmu; and at ono . -_. ---_._- --_._._-- --_._---_. 

• v"YG9", § 2"243. 
t Tbey have _ uptuJlive proverb t(I this t,.ffeet;-

.. WdbeT und Steine mUIIII ma.o IaaeJI Wt) me waehst:n." 

! KrKnwr-ThaI. 
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time tho race of pedlars in southern Grcmany were termed "Gres­
son.yar" collecti vely. 

Their habits are elf'lanly and active, and their houses, built in the 
true German taste, would alone, and at onee, distinguish them from 
their Italia.n neighbours. I speut a Sunday at Gressonay. aa already 
mentioned. which gave me an opportunity of seeing the holiday cos­
tume of the women, which rc~embles some of the gayest in Swit.zer­
land, especially the abundance of gold and silver lace. and the metallic 
hclmet-eap.'3. In religion they arc strictly Roman Catholics: their 
churches are adorned with fr' ~SCOB in the Ttalian taste. 

Since Do Saussure called parti cular attention to th\..' German settlers 

of Monte U.osa, Btlveral German authors havu written respceting tllem. 

Of these the chief are Hirzel-Esclll'r, Von Weldell, and Schott. Of 

these works now bofore rnc, the last is the most elaborate as respects 

the question of popubtion ;. but it is «-'<Iious from its detail, and dis­
~?J'eeable to read, from a.n aifoctatioll of singularity in the spoiling 

and printing of tllO German language. 

ScllOtt has given specimens of the Patois of oach of the various 
communt'lt of the German valleys-namely, JS!:Iimo and Grcssonay in 
the Val de Lys-Alagna, the highe8t village, which alone is German, 
in the Val Sesia-Rima. in the Val Scrmeuta- -Rimella in the Val 
Mastalone-and Ma.cugllaga in the Val Anzasca. That 01 GrcsRonay 
appears to be the lrast impure German; and indeed it is there aloDe 
that the striking ('xtcrna]s of the German race are to be found in per­
fection: neatest to it in thiR respect is the valley of Anzasca. III 
every case, the Pa.t.ois is a l'orrupt mixture of Roman and Teutonic 
roots, of which the author has gi ven an elaborato vocabulary. I t is 
curiou~ to observ(~, that in thi' proper names of these valley!!, the 
family names have preserved pretty generally their Gprman character, 

as Ackermann, ~flCk, Schwartz, Zimmermann, Zumstein, whilst tho 
Chrietian names are l'hiefty Italian . 

• Di.~utaeben Colunic in Pil'l11oot, ihr Land, ihre Mund.rt, llP,t Hel·klUlft. Yon 

Albert Schott. Stuttprdt. 1M2. 
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The second of the works above named, that of V oD Welden, i. inter­
esting from the topographical details which it gives of the complicated 
tlDvirons of Monte Rosa, which, till then, were very imperfectly under­
l!ltood,-and not less 80 from the details of succcssive attempts to reach 
its highest summit, made by M. Zumstein, (a native of theLIo valleys,) 
and described in his own words. 

The vexed question of the comparative height of Mont lllane and 
Monte Rosa., was undecided before the survey of Von Welden, which was 
published in 1824!.· It required an elaborate operation to detcmline 
its absolute height, on account of the compjicatioll of peaks of noarly 
equal elevation which fonn its summit, aU of whieh cannot bo s~p-n tron. 
perhaps any poiot external to them, and which must nevertheless be sepa­
rately and minutely observed, in order to ascertain which is really the 
highest. Thu~ De Saussure, as a.ppcars evidently from Lis own viow, 
( VOJlaga, Tom. IV., PI. V .,) n1easur~d not the highest peak. but only 
the third in height, now called the Zumstemspitze. He made it 2430 
wises, or ]5,540 English feet above the sea.t This was within 200 

feet of the hpight of Mont illane; hut later and more preciso observa­

tions all agree in making even the highest point considerably lower. 
Von Welden finds it to be 14,222 French, or 15,158 Eliglish feet, 
which agrees nearly with the mean of the results of Carlini, Oriani, and 
Cor.\1xeuf.! • 

Monte Rosa is a union of several mountain chains, rather than one 
summit. The map. page 1, though OD a small seale, will give an idea 
of their arrangement. From it, or from any map baspd upon Von 
Welden's, it will be seen, that a vast inaccessible ridge stretches ncarly 
east and west, commencing at the Col du Mont Cervin, bctw~n Zt:r-

• Ocr Monte Rvsa, cin.. tapognl,hillChc UTld nallU'hillwriacbe SkiuoC. Wiell, 1824. 

t V~;a. ~ 21:15. 

: Carlin~ 234 8 toiacll. 
2388 _ 

V(>I\ WddclI. Z37() -
con.bo.-ur. 2379_ 

JJrugii r~, OrO<JraJ."i~ d~ I' H#'''I''. I'' :mr.. 
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matt and Breuil, and terminating in the Cime de 13 Pisse, to the east 
of Monte Rosa... This chain includes the P etit Mont Cervin, the 
Breithom, and thu Lyskamm. Another vast ridge, though a shorter 
one, meets this nearly a.t right angles, stretching from Monte Rosa 
northwards, towards the eima di Jazi. It alst) crosses the chain to the 
south, 80 as to form the ridge of the Col d'Ollcn between the Val de Lye 
and Val Sesia. The union or knot formed by these two chains is the 
loea.lity of the elevated summits properly called Monto Rosa. Of eoul'8(l 
four cavities or anglrfl arc left when the tr~nsverse chain meets the lon­
gitudinal one. The one Ol these to the north-cast,ward, which is the 
most precipitous, and whic1l, indeed, has been comparljd by De Saussure 
to a crater, formi! the head of the V 31 Anza,"r.a., aud cmbosoms the Gla­
cier of Macugnaga; the nnrth-western one, vaster, but less precipitous, 
gives birth to the great Glacier of Gomer, or of Zermatt ; the south­
western angle contains tile Glacier of Lys, which descends from the 
Lyskamm - into t.he valley of Gres80nay ; the fourth, or south-eastern 
cavity, is occupied by the heM of the Val Sesia, and has 3olso exten­
sive, though less prominent glaciers. 

Thus Monte Rosa is in ground plan like a four-rayed star or cross. 
All the highest summits a.re rangf'rl along the northern and southern 
rays, Cfolpecially the former. The point df union of the r:t.ys is not the most 
devated, though, in some respects, it is the most generally command­
ing top. It is the most conspicuous from the Italia.n side of the Alps; 
it has been called by Von \t\" elden" Signal Kuppe." It is the fourth in 
point of height. The three higher lio all immediately north from it; 
the firat in order is tho U Zumsteinspitze," the highest which baa 
been ascended, which is a snowy blunt summit, mistaken by De Saus­
sure for the highest. Next follows the highest; a sharp rocky obelisk, 
well seen from the Col d'Erin, (see page 300,) and from Monte Moro, 
(see next chapter.) It is connectRd with th~ Zumsteinspitze by a lon­
gitudinal very sharp icy ridge like a 'house roof, which, 00 the eastern 
eide. descends with appalling rapidity to an abyss which is scarcely 

-_._- --_ .. - -----------_. 
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l'quaJJed (or depth and o!Itef'pnfl.'OR in the AJp9. Ueyond the high('lolt, 

or H Hachste Spitze," is the 81'COnd highest, ealll'd by Von Wddf'n 

.• Nord-End,'" which, like the Il\8t, has never bt>en sca.led. Thf' iiffe­

ren('e of height o( thC8C (our summits is trifling, amounting to only 

34 toisl's, or littlt' moN' than 200 (e('t , from the highf'!lt to the l.,wt'st, 

Thrt'C otln'r summits of somt'wll3t 1('88 }J('ight form the 80nt1l('nl arm 

of the Cross, namely, du.' .. ParrotspitzE'," .. Lllrlwi~hi)IH'," nnel .. YIIl­
cE'ntpyramide:' the last of which, and also tht' IOWNl.t. was the fi~t 

a,<I('C'nded of tht' group. 

Ha.ving now endeM'oured to gi\'o 3 distinct geog-raphkal idC'a of the 

position of this group of mountains, (which J have ,ecn and akctchMi. 

in almost every direction from whence they are visiblf',) 1 will add a 

ve~' few words J'('specting the attempts which ha.vt~ becn mad(' to 

ascend it, which ha\'e excited far If'sS intt'ro!lt than tho~c upon Mont 
Blanc; and such is the ('onfusion prevalent on the flllbject. that some 

guides of ('-'"hamouni maintain, that they have a. .. ccnded the summit of 

Monte Rili-'3 from the Col of Mont Cervin. which is 3 good deal more 

ridiculons than if tlH'.)' proposMl to scale Mont Blanc by ascendiQg tilt' 

Glarier of A tgeotiere. 

The exploN'1'R of Monte Rosa, in it... .. wilder recesses, were M. M. 

Vin~f'nt and ZumClltcin, the fOnflf'r the earlier, the later the more p<'r­
flevering and flucct'ssful. I can only m('ntion briefly the results of their 

journeys, which may be found contained in an interesting series of 

papers by M. Zumstein in Von \Vclden's work. 

The fir!'!t ascent of the lowest summit was by M. Vincent &lon(', in 

August-]S19, whence his name was jm:,tly given to it. Then he and 

M. Zumstein tcgctlter repeawd the ascent, with more favourable 

weather. The chief difficultics experienced w('re from a hUgA ice deft, 

or B~9,dW1md, and from the labour of cutting 600 stt!ps with a 

hatchet on a steep ice slope. The ascent on this, a,.<1 on all other ()('­

casions, was made from the side of OrcSiionay, near the Col r{'Ollen, 

where gold mines a.re worked above the limits of perpetual snow, and 

where, therefore. a shelter, however rude, could, be obtained, Ilt a 
height of 10,800 feet, certainly the highest temporary habitation in 
Europe, 
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The soeond juuruey, that of H~20, was performed by Zumtein alone, 
with the purpose of making for the summits farther to the north, anti 
also tile higbest. He was accompanied by a Bur,-eyor, with a theodo· 
lit~ who WBH commissioned by the Tnrin Academy to make observations 
for the improvement of the maps of Monte Rosa; but the 1 talian ~ur­
veyor being unm~ed to Buch excursious, the labour aUtI eX[K'nse of the 
journey were unavailing, although it clearly appears from the narrati"f\ 
that had Zumstein himself been able to make the observations, he would 
havo had ample time :l.Jtd opportunity for doing sO,--(jtle proof amongst 
many of the necessity (whicll De SausBure saw and actf'U on) oftlle direc­
tor and chief of such an expedition b€ing not only an eX}Jerienced moun­
taille{'r, but himself capaLle of undertaking aU the experiments and obser­
vations which he desires to be made. Uotler "uch l·ircumstances, the 
z('&l and sense of re:::ponsibility of tho traveller and discoverer himself, 
arc alone equal to the task of making observations of any value, or 
rather, not positively mischievous by their inaccuracy. The most 
pcrft·et land-measur(lr, tJle most experienced laboratory assistant, are 
alike thrown out when they are expected to make their contacts, verify 
their 1C'ro points. record dogrN's, miuutes, and seconds, with as much 
deliberation balanced on a dizzy pinnacle or exposed to a pinching 
fr~ty gale, as in their ordinary localities, and with the usual ap­

pliances. 
M. Zumstein left. the peak which ho had before ascended, and several 

(,thers, on his right hand, folluwing the elevated snow valley which 
st'paratc8 the high range of Monte Rosa from the Lyskamm. It appears 
that these vast s1Jow-fit.'lds may bo t.ravorsro without da.nger, unless from 
tbe ohanco of being overtakm by night or bad weather at so great a. 
dil:!t&nce from ellelter. Tho valley of Zennatt is visible from them; 
and we find that SOlll6 peaBants of Gresl'ona.y, who reached this 
point as early n.s tht' time of lk Sau5sure, brought back startling 
reports of an un!mown pastoral valley discovered by them amidst the 
wilds of Monte Rosa;· the fact being merely that they saw the woods 

• Compare De SaUll8ure, V()yagu, i 2156, anu Zumstein, ill Von Welden, paS" 124. 
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and meadows of Switzerland, backed by the icy choins of the 001 

d'Erin. Dent Blanche, and \\' eisshorn. 
So distant are the higher summits of Monte Rosa from the gold­

miner's hut whence the party had started in the morning. that the day 
was Sp<'Dt before the loaded guides and the timid surveyor could be got 

forward to the foot of the higher peakR. Here Zumstein had thtl cou­
rage to determine upon passing the night in a clrft of the icc at the 
height of 13,128 French, or 13,992 English fet>t above the sea,-un­
doubtedly the greatest height at which anyone has passed a night in 

Europe. 
The next morning. the summit bearing the name of Zumstein was 

attained without much difficulty. Here, too. t1\e opportunity of 
making observations was lost, for whilst waiting for the evor-tardy 

engineer, the honzon oor301t? clouded. The party perceived, }l(lwever, 
that they were not, as they cx})(,et('d. upon the highf'st point.. wllich 
was 750 yards farther north, and 200 feet higher. It appeared to 
them to be inaccessible in this direction. TJle barometer stood at 16! 

French inche!!l. None of tha party experienced the exbaU!~tion and 
other symptoms 80 often felt on Mont Blanc. They returned to the 
huts after haviug het>n forty hourn on the snow. Twico afterwa.rds, 

M. Zumstein repeated his visits to this peak, but without succeeding 
in making fart)ler progl'68s. 

I shall conclude this chapter with Borne account of a.n excursion in 
the valley of Gre'l8Onay, where we stopped at the clOBO of tho last chap­
ter, in the friendly company of AI. Znmlttein, the mention of wJJO!C 
DaIQt r.a.turaUy suggested this digression. 

The Valley of Greesonay, or Lye-Thal, is more contracted and 

mountainous than I had expected to find it, a.nd this is characteristic 
of several of tbe yaUeys wbich diverge from-Monte Ropa, which seem 

to be mert' cracks or rents without diverging branchee of any ~IteDt. 
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The sides are steep without Leillg precipitously grn.nd. Near St. J ean 
the valley is Oat and fertile: at Castel, half an hour's walk aboye, it 
ri!les suddenly amouget rocks to a higher level. The distant view of 
Monte Rosa, which ought to bt, the centrc of interest, was indood 
wanting, for it remained impenetrably covered with clouds. Neverthe­

less, with M. Zumstein for my guide, I left Naversch, forty minutes' 
walk above St. Jean, for the Glacier of Lys. At the hamlet of La 
Trinite, which is situated in the midst of a little plain, one hour from 
St. Jean , a small valley br:lUches to the right, which' affords the easiest 

road to the Col d'OUen leading to the Val Sesia on the east. ,V (' 
oontinued a due northerly course, },a"lsing several cotta::;cs, which, 
though lDlaU were cleAn and cheerful. In the lower part of the val­
ley are many houses of ooneiderable pretension, a.nd at lea.c:.t three 
8toreys high, which are aU built of wood, and inllabited by the wcalthier 
natives, who have returned with fortunes acquired in foreign OQuntrif"8, 
to pass the remainder of their days at home. Amongst these is BaTOn 
Pecooz, who acquired his nobility from the King of .Rwaria, aud who, 

having made money in trade in Germany, passes the grt'3ter part of 
t.hf'l year at the very head of the valley of Lys, wheN' he can indulge 
what is, with him, an il1l)a.tia.ble pasaion for Cha.moip. hunting. Hi" 
substantia.l dwelling is the very last permanent habitation in the valley, 

at a spot called Am Beet, and within half an hour's walk of the glarivl'. 
He entertained thE' sona of the King of Sardinia, and their suite, on a 

visit. which they made some years Rince to Mon te Rosa, Having all 

introduction to him, through M. Plana.'s kindness, I might have availed 
rnYlleLf of hie hospitality, but he was absent upon his favourite sport, 
and ~. Zumllwin was good enough to ~cure for me humbler, but most 

eomfo~ble, f)uarte1'8 for the night, in the cottagf" of a worthy pea­
sant of the vaney. At a place called Staffe!, the serpentine unites 

with the chlorite slate, and higher up is replaced by red gneiss. At 

a spot called Cour de Lys, are some traCe8 of glacier action , namel~ 
poliahed rocks, whieh, it hae been observed, a.re ntner ra.re in ihi.s 
valley. At Castel there a."& some blocks which appear to have been 
tl'loDlpOrted; but thi.e e'Yidenee is doubtful where the geology ill so 
Dlou.o&oDoua. 

• v 
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At length we re30cht'ti the glacier, a.t a distance of no(. more thau 

two and a. half houl'S' -.alk from St. Jeau.. [t has retreated continu~ 

ally ~in{'t' ]f~20, and JlaM left a ,'asi. cnrlosuro-sharply denned by ita 
moraine-a perfect wa8k\ hayill~ (as J judged) not less than a 

square mile of area. \Vitbin this area is a kind of rocky precipice, 

abo,H'e which dw glacier haa DOW retired: it is composed of gneiss, 

induding quartz veins, and though these ha.n' never before been un­

covered by the ice in the memory of DIaD, M . Zumstein ~sures me 

that he haa found marks of blast holes whero metallic veius had been 

sought for, probably gold, whieh is still worked in tho neighbourhood. 

\Ve aseendt:d on our right the eastern momine of the glacier. I 

mean its a1lcient moraine, which ('xtcnds yet far beyond that of 1820, 

and with some labour and fatigue Ylf' gaiuiXl the leycl of a. kind of 

plateau, which intervenes betwCt'l1 the creYa'3scd icE' descending from 

Monte Rosa and the final slope of the giacirr, at its lower t'nd. Ift'ro 

the view ought to ha" e htocu Ycry grand, but we were now completely 

ill the clouds, with a drizzling raill. 1 wished to cross tile glacier, if.! 
order to t'xamine it~ .<Itruf'tnn·, and a ri se in the mist favoured us. 

Tile glader stream is ht:re ('oml)()f/.Ct1 of two breat ice flows, derived 

from the two sides of a promotltory, callcd die NaIl:, or tho Nose, and 
the c.1.~tCnl une i::> itsdf the r('sult tlf two others, FlO that tbl'oo streams 

of ice appear distinct wht'r{-' we ('Tossed tho glacier, with the usual 

belted structure, ycrtical ncar the side!!, and under the medial moraine. 
and presenting a tnret-fvld convexity in its fmot, as I havc observed 

in other wry ""i,le glaciers, whert' the individua1 structure i!:l not im­

mediately Jost, The bands were very well developed. I pointed them 

out to M. Zumstein, who candidly admitted, Ulat much as he had 

been amongst glaciers, he had ne,,'cr noticed them before. 

The moraines of the Glacier· de Lys arc compo!'4ed exclusively of 

gnei&! and syenite, without a trace of grL'CD slate or serpentine, 80 

tbundant below. 

Having cro88Cd the ~la.cicr, we took refuge for a while from the weather 

in flile of the rude cabins, COIIstruCtoo by the shepherds, amongl5t the 
blocks of the allcient morainl'. '" f' thf'TJ dcscended the w(>st side; and 

I obscr\"ed, in the moraine of 1 &2(1, ijeveraJ bands or }waps o( atoncs, 
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",rranged transversely to the gl6.cier, and parallel, like the ridges of a 

ploughed field. I am uncertain whether or not these were deposited ill 
the laIt crevasses of the gla.cif'r before it disappeared. 

We returned somewhat wet to the 'Village of Staffel, and slept in the 

clean beds which had heen provided for us. The guide whom I had 
desired to follow me from St. Jean to cross the Col d'Ollen next day, 

and to bring provisions, did not appear, and indeed the guides of this 

country seem to be not altogothl'r sure, I ate cheerfully, however, the 

rye bread of the house, b:tked at Christmas ]841, and {'ut, with a hatchet, 

into morsels like sugar, of a siz" whi(!.h could he put into the mouth a.t 
onee. I found it not unpala.ta.ble. and even preferred it to fresh bread 

of the same kind. 
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(,HAPTEH XX. 

TOUR OF MONTE ROSA CONCLUDED- FROM GRES· 
SONA Y TO VISP, BY MACUGNAGA ANIJ MONTI·; 
MOTtO. 

PASSAGE OP THE COL O'OI.LEN-ALAGNA-RIVA-THt. COL TtlRLO--VAL 

QUARAZZA-1T8 POLlI!HEn ROCh:I!-MACUGNAGA-TIlE PEOPI.E AND THEIR 

HABITATlO.N8--F:XCVRSIO!V TO THE (;1.ACJElt OF MA{;U.NA(lA-THE WEISS 

THOR, A REMARKARLE PASS-STRl'ITUR'" 01 ' THE GJ.A'IER-GI,ACIEIUI OF 

THE 8ECO"OD ORDER----GEOLOGY OF THE CHAIN or MONTY. R08A-PEnRtoLG­

GIGANTIC PllAGMENT8 OF ROCK-Rt:TURN TO MACUGHAGA-PAI!~ OF MONTY. 

MORO--VIEW OF MONTE ROSA-Il ... .8C£ ... , ' TO SAAS--GLACIER8 OF fK:IIW"1I;1'1.-

82R(; AND ALLALF.IN--GARRRO-SAA$I-BTAI,O£" - PEAJIASTS' THF.ATlIl­

('ALB-VISP, 

NEXT morning. after taking a. ('ordialleavr of M. Zurnsteill, I started 
floon after dawn from thl' hospitable roof of my entertainer at StaReJ, 
with dull but fair weather. to cross the Col d'OJlen to Alagna, in the 
Yal Seaia. A cheerful wen-mannered peasant, named J oaeph Skinoball, 
replaced my fait.hless guide 80S far as the Col, whence he turned ba.ck. 
During the ascent we left upon the left hand the gold mines (if Indren, 
and the spot na.med " Die hohe Licht," ao often referred to in Zum­
etein's ascents of Monte Rosa. The Col d'OUen mig-ht be reached 
either from La. Trinite or from Staffel, or direct from the Glacier of 
Lye. In fine weather it would not be too long a day's work to go 
{roan St. Jean to the glacier, and thence to Alagna or Riva, to sleep. 
The Col ia wild, and composed of jagged rock mingled with anow. I 
ascended in two hours and a quarter from Staffe\. Water boiled at 
]95~.70. by the thermometer, whence 1 find the height to be 9758 feet 
above the sea. Keller makes it 1000 feet le88. 



VAL SI:!:HIA. 341 

From a little way beyond the Col there is a fine view eastwards, in­
cluding part of the Lago Maggiore and the hills beyond. The descent 
to Alagna. is very stoep and long, (as it lies. much lower than Gres-
8Onay,) but, at the same time, interesting. The Val Seaia is hel'Q ve.,· 
narrow, and is included between two serrated chains of mountains, of 
which the Zuber, on the western, and the Taglia Ferrvand Monte 
Turlo on the eastern side, are conspicuous. The lower part of the de­
scent to Alagna is through beautiful wood and green pastures. Alagna. 
itself has a pretty church, in the Italian taste, and is most agree­
ably situated. I called on the Cure, who had ascended the Signal 
Kuppe, (onc of the summits of Monw Rosa,) a month before. Alagna. 
is a very poor place. A much more barbarous German is spoken than 
at Gressonay, and it is so completi"lyon the GcrtnMl boundary, that 
at Riva, only half an bour's walk farther down the valley, Pied­

montesc is exclusively spoken, so that I was &:Isured that a greai 
part of the whole inhabitants of these two eommUtW8, especially the 
women, are incapable of understanding one another. There being 

no inn a.t Alagna., I descended the valley to Riva to sleep, a.l­
though 1 Ahould bave to retrace my steps. I had, indeed, intended 
walking farther down the Val Scsil\ , which is Illoro pleasing than 
the Val de Lya,-for I arrived at Riva before 00011; hnt a violent 
ihunder 8torm, whjch lasted all afternoon and part of the night, pre­

vented me. The result, however, was happy. It put an end to the 
recent uncomfortable weather, and the wind having changed, some of 
the finest days of the season succeeded, commencing with the 1st 
September. It is a. sillgula.r, and not unimportant fact, which every 
native of these valleys whom I consulted agreed in stating, that the 
N.W. a.nd N.N.W. wind brings line weather, and that the E. wind, 

which in Switzerland (and eVt1D at Courmayeur) is dry, is here the 
wet wind. M. PJ.a.na. mentioned thl' Rame as bein~ true at Turin. 

The following morning I was up before daylight, and left Riva at a 
qua.r~r paat fin. The weather was beautifully clear, abd the 81ltDmits 
of MOllte Rosa showed finely, with the morning sun above the deep 
wooded valley. Ri va is situated at the foot. of the Col de Va1 Dobbia, 
and is, therefore, nearly opposite to St. Jean de Gressonay. The 

church contains some paintings or a rude kind. I had Boon retraced 
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tures, my guide took his leave; he gratefully accepted the trifle which 
I gave him for his safe conduct, and thtm he started oft' with the half­
cheerful, half-plaintive pxelamation,-« We shall meet no more but in 
Paradise;" and so we separated. 

Not long after, I reached the chiilets of Plana, which, like most of 
tito!:le in the neighbourhood, are inhabited by Piedmontese, aftd not by 
the Germa.n settlers, and consequently arc very filthy. I rested awhile 
on the rocks betwoon the clullets and the river, which were very beauti­
fully rounded and striated. I ha.vc no doubt by glacier action. The 
forms were smooth, undulating I)ncs, a.nd tho polish fine; the rock is a 
gneiss, approaching nearly to granite. ~ may mention that, in the 
Val Sesia,-t.hat is, in the very small Sp:l.CO of it which I traversed,­
I obeervf'd no glacier marks on tho rocks. Iu thl' bigllCr part above 
A1&.oO'UA, I noticed a very beautiful Syenite iu blocks; I also observed 
quartz-rock in .itu, near the goldworks. Near the Col Turlo there 
occurs a beautiful Mica slate, with crystals of schorl, (which mine­

-1'31 I also found on the Glacier de Lya,) succe('ded by a granitoid 
gneiss with large felspar crystals. The Vat Quarazza, which is a 
tributn-ry of tIle Val Anzasea., contains in its lower part granitoid 
bloeks, probably transpol't.ed by glaciers. I crossed the torrent a 
little below the chalets of Plana; the v.Jlcy there becomes pic­
turesque and wooded, and a series of cascades occur near the junc­
tion of the valleys. Turning to tho left, by the village of bella, 
I reached Maeugnaga sbont + P.M., having travelled very quietly. 
This valley is very pleasing in its appearance, the houses are dis­
pe1'8ed over its surfa«> rather than grouped in villages, but Macug­
naga is tho last Commune. The people are agreeable, talking Ger­
man; the houses neat, and the ha.y-barvest gave a lively appear­
anee to the scene. For a while I could not get 3CCf'S9 t.o the inn, 
until the land1ord. a decrepid, honl'hba.eked, and blind man, though 
8till below middle age, made his appearance from labouring in the 
bayfield, and by his pleasing manner, and his attention, soon gained 
my intere&t, and made me well satisfied with what his house afforded, 
wbieh, indee;d:, was more than average comfort, considering the remote­
Dell of the spot. There w. a visiter's hook, anrl I do not think that 



< . cd_ lro .. n ... ·Of.u countri .. had .. 1oitNI their ..... oiD.'1"tbo 
pra'rioUs·year. The landlord'" ut.me ia Vena. and hi, wife i" aD 

Obliging person. 
Ou the 2d September I rose at five, intending to Or0e8 ~be Monte 

Moro into the vallat". The weath~r WM superb, and Monte Rosa. 
olear. WhilBl I d.......J I began 10 regret my purpooe; and< when I 

d .... nded 10 breakfaet, and got a vi ... of 'he head ~f the Valley of 
".Xaeugnaga, in all ita magnificenoe, 1 called to mind that I had ~ld~ .. 
if e'Yer, regretted a day's delay. in the midat of fine soonery, arid had. 
often cursed the infectious haste of travel1ers. Therefore, althou,hJ 
-had l<J6t two d"ys at Gressoqay, I called my Savoyard, aDd desired.hlm 
toO prepare for a trip to the neighbouring glacier. We were 8OOD. on 
foot, with an enchanting morning, the" sun was Dot y"t risen on ~. 
valley, which had a freshneSB very symptomatic of fiDe weather, and 
which I had not enjoyed for some time; tho lIorthweet . ...md .W 
eetabliehed itaelf. A little above tbe village .lando the ohureh of MAo­
e~ and beside it a no~le and thriving lim&-tree, forming an 
~t foreground 10 the ... t oeenory behind, which ie. beyond .u 
oom~80n, the finest view of Monte Rosa itaeJ.f. From thence I paeaed 
to the village of Pecetto, with its church, which is the last in the val­
ley, 'and both here and at Macognaga, I WM struck with the unusoaJ. 
tute displayed. i~ ,omamenial gardens at the cottage doors, and wiih 
u.».e great ~ty ~d iuuManee of some of the choice ftowers., especially 
~io~. The inhabita.nts I met, and who greeted me in German, 
were '"·~iefl,. females ~d old men. All the young men leave the val­
ley to seek. their fortuna in Fraaee, or elaewhere, AI mercha.nte. The 
inhabitants of the yat Seiia are, in like manner, chiefly colporuun. or 
b&llk~. This cireumstaDce espWnB. curious rama.rk of De ~ 
IAU'8, who, wishing to have a heavy case oi,mmerala: traIl8poJte4;to' 
V ... '!(>n"~D\ Maeugnaga, inquired ror a man who conId ~ Ib~. 

,H.<W<~ered Ib.t DO man inth. ",""y .. as "'Iuoi 10 the tuk.""t 
-\~~,~~)·'«'mtm ~ eMily do. it, if ~t ·~ tb~ ~e ro '·\im: . And i§ 
'i"~n. be a4d0' that"-o women DOD evry • mul.· • . b"",",,~ 

: " '!~ . iI · . . . .... -l J.: . . ~. , .. ,-r ' 
~'. /1i/. 
~. JI""R.f~~t 





Jta'Glld Peoette a cbanDirtg path lay tbreugh and woocIa, 
habitataoDt, mMraptnl!8d with 1Iaru; and the gre&t I • 

whieh tile Jaead of the valley.appeaR coDSpiououalt • 
...-decl a ateep ooded slope, which aeparatea the lower e of the 
pier into two, of which, howe...., by far the larpr is on the . 
'haDd, the other. beiBg only a little overllow. This alepe ill very 1QP ad 

. teep; the ~pper part is entirely oomposed or the .... t moraiaea 01 
the pier, which have a singular figure like artifi· m~ (lie the 
Topographical Sketoh, No. VIII.,) and embrace a charmiDgwell-watereti 
putu.re ground. From m upper part I croesed the main ._paIl 

~ glacier on the right to the OhAlets de J azi at the foot of the IDOU.D- 0 

tain oof that name.: From thence the view of ibe pt'IeGipitous amphi .. 
theatre of Monte Rosa and the Saasgrat is very be. Nearly ahoy. 
theM chAlets I knew must be the celebrated pa88 of the Weiae Thw 
from Zennatt to Macugnaga. The Piedmontese thepberd who OCCll-

• eel the oWlet cowd gi va me no iiUormatioD reapectiDg it, and the 
ruge appeam on this side 80 absolutely preeipiiou, that I ~ 
hardly convince myself that any track could be foad &Cceesibl. to 
... I11III ibot. Ii is eeriain, ho ver, that ooeuicmally preeipieei 

l'8 pnpticable than they appear at a distance, and generally 1_ 
tieal; and after a very careful examination, I deieoted a passage of the 

and only one, which it seemed possible to pUlRe. Thjs • 
tioned by almost e ry writer on Monte Rosa. De SuIllQiN-.ftJW 

it ia. very dangerous, but does not state that he convened • -1 
ho had performed iL t In Hirult and OD WeldeD, I lad DO 

"':lCU1l' Mdiw,n from pel'lOnal mo ledge. &geIharclt'- rew. 
.... t of the pauage of the Weia8 Thor by his guide at Zenaatt; 

UliiDU_ who ~repeatedly U8U1'eCl me t he onoe puaecl it, 
daDgerou, BlU IIlOre 8Q than the 001 d~. Schott--



....... h· ." Cor the po . 
at areae, and this OOJ'ftI8po cia aoaarateIl with 

_Dell from the host erra at Macugnaga. It is pretty certain 
been CI"08I!I8Cl but onoe in the memory of men now liviDg, anel 

by pretty numeroul company. I believe that no one in t~e 
AI .Anusoa has pused it: . 
I eoutinued alcmg the western moraine of the glaci r ·£or some ., 

e the chAlets, and crossed the foot ot the first mbatar)' glacier 
deIII"lP· ~ from the onte Bola, or rather that part of it ne t the 

Thor ealled the N twd Ad. It has the usual seaIlop shell 
II&nta&a:N of steep gIMien. I then crossed to the centre of the gl&­

ine ita stracture, and ascended the axis ot it up to the 
of perpetual BIlOW, (or neve,) having sellt my OOIIlpanion to 

await m; retUl"ll on tlie eastern moraine. 
TIle general structure of the Macugnaga glacier is 4J nonnai, 

• ~Ie waves, as shewn in the sketch of a Plan, No. 
UL Higher up, the glacier deaoencla steepl On a twisted inclined 

oocuiooei by the barrier lfhicb it bas itself raieed to ita ad­
Y1IBC8 OB the eastern aide, by a stupendous moraine I18Teral hundnid 
feet high, composed ot huge blocks. The structure of the ioe il 
beautifUlly deTeiopecl lUI it sweeps round thi spiral iDc1ined pJue, ad 
ia qUte oonlormable to the eaose which I haTe ere auigned to It 

boq • the glacier beoomca more leveL Ita IUrfaoe is • l' 
end with snow, and this snow is evidently, in many eaaee, the. 

of avalanehea which fall from the teepe of onte upoD the 
... ~. Nj, which De SaD88W'e baa stated to be one eource whence ~ 

. amenance,-a fact which baa been rather ~ 
ow, OJ: neve, is usually diepoeed in ban or la _.liIII ~nnII1'ted, which moet likely owe their origin to 11lCC .... 

M1I_~". or eceasive mow falls. I wiIh cUIatinatIy to 
__ 1'" this stratification to nothi.nJ • e the of 

.-..: ..... ""~~ of glacier iee. I got e exeellent ... 
fAIIeraer; fo 







e t.y which I III 4i8icul yof. . . upUh-
haman figure, and the apparent iDaipificance of the bl of 
or, to speak more properly, t'ragmen of mountains wi 'Which 

the ground at Ute foot of the moraine strewed. These IIlIo88eI hiob, 
IeeD from a distance, lay in indistinguishable heaps, were, I OOD-

at, the largest detached bloeb of stone hich 1 have ever Been in aD1 
poei on,-I mean, which had rolled, or been carried ~th r from 
their native bed. That beneath which Victor had prepared our diJmer 
was, I suppose, 500 feet in circumference, and it 120 feet high. 

deposition from lying on an irregular bed, it had brokea 
~OIUII'" the middle, and left a aerrated gap in e up.- part. It 

lRlJ'I'Ounded by Ie eral others scarcely lees gigantic. ThHe blocks 
deicribed by De SauMUre, 2144, and by EageJhardt, ho ell. 

hether they were brought down by the , and form paK 
. of the moraine. I incline rather to believe, that they feU from the 

slope of the Pizzo Bianco. The scene beautiful, and interesting, 
aDd intensely solitary. These masees alluvial well-watend 
Sat behreen the edge of the glacier and the natural side the valle • 
It· ~ from the glacier by the vast banier of debris already 
alluded to, hi. checks its progress, and, in Caet, Conna the little val­
ley in q~ hich is covered with the IJlOIrt, vivid green, and which 
forms the or Alp of Pedriolo, the name of a few huts farther 
down, and aJre.d,. cleaerted for the n. With theee stones as a 
foreground,-which, reaeJliDg t timee aod physical power, might be 
termed the Druidical monuments of natue,-the exteJlt of glacier be­
hind, and the chain of Monte Boaa in the distance, all 88e1Pl harmoa­
Ued io one scale of immensity, and the eye is satisfied. 

I re&umed to acugnaga by the track which leads over the 
• great height above the glacier, from the Alp of Pedriolo, 

.... 9l11· " two groups of wretched hovels by the way, I __ ded 

• aod mtricate path, hicla brought .me baek to t 
left between Pecetto and the glacier. . 

The "Glacier or acupaga, (aalled alao An.ra Q,..,., r 
. r f1l ) appean large .. it 

Jeag time: it baa DOt Ihnmk like the • r de 
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The following morning, at half-past five, I was 011 my way to the 
Monte Moro, the easiest paaeage of the great chain of Alps between 
the great St. Bernard and the Simplon, but yet impracticable for horses 
or mal... Still it appears formecly to have been pa886d by b,aats of 
bllJ"Chn, for there is a carefully constructed. pavement visible at various 
pr.rts or the ascent, especially towards the top, which has been noticed 
by De SaU881ll'e - and other writers, and which it is impossible to mis­
take. It is on record, that this pass was in frequent use in the fif~ 

.nth and sixteenth centuries, and the road was maintained at the 
, joint expense of the inhabitR.nts of Saas and Antrona.t Although the 

absolute height of the Moro is greater than that of the Turlo 
it, is incomparably less fatiguing, being both horter and. more interest.­
iag. Indeed, I could not refrain from turning round continually to 
admire the magnificence of the view of Monte ~sa, which, though the 

SIgnal. Zum­
l&em. 

flOch- Nord 
ate. Bed. 

w .... 
Tboc. 

point of view never altered, seemed to rise to a greater height in pro­
lOll 1 ascended. In hours I ga.ined the top, d baving 

tecllODl8 I observed th., boiling point, which was 1960.30 by 
_I'IIK~-t baYing been 206°.35 at Macugnaga the evening before. 

The um of the air was 410
• Oompared with the barometer at 

t \ t 51 
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Geneva and St. Bernard, the height of Macnguagll. above the sea. ap­

pears to be 4,369 foot, and of Monte Moro 9.641 feet. 
The descent to Saas is singularly easy and pleasant. Th( re is 8 

steep bed of snow crossed at .6rst, but lI.fterwards a gcntle faU leads the 

whole way down to Yisp in the Valla.is. On the right hand is the 
great cll:l.in of Alps stretching away towards the Simplon. Ou th~ 
left is the redoubta.ble &ulIgrat, a lofty chain of inaccessible ~nowy 
peaks, separating the valley of Saas from that of Zennatt or St. NieG­
las. and from which a aeries of glaciers descend into the former. There 

is said to be a passage from the one valley to the other from the top of 
the Findelen Glacier to the north of the Cima di J azi or Strahlhorn, 
which must enter thp Saaser--thal near Distclberg. the higheet group of 
chalets. Damatter Msuroo me, at Zermatt, that there is no 'other 
practicable pass across the Sa.asgrat. 

I must say a word here respecting the maps of this country. which 
aTe worse than those of perhaps any other part of the Alpe, a.nd are all 
Dearl~' equall.v had, though with a great rlivf>rsity of errore, which, 
showing that the artists have copied neither nature nor onr another, 
leaves us to consider them as pure fabrications. Thu!:!, in the map 
of apparently most authority of an~'-Von 'Velden's-attached to a 
work professedly geodetical and topographical, whilst the Italian sidt' 
of the mountain and its valley!:! arc neatly and well laid down, tho 
northern or Swiss side is a mass of pure invention, in which the most 
obvious features are no where to 00 found, and villages and glaciers, 
lakes and mountains, are jumbled into inextricahle confusion. Take 
the easily accessible neighbourhood of Zermatt ;-the great Glacier of 
Gomer is to .be recognised only by its name, (Zermatt Gletscher.) and 
debotsche. on a. lake which baa no existence; the Riffel and the Glacier 
of Zmutt arc no where! Nor is the valley of Saas better. The Mat­
mark See, a lake below Distelberg, is supplanted by an imaginary 
glaeier. oompo.sed of tribut&rics from all sides, and across which the 
path oC the Moro is carned. A very pretty and detailed map of the 

Simplon pass and ita neighbourhood, published by authority, replaces 
the great Glacier of Macugnaga by a great lake! \Vorl. in his map, 
has copiPd Von Welden's error.il. Even thc nrw govemmetlt map of 
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Sardinia, of which a. Hheet has lately appeared, has perpetuated 

blundorli OVllD worse than Von Weldon's, in exquisite engraving. 
La.kes are creawd, villngfl8 are displaced, and others which have 
no existence inserted where glaciers should be! The Italian side is, 
however, admirably executed, even though \lot quite precise in the 
details of roads a.nd villages. On tho whole, the moat careful map of 
tho Swiss part of the chain is that in Engelhardt's work;· but the 
author has unfortuna.tely adopted a complex and impracticable system 
of projection, partly picturesque, partly geometrical, which greatly 
d.iminishes its value. 1 ca.m'ot help thinking, also, that in this as in 
other maps, the breadth of the Saasgra.t is underrated at its upper 
part. It is a v(>ry pretty, though cortainly not an easy topographical 
problcm, to unravel the complication of thi'! chain, of which the mOUD­

taillf! are so inaccessible, so varying in their forms, and each ('allcd by 
several different names.-Uut to resume the descent to Saae . 

.J:!"our glaciers arc pa.'!sed by the way. Thl' first is of amaH size, on 

the right hand, and near the pasa. It ia steep; but even, a.nd exqui­

sitely ribboned in the usual manner. The second glacier is on the 
left, utl.!lcending from the summit calleu on the Sardinian map Monte 
Moro. It chiefly struck mc, from the SDl!lll stream of pure water whieh 
flowed from under it, as was also the case in the last glilocipT. 

The third glaeier is below the cht'l.lets of Distelhcrg on the left. It 
if callod Schwartzberg. It iM very rema.rkable, from it!cl- shrunk and 

wasted appea.rance. The limits of a moraine of recent date stretch 
quite to the eastern side of the vaney, (which is here wide,) where it 
Ju~.'J left one enormous block of green-slate, a cube of about sixty feet, 

slightly rounded OD the edges.t As far as I could learn from Bome 
peasants who were passing. this block was deposiwd about twenty yea.rs 
ago. The gla.eier has now retffated quite w the other side of the 

.aUey. 
The fourth gJaeier, called Alialein, is tile most remarkable of any . 

• Schilderungen der Htsehaten Alpen, 1840. 
t Thil .. mentiOlloo by De Charpentier (p. 41) under the name or the Blauswin ; ~ 

de.eri.bee it .. ooJK*ited in 1618, .nu ,. h."illg ~4.000 ~lIbi(' r ... et or colltl'm .... 
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It completely crosses the valley (which is lle~ rather narrower) with 

ita moraine. which. damming up the "I"iver. forms a lake aIled tht! 
Matmark See. The moraine supplies the well-known blocks of gab­
bro. containing Smaragdite, which are reoognir.:ed 80 extensively over 
the plains of Switzerland. and which have no native locality in the Alp" 
but here. They are brought down by the glacier from the inaccessible 
heights of the Saa.sgrat, which near tJlis place rises to about 15,000 
leet, so that the rock rna)' probably never be found in lieu. Thest" ma8.!le!!l 
are usually much rounded b~' attrition, notwithsUnding their eXceMive 
hardness. The structure of the Glacier of Allalein is well developed. 
and quite regular. It resembles generally the Glacier of La Brenn in 
the Allee BIvche. and 88 in that case the river passes under it. It 
a1Jo resembles the Glacier of the Rhone in th~ way in which it poun 
into the valley. and its consequent structure, which is represented both 
in P!&n and Section in the Topographical Sketch, No. IX. 'lhe veined. 
structure is especially developed ,n front-i. e., agoaio8t the oppoeing 
side of the valley, where the pressure is great(>r than laterally, and 

consequently the ice, 6Hking thf' direrlion of least ftlSietance, is gra­
dnally 8wayed down the vaUf')" and takes the particular form ehown 
in the map. which, together with the sectiuns, ,,;11 give a clear idea or 
its whole structure. The direction of the crevasses is generally radial, 
or perpendicular to the structural bands. I walked over a part of the gla. 
cier. lmt it is not euy to ad,-ance far. The front of it is, &8 I have eaid. 
pmhed by the general mass against the eastern wall of the valley. The 
rock, "Which is here soft. is disiDUlgrated and I"layey. and it WM intere8t­
ing to see that the giaeip,r had. left vertical markings or striae upon the 
clay -:hicb had lately been unoovered by its melting, euetly as it 
would have done on rock. and in the very s&me direction &8 I Ob!OMN 
t.hem in similar circumstances against fixed rock .t L. B·renva. 

:Relow AUalein the road. £alls more rapidly I and a very wild gorge t. 
eDte~ which continues for a mile or two. The httie village 01 AI­
magell is the first reached. I Here a path on the right leads into the 
Val A ntrona. In half an hour longer I was at Saas, where I received 

a hearty weleome from Moritz Zurbriicken, the worthy host in whOle 

b .... I 'pent. night Iaot year. The jOom6Y hod bee. & ,bon ... d 
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interesting one, and its ~atigues were soon forgotten over a. roast leg of 
chamois and a bottle of gOo')d wine. 

The nf'i~hbourhood of Saae prosents one very interesting excursioD, 
which I made in 1841, to t.he Vall ey of Fee, which is & small branch 
of the Saas·thal, descending from the monntains to the west. The 

easiest ascent is by a foot-path, C'XIlctly opposite to the village of Saas, 
anti whidl is distinguished by a. series of station chapels at intervalti. 

The valley of Ft!c, like most of those in tbis neighbourhood, joins the 
principal valley at & higlu·r level; and when tha.t level is gained, 
the view is very striking. ThE' entire head of the yalley is bounded 

by a V&8t glacier, descending from the throe lofty mountains, marked 
in Engelha.rdt's ma.p. Schwartzhorn, FcehorD, and Stuffen, or Dom. 
The village of }\_~, which is inhai.it('ri aU the yeal, lie!:' in a beau· 

tiful green hollow, amidst meadows and trees, which 8eem to touch 
tlle regions of ice. Jndeed, a ff'w yenrs ago, th(· glacier descended 
80 as to threaten the dest~uction of the higher chaJets and trees, a.nd 

completely to obstruct the passages to an alp or pasture h('tween two 
branches of the gla.cier which then closed round it. About 1834, 
the glal."ipr began t-o retreat, and bas continued to do so since, so 
that it is now at a very considel'able nistance from the clullots, which 

it had almost touched. Jlut what interested me !!'ive t in the valley 

'Of Fee were the admirable traces of former gla,('if'r action through­
out its length. Rochd mouUJtl;/(~68 of gneiss occur in the whole of 

the lower part of the valley, scooped out by horizontal grooves, per­
fectly continuous for some yards or fathoms, and which it is impos­

sible to contend for a moment that water, however charged with stones, 
ia capable of producing. Some of these grooves are like elaborate 

chiselling. and, on the whole, it would be difficult to find 8 better speci­

men of the phenomen~n in qCAstion. It is remarkable, that in the 

valley of Sau, ohow the entrance of the valley of Ft!e., I perceived no 
such traces. which, however, appear at several points between Saas and 

Stalden. The rock of the higher valley, which is slaty and often 

I'riable, is oerta.inly not fa.vourable to the preserva.tion of such surfacea. 

By continuing from Fee, alOBg the western side of the Valley of S&a8~ 
•• _tiM",,", may be foll.wed through the wood, neorly as far .. 

z 
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Alma-gen. The annua.l flte of the valley is held at Fee, on tho 8th 

September. 
From Saas to Stalden. ther!) ie a great variety of scenery; and in this 

respect the Suas valley is much morc interesting than the neighbouring 
nnl' of St. Ni colas. There is a series of green flats of small extent, 

folcpardt.cd by gorges of greater or less depth; one of these, in particu­
lar, about nn hour's walk above Sta.lden, is extremely fine. The fiver 

rushes through a very deep, narrow chasm, overhung with magnificent 

larch t reps, amongst tho finest which I ha.ve seell in the Alps, and the 

head of the valley is closed by a snowy peak, perhaps the :Monte 
Moro. 1 t is also crossed by a little foot-bridge, upon which the traveller 

may l!lt.aud to view the serne, if he wish to increase its sublimity by no 
visif)nary sense of danger in his own position; lor th(> bridge is so 

weak that a heavy man might break it, and henea-tll IS a furioua tor­
rent at a depth of perhaps 200 f!'Ct. The vi('w dmrn the valley is fillf', 

as well ail up ; the Di('tsch-horn, a very (,lagant mountain north of the 

Rhone, stands in the openin~. Where the valley of Saas is most con­

tractt'd, the gnciss rocks, whieh foon mura.l precipices, arc striated 

horizontally to a great height- probably 800 fect. Glaciers p~p 

through the ravines on the western aide, but non£' of them reach tb(> 

valley. 

Stalden is beautifully situated, as alrrady mentioned, at tho junc­

tion of the Valleys of Saas and St. Nicolas. I had an opportunity 

of witnessing hore a remarkablo ecene on my last visit. A comedy 

was to be acted by peasants dressed in costume, who wero to perform 
on a stage ereded in the open air. There were not less tha.n forty 

actors, the fema.le parts being performed by mon, and the costumes 

were elaborately a.nd ingeniously devised-in SQrne cases not without 
propriety and taste. I was able to remain long CllOugh to Bee only 

the opening of the piece named ROIa t:IQ1I. Tannenburg, which was pre­

luded hy a procession of the actors, a.mongst the most conspicuous of 
whom were three devUs attired in tight suits of black, with horns and 

tails, the senior wearing goafs borns and tbe spbordinatEls those of the 

Oha.mois. The entertainment was under the immediate pa.tronage, a.nd 
even direction of tbe clergy . The morning mass at Saas was said thAt 
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day at four, instead of fh·c o'clock, in order to a.llow the pastor and hi'i 
Bock to reach Sta.lden in good time, !lnd one of the -cicail"e8 of StaIden 
(wbo correspond to our CU1[IotC"') seemed to be tlu~ master of ceremonies, 
for he was frequently seen in earnest cOlI'Ver'lation with the junior devil 
with the Chamois horns. I must add, that the scene was one of the 
most romantic which can be conceivoo. Dehind the village wa.s a truly 
natural theatre, with a green meadow for the pit, whilst a range of 
low cliffs, with a concave front festooned with ivy and brushwood, re­
presented the boxes and gallery, and an audience of not leas than two 
thousa.nd persons, almost entil'f'ly peasants, with their ~ay costume, 
filled the allotted spaces. The sky was int€'llsely blu€', and the sum­
mits of the W f'j'lsJlOrn and other snowy Alps completed t.h(' picture. 

I was obliged to withdraw sooner than J wished, in oldpf to reach 

Vi6p in time for the Diligence which was to take me to Sian. Thus 
dosed one of the most interesting journeys which I have ha.d the good 
fortune to make. Sinc{· leaving Orsicrcs three weeks before, I had 
not even crossed a road which admitted of the passage of a w)u'e)('d 

carriage. 
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CHAPTER XXI. 

AN ATTEMPT TO EXPLAIN THE LEADING PHENO- ' 
MENA OF GLAC IERS, 

THE DILATATION TUEOny CONSlln:RED, AND CO~I'ARE'l 'WITIl OJI.I'l}:nVATION­

THE GRAYlTATlON" THEORY RXAMIl'OEI).--Tln; AUTIlOn'RTHF.OUY I'ROPO!!I':I)-­

GLACIERS RE ALLY I'LASl'Ic---<X)NlIITJONS O~' .'unD MOTION--(,()MPAitP." 

WITH THOSE OF A GI.ACIER-EFH:c1' Ot' VIKr08ITY-TIlE VEINED STRUC­

TURE OF THE lCl-; A COSSEQUt:NCE Ot' THE VHiCQU8 THEOltY-ILLUSTRATJm 

HY EXI'ERIMENTe--co~f1'ARISO:V Ot' A GLACIER TO A lUV£lt---<.:ON CL USION. 

"rueD De me parait plt13 clairemellt dt!mOllirl qUl' Ie mouvcwent progressif des glacier. 
,.eN Je ba9 de J. Vl\lJte, ct rien en memc temps ne me semble plU!! difficile a oonccvoir que 

.. Jll&Iliere doot ,'extcute ce mouvement Bi lent,!Ii intgal, qui lI'exl!euttHJUl' des pcl'Iteil dure"· 
rente9., BUr un lIOi gami d'asptriU~ ct daHl'! des canaux dont 1& larJ."Our 'Varie 1 chaque in­

sUl:.t. C'est Iii, selOD moi, Ie I,)JJcnomi-ne Ie moinll explicable dee glaciW'll. Marche-t·iJ 

clUlembJe comme un bloc:: de ~rbrc sur un plan inelim!' Avuoe·t-il p&r partiell brisOOs 

comme lee eaillOU:1; qui so IUivant dana lea oou1oira des Mon."' S'~·t-il sur lui­

J»eme puur oouler Ie long des pentes, eomme Ie ferait une lro't'e a Ia fois duetJJe et jiquide f 

Le6 ~e6 qui ae ditaehent ve", les peDie8 rapideJ; su1Beent-eUet a imprimer du Dlouve_ 

men' • eellEl$ qui reposeD' IIUl" une surface borizollt.Je' Je l'ignure. Peut-~tre eneorc 

poun .. a -on dire qU<J dans lee grauda froidl! )'eau qui remplit lee noznbrelltMllJ Cl'eV&88ell 
traDlYenr.lee du glacier venant a ee eoogeler, pread 8011 aooroiMewant de volllDlfl ordiutre, 
pou.e I. pu-oiB qui t. (lOnt.iennent, at prodait &i..nsi un mouvemont ven Je bu du ouaI 
d'6C".lUJemeat.. ,. 

IN the seoond chapter of this volume I stated the usually received 
opinions as to the caU8e of the formation and maintenAnce of glaciers. 
We found that authors are pretty well agreed in considering that the 
SDOW which fallil on the tmmmits or the Alps beeomee converted into 
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ic~ by succcssiYb thaws and congelations, but that the details of the 

process arc by no means so well understood, and that t.he immediate 

causo of the descent of thpse frozen masses towards the valleys ha~ 
been very differently explained. 

The chief theories we reduced to two; the tht:ory of DILATATION, and 

that of GltA VITATION. On the formor the ico is supposed to 00 pressed 
onwards by an internal swelling of its parts, occasioned by rapid a.Itel~ 
nations of freezing and thawing of its parts, or rather by the continual 
fonnation of minute crp\ i('cs, into which water, dcriTed frum the warmth 

of the 8un, and the action of the :\ir on the surface, is introduced, and 
where it is frozen by the cold of the glacier, whose bulk it thus in~ 
creases. On the tlh'ory that gravity or weight, is the sole cause of 
glacior motion, tho icc, lying 01\ non incliut'd plaut of r •. wk, j)j '!upposed 
to slide oyer it, by ik! natural tendency to de:"'('('Ild, aided by tho action 

of the earth's warmth, which, on the hypothebis of Do Saus8ure. pr~ 
vents it from being ftn>len to the bottOIil. 

It ma.y be proper l\OW to cnquiro shortly ",hat lightha.s be('o thrown 

upon tht'se two theories by the observa.tions deta.iled in a former pa.rt 
of this volulIIf'. 

Of the facts which ha.ve been rstahlished in Chapters VII. aDd 
VIIT .• with respoct to the motion a.nd !)trllcture of the i,.p (l glaciers, 
two seem at least to be not opposed to tIle theory of lHLATATION. I 

mean the 11W1'8 rapid mO'Dement 0/ the glacier at its centre, (p. 146) and 
the infiltratt'on of its tnau by water permeating the capillary fissures, 
(page 174.) The former fact having been unknown to the supporters 
of the dila.tation theory, has not been adduced by them in ita favour; 
which it is, indeed, only thus much , that a body having a. certain COI1~ 

8istence and variability c,£ form, when subjected to any pressure, 
whether internal or external, will y icld soonest in those parts which 
are least retarded by friction. This fa.d., however, bas no direct bear~ 
iog on the MU88 of the pressure. 

The la.tter fact would be entirely favoura.ble to the theory of De Char~ 

.pentier and Agassiz, could it be carried Qut in its consequences, in the 

1lItw:mer which they suppose. But it is not enough tha.t there be capiJ~ 
I&ry fissures and J;revices, and tha.t these be tilled with water,--tliat does 
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not help the Dlatter at aU,-it must also be shown tha.t that watl:f ulldt>r­
goes conversion into ice, 80 as to dilate it Jot the time, and to the <9xtent, 
required for the motion. I conceive that the observations which 1 have 
mad!), show ~uch a cause of Dlotion to r.e inconsistent with tho pheno­
mena; and tLis inCODsistellcy is'two-fold, first, from the direct evi­
dence that, though the ice is permeated by water, yet the water froeze8 
rart'ly. and to au insignificant extent; and, secondly. from the motion 
of the glacier in its different parts, and at different times, being at 
variance with what must have held true upon the theory in question. 

1. The water included in a glacier i:l rarely in a freezill~ condition. 
I need not now repeat the argumelJUJ which have been adduced (page 36) 

to show tll:!'t upon e,oer,}' principle of the doctrine of heat, especially 
the doctrine of btent heat, it is impossible that the tru.nsient cold of 

the night should in any circumstances produce more than a suporficial 
and most imperfect congelation,-that to suppose any thing else would 
be to suppose in a glacier an indefinite supply of cold,· contrary to first 

principles, and to direct observations with the t,hermomoter on the tern· 
perature of the irc, which has hoon found by M. Agassiz himself to be 
constantly, and at all ut-ptlls, within a fraction of a degree of 32°. 

But bf'sid('s t,his. the most direct observation shows that the nocturnal 

congelation, which is so visible at the surface, drying up the streamlets 

of water, and glazing thc ice with a slippery crust, extends to but the 

1Il0st trifling depth into the mass of the glacier. This is so evident, 

upon consideration, that when fairly placed before him, M. de Char· 
pentier Imi'! been obliged to abandon the idea that the diurnal v&ria.-­
tions of temperature produce any effect. III truth, there is positive 

evidence that no internal congelation takes place during the summer 

#leason, when the motion is most rapid. and when, therefore, the canStl 
of motion must be mOl;t energetic. or this I will give one striking 

exampie. 

Towl.,ros the end of September 1842, when, it has been already men­

tioned, a premature winter had covered the Mer de Glace ,nth snow, 

• Th'" !Ul:lonw.llt ha3 bL'f!n well JlII! hy M. Elie de Beaumont, with hill t.Cl'U/!ton'lt'd 

I'II'Arnl'l'1I. 
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and lowered the temperature of the air to 20" Fahrenheit, I had occasion 
to JIlllkfl an expedition over nea.rly its whole extent, in the direction of the 

Glacier de Leehaud, in order to observe the marks w4ich had been placed 
in that direction, and to determine the motion of the higher parts of the 
ice. The excursion promised to b~. far from ngreeable. The sky was 
lowering when I started from the Montanvert, and it soon began to snow, 
&nd continued to do so with little intermiilsion during the da.y. The Mer 

de Glace had been covered with Imow for a weelc; at the Monta-Dvert, to 
adepth of six inches, but in its higher parts of not less tll&n a foot a.nd 
a half. I was Dot sorry, lwwpver, to have an opportunity of ascertain~ 
ing the cvnditions of the icc, und~r circumstances so ('ritical for the 

t.heory of dila.tation, for now, if at ally time, the freezing amI expansive 
effects of cold ought to be visible, the icc baving b(:;cll completely satu~ 

rated by the preceding wet weather, and, it might be supposed, effec­
twilly cuolcd by five dayt> of frost. As the walk l)romised to be labo~ 

nous, if not difficult, owing to the thi ck coating of snow, I took with 
me David Couttct of the .M(mtanv~rt, and Auguste Halmat, as usual, 
with the instrumcnta and provisions. We started in a lowering mOnl~ 

jng at ha1f~tntSt six, and in less than an hour it began to snow, with a 
drifting wind, though flJrtunately without cold. To most pcraons, the 
journey would have been an alarming one, Lilt WI' were all throe bO 

intima.tely acquainted with the 'Surface of the ice, and the direction of 
the moraines, that we had no fear of losing oUl'sdves. It required, 
however, aU Augusto't; intimate knowledge of the glacier to keep us 
clear of dangerous crevasses and holes; for the snow was often knee-­
deep, and the gla.cier and moraines alike filled with innumerable pit­
fa.lls. \\0" e crossed the moraines, as usual, near the Moulins, and 
visited tho stations Bland C. ,V (l then kept nearly under the ice fall 
of the GLacier du TalCfre, and r(loached with precaution the higher glacier 

of L6chaud, on our way to statlvTl E, where I anxiously wished to 

make an observa.tion of the progress of the glacier. But now the bad 
weather increMcd so much, that we were glad to get behind & great 
stone and ea.t our breakfast, waiting for a favourable change. The 
wind blew in strong gusts from the Grande Jorasse, tossing the snow 
abo lit so as to render all objeets at a distance llndistinguishable, thus 
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tb.reateDillg to make our eXpeditioB inetl'eotval, for the rook. calluJ tilt! 
Oapuein du Tacul, which was my index for lobe be&l'ings on the g~ter 
from Station E , WM hopeles81y invisible. After some delay, the st.ann 
abated, and tbe Pierre de llcranger. whoso azimuth I bad fortun.tely 
taken as a c1leck, showed itself. W e therefore advanced up the glacier, 
but again the atoml thickeued. and as we got to the foot of the rock 
on which Station E was fixrd, ])a" id Oouttct (who had hithf'rto been the 
chief enoourager of the expedition) said quietl.v, I< Nous allon& Cairo uno 
betisc," and proposed to return, for we were half blinded by the SDOW. 

I begged, however, that we might at least stop and take shelter aa 
before. 'Ve did 80, and profiting by a. few minutes' pause in the drift, 
1 fitted up my t heodolite, and took a.n obtlervation of the motion of the 

glacier since my last vii' it with dut" ca.re and deliberation. W e tll('n 
returned nearly as we had comf', fortuna,U'iy ..... itJlOut accident, and 
reacbed the Montanvr rt after nine hourn' a.b~encf' . 'Vhat struck me 
most in this eXJ>Pdition W38, that eveD at ilie higbest station, which is 
7900 feet above the sea., :md in this severo wea.ther, the ice, far from 
being frozen to a great depth , appt>:\t('d charged with water as u8ual, 
except at tho surface. The stick which marked the point of the glarier 
observed, and wbich I expected to find firmly frozen into its place, was 
#l4Gdt'ug in '!CaW lD ita hole in the ice, and of course quite lOO8e. 
The m-rfau of the glacier generaUy was dry,-there was not a. rill of 
water in the Moulins, or elaewhere : yet the congelation had scarcely 
penetrated at all. Couttet aud Balmat were all the time afraid of 
treading into a watery hole, and thus getting their fee t frozen, an acci­
dent which J thought very unlikely to happen; but they both did get 
their feet wet in the course of the day. Hence thero can be no doubt, 
that, as Oout tet \"cry distinctly expreesoo it, the snowy covering kept 
the glacier warm, just as it does the ground, and that the cold ptlne­
trate8 extremely slowly ovcn when winter arrives. 1 may add, that near 
tho Tacul I found no difficulty in obtaining a draught. of wat.er b, 
breaking the crust of ice formed on a pool in the glacier under a stone. 
It was on this excursion that I observed the blue oolour of snow, men­

tioned on page 71, which was most distinctly perceptible bytranllKDi,"­
tOO light, whenever the SDOW was piereed by a Btick to a depth of ailt 
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inebes or more. It was at one part of the glacier that this was most 

evideut, 'Which I attributed to the particular degree of aggregation 

which it had. there, neither very dry nor very moiat. 
From the incidents just related, I t,bink it seems to be demonstrated 

beyond a doubt, that, a.t least, any transient impression of cold is quite 
• 

incapable of converting the infiltrated water into ice a.t any depth in 
the glacier. 

2. At the aame time that the preceding observations were made 
the rate of motion of the glacier was carefully observed; for I con­

cluded, as a matter of certainty, tha.t, if the dilatation theory were 

true, a Budden frost succeeding wet weather must inevitll.bly cause the 
glacier to advance far more rapidly than in summer, or, indeed, at any 

other season; for there could nevl'r possibly be more water to be frozen, 

nor could cold ever act with more energy tllan at the tim6 in question. 

What th~ facts wen', we have already seen in the B('ventit chll.ptt'r, 

where it appears, Lvth from the tables and figures, (pp. 139-141,) 

that the progress of the glacier was retarded during the cold weather 

which prevailE'd from the 20th to thE' 25th September, and that it ra­

adv3lH'f'd when the thaw had taken pla.ce some days Ia.ter. 

3. Tho motion of the glaciers during winter, established in the same 

chapter, (page 151,) is directly contrary to tho cUlleill!'1ions invariably 

drawn by the glacier theorists from their supposed immobility; since 

they consider, that while the glacier is completely frozen, a.nd has no 

alternations of congelation and thaw, there can be no dilatation. 

4. The experiments mentioned in page 132 shew, that the motion 

of a gla.cier during the da.y and night is sensibly uniform, which i8 
contrary to the sam~ view. .. 

5. The rate of motion of the glacier at different parts of its length 

haa been shewn (page 144) to be by no means such as tht' expansion 

of an elongated body, supported at (Jtle end, and pm1bed along its bed, 

would occasion. 

6. The advO(5Ws of th, theory of dilatation have rightly m&intained, 

all a. consequence of the theory, that the ice will expand in aU diroo­

tiona, and oonaaquently upwards, that being the direetion in which tho 

J'6IIistaoce ill leut of aU. They thence conclude, that whilst the ice 
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WMieI by melting at the Burface, the 8v.rfae~ will be raised by the 
inftation of the interior ma.ea by the e:l~on of freezing water, and 
that its absolute level will thus be ma.intained, or will even rise. not­
withstanding the daily waste. They profeee to have made experiments 
which confirm this view; but I have already stated, (page 155.) that 
my own are ;ntirely at variance with it, the absolute level of the ice 
lowering with great rapidity during the season of most rapid motion; 
.. conclusion which ill entirely confirmed by the observations of MM. 

Ma.rtius and Bra.vais, lately published.-
On thE-se, amongst other grounds deduced from direct t;b8ervotion. 

I consider the dilatation theory maintained 1,y Selleuchzer, De Char­

pentier, IUId A gMSiz, 8B untenable. 

In the next place, let us coD:'!ider the sliding theory of Gruner and 
De Saussure, of which a sufficient account lllis been given in Chap. Ill. 

As I understand the GRAVITATION theory. it supposes the mass of 

the glacier to be a r1.(1jJ one, IJliding over its trough or fwd in the man­

ner of solid bodies, assisted, it may be, by the melting of the iet! in 

('Qntact with the soil, which possesses a proper hea.t of its own, and 

wbieh lu hricates in some degree the slope, as grease or 80ap does when 
interposed between a sliding body and an inclined plane. "It is only iu 
80 far as the theory is considered as applicable to a rigid body, tha.t I 
have objections to Rtate to it. 

1. In the case of the greater number of extensive glaciers, there are 
notable eontractions and enlazgemcDUl of the channel or bed down 
.... hich the'! 3re urged. Let any ODe glanoo at the Mer de Glace, and 
see two extensive glaciers meettng at the Taeu~ (orming a vast hatiin 

or pool. from which the only outlet has a le&l breadth th&n the nar­
rowest. of the tributaries; the idea of IIiding. in the common legitim6~ 
sense vf the word, is wbol1y out of the question. 

2. W to llave already seen that tl16 ice does not move as • solid body, 
-that it does not slide down with uniformity in different parts of its 
eeclion.,-tbat the Bides, which might be imagined. to be most wm-
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pletely detached from theoir rocky walls during summer, move slowest, 
aDd are, ae it were, dragged down by the central parts. All this is 
consistent. with motion due to weight or gravitation; but Dot with tbl.' 
,sliding of a rigid mass over its bed. 

3. The inclination of the bed is seldom surh as to render the over­
coming of such obstacles as the elbows aud prominences, contractions 

and irregularities of the bed of glaciers, even conceivable, being, on an 
average of the entire Mer de Glace, only go, a slope practicable for 
loaded carts; but the greater part of the surface inclines less than 5-, 
which is below the steepest sinpo on the great highway of the SimploD, 
an artillery road. 

4. It In18 bern 'convincingly proved iu Chapter VIL, that the 
motion of tbe glacier varies not only from one <seWoll to another, but 
that it has defillite (though continuous) changes of lUotion, simultaneou.li 
throughout the whole, or a. great part of its extent, and th<>refore due 
to some general ext-Prnal change. This change has been shewn to lw 
prineipally or solely tho effect of the temperature of the air, and the 
condition of wetness or dryness of the ice. In order to reconcile this 
to the sliding tboory, it should be ijhcwn. that the disengagement of the 
glacier from its bed, depends on the kind of wea.ther which affects its 
Imrface and h·mperature. In no part ot the 'llrnm('r is the glacier 

a.ctua.lly frozen to its I~teral walls; the difference, then, rnusL be due to 
tho action of the ea.rth'!~ heat in gradually melting away the irregula.ri­

tics of the inferior surface of the jec, in contact with the rocky bed on 
which it l'6poaes. I have already said, that I oonsider such an influ­
fOl1Cti of the proper heat of the earth to be distinctly included in De 
Saussure's theory. as it bas been stated by himself, and understood by 
his successors.- It WaB, however, suggested to me very distinctly by 

M. Studer last summer, as not inconsistent with a motion by gravity 
wit.hout aoct'JeratioJl ; and I admit the ingenuity of the thought, which, 

• Anyone who carefully re.dII De SauMure', f.$35 in eonnection with § 533, will be 

COD.yineed,1hat begivea an due To'eigbt(",e sbmftd be inclined to uy m~ than due weight) 

to \bl,\ efJeeta of subteTranean heat in cUklo1'.g t:he ice from i1I! bed, 11IbriM".g it on ite 

bed, snd even ~if19 U over obIta_ by the hydroetatic p.....ure or eonfined ...... ter. 
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as it. will be seen in the sequel, I am disposed to t"0w, may be one Ny 
of glacier motion, though not exactly the catue of it. The ~e 
thought was &fterwarda suggested to mc by Sir John Herschel, and 
more lately I have seen it stated, that Mr. Hopkins of Cambridge, the 
author of an ingenious pamphlet on the theory of ghwier O)otio11, has 
ilIuatratro it by experiment. - Rut this is an effect which must r~m&in 
nearly the same at all S8880DS, being due to the constant flow of heat 
from the interior. 

5. The flow of heat from the interior is 1:10 eery trifling that it may 

be doubted whether it is adequate to produce tho particular effeot of 
wearing off the prominenccs of the descending ice, or of moulding it t.o 
the f(lnn of the chnnnel. In order to dn 80 to any effectual extent, it 
would be necessary that promipences of many fect or yards in extent 
should be Illp.lted aW3)' in a moderately short spare of time. NIIW, 

what is the fact? M. de Beaumont ha.'l l'tJtimated,t by tho theory of 
Fourier, from the observations of ArJ.~o on tbe earth's temJX'ratllre, 
that the quantity of central heat which t(>ache~ the /'iurfaee of the 

earth, is capahle- of melting 6~ ruillilJ)ctres of ief', or exactly a quarl8r 

of an EnglUh inch in tile .pace of a year. Now, even admitting, (as 
I think we may,) that if the surfli(,~ of the earth were covered with 
,iee, the flow of hoat would be somewhat greater, still it must be 
admitted to be capable of disposing of portions of ice insignificant. 
compared to the ineqllalitie':l which oppose its downward progress. 

6. This small quant.ity of heat is not always applied (as Professor 
Bischoff! and M. Elie de Beaumont have justly .remarked) to null the 
iee of glacictfl, Delow 32" it will simply tend to raise the temperature 
of the ice in contact with the lIoil, and powerfnlly a.dhering to it. 
The almost pendant glaciers of the second order, which -are 8f:len only 
at great heights, tho.qe, for in'ltance, 00 the precipicee of the Moot 

Mallet, (see page 79,) must rem&u permanently frozen to the rock. 

----------------- ----------------
• Sinee mtiDg Ute above I have been indtbted to )Jr, IlOfJi.:ilM 101.'. farther Malel:nenc 

of u new...hieb I will farther &&de ie!in APJ*Klx, No, IV.· 
t ,A_Mia del &W,,", G~"ptW Ririi,..., 1~2. 
::: w.,..,w,t, p, 101, .te:. 
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Neverthelesa they dQ actually descend over it, for they continually 

b1'E'&.k oft· in fre.ah avalanchet'!o This is a fact which neither the theory 

of diJatation nor that of ("r&vity, ail commonly stated, is capa.ble of 
explaining. 

After the detailed though scattered deductions which have been made 
in the course of this work, from observations on the Movement and 

Stnlcture of Glaciers, 38 to the canso of these phenomena, little remains 

to be done but to gather to)!f'ther the fragments of a t!:teory for which I 

havo end(.avoured gr.a.duaHy to prepare the reMer, and by stating it in 

a. somewhat more connected and precise form, whih3t I shall uo doubt 

make its incompleteness marc apparent, I may a.lso hope that the can­

did reader will find a. general consistency in the whole, which, if it does 

not command bis unhesita.ting assent to the theory proposed, may in­
duce him to considel it as not unworthy of being farther entertained. 

My theory of Glacier Motion then is this :-A GLACIER 18 AN IM­

PERf"ECT ~'LTHD, OR A YISCOUS BODY, WlIJCH IS unGED noWN 8LOI'ES OF A CER­

TAIN INC;U:'i'AT10N BY THE MUTUAL PRESSURE or ITS PARTS. 

The Bort of consistency to which we T'f'fer may be illustrated by that 

of moderately thick mortar, or of die contents of a La.r-ha.rrel, poured 

intQ a sloping ('hannel. Either of these substnnces, without actually 

assuming a level surfacE', will tend to do 80. They will descend with 

different degrees of velocity, depending on the prl!MUre to which they 

Me respectively subjeeted,-the friction occasioned by the nature of the 

channel or surface over which they move,-and the flila:Jftty, or mutual 

adhesiveness, of tho pa.rticles of ~he semifluid. which prevents each 

from taking its: own COlUse, but subjects all to a mutual constraint. 

To de~rmine completely the motion of such a semifluid is a most 

ardU0U8, or rather, in our present state of knowledge, an impracticable 

invellttigatioD. Instead, therefore, of aiming at a cumbrous mathem .... 

ticrJ precilion, where the first data required for calculation &re them­

seivel unknown with any kind of nnmerical exactness, I shall endea­

TOur to keep generally htview such plain mechanical principllMl as are, 

for the mOlt part, lIuftiaient to enable us to judge of the comparability 
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of the faet.e of Glacier motion with the oonditionlJ of ViROOU8 or 8fml­

fluid 8Obstanees. 

The quantity of viscidity, or imperfect mobility in the pa.rticles of 
fluids, may have every conceivable variation; the extremes are petteet 
fluidity on the ooe hand, and perfect rigidity on the other. A good ex.­
ample is seen in the process of consolidation of common plaster of Pari.!', 
which, from a consistency not thicker th&ll tha.t of milk, gradually as­
Sllnle6 the solid state, through every possible intermediate gradation. 
Even water is Dot quite mobile. it docs Doi run through capillary tuLes . 
and a certain inclination or fail 18 DCCPSsary to make it florD. Thi.!l 

may be roughly taken as an index of the quality of viscidity in a 
body. 'Vater will run freely on a slope of 6 inches in a mIle, or 
a fall of 1-10,000 part,- another fluid might require a faU of I 
in 1000; whilst many bodies may be heaped up to an angle of eeve­
ral degrees before their parts begin to slide over ono another. 

Thus. a substance apparently solid may, under grea.t preesure, begio 
to yield; yet that yielding, or sliding of the parts over ODe another 
way be quite imperceptibJe upon the small scale, or under any but en· 
onnous preseure. A column of the hody itself is the BOurce of the 
pressure of which we have now to speak. 

Even if the ice of glaciers were admitted to be 0\ a. nature per£eetly 
inflexible, 80 far as we can make any attempt to bend it by artificial 
force, it would not a.t all follow that 8uch ice ie rigid when it ia a.eted 
on by a column of its own material 8enral hundred feet in height. 
Pure fluid pressure, or what is commonly ealJed hydrostntieal pl'M8ure. 
depends noi at all for its energy upon the .lope of the fluid, but merely 
upon th~ differ8R1:6 of ~el of the two connected parts or ends of the 
mlfM under oonsidera\ion. 1£ the Lady be only aemitiuid, this will no 
longer he the cue; at least the presaure communicated from one por-

• AOCOI'Ifiag 10 DabuU, (Hydraulique, iom. i., p. 6 ... Edit. 1816,) at .. tlope .. great deoal 
I ..... .,.; bat ita euet nlae 40. DOt DO" ocmoem W>. 
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tinn -(say of a sloping ca.nal) to the other, will not be the wltole pres­

sure of a. vertical column of the material, equal in height to the differ­

ence of level of the parts of t.he fluid considered; the consistency or 

mutual support of the p&rts, opposes a. certain resistance to the pres­
sure, a.nd prevents its indefinite tranamigaion. It ruust be recol­

lected, tha.t, in the case of glaciers, the pressing columns are enor­

mous, the origin and tennination of many of the largest ba.ving not 

less than 4,000 feet of difference of level; were they, therefore, 

perfectly fluid, or suddenly converted into water, the lower end 

would begin to move with the enonnoUll velocity of 506 feet a 

eeoond, or would move over 44 miUicnu of feet in 24 hours. Now, 

the velocity of the Mer de Glace is only about 2 feet in tha.t time, 

a. differenco so enormOllS tha.t the fluidity of a. glacier compared to 

water will not appear so preposterous as it might at first sight do, 

considering the small degree of transmitted pressure required to be 

effectual. 
Again, it has been attempted to show, (page 174:,) that a. gla.cier i! 

not coherent ice, but is a granular compound of ice and water, possess­

ing. under ct:rtain c.ircumstances, espeeially when much ~tura.ted with 

moisture, a. rude flexibility sensible eveIl to th" hand. 

Farther, it has been shown that the glacier doe8 fall toget.her and 

chokes its own crevasses with its plastic substance, (p. 173.) 

When 3 glacier passes from a narrow gorge into a wide valley it 

spreads itself, in accommodation to its new circumstances, as a viscous 
substance would do, and when embayed between rocks, it finds its out­

let through III narrower channel than that by which it entered. This 

remarkable feature ()f OIad~n' Motion, already several times adverted 

to, had not been brought prominentl,v forward, until stated by M. Ren­
du, now Bishop of Anneey, who has described it very clearly in these 

words,-" IJ y a une .foule de faits qui sembleraient faire croire que la 
8ubetanee d~ ~iel"8 jouit d~une espece de ductilite qui lui permat de 
8e modeler Bill ta, localite qU'elle accupe, de s'arnincir, de se retrecir, et 

de B 'etendre, comme Ie {erait une pate molle. Cependant, quand OD 

agit, 5q,r un moroeau de ~gIace, qu 'on Ie frappe, on lID. troave . un& rigia 
dite qui e!t en oJ)D08itioD direete avec, lei! apparenoes dont noo 'ftnons 
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de parler. Peut-etre que It's ~xperienees £1Ioites ~mr de plus grAJ'ldefl 
ml88e8 donneraient d'autres resulta.tB," -

Now, it ie by observations on the glarier itself that we can best nulikt'l 

experiments on .Q1WJt t1'UU8fJI of ice, as here suggested. 

Tlte Motion of a Glacier ,.emnbks that cif a Vi800U~ Pluid. 

All experimental philosophers arc agreed as to the facts, that a fluid 
like wa.ter, heavy and slightly ~ifl{;id, moves down a.u inclined plane or 

eanal, with a velocity which varies according to the slope. and which 
varies also from point to point of the s~tion of the si.rp-Am. The part 
of the stream which moves fastest is the 8urfa.cc, and e.'1pecially the 
CIIfttral part of the surface. The velocity of motion diminisht's on tht' 
surface from the centre to the sides, and from the ~urface towards tbe 

bottom. 
The ca.use of these va.riati uns is admitted to b~ the friction of tiu' 

sides and bottom of the canal 01' bed, which retards the fluid particles 

immediately in contact with them, and the adhesion of these pa.rticleA 

to t.heir neighbours, that is, their ~nt!l. commnnicates this r£Otani&­

tion by certain gradations, which are Dot correctly known, to the inte­

rior mass of the fluid. Hence,-
I. The Ctlotre and top of the stream move faster than the sides a.nd 

bot.tom, elJpecially if t~ friction of tk8 jluid parliclel Mer one a1lfJfAer 

te u.. than their friction a.qainn the .ida of t/~ canal. If this be Dot 

the C386--if the friction of the contained mass against the containing 

or supporting walls be leu than the fridian which exists alllongst it" 
own particles, the mMS will Ilidd out of itt bed, and will so far act M a 

• TbDorie _ G1Ici61'11 de .Ia S.voie, p. 84. Whilet I .Dl aOlliOWI (0 Ibow bow far &he 

~ .. iew. f1f M. BeDdu 10ineide wilb, .. tbey alllO ~ my own, it M tair w me.,. 

tica, thMall my expllrimenta.~ made, and indeed by ft.r the greater put of the pre­
..a "oUe"" wriUeD, be:lore I JUCOOeded in obWDinJI: _ to ll. ResIdu .. 'WOI'k. in 

the lOch vol_ 01 SIIe M~'" 0/ t.lc .fcademy of ~,which I owe -' ~ .. 
&I.e k __ 01 &be rf.aht re"tIftDd aatbm-. 
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.oo.d body. If it have a certain mobility amongst its own particles, it 
will, whilst eliding over its bed, a.lter, a.t the same time, the relative 
position of ita own particlt:f!I ;-it will move partly as a solid, partly as a 
fluid. Wo may then fairly call it a. semijluid or a ,em~olid, 

II. From this it also evidently appeaI'!l, that the greater the vis­
cosity of the fluid, the farther will the latE;ral and fundamental retarda­
tions be communica.ted towards its centre, and the general velocity 'If 
the stream will be more nearly reguJated by thc limit of the mobility of 

it.l parts. 
lII. In every C380, the grt':l.teHt variation of veiO<'ity of such a stream 

will take place noar the sides and bottom, whil8t the higher and the 

central parts will move most nearly togetlter. - The position of any 
particle moving with the mean velocity of the entire 8trtlam, has not, I 
believe, been determined; but Dubuat has prM'tieally found this f!lingu­
larJy simple result, that the velocity of the top aud bottom of a stream 
being kJl.Qwn, the mean velocity of the elltirt1'stream i8 the arithmetical 
mean of these two velocities. 

IV. The difference of the velocities of a. stream at the top and bottom, 

depends upon the aetna.J \'"elocity of tlw stream, a.nd increases as tha.t 
velocity increase8. The rate of increastJ appAal'S to be as the square 
root of the velocity, and is independent of the dcpth.t 

V. The velocity of tho watcr in a stream increases with its declivity. 
If the bod of a river be highly inclined, the water flows rapidly; and 

again, if the embaying of a. river by a strait accumulates the water 
&oon, there ita declivity will be diminished. 

VI. If lIOy ciroumstance ca.uses the viscosity or consistence of a 

.fluid to var,v, aU these phenomena will vary proportionally. Thu8, 
wann water is less viscid than cold, and a vessel will be sooner 

- ----- ---- --- --
• A aligbt ~eniion will Mow, that thil might Daturally be anticipated, yet 8Oll1e 

tCUiDeGl wriflln ba.Y611Uppoaed. the veleeit)' to inllftaMl ".iforMly from the botwm w the 
___ of .. ......"" The doctrine or the text it ftilly confirmed by diltICt Cllperi_ta upon 

$Mn,-_lUaiDe, quoted in Mr. Rennie'. Report o"Hydrawlic6, Pan II"B~ 
~lW,p.4i1. 

t DC.VAT, AI'\. :17, 411, 6&. 
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emptied through a narrow aperture the higher the temperature of the 
liquid.-

Now, in all these rc~poct8, we- ha\'tl au exact analogy with thl' facti 
of motion of 8. glacier, a.s observed on tbe Mer de Glace. 

Fir4t, \V (l hlwc seen tLnt the centre of the glacier moves faater than 

the sides, (p. U6.) 'Va have not indeed extendod tho proof w the 
top and bottom of the ice-stream, for it seems difficult to maktl tbis 
experiment in a satisfactory mann(,f. In the case of & glacier 600 feet 
deep. the upper hundred fect will move nearly unifonnly, on the priD~ 
ciples already mentioned; bence, crevasses, forml.'d from yeM' to ylW, 
will not incline sensibly forwards on this account, especially as the ac­
tion of trickling water ill \0 maintain Lbe yerticality of the sides. I 
conceive that this is a perfectly iOufficicnt answer to an objection which, 
at oob time. I mys-elf urged ag-dinst Ole hypothesis of the surface of the 
glacier moving most rapidly. Of the fact, I entertaiu no doubt, though 
] 8ee much difficulty in obtaining a satisfactory proof of it. 

I have no doubt that glaciers slide over their beds, as well 88 that 
the partirlcs of ice rub over one another, and cluwgc their mutual 

po8itions; but I maintain, t1lat the former motion ie eausdd by the 
latter, and tha.t the motion impressed hy gravity upon the superficial 

and central parts of a glacier (especially ncar its lower end,) pull 
the lateral and inferior parts along with them. One proof, if I mistake 
not., of such an action is, that a deep current of water will .flow nnder 

& amaller declivity than a I!ballow one of the same fluid.t And this 
consideration derives no slight confinnation in its appliea.tion to glaciers, 
from a circumstance mcntioned by M. Elie de lJeaumout, which is 
80 true that one wondct"l:l it baa not heen more insisted. on,-namely, 
tbt • glacier, where it descends jnto a valley, is lik~ a body pulled 

8I!Iunder or stretched. I1Jld Dot like a body forced on by superior pres­
sure alene . 

• DtrBU.lT, AJ1,. 3. 

f It is well known that &he m(!II.Q bydraulie depth, or tlJc ratio (J( tlJc eectioa of. etreub 

SO the pcrisneter 0( oontact with i&il bed, is (rut roOllt important elemen& (together with the 
deeli"i',.) PI ck1ermiDiDg ita veloeity, or the efl'wual Inoving (0l"Ile .hic:h acta upon it. 
Now, ill the _ or ~II rrietiou, tha& or a wlid bod)" neitbel' \be at.oIuklQOZ' the reIa· 
ti"e depd! of the IlidisJg bcody ~ han any inBIleDCO in det.ermiDiDg iw DlotiOO. 
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8econdl.tf, We have already seen (page 367) how enormOU8 would 
be tho velocity of Q, glacier if suddenly converted into a fluid, and how 
prodigioU8 & force is absorbed, as it were, by the consistency or solidity 

of the ice. The moderate, though marked difference, found (page 146) 

between the lateral and central \'elocity of a glacier is in conformity to 
the second principle stated above, that the retardation due to frictioll 

will be more completely di8~ribut<>d over the whole section in propor~ 
tion as the matter is le88 yielding. 

Thirdly, The chief va.riation of velocity is, we have seen (page] 46) 

near the sides. 

Fourthly, We have found in page 147 a. most remarkable confirma~ 
tion of Dubuat's principle, that the amount of btetal retardation 
depends upon the actual velocity of the streatn under experiment; 
whother wo consider different points of the glacier, or the ~am(' point 
at different times.· 

Fifthly, TIlt) glacier, we have Been, like a stream, has its still pools 

and its rapids. Where it is emba-yed by rocks, it accumulates-its de-­
climty difltiniliw, and its ~Wcity at tlte same time ;-whcn it passes down 

a steep. or issnes by a narrow outlet, its velocity increases (page 145.) 
The central velocities of the lower, middle, aHd higher regions of the 

Mer de Glace aro (page 144)- . 

1.398 .574 .925 
And if we divide the length of the glacier into three parts, we shall 
nnd (page 117) something like these numbers fOf its declivityt-

15" H" 8° 
Lanlg, When the st'mifiuid ice inclines to solidity during a. frost, 

its motion is cheeked; if its fluidity is inefeMed by a thaw, the motion 

is instantly accelerated, (p.148.) Its motioD is greater in summer thaD 
in winter, because the fluidity is )nO,P complete at the former than at 
the latter time. The motion does not C<la8e ill winter, (page 15],) 

• Vile ebo.e 1fSo.oIaMte, (I'eet que ni Ia grandeur du lit, ni celie d.., Ia penCe n'intluoo, CD 

lieD IU' le nppori" difFimn* vit.eIIIeIJ dOllt nou p&rlons. will f1It Ie. mtutt. fIMl~""U 
~ let ..s.. oU. oene .. Ia.urfa.ce '* COlllltante.... • .. .. • 

DlIBUI.T, Art. 65. 

t '!"be. II_ben do a:aot ex~ the aetual a1opos at the pointe whem the vdociM "'~re 
IIIeUand. ., tilt .,. cI tIM! iBhrior. middle, aDd _perior regiUII& 01 tho ,laeiu. 



• 
becaUse the wint'r old p netrat th il! it do the ground. 0111y . 
to a limit de-tent (p3.!l' 232, 360.) It is groat r in hot w ther 

than in cold becaus the un' heat afford wat r to satur~te tbe, cre-

\Ti : but the proportion f velooity do not follow the proportion of 

h t ( HI J 50) beeau e any cau e nch a the meltin~ of 
a udden thaw, in th end of . pt mb r 1 2, 

effect great he t , 'ould do. Also, wha ver cau 

the m v m nt of the c ntro of the ic increase the diffi -

n of ntral and la. ral motion (paO'o 147. 

tf"Udtlt'i 0/ t [. i8 a t:< I u(!11 of tJu Yi600W Tll«/ry. 

T hay now c mpl t what w: partly i in hapter VIIL, 

oured to illu t1'3t the ph nomena of the veined or 

ribbon trnctu of th ice, and to explain it ea 

Th' tructure have een to eon i t in tb recurr n' of altern 

tio of hlue and whi or compact and aerated i in a gl i r, r m­

Min the vein in chalcedony, the part being thin and deli a ly sub­

divided. 

, e hav _ n (page 177 1 I) tbat thi ructure h all tb appear-

nce of beiDa dne to the formation of fi ure in the "rated i or eon-

lida neve, wbi h 6 or having hf>ell fined ith water drained from 

th gl ~ r and frozen .iuring win r have prOOu tb corol blu 
b nds. 

, have farther (pau 160 ~c.) that thi ribboned ruotor 

foUo a very peculiar eo in the interior of the ic , of W lid til 
. elleral type' the ap ranee of a u ion of oval wave on the 

urfaoo, ing inw hyperbolas with tho gr • tor axidirooted MOll h 

~laci . That thi trueture i a180 developed throughout th thiekn 

ot a. ier well from the centre to tho aide, and tha.t the tnlC-

ural urf'ae are t isted round in ueh a. manner that the /ro'mal dip 
we have called it, of th vein, exhibited on a vertical plane cut-

ting th a i of a lacier, aceu • at '-
a mall angl~ at it lower extll - rT-7ll!...,.....,--.-... -
mity, and iller rapidly as w ~~~~ 
ad anee ward th rigin of th ~ 
lad r, b(1 n in Ii Ilf l. fjg. l. 
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We hay also COli idercd glaci r generally a 8 of three kind, 
which, haviu' a. romon structure, yet exhibit it in different forms 

r modification. The e thr e· glacier form may be termed the canal 
Jt{Jped, th 01'al, and the glacier of th f,cond order. Picturesque 
vi w of th e are !!iven in Plates II., IV., and IX., repre enting the 
M81' de Glac, th Gla.cier of La Bren-ea, and the secondary glaciers 
near Macugnaga. The 
a.nnexed figur (on 

of which has been aI­
r ady us d) show by 
Vl with ideal c-

ion of uch laciers, ' 
th m nner in which 
th tru tural urface 

e the m of the 

thi drawn ut, 
r into a 

ha d laci r. 
right hand in the up­
per part of th figure, 
a mall gl i r of the 

cond ord r i hown 
wh r it ppe rs th t 
it tructur con j ts of 

rie of u rimpo d 
h 11, n ar1y pa II 1 

PIG. 2. ShQflJi" .Q 1M SlrwctlJre rtf a ll orol Glfuil'r /1]1 idfOI StrliVIII. 

to th oil, whi h might 
easily b C Juound d 
with th annual} y r PIO.3. 

ofth nv. 

• 

n th e tru tur 1 e pI in on til com~on principle of the difter-



7 

of 1 it· f th 
la raJ tr am, wb tb r 

n min n 

"L 

e Ie mou ment doit 

it un fluide dont I 
1& pI 

ann x ig. 4. 

r 

mai 
voir 

j actually tak place, and peci lly in gla.ci of the 

nd orde .. , where the r tardation b ing almo t ntirely due to th 

-.,--.,---..,---
• DCDI' .tT, r. 58. 
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&eti n of th bottom, the ucc sive layers slip over one a.nother with 
incre in v locity towards the surface. 

But the qu tion ari c , how doe thi action produce the frontal 
dip of ig. I! why doe not the canal-shaped glacier present a series 
of trough- haped layers, as in Fig. 4, whose bottom remain parallel 
to th bottom or bed of the glacier. The reason appears to be this. 
The fluid is urged on (in the centre of the glacier especially) by it 
own 1Ce(qkt. It i fa.lling down an inclined plane by the force of 

ravity. It i , howov r, prevented from moving by the intense fric­
tion of the whole of the lower part of the glacier upon its bed. If 
he lacier be solid, there can be no motion, unless there be sufficient 

force to overcome this friction; and thi we have seen to be one 
at (and we think in urmountable) difficulty, both of the hypothesis 

of D au ure and that of De Charpentier. But the semifluid has 
anoth r mod of progre sion,-the pressure may not overcome the 
frictic n of the b d, or else the fluid pres ure at the lower end may be 

ina the whole glacier over its bed, tltat is immaterial; but any par­
tieL in a fluid or emifluid mass, urged by a force from above, does not 
n arily mov in the direction in which the force impels it, it moves I 

diag()fl.(l,[ly ; forwards, in con equenc of th", impul e; upwards, in conse-
uence of the rem tance dir ctly in front. Hence a se ies of surfaces of 
pa.ration h d (to u e familiar illustration) somewhat like the mouth 

of a 1- uttl, or of a ugar-scoop, will rise toward the surface, varied 
in curva~ure by the law of velocity of the different layers of the glacier. 

r tb h ad or origin of the glacier, where the resi tance in front is 
enoN1WU8 th t ndency of the eparation planes. which are those of 
apparent 1 vag ~ will be very hiahly inclined. As the lower end of 
the glacier i pproaeh d, the reSl tance continually diminishes, the lin£' 
of 1 t r j tanee become m(JT and more nE'arly horizontal; and 

finally, wh nth 1 w r nd f the gla ier i reached, the plane fall a.way 
altogether, and th up r lay rs roll over the lower ones, now wholly 
un uppo II h w have n to b the actual phenomena. of the 

M r de la.c. 
Ima ine long narro trough or canal topp d a.t both ends, a.nd 

filled to a con ide~bl de th with tr ado, honey, t r, or any such vis­
cid ftuid. 1m gine one nd of tb trough to aive way, the botuom 
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stiU -tADlainiug horizontal, if the friction of t.he fluid against. the ibot~ 
t.om be greater than the (riction against its own particles, the upper 
Nrata will roll over 010 lower onee, and protrude in a oonvelt slope, 
which will be propa....crated backwards towards the other or closed end of 
the trough. Had the matter boon quite fluid the whole would hue 
nm out ADd spread itself on a level; as it is, it &88UIU88 preeisttly the 
oonditions which we suppose to exist in a gla.cier. The greatest distur­
bance or maximum separation of the p~ takes place at the lower end, 
and there (the retardation at tlle sidos bemg proportional to thf' 00. 
l.u velocity, see ~<re 147,) the separation will be m06t violent, and 

the loops on the 8U1'f&co ","'"ill be most elon- """-"-

gate<!. Near tit. origin tit. dooJivity is ~~> - 0c 
If:88, and the loops a~ more transverse. ~ r- ,-,~""~",,,"' __ 
This is true of the glacier, (sec page 
l~) ~ L 

Now, I£'t the trough be a little inclined, so as to aid the gravitating 

force derived from the mere dt'pth of the fluid. Each particle will h~ 
urged aD py 16 force due to the slope. diminished by the resiSt&oce8 op­
potted W it. The particles near the lower tennination of the stream 

haVf> DO resistances, except their attachment to thoee behind them,­
they, therefore. roll straight on; but those in the middle of the glacier 

win easier rai8e the weight of a certain l!Iuperineumbent stratum of 
iee, than push the entire glacier before them; they ma.y do part of 

both, but will undoubtedly rise towa.rds the Burfa.ce, and thul! Jib 
uptrortb andfONCardl over the particles immediately in sdva.nee. 

Though I am Dot aware that this form of fluid motion has been 
pointed oat, itll exiBtenee is ecarre)y to be doubted from very ordinAry 
moohanical considerations, and several obvious phenomena also indieate 
it. Th~ such a viacid stream as we have suppoeeci, be it tar, mortar, 

lroocla, glue. elasl<lr of Paris, olag. or cast metal, u..ar;"bly preoe~1a 
wiU:ltJl, or curvilinear Ilrrangementa or the floating ma.t.ter. a.ooom­
ponied by • crumpling or in"'luality or tbe surface. Tb .... in"'luali­
titlS, these linee indicative of motion, which were the very iint indica-­

...... wbieb led me, when .twlying th. "dirt bands; (pog. 162,) \0 

cIiOeonr th<ir nataro, m ... ' be dne to irwqtl<JliIg of motion, aod to DO 

other cause. It is Vaill to look for &ny original linear or tabu1ar arrange--
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tneDt of the particles when,. fluid is poured from & ladle into a sloping 
chaunel, and afterwarda becomes modified into the curves we have 
deecribed. In the scum or froth on a sluggish current of water, there 
was no original arrangement of partidl't8 transverse to the etre&m, 
which has become iYformMl into the elongated loops in which the bub­
bles arrange themselv8IJ, 88 it were spontaneously, during their pro­
greet. These carves are the direct result of the unequal mutual pres. 
sures of the particles; and the whole phenomena, in the case of any of 
the eemiflnids I havo mentioned, are such a&-OOl1lbined wit.h the evi­
dence which I have given, th,t the motion of a glacier is actually 8uch 
a.s I have described that of a. viscid fluid to be-ean lean, I think, no 
reasonablo doubt, IAat tltt' cremca formed 'b!J tAf /01"otJd 8iptlration of a 

IuJJI rigid mau, whOle parl8 are etnnpell8d to more with different f'tlociti., 
hecoming injiitrated vith 1rater, and fro::MI clurift!! minter, prDdu.u 1M 
'IQAd# ~kicf~ frf Itd'et deM."ribed.-

• The _'fe-like figures or floating matter on a Ilioggillh eurf.ace AftI no& at all to be CIo)n· 

fou4oJ wilh thfl aoQaa) direetlou of motion of tbe fhud plU'ticlea. They are curvce of dif· 
/6rt"'W fldoeill mBrely. IIld t.l"C aillay8 m06l perot'ptible I'ear the Iidu of the etream, 
where theTUiatiOnl of velocity AftI grealest A etream, iii • .:: ::. mill.race, covered with .... 

dullt, will &how tbeao linear markinr inclining towards the centn- of the lI~m ; 00' the 

I'AOt.loa of lIby ftoaiiag body, Ma bi' of cork, Ur.&eosibly parallel to the lidea. I have proved 

dM:! tuDe tlUDg by ac:walIy perl'onning the esperiment ~ ill the te1\, of pouriDg 
p!Mter of Pan. and glue iIllo a narrow I'9<'tangu1ar box, aDd tluicing it up by a bit or wood, 
~e at pleuw't'_ The aurface of the 'fiacid D1aIJII was then Itre'fI'ed, whilR level, 'fI"ith 

a coIoved powder, and the tluico withdrawn. The liquid flo.-eo,) eu.etly as I han de­

Icribed, aDd the eolourin! IWl.lter ... draWn out into tlueac1., preei8ely reaembliDg, on " 
miDnl_e, ia 1Wie.e, &ad conwnuty, the 'feWed appearuae of t.be glacier tarfa,ee. The 

~ .. pluaUoA .,.,.... to b.: t.hie :-that the ,-elocity of the central Ittata tendt to pall tbtl 

lateral ~ toWU'dl the centre, .. ~ .. ell as parallel to \he leJlgth 0{ the glacier; dliI pro­
dllOllA a .up, Ia&eraJ as weD .. JongitudiDa 1 diIeontinttity, lot' the actul motion of the llido 
8In&a""" tIM GMltN • uoeedingl)' ...u, ADd (. \be phcooma. 01 mtnine. taU., 
wWeh __ lib ...... cork in the I!s.periIMD& above deKribed) 40M not _Diy 
cIMturb tIM pua'hUam ~ IDOUoa or tbe pu1B or the ice. lD ilion, the in~ 1DO'f1' 

___ are ~ all order _ iaffll'iwo to tbe gea.eral mo_t of u.. .u-m, that &bey-, 
~ _ Wl _ ., 1IiDCIOGlI.' in delcrihma: that rDtftI mO'fWlleD'- tJt.booch by tbI! 
........ 7 .bWt tMr indDoe, u..r bn ...... t ma.:-e of their eal.eee. BIIIl 
if ........ ~_, ~ pi .. be ~ the mn...at towan.1Iw. 
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Ilia" aueeeeded in illustrating this theory by constructing models 
of a 'Viscid material, (& mixture of plaster and glue, which does not let 
readily,) poured down irregular channel!!, representing Alpine valleys, 

eeMre _y, .. IJUppoeed ill the text, be of all order $0 modify appreciably the direGtion 
01 JDO't'eDlent of II puticle. In aD ordinary liquid like water, the dil'llCtion ot the ripple 

IDIII'bI, oocuioned by the friction of .. stream in p1'OOeeding from a widfll' to a nlU'!"Owet' 

dtanMl, iean eumple or tho same thing, namely,liDes ofrnaxilllum mutual frietion or the 
~ ~ ODe another. They eon~~ rapidly towardl the oentrfl of the 1ItrMm, 

wlUJU the motioa of the ftnid, indi.-ted by. tloating body, devi&tel"Wt.IiUle from the dirPe· 

... 01 dM u.ie of the ebanDe1. 
'!'be 1ilUn6 Tiew, ~if ,.tlta7!du, expl&ina the fronlal dip and eonehoidal form orth~ 

__ ~ the top aDd bottom of the glkier. There 16 h_ also a drag acting 

from the upper to the lower mata, and t\asuree are produced in COl1JI&(}1,l6nce of the 
alugp.b loW'l5l' IJtn.ta refMing to follo ... the swifter upper OOeK. This may alia be II 

lJuaDtity of aD order 10 inferior to the actual rate of motion of the jee, u to make it 

iqppreeiable by direet experiment.. 

The experiment, on .. model deecribed in thiA no$e. ie more firietly r.nalogtmS to the 
gl&cier pbeDomena, than thOle o( a more striking kiJld deecrihed in Ihe text, page 379, wheN 
the 1JIl~ or eoloun, natu1'ally givtlll t,Q t.hemind the impfteion or a primitil'e atruetun! 

...... origin of the glacier, which ia meehanic:&lly tkfM"fMIJ into theee CODchoidal sur­
facia, The, etrlkingly recsll. howe,""" this ilIlportaD1. (act, that the direeti.on or maximum 

diIieMiou or the ~ee moat be. not paftIIeJ to the length or the glacier, but in the 
dindian of the branclletl til thee!! eloegat.ed loop!!, linee their elOJlption it the simple 

I'I!IJtllt of the meehanicsl teneloo to wbki!. tbey IU'8 IUbjeeted ; benee, a motion in porfllkl 
diNe&io:na, with.~ ftlocitiM, 01 a Mill of unorganized partioJlIII, conn.edly IIl'ftDged, 
UI_ induce a tDnta&Z 1irIE&t' dis1ellllioo in a direction iDcIiDed to their real motiOllll; and 
th. heiag unequal for adjaoeat portlOJlI, indnoce the delicately ftbrotul &rrangeIDc.Dt of the 

pmrrder on the lSUrl'aoe of the p1uter model, and the IamelW arrangement of the iee in 
the interior or the glacier. 

The leaIR distance which taD ever exist between a rid. and a OtIIlrat"..eWe fl. ean&l • 
.bape4 gkcler, iB blr the bread.tb of tbe gl..cier. Bllt tho unequal. motion of the centN 
... __ leIIde continually to eepan.t.e them wider apert, and to distend the ro. of JIU'"' 
tIdea.bioh OOIlneQe them. The Itruetul'ai baDde aftl, therefore, ~eular to the 

line of groat.en tenaion. aDd bence et"I!VI.IIIII!B will naturally occur, 0f"0Iri"9 tM rtnIetwre at 
rigIIt iJ1f9Mf, whkh I have found empirierJly to be tho cue, (8116 per 170, and dw! line!! 
marked '" and wbi.ch re~nt ereva.etl ill fig. S, P. 29). In pnreuance of thi. principle 
the CftVMlell in an oval: gla.eier are radiating onel ; those of a canaI-abaped glacier mat 
be lIlIp'tly eoD1'ex upwards, and thia i& per(llCtl, confirmed by the crrevu.ed appeuuoe 
whic!b Ule modehI d.elcribed at the ooDmllll1C11meat of thl. note preMO'- Tbey are ~ 

iD't. direc:tion eudl,y perpendieular to the mile of the powdered ewfaee. 
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In order to t.race the motions better, I composed the streams of alter ... 
nate doses of white and blue Auid, poured in euooesBively. I have 
had a great number or such experiments made. The results have 
been preserved, and sections made of them, which I exhibited to 
the Royal Society of Edinburgh in Marcb ] 84<3, and described 
in their Proceodinga. It may safely be elated, that the reeults of 
artificial sections of many of these ex}}()rimenta.l models, were not to be 
distinguished from the glacier sections transmitted by me from Geneva 
six months before, as tho rosults of my observations, which are reprinted 
from the original woodcut8 in t.he preceding pages, Fig.!!. 1, 4, and 6. 
I subjoin a figure of one of the experimental models of a viscid fluid. 
which has been separated from the bed in which it was run, a.nd 
divided so as to show its various sections. 

It was objected by M. Agassiz· to this theory o.f the veins, that 
were it true, so 800n as two glaciers uDited thElY would each Ioee their 

-----------
• &-d:i. of tilfl A.h[J"ol~ Society; .dW,.,". JC*rMl, February 18·'8.. In tha 

oommtlllblioJa, H. Apz confirms my obilervat.ion or tho .. dirt banda;" adopt& the 
Aamfl of I< innual ring.. .. (.&lin.PiU: Jrn'nal, Oetohflr 1842,) and OlId.,."OUl'fI W pt'O'Ve~ 
COIl1otmlty of their intornJa to ~ho actual motion of tho Glacior or tho Aar._ I had aboeady 
dDDeOll the M.er de Glaoe. M. ~ atill inaisbl, th&t glader'll are 'Wat~od~ (100 P'r a1 

or lJi.inolwne,) and h. diatinaut.bel theeo aU-at., IW he WIll the annual rinp, &om tbtI pro-



A THlWaY OF GLAUlw.&8, 

iDdiMai etrum.ure, and bioTa Mingle loop! d\ta to the union or their 
st1'euTls, whereu his observations led him to \?Onelude. that the loopt 
ortwo united glaciers remain distinct. Now, in the first pla.oe, I reply, 
that though the distinct structure of the double stream is maintained 
C;r a time. it is always finally fCOrII out if the glacier he long enough. 
and the filtructure then forms single loops. cutting at an angk the medial 
moraine of the two glaeiers. (pages J 67. 168;) and seoondly. I main­
tain, that this is precisely what a semifluid body might be expected to 

do. For the structure near the centre is always imperfectly deTeloped, 
exaotly became tAwe the differential motion is least; I mean, that 
there is leut discontinuity of parts, because the velocity is nearly the 
same throughout a considerable space, (page 146;) and iftwo gIa.cien 
unite, and move tolerably unifonnly together, they will preserve, for 3 

long way, the structure which tht'y had already acquired, before t.he 

------

)tAr yeb:led IItnetul'e of the ioe. Having maintaiD&d, in all bia earlier writinga, ,baa glacier 

ill horizoDally IItratifitld throughout itA wt.ole uwnt, (Etudt., page .to.) he no ... r.dopte my 
figure 1 of page 37So (or the lo ... er end of hie glad"" and (!{)nneets it with the n~v~. by a 

OOD....uent aerie. Q{ int.erpoled .trua, Ant. rising, aIld then iaUing. M "preeented in th .. 

alllle'.led cut. ... bicb ie accurately copied from flIe original in Leonhard and Bronns' Jour-

uJ, 1843, Heft I. 1 can only limply, but datinetly, deny the n!IIemblan~ to natu~ or 

\JIiII: dMme. and rei.terat.e the oheerration already eeveral timee til&&! in this wori:, 

tMt tIte ~ 01 a gt.cier is, &lid mutt be formed iu the glacier it.etf, not in die Dtyt. 

fftIIb ... uil.of'teon ~ by an iee fal4 ~ AM9""U""" i~a.,paf"16 of t.k 
IfIk'e to,.mer, aa in the Glacier of La. Brenn, (p1'g8 20J.) the Glacier of Miago, (~ 
197,) &be GJaGer tI TaWft, (page 169,) and of A.lIalein, (.-ge 3Ti2.) With DWly other-. 

Not to mention the III:Idion, ~ 3.1.7, of the Glacier of Macugnap, _here the two Itruf'­

tmw an I8eD at 0D0e. IDd perpendkular w each oaer. 
y" ~ ~. the a.amptioa made by lI..AguIi..c, m mW- toaoao'lUltfol' tbiII 

.".-d proIODfatioa of she beds fA the U¢ft into the iDferior glacier. In order to ~ 
the altenWe rile aDcllaD at the atrata, be afftzms, that Ut!IU' the origiD of &be pcier, the 
ice, ill cout&ct witJt the bed, moyS fM&er tUn at the lUZ'faee, but everywJren. ehle, lIlower ! 



ILLUSTRATED BY EXPiUllMKMtS. alII 

new one (representing a singla unitad stream) is auperinducedupon it. 
Now this, as 'wa have !leen in Cha.pter VIII., is euctly what takes 
place at the union of the glooiers of Ltfcha.ud &Dd Geant,-of the two 
branches of the Glacier of TaIefre, and of the Glacier of La Noire and 
La Geant, all of which, originally double in structure, finally become 
siagle, &lld cut the 8epa.rating moraine at an a.ngle. But J appealed 
here also to experiment, and found, that by pouring double streams of 
viscid plaster down a. aingle channel, the separate forms were fJtI!"1 
Jowly worn out indeOO, a.nd perpetuated fa.r beyond the point of union 
of the streams. Tbus the; proposed objection became a strong confir­
mation of my theory. One of thest:l models, also shown to the Royal 
Society, is represented in the a.nnexed figure. 

The illustrations now given will, it is hoped, show that ~ere is .a 
st.riking conformity between the /adH 0/ motion and the/acU of ItruCttJrtJ 

in & glacier. and that the two, mutually supporting .ud oonfirming one 
another, lend strong e~unten&llce to a theory which includes both. It ' 
would . be vary easy to enlarge upon and multiply these illustrati?~~ 
and ooincidenoes, but I am satisfied that I have sa.id enough to p,ut", the 
intetHgent. reader in 'pOIIseB8ion of "the: strong points of the'iheory; <whilst 
'10" 1n";,1' thii chapter will appear already \00 long. A,.,., eifewm" .,, ' ~. . ... , ~ . . - . 
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staoees whioh I$ve DOt been here imil!lted on, appear iu the lettert to 
Plohenl' Jameson in the Appendix. 

Till: idea of comparing a glacier to a river is any thing but new. and 
I would not be supposed to claim that comparison or analogy as an ori­
ginal one. Something very like the conception of fluid motion seems to 
have been in the minds of s('vera.l writers, although I was not aware or 
it at the time that I made my theory. In particular. M. Rendu, whose 
meehaoieal views are in many respects more precise th&n those of his 
predecessors or contemporaries, speaks of "glacierB d'ecoulemcnt" 
as dietinct from "glaciers reservoirs;" and in the quotation at the 
head of thi8 chapter. he evidently contemplates the [XJuifJilit1J of the 
mutual pressures of the parts overcoming the rigidity.· He is the 
only writer of the glacier school who has insisted upon the plaBticity 
of the ice, Elhewn by moulding itself to the endlessly varying foml 
and section of its bed, and he is also opposed to his leading contempo­
raries in his conjecture that the centre of the iC~8tream would be found 
to move faBteet. Hut M. Rendu has the candour DOt to treat his in­
genioU! speculations 88 leading to any certain result, not being founded 
on experiments worthy of con£dence. "The fact of the motion exists,~' 
he eays-" the progression of glaciers is demonstrated; but the man· 
Der of it is entirel!l un1nmcn. Perha.ps by long observations a.nd well 
made experiments on ice and snow, we may be able to apprehend it, 
bv4 u.e" fir" elementf are Itill ttantiug."'t 

1 feel bound also to quote the significant expressions of Captain Hall. 
pointing to the eoncevtion of a semifluid glacier. H When successive 

• Bee ....... J01 ofhia.ark for .. W01pariton betweeD .. &Iacler &.lid a riyel'. 

t "I.e .. dIa~' "iM, la ~ dee Glr.den at dl!mOlltlft; I:DU 111 
mock -' eo1iiNoent inconlltt. PeuHlre aYee de 10lIQ'1* obeen'ati!lba, dee ~ 
Wee ,.. IU' la sl.ee '" la nejge Yiendra-kIn a bout de Ie .ilir ; maia c-. prtmler'I & _ 
__ __ JDaDqUf1It ftlCOft."-T.korit H Gu,rim, 1'. 90. 
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laY611;1 of snow," he says, speaking of the Glacier de ~ u Of~D 
several hundreds of feet in thickness, come to be melted by the sUD,and 
by the innumerable torrents which are poured. llpon them from every 
side, to say nothing of the hea.vy raiIUI of summer, they form a mus, 
not liquid. indeed, but such as hu a tendency to move down the highly 
inclined faces on which they lie, every part of which is not only well 
lubricated by mnning etreams resulting from the melting 8nOW8 on ever] 
aide, but has been well polished by the friction of ages of antect>den~ 

glaciers. Every summer a ('ertain but very slow advance is made b'y 
these huge, sluggish, slushy. half-snowy, half-icy aecumu1a.tions.". J~ 

is plain, I think, that the author had an idea. that liquid preasRl'I3 
might drag a. mass over its rocky bed, which would Dot move upon it 
as a solid. 

But such speculations could not pass into a. theory until supported 
by the definite facts of which M. Rendu deplores the want. I too, 
like my predecessors, though independently of them, had compared th( 
movement of glaciers to tlUl.t of a. ductile plastic mass, in 1841, when J 
spoke of the Glacier of the Rhone as .. spreading itself out much &I!I ; 

pailful of thickish mortar would do in like circumstances,"t and again, 
when I likened the motion of glaciers to tha.t of a. great river, or of ~ 
lava stream.! But I knew very well that such analogies had no claill 
to found a tlte01'!!. I knew that the on", or the proof lay with th( 
theorist,-(l.) To show that (contrary to the then received opinion; 

the centre of a glacier moves f~test; and, (2.) to prove from d.iroo1 
experim~nt that the matter of a g~a.cier is plastic on a great scale 
a tact which seems so repugnant to first impressioD8 as lately it 

have been urged in a most respectable quarter,§ as rendering tJu 

• "P~k," yol. i., p. 104, et ug. Tbe whole ~, wbich is tN> Inn .. II> quoko 
gi¥ell an aidmirablo ,pXmre of tLe glaeier world. 

t FA.. PA4f.~, Jan¥rY J 842-
t ~rglBnNc, ApriI1842, p • .54. Bo\b lbote &I"ticM...,eft ni,*"p in,te, 
§liMI~"" 11 .......... 1""""'1 ,,, .. 
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doctrine of semifluid motion untenable. No one had. a ngllt .LO 

maiu:tain the theory of fluid motion as more than & conjecture, uatil 
at least these preliminary obstacles were removed by direct obaen~ 
tlons. 

These observa.tions have been made, and the result is tho viscous 
or plastic theory of glaciers, as depending essentially on the three 
following class&8 of facts, all of which were ascertained for the first time 
by observations iu 1842, of which the proofs are contained in this 
work. 

1. That the different portioDs of any transverse s(>ction of a gla.cier 
mOTe with varying velocities, and fastest in the centN'!. 

2. That those circumstances which increase the fluidity of a glacier, • 
-namely, heat and wet,-invariably accelerate ita motion. 

3. That the structural surfaces occasioned by fissures which have 
traversed the interior of the ice, arc also the surfM'es of ma$imu"t 

~ in a semisolid or plastic mass, lying in an inclined channel. 
There is only one other point to which I would invite attention, and 

it is this. We have nuticed, page 153, the enormous depression which 
the surface of the ice undergoes during the warmer months of the year. 
'Ve may be sure that, in some manner nr other, this is made up for 
during winter and spring. I already suggested, in my fourth letter to 

Prof6880rJamcson. in Appendix, No. Il, thattbis may be partly owing 
t,Q the dilatation of the ice during winter by the congelation of the water 
in its fis8uree:, producing, &t the same time, "the veined structure." 
The gl&eier is very far indeed from being frozen to the bottom in winter, 
for we bve seen that physieaJ principles are opposed to this, as well 88 

the fact tllot the motion continues during all that period. showing 
that a great portion of the icy mass is still plastic. It is, however, ex­
tremely probable that the congelation extends to a considerable depth, 
and pn.doces the usual effect8 of expansion. I think, however, that 
the fa.planation, though correct so rar as it goes, is madequte, and 
that the DlAin cause of the restoration of thti surface is the diminished 
fluidity of the glacier in cold weather, which retards (as we know) the 
motion of all its parts, but especially of those parts which move most 
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rapidly in summer. The disprop{)rtion {)f velocity thr{)nghont the 

length and breadth nf the glacier is therefore les!!, the icc more pressed 
together, and les8 drawn afmnder; the creVa'3Bes arc consolidated, while 
the increased friction and viscosity caust;S dlO whole to swell, and 
especially the inferi{)T parts, which are the most wasted. Such a. hy­
drostatic pressure, likewisc, tending to press the lower layers of 
ice npwards to the surface, may not be without its influence upon the 
(so-called) rejection of blocks and sand by the ice, and may even have 
some connection with the le('UP'cnce of the " dirt hands .... upon the 
surface of the glacier. Dut I fvrbear to enlarge upon what is only as 
y('t to myself IY.Injectura1. • 

I ha.1'6 no doubt, however, that the convex (\Urface of the glacier, 
(whicb resembles that of mercury in a barometer tube,) is due to this 
hydrostatic pre8Sure acting upwards with most energy near the centre. 
It is the H renflement" of Rendu, thE' "surface bombce" of Agassiz. 
Exactly the contra.ry is thc case in a river, where the centre is alwa.ys 
lowest; but that is eu account of the extreme fluidity, so tha.t the 

matter runs oft' faster than it can bf' supplied; but in my plaster 
models, .this convexity, with its wrinkles and waves, was perfectly 

imitated. 
In its bearing on the theory of the former extension of th<! Swiss 

glaciers, (Cllap. IlL,) We' findt that the doctrine of semifluid motion 
leads us to this important conclusion,-that as large and deep rivers 
flow along a far smaller inclination than small and shallow ones, (a cir­
cumstance depending mainly upon the weight increasing with the sec­
tion, and the friction, in this particular case, with tho 1£11.8 of contact 

witb.the channel,) the most certain analogy leads us to the same con· 
elusion in the ease of glaciers. We cannot, therefore, admit it to be 
any sufficient argument- against +ho extE'nsion of ancient glaciers to 

'the Jura, for exAmple, th&t they must have moved with a superficial 

elope of one d~, or, in some p8<rts, even of a. half of" a quarter of 
that amount, whill!lt in eX~8ting glaciers the slope is seldom or never 

-------- - ------
• ELI' 0& B-sAuaoMT, .dJlttaU. du &UNr't G;"'o;Ji'1~'" par RIf'j~n.la.f2. 

2 n 
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P and philoeophe1'8 have delighted ~ compare the eo rae 
human life to that of a river; perhaps a still apter simile might be d 
• the history of a glacier. Heav. nded in ita origiD, it yet 

• mould and 00Di0 • from • omb of moun-
hich brought • 

fltlul_t.r and fiftftlWlillll 
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fa But 81 it is resolved into ita elements, it takee all at 
onee, • DeW, and Hvelier, &nd disembarrused. (orm ;....:.from the wreck 
or ita memben it &riaee, "another, yet the .me, ~ --6 noble, full­
bodied, arrowy stream, which leaps, rejoicing <ITer the obstacles which 
before had staid its progreas, and butene through fertile q,fJep to­
warda a freer existence, and a final union in the ocean with the bollJlCi.. 
I. and the infinite. 
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~(). I. 

ON A HEMARKADLE STRUCTURE OUSEHVED BY nit; AU'l'HOR IN THE 
ICE m' GLACIERS.-

., TUR object of the pretICnt short cOlllmUIlic~tion is little more than to lIou­

nounco and dCllcrihc II. peculiarity wllich the Ice of Glaciers frequently exhibits, 

interesting in it.-lclf a/:I connected with tho theory of their formation and pro­

lllLb'tl.lion, .lud pt'rhap~ baying a bearing upon the explanation of somo facta 

long felt. by geologi~ts to be perplexiug. 

" Uu,u I yielded to my own first impulse, this commtiDi!'lltion would ha.ve 
formed but a rart of 8. mucb more extensive one, inoond(ld to give such an 

attOllut. M I hest might, of tho preaent views ontertaltted respecting the 
mtlChanism amI. ronservation of glaci~t'll, and the curious and interesting ques­

tion of tIleir Melant extension, and perhaps Vll.Bt geologica.l. influence in pro­

ducing 801110 of t110 lli.test eYidenoos of revolution on the surfa.co of the globe. 
When 1 considered, however, the great extent which such a communication, 

to be h"'Cnemlly intelligible, mu.st D!.-"cessarily bave-and farther, that a. large 
share of the mllterial must be drawn from the works IUld tho observations of 

otilef'6,-when I reeollectoo, besides, ~11at however earnest and sustained had 

betn my in\'estigation ol these curious point&. there was still much left obscute 

or unproyed to my own mil1d; in sbort, that the communication I should IB.y 

• Re.d. to I.ho Ro:.~ s...cwty of E.di.nburgh on the 6th lk-Ol'1n\~r 1841 , and ruhh~hed in 

t&< Ed'III6.~ N(I~ PltihnoJ,It" J".rllal fUl' JIUlua.ry 1842, 
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before the Society could not have that oompletene9fl, deteraU!l&tiOD, anJ origi­
nality, which could properly entitle it to a ~aneat place in the Tr&:llIaI)-" 

tiooe of our Body, it /teemed to me that the wisb whioh had boon expMeed 

by very many of those to wbose judgment I 3JI} moet willing to defer, that 1 

abou.ld tnake such a detailed communication, Wfl8 one with which, in my offi­

clal position a& Secretary, and having in some degree the control of the arder 

and diBtribution of bumness, I could not properly comply • 

.. I do not, however, relinquish the idea of laying before the Society. and even 
at conaiderahle length. the conclusions which I ma.y ultim&tely form respect­

ing the great physical and geolob>ical queatioDS DOW at i88Ue, aod tho facts and 
reaaoDings upon which theBe concilUlioDe are founded. The Glacier Thoory, 
.. bether it .regards the pre&ent or past history of tbooo mighty and reaiBtl£l88 
vehiclea of transport &nd iDBtrumenu; of degradation, yielda to DO othor physi­
cal apecul&tion of the preeent lI&y in grandeur, importanco, interest, and, I 

had almost. mid, novelty. I look forwa.rd to the }U'OIiIpec', which I hope may 

be realised, or erklnding much farthor, during anotber summer, my direct 

obeenatioll8 and experimenta, and in the meantime I desire to prepare myeelf 

for t.he task, by a thoughtful review of the 6xperienoo I have already bad. 
and & elOlle ana1yais of what bas been already argued and written npon the 

sabjoot~ Should the reswt be sueoessrul, the Socioty may, a year hence, 
expoot the communication of it. For t.he pl"e86nt.. I mean to confine myaelf 
to the dEflCription of 8. single fact., which appears generally, if not unive~y, 

to haTe eecaped the DOtice of former travellers llJDongst. the G~ 

" On tbe 9th of August Ia.st (18+1) I paid my first visit to the Lower 'Gla­

cier of the Au, upon or near wiUch I spent the groater part of three weeks in 

company with Profeseor AgalEiz of Neufehatel, and Mr. J . M. Heath of Oam~ 

bridge. It. ia IIUl'prising bow little we 800 ~Dti1 we are taught to obeerve. I 
had croeeed and reer'Of!IIICd many glaeien before, and attended to their phen9-
meoa in 8. general way; but it wu witb Ii new senl!lO of the importance aad 

diftieu1ty of the invetrtig.tion of their nature and funotioD8 t.hat I round 8OID&­

t!Wtg to remark at every step which had not struek me before; a.od oven in 

the 00'IItIIe of'tbe walk along qur oten gl&eier, (u we considered that ef the 
AU', when we had taken up onr habitAtion upon it..) we fouoo on il.8 T_ 
and varied aurfaoe lOIDething each day '?i'hioh had totally eeeaped U8 before. It 

was foUy tbJtle boum' good walking on tbe ice or moraine from the lower 

estremity of the glacier to tbe huge block of Bronc, under wboee triendlylhel­

tftf we were in eDcamp; and in the CQurse of thid wlllk, (a distaDoe of eight 
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or nine miles, on a moderate oomputation, allowing for thc rougbnees of the 

way,) ou t~ 8m day, I notioed in &Orne pam of tbe ioe an appearance which 

I cannot morc aoourately dClflribe tha.n by calling it a. ri6lKmed .trueturjl, 
formed by thin and delicate hlua and blul'lish-white bands or struta., which 

appeared to traverse the ice in a vertieaJ direction, 01 rather which, by their 

apposition, formed the entire mass of the ice. The dircctioD of tbe80 bands 

was parallel to the Icngtl. of tbe glacier, und, of course, being vertical, th6Y 
cropped out at the aurface, and wLerever that aurfn.ce was intel'8OOted and 
amoothed by auperficial ... ater-oour8es, their atructure appeared with tbe 

beauty and aharpn~ of n. delioately-veined chalcedony. I WSI> surprised, on 

remarking ;t to Mr. Agall8ia UB a. thing which mnat be familiar to him, to 

find that he had not distinctly noticed it beforo-o.t least if be had, that he 

had conaidered it lUI a 8uperociaJ phenomenon, WllOlly ,.mconneeted with tbo 

general structure of tho ice. But we lw.I not completed our walk before my 

ewrpioioD that it Wa.!I a permancnt And deeply-scated structure W88 fully oon­

firmed. Not only did we trace it down the walls of the Ct8 \'a8!168 by which 

the glacier is intertlCOted, 8,8 far 88 we could distinctly 1iICC, but, ooming to H. 

great excavation in the ioe, at least 20 feet deep, fonned by running water, 

we found the vertical 1Itra.ta. or ba.nds perfcctly woll defined throughout tile 

whole maBI:I uf icc tl') tha.t tloptl.. Where tue plnne of vertical section W&$ 

eroded by tba action of water, the barrIt,. aroms of blue ioe stood protuberant; 

whilst tbe intcnncdinte ones, parta.king of II wilitiah-grcen c.olonr aud granu­

Is.r structure, were wa.shctl out. We did not s1cep that night until we barl 
traced the structure in all directions, even far above the poaitioo of oor caLin, 

and qa.ite from side to eide 8Croas the spacious Glacier of tho Finster Aar . 

.. During the whole of our suhaeqnent h'8idcnoo amongst the glaciers, the 

phenomona and CI1I1808 of thia structure oecupied our thoughts very frequently. 

We bad much difficulty in arriving at a oorroot dosoription of the manner of 

its occurrence, and still more in fonning !l theory in the least plausible respect­

iug ita origin. 
'" Its importanee, however, as 1m iMK-a.t.ien of an unknown ea.uae, is very 

~t; not only J:.eca.uee an that can illUBtrt.te what is BO obecure 118 the man­

Ilet of pier torma.tioD a.nd J.OovemeD~ ill eo, bnt beoatl8O it is precisely OD 
thiI .,ery point of "Wb.t. is the internal atructure of the ioe of a glacier 1'" 
tJat. the qaem01l DOW pending respecting mt.emal dilatation as a. tolCO pro­

daciug progttJIIitm, mainly hangJ'o Some conaider ioo M compact, ethen &8 

gt&tlular; IOIne U crystallil8d., other'll aa fractured inte fIJlgular lragmenta; 
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some 1108 horizontally stratified, others as homogeuooU.!!; ~me 88 rigid, otbe1'8 

as plastic; SODle as wasting, othcn 88 growing; eoma 88 abllOrbing water. 

others as only parting with it; and yet no onc soems to havo obaerved, or at 

least obaerved as an ouj<'ct of Btudy, this pervading slaty or ribboned IItruo­

ture, to be found probably in ODC .ptU't or other of every true gla('icr . 

.. 'Villi re!c.''UrU to e.etent, this structure wat! observable on the Lower Glaoier 

of the Aur, (rom ltd lower extremity up to the region of the fint or 'fIeflC, 

where, tlie icy structure cOMing to exist, it could not be looked for; yet even 
there, whert' frequent thaws, inducoo by the neighbourhood of rocks or stones, 

produced a compacter structure, the veill~ becamo apparent. In SQlue paris 
of tho glacier it appcan, more developed than in othora: in the neighbourhood 

of tbe nwrainu. and the wallt! of the gln.eier, it Watl most apparent. Thill 

would seem to infer a relation to the frequency of thaw~ an<i l"Nongelation, 

" H. penetrates the thidcmll of the glacier to gr<>at dellths. It is an integral 

.part of its inmost structure. Tllat it could not IIf' the production of a siugle 

I!IE!:a8OD I was bpcedily con' inced, by obsen·ing, that where old crevll88es fis­

sured the glacier transversely, the vein('d st.ructure not only waa reproduced 

on either lIide, but frequently with II. 6hift or dislocatiun, or series of parallel 

fissures, pre9Cnting sometimes a series of dislocatiens advancing ill ODe direc­

tion. 

" The ~()llr6e of the veined structure wus,!/cnerally 'peaking, on the Glacier 

of the Aar, strictly parallel with ita length, and "hat with a degree of MeU­

rocy which SE>ems extraordinary. if we attribute ita production to the remote 

influence of the retaining wall!! of tim glacier, distant at leQ.ljt half a mile. 

Near the inferior extremity, where the declivity becomes rapid, the structure 

varies itt. JIOllition in a manner very difficult to tl'aC(' satisfactorily. There 

can be little doubt, however, that the non.rly horizontal banda which appear 

on the swep declivity of the glacier at its lower t.ennination, are nothing else 

than the outcropping of these bands, which have there totally changed. their 

direction, being tranUlern instead of longitudinal, and leaning forwards in 

• t.he directioll in which the glooier moves a.t II. vcry considerable angle. The 

icc in flus part of the gIa.cier is distinctly granular, being composed of large 

fiseured mo"8Cls, nicely wedged together; a.nd the ribboned structure is greatly 
obrteu.rOO. There eeems no doubt, however, that the horizont&l stratifica.tion 

1b the lower part of glaciel'll, insi8tOO. on by 80vernl writers, is merely a 

deception arising from this ca.U9C, 80 familiar to the geologist who gets .. l!Iee­

tion .perpendiculn.r to the dip of I:itrata., whirh, therl.'fore, lI.pPea.r horizontaL 
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Towa.rds the I!ddes or walls of the b"lacier, at its Ivwer e,xtremity, the veins 

have their pla.ne twisted !'Qund a. vertical axil!, baving now their dip towards 

the centre of the glacier, ann rising againl!t the walls; and this inclination 

sometimes extends nearly to the &xis vf tho glacier, or the medial moraine. 

where I ha.ve observed tlle veins deviating from tllo vertical by an angle of 

about twenty degrees. the bflJldtl inclining from the centre, (or rising tolVn.rda 
the walls, ) as if the preasure nriaing from tho superior elevation of the glacier 

umier the moraino had !l'luooZCt! them out. Tho whole phenomenon haa a. 
hrood deal the air of being a structure induced perpendicularly tf) tlte (ina 0/ 
greatellt prCl~url3J though I do not Il8.!!Crt tha.t the statement is general. 

WhiM the glswicr is eonfiued bctwl,'Cn pr!'cipiwua barrim'J witb a feeble 

inclination, tile structurtl ill longitudinal. As th., glacier, by its weight, talls 

oycr tIle low('r part {Jf ita Lcd, and moulds iUiolf into the t{JrID whi..:h the con­

tinued action of graYity 011 ita somewhat pla.!ltic structure impI'P,69C8., the lon­

gitudinal structure iii first annihilated, (for throughout a ccrtllin space we. 

could detect no indications of ono kind or other,) and tbo bunds then reappear 

in a transvcroo direction, ag if generated by the uownward and f(\l'ward pres­

sure, which, at the lowest part of the glacier, replaces the tight wedging 

which higher up it recoin . ..} InteralJy. It is not e8J3Y to convey without & 

model It cleW' j()pll. of dill forws of surfaoo here intended, and which yet 

require cODsidera.bl.., correction. 

"I may mont.ion, howcvor, that the Glacier 

of the Rhone, whicb I Lave carefully ex­

amined, prescuts It structure in couformity 

"itb the view thus developed. It will be 
recollectotl by all who hM'O seen that mag- \ 

nifioont mass, tha.t It pours in colossal frag- j :.ir- c . 1 

mente over the rocky barrier 'which separates . !kA!, .... t, .•• ' , "· '-'I""~/"" ".i"o,! 
the Gallenstock from the valley of the Uhone, y.:/._ 
and bu.'dng reached the lallt-namN voJley. it ,~/. - . 

spreads it.selt lWrofli and along it pretty treely I \ \, t-.~~ .. ;~.~=.~/ 
_much M .. padful ot thiekish mortar would ~'" -.... - . _. __ 
do in like circnmstancea. The form into which ~~ W -:., __ _ p ____ • .,,.In •• ' 

• iJl/ .... "" II,. 
it spreadH ill rudoiy repreaonted in the annexed ~:!r/ ~-3... 11_ 

6gure. In tbis particwa.r ease, even the I' '-'- • TI>o __ • 

strongeet ~_1'I11 of the !1i.latation theory \l; 

.",ill bardly deny. th.t tJu~ a.coumula.t.oo ice dCl!Cendillg from lIIIe glaciel 
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cotW"1'lt A would form a centre of preasure at C, a.nd that the lines of eqJ.laJ. 
~ woeld be fO\lnd in the direction of the dotted linea, followi-.g nearly 
&lie periphery of the glacier. Now, these dotted Jines preeillOly traoe out Ute 

008l'IIIe of the veinoo structure alluded to; and, moreover, they bend DlOJ:(! and 
mom forwarda as we proooed from the centre of preselll'6 C, especially in the 

ditootion of D. the line of greatest inclination of the bed, and down whiob 

gravity urges tbe icy rna8&. The front of the glacier, iIobout E D F, presents the 
lallacions appea.ranoe of horizontal strata, as in the Aar Olaci~r; but theae arc 

found to dip inwards at a.n angle of 10° or 15a, which IUlJCle oontinually in­
CftIUe8 as "e appl"OtlCh the hee.rt of the glacier, rising to 400°, 50°, 60° and~ven 

70° 88 we approach C. It cannot be doubted, that these foots ure 80 Car 
favonrable to the view which we have taken, althougb the establishment of it 

would require far more extensive observation; a.n<l in several glacier& which 

I hue visited, the obeer.-ation of the convolutions of the veined structure ig 

Frery di8icnlt and obscure. Before quitting the Bubject, I mUBt add an obaer­

vation which I made on the Glacier of tho Rhone, and which I am pretty 

con6.dent ia well founded. Tk linu 0/ fo.urea, or cr6~IU, are alway. per­
JMfIdicuJor w tke conical IUr/iJCN of tM f'eined 8tnu:tlm. Th680 fissUre8 are 

denoted in the figure by tho full lines a a a. Perhaps the primary cause of 

lbe8e fiaeures is, that the pl'CB8ure of the ice at C foroce the glacier to distend 

Haelf into continually widening rings, which its rigidity roosts, and therefore 

it becomes traversed by radiaJ. ctevU8eS . 

... The veined structure iteelf, I have tUready said, a.risee from tho alternation 

of more or less compact bllDd3 of ice. The breadth of tbese varies from a. 

small fraction of an inch to eevp.rW inchoa. The more poroua of these band!! 
are tbe likeliest vehicles for the transmitIBion of water from the higber to tho 

lower part of a glacier; and that opinion roceinl6 BOme conJirmation from the 

fact, that, at a ocrtain depth in creV8.8IMlfI, we may .tee t.be veined structure 

marked out and exaggerated by the frozen stalagmite, which is protruded 

from the 86Ction of the more poroua layers. 

" Tn cooelusion (for the preseDL,) thi" &trncture deee"e9 the attention of 
goologista ~nerally, M showing how the a.ppeBJ'&llCe of the moet delicate strati­

fication, Md ot eedimentary depoaition. may lle produced in homogenooWl 

ma.eeee, where nothing of the kind has oocuned. For a ahort time, indeed, I 

1'1'&8 oC opinion that thill structure resulted from true stratification; but a 

closer e18.minatioD of the masa convinood me that, inexplicable &I the fact re­

mains, it mOBt be accounted for in lIome ~er way. We have ;ndea.vonred to 
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ahow &z:I empirical connection which, appears to exilt between tho Bt.ruetural 

planes and the 8U1t.a.ining walls of the glacier, and likewise that the roounenoo 

of congelation a.nd thaw appears to strengthen the formation of the bands, 

But this cannot. be considered lUI in allY degree amounting to an explanation. 

The analogous difficulty of slaty cleavage in rock.l:tl, presents itaelf 88 not im­

probably oonnectod with a similar unknown Cllonec, whoee action pervaded the 
tna88 of the crystallizing rock undergoing metamorphic change~ u thi, pel'­
vades the mB118 of the crystallizlng gi8.(lier. In the former cue, we have 

cleavage planes perfectly parallel, almost indefinitely extendiug with UD­

&Jte'I'Od featutes over vast surfaces of tlJe mOBt rugged conntry, cha.ogiog 

neither direction, dip, nor interval, with hill or valley, cliff', or ecar, and pBIl8-

ing dike through IItrnta whose planes of stratification, horizontal. elevated, 

undulating, or contorted, off'er no obstacle or modification to the omnipotent 

energy which has 1'OOJ'l'&ngoo every particlo in the maaa ,uiu~uent to depoai­

tion. The au'pposition of Professor Sedgwick, who has minutely described aDiI 

considered thill goological puzzle, that" crystalline or polar foroes acted on the 

whole mlL88 flimultaneously in giving directions, and with adeqt.L&te power,"· 

can ba.rdly be considered QI'I 8. solution of the difficulty, until it is shown tbat 

the forces in question have 110 a.cted, n.nd can so act. The experiment is one 

whrcb the holdOBt philosopher would be puzzled to repeat in bis laboratory; 

it probably requires acres for its 8COpc, Rnd years for its accomplishment. 
M~y it not b6 that N a.ture is perfomling in her icy domwn 1\ repetition of the 

same mysterious pTOOeea, and tht in another view from the one which hu 

reeently been taken, the Theory of Glaciers ~ay lead to the trne solntion of 

geological problems 1"1' 

• ~ TrallliUttolt', Seeood Serle", iii. 477. 
l' It . ill be underetood that I do not _ suppose that there is any panllalism between 

dao pbenomona of rocky cleaYag(! and the ribboned :.trueture of the ice. On.u the other 

poin" 00D'idered in t.hill paper. my opiaions are not onlT nnchanged, but entirelycontinned 

b'y ad,dit.louJ uperieuce.-J. D. F., June i.843. 
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}'OUR LETTERS TO PROFESSOR JAMESON, CONTAINING AN ACCOUNT 0,.. 

OBSERVATIONS ON GLACIERS, MADE IN 1842." 

u CoUIUl,I.YIl.Ua, PU!.PIIOllT, 4th. JvJy 1842 • 

.. My DEAR SIR.,-Knowing that you will be glad to hear of my we ar­
riva1 amongst the Alps, and of my farther procec<linga, I hasten to give you an 

account, in a. few words, of what I have fU3 yet dOllO. .Fiwling the SCILSOn 

more than usually advancf'd, I hastened to reach Chamouui, in order to lUlCor­
tain whether the Mer de GI3oCO was u.s yet IlcccSI:!ible in all ita cxtent; and I 
arrived at the Montanvort on the 24th June, and rcm;tinod Ulero {or a week. 
I WR8 fortunate enough to cOllvey all my instruments to their dC8tination, 
without, I believe, injury to any oue of them. The .Mer do Glace, 60 000-

tinua.lly visited by tho curious. but so little studied, EIOOmoo to mc to offer 
great aAvant.a.gee fur the prosecution of the objects which I proposed to my­

eelf. At first sight it appeared to me steeper and more crovaaeed thlUl I 
recollocted it to be, and I doubted for !l. moment whether it was adapted for 

my experiments; but that dou!lt vanished upon closer examination; and in 

the course of the single week", hich I have boon able to spend there, being 

favoured by most ~xcellent weather, I have obtained l'C8ults so far definite 

and satisfactory, that, imperfect as they necessnrily are, And only the com­

mencement of what I cxpect to accomplish during the remainder of the soaaon, 

I will state them sbonly. 

~ Yon will recollect that, in my lectures on glaciers delivered la.et December 

and January, and afterwards in an article writtf'n by me in the Edinburgh 

Review, I iusieted on the importance of considering the tnechani8m. of glaciers 

ail & queatiou of pure physics, and of obtaining preci86 and f.J.unntit.a.tive mea.-

• }o'rom 7'A~ EdHlblrgA Nn PlnlQfOl'hlcal JVlnlai for <ktober 1842, and Jauuary JBU. 
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IIUrt!8 &II the ollly balli!! of accurate induction. I pointed out, a.lso, tbe several 

E'1poriments of a critical kind which might be made; such, for instance, as 
the de1cnnination of the motion of the ice at difforent points of ita length, 

in order to distinguish between the thoorlCb of Dc Saussure and De Charpen­

ticr; for, if the glacier merely slides, the velocity of all its points ought (in 
the simplest case) to he the same, if the glacier swells in aJl its tn8.86, the 

velocity of tho inferior part ought to be greatest. or COUI'8(l, I do not llOW 

u.dvert to the many causes which might accidentally invert this law, and which 

would require to be fully taken into aeoount; !<till less do I mean to say that 
anything I have now to statl' can be considered as critically decisive between 
rival thcoriC8; but my c:r.perimC'uU! cerlainly do allOW that. the kind of preci­

sion which I dellirCfl to 800 introduceJ into fClU'(mingOl about tlJis Bubject, is 

pnwtica11y attaiuable, even in a far highf'r degree than I expected . 

.. Fnrexample :-Tlte motion of gla.eicrs by the mca.~urcment of the distance 

of blocks upon its 8Urffl(lC from 1\ fixed point., from one year to another, hM 

marked indubitably the anllual progress of the ice. I do not know that any 

one has alwmptod to porfonn the mCllBurement in It ma.nner which could lead 

to any certain conclusion respoctiIJg the motion of the ice at one 8C880D com­

paml witL another, or from month to month; still less has any one boon a.ble 

w st.a.te, with precilwn, wllCther tIl(' gi3.('ier mo\'ell hy stam a.nd irregularly, 

(as we should certainly expect on tIlO siilling theory,) or uniformly and 

evenly; and if so, wheth('r it moves only at one part of tb .. twenty-foUl' 

hours, and stands still during the remainder. (as we .,lIould expect on the dila­

tation theory, a.a ('omulOnly expounded.) Now, I have alroady been able-

.. J It, To show and mellBure tli(' glacier motion Dot only from day to day, 
but from /wur to ItOur, so th:lt I can toll nearly what o'clock it is by the glacier 

index. Tha.t yon may hnve an idea of the coincidence which these experi­

monts I)roaent, I give you the lon~itudina.l motion of a. point on the Mer 'de 

GJaee during four consecutive days, 

J 5.2 inch(¥< 1 f..a inchtlb. 17,5 inches. 17.+ in('h('s. 

.~ 2tl, Thill motion, e"idcntly incompatible with andden sta.rts, takes place in 

the glacier fU a ",holt, undisturbed hy the most enormous dislocations of its 

8Ul'ia06, for theM! mewlUJ'08 were taken where the glacier wa.a exceasively 

crev..-.ed. 
"'- 3d. "Thill motion gOOll on riMy and ni'!At, and if not with a.beolute U01-
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tomtit,. at leut without any eonaiderabJo anomaly. On the 28th-!9tb June 

the awliOD 

from 6 P .•. to 6 A..M. "88 8.0 inches, 
6 A..M:, to 6 P... 9.5 

291h-.3Oth, 6 P.l!, to 6 A. ••• '.5 
6 A.M. to 6 P... B.9 

seeming to show a greater motion during the day. 

<I 44A, In the partiouJar OU& of the Mer do Glace. the higher part (the • 
Glacier do Leoba1l:d) mOYCi ,Weer than tM lower part near the Mantan¥f'rt 
in Ute proportion of a to 5. 

" "'''. The eentnJ. part. of the glacier movell Euler than the edgee in a very 
cml8iderable proportion j quite contrary to the opinion geoprally entertain~. 

" Tbel'9 C&D.nOt be a dOllbt of the accuracy of theee reeults ritkin the limit.· 
in which tbeoexperiment h .. been made. 'fhey pnlV~ bow completely pro­

blaD.e of • pnre1y pby:sieaJ character admit of aooura~ inveetigstiou; IIoDd 
wheD • larger induetion ahall have freed the 1'e8uitA from. loe .. 1 elTOf8, it iA 

evident tJ.t we ahalI have tbc solid ioundatioll! of a. theory. My wish to eee 

the tGt.aI. eclipee of the sun Ob the SUI, hae brought me to the IIOUth side of the 

Alpe toOOM' than I could have wished; but I ba.ve now fixed 8() many pointe 

OD the Mer de G~ that, on my return thithe', I shall be able to obtain 
more comprehensi,.e ftl8U.its. But what ia moat important in the wbole mat-. 

ter i. thill,-tbat &D ~1: fumilhed with the proper iDBtrnmentA and me­

thode may, by ape¥ing & fe .. days on a glac::ier, determine at 6I]Y particnlar 

eeMOn the amount of iw motion at .n tbe e8fJenti.l pointll, within the limit. 

whieh aD,. glauier theory can require. 

eR".OUll'I, 1011 ... .., 1M2. 

" )ly DUB 8Ja,-SinC6 I lut wrote to you on the 40th July from Coutnla­

yev. I laave examined, in detail, the two principal glaoieJ'l of the Allee 
1I'-he; ud having"'- the All" from CoannaY""" by the Col du 
G6ut. whEn 1 ~ the satisfaction of .till finding the MDaW of SH.sure'. 
c.bao of 1788, I have pnrsu.ed for a. fortnight my experi~tIII OIl the mo­

tion of the lIer de GIaoe. Beiq- oompoeed, all you knoW', of Imn'Il triba. 

ri. which are iD IIOme ~ indepesdeut, and preeeating ..... couiclerable 

Tflriuty of IIln.oe, this glacier 8OO1DIa8 proper u any for detailed esperimea.., 

mch M thote which I am. a«emptiog. Being abo.t to qaii thiI pi .. on a 
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tour to Monte-Ro8IL and the glawio1'8 east of the Grea.t St. Bema.rd, I wieh to 

explain to you now in what rcepoet my observa.tions differ from those fonnert,. 

undertaken on the glaciers, und to mention a few resulte, which, of oourae, 

being as yet only partial, ought not to be con~jdcred as altogether decisive of 

the truth or faleehood of any theory; still I believe it will be admitted that 
the facts oatabliahed in my laat, and which farther experience h89 confirmed, 

militate strongly against some of the received opinions 88 to the eau.ee of gla­

cier motion. 

" You are aware, thllt, in my lectures on glaciers in December and January 

last, and in an article in the Edinhurgh R~wiew for April, I insisted, and IJG 

far Il8 I know it was for the first time, on the importance of considering the 
gl&(;ier theory a.a a. branch of mechaniea.l physiCtf., by whioh I meaa that the 

eauee of movement should be ascertained inductively from the obeerved motion, 

carefully and numerically a.seel"tained at different points. It is becall8EI anthon 

have oonsidered the problem as too simple a one to require a systematic ana­

lysis, tbat we find little or nothing done in this respect ; and it may be.ffirm­
ed, without any disrespect to the ingeniolls pel'9Ons who bave &8I!Iigood probable 

c&U!1C8 for the movement of these Ill&S8e6 of ioe, tbat their solntions have been, 

like the astronomical theori611 of the e:ll'lier' cosmogonists, hued upon some­

what vague analogies with better understood phenomena, IlS when the analogy 

of magnetic attractions geOm. to offer a. para.U61 t .... the mechanism o( tru, Ilea.­
vens in the theory of Gilbert, and that of fluid eurrents g&ve riB6 tn tbe Car­
toaian vortiOOll. The Newtonian theory was based upon ita coincidence with 

the ernpiriea1laws of planetary motion. We have as yM. no empiricall&w. 

of glacier motion, consequently no proper mechanical. theory can a& yet be 

adequately tested. I endeavoured to point out in my leetnret bow a mooba­

nieal. theory might be deduced from observation, and how these observations 

might be practically made. I believe that I have also obtained for the first 

timo, the numbers on whoee importAnce I insmed. I am not awu.re tb.t any 

one.bad bitherto proposed to dfltermine the diumal velocity of a given poiat 
of. glMlier with ref~1l00-to three co-onliu.tes. The analogy with the ea­

pirieal }aWl of' aRroDomy ill both striking -and just; aD exact acquaintMee 

with tae path described by any moleoule of a glacier, will almoat a.s certainly 

lead to • knowJed«e of the ea.uae of ita mOtiOD, a:.s the theory of gravitation 

eprang boa the ihNe Ian of Kepler. We 1nLve to deal, indeed, with aD 

~ mtIftI complex t.nd nried; bot the teI!fIl1ta oontained in my last tetter, 
alZMCly .... bow aaoh 0{ DamericrJ preciai.on may be attained. I 11&1'6 al~ 
ready deUmniD.tf: the diuraaJ. motion of 10 pointe of the Mer de Glace with .. 
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probable error, not c'XeeMing. I think, !L quartet of an inch in IUlY cat'C; I1mI 

when tbe!lo ob8errntions shill! han> been P'll'SlIcd, us ] expect to do, until tl,e 

eod of September, there will 1}(' a tolerable basis for sound sp<"Culll.tion, 

.. In particular, you will I'Q('nllc'Ct thot I pointed Qut last ",intor two expcn­
menta for distinguishing lK-twOf'n tho lll'(','niling theories of De s.'lul:J<jure :lnd 

De Charpentier, those of grn,·itnt.ion and of dilatation. One WlI8 the ('xact 

D'JeMurcment of a SJl4lCC along Hie icc to be meailurcd after a ('Criain tillie, in 

onler to 88Ccrtain whether any expll.nllioll had O<'currt'tl. The otllcr WIlS tha 

detennination of the line.,·\r vt:lO<'ity of the gla.cil'r:l.t any point, which, on tho 

theory of Snll8Bure, ought (if till!- glacier he of nearly unifonn 8('('tinn) to be 
uniform throughout j on the tial'Ory of ClmrpcntiN it ought to iurrt'$.SC frolll 

nothing at the npper ('dramity of the glacier, to tl maximum at its iow('r 

cnd. The fonner experiment had, I have since l('am('d, heen fluggea,wci hy 

Profe890r Studer to M. Escher last yea.r, und nttclllpU:'d to hI' pllt in pnu,tico 

(thongh nnsuooeAArully) hy tile 13t1£'r. 011 the OI:l-tiC'r of Aletsch. Admitting 

Charpentier's theory, bo\\,('\"e1', thil! dilatation WOllin he too I!m:t.lI to II(' 8UC­

eesefuUy ohacrvf"d in a IflfJde:rntc time, and with tlu" gcometri('u.1 m('thn(l~ 

which the IlneYC'n and l-arying aurfa('(' of tile gla('ier elltll,les UI~ to employ; I 

have theJ'f'fnJ"(' not atteml)W it. The other DJctllnd. ill faet., embrt:lOOll both 

ends; for if the movcment of tht" gla.cit·r in ita tipper nnlllow('f }lRrt he llerer­

mined <},y UPP('1' I mean Drar its origin), t. Ji!fercll('(' of the rno.tions 

determinos tho dilatation OT coutrnction of the inwrmNliat(l part of the il'C', 

anJ is liable to none of the great crron; arising from the mL'n:mrcmC'nt of long 

distanee9. The oOBen'ation, ir the Ilimpk .... t and heat form 1\·/Jicli] (,IIIII/UY. 

rc~mhlC8 IK'rfcctly that of dcknnining with the transit instrulllent tliO pro­

j.,rreM of a planet. 

" J hal'c already Itoaid that my later nhscrvationll confirm thOflC which I prc­

"ioUllly communicated: any variation!!!, indeed , ari8C 8Q}cly from n. chango of 

cinmms1ancctl or M!lU'On, and not from errors of obt!eM'ation. (1.) The con­

tiDuoDa im{><"rceptiMc motion of the glacier is entirely confirmed; its bearing 

upon tJ.ie sliding thoory is very ob,-ioUH. (~) l'hi r. motion is not by nny 

mea.ns the QlnO, however, from da.y to day, and from week to weflk, a.tI indeed 

already ap}te8!'Cd from my firt!t ret!ult.e. (3.) This variation of motion ap­

pears to be common to every pa.rt of the glacier, M well where compact and 

t.'Ornpletely even, ae where most fissured j nor perhaps is the variation of 

velocity gn-ater in one ca.se than in the other. <4.) From numerous obaerva· 

tio88, made in all parts of the glacier, it invariably fesnlta 811 before, that the 

('f'ntre movf',~ fasf.('r than the /lides of the iC('-atream. In the lower and fa.eter 
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moving part of the gla.ciet this ciispropqrtioll is greatest, varying from one­

third to one-half of tho 8maller velocity. Neat tbe origin of dlO gl8(:ler it 
appears to be oue-fourtL or one-fifth of tho smaller velocity. (5.) Tho VArin. 
tiODS of glacier motion aJfoct the <:CllfraJ parts m08t 8Cnsibly. (G .) Tho 

1.1I'O&test daily motion wbich I have observed, nearly opposite tho Montan­
\'crt, umounts to 27.1 inches. (7.) I have aaeertaine<i tbe velocity of motioll 
much nearer tllO origin of the glacier tl.w.n when I last wrote. Tltis, wLicil 

would a.ppear to be nearly, if not quire aD 6J'perimentu1n crucil between the 
sliding and dila.tation t.heories, docs not yield 3. tC&ult so favourable to the 
latter as I had at first suppo&e<i; for tltough it ill undoubtedly true, 1.18 stated 

in my J.l6t, that the head of t4e glacier moves tl lower than tho foot, tho mid­

tile part moves rather slower than rithor, owing probably to the greater 

width and thickening of tbo iee tbere. This 81luree of {'rror from the varyid'g 
acctiOD of tbe glacier 1 had flllly anticipatc<J; Lut litill, wilen we pUllh tho 
experiment to a limit, a.nd tako the "elocity "cry ncar tl,e origin, tIle velocity 

ought to dimin.il'li, on the til<'Ory of Cb:ll'}'I('nticr, with a rapidity llot to be 
mistaken. Yet very noor the hc::ul of th(' Gla.eier de U 'CiIAUd, the diurnal 

velocity ill considcrahly more t11:uJ n. foot per dR.Y. I am (aI', )wwover, from 

tLinking t}Jllt I am yot in a. pol;ition W jull,b'C finally of t llo merit!! of any 

tlioory; hly lK>lif'( ill. that both of t11O.8(l ciled will nEI yet require great modi­

fic.Uion. 

" By insisting upon tho treatment of the problem IlIJ Oln_ :)r pure mechanica, 

laUl far from dellying that the kind of inveatigatiou<:> to which tbe gl::cior 

theorit.ts La\'O hitherto almost c:relu&i"cly refcrreJ, are also of great value, 

such as tJJOse on tllO tcmperntun: uud structure of the ice. Tho latter, in par­

ticular, iii a. 80rt of standing ('"illence of itt! mechanism, and, rightly under­

etood, must lCllli to tho mOllt important confirmation of a.ny mechanictll 

theory. This you mlly beliove I havo mado an object of very particular at­

tention. I have now cXllminoo so many glaciertl aa to haye a -very clear idea. 

of the empirical Jaws wbich that structure foUowr.. Lately, I began to per­

ceive & connection betW6l}D tLmt b'ructure nnd the facts of motion already 
cited. IE theeE> two cla8808 of facts (;8.D be well brought into harmony with 

one another, we should have a. very good eha.noe of con60lidating them into 

aomethiag like a theory. In my next letter, I will give you somo aocount, 

At aU events, of my ONerl"&.tiODB on the 8ubject, which are suffioiently d~ 
6nito i and probably ~so (without coosidl'ring it as pro'Yed), of wha.t 806ma 

2 c 
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likely enough to be its true explanation. I go t.l·morruw to the Great St. 

Bernard, to meet !\t. Studer.-l3clieve me, vcry sincerely yours, 
JAME.'i D. FnHIlEs." 

Zr.IUU.'l'T. North SLde of Monto Rota, 

22d..4ugmt 1312. 

" My DEAR SJR,-I arrived here two days ago, by a. very iotereating and 
unfrNluented route. I mentioned iu'my lust, that M. Studer and I had agreed 

to ,ibit together the valleys eastward of th(l Great St • .Bernard. The Com ent 

wa.e our piac!' of Y'C'nuczyous, and we afterwards dC9Ccndod t.o Orsil\rcs., and 

turno>c.l into the Valley of Bagnes. CroflSing the Alpine chain at tbo bead of 

t:t1C valley, hy the Col de Fcnetrcs, we went down to Valpellinc on the Italian 

side, and asc<'odcd that valley quite to its origin. We thell croesed to tho 

western bruncl! of tho Vallcy of Erin, by the Col de Collcm ( Ir Arolla., a vcry 

f'Itriking glacier ptl88. Thence 111. StudC'r w~mt to the Val d' Annivicrs, and 

rejoins me bere by way of Viap, whilst I ascended the other bmnch of 

the Eringer TIml from Evoif'na by way of tb{' Ferpeolc glncier, nnd erosood 

uver tbe mountains to tbis place, by a pMtlllighcr and much lonw'r than the 

Col du Gi-ant, which prescnts, c{'rt.a.inly, the grandest views I have hitherto 

met wiiJ-, in the Alps. I mU'lt not, howevl'r, stop to describe, as my preaent 

object is to fulfil the promise. in lily last respecting the structure of gla­

cier ice. 

" The internal wined or ribbonoo st.rudure presented by all glaciers in a 

greater or le88 degree, appca.r8 to he the only true c"-"Cntial structure which 

they possess, and Wllich, you will recollect, I described in a. pa.per printed in 

your Joumal for January last. The existence of gmnul08 divided by capil­

lary fissures, Ill! wella.s of large crevaSlles, are equally uneSlleutiaJ to glacier 

/!t!'Uetnre, and subordinate to the other. Whatever other result may Bow 

from the enmiuation of glaciers this Bummer, by the ma.ny pcrsonl:l who &«I 

probably at this moment direding their aitf'ntion to them, this, I am sure, 

will be adrlitted, that the veined structure is not peculiar to some glaciers, 88 

&orne would. ma.intain, nor to some yea.rs., as has been alleged by others; but 

tha.t it is perfectly general and systematic, having one general type or fonn, 

which is varied aooording to external mechanical circnmstances. Being then 

the most e61!ential and intimate part of the glacier formation, as well as one of 
its most obvious and universal features (especially on those glaciel'S which 
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aJ'b JDOKt commonly visited), it i~ equally singular t1u~t it should not have boou 

IfOODcr noticed, or if noticed, Ilever once alluded to by tho eminent and ill­
geuiou8 authors wllo have treated of f'xisting gllloCicrs and tllcir effects. 

" 'VitL respect to tLo gBDcral typo or form of this structure, I 3ID hapI'Y to 

IiaY, tLat I IIM'e found not tho slightest reason to modify tho description which 

I have givcn in the paper above alluded tn, of the conformation of the glllci('T 

of the !thone. The description is characteristic. not of that glacier only, Lut 

of every other, with certain modifications bimil1l.r to the variation of the ~ 

meter of a. curve; va.ri .. tiolH:l, Ulcrcforc, not in kind but in degree. The most 

beautiful strurture 1 have CVf't ' .let with i~ in tile glacier of I,a Brenn. in the 

Allee DlaDche, which was one of the carhe.,t r examined this sctlEon, a.nd in 

wllidllfound nil that J had seen, though imperfectly, on theGl::tcier of the Rl10ne 

(which it resembles in the ('ircuml>t::I.IlCOs of hejo~ ueri n~d iroin all ICy cn.scade, 

and in havillg a cODlliuemblc breadth in proportion to its length), develorlCd in a 

manlier 80 dear and 80 goomctrically prccioc, a.s guve me the most lively satis­
fll('tioD. r refer to 11l Y former paper for the figure and descriI,tion of that 
structure; I havo found the sume ('onoidai surfw:es, and tho I><'tme falso 311pear­
ance of horizontal btratification on tlu,} terminal face of the gi8.(icr, arising 

from the veios clipping inwards at first at.m anglo of only 5°, rising to 10", 

20", up to 60° and 70", if we follow tIl!' medial line of the glacier, or axis 

parallel to its length. Tho siues of the glacier, ill like mannCl, hnve their 

eleavagB planes or yeins dipping inwards towards the centre at an :U10')n de­
termined by the de('livity of tho rock or moraine which supports them, gra­
dUlI.lly becoming more vertical as the centro of tho glacier is approached, 

where they twist round by degrees, so as to become transverse to its length, 

and to forro part of the syswm of planr-s dipping inwards first described. Fig. 1 

oxhibite a section parallel to the length. Fig. 2, II, transversc section. 

FIG. I. }o'IO. 2. 

" You IW"e already a.ware !,hat this struoture consiaLs in the alternation of 

more or leas perfectly ctystnllired ice in pamllellIlYC'rs, ~ften thinning out alto­

gether like veins in marble, not unfrequ6Ilt)y parallel wd unuonn like a rib­

boned clLlcedony or jasper. 
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" I will, for brevity, merely state the mooiut'ations which this fuoJantelltl~1 

type undergops, bringing togcth('r glaciers of ull cla.sselJ, bot rcsoT\·jng the do­

tail of examples and proofs, of which my experience hna already furnished me 
with a groat number, tn anothor occasion. If a glacior lics long and narrow, 

as the Lower Aftr, or the Mer de Glaoo of Oha.molloi, the frontal dip is the 

least conspicuous part of the pllenomenon; and if it tel'lDinate in an i~ ca8-­

cade, as ill tIle second case, it might escape observation a.ltogethor, '.l'K ,'er­

tical planes parallel to the lengtb, or nearly 50, usurp nearly all the breadtll 
of tho glacier, and only in the ('.(lntre is a narrow space, whore not uufre­
quently the structure appears quite undefined. I have satisfactorily mad(> 

out, however, in evory glacier which 1 have had the means of eutnining with 

that view, that the conoidallltMlcturc. IlOwover obscured, exists in alJ parts of 
tbo true glacier, modified, MCQrding to its length a.nd breadth, in tho manuer 

which Figs. 3 and 4 indicate. I need not add, that these rude sketches are 

Fi;..:. ;j. .Fig. 4. 

~;II II\ f1 
r !,0;~;'~ 

\~J ~~1J ~~ 

not intendod to be considered 3a rigorouslyexoot, but only to explain gell~ 

rally my meaning. 

« There ia yet a.nother modification, but only a modification, of tho aWve, 

namely. in the C88C of extremely stoop glaciers, but which !U'e coherent, and 
not crevlW!ed into l)yramids. There are numherlesa examplea of thege in all 
the higher valleys of the Alps, which do not deacend into the h(,Uows. but fea­
toon the sWeI' sides of snowy mountaill8. ~hey are, 1 believe, what SaUBl:luro 
~ed glaciera of the second order, and have no relation to neoe.) 80 far 88 I 

(.an attach a me&ning to that term, 'They are of hard ice, and almOl!lt invari~ 

ably preeent an appeara.noo of stratification pa.rallel to the soil on which they 
rest. This stratification is only a.pparent; the cleavage planes dip fON"ania 
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And outwlll'lls, instead of dipping inwardl:l, aB in the tentlinai portion of gla­

ciehl of less inclinatiou. The surfaces of crystallization hal'c, in this caac, 

absolutely the fonn of a !lCII.llop-sbcll, the lip or front being always inclined 

Lelow the horiwn. I attach importance to the comIDUnity of foature in gill-' 

ciere of overy form and inclination, because it indicates that the origin of th6 

etructure cannot be unimportant, conl:lidering its generality; and, in this J!3r­

ticulalft.aoo of small steep glaciers., it a.ppean, I think, tbai M, de Charpen­

tier, who I\AII justly denied the I:Itratilktl.tion of glaciers in geneml, has wrongly 

admitted the existencc of stl'ata. in tho caae in question, which he reb"U.tds as 

formed by the intercalation of Ulud :runl tho soil in SOIllO manner, which, if I 

rC{"ollect rightly, ho docs not very cleu.rly dClICrjbc. Now, these tlCcmiug 

stmts. of mud I lHtvO oxamined in a multitude of ca.BeS, a.nd found invariably 

to result merely from die percolation of dirt from tbf' moraine, sOlllf'times even 

accompanied by small fragments of rock, into the moro spongy and less cry&­
taUine veins of the glacier mass which nlready existed; and the proof is, that, 

by cutting witb a hatchet, we gradually gain the pure ice, equally veined with 

the exterior, but not discoloured. I may observe, in passing, that till' fissures 

which, in the lower part and near the sides of giR("iors., form tbe granules, 

abonr which 80 much haB been written, are stol!ped by the independent forma­

tion of the veillil in tho ice, whicll thus .Temonstrate their prior origin. 

,. One afternoon I h,lPvcned to :lS('end higher than ub'ual !' hove the level of 

the Mer de Glace, and Wllil struck by the appearance of discoloured wnos 

traversing its surface noorly ill the form indicated in fig . .j.. These shades, 

too iudistiu('t to be noticed wben ncar or upon the surface, oxcept upon very 

careful inspection, nrc very striking and beautiful when seen at a distance by 
Ii< light not too strong, as in tho afternoon or by moonlight. They are evi­

dently bands of dirt on the surface of the ice, having nearly the form of very 

oion/:,Pf\.ted parn.bolaa mp.rging in tho moraines on either side, widest apart from 

on~ anothor in the centre, all(~ confounded towards tile edge. For somo timo 

I was at a 10S1! to conceivo how thebC sort of full:lO moraines could spread from 

side to side of the gln.cior, but I at length 8BSured mysolf that it was entirely 

owing to the struetllre of tl1e ice, which retains the dirt dilfusod by avalanches 

and tho weather on those pert.!! which are most porous, whilst the compacter 

portion is washed olean by the rain, so that theae bands are nothing more 

than visible traces of the directWn of the internal ioy struoture, and of oouree 

oorrespond with what baa bften already stated 8.8 to the fonns in whieh the 

eonoidalsurfaoe& intoned the plane of the glacier. I eounWl distinctly six~ 
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toon of th6!!e band!; on th(' surfU(..-<;l of the ice th('11 iu viow, I afterwartle 

traced. them to the higher part of tl'e ice-field; und the only distinction which 

I tllere ohservoo ,\\'38, that the loop!'! of the cunes wcre les.'1 8.Curo, or lnuf'O 

nelU'iy circular, fig, J, All glacicr~ do not show thilil cxoornul 

e,-idence of thl'ir structure O<lually. IL9 there are .fJ(Ime glaciers 

which possess tl,(> structure itself more de\"eloped than othcrs, 

The ('a.UBe of the dazzling whiteness of tile Glacier des Doasons 

at Ch:lmouni is the comparnti,'o absence of thel:!C layers of gro.-
nular and compact iec; the whole ill nCllrly of uniform consis-

tenoo, the particle.'! of ruc!.: scaN'ely find a lod&'1J1cnt, the wholt· 

is wlU:Ihed clean hy eHJry shower. The superfi('iai bands are 

well PJCeD on the ?lIN .1(' nlu('" of Chnmonni, an,l. to quot!, 

another examplt·, one of the l:t.~t I havc IICen, very admiraLly 

on the Glacier of Fe~cle, ill tile Yallcy of ErilJ, wllel'(' 1 

counted. abu"e thirty ill vicw at ollce. 

" I am quite persu:W.(..'(i that tllesc band!!., aud of courS(' the structure whicll 

they l'CI)f'cHCnt, hlwe tucir origin in thc mO"Cllleut of tIle glacier; and if the 
law8 of movemcnt, asccrtained iudcpf:uucntly, ~hall coincide witL, or confirm 

the phenomena of hlrueture, WI' ~hall be better abll', frolll tht' compariwn of 

tile tWI;! classes of factll, to (\tcide upon the caug/,) of movement. 

" What I have hitherto .. fated i8 matter of Jivt, 1 will IItatc very brieRy 

what I am du.poscd to'deduc(' by way of IJYf.I<Jthel!iol, 
" lt ie impossible w consider tlll:l~ structural Lands un t.he surfh.cc of t.he 

glacier, in combination with the fact ('stablishetl in Illy former letters, that t.he 

ctntre of the glacier moves cOIlf,idcmhly fallwr than its OOg('I', without belie\'­

ing that the bands arc an indication of the motion, and that the motion givetl 

rise to the vciueu I:!trueture, Tile!)C dirt-bands perfectly resemLle those of 

frotL and acum wlJich e,'ery une has seell upon the surface of slowly-moving 

foul water; an,l their figure at 01100 gh'e./! the idea. ofjluid motion, freest in the 

middle, ob6trucu.·,l by friction t(lwnrua the aides and bottoD! .. It will be found 

that the lU'alogie8 IU'C entirely favourable: the glacier struggles between a 

condition of fluidity an.1 rigidity, It cannot ahoy the law of ~mifluid pro­

gression (maximum velocity at the centro, which ill no hypothesis ill the CIl8C 

oi g1acie1'8, but a fact) without a solution of ('ontinuity perpendicular to itl<! 

Hides. l£ two lJel'8Ons bold a Hhoet of paper, 80 as to be telllilC, by the four 

corners, and (lne moves two tuljacent ('ornel'H, whilst the ether two remain at 

relit, or move JC811 fast, the rondency will be to tear the paper into shreds 
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I'lU'&Ilel to the motion; ill the glacier, the fil:lilurcs thUli formed are fillcd with 
percolated wa.ter, whieb is t.heu frozen. It a.ecords with thi~ vicw, L That 

the glacicr movea fastest in the centre, and that the loop of tbe, curvel! 

described coincides (by obsen-ation) with the lino ofswiftcst motion. 2. That 

the band!! arc least distinct ncar the centre, for there the difference of velocity 

of two adjacent stripea pnrnllel w tllo length of tlle glacier is nCl1rly nothing; 

but near the bides, whoro the rctu,rdation is greatci:lt, it is a maximum. 3. Tt 
IICCOrm with direct obscrnl.tioD., (1;00 my last Letter,) that the diJferfflC{J of 

velocity of the centre and sides i ':l greatest Dear the luwer oxtremity (Jf tbe 
glacier, and that the velocity j.; more nearly unifoMu in the Iligher part; tbis 

curresponds tv tbe ICI>8 elong:a.ted form ... f the loops in the up!",r part of fig. 5. 

4. ]11 the b;gLCl:It I'art of IlUt;h gl:wiers., as tiw curves become leS'> bent, the 

~tructurc al&l vl1llh,hell. 5. In tho wide sauc('r-.\,hapeu glaciers ruroarly spoken 

of, which descend from tnountain-~lopct>, tile "elocity Loing, IV! in shallow 

rlvers, IIl'arly unifonn a.erostl their breadth, no vertical stru{'ture is dc\·elopcd. 

On the other Imnd. the friction of thc base determlfles an apparent stratifica­

tion, parallel to die slope down wJlich they fall. 6. It also follows immediately, 

(aolOI:!urning it as a f:wt ycry probable, but btill to be }lfOVed, that the deepest 

"art of tim glacier moves "lower than the '\'urfaee,) that the /rontnl dip of tlJO 
lItructuraJ planes (.f aU g'la.ciers diminishes towards their inferior extremity, 

whl'TO it approachel't 0, Qr even inchnes "utW'ltds, since there the whole Ilres­

tlure of the IiCmiftuid m:CSll i~ unsustained by any barrie!, alld the velocity 

varies (probably in a rapid progression) with the distJ.nco from the soil: 

whilst, nearer the origin of the glacier, tlle frontal dip is great, because the 

D1Jl&l of the glaCier forms a virtual Larrier in advance; and the structure is 

comparatively indistinct for the samo reason that tho transverse structure is 

indistinct, viz., tllat the neighbouring horizontal prisms of ice move with 

nearly a. common velocity. 7. WbCl e two glaciers unite, it is a fact, that 

the structure immediately becomes more developed. This arises hom the 

increa.sod velocity, ns ",ell us friction of each, due to lateral compression. 

\. The veined strllcture inYariably telAIl to disappear wben 0. gllWier bocomes 

80 crcV'll88ed as to INI(l horizontal cohesion, as wben it is divided inw pyra­
midal mas6C8. N()w, this unmediately follows from our theory; for so soon as 

la.wI'lli cohesion is deatroyed, any determina.te inequality of motion ceases, 
each maBII moves singly, and the structure disappelLl'6 very gradually. 

" I might Kdd. more iIlUlltrationa; but let thel:!C suffice for tho present. It 

ianot difficult to f~, that., if my view should Ilro\s oorrect, a theory or 
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glaciers may be formed, which, without coinoiding either with thllt of Sau .. 'l8uro 
or Charpentier, shall yet bnve something in oomnlOD with both. Whether 

that of M. Rendu may not avail something. I am unable to say, not yet 
ha.ving boon able to procure his work. 

" It yet remains to decide, what is the cauae of the fmeoo88ion of dirt-band~ 
at oonsidcrahlc distances on the surface of the glacier, indicating the 8Ueces­

sion of W8.VI,,"8 of moro or leas compact ice. In all the glaciers where I htl,'T\' 
yet dlBtinctly observed them, they appear to follow a. regulated order of di!!­

tanC08, nearly tho same for s considerable sI»lce, but closer the farther wo 
ascend the gla.clCr. I cannot help thinking tllat they arc the true an7lUftl 

ring!l* of the glncier, wh.ich mark ita age, like those of a trtl(', only inoreasing, 

instead of diminishing in breadth M the ice grows older, coinciding ~a.in with 

the fact which I formerly established, that the higher part of 3, g lacier moves, 

generally speaking, more slowly than its lower extremity. Tho differt'nt 

states of the gIllen:r at diffet"£'nt SC:1080ns, the presence or ahscnce of SIlOW, 01 

even the simple difference of velocity at different 8eaaons, wc.uld he Bufficient 

to account for thiS alternation of btructure. 'fhere is no cauac so likely to 

produce it as some annud clla'f/!Ic. I may add, that some uLt;Cfyatiollfi whicll 

I have already made on the di~tanCC9 of these banda, n.s well as information 

which I have endea"'oured to colloot, lead me at 1e:1.9t to ha"e some doubt n.s 

to tl.te Cone<'tne6fl of the opinion generallyentertrufl t'<l, that the gladers arc 

atationary in winter, perhape evell, that there is any very great inequality in 

their march atdlffcrcnt timea of the year. I nm, my dear Sir, yours very truly, 

JAMas D. FO.R1UI8." 

GENIfl'A, 6ti Odo«:r 1842. 

" My DBAR SIR,-Since my laBt letter from Zennatt, I ba,ve bad an oppor­

tunity of examining the glaciers on different Ilides of MOllte Rosa, particuln.rly 

tb080 of Lys and Macugntt.ga., and those near the Valley of Sn.as; and on my 
return to Chamouni early in 8epUlmher, [ devoted a day to each of t he gl~ 

Cleta of Trient and Argentiere, before l'CJ3uming my station at the Montanvert, 

where I remained until almost the last days of the month. 

" What I thi.lk it most interesting now to add as supplementary to DIy for~ 
mer statements, is, not a description of these variou!! glaciers, but with ptati-

• Originally printed alilu/far ringl by a typographical C'lTQr. See editor't note Ed. 
PItt!. Jour., April 1843, p. 382. 
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cuw refereoce to tho Mer de Ghwe, to mention what the extended period of 

examination whioh I have been able to give to it has enabled me to oonclude 

beyond what is contained in my previous letters, respecting the Theory of 

giRcier movement generally. Having aceurately observed tho condition and 

lIlotioos of this glacier throughout by far the greater part of the season at 

which it, or indeed any gln.cier i6 easily accessible, or sufficielltly froo from 

snow for accurate obl:lervations,-ha,,;ng also, especially during tbe month of 

Sciltollloor, observed it uuder every circuDlbiance of weather, and a great range 

of atmospheric tcmpcr&tlill', I belicve that I ha,'c obtained tho chief data. De­

oossary for b:u.ing a theory of n" motion, upon 801IlId mechanical principles. 

The chanQ"e.l which I have wit.nOS!>('u llpon its eurface, duri, g the period of 

aoove three months uuring which I have studied it, are so grcat and Tt'mark­

able, and in some respects 80 unexpected, as to be of (,llpit.11 importu.noo in any 

theory which may be proposed. 

"1 was \'ery greatly struck with the chaIlge in tho general appearance of 

the glacier during my ahsence, from the lOtll Angn~t to tho 10th September. 

I left it compu.r:ltively lugh and tumid in tllC centre, at no great depth below 

tllO l!rreto of its natural boundary, the moraine by its side; and fissured by 
,>rovaaaes, doep and rath.er narrow, with well defined vertieM walls. On my 

return, the icy Wa3:l LAO most visibly sunk in its bed, it seemed to me to ba.vo 

Jl. wasted, cadaverous look; th(' moraino" protruded far higher than before 

from its sidt!s, and the ice itself clinging to the mornine tit :l considerable 

beight above its general le,,'ol, waa covered by the falle]] mlUlf!es of stone lUld 

gmvel which bad roned down the inclined plano fonned by this central sub­

sidence. The whole resembled solll~what the 'Vye, or some of those narrow 

tidal rivers whose muddy banks are left exposed hy tho retreat of the ocean. 

That this subsidence w~ in a good measure occ.asioned by the melting of the 

ice in contact with the bottom of the valley in which it liCl:l. and by tho falling 

together of the parts in a soft and yielding state, owing to a completlJ infil­

tration of the whole mass with water during the warm season of the year, was 

proved by a. variety of cireumetaneee which I shall not stop to detail. I may 
mention, however, that the creV888e8 were "ider, but 1088 deep and regular, 

-exoeseively degraded on the side to which the mid-day sun had froo aooolJ6 

and in many place5 where !'leveml ete\-aM611 nea.rly joined, the ioy partiti0118 

had IUnk gnwlually towlVda a level, and thus rendered the fissured parl4 o( the 

glacier more oasily trayeraed tban at an culier part of the season. It is plain, 

too, that the fad of the more rapid advancemont of tile centre of thE' glacier 
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mentionoo in my earliest letter, irnpliee 110 lIuhBidenc(: of that part, and II. C\,n­

lItlquent drain {rom tbe Ia.teral ice, to supply the VlIoCuity which it leavCtl • 

.. It will at once Ix> understood that the cbange of which I speak in tbe ex­

ternal figure of tho ice, its cl'c\'a.sses and inequalities, is an effect due to tho 
season, a.n~ must be repeated eycry year. Were the summer conbiJeruhly 
prolonged, the annibilatioll of the gilK'ier would take placo from a simple COll­

tinuation of the process, naIlll'iy, tbo incl'(!used velocity of the centmI part., t\le 

exaggel'l'ition of th(' ('NlVIl&'JeS ill wi(lth, and the falling of tbeir wrtJls, or ratllar 

the gradual subsidcm.'C of the cicYfl.tions, soCk-ned by the wannth, into the 

hollows which separate them, whilst tbe moraine would be left in IIlI its COf­

tinnity as a witllcll$ of the original boundary of the glacll~r. Tile ice mUllt 

posset>S within itself some reproductive power (if the phrase may be pcnnittcd,) 
to restore it ill ~pring to the IC"cl from whenco it had de8l'..cndl:u; !lnd since 
crevaaaes thus form, cxt<Jnd, :J.i:ld 8btain vll.m~h.-:-perhap;; in a single &eason, but 
certainly in a verytfew yeara,-we must consider the glacier us a much mot(l 
plastic body than it has commonly heen imagined. 

"I state it, then, us a result of obticrvatioll the most direct, that, in the 
early part of bummer, the glacier level i" highest, anu tho fissures IC$8 nume­
rous. The latter form ond wi, len cSpe<'iaily JuriuS' the mODU1~ of June and 

July; and. in the beginning of ~\ ugut:t.. the glacier is moat difficult to traverse, 
(generally I!peaking',) owing to the multitudo and ilharplle&l of these cracks; 
but later, the prolonged sum,hine and autllmnal mins not only reduce the ice 

to water, and tllll !> carry off H. part of its surface, but leave tho remainder in a 
IIOftene<i and plastic &t.ate, in which the tendency iii to a general subsitlenCfl 
of all thp elevations, whilst the prulonged excei18 of velocity of the central 
al)(H'e the lateral parta, causes an increased hollownC&s and oluiJ..!idence there, 
and produce!! a great fissuring, the latera] icc still cl inging to the moraines, 
which it if! compelled gradually to uncover. Defore spring, by some proceSH 
which it remnins to explain, the level of the icc if! retrt.orl'd, (supposing the 
gJaeier not to be pennanently wasting.) 

•. Another mode of considering the 8uecessiv(' conditions of a. cl'rtain portion 

of thb glacier, wHllead also to the admission of. the ever-varying state of its 
agbP'J'egation anG subdivision. In a glacier, likP tho Mer de Glace of CIlia ... 
mouni, which pl'CfiCnts 0. great many and well marked" accidents!" of surface 

in ibl different parts, it is yet perfectly well known, that, though continually 
moviDg and changing, the distribution of these " accidents" is sensibly inv&-
• 
riable. E"rTY year, ann year dier year, the watnr COUt'lK'8 follow the same 
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linei of direction,-tbeir streams are precipitated into tbe bea.rt of the glaeier 

by vertical fuunel" called" moulins," at the very same points; the fi88ures, 

tbough forming very different IIongle.s with the axis or sides of the gla.eier at 

different points of il:.!! longth, oppoaitc tllo 8ll.me point are nJwa.ys I!imilarly dil!­

posed i-the sarno varts of tho glacier, relativ('ly to fixed rocks, are every year 

pllMa.ble, and the same parts are trJ.versed by innumerable fi88ures. Yet the 

solit! ice of one ycar is the fissured ice of die next, and the very ice which tbi~ 

ycar fomls tbe walls of It « moulin," will next year Lc some hundred foot far_ 

tLer forward and withotlt pt'rforatioD, whilst tho caBCade remains immoveable, 

Ot flCusihly so, with reference to fired ohjects around. AU these fadS. attested 

by long and invariable experience, pro" c that the ice of the glaciors is insen­

silily and oontinually moulding itself under the mfluenee of external circum­

sfances, of wllieh tllC principal, 00 it remarked, is iu. own weight affecting ita 

figure, ill <,onnection with the surfaces oYer which it pa'>t>CB, and ~tween which 

it etruggles on war{ls. T t iI:!, in this respect, ubiKllutcly (.orftpn.rablc to the water 

of a river, which hM hero its deep 1)00111, hero itl'> constant eddy, continually 

{'hanging in f:lllbstunce, yet evcr tllC BUrne in form. 

" ,Vitli reference to tLe yet more ossential modifications of .tructure, I mean 

the veinetl structure which I formerly described, I showtd in my last letter, 

that it is (JqUR.lIy l11utahle and liubjeetc<l to the momentary conditions of exter­

nal restraint, and, that flu from being an origill'.J structure in the higher part 

of the gJ3("icr, yarioubly modific<l in its bubserjuent MUrse, Lut 'lever annihi­

lated, it owcs its existence at any moment to the conditions of varying vcle­

,·ity in different parts of the transverse section of the glacier, and that it is not 

unfre(iUently entirely dE'stroyed in one part of the gilWier, to be ronewea in a 

t-vtally different dirootion ill another. A molecule of ice is as passive a.nd 
structurcless u. unit a.s a moi(>Cule of water, ~ far a.<J it has not that structure 

impJ'088('(i by something external at the time. Like the water in the river, 

myriads lJuceeed one another, and might be mistaken for the same. 

":Few words will suffice to shuw how intimately what I have stnted is eon· 

nccted with the first rudiments of a tLeory of glacier motion, which I endea· 

v(,urOO: to sketch" in my IMt letter, nnel the truth of which all that I have sillce 

~n has tended greatly to confirm. The centro of the glacier stream is urged 

onwards by pressure from 'I.bov(l (how caused we shall immediately consider,) 

which is there resisted leSll than at the sides and bottom, owing to ths compa_ 

rative absence of friction. The lateral parts a.t't\ dragged onwards by t." 
motion of the centre, and mt'\"e also, but it is quite comIl8tible with this idea 
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of semifluid motion, tha.t the bottom of the glacier ebould remain frozen W lie 

bed, lIB some writers have BUppoaed to be the case, tb.ougb I am far from asser.­
iug tbis to be the fllo("t, or even supposing it probable. Why. then, are the 

lissume ~nerally 'Derlicai, and also where a gia.;,ier is moet regular, simply 

trannerle, and Jlot convex towarus the lower extremity? The first of these 

questions had always tilllaU:!ly appeared to me a serious difficulty. The/luI 
stated in the second, combined with the positive certainty that the eentre of a 
glfl('ier moves faster dum its sides, in the ratio frequently of five to three, 

~hOW8 that an .mswcr mu.d be found, and; therefore, that it offers no insur­

mountable objection. The c:rpianlltion is to be 8flught in the continunlly vary­
ing condition of the glacier, the perpetual renewal of the creya.eaea, the action of 

water in tenJing to preserve verticality, ami the r('ally small Yariation of velo­

city of different parts of the ice towards tho centre of a glacier of immense 

d('pth. }rom these circumstances it follows that n crovasso i'l ('idler reneweJ 

or altogctller extirpated before its verticality is fOCosi hly effected. }o'or the 

same reason, 9. stick several feet long, ioscrtf'1i verticruly in the ice, remains 

IICnllibly vertical so long as it stands at all, for the \'rlooity of the surface is 

sensibly the same 9S that at 10 or 20, or llrohahly evon 100 foot doop in mOl:lt 

gIlI(liors. It is only neal the bottom or bC'd tlmt the velocity is materi!Llly 

affected, as I hayo found also, that, in respect to breadth, it is in the imme­

diate neighhourh()(wl of tbe sides that the velocity diminishes rapidly, and thR.t, 

for Iialf it! breadth in tli(' rentre, the vel ocity J oes nllt vary by more than 

from In to "g~ of its amollnt. It is fartfler worthy of notice, that whenever 
a glacier i ll of no great tlii("kocsa, and, at the 8."LDIO time, highly ioeiinoo, tbnt 

is, in cireumetances calculated to produee II. great difference between tbo 

mothns of points of tlte glacier in a. vertical lilJe, thero the fissures nrc not 

tra.nsvel'8O but radia.«-d, as in IllmOBt all glacieTe of tbe f:!OCond order, and, 
therefore, tile fissures are not liable to distortion. 

" I might put it rather ItS a direct retmlt of ohservation tl18n Il8 8. hypotllesia, 

that the motion of!L glacier resembles that of a viecid fluid, not heing uniform 

in aU pa.rts of tho traneverse section, bnt the motion of the parts in eontact 

with the walls being detennined mainly by tbe motion of tite centre; but it 

yet remaine to La ahown what is tho eaullC of tho pressure which conveys the 

motion, wllether it is the mere weight of the semifluid mass, or the dilatation 

of t1JO head of t.he glacier pushing onwards. The answer to t.hill qUE'ation in­

,"olv('8 the fate of the rival the<lriCfl of Do SaU88urc and Do Charpentier. I 

st.ilI entertain the SRmo difficultiCli with :rospcct to both, which I have statOO 
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in an article in the EdihbuT9/' R6l!if'1D .. out these tlillicultil!l:l amount, 1 Ulink, 
to 11. proof of h.l8tdJi~iency, if taken in oonnection with the obacrvatiollS which 

] II/we made this Bummer. On tho ono hand, if it were possible that t·he gla­

cier could slide by the mere ootion of gravity in JJ. trough inclined only 3, or 

4, or 5 degrees, it is probable that one of two thinga would happen: either it 
would slide altogether with an acccleratecl velocity into the vaU"y beneath. or 

el.sc it would move by fit, and $tart., lx>ing sta,yod by ohBtaclcs until tlleM 
were overcome by tIle melting of the ioo beneath, or by the aooumulateJ 
weight of snow above Il.ud Leltind. Now, neither of thCSC' things happen; 
the glacier muve8 on day and ni.ght, or from day to day, with a continuoUl 

regulateu motion, wllich, 1 fed crrtain, {,I')uld not take place 'vore the sliding 

theory true. 
" But, if possible, still skonger, lI.\! well as more multiplieil, o~jl)(·tioDB are to 

be Jound to tbe thcory of dilatation, amI 1 trust I t;Jmll Dot be ae<'um of levity 

in thUB, as it were, in a few lilies, dismiasing :l theory which 11:114 eo much 
primajacie plausibility to rceommend it, and wiJich Laa been maintained with 

80 much ingenuity lJY men such as Scheuchzer, De Charpentier, and Agassiz. 

It is essential to tho aim of this letter, that I state briefly the grouuds of the 
conclusions at which I have arrived, whilst it is ellllllllyessential that my 

observations abvuld 00 ('onfined within small (.'Ornptl.88. In another place, I 
shoJI give them all tho development that may be requisite. 

"Summarily, then, ( 1.) The motion of the glacier, in it..., cevcrnl pa.rts,doee 
lIot appear to follow the law which tho di1a.tation thf'ory would req1lU't:. It 
has been shown (Edinbur94 Rc"i('w, April 1842, p. 77) tlJll.t tho motion 

ought to vanish ncar the origin of the glacier, anil increase continually. tow8d"dl! 
its lower extremity. I have found the motion of the higher part of the Mer 
do Glace to differ 80Dwtimea very li ttle from that several leagues farther 
down; wbilat, in the middle, owing to tho expansion of the gl.n.cier in breadth, 

its march was slower than in either of the other }JaIis. (2.) Whilst I admit 
that the glacier is, during summer, infiltrated with water in nll or moat of itw 
thickneas, Co. point on which I had uUit year great doubts,) I fool quite confi­

dent that, during BOme monthil of the yM)' dllring which tllO glacier is in most 

n.pid motion, DO congelation takes pill()e in the m!lB8 of the ice beyond a. depth 
of a vary few inches, muc3 leeB during the cold of each night, and least of aU, 
at all t.imes, as appears to be now the opinion held upon the subject. Whilst 
I ea.y that I am confident cf this, I will state one proof. Lees than ten da.ys 
.moe I traversed the Mer de Glace up to the higher pa.rt of the Glacier de 
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Ik::ha.ud. wbile it Wtu! covered with allow to Il deVth of I;ix inches at Montsu­

vert, and three times as rnucu in the higher parl, It was l;!Uowiug at ~hc 
time, and for a week tilt' glacier had IJ6CD in thC' sume stdte nearly, tile ther­

mometer having raUcn in the m('n.nwliile to 20° Fahr, Y (>t I h:ul abuntlant 

evidence that tile effect of tllO froat had not penetrated farther into the jC'o 

than it might bc- expected to have done into thc earth under the same circllll~ 
lltanoos. All the Buperficial rill!:! were indeed frozen over; there wel'(' no C!l. J-­

eades in tlle 'Imoulins;" all WIl.8 as still as it couM he in mid-winter; yet. even 

on tlle Glac:·ier de Ikehaud, my wooden poles, slink to a dcpth of l('bS tlian a 

(llot in tbe ice, wt'ro quite wet, literally standing in water, nnd eonsquently 

unfrozen to the walls; and ill the hollows beneath the 6tone~ of the moraine!:!, 

by breaking til£' Cfust of ice, pools of unfrozen wllter might be' found almo!:!t on 

the 8Urf3.('{!. I" it possible, thcrl, that thc mert' pa,:,sing chili of n Bummcr 

night, or the mere cold of the icc itself at all timf'S, can produce thc C<lngela­

tion whidl has beell so much in"isted on ? 

" Dut, (3,) 'Vhat wa.s the effect of tlle con,!,l'Clation, trifling as it WW:I, upon 

the motiull of the glacier ? So sharp and huddcn a. cold BUt'CCI'Utng summf'r 

• weather, mu!:'t inf'vita.hly, it seems to me, were this thNlry true, have produced 

an instAntaneous acceleration of the llIean motion of th" glacier But the 

contrary WIUI the fact; tile diurnal mution fell mther short of ite prm'io1l8 

value, Bnd 80 soon as the OOl'cro weather was ptUlt, and the little congelation 

whidl had taken place thawed, and the 8now redu.!ed to water, the gla­
cier, I!Ilturated in all its p:.rcs, resumw its march nt"uly as in the height of 
summer, 

" (4,) It bas been inferred from the dilatation theory, that whilst the surface 

of th(' glacier continually wastes, it is at the same time beaved bodily upwards 

from beneath, so that its absolute level is uncbangetl. My experiments, aB 

well til the most ordinary obscrvation, (as has boon already remarked) dis­
prove this hypothesi/!. I find tllat, between the 26tbJnne and the 16th Sep­

otember, the surface of the icc netU' the side of tbe Mer de Glaoo had lowerttd 

absolutely TWENTY-FIVE jut 1.5 incACI, a.nd the centro llad undoubtedly 

fallen more. The observation of the waste of the surface by the protrusion of 

a stick sunk to a determinate deptb in a hole, ifl; very inaccurate, a.nd giVeI 

reeu.lta IJelotD the truth. 

"I am perfettly madyto admit, with M. de Charpentier, tbatthe congela­

tion of the infiltrated water of glaciel'8 is an important part of their Cunetions; 

only, I conceive that it OOOUl'8 but once a year to o.ny effective extent, instead 
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of J.a.ily or continually, !llI he ~uppooo~. Every thing which 1 have Heen un the 

gla.eicr, tiuring rold weather and when covered with snow, confirms the idea 1 

have always tmtertainod, Lhllt the progress of congelation in the 1Ila88 of the 

glacier is vcry similn.r to tha.t of a. lllaBS t)f moist earth, and t.llat, therefore, 

the daily va.riations of temperature ctl.Jl makc no 8ellsihle impression with ro­

spect to the ma&'! of the infiltrated j('o. Tho prolonged cold of winter must, 
however, produce a. very sensible effect; and, considering that the tempera­

ture of the mass i ... nev~r above 32°, it ma.y be expected that the congelation of 

the water in capillary fiSSllrcs in iee will, in the course of months of tranquillity, 

reach a great depth. I aIJpreLenu tha,t there is only an annual congelation, 

ami that it.<I offoct ilJ not t.o move th(' glarier onwards by slid ing down its bed 

-for that the friction of so enormOUf> a body ~mA evidently to ronder im­

possible-hut (what 1\lr. Hopkins hal! very well ,.,huwn is tho only alterna­

tive, and which he has used 11.9 an argumont a;oainst Charpentier's thoory) to 

dilate Uw icc in tho direction (If h'Q8t resittancc-that iF!, \'ertically-and con­

sequently to inrrcase its thickncsa. The t:.endcncy of Imch a force would, 

therefore, be to fCstore, during th(> winter, the thickness of ice IOflt during the 

summer; and in those winters which nro less severe, a leas depth of ico ~ing 

frozen, a lCS8 expansion would occur, and a permanent diminution of the gla.­

cier wuuld result Nothing can be Illoro certain than tho fact. so well smW 
hy Charpentier in his 10Ul section, tLal the elacicr does not owe ita increase 

to the snow of avalanches, nor indeed to any snow which falle flU the greater 

part of its surface . 

.. In conclusion, the a.dmission of semifluid motion produced by tho weight of 

tbe ice itself, appears to explain thlj crnef facts of glacier-movemont-viz., 

(1.) That it is more rapid at the centre than at the sidoo j (2.) For the moat 

part, moet rapid Df-a.r the lower c.lI:tremity of glaciers, but vn.rying rather with 

the tl'&ll8verae I!Oction than tLe length; (3.) Tb!lt it is more rapid in summer 

than in winter, in bot than in cold weather, and especially morc rapid alter 

rain, and lCBf! rapid in sudden frost; (4..) It is farther in conformity with 

what we know of the plasticity of semisolids generally, especially near their 

point of fusion. Many oxamples will OCClll' to every one, of what they have 

obaeMred of the pbsticity d hard bodies--such as sealing-wax, for example--­

cxpoeed for- a. long time to a. temperature far below their melting heat, and 

which ha.ve moulded themselves to the form of the surfu.ces on. which they 

teijt.. (5.) When the ioe U: very highly fi.eeurOO, it yields sensibly to the 

preeBUl'e ()f the hand, havillf" a. slight determinate play, like some kinds of 

limC8Wne, well known for this quality of flexibility. (6.) I llavc fonnedy 
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endeavoured to show how duch a condition oj semirigidlty, ('omUinoJ with tile 

determined mOveJUeDt.li of the glncier, OCCUIlUts for the l'I.lmn.rkllhly veined ~1tr,JC~ 

turo which pervade;! it. I am, my dctu' Sir. yours .cry truly, 
J.urEB D. FORBlB." 

No. III. 

ON SOLAR RADIATION. 

Tile experiments mentioned in the te:li:t, (page 215,) referred to n curioua 
inquiry which hall oooupied my attention for some ycara, namely, the lOBS of 

force which. the sun's mya experience in pasging through the earth's a.tmos­
phere. It might 800m, at first !:light, an impo88iblo tnak to d€'termlnf' tim 
comparative measure of the suu's heat in tbe state in which it arrives at the 

earth's surface. and that whIch it would have attained were the atmosphere 

wholly removed. Some approxima.tion to aueh a result has, howe"cr, been 

obtained by a very simple, though indirect method. The thickness of air 

ttal'('rsed by a sunbeam is, of course, least when the aun is vertical, and great­

eI'lt when he is near the horizon: at intcnnedin.te elevations the heat is inter­

mediate. Now, by comparing tb'3 thewiOmotric effect of the suu's ray" (whioh 

iR the object of the actinometer) at IlC\"eral different thicknc.eses of atmosphere, 

the laID 0/ atinctwn is approxima.tely fouod, and an iofore~ce is made M to 

what the intenBity would be when the thickness of atmosphere is nothing. 

This inference will 00 proportionally more w:x:u.rat.e 8.1!1 the obeervations are 

pushed to a le8lt thicknese of interposed air; and I have ehewn in the 

pRoper already rcferred to,'" that the previous estimates had greatly under·mtcd 

the intetAity of the unimpaired aolal' beAm, Honrl hM also under-rated the 

absorptive llO'lVel' of tbe atmosphere, owing to the observa.tions on which they 

wete founded having been made only when tbe sunbeam had al:1'ady traversed a 

great. thicknese of alr, when the law of absorption is very different from the 

law at ema1! thickoesee.s. 
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Now, to obtain obaervatioDB of 801a.r heat at small tllickne88eB, we mutt, in 
the first pl&oo, asoend in the atmosphere, anu alao use the eon's rays when bis 
elevation it greutcet) that is, noor tho solstioo. I mounted the Cramont in hopes 
of prosecnting these experimellt.s, when tbe SUD had stilJ ~HO vf northern de­
olination and after baving left below me a thieknP88 of 9000 feet of the denllest 

part of the atmosphere. U nfortunatcJy, lUI we have seen, thell8 delicate expe­
rimenta were prevented by indifferent weather. 

It will probably mrprille many persons to be told, that even when the 
Inn's rays shoot vertica.lly through a pure a.tmosphere, 3S between the tropios, 
they 1Of!e in their passage (owing to the opacity of the air) very nearly half 
their inteusity.* The intercepted ht:a.1 f(Qe8, Qf oouree, to warm the air. 

The Qbject of tbis noto is, however, to record a. different set of oJJscrvations 
performed with an instrument of inferior delil,-acy to thr, o.ct,inometer, but still 
C8.p&ble of yielding very remarkable rosults,-I mean Leslie's photcmeter. 

Its principle may be briefly described 8.8 measuring the difference of the heat 
absorbed by a. dark nnd clear thermometer-ball. It is weU hown that. this 

in&trumellt gives, on some occaBions, results wbich appear higbly paradoxical. 
but which, if oonsUri:ellt, require to be cxpWnoo, and ought, therefore, to 

be distinctly eatablitlhed. My ohoorvations with it were din"Cted to two 

pointM. 
I. To IU:!Certaio the Affect of the llresence of a coating of SDOW on the ground 

ill magnifying the appartlnt Solar RatliatlOD. To this effect has been ascribed 
the extraordinary force of the sun's rays observM in arctic chwlIoi.ce, IUld also 
fIOme singular variations from one season t-o another, supposccl to depend on 
the presence of snow on the ground.t Now, the few experimentB which I 
obtained before breaking my instrument last summer (IB42) b'8.ve me the 

following mOBt strikiug results :-
Surrounded by gl'll88, and expoaod tc direct sunshine, the 

photometer indicated, 78° 
Exposed upon SIlOW inlltead of grass. it rose to 121 ° 

The wbitenesa of the snow is all-important in this respect; dirty snow pro­
duces comparatively little effect, and 80 dOt:-~ ice. Thus,-

The Photometer, expolled on a dirty part of the }ler de 
Glace, sk>od at 7{}e 

Placed UPOD. a neighbouring patch of snow, 140° 

------- -------

.. PAil. T,.,IW .. .. above. 

t Edi". NntI PAtio } " lI.rr.ai 1841. A paper by Dr. Richardson, with rem.arkll. 

2 D 
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This &Cltion fully explains the inten.eit.y of the I'ff8C(t of freab SROW upon the 
eJEl8i8ht. I havo myself found tha.t exposurE' for I16VenJ WOOD to the ~ 
rate glare of sunlight reRected from a. g lacier surface, produced little efl'~t 
upon me, whilst I suffered IlEIverely from a Bingle day spent amongst tho plli'e 
SDOW8 of the highest lummite. 

II. On the photometric effect of the diffuBO light re800ted from the sky, 
Professor Kllmtz first, I believe, announced the startling fact, that Aalf the 

photometric effect on JJC6lil"'s instrument is due to the diffuse light of the ek.y. 
the other balf only being the effect of the di:rect rays of a bright BUD! This 
singular paradox also manifests itself by the faet, tha.t cloudy wea.ther, if the 

sun be not itaelf greatly obscured, apparently increases tbe effect of 80Iar 

radiation. Of the truth of both of these facts, I had aJ&o, last year, flufficient 
evidence, of which I shall quote one or two examples. 

On the 28th June, 1842, a. warm and clear dELY, at 6000 feet abovo the 

sea., a.t 1 h. 40m., 
Tile pbotometer, in the 8un, placed on snow, 8tooJ at . 1:.n 0 

An alpine pole, nn inch in diameter, waB then stuck into tho snow, 

so 8S to t.hrow itb shadow on tho instrument, tbU8 intercepting tho 
direct sunbeam only. It fell to 82-> 

Leaving for the direct effect of the sunlight, 39 0 

the remaining 82° being derived from the reflection of &c&ttered sky-
light, and from the snowy 8Urface. 

At the same place and time, the photometer, in the sun, surrounded 

by gra.ee, stood at 78° 
Shaded by a stick, as before, 30° 

Direct sun effect, * 48" 
Now, if we look w78" as the total offect of tho sun's light IUId its reflection 

(rom the ground, in one of the hottest days of June, in a fine climaw and 

6000 foot above Ole sea,-it appears to he inconceivably small. when we knoW' 
that tbe '38mO iD.8trument often standi at 1200 in moderately fine weather in 

- ------------------
• The difJ'enmoe or au. and the tNt is ~l,. due in • gru& DMIUm'e to. defect 10 

the priDeiple of tbe iDl&rumem.,. the momlmWy iDe;rement of beat JIt!CIeIIIU')' to maintain 

the tempen.ture 10 aboTe 120°, bemg greater than ""bat ia n~ to mrJntain it \0 
.lx.we n", for example. ThOTe are like.il!e other IIOUreo. of error. 
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Soptland. What i, the rea&On 1 The sky does not reflect 80 much light wilen 

it ia p~ u when it is milky, and ita 6I1naoe being immense, compared to the 

.. ppa.rent surli&oe of the sun, (100,000 times greater,) a. small addition to ita 

reflective power in~s the photometric indication more than the thin haw 

.0£ vapour which produces that effect diminishes the direct sun-light. 

Aga.in, on the 29th of June, a clear and wann ,Jay, in the same position, 

at It , A .... ,-

The pbotometer standing on snow, 

Shaded from the direct sun, 

114<> 

Direct sun eO'ect, 51 <> 

I never obee~ed tbe&e effect!! 8(. strongly a.s on the 30th JUT'e, a day of the 

moat intense 801a.r beat, when, at 8. height o( 7600 (eet, the sky exhibited a 

deep indigo tint, un~ual for that moderate elevation. I was eOhr.Iged, for 

IIOrne hours, in making trigonometrical obRcrvationtl, on an cxpoa(l(l promon­

tory of rook, with se&rCely 8.ny shelter from the piercing sllD-heams. At 

length I was 80 exhausted as to be obliged to thrust my head now and then 

behind a. stone for proteotirJD 8.nd relief. Now, at this time, the photometer, 

directly exposed on the rock to the Bun, stood only at 8S0 

When shadeJ (rom the d,,.ect sun-beam it fell to 22° 

the srwtllest J'PRult for diffuse atmospheric radiation and reflection 

from the soil combined which I hlLve witnes.sed. This, it will be 
observed, leaves for direct sun-heat, 66" 

which is large compared with the previoW! results. It is CCI lain from these 

experiments that the photometric effects thus measured lKoar no kind of pl.l­

portion to the physiological effects of di~t and reflected heat. 

No. IV. 

Mit. HOPKINS' EXPERIMENT. REFEARED TO, P4(l.B 364. 

Mr. Hopkins of Cn.rnbridge, who lta.s recently eapoueed the Sliding Theory 

of De SaIl8B\ll'e in oppusition to De (,harpentier's Theory of Dilatation, hllB 

illuatrated it by an hlgeniOtlS experiment. He pla.oed a maIlS of rougb ice, 

col'lhed by • equare frame or bottoml688 box, upon .. roughly~h.i8elled 8ag­

fltone, wbJoo be theD inOODed at a small angle, and found that the gradual 
du.olution of the ice ill oontact with tho stone produoed • slow a.nd uniform 

motion, at a very i~n&iderable elope, Buch &6 a degree, or even lc88. As 
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ilhowing that suob a sliding motiflD may takl' place withlJut aooelcration, tM. 
experiment is undoubtedly very interesting ; but the parallelism to the eM8 

of a glacier is so far inoomplete, for the reasons wh,icb I hav'J .tated in 

the text, and others 'l\'bi~h might be mentioned, that I cannot suppoee it 

poesible that l!,Jly glacier can move 88 a. rigid tna8a in this IIUIoDnor. At the 

smne time. I readily admit, tbat the motion of the superficial and centra] parts 

haying C(lmmenood by their own weight, and being rendered possible by their 

plasticity. the inferior and lateral portions of tho glacier may slide over the 

surfnoo on whicb they rest 8Omewbai: in the IlUlnner of too ice in Mr. Hopkins' 

experiment; aJthough I trunk it may admit of doubt, whether, even in the least 

elevated glaciers, the amount of fUllion iii sufficient to produce a great effect, 

and whether, in the higher regiona, or in glaciers of tbe eecond order, It can 

act IJeDsibly. But Mr. Hopkins' "iews will no doubt soon receh'e a farther 
development, in which these objeetiona may he more or iee& removed .. 

POSTSCRIPT TO P.r.1 l~:.!. 

In closing this Volume, I lUll bappy to be !lble to gil'e tbe movement of tbe 

Ice near the Montanvert, as obeerved by Auguste Balmat, down to the 8th 

June 1843. From the 4th 4<\pril to the 8th JUDe, the gf$l,t stone, D.7. 

moved 

Or, daily. 

88 feet 1 inch. 

16.3 iucbea. 

Connecting the observations of pages l.SI, 152. with those of the motion of 

the neighbonring atation D 2, in the summer of 1842, (page 139,) we obtain 

(or the total motion of th" lateral part. of the II er de Glaoe at tbe Montan­

mt-

June 29 to Sept. 28, 

Oct. 20 - Dec. 12, 
Dee. 12 - Feb. 17, 

Feb. 17 - April ". 
April" - June 8, 

132 (eet. 

70 
76 
.0 
88 

Motion 101'322 daya. 432 feet. 

Proportional motion for the wbole year, 483 feet. 

The movement of t·he ('entre ia probably, at least, two-fifths greater, corres­

ponding cloeely with tho inrervals of tho" dirt baod! " of the gillo<'ier. Soo 
page 16Li. 
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&.Ime, Col do, 249. 
s...e.llD6, tMIUIU'l'E'ment of a., 103. 
IUranger, '.'ierre dc, 97. 
B~. :.198, SOb. 
Berrier, Cha~lIl'1 del 01'l'rthl'(lwn h)' th~ Im-

1li1'lll1O iucl'(llllle of tM (:iiaciorot La Bren1'a, 
2OS. 

_.290. 
~276. 
~)'!?1aeJer otl '86. 
BlotJt~l84, 2!). 
Bbae oolOUl'ef ~l}l; or water, 11, 87; or 
~.71,J60I"'· 

~,Alrgui le du, tifi. Del., Glacier d~ 61 ; ancient moraine ot, 1$3. 
Bonhcmlme, Coldu, 18:'. 
B.....,290. 
BoMoNt Gluier nr, it. 1"eflWiI:abl. featD-rel, 

180; cau.e or h. purity, Jill. • 

Bourrti,l'. 
Brena, Glacier of, 2li8 . 
Breuil, 3"U. 
BrullllOno, 326. 

Cwm",269. 
Capillary IlIlBurel. See F~. 
ChaMe, 2.'\8. 
Chaleta, Econom)' of the Alpine, 26., tt xq., 

29.5. 
ChlU1IoL/l huntt;r'.li(e, 00. 
Cbnmoix, J2.~. 
Ch:unouni or Cbaulunix, GO; latitude elld 

10ng"1tude 0(, 12"2. 
Chapeau, v, 66. 
Channuz1 Aiguilll!Oll de-, 18. 
CliarperdWr, De, hl~ 1lleory of Dilatation C&UR­

ing the motion of I!l.c!en., U, a aoq.-On 
the motioll of gllLC.e"" 128; hi. Theory of 
Glacio", uammtKi, 851. 

Chl'nnuntf.ne, grea.t glacier of, '2119. 
Chetif, Mont, Hli. 
Cleavage planel uf ice, za, d MI.' 
Cold penctratel but a sinall depth in ioe or 
~oow 232. 

Col de h. .. lm ... 249. 
Col de CoUoo, pale vf the, Zl8," 189. ; height, 

Z/9. 
Col d'E"II, pauage of the, 296, d q.; 'riaw 

!1'Otn the, 300 ; aangemu. deaeent., 306. 
Col de FenHres, 269. 
Cui du Geant, pau of th&-i.t8 earl)' IWt0f7-

ucellt fJ.om Courmayeur, 220; It. beight, 
224, m ; 1'iew from the, 22li.-RemaiDII of 
tho ~of nesllullllu"',228; hia.,.d~ 
and reDJarkr.ble ob8ervation~?29, #l MJ.­
The dC!lCent to MontaDvl'rt,~, et 1Il!I'. 

Col du Mont Cemn, SI9.-8ee the proper 
nametl of other Col •. 

CotJon, PaM of Mont, 218, &e. 
Combal, Lake of.L193. 
Conet, Glacier, l!.5 341. 
Contact of lee UI-:J Rock a' tbe Ab!le, 16 ; at 

La Bren1'a., 'lOS. 
Cote du Piget,6&. 
C(,te, Montagne deJa, 183.. 
COUnn&)'IIUIj .. Jtt bei.lrbt, 208; itt ltiiMnJ 

apring., l'.I.I!I.-GeoJOg,- or tlle ~bour­
hood, 209, &.c.-The Cruuont, 213. 

Courlel, t.e.,96. 
CouYllrelt',9 •. 
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Llmeatone bena..th gnei. or grunte, nee.r 
CbauIoulli, 6S. 66 ; underl,mf{ ~te,ne&r 
Chapin,t89 j beneath palM In tb(' v .... Fer­
ret. 'llOI 246 ; age of the limeetones of the 
Alpl, 3 6. 

wOOli, piePr'l'l de 66. 
L, .. Val de, 329,336; G1&c:ier 01,337; iu.~t 

V&riatiOnl of liSe, w.; ita Mtmllture, saa 
Maeupaga, m j Gla.oillr of, US; itt Btrue, 

ture, 346. 
Hap of the Pennine Chain, lS.-Consttuction 

oJ tlle map of the MIlT de Glace, 12l. 
Mape of the Alp. defective, S02._Particularl,. 

tb<.e of Monte RoB&, MO. 
Motet, 189. 
MaullQ.U PfU,67. 
ftfarti~. M., quoted, 362. 
Meuurement of II. ba.e Hne, 103. 
M~r d.. Glo.oe of Chamoun; d....cribed, 57.­

Surve,. of the, 99.-Sect'on~ of the., 166.­
I!.o. 'lope at dilfBf'lnt point., 117.- 11.8 mea.n 
-'ope, 118.-Elevaboll!l in tbll \1cinlty of ~h". 
119, &e.-Its Btrocture,!IeI! V_d It~. 
- It. motion, _ MotWR of ~rI. 

Miage, Glacier of, 19-'!.- ftli moraill~, 193; 
their height IlJld extent, 194, 198.-11& minl'­
rals, 19b.-Iu structure, 197. 

MilleraJ ~:rring .. 8t. Gervais. IB5._Counna_ 
yt'ur an St. Dldler,2t.I9. 

Model", experimental, 377, 1Wfr, 378, &C. 
Montanvert, 1'2.- -Accommodation theN, 73. 

-Its hll.lght above the !!ea,1I5. 
Mont Blane, height of, 120.-La.titude and 

longitude of, lZZ.-P_ of the chain of, 
216.-Inacceuiblo fl'l.lm the e&IIt 236.-Seen 
from tho Col do II. Seigne, ]OO,_Toul" of, 
179,244, &C, 

Mont Cervm, 301.- Ite geologi('al .truoture, 
S07.-~ of the, lW9 >Wk, 319.-lta 
height, 321. 

Mont Cheti4 212. 
Mont Collon, 2B2. 
Monte Roia.,aeen from the Cramont, 215 i from 

the Col du Griant, 2"..5 ; fMn the Col d Erin
l 300 l!l'Otn tho Riffelberg, 3UI; from the Co 

du Mont Cervin, 321; !'rom Alagna. U2; 
from M.&eoguaga., 34( ; from Monte Mora, 
349 ; erroneoullYluppote<i to be soon from 
the Gtmuni, 503. 

lIonte Rot!&, tolll" of, 319, d ~.-GeogI'aphy 
or. 33'.l..-AlIoonta ul fIOme or Itl lummits by 
J(. ZlUlUItem, au. 

Monthey, blocb of. 51. 
MonWIeI, 22.-Medial. 23.-lmmellll6 one of 

the OlacleJ' de Mi&ge, 198, 198.-Am9nt, 
at the GI.aclo1- de- Boil, 68.·-Ancient, l1ear 
8t. Genu., 1M. 

Mora, Morn.e, U9_ 
Motiou of (tt.deft euminecl by oblerfati~1 

124-'Rw __ 01 moboD. a meclwtie&l 
pI"ObMm, 'R, 125.- l'he BUrpn.1ng dift1'llliel 
of opio.Jon .. to tiwl facti of it, 127.-<¥­
IIioU 01 • ~ Ebel, Hngi, A~ 
Renda, HaU, de CIba,rpende:, &kmJl, 
1Ih-w, lW, l!IB.-DIilJ motion det.eotecl, 
111_HOGIi}' motion, 11f&.--CeDtN at the 
Mer de Gt.M aa..l futer than the ,.do, 

13t~ t(6.- Tabl61 ofmotien ofdilJ8reat .... 
of tn, Mel' de Gh,ee, UI~, l~-~ 
of do., 1(1.-The tach op~ to \hi ..... 
latlon theory, Ito, tl61.-Kotioll of .. 
61aoier da G&.at luter theu GiaoMc' de 
Lkhau~ 1'-5.--Variatien 01 veloeity 01 CIIl­
tre and Side varies with the ebtoIlite 'f6loohJ 
of the glacier at dilkrent ~ &ad time&, 
147 _-Motion genenllJy '"""'" with tM .... 
perature of the lW', 14.8, &c.-M.o1ieQ. ill wit!.­
tel", 15J,152, 42Q. See TAetory. 

"Moulliu," C..-.d61 ill. the ice, 86.-'lWt 
position neariy iuvMiable, ib. 

Nant Blanc, Glaciel" dUo 63. 
Nantbourant, 187. 
N«.IPtrt M., 8. 210_ 
Ne",:l1 ; Caverns in the, S2. 

O~"ation .. bow to reoonl.,.5, "'"­
Ollen, Col !t:w.o-
Ollomont, '1:10. 
<h1Iiw,256. • 
P_ of tho Alp" traversed by the AuthOJ', 

10, notIo. • 
P&IItun.ses beyond th" glacierw, 69. 8'J. 
PitrN, or ehepIJenls, ,heir liCe, 26t. 295_ 
Pen nine Cb&in of Alva. 15. 
Pedriolo, vut blookl a" tu8. 
P'rU.d.esJet, 94.. 
Piono i HOt (8. 
Pletmde Blraur.l", 97. 
Piuevaohe, attrition of rocks IMIU tbe, 51. 
Pluticity of Glacien., 867. 
PltJ!lfair,41_ 
Pointe d' OmeJ:, 'UB, 2!J7. 
Pohlbed I'OCka neal" Pont PeUaaier, 1M. 
Pcmt Pelillllier, 184. 
Pon.tat Ie .. 75_ 
POI'T.&I&o Col de, 32..'l. 
Pran.yen, 'In. 
PreclpU~, oiangeroUI, of Tr6J~, .1. 

Ranzel., Col de, 826. 
Rmdllt!'f-, niehop of Anneey, 011 tbeaxtdoaof 

the Mer de Gla.oe, 128 ; blL! m..uoDl ...... 
res~ glacierw, 856. 161. a .,., 

Rbone glac:1II' 29_ 
Ritfelberg, SIS. # 
RrlfBlhorn, SU __ MtpeDi:! roeb., Iii6. 
Riva, 1!41-
Riven, glacient com...ol..t to, 882. 
lltJdu MotIImInu., 58--:--
R"mjord. c.-t, hie u:planation of holM iQ 

iee, 21. 



INDEX . 

a.oetou ~ a ~. l~.-Of the Mer d, 
GiMltm ~ ... If6 . 

...... 001 .. ..,' .. . 
$jijwiJl, a.c.. 011 the IIIKIdon of the II .. d. 

~' ..... ,..,.. , 
Sci:: 1 • M, ., ~IS. 
8Dow u.e. 2,18. 
BMw 8toI'IIl, 01\ the Mer de 61&08. 858. 
1!kal1ila,1I09. aM. 
lkatioD. 01 the IUI"'OY of the Mer de Glace, 

sbiIir poehiulIl, 105, &0. ; their elevations, 
Hl,If2.-801lllidia.I)' .tdion., 112. 

8t. Bemud, Gt'I!Iat, 255. 
&. Didier, its minerallpring., 'lO9. 
8t. Gen-aia, 185. 
8l Niootu. valle} ot, SII9, 
8t.ockhorn, 302. 
Btructll~ _ Y ~ Structure. 
5t. Theo(hde., Colo', (or M.ont Cervin,) 319.-

Kl«:tricUpbllDOOl.t!ua. there, 3'l2. 
ShNforr, M~t 2M, 317, d~m. 
Sun8J' clUHI Mer de Glace, aceount of ... 99. 
8~rbnd. Travelling in, II, 12. 

Collon, 280 ; 

'I'tMD.t Glacier of, 2i8 
~~hrvtI'<Athtllkr~GIac6,99. 
Triolet, Glider de, I&!i. 
Turio. Col, Ma. 
~ligbt aDd -OCIItoII«ht oom~ with tb, 

liglit <11, totaI. ... pee. 2'.11. 

V alanine, 2M. 
Val Pollinc, Valle! of, Z7li.-GoolOlO'. ib . 
. V.lpellillll, 'rille~ of, 273.-Ho.pitalitJ at., th. 
VaJ. TOllmanehti, 324. 
Variation, Magnetic, 123. 
Veined .tl'Utlto.reol ll'tl, 28, &e.; of tho Mer de 

Glace enminoo, \57._Factll to be flJ:pWned. 
J.59.-GcneraJ. type ot glaci~'r Itroeture,161. 
-Ke,. to the general di_positioll 01 thevBins. 
162.-" Dirt Bands," 16S ; due to IL pecu. 
Iiarity oUhe veined IrtrUcture, 163; IrtrIlctuN 
IIOmetimes twiated and oonfu.8ed I~;_· 
P01l8 ClrplaininR' the I troctUI'e, 164 ; fleCtion' 
of thll. Mer de 01&.00 in partieW.u, 100.­
Frontal dip, what, J6].-StnlcUlNmOlt dil­
tinct whe~ two glacicl"ll unite, 168; indicate. 
aacmifluid motion, 176.-Theory ofthe8truc­
tuft), 177i 372.-8tru.cture of Glacier dea 
~n., 81; of the Glacier dl MLa,te, 197 
- and ita tributariee, lBi; ol La. fireova, 
201, d .,-<J.; of Trifont, 248; of Argt'ntii n', 
252 ; of Durand, 26!1 j of Arolla, 28'2 j Fer­
pecle,2!U j Zmutt, 301 ; L,.., 8S8; Maeug­
lIaga, M6; Allalein, 35~. 

Vt:Ilttz, M., 4S. 
Verte, AiKlldle, height ol the, 120. 
Villcidlt,. 368. 
Vilp, or Vlege riycr, ita tempeNture, 311. 

Water, not denlll'Jlt at 32", Z1; naturall,. 
blue, 71, 87. 

WeiMbom,30l. 
Weiss Thor, 84li. 
Winter, glaciers~uppo!led 10 be ltationary dur­

Ing, 35 ; crroneou81y, 1011.162 L motIon of 
the Mer de Gl_ in, 161, lKil, 4w. 

Zel'Jllat!t 309; excuMionl Hom, Ill-glacier 
at,31:.1. 

Zm\>U, GlaCier of, 301!.; itl morain", 307 ; 
itll'eioed Itructure, tilJ1. 

Ztnvtrin, M., 527.- Hu. ascent, of "OUIG 
Boa,334. 

ltl'I!'II\URGH: I'WNT£U BY 1'. COl'lfl:U.BL~, 

l'II.!KTIil.i1. TO HEll. XAJYJIT\. 


