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DEDICATION. 

TO M. BERNARD STUDER, 

DOCTOR IN PHILOSOPHY, 

CORBBSPONDING MEMBEB OF THE ROYAL ACADEMY OP SCIENCES OF TURIN, OF 

THB NATIONAL INSTITUTE OF WASHINGTON, OF THE GEOLOGICAL SOCIETY 

OF FRANCE, ETC. ETC., AND PROFBS80B OF GEOLOGY AND PHYSICS IN THE 

UNIVERSITY OF BBBNE. 

In former times, Dedications were usually the 

fulfilment of a stipulation, by which Patronage was to be 

purchased by Eulogy. But ",ince Patronage has ceased to 

secure success to mediocrity, and complimentary phrases 

have become too trite to be gratifying, a Dedication has 

become a rare appendage to a book. 

Nevertheless, it has always appeared to me an opportu

nity to be valued by a literary man, of expressing publicly 

his respect for the talents, and his esteem for the character 
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iv DEDICATION. 

of another, in terms requiring no rhetorical embellishments, 

because, in that case, the language of Truth and of Eulogy 

is the same. 

That you were my companion through several of the 

most interesting scenes described in this V olume, would 

alone be a good reason for requesting permission to dedicate 

it to you, especially as its appearance is not wholly uncon

nected with conversations which then passed between us. 

But when ~ add, that your intimate acquaintance with 

the Alps and their structure, derived from many years of 

unweaned research, gives you an especial right to judge of 

a Work relating to their Geography and Natural History

a farther reason for this Dedication will be understood bv .. 
those who are aware that the best-informed are usually the 

most candid judges of the merits of others. 

Independently of this, I am happy in being able to 

claim your -sympathy and friendship as the best reason of 

all,-a sympathy derived from common pursuits, and a 

friendship which, though not yet old, may certainly be 

affirmed to be not untried. 

I remain, 

My DEAR SIR, 

Yours very sincerely, 

JAMES D. FORBES. 

EDINBURGH, lit Jttly 1843. 
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TRAVELS 

THROUGH 

THE ALPS OF SAVOY, . 

&c. &c. 

CHAPTER I. 

THE ALPS, AND ALPINE TRAVELLERS. 

WAYS OP TRAVELLING AND BOOKS OP TRA VELS--TIIE ALPS AN UNRXHAUBTED 

FlELIr-DE SAUBBURB--HlB SUOCEBBO~HE AUTHOR'S EXPERIENCE-

TRAVELLING IN BWITZERLANIr-ACTION AND SPECULATION IN TRA VEI.

LING-PLAN PROPOSBD--THE PENNINE CHAIN OF ALPS. 

MEN travel from a great variety of motives, and they publish their 
travels perhaps from a still greater. The manner of travelling, and 
the forms of publication are equally diverse, and mark strongly the 
features of the age. The folio of the sixteenth and seventeenth cen
turies, and the quarto of the eighteenth, and even of our own time, 
have melted into the modem duodecimo: and something like a cor
responding change may be traced in their contents. "Pilgrimages" 
are out of date, and the traveller's portfolio on his retum is as light in 
comparison as his portmanteau at starting: both are necessarily pro
portioned to the rapidity of his movements. The modem facilities for 
locomotion extend not only to England, France, Germany, and what in 
former days was called the grand tour, but gentlemen now walk across 
Siberia with as little discomposure as ladies ride on horseback to Flo
rence. Even the Atlantic is but a highway for loungers on the 
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2 TRAVELS IN THE ALPS. 

American continent, and the overland route to India is chronicled like 
that from London to Bath. The Desert has its post-houses, and 
Athens has its omnibuses. 

One consequence of this surprising change has been, upon a great 
scale, like that which the existence of railways has produced in any 
particular district. Persons who travel for the purpose of seeing, and 
relating what they have seen, are in such haste to escape from more 
familiar and accessible objects, that the world gradually accepts it as a 
principle, that what is worth describing must be distant by at least the 
breadth of an ocean, or half a continent, from the home of the tra
veller. The result is, that those who write books of travels with 
other objects than to make money, or to indulge a harmless vanity, 
have usually sought remote countries for the subject of their writings. 
Thus by an insatiate thirst for novelty, and for communicating what 
is most new or strange, rather than what is worth knowing, we 
find that the proper dignity of an intelligent book of travels has been 
often overlooked. The question may yet remain, whether it is not a 
greater service to the community to show how much remains to be 
seen and studied in countries, comparatively speaking, accessible to all, 
than to write detailed descriptions of regions presenting few natural 
objects of importance, or of remote tribes, unvisited perhaps only be
cause uninteresting or dangerous. 

To write a book of Travels in the Alps, wi.ll DO doubt appear to 
many persons a very unpromising as well as superfluous undertaking, 
it being taken for granted that what is so easily accessible must be 
perfectly well known; and the absence of any recent book of the 
kind, intended for more than a temporary object, and speedy oblivion, 
might tend to confirm the idea that no such work is required. It 
has, however, been the result of journeys continued throughout seve
ral summers, in countries commonly called the best known in Eu
rope, that I am persuaded that even in these there is yet much to 

be seen, much explained, and mnch of which a general account 
may prove as interesting as that of visits to more distant, though 
scarcely more unknown lands. An excellent work might be written 
-and it would be a large one-on the lees known or undescribed 

• 
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BOOKS OF TRAVELS. 

parts of the most frequented districts of Europe, which would show 
what a narrow line it is-no broader sometimes than the coloured 
border on a common map, separating one province or kingdom from 
another-which divides the known from the unknown; the high
way along which roll daily the luxurious travelling equipages of 
Russian wealth or English fashion, and the remote valley scarcely 
outlined in our atlases, with a population speaking no acknow
ledged European language, and to whom the sight of a foreign pe
destrian occurs perhaps but once or twice a-year. Nor this alone. 
Even where all men go, none may have stopped; what all men see, 
none may have observed. As in many parts of experimental science 
unexpected discoveries are made in a work-shop or manufactory, so the 
book of nature, whose pages are open to all. is read but by a few; and 
the notoriety of II. fact, or a supposed fact, is often exactly the cause 
why no explanation of it is sought, or its questionable authenticity 
tested. 

It is not too much to say that the natural history of a great part of 
the chain of Alps, the most instructive and grandest theatre of natural 
operations in Europe, is in this predicament. Thousands of travellers, 
many of them amongst the most enlightened men of their day, fre
quent them: But where is the fruit! Whilst Parry, and Franklin, 
and Foster, and Sabine, and Ross, and Darwin brave the severities of 
arctic and antarctic climates, to reap the knowledge of the various phe
nomena of earth and atmosphere, climate and animals, the geology, 
meteorology, and botany of countries comparatively uninteresting to 
us, are we perfectly informed of all these particulars even in our own 
quarter of the globe! Undoubtedly not. Where are we to look for 
travels like De Saussure's, and why are comprehensive works, adapted 
for the general reader and student of nature, to be replaced entirely by 
studied monographs connected with some single science in some single 
district ! 

The belief that the narrative form is at once the most agreeable and 
the most natural, both to author and reader, when truths progressively 
attained, and founded on numerous observations of detached facts, are 
the subjects, has finally determined me to fulfil an early and nearly 
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TRAVELS IN THE ALPS. 

abandoned project of writing a book of travels. The present volume 
is the result. It may be considered as an attempt to show, upon a 
small scale, what it is believed might advantageously be pursued upon 
a larger one. The aim of the work is confessedly to illustrate the 

• physical geography of a particular district in one of the most fre
quented regions of the Alps; and more especially to arrive at results 
of a definite kind respecting the natural history of glaciers, those 
great masses of ice which so generally attract the. casual, though 
only the casual, notice of travellers. 

It is a duty which every one who writes owes to the public and to 
himself, to be informed, generally at least, of the labours of his pre
decessors, that he may not, eveD involuntarily, assume to himself credit 
for that which belongs to another, nor invite attention to that which 
is already well known. 

The duty is not an easy one. Topographical literature, more than 
almost any other, is diffused over bulky and unindexed compilations, 
or more irrevocably lost in fugitive pamphlets. I well know, from 
some former experience, the labour of an attempt to analyse all the 
writings connected with even a small district, and, generally speaking, 
its little value as regards substantive information: and I soon saw 
that such an attempt in the present case would be wholly incompa
tible with the proposed extent of this work, and with the time which 
I could withdraw from other duties for writing it. I hope that it 
will appear, notwithstanding, that I have not been inattentive to 
what my predecessors have done, and that I have endeavoured 
throughout, in matters of original observation, to render to them their 
due. I do not, indeed, pretend to have read the tbkole works of Sim
ler, Scheuchzer, and Gruner, the older alpine historians; but I have 
carefully examined them in many parts, especially those which bear 
upon the doctrine of glaciers. 

The writings of De Saussure have been the subject of perpetual 
reference--not only at home, but amongst the very scenes which 
he has described, and where it is easy to retrace the exactness of 
his assertions, and the f~ithful yet sober colouring of his descrip
tions. Himself a man of independence and station at Geneva, 
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DE 8AU88URE. 

early imbued with a taste for exploring mountain scenery; well 
instructed in the then existing state of natural history and the 
allied branohes of physics, he was exactly in the proper position 
for advanoing a knowledge of his own country, and of those na
tural laws which may best be studied amongst its mountains. 
His journeys were not "tour. de force," miracles of rapidity and 
boldness, from which, if any thing were gained, it must have been by 
a sort of intuition. On the contrary, even his more adventurous 
expeditions were commenced with a calm foresight, peculiar to him
self, of the ends to be gained, and the best methods of attaining 
them. He did not court dangers; he did not affect to despise even 
inconveniences. His fortune permitted him to travel and observe in 

. a manner which is as rare at the present day as formerly. He was 
frequently accompanied by ten or twelve men, and four or six mules 
carrying baggage, provisions, instruments, beds, and a tent; and 
perhaps to this precaution may be partly attributed the long pe
riod of life through which he was able to extend his laborious re
searches, trying to most constitutions, and from which, he states, 
that even he did not fail to suft'er at last. He acquired by his 
convenient position, (for he always resided at Geneva,) a fami
liarity with many of the scenes which he described by repeated 
visits, each one clearing up the doubts of the last. For many years 
he made an annual journey, and a great part of the Alps was traversed 
by him, although unnoticed in his published journeys. De Saussure 
had a particular caution and anxiety about the editorial part of hie 
writings ;-it is probable that he only selected the most complete for 
publication.. It undoubtedly requires a very long apprenticeship to 
the art of travelling to learn how to group facts,-to observe with 
intelligence, and to record observations on the spot with sufficient 
clearness and detail.t De Saussure had seen some other countries 

• See the Advertisement to the ftrst volume or his Travels, dated 1779. 
tThe pnedcewhieh I have long adopted with advantage, is this:-to earrya memorandum

book with Harwood's prepared paper and metallic pencil, in which notes, and oI.ervatione, 
and alight sketches or every deaeription, are made on the spot, and in the exact order in 
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which he was able to compare with the structure of the Alps, although 
he does not appear to have travelled much beyond Switzerland and 
France, excepting one journey to Sicily. It is not easy to ascertain 
from his published journeys, and still less from the meagre biography 
which exists of him by Senebier, the exact time which he spent upon 
his travels each summer: As far as I can gather, however, it appears 
not to have been very long; and we are struck with the circumstance 
that many' remarkable parts of the Alps, within easy reach of Geneva, 
are wholly undescribed, and that he would appear very seldom to have 
taken up his residence for a considerable time at one station. 

That De Saussure was a bold mountaineer is plain from his well 
known ascent of Mont Blanc, at a time when such difficulties, little 
understood, seemed far more formidable than at present, when the chief 
obstacles to such a feat, arise from its very familiarity, and the osten
tatious and expensive precautions which, not unwisely perhaps, have 
been interposed to its accomplishment. But the most interesting and 
most adventurous feat which De Saussure performed, was his residence 
of seventeen days on the Col du Geant, a height of above 11,000 feet; 
of which I shall give a separate account in the course of this work. 

De Saussure's style is generally easy and interesting, without any 
pretension to elaboration, and in this respect his work contrasts most 
happily with that of Bourrit, published about the same time; who, 
though by no means an uninteresting writer, conveys the simplest 
facts through a medium of such unmixed bombast &8 to disgust the 
reader, rather than arouse his sympathies for admiration or for awe. 
In both, however, it must be admitted that here and there a natural 

which they oecur. TheIle notes are almoet inetraceable, and are preaerved for reference. 
They are then extended, as far as poIIIIible, every evening, with pen and ink, in a suitable 

book, in the form of a journal-from which, finally, they may be extracted and modified 

for any ultimate purpose. The speedy ezIftriolt of memoranda has 8everai great adYaD. 
tages ; it secures a deliberate revision of obaenatioDB, whether of instruments or of nature, 

whilst the circumstances are fresh in the mind, whilst farther explanation may be aooght, 

and very oftea whilst ambiguities or eontradictiona admit of remoYal by a t're&h appeal to 
facta. By this precaution, too, the not inconsiderable risk of losing all the fruits of aome 
weeks of labour, by the 1088 of a pock~book, is avoided. 
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passage of calm eloquence may be f01Wd descriptive of natural beauty, 
and of the sentiments, irrepressible in most minds, of Natural Religion, 
which familiarity with great mountain scenery peculiarly calls forth. 

De Saussure has aimed at variety in his work-and beyond a doubt 
successfully. Topography, natural history, and personal adventure 
are happily combined; and many persons who would have been repelled 
by a professed work on the geology of the Alps, have read with avidity 
one which offers so much else to their attention. Even at the pre
sent time De Saussure's Travels can hardly be called obsolete, because 
no other work has replaced them; and though the geology of his day 
is in some degree exploded, the texture of the work is sufficient to 
retain for it a permanent interest. The arrangement is generally topo
graphical; if any place has been repeatedly visited, the description 
refers to the general result of the observations. If only once visited, 
the narrative form is adopted. Occasional chapters are devoted to the 
explanation of subjects which have occupied much of his attention, 
without reference to particular localities. Such an arrangement has 
many advantages. The plates in De Saussure's work, though more faith
ful than those of Bourrit, are not happy, and the maps give but an un
favourable impression of the state of topography or of art at that time 
in Switzerland. 

There is scarcely one of the more modem writers with whom I am 
acquainted, whose writings can be classed with those of the great his
torian of the Alps. The reputation of De Saussure seems to have de
terred others, however well qualified, from resuming and continuing a 
work which, whether we regard the state of knowledge when it was 
written, or the vast extent of Alpine conntry scarcely noticed or un
mentioned in its pages, ought rather to have been considered as a com
mencement and a model, than as the completion of an undertaking so 
vast and so varied. Far be it from me to underrate what has been 
accomplished since his time for the natural history of Switzerland by 
most able and zealous observers in special departments of science, to 
which the excellent J oumals, and the valuable Academical Transac
tions published there, especially those of Geneva, and of the SwisB 
Society, bear ample testimony. Far be it from me to overlook the 
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monographs by Necker and Studer, Escher and De Charpentier, 
Lardy and Zumstein in the country itself, and those of many eminent 
foreigners connected with geology; and of Venetz, De Charpentier, 
Agassiz, and Rendu on the subject of glaciers, which have recalled at.
tention to what De Saussure had only outlined, and whilst showing the 
incompleteness of his generalisations, revived in us at the same time 
admiration of his genius, his fidelity, and his varied knowledge. Two 
works only of late years seem at all to emulate De Saussure in style 
or matter-the " Naturhistorische Alpenreise" of Hugi, and the 
" Etudes dans les Alpes" of Necker. 

The former is a singnlar, we might call it a fantastical work. With 
a praiseworthy desire to benefit experimental philosophy, as well as 
the sciences of observation, by his very unusual and intrepid journeys, 
the Professor of Soleure, describes in detail his instruments and the 
results he obtains with them, which are often, however, so much 
at variance with those of indubitable authority, as to render us some
what diffident in the adoption of them. We cannot but remark, too, 
that the ostentatious style of travelling which he preferred, often with 
twelve or fifteen companions and guides largely paid, was necessarily 
confined to very short and interrupted excursions, which in most cases 
were brought to a premature close by bad weather, when he was com
pelled to break up his band, and relinquish his objects. Amidst much 
which appears so paradoxical in Hugi's writings, as to pass with many 
for fabulous, we perceive a bold and determined spirit daring to follow 
nature, and in the lively, sometimes really eloquent, descriptions of 
scenery, we discover, too, the heart that can feel nature. Amidst a 
mass of dry details there is sufficient narrative to render the volume of 
Hugi agreeable reading, and this is another testimony to the value of 
the style of writing of which we speak, which presents even scientific 
truths in a form calculated to interest persons at large. 

Very different is the volume of M. Necker, Honorary Professor of 
Mineralogy at Geneva., and grandson of De Saussure. It forms only 
a portion of an extended work, calculated to embrace the geology of a 
large district of the Alps. Its arrangement is, however, rather syste
matic than local, and, therefore, it wants some of the liveliness which 
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oharacteriaes the writings of the author of the "Voyages dana lea 
Alpes." Containing as it does abundant references to the localities of 
the Alps, to which the author's enquiries are especially directed, it is 
enriched with the fruits of his observations and long residence in other 
countries. Still by its nature and arrangement it is a book of geology 
and not of travels. * 

With respect to the present work, it is considerably more special 
than I could have wished it to be, had my sole object been to give a 
specimen of a continuation of travels in the Alps in the manner of De 
SaUMure. Whilst general geology may be considered as the basis of 
his work, or the investigation which guided the course of his travels, the 
theory of glaciers, and of the departments of geology and topography 
more immediately connected with them, forms the groundwork of 
mine. This circumstance has led me in the journeys, which are to be 
described in this volume, through more wild and remote scenery than 
any other inducement, except perhaps a passion for the chase, is likely 
to carry a traveller. Some account of these scenes may have sufficient 
interest for the general reader to induce him to excuse the more scien
tific details. I can at least plead, in excuse for an attempt which I 
feel to border on presumption,-the endeavour to follow the great his
torian of the Alps in his own country, and to meet him on his own 
ground,-that it is upon no sudden impulse that I came forward with 
the hasty notes of a few months' tour to lay them before the public. 
It is now a good many years since I proposed to myself to travel, not 
as an amusement, but as a serious occupation, and with De Saussure 
before me as a model. I have reason to be glad that circumstances, 
by postponing its execution, led me to appreciate more fully the 

• For a copious list of works published on Switzerland, _ EBEL'S Guid, d. Voyagetlr, 
tom. i. Many of theee contain valuable information ; and even from common tour and 
guide·books, useful facts may often be gained. Those of Ebel himself, of Latrobe and 
Simond, of Frilbel and Engelhardt, of Brockedoo and Bakewell, may be mentioned; bot 
they do not properly come under the clua of works referred to in the k'xt. 
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difficulties of the plan, and to come to its fulfilment after some expe
rience, with moderated expectations of ultimate success. The habit 
of observation, I have already observed, is of slow growth-to use 
opportunities, we must prepare to seize them. I had the advantage of 
receiving my first impressions of Switzerland in early youth, and I 
have carefully refreshed and strengthened them by successive visits to 
almost every district of the Alps between Provence and Austria. I 
have crossed the principal chain of Alps twenty-seven times, generally 
on foot, by twenty-three different passes, - and have of course inter
sected the lateral chains in very many directions. In my journeys I 
have most frequently been alone, although occasionally I have had the 
advantage of eminent na.turalists and esteemed friends for my com
panions, from whose superior knowledge I have been happy to gain in-

• The rollowing are the _ and directiODll of these Puaes, eommencing with the Ma
ritime Alps :-

Col d' Argentiere, 

Col de Vallante, 
From Barcellonette, 

Abriee, 

Abriee, 

Abriee, 

Col de Ja Travenetf.e, 

Col de Ja Croix, 

Mt. Gen6vre, 

Mt. Cenia, 
Petit St. Beroard, 
Col du Bonhomme, 

Col du CUant, 

Col de Ferret, 

Grand St. Beroard, 
Col de Fen~&ree, 
Col d' Arolla, 

Col du Mont Cervin, 
Monte Moro, 
Simplon, 

st. Gothard, 
SpIUgen, 

Stelvio, 

Brenner, 
Velber-Tauern, 

Malnitzer Taureen, 

Preblibel, 

Brians:on, 
Lans-le-Bomog, 

Montier&, 

St. Gervais, 
Cbamouni, 
Martigny, 
Marligny, 

Daguee, 
Evolena, 

Zermatt, 
Sau, 
Brieg, 

Altorf, 
Coire, 

IUDBbruck, 

Innabruck, 

Mitteraill, 

Gaatein, 

Eieenerz, 

To Coni. 

Cutel Delfin. 

Salucee. 

Lucama. 

Fencetrelles. 

SW18. 
Aoeta. 
Courmayeur. 

Courmayeur. 

Courmayeur. 

Aceta. 

Valpelline. 

Valpelline. 

Cbatillon. 

Macugnaga. 
Duomo d'o.ola. 
Bellinzona. 

Chiavenna. 

Bonnio. 
Botzen. 
WindiBcb Matrei. 

Ober Vellacb. 

Bruck am Mur. 
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formation as a leamer, and by whose urbanity and kindness the rough
est way has been smoothed, and the longest day beguiled. 

I have likewise undertaken similar journeys in other mountainous 
countries with a view to compare the results. I have spent 'I.!o p~ of ten 
summers on the Continent, and six of these in the Alps and adjacent 
country. I have thus repeated my visits to the aa.me spot, and without 
almost any exception, I have found more to enjoy, to admire, and to leam 
on the renewal of my acquaintance with it. Most of the places described 
in this volume have been visited twice, and several of them in four dif
ferent years. As the mere novelty of travelling wears off, its deeper 
charms impre88 themselves more indelibly-the habits of observation 
and of thought are strengthened-the short term of human life itself 
seems to expand in proportion to the variety and greatne88 of the 
objects contemplated; and it the solitary pedestrian in foreign parts 
feels his heart often glow with thoughts which bear him untiring com
pany, incommunicable, and with which the stranger cannot inter
meddle, he may yet have an honest gratification in attempting to convey 
to others some part of his enjoyment in the conqu~st of obstacles, and 
in the pursuit of truth. 

Switzerland is undoubtedly one of the most agreeable, as well as 
most interesting countries in the world to travel in. Its parts rise to 
all the elevation which is necessary in order to convey to the imagi
nation the fullest sense of the sublime in such objects, whilst their 
dimensions-gigantic, no doubt, compared to the mountains of the 
British Islands-do not present the unwieldy extent of the Andes or 
Himalaya. There is no tra'Mf'W'8 valley in the Alps-that is, one 
leading directly from the plains to the highest ridge-up which an 
active man capnot walk in two days, and the actual passage of the 
chain may usually be effected in one. Now, any ~eat increase upon 
such a scale necessarily wearies the traveller with monotony, even 
though it be the monotony of grandeur, whilst it tasks his physical 
powers by keeping them too long upon the stretch. The circuit of 
Mont Blanc or Monte Rosa is quite as long and fatiguing as most 
persons 'will consider necessary to give them a vivid conception of 
an immense hill; and jf we accurately examine the slow progresf< 
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which the uneducated eye makes to a correct estimate of magnitudes 
and distances in the Alps, we find that, practically, their scale is 
sufficiently great to afford to at least nine-tenths of travellers the 
most majestic conceptions with which such objects can at all inspire 
them. 

Add to this, that the actual height of the zone of perpetual snow 
is as great as that of any mountains in the world, with one or'two 
exceptions; for the highest land on the sur&.ce of the globe is near 
the equator, where the corresponding high temperature raises the 
limit at which perpetual snow commtmeetl to nearly the extreme height 
of European mountains. The eye, which must always have some 
actual or conventional standard of reference, if it cannot judge by 
the level of the' sea, takes the level of the plain as a starting
point, or, if there be no plain, the level of perpetual snow is a natural 
index of elevation, which, connected as it is with height, solitude, and 
vastness, impresses the mind with the highest sense of grandeur in 
natural scenery. It has often been observed, that Chimborazo is less 
elevated above the table land from which it rises than Mont Blanc is 
above the valley of Chamouni ; and taking the level of perpetual snow 
in the Alps at 8500 feet, Mont Blanc is snow-clad throughout its 
higher 7000 feet. Now, a peak in the Himalaya range, in order 
to show as much, would need to rise to above 22,000 feet,-a height 
which few of them exceed. 

The climate of the Alps, as well as their scale, is highly favourable 
to observation and to personal exertion; and it must not be reckoned 
a small advantage, that shelter, if not accommodation, is to be found 
within a moderate distance of the most retired and wildest soonery. 
Obstacles to travelling, whether from rude curiosity or violence, on the 
part of the inhabitants, are undoubtedly smaller in Switzerland than 
in any other country in Europe. The traveller who makes a sojourn 
of some length in the remoter parts of even the most frequented coun
tries, is as often subjected to the suspicions of the authorities as of the 
people. The mere fact of his traversing mountains where no one habi
tually passes, is a sufficient r.rime in the eyes of the vigilant police; 
and if to this he add a tum for sketching, or the use of a hammer or 
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barometer, or any such instrument, he is likely to raise a host of popu
lar prejudices, whose exte~t can often only be guessed from the extra
ordinary conjectures which he occasionally finds to be current respect
ing his character and pursuits. Having, at different times, had my 
own share of these troubles, I appreciate highly the happy independ
ence of a pedestrian in Switzerland, where, partly from the peculiar 
character of the people, partly from their form of government, and 
partly from their familiarity with strangers of every country, race, 
occupation, and fancy, no one need fear being set down either for a 
magician or a political agent-the two offensive categories in which he 
is oCten elsewhere included; and even the philosopher, with all his 
whims and his chattels, his labours and hardships which seem to end 
in nothing, is allowed, after a short cross-examination, and a significant 
shrug from the questioner, to pursue quietly an avocation, which is 
considered at least as harmless as walking in a motley suit would be, 
or twenty other vagaries. I own, that although the character of the 
Swiss or Savoyard peasant can rarely excite much enthusiasm or admi
ration amongst those who know them well, I always feel a satisfaction 
and a freedom from restraint when I approach these mountains and 
their exhilarating atmosphere, which dispel anxiety, and invite to 
sustained exertion. 

What a field, indeed, for those whom professional and other cares, 
and even the habits of the society which they frequent, leave, during 
a great portion of life, but a few hours together, never a whole day, 
which can be called their own, to find themselves transplanted to a new 
position-time at command-no interruptions-no calls, invitations, 
or engagements-no letters to write or receive but those which give 
pleasure-surrounded by nature in its grandest forms, delighting the 
eye, yet affording far keener pleasure to the intellect, by the interest of 
the problems which it presents for solution! The attention, undis
tracted, dwells on the objects around without hindrance or satiety. 
The sense of perfect health-the rapid and refreshing sleep which 
attends most persons escaped from the hot-bed languour of towns to the 
freshness of the Alp!!, stimulate the powers of thought; . and thought 
is without fatigue when each passing event gives a varied tone to it-
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when each step furnishes a new subject for its exercisl.'-when all 
nature is our laboratory, and we read the axioms of ker philosophy 
indelibly engraven on the eternal hills. 

Mere change of scene and active exercise produce fatigue at last, 
unless the mind have some wholesome employment as well as the body; 
and most of those who have made the trial will probably regard as 
amongst the happiest periods of their lives those in which a favourite 
study has been pursued in the retirement of mountain scenery. Morn
ings of active exercise, from sunrise till afternoon, and evenings of quiet 
thought and speculation, with here and there a day interposed of easy 
society with intelligent travellers, or employed in reducing and digest
ing the knowledge previously acquired by observation, give the sense 
of living twice over. The body and the mind are alike invigorated and 
refreshed; weariness from fatigue, and weariness from inactivity, are 
forgotten, together with the other evils of our more artificial existence. 
The student in his closet exhausts his powers by one kind of toil, whilst 
the fox-hunter and deer-stalker exhausts them by another; both call 
it pleasure; but the one is all too exclusively speculative, the other too 
exclusively active. Let speculation and action minister to one another; 
then, like a well-oompacted body, the membe1'8 act in harmony,-the 
double exercise prevents fatigue. Happy the traveller who, content to 
leave to others the glory of counting the thousands of leagues of earth 
and ocean they have left behind them, established in some mountain 
shelter with his books, starts on his fi1'8t day's walk amongst the Alps in 
the tranquil morning of a long July day, brushing the early dew 
before him, and, armed with his statr, makes for the hill-top, (begirt 
with ice or rock, as the case may be,) whence he sees the field of his 
summer's campaign spread out before him; its wonde1'8, its beauties, 
and its difficulties, to be explained, to be admired, and to be over
oome. 

.. I gnotis errare locis, ignota videre 
FlumiDa gaudebat ; STUDIO MIIIIUBIllr& LABOBBII." 
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It only remains to be added here, that the country which it is pro
posed to describe in the present volume, includes exactly that part of the 
Alpine chain called by the ancients the "Pennine Alps," a term of 
doubtful origin, but which it is convenient to retain, as having no 
modem synonyme. It extends from the Col du Bonhomme on the 
west side of Mont Blanc, to Monte Rosa inclusive, thus comprising • 
the highest ground in Europe, and the two most colossal mountain 
groups. The map facing the first page of this work shows its limits, 
and will be found useful in tracing the routes to be described. It has 
been compiled with care, though on a small scale. The basis is the 
last edition of Keller's map. The valley of Erin and its neighbour
hood are corrected from Frobel; those of St. Nicolas and Saas from· 
De Charpentier and Engelhardt; the lOUeMm side of Mont Rosa from 
Von Welden aud the new Sardinian Survey; and the passes and 
glaciers between St. Bernard and Mont Cervin from my own observa
tions, so far as they go. 

The Pennine chain is particularly distinguished by the number and 
extent of its glaciers; and as the study of these formed the chief object 
of my journey in 1842, upon which the material of this volume is based, 
it presented itsel£ as the most natural field for my enquiries. The msr 
de glace of Chamouni, from its very easy access, and its great extent 
and variety of surface, seemed to me the most eligible post, and I am 
inclined to think that it is, on the whole, the best fitted in Switzerland 
or Savoy for investigations like those which I had in view. Within a 
stone's throw of the ice, at the Montanvert, is to be found sufficient 
shelter, fitted for a permanent residence of some weeks or months, 
which is of the very first importance in the prosecution of a task 
requiring much perseverance, detail, the use of a multiplicity of instru
ments, the performance of calculations, and the making of drawings. I 
know from experience how little of this can be accomplished in a tem
porary residence, such as a tent or hut, without tables, chairs, or a 
fire; and however amusing such privations are for a time, and how
ever pleasant it may be to laugh over them in good company, such 
expeditions tend rather to amusement than edification. I preferred, 
therefore, in general, the least expensive and least ostentatious methods 
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of pursuing my enquiries, and I felt the necessity of carrying them out 
alone. I employed naither draughtsman, surveyor. or naturalist; 
every thing that it was possible to do I executed with my own hands, 
noted the result on the spot, and extend"ed it as speedily as possible 
afterwards. My only assistant was a very intelligent and very worthy 

, guide of Chamouni, Auguste Balmat by name, to whom I shall have 
frequent occasion to refer in these pages; and I am indebted to the 
friendship of the Cure of Ohamouni, M. Lanvers, for having recom
mended him to me, as well as for many other acts of substantial kind
neBS, for which I shall ever remain his debtor.· 

Although, as has been said, I was acquainted, from former visits, 
with many of the places to be described, yet all the detailed observa
tions which will be given were conducted during the course of last 
season, (1842.) The information collected in that time will at least, 
I hope, be thought creditable to my industry, and it may be an encou
ragement to persons who might be withheld (as no doubt many have 
been) from similar undertakings, by an erroneous estimate of the scale 
of assistance and expenditure required, which may truly be termed the 
trappings and paraphernalia of science, to know what may be effected 
with patience and previous study, in a moderate space of time, and in 
a very simple way. 

I spent the latter part of June 1842 at the Montanvert, (Oha
mouni,) the first half of July on the southern side of Mont Blanc and 
in Piedmont. I then returned to the Montanvert by the 001 du 
Geant, and continued my experiments on the Mer de glac8 until the 
9th August. I then passed a month on a journey (partly in company 
with M. Studer) to Monte Rosa and the adjacent country, when I 
returned for the second time to Chamouni, and spent the remainder 
of September on or near the glacier. 

* H happened very rarely indeed that I required &IIy other assistance than that 01 
Balmst. 
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CRAPTER II. 

SOME ACCOUNT OF GLACIERS GENERAl.LY. 

THE SNOW LlNE-THE WABTll: OF IcE AND ITS SUPPLY IN GLACIEJUI--()AUSF.S 

OF WASTE-MOTION-FALLEN BLOCKB--MORAINES, MEDIAL AND LATERAL 

--GLACIER TABLES AND CONF.8-FORMATION OF HOLES IN ICE-VEINED 

STRUCTURE OF THE ICE IN GLACIERs--THE GLACIERS OF THE AAR AND 

RHONE-THE NBVE-CAUSE OF GLACIER MOTION-DE SAU8SURE'S GRAVI

TATION THEORY-DE CHARPENTIER'S THEORY OF DILATATION--<lWECTIONS 

TO EACH. 

.. Where 80 wide, 
In old or later time, its marble Hoor 
Did ever temple boast as this, which here 
Spreads its bright level IlWiy a league around." 

DVER'8 Fluet. 

IT has already been said, that no l!!n1all part of the present work 
refers to the na.ture and phenomena of glaciers. It may be well there
fore, before proceeding to details, to explain a little the state of our 
present knowledge respecting these great ice-J)asscs, which are ob
jcets of a kind to interest even those who know them only from descrip
tion, whilst those who have actually witnessed their wonderfully striking 

n 
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and grand characteristics can hardly need an inducement to enter into 
some inquiry respecting their nature and origin." 

I have already alluded to the fact, that high mountains in every 
part of the world are covered with snow. It is enough for our present 
purpose, that tk6 fact ia, that the atmosphere becomes colder as we 
ascend in it, until that cold reaches a great and hitherto unmeasured 
intensity. Oonsequently, by merely ascending the slope of a hill, we 
pass through successive gradations of seasons. Whilst the plains are 
covered with the verdure of summer, eternal winter reigns upon the 
summits, and thus the stupendous ranges of the Himalaya or the Andes 
present, in one condensed picture, all the climates of the earth, from 
the tropics to the poles. 

Since then, the long summer's day, of six months' duration in the 
arctic regions, is insufficient to melt the accumulated ice, it is not 
surprising, that at a certain height above the earth's surface, snow 
always lies,-a height greatest at the equator, amounting there to 
16,000 feet above the sea, which, in the Swiss Alps, has diminished to 
8700 feet, and which in very high latitudes reaches to the level of the 
ocean, so that there the natural covering of the earth is snow, and the 
very soil is frozen to an increasing depth. The mere continuance of 
snow on any spot does not suppose that snow never melts there. Were 
that the case, a progressive and unceasing accumulation would be the 
result; the position of the motD line, or what is often erroneously called 
tk6 line of perpetual congelation, is determined solely by this circum
stance, that during one complete revolution of the seasons, or in the 
course of a year, tk6 moll' whick falla is jUBt melted aM no more. 

Now, a snow-clad mountain is not a glacier. Whence the real dif
ference, or how it comes that in some climates glaciers are produced in 
situations and circumstances apparently similar to those which yet do 

• For lOme further details thaD would be collBiatent with the due length of this prelimi
nary ehapter, I would refer the reader to an article in the Edinburgl Rerinl, for April 
1842, on the subject of Glaciers, which has been admirably translated into French in the 
,A",,/Ila de Ciimito, for October and November 1842. From that article, (written bl my
l1li1£,) I have extracted one or two pasagee in this and the next ehapter. 
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not produce them in others, is a question which we do not mea.n now 
to handle. But let us first see what is understood by a glacier in the 
more familiar sense of the word.· The common form of a glacier is a 
river of ice filling a valley, and pouring down its mass into other val
leys yet lower. It is not a frozen ocean, but a frozen torrent. Its 
origin or fountain is in the ramifications of the higher valleys and 
gorges, which descend amongst the mountains perpetually snow-clad. 
But what gives to a glacier its most peculiar and characteristic feature 
is, that it does not belong exclusively or necessarily to the snowy region 
already mentioned. The snow disappears from its surface in summer 
all regularly as from that of the rocks which sustain its mass. It is 
the prolongation or outlet of the winter-world above; its gelid mass is 
protruded into the midst of warm and pine-clad slopes and green swaM, 
and sometimes reaches even to the borders of cultivation. The very 
huts of the peasantry are sometimes invaded by this moving ice, and 
many persons now living have seen the full ears of com touching the 
glacier, or gathered ripe cherries from the tree with one foot sta.nding 
on the ice. 

Thus much, then, is plain, that the existence of the glacier in com
paratively warm and sheltered situations, exposed to every infiuence 
which can insure and accelerate its liquefaction, can only be accounted 
lor by supposing that the ice is pressed onwards by some secret spring, 
that its daily waste is renewed by its daily descent, and that the termi
Dation of the glacier, which presents a seeming barrier or crystal wall 
immoveable, and having usually the same appearance and position, is, 
in fact, perpetually changing-a stationary form, of which the sub
atance wastes-a thing perma.nent in the act of dissolution. 

The result of the heat of the valley in thawing the ice, is a stream 
of ice-cold turbid water, which i88Ues from beneath its extremity, and 
which, by gradually undermining, works out a lofty cavern, from beneath 
which it rolls. This water is derived from various sources: in the 

• Glaoiw French, GktoMr German, G,\iaoeitJitJ Italian. But the glaciers have also pro
YiDcial names, .. F.,.. in the Tyroleee Alps, Kiu. in Carinthia, Vedretto in part of Italy, 
BWgrID in the VaUais, R.ire in Piedmont, &rruilU in the Pyren~. 
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'rst place, from the natural springs which, it may be conceived, rise 
from the earth beneath the ice, just as they would do in any other 
valley. This source remains, in a great measure, even in winter, when 
the glacier stream, though diminished, does not vanish. Secondly, from 
the heat of the earth in contaetwith the ice, which probablymelta annual
ly a very small thickness of its mass. This, too, will not depend upon 
the season. Thirdly, the fall of rain upon the whole area which the 
glacier valley drains-which acts, in the first place, by melting the su
perficial ice and snow ;-and the rain water being thus reduced to the 
freezing point, washes through the cracks and fissures of the ice by 
innumerable streamlets, which unite beneath its mass, and swell the 
general stream. Fourthly, the waste of the glacier itself due to the 
action both of SUD and rain-a most important item, and which con
stitutes the main volume of most glacier streams, except in the depth 
of winter. It is on this account that the Rhine and other great rivers, 
derived from Alpine sources, have their greatest floods in July, and 
and not in spring or autumn. as would be the case if they were ali·, 
mented by rain-water only. On the same account, the mountain tor
rents may be seen to swell visibly, and roar more loudly, as the hotter 
part of the day advances, to diminish towards evening, and in the 
morning to be smallest. 

The lower end of a. glacier is usually very steep and inaccessible. 
This arises, in some cases, from the figure of the ground, over which 
the glacier tumbles in an icy cascade often a thousand feet high. Its 
middle course is more level, and its highest portion, again, steeper: 
thus the final ice-fall of the glacier Des Bois at Chamouni is inclined 
20°, the mean portion between 4° and 5°, and the higher part at least 
8° or 10°. 

The mean or middle portion of the glacier is a gently sloping icy 
torrent, from half a mile to three miles wide, more or less undulating 
on its surface, and this undulating surface more or less broken up by 
(;f'8f'JQM88,. which, generally nearly vertical in their direction, have a 

* The t.ransIation of the French word cr~ra_ into the English crtri«, is so evidently in
applicable to these vast fissured chasms, that we shall constantly adopt the French spelling. 
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width of trom a few inches to many feet; and a length which sometimes 
extends almost from side to side of the glacier. In all this, there is 
little or no resemblance to water tranquilly frozen. The surface is not 
only uneven, but rough; and the texture of the ice wants the homo
geneity of that formed on the surface of lakes. The hollows, which 
appear but trifling when viewed from a height and compared with the 
expanse of ice, are individually so great as to render the passage 
amongst them toilsome in the extreme, even independent of the cre
vasses; and the traveller who has to walk for several hours along a. 
glacier, will oCten prefer scrambling over stones and rocks on the side, 
to the harassing inequalities which appeared at first so trivial. In a 
day of hot sunshine or of mild rain, the origin of the hummocky ridges 
is apparent: the intervening hollows ha,ve every one of them their rill, 
which, by a complicated system of surface-draining, discharge the 
water, copiously melted by the solar influence, the contact of warm air 
and the washing of the rain. These rills combine and unite into larger 
streams, which assume sometimes the velocity and volume of a common 
mill-race. They run in icy channels, excavated by themselves, and 
unlike the water escaping from beneatA the glacier, being of exquisite 
purity, they are both beautiful and refreshing. They seldom, however, 
pursue their uninterrupted course very far, but reaching some crevasse, 
or cavity in the glacier, mechanically formed during its motion, they 
are precipitated in bold cascades into its icy bowels-there, in all pro
bability, to augment the flood which issues from its lower termination. 
Nothing is more striking than the contrast which day and night pro
duce in the superficial drainage of the glacier. No sooner is the sun 
set, than the rapid chill of evening, reducing the temperature of the air 
to the freezing point or lower, the nocturnal radiation at the same 
time violently cooling the surface-the glacier life seems to lie torpid 
-the sparkling rills shrink and come to nothing-their gushing mur
murs and the roar of their water-Calls gradually subside-and by the 
time that the ruddy tints have quitted the higher hill-tops, a deathlike 
silence reigns amidst these untena.nted wilds. 

Winter is a long night amongst the glaciers. The sun's rays ha.ve 
scarcely power to melt a little of the snowy coating which defends the 
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proper surface of the ice; the superficial WMte is next to nothing; and 
the glacier torrent is reduced to its narrowest dimensions. 

The glacier in this part of its course is more or less covered with 
blocks of stone which move along with it, or rather are borne down 
upon its surface. The motion of the glacier we have already inferred 
from the subsistence of the ice in valleys where the daily waste is im
mense, and where yet the glacier maintains its position; but its pro
gress is also well marked by the displacement of great blocks of stone 
upon its surface, which, from their size or figure, cannot be mistaken, 
and which may be watched from year to year descending the icy stream 
whose deliberate speed they mark, as a floating leaf does that of a cur
rent of water. These detached rocks fall from the cliffs which usually 
bound both sides or a glacier in its middle portion, and from which the 
alternate effects of frost and thaw rapidlyand surely separate them. They 
may be seen to fall almost every summer's day, in consequence of the loos
ening of the icy bands which hold together fragments previously wrenched 
asunder by the irresistible expansion or freezing water. A single pro
montory may yield a great stream of those blocks in the course of years; 
were the ice stationary, they would accumulate on its surface at the 
base of the promontory, but as the ice advances, its charge is carried 
along with it, and the glacier becomes burdened on both sides with a 
band of blocks, which by their geological character bear the impress 
of their origin, and thus not un£requently bring down to the reach of 
the mineralogist specimens which otherwise would be quite unattain
able, and whose native place may be surely inferred by observing the 
direction of the ice stream which is charged with them. Such, for 
instance, are fragments of the Gohbro of Saas, which has not yet been 
found i. littl, but which is discharged by the glacier of Allalein, in the 
Vallais, near Monte Rosa. 

What a curious internal historical evidence, then, does a glacier bear 
to the progress of events which have modified its surface! It is an 
endless scroll, a stream of time, upon whose stainless ground is engra
ven the succession of events, whose dates far transcend the memory of 
living man. Assuming, roughly, the length of a glacier to be twenty 
miles, and its annual progression 500 feet, the block which is DOle dis-
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charged from its surface on the terminal moraine, may have started 
from its rocky origin in the reign of Charles I.! The glacier history 
of 200 years is revealed in the interval, and a block larger than the 
greatest of the Egyptian obelisks, which has just commenced its march, 
will see out the course of six generations of men ere its pilgrimage too 
be accomplished, and it is laid low and motionless in the common 
grave of its predecessors. 

The stony borders now described are called Morainu in French, 
GtI.ffw or GtI.fferlinien in German. The glacier retains a portion of 
them on its own surface, and throws up a part upon the bank or shore 
which confines it. IC the shore be precipitous, it will be conceived 
that the blocks cannot be stranded, and therefore either remain on 
the surface of the ice, or fall into the occasional vacuities left between 
the ice and its wall, and there are ground and chafed, acting, of course 
in a notable manner upon the rock, and producing rounded surfaces, the 
angles being worn oft', and grooves and scratches parallel to the direc
tion of motion of the ice. All this is an immediate and necessary 
consequence of the fact of the glacier moving and heaving blocks along 
its edges. When the rocky slope or shore of the glacier is less steep, 
since, owing to the heat reflected and communicated from the ground, 
the ice almost invariably sinks towards the sides, a portion of the load 
of blocks falls over, and is accumulated in a ridge as from an over 
filled waggon. But the more striking cause of this accumulation is the 
oscillation of dimension of the glacier at different seasons, and in dift'e
rent years. IC the glacier from any cause whatever becomes enlarged, 
and, like a swollen torrent, occupies its bed to an unusual depth, the 
Morainu are uplifted with it, and when the return of summer or warmer 
seasons reduces the ice to its former bulk, the blocks are deposited at 
the higher level. Such moraines are to be seen in the neighbourhood 
of most modem glaciers, and they are important to be observed, because 
the existence of similar mounds in places remote from existing glaciers, 
has been inferred to demonstrate their former presence. The sketch 
at the head of this chapter represt'nts a moraine about a hundred ft'et 
above the present level of the Mer de glace of Chamouni. 

It often happens that two glaciers, having Reparate sources, unite in a 
('ommon valley, pxartly as two rivers would do. Each, of course, hac; 
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its edging moraine or lilt, and therefore where the glaciers unite, the 
two inner moraines must unite also. This does not, however, alter 
their character; as in the ease of the Rhone and Saone uniting their 
streams at Lyons, each preserves the characteristic colour of its water 
for a long way down, unmixed with its neighbour river-so, much more, 
does the compact and firm glacier. The debriI proper to each unite 
upon the surface, and mark by a hand of stones, often Cor miles, the 
actual separation of the two ice streams, which otherwise would (at 
that distance) have become undistingoishable. These united bands, 
which are equal in number to the junctions oC tributary glaciers which 
combine to form a great one, are called 'III6fl.ial moraifUB, whilst those 
formerly described are called lateral morainu. The former have only 
heen distinctly explained of late years, by Agassiz· and De Charpen
tier, t whilst the latter have been long perfectly understood. There is 
nothing more surprising to be found in the writings of De Saussure 
than the most unsatisfactory explanation which he gives of medial 

moraines·t 
As these facts are important to be 

distinctly apprehended, some slight 
figores may tend to illustrate them. 
Thus figure 1 represents a plan of an 
ideal glacier composed of five streams, 
A, B, C, D, E, each of which has its 
lateral moraines, and the union of 
these represented by the dotted lines, 
1, 2, 3, 4, forms the superficial trains 
of rocks which are carried along on 
the surface of the ice. A mere pro
minent rock or islet in the ice, as that 
between D and B, may yield also its 
small contribution of blocks. The 
section in figure 2 represents a glacier 

c Fig. 2. 

tl 

CIi.ciR. 

having a steep wall, a, where consequently the debris are ingulfed 

* Etudes BUr les Glaciers, 1840. t Faai BUr les Glaciers, 1841. ::: Voyages, § 537. 
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between the wall and the ice, producing friction, and an inclined shore, 
b, on which the lateral moraine has been deposited. There is also 
shown,.at c, the position of an ancient moraine, deposited at a time 
when the glacier _ elevated enough to have submerged the pro
montory a; one of the medial moraines is shown at d: The ice rises to 
a greater height under it than at any other part, owing to a circum
stance to be mentioned immediately. An exact idea of the general 
phenomena of moraines will be obtained from the large map of the 
Mer de glace or Ohamouni accompanying this work, and from Plate 
II., which gives a view of it. 

The presence of these blocks upon the surface of the glacier, and of 
the fine sand and debris which is produced by their trituration, gives 
rise to a peculiar and striking class of phenomena, easily explained, yet 
at first sight most astonishing. The surface of a glacier is usually 
divided by numerous rents or crevasses, stretching as we have seen, 
often nearly from side to side, and into these rents blocks are con
tinually falling. Still, the fact is, that the moraines remain upon the 
surface, and unless after a very long or very uneven course, they are 
not dissipated or ingulfed. On the contrary, th~ largest stones are 
set on a conspicuous pre-eminence,-the heaviest moraine, far from 
indenting the surface of the ice, or sinking amongst its substance, rides 
upon an icy ridge as an excrescence, which gives to it the character of 
a colossal back-bone of the glacier, or sometimes appears like a noble 
causeway, fit indeed for giants, stretching awa.y Cor leagues over mo
notonous ice, with a breadth of some hundreds of feet, and raised 
from :fi.fty to eighty feet above the general level. Almost every stone, 
however, rests on ice; the mound is not a mound of debris, as it 
might at first sight appear to be. Nor is this all. Some block of 
greater size than its neighbours, covering a considerable surface of the 
ice, becomes detached Crom them, and seems shot up upon an icy 
pedestal, in the way represented in the Frontispiece, from a real and 
very striking example which occurred in 1842 on the Mer de glace of 
Chamouni. This apparent tendency of the ice to rise wherever it is 
covered by a stone of any size, results from the fact, that its surface 
is depressed every where else by the melting action of the sun and 

Digitized by Goog Ie 



tiL'hCIERS. 

; the block, like protects it from elevation 
measures the level of the glacier at a former period, and as the de
pression of surface is very rapid-amounting even to a foot per week, 
during the warm months of summer-the ice, like the fields, puts 
forth its mushrooms, which expa.nd under the influence of the warm 

until the cap, heavy for the 'hentre 
of the block 'hupported, the slide, 

zt±,lIing on the Sut±,;'hZle t±,lacier, it defeede of 
forthwith afresh. The'h'h are 

was perfectlt±, De 
Saussure. 

Where sand derived from the moraines has been washed by super
ficial water-runs into the deep cavities which are occasionally formed in 
the glacier, the accumulation is at length sufficient to check the pro-

the waste of ic'h, 'hvas a hole filled b'l'30mes 
projecting 

These produc'h sin-

Vlld apparently U'''"''',,""''''''''''"'' 
'hffrmetimes astonishiffrt±,lt±, 

100 in circumference ;-but this is one of the rarer appearances. 
From what has been said, it will appear that a glacier has a remark

able tendency to reverse its contour, or to present at one time the mould 
or cast of what it was at another; any part of the surface prominently 
""'",,,,,,,,u is sure to be and the hollows, whether holes 

or water-runls, l,ilted up are fffrrther 
The valleys a'h'h 'hffrEl,lted, and the hinEl 

to this beautiful that the a 
'US"~,,,,,,,,, evenness of 

A eon verse action, however, may be noticed. It is always on a 
small scale, and there are two causes. The first occurs from the col
lection of small objects of a dark colour and in no great quantity on the 
surface of the ice, which absorbing the solar heat, transmit it quickly to 
the ice beneath, and such particles of black sand, or even leaves which 

1~ludeJI, chap. x. 
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are wafted by the wind from vast distances upon the glaciers, are found 
sinking into cavities, whilst blocks, larger than a cottage, and weighing 
millions of pounds, rise above the surface. The other fact is the deep
ening of cavities in the ice, once formed and filled with water, but con
taining no considerable quantity of d8trieu. These basins, or baig
twi,." as they are usually called, appear to be formed in the following 
manner, first explained by Count Rumford. Water, just freezing, is 
lifIlUer than water at a temperature somewhat higher; the water at 
32", therefore, floats on the surface of the other. Imagine a small 
cavity in ice, filled with water just thawed. The sun's rays first heat 
the surface of the water, which becoming dtmBtJr descends, and is re
placed by water at 32°. But the water which subsided with a tempe
rature, suppose of 36°, soon communicates its heat to the sides of the 
icy receptacle, and being cooled to 32° it rises in its turn. The heat 
of the denser water is thus spent in melting the ice of the bottom of 
the cavity, which is thus deepened. by the continual current. 

The ice of which the glacier, in the stage which we have described, 
is composed, is unlike that produced by freezing still water in a lake or 
pond. Although remarkably pure and free from all intermixture of 
earthy matter, and even the smallest fragments of rock (except very 
near where it touches the soil) it is far from homogeneous, or uniformly 
transparent. It has been described as composed of layers of perfect ice· 
and of frozen snow intermixed, but this does not express the fact as 
observed in the middle and lower glacier. The ice is indeed porous and 
full of air bubbles, and it is very probable that these bubbles result 
from the freezing of snow imbibed with water; but as it exists in 
the glacier it is not granular. Laminre, or thin plates of compact 
transparent blue ice, alternate in most parts of every glacier, with 
laminm of ice not less hard and perfect, but filled with countless air 
bubbles, which give it a frothy semi-opaque look. This peculiar struc
ture, which gives to glacier ice its extreme brittleness, (which makes 
the formation of steps with a common hatchet a very easy task com
pared to what it would be in common ice,) may be compared to what 
geologists call the Ma'!! cleaM96 of many rocks, rather than to stratifi
cation, properly 80 called. The distinction is important, and amountR 
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to this: that strata are deposited in succession, and owe their form 
and separation to that circumstance only; whereas, slaty cleavage, or 
structural planes, occur in rocks, and in many bodies, wholly irrespec
tive of stratification or deposition, and may be communicated to a mass 
after complete or partial consolidation. 

The alternation of bands, then, in a glacier, is marked by blue and 
greenish-blue or white curves, which are seen to traverse the ice 
throughout its thickness whenever a section is made. It is, therefore. 
no external accident, it is the intimate structure of a glacier, and the 
only one which it possesses, and may be expected to throw light upon 
the circumstances of the formation and motion of these masses. I 
became acquainted with this fact by observing these bands on the 
lower glacier of the Aar, when I visited it for the first time in company 
with M. Agassiz and Mr. Heath in August 1841. It appeared so plain, 
that I was surprised to find that M. Agassiz, who had passed a part of 
two preceding summers on the same glacier, should have overlooked it. 
At first he maintained that it was a superficial striping of the ice, owing 
to the washing of sand along its surface; but when I showed that it 
descended to a depth of twenty feet or more in the crevasses, he stated 
that it must certainly have appeared since the previous year. I 
speedily, however, verified its occurrence in other glaciers" where it had 
not been remarked any more than on the glacier of the Aar, and from 
that time the attention of glacial theorists has been generally directed 
to this curious, important, and quite general phenomenon. M. Guyot, 
an ingenious professor of Neufchatel, stated, after I had left Switzer
land, that he had observed a similar appearance in one glacier (that of 
the Gries) some years before, which he described along with a number 
of other facts connected with glaciers, in a Memoir read before a pro
vincial meeting of naturalists at Porrentruy in France. This Memoir 
remained unprinted, and the insulated fact observed on the glacier of 
the Gries was forgotten, until I drew attention to its importance and 
generality in 1841. It is singular, that not on]y in the writings of De 
Saussure and the older naturalists (so far as yet appears) can there be 
traced no notice of this veined structure which pervades glaciers, but in 
the modem literature of the subject, Hugi's Travels, published in 1830, 
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and the writings of Agassiz, Godefroy, De Charpentier, and Rendu, de
voted exclusively to glaciers, and published in 1840 and 1841, there is 
an equal silence as to the real nature of glacier structure, which we can 
scarcely account for, if so obviously important a fact, however difficult 
to explain, had been known to any of these authors. It will be seen, 
from the descriptions we shall have to give in another place, as well as 
from Plates I. and V., that this appearance is in many glaciers a 
striking one. It has, I know, been distinctly remarked by several 
ingenious persons, both in this country and abroad, who yet, from 
not having been engaged in the special study of glaciers, or from ha- . 
ving attached to it no particular importance, or perhaps from a very 
natural supposition that it must be already described, have published 
no account of it. Amongst others, Colonel Sabine and M. Elie de Beau
mont have mentioned it to me as a circumstance which they recollected 
to have attracted their attention whilst on the ice; and Sir David 
Brewster has shown me a memorandum to the same eft'ect made in 
1814. 

As observed on the glacier of the Aar it exhibited an appearance of 
almost vertical layers nearly parallel to the length of the glacier, inclin

ing outwards a little, like the rays of 
a fan, as it approached either shore. 
It was difficult to make out its form 
at the lower termination. A visit 
which I subsequently paid to the 
glacier of the Rhone, satisfied me 
that these apparent layers bent 
round the lower extremity of the 
glacier, dipping forwards as the sur
face was depressed, and at last becom
ing nearly or quite horizontal. This 
circumstance was explained by me 
at the time to M. Agassiz, (who 
was not present when I visited 

the Rhone glacier,) and also in a paper read in December 1841 to 
the Royal Society of Edinburgh, which forms Appendix, No. I., to 
this volume. It was illustrated by the sketch of a ground plan of the 
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glacier of the Rhone, fig. 3, which shows, by the dotted lines, how 
these structural veins 
followed the circum
ference of the ice; but 
the circumstance of the 
varying dip and cup
like form which they 
assume, will be better 
understood from fig. 4, 
in which an attempt is 
made to represent by 

FIQ. 4. IdMIl -.d1MtllJ tMto of /J gladef'. ideal sections a glacier 

of this kind. My later observations win be detailed in another part 
of the present work. 

The phenomena we have described belong to the micldk and /m,cw 
part of glaciers: let us now trace them to their origin amongst the per
petual snows, of which it is impossible to doubt that the glaciers are in 
some sense the outlets,-that is, that they are fed or maintained by the 
snow which otherwise would accumulate in the higher valleys. But let 
us at once and for good dispel the natural error which induces many 
persons who have never seen a glacier, to suppose that in its middle or 
lower part it is fed or increased by the snows which fall annually upon 
its surface, or are wedged in at its sides. Let it be distinctly under
stood that the snow as regularly disappears and melts from the surface 
of the glacier as it does from the surface of the ground in its neighbour
hood. Here and there a patch of the last winter's snow in a shady 
nook, or a deep crevasse, enables us in a moment to draw the distinction 
between ice and mere hardened snow ;-the one is blue or bluish-green, 
and transparent, though filled here and there with air bubbles and 
cavities; the other remains throughout the whole year of a dull white, 
without an approximation to the character of Ice, or the least tendency 
to enter into a. complete union with it at the point of contact: the two 
things remain as distinct as the geological contact of sandstone with 
slate. However, therefore, the middle and lower glacier is maintained, 
it is most assuredly not by the assimilation into its substance of the 
fallen snow of winter, either superficially or laterally. 
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The ease, however, differs in the higher ice-world. We find the. 
snow disappearing more and more tardily from the surface of the ice as 
we ascend, and at length we reach a point where it never disappears at 
all. This is, of course, the motD li,., upon the glacier. It is somewhat 
lower than the snow line upon the ground, but it is fundamentally the 
same thing. Here a well marked change occurs. There is often a 
passage nearly insensible from perfect snow to perfect ice: at other 
times the level of the superficial snow is well marked, and the ice 
occurs beneath it.· No doubt the transition is effected in this way :
The summer's thaw percolates the snow to a great depth with water; 
the frost of the suooeeding winter penetrates far enough to freeze it at 
least to the thickness of one year's fall, or by being repeated in two or 
more years, consolidates it more effectually. Thus M. Elie de Beau
mont most ingeniously accounts for the alleged non-existence of glaciers 
between the tropics, t by the fact that the seasons there have no con
siderable variations of temperature, and the thaw and frost do not sepa
rately penetrate far enough to convert the snow into ice. 

The part of a glacier covered with perpetual snow is what I under
stand to be meant by the term tahe in the writings of the modem 
g1aeialists, although that term is vaguely defined. It will appear, how
ever, to offer a very distinct and important line of demarcation in this 
'View. It is where the surface of the glacier begins to be annually 
renewed by the unmelted accumulation of each winter. It is called 
lim in German Switzerland. These accumulations of snow produce 
a troe stratification, which has been recognised by De Saussure, Zum
stein, Hugi, and all later writers. I agree with De Charpentiert in 
thinking, that this stratification is entirely obliterated as the neve 
passes into complete ice. Other writers, and particularly M. Agassiz, II 

• See the deseription of the Glacier of Maeuguaga in the Jatter part of this volume, and 
the references to V ft. Stn&ctIW. in the index. 

t .A.1I4ka da &ie_ GtKJIogiqtuI, par Biriere, 1842. I find a notice of Glaciers in 
Little Thibet, Jat. 360 N., in VIGNB'S TraNll ,. KtuAlllir, ii, 285. 

~ &.i, p. s. 
II "Un autre carac:tere propre l Ja glace dee glaciers et qui tient l eon mode de forma

tion, ct. qu'elle eat stratiflt!e," &.c.-Ettula lUr la GIaoiwI, p. 40. 
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have attempted to trace these layers throughout the lower glacier, and 
maintain that the whole glacier is stratified horizontally-an oversight 
which appears to have arisen from the appearance of the varied struc
ture or the terminal front of the glacier being nearly in parallel hori
zontallines, (see fig. 5, p. 29,) which were imagined to be a continua
tion of the stratification of the neve, the intermediate structure having 
been overlooked. 

The granulated structure of the neve is accompanied with the dull 
white of snow passing into a greenish tinge, but rarely, if ever, does it 
exhibit the transparency and hue of the proper glacier. The deeper 
parts are more perfectly congealed, and the bands of ice which often 
alternate with the hardened snow, are probably due to the t'fFect of a 
thaw succeeding the winter coating, or any extraordinary fall. On 
exposed summits, where the action of the sun and the elements is 
greater, the snow does not lie 80 long in a powdery state, and the ex
posed surface becomes completely frozen. Hence the highest part of 
Mont Blanc, the J ungfrau, and other summits, is covered with hard 
ice, though always of a whitish colour. The ft.oating masses called 
ice-bergs in the polar seas are, for the most part, of the nature of ~, 
mere consolidated snow. The occurrence of true ice is comparatively 
rare, and is justly dreaded by ships. 

The crevasses in the neve differ from those in the glacier by their 
greater width and irregularity, and by the green colour of the light 
transmitted by their walls, and the appearance of horizontal stratifica
tion. The substance is far more easily fractured than ice, and also more 
readily thawed and water-worn; hence the caverns in the neve are 
extensive and fantastical, often extending to a great distance under a 
deceptive covering of even snow, which may lure the unwary traveller 
to destruction. Sometimes, through a narrow slit or hole opening to 
the surface of the neve, he may see spacious caverns of wide dimen· 
sions, over which he has been ignorantly treading, filled with piles 
of detached ice-blocks, tossed in chaotic heaps, whilst watery stalactites 
-icicles of ten or twenty feet in length-hang from the roof, and 
give to these singular vaults all the grotesque varieties of outline 
which are so much admired in calcareous caverns, but which here 
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show to a far greater advantage, in consequence of their exquisite 
tl1'nsparency and lustre, and from being illuminated, instead of by a 
few candles, by the magical light of a tender green which issues from 
the Tery walls of the crystal chambers. 

Considering, then, the glaciers as the outlets of the vast reservoirs 
of snow of the higher Alps,-as icy streams moving downwards, and 
continually supplying their own waste in the lower valleys, into which 
they intrude themselves like unwelcome guests, in the midst of vege
tation, and to the nry threshold of habitations,-it is a question of 
the highest interest to explain the cause of this movement of the ice. 
The inquiry may not result in any immediately useful application, but 
its interest is the same as that which belongs to the theories of physi
cal astronomy, or to the cause of any other natural effect which com
mends itself to our attention by its grandeur, its regularity, and its 
resisiless power. The glacier moves on, like the river, with a steady 
flow, although no eye sees its motion; but from day to day, and 
from year to year, the secret silent cause produces the certain slow 
effect ;-the avalanche feeds it, and swells its flowing tide, the mightiest 
masses which lightning or the elements roll from the mountain side 
upon its surface, are borne along without pause; when the glacier, 
advancing beyond its usual limit, presses forward into the lower valleys, 
it turns up the soil, and wrinkles, far in advance, the greensward of 
the meadows, with its tremendous ploughshare; it brings amongst the 
fields the blasts of winter, and overthrows trees and houses like stubble 
in its ruthless progress; no combination of power and skill can stay 
its march, and who can define the limit of its aggression r Its proud 
waves are however stayed, and by causes as mysterious as those of its 
enlargement, it retreats year by year within its former limits; but 
where the garden and the meadow were, it has left a desolate spread of 
ruin, like the fall of a mountain, which never again may be tilled, and 
over which for at least half a century not evon a goat shall pick the 
scanty herbage. 

The theory which appears at first sight most readily to account for 
c 

,. 
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the leading facts, is that maintained by De SaU88ure, that the valleys 
in which glaciers lie being always inclined, their weight is sufficient to 
urge them down the slope, pressed on by the accumulations of the winter 
snows above, and having their sliding progress assisted by the fusion 
of the ice in contact with the ground resulting from the natural heat 
of the earth.-

This cause of motion has been rejected lIS insufficient by M. de 
Oharpentier, who has supported another which, though like the last, 
suggested originally by an older author, Scheuchzer, as De Saussure's 
was by Gruner, having received a scientific Corm and detail in his 
hands we will call " Charpentier's Theory of Dilatation," as the other 
may be called" SaU88ure's Gravitation Theory," or the sliding theory. 

De Charpentier's theory is this. The snow is penetrated by water 
and gradually consolidated. It remains however, even in the state of 
ice, always permeable to water by means of innumerable fissures which 
traverse the mass; these are filled with fluid water during the heat of 
the day, which the cold of the night freezes t in these fissures, produc-

• I wish to quotAl De Sauasure's own 8tatement of his views, which is very distinct,-
" Cell IJUI8IIIlII glact!ee entram4!e8 par Ia pente du fond sur lequel elles repoeent, dt!gagHB 

par les eawr. de Ia liaiBon qu' elles pourraient contracter avec ce meme fond, 80ulevM 
meme quelquefoiB par les eawr.* doivent pen·A-pen gliaaer et deacendre en BUivant Ia pente 

des vall4!e8 ou des eroupee quelles couvrent. C'est ce gliBaement lent, maiB contino, des 

glaceB sur leUl"ll baees inclint!es, qui lea entraine jusque dans lee basses vallt!es, et qui entre
tient continuellement dee amas de glaceB dans lea vallons 1188eZ chauds pour produire de 

grands arbres, et meme de riches moisaoDB."-Vogage., § 535. For De Salll!lllll'e'e very clear 
views respecting the action of the heat of the earth, _ § § 532, 533, 5M, 535, 739, &c. 

t The following quotations make it quite plain, that it is to the dift"erence of the tempe

rature of the day and night alone, that the freezing of the water in the capillary ftIIIIureB is 
attributed : 

" II resulte ..•. que pendant lee jours d't!tt! lee glaciem a'imbibent d'eau, et que celle-ci 
R'y congele pendant les nuits."-CH~RPENTIER, ENfli, p. 11. 

" Dana la plupart dee nuits durant I'c!tt! lee glaciers augmentent de volume lIAr Ia conge
lation de I'eau qu'i1s ont absorbt!e pendant Ie jour'.'-lb., p. 14. 

"Cette alternative de geloo et Mgel, comme je viens dc Ie dire, a lieu IJeudant Ia belle 
MillOn, 8urtout A l't!poque des JOUl"llles plus ehauds BUivis de nuits fraiches.-P. 15. See 

allO p. 23. Compare AG~88IZ, Elluie., I'P. 165, 211. 

* Thl. nngular txpWlllion leoma to ""int In R cau"" nf molion Iik. that d ... loped in a curlonl raper on 
Glad.n, pnbllaht'd by Mr. Robert Mallet a' Dublin in 1838. 
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ing by the expansion which freezing water undergoes in that process, 
an immense force, by which the glacier tends to move itself in the 
direction of least resistance-in other words, down the valley. This 
action is repeated every night during summer, in winter the glacier 
being assumed to be perfectly stationary.· 

In the Edinburg" .R8tJietD for April 1842, I have stated some lead
ing objections to both of these theories, to which I refer the reader. I 
will content myself with specifying one against each, which seems con
clusive. 

1. If the glacier Blide down its bed, why is not its motion continually 
aecelerated-i. e., why does it not result in an avalanche! And is it con
ceivable that a vast and irregular mass like a glacier, having a mean slope 
of only 8" and often less than 5°, can Blide, according to the common laws 
of gravity and friction, over a bed of uneven rock, and through a channel 
so 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! On 

all mechanical principles, we answer, that it is impossible. We may 
add, that many small glaciers are seen to rest upon slopes of from 200 
to 30°, without taking an accelerated motion; and this is conformable 
to the known laws of friction. It is known, for instance, to architects, 
that hewn stones, finely dressed with plane surfaces, will not slide over 
one another until the slope exceeds 300. 

2. The dilatation theory is founded on a mistake as to a physical 
fact. I am sorry to put it in this way, but it is unavoidable; and the 

• .. Une troiaiUrie objection contre Ie mouvement des glacie1'll par leur propre poida, lie 

tire de leur immobilltA! pendant I' hiver. Car e'eat un fait reconnu et attestA! par tons 

eeux qui demeurent dana leur voisinage, tels que lea habitaua de Chamounix, de Zennatt, 
de Sue, de Grindelwald, &:e., que lee gJaeie1'lll'8lltent par/aiUmftl. ltalioRaira dana eette 

1IaiIon, et ne commencent 1 lie mouvoir qu' a Ia foute dee neigea."--CR~., p. 36. 

"Le mouvement des glacie1'll IlUppolMl dee a1temances Ift!quentes de chand et de froid. 

• •• 11 en l'8IIUlte que I'hivereet pour lee glaciel'8l'e'poque de repoa."-AoAliSlz, p.liS . 
.. Pendant I' hiver tonto .. IIUI8I!e (c. a. d., du glacier) est dana un c!tat de rigiditA! penna

nente qui Ia maintient dana .II<! i",lItObiliti rflfllpiet41 jU8qu'l I'c!poque du retour dee varia
tioDB de Ia tempc!rature."-AoASSIZ, p. 212. 
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respectable author of the only intelligible or precise account of the 
tbeory will, I hope, excuse me for pointing it out. 

"The maximum temperature which a glacier can have," observes 
M. de Charpentier, - "is 0° centigrade, or 3~ Fahr, and the water in 
its fissures is kept liquid only by tksmall quantity of Aeatwhich reaches 
it by the surface water and by the surrounding air. Take away this 
sole cause of heat-i. e., let the surface be frozen, and the water in the 
ice must congeal." Now, this is a pure fallacy; for the fact of the 
Latent Heat of water is entirely overlooked. The latent heat of water 
expresses the fact, that where that 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 convert the 
water at 32° into ice at 32°. Not a great deal less heat must be 
abstracted than the difference of the heat of boiling water and that at 
common temperatures. The fallacy, then, consists in 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 approaches, and 
the surface freezes, and water ceases to be conveyed to the interior. 
Then, says the theorist, the water already in the crevices and fissures 
of the ice, and iu contact with ice, instantly freezes. Not at all; for 
where is it to deposit the heat of fluidity, without which it cannot, 
under any circumstances, assume the solid form! The ice surrounding 
it cannot take it; for, being already at 32°, it would melt it. It can 
only, therefore, be slowly conveyed away through the ice to the sur
face, on the supposition that the cold is sufficiently intense and pro
longed to reduce the upper part of the ice considerably below 32°. The 
progress of cold and congelation in a glacier will therefore be, in gene
ral, similar to that in earth, which, it is well-known, can be frozen to 
the depth of but a few inches in one night, however intense the cold. 
Such a degree and quantity of freezing as can be attributed to the cold 

• Em,i, pp. 9 and 104. 
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of a summer's night most therefore be absolutely inefficient on the mass 
of the glacier. 

I will not stop to consider the attempt made by M. de Oharpentier 
to show, that the friction of any length of a glacier upon its bed may 
be overcome as easily as the shortest, from a consideration of the 
forces producing dilatation; but it is as indefensible on mechanical 
grounds as the preceding theory is on physical ones, (EIIIa" p. 106.) 
I quote from M. de Oharpentier, not because his defence of the theory 
of dilatation is more assailable 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 or dilatation theory can 
be true in the form which has hitherto been given to them. When I 
first began to study the subject minutely, under the auspices of M. 
Agassiz, in 1841, its difficulty and complication took me by surprise, 
and I soon saw, that to arrive at any theory which, consistent with th~ 
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 was then in use by any person engaged in studying the 
glaciers. 

To a person accustomed to the rigour of reasonings about mechanical 
problems, the very first data for a solution were evidently wanting
namely, 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 
time by M. M. Hugi and Agassiz, of the advance of a great block on 
the glacier of the Aar from one year to another, 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 tAr68 t'meI as great 
as in others. I then pointed out to M. Agassiz, how, by the use of 
fixed telescopes, the minutest motions of the glacier might be deter
mined,-a suggestion which he has, I believe, since put in practice. 
It seems very singular that ingenious men, with every facility fol' 
establishing facts for themselves, should have relied on conc1usions 
vaguely gathered from uncertain data, or the hazarded assertions of 
the peasantry about matters in which they take not the slightest in-
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terest. The supposed immobility of the glaciers in winter,-the sup
posed greater velocity of the sides than the centre of the ice, were 
amongst the assumptions traditionally handed down, upon no sufficient 
authority, and, I believe that I may safely affirm, that not one observa
tion of the rate of motion of a glacier, either on the average, or at any 
particular season of the year, existed when I commenced my experiments 
in 1842. Far from being ready to admit, as my sanguine companions 
wished me to do in 1841, that the theory of glaciers was complete, and 
the cause of their motion certain, after patiently hearing all that they 
had to say, and reserving my opinion, I drew the conclusion that no 
theory which I had then heard of could account for ihe few facts ad
mitted on all hands, and that the very structure and motions of glaciers 
remained still to be deduced from observation. 

The preceding sketch of the phenomena of glaciers is, I am aware, 
very imperfect. It would, however, make this chapter too long, and 
encroach upon the special topics of this work, to enlarge further; 
but several explanations and references to other authors will be made 
immediately in the chapters where they may be naturally introduced. 
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CHAPTER III. 

ON THE GEOLOGICAL AGENCY OF GLACIERS. 

REASONS FOR SUPPOSING GLACIERS TO HAVE CAUSED THE TRANSPORTATION OF 

PRIMITIVE BLOCKS IN SWITZERLAND-PLAYFAIR-VENETZ-DE CHAR

PENTIER-AGA88IZ-ACTION OF GLACIERS UPON ROCKS-THE PIERRE A 
BOT-THE BLOCKS OF MONTREY-ABRADED SURFACES NEAR THE PI88»

VACHI!:-OBll«:TIONS TO THE THEORY OF ANCIENT GLACIKRS CONSIDERED • 

.. Zuletzt wollten zwey oder drei lItilIe GlIste aogar einen Zeitraum grimmiger Klilte En 

HUlfe rufen, und aus den hiich8ten Gebirgszugen, auf weit in'e Land hingcsenkten Glet
eehem, gleichll&m Ruteehwege fUr echwere Ul'8teinlD&ll8en bereitet, und dieee auf glatter 
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Babn fem und femer hinausgeOJehoben im Geiste !!eben. 8ie IIOUten aieh, bei eintretendf'r 
Epoohe des AuftbaueJl8, niederaenlren und fUr ewig in Iremden Boden Iiegen bleiben." 

WILHELM MBISTBR'S WII~re. Edit. 1829. 

TUNBLA'I"ION. 

Filially, two or three hitherto ailent guests ealled to their aid a period or intense cold, 
with gIaei8l'll desoending from the highest mOUDtain ranges, far into the low eountry, npnn 

which, as on an inclined plane, heavy primitive blooks were slid fart.ber and farther on

wards: So that, at the period of thawing of the ice, they sank down and remained per
manently on the foreign soil. 

IT has been stated in the last chapter that glaciers are useful geolo
gical emiBSaries, which bring down from the inaccessible mountain 
chains, where they originate, specimens of rock which otherwise would 
be unattainable. The glaciers have a carrying power which exceeds 
that of any other agent, vital or mechanical. Hence, geologists having 
observed the benefit which existing glaciers conferred on their cabinets, 
naturally enough considered whether the 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 exten
sive glaciers in those regions. 

The occurrence of vast masses of primitive rocks, apparently with
out any great wear and tear of travelling, upon secondary or alluvial 
surfaces, at great distances from their origin, has been one of the nu
merous opprobria of geology. It is peculiarly so, because a thousand 
circumstances demonstrate that the deposition of these masses has 
taken place at the very last period of the earth's history. No con
siderable changes of surface have occurred since. Theile blocks are 
superficial, naked, deposited upon bare rock, which has received no 

. coating of soil since, and are often placed in positions of such ti~lish 
equilibrium that any considerable convulsion of nature, whether· by 
earthquake or tUbade, must inevitably have displaced them. A geolo
gist might, therefore, fairly be asked,-" If you cannot account for 
these very latest and plainest phenomena of change and transport OD 
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the earth's surface, whose various revolutions you pretend to explain, 
how shall we follow you when you tell us of the metamorphoses of 
slates and the throes of granite!" And certainly geologists were 
put to their wits' end by such questioning, for no hypothesis seems too 
absurd to have found a pla.ce amidst their conjectures on the subject. 
Explosions, without apparent origin or cause, which projected. the primi
tive blocks in a shower carrying them to a distance of a hundred miles 
or more,--currents of water which, derived from some unknown source, 
took their way on either side of the axis of a great chain of moun
tains, and with so stupendous a velocity as to carry with them blocks 
containing hundreds of thousands of cubic feet, and not only that, but 
transported them across lak~s and up hills, and finally deposited them 
unshivered, and even with sharp angles and edges,-such were amongst 
the speculations proposed to account for these phenomena. A more 
plausible theory was that of ice rafts, by which (as on the ice bergs 
of the Polar seas, 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 conUnw of the 
country, to permit the existence of such lakes, besides many peculiarities 
in the distribution of the blocks, at least in Switzerland, renders this 
ingenious theory not universally applicable. 

The first person, so far as I know, who perceived the possible import
ance of glaciers as geological agents, was my respected predecessor, 
Professor Playfair. This indication, which forms part of the very 
note on the Transportation of Stones, in the IllUBtratiom of tM H. 
Ionian TAMwy, is neither vague nor indirect. It is put forward as the 
most probable explanation of all cases of transport where immense 
power was obviously required :-
i" For the moving of large masses of rock," says Professor Play

fair, " the most powerful agents without doubt which nature employs 
are the glaciers, those lakes or rivers of ice which are formed in the 
highest valleys of the Alps, and other mountains of the first order. 
These great masses are in perpetual motion, undermined by the influx 
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of heat from the earth, and impelled down the declivities on which 
they rest, by their own enormous weight, together with that of the 
innumerable fragments of rock with which they are loaded. These 
fragments they gradually transport to their utmost boundaries, where 
a formidable wall ascertains the magnitude, and attests the foree, of 
the great engine by which it was erected. The immense quantity and 
size of the rocks thus transported, have been remarked with astonish
ment by every observer, and explain sufficiently how fragments of rock 
may be put in motion even where there is but Httle declivity, and 
where the actual surface of the ground is considerably uneven. In this 
manner, before the valleys were cut out in the form they now are, and 
where the mountains were still more elevated, huge fragments of rock 
may have been carried to a great distance; and it is not wonderful if 
these same masses, greatly diminished in size, and reduced to gravel or 
sand, have reached the shores, or even the bottom of the sea. NUJt in 
fO'l'C6 to tie glacierB, the torrents are the most powerfol instruments 
employed in the transportation of stones."'· 

Now, as the passage immediately preceding that which we have 
quoted contains a statement of the problematical facts mentioned above, 
respecting the distribution of the travelled blocks over the plains of 
Switzerland and on the J ora, we cannot bot give to Professor Playfair 
the credit of having clearly pointed oot the probability of the former 
greater extension of glaciers as the most powerful known agents of 
transport. This was in the y~ar 1802, before the author had had the 
opportunity of personally estimating the applicability of the theory to 
phenomena. The following passage from the notes of his journey 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 erratic 
blocks on the J ora, which he unhesitatingly ascribes to the former exist
ence of glaciers which once croB88tl the lake of Geneva and the plain of 
Switzerland. "A corrent of water," he says, "however powerful, could 

-------------------------------------------------

Digitized by Goog Ie 



PLA YFAIB-VEN~'TZ. 43 

never have carried it (the Pierre a Bot, near Neufcha.tel,) 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 so characteristic of stones subjected to the action of water. 
A glacier which fills up valleys in its course, and which conveys rocks 
on its surface free from attrition, is the only agent we now see capable 
of transporting them to such a distance, without destroying that sharp
ness of the angles 80 distinctive of these masses:'· 

Like many other anticipations of new ~heories, these pointed and just 

observations of Professor Playfair lay dormant until the opinion which 
he advanced had been separately originated and discussed. M. Venetz, 
an intelligent 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 bearing upon these oscillations of the great glaciers of the Alps. 
He united them with judgment and impartiality 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 T~. In this 
paper, M. Venetz classifies separately the facts which prove an increase, 
and those showing a decrease of glaciers in modem times. The former 
are certainly the most remarkable-showing that passes the most inac
cessible, traversed now perhaps but once in twenty years, were fre
quently passed on foot, sometimes on horseback, between the eleventh 
and fifteenth centuries. Thus the Protestants of the Haut Valais 
took their children across what is now the Great Glacier of Aletseh to 
Grindelwald for baptism; and at the same period horses passed the 
Monte Moro from Saas into Italy; and the peasantry of Zermatt, at 
the foot of the Monte Rosa, went annually in procession through the 
Eringer Thal to Sion, by a pass which few inhabitants of either valley 
would now venture to attempt. We regard these facts, not as forming 
any proof of the former great extension which carried the glaciers even 
over to the Jura, but as evidencing one only of many oscillations 

• PLAYF,ua's Worb, I., p. xxix. 
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which the glacier boundaries have undergone; and as important ill 
showing that a eery notable enla~ement of these boundaries was consist
ent with the limits of atmospheric temperature, which we know that the 
European climate has not materially overpassed within historic times. 
I t may not, therefore, require so violent a depression of temperature as 
we might at first sight suppose, to account for any extension of the 
glaciers which the facts may require us to admit. The causes of these 
oscillations are as yet very obscure. I purposely refrain (for the sake 
of conciseness) from analyzing the theories which have been given, 
because I find them all unsatisfactory. 

M. Venetz has, in his memoir, further pointed out certain ancient 
moraines, belonging to modem glaciers, which indicate their previously 
greater extension; an evidence which had formerly been accepted by De 
Saussure, especially in the case of the Glacier du Bois at Ohamouni,
and that of the Rhone.t The remark is important, because it requires 
us to investigate the character of a moraine, so as to recognize it where
ever it may be found. 

It does not appear that M. Venetz has published any other memoir 
on the subject of glaciers; but it is quite cel-tain that he was the first 
person publicly to maintain in Switzerland the doctrine of the former 
extension of the glaciers to the Jura, as the transporting agents of the 
erratics. I was introduced to M. Venetz in 1832, as the man who had 
originated a speculation, which, though it had not then perhaps ano
ther advocate, was acknowledged to be novel, ingenious, and bold; 
and the reputation which the author of it had acquired, as the intrepid 
and skilful engineer of the works on the glacier of Getroz, (the cause 
of inundations which threatened the town of Martigny with destruc
tion,) gave it a consequence which might not otherwise have been con
ceded to it. 

In the second edition of GOthe's Wilkelm Meister, he has introduced 
a discussion as to the cause of the transport of erratic blocks, which I 
have placed at the head of this chapter, and in which the glacier theory 
is not forgotten, and was most likely borrowed from Playfair. 

• Voyagu, § 623. t YoytJ!ln, § 1722. 
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The farther history of the geological theory need not be detailed. 
It received in Switzerland the powerful support of De Oharpentier, and 
was yet farther pushed by Agassiz, who attempted to extend it with 
some variations to every part of the temperate zone, and to explain the 
distribution of the Scandinavian blocks, and those of Great Britain, by 
a similar action. We will confine ourselves, however, for the present, 
to a brief consideration of the erratic phenomena as they present them
selves in Switzerland, and without attempting to demonstrate the ab
surdity of other suppositions, give some reasons for considering the 
former existence of glaciers 100 miles long or more, as a less extrava
gant hypothesis than almost anyone will at first sight be disposed to 
regard it. . 

There are two principal 'grounds upon which it is maintained that 
the former presence of a glacier can be proved. In the first place from 
the TRANSPORTATION OF BLOCKS; and, secondly, from the FORM AND POLISH 

which glaciers give to the rocks which they chafe during their descent. 
The most weighty objections urged against the theory are (I,) the ditli
culty of admitting a former condition of climate cold enough to permit 
80 vast an extension of glaciers as would be required; and, (2,) that un
der any circumstances of climate it is difficult or impossible to conceive 
that glaciers could have existed in the particular situations conjectured, 
on account of the little declivity which the surface could have had, and 
which it is assumed is inconsistent with their progression. 

We shall consider these points briefly in order. 
The transportation of blocks by existing glaciers has been already 

spoken.of as one of their most marked prerogatives. The quantity is 
often so great as almost entirely to conceal the mass of the ice 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, 
and the Glacier of Zmutt, near Monte Rosa, are completely darkened 
by the quantity of rocks which they transport. And although in some 
cases the disappearance of these moraines, which it would seem ought 
to have formed in the course of ages a vast accumulation at the foot of 
the glacier, may require some farther explanation; in others, thore is 
no want of evidence of their geological power, filling up entire valleys, 
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and forming lakes, as in the case of the Glacier de Miage, just men
tioned, and that of Allalein in the valley of Saas.-

The dimemiom of the transported masses, of which we shall presently 
speak, offer no difficulty on this theory; masses of nearly or quite 
equal size may be seen on eXisting glaCiers, nor does there appear to be 
any limit to their magnitude except the cohesion of the granite or other 
rock of which they are formed. I have seen a mass actually on the 
ice of the glacier of Viesch in the Vallais, nearly 100 feet long (judg
ing by the eye) and 40 or 50 feet high. There is also a block of green 
slate in the valley of Saas, pushed forward by the glacier of Schwartz
berg, which contains, according to Venetz, 244,000 cubic feet. It was 
deposited about twenty years ago, and the glacier has now retreated at 
least half a mile, leaving the intervening space covered with true erm
tics, and which in that condition is called by the German writers, 
Gletackerboden. 

Again, a very remarkable action of existing glaciers is to chafe and 
polish the rocks over which they are pushed or dragged, whether by 
their weight or by any other cause. The fact is certain that, at least 
at their sides, there is a continued contact between the supporting rock 
or wall of the glacier, and the glacier itself. Its stupendous unwieldy 
mass is dragged over the rocky surface, it first denudes it of every 
blade of grass and every fragment of soil, and then proceeds to wear 
down the solid granite, or slate, 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 contested; it is to De Charpentier that we 
owe its clear assertion and the proof, in the following passage, published 
in ] 835.-" We know that the glaciers rub, wear, and polish the rocks 
with which they are in contact. Struggling to dilate, they follow all 
the sinuosities, and press and mould themselves into all the hollows 
and excavations they can reach, polishing even overhanging surfaces, 

• For an account of nil thesl' phenomena ill this work, 800 the index UDder the proper 
namel!. 
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which a current of water, hurrying stones along with it, could not 
effect.". An attentive survey of the glaciers cannot leave the slightest 
doubt of thil! action on the mind of any unprejudiced person. 

There can be no doubt from observation, that a glacie. carries along 
with its inferior surface a mass of pulverized gravel and slime, which, 
pressed by an enormous superincumbent weight of ice, malt grind and 
smooth the surface of its rocky bed. The peculiar character of glacier 
water is itself a testimony to this fact. Its turbid ap~ce, con
stantly the same from year to year, and from age to age, is due to the 
impalpably fine.flowr of rocks ground in this ponderous mill betwixt 
rock and ice. It is so fine as to be scarcely depositable. No one who 
drives from A vignon to Vaucluse can fail to be struck with the contrast 
of the streams, artificially conveyed on one and on the other side of 
the road, in order to irrigate the parched plain of Provence. The one 
is the incomparably limpid water of Petrarch's fountain; the other an 
offset from the river Durance, which has carried into the heart of thi8 
sun-burnt region the unequivocal mark of its birth amidst the per
petual snows of Monte Viso. This is the pulverizing action of ice. 

Most erroneously have those argued who object to this theory that 
ice cannot scratch quartz-ice is only the Betting of the harder frag
ments, which first round, then furrow, afterwards polish, and finally 
scratch the surface over which it moves. It is not the wheel of a lapi
dary which slits a pebble, but the emery with which it is primed. The 
gravel, sand, and impalpable mud are the emery of the glacier. 

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

Having stated that the transporting and the abrading power of 

• l\""tiu .ur fa Mil,.. rrllflflU, dH trall.port del Bf.- HrrtJIiqH" d, fa S"Ult'. Par M. J. 
("U4BN;NT .. :R. (E,.trait dn tom" ,·iii. des Annales des Minl'l'.) 18115. 
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glaciers is undoubted, we will now describe some of the phenomena at 
a distance from glaciers, which are supposed to give sure evidence of 
these powers having formerly been exerted. This evidence is so very 
remarkable (we speak now of Switzerland) as to de!lerve a most careful 
study before any hypothesis admitted to be meckankally adequat8 is 
rejected on grounds of indirect improbability or opposition to experience; 
for the facts to be explained, if they rested on other evidence than that 
of eye-witnesses, would themselves be rejected as incredible and absurd. 

A glance at any map of Switzerland will shew that it eonsists of 
three distinct portions-the great chain of Alps; the plain of Switzer
land containing numerous lakes ; and the secondary chain of the Jura, 
which runs parallel to the Alps, and attainA a very inferior elevation. 
The plain, or great valley, runs of course parallel to the two ranges 
which bound it, that is, in a direction from south-west to north-east, 
and having a breadth which may be roughly stated at 30 English 
miles, but the distance from the highest part of the Alps to the high
est part of the Jura is not less than 80 English miles. Nearlyoppo
site to the great gap in the main chain formed by the valley of the 
Rhone where it opens upon the Lake of Geneva, we have the Lake of 
Neufchatel, with mountains of secondary limestone, corresponding to 
some parts of our Oolite formation, rising to a height of nearly 3000 
feet above the valley. 

Upon the slope of this range,-not at the level of the lake but 
considerably higher, and just facing the Rhone valley, lie extensive 
deposits of angular blocks of the kind of granite which especially 
characterizes the eastern part of the range of Mont Blanc, which is 
also the nearest point where the rock in question occurs in _ta. It 
may be difficult to point out with certainty the locality whence these 
fragments are derived, as the kind of granite called Protogine (which 
contains talc instead of mica) of which they consist, is common in 
many parts of the Alps. But it is perfectly certain that no rock ap
proaching to it in the remotest degree is to be found either in the Jura, 
or nearer than the part of the Alps which I have mentioned, and which 
may be from 60 to 70 miles distant &8 the crow flies. A great belt of 
these blocks occupies a line, extending for miles, at an average height of 
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800 feet above the level of the Lake of N eufcLAtel, and above and below 
that line, they diminish in number, although not entirely wanting. 
They have been most extensively broken up and removed, for building 
purpose", or merely to disencumber the land, and many of them are 
concealed amidst the woods whioh clothe the mountain slope. But 
wherever seen they fill the mind with astonishment, when it is recol
lected that, as a matter of certainty, these vast rocks, larger than no 
mean cottages, have been removed Crom the distant peaks of the 
Alps, visible in dim perspective amidst the eternal snows, at the very 
instant that we stand on their debris. The most notable of these 
masses, called the Pierre a Bot, (or toad-stone,) lies in a belt of 
wood, not far from a farm-house, about two miles west of NeufchAtel, 
and near the road to Vallengin and La Chaux de Fonds. The first 
height above the lake being gained, (vine-olad on its lower slopes,) we 
come rather abruptly upon a well cultivated Sat or terrace, where the 
fann-house just mentioned is situated. This hollow in the hill permits 
some accumulation of soil, which elsewhere is very thin and bare, and 
probably the configuration of the ground has had something to do with 
the deposition of the blocks, which have no doubt been carefully cleared 
away from this more level spot. Immediately behind, however, the 
hill again rises, covered with thiok wood, in every part of whioh, not a 
few, but hundreds and thousands oC travelled blocks may be found. 
Some small and rounded, but a vast number exceeding a oubic yard 
in contents, and perfeotly angular, or at least with only the comers 
and edges slightly worn, but without any appearance whatever of con
siderable attrition, or of any violence having been used in their trans
port. Indeed, such violence would be quite inconsistent with their 
appearance and present position. 

The Pierre a Bot is figured at the head of this chapter, from a sketoh 
made on the spot. Its dimensions, according to Von Buoh, are 60 
feet long, 20 wide, and 40 high, containing 40,000 oubio Ceet (French.) 
It Corms a stupendous monument oC power. It is impossible to look at 
it without emotion, after surveying the distance which separates it 
from its birth-place. No wonder that geologists have vied with one 
another in attempting to account for so extensive and surprising a phe-

J) 
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nomenon. If transported by water, why do these masses form a band so 
high above the plain !-why, rather, were they not buried in the depths 
of the lake beneath; and why do they show such slight marks of the 
friction they must inevitably have experienced! If they slid down an 
inclined plane, touching the Alps and Jura, of what was their plane 
made, and what has since become of its material! Besides, how is it 
possible that rough blocks could slide down any natural slope of 10 8', 
which is all that the relative positions of the blocks, and their origin, 
permit ,-

Lastly, if these blocks were transported, like the erratics of the 
arctic regions, upon lIoating rafts of ice, what was the extent, and 
what the boundaries and barriers of the natural lake on which they 
were transported! Such boundaries or barriers cannot be pointed out, 
consistently with what has been said as to the unchanged condition of 
the superficial deposit in Switzerland generally, since the period of the 
transport of erratics. Their orderly distribution with respect to the 
nature of the rocks, those from the same origin being generally grouped 
together, is inconsistent with the idea of icebergs floating hither 
and thither, and wrecked or Hunk by chance on any part of the lake. 
Nor is this all: the supposition of a lake washing the base of the Jura 
range, and cold enough to maintain a heavy lIeat of ice-islands, is a 
supposition as gratuitous, and very nearly, if not quite, as violent with 
respect to change of climate, as that of Venetz and De Obarpentier, 
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 J ora, but which are con
fined to the heads of the valleys which they formerly entirely occupied, 
as well as the plains beyond. Of course, this recession was not instan
taneous, but went on gradually throughout a long series of years, so 
that the moraines which commence on the Jura have covered by degrees 
the whole intervening space between the former and tho actual termi
nation of the glaciers. 

• CHARPENTIER, p. 174. 

Digitized by Google 



BLOCKS OF MONTHEY. 51 

If this theory have any foundation, we ought to find confirm ations of 
it in the valleys through which the supposed glaciers 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 the part of 
the Rhone valley between Martigny 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 tributary valleys whose waters now form the current of 
the Rhone, passed through this place, it must have been violently 
accumulated in this ravine, and pressed 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 rocks which occupy the 
bottom between St. Maurice and Bex; and they extend to a very great 
height on 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 schoolboy's slate, and 
displaying an artificial sect.ion of all the interior veins. After passing 
the defile of St. Maurice, the glacier spread itself over the enlarged 
basin immediately beyond, partly formed by the tributary Val d'll
liers. The north-western lace of that valley fronts the tide of ice 
which then flowed through the rocky defile (on the theory we are dis
cussing), and which bore upon it with its lateral moraine. The re

sult is not less surprising than what we have described upon the Jura. 
The rock here, too, is limestone, and not perhaps a fourth part of 
the distance of the Chaumont (above Neufchitel,) 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 be appreciated. I wandered amongst them 
Cor a whole forenoon, and though I had previously heard much of their 
magnitude, I had formed no idea of what I then saw. We have 
here, again, a belt or band of blocks--poised, as it were, on a mountain 
side, it may be five hundred feet above the alluvial flat through which 
the Rhone winds below. This belt has no great vertical height, but 
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extends for miles-yes, for miles along the mountain side, composed 
of blocks of granite of thirty, forty, fifty, and sixty feet in the side
not a few, but by hundreds, fantastically balanced on the angles of one 
another, their grey weather-beaten tops standing out in prominent re

lief from the verdant slopes of secondary formation on which they rest. 
They are thickest in the. midst of a wood, and the traveller has 
his admiration divided between the singularity of the phenomenon 
and the exquisite pU;twruqus of the spot. For three or four miles 
there is a path preserving nearly the same level, leading amidst the 
gnarled stems of ancient chestnut trees which struggle round and 
among the pile of blocks, which leaves them barely room to grow: so 
that numberless combinations of wood and rock are formed, where a 
landscape painter might spend days in study and enjoyment. The 
trees opening here and there display the valley of the Rhone beneath, 
the exquisite meadows and orehards which surround the town of Bex, 
surmounted by the lofty and imposing summit of the Dent de Morele; 
whilst the snow-clad Alps, whose fragments are beneath our feet, close 
the farther distance. The blocks are piled one on another, the greater 
on the smaller, leaving deep recesses between, in which the flocks or 
their shepherds seek shelter from the snow-storm,· and seem not 
hurled by a natural eatastrophe, but as if balanced in sport by giant 
hands. For how came they thus to alight upon the steep. and there 
remain! What force transported them, and when transported, thus 
lodged them high and dry five hundred feet at least above the plain! 
We reply, a glacier mi!lM do this. What other inanimate agent could 
do it, we know not. 

I have adverted to the marks of friction and polish visible upon the 
fixed rocks near St. Maurice: I must add a word about another ap
pearance higher up and which gave me a strong conviction of the im
possibility of currents of water producing these effects which I examined 

• One of theee atrorded &helter to a monomaniac, disappointed in love, whoee sad story 
is known to many of the inhabitanta of the valley. who recollect him. The block, which 

is figured in de Charpentier's work, is named from the poor man who lived 1 think for 

forty years under it, PiMTe tl Mila". 
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carefully in August 1841. The cascade of the Pissevache between 
Martigny 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 the 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 lost in the depth. Now these vertical precipices, which 
form the mural angle or buttress between the valley of the Sallenche 
and that of the Rhone (which are at right angles to one another,) are 
scored by lunUontal stripes, or grooves, or fluting, evidently the result 
of superficial wear. But what could have worn 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 hav~ been moved with a steady pressure as a carpenter presses his 
cornice plane on the wood, or as a potter moulds with a stick his clay, 
preBSed laterally too, with a perpendicular face of 1500 feet beneath! 
Nothing that I am acquainted with save a glacier, which at this day 
presses and moulds and scores the rocky flanks of its bed, extending to 
a depth often certainly of hundreds of feet beneath. A torrent how
ever impetuous, a river however gigantic, a flood however terrific, coulcJ; 
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, often 
dome shaped or spheroidal, showing the structure of the rock in sec
tion, and occasionally so smooth as to be difficultly accessible, as at the 
Hollenplatte near the Handeck. Such surfaces were called BocM. 
Mouton.eu by De SaUSBure. 

&condl!!, Subordinate to these general forms are the long, smooth, 
parallel grooves or flutings which have been already mentioned. 

Tkirdl!!, These polished grooves are often traversed by fine lines or 
strilB, cut as it were by a hard point, which often cross one another. 
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These various phenomena are observed both close to modem gi8.ciers, 
and in the distriet..s of the Alps and Jura which abound with erratics. 

The strim of the Pi88evache are accompanied by the presence of 
erratic blocks. They are all, I think, from the neighbouring moun
tains to the westward: From this fact, and from the direction of the 
marks on the rook, I concluded, in 1841, that the Val de Trient was 
formerly occupied by a glacier which pa88ed by the village of Salvent 
and joined the great Rhone glacier, by sweeping round the angle of 
the Pi88evache. This conjecture will be found to be confirmed by 
more recent observations in the valley of Valorsine, which will be 
found in one of the later chapters of this work. 

It remains to close this very brief sketch by referring to the two 
chief objections already mentioned, by which the glacier theory has 
been most ably opposed. And, (1.) that the cold supposed is contrary 
to received geological opinions, or to probability. To this I will 
briefly answer, first, that the opinion of geologists appears to have been 
far too exclusively grounded in this, as in some other parts of their 
science, on zoological evidence; and in the present case that evidence 
appears to be both inconclusive and contradictory; inconclusive, be
cause new recent species (I allude to inhabitants of the ocean) are 
being continually found in climates to which they were not formerl, 
supposed to belong, and contradictory, because, instead of a constantly 
warmer climate in former times appearing from the evidence, such as 
it is, of the fossil shells, it is affirmed, not without plausibility, by Mr. 
James Smith, Mr. Lyell, and M. Agassiz, that the shells of the par
ticular epoch corresponding to the dispersion of erratic blocks have a 
decidedly arctic character. I answer, secondly, That the advocates of 
the theory of ice rafts require a much greater degree of cold than at 
present, and that all geologists, from De Saussure to M. Elie de Beau-. 
mont, admit that there are traces in certain glaciers of the Alps of their 
having formerly extended a certain way beyond their present limits. 
I observe, thirdly, that the depression of temperature need not pro
bably be so very great, as might at first sight appear, in order to cover 
Swiuerland with ice. It will be seen in the course of the present 
work that many glaciers have undergone surprising variations of extent, . 
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and covered whole acres with their debris, within the memory of per. 
sons now living, and this due to causes which, though doubtless ener
getic, are not sufficiently developed tp 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 more formidable objection has been drawn from the 8f'IIIlU 
inclifll.llWn under which these primitive glaciers must have moved, and 
carried down their debns. The mean inclination of the entire glacier of 
the Rhone valley has been estimated by De Charpentier at 10 8'; but 
the slope of a great part of its course must have been much le88, and, 
comparing the height of the erratics near Martigny with those 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 such slopes! Speak
ing from experience, we find the mean slope of glaciers to be much 
above what has been stated,but whether this is essential to their 
motion or not, is quite a djfFerent question; it may result merely 
from the actual inclination of the valleys to which the glaciers 
are confined by the present laws of climate. It seems impossible to 
give any just answer to the question,-" Under what slope would a 
glacier 100 miles long move!" Without first answering another,
" What is the immediate cause and mode of glacier motion!" It is 
hoped that something like an answer to the latter question may be found 
in this volume. We may then attempt to reply to the former. 

Some farther illustrations of the subject of this chapter will be found 
in the Edinburg!. RemetD 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 attention to two simple wood-cuts, of paral
lel and similar but very distant phenomena,-the one, of travelled 

• See refereneee to the glaeiera del Boil, of La Brenn, of Val de Bagne&, of Lays, ad 
Schwartzberg in the index. 
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blocks resting on an ice-worn surface, within a few fathoms of a model'll 
glacier, by which they have been deposited,-the other represents a 
fragment of similar rock, upon a liJnestone surface, 90 miles in a right 
line from the preceding, and 60 miles from the nearest granite. The 
first figure is from blocks stranded by the Mer de Glace, near the 
Montanvert. The scene of the second is on the face of the Jura range, 
above Bienne, close to the great road. 

IItmlan_t. BitnH~.-Juru. 
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CHAPTER IV. 

DESCRIPTION OF THE MER DE GLACE 
OF CHAMOUNI. 

PHYSICAL GEOGRAPHY OF THE ICE-WORLD--GLACIBR DE LBCHAUD--GLAClBR 

DU GEANT-80l!RCE OF THE ABVEIRON-HAMEAU DBS BOI8--(X)TE DU PIGII:T 

-ANCIENT MORAINE OF LA VANCHI-LE CHAPEAU-MAUVAIB PAB--CATTLE 

TRAVERSING THE GLACIER-BLUE COLOUR OF ICE-MONTANVEBT--AOCOM

MODATIONII-THE VlKW-LBS PONT&-L'ANGLB-PABBAGE OF THE GLACIER 

-LF.8 CHARMOZ--TRELAPORTJI!. 

Nee vidi_ Il&t est :-durum ealcavimll8 sequor. 
OVID. Tn.t. III., x., 39. 

THE glacier which occupies the vast gorge or system of valleys to the 
f'/l.',tof Mont Blanc, is usually, and, I believe, correctly termed the 
lrl er de Glace ;-the name of G1a~ier dn RlM being confined to its lower 
pxtremity, where, escaping from the rocky defile between the pro
montory of the Montanvert, and the base of the Aiguille du Dru, it 
pours in a cascade of icy fragments, assuming the most fantastic forms, 
into the valley beneath, between the fir woods of Lavanchi on the 

Digitized by Goog Ie 



58 THE MER DE GLACE OF CHAMOUNI. 

ODe hand, and those through which the usually frequented path to the 
Montanvert passes, on the other. If I do not always use the Glacier 
d8B RiM to signify the lower, and the Mer de Glace the middle and 
upper part of this vast ice stream, I shall not probably incur any 
risk of being misunderstood. 

It is proposed, in this chapter, to describe such peculiarities of struc
ture, either in the valley in which the glacier lies, or in the ice itself, 
as may tend to illustrate the physical geography of the district; and 
especially the theory of existing glaciers, and of their former exten
sion; and if the details into which I shall enter appear somewhat 
minute, it may be well to recollect, that the absence of such local know
ledge has been the cause of much of the uncertainty under which we 
at present labour as to the past history of these wonderful masses. A 
permanent record of their present limits, condition, and phenomena, 
will be an important document Cor future times; and the conviction of 
this led me to incur the very great labour of constructing a detailed 
map of nearly the whole glacier. A more particular account of the 
survey will, as a matter apart, and less interesting to the general 
reader, be found in a separate chapter. The time required for such an 
undertaking, and for the minute inspection of every portion, was of 
the highest importance in forcing upon my attention facts which it is 
almost impossible not to overlook on a superficial glance; and the 
topographical detail I am now to give may aid the reader, in a similar 
manner, to transport himself in imagination to the scene of the experi
ments on glacier motion which I shall afterwards detail. 

There is nothing more practically striking, or more captivating to 
the imagination, than the extreme slowness with which we learn to 
judge of distances, and to recognise localities on the glacier surface. 
Long after ioy scenes have become perfectly familiar, we find that the 
eye is still uneducated in these respects, and that phenomena the most 
remarkable when pointed out, have utterly escaped attention amidst 
the magnificence of the surrounding scenery, the invigoration which 
the bracing air produces, and the astonishing eft'ect of interminable 
vastness with which icy plains outspread for miles, terminated by a 
perspective of almost shadowless snowy slope8, impress the mind: I 
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cannot now recall, without some degree of shame, the almost blindfold 
way in which, until lately, I 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; yet I failed to remark a thousand peculiarities of 
the most obvious kind, or to speculate upon 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 existence 
of the moraines, generally, and their cause, as well as of the fact of the 
descent of the glaciers, I was aware, but I can scarcely recall another 
of the many singularities which they present, as affecting my imagi
nation then in a lively manner-the wear and polish of the rocks-the 
vast masses of travelled stone thrown up high and dry far above the 
present level of the ice, like fragments of wreck, indicating, by their 
elevation on the beach, the fury of the past storm-the pillars of ice, 
with their rocky capitals, studded over the plain like fantastio 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, so Car 
as I now recollect, were passed by unobserved. 

Even in the summer of 1842, during which the present survey was 
made, I had abundant proof of how much remained unseen only for 
want of the faculty of concentrating the. attention at once upon all the 
parts of so wide and glorious a field. Weare not aware, in our ordi
nary researches in Physical Geography, or the natural sciences in 
general, how much we fall back upon our !lenwal knowledge and 
Aabitual observation in pursuing any special line of enquiry, or what 
would be our difficulty in entering (U men upon the study of a world 
which we had not familiarly known as children. The terms of science 
are generally but translations into preciS(' language of the vague obser
vations of the uncultivated senses. Now the ice-world is like a new 
planet, full of conditions, appearances, and associations alien to our 
common experience; and it is not wonderful that it should be only 
after a long training, after much fatigue, and dazzling of eyes, and 
weary steps, and many a hard bed, that the Alpine traveller acquires 
some of that nice perception of cause and effect-the instinct of the 
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children of nature-which guides the Indian on his t~il, and teaches 
him, with unerring philosophy, to read the signs of change in earth 
or air. 

But to return to the Mer de Glace. A glance at the JDap will show 
that this great ice river has near its origin two divided streams, derived 
from different sources. The westward branch, denominated the Glacier 
du Geant, or Glacier du Tacul, has its rise in a vast basin immediately 
to the eastward of Mont Blanc, confined between the proper ridge of 
the Alps extending to the 001 du Geant, on the south, and the chain of 
Aiguilles of Ohamouni* on the north, commencing nearest Mont Blanc 
with the Aiguille du Midi, and terminating with that of the Oharmoz, 
round whose eastern foot the Mer de Glace sweeps. The other branch, 
called the Glacier de Lechaud, has its origin at the foot of La Grande 
J orasse, one of the highest mountains of the chain which separates the 
Val Ferret from that of Ohamouni. This glacier is smaller than its 
neighbour, although it is swelled before its junction by the tributary 
ice of the Glacier du Talefre, which falls in upon its right bank from 
a detached basin, encircled by inaccessible pinnacles of rock, in whose 
centre is the spot called the Jardin, now so frequently visited. The 
length of the whole Mer de Glace is estimated by the guides of Oha
mouni at eighteen leagues, an enormous exaggeration, if leagues of the 
usual horizontal measure be reckoned. A league, however, is generally 
understood to.mean an hour's walk amongst the mountains, and in that 
view the estimate will appear less absurd, although it conveys no correci . 
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 six or seven hours, and by the other branch to the 001 du Geant, 
supposing that the state of the glacier permitted the traveller constantly 
to advance (which is not the case) in about nine. The shortest linear 

• I retain De Sa1l8lllJre'S spelling 01 this familiar name, although I am a ware that the 
moat correct orthography is Chamonix. But I have, in general, preferred De SaIl8llUl'e'S 
authority, on the spelling of proper names, to all others, and that of Chamouni h811 been 

usual amongst Englieb, 811 well 811 many SwiBs authOl'll. The BeClOnd syllable is pronounced 

rather short. 
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distance from t\J.e foot of the glacier to the highest ridge of the Alps is 
by my survey about seven miles, and the breadth of the glacier seldom 
if ever exceeds two-thirds of a mile, but is generally much less. This 
does not give any idea of its apparent extent. The toil of traversing 
it, the endless dhotw8, and the recurring monotony of its crevasses, 
exaggerate inconceivably the distance, even to those most experienced. 

We commence our survey at the foot or lower end of the glacier, 
proceeding upwards. 

The view of the lower end of the Mer de Glace, from the road lead
ing from Chamouni to Argentiere, is exceedingly striking. The valley 
of Chamouni is here broad and fiat. Three hamlets of small size are 
planted in sight of one another, Les 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 house of Jean Marie Tournier, the nearest in the village, 
when its farther progress was providentially stayed. The valley 
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,) presses right upon the verge of a precipice, down which frag
ments of ice are precipitated at all seasons, whilst the eastern stream, 
following a gentler slope of ground, sweeps more gently round the foot 
of the Aiguille du Bochard, and beneath the station called the Cha
peau, when it is again diverted to the west, partly 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 Praz, then, this cascade of ice is seen directly in front, but the 
Source of the Arveiron, at its lower extremity, is hid by the mass 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 cavity, almost annihilated in winter, and gra
dually increasing as the season of waste and avalanches advances, until 
it forms an archway of considerable height and width, from which the 
turbid stream of the Arveiron flows. The quantity of water varies 
excessively at different seasons, and even, I have been assured, on dif
ferent days. It is fullest, I think, in July; and, in winter, though 
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small, I am assured by natives that it is very far indeed f'rom alto
gether ceasing, retaining, I was inf'ormed, at least half as much water 
as when I saw it in September, when I estimated the discharge very 
rudely (it does not admit of exactness) at three hundred cubic feet per 
second. The source of' this water in winter, when the glacier is frozen, 
may be partly from the heat of the ground in contact with the ice, 88 

supposed by De Saussure, but it must also be recollected that the icc 
valley of the Montanvert may be supposed to have a due proportion of 
springs taking their origin in the interior of the earth at a depth to 
which even the cold glacie .... contact does not communicate a sensible 
influence, and the source of the Arveiron is the natural drainage of the 
springs of'that valley. 

The final slope of the Glacier du Bois has a vertical height of at leas: 
1800 feet, (the height of the summit called Le Ohapeau, above the 
valley at Les Tines,) down which, as has been said, the ice descends 
half shattered, half continuous, twisted into wild shapes, and traversed 
by countless fissllres, whilst on the right the precipice above the source 
of the Arveiron raises its bare f'orehN.d without even a stunted tree or 
a blade of grass, f'or its surface is continually f'urrowed by avalanches, 
and its hollows washed clean by f'oaming cascades, which both originate 
in the diadem of' jagged pinnacles of' ice by which it is surmounted. 
To the right and left the prospect is enclosed by the warm green fir 
woods which touch either moraine of' the glacier, and behind and aloft 
the view is terminated by the stupendoll8 granitic obelisk of' Dru, whioh' 
has scarcely its equal in the Alps f'or apparent insulation and s~ep
ness-a monolith, by whose side those of Egypt might stand literally 
lost through insignificance. 

When we approach the foot of the glacier at the Harneau des Bois, 
we are at no loss to perceive that the ice has retreated. The blocks of' 
the moraine of 1820, in whioh year the glacier made its greatest ineo .... 
sion (in modem times) into the valley, lie scattered almost at the doors 
of the houses, and have raised a formidable bulwark at less than a pistol
shot of distance, where cultivation and all verdure suddenly cease, and 
a wildemess of stones of all shapes and sizes commences, reaching as 
far as the present ice. The limit of the moraine of 1820 is marked in 
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the map, whence it appears that the form of the extremity of the glacier 
was not 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 
southem face the glacier has spent its strength, heaping ridge upon 
ridge of its moraines against it. The northern slope is perfectly pro
tected, and trees grow to the foot of it. One cannot help being re

minded of the position of the Hermitage of St. Salvador, on Mount 
Vesuvios, round which the lava streams pass innocuous. 

But this hillock has an especial interest. Its resistance to the pres
sure of the ice led me to suspect that it is composed of firm materials, 
and is not merely a heap of rubbish. And so it proved: but whilst 
the cliffs above the source of the Arveiron are of gneiss, whose beds dip 
inwards towards the axis of the chain at an angle somewhere about 30°, 
this hillock is of stratified limestone dipping similarly fIfId8r the gneiss, 
and at about the same angle. We find it continued, in exactly the 
same circumstances, a little to the eastward, at the foot of the Aiguille 
du Bochard, on the path leading from the village of Lavanchi to 
the Chapeau. There is there a lime-kiln, and it is bumed for use. 
The Cote du Piget is mentioned by De Saussure, * and he refers 
to its calcareous nature in his chapter on the secondary rocks of 
the valley of Chamouni. But he does not notice the section below 

. the Chapeau. 
The moraine of 1820 rises some way npon the slopes which border 

the east side of the terminal part of the glacier. But when we come 
to examine these 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 fact of 
which it seems scarcely possible to doubt. We find it admitted by 
Saussure, t and most, if not aU, of his foUowers. There are circum
stances connected with this moraine which renders it worthy of most 

• "~(lyagu, § 709. t lb., § 623. 
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particular attention, for it is a common ground on which the advocates 
of the former vast extension of the glaciers, and the opponents of that 
doctrinE.', are ready to meet, both admitting that this mass of debris, 
extending quite up the present glacier, has unequivocal marks of 
having been a former moraine. 

Its form is not a little peculiar. It is the convex escarpment seen in 
the map to traverse the valley of Ohamonni above the village of Lea 
Tines, presenting its convexity towards Ohamouni. Its length, reckon .. 
ing from the existing glacier, was estimated by De Saussure at 1300 or 
1400 feet; but by the map it would appear to be 6000 feet, or 
above a mile, reckoning from the rock of the Aiguille du Bochard to 
the opposite side of the Arve from Lavanchi. It has already been 
said that the valley opposite to the Glacier du Bois is flat and level; 
the road from Les Praz to Les Tines, a distance of above-...,half a mile, 
is almost perfectly so. There we reach the foot of the convex 
escarpment of blocks, which are covered with soil and trees on the side 
next Ohamouni, but its composition is abundantly testified by the 
appearance of its summit, and especially by the section in the ravine 
through which the river Arve, descending from the 001 de Halme, and 
swelled by the glacier streams of Le Tour and Argentiere, forces its 
way. The cut is a deep one, and we find the mound to be almost 
entirely composed of detached fragments of transported granite, similar 
to that of the chain of Mont Blanc, rough and angular. or only rounded 
at the edges by partial friction, and accumulated in the utmost dis
order, mingled with sand, without any appearance of stratification. 
The embankment has been cut tkrougll by the river, so that a portion 
remains attached to the northern side of the valley, (the slopes below 
the Flegere and the Aiguilles Rouges,) upon which vast insulated 
granitic fragments may be found lying at a considerable height. There 
can be no reasonable doubt that this mound was once continuous, and . 
obstructed the course of the river. Of this we have a farther evidence 
in the deposit of the alluvial flats which succeed it in ascending the 
valley towards Argentiere, evidently formed by the waters of a lake; 
and just at the margin of these, close to the eastern side of the mound, 
the village of Lavanchi now stands. 
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The entire mound, I have already said, is composed of materials 
similar to those of the moraines of glaciers generally, and of the 
Glacier du Bois in particular. The arrangement of these materials is 
also the same. The escarpment to the west does not appear to be the 
result of erosion subsequent to the deposit, but to be the original form 
into which the materials have been wrought. The summit is a long 
narrow ridge, sloping rather steeply both ways, and garnish8d with huge 
blocks on its very top. The largest of these is marked on the map under 
the name of la pUrr, d8 LiIboli, and in some places these ridges are mul
tiplied and parallel, exactly as in a modern moraine. It will be observed 
that the ground-plan of this mound is very singular, being convex to
wards the glacier, instead of concave as is usually the case. This is an 
important fact, and requires a special explanation, on the hypothesis 
(generally admitted) of it.a being due to the former extension of the 
Mer de Glace. The ice must have descended in such a mass as to have 
blooked up completely the whole valley, and abutted against the oppo
site slopes of the Flegere. So great was its mass, and so nearly level 
the valley of Ohamouui into which it descended, that when resisted in 
front it spread laterally in both directions, and pushed its moraine up 
the valley as well as down. The presence of the glacier, obstructing 
the coul"8e of the Arve, produced a lake, as in other well known 
eas~uch as the lake of Oombal in the Allee blanche, formed by 
the Glacier du Miage, and that of Matmark in the valley of Saas, 
formed hy the Glacier of Allalein. The almost entire disappearance 
of the moraine on the UJUt8m or lower side of the glacier is no 
argument &oaainst its existence; on the contrary, we have direct 
evidence in favour of it, derived from vast blocks of granite which 
are met with as far down the valley as the village of Ohamouni, 
and which were formerly very numerous indeed, but are everyday disap
pearing with the progreM of cultivation. In external and mineralogi
cal characters they are identical with those already noticed. A farther 
confirmation will be found· in the enormous transported blockR whirh 
lie some hundred feet above the level of the glacier on its west side 
near the Montanvert, and which are not, I think, alluded to by an.,· 
writer. Pos.qibly the glacier onc(' 61Jrd the valley of Ohamouni to a 

I! 
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extent, and own barrier, "Le 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 the 
rocks below Les Ouches, which we shall hereafter notice, and because 
it would be difficult to account for the removal of a vast lateral barrier 
on the wes~ side sufficient to produce such an accumulation on the 

De SaussuresL the smallness of 
<we of the most w(srk. He says, 

est charge Ie invitent une nSLSLnSUg 

Lorsqu'on nombre et que 
posent et accumulent a cette extremite du glacier a mesure que ses 
glaces se fondent, on est etonne qu'il n'y ait pas des amas beaucoup 
plus considerables. Et cette observation, d'accord en cela avec beaucoup 
d' autres que je developperai successivement, donne lieu de croire, 
comme Ie fait M. de Luc, que l' etat actuel de notre globe n' est point 

ancien que l' ont § 625. 
reason which for this rem"Lhbh, that the 

LNtfemity of the 
gradually bla.cier retreated end of 

the valley of Ohamouni to its present position. 
If we continue our survey of the glacier, ascending the ancient 

moraine of Lavanchi, we come in contact with the rock a little higher 
than the Pierre de Lisboli, and the rock here is limestone, as already 
mentioned. It is just in contact with the gneiss, whose beds lie 
",00ssun,,,, southwards the same angl«3 limestone, 

about 30°. li;r£lLLz,C0ne is, no doubt, fGrmation 
that which I±<zticed in other valley of 

Ol2Gmouni, and liaussure, as gneiss of 
t,i,e Aiguilles opposite] towards the hI0itiere. Its 
position is very remarkable, thus interposed between two granitic 
masses, for the Aiguilles Rouges are also of gneiss or granite; and the 
almost exact symmetry, in point of arrangement and stratification, 
which we shall find to exist on the southern side of the chain at 
{;{#t±lmayeur, gives 

hhen we begin 4lpproach-
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ing the Ohapeau, we are struck by ~he size of the blocks which 
seem poised on the projections of the cliff, at a great height above 
the ice, and which are rounded and scored in such a way as to show 
that the detached masses were deposited here in the usual progress 
of the glacier when it attained this height. The view here of the 
Aiguille du Dru, and of the pinnacles of ice of the Mer de Glace itself 
is very striking. A }JOrtion of the moraine of 1820 is next crossed, and 
at length, after passing a torrent, we find ourselves at the foot of the 
hillock called Le Ohapeau, on the precipitous side of which is a cavern 
afFording some shelter, and an excellent view not only of the glacier, 
but of the valley of Ohamouni which it commands, and the effect is 
extremely beautiful, especially in the evening. This spot, although 
extremely euy of access, is rarely visited by tourists, unless at Se8JJons 
when the Montanvert is too much enveloped in snow to be conveniently 
reached; but the two views have very little resemblance, since the 
portion of the glacier seen from the Ohapeau is the lower part, or GJa.. 
cier du Hois, whilst the upper part, or Mer de Glace, is commanded 
from the Montanvert, and the other is nearly concealed. 

Beyond the Ohapeau, the precipices of the Aiguille du &Chard, actu
ally meet the glacier, where it tumbles headlong from the rocks, and both 
seem to forbid farther passage. Nevertheless it is practicable, keeping 
the face of the rock, to continue the ascent along the eut bank of the gla
cier; and indeed there is scarcely any part of this bank of the Mer de 
Glace, as high as the foot of the Aiguille du Moine, which I have 
not traversed. The rocky precipice alluded to would be very diffi
cult to pass, were it not marked by rude steps cut here and there in 
the soft steatitic rocks, which mingle with the gneiss, and which, 
being continually wetted by trickling rills, are very slippery. The 
goat-herds are in the habit of continually passing, and there is nothing 
to daunt any tolerable mounta.ineer, although the spot has acquired the 
name of the MaUNU POA, which it bears more frequently than its 
proper one of La Roche de More. This rock (which is exactly oppo
site to the extreme promontory of the hill of Montanvert on the west 
side) forms one of the barriers of the M.sr de Glac8 above, past which 
it pours down the precipice in the manner already mentioned. Conse-
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quently, when the height of the Roche de More has been gained, we have 
a new reach of the glacier in view, and the ice begins to &ll8ume a con
nected and consistent appearance, although still so excessively full of cre
vasses as to be generally impassable but for a very short distance. But 
the ice is here the real icy mass of the Mer de Glace, whilst below, it 
has been tossed and twisted so as to be entirely remoulded, and to bear 
none of its original impress. At the point at which we have now 
arrived, the glacier may be compared to the inclined, dark, unruftled 
swell of swift water, rushing to precipitate itself in a mass of foam over 
a precipice, it has all the forms of a compact moving mass of ice, 
although rent asunder across its breadth by the rapid depression of the 
bed along which it is urged. 

The promontory of the Roche de More gained and passed, the 
slight bay behind has, as usual, been partly filled up by accumulated 
moraines, upon which we now walk instead of on the solid rock. Some
what farther on a noisy, foaming torrent, called Le Nant Blanc, 
descends from a seemingly small glacier, called Le GlacUr drs Nam 
Blanc, lodged in a ravine interposed between the Aiguilles of Bochard 
and Dru; this torrent is well seen from the Montanvert.--it is most c0-

pious in July, and its appearance is a good index to the state of tem
perature in the higher regions, instantly diminishing with the first cold 
nights of autumn. A second torrent descends farther on from the 
glacier at the foot of the Aignille du Dru, and beyond this are some 
fine pasturages, which extend along the foot of the jagged and rocky 
chain which extends from the Dru to the point of Les Echelets marked 
in the map. Here, on the higher part of these grassy slopes, near ihe 
promontory of Lee Echelets, are the highest stunted pines and larchell, 
which occur on either side of the Mer de Glace. From amongst 
them, now and then, some grand peeps may be obtained of the Aiguille 
du Dru, which shoots almost vertically above the eye like some tall 
steeple-pointing to the deep blue sky. 

These pastures are worthy of notice from one circumstance, namely, 
that they are grazed by COfD' for a good many weeks in summer. How a 
cow can find looting among such rocks, or ascend and descend pathwayI' 
which might be pronounced disagreeably precipitous by even a not fasti-
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dious traveller, 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 Ml'r 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 crevasses. That this is not correct, and that it 
varies much at different seasons, I know from experience-but at all 
times it requires an expert iceman (a correlative word to seaman or 
mckeman, may perhaps be admitted) to effect this passage with cer
tainty and alone. I remember to have found some stray goats, which 
had wandered from the shore, quite lost amidst the wilderness of cre
vasses, and bleating for help. * The only other access to this pasturage 
is by the Roche de More~ and there, most certainly, no animal heavier 
than a goat or a man could make its way unaided. The most usual 
way of transporting the cows is by the glacier at the foot of the Mau
vais Pas, where I have already said the ice 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 day before the ascent or descent of 
the cattle js to be performed, and then about thirty peasants assemble 
to pass as many cows, and by the aid of ropes succeed, usually without 
any los8, in compelling the poor animals to traverse the rude gangways 
which they have prepared. The cows were taken to the valley in the 
end of September last, and I regretted extremely that I missed the 
opportunity of witnessing so singular a cavalcade. 

I have traversed the Mauvais Pas fr~uently. On one of these 
occasions, I proposed to Auguste Balmat to attempt to cross the glacier 
diagonally from just above the promontory of the Roche de More to 

• Cattle are IOmeSimee taken IMll'IlII8 the glacier at this place, and one of the hotel-keepers 
at Chamouni reeounted to me a curious history of the risk which he and a companion had 
run in transporting a mule. They were _isOOg him with ropee, and the animal Blipping, 
pulled them both into a creVaBBe: they escaped with difficulty, ahandoning the mule to IliB 

fate. 
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tho Muntanvert. The thing had never been done, he said, but there 
was no reason why it should be impossible, and we could but come 
back at the worst. We got upon the ice; and after a long and cir
cuitous pro~lTess, succeeded in reaching the other side as we proposed ; 
a.nd I often crossed the glacier afterwards in nearly every direction 
(excepting just above the final onule) where the guides declared that 
no one ever had passed, or could pass without ropes or a hatchet. The 
former we never used, and the latter rarely. Auguste, though he had 
lived three years at the Montanvert, had never been compelled to tra
verse the ice but in a few directions, and it was as new to him as to 
me; but his intelligence and zeal were superior to the lazy dogmas of 
impossibility, which are no where more frequently heard than from the 
guides of Chamouni. 

Speaking generally, the fissures of the glacier in this part (between 
the Montanvert and the Dru) are mostly transversal, though so in
terlaced, and forming 90 many compound fractures, that the solid 
part continually thins out into an edge, which at length becomes evan
escent between two crevasses. It is evident that in this way, a 
glacier maintaining its continuity beneath, may become absolutely 
impassable, except by descending one vertical £ace and ascending 
another, which, owing to the depth and width of the crevasses here 
would always be a perilous attempt. The crevasses of the western and 
middle part of the Mer de Glace below the Montanvert are very con
tinuous and straight, and some of them extend for at least half the 
entire breadth of the glacier. They are often 15 or 20 feet wide, with 
walls perfectly vertical, and to move at all parallel to the length of the 
glacier in this place requires immense tUeorw,. 

It is the east side which is so excessively crevassed, and that during 
the whole length of the unit8d stream of the Mer de Glace. When
ever we touch the medial moraine, (the mark of the junction,) there 
the multiplied and complicated crevasses begin. The reason I believe 
to be this: the. glacier which forms the greater or western portion, 
which is derived from th!' Glacier du Gea.nt, moves fastest, and has 
by far the greater mass. The other, from the Glacier de Lcchaud 
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uniting with it, is compelled to follow, or rather accompany it. It 
is therefore drawn out, and at the same time squeezed into very much 
narrower limits, as the united stream is forced through a space not 
greater than the larger alone had before oeeupied,-just as when two 
rivers unite, the smaller and weaker is thrown into turbulent eddies by 
the union with the swifter and more powerful. 

Turning now to the western side of the Mer de Glace in its inferior 
part, but a few remarks occur. The usual path from Chamouni to the 
Montanvert, and the steep ascent of La Filia, - from the source of 
the Arveiron, require no particular mention, but the examination of 
the promontory north of the chalet of Montanvert is not without 
interest. It is possible there to 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 here is remarkably pure, and the 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 less 
intensity, or change its hue. But this has a parallel in very many 
eases not considered as paradoxical. Most bodies when powdered 
have a different hue than when crystallized and compact, the ~paz 
amongst solid bodies, and the iodide of starch amongst fluids, change 
their colour with temperature, and many bodies change their tint with 
their consistency, or lose it altogether when mixed with grosser mat
ter. During an expedition which I made upon the ice in the month 
of September, during a snow-storm, I observed that the snow lying 
eighteen inches deep exhibited a jifUJ blu8 at a small depth (about six 
inches) wherever pierced by my stick. Nor could this possibly be due 

~~-----~------

• I do Dot know the origin of thc Dame. Thinking that it might refer to BODIe legendary 

lltor), of a young woman lost at thtl source of the Arveiron, I once asked a DAtive of Cha

mouDi ita meaning, to which hc replied, simply cnough,-" Je IIC sais pas Hi ce n'est paree
qu'on )' Jk tout droit," "hich all who haVtl dt,ce"d~d it will readily admit to 00 the CIIIIe. 
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to any atmospheric reflection, for the sky was of a uniform leaden hue, 
and snow was falling at the time.-

The west bank of the Mer de Glace is here extremely steep, though 
not absolutely precipitous. It is, clothed with grass and rhododendron, 
and in many places with spruce firs of considerable size. Amongst 
these lie fragments of transported granite, wherever a ledge exists sufli
cient to maintain them, and they are accumulated especially at t.he 
promontory at the foot of which the glacier still sweeps, though at a 
great depth below. On the steep side of the hill facing the valley of 
Chamouni, and therefore sheltered from the glacier, these masses are 
comparatively rare. They extend quite up to the dwelling of the Mon
tanvert, a height of 240 feet above the glacier, and even somewhat 
higher; but the limit is perfectly well marked; for although the rocky 
ridge which descends from t.he Aiguille des Charmoz to the Montanvert 
(and which is here called simply Les Charmoz), is covered with vast. 
debris,-these debris are all in Bita, and in contact with the native 
rock, a slaty talcose gneiss. These blocks constitute, therefore, an 
undoubted moraine, corresponding to that of Lavanchi and Tines on 
the east side, and indicating the maximum level of the glacier in very 
remote times. I may add, too, for the sake of connection, that the 
fixed rocks in the immediate neighbourhood of the house of the Mon
tan vert, exhibit clear traces of being rounded and furrowed, though too 

much weathered to exhibit any thing like polish. Such rocks occur 
on the descending path to the glacier. 

The earliest habitation on the Montanvert is thus described by De 
Saussllre :-" Mais ou couch&t-on sur Ie Montanvert! On y couche 
dans un chateau; car c'est ainsi que les Chamouniards, nation gaie et 
railleuse, nomment par derision la chetive retraite du zerger qui garde 
les troupeaux de cette montagne. Un grand bloc de granit, porte 1& 
anciennement par Ie glacier, ou par quelque revolution plus ancienne, 

• On die Colour of Pure Water see NBW'I'ON, ()ptica, Book I. Part ii. Prop. 10 ; Hv.
BOLDT, Voyagu, 8vo. ii., 133; DAVY, SaifllOJlia, 3d edit., p. 317 ; AlUGO, Compte. ReJldll., 

2:W July 1838; COVNT M.'18TRE, EdiJi. NNf' Phil. JUKnal, Vol. xv. 
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est assis sur une de sea faces, tandis qu 'une autre face se releve en fai
sant un angle aigu avec Ie terrein, et laisse ainsi un espace vuide au
dessous d'elle. Le berger industrieux a pris la face saillante de ce 
granit pour Ie toit et Ie plafond de son chAteau, la terre pour son par
quet; ils'est prese"e des vents coulis, en entourant cet abri d'un mm 
de pierres seooes, et il a laisse dans la partie Ia plus ~Ievee un vuide 
ou il a place une porte haute de quarante pouces et large de seize. 
Quant aux fenetres, il n'en a pas eu besoin, non plus que de cheminee; 
Ie jour entre et la fumee sort par les vuides que laissent entre el1es les 
pierres de la muraille. VoilA donc l'interieur de sa demeure: cet 
espace angulaire, renferme entre Ie bloc de granit, la terre et la mu
raille, forme Ia cuisine,la chambre a coucher, Ie cellier, la laiterie, en 
un mot, tout Ie domicile du verger de Montanvert."- VO!Iagel, § 627. 

This was in ) 778. . But it appears that things wert' soon improved ; 
for, in one of Link's excellent coloured views, (published at Geneva, and 
very superior to all the more recent ones,) entitled .. Vue de la Mer de 
Glace et de l'Hopital de Blair, du Sommet du Montanvert dans Ie mois 
d'AoUBt 1781,"a regularly built cabin, with a wooden roof, is repre
sented, with this inscription above the door :-

.. BLAm's HOSPITAL. 

UTILB DULCB." 

from whence I conclude that this hut was built by an Englishman 
named Blair, between the years 1778 and 1781. 

At a later period, a small solid stone house of a single apartment, 
was built at the expense of M. Desportes, the French Resident at 
Geneva,- having a black marble slab above the door, with the inscrip
tion, ..4 la Nature. On my first visit to Chamouni this was the only 
building, but soon after a much more substantial and effectual shelter 
was erected at the expense of the Oommune of Chamouni, and is let to 

• Ebel giVeII the following aeeount of it :-" M. BotIrriI de Genhe, I'aubergia&e TtmU 
at lee guidee Ja~ dn Damn et CcuAo& u GiG'" ont exicute Ie plan de M. lJe#porfu. 
Le b&timent oft'roit une grande .. lie pounue d'une ebeminl!e, de deux fenfb'ee, de quire 
Iica de eaagIe, avee des ebai-, des tablea, des glaces, &e. Les bis de I' t'tabliMement 
DlontereBt. 95 IoWa." a.ide d. ""9agen,1810. Tom. ii., p. 364. 
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the present tenant, David Couttet, (together with the grazing round,) 
for the considerable sum of ] 400 francs. The principal floor consists 
of an ample public room, a small kitchen, a guide's room, and three 
bedrooms for strangers, besides accommodation below for the servants 
of the establishment, of whom two or three remain here for four months 
of the year. This establishment, though simple and unobtrusive, is 
sufficiently comfortable and cleanly, and I should be very ungrateful 
not to acknowledge the kindness and attention which I uniformly 
experienced during many weeks' residence in this house; cold and 
desolate it certainly was occasionally-in September the thermometer 
fell to 390 F. in my bedroom, and there was little choice of provisions 
beyond the excellent mutton of the Montanvert; yet, on the whole, I 
preferred the tranquillity of the arrangements to the bustle of the 
hotels of Chamouni, whither I seldom resorted but under stress of 
weather. 

Weare almost tempted to forget that a view so universally seen, 
and so often described, as that from the windows of the Montanvert, 
loses none of its real majesty in consequence of the ease and familiarity 
with which it is visited by thousands of travellers. For myself, 
repeated visits, and a long residence, have onl, heightened my admi
ration of this, certainly one of the grandest of Alpine views. The 
Aiguille du Dru has in its way scarcely a rival, and there are very few 
glaciers indeed with a course so undulating and picturesque as the 
Mer de Glace, and with banks so wildly grand, of which the general 
effect can be so well seized from anyone point. - Besides former visits, 
I have this year seen it under every circumstance which could enhance 
its sublimity; -under the piercing glow of the almost insupportable 
midsummer's sun, and again in the snowy shroud of premature winter, 
-in the repose of the stillest and serenest moonlight, and lit up at 
midnight by the brilliancy of almost tropical lightning. 

The glacier immediately below the Montauvert is easily accessible, 
whilst it presents at the same time all the grander and more remark-

* It may be Reen to most advantage from a station some bunch-ed Ceet higher on the 

Charmo:l, whence the "iew in Plate II., is taken. 
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able features of glacier ice. The moraine is abundant, and the cre
vasses moderately large. A few hundred feet farther down, there was 
this year (1842) a mass of travelling rock of enormous dimensions upon 
the ice. A sketch of it is given at the head of this chapter. Its posi
tion, which is accurately fixed on the map (where this block is marked 
D 7,) will define the motion of the glacier in future years. There is 
a footpath here along the moraine, which is a tlteep stony ridge, about 
thirty feet high on the landward side, and much more towards the 
glacier in its present state. The masses of which it is composed, and 
indeed of all the older moraines of this neighbourhood, are not larger 
than those which are at present to be seen on the surface of the glacier. 

Proceeding upwards in our survey of the Mer de Glace, we find a 
footpath which oonducts us from the hoose of the Montanvert, first 
nearly down to its level, and then parallel to its length. By and 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 mass of abraded rocks mixed 
with sharp stones and sand which it drags along with it. To cross 
this rocky face, some rude steps are cut in the slaty gneiss, and 
the two passes of this description are called the premitJr " Iecond PQFfU. 
De SaUB8Ure mentions (§ 628,) having employed two men to blast the 
rocks to facilitate this passage, and the marks may still easily be seen. 
Opposite to this promontory the glacier is greatly heaved and can
torted, owing probably to the inequalities of its bed. It is not 
easy to estimate the magnitude of these icy hillocks or waves, as they 
have been termed. This arises chiefly from the enormoos magnitude 
and great angnlar elevation of the peaks and wild rocks beyond. I 
had a proof of this one day on the rather rare occasion of a fog settling 
down to near the level of the glacier, which enveloped entirely the 
scenery of the farther bank. Then the ice inequalities seemed to rise to 
mountains, and it was difficult to persuade oneself that the glacier, 
like the ocean, did not now and then raise its billows in a storm, to 
twice or thrice the height which continual observation had made so 
familiar. It might be easily, and indeed is generally, supposed, tbat 
the glacier ill here impassable; but on the 18tb !'('ptcmbt'l· last, I 
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CI'088ed it with Balmat, and found it less difficult than the oblique 
traverse we subsequently made to return to the Montanvert. 

Having passed the second .. Pont" the path descends to the mo
raine, which partly fills a sinuosity in the outline of tire hill; and 
having followed this for some hundred yards we are met by a perpen
dicular clift', the foot of which is abraded by the ice. This is the point 
marked L'Angle on the map, nearly opposite to the promontory of 
Les Echelets, formerly mentioned. Here there is no alternative but 
to descend upon the ic.e, and its contact with the rock offers some pecu
liarities worth observation. It is rt'presented in Plate 111. When the 
ice of the glacier, in the course of its progress downwards, has been 
forced against an opposing promontory of rock, and has passed it, it 
will easily be understood that a cavity. will be left behind the promon
tory, which the ice does not immediately fill up. Here it is easy (oc
casionally at least) to descend into such a cavity, with a wall of ice on 
the left hand and of rock on the right. Between the two are wedged 
masses of granite, which have slipt from the moraine between the ice 
and rock, and which, pressed by the incumbent weight of the glacier, 
and carried along in its progress, evidently must, and really do, wear 
furrows in the retaining wall, which is all freshly streaked, near the 
level of the ice, with distinct parallel lines, resulting from this abra
sion. The juxta-position of the power, the tool, and the matter ope
rated on, is such as to leave not a moment's doubt that such strim 
must. result, even if their presence could not be directly proved. 

The Ang18 is the point noticed by De Saussure as the junction of 
the true granite with the rocks of gneiss. It is a full half hour's 
walk from the Montanvert. 

To advance higher up the glacier two courses may be taken; either 
to resume the moraine as soon as the promontory has been passed, and 
thus advance as far as possible along the foot of the Aignilles des 
Charmoz, or to follow the glacier near its western border, by an intri
cate passage amongst the numerous crevasses by which it is traversed. 
The former is very fatiguing, and not without danger from the frequent 
fall of stones from the small glacier at the ,foot of the Charmoz. On 
one occasion I saw an immense discharge of stones and mud take place, 
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arising from some sudden change in the glacier, with loud noise, which 
continued for several minutes. The passage of the Mer de Glace almost 
requires an experienced guide. I know of no better instance of the con
fusing monotony of the glacier surface, and the kind of skill required 
to retrace one's steps on the ice, than the passage of the Angle. The 
crevasses are 80 multiplied, yet so similar, that each seems to rise end
lessly " another yet the same." We continually fancy that we recog
nise a particular feature, which is perhaps a hundred times repeated, 
with the slightest possible variation of form. Once strayed from the 
right path it is difficult to find it "eaain, because a false turn may sepa
rate us from the region we are endeavouring to reach by impassable 
crevasses. Consequently, the guides, who very frequently pass during 
the season in conducting travellers to and from the Jardin, resort to 
piling stones here and there upon the ice, or upon blocks, as land
marks, such as are used occasionally on moors or hills subject to fogs. 
Even one who has great facility in retracing a path once pursued 011 

solid ground, or in discovering a track for the first time, finds himself 
here quite at fault; and I have frequently known experienced guides 
of Chamouni go astray, and lead travellers into difficult and embarras
sing situations, or place landmarks in altogether wrong positions, so 
as to mislead future passers by. I suppose that I passed the Angle at 
least forty or fifty times last summer, and although I at last became 
pretty well acquainted with its intricacies yet it was impossible to 
extricate oneself mechanically, or without vigilant attention. M. 
Bourrit has given a just and not exaggerated description of similar 
difficulties. "Rien ne peut donner une idee du nombre prodigieux 
des crevasses de cette vallee, que la difficulte d'en sortir. II n'est 
jamais arrive de retrouver au sortir Ie meme banc de glace par ou 
ron est entre; souvent, au contraire, ron erm pendant trois quarts 
d'heure, et les guides etonnes, recourrent aux enchantemens pour ex
pliquer cet eft'et de la multiplicite d'objets semblables et qu'une lon!,rue 
frequentation n'apprend point a distinguer."· It deserves, however, 

~--~~-- ~--~ ~ ----- ----

.. De~cril'tinn dl'B G1nriPrB, I. 101. 
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to be mentiontld, as 3 point not only curious in itself, but highly impor
tant in" considering the constitution of glaciers, that they present year 
after year a surface so very similar, that an experienced guide will 
make his way over the ice in the same direction, and seem to avoid the 
same crevasses, whilst he is, in fact, walking upon ice wholly changed 
-that is, which has replaced in position the ice of the previous year, 
which has been pushed onwards by the progressive movement of the 

" glacier. 
This is a fact which, though 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 level, the occur
rence of moraines, the systems of complex crevasses, and the formation 
of superficial water-courses, in anyone season as in another. These 
phenomena, then, are determined by the form of the bottom and sides 
of the rocky trough in which the glacier lies, and by its slope at the 
spot. Just as in a river, where the same molecules of water form in 
succession the deep still pool, the foaming cascade, and the swift eddy, 
all of which maintain their position 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
bably varies much more in its character between spring and autumn of 
anyone year than between one year and another. This I have, on the 
lmanimous testimony of the guides, and my observations of three dif
ferent years confirm it. 

The Angle past, the most conspicuous object is the imposing Ai
guille des Charmoz, which rises on the right. The rocky pinnacles of 
which it is composed exceed in sharpness those which I have seen in 
any other parts of the Alps. There is one which is conspicuous from 
the Montanvert, and which has an unnatural and exaggerated appear
ance in most of the engravings, which is really as attenuated as it is 
possible to represent it. The mass is of granite, in which sapphires 
are found, though rarely, in the Ootdoir 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 rocks. 
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From the foot of the higher summits of the Aiguillfl d(ls Charmoz, a 
small glacier, which has been already alluded to, talu>.s its origin. It 
is one of those short limited glaciers termed by De Saussure, glacier, 
of eke Iecond order.- They may be studied to advantage in these val
leys, though the ice of which they are composed rarely descends so as 
to touch the principal glacier, which occupies the bottom of the valley. 
Their extent would hardly be conceived from the foreshortened view 
which we have in looking up at them. The map shows that they cover 
a large surface. They do not essentially differ in structure from other 
glaciers, but are shorter, owing in all probability to the little surface 
which they present for receiving snow and thus increasing their 
dimensions, as well as to the great angle of inclination of the beds on 
which they commonly rest. This is indeed such as to render their 
adhesion to the ground an astonishing circumstance. M. de Charpen
tier has very justly quoted several examples as proving, that if glaciers 
really slid over the soil as De Saussure supposed, these could not for 
a moment sustain their position at an angle of :)0° or more. In the 
higher part of the Mer de Glace, or rather, on the great chain between 
the Grande J orasse and Mont Mallet, there are some of the icy 
masses which seem to hold on to the face of the rocks by mere adhe
sio,", presenting precipices certainly of several hundred feet in height. 
I have watched these masses day after day, when the sun shone so as to 
throw the deep shadow of the ice-cliff northwards, giving it a m&,:,lPIlifi
cent relief, when the stability of these glaciers appeared little short of 
miraculous. It would be of importance to ascertain the rate of motion 
of stich glaciers. I had intended doing so, but the bad weather of the 
month of September 1842 put an end to this ~ to several other plans. 

It is evident that the little glacier at the foot of the Channoz has been 
more extensive and thicker, within no very long time. The former 
level of the ice remains perfectly well marked on the rock behind, 
showing its subsequent diminution; and occasionally these glaciers 
altogether disappear, and probably re-appear again after a series of cold 

• Voyagp, § 521, 52!!. See elUWlpks or glacier& or the hCCOnd order in Plate IX. 
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seasons. I noticed on the Glacier d'Argentiere, (near the Mer de 
Glace,) at the foot of the Aiguille of the same name, the vacant bed of 
a glacier which had melted away. De Saussure asserts the appear
ance of new glaciers, (§ 540,) though. he does not give any instance of 
theDl within his own knowledge: but there is no reason to doubt the 
fact. 

A rocky ridge, descending eastwards from the Charmoz, composes 
the massive promontory of Trelaporl8, round the foot of which the 
Mer de Glace struggles more violently in its passage than at any other 
part. The result is a series of fissures, which immediately at the tum 
of the rock are quite impassable, and which extend radially outwards, 
like the joints of a fan, in the same way as M. Agassiz has figured in 
the great glacier of Gomer, at the north foot of Monte Rosa. To pur
sue the course up the glacier, these crevasses must be crossed nearly at 
right angles, until the centre of the glacier has been gained, or the 
great moraine descending from the promontory of the Tacul, which di
vides the glacier into two portions. We may, however, ascend the 
promontory of Trelaporte itself, which commands a very interesting 
view. 
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CHAPTER V. 

DESORIPTION OF THE MER DE GLAOE-OONTINUED. 

'tB1ILAPoa~A TRAVELLER CRAG-FAin' AMONGST PBJIOIPICD--THB )lOBAINBS 

OP THB )lBR DB GLACE-" MOULlNS" -DISCOVERY OP DB SAU88UU'S LAD

DBR--TACU~LAKE-BIVOUAC UNDBR A BOCK--TBUNDER8TORJI--THB 

CHAMOIS HUNTER--8UPBRB GLA()IBR TABLB--Gl.ACIBRB OF LBCBAUD AND 

TALBPllIl--lARDlN-PIBRRB DB BBBkNGBR. 

No part of the valley of the Mer de Glace shows better than the 
TreJaporte the abrading action of the ice upon the rocb, or the height 
to which the glacier has evidently once risen. The forma are every 
whee smoothed and rounded. Vaet sheets of bare granite, nearly 
Terti..,., and without a fissure, occar up to a great height, and a few 
hundred feet above the glacier level is a sort of shalf, covered with 
large detached maBBe8 of granite, which have formed an ancient mo
sne. On the top of one of these my surveying station G was actually 
planted. There is something singularly desolate about the appearance 
of these rocks, 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 ~r, without any resident shepherd, these poor animals, 
straying in search· of food, perish in cOll8iderable numbers, from fa
mine, or by falling down the clifFe. A sUtguW incident occurred here 
in the past autumn, which shows the dauger of venturing into such 
placee without a guide, or at least an a,telldant. 

On the 17th September, 18t2, I walked up to this lonely promon
F 
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tory, which, as it leads no where, is unfrequented, except by the occa
sional visit of the shepherd, to carry salt to his sheep. - Having stopped 
to sketch the bold outlines of the Dru and Moin8, which form the oppo
site boundary of the glacier, I sent Auguste to seek some water, which, 
owing to the form of the rocks I have mentioned, it is difficult to find. 
I was not surprised that he did not immediately return, but when, 
having waited half an hour, and finished my sketch, I saw nothing of 
him, I began to fear that he had got entangled amidst these wild rocks, 
and proceed;ed in search of him. After some time I saw him coming 
up with two lads of Chamouni, whom we had seen start from the 
Montanvert in the morning, for the Jardin, and leading between them 
a man evidently exhausted, confused, and his clothes tom to rags. 
On approaching, I found Auguste scarcely less excited than the man he 
led, and to rescue whom from a ledge of rock, on which M IuId pa888d 
tk8 1DM18 nigkt, he had placed himself in imminent danger. This 
person proved to be an American tl,"aveller, who had wandered all alone 
the morning of the day befQre over the hill of Charmoz, above the 
Montanvert, and scrambled as far as the solitary precipices of Trela
porte, unvisited, as we have said, except casually by a shepherd, and still 
more rarely by Bome Chamois hunter. Towards afternoon (by his own' 
account) he had slipped. over a rock, and being caught by the clothes. 
on some. bushes, had: his fall checked, so as to gain a little ledge Sllr-· 

rounded by precipices on every side, where he found himself lodged in 
a perfectly hopeless prison. Here he passed the whole night, which,: 
Cortnn.ately, was not cold, and in the morning he succeeded in attract-; 
ing, by his cries, the young men of ChamouDi, who were on thei!: way 
across the glacier, at a great distance below. The two boldest, with 
difficulty, climbed, by a circuitous path, so as to gain a position above. 
him; but thQir united efforts would have been unequal to rescue him 
bad I not providentially gone, with my guide, the same morning, to, 
this rem.ote spot. Whilst he was Qn a I!ea.rch fol' the water which 1. 

• Aecordingly. here and eillewhere, a traveller may be incommoded by the importunate 
eametI&DeIIB with which &he sheep IIUlTOUIId and follow him, supposing tbM he baa tirougbt 
salt wit.h him. Thily are && tame IIIJ domestic animalB. 

.. 
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reqnired he came within sight of the boys, vainly attempting to 
extricate the traveller. Balmat instantly joined them, and hy great 
personal courage, as well as strength, succeeded in dragging the man 
up by the arm, from a spot whence a Chamois could not have escaped 
alive. Balmat told me, that whilst 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 very visible emotion of which he bore traces when he 
joined me. I gave wine and food to the traveller, and the others, and 
especially applauded the humanity and courage of the lads, one of whom 
conducted the traveller back to· Chamouni, for his nervous system was 
greatly affected, and for a time I doubred whether he Was not de
ranged. - I returned with Balmat to view the exact spot of the ad
venture, and a more dreadful prison it is impossible to conceive. It 
was, as I have said, a ledge about a foot broad in most places, and but 
a few feet long, with grass and juniper growing on it. It thinned off" 
upon the cliff entirely in one direction, and on the other (where 
widest) it terminated abruptly against a portion of the solid rock, not 
only vertical, but overhanging, and at least ten feet high, 80 that no 
man, unassisted, could have climbed it. The direction of his fall was 
attested .by the shreds of his blotue, which were hanging from some 
juniper bushes, which he had grazed in his descent, but for which 
evidences it would have appeared to me inconceivable that any 
falling object could so have attained the shelf on which he was 
almost miraculously lodged. Immediately below the spot he fell from, 
the shelf had thinned off 80 completely that it was plain he must 
have fallen obliquely across the precipice, so as to attain it. The 
Jedge was about twenty feet below the top of the smooth granitic pre
cipice, to which a eat could not have clung, and below, the same 
polished surt'aee went sheer down, without a break, for a depth of at 
least 200 feet, where it sinks under the glacier, whose yawning ere
vaues would have received the mangled body, and never would have 

• 1 NgftUed til team afterwarde that he bad Dot mown ~It pD8l'OOIIIy _'hIe" or 
the great dart WJeCI in hill pretIe .... tioD. 
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betrayed the traveller's. fate. A more astonishing escape, in all ita 
pal'ts, it is impossible to conceive. It is probable, that had the young 
men not crossed the glacier at the fortunate moment, my guide and I 
would have passed the rock fifty yards above hiD4 (it was in the direc
tion in which we were going) without either party having the remotest, 
idea of the other's presence. 

The same day I climbed, with some difficulty, towards. the ridge of 
the Charmoz from this Bpot, intending to gain a remarkable cleft in 
the rock, conspicuous both from the upper and lower pm of the, 
glacier, and denoted on the map by the mark G.- There was fresh 
snow on the rocks, whioh made the ascent very disagreeable, and the· 
secondary glacier, which extends for a long way on the BOuth-eastern 
foot of the Charmoz, facing the Tacul, sent down an intermitting fire 
of stones by the passage which we chose to attempt, and rendered it 
prudent to abandon tlle ascent IlDtil more favourable weather. This 
never came, and I was obliged to quit the Montanvert without accom
plishing it. This I regretted; for the station G- would command the 
whole glacier, and would have enabled me to make observations of use; 
for the perfecting of my map. 

To return to the Mer de Glace. The foot oB the TreIapor1le offen 
several excellent contacts of the ioe and rock, which is there, as at 
the Angle, much worn by the abrasion of the stones or gravel. It is 
quite practicable to traverse the glacier from hence to the Tacul, 01' 

promontory at the' bifurcation of the glaciers du Gb.mt and Ydlaui.. 
The usual course of proceeding is, as we have observed above, to cross 
the glacier before reaehing TreJ.aporte, until the prinoipal medial 
moraine is attained. The whole of the eastern part of the glacier- is 
here: much lower than the western, whioh is heaped up against the 
promontory, and the effect is to· squeeze- the- moraines together into the 
smaller or eastern portion· of the glacier. The regular curvature 8Ild 
general parallelism of these moraines, amidst all this confusion and dis
looation, is exceedingly remarkable. From the point we- ha'Vl8 DOW 

reached, upwards, four of them may be most distinctly traced. [See 
Plate II.] Two descending the glacier de Lechaud, one from the 
promontory of the Tacul, and one the principal medial moraine of the 
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glacier du -Geant, which, deaoending from .the ,romontoryealled La 
Noire, (See the map,) we 'IIIaall designate by that name. Of the &-at 
We, ,one 4eeeends all the way &.m the foot of tbe 'Coaries, en the 
,Glaoier du TaIefre, end the other is tbe medial moraine ,of the Glacier 

-4e Lechaud. The two last have a remarkable tlUlocahtm 01' lateral c1is
placement, .oppome to T"e}apo1¢e, whicb arises fro.. 8OII1e >CMI8e 

wbich I am UD&ble to deiermine. Nor clo I latow wbether tlHsa~ 
panmt -disloeati9ll '8dvaneea with the progress of the glaaier. 

Near 'the same epot are tbe " Mouline," which the guides always :tab 
,cant to point out to travelle1'8 going to the Jardin. They are deep and 
'Dearly cylinhical boles in the ice, iato which tbe water accumulated 
ift the rills which form the superficial drainage of this part of the 
glacier -is precipitated in a mon or lees cepioue caacade according to 
tbe seasen. Semetimee tbeee CIBOIIies are double in the lIMIle hole, or 
'8De etl'elUll eeparates into twoeucades; but alwa18, ~ 1JI M8 

"'* Of' JWOIfW' of"- g-"', tJuJ. 0IIItXItla Of' "Moali." ".,...fowad in 
.,.", 'NIJtMJIly 1M IGfII8 pM.., that is, opposite to the aame hed 
~bjet1te 'OR the side of tile glacier. T1tis is an evident proof of the co.
tinued renewal of the glacier ae to ita etate of aggregation, tbe at.ernal 
forme remaining fixed, wbilst the integrant partlll are advancing. 

I was greatly stl'llck by the change whicla I pereeived in thia part of 
tbe glacier., between the montb of J 1IDe, wben I fi1'8t viaitei it last ..... 
Bell, ud the close ef SepteRl})er, when I quitted it. At tbe former 
-time the crevassee were comparatively trUliag, aod tlley continued to 
open. IMl'8 and more tbe wbele summer, 80 that at the ad many places 
were nearly impassable, wbicb earlier I bad traversed witbout difficulty. 
Thie is a most important fact, for it shows that during winter the 
glacier consolidates, and that every summer .its crevasses open afresh, 
wbUst itaoontinued adaptation to the external constraint which its walls 
or bed impose, show that the gJaeier mUll is far more passive and plastic 
tban it has usually been supposed. I might have stated that in the 
lower part of the glacier this is perhaps even more striking, for there, 
the thaw beginning earlier, and being more complete, the crevasses 
which hawe opened in spring attain their wideet extension in July and 
the beginning of August, and arterwards by the collapeing of their sidell, 
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and the general softening oC the mass, they subaide into rounder Corms, 
and the cavities being partially filled are more easily crossed. 

It was nearly opposite the" Moulins,"-that is, between the stations 
marked G and H on the map, that in 1832, on my way to the Jardin, 
my guide, Joseph Marie Couttet, pointed out to me some Cragments oC 
wood, evidently much wasted and rubbed, which he assured me were 
part oC the identical ladder which De SaQS8ure had used on his memor
able journey to the Col du Geant, Corty-Cour years beCore. I kept a 
portion oC the wood as a relic, without, however, attaching very great 
faith to its history; but the inquiries whi~h I made this year (1842) 
dispose me to believe it probably correct. Couttet and his brother 
repeated to me exactly the same story as beCore, and mentioned the 
year 1832 as that in which the ladder reappeared, and pointed out the 
very spot where I had myself found it, without having the least idea 
that I had heard oC the thing before. They farther mentioned that 
there was no question that it was a ladder, for that 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 
Aiguille Noire, or at least in that direction, for this, the most westerly of 
the medial moraines has its origin there;· and it is quite certain that 
De Saussur8 descended the glacier on that side, and that he left a 
ladder there ;-for he tells us that he was unabJe to pass by the west.
em Bide of the Glacier du Tacul, on account of the crevasses, and 
Couttet's father was himself on the expedition, and descended from 
the Col with the enormous load of 160 pounds after the termination of 

• The fact thai the origill 01 the medial morainee is familiarly known to the gaidee 01 
ChamouDi _ equiv&len~ to ... true tbeor;y 01 the origin 01 theae morainee 80 BtruIply 

misspprebended by De &1J88U1'e and most 01 his 101lowerL Since a medial moraine may 
&1-18 be t.need up to a promoatory, and there be _ to originat.e, or at leul to be COlD

biDed oai 01 the two lateral morainee wbich there DDiw, i~ would _ impolBible to ascribe 

to them any o&ber than the true origin. And tha& the CbamoIUards perfectly and8l'll&and 
. this, is plain from the fact thai they _k in each moraine the minerals proper to the source 
wbence it is derived; lor inMance, the red luor-epar in the most eaaerly moraine 01 tbe 
Glacier de Uehaud, which bu d_ded the T.al4llre, and bas it. origin a~ the 100& of the 

rucks called Lee Co1ll1ee, wbere this rare mineral is IOUgb~ i. "'". 
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·the expedition, and he assured his sons that the ladder had been left 
there. Besides, among the few ascents to the Col du Geant since the 
time of De Saussure, perhaps every one has been performed by the 
western side of the glacier, which, as I have said, is the safer and 

. more usual course; and had a ladder been left there it could never 
have reached the medial moraine oC La Noire. There is indeed ane 
other alternative,-that the ladder had been used by the crystal hunters 
who used to frequent the rocks oC the Aiguille Noire, Cor the black 
quartz crystals which perhaps occasioned the name of the spot. . But 
in this ease it is more than probable that the Couttets themselves, the 
most experienced crystal hunters oC the valley, would have been aware 
oC the circumstance. On the whole, then, in the absenoo of any direct 
. inCormation oC any other ladder having been left in this particular 
quarter besides that oC De Saussure, it seems reasonable to admit that 
the ladder in question descended Crom the Aiguille de 1& Noire to the 
point in question, near the Moulins, between the year 1788 and the 
year 1832. The observation is interesting, 88 determining so far the 
mean' motion oC the glacier in the interval. By the map, the distance, 
allowing Cor the sinuosities of the glacier, appears to be about 16,500 
Ceet, which being travelled in Corty-Cour years gives 375 Ceet per _Rum 
Cor the mean motion of this part oC the glacier. We shall afterwards 
consider the theoretical bearing oC this Cact. 

A little higher up we stand in the centre oC three vallays, and in the 
most extensive part oC the Mer de Glace. The guides believe, and 
probably with reason, that it is here deepest. They assure me that 
they have sounded a " moulin " oC above 350 Ceet deep. 'What is per
haps as good a proof 88 any oC the mass and solidity oC the ice is, that I 
have seen enormous crevasses and basins holding still water, and there
Core completely closed below. The water was oC an exquisite blue colour 
independent oC the colour of the ice.· The view from the centre of 
the glacier in fine weather is one oC the finest which can be conceived . 

. -------------------------

• I have deeeribed it in my Journal &8" Dearly or quite lUI blue lUI the Rhonl' at Geneva." 
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In order to reach the promontory of the Tacul, where the g1a.eiers 
divide, it is usual to cross the fonrth and third morainea (I will in 
future designate them by nnmOOrs countiDg from the east) and in the 

centre the glacier is here easily traversed. The Tacnl is reac~ com
monly in tIm!e hours from the Montanvert, bnt·a p~ walker will 
do it in two, and I have desoended in much lees. The union of ~ 
two glaciers is atteDcied with some eil'CUlD8ta1loes worthy 0{ notiee. 
That descending from the Geant is by far the most powerful one, and 
,the other is forced to yield somewhat to its pl'e88Ul'e. The ID8III of 
rock forming the lateral moraine of the Glacier .de Leehaud is, however, 
the most coDBidera.ble, and this is wildly tossed up into a lofty medial 
moraine at the meeting of the ice streams .. The Glacier de Lechaud 
.clings as it were to the rooky wall of the promontoPy,-the Glacier du 
Geant baa thrown up a vast mound of debris, which prevents it from 
approaching the rock within Bome hundred feet, and leaves a hollow 
between, part of which is faced by a huge icy barrier, of oonsiderable 
elevation and dUlieult to seale. In this hollow-between the edge of 

the Glacier du Geant and the promontory of TaeuI""7there exi-.s at 
certain seasons of the year a small lake. I first visited it in 1842, o,n 
the 25th June, wheu it contained no water, but a few days of continued 
hot weather, by melting the ice, filled it, and it remained more or 
lees full during the remainder of the season. I have seen it, however, 
vary exceedingly in level from one day to another, so that there !*l be 
no doubt that it baa an outlet through the moraine under the glaciel' •. 

Balmat atmns that the 80urce of the AneiroD is BeeD suddenly to 
burst forth with great vigour, and that this is attributed to the empty
ing of the Lae tla Tamil :-which is by DO means impossible. It 
appeal'S from the testimony of M. Bourrit, (Voyag., i., p. 90,) that 
De Sa08llUl'e was the first stranger who reached the Taeol. 

The point marked B on the promontory of the Tacul was ODe of my 
prineipa\statiODII, commanding an extensive view of nearly the whole 
glacier. It was at a height of 277 feet above the lake, 80 that the 
view embraced not merely the three branches of the glacier, but that 
of Talefre, the Jardin, and the mouutains beyond, and a portion of 
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the valley of Ohamo1lIli oppoSite the 'Montanvert, the raDge of the 
Aiguilles Bouges, and the snowy summit ,of the Bnet peepiBg over·be.
yond. 

Near the Bide of the lake, at the foot of the promontory, li. an 
i&DOtl'JIlOUS blGek of granite belonging to the moraine of Lecbaud. The 
.Qavity :beneath its south-west Bide is a well-known refuge for .Chamois 
JU1Jlten, &Ad for the few travellers who pass the Col du Geaat, who 
wually save from two to three hours of fatiguiDg walking by sleeping 
he,re il18tead of at ihe Montanveri. It is, ,in fine weather, a pretty, 
.tranquil spot. The glacier is in ,a great measure «)noealedby its lofty 
.embankmeDta, w~ioh shelter it .from the cbillest winds. The slopes 
.JOund are grMISy, and diversified with juniper bushes, and the 'little 
piece of water, when unfrozen, has a cheerfnl ei'ect. Here I spent two 
~ "With IJalmat, .nth a view to advance my S1l1'Vey and the experi
ments on the ice; fOl' whilst pursuing my inquiries on the higher 
glaciera. it W,88 f01U1d to make a most labori01l8 day to ascend SG far 
j'rQm the MontaMert (carrying instroments and food) Wore the day's 
wQ;rk~uld be begun, and to r.etlll'D again in the evening. Day after 
.y I have been out thus from ten to thirteen hours upon the glacier. 
A bi'f'oQaC'WIII, in mvourable weather, to preferable altemative. The 
j1Uliper lwJbes afforded a cheerful and serviceable fire,.oo with the aid 
of a OIlamQis skin to pIOtect me from the damp groulld, and to st.rong 
blanket hastily sewed into the fonn of a bag, in which I slept, the 
nights J*I88d Ilot 1UlOOJDfortably. But, on both occasion., wlaeD I 
fDea.nt to have passed 801De clays here, I was forced to descend from the 
W weather, against which we had no euffieient protection, the cavity 
under the stone being quite open in front. The laat time that we were 
driven from this poor shelter was on the 6th August, when a day of 
unnatural mildness was succeeded in the evening by the most terrific 
thunderstorm I have ever witnessed. We were overtaken by it, and 
thoroughly drenched, before we could reach the Montanvert ; but after 
sunset it raged with the greatest fury. From the windows of the little 
inn, I watched with admiration the whole scenery of the Mer de Glace, 
lit up by the explosive lightnings which followed for some hours with 
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little intermiuion, whilst the frail building seemed to rock under the 
fury of the gale, and vibrate to every ~ of thunder. Each tiny torent 
now gave tongue increasingly, until the fitful roar became a steady din. 
with now and then a crash arising frotn the discharge ot stones hurried 
along by the flood, or an avalanche prematurely tom from the glacier 
of the Nant Blanc. It was Saturday night, and Balmat had gone 
down to Chamouni to attend mass next morning. He told me after
wards that the dazzling effect of the lightning was such,· that it was 
with the utmost difficulty he could keep the familiar path from the 
Montanvert, and that he wandered, drenched to the skin, as if blind
fold, through the wood. Next day brought tidings of disasters from 
the valley. The road at Les Ouches had been broken up by the t.or
rents, so as to be impassable; many cottages were filled with stones 
and gravel, and deserted by the inhabitants; and I believe some small 
barns were carried away-but no lives were lost. 

One night I had a guest in my rude shelter. It was a poor man of 
Chamouni, who, impelled by an irresistible passion for the chase, 
came to pass the night on the glacier, in hopes of finding his game in 
.the morning; a hopeless task,-for the Mer de Glace is now so com~ 
pletely bereft of chamois, that, during the whole summer, I do not 
recollect to have seen more than two upon it, though on other less fre
quented glacie1'8 I have seen whole herds. The cAa.erw was very poor, 
and by no means young; he gladly partook of the provisions which I 
could spare; and leaming that he was a respectable man, though 
unsettled in his habits, I could not but feel an interest in the singular 
ardour with which he pU1'8ued his thankless toil: Truly might he say 
with the hunter in Maufred-

her Dimble feet 
Have bafftlld me; my gain to·day will aarce 
Repay m)" IIreak·Deck travail. 

The poor fellow owned the infatuation of w.hat he called his .. mal
heurense passion;" but he seemed willing to. die tor it. Late on the 
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afternoon of next day I met him; his sport consisted;n having seen 
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. Balmat, whilst employed for me on the ice, heard a ball 
whiz close past him, and, looking up, saw our guest of the previous 
evening behind a rock, whence he lmd taken aim at a marmot! These 
animals are very abundant in every part of the higher Alps. They 
emit a shrill cry like a whistle: they lie torpid in holes a great part 
of the year, and are valued for their fat. When young, they are 
eaten. 

The chamois hunter sooks the limits of the glacier regiou in the 
evening; lies under a rock, as we did; and starts before dawn to 
watch the known avenues by which the chamois descend to feed. If 
alarmed, they take to the hill tops-to crags rather than glaciers; 
there he must follow them, heedless of danger. impelled alone by the 
excitement of the sport. The 1iay is soon spent in fruitless ambus
cades-night arrives-and his previous shelter is luxury compared to 
what he has now the option of ;-a face of rock, or lea1less bed of 
debris must be his couch, and his supper is bread and cheese. After a 
few hours rest, he repeats his meal, drinks some brandy, and starts 
again. If the chase be prolonged, physical endurance is pushed to the 
utmost. A most respectable man of the Canton of Berne, who had 
himself killed seventy-two chamois,assured me that he had wandered 
thus for three days together, tasting nothing but water; which would 
seem incredible, if we did not recollect that hunger is often repelled 
for a time by fatigue. De Saussure mentions three hunters, father, 
son, and grandson, who successively lost their lives in the chase;. 
but such accidents are, I conceive, now more rare. The value of a 
chanlois is only from twelve to fifteen francs, including the skin, so that 
it offers little pecuniary temptation to the exposure of life. No doubt, 
.as the historian of the Alps adds, the excitement is the real reward, 

• JllJlagu, § 736. 
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;aa in the 8Oldier~ sailor, and gamester; -anel ·perhaps tlle -natUl"lltiet 'has 
little reason to ex.pll8llll surprise at the risks and privations of the hUR
ter's life, when his -own would appeM' to so many persons much less 
intelligible. 

But to return to the glacier.-F.oUowing the eastern branoh above 
the separation at the Tacul, we iindo81'88love8 .en the ·glacier «e L6-
.chaud. Two .eGnspicaous moraines -belong to it, whioh I haTe eallet! 
Nos. 1 and 2. The fiNt is the medial moraineef the tributary-glacer 
of tile TaJe£re; the ether cemes from the eastera .fide ·of Lechauci, 
above the union with the Talefre. It is in connection with the former 
of these morailles, and nearly opposite the promontory of the OouTefcle 
that tlaere lies upon the ice a 'Vf!Yr'Y nmarkable flat block of granite, 
which particularly attra.oiecl my attention 'On my tint. ..mit in 1842 to 
:this part of tae glaoier. It is a magnificent slab, (market! 0 on the 
map, being the position which it OCOllpied iB the month .of June,) of 
the ~imensions of 23 feet Ity 17, and about 31 feet in thiolmeBB. It W8B 

then easily acceuible, an4 ,by climbing upon it, and erecting my theo
dolite, I made observati9lls OB the movemeBt of <the ice. Bot 81!1 the 
:aea.80n advanoecl, it changed its appea.nmce remarkably. In eonfonnity 
with the hown ·fact of tbewaste of the ice at its surfaee, the gla.eier 
ank all roond the stone, while the ice immediately beneath it was 
'Protected &om t8e SRn and rain. The stone thus appeared to rise 
.. boTe tlte level of the g1a.eier, supportecl on an «egant pedestal of 
beautifully veined ice. Each time I visited it, it was more difficult of 
.MOent, and at last, OIl the 6th August the pillar of ice Wall t1irleen/_ 
jig", ad the broad stone so delicately poised OIl the summit of it, 
{wBich measured but a few feet in Illy direction,) that it was almoet 
impossible to gut'ss on what it weuld ultimately fall, althoagil, by the 
progress of the thaw, its fall in the OO1ll'lile of the summer was certain. 
On .. .still later day, I made the sketch in the frontispiece, ",hen 
probabiy it was the 'most beautiful object of the kind to be seen 
anywhere in Switzerland. The ice of the pedestal presented the 
beautiful lamellar structure parallel to the length of the glacier. 
During my absence in the end of August, it slipped from its sup-
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port, &ad in the JIlOnth of' September it was beginning to rise upon: 
a. neW! ODe,. whibdl the U1lII1eltecl hae of ilie firat: was still very visible: 
upoa \he pi.r~ 

The Glacier de! l.8chand is on the wl.ole prettyev.en on ita surfaoe,
lmaam tibat part which. lies to the souih-weat of the medial moraines. 
On aeeount of its geat elev.atron, it is covered ill. de higher part.with; 
lBIowalmost tJae:wllole year, IIld.1Ultil the month eE A.ugust. it oft'8ftIl 
Wlry disagreeable walking, on aeoount of ih« haU-melJled SIlOW OD the 
1!Illi8oe,. which likewise conoea1s, the crevasees,. andl renders it IODle1rUt 

da.ngel'OUB. It is joined by some small tributary piers' komI the 
Mont Tamd. Opposite· the G1aoier du Talefre OCClll! Wo' " Moulins,''' 
one of whioh. W88' remarkable- laBt: summer for ita greafI 4iepth' andt per
fect 'Yertic&1ity. I had intended to ascertain the depth~ precisely, but. 
W8I impeded by a faU of .&eBb snow, and broke the·oord which I had: 
lewered. with my geological hammer attached 88 Ii weight for the pill'-
110M. About an hour's· walk above the Tacul, is station E on the east 

side of the glacier, whence l watched its motieIL. It is here just paBa· 
ing into the state of ~; whi .. .h defines the limit gf perpetual snow on 
the. surface· of the, glacier, whilst, there is true ioe beneath. The vi9w. 
here is 'YeJJY' grand:.. The level is 7926 feet shove the sea, au«t tJle·glkcier,. 
almost free from crevasses; is. lipread out lille a magnifiCent. level floor 
from whioh rises the tr.emendous· and inaocessible wallo terminating the. 
'View to. the southward, of which the Gnmd.e and Petite Joraaaes form II 
part. The Gnad.eJoraase is the highest mOlUltain of the range'nm 1;01 

Mon~ Blanc, and its northern aide is quite precipitous. From the· point 
E it ia seen under an angle' of 30 degreee, the horizontal distance of its 
aummit being leas than: two miles. ']lhe origin er feede18. of the Glacier 
de Lecbaud: are derived hom the right and' left. From the immediate 
top or head it has no proper feeder Rcept the fallen mows,. which can
not adhere to. the· rocky precipice before mentioned:. To the south
eut there is. a tributAry glaoier, which milS up to between the Petite 
JoI'&SI8 an. the range of the Aiguilles de· Lechaud, which separate 
the glacie18 of Tale&e and, Lechaud. It has its origin at a lofty and 
remote summit, considerably to the eastward of the Petite J orasse, 
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about which I made frequent enquiries of the guides, and I found that 
it was called (in translation from the Patois) the Montagne des Eboule
ments, or Des Ruines, being, as they assured me, and I daresay with 
reason, the summit at the head of the Glacier dli Triolet, which de
scends into the Val Ferret in Piedmont, and of which the fall (partly 
of the glacier and partly of rocks) was attended with disastrous conse
quences about a century ago. The westem feeder of the Glacier de 
Lechaud descends from behind the Mont Tacul from the serrated ridge 
which connects it with the great Alpine chain. This ridge is called 
Lea Pb-iade8, and its culminating point, Mont Mallet, which, however, 
is to be distinguished from the Aiguille du Geant in its neighbourhood, 
which bears also the name of Mont Mallet on the Italian side ofthe Alps, 
from which it alone is visible. From the eastem foot of the pinnacle 
of Mont Mallet the tributary glacier descends. It is pretty extensive, 
and not wholly inaccessible, for the brothers Oouttet assure me, that 
thtly have thus gained the summit of Mont Tacul from behind, which, 
at the best, must be a very long and difficult joumey. 

The higher part of the Glacier de Lechaud is scarcely ever visited, 
except by crystal and chamois hunters. Tourists who venture across 
the Mer de Glace always make their way to the Jardin, and with good. 
reason, as it oft'ers some of the grandest points of view any where to 
be found on this glacier; nor is there perhaps in the Alps any ex
pedition so practicable in fine weather, which repays so completely the
traveller who appreciates the wildest and grandest natural scenery. 
The traveller to the Jardin does not need to touch the Tacol at all. 
He crosses two of the medial moraines at the Moulins between Trela
porte and the Oou vercle, and higher up he passes the other two, near 
the great stone, O. It is difficult to approach the lower part of the 
Oouvercle much nearer. I have- more than once ventured down the 
east side of the glacier, under the Aiguille du Moine, towards station 
F, but the passage is embarrassing, often impossible. When the two 
glaciers meet, (as I have already remarked), the eastem half is dis-· 
located excessively, and is all but impassable. The promontorY of the' 
Oouvercle itself, opposite 0, may be easily reached, . and oft'ers some· 
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interest froDi the visible friction to which it is subjected by the descent 
of the glacier. Farther up, we stand in front of the descending ice o~ 
the· Glacier dll Talefre, whioh presents a majestic and perfectly inac
cessible accumulation of icy pyramids and fragments ejected through 
the narrow opening which gives vent to the basin of the glacier, which 
poW'S over the precipice in a solid cascade, presenting· a perfect ohaQ8 
~f forms. Of the structure of the ioe here I will afterwards speak, 
but I may observe that the preservation or the medial moraine in the-

. midst of this mass of confusion is a very startling fact. It is indicated 
merely by a stripe of dirt, which discolours the centre of the icy cas
cade, but no sooner has it reached a comparative level, than the masses 
of rock dislodged from the side of the higher glacier are found on 
the surface, arranging themselves with adQlirable order along a line of 
no great breadth, which forms the medial moraine No.1, which may 
be traced distinct from the others along by far the greater part of the 
Mer de Glace. 

The ascent to the Glacier du Talcfre is usually accomplished by 
rocks of the Couvercle at the foot of the Aiguille du Moine. It offers 
no kind of difficulty. The ascent, where steepest, is called Lu Egra~ 
lstI. Above these the view becomes wild, but very grand. On the 
l.eft is the Aiguille du Moine, - one of the most elegant and uniformly 
conical summits of the chain; at its foot are huge blocks of Callen rock,. 
tenanted by marmots. Looking backwards, we command a large space 
of the Mer de Glace, and the grand view up the Glacier du Geant opens. 
and Mont Blanc begins to a.ppear for the first time, fortified on this 
side by the impassable barriers of the Mon~ Maudits. The Aignille 
du Midi, from its height, begins to overtop those of Grepont and 
Blaitiere, and between it and Mont Blanc the rounded form of the 
Dome de Goute is not to be mistaken. In front, the wide basin of 
the· Glacier dll TaltSfre, in a great measure concealed from the Mer de 
Glace by its height, and the steepness of its outlet, begins to open. It 
has a singolar and interesting appearance. I t is shaped almost like a 

• Called Aiguille du Tall!fre by De SaU8l!ure.- V0l"9'., § 630. 
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\tolcanic crater with one side blown ont, and it is surrounded by rocky 
pinnacles of the wildest forms, which appear, and lor the most part 
are, totally inaecesaible. It is certain that no one has succeeded in 
passing this serrated barrier at any point. * The topography of the 
Glacier du TaltSfre is very ill laid down on all the maps and models. 
It is bounded on the west by the chain of peaks risible from the Mer 
de Glace, which CODnect the Moine and 1JnJ. The north-east barrier, 
which is the longest, and tolerably stItaight, pa88e8 through the Aigttille 
\terte, (which separates this glacier from that of Argentiere), and a 
single range of very sharp Aiguilles called in succession Les Rouges, 
Les Droites, and Lea Tours des Courtes, and it terminates in the south
eut by a remarkable glacier summit marked [A] in the map, whence 
a tribntary glacier descends. Though I hav. determined the position 
of this point, as well as that of another [B] to the south-west of it, I 
am unable to give them their proper names, as no one could inform me 
of them, but I apprehend that they belong to the axis of the great chain, 
and command the glacie1'8 of the Val Ferret. It ia also possible that 
the point [1.1 is the· lofty white peak which I saw when I visited the 
extremity of the Glacier d'Argentim.e, of which it oeenpies the higher 
termination. It is perhaps the Mondelant. The south barrier of the' 
Glacier du Talefre is the range Gf the Aiguilles de Leehaud, which· 
8eparates it from the glacier of that name. 

The glacier of TaIefre is pretty even on ita surface, and is covered 
tor a great part of the year with snow; ita level, according to De 
Saussu!'e, is 13M toises, or about 8500 English feet above the sea. 
In the centre of the snowy basin is a very large exposed surface or 
roek, of a triangular form. covered with soil on ita lower part, sufficient 
to maintain a good turf, enamelled with the usual Alpine ilowers, 
during the few weeks of the year that it is entirely uncovered with 
snow. This spot is called the Jardin (or OotWlil in patois,) and is 
DOW a very frequent ex-eursion from Chamouni. There is· a spring 
of water near the lower part, and lying exposed; at a' high angle 

• The Coutt.eta wished to pull to the glacier of Argentiere behind the AiRUille Verle, but 

havillg gained the ridge, they_ UD&ble to deecencl. 
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towards the south, it is anything but cold in fine weather. Indeed 
I scarcely ever remember to have found the SUD more piercing than 
at 'the Jardin. On three different occasions I have visited it, and 
on all under the most f'avoura),le circumstances, in 1832, in 1839, and 
in 1842. The reflection of the heat hem the snowy basin by which 
it is surrounded, and its comparative shelter from the wind, pro
bably cause this intensity. On each visit I have found the scenery 
if possible more admirable than before. On the last occasion I climbed 
to the very summit of the triangular rock forming the Jardin, a task 
of more labour than it would a.ppear to be, as it is both long and steep. 
The top is at a level of 9893 English feet above the sea (trili,mometri
cally determined), and commands an admirable range of view. From 
thence I took a number of magnetic bearings for the plan of' the glacier. 
The Glacier du TaIefre presents two medial moraine1!l, marked on the 
map; one takes its origin from the Jardin itself, the other is derived 
from Lee Droites already mentioned. These become commingled du
ring the precipitous descent of the ice, and reappear as one on the Gla
cier de Lechaud. 

From the Jardin it is not difiicult to descend to the Glacier de Le
chaud by the south margin of the Glacier do Tale£re. The passage of 
the last named glacier is, however, almost always wet, and the foot per
petua.1ly bursts through the frail superficial coating of ice formed in the 
night, and plunges ancle-deep into the snow-cold sludge beneath. The 
lateral moraine gained; it presents a steep and uneasy descent towards 
the Glacier de Lechaud. 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 enormous size, and from its peculiar form is well 
seen from the Glacier de Lechaud in all directions. It is a useful 
landmark, and is called La Piene de Beranger, no doubt from a M. de 
Beranger who is frequently mentioned in M. Bourrit's narrative, 
though I am not acquainted with any particulars respecting him. The 
Pierre de Beranger is marked on the map; it is sometimes used as 
a shelter for the night by hunters; thence the glacier may be more 
easily'gained by the rook than by the moraine, a bypath not generally 
known to the guides. 

I (~td ,t~. . ....,. 

G 
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This concludes what I have to say respecting the topography of the 
Mer de Glace generally, and of its tributaries of Lechaud and Talem. 
The other great branch, the Glaci6f' du G~a,.t or du Tacul, remairui to 
be described, but that may properly form a part of the narrative of the 
passage of the Col du Geant, to which I shall devote a separate 
chapter. 
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CHAPTER VI. 

ACOOUNT OF A SURVEY OF THE MER DE GLACE 
AND ITS ENVIRONS.· 

OBJECT OF THB SURVBY-THR INSTRUMENTS-THE BASE LINE-"rHE TRIAN

GULATION-HEIGHTS OP THE STATIONS RBPDBED TO KONTANVERl'-SLOPE 

OP THE GLACIER-HEIGHTS OF THE NEIGHBOURING MOUNTAINS ABOVE THE 

SEA-CONSTRUClION OF THE MAP--GEOGRAPHICAL POSITIONS. 

IT was the especial object of my journey in 1842 to observe accu
rately the rate of motion of some extensive glacier at different points of 
its length and breadth. 

In order to draw precise or valuable conclusions from these experi
ments it was necessary to be able to assign accurately the relative 
positions and distances of the points observed. It was also highly 
desirable to ascertain the ,lope of the glacier in its various parts, which 
can only be exactly done by a combination of horizontal measures with 
vertical heights. These, and some other proposed experiments required 
of necessity a geodetical apparatus, with which I provided myself, and 
I soon found that the only satisfactory mode of proceeding would be to 
add to my direct observations on the movement of the ice, a general 
survey of the glacier in its various portions. This being resolved 
on, it followed as a matter of course to lay down the neighbouring 
mountains, and to determine their height, and hence the construction 

• It may be right to observe, that this Chapter, which is little likely to interest the gene
ral reader, may be omitted by thoee who would avoid BUch details. The two following 
Chapters on the Motion and Structure of the lee may aIao be B1ightly pIIIIIItld over by thoee 
who are willing to take for granted the results which will be found in the concluding 
Chapter of this volume. 
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of the map which accompanies this work, and which is based exclu
sively * upon my own observations. 

The instmment on which I chiefly depended, as well for the deter
mination of the movement of the glacier as for its triangulation, was a 
Kater's astronomical circle, made for me by the late Mr. Robinson. 
It is of the larger size of such instmments, having both the horizontal 
and vertical circles of four and a half inches diameter, the former with 
three microscopes and verniers, the latter with two. The constmction 
of the horizontal part is, as usual, most carefully executed, and the 
readings incomparably better than the vertical ones. The telescope is 
provided with five fine vertical wires, like a transit instmment, and 
one horizontal, and a diagonal eye-piece; there is a spare telescope, 
for A:eeJ!ing tDatcA, the working of which was not, however, satisfactory, 
and it was seldom used, the steadiness of the instmment being scm
pulously verified by a return to the starting or zero point. It is far
ther provided with a good level, which was frequently verified, and 
which fortunately escaped any accident. The whole, mounted on 
Robinson's excellent portable tripod, was as steady as could reasonably 
be desired, where the ground for planting it was favourable. The use 
of it npon the ice was always at~nded with some embarrassment owing 
to the unequal sinking of the supports. The working of the tangent 
screws was perhaps the least satisfactory part of the apparatus; but, 
on the whole, it would be difficult to imagine an instmment more per
fectly adapted for the various uses to which it was put, or to find 
one which could have. better answered to the character of its maker 
throughout a season of most trying work. The instmment, as mounted 
for use, is seen in the Frontispiece. 

In selecting a station for pursuing my inquiries, I had no reason to 
regret my choice of the Mer de Glace of Ohamouni. Its vast surface 
presents every variety of glacier stmcture and arrangement; its great 
length, and its remarkably uniform breadth, for some distance, adapted 

------ ----------
• His _11 ~ to mention l1li an exception a BiDgle perin. (the position 01 the 

Col dn Giant) which baa been determined from De Saaeaure'. data, and the sparing and 
cantiOllll use 01 some pabliahed engraYiDga in laying down BOIDe nMaralleaturea. 
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it peculiarly to my investigations, which had reference to the velocity of 
movement as affected by the former circumstance and without reference 
to the latter. Its easy accessibility, and the ready communication with 
places whence any requisite implements might be procured, aided in 
determining my choice ;-but beyond all other circumstances, the cer
tainty of finding a permanent shelter during all weathers, and in the 
immediate vicinity of the ice, such as the cottage of the Montanvert 
aft'ords. 

The form of a glacier like the Mer de Glace, presents almost every 
difficulty which can be experienced. in conducting a survey. The only 
spots nearly level (I mean on the surface of the ice itself) are unfit for 
measuring a base, or performing any important part in the triangula
tion. The walls of the glacier are excessively rugged, often inacces
sible. The stations are difficult to choose so as to be visible from one 
another, owing to the intricate windings of the ice stream, and the 
enormous height of the rocks. The fundamental triangulation must be 
carried up a ealley, whose extremities, independent of f1IOfmtaiftl, differ 
in level by 4400 feet. Finally, the observer-solitary and without 
the assistance of anyone understanding the use of inlltruments-is ex
posed, even in the finest weather, to alternations of the most intense, 
almost stupifying, solar heat reflected from the snow and threatening 
him with blindness, with the chill winds and sudden storms of these 
great heights :-he must often have the alternative of walking for seven 
or eight hours of the day over ice, merely to go to and return from a 
single station to gain perhaps a single observation, or else of camping 
out under some rock, exposed to the chances of weather. These consi
derations, it is hoped, will be taken into account in estimating the 
kind of accuracy to be expected in a survey like this, and the amount 
of criticism of which it may be thought. deserving in respect of mi
nuteness of detail. It will appear, however, (I hope) from what is 
to follow, that the basis or skeleton of the map ,is sufficiently accurate 
as to the relative positions of all the great points, which are in general 
determined with more exactness than the scale permits in laying them 
down. 

Besides the instrument just mentioned, I had taken with me from 
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England, a small sextant and horizon (of which I made no use), one of 
Troughton and Simml!l' standard steel tape measures, an ordinary var
nished tape measure, waterproofed string and silk lines ;-a telescope 
by Tulley, 2-1 inches aperture, and a Kater's compass, which I found 
of admirable service.· 

I had originally intended measuring a base line upon the ice, near 
the confluence of the Glaciers de L~haud and Tacul, which I intended 
at once to be the foundation of my triangulation, and to decide the 
question of the supposed dilatation of the ice during its progress. I 
subsequently devised a better scheme of ascertaining the latter point, 
and soon became convinced of the inconveniences which would attend 

• In addition to theee I bad, for general purpoeee, six thermometers, a maximum and 
two minimum thermometers, one BnnteD'. barometer, two improved sympiezometen, two 

pbotometen, hro actinometen, a Ra.ian flll'llllC8, with alcohol for boiling water and a 
thermometer for II8Cl8l'taining its temperature, a meuuring chain of 10 metres, borrowed at 

Cbamonni, as well as ajtmat-, 30 inches long, for making bol .. in the ice; two hammen, 
three IICl'eW driven, a batcbet, numerous staves lor station pointers with red and white 

flags, chiIIels, red and white paint and brnshes lor marking the stations and other points 

permanently on the rocks, two cUnom.etera and COlD ..... a portable teleecope (F~) 

by PlIiesl, gimblet&, plien, a hand vice, a protractor, ..Ie, drawing materials and colours, 
colours lor injecting the ice, viz. logwood, carmine, litmus, and lithographic ink. So ample 
had been my provWon of apparatus that I had no occaaion lor any thing in addition which 
was not readily procarable at Cbamonn.i. 

It may not be useleee to add that in point of elotbing, though my wardrobe was very far 
from bulky, I seldom euft'ered from cold. WithOllt any voluminOll8 cloaks or furs, I fonnd 

Bannel next the skin (doubled if necessary,) lII1I'IIIonnted by a complete suit of BOft Chamois 

leather to be warmer than it was generally agre5ble to wear even in sleeping in the open 
air near the glacier in BDDlIDer. To avoid the continual riak 01 exposure to cold during 

protncted observations alter a laborious walk, I generally found & woollen waiatooat 
with sleeves, over the one I asually wear, a BDftlcient protection; and together with & 

light Scotch woollen plaid, or a common single-breasted greatcoat, BDftlcient for the wom 
weather during exercise. Long worsted stocldngs over Bhort ones, and fur-lined gloves 

withOIlt separation for the inIOn, which, however, I very seldom wore. A straw hat, on 

aU occaaions during exercise, with & velvet cap under, or exchanged for & eoft far cap 

during observations. For Bhoes nothing is equal to London ones with dOIlble BOles, con
tinually supplied with fresh nails 88 the old ones are knocked out. Square headed naila 

t or anchor headed nails, BUch as are used in Switzerland, to defend the edges 01 the lea

,ther, are the best. 01 late years I have never habitua1ly used 8pikes or Dr_POIU of any 
kind for eroaUng the ice. 
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such an operation. I ultimately acquiesced in the advice which Mr. 
Airy had already given me to measure my base in the valley of Cha
mouni, and 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 commanded to any extent. This was however at 
length overcome, and stations, though not affording by any means the 
most eligible forms of triangles, were at last decided upon. The 
measurement of the base was one of the later operations, and the con
nection of it with the triangles on the higher level of the glacier the 
very last. I shall commence, however, with an account of 

TIle BaH LiNJ. 

It being decided that the trigonometrical base should be in the val
ley, there was no difficulty in selecting the most proper place for it. A 
perfectly straight road, leading from the village of Les praz to that of 
Les Tines--a distance of about an English mile-parallel to the length 
of the valley of Chamouni, and nearly opposite to the foot of the Glacier 
du Bois, at once suggested itself. A nearer inspection confirmed my 
opinion as to its fitneBB. From a little wooden bridge 500 yards east of 
the village of Les praz to the woods near the hamlet of Les Tines, which 
begin to conceal the glacier and parts adjacent, is a clear space of 1000 
yards, which seemed a sufficient length for my purpose. A mathem ... 
tically straight line could be drawn throughout this space upon the road, 
which was sensibly level to the eye, (its mean inclination being 44' slant.
ing upwards towards Les Tines,) and which was formed of dry well com
pacted gravel. In short, a more eligihle spot could hardly be desired. 

The twmini of the base marked N and 0 on the map were fixed by 
long pins of hard wood driven into the ground, and the tops marked 
by a nail driven into each as a starting point. These pins may pro
bably remain for some years. The first is exactly at the eastern 
end of the beam which forms the BOuth side of the little wooden bridge 
near Les praz already mentioned. The station 0 is marked by a very 
conspicuous solitary larch tree, with its lower branches lopped off, on 
the BOuth, side of the road, standing quite apart from the wood near 
Les Tines. The tl'nninus at 0 may be referred to the centre of this 
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lareh tree by co-ordinates perpendicular and parallel to the line 0 N. 
It is on eAe road 5 feet 7 inches nearer to N, and 4 feet 1 inch north of 
the said larch. 

The interval was twice measured-on the J 4th and 23d September 
1842-by the aid of a ten metre chain kindly lent to me by M. Blanc 
of Chamouni; and the chain was compared with Troughton's steel tape 
divided into English feet and inches, in the interval of time between 
the two measurements. The chain was a good iron one, united by 
very solid brass rings. The first measurement was intended only as 
an approximation, but the second one confinued it so well that I 
thought it unnecessary for the purpose in view to undergo the labour 
of a third. The distance was 91. chains, or, more correctly, 914 
metre8. With the assistance of my intelligent and useful guide 
Auguste Balmat, and another person, I fixed the distances of 30 and 
60 chains, also by hard wood pins, and on the second measurement the 
difference was under one inch at both places, and a temporary mark at 
80 chains appeared to give as small an error. Therefore, though on 
the whole measurement there appeared a difference of 5 inches, I con
sidered myself as justified in attributing it to some mistake in the 
mode of counting the links, which, in my 1irst or approximate measure
ment, was the only method I had used of e8timating the fractional 
part of a chain. Having measured the space between the 80th 
chain and the end of the base twice over without sensible difference, 
and having measured the fractional residue with Troughton's tape, 
I think myself entitled to conclude that the probable error of the 
whole does not exceed materially the observed difference at 30, 60, and 
80 chains--that is, one inch, or little more, or about 1-36000 of the 
length of the base,-a quantity much under the other inevitable errors 
of observation in the subsequent triangulation. The length of the 
base was, 

. 91 chains+26 English feet+2.50 inche8. 

The coruparison of the 10 metre chain and the steel tape was very 
carefully performed under the wooden gallery of the Hotel de I'U nion 
at. Chamouni. Both the chain and the tape were stretched with a 
weight of about 14 Ibs., which is that indicated as the stretching 
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weight of" the tape, and the chain was found not to yield sensibly to 
any moderate force, after being once fairly stretched. Its length was 
found to be 

32 feet 10.675 inches, 
the temperature of both being 410 F. The probable error of the 
measurement might amount to one-fiftieth inch. Hence the length of 
the base will be found to be 

2992.952 English feet. 
This ought to be reduced in the proportion of the cosine of 44' to 

radios, that being the m8f'll inclination of the base to the horizon. 
This amounts to a shortening of only (WI8 HtJ6lN ~ part; and 
the calculations having been commenced without adverting to it, I 
have thought it superfluous to alter the numbers as to the distance and 
elevation of the various points of the survey by this small quantity, 
which, however, may easily be applied, if desired, to the results which 
are to be given. 

The plan proposed for the survey was simple enough. A series of 
points were taken on the rocks on either side of the glacier, and Jot 
some height above it, so as to command a view of two or more of the 
others. The circumstances which, as already observed, compelled the 
selection, and the labour of access and of observation at many points 
prevented a great multiplication of the triangles, or the avoidance of 
some very oblique ones. Still, as the object was only to lay down 
correctly a very limited range of country, the accuracy of the instru
mental methods was sufficient to allow me to dispense with the selec
tion of stations whirh would have been requisite in an extensive sur
vey. But every pains was taken to ascertain that the triangles were 
accurately determined, of which the three angles were in most cases 
measured; and considering the circwnstances under which they were 
observed, it will probably be considered as a fair proof of their exact
ne88, that the sum of the Mlgles seldom differs l' from 1800, notwith
standing the great deviations from a horizontal plane. The sides of 
the system of triangles thos determined along the valley served as 
bases from which to measure the altitude of the mountains, and the 
bearings of the various points which were to be laid down on the 
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glacier; whilst various subordinate stations were marked, from whence, 
~ 

as secondary stations, fresh angles might be taken with the compass 
for the better comprehension of details. 

The stations were taken with particular reference to the observations 
which were to be made upon the ice, and they were all marked in such 
a way as may enable them to be recognized at a distance of some years. 
They were in every case (excepting at the extremities of the base, 
which have been already described) on rock, or, at least, the instru
ment was placed on some fixed stone, little likely to be removed. A 
croBB was cut with a hammer, or chisel, immediately below the centre 
of the instrument, determined by a station pointer, and that croBS 
was painted red, with a large _ capital letter also in red, painted 
beside it. I will briefly describe the position of the stations which 
served for the main triangulation, and which are marked on the large 
map. 

Oommencing in the valley, the extremities of the base line marked 
N and 0 on the map have been already described. From these two 
stations the rock above the Chapeau could be distinctly seen, and that 
formed the third station marked I. It is at a height of no leBS than 
1800 feet above the other two. It is on the summit of a green saddle
shaped slope, above the rock and cave already mentioned, quite above 
the few trees which fringe the precipice. The cross is on a flat stone, 
BUnk in the grass, very near the first fixed rock, at the head of the grassy 
ridge. This station commands the glacier to a considerable extent, 
even as far as the Tacul; and I was able to observe the signal which I 
had. planted there (station B.) I t was, therefore, a most eligible con
necting point between the valley and the upper level of the Mer de 
Glace. 

The observed angles of this triangle were, 

N I 0 180 55' 50" 
ION 127 54 0 
ONI 33 840 

1790 58' 30" 

The next station L is on the rocky ridge, extending above the Mont
anvert, towards the Aiguille des Charmoz, which ridge is itself fami-
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liarly called Lee Channoz. It is 867 feet above the Montanvert, and 
therefore a full half hour's ascent along the southernmost part of the 
rugged ridge in question. Ii was found impossible to obtain a station 
here which should command at once the two extremities of the measured 
base and the middle portion of the Mer de Glace. I was obliged to 
select a projecting mass of rock, which commanded the eastern extre
mity of the base, and the station I. It is at a height 3600 feet above 
the former and 1800 above the latter. It is marked with a cross and 
pyramid of stones and the letter L. The angles are 

o L I 
LIO 
L 0 I 

360 18' 20" 
84 1S6 21 
58 45 40 

1800 00' 21" 

The Montanvert itself was not found to be a commanding enough 
position to be selected as a principal station, although it has been accu
rately connected with four or five others. 

Station F is on the eastern side of the glacier, on the promon
tory of Les Echelets, and is at about 150 feet above the level 
of the glacier, near the ridge of the hill, but rather facing the 
north. It commands a view at once of the Chapeau and Tacul. It 
is marked like the others, and connects with stations I and L, as fol
lows,-

L F I 
I L F 
FIL 

480 30' 15" 
102 40 10 

28 48 50 

1790 59' 15" 

Station G is on the ridge of TreIaporte, or Entre-la-Porte, on the 
west side of the glacier, at the foot of the Charmoz, and its elevation 
may be 300 feet above the level of the ice. It is on the little level 
space formerly alluded to, occupied by a series of blocks which appear 
to mark the formpr boundary of the glacier. 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 con-
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spicuous stations, and commands the glacier both ways. Only two 
angles of the triangle connecting G with L and F were observed, as 
follow,-

LFG 
FLG 

LGF 

1220 37' 45" 
28 37 50 

1510 15' 35" 
28 44 25 

1800 00' 00" 
Station D, on the promontory of the Tacul, commands a more general 

view of the glacier than any other station. I could see up the ice 
streams of L~haud and the Geant, and down to the station of Le 
Ohapeau, whence the station B was distinctly observed, and served as 
a verification. * The promontory is composed of rather loose rock. A 
pretty solid pedestal was built up of the larger masses on the ridge, at 
a height of 277 feet (barometrically measured) above the little lake be
low. The ClOBB was cut in the centre stone under the pyramid which 
supports the flag, and the pyramid was removed as in the other cases, 
when the instrument was planted. From this station, by observations 
right and left, the movement of either glacier was determined. 

The position of B is determined by a very oblique triangle, the pre
cipitous nature of the rocb opposite dording no convenient station 
whence F and B could at once be seen. Its angles are 

G B F 110 42' 0" 
F G B 151 52 25 
G F B 16 25 5 

1790 59' 30" 

.. Tho luUaring or a diU Sag _ed 8dperior to any o&her marll 01 &he statioDS. 
Where too distan~ to allow &he stafF bearing &he Sag to be .an distinctly, ita motion aened 
to distinguiah &he Sag from any mark on &he rock, or patches or snow which, in the IaHer 
pari 01 &he aeuon, orren rendered the obeenatiODB dilBcult and uncertain. It WIllI, for in· 
staDce, with &he great.eB& trouble that I IIlcceeded in observing station L from It partly 
owing to &he hadn_ 01 &he light, partly to the mark not being 888D agaiDSt the aky or dis· 
taDt hill, and partly from &he numherl_ patches 01 snow. I was obliged to reQ1m repeat
edly, and aD &his and many other OOOIIIIiODS was struck with the fly- more perfect eyesight 
of Balmat for distant objectB dum my own. 
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Station H was at the foot of the Oouvercle, opposite station B, and 
beneath the Aiguille du Moine. It is on a grassy shelf; above rocky 
precipices, which rise perhaps 200 feet from the level of the glacier. 
It is accessible only by a small ravine or watercourse to the south, and 
even there not easily. The vegetation here is more luxuriant than on 
most parts of the glacier banks at so high a level. I observed partic1l
larly a luxuriant specimen of the alpine rose without thorns. It is 
1177 feet above the Montanvert, or 7487 above the sea. The station 
is marked on a great stone imbedded in t.he turf. From it neither 
the Montanvert nor Les Echelets could be seen. The position of H 
is determined from G and B as follows,-

GBH 
BHG 
HGB 

66" 40' 10" 
87 48 5 
25 32 30 

1800 00' 45" 

Finally, another station was selected as high up the Glacier de U 
chaud as a fixed rock conveniently accetl8ible could be found for esta
blishing it. It is on the eastern side of the glacier, exactly opposite 
a remarkable rock, called Oapuein au Tacul, and about half an hour's 
walk above the junction with the Glacier du Talefre. It is marked 
station E, and will be more readily found by the outlines on the 
map, which were carefully sketched, than by minute description; it 
is on a rocky promontory, perhaps about sixty feet above the level of 
the ice, which is here extremely crevassed, so as to render this spot 
somewhat difficult of access in the latter part of the season. From it 
several of the higher summits were measured, and the motion of the 
ice near itR origin determined. The following triangle connects it 
with B and H. 

BEH 
HBE 
EHB 

210 24' 1" 
67 50 40 
90 45 40 

1800 00' 21' 
The sides of these various triangles have been calculated by t,,:o 
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computers, and compared by a third. The result gives the following 
numbers (subject to the reduction of one 12000th, on the ground stated 
above, page 105.) 

Feet. Feet. 

NO = 2992.95 GL= 8208.28 
N 1=7275.78 FB= 10853.1 
I 0 = 5043.04 GB= 6508.75 
L 0 = 8484.49 GH= 5980.79 
L 1=7282.61 HB= 2808.01 
I F = 9485.56 HE= 7127.97 
L F = 4686.50 BE= 7695.66 
G F = 4670.13 

The station E is distant from the base line about 28,600 feet. 
As these stations were to be used for the determination of the actual 

height of various mountain tops observed from them, as well as of VIr 

rious points of the glacier surface, it beeame necessary to ascertain their 
elevation above some known point, such as the Montanvert. I accord
ingly observed carefully the elevations, and usually also the corre
sponding depressions of the different stations, so far as they were 
visible from one another. The distances being known, the relative 
heights of the stations, taken by pairs, becomes easily known from the 
following data, on which it must be remarked, that the observations 
with an asterisk prefixed are double ones, or the mean of an observed 
elevation and depression, which eliminates at once the effects of the 
curvature of the earth, atmospheric refraction, and the error of 
collimation, while the single observations (those of elevation are 
marked +, those of· depression -) are corrected by the following 
simple but abundantly accurate formula for such small distances, which 
includes the effects both of curvature and refraction. 

Correction in English feet, (always +) = .5714 DI • 

D being the distance between the stations in English milM. 
The error of collimation in a vertical direction was ascertained by 

observation, and found to be 

+ l' ]5" 
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the readings being too low, when the microscope A was uppermost, and 
too high when the microscope B was uppermost. 

Stations. Distance. Angular Observed C'AlcaJated 
Feet. Altitude. Height in Feet. Height inFeet. 

-0 above N -- 0° 44' 0" 38.3 40.0 

- 1 -N -- 14 15 45 1849.5 ]847.8 

- I -0 -- 19 42 15 1806.0 1807.8 

- L -I -- 13 49 45 1792.6 1789.8 

- F -I -- 8 40 0 1445.6 1445.5 

- L -0 -- 22 58 45 3597.7 3597.6. 

- L -F -- 4 11 0 342.8 343.3 

- G -F -- 4 48 15 392.5 396.2 
G -L + 0 22 15 54.5 52.9 
G -I -7 27 30 1843.] 1842.7 

-B -F -- 3 56 45 748.6 750.6 
-B --G -- 3 5 30 351.5 354.4, 
-B -H -- I 53 0 92.3 96.6 
-H -G -- 2 26 22 254.7 257.6 

E -G -- + 3 3 15 707.9 703.0 

- E -B -- 2 26 30 350.5 348.6 

- E -H -- 3 32 30 441.2 445.4 
Mt- 1 5590 + 9 20 45 920.6 922.9 
F -M 4754 -6 17 45 523.5 523.6 
G -M 9006 -5 51 45 922.0 919.8 
B -M 15450 -4 43 45 1273.2 1274.2 

t M stands Cor the MOIltaIlm"t, of which the poeition and elevation was determined by 
reference to these four stations ; but 88 no observations were taken from the MonfaDveri 
itself, these are all single altitulles. 

The numbers marked "calculated" were obtained as will be immediately 
stated. 

These results plainly form so many equations of condition for the 
determination of the height of the stations amongst one another. 
There are nine stations independent of M, which we take as a starting 
point, or absolute level, and there are twenty-one equations of relative 
height. These have been combined by the method of least squares, 
so as to give the most probable height of each point referred to M. 
Double weight has been given to the observations of elevation and 
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depression combined. The mode of proceeding is to combine in a 
single equation all those which contain anyone unknown qua.ntity. 
From the nine equa.tions thus formed, the unknown quantities are 
successively removed, by a somewhat tedious elimination. Great pre
cautions were taken to avoid numerical errors, and the results are as 
follows :-

FeeL 

N below M . 2770.7 
O-M 2730.7 
I -M 922.9 
Labove M 866.9 
F M 523.6 
G-M 919.8 
B-M 1274.2 
H-M 1177.4 
E-M 1622.8 

With these numbers, those in the last column of the preceding table 
have been computed, and the comparison appears satisfactory. 

Besides the main points of the triangulation, several other stations 
were assumed, either for determining the motion of the ice, or for ex
tending the subordinate triangulation, which was performed partly 
with the theodolite, and partly by means of Kater's compass. The 
determinations with the latter are manifestly inferior to the former. 
Some errors, perhaps, were owing to a local magnetic disturbance of 
no great amount, and others to a want of perfect mobility in the 
compass, which, bearing a heavy card, is not, after some use, so delicate 
as might be desired. It is hardly necessary to observe that Kater's 
compass is provided with a vertical wire, and slit for taking azimuths 
whi~h are read off at the instant of observation by the aid of a re
Hecting 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 distant object is viewed. 

Of the subsidiary stations, the chief were--
1. Station A, on the glacier opposite L' Angle, marked on the map 

near the foot of the Oharmoz; it was the earliest station employed for 
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measuring the motion of the glacier. It is detennined in position by 
reference to stations L, F, and M. 

2. Station C, on a block of granite on the ice, between the promon
tory of the Couvercle and the Tacul. It has already been described in 
Chapter V. Its position was ascertained by angles from B and G. 

3. Station D, near the Montanvert, on a very large granite block, 
fonning part of the ancient moraine, nearly on a level with the 
Inn, and distant 60 yards N. 40° E., magnetic, from the south-east 
comer of the building. From this point the motion of the glacier 
was frequently detennined; and, by means of a small base line, its 
breadth in this part, and the distances of several marks upon it. 

4. A station near the source of the Arveiron, upon the moraine of 
1820, near the hillock of COte du Piget. From it a number of mag
netic bearings were taken, for laying down the details of the lower part 
of the glacier. 

5. La Croix de FIegere; a small building, exactly opposite to the 
Montanvert, and at the same level, on the north side of the valley of 
Chamouni. Its position is fixed by reference to stations I and M. A 
number of magnetic bearings were taken from hence especially for the 
position of the Aiguilles, and of Mont Blanc, which is laid down on the 
map from its bearing from hence, and from the summit of the Jardin. 

6. The summit of the Jardin, fixed by reference to station Band 
the Aiguille du Moine. 

7. A station on the border of the Glacier du Talefre, above the 
Pierre de Beranger, marked [r]. It was fixed by reference to the 
:Aiguille du Moine and the top of the Jardin. This, and the last sta
tion, afforded angles for detennining in some measure the form of the 
basin of the Glacier du TaIefro. 

8. Station K, marked on the south-east side of the Glacier du Geant, 
was fixed and accurately marked for the purpose of ascertaining the 
motion of this part of the glacier. The cross is cut in a triangular im
bedded stone at a considerable height above the glacier, and which is at
tained by ascending a steep couloir. Unfortunately, no second obser
vation was ever made to detennine the motion of the ice, the premature 
winter in September rendering it impossible. 

9. For the same reason an intended station, marked G*, between 
H 
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Trelaporte and the Charmoz was never attained. By angles taken from 
thence the topography of the upper part of the Glacier du Geant would 
have been considerably improved. 

The topography of the valley of Chamouni has been partly filled-in 
for the purpose of connection, but without very adequate materials. 

Most of the Swiss models represent the glacier of Argf'ntiere as 
extending altogether behind the basin of the Talefre, and touching the 
mountains at the head of the Glacier de Lechaud ! In fact, the upper 
part of the Glacier d' Argentiere is scarcely ever visited. I apprehend 
that the extreme boundary of these three glaciers, as laid down in the 
map accompanying this work, forms very nearly the real axis of the 
chain, and that the glacier of Triolet, in the Val Ferret takes its origin 
from the mountain to the east of the Petite J orasse, which is marked 
Montagne des Eboulements. The mountains at the head of the Glacier 
de Lechaud,-the range called fa Penaaa, which connects the Tacul 
with the main chain,-the group of the Geant and Mont Mallet, and 
the rather complicated and slender ramifications in the neighbourhood 
of the Col du G~ant, are all pretty satisfactorily understood and de
termined. The summit of Mont Blanc is entirely cut off from the 
upper ice basins of the Mer de Glace by the inaccessible ridge extend
ing from the two Flambeaux to Mont Blanc du Tacul. Of the range 
of the Monts Maudits, and the origin of the glacier of La Bren
va, I have only vague topographical information; it is therefore not 
detailed. Between the elevated and wild rocky summits of the Aiguille 
du Midi and Mont Blanc du Tacul, there is a sort of depression 
(probably quite inaccessible on its western side) which separates the 
glacier of Bossons from the tributaries of the Mer de Glace. The 
range of Aiguilles of Chamouni then follow. I have considered them 
as four in number ;-1. The Aiguille du Midi, with its great subordi
nate glacier on the north slope.· 2. The Aiguilles de Blaitiere or du 
Plan-a great group, which some authors subdivide into two, and 
which has a third appendage on its southern side, to which I shall else
where advert. 3. The Aiguille de Grepon-which is more definite: 
between it and the last there is a small glacier, as well as to the east
ward between it and, 4, the Aiguilles des Charmoz, a many-headed 
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group of sharp points difficult to define. I have marked on the map 
the position of two of the chief heads. The Aiguille des Oharmoz 
branches into two, one arm descending steeply to TreIaporte, the other 
embracing the Mer de Glace all the way to the Montanvert. 

E~ ab0e8 tIu Sea. 

It bas already been observed that the heights of the various sta
tions have been referred to the level of the Montanvert, which thus 
becomes our starting point. This level bas not been very accurately 
ascertained. De Saussure (Voyage8, § 607,) calls it 428 toises above 
the valley of Ohamouni, or 954 above the sea, without stating upon 
what this measure is founded,-probably on a single barometrical 
observation. It gives 

6101 English feet. 
Berger, quoted by Alphonse Decandolle, - gives 

994 toises = 6357 English feet, 
whilst Shuckburgh t obtained 5001 English feet above the Lake of 
Geneva, or above the sea 

6231 English feet. 
H we add 32 feet to De Saussure's measure for the admitted error 

of his earlier estimation of the height of the Lake of Geneva,! it becomes 
6133, and taking the mean of these three not very concordant observa
tions, we obtain, 

Height of Montanvert, mean of Berger, Shuckburgh, and De Sau88ure, 
6242 English feet. 

But the height usually adopted is the smallest, or De Saussure's. 
During my stay at the Montanvert, in June, July, and August, I 

frequently observed my barometer near the hours of regular observa
tion at the Geneva Observatory, as well as the attached and detached 
thermometers. The barometer having been broken on the 6th August, 
an end was put to these comparisons. It had been carefully compared 

• Hypeometrie dee Environs de Geneve, p. 63. A moat UBeful work. 
t Ibid. There appea1'll to be BOrne error in Decalldolle's reduetion of this observation 

to the level of &he fE'a. C.qmpare Phil. Trail'. LXVII. p. 592. 

:I: Ibid. p. 8. 
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by M. Plantamour with tho Geneva barometer, and found (after 
fourteen comparisons) to stand only O.OH millimetre higher, a quantity 
so small, considering the uncertainties of a Syphon barometer, (it. was 
on Bunten's construction,) that I have left it out of account. 

Now the mean of twenty-seven comparisons gives 

m.m. AH. Ther. 

Montanvert, 610.35 12°.82 Cent. 
Geneva Obser. 728.50 (reduced to) 0 Cent. 

whence we obtain for the height, 

Det. Ther. 

9°89 Cent. 
19°04 

By the tables of the " Annuaire," 4960.39 English feet. 
By Baily's Table, 4960.64 
The height of the barometer in the observatory at Geneva is 407 

metres above the sea,· or . 1343 English feet. 

Montanvert above the sea, 6303 
A result nearly 200 feet greater than De Saussure's, and 60 feet 

greater than the mean of the three old observers. Nevertheless, as 
the previous observations were, so far as I know, single and isolated, 
I feel bound to adopt the new value, considering the number and ad
vantageous circumstances of the observations. It is also confirmed in 
a striking, though no doubt partly accidental manner, by the measure
ment of the Col du Geant, which, adopting the height just given for 
the Montanvert, by comparison with the barometer at the Montanvert, 
is 11,144 feet above the sea, whilst, by direct comparison with Geneva, 
I find 11,146. The barometer at the Montanvert was hung at the 
usual height above the floor of the inn, or " pavilIon," which may, 
therefore, be reckoned at exactly 6300 feet. But the point taken as 
station M is the eave of the roof, and about ten feet higher, wherefore, 

Level of station M above the sea, 6310 English feet. 
I observed that the door-step of the pavilIon of the Croix de Flegere 

on the opposite side of the valley, viewed from the Montanvert, was 
depressed 32' 45*. Its distance (by the map) is 13,200 feet. Hence 

• Meteorological Tables in Bibliothfque Univeraelle. 
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the (corrected) level is 122'2 feet lower, or it is 6181 feet above the 
sea. The mean level of the base line appears also to be 3552 feet 
above the sea, which is, therefore, the height of the valley of Cha
mouni in that place. 

Slope oftks Glaciw. 
The source of the Arveiron, according to Decandolle, is 805-6 metres, 

or 2643 English feet below the Montanvert. The ledge of rock over 
which the western side of the glacier discharges itself, is near the 
level of the station of the Ohapeau, which is 923 feet below the Mon
tanvert. The height of that precipice is, therefore, about 1700 feet. 
The length of the final sweep of the glacier, from the top of the preci
pice to the source of the Arveiron, is about 4500 feet, following the 
curve, hence the mean slope of this part of the glacier, (which is com
pletely dislocated and confused,) is 20° 41' 44,",. 

The level of the ice near the western bank, a little below the posi
tion of the Montanvert, at the point marked D 2 on the map, is 285 
feet (determined trigonometrically) below station D, which is on the 
level of the Montanvert nearly. Hence, between the west edge of the 
precipice and the Montanvert, the surface of the glacier rises by about 
638 feet, on a distance of 3000 feet, being an inclination of 12° 0' 22*. 

Again, from Montanvert, or rather the point D 2, reckoned along 
the glacier to station A opposite the Angle, is a distance of 5200 feet. 
The level of station A is (barometrically) 131 feet above Montanvert, 
therefore 416 feet above D 2, giving a mean inclination of 4° 34' 26". 

From station A to the foot of the Tacul, reckoning parallel to the 
axis of the glacier, is a distance of about 10,520 feet. Now, by three 
barometrical observations, the Oabane at the Tacul, near the level 
of the lake is 1003, 990, and 997 feet,- mean 997, which may be in
creased by 30 feet, to bring it to the level of the glacier in this place, 
making 1027 feet, or a rise of 896 feet from station A, which gives a 
mean inclination of 4° 52 5". 

H we reckon along the glacier, from station A to station 0, the 

• Onc day's observations havc been neglccted which had not corresponding once, and of 
which thc fesult was 70 feet abovc the mean of the othen. 
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" Pierre Platte," we have a distance of 10,600 feet. The level 
of C, by two barometrical observations, on different days, is 1076 or 
1097 feet above Montanvert; mean 1086, which gives 955 above 
station A. The mean inclination from A to C is, therefore, 5° 5' 53". 

From station 0 to station E is a distance of 6800 feet along the 
ice. A single barometrical observation gives 1668 fet>t above Mont
anvert for the level of the centre of the glacier there. I prefer, how
ever, to deduce it from the trigonometrical height of station E, or 1623 ; 
and we may suppose the highest part of the glacier there to have a 
height of 1600 feet, or 514 above station C, giving an inclination of 

4° 19 22". 
On the whole, from the precipice of ice opposite the Chapeau, where 

the ice becomes broken and discontinuous to this point E, not far from 
the proper origin of the glacier de Lechaud, is a distance of 25,600 
feet, and a rise of 2520 feet, giving a mean inclination of 5° 37' 19". 

I should have multiplied these observations much more had not Diy 
barometer been unfortunately broken. In particular, I regret not to 
have taken the height of the glacier du Geant at the foot of the Aigu
ille Noire. But if we reckon the entire course of that glacier up to 
the 001 du Geant, we find the distance or the latter from the Tacul 
to be 24,700 feet, and its rise 3814 feet, giving an inclination of 

8° 46' 40". 
Taking the entire length of the Glacier des Bois, Mer de Glace, and 

Glacier du Geant, from the source of the Arveiron to the 001 du Geant, 
we have a distance of about 47,920 feet, with a rise of 7484 feet, 
being a mean inclination of 8° 52' 36", 
but the higher and lower parts are precipitous. 

From the various stations several of the principal mountain tops which 
admitted of more accurate triangulation were observed, and their ele
vations taken, which were then reduced to the Montanvert, and thence 
to the level of the sea. The differences in the following table for the 
same summit arise almost entirely from the impossibility of determining 
the geometrical summit of the hill accurately; not one of these peaks 
being accessible. A very small error in the distance entails a very 
sensible one on the height, on account of the great angles of elevation. 
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------.-~-.-

• ... 10·1 ~: ..... 1- ~. 

c __ ....... 
....... IIIIa. . - -. abon JlODtaD- ....... &100 

,"-'ed. 
s .. _ .• _ 

s.. 
I . 

Aiguille du Dru, No.~.·.~..1 
------ - ---------, 

Dos. IIID. II ... ! P .... 
L 25 27 45 I 5002 5868 12178 
0 

Aigaille du Dru, No. 2. ...... i G 9541 27 42 15 5012 5932} 12245 B 12916 19 50 15 4663 5938 

Aiguille des Cbarmoz,. ....... i 
B 7750 25 16 15 3660 46M 10944 
H 
B 7553 24 45 15 36M 4758 ~ 
G 7059 28 45 15 3875 4794 11109 Aipille du Moioe, ............ , 
E 9250 19 11 4Z; 3222 41145 

Aipille Verie,. ............... ' G 12350 26 39 15 6202 7122 1M321 

Jardin, higb_ point,. ........ : 
[,..] I 
B 11750 11 6 IS 2309 3583 9893 

[,..] 
18000 14 7 IS TOIII'II des Courtee, ............ B 4535 5809- 12119 

Aiguille de L6cbaud, ......... 
[Tf 

MOO 22 18 45 M49 4626 10914 B 9760 18 42 45 I 3308 4682 
G 20174 13 58 45 I 5030 5950 I , 

PetlteJ-, ................. H 14100 18 31 45 4730 5907 12246 

. I B 14628 17 43 IS I 4678 5952 
G 19786 17 32 IS 6261 7181 

-.._ •••••••• u I H 14556 22 44 45 ' 6106 7283 IM96 

MOIIt TacuJ, aut 1I1DDDIit, ••. 1 

E 9356 I 30 18 45 5472 7095 
G 11400 18 10 15 3744 4664 11002' 

~ ....... ·············i 
H 6560 i 28 21 45 I 3542 4720 ! E 11730 ' 23 37 45 : 51SS 6758 

13068 ! G I 

G 18306 , 17 31 IS ; 5920 
6839} ......... _············Ij H 15111 • 20 7 45 I 5546 6820 13099 ! 

B 12695

1

23 SS 15 I 5530 6707 I 

Cnix de Flqere, .............. i M 13200 0 32 45 122 122 6188 , 
I 

1 

, 

The Aiguille Verie is..ned the Aiguille d'Argeotlhe in eome Mapa, I think erro-
oeoualy ... by Sir George Shuckburgh. Phil. TI'UIII., vol 67. 

It may be doubted, whether the Moot Mallet is not .. high .. the Aiguille du 

a.nt. 
The Aiguille du Moine is the Aigaille du Tall!fre of De s.-ae. 
The Promontory 01 TriIaporie is..ned Entre la Porte by the older wri-.. 
The Aiguille du Dru, No. I. is thai visible Irum the Montanvert. No.2 is • higber 

llUllllDit in the direction of the Aiguille Verie, which is invisible &om the 
Montanven. 

--- - . 
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These heights vary in several particulars from those previously given, 
especially by De Saussure. Those of the Grande J orasse and Aiguille 
du Geant in the preceding table have been verified with especial care. 
The former is 3no feet greater, the latter no less than Soo feet less 
than the previous determinations. According to Pictet and De Saus
sure the order of elevations of mountains next Mont Blanc would be 

(Mant, Verie, J orfJII8, 

By the preceding table the heights of the Grande J orasse and the 
Aiguille Verte are almost the same, and come next to that of Mont 
Blanc, whilst the Aiguille du Geant and Mont Mallet are 400 feet 
lower. The following table contains the heights above the sea of points 
mentioned in this chapter from my own observations, and the best of 
those formerly made; the latter I have taken chiefly from Deeandolle's 
H~tri8 des EnfJirom tk G~, and reduced them to English feet. 

J. D. F., 1842. Other Al1thoritiee. 

Mont Blanc, 
Eogliah feet. Eng. feet. 

15744 French Engineers. 
Grande J orasse, 13496 13192.5 Pietet. 
Aiguille Verte, . 13432 13402 Shuckburgh. 
Aiguille du Geant, 13099 13875 Saussure. 
Mont Mallet, . 13068 
Aiguille du Midi, .. 12822 Sau88ure. 
Aiguille du Dru, No.2. 12245 
Aiguille du Dru, No. ]. 12178 ]2520 Pictet. 
Petite J orasse, . . 12246 
Tours des Courtes, 12119 
Col du Geant, 11146 11172 Saussure. 
Aiguille du Moine, 11109 
Mont Tacul, . . 11002 
Aiguille du Charmoz, ]0944 9131 Pictet. 
Aiguille du Lechaud, 10914 
Grand Mulet, 9996 Barry. 

I Jardin, (highest point,) 9893 
,Jardin, . . . . . 9042 I Pictet. I Glacier du Talefre, . 8530 Pictet. 

Station E; Lechaud, 7933 I 
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: J. D. F., 1842. Other Authorities. 
, 

EDgiiah feet. EDgliah feet. 
Station B; Tacul. 7584 
Tacu!, f.ake, 7800 
Station H; Couvercle, 7487 
Station C; Pierre Platte, 7889 I Station G; TreIaporte, 7280 
Station L; Charmoz, 7177 
Station F; Echelets, 6838 
Station A; L' Angle, 6484 
Montanvert, level of floor, 6800 6242 Mean of 3. 
Croix de FI~e, . 6188 
Station I ; peau, 5887 
Source of the Arveiron, 8667 Decandolle. 
Station 0; Tines, 3578 
Station N; Praz, 3539 
Chamouni, 8425 Mean of several. 

-- - ~--~--~ -- .-~----------

A very few words remain to be said respecting the construction of 
the map accompanying this work. 

The sides of the fundamental triangles were, as we have seen, com
puted from the observations. They were then laid down on a scale of 
uAn of nature. It is much to be regretted that the practice of adopt
ing a naltwal instead of an arbitrary scale. has not yet found its way 
into maps laid down in this country. It has the very obvious advan
tage of at once conveying to the mind an idea of the real scale on which 
the map is drawn, which cannoi be the case otherwise, unless the per
son is acquainted with the local measures used as a standard. The 
lcale of six inches to a mile, offers no idea to a person accustomed 
to a scale of metres or of French leagues, but a fractional scale of na-

. ture is the same in Germany, France. or England, and maps drawn to 
any scale may very readily be reduced to another, provided a con
venient series of suh-multiples of the natural magnitude be used. A 
scale of nAn of nature is 6.336 inches to a mile, or somewhat greater 
than the recent Ordnance Survey of Ireland. The details oC the ice 
and outlines oC the glacier as Car up as tho Tacul were also filled-in on 
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the same scale. The more general map was drawn out roughly by my· 
self on a scale of nin. It was then reduced by the pentagraph to 
nhlh and drawn out, under my own eye, in a very artist-like man
ner by Mr. Knox, the principal draughtsman of Messrs. Johnston, 
engravers in Edinburgh. I t has been also engraved by them. The 
aim has been to preserve distinct the three characters of glaciers, mo
raines, and solid rock; these were distinguished by colouring in detailed 
eye sketches taken on the spot, and an endeavour has been made, I 
hope not ineffectually, to preserve their character in the engraving. 

I need not say that I am very far Crom considering my map as even 
approaching to perfection. The parts, however, most open to criticism 
are perhaps those of the least interest, I mean the details of the valley 
of Chamouni, and the low grounds'adjoining, of w)Iich I took no regu
lar survey as being beside my principal object. I hope, however, that 
the candid and well-informed traveller will find the details of the glacier 
and its ramifications as faithful as the circumstances under which they 
were made fairly admitted of. Information and corrections I shall be 
most anxious to receive. 

The geographical position of the district 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 

Latitude, . • • . . . • 45° 49' 58".84 N. 
Longitude, East of Paris, • . 4° 31' 42".52 " 

Greenwich, 60 52' 6".5 " 
In 1832 I made observations for the latitude and longitude of Cha

mouni by altitudes of Polaris for the former, and by a chronometer for 
the latter. The details are given in a paper in the PMloIopAical 
Magazine for 1833,- and the results are,-

Ohamouni, Lat. 45° 55' 54" N. 
Long. 6° 51' 15" E. of Greenwich. 

----------------~ -------------

• NIfIJ &ria, ii. 61. To th_ we IDayadd De SaUlllllU'e'S detennination of tlte latitude of 
the Col du G~ant, viz. 45· 49' 54".-VoytJgel, § 2036. 
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I regret very much that I neglected during my late visit to determine 
the position of the meridian with reference to the points of my map. 
which might very easily have been done. It is laid down on the paper 
magnetic north and south. but there is some uncertainty as to the 
magnetic variation. It appears, however, in the time of De Saussure's 
visii to the Col du Geant to have been 19° W. which was its value 
about the same time at Geneva, and as that is also the present variation 
at Geneva, it has been assumed to be the same at Chamouni. 

Digitized by Goog Ie 



124 

CHAPTER VII. 

ACCOUNT OF EXPERIMENTS ON THE MOTION OF THE 
leE OF THE MER DE GLACE OF CHAMOUNI. 

GLACIER MOTION A MECHANICAL PROBLEM--<lONTRAUlCTORY OPINIONS RE

SPECTING I~EXPERIMENTB OOMMENCED--DAILY MO'rlON DETECTED--MG

TION BY DAY AND BY NIGH~HOURLY MOTION---CENTRE MOVES FASTEST 

-TABLE OF REBULTB-LAWS OF GLACIER MOTION FROM OBSERVATION-AS 

REBPECTS THE LENGTH--THE BREADTH OF THE GLACIER-THE SEASON OF 

THB YEAR, AND STATE OF THE THERMOMETER-CHANGES OF LEVEL OF THE 

ICE AT DIFFERENT SEASONS •. 

The glacier'! cold and reetI_ lil&iiii 

Hovea onward day by day. 
BTBOIf. 

FROM the time of my being introduced to the Theories of the 
Formation and Maintenance of Glaciers, maintained by M. M. 
De Charpentier and Agassiz, it had struck me as very singular, that 
no numerical te8t# had been applied to ascertain their insufficiency, 
or to prove their correctness. A careful perusal of the writings of 
these and other ingenious authors had left on my mind no clear 
demonstration of any fact connected with the cawe oj prof}f'emon 

of glaciers. Yet this surely lies at the very basis of any speculation 
respecting the causes of their existence and perpetuation, as well as 
their formerly greater extent and geological agency. Most of the 
arguments in favour of the progression being due to water absorbed by 
capillary fissures, and then frozen so as to produce dilatation in the 
whole mass, were deduced from considerations either a priO'l'i, or at 
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least indirect. In 1841, I suggested to M. Agassiz the use of coloured 
liquors, to act as the injections of an anatomical preparation, in show
ing the fissures and capillary canals of the ice; but no such satisfac
tory mode occurred to me of proving directly the fact of congelation in 
the mass; to which, besides, there appeared to me objections arising 
from first principles so insurmountable as to render any thing short of 
the most unequivocal demonstration, unsatisfactory. On studying the 
subject at home and leisurely, I satisfied myself that experiments could 
be made upon the motion of the ice, which should, in a good degree, 
throw light upon the question. The question is reduced to one of 
pure mechanics, and should be treated as such by a rigorous analy
sis. The motion is the thing to be accounted for. Have the laws of 
the motion been determined! Have we the data of the problem of 
which we seek for the solution! Had not observatories existed for 
centuries, and empirical astronomy arrived at a very great degree of 
precision, the theory of Newton would have been a baseless speculation. 
In fact, it never could have existed at all, its very essence consisting 
in its conformity to certain facts respecting the motions of the planets 
far from o.bvious, and the result of elaborate observation and still more 
elaborate efforts of combination and reduction. No doubt, many pro
blems are so simple as not to require so elaborate a mechanism as that 
by which the theory of planetary motion was successfully reduced to law; 
and under the supposition that the glacier problem was a very simple 
one, and only required a general knowledge of elementary mechanics to 
explain it. in an obvious way, De Saussure and other writers first treated 
it-and others followed with unhesitating assent-until Venetz and De 
Charpentier had the courage to expose the difficulties which the sliding 
theory involved. But, from this moment, the glacier theory required a 

. more elaborate analysis than had yet been given to it. The mere fact 
of motion seemed explicable in various ways, but to each, substantive, 
if not unanswerable, objections, might be urged. From this moment, 
it became necessary to submit the phenomena to analysis, and to ascer
tain the Law of Variation of the Quantity of Motion, in terms of 
some of those varying agents which were supposed to influence that 
motion. Such a comparison. such a reduction of circufllltanca to mea-
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.. ,.,., has operated, in every science, in the most wonderful manner, in 
reducing guesses to certainties. In geology, it is unfortunately not 
possible to ascertain the measure of effects in terms of their supposed 
causes, because (in the opinion of most geologists) the effects and their 
causes having ceased or been greatly modified, and not reproducible by 
human agency, nor recurring at known periods, a looser kind of in
duction must be tolerated in that science. The glaciers have had their 
phenomena more closely linked to the sciences of observation than to those 
of experiment-to natural history rather than natural philosophy; and 
hence a problem which is, in the first instance, one of pure mechanies 
-the motion of a mass, the nature, intensity, and direction of whose 
cause of motion is to be ascertained,-has been left to be discussed on 
mere grounds of probability, or the adequacy of supposed causes to pro
duce a certain kind of effect, of which the degree and circumstances 
had remained almost unstudied. 

It was, accordingly, matter of the greatest surprise to me, to find 
that those ingenious persons who had been engaged for years in the 
study of glaciers, and in maintaining their theories of their motion by 
many ingenious analogies, and observations of structure, and the like, 
should not have thought of determining the motion accurately, with 
reference to season, weather, inclination of surface, alternation of day 
and night, and at different points of the length and breadth of the 
glacier. I suggested one experiment of this kind, which seemed to me 
to be critical:-

" If De Saussure's theory be true, the glacier moves onward without 
sensibly incorporating new matter into its substance-continually fed by 
the supplies from behind, which form a new and endless glacier. The 
mechanism may not inaptly be compared to that of the modem paper 
machine, which, from the gradually consolidated material of pulp, (re- . 
presenting the neve), at length discharges, in a perpetual flow, the 
snowy web. The theory of De Oharpentier, on the other hand, repre
sents the fabrication of the glacier 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 shove on the section of the ice imme
diately in advance. In Ike former Dale, Mea, 1M dilla'ROl bmeeen Itco 
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detwmina18 point. of tAB glacier remai", tAB 8tI'm8; i1l tAB latter, i' will 
conei1lflally inorease. Again, on tAB former A!fP6Mem, "'-e oonual pro-
91'881 0/ any point of ,116 glacier u independent 0/ itB porition; on tAB 
latter, it inoreaB61 fDitA tAB dUlanoe/rom tAB origin, (tAB tra7Wf16f'16 88Ction 
of "'-e ice b6ing tAB lame.) The solution of this important problem 
would be obtained by the correct measurement, at successive periods, 
of the spaces between points marked on insulated boulders on the 
glacier; or between the heads of pegs of considerable length, stuck 
into the matter of the ice, and by the determination of their annual 
progress."· 

The more that I revolved the s~bject in my own mind, the more 
clearly was I persuaded that the motion of glaciers admitted of accu
rate determination, and must lead. to definite conclusions. 

We have seen that the motion of glaciers has been for much more than 
half a century universally admitted as a physical fact. It is, therefore, 
most unaccountable that the quamity of this motion has in hardly 
any case been even approximately determined. I rather think that 
the whole of De Saussure's writings contain no one estimate of the 
annual progress of a glacier, and if we refer to other authors we obtain 
numbers which, from their variety and inaccuracy, throw little light 
on the question. Thus, Ebel gravely affirmst that the glaciers of 
Chamouni advance at the rate of 14 feet a-year, and those of Grin
delwald 25 feet a-year; whereas, as we shall see, such spaces are ac
tually traversed by most glaciers in the course of a few days. This 
statement is quoted by Captain Hall, t and other recent. writers, and 
even by M. Rendu, (now Bishop of Annecy,) the author of a most 
ingenious paper on Glaciers, too little known." Hugi perceived the 
errors arising from a confusion between the rate of apparent advance 
of an increasing glacier into a warm valley, whilst it is continually 
being shortened by melting, and the rate of motion of the ice it&elf.§ 

• Edi.rgA.&rietr, April 1842, p. 77. 
t Guide du VOY&ge\l1', Art. Glacier. :I: Patchwork,l. 109. 
1\ Mem. de Ia Soci6W acacUmillue de Savoie, X. 95. 
§ A1IJCllreiu, p. S71. 
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He points out the correct method of observation; and although his 
work contains no accurate measures, he was perhaps the first who, by 
observing the position of a remarkable block upon the glacier of the 
Aar, indicated how such observations might be usefully made, instead 
of trusting (as appears to have been the former practice) to the vague 
reports of the peasantry. Hugi's observations on the glacier of the 
Aar give a motion of 2200 feet in nine years, or about 240 feet per 
annum.- Now, in contradiction to this, it would appear from M. 
Agassiz' observations, that from 1836 to 1839, it moved, as far as in 
the preceding nine years-that is, three times as fast.t There is 
reason, however, to think, that M. Hugi's estimate is the more cor
rect. 

Bakewell t assigns 180 yards per annum as the motion of the Mer 
de Glace, and De la Beche§ 200 yards, on Captain Sherwill's authoritY.1I 
But both of these were hearsay estimates by the guides. M. Rendu 
seems to have been more aware of the importance of the determination 
of the rate of motion of glaciers than any other author; but the best 
information which he could collect in 1841, did not much tend to clear 
up his doubts. He gives the following rates of motion of the Mer de 
Glace, or Glacier des Bois, without being able to decide upon which is 
the most trustworthy: 242 feet per annum; 442 feet per annum; a 
foot a day; 400 feet per annum; and 40 feet per annum, or one-ttmtA 
of the last!-a difference which he· attributes to the different rates of 
motion of the centre and sides. -- De Charpentier, 80 far as I recollect, 
offers no opinion in his work on glaciers as to what is to be considered as 
their rate of motion. I was not therefore wrong in supposing that the 
actual progress of a glacier was yet a new problem when I commenced 
my observations on the Mer de Glace in 1842. 

I had myself been witness to the position, in 1841, of the stone 
whose place had been noted by Hugi fourteen years before, and it was 
manifest that it had moved several thousand feet. In conformity with 
the prevalent view of the motion of the ice being perceptible chiefly in 

• AGASSIZ, EttMiu, p. 150. 
+ Travels in the Tarentaiee, i. 365. 

n 100 yards, in PkilolOplaical Maganllt, Jan. 1831. 

t Ibid. 
i Gtologieal.M IJII,"", p. 60. 

U Mtrlloirt" te., X. 95. 
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summer, I made the hypothesis that the annual motion may be imagined 
to take place wholly during four months of the year with its mazimum 
intensity, and to stand still for the remainder. With this rude guide, 
and supposing the annual motion 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 
height of summer. There appeared no reason why a quantity ten times 
less should not be accurately measured, and I, therefore, felt confident 
that the laws of motion of the ice of any glacier in its vaI10us parts, 
and at different seasons, might be determined from a moderate number 
of daily observations. 

I went to Switzerland, therefore, fully 'pre})i'red, and not a little 
anxious to make an experiment which seemed so fruitful in results, 
and though so obvious, still unattempted. 

The unusually warm spring of 1842, gave me hopes of commencing 
my operations earlier than the glaciers are usually frequented; and it 
was evident, that, to detect the effect of the 8ea1Om on the motion of 
the ice, they could not be too soon begun. I left Paris on the 9th of 
June, by the malls pOIt8 for Besan'ron .. After spending a day at Neuf
chatel, I proceeded to Berne to visit M. Studer, and from thence I 
went to Bex, to make the acquaintance of M. de Oharpentier, with 
whose geological and other writings I had so long been familiar. I 
only allowed myself a hasty visit to my friends at Geneva, and left 

. that town with lowering weather, on the 23d J un~, for Ohamouni, de
termined to await its clearing, and then proceed at once to the Mer 
de Glace. No patience was, however, required. The weather cleared 
that very day, and reaching Ohamouni early on the following one, I 
made the requisite arrangements at the village, and leaving my bag
gage to follow, I proceeded straight to the Montanvert. 

I resolved to commence my experiments with the very simple and 
obvious one of selecting some point on the surface of the ice, and de
termining its po#ti6n tDitA rupece to tltre8 ji:eed C()-(Yt'dinatel, having refer
ence to the fixed objects around; and, by the variation of these, to 
judge of the feasibility of the plans which I had laid out for the sum
mer campaign. One day, (the 25th,) was devoted to a general recMl-
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naillance of the glacier, throughout a good part of its length, with a view 
to fixing permanent stations; and the next I proceeded, at an early 
hour, to the glacier opposite to the rocky promontory on the west side 
of the glacier, called L'Angle, thirty minutes' walk from the Montan
vert, which presented a solid wall of rock in contact with the ice, so 
that upon the former, as upon a fixed wall or dial, might be marked 
the progress of the glacier as it slid by. 

The instrument destined for all these observations was the small 
astronomical circle, or 41 inch theodolite already described, supported on 
the portable tripod. A point of the ice whose motion was to be ob
served, was fixed by a hole pierced by means of a common blasting 
iron or jwmp6r, to the depth of about two feet. At first, I was much 
afraid of the loss of the hole by the melting of the ice, and the perco
lation of water from day to day; but I soon found that very little 
precaution was necessary on this account, and that such a hole is really 
a far more permanent mark than a block of stone several tons in 
weight resting on the ice, which is very liable to change of position, 
by being raised on a pedestal, and finally slid into some crevasse. 

An accurate vertical hole being made, the theodolite was nicely cen
tred upon it by means 3f a plumb line, and levelled. A level run di
rectly to the vertical face of rock, gave at once the co-ordinate for the 
fJe'l'tical direction., or the height of the surface of the glacier. The next 
element was the position or co-ordinate parallel to the length or direc
tion of motion of the glacier. This was obtained by directing the tele
scope upon a distant fixed object, nearly in the ,direction of the declivity 
of the glacier, and which object was nothing else than the south-east 
angle of the house at the Montanvert, distant 5000 feet. The tele
scope was then moved in azimuth exactly 100° to the left, and thus 
pointed against the rocky wall of the glacier, which was here very 
smooth and nearly perpendicular, owing to the friction of the ice and 
stones. My assistant (Balmat) was stationed there with a piece of 
white paper, with its edge vertical, which I directed him by signs to 
move along the surface of the rock until it coincided with the vertical 
wire of the telescope. Its position was then marked on the stone with 
a common pencil, and the positions of successive pencil marks were 
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carefully measured by a tape or ruler from day to day. Marks were 
then indented in the rook with a chisel or pick-edged hammer, and the 
mark painted red with oil paint, and the date affixed. These marks, 
it is believed, will remain for several years. The station on the ice, 
(marked A on the map,) was distant 250 feet from the rock, and, by 
repeating the observation frequently, I found that it could be depended 
on to about one-fourth or one-third of an inch. 

The third co-ordinate, or that which should measure the distance of 
A from the rock was not 80 accurately ascertained. No ready means 
offered itself for ascertaining with quickness and accuracy any variation 
of distance in respect to the breadth of the glacier. Whilst I admit 
that this would have been an advantage, I may observe that in most 
cases there is no reason to doubt that the motion of the ice is sensibly 
parallel to its length, and that any small error in the direction would 
scarcely affect the result. The direction of motion of the ice is une
quivocally proved by the direction of the moraines, which are an ex
ternal indication of that motion. In general, therefore, I have mea
sured the movement of the ice parallel to the moraines where they were 
well marked. I am of opinion, however, that a check of some kind, 
such as the measurement of a third co-ordinate, would be advantageous 
where applicable. 

It was with no small curiosity that I returned to the station of the 
" Angle" on the 27th, the day following the first observation. The 
inBtrument being pointed, and adjusted as already descn1>ed, and sta
tioned above the hole pieroed in the ice the day before, when the telescope 
was turned upon the rock the red mark was left far above, the new posi
tion of the glacier was 16.5 inches lower (that is, more in ad vance) than 
it h~ been twenty-six hours previously. Though the result could not be 
called unexpected, it filled me with the most lively pleasure. The diurnal 
motion of a glacier was determined, (as I believe,) for the first time, 
from observation, and the methods employed left no doubt of its being 
most accurately determined. But a question of still greater interest 
remained behind. Was this motion a mean and continuous one, or 
the result of some sudden jerk of the whole glacier, or even the par
tial dislocation of the mass of ice on which I stood! This could only 
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be tested by successive days' trial, and I awaited the result with doubt 
and curiosity. Of this I was persuaded, that if the motion should 
appear to be continuous, and nearly uniform, it could not be due to 
the mere sliding of the entire glacier on its bed, as De Saussure sup
posed; for, admitting the possibility of gravity to overcome such in
tense friction as the bed of a glacier presents, it seemed to me quite 
inconsistent with all mechanical experience that such a motion, unless 
so rapid as to be an accelerated one, and that the glacier should slide 
before our eyes out of its hollow bed, (which would be an avalanche), 
could take place, except discontinuously, and by fits and starts. To 
this most elementary question no answer founded on direct experience 
is to be found, so far as I know, in any work; and although the whole 
theory might turn upon so simple a point, as whether the glacier.f/,uuJI 
down evenly, or moves by jerks, opinions seem hitherto to have been 
divided. * On the 28th June I therefore hastened with not less 
interest to my post, and found that in 25i hours the advance had been 
17.4 inches, nearly the same, though somewhat more rapid, than on 
the previous day. I no longer doubted that the motion was con
tinuous, but I hastened to put it to a still more severe test, and like
wise to make an experiment critical for the theory of congelation and 
dilatation. I proposed to compare the diumal and nocturnal march. 
I fixed its position at six P.M. on the 28th, and next morning by six 
o'clock I was again stationed on the glacier. It had moved eight 
inches, or exactly half the mean daily motion already observed. The 
night had been cold; the ice was still frozen, though the temperature 
of the air hacf already risen to 40°; a thermometer laid on the ice 
stood at Sfr. If congelation had resulted during the night, 80 as to 
freeze the water in the capilliu:y fissures, nearly the whole motion of 
the twenty-four hours ought to have taken place whilst the glacier 
froze: but not at all: from six A.M. to six P.M. of the 28th, the glacier 
advanced 9.5 inches, giving a total motion of 17.5 inches jn twenty-

• I have found the true opinion, tbat of COII8tant, iD.llellBible motion, to be held by alm_ 
all the intelligent monntameere with whom I bave spoken; a majority, I think, of whom 
aIIo declare that the glacier advances doring winter as well as in BUmmer. 
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four hours, somewhat greater than either of the preceding days, the 
~otion appearing to increase as the warm weather continued and in
creased in intensity: At least so I interpreted it. The same after
noon I had no difficulty in detecting the advance of the glacier, during 
an interval of an kour and a half. The continuity of motion was thus 
placed beyond a doubt. The marks on the rock indicated a regular de
scent in which time was marked out as by a shadow on a dial; and the 
unequivocal evidence which I had now for the first time obtained, that 
even whilst walking on a glacier, we are day by day and hour by hour 
imperceptibly carried on by the resistless Bow of this icy stream, with 
a solemn slowness which eludes our unaided senses, filled me with an 
admiration amounting almost to awe, whilst I foresaw with lively in
terest the definite and satisfactory knowledge of latDs which would re
sult from these methods of observation. 

The following morning (30th June) at six o'clock, the glacier was 
8.5 inches in advance, and during the succeeding twelve hours of day, 
8.9 inches, making together 17.4 inches for the twenty-four hours, a 
result not differing sensibly from that of the day before. 

I observed distinctly the progress of the glacier on the 30th from five 
to six o'clock P.M., and on this occasion, as on the day before, it appeared 
to me that the motion at that time of day was more rapid than the ~ean 
motion. The motion in twenty-four hours for these four days had been : 

15.2:- 16.3:- 17.5:'- 17.4 inches. 
A variation which I believed (and am persuaded) to be by no means 
accidental, but due to the increasing heat of the weather. 

These results were the more interesting, (and with respect to their 
regularity the more unexpected) because the spot where they were 
made was a part of the ice deeply crevassed. It had been selected on 
account of the proximity of the naked rock; but though the most solid 
accessible part of the ice was ~h08en for station A, it was surrounded 
by chasms in every direction, and the glacier in nearly all its breadth 
between the Angle and the Echellets is (in ordinary language) impas
sable on account of its dislocated and shattered condition. Yet amidst 
all this turmoil and confusion dlcrc were no fits of advance, no halts, 
but an orderly continuous progression. 

But during the last week of .J uut', in which, stimulated hy tht' ex-
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traordinary fineness of the weather, and the fresh interest of every day's 
experiments, 1 spent from twelve to fourteen hours daily on the glacier, 
-I was able to make other observations of interest to the theory, and 
not less consistent with one another. 1 fixed two points in the ice by 
bored holes a little way below the Montanvert, one near the side, the 
other near the centre of the glacier. Most authors, 1 believe, have 
asserted, that the Ada of the glacier move faster than the CtJ'RkB.· 

But this seemed worthy of proof. Stationing my theodolite, not 
upon the ice, hut upon the lofty western bank at the station D, on 
a great boulder 60 yards in a direction north, 40° east (magnetic) 
from the south-east comer of the house of the Montanvert, 1 levelled 
it carefully, and then turning the telescope so as to point ac1"011 the 
glacier to the rocks on the opposite side, by unclamping the telescope 
1 caused it to describe a vertical great circle. 1 caused a tall cross 
to be painted in red bordered with white on a face of rock oppo-
site, making an angle of 118° with the comer of the Montanvert 
already mentioned, and distant from D 2898 feet. The cross is 
marked D 1, and is a little to the north of a small cascade laid down 
in the map. 

By pointing the telescope upon the cross, and then causing it to 
descd.be a vertical circle (like a transit instrument adjusted upon a 
meridian mark) the velocity of the different parts of the glacier could 
be determined as they flowed past. Two stations, as has been said, were 
first fixed upon and marked by vertical holes in the ice renewed from 
time to time; the first D 2 (see the map) was about 300 feet from the 
west bank of the glacier, therefore, nearly corresponding in position to 
station A, which was 5200 feet higher up; the other, marked D 3, was 
795 feet farther east, or rather beyond the centre of the glacier, being 
within 150 feet of the first moraine. It is, however, very near the 
centre. 

From 29th June to J st July the motion in 
24 hours, was 

--- -~~--------

Side (D 2.) Centre (D 3.) 

17.5 inches. 27.1 inches. 

• See, for example, Ag&Il8iz, Etudu, p. 16i. 
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Here, then, was a difference not to be mistaken, and the near coinci
dence of the side station with the result at station A, I considered at 
the time confirmatory of its accuracy. Henceforth, I entertained no 
doubt that the generally received opinion is incorrect, and that the gla
cier stream, like a river, moves fastest towards its centre. 

In the same line across the glacier with D 2 and D 3, several other 
stations were afterwards fixed with a view to test the modification of 
velocity depending on the distance from the bank or edge of the glacier. 
These measures proved that the velocity of the central parts is nearly 
alike, and that the greatest differences in velocity are close to the side, 
where friction may be expected to act exactly as in a current of water. 

My next object was to ascertain the rate of motion of points of the 
Mer de Glace higher up and nearer its origin. For this purpose I 
fixed upon the remarkable large flat stone, or glacier table, formerly 
described, and marked 0 on the map. I t lay on the Glacier de I.e
chaud, between the promontory of the Couvercle and the Tacul. Trust
ing to its apparent solidity, I did not apprehend that its position was 
likely to be speedily disturbed, and I fixed my instrument upon it over 
a red cross with the letter O. In this, however, I was deceived, for 
three weeks later, I could no longer mount upon the stone by any effort, 
or even see its upper surface, and in t.he month of August it sli~ped off 
its pedestal of ice. This did not, however, alter the character of exact
ness of the observations made by means of it. It was but for a few 
days that I used the stone as I had done station A at the angle, plant
ing the theodolite upon it, fixing the azimuth by a distant object in the 
direction of the length of the glacier, and then turning the telescope 
through a certain number of degrees, and marking the progress of the 
ice upon the clean bare face of rock at the Oouvercle. I soon, however, 
abandoned this plan, and stationing myself on a commanding spot of 
the promontory of the Tacul (station B), I directed the telescope upon 
a cross marked 0 1, painted upon the opposite rock of the Oouvercle, 
and causing the telescope to describe a vertical circle, I noted exactly 
as at station D, the progress of the gl'eat stone 0, as it flowed on with 
thc glacier. Thus, between the 27th and 30th June, this mark had 
advanced 30Z inches, or about 10.2 inchc:'s per diem, instead of 17 
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inches as at the .d.ng18, and near the side of the glacier below the Mon
tanvert, or 27 inches as at its centre. Hence, it was quite certain 
that in this particulat case the higher part of the glacier moved more 
slowly than the lower. Well aware, however, that this might be due 
to the variable section of the glacier, I made preparations for con
firming it at different points, and still nearer the origin of the glacier, 
but at the season I !lave mentioned the higher parts were almost inac
cessible from the 1.uantities of half-mel~ snow which concealed the 
crevasses. 

A week of singularly fine weather enabled me to obtain all the 
results which I have mentioned, and several others, previous to the 
lst July, on which day I left the Montanvert, in order to proceed to 
Oourmayeur and Turin, for the purpose of witnessing the total eclipse 
of the sun. In these few days I had satisfied myself of the applicabi
lity and certainty of the methods I had employed; and the marks 
which I left in the ice, with directions to Auguste Balmat to watch 
them in the interval of my absence, and to renew the holes, if neces
sary, promised me fresh results of interest on my return. In the 
meantime, I communicated to my friend, Professor Jameson, the 
leading results which I had then obtained, in a letter, dated the 4th 
July, from Oourmayeur, which was afterwards printed in his Journal.-

After my return, the measurements were renewed on the 28th July, 
the holes having been all deepened in my absence by tIle care of 
Balmat. The rate of loss at the surface will be mentioned by and bye. 
There was thus determined the motion, during one month, of the ice 
at station A, L'Ang18, already mentioned; of two points in the breadth 
f the glacier at the Montanvert; of station 0, and another point in 

the breadth of the Glacier de Lechaud, marked B 1, and of a point 
m~ked B 2 on the Glacier de Geant, opposite the Tacul, and at about 
the ~e distance as 0 and B ] from the lower end of the glacier; B 1 
and B 2 were observed in the way already described from sta
tion B. 

• Re-printed in Appendix, No. II. 
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At later periods, there were added II •• 
I:I-----:F 

the following points of observation, . 
all of which are accurately laid down ~ .. 
on the large map, but which will be G1.~ ....... ~ ~; /~ .. 
more readily understood at a glance . "' \., .~ 
from the annexed wood-cut, which 11..-11 .. ,.~ \ " iI 

shows their relative position. ". 
D 4, D 5, and D 6, opposite sta

tion D, near the Montanvert; inter
mediate between D 2 and D 3, as 
shown on the map. D 4 and D 5 
were on the same part of the glacier, 
but the mark, D 4, was suffered to 
disappear daring one of my absences. 
Thus the order of stations, and their 
distances were---

~.~r { •• abollt 350 ,elL D '3, . 110 ,elL • D's. • 75 ,elL • D'5. 130 ,elL • D'2. . IOOTeIL }wl:~!"'r _. I I I " g ...... 
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On account of the steepness and discontinuity of the glacier farther 
down, it was not thought advisable to attempt to observe its velocity at 
a lower point. 

Station A at the Ang16 was observed during the whole season, and 
the. corresponding marks in red paint were continued on the rock. Be
tween the end of June and the end of September, the motion of the 
ice amounted to 103 feet. 

After the great stone at station 0 had slipped from its icy pedestal, 
the velocity of the glacier was observed by means of a hole driven into 
the ice as at the other stations. In addition to mark B 2 on the small 
moraine of La Noire on the Glacier du Geant another point in the 
breadth of the same glacier was taken near its centre, and in the same 
right line from station B with the mark B 2. This line was deter
mined by pointing the theodolite from station B upon the mark 0 1, 
painted on the rock of tho Oouvercle, and then causing it to revolve 
through 1 J 5° to the left. The mark in the centre of the Glacier du 
Geant was distinguished as B 3. The position of the marks B 2 and 
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B 3, were determined by angles from H. The only observation of ve
locity made during the season 1842 which I have rejected, is one of 
B 3. The daily velocity from August 2 to August 4 was 32 inches, 
whilst that of the neighbouring mark B 2 was only 14 inches. Al
though the proximity of the latter to the side of the glacier was a good 
reason that it should move slower, this disproportion seemed unlikely, 
and the experiment was immediately repeated. The next two days gave 
a velocity of 18 to the first, and 14·25 to the second, a proportion 
which was nearly preserved during the remainder of the season. The 
mark B 3, was fixed op. the 2d August. 

The next station, E, formerly described as being at the higher part 
of the Glacier de Lechaud, was used to determine the velocity of the 
ice at the side and centre of the glacier in that part. A mark, E I, 
was placed 210 feet from the east edge olthe glacier, and another, E 2, 
about 645 feet farther. These marks were established on the 29th July. 
The observation was made by fixing the instrument at station E, and 
fixing the azimuthal wire of the telescope upon the sharply-defined apex 
of the singular rock opposite, called Le Capucin du Tacul; the telescope 
being then moved in a vertical circle, passed over the marks Eland E 2. 
A check reference watJ made to the prominent edge of the Pierre de Ber
anger, which, on one occasion, proved most serviceable. Owing to their 
great distance from the Montanvert, these points were not often visited. 

I also established two corresponding stations on the higher part of 
the Glacier du Gemt, on the 6th August, which were marked K 1 and 
K 2. Most unfortunately, after my return from a journey to Monte 
Rosa, in the beginning of September, I was prevented, by incessant 
bad weather and snow, from I'('.aching this remote station, and repeat
ing the observations, which therefore led to no result. 

During the absence just alluded to, the holes at all the stations 
were visited by Auguste Halmat, and deepened, so as to preserve them 
for my return. I must record my gratitude for his zeal in accom
plishing this fatiguing and not very agreeable task during his recovery 
from a rather severc illness, from which he suffered during my absence, 
brought on partly, I fear, by the fatigues and exposure which he 
underwcnt in my service. 
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habit was to ilbiiervations in a reduce 
them immediately to the mean daily velocity of each point since the 
last observation, a.llowing for variations in the hours at which they 
were noted, if such occurred. The first of the following tables contains 
the actual progress made by each part of the glacier, from the com-
ii1flnlliment of it, in in~hes nnd fiit second 

the correspo"diz'b or motions hours, 
in English 

TABLE I. 

GLACIER MOTION. 

RECKONED IN EACH CA8E FROM THE COMMENCEMENT Of' THE OBSERVATION. 

Near Montan
'.11, (I.) 

D J. 

Montan
'i11, (3.1 

D6. 

Near MOlliill 
Yed, (4"i 

D3. 

. -)':::-,: --I-I:~:E~':"~ 1- 'lfi: 
J om. 1I9. 01 O·J ai, 1(1. fI 0' Sopt, 17., 0: 0 J omo III. 0 0 J ano lIIl. fI' 0' 
July I. 35.01 51.9;ADj! I. 84.1) 7.°1.. to. 111.1 4.9Jal, I. 5U 4051 .. 17. 15.i1 u I 

.. !III. 518.6
1
43... 9. J78 i3.1I

1
.. JO •. I79.7 14.9, .. !III. 774.J 8405 .. lIIl. ~!.51· '14.8.1 i. 

ADj!. I. lI85.5 48. .. !III. !IlI7.1118.9Aag. I. 861.11 71.7 .. III. _ 
.. O. 715.51 5. . 1 ISept. 16.·l98!I.71163•8 'I 30. 86.4 5.5' 

Sopt.l6. 1:119"'1116.61. D.5. . 1 I" 17.11986.4 •• 165.5.Ja, !III. 480.9, 38.4 • 
.. 17. 1416.4118.~ .. 211. J047 171).5 Aug. I. 615.4< 451.91 
.. 18. 14:J).11 Il9.J·Sopt. 0 .. lIIl. i2169 i 100.7... 9. 633 162.7 , 

19. 1443.3IUll.3: .. 111 !III. 2216 il84.68ect.I.~.11il?f 94. I 

::: :~:~I:::gl;:: ! i li·iiiiii .103.11 i 
!III. 1583.U,I311.11 .. I 

1 I 

izaml. Glader da Gaml. 
B.II. B.3. 



HO 1\10TlON OF THE MKR DE GLACE. 

TABLE II. 

MEAN DAILY MOTION. 

-~-------

D I. D3. B I. 1_. IDeMa. I ... two. 

June 19 to I Joly. 17.5 Juue I!I- I July. 27.1 Jano 3fl to II .lull· )(loB 

July 1- • 17.3 July I - 28 July. 115.7 .lUI!. 2-6 10.0 .. 
lI8- I ADR' IR.l1 211-1 Aug •• 21.1! 6 - 17 Sept. 9.7 

AUI!. 1- 9 .. 16.6 Aug. I - 16 Sept.. 11.0 

9 - 16 Sept. 18.11 Sept. 16 - 17 .. 23.7 

Sept. 16 -17 16.9 17 -., !KI.3 B 2. .. .. 
17 -18 .. 13.B ~-III .. 11(1.4 June 30-1 AUII· 13.8 

18-19 .. 13.1 lII-lI8 .. 8.6 AUR- I -4 14.0 
19-20 .. 16.3 4 -6 .. 14.16 
11(1-111 .. 14.1 Ii - 17 Sept. 1()'4 

111-2'1 IU A. 

June III to 27 Jlllle, IU B3. D 4. 
27-lI8 .. 16.3 

JDly lI8-1 Aug. 11.0 28-19 17,5 Aug. 4-6 .lUll· IB.II .. 
Aug. 1-9 .. 114.7 [19 - 3fl 1M 6 -17 Sept. 1M 

30 - 28 Iuly 14. 
D 5. July 28- I .lUll· 13.6 

Sept. 17 - 19 Sept. 18.6 .lUll· I -9 15.4 Bl. 

IP -10 .. 2\1.3 P - 16 Sept. 13.0 July 19-1 AUR- 11.3 
~-III .. ID.l! Sept. 16 - 28 IJ.l5 Aug. 1-8 14_' .. 
28-28 .. 25.2 8 -115 Sept. 11.3 

D6. C. 

Juuo ~-'''- ,.oJ BI. 
Sept. 17 to 20 Sept. 19.7 

1fI-1I6 .. 11(1.1 3fl - I AUR- 9.9 July 18-1 Aall· 13.5 
lII-lI8 .. 13.7 AUJI. II - 17 SepL 8.7 Aug. 11-8 .. 16.3 

- ----- ~---~- ---- ~------ --~ 

From the preceding tables, especially the second, we may gain a great 
deal of practical information. The consistency which may be shown 
to subsist between their parts, inspires great confidence as to the 
results for this particular glacier, and shews that a "6'1'!1 /tnJI experi-

,ments, as carefully made, would suffice to determine all that it is im-
. portant to know respecting any other. A convenient way of repre

senting the results to the 'eye, is to project the velocity of any point of 
the glacier by a vertical line, whilst the lapse of time is expressed by a 
horizontal line, whence the space moved over in the interval of any 
two times will be denoted by the area of the shaded spaces represented 
in the opposite figure. Had the velocities been measured daily, we 
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DIAGRAMS OF THE MEAN RATE OF DAILY MOTION OF DIFFE
RENT PARTS OF THE MER DE GLACE OF CHAMOUNI, AND 
THE CORRESPONDING MEAN TEMPERATURE. 

I 842.-.Jun. JULY. AUGUIrl'. SBPTKMBBR. 

~G j" S 10 1# 2 n ~J 3 0 S 10 15 ~O 24 

C,.t.I-4--.L--+--'~--''--f-L--'--+---'-+--'--+'--'~--''--f-l
In · 

Mean Temperature by ". 
periods, at the Great c· 
St. Bernard. ~ .. .. 

-.. 
STATIONS. 

D2. 
Near Montanvert, 15 

(West side.) In 

D 3. 
Montanvert, 

( A little east of centre.) 

D". D5. 
Montanvert, 

(Nearest D 2.) 

D.6. 
Montanvert, 

(Between D4 & D 3.) 

Station A. 
L'Angle. 

Station C. 
Pierre Platte. 

Station B 1. 
Glacier de L6ehaud. 

Station D 2. 
Glacier du Geant, 
(South-east side.) 

Station B 3. 
Glacier du ~ant, 

(Near centre.) 

Station E 1. 
Glacier de L6ehaud, 

(East side.) 

Station E 2. 
GlAcier de .Le"chaud, 

(Centre.) 

s 
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should have had a curve whose height would have been constantly 
varying. As it is, we, of course, give to the velocity its mean value, 
and suppose it constant during the intervale of observation. An in
crease in the rapidity of motion of any part of the glacier, will be 
indicated by a rise in the serrated line; a decrease by a fall. A care
ful examination of the second table, and of the diagrams, will confirm 
the following deductions, more full and explicit than those which my 
first week's observations afforded, and which lay down, I believe for 
the first time, the General Laws of the Motion of a Glacier deduced 
from observation. 

I. fie motUm of tile lti!1ker parl8 of tile Mer de Glace u, on tile tDkok, 
SLOWER titan tltat of itB lutcer portion ; but tke motion of tke mirMh 
region u Blotcer titan eitker. 

I h~ not failed to point out, when I propos~ the determination of 
the velocity of different points of a glacier, as a test of the cause of its 
motion, that this must depend materially upon the form of its section 
at different parts. The velocity of a river is greatest where it narrows, 
and is small in the large pools. Just so in the Mer de Glace. It is 
truly a vast magazine of ice, with a comparatively narrow outlet, as 
the map distinctly shows; the two glaciers of the Geant and Lechaud, 
uniting just above the strait formed by the promontories of Trelaporte 
and the Couverele. Hence results, as we have seen, the great ice basin, 
where we have reason to conclude (as before observed), that the gla
cier attains a greater thickness than at any other part, and thus, 
though the breadth of the two confluent glaciers taken separately is 
greater than after their union, being, undoubtedly, much shallower 
there, their ~rea of section is smaller, and therefore the velocity of the 
ice will be greater. There will, indeed, be always a condemation of 
the ice within the triangle BHG, olting to the resistance opposed to 
its egress; and here, accordingly, the surface of the ice is most level. 
It is not indeed strictly true, that the quantity of ice passing through 
any section of the glacier in a given time, is exactly equal; because 
there is fusion and evaporation, amounting to an actual loss of sub-
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stance, between any two sections, and this becomes especially obvious 
near the lower extremity of the glacier. It is like the well known 
problem of the distribution of heat in a bar of iron come to a steady 
temperature, where the transfer of heat across any section of the bar is 
equal to the transfer across any other section nearer the source of heat, 
diminished by the amount radiated by the surface in the interval. 
There is, therefore, no ground for surprise at the fact, that the middle 
part of the glacier moves forward slower than the higher parts. 
Had the glacier continU8d to expand in breadth, as very many glaciers 
do, no check would have occurred, and the anomaly would have dis
appeared. 

Since w~ have no accurate means of gauging the section of the 
glacier in any part, can we form any judgment of what would be the 
motion of the ice in a uniform canal, or draw any conclusion as to the 
MUM of glacier motion! I think we can; but first let us place the 
observed law of velocity in a more concise shape. 

The first station in order,-that at the mark D 2, a little be
low the Montanvert, and at 100 yards from the western edge of the 
glacier,-has been that, on the whole, most constantly observed through
out the whole season. Taking its motion as a standard of comparison, 
we may compare it with the motion of any other part of the glacier 
during the 'particular season when the latter was observed, and thus 
we shall obtain an approzimalUm to the relative velocities of the diffe
rent points of the glacier to D 2, taken as a standard. That this 
ratio depends in some degree on the season, will be shown farther on; 
still it affords the most ready way of obtaining a practical comparison. 
Thus, for example, it will be found, from Table I., that the point 0 of 
the glacier moved, between the 27th June and the 17th September, 
over 757.6 inches, whilst.D 2 moved over 1579.8 inches, or more 
than twice the former. The exact ratio is 4.79 to lOOO, which may 
be conveniently expressed by the decimal fraction .479 for station 0; 
and so of the others. Thus, the velocity ratios of the different points 
are, as in the annexed Table,-
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TABLE III. 

--;:~~ of t~11 ~a;l~e ~el~ 
8&aUon.. tI. of the Ice. 

D 2, 1.000 
D 4, D 5, 1.375 
D 6, 1.356 
D 3, 1.398 
A, 0.770 
C, 0.479 
B 1, 0.574 
B 2, 0.678 
B 3, 0.722 
E 1, 0.674 
E 2, 0.925 

We may select from amongst these, the points m~st fitted for our 
purpose of comparison, those, for example, along the Mer de Glace and 
Glacier de Lechaud, not very distant from the edge, and therefore all 
retarded by the friction of the sides,-

D2, 
A, 
C, 
E 1, 

1.000 
0.770 
0.479 
0.674 

Let us observe then,-the mere mechanical constraint to which the 
glacier is subjected, by the form of its valley, would necessarily, and 
irrespective of aU theory, infer a quicker motion at D 2 and A, than 
at C, where the glacier is near its greatest width, or at E, near its 
origin. These facts are, then, so far in conformity with the mechani
cal necessity alluded to. But again, if the ~use of glacier motion 
were the expansion of the superior portion of the ice forcing down the 
lower end, that velocity (supposing the section constant) would be 
proportional to the distance from the upper end or origin. Now, to 
take a most extreme supposition, let us imagine the Glacier of Lechaud 
(see the map) to take its origin at the very foot of the Grande J orasse, 
which is 8000 feet beyond station E; then, on" the Dilatation theory, 
the motion at E would be due to the expansion of 8000 feet of ice, by 
the congelation of infiltrated water. This, we will suppose, produced 
the mean daily motion of 14.2 inches in the height of summer. Then, 
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considering only the in1luence of length, irrespective of section, the 
station D 2, is 23,000 feet Carther down, or nearly four times as Car from 
the Grande J orasse,-the velocity ought, therefore, to have been four 
times greater, or fifty-six inches per day. It was only 16.6 inches, or 
~ part greater. And yet we have seen that the influence of 
MJDtion must have been to accelerate the motion in the lower part. I 
do not mean to say, that the reasoning just used is rigorous, but the 
results to which it leads, are so wholly opposed to the truth, as to be, 
it seems to me, quite conclusive against the theory of Dilatation. We 
have two powerful glaciers uniting, forming a great U;e-pool, which 
iS8UeB by a channel not wider than the smaller of its feeders; making 
all allowance for evaporation, we conclude, without difficulty, that, in 
order that the' ice- stream shall discharge itself, it must accumulate 
above the contraction, diminish in velocity there, and then rapidly 
increase in swiftness, as it issues through the opening, where it will 
certainly move faster than in either of the original tributaries, whose 
united breadth is Car greater than the single channel of e:fHux. All 
this happens, as the simple mechanical theory of discharge, without 
indefinite accumulation, would indicate; but if we come to c.ombine 
with this, a theory of glacier motion, which would require a velocity in 
the lower part of the glacier three times greater than we find it to be, 
we are entitled to reject the theory as inconsistent with facts, even 
although the mere statement, that the lower end of a glacier, on the 
whole, moves fastest, may appear to confirm it. 

At present, we have to do with the conclusions of our own observa
tions, and not with other or hypothetical cases. I may observe, 
however, that if a glacier widens uniformly, the mere lam of dUMarge 
tciUwut accumulation, or change of volume, would give a diminishing 
velocity at the lower extremity. Such an occurrence would, evidently, 
be still more opposed to the theory of Dilatation. 

II. The Glacier du Geant moves faster than the Glacier de Lechaud, 
in the proportion of about seven to six (compare B 1 with B 2 and B 3, 
in Table III.) The vast mass of the former glacier tends to overpower 
the other, in some measure, and it takes the lion's share of the exit 
through the strait between Trelaporte and the Couvercle, squeezing the 

K 
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ice of Lechaud and TaIe£re united, into little more than one-third of 
the breadth of the whole. It is to this circumstance that I impute 
the excessively crevassed state of the eastern side of all the Mer de 
Glace, which renders it almost impoBBible to be traversed; the ice is 
tumultuously borne along, and, at the same time, squeezed laterally 
by the greater velocity and mass of the western branch. 

III. TM oemre of 1M plaoier motNII/alter (as we have seen) dan tile 
nae.. When two glaciers unite, they act as a single one hi this 
respect, just as two united rivers would do. Now this variation is 
most rapid near the sides, and a great part of the central portion of 
the glacier moves with no great variation of velocity. Thus we find 
that four stations taken in order, from the side to the centre of the 
glacier (or a little beyond it), have (by Table III.) the following rates 
of motion. 

1.000 1.375 1.356 1.398. 
Or if we compare observations made all at the same season of the 
year (September), we shall find the increase of velocity in every 
case, 

1.000 1.332 1.356 1.367. 
The first point was 100 yards from the edge of the glacier; the 

next ]30 yards farther. In this short space the velocity had increased 
above a third part. 

The explanation which we oft'er of this, as due to the friction of the 
walls of the glacier, would lead us to expect such a law of motion. 
The retardation of a river is chiefly confined to its sides; the motion 
in the centre is comparatively uniform. 

Similar reasoniug would lead us to expect that (supposing the 
glacier to slide along its base) the portions of ice in contact with the 
bed of the valley will be retarded, and the superficial pans ought to 
advance more rapidly. The change of velocity in this case also, will 
be greatest near the bottom. 

IV. TM difference of moIion of tile C81Iwe and nae. of tile glaciw NM 
(1) witA tile I8CIIOn oftAe year, and (2) at different partl 0/ tM lengtA of 
tke glacier. 

(1.) The following numbers show the velocity ratios of the. centre 
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and side of the glacier, near the Montanvert, at the marks D 3 and 
D 2, during different parts of the season 1842:-

Relative Velocity, D 3 : D 2. 

June 29---July 1, 1.548 
July J---July 28, 1.489 
July 28-September 16, 1.349 
September 16-September 28, • 1.367 

In general, therefore, 1M fNJf'iaIitm 01 eelocity diminiIW (II 1M MUOtI 

adt1tJncsd; we shall presently show that it was very nearly proportional 
to the ahIoluU velocity of the glacier at the same time. 

(2.) n, t1tJNatUm of ~ tDitA 1M bretJdM of tlI8 glo.Dier is least 
considerable in the higher parts of the glacier or near its· origin. Thus, 
if we compare the velocities of station 0, and the mark B 1 on the 
Glacier de Lechaud near the Tacul, the former being near the side, the 
latter near the centre of the glacier, we find 

Relative 't'8loeit;y, B 1 to c. 
June 30-August 2, • . . • • 1.09 
August 2-September 17, • . • 1.11 

Again, higher up the same glacier, opposite E, we have the velocity 
ratios at the centre and side of the glacier-

B 2 : B I. 
July 29-August 2, ...] .19 
August 2-August 8, . • • 1.14 

This ratio is indeed a little greater than the precediDg, which COl'

responds with the fact which we have already found, that the absolute 
velocity of the glacier is greater at E than ~t O. Hence, it is highly 
probable in every case that 1M t1tJriatUm of fJelocity in 1M breadt1 of 
a glacitJr u proporlioruU 10 tlI8 abBolutl eelocity, at tA6 timB, of 1M iCB afads, 
~mem. This is farther confirmed by the velocities of the Glacier 
du Geant at the marks B 2 and B 3, of which the former is near the 
side and the latter near the centre-

Velocity ratio, B 3 : B 2. 

August 4-August 6, . 1.30 
August 6-September 17, . . 1.21 

Digitized by Goog Ie 



148 MOTION OF THE MER DE GLACE. 

Now the absolute velocity of this glacier is greater than that of Le
chaud, but less than that at the Montanvert. 

V. TM moeion of Uu glaciw genwaUy, fKM'ieI alA tile I6aIOR 01 tA8 
year and tile 6Iat6 of tIIe~. Perhaps the most critical con
sideration of any for the various theories of glacier motion is the in
fluence of external temperature upon the velocity. In this respect my 
observations, though confined only to the summer and autumn, are 
capable of giving pretty definite information. Indeed, one circum
stance which on other accounts I bad much reason to regret, I mean 
the rigorous weather of the month of September, which hindered many 
of my undertakings, gave me· an opportunity of observing the effect ot 
the first frosts, and thus establishing some important facts as to the 
influence of cold and, wet upon the glacier. This I apprehend to be 
clearly made out from my experiments, tlIat tkattJing fD6fJtker and a we 
Itat6 of tA8 ice ~ 10 ill adeaflC81lt8'lll, and tAat cold, wMtUr ItIdd8n 
or proIongeiJ, cAds ill progr_. I may appeal generally to the curves 
of page HI as showing the variations of velocity with the season. It 
is to be attended to in looking at these figures that they only represent 
the mean motion during certain intervals which are not exactly the 
same at the different points, and that, therefore, the rises and falls do 
not appear always to coincide when they might actually do so, being 
lost in the average of a distinct period. A careful examination of them 
will, however, show that the variations of velocity have been remark
ably general and simultaneous, and that weare entitled to look for a 
common cause. This cause seems clearly to be found in the ttlmperattw, 
of the air combined with the degree of moisture which on a glacier 
usually accompanies a rise of temperature. The rapid movement in 
the end of June which is perceptible at D 2, D 3, A and 0, is due to 
the very hot weather which then occurred, and the very marked reduc
tion at the end of July, to a cold week which occurred at that period. 
The striking variations in September, especially at the lower stations, 
which were frequently observed, prove the connection of temperature 
with velocity to demonstration. 

During the continuance of the cold weather, accompanied by snow, 
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from the 18th to the 27th September, it will be observed that the 
glacier motion was visibly retarded at all the lower stations which 
were then observed. During this period the thermometer fell at the 
Montanvert to 20° Fahr.; but when mild weather set in again, 
the glacier became clear of snow, (which took place in the lower part 
on the 27th,) and being thoroughly saturated with moisture, it resumed 
a march as rapid as that of the height of summer. 

This fact is surely most important as showing that we cannot p0s

sibly ascribe the motion of the glacier to the effect of congelation; for, 
saturated as the ice was by the' effects of the damp and changeable 
weather of the month of Septemoor,-when a week of frost set in every 
thing must have been exactly in the condition to acquire a rapid 
increase of velocity, exactly in proportion as the cold penetrated the 
mass of the glacier, supposing that it did penetrate to a considerable 
depth, which I will afterwards endeavour to prove clearly was not the 
case then, and tllorlitJri never can be the case in the height of sum
mer, when the glacier motion is most rapid. 

But I would farther request attention to a still more direct proof of 
the dependence of the velocity of the glacier upon the external tempera
ture. I have taken from the register, kept at the Great St. Bernard, 
the mean daily temperature during the summer months of ] 842. I 
have divided them into periods corresponding to those intervals at 
which the progress of the glacier at the point D 2 was ascertained ; 
and I have taken the mean temperature of those periods. I find, that 
in almost every instance a change of increase or diminutiop of mean 
temperature is accompanied with an increase or diminution of the 
glacier's motion. And when we consider the difference of position of 
the stations, the coincidence seems quite as perfect as we can reason
ably expect. The convent of St. Bernard is 21 English miles distant 
from the Montanvert, in a right line, and 1900 feet higher; but as 
many parts of the ice of the Mer de Glace have a still greater elevation, 
it may be supposed to represent pretty truly the conditions of climate 
to which the entire glacier was subjected. 

A comparison of the first curve, or serrated line, in page 141, which 
represents the mean temperature of certain periods, with the curve 

• 
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immediately below, which shews the glacier motion for the same inter
vals, will fully justify the asaertions just made. 

I do not say that the velocity is always the same at the same tem
perature. In autumn the velocity was as great with a temperature of 
0° centigrade, as in summer with a temperature of 100 c. This waa 
the case, however, only at the lid,' of the glacier. Near its centre, 
as at D 3, it will be seen by the diagram that the motion is still more 
nearly conformable to the change of temperature. All that I infer 
from the comparison is, that a rise of temperature was generally 
accompanied with an increased rate of motion of the glacier, and the 
converse. If the state of imbibieum, or wetness of the glacier, be the 
main cause of the increased velocity, as I believe it is, we can readily 
understand how mild rain, or thawing snow, produces the same effect 
as intense BUnshine. 

Whilst it appears probable, or, indeed, certain, from these facts, that 
the motion of the ice depends upon the temperature of the air in Con
tact with it, and that it is greater in warm, and least in cold weather, 
it does not at all follow, as has in general been too hastily assumed, 
that the glacier BtatulB mil in winter. On the contrary, I have long 
believed that it continually advances, although in a le88 degree. The 
CircllJDBtance just mentioned, that though hot and cold weather produce 
rilalieely the effect of accelerating and retarding the movement of the 
ice, the velocity is in no direct proportion to the temperature, confirms 
this. The opinion of many of the most intelligent peasants, whom I 
have consulted on the point, are also in Cavour of this view. They 
generally believe, that the glacier pushes itself forward under the snow 
in winter; and when I have applied to them for the evidence, they 
assure me, that they have seen the ice, at the lower extremity of a 
glacier, pressing the snow onwards. I do not, indeed, lay great stress 
upon this testimony, considering the facility with which such persons 
often adopt wrong opinions; but its generality amongst the peasantry, 
and its coming in direct corroboration of the same conclusion to which 
I have been led from other sources, entitle it to some weight. These ~ 
grounds will be stated more particularly when we come to consider the 
question in another place in a more general form; but I may add, that 
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the beet conjectures which I can at present form, in the absence of 
direct experiments, as to the annual motion of the Mer de Glace, 
would give a result so very much exceeding that which can reasonably 
be attributed to the progress, during the IfImf'll6r months alone, that it 
is highly probable, that the motion is continuous, though unequal, 
throughout the year, and is far from being nothing at any season. 

I will give one example of my meaning. The motion of the Glacier 
du Geant, at the mark B 2, has been shown above to be .678, or about 
No·lAird. of the motion of the ice at mark D 2, near the side of the 
glacier below the Montanvert. Now, let us admit, for a moment, the 
story of De SallSSure's ladder, which would assign, if true, a velocity 
of 375 feet per annum to this part of the glacier; consequently, the 
comparative advance of the lower ice would be a half more, or 563 feet. 
Now, of these 563 feet, only 132 (see Table I.) were performed during 
the three hottest months of the year, which barely amounts to the 
proportional rate of motion of a quarter of a year. Now, this estimate 
may be thought a very rude one, from the nature of the authority 
whence it is derived. And so no doubt it is. Yet it will be, on 
the whole, confirmed from other sources; and as we have seen, Mr. 
Bakewell has estimated, from the information of his guides, the move
ment of the ice of the Mer de Glace at 180 yards, or 540 feet per 
annum, a quantity, it will be observed, singularly agreeing with the 
previous one. But without supposing these facts to be more than pre
sumptive evidence, they, at least, give strong reason for believing, that 
the velocity of motion is not excessively small, even in winter.-

From information which I have received since my return home, I 
fiDd, that my guide, Auguste Halmat, has, at my request, watched the 
progress of the great block of stone below the Montanvert, (marked 
D 7 on the map,) and has found that it moved 
From October 20 to December 12, 1842, 53 days, 70 feet. 
Its daily velocity was therefore, 15.8 inches, 
or very nearly its average summer velocity. 

• Tho ~g pagee were wriUeD before 1 poIIIICeaed the direct proofs of the winter 

mouon of the glacier contained in the succeeding paragraphs. 
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From December 12, 1842, to February 17, 1843, it moved 76 feet. 
Or daily, 13.6 inches. 
From February 17 to April 4, 184<3, it moved 66 feet. 
Or daily, • 17.2 inches. 

I have perfect confidence in the fidelity of these observations; as, 
however, in the fust and last case, Balmat observed that the stone 
had rolled onwards, so as to Call upon a new side, and has attempted 
to estimate its rolling progress, there may be a slight error on this 
account. The measnrementsare in English feet, made with a line 
which I left at Chamouni, on purpose. 

I presume that the immobility of glaciers in winter, so long received 
as an undoubted tact, as a basis or theory, will now be admitted to· 
have been as gratuitously assumed, as the greater velocity of the sides 
of a glacier compared to its centre. 

The continuity of glacier motion, even in winter, might have .been 
inferred from the well known instances on record of the Call of great 
avalanches of ice during that season: Such, for instance, was the Call 
of the glacier of Randa, in the valley of St. Nicolas, on the 27th De
cember 1819;. and such is the direct testimony of De Saussure in 
these words: "Les glaciers mettent anssi en mouvement et chassent 
devant enx les terres et pierres accnmnl6es devant leur g1aces, a leur 
extremite inCeneure. J e vis ce phenomene en 1764, de la maniere la 
plus evidente, at j'eus en meme tems Za prtJfW8 fJU8 tJ8 mouMMnt amie 
lieu mbns danI tm8 _Utm qui 6It tm(J()'I'8 "iM' petW CtJ6 monIagne8. t Comme 
Ie glacier et tous ces alentours etaient en entier couverts de neige; lors
qu'il ponssait en avant 168 terre.s accnmnl6es devant ses g~ons, ces 
terre.s, en s'ebonlant Be renversaient par dessuB la neige et mettoient 
en evidence les plus petits mouvements du glacier qui Be continuerent 
sous mes yeux pendant tout Ie temps que je passai A l'observer."! 

• AOASSIZ, page 158. 
t This appears m08t probably to have been in the month of March 1764, Irom a parallel 

JlIIIIIIBg8 in § 520 of De & .... rl. 
::: DE S-,ussuu, YO!lagtJI, § 538. 
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On 1M cAange oll8H~ of tA8 Mer d8 Glao8. 
It has already been obse"ed that one of my first cares on reaching 

the glacier in June, was to ascertain the level of the ice at station A. 
These levels were taken from time to time, and afford unequivocal 
proof of the depression of the suri'ace of the glacier during summer, to 
an extent which has probably not been suspected. 

The leYeJ. had lcnrered Daily depreBOD in 
the intervaL 

1842. From To Feet. Inob.. IncheL 

June 26 to June 30, 1 9.0 4.1 
- July 28, 10 11.0 3.6 

- -- Aug. 9, 14 10.0 3.7 
-- -- Sept. 16, 24 6.5 2.5 

Now this depression is not necessarily the result of superficial waste 
alone. I doubt whether it is even mainly due to that cause,-and not 
rather to a subsidence of the entire mass of the ice, which visibly col
lapses as the warm season advances. Such a collapse may be due to seve
ral circumstances: 1. The undermining of the glacier bI the excavating 
action of the water streams which Bow beneath it in summer: 2. The 
fusion of the ice in contact with the soil, due to the earth's heat: 3. The 
lower extremity of the glacier moving faster than its higher portions, 
and thus extenuating the mass, a cause which acts with energy at those 
seasons when the difference of motions of the two parts is a maximum. 
The superficial waste is not so easily measured as at first sight it might 
appear to be. M. Escher de la Linth measured it in ] 841, and the 
glacier of Aletsch, by the exposure of stakes inserted to a certain depth 
in the ice,-as the ice melted, the stakes were exposed. M. Martins 
measured it by the geometrical depression of the suri'ace. The last 
method we have seen measures several etrects instead of one; the former 
may lead to the most inaccurate results. When the stakes have been 
exposed to a certain depth, the apparent result is actually inverted
the hole is d8eptmtxl. The irregularities resulting from this mode of 
obse"ation will ~ppear from the following facts :-. 

• The holes were examined, and the sticks notcbed by BaImat on the 16th July, when 
they were alIIo dllepened, and the variatioDB were afterwards measured by mYl!elf. 
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At the mark D 2, the stick rose out of the hole in the ice from 
July 1 to July 16, 17 
From July 16 to July 28, only . I) 

At the mark D 3, during the first period the stick rose 22l 
During the second period it actually IUni, showing, that 

from some cause the hole had deepened faster than the 
surface wasted. . 

At station A, from June 30 to July 16, the stick rose 29 
From July 16 to July 28, it IUfI.k 2 

At the mark B 1, from June 30 to July 16, the stick rose 28 
From July 16 to July 29, it BUnk I) 

The cause of this anomalous action it is not cillIicult to explain. 
It is, I apprehend, the same as we have pointed out on page 27, as 
occasioning the formation and perpetuation of holes in the ice, owing 
to the less density of freezing water than that some degrees warmer. 
The holes by which my stations were marked always contained more 
or less water. Whilst the stick fitted them accurately, it nearly or 
completely obstructed the fluid currents; but, in proportion as the 
holes widened, the water circulated more freely, and the cavities spon
taneously deepened, which is one cause of their preservation. 

It is evident that the apparent loss of surface of the ice in this ex
periment will be generally too small and never too great. Thus it 
appears that at stations A and B, the superficial loss of ice was, aI 

i8aat, 29 and 28 inches respectively, during the first sixteen days of 
July, or about If inches per day. The actual/aU of the surface at 
this time was, as we have seen, twice as great; but this I attribute 
mainly to the general subsidence. A method, which seems the only 
sure one of determining the superficial loss (an important datum,) 
would be to drive /wriumtal holes in the vertical walls of conspi
cuous fissures, and to measure their distance from the surface of the 
glacier. At those stations which did not conveniently admit of run
ning a level to the side, I eBlployed a different and very simple 
method of measuring the abBolute depression of the surface. It had the 

Digitized by Goog Ie 



METHODS OF OBSERVATION. 155 

advantage of being applied at the same time that the motion of the 
glacier was measured, and with little additional trouble. Thus, at 
station D, whence the various marks across the glacier were observed 
in succession, the progress was noted by causing all assistant to d~ 
scend to the ice with a deal rod, a chisel, hammer, and pegs of wood. If 
the motion since the last observation was small, he was directed to lay 
the deal rod parallel to the length of the glacier, and to push it up or 
down as directed by signals until the extremity was in the exact azi

muth of the opposite mark beyond the ice. A pencil mark and num
ber were then made upon the deal rod, in order to fix the distance from 
the previous station. If the distance moved over was greater, the 
extremity of the rod was moved parallel to the glacier as before, and 
when duly placed, a hole was made in the ice with a chisel, and a peg 
inserted, until I had time myself to descend and measure with a line, 
and in a carefully determined direction, the whole motion from the 
last fixed point. Now, in addition to this, in order to ascertain the 
change of leeel of the ice, I had only to observe from my elevated posi
tion, the angular depression of the marks in succession on any particu
lar day. These were, for example, on the 20th September, 

D 2.=220 0' 0" D 6.=110 31' 45" D 3.=10° 6' 0" 
A vertical rod being placed at each of these points on any future day, 
the telescope being depressed to the same degree, pointed, of course, 
to a height upon the rod equivalent to the former level of the ice, which 
was determined by my assistant sliding up or down a slip of paper in 
obedience to my signals. It is to be recollected, that the ice was here 
much crevassed; and though its onward movement was wonderfnlly 
regular, it was liable to local subsidences. Occasionally, I have found 
as great a depression as a foot per day during wet mild weather in the 
later part of the season. Durin,g frost, when the glacier had more 
consistence, the subsidence was evidently diminished. 

This much is certain respecting the level of the ice, that the glacier 
undergoes a surprising waste during the summer, and that there is not 
the slightest reason for believing that any process, whether of congelation 
or other, assists in ita. renewal during that season. The comparison of 
a glacier to a mass of leavened bread expanding upwards, and thus 
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supplying the superficial waste, appears to involve an assertion wholly 
unsupported by evidence, and contradicted by my experiments. And 
as I readily admit, that such a swelling or vertical dilatation of the 
mass would be a necessary result of the theory which ascribes the 
motion of the-glacier to the expansion of water frozen in its fissures, 
I must consider the fact, that no such dilatation is apparent at the 
season when the motion is most rapid, to be in itself conclusive against 
the dilatation theory of glacier progression. 
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CHAPTER VIII. • 

ON THE STRUCTURE OF THE ICE OF GLACIERS, AND 
OF THE MER DE GLACE IN PARTICULAR. 

GENBRAL FACTS OF 8TRUCTUR~DI8COVERY OF WAVE-LIKE BANDS ON THE 

SURFACE OF THE GLAClER-FlG1!RBB OF THE STRUCTURE, AND SECTIONS OF 

THE JIIER DE GLACE-DETAILll--GLACIER DU TALEFRE--CREVAIIIIE8 OF 

GLACIEBB-THEIR JIIONTHLY CHANGEll-JIIINUTE FIIIIIURES OF THE ICE-ITS 

PERlIIEABILITY TO WATER-YKINED STRUCTURE EXPLAINED. 

SOME account has already been given, in page 28 of this work, of the 
structure of ice, which was noticed by M. Guyot of Neufchatel, in 
18'18, in the Glacier of the Gries, and which I rediscovered in 1841, on 
the Glaciers of the Aar, the Rhone, and others, and described as being 
one, probably general, and certainly important in the consideration of 
the mechanism and functions of glaciers. 

It has already been said, that I am disposed to regard the problem 
of the cause of glacier motion as a purely mechanical one, and that 
it should be treated, like other problems of motion, by a consideration 
of the manner and degree in which that motion varies with seasons 
and cirC1Ullstances, rather than by endeavouring to deduce, a priori, 
the motion from the circumstances, and from a hypothetical structure 
of ice, or any peculiar functions of its molecular constitution. I am 
far from denying, however, that a knowledge of that internal constitu
tion will be of the utmost consequence in modifying or confirming our 
mechanical theories. From an early period, I felt convinced, that the 
veined structure of ice, described by me in December 1841, was an 
important, though obscure, index of the mode of glacier progression, 
and when 1 proceeded, ill 1842, to obtain definite information to bear 
upon my spe<'ulat.iolls, I proposed to mysl'lf, as a chief problt'!Jl, to 
eMCONJflr ro oombine the riired nirimce 'll'lIick the obsl'1"rot;c)tl £!f the 
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~elocity of tke iM in different parts oj its maIlS mig'" JUNli8k a. to tk~ 

MU86 of motion, witk tke .tatical o-r permanent efJidence wkkk tke jorml 
of tke "eim or ribboned 8tructur6 permding its mau, undo-ubtedly bear, 

to.ome cllang6 ~ated or operating in its interior. 
I am inclined to think, that I have arrived at a result which com

bines these independent evidences; and I feel the more confidence in 
it, because I am conscious of having commenced my researches with no 
bias in favour of one theory of glacier motion rather than another, or 
one cause of veined structure rather than another; indeed, I might 
rather say, that I commenced them in ] 842, with an equal distrust of 
all theories proposed to account for the former, and in ignorance of any 
theory worthy of the name which should account for the latter. Far
ther than this, I spent some weeks amongst the glaciers in June and 
July 1842, without even approximating to a theory either of motion 
or of structure, until at length I began to fear, that days and months 
of incessant observation, or patient thought, would leave me no wiser 
about this great problem, than when I commenced. But, as has been ob
served to be the process of discovery in all complicated questions,-when 
the confusion seems greatest, and the mind is so imbued with the sub
ject, that the very multitude of details confounds, and the antagonism 
of conflicting speculations sets order at defiance, then from some un
suspected comer springs up a light, unsought, and seemingly casual, 
but which struggles into more perfect evidence by being dwelt upon, 
and at last, throws a complete illumination over the scattered elements, 
which appeared undecypherable and unmeaning, only because they were 
dimly seen. 

Such information respecting the theory of the glacier structure, I 
acquired first on the 24th of July, and again a fortnight after, on the 
7th August, 1842. One half hour on each of these days seemed to 
teach me all that I learnt during my stay upon the ice. All before 
was preparatory to knowing, all after was simply confirmatory, or 
proving what I knew. 

But before I can make the reader aware of the nature of the obser
vations and reflections which then came home to me with 80 much 
Coree, I must endeavour to describe what I had previously observed 
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with respect to the structure of the ice of the Mer de Glace in par. 
ticular. 

The external form of the ice, the crevasses by which it is fissured, 
and often divided into transverse slices, or pyramidical blocks, and the 
finer net work of fissures, which we shall also find to pervade its inUr 
rior, all these may be described as, in some sense, the " structure" of 
the ice .. But what we here mean by " structure," is something ante
rior to, and more fundamental than all these,-it is the intimate 
arrangement of the very particles of the frozen water, and which 
constitutes as properly its structure, as the pattern of a piece of curious 
damask does, or as the veins of a woody fibre do, in a piece of maho
gany. The proximate cause of the ribbon8tllWucltwB of the ice, it has 
been seen, that I ascribed to the alternation of bands, or parallel veina 
of ice, of different textures. These bands or veins were conspicuously 
distinguished (on the glacier of the Aar and others) by two characters, 
.1. Difference of hardness; 2. Difference of colour. The former dis
tinction causes the harder (which are also the Uuw) veins to stand up 
in ridges, as the ice melts by the action of the sun or rain, and allows the 
oomminuted sand from the moraines to lodge in the intervening linear 
hollows, which led, as we have seen, some persons to suppose that 
the heat .of the SUD, acting upon the sand, catII«l the hollows in which 
it lay. This peculiarity is admirably seen on many parts of the Mer 
de Glace; and no where better than upon the common route from the 
Montanvert to the Jardin, where it passes by the foot of the Aiguille 
des Charmoz, between the .AnglB and TreIaporte. Here the whole 
surface seems striated with fine lines; and where groups of the harder 
bands occur, there are projecting ridges, with grooves between, continu
ous for very many fathoms along the ice, resembling the cart ruts of a 
much travelled road, when covered with stiff mud, which was the 
accurate comparison of an English traveller, whose attention was 
directed to them last summer for the first time. This appearance is 
most conspicuous after rain. The other characteristic, that of co1otw, 
requires an attentive examination to perceive its immediate cause; 
but in any glacier, where the structure is well developed, there is no 
difficulty in deciding upon it. The phenomenon is not ODe of those 
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which, like the colour of water, or of air, can only be seen in vast 
masses. I have often detached IuJAd 6p8Oimem of the ice, which, if 
they could be preserved in cabinets, would convey the most perfect 
idea of the structure; there, to be sure, the depth of colour has nearly 
vanished, but the bands and the cause of colour remain. If we 
attempt to look through such a piece of ice acroBI the direction of the 
ribboned structure, it looks opaque; but if we look paralle.l to the 
veins, we perceive that semi-opaque bands altemate with others of 
glassy purity; the former appear greenish white on a great sca1e,-the 
latter blue. If we examine them closely, either with the eye, or with 
a magnifying glass, we find, that the blue and glassy part is pure 
smooth ice, whilst the intermediate portion is, not granular or snowy, 
as I myself at one time supposed, but simply frothy or fUll of air-bub. 
bles of various forms, disseminated through the pure ice, and always 
arranged in parallel planes, of more or less abundance, producing 
greater or less opacity. These cavities do not appear to communicate, 
though we shall see reason to believe that they generally do so. I t is 
a general Cact, that, as ice loses the perfection of its crystalline struc
ture, it passes from blue, tAf'0U91 gr6IM, to white, 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 fIIfMJll!l through shades of 
green; but when even common snow has acquired a certain degree of 
imbibition by moisture, and is no longer dry and powdery, hut allows 
a pretty free passage to the 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 moisture filling the 
cavities between the snowy granules. I have elsewhere observed, 
that I consider that no farther explanation of the blue colour is required, 
or can be given, but that it is the colour proper to pure water, both in 
its solid and its liquid form. 

It has been said, in a former chapter, as well as in the paper which 
will be found in the Appendix, No. I., that the diremon of the bands 
depends materially. upon the configuration of the glacier, and the 
nature of its boundaries. In a long, canal-shaped glacier, like that of 
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the lower Aar, it was nearly parallel to its length, and nearly vertical, 
but inclining upwards and outwards where the ice was supported by 
the lateral rocks. On the glacier of the Rhone, on the other hand, 
which has a not very elongated form, and which enlarges itself sud
denly, these bands described oval lines upon the surface of the ice, as 
we have already seen, and dipping inwards at angles more nearly per
pendicular, as the centre of the glacier was approached, might be com
pared to sections of inverted cones, having a common apex pointed 
downwards, but whose angles continually diminished towards the 
centre.. Not, indeed, that the ovals were complete all round 
the glacier, but they were complete, or nearly so, for two-thirds 
or three-fourths of the circumference, as shown in page 2.9. Guided 
by what I saw at the glacier of the Rhone, I ascribed the apparenl 

frontal Matiftcation 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 the glacier, with a continually diminishing dip, as the 
level of the ground was approached. 

Evidently, then, the one of these structures was but the limm",!/ 
case 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. 

IIi the course of my numerous crossings and recrossings of the Mer 
de Glace, I observed a general confirmation of the disposition of the 
ice to a parallel structure, sometimes vertical, sometimes leaning against 
the walls of the glacier, and often, where one side of the glacier was 
heaved up in its progress &ell'&inst some opposing promontory, the whole 
structure (preserving the general trough-shaped section) appeared to 
lean over in one direction, as shown in the figure No. V., page 166. At 
the same time, I found so many anomalies, as to make me cautious of 
hazarding the assertion, that the trough-shaped structure was rigorous 
and general, and I determined, by patient observation, and laying 
down on a sketch the bearing of the veins or bands, and their dip at a 
great number of points, to obtain an empirical representation of the 

L 
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structore in question, over as large a portion of tbe surface as possible. 
The labour would have been great, without some better clue to guide 
so extensive an enquiry; fortunately it had hardly commenced before 
I obtained one. 

On the evening of the 24th of July, the day following my descent 
from the 001 du Geant, I walked up the hill of tJ"harmoz to a height of 
600 or 700 feet above the Montanvert, or about 1000 feet above the 
level of the glacier. The tints of sunset were cast in a glorious manner 
over the distant mountains, whilst the glacier was thrown into compa
rative shadow. This condition of half illumination is far more proper 
Cor distinguishing feeble shades of colour 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, the singular problems of the ice
world, my eye was caught by a very peculiar appearance of the surface 
of the ice, which I was certain that I now saw for the first time. It 
consisted of a series of nearly hyperbolic brownish bands on the glacier, 
the curves pointing downwards, and the two branches mingling indis
criminately with the moraines, presenting an appearance of a succession 
of waves some hundred feet apart, and having, opposite to the Montan
vert, the peculiar form which I have attempted to show upon the map. 
where they are represented in the exact figure and number in which 
they occur. They were evidently distinguished from the general mass 
of the glacier by discolouration of some kind, and indeed they had the 
appearance of being supernumerary moraines of a curvilinear form, 
detached from the principal moraines, and uniting in the centre of the 
glacier. Although this was my first idea, I was satisfied, from the 
general knowledge which I then had of the direction of the "veined 
structure" of the ice, that these discoloured bands probably foI-

I 
lowed that direction; and accordingly next day I carefully examined 
the surface of the ice, with the view of determining, if possible. their 
connection and cause, being well satisfied that this new appearance 
was one of great importance, although, from the two circumstances of 
being best seen at a distance or considerable height. and in a feeble or 
slanting light, it had very naturally been hitherto overlooked, both by 
myself and others. 
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I had orten observed that some parts of the ice were dirty, and 
some parts clean, but it was not until I examined its surface mi
nutely on 25th July, that I discovered that the "dirt bands," as I 
called them, had a definite position upon the glacier and a regular 
recurrence. I had no difficulty now, whilst examining the ice when on 
its surf'ace, in deciding 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 have been almost impossible to 
have traced out, step by step, the forms of these discolourations. They 
are like what are called "blind paths" over moors, visible at a dis
tance, but lost when we stand upon them. 

The caf118 of the discolouration 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, lotmd a lot/gtwrl8nt in those portions of the 
glacier where the ice was most porous, and that consequently the "dirt 
bands" were merely indkel 01 a peculiarly porotI8 wined Btmcture tra
fJef'ling tII8 maBI of tlte glaci6r in tAeIe di"ectiou. A most patient exam i
Dation of the structure of the iC8'opposite to the Montanvert, satisfied 
me completely of the parallelism of the "veined structure" to the "dirt 
bands;" the former was the cause of the latter; and some more general 
cause, yet to be explained, caused the alternation of the porous veins at 
certain intervals along the glacier. This, then, tended to clear up a 
multitude of doubts respecting the real type of glacier structure in 
long or canal-shaped glaciers. That it was not merely trough-shaped 
was clear, but the direction and dip of the veins near the centre of the 
glacier was generally too confused to give a ready solution of its real 
structure. I now found that the veins appeared generally parallel to 
the moraines and sides of the glacieJ;, only because the curves re
presenting their real forms had branches which merged into parallel
ism, and that there really was a tendency in the direction of the veins 
on the two sides of the glacier 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 cune! 
After much attention, I found that the normal structure here (though, 
often obscured or annihilated) turned round and formed a loop ex
actly as in the oval-shaped glacier already described, the direction of 
the structure being, for a short space, directly across the strata, and 
dipping inwards at a considerable angle. The ground-plan, transvel'8e 
section, and longitudinal section, (at thE! centre of the glacier,) of such 
a structure would be the following :-

No.1. No. 2. No.3. 

Opposite to the Montanvert, the dip inwards at a a a (that is, 
towards the origin of the glacier) appeared to be 45°. This is only 
/~ through a narrow space, and is often extremely 
~ confused, but, whenever the structure appea1'8 
~~ clearly, this is its position. The ice is often con
~.!.fI!t!i§ toned in the most fantastic manner, like lime-
~~ stone strata in the Alps, or the veins of knotty 

TtDiltd t'ein.. wood. 
Of course, after the discovery of these "dirt bands'" below the Mont

anvert, it became an object to trace them throughout the glacier, mark 
their variations, and compare them with the structure of the ice, so as 
to ascertain that they rigorously corresponded; lastly, to fix their 
numbers, distances, and form. Although at most times of the day I 
could distinguish their position after once ascertaining their existence, 
yet to see them well, or to count them throughout any extent of the 
glacier, required an elevated position, and a peculiar effect of tempered 
sunshine or moonlight. In broad daylight, without clouds, only the 
more conspicuous ones could be seen; but it is not to be supposed from 
this that there was anything illusory in their existence or position. On 
the contrary, both were ,110 perfectly definite, that I have repeatedly 
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counted the bands visible from station L, (on the Oharmoz, above the 
Montanvert,) all the way between the ice precipice at the Chapeau to 
the promontory of TreIaporte, which are exactly 18 in number &8 laid 
down in the map. The lower 10 bands (including 9 intervals) are 
contained between the right lines joining stations L and I, and Land 
F, and the distances of these 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 is 711 feet. But the intervaJs are not all alike; 
indeed, they differed sensibly to the eye. The difference, however ~ for 
"this part of the glacier, is probably not a tenth part of the mean for 
anyone interval. The distance between the vertices of the two dirt 
bands immediately opposite to station D was found trigonometrically 

to be 667 feet. sr' "!..:-./ -, 
The ground plan of the ribboned. ;k \ 

or veined structure generally, and of --t. .. ~~~... /\" 
h ... tar OIoTaW>n ... ~,~ 

t 08e porous velDs ID partlCU con- ...... ,,"'. 
. . h d' b ds .. b . "' \.' II ./ atltutlDg t e" Irt an , may e . .y 

11.-" R II 
pretty correctly judged of from the .. 1 
map; but for a complete understand
ing of the structure, and its modifica
tions, the following remarks are essen
tial, which will be made plain by a 
reference to the following sections, 
taken from eye sketches made on the 
spot, and to the ground plan, which 
is here repeated, and which shows the 
lines of section. Thus, 

a b corresponds to section No. I. 
H d e No. II. 

f G 'No. III. 
FA 
DD 

No. IV. 
No. V. 
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1. Opposite to the Montanvert, and beyond Les Echellets, the curved 
loops extend acroa tIu enti1'8 glacier. They are single, and therefore 
cut the medial moraine, though at a very slight angle. The structure 
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, accommodating itself to the irregular form of the 
glacier, leans over towards the Angle as if tilted up by the promontory 
of Lea Echellets, which is really the case, as shown in the sections 
Nos. IV. and V. . 

2. The position of the vertices of the curves of structure inclines 
towards the left bank of the glacier, as we approach the promontory 
of TreIaporte; and about that portion of the glacier we begin to dis
tinguish a separation in the structure of the two con1luent glaciers, 
which do not appear to be there fully consolidated. The Glacier du 
Geant has its own system of curves, and the Glacier de Lechaud its 
system, as shown in the map. From about the position where the 
dilloeatUm of the moraines is marked on the maps near the Moulins, 
up to the promontory of the Tacul, the great medial moraine of the 
two glaciers, marks, as it were, a common vertical wall, formed by the 
mutual pressure of the ice streams, and throughout all that space the 
vertical structure of the ice follows precisely the direction of the mo
t'aine. On either side it begins to incline into the trough of its own 
glacier, as shown in the sectiolls 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. We have seen that the Frontal Dip, that is, the dip of the veined 
structure intlJaf'dl throughout the very narrow space in which its direc
tion is Wtm1'HrB6 to the glacier, or near the centre of the ice stream, is 
about 45°. This dip certainly increases as we ascend, exactly as I 
have shown, (see Appendix, No. I.,) and shall show, (Chap. X.,) 
that it does in those glaciers where, the ice being less confined, the 
frontal dip is a well marked angular phenomenon, as in the Glacier of 
the Rhone, of La Brenv&, and at the lower extremities of many other 
glaciers. Now, just above Tre1aporte, on the Glacier du Geant, 
though the frontal dip is undistinguishable, yet the curvature of the 
structural planes is perfectly clear, and likewise the occurrence of the 
dirt bands, which are here more rounded, and not so excessively drawn 
out as at the Montanvert. But, if we pursue the Glacier du Geant 
higher up, as opposite K, the era""",,86 ~6 i" 1M centre of tM 
glaeier U perJ~ dUtincl, _1M frontal dip u M'Ii«II. 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 between 
T..elaporte and the Tacul, and for some way higher up. The system of 
curves, formed by the structural planes intersecting the surface of the 
ice, have their vertices near the centre of the glacier, and become parallel 
to its length near the banks, eutting the Momine of La Noire, and 
stretching quite from side to side. But as we advance higher up, and 
approach the Aiguille de 1& Noire, which separates the great mass of the 
glacier from the small glacier descending from the range of Les Peri
ades, we perceive a tendency to a double structure, as at the union of 
the Glaciers de Lechaud and Geant. (See Section No. I.) I am unable 
to state the exact number of dirt bands between the foot of the ice 
cascade opposite La Noire and the comer of Tre1aporte. Under a 
favoumble light they may perfectly well be counted, and I recollect 
doing so once, but the number was not noted, as I intended to make 
the observation more scrupulously another time, but 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 tolembly free of snow. My 
belief is, however, that these bands are not on]y more uniformly curved, 
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(88 has already been said,) but are oompr8a8ll, or more numerous in the 
same space. This appeared to me to depend partly upon the smallness 
of the declivity of the glacier. 

5. If we follow the Glacier de Leehaud from the Mordiu, we have, in 
the first instance, as has been said, the vertiealsttatification accompany~ 
ing the medial moraine up to the Tacul. Therp. are two medial mo
raines on the Glacier de Leehaud itself; one coming from the Jardin 
and the other from the Aiguille de Leehaud. The ice between the 
latter and the Couvercle is the ice of the Glacier du Talefre; that be
tween the same moraine and the Tacul belongs to the Glacier de L'
chaud, descending from the Grande Jorasse. Now, this moraine 
(de r Aiguilk d8 Mckaud) divides the separate-structures belonging to 
these two ice streams, whilst the structure of the ice derived from the 
Talefre cuts the moraine of the Jardin at an angle, and forms only a 
single system of curves. Both of these systems die out about the 
same time, after a complete union has been effected with the Glacier du 
Geant. I have not particularly noticed the dirt bands on the glacier 
de Leehaud, but I have carefully examined its structural planes, and 
traced them quite up to their 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, descending from the foot of the Oapucin du Tacul, and it is ma.
nifestly augmented, and becomes general after the confluence of the 
Glacier du TaIefre. I have often observed (and believe it to be a gene
ral rule,) that tcW8 a glacier u contraet8d aM jOBtI8d by ill union unt" 
otw., if not violently crevassed, eMr8 tM Btf'tICtuJ'6 CMn88 out lHIII. The 
structure is rather elongated here, and not 80 transverse as in the 
glacier du Geant. 

6. The structure of the ice of the Talefre, forming the north-eastern 
portion of the Glacier de Leehaud, is remarkably well brought out, and 
instructive. At the Pierre Platte 0, it is beautifully shown; and here 
I first distinctly remarked, that the structure is not always parallel to 
a medial moraine, as I had at one time supposed. It evidently cuts 
the moraine of the Jardin, as already mentioned. This part of ·the 
glacier is steep, and its surface convex. It has very much the eharac-
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ter of a glacier poured out into a valley, as it really is, being derived 
from the stupendous ice cascade which falls from the basin of the 
Talefre. The forms of the veined structure are more rounded than in 
most other parts of the Mer de Glace: I mean, that the superficial curves 
do not come to a sharp point. but have more of a circular sweep. and a 
well-defined transverse course, and a frontal dip inwards of. 63°.· But 
one of the most interesting points connected with this. ice stream is 
the sudden change of structure which it undergoes at the foot of the 
ice fall descending from the Talefre. The structure of the ice through
,out the fall is more distinctly striated in a vertical direction, and 
parallel to the sides of the glacier, than I recollect to have observed in 
any glacier so violently crevassed and dislocated. The moraines ~ 
faintly perceptible by dirty stripes during the fall. But when the 
shattered ice is collected. and remoulded. upon reaching the foot of the 
precipice. by the pressure of the Glacier de Lechaud, a most remarkable 
and sudden change takes place. The ice,' from fragmentary and fis
sured, becomes compact and swollen into a convex form, produced. no 
doubt. by the lateral pressure to which it is now subjected, and which 
it 'struggles to overcome. WilM" tM IJHlce of a.forJJ Armdred 1M, 1M 
IrafIB'M'U BtruoItwe becoma dtmeloped, the former longitudinal struoture 
at right angles having disappeared in the interval. and the wave-like 
forms of the structure swell out more and more as the glacier is urged 
down the steep slope towards station O. with the Pierre Platte. The 
convexity of this part of the glacier will be perceived from section IV ; 
,and as the glacier is swollen and pressed onwards. the crevasses in 
this part radiate. as from a centre, or in directions perpendicular to 
the lines of structure, exactly as I have described in the Glacier of 
the Rhone. These £acts, which I have verified in many other glaciers, 
conclusively show, that eM nMJCttwe u dtmelop8d duri"9 tM progr- of 
eM ice doum1Cards-is subject to the variations which its momentary 
conditions of constraint impress-and that it has not the slightest re
ference to the snow beds of the neve, or to any primitive conforma
tion whatever. 

7. When we trace the structure up to the icy basin of the Talefre. 
we perceive the origin of the linear vertical structure of the ioe which 
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accompanies it in its fall. The ice, near the moraines of the Jardin, 
is distinctly ribboned in a vertical direction parallel to those moraines ; 
and this structure, 80 far as I have been able to observe it at the most 
favourable season, when this glacier is tolerably free of snow, spreada 
itself upwards, moulding itself by the forms of the rocky basin which 
confines it, nearly as represented in the map. The directions remind 
one irresistibly of the lines of tloating matter upon a current of water 
converging towards a narrow outlet. The direction of the ClreVaBSes 
above the outlet, or icy cascade, is still perpendicular to the direction 
of the structure, and therefore their lines of fracture are Cfm-eez uptDtIrdB. 
Higher up the Glacier du TaIefre, as the structure of the ice becomes 
more snowy, and less crystalline, the ribboned appearance vanishes 
altogt"ther at the surface, although it is probably continued at a greater 
depth. 

Such are the facts which I have been able to observe most carefully 
with respect to the arrangement and distribution of this remarkable 
structure over a glacier of great size, and variety of surface. It will 
be found to represent very well the normal type of all glaciers, as 
we shall afterwards have occasion to illustrate by examples. In the 
meantime, I will say a few words respecting the accidents of crevasses, 
and then endeavour to explain the views which the study of the Mer 
de Glace suggested with respect to the cause of the veined appearance. 

Perhaps the most usual and general rule for defining the direction 
of crevasses, when a glacier is not violently dislocated by moving over 
excessively steep or irregulaJ: surfaces, is, that they tend to a direction 
perpendicular to the structure; since, however, a rent once determined 
is often prolonged, irrespective of the immediately producing cause, such 
crevasses may, throughout their length, cut. the structure at different 
angles, which they often do. Some of the crevasses of the Mer de 
Glace are probably 2000 feet long. I carefully examined a crevasse 
near the Montanvert, extending from the medial moraine quite to the 
western side; and in the higher parts of glaciers, as towards t~e Col 
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du Geant, crevasses extend, by communication with one another, to 
far greater distances. 

It has been stated by some authors, that crevasses are generally in 
.lines transverse the glacier, and convex downwards;· but I doubt this 
being generally true. It is by no means so easy as it appears, to a80el'
tain the general ground plan of a system of crevasses, for nothing is com-· 
moner, in viewing a glacier from a height, and seeing one system of cre
vasses, 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 crevasses, equally inclined to the axis of the glacier, 
and forming an angle on its surface of 650 with one another, so that each 
set deviates 82.0 from a line transverse to the glacier. In turning 
round the promontory of TreIaporte, a series of Can-shaped crevasses 
succeed one another, as already remarked. It is extremely curious 
to observe the hyperbolic " dirt bands" maintaining their position 
amongst that confusion. Higher up, the crevasses become transverse, 
and less numerous. 

When the glacier makes a rather abrupt turn, as between the 
Echellets and the Angle, it appeared to me that the crevasses of the 
higher glacier are stopped up by the pressure of the ice where it i. 
w/lected from the rock, and a new set open, corresponding to the new 
direction of motion. It is this interference of a current of water and 
its reflection from a promontory, which breaks the surface of a river 
into foam ;. and something of the same kind may be perceived, if I mis
take not, between the Angle and the Montanvert. The old crevasses 
are sealed up, and new ones formed, cutting them across, which pro
duce the tumultuous looking hillocks in that part of the ice. 

But still more important are the circumstances attending the forma
tion and change of crevasses during different seasons. Beyond the 
general admission that crevasses result from a glacier being pushed 

• M. Aguaiz, however, bas maintained the contrary opinion, and BUppoaes (in conllC
quenee or the creV11111811 being convex towards the origin or tbe glacier,) tbat the glacier 

movCl\ faster at the Bidea than in the centre. Sucb are tbe diffcrences or opinion upon wbat 

IIppear even the mOBt Bimple and elemental')· points, in this 8\lbjcet.-E'"d~" p. 161. 
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over a surface presenting great irregularities, which irregularities break 
the semi-rigid mass over them, little or nothing has been° agreed upon 
by authors as to their origin. That crevasses form with a sudden noise, 
and are at first mere 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 crevasses, if not entirely renewed 
every year, are so at least in a great degree; that they are formed 
during spring, summer, and autumn, by which time the face of the 
glacier is in some respects entirely changed-much more so indeed 
during a few months than it ever is from one year to anoth~r,--Bo that 
a traveller may revisit a glacier from year to year, and think that he 
recognises localities on the ice, he may map the fiesures and accidents, 
and seem to discover them afresh, but they are only the ghosts of his 
departed friends,-forms, which unlike a wave which moves on whilst 
the substance which moulds it is still, remain planted amidst mo
tion, as if anchored in the icy cataract. This fact has formerly been 
insisted on, but what. I wish now to make plain is the certain fact that 
the crevasses are in a good measure formed afresh every season. 

When I traversed the glacier in a great many directions in the end 
of June, I had ample means of judging of its state from the obstacles 
which were opposed to a passage over it; I had also an opportunity of 
noticing the width of the crevasses, their regularity, and the sharpnees 
and verticality with which they generally terminated at the surface of 
the glacier. In July and August, during many excursions in the 
same directions, the change was most conspicuous, and especially in 
the higher. parts of the glacier between the stations G, B, and H, 
where the snow had only recently uncovered the ice at my first visit. 
There the crevasses had increased to such a degree in number and 
breadth that the glacier seemed unlike what it was, and a space which 
I had formerly considered as almost sufficiently even for measuring a 
base line upon the ice, was now traversed by clefts. Even at the Mont
anvert the crevasses were visibly wider, and the whole texture of the 
ice more shaken. 

But it was in the month of September that the change was most per-
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oeptible in the lower part of the glacier. I have already adverted to 
the loss or arurface, and to the general subsidence of the" whole mass of 
the' glacier. The several stations where I made my regnlar observa-
tions on the ice had oC course their topography and peculiarities firmly 
fixed on my memory, and there the change of Ceature, within a few 
weeks, was such as to render them scarcely recognisable. Greatcavities 
or eleCts were entirely soldered up;-others had eneroached on their 
solid partitions 80 as to unite with independent ones; precipices had 
become gentle inclined planes i-the landmarks of great stones were lost 
...-they had tumbled into crevasses, or been 80 tossed over as to seem 
no longer the same: but the general character at this season was a 
subduing of all the angular rugged character of the ice in spring. The 
fissures, though wide, were many of them choked, their walls melted; 
and their edges.deformed. The mid-day sun shines along the glacier, 
hence, (the fiBllures running generally from east to west,) the southern 
wall of ice was shaded, the northern exposed to the sun. Thus, it 
happened that in the month of September the northern edges of the 

\ 

crevasses were nearly all degraded 

~/' in the manner represented opposite, 
i i and the eminences falling into the 
~ 1% hollows rendered the passage of the 

glacier much easier than it had 
been some weeks before. This occurred also in tbe higher parts :-above 
T~laporte I observed crevasses similarly deformed, and at the same time 
eloMi, so that a mere crack now stood in the plaee of the open eleCt. 

H may here be proper to say one word about a system or crevices, 
of small dimension, which appear to traverse the ice of glaciers, and 
about which much has been said which is unimportant, and mueh 
has been supposed which is untrue. 

We have already observed that glacier ice is eminently fragile ;
hence the faeility of making steps with a hatchet, by which means 
alone many otherwise inaccessible summits are gained. This fragility 
depends upon the ice being traversed by an infinity of capillary fiBSures 
-generally invisible-but which become distinctly seen near the walls 
and moraines of glaeiers, and wherever the ice is exposed to sudden 
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altemations of temperature, by being in contact with rocks or stODe8. 
There the glacier consists of a congeries 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 £all asunder. But, whilst the pieoee 
remain thus connected, the fissures impart to the m88S a certain rude 
flexibility within small limits, and they undoubtedly permit the free 
infiltration of surface water to great depths in the ice. These crevices 
and the granules which they separate, have been particularly described, 
and their existence insisted on by Scheuchzer, Hugi, De Oharpentier, 
and Agassiz; and this has been described as the peculiar structure 
of the ice, while the veins of cleavage, or ribboned structure, remained 
unnoticed; it is, however, entirely subordinate to, and superinduced 
upon the latter, as I may later have occasion to show. Its 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 suggested making a 
hole in the most compact part of the ice, and putting into it a coloured 
liquid, which might inject the crevices by which it is traversed, 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 the wine certainly escaped, it 
left no traces of its passage. I therefore resolved to perform the expe
riment more carefully in 1842, and took with me several portable co
louring matters. To these, by the advice of M. Regnaalt, of Paris, I 
added some cakes of lithographic ink, which not being soluble, but only 
suspended in water, might, he ingeniously suggested, adhere to the 
capillary fissures, and indicate them more plainly. Holes about a foot 
square were made, to a small depth, in the most compact part of the 
ice, near the 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 the morning, some hours b"fOl'e 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 words in which I noted it at the time :-

" With an axe I carefully cut the ice round the cup of ice in whieh 
the madder infusion had been put last evening, and also round another 
similar one, in which di880lved [diffused] lithographic ink had been 
placed this morning. Though much eolouring matter yet remained in 
each, much was effectually and visibly infiltrated into the ice bene~th 
and around; the small solid colour-particles being visibly confined in 
the air cavities from which no visible capillary fissures extended, and 
[from which] they eould not be removed by ordinary washing. This 
ice is seemingly compact; it docs not exhibit obvious traces of capillary 
fissures, and mere immersion in a coloured fluid produces no trlte infil
tration-the adhering colour may be immediately washed off; 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 exist, and unit-e 
the air-cells, or many of them, though unperceived; even the undis
solved fibres of madder and grains of lamp-black, had penetrated to con
siderable distances." 

I therefore freely admit-what I formerly doubted-that a glacier in 
summer is penetrated to a great depth by water, which saturates all its 
pores. I am equally satisfied that during summer this water never 
freezes, and in winter only partially. Hence a glacier is not a mass of 
solid ice, but a compound of ice and water, more or less yielding, ac

cording to its state of wetness or infiltration. 
It is now time to consider how these facts may 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 Montanvert, I walked on the 7th August to the same spot, and 
I then obtained an insight into the cause of the phenomenon and of 
glacier motion generally, which I have no doubt is in substance the 
true one. The fOrDls of the superficial curves before me recalled almost 
involuntarily the idea of fluid motion ;-they resembled perfectly the 
lines into which the froth or scum on the surface of a viscous fluid would 
form themselves if that fluid were propelled along an inclined trough or 
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basin. The cause of such a Conn is evidently the greater rapidity of the 
centre than of the sides, a rapidity which, in the ease of a viscous fluid, is 
occasioned by tht' Jess adhesion between its particles than between the 
fluid and the vessel in which it is contained; and in any fluid a similar 
eft"eet would arise from the friction of the banks or sides. Then the re
flection naturally occurred-it is not only probab18 that such would be 
the motion of a semi-fluid or pasty mass placed in the conditions of the 
glacier, but it is eerlain, from my own experiments already detailed, 
that the actual motion U such as we have mpposed it might be; it 
tloa move faster in the centre than at the sides; it is no hypothesis to 
say that the glacier moves as a viscous or pasty mass would move
we kn6w that opposite the Montanvert the motion of the ice at 
the centre of the glacier is two-fifths greater than at even a very 
sensible distance from the bank. A glacier may, therefore, really 
be in its structure and formation, like what I had compared it to 
in 184],-" A pailful of thickish mortar" poured out,- and the 
wrinkles on the surface of the one and of the other may have more 
than a vague analogy. But I carried my theory much farther. I con
sidered that a semi-rigid mass, like a glacier, which has no preten
sion to be ealled a fluid in the common sense of the word, if it do not, (ae 
it certainly does not,) move in all its parts parallel to itself, there must be 
a ,olution 01 conti.uity between the adjacent particles of ice to enable the 
middle to move Caster than the sides. Imagine the surface of a glacier 
to be divided into a number of stripes parallel to its length, and adjoin
ing but not cohering. If it 00 ascertained that each stripe nearer the 
centre moves faster than its neighbour nearer the side, the stripes will 
move past one another parallel to their length, the central stripes 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 
direction of movement. Now, such must be the ease with a maslJof ice 
which does not move with a unifonn velocity in its transverse 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 dillection will be parallel to its motion, and these fissures 
becoming filled with water and ultimately frozt'n during winter, will 
produce the appearance of bands traversing the general mass of the ice 
having a different texture. 

It appeared to me not improbable that the recurrence of beds of 
more or less porous structure, to which we have seen that the pheno
menon of " dirt bands" is due, might depend in some way upon the 
season of theu first consolidation in the higher glacier, and that this 
character being preserved, with some modification, throughout their 
future course, would cause the recurrence of these porous bands at 
annual intervals, so that they may represent the "annual rings" of 
growth of a glacier, and the intervals 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
gated form of the curves towards its lower end would be exactly such 
as the difference of velocity in the central and lateral parts of the gla
cier would produce; and the gentle curvature of the planes of struc
ture in the higher parts of the glacier confirms such a view. It must 
be owned. however, that there are several difficulties which require to 
be removed as to the recurrence of these porous beds; and especially 
it must not be forgotten that we have already shown in this chapter 
that the structure is not in any connection with the stratification of 
the neve. 

But the theory of the cause of the ribboned structure goes much 
farther. We have hitherto spoken only of the influence of the ridu 
of a canal upon fluid or viscous motion, but the bottom has also its in
fluence. It cannot, I think, be doubted. after what has been stated, 
that the motion of the ice is more rapid at the suiface than at the 
bottom, for the very same reason, that it is more rapid in the centre 
than at the side. The friction of the bottom must retard it; and, be 
it remembered, that the less plastic the matter, the farther from the 
sides or bottom will the influence 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 its bed, the friction affects equally 

M 
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the motion of the whole mass; in a viscid or plastic mass, it is par-
• tially transmitted throughout. This fact is well known to all writers 

upon hydraulics who have attempted to assign the proportion which 
the superficial velocity bears to that at the bottom of a running stream, 
and the difference is greater in proportion as the stream is shallower. 

In consequence of this it is oonceieable that a glacier might remain 
permanently frozen to its bed, and yet move on; t.hat is, the strata 
might move over one another, and the highest most rapidly. I am far 
from saying that this is actually the case; for I believe that in most 
cases the glacier is detached from its bed by the natural warmth of 
the earth ;-yet, where the friction is so enormous, as when ice rubs 
over a channel of rough rock,-and when, what is far more important 
and unanswerable, a glacier, accumulating in an icy basin, flows out by 
a narrower aperture from that by which it entered, motion, as a lOlid 
body, is out of the question-it can only move by its parts yielding 
-in other words, it is plastic. I therefore understand, that in every 
case where the friction of the icy particles against one another is on 
any account less than the friction of the ice against the rocky walls, 
then the ice will move fastest at its centre, and the motion of the 
centre due to gravity will draw after it the lateral and more sluggish 
parts-which justifies M. Elie de Beaumont's acute observation, that 
a glacier does not so much resemble a body thrust or pushed forward, 
as one dragged down and pulled. 

It may appear that the explanation now hastily given of the varying 
rate 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 series of trough-shaped fissures, of which the section 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 the forms will be such as has been already explained. 
Not to prolong an already tedious chapter, 'we will, however, postpone 
this general consideration to the recapitulation of the theory with 
which it is proposed to close this volume, when we shall also have an 
opportunity of supporting it by experimental analogies. 
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CHAPTER IX. 

THE TOUR OF MONT BLANC-CHAMOUNI TO 
COURMA YEUR. 

GLACIRB DBB B088ONII-1T8 CBIBP PRBNOJIBNA-BOUTB TO THB JfONTAN

VBRT-GLACIJCB DB TAOOONAY-BOCBB8 JfONTONNEES AT PONT PICLI88IEB 

-BATHS OF ft. GEBVAlII-OBIGIN OF THE BLOCKS OF THB VAL JfONTIOIB 

-NANTBOUBANT-COL DU BONBOJfJfB-COL DB LA SBIGNB-ALLEE 

BLANCBB--COUBMAYEUL 

W BAT is called the Tour or circuit of Mont Blanc, is an easy jour
ney round its base, beginning and ending at Chamouni. It is fami
liarly described in many works, and well deserves all the praise which 
can be bestowed upon the admirable and varied scenery through which 
it leads us. To those who look at matters more closely, it offers great 
interest, because it gives an opportunity of examining in succession 
every one of the valleys and ravines which take their origin in the 
chain of Mont Blanc, and which are usually in part or entirely filled 
with glaciers. I shall suppose the traveller starting from Chamouni 
80 as to cross Mont Blanc at its western, shoulder called the Col du 
Bonhomme, where he comes amongst valleys which pour their streams 
into the Isere, and thence to the Rhone; turning nl\xt to the eastward, 
and crossing the Col de la Seigne, he enters the Allee Blanche, a valley 
of singular grandeur on the southern side of Mont Blanc, and parallel 
to that of Chamouni. Here the river Doire (Dora Baltea) takes its 
origin, which, joinin~ the Po below Ivrea, goes to swell the waters of 
the Adriatic. Courmayeur, a Piedmont.ese watering place. is situated 
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. on the Doire, immediately behind the chain of Mont Blanc. The ma p, 
£acing page 1, contains the route which we are now considering. 

The ftrat object of importance after leaving Chamouni is the Glacier 
des Bossons,· (the pa40iB of Buissons, as it is spelt by De Saussure,) 
of which the exquisite purity is known to all travellers. I shall not 
stop to describe the phenomena of its AiguiUa 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 the 
theory of glaciers. 

1. The Glacier of Bossons belongs to what may be called (see page 30) 
the intermediate kind of glacier, that which, taking its origin at a great 
elevation, 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 beneath it a great mass of debris of the rocks of 

. Mont Blanc, (including serpentines of doubtful origin, but most likely 
from the foot of the Aiguille du Midi,) and these have formed a steep 
embankment, projecting into the valley, upon whose top the glacier 
rests. This gives to it a very remarkable appearance, especially as seen 
from Les Ouches, farther down the valley, where the fir woods conceal 
the origin of the glacier, and the lower part, thrust forward as it were 
from out of the side of the hill, stands forth like an island of crystal in 
the bottom of the valley. This part of the glacier is very nearly flat, 
and it is there easily crossed. Quite at its termination it Calls over 
the slope of its moraine, and forms dElep chasms and lofty pinnacles. 

2. The Glacier of Bossons, like most of those in the same neigh
bourhood, attained, in ] 820, its greatest extent in recent times, 
when the moraines advanced over cultivated fields, very near to the 
Hameau des Bossons. The traces of this progress are very visible. 
One enormous block has rolled out from amongst its neighbours on the 
eastern side of the glacier, and has mowed down a path for itself, 

• Before CI'OIIBing from the right to the left bank of tbe Arve, some fine springs are 
pused at tho foot of tho Breven: they are callt·r! E""z tI, Gailla"d. The temperature on 
the 27th AUguRt 1832 was 44°6 Fahrenheit. 
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the wood, on there it lies on Hm'2'ounded 
by trees, exactly like the moraines of the Chaumont, or of Monthey, 
(Chap. III.) 

3. The glacier of Bossons has no medial moraine. I t descends (as 
De Saussure has remarked) in an unbroken continuity of ice from the 

ownmit of Mont, great feeder is Plateau, 
z,lmost the only break its pass;~go (Joana" 

the first stag<y of Mont BIano, of 
is, however, toz> 

as the glaCiffO 
in the Alps. 

to afford moraine, 
ox tent, 

4. The structure of this glacier is generally homogeneous, and almost 
. snowy, or at least opaque white, with little green or blue tinge, except 
near its edges, where it is most icy. The MnB, or bands, are distinct 
near the sides, and fall towards the centre in the usual manner, They 

formed in this Himple alternation lnyers, . 
icy bands havo nplmnrance of poaeerWo oeca-

by fissures ways, and filled mater. 
cascade above little or no struclluo, Hlu2cture 

is gradually developed as the glacier consolidates and moves more hori
zontally, but it is never perfect, owing apparently to the shortness of its 
course, and its great breadth compared to its length. The tendency, 
however, is evidently towards the usual type of such glaciers, the 
structural veins bending round in a loop, as seen on the surface, and 

frontal dip IPe glacier lLnJlrnfff'kffff 
uhere tlle bands Phftinct, and indkff.fd 

altogether forwnf'PH pnrallel to the soil ice 

5. The paucity of moraines, and the very slightly developed struc
ture near the centre of the ice, occasion the extraordinary purity of 
the Glacier des Bossons, in which it has a remarkable analogy 
with that of Rosenlaui, in the canton of Berne, which has a some
what similar course. We have seen that it is the veined struc-

nzhich intercepts the sand of tho Now, 
case before us, is in contffff%, lateral 
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we percei%Y±± of stone and inter-
mixed with the ice to a considerable thickness, and evidently fol
lowing the direction of its cleavage. These are, no doubt, the 
earthy beds of which De Oharpentier speaks,· and which he distin
guishes from true stratification, but of which, nevertheless, he gives 

unsatisfactory %Ytipposing that th%Yp f%Yum debris 
had fallen intfP tind which had PUl"U€Jme pa-

its line of cont~%YJt moraine, 
tiot explain. TP(l ~l%YJ!hmation, 

the theory of which I have give!! Ohapter, 
appears to be, that they are due to the fissures developed near the 
edge of the glacier, where its friction is greatest, and the velocity 
of its layers most unequal, and, owing to this inequality, the faster 
moving parts of the ice drag along with them some of the particles 
of the moraine with which they have become soiled. In these parts, 

structure is to the complete the near 
,",'~~n~',. of the warm for the 10w%Yl' glacier 

than 
3'ti%y'¥'tit,??%y,& %YtilOW. 

6. The Glacier of Bossons, then, by showing the exact manner in 
which an almost homogeneous mass of opaque white ice begins to have 
a structure developed 10,000 feet below its origin, by the formation of 
fissures into which water being infiltrated assumes the appearance 'of 
bluish veins, which finally present the usual forms of glacier structure, 

hihhly illustrative formerly add, 
the peculiar bandI on a great in 
162 are not her£:' tilthough from the of 

iee they may vel'h everlooked. Thuh 
cloudy weather, when two or three of great breadth may easily seen 
traversing the lower end or Bfl.OfJt of the glacier where it dies away in 
the valley. 

The Glacier of Bossons is bounded on the east by a steep grassy hill, 

p. is. 
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which rises to the foot of the Aiguille du Midi, where it is surmounted 
by the Glacier des PeIerins. A very interesting and by no means dan
gerous excursion may be made in this direction from the Glacier des Boa
sons to the Montanvert, or the reverse. Above the Chalet of Para (on 
the slope just mentioned, and the last habitation passed 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 part of the Glacier des BoS80ns, the Grands Mulets rocks, the 
Grand Plateau, and, indeed, the whole course of the route to the sum
mit of Mont Blanc. From thence the Glacier des PeIerins is crossed 
(where De Saussure met with one of the narrowest escapes of his life,.) 
to the Sommite des Oroix, another green hill-top which offers a magni
ficent view; and continuing nearly on the same level, avoiding or 
crossing with precaution the glaciers of Blaitiere and Grepon, the ridge 
of the Oharmoz is gained, along which the descent upon the Montanvert 
is easy. 

The western side of the Glacier des BossODB is bounded by the Mon
tagne de la Oote, a very narrow and steep ridge of rock, covered, how
ever, by many pines, which separates the glacier just named from that 
of Tacconay, which descends immediately to the westward, and has a 
common origin with it amidst the snows of Mont Blanc. Naturally 
enough the earlier attempts to ascend Mont Blanc were made by the 
Montagne de la Oote, but it has been found on the whole easier to tra
verse the glacier. It was by the Montagne de la Oote that De Sans
sure ascended, and he slept on the summit the first night. The Glacier 
of Tacconay is remarkable from this circumstance, that it appears to 
have diminished notably in modem times, whilst that of Bossons has 
either increased or perhaps remained stationary. The modem glacier 
of Tacconay has but small moraines, whilst the ground below, and in
deed the whole neighbouring valley in the direction of Lea Ouches, is 
strewed with immense fragments of the granite of Mont Blanc, which it 
seems impossible to doubt having been transported by this glacier when it 

• vQytIgU. § 675. 
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formerly attained a greater bulk, and crossing the Arve, deposited these 
blocb bank, where sudden turn 

Limestone OC<YtArr tsides of the Arve, 

I.,es Ouches, and with the great ""'"'''''''~ 
ary ¥H>rth of the Brev<,¥h~ down, howevets; 
succetlded ¥h¥lIidescript qnartoep the ridge 
Servoz and St. Gervais. Between Les Ouches and Pont Pelissier, 
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 momeJ;lt to doubt being due 
to the Iome heavy rubbing body. 

to those ductile plaster 
which the IlraiIhes a cornice. 

I first noticed 
in whole of this part 
valley scarcely contains one angular fixed rock-all are smoothed and 
polished. Near Pont Pelissier, and on the western side of the Arve, 
are several hillocks presenting precisely the phenomena of rockeB monton
nees, and that their forms are due to glacier action, is rendered the more 
probable from thf; occurrence of bl,:;ci:; them, one of whi;;h, tbf 
imme,;£;4~ angular shape, on the very 
one of summits have been 
by Dff blocs perches, itttpussible to see a 
exampl41 <me I have jusl It is truly 
that in the minute mineralogical description which De Saussure gives 
of this route * he makes no allusion to these phenomena. This is one 
example amongst many how obvious facts may escape the most expe
rienced and assiduous observer, for De Saussure must have passed 
through this valley dozens, if not hundreds of times. 

Somu Servoz, the A rye is joined 
Valleu on the left, the rapid and 
fuI stU(z:;m Nant, whieh remarkably preUp 

.. V 0!lagt., tom i., chap. 6. 
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well-known cascade immediately behind the Baths of St. Gervais. 
These baths are situated in a deep and picturesque ravine, a little be
low the village of the same name, whose gay and neat appearance at a 
distance, with its fantastic spire, 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 three hottest vary in temperature from 1040 to 10SO Fahrenheit. 
They contain iron and sulph1lr. Like most thermal springs, they 
issue near the union of different rocks. The valley on one side 
being composed of slate, quartz rock, and conglomerate, and on the other 
or limestone, limestone shale, and thick beds of gypsum from which 
copious springs rise, with a temperature of 510 , at no great distance 
from the others. Several excursions of interest may be made from St. 
Gervais, which we will not stop to particularize; the views are very 
striking, although the higher Alps are concealed; but the limestone 
range of the Aiguille de V &rens which rises above St. Martin, is sin
gularly 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 modern glacier is some hours' walk 
distant. 

It is to be observ:ed, in the first place, that the valley is choked, as it 
were, in its lower part, by a mass of debris, through which the river has 
worked its way below the village of St. Gervais. The rock, where it ap
pears, is usually slaty limestone; but the surface of the BOil is every here 
and there strewed with blocks of granite, BOme of them insulated and 
or great size, at other times accumulated in ridge-like mounds along 
the face of the slopes, exactly like moraines. Amongst the woods 
on the western side of the valley, not far from the baths, I found 
blocks of from thirty to forty feet in length, composed of well charao
terized protogine or granite of the chain of Mont Blanc. An exten
sive and well marked moraine stretches along the face of the hill 
in the direction of Sallenches, and on the slope fronting the valley of 
the Arve, where it is almost inconceivable that a torrent could have 
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been embayed, 80 as to deposit its blocks, supposing it could have 
moved such immense ones. They lie high above the open plain, and 
in a regular ridge, exactly like that figured on page 17, from the Mer 
d8 Glae8 of Chamouni. The ridge just mentioned is partly grassy, and 
partly covered with small trees, but there is ample evidence of its com
pOBition being similar"to that of a moraine. 

The most direct route from Chamouni to St. Gervais is not by Ser
voz, but across the Col de la Forclaz, whtch rises immediately above the 
village of St. Gervais. For a great height on this path, angular granite 
blocks are strewed about. 

The Col de la Forclaz is a gorge, and therefore offers no view from 
the summit. The Col de Bellevue or Col de Voza, which crosses the 
chain of Mont Lacba, somewhat higher up, and communicates between 
the village of Les Ouches, in the valley of Chamouni, and that of 
Bionnay in the Val Montjoie, which commands the prospect of Cha
mouni and Mont Blanc, is, therefore, deservedly more freq!lented. 
It also gives an opportunity of inspecting the Glacier of Bionassay, 
which descends in a north-western direl'tion from near the summit of 
Mont Blanc, and approaches near the Chalets of the same name. The 
Pavilion de Bellevue on the Col is nearly 7000 feet 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 
blocks of granite, but tile ermticI of tile Ool mig; inMJlMiU!I triti tM modem 
morains of tM Glacier of BiOflQM(J!I btm8ati, tIO tiat it U impoaibl8 to 
8a!l ",kere tM erratie plumomentm endB, and ",kere tM glaeial p~ 
begim. This is an argument very striking on the spot, in favour of the 
glacial theory of erraties, and these very blocks of protogine may be 
traced, I believe, without any intermis!!ion, down to the Baths of St. 
Gervais, and perhaps to Sallenches. There are three, if not four, distinct 
glaciers, which occupy the higher partsofvalleyscommunicating with that 
of Montjoie: Bionassay, (already mentioned,) Miage, (to be distinguished 
from that of the same name in the Allee Blanche,) and Trelatete, 
which descends opposite to the Chalets of Nantbourant. All of these 

• 6939 English leeL See UeeandoUe, HyplOllletrit. 
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transport numerous primitive blocks, and sometimes .deposit them upon 
insulated summits near the openings of the respective valleys. . From 
Oontamines (where there is an indifferent inn) to Notre Dame de Ja 
Gorge, (a chapel and mission-house, without a village,) the scenery is 
cheerful and pretty. There the defile narrows, and the steep rocks of 
gneiss on either hand, between which the stream struggles, are pic
turesquely clothed with larch and pines; and here, as is almost 
universal in valleys containing 1rratics, the surface of the rock is worn, 
rounded, and cut by long smooth furrows, which resemble those pro
duced by glaciers. The torrent is passed by a bridge immediately 
above a fine waterCall, and we find ourselves in an upland pastoral 
country, but still pleasingly diversified by wood. A main branch of 
the Bon Nant descends a narrow rough gorge from the Glacier of 
Trelatete. Weare now at Nantbourant, where travellers, making 
the tour of Mont Blanc, usually pass the night. 

Nantbourant is about seven hours' walk from Chaumoni. The 001 
du Bonhomme is between two and three hours farther. The way liM 
chiefly over 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 composed of secondary limestone, containing Belemnites, and 
presents no granite blocks. But though the little plain of Les Barmes 
is covered with vast calcareous fragments fallen from the cliffs above, 
these do not extend (so far as I have observed) into the valley beneath ; 
and the numerous primitive blocks already mentioned cease entirely 
above Nantbourant, that is, they commence with the Glacier of Trela
tete; thus showing, that the transporting cause of these erratics had 
its origin, not in the natural prolongation of the valley, (at the 001 du 
Bonhomme,) but in the highest tributary which contains a glacier. 

The passage of the Bonhomme is one of the most dreary in the 
Alps; and in bad weather it is dreaded by the guides. The strong 
west wind spends itself upon this great outlier ~f the chain of Mont 
Blanc, and raises the snow 'into fearful eddies, r.alJ.ed toumumtu in 
the French, and !Jf"Zm in the German Alps, which are justly feared 
by those who have been exposed to them. Here two English travel
lers lost their lives some years since. Their last entry is still to be 
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(ound in the traveller's book a~ Nantbourant. I have crossed the 
001 du Bonhomme three times, and on one of these occasions, 
having merely a porter with me, who did not know the way, we got 
bewildered in fog amongst the rocks, from which we were only extri
cated by my referring to the map and compass, instead o( following the 
directions of my companion. When the summit is gained, a wide 
view is seen over the valleys o( the Tarentaise; and the traveller naturally 
thinks of descending immediately by a path right before him. Let him, 
however, beware of this, (or it will lead him into the valley of Beaufort, 
which is most likely oot his intended route. If going to Oourmayeur, 
he follows an ill traced path on his left, over black shale, (or snow during 
part of the season,) which conducts him nearly on a level, after a quarter 
of an hour's walk, to a pOint somewhat higher than the last, which is called 
La Oroix du Bonhomme, and which, on my last journey, I found to be 
8195 feet above the sea. The view from thence is striking, although 
Mont Blanc is concealed. The mountains of the Upper Isere, stretch
ing away towards the Mont Oenis, are fully in view; and conspicuous 
amongst these is the Aiguille de la Vanoise, a snow-clad pyramidal 
summit between Moutier and Lans-le-Bourg, and which is undeniably 
oue of the most elegant mountains in the Alps. 

Immediately before the spectator is the very deep valley o( Bonne
val, which takes its rise at the foot of the 001 de la Seigne, and which, 
turning sharply at the Ohalets of Ohapiu, (whose position may be seen 
at an immense depth below,) forms a very wild and uninhabited gorge, 
extending nearly to Bourg St. Maurice, in the valley of the Isere. 
By this route the traveller reaches the pass of the little St. Bernard, 
which he may traverse to the Val d'A08te. If, on the other hand, he 
wish to reach Oourmayeur directly, he may either descend from the 
Oroix du Bonhomme to Ohapiu, and ascend to the Hameau du Glacier 
at the head of the valley, or he may cross the 001 des Fours, which 
conducts him by a ~orter, but rougher road; or, finally, he may 
scramble along the rocks by an intermediate path, without descending 
80 low as Ohapiu. The passage of the 001 des Fours is still more 
savage than that of the Bonhomme, and it is considerably higher. I 
IIhalllong remember an hour spent here in magnetic and barometric 
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observations, in August 1832, amongst perpetual- snow, and exposed to 
a biting wind. It is about 850 feet higher than ihe 001 du Bonhomme. 
The middle path just alluded to is, in some' respects, interesting. 
Instead of descending the steep pastures of Ohapiu, we follow an ob
scure track amongst the rocks towards the east; and after traversing 
for BOme distance the limestone strata rising towards the north, of 
which the main chain is here formed, we come to a mass of granite, 
rising from the valley, aM0'D8rZying tAem at a considerable angle. Near 
the same point, there is a m~ificent view of Mont Blanc and the 
adjacent mountains, seen above the 001 de la Seigne, which appears 
just in front. It presents the whole range, from the Grande 
J orasse on the east, to the summit called Aiguille du Glacier on 
the west, from which the vast glacier descends which occupies the 
head of the valley of Bonnevai. 

At the Ohalets of Motet, or Glacier, the traveller will probably make 
as short a stay as po8Bible, and will then proeeed to ascend the 001 de la 
Seigne, which (as has been said) separates the tributary streams of the 
Rhone from those of the Po. The ascent is very easy, but tedious. 
The summit is 8422 feet above the sea, by my observations, and was for
tified (as I was informed) when the French army endeavoured to force 
this pass. From the top, the extent of the Allee Blanche is well seen, 
with the great masses of the chain of Mont Blanc, which bound it on 
the left. Mont Blanc itself presents a singular appearance in this direc
tion, and would not be easily recognised by those who know it only in 
a northem or eastem direction. The westem and southem faces are 
very steep, although not so absolutely precipitous as they would appear 
to be, when viewed in front. The former falls abruptly towards the 
Glacier du Miage; the latter, in the direction of the Oramont, or into 
the Allee Blanche itself. The bottom of the valley is here not more 
than 4000 English feet above the sea; cousequently, this colossal 
mountain rises above it at a very short horizontal distance, and no less 
than 11,700 feet of vertical height, which, though not an unbroken 
precipice, is composed entirely of steep and savage rock, upon which 
the snow cannot lie for any extent. I ts aspect is, therefore, far more 
im~inent and imposing than on the sideoCOhamouni, where the eye is 
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greatly deceived as to the actual diBtaf1C8 of the top, and consequently 
as to its height. But here the details rather aid the perspective, and 
when seen in profile from the Col de la Seigne, the stupendous but
tresses, by which the mountain is supported, and especially one prodi
gious Aiguille of granite, called Mont Peteret, come out in relief, 
although, when a front view is taken from Courmayeur, or its neigh
bourhood, these pinnacles, thousands of feet in height, are lost against 
the towering mass behind, which then seems to rise like a wall. I am un
able to state the exact line of junction of the limestone with the central 
mass of granite. I apprehend, however, that it runs from some way 
to the north of the Col de la Seigne (which is calcareous) to the Cime 
des Fours, and so down nearly to Nantbourant, leaving the Aiguille 
du Glacier, and the greater part of the Glacier de Trelatete, within the 
primitive boundary. To the east the limit is, in a good measure, deter
mined by the direction of the Allee Blanche, which separates, for some 
distance, the granite from the limestone. Two conspicuous summits, how
ever, which appear near the foreground of the view, a little higher than 
the Col de la Seigne, are the Pyramides Calcaires de l'Allee Blanche 
of De Saussure. They are upon the left hand in descending. It is a 
walk of nearly five hours from the top of the Col to Courmayeur, during 
which we traverse thewhole length of the Allee Blanche .• It is there met 
by another parallel valley, which opens exactly opposite to it, and 
forms, as it were, the prolongation of the Allee Blanche, for about five 
hours farther. This is called the Val Ferret, and terminates at the 
Col Ferret. 

The chief glaciers of the Allee Blanche (on the north side) are the 
following :-1. The Glacier de l'Estellette; 2. The Glacier de l'Al
lee Blanche; 3. The. Glacier de Miage; 4. The Glacier de la BrenTa. 
The second and third of these have formed barriers across the valley, by 
moraines, so as to have occasioned lakes from the interruption of the 
course of the river. That formed by the Glacier de l'Allee Blanche is 
nearlyfilled up by alluvial matter; but an extensive flat attests its former 

--- ------- ------
• De Saussure states that below the Glacier de Miage the name of Allile Blanche is 

cxchanged for that of Val de Veni. 
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existence, together with the extensive barricade of debris, through which 
the river now tumbles in a foaming rapid. The moraine of the GI .. 
cier de Miage is, perhaps, the most extraordinary in the whole Alps, 
and has given rise to the Lac de Oombal, which will be especially de
scribed in the next chapter. Below the Moraine of Miage, which 
occupies the valley for a great space, are some chalets, and then a level, 
fertile plain, whilst the valley widens, and becomes more romantic and 
less savage. Trees appear on both sides, especially on the right, where 
the forest is very fine, and clothes all the northern slope of a remark
able hill, with a conical summit, called the Mont Ohetif, or Pain de 
Sucre, which is composed of granite, although separated from the 
great chain by secondary rocks. The paths through these woods are 
amongst the most beautiful and striking with which I am acquainted. 
That leading to Oourmayeur, after attaining some height above the 
torrent, proceeds nearly on a level, until, emerging from the trees, we 
come into full view of the majestic Glacier de la Brenva which, formed in 
a hollow to the east of Mont Blanc, pours its mass into the valley 
which it has, in a good measure, filled up with its moraine, forming a 
kind of bridge, which it has pushed before it, and on which it bestrides 
obliquely the Allee Blanche, abutting against its opposite side, at the 
foot of the Mont Ohetif. Its appearance and phenomena will also be 
described in the next chapter. A chapel, dedicated to Notre Dame 
de la Guerison, stands on the right hand side of the way, exactly 
opposite to the ice; and another steep descent conducts us again to 
the bank of the river, which here turns abruptly, after its con1luenee 
with the stream of the Val Ferret, into a ravine, cutting the range 
of the Pain de Sucre. The united streams are passed by a wooden 
bridge at the Baths of la Saxe, and twenty minutes more brings the 
traveller to the beautifully sitllated village of Oourmayeur,. after a 
laborious walk of eleven hours from Nantbourant. 
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CHAPTER X. 

THE GLACIERS OF MIAGE AND LA BRENV A. 

THE ASCENT OF THE ALLEE BLANCHE-MORAlNE OF MIAGE-ITS HEIGHT AND 

EXTENT-CHAMOI8--TRlBUTARY GLACIERS-THEIR STRUCTURE AND FORMS 

OF UNION WITH THE PRINCIPAL ONE--BCENE OF DESOLATION ON A MORAINE 

-LA BRENVA-ITS REMARKABLE STRUCTURE-A SUPERIMPOSED GLACIER 

-INTERESTING CONTACT OF THE ICE WITH THE ROCK BENEATH-INCREAIIE 

OF THE GLACIER OF LA BRENVA IN 1818--A TRADITION. 

" I am acquainted with only one other ecene in the world which ean pretend to rival, in 

uaturaJ DIAf!Dillcence, the Glacier de Miage ; I mean Niagara." 
BUlL HALL. 

CoURJlAYEUB would be worth a visit, if it were only for the purpose of 
examining in detail the Glaciers of the Allee Blanche. But this excur
sion is rarely made. Travellers are usually content with what they see 
of them in descending from the Col de la Seigne, and there are but few 
guides who have ever traversed either of these glaciers. A short day 
is sufficient for visiting the Glacier of La Brenva, but it is a laborious 
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day's work fully to examine the Glacier de Miage. I shall begin with 
the latter. 

I had twice before passed the Lac de Combal, and the moraine of 
the glacier which I -have described as pushed out into the valley which 
it occupies for seeeral miles in lengtk, nearly a mile in breadth, and 
several hundred feet in depth. I had no small curiosity to see the 
chasm in the mountains whence thiR mass of debris had been derived, 
and to examine the glacier which had been and still continues to be so 
powerful an agent of degradation and transport. Accordingly, on the 
15th July 1842, I left Courmayeur at half past five A.M., on foot, and 
reached the lower extremity of the moraine at the Chalets of La Vis
aille in about two hours. The Doire there struggles through the nar
row ravine left between the moraine and the foot of the calcareous hills 
on the south side. The path keeps the side of the moraine, and is 
every year more or less injured by the falls of rubbish. In this ravine 
on the sonth side is a deep hole in the gypsum rock which occurs 
there, in which my guide Antoine Proment assured me that chamois 
frequently pass the night, and their young are sometimes taken alive. 
This surprised me, and I was inclined to doubt it, but we actually saw 
traces of them on a patch of snow within a short distance. In three 
hours from Courmayeur I reached the Lac de Combal, where the Doire 
issues from it, (soo the Topographical Sketch, No. 1.) A dam has 
been formed so as to secure its regulated discharge, and to prevent 
accidents. This lake, as has been already said, is formed entirely by 
the moraine of the glacier, which is here shot out from the side ravine, 
and occupies the entire breadth of the valley. The moraine consists of 
two parts, the old and the new. It is the old which bounds the lake; 
the new moraille rises to a greater height, and sweeps more gently round, 
until it becomes parallel to the length of the valley. The old moraines are 
still fortified by the low walls with slits for musquetry, probably erected 
by the Piedmontese troops in 1794. It is strange to see this application 
of the artificial looking mounds which the glacier has raised, and which 
bear no slight resemblance to a series of gigantic outworks of an exten
sive fortification. It is the outermost of these ridges which is so occu
pied. The arrangement of the others is abundantly singular, forming 

N 

Digitized by Goog Ie 



194 GLACIER DE MIAGE. 

a series of four semilunar curves with their convexity up the valley, as 
shown in the ground-plan which is taken from a careful sketch made 
upon the spot. A small lake is formed behind these moraines, which is 
farther enclosed by other convex, though less perfect moraines beyond, 
of which the greater part are now grass-grown. I am by no means 
satisfied as to the way in which these successive ridges of debris were 
deposited by the glacier. They may either have been frontal moraines, 
or the contents of vast fissures which were deposited as the glacier 
melted. Something of the latter kind I have since observed to have 
taken place in the recent retirement of the Glacier de Lys, in the valley 
of Gressouay, near Monte Rosa. But as I cannot give any certain ex
planation, I will not dwell upon it. 

Having observed the barometer at the level of the lake, I proceeded 
to ascend the modem moraine' which is higher than would readily be 
believed from mere inspection, and when I had gained the top and com
manded a view of the Glacier de Miage, I observed the barometer again, 
and found the vertical height of the moraine (besides what is below the 
level of the lake) to be 395 feet. * Here I found the veined structure 
of the ice distinct, parallel to the length of the glacier, but dipping in
wards at an angle of 70°. 

The Glacier de Miage, as I have said, is here pretty level; it is shot 
out as it were from a narrow valley which works its way back into th: 
very entrails of the great chain, 80 that the head of the valley is con
siderably to the north-west of the summit of Mont Blanc, which here 
presents inaccessible escarpments. The valley is almost straight, and 
the sides parallel, without subdividing itself into considerable branches. 
The ice is shoved along this uniform canal, and receives a few tri
butaries from either side, which descend with great steepness. One 
which I remark~d on the right bank of the glacier, at a spot marked 
A on the map, descends at an angle, which, so far as I could ascertain 
it without being on its surface, was inclined 50°, and which is the 
steepest unbroken surface of ice I have ever seen. It descended a nar-

• The height of the Lac de Combat is, by my observation, 2091 feet above Counnayeur, 

or 6302 feet above the left. 
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row couloir from the Aiguilles Rouges (called Mont Suc by de Saus
sure,) from a great height. The narrowness of the valley makes it 
like an unfinished excavation intended to have cut the chain of Mont 
Blanc in two, and struck me with surprise, although I was some
what prepared for it after viewing the prodigious mass of solid matter 
which the glacier has poured out into the valley. It may be cited 
as a most striking instance of excavation by the ceaseless action of 
seemingly tritling causes. The continual fall of fragments detached 
from the neighbouring summits, loads the glacier with debris which it 
bears incessantly down from the head of the valley, and discharges 
into the Allee Blanche; and as we judge of the size of a quarry 
from viewing its rubbish heaps, 80 here we have the mould and the 
cast, the die and the relief, the matter transported and the spot of 
its excavation. 

I traversed the glacier in several directions with a view to examine 
its structure, and whilst standing on the moraine I saw a female chao 
mois and her calf cross the glacier, within a very short distance, to
wards the Aiguilles Rouges, nearly opposite the couloir markfld A. 
They were followed by eight full-grown chamois, which I could watch 
all at once. They were tame, and stopped frequently to look about 
them without apparent alarm, and took gently up the hill. They are 
almost never hunted here. Near this part of the glacier, and also on 
the face of the Aiguilles Rouges, at a very considerable height, a mine 
of lead and silver was worked for some years. It was a strangely wild 
position for the hope of gain to allure any speculators to establish them
selves. After the ore had been excavated and brought down the face 
of the cliffs, it had to be carried on men's backs for several miles over 
the ice before even a mule track was reached. 

Two principal medial moraines occupy the centre of the glacier, and, 
as usual, their magnitQ.de beeomes apparently greater the farther the 
glacier descends, owing to their exposure, by the melting of the ice, 
as I have elsewhere explained. The materials of these moraines are 
rather remarkable, and have been minutely described by De Saussure, 
who is the only author I have met with who describes this glacier. 
He particularizes a beautiful granitello,. composed of crystallized fel-
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spar and schorl; amianthus, of the fine short kind like delicate fur, 
mixed with quartz, and which occurs in all the cabinets of the minerals 
of Mont Blanc; several kinds of serpentine, and (what I have not 
seen,) carbonate of lime crystallized with quartz.· 

The tributary glaciers of the Miage, are, as already said, very steep. 
and sometimes pour their icy flood down unbroken, at other times they 
descend in a~ upon the main glacier, and become gradually and 
completely amalgamated with it. This is in the higher part, where the 
descending masses are rather of compact snow than ice. In this sense 
it is perfectly true, as stated by De Saussure, that. the glaciers are 
partly fed by avalanches, a position which has been too flatly contnr 
dicted. t Such js the feeder marked B on the map. After three 
hoUl'8' walk upon the ice, I reached a considerable height upon the 
north-western tributary of the glacier, which was in this part covered 
with snow, ,and, indeed, passed into the state of neve. I took the 
height of the barometer, and found the elevation above the sea, 
the highest which I attained upon this glacier, to be 8051 feet. 
I then crossed the head of the glacier, which was here wet with 
wide water ruJlS, and remarkably free from crevasses, and very care
fully examined the structure of the tributary glaciers, which fan into the 
principal glacier from the precipices of Mont Blanc. These afforded 
valuable studies of the manner of development of glacier structure, a 
subject which at the time particularly engaged my attention, and which 
I have since abund!mtly confirmed in similar cases. Each tributary is, 
in the .ftrBI instance, amorphous, without any apparent· structure, and 
confusedly thrown together in fragments, as it descends a steep and very 
uneven slope. As it approaches the foot of the steep, it accumulates 
upon itself in the ucorul stage of the process, and becomes a consoli-

* I may mention that earbonate of lime is found, though very rarely, in the granites in the 

very heart of the chain ; l1li at Lea Courtes, near the Jardin, on the Glacier du Talef're. An 
enormouB price _wed Iut BUmmer at Cbamouni for a Jarge el')'staJlized speeimen of thiB 

kind. 
t By De Charpentier and Ag&SBiz. 
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dated. glacier, in which a wavelike structure is developed, with con
vex ares on the surface, directed downwards, and the bands which 
form these ares, dipping iu"ards, and approaching horizontality, as the 
glacier approaches the level of the other. But after it has done so, 
and the tributary glacier no longer falls forwards, but has its advanc
ing motion resisted by the ice of the main stream, against which it is 
laterally forced, the structure planes become steeper, and they gradually 
assimilate themselves, in the lAird stage, to those of the main glacier, 
becoming erect, and repressing the o1ilers. This arrangement is shown 
in section in fig. 1, and in ground plan in fig. 2. These figures were 
drawn on the spot from the tributaries marked D, E, and F. It 
was from the examination of these that I first drew the conclusion, 
which I have since found to be quite general, that the structure of 
glaciers is developed from time to time, according to the conditions of 
the ice, that the structure of one part is not necessarily any modifica
tion of the structure of another, and that it is in vain to attempt to 
trace the stratification of the neve into the vertical bands of the 
middle glacier, or these into the conchoidal surfaces near the lower 
extremity. The appearance of fig. 2 occurs when the tributary is of 

1>, Fig. 1. Section. 
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Fig. 2. 
Plan. d 

Fig. :I. 

insignificant dimensions, compared to the primary glacier; its struc
ture is immediately overpowered, and becomes subject to the law of 
the preponderating one. But where the two streams are comparable 
in magnitude, the inosculation is more gradual, and the structure is a 
more complete mixture of the two. Such a condition is shown in fig. 3, 
which is the condition (for example) of the Glaci~r du TaMfn uniting 
with the Glacier de Leehaud. 
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In general, the structure of the glacier, whilst it is bounded by the 
chain of Mont Blanc, is well developed, both near the medial moraines, 
and near the sides, in nearly vertical planes, parallel to the length of 
the glacier. 

Near the promontory of the Montagne de 180 Broglia, round which 
the glacier sweeps, so as to tum f!harply into the Allee Blanche, the 
whole structure inclines from that promontory exactly as I have de
scribed in the case of the Mer de Glace, rounding the promontory of 
Les Echellets, and as is figured in the glacier section, No. IV., page 
166. The rocks are smoothed by the action of t.he glacier at several 
points on both sides. 

I was not satisfied with having traversed the upper and more level 
part of the glacier in its whole extent, but I resolved to follow the 
surface of the ice as far as possible, after it spreads itself abroad in the 
Allee Blanche, in order to examine its wonderful moraines, and if pos
sible to trace its structure. From a distance, this appears not to 
be very difficult, for the surface is not steep, its mean inclination in its 
middle part being about 5.°. Its immense extent, however, deceives 
the eye as to its inequalities, and I scarcely ever remember to have 
had a more laborious or rougher walk than the traverse of the lower 
part of the Glacier de Miage, which I followed down its centre to the spot 
where, as will be seen by the eye-sketch, it divides into two branches. 
This icy torrent, as spread out into the Allee Blanche, appeared to 
me to be 3. miles long and J. wide; but I am aware of the uncer
tainty of these measures. Alter struggling for a long time amongst 
fissures and moraines, I at length mounted a heap of blocks higher 
than the rest, and surveyed at leisure the wonderful scene of desolation, 
which might compare with that of chaos, around me. The fissures 
were numerous and large, not regular, like those of the Mer de Glace, 
traversing the glacier laterally, but so uneven, and at such angles, as 
often to leave nothing like a plain surface to the ice, but a series of 
unformed ridges, like the heaving of a sluggish mass struggling with 
intestine commotion, and tossing about over its surface, as if in sport, 
t.he stupendous blocks of granite which half choke its crevasses, and t.o 
which the traveller is often glad to cling when the glacier itself yields 

Digitized by Goog Ie 



A MORAINE DESCRIBED. 199 

him no farther passa..,ae. It is then that he surveys with astonishment 
the strange law of the ice-world, that stones always falling seem never 
to be absorbed-that, like the fable of Sisyphus reversed, the lumbering 
mass, ever falling, never arrives at the bottom, but seems urged by an 
unseen force still to ride on the highest pinnacles of the rugged surface. 
But let the ~destrian beware how he trusts to these huge masses, or 
considers them as stable. Yonder huge rock, which seems "fixed as 
Snowdon," and which interrupts his path along a narrow ridge of ice, 
having a gulf on either hand, is so nicely poised, "obsequious to the gent
lest touch," that the fall of a pebble, or the pressure of a passing foot, 
will shove it into one or other abyss, and, the chances are, may carry 
him along with it. Let him beware, too, how he treads on that 
gravelly bank, which seems to offer a rough and sure footing, for under
neath there is sure to be the most pellucid ice; and a light footstep there, 
which might not disturb a rocking stone, is pregnant with danger. All 
is on the eve of motion. Let him sit awhile, as I did, on the moraine 
of Miage, and watch the silent energy of the ice and the BUD. No 
animal ever passes, but yet the stillness of death is not there; the ice 
is cracking and straining onwards-the gravel slides over the bed to 
which it was frozen during the night, but now lubricated by the effect 
of sunshine. The fine sand detached loosens the gravel which it sup
ported, the gravel the little fragments, and the little fragments the 
great, till, after some preliminary noise, the thunder of clashing rocks 
is heard, which settle into the bottom of some crevasse, and all is again 
still. In walking over ordinary rugged ground or rocks, the presump
tion is, that the masses have become shaken into the position of stable 
equilibrium-that is, that if a block be moveable, it will tend to roll 
back to its former position. But, on the glacier, the conditions are 
exactly reversed, and the consequences are proportionably more serious. 

I had the satisfaction of perceiving, as I descended the glacier, that 
where it spread laterally, and at the same time fell forward, the struc
ture of the Glacier ofthe Rhone, and those of similar type, (see p. 30,) 
developed itself; the vertical bands bent round in front of the descend
ing glacier, and dipped inwards at the point marked H, at an angle 
of 65~, and at G, at an angle of 45°. Here the fissures become 100-
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. gi~udinal or radiating, and the ice still more difficult to traverse. 
Nearly the whole surface is covered with the moraine. The extreme 
difficulty of finding a path, prevented me from ascertaining its 
structure right and left, where it divides into two branches; but I 
have no doubt that in this, as in other similar cases, the divided 
streams have each the usual structure of a single glacier .. 

The bifurcation of the glacier does not appear to be the result of any 
fixed obstacle in the valley itself, which interrupts its progress. It is 
occasioned solely by the prodigious accnmulations of the medial mo
raines, which, having for ages discharged their contents in front of the 
glacier, at length accumulated a mound in the centre which parted the 
ice in two with less resistance than would have been required to shove 
the prodigious mass forward. Arrived at the point of separation, I 
looked from the edge of the glacier into a hollow or ravine several hun
dred feet deep, having very steep sides, composed entirely of the most 
massive blocks which the glacier has brought down, and which are 
pilM in vast confusion. Down these I scrambled with some labour, 
and found at the bottom, not the natural soil of the valley, but appar
ently the surface of an older moraine, which had spread wider, though 
not to 80 great a height. A stream struggles from amongst the 
blocks, and waters a small valley containing some stunted larches and 
alders, almost surrounded by the two arms of the glacier, whose mo
raines nearly meet below, hut the two streams do not again coalesce.
Into this wild enclosure a few sheep are annually driven. I then crossed 
the torrent, descending from the Glacier of Frene, which falls from 
the chain of Mont Blanc, but little below the moraine of Miage, and 
returned to Courmayeur by a pleasant path through the Chalets of 
Frene, on the same side of the valley. 

The Glacier of La Brenva may rank amongst the most accessible in 
the Alps. It descends more prominently into the lower valleys than 

• The Inwest part of the modem moraine is .5483 feet above tho -. or 1819 feet below 

the Lao de Comba!. 
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almost any with which I am acquainted, and may be very completely 
seen from a convenient mule-road which traverses the Allee Blancbe, 
at a distance of less than three miles from the village of Oour
mayeur. I have already mentioned the extreme beauty of the ride 
through the pine-woods which clothe the northem face of the Mont 
Ohetif, 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 are especially worthy of note in this magnificent 
glacier: its veined structure, and the remarkable changes of dimension 
which it has lately undergone. As I am not aware of any author wbo 
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 Brenva consists (as De Saussure so far very well 
described it) of two distinct parts; first, the rugged and fissured por
tion, which is quite 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 the craggy descent is interrupted by a great 
prominence of rock, over which the descending ice falls in avalan
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 changes 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 glacier; but has no pretensions to exact topography, not having 
been sketched with a view to publication. I ascended the glacier to a 
little way above the line a b, which I found to be 171 7 feet above 
Courmayeur, or a.t lca,st 1500 above the point where the Doirc 
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issues from beneath it. The mean slope of the glacier seeD from this 
point, looking downwards, is 12°. The first section shows the super
position of the powdery ice upon the glacier, which last is there tra
versed by almost vertical bands, well developed, and which I t~ced 
towards the centre, until lost beneath the other. 

The cause of the sudden twist in its direction, which, as will be 
seen by the sketch, the glacier takes when it issues from between the 
rocks, is 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 similar 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 e d, the parasitic glacier assumes a tolerable structure, and it is 
there clearly of the cup-shaped, or conchoidal form, described in page 30 . 
as belonging to the Glacier of the Rhone. This observation is important, 
as showing, that the arrangement of the structural bands in glaciers of 
the second order, is independent of the annual layers of the neve, (see 
page 32.) The superimposed glacier is here radially fissured like the 
Glacier of the Rhone. 

Between e d and 8 f, the parasitic glacier gradually disappears; the 
vertical bands of the fundamental glacier may there be seen to tum 
round, so as to present their edges across the glacier, and to dip in
wards at a considerable angle. (See figures, page 164.) In the centre 
of the line 8 f, the frontal dip inwards (see the longitudinal section 
attached to the Topographical Sketch) is 65°. Here the glacier is fiat
test. Its mean slope is 8°. I traversed carefully the breadth of the 
glacier; the sides being supported only by the moraines, the dip no 
longer approaches verticality. The structure planes at the sides dip 
inwards at 55°, as shown in the transverse section along 8 f. 

The next stage of the surface (marked !I in the plan) inclines 14°. 
The frontal dip inwards of the structure planes is here 30°. Opposite 
the chapel, at the point marked A. where the glacier is steE!p. but still 
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is at a considerable height above its lower termination, the frontal dip 
iuwards 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
graphed plan fully illustrate, it is hoped, the geometrical structure of 
this glacier, together with the superimposed one. It will be found to 
agree most accurately with what I have described 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, gives to this glacier a most beautiful appear
ance, as seen 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 ice of the glacier abuts against the foot of Mont Ohetif, 
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 the hill. Here 
the contact of the ice and soil is very well seen; and my friend ~. Ie 
Chanoine Oarrel of Aoste, with whom I walked several times in this 
neighbourhood, and who took an interest in such questions, discovered 
a point of contact between t~e 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 furnished with a strong axe, 
we proceeded together 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. Oarrel a piece of fixed rock opposed the ice, 
and was still partly covered by a protuberance of the glacier, which we 
speedily but gently cut away with the hatchet. The ice removed, a 
layer of fine mud covered the rock, 110t composed, however, alone of 
the clayey limestone mud, but of sharp sand, derived from the granitic 
moraines of the glacIer, and brought down with it Crom the opposite 
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side of the valley. Upon examining the face of the ice removed from 
contact with the rock, we found it M allover with sharp angnlar 
fragments, from the size of grains of sand to that of a cherry, or 
larger, of the same species of rock, and which were so firmly fixed in 
the ice as to demonstrate the impossibility of such a surface being 
forcibly urged forward without sawing and tearing any comparatively 
soft body which might be below it. Accordingly, it was not difficult 
to discover in the limestone the very grooves and scratches which were 
in the act of being made at the time by the pressure of the ice and its con
tained fragments of stone. By washing the surface of the limestone we 
found it delicately smoothed, and at the same time furrowed in the direc
tion in which the glacier was moving, that is, against the slope of the hill. 
We succeeded in detaching some fragments of the rock with hammers, 
having even the sharp sand adhering to it, which I afterwards secured 
with gum-water, in order to illustrate the exact condition of a rock 
subjected to glacier action. It would be impossible to catch nature 
more completely in the fact than in the observation just stated. I 
afterwards retumed with a skilful mason, who, with much labour, suc
ceeded in detaching several specimens of the striated and polished sur
face.. Not only was the limestone friable, but the cleavage being per
pendicular to the surface, rendered it impossible to obtain a slab of any 

extent. 
On the path leading to Courmayeur-a few minutes walk below where 

the glacier now ends-are some admirable specimens of ancient polished 
and striated surfaces of the same limestone, which it seems impossible 
to doubt were produced by the ice at a former period. 

So far as we eanjudge from the view which De Saussure has givent 
olthe Glacier of La Brenva, and which he 'states was drawn in 1767, 
we most infer that the glacier was then greatly less extensive than at 
present. It seems. almost certain that at that time the Doire did not 
pass tmder the glacier at all, but in front of it. He likewise mentions 

• Ono of dleeo speeimcn8 is deposited in the mUll('\lm of the Royal Society of Edinburgh. 

t ."oyagtt, Tom. ii., Plate II I. 
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the chapel to which I have referred as exactly opposite to the glacier, 
and which is indicated in the map under the name of Notre Dame de 
la Guerison. I t is also called Chapelle de Berrier. De Sauseure 
speaks of it as in rains in his time, having been allowed to go to decay 
on account of the superstitions to 'Which it gave rise.· It appears, how
ever, to have been rebuilt, and was again reduced to ruins, under much 
more remarkable circumstances. Its position relatively to the glacier 
at the present time will best be judged of from Plate IV., which gives 
a view of it as seen from near Ent..eTeB, looking up the course of the 
Doire from below. The position of the modem chapel will be obse"ed 
on a rock at a great height above the glacier, on the left hand, near an 
aged larch tree. The height of this rock is about 300 feet. Look
ing at that view, it will scarcely be believed that the glacier attained, 
only twenty-four years ago, so enormous a size as to have risen up to 
the level of that rock, (which is of limestone,) and to have worked with 
such tremendous force upon the promontory on which the old chapel 
stood, built upon the rock itself, not fifty yards from the present one, 
as actually to have heaved both rock and building to such a degree as 
to fill both with fissures, 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 now 
easy to establish them beyond a doubt; and I have thought it well 
to do so on account of their great interest. That a series of com
paratively cold seasons should have produced so enormous an increase 
in the unmelted portion of a glacier, is a fact of the highest import
ance to any speculations as to the circumstances under which gla
ciers might be enormously more extended than at present. So far 
was there from being any fllaf'ked change of climate at the period when 
this and many other glaciers were undergoing an enormous enlarge
ment, that, for the five years preceding 1818, when the glacier of la 
Brenva attained its greatest size, the mean temperature at Geneva was 

7°. 61 Reaumur, whilst the mean of the last forty years has been 

• voyagu, § 8M;. 
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7°. 75,·-80 difference of not one-tAird of a degree of Fahrenheit. This 
difference is so insignificant, that it is most likely that the increase of 
the glaciers at that time, depended rather upon an increased fall of 
snow, than upon any change of temperature. 

The height of the ice was such in 1818, that the glacier rose up 
against the opposing wall of rock, until it covered the path, as Captain 
Hall attests;t and I was assured by eye-witnesses, that the hermitage 
connected with the cha.pel was suppJied with water from a conduit, 
which descended from the ice of the glacier, which then had a higher 
level. 

I obtained from the Syndic of Courmayeur a certificate, in the follow
ing terms, of the fact being entered in the archives of the commune :
" J e sous-signe, Syndic de Courmayeur, declare apres 180 verification 
sur les registres des archives du present lieu, que 180 chapelle de Berrier 
a cote du glacier de 180 Brenva a ete ecrouIee en 1818, dans l' endroit 
oil elle etoit ba.tie anciennement, par l'accroissement du dit glacier, qui 
etoit monte au niveau de la dite chapelle; que 1a N~tre Dame a ete 
transportee dans l'Eg1ise de cette Commune oil elle y resta pendant 
deux ou trois ans environ, et que 180 dite Chapelle fut rebatie dans 
l'endroit oil elle 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 slightest doubt of the extent and cause 
of the damage.! Indeed, the force by which the strata of limestone, 
forming the promontory, have been dislocated and rent asunder, is 
abundantly evident by inspection. 

Tradition relates that the glacier in former times did not occupy the 
bottom of the valley, which was then covered with meadows and fields. 
My guide imparted to me the following story, which I give as I re
ceived it:-

• Dove, TemperamrvertheUung auf der Erda, p. 26. 
t Patchwork, vol. i. p. 108. 

• ~ :t He Bays," Je l'ai trouv!! I!croullfe par Ia force du glacier, d,oU il J'e81l1&e de tou&e nl!eeB
siU de Ia retablir, puiequ'il n'existe que lea ruinee." 
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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 . .J ean de Pertns, which was then 
overhung by the Glacier of La Brenva, instead of keeping the flte, 
pursued their worldly occupations :-the hay is dry, they said; the 
weather is fine; let us secure it. But the sacrilege was soon punished. 
Next day the glacier descended in a moment, and swallowed up the 
village with its inhabitants. My guide added, in proof of the existence 
of this buried hamlet, that a person now living at Oourmayeur, having 
gone, when a child of seven years old, with many others, for devotion, 
to the Chapel of Berrier, overlooking the glacier, heard the cha,!nting 
of vespers from under the ice, and saw a procession come out and ra-
turn; but the vision was only seen by the child, for when he called 
the attention of the others to it, they beheld and heard nothing. 
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CHAPTER XI. 

ENVIRONS OF COURMA YEUR-GEOLOGY. 

MINRlUL SPRINGS OF COURMAYEUR AND 8T. DIDIER-REMARKABLE RELATI0~8 
OF LIMESTONE AND GRANITE IN THE VAL FKRRET--MONTAGNE DE LA 8AXE 
--CROIX DE LA DERN ADA AND MONT OHETIF-8YMMETRY OF THE GEOLOGY -... 
ON EITHER SIDE OF THE ALP8-A80ENT OF THE CRAMONT--OBSERVATIONS 
ON SOLAR RADIA1'ON. 

COURMAYEUR, by twenty-four corresponding barometrical observations 
which I have made, is 876.5 metres, or 2776 English feet above 
Geneva, and therefore 4211 above the sea. It is the highest consider
able village in the great valley of Aosta, which takes its origin in the 
Allee Blanche and Val Ferret, at the southern foot of Mont Blanc, 
and merges into the valley of the Po at Ivrea. I t is frequented by 
the Piedmontese in considerable numbers every summer, both on 
aecount of the mineral springs in its neighbourhood, and for the sake 
of the exquisite freshness of its climate. A more complete contrast, than 
between the walks of Courmayeur and the streets of Turin, in the 
month of July, it is hardly possible to conceive. 

All who have visited this 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 Allee Blanche; the Col du Geant; the Col Ferret; 
and the Col de Serene, leading to the Great St. Bernard. I have 
travelled over all of these but the last, and several of them more than 
once. Consequently my visits to Courmayeur have been frequent; but it 
was only in 1842 that I made any stay there. I devoted a fortnight to 
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explore its most interesting neighbourhood. At present, I shall only 
describe a few of the most prominent points chiefly connected with its 
geology. 

The occurrence of mineral waters first strikes us. This is a pheno
menon peculiarly interesting in a geological point of view, for it very 
generally happens that the appearance of mineral springs, especially if 
warm, indicates a great disturbance of the strata, and very generally 
the appearance of what are called inlralif16 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 C<'ntact of granite with stratified rocks. - The 
springs near Courmayeur have been described by De Saussure, and I 
have little to add respecting them. The waters of La Victoire and La 
Marguerite rise from alluvium, and are ·saline and purgative. The 
waters of La Saxe rise in the defile by which the Doire issues from the 
base of Mont Blanc, exactly at the junction of the limestone strata. 
with a remarkable mass of granite presently to be mentioned. They 
are sulphnreous, and are used both for baths and internally; but the 
bathing establishment is rather mean. All the above springs are cold. 
Four miles below Courmayeur, at St. Didier, is another bathing house 
fonnerly much more frequented, and which is supplied by a hot spring 
which issues in the deep and picturesque ravine immediately adjoining, 
through which a torrent descends from the Little St. Bernard. The 
spring is. conveyed ~y through a subterraneous gallery. In 1839 
when I visited the source, I found the temperature to be 95°.0 Fabr., 
or 28° Reaumur: De Saussure found it be 27°.0 R. 

The relations of the limestone and granite in the neighbourhood of 
Courmayeur are very interesting and remarkable, and oft'er so strik
ing an analogy to the phenomena of the same kind seen on the northem 
side of the Alps, that we cannot but regard them as important with 
respect to the formation of this chain. The Topographical Sketch, and 
Section No. III. are intended to illustrate these peculiarities. I 

• PAibopAical TrallllUtiotu, 1836. 

o 
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had observed on my former visits to Courmayeur that there were 
appearances of limestone dipping under the granite of Mont Blanc, or 
rather of the Grande J orasse on the north side of the Val Ferret. 
This I was enabled fully to establish, on my last visit, at several points. 
I obtained an excellent section by passing the moraine of the Glacier of 
La Brenva to the west of Entreves, and 88cending the ravine, marked 
on the sketch, between that village and the glacier. There is there a 
oomplete superposition of gneiss to li88 shale forming a precise counter
part to that described in page 66, 88 occurring under the Aiguille du 
Bochard at Ohamouni, and forming a portion of the fan· shaped strati
fication exhibited in the section, and which had been so far anticipated 
by De Saussure and M. Necker. In the ravine now mentioned the 
junction may be traced for a long way towards the centre of the chain, 
the line of contact between the limestone and the overlying Protogine 
or Gneiss, being inclined in the higher part ot the section 38° to the 
horizon, (dipping. north-west,) and in the lower part of the section 60°. 
The strata are therefore bent at the junction, but at a little distance 
they have a pretty uniform north-west dip of 38°. 

There is no difficulty in reaching the junction. The limestone shale 
is altered and crystalline near the contact. The gneiss is altered also. 
These phenomena bear the most striking analogy with those which I 
have seen in the Alps of Dauphine, and which have been so well 
described by M. Elle de Beaumont. The junction may be traced nearly 
88 far 88 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, is also of limestone, which dips' under the granite of the Col 
du Geant, and a close examination would, I have no doubt, give proofs 
of the same thing all along the north side of the Val Ferret 88 far 88 
the Col of that name, where the limestone becomes nearly vertical. 

This analogy in the arrangement of the rocks on either side of the 
great chain is not the only one, for on either side of Mont Blanc is a 
secondary range also composed partly of granite. The Aiguilles Rouges 
(which however are not included in the l:Iection) are granitic, although 
separated from the main chain by the limestones of the valley of Cha
monni, and the Mont Chetif, and part of the opposing Montagne de la 
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Saxe near Courmayeur are in like manner granitic. The form of the lat
ter 1D8S8, as shown in the section, is a great tabular body of imperfect 
granite, greenish, slaty, and containing an excess of quartz, with lime
stone 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 limestone M ~ MDOI Blanc, 
consequently, the limestones on the two sides of the Va1 Ferret rise to
wards the axis of that valley,---a very remarkable arrangement. The 
tabular mass of Mont Chetif is cut through by the Doire at the baths or 
La Saxe, where there is an excellent section: the granite is then lost 
under the Montagne de la Saxe ~ the eastward, which is chiefly com
posed of limestone which envelopes the granite, and is also covered with 
herbage. I had however remarked a summit parallel to the axis of Mont 

Blanc, on the eastern part or the ridge of this hill, which I suspected 
to be granite, and having made an excursion on purpose, I found my 
conjecture to be confirmed. This summit is called La Croix de la Ber
nada; it may be easily reached either from the Va1 Ferret, or from the 
little valley or La Saxe. Farther east the granite is again lost under 
the limestone. The general dip or the limestone mountains farther 
from the main chain is towards the south-east. 

In returning from the Croix de la Bernada by the Val It'erret, I 
observed a very remarkable accumulation or debris or granite which 
occupies the bottom or the valley to a great depth, and which has been 
evidently cut in two by the river, the deposit being of Alpine boulders 
resembling a moraine, which lie heaped upon the north side of the 
Mont30"lle de la Saxe, as shown in the section already 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 Frety, 
which have now retreated towards the Alpine summits, once filled the 
entire space below, and transported these debris. They are deposited 
close to the sudden turn of the river between the vat Ferret and the 
batbs of La. Saxe. 
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I made another excursion towards the Mont Ohetif to determine the 
relations of the granite in that quarter. I ascended the little valley above 
the village of Dolina, marked in the sketch behind the Mont Ohetif, 
until I reached a color passage which leads into the Allee Blanche, and 
which commands a magnificent view of the range of Mont Blanc. 
This is called the 001 de Ohecruit. I had here an opportunity of 
examining the granite of the ridge on which I stood, and of seeing it 
disappear to the westward under the limestone, which it has greatly 
altered just at the 001. It is impossible to trace the connection of the 
granite of Mont Ohetif with that of Mont Blanc, owing to the mass of 
debris and verdure with which the north slope is covered. I apprehend, 
however, that there is an undoubted connection between the granite of 
Mont Peteret and that of Mont Ohetif, and that it crosses the valley 
in that place. The last exposed limestone is seen (as observed in the 
last chapter) on the south side of the valley just opposite to the Glacier 
of La Brenva. 

From the Col de Ohecruit, I saw very distinctly the dip of the 
limestone of Mont Frety, under the granite of the Col du Geant, 
which I afterwards confirmed on the spot. The descent into the 
Allee Blanche, through some of the finest pine forests in the Alps, is 
a most interesting walk. Every one 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 an exception, and whilst those in the valley 
of Courmayeur and La Thuille, are very generally in a dying state, 
from some cause which seems not to be understood,-these are flour
ishing. Several encampments of charcoal bumers are met with dur
ing the descent; and the latter part of the walk may be performed 
along a conduit of water through the wood, from which, at intervals, 
the noblest views of the unequalled range of mountains and gJa,.. 
ciers beyond, and in both directions, may be obtained. The path 
of the Allee Blanche being reached, I retumed to Oourmayeur by La 
Saxe. 

De Saussure mentions the granite of La Saxe, though he does not 
advert to the peculiarity of its position, as respects the great chain. 
He notices, however, what he calls, " La superposition monstreuse des 
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roches primitives sur les secondaires, .". at La Saxe. In the haste and 
exhaustion with which he descended from the Col du Geant, t he pro
bablyomitted to examine the rocks of Mont Frety. M. Sismonda, 
the able geologist of Turin, mentions! the superposition of granite to 
limestone at Pra Sacco, beneath the Grande J orasse, 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 one of the best known excursions near 
Courmayeur. The great object is to command the complete view of 
the 80uthern precipices of Mont Blanc and the adjoining chain. Its 
elevation is considerable, being, according to my observations, 4932 
feet above Courmayeur, and by contemporaneous observations at Aosta, 
I find it to be 9081 English feet (2768 metres) above the sea. The 
route usually followed is, to descend the valley of the Doire as far as 
Pre St. Didier, and to ascend the 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 8Outh. On the pre
sent occasion, I walked down to St. Didier in the evening, in company 
with M. Carrel, whom I have already mentioned, and having gone to 
bed for a few hours, we started by starlight, in a beautiful morning, at 
half-past three A. 111., 80 as to gain the summit early. The first stage 
of the journey is on the mule-path of the Little St. Bernard, which 
rapidly ascends the ravine whence the hot spring i88ues, 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 Jorasse, 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 insensibly above the level of the adjoining 
hills. At length, the highest irrigation is passed, and a full hour's 

------~~~-- ------------ --~--

• Vogagtl, § 881. t Voyagu, § 2034. 
:: Memoria sui Terreni stratificati delle Alpi, di Angelo SislDonda, p. 12. 
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ascent remains, over the short turf, by which the top of t.he Cramont 
may easily be reached in four hours from St. Didier. I was so fully 
imbued with De Saussure's enthusiastic picture of the grandeur of the 
station, that I was a little disappointed to find it, not only equalled in 
height by some others in the neighbourhood, but overtopped by one, also 
of limestone, which stands between the Cramont and the Allee Blanche, 
effectually preventing the eye from diving into its depths, and thus 
measuring Mont Blanc at once from top to bottom, as is the ease in 
the view from the Breven, 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 De Saussure, lies 
nearly west from the Cramont, and at the head of the valley whose 
streamlet passes Dolina. See the Topographical Sketch, No. III. It is, 
in fact, the prolongation of the Mont ChetU and Col de Checruit, and 
separates that valley from the Allee Blanche. The ascent is obviously 
easy and direct, much more so than that of the Cramont; the height 
is greater: it is nearer Mont Blanc, and commands completely the 
Allee Blanche and its glaciers. On all these accounts, 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 Cramont is part of the limestone group, whose strata dip south
wards, and the northern face being composed of the broken edges, is 
extremely abrupt. A ragged 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 considerable collection of meteorological instruments; 
for my intention was to spend the entire day upon the top, in order 
to observe the force of solar radiation. It is a familiar fact to moun
taineers, that the sun's rays have an intensity and energy at great 
heights, which they entirely want on the plains. At first, this might 
be supposed imaginary, or to result from the reflection of the heat by 
the snow. On a station like the Cramont, where there is no permanent 
snow, this error is avoidoo; and no one who has compared the effect 
of a single day's exposure amongst the Alps, in discolouring the hands 
and face, with that of the hottest weather at Paris or Marseilles, will 
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be disposed to question the former assertion. The difference admits 
of being shown instrumentally, by means of the valuable apparatus, 
called an actinometer, invented by Sir John Herschel, and I was pro
vided with two of these instruments on the present occasion. My object 
was, in completion of some experiments made in former years, in other 
parts of the Alps, to ascertain the varying solar force at different hours 
ofthe day, at a height and at a season of the year in which the sun's 
rays travel through the atmosphere with least resistance.· I had, 
accordingly, brought these instruments on: purpose from England, and 
I sought this hill in the month oC July, soon after the solstice, for no 
other purpose. But such experiments are attended with numberless 
chances of disappointment. The day, though fine and bright, was by 
no means so cloudless as to warrant any conclusions from the experi
ments, which I continued every hour from 8 A. lI. to 5 P. )l., the whole 
of which time I spent upon the summit of the mountain. I had, 
therefore, abundance oC time to surv~y the magnificent panorama by 
which I was surrounded; and having brought up a very good telescope 
by Tulley, of 2-1 inches aperture, with a tripod stand, I could inspect 
minutely the forms and details, both of the nearer and more distant 
objects,-Mont Blane, with its glaciers; the pass of the 001 du Geant, 
exactly opposite to me, on which, with the glass, I could discover 
almost every step, and every difficulty of the road; and to the east
wards, the summits oC Mont Cervin and Monte Rosa especially en
gaged my attention. 

As it was now late, I proposed to Proment (M. Carrel had left us 
early) to descend to Courmayeur by the rocks. He had not beCore 
done it; but we found little difficulty in discovering a most direct and 
not dangerous passage of the cliff, which is here at least 1500 Ceet 
high. Observing the limit of the larch in the valley of Oourmayeur 
to be remarkably well defined, I took the level of it, which I found to 

be 7200 Ceet above the sea. From this point, the walk to Oourmayeur 
was easy and pleasant, and remarkably direct. 

• See a paper on &his IlUbjeet in the Philosophical Transactions lor 1842, being the 
BakeriaD Lecture lor that year. Set' alao Appendix, No. III. 
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CHAPTER XII. 

THE PASSAGE OF THE COL DU GEANT. 

PA88. OP THB CHAIN OP MONT BLANC-HISTORY OP THIS PA8&--PRBLllIIINARY 

OB8TACLBII--DBPARTURB PBOJI COURJlAYBUR-ABCBNT OP MONT FRBTY

BXPERDIBNT ON THB COMPARATIVIIlINTBNSITY OP MOONLIGHT, TWILIGHT, 

AND THAT OP A TOTAL BCLlPBB--GRANITB AND GRANITB BLOCKS OP JlONT 

FRBTY-ARBIVAL ON THB OOL--'l'llB VIBW-HISTORY OP DB SAUBBURB'S 

1OI0URN-AND OP HIS OBBBRVATlON&--THB DBBCBNT--DIPPICULTIBB OP 

THB GLACIBR-FOLLOW THB TRACK OP A cuAJlOI8--BBACH THB MBB DB 

GLACB--JlONTANVBRT. 

And followed where the flying chamois leaps 
A_ the dark blne rift&, the unCathom'd glacier deeps. 

HIllUN .. 

To chain of which Mont Blanc forms the culminating point has 
a very peculiar structure, and is connected in a remarkable manner 
with the great chain of Alps. One would hardly guess from the com
mon maps, that Mont Blanc, and its adjacent tributaries, form a kind 
of oval group rather than a portion of a line oC mountain continuous 
from the Mediterranean to the Tyrol, such as the Alps are usually 
represented. In length this group extends from the Col du Bonhomme, 
on the confines of the Tarentaise, to the Mont Oatogne, in the valley 
of St. Branchier, above Martigny, a distance of thirty English miles 
in a north-east and south-west direction, whilst its breadth at right 
angles to the former, from (,'hamouni to Oourmayeur, is only thirteen 
English miles. Now to perform these thirteen miles, a tedious journey 
of two days (one of them of nearly 12. hours' walking,) is necessary, 
because this chain or group, beUrg, generally speaking, impassable, 
must be gone round. 
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To avoid so great a circuit, the Col du G~ant offers the shortest pas
sage from the one valley to the other. It forms the crest of the chain, 
where the western branch of the Mer de Glace takes its rise; and, 
notwithstanding its immense height, it would probably be frequented 
but for the dangers of the glacier on its northern side. A tradition, 
common to this, and many other passes of the Alps, states, that for
merly the glacier was less formidable, and that communication was not 
unfrequent between ohamouni and Oourmayeur. - This has not occur
red, however, within some centuries from the present time. The passage 
of the Col du G&nt appears to have been reckoned impracticable as 
late as 1781. M. Bourrit, writing in that year, and speaking of the 
aspect of that branch of the Mer de Glace of Ohamouni called the 
Glacier du Tacul, says, with respect to the crevasses :-" Elles sont si 
efFroyables qu'elles font desesperer de retrouver jamais 1& route qui 
conduisait a la Val d'A08te."t De Saussure, in the second volume of 
his travels, speaking of the Glacier dn Tacnl, does not say one word of 
this historical passage of the Alps, thongh he seems to have thought it 
just possible that the summit of Mont Blanc might be gained in this 
direction; t and, in the fourth volume, written some years later, when 
about to give an account of his memorable residence on the 001 du 
Geant, he speaks of " 1& route nouvellement decouverte," II from Oha
mouni to oourmayeur. This was in 1788. 

There is said to be a passage which bas been effected from the Gla
cier de Miage, which penetrates very deeply indeed on the south side 
of the chain of Mont Blanc, to the valley of Contamines, by the gla
cier also bearing the name of Miage, on the north side; but I have 
no accurate information of its accomplishment, and the appearance of 
the bead of the glacier on the south side gives little encouragement to 
the attempt. 

One other passage of the chain has, however, been made, and that 
is by the Glaci~r of Le Tour, near the Col de Balme, descending by 
the Glacier of Salena into the Vat Ferret. This was discovered a few 

--------------------------

• BoURRIT, V"!I"!lc" 1.,72. 
:: ~ 629. 

t lb., 1., 101i. 

" ~ 202.5. 
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years since by a gnide of Chamouni, named Meunier. It cannot be 
very long, and is probably not very dangerous. 

Such are the only known passes of this wild country. 
I was induced to undertake the passage of the Col du Geant, chiefly 

for two reasons; in the first place, from a desire which I had long 
entertained to visit a spot rendered memorable by De Saussurs's ex
traordinary residence, and admirable observations; and, secondly, 
having occasion, on other grounds, to visit Courmayeur, and to retum 
to Chamouni, I preferred any altemative to that of experiencing 'once 
more the tedium of either of the circuits, by the Ools de Bonhomme 
and La Seigne, on the one hand, or the Cols de Ferret and Halme 
on the other. I had already traversed the former three times on foot 
in different years; and, though I had passed the latter only once, I 
wished to avoid the repetition of 80 long and dull a route. 

Accordingly, having reached Courmayeur, in the beginning of July 
1842, by the Col de Bonhomme, in order to, go to Turin to see the 
total eclipse of the sun, my resolution was taken to retum by the 001 
du Geant. 

The guides of Courmayeur were, with one exception, unacquainted 
with the passage. I therefore wrote to Chamouni about the middle of 
July, desiring myoid gnide, Jean Marie Couttet, who knew the pas
sage well, to come by the Col de Bonhomme, on the 19th, to be ready 
to retum bY' the Geant on the 20th. I had previously ascertained 
that my guide of Courmayeur, Antoine Proment, would consent to 
undertake ihe passage with a single competent gnide of Chamouni, for 
I had seen so much of the uselessness and inconvenience of numerous 
gnides on such expeditions, that I resolved to take two only. Another 
item of expense and trouble was saved at the suggestion of Proment. 
Hitherto the passage had, in every instance, been effected in two days. 
In starting from Chamouni, the Tacul was the place of the first night's 
bivouac; and, in the one or two passages which lrave been made 
from the side of Courmayeur, the travellers had slept, or at least laiR 
on the exposed and almost precipitous face on the southem ascent, 
which offers no spot at all adapted for the most indifferent night's quar
teN. Proment suggested passing the 001 without any halt, as the 
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first part of the way, being without danger, might be perfol\lled in thtl 
dark. I determined, accordingly, to leave Courmayeur in the night, 
and to reach 001 soon after sunrise, or at least before the morning 
was far advanced. 

Couttet arrived a day before his time, and the day of his arrival 
was also the last of fine weather, which had continued almost without 
interruption for a month. The south wind began to blow, the. dew 
point rose, fogs covered the range of the Oramont, and formed a 

. belt along the chain of Mont Blanc, and it was but too evident that 
the weather was deranged for some days. The provisions were ready, 
the guides astir, and I was called at midnight of the 19th, to cOnsult 
upon the state of the weather; when it was unanimously agreed to be 
unfit for such an expedition. A repetition of the same occurrences 
took place for several successive days and nights. I was immoveably 
fixed in my purpose to return by no other route, and as resolute not to 
attempt the Pass but with the finest weather. Proment, who was at 
home, bore the tantalizing delay philosophically enough, but Couttet 
Cretted himself into such a state of impatience, that I believed he would 
have left me, and returned to Chamouni. Sometimes he urged me to 
depart, whatever might be the weather; but, when the hour of mid
night came, and the council was called, his better sense warned him 
not to make so rash an attempt; then he tried to induce me to give up 
the plan, and return by the Bonhomme ;-anything to avoid the ennui 
of Oourmayeur. But I was inflexible. The 20th, 21st, and 22d JUly 
were spent thus. On the evening of the latter day, the weather gave 
a promise of mending, whilst the snow which had fallen on the 001, 
and even a great deal lower, gave the prospect of some inconvenience 
from the cold, and increased difficulty in passing th __ glacier. Couttet 
put these prominently before me, as the last temptation to abandon my 
project; but, finding me resolute, he made up his mind for departure 
that night, good "or bad. 

I was called a little after midnight, between the 22d and 23d July, 
and to my inexpressible satisfaction, I beheld a m~O'Jlificent calm night, 
illuminated by a moon just full. I had sent oft' by an opportunity 
some days before my heavier luggage, so that my pacquct was soon 
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made. I carried, as usual, my barometer, hammer, compass, and tele
seope; one guide took my little knapsack, and the other a similar one 
containing provisions. I took some soup before departing; and we 
were detained, and my temper a little rufBed, by the stale imposition 
of a supplementary bill, containing items left out by inadvertence in 
the regular account paid the night before, which was presented to me 
at one o'clock in the morning, when remonstrance and appeal were alike 
unavailing. Travellers who undertake expeditions beyond the com
mon run of excursions, cannot be too much put upon their guard against 
the systematic extortion of innkeepers, seconded by the love of indul
gence of their guides. The better way would be to let the guides pay 
for themselves in every case. 

Being fairly on foot at 30 minutes past 1 A.M. of the 23d July, my 
ill-humour was soon dissipated by the exquisite beauty of the scene 
which the valley of Oourmayeur presented. The (ull moon was riding 
at its highest noon in a cloudless sky-the air calm and slightly fresh, 
blowing very gently down the valley. The village and neighbourhood 
lay, of course, in all the stillness of the dead of night; and as I headed 
our little caravan, and walked musingly up the familiar road which led 
to the Allee Blanche and the foot of Mont Blanc,-that vast wall of 
mountain, crowned with its etemal glaciers, seemed to raise itself aloft, 
and to close in the narrow and half shaded valley of Oourmayeur, ver
dant with all the luxuriance of summer, and smelling freshly after the 
lately fallen rain. Of all the views in the Alps, few, if any, can, to 
my mind, be compared with the majesty of this, and seen at such a 
moment, and with the pleasing excitement of thinking, that within a 
few hours I hoped to be standing on the very icy battlements which 
now rose so proudly and so inaccessibly, it may be believed that I had . 
never before regarded it with so much complacency. 

Having left the baths of La Saxe on our right, we crossed the stream 
descending from the Val Ferret, and skirting the village of Entreves 
under the guidance of Proment, who knew the bye-paths through the 
fields, we gained, after about an hour of pleasant walking, the woods ot 
larch which clothe the south-eastem foot of the Mont Frety, as the 
pasture-mountain is called, above which the Col du Geant stands. 
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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 
are of considerable size, and every now and then from between their 
trunks, I caught an admirable peep of the still soenery of the low coun
try, bathed in moonlight, whilst, as we gradually but steadily.ascended, 
our progress. was measured by the successive hills or mountains which 
we left below our level: first, the Montagne de la Saxe--then the Pain 
de Suore -finally, the Cramont itself sunk its head amongst more 
distant ranges of hills. Oouttet had now taken the lead, and kept 
going steadily up hill at a very easy measured pace, but without the 
least intermission. In this way, admirable progress iii made; the 
mind yields to the monotony of the exertion, and ceases to measure 
time, or to long for a remission of so moderate an effort. The footing 
being easy, no annoyanoe was felt from the want of full daylight, and 
the eye was left generally free to dwell on the objects around. 

Two hours had passed from the time of starting before we emerged 
from the lareh wood upon the bare slope of Mont Fraty. Twilight was 
beginning to make evident progress in the serene sky above the Col 
Ferret; The moon was still high in the south-west, 20° or 25° above 
the horizon; and I was curious to notice the relative intensity of the 
moonlight and the dawn with reference to Bome experiments which 
I had made during the total eclipse of the sun a fortnight before. 
On that occasion, the light permitted me tb distinguish small print 
with difficulty in the open air, and I think I could not have read 
writing. I compared it afterwards to the darkness in a clear even
ing one and a quarter to one and a half hours after sunset. The 
moonlight now was evidently incomparably brighter than the light 
of the eclipsed sun, and enabled me to read writing easily. As we 
aseended 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 moment when it should appear equally legible 
by either. The difference of colour of the light caused some difficulty. 
It was the contrary of what we usually perceive: the moonlight seemed 
yellow and warm, the dawn was cold and grey. This was evidently no 
illusion, and arose from the quantity of blue rays reflected by the large 
surface of sky whence the twilight was derived. At 3 h. 30 m. A.M., I 
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judged the two lights to be equal, and in a very few minutes the dawn 
had so manifestly gained upon the other, that it showed the method 
to be susceptible of some accuracy. Now, the summit of Mont Blanc 
was not touched by the sun unti14h. 20 m. or 50 minutes later. This 
correspon!ie sufficiently well with my former estimate of the darkness 
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 minutes 
before sunrise (in the month of July) is than the dawn 50 minutea be
fore sunrise, whi~h is probably not much more than a fourth part. 

This little experiment required no delay, and we kept alwaya ad
vancing. The Mont Frety projects considerably towards Courmayeur 
from the great chain, although, viewed from below, it seem an almost 
precipitous slope. There is a ravine on either hand, the highest por
tion of which contains a glacier-the Glacier du Mont Frety on the 
west, and the Glacier d'Entreves on the right.· What may be called 
the summit of Mont Frety ia a green pasturage, interspersed with 
enormous blocks. By frequent examination from below with a tele
scope, I had satisfied myself that the upper part was of granite, over
lying strata of limestone, which dipped inwards at a considerable angle, 
and also that the blocks on the summit were granitic masses removed 
from some 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 the granite to the limestone. 
As I approached the level of the scattered blocks of granite, I was struck 
by the peculiarity of their poaition. These enormous masses lie on an 
isolated ridge of very little extent, and on a steep declivity. There 
are ravines on either hand; precipices above, and the valley nearly 
3000 feet below. The level at which they occur is very remarkably 
preserved; and without by any means vouching for the explanation, 
they seem to me not to have alighted on this promontory in the course 
of rolling down from the clift's above, which is scarcely probable, but 
rather to have been depoaited by the glaciers descending on either 
hand. If those glaciers formerly reached the valley beneath-which 
is not unlikely-they probably occasioned the remarkable depoait of 

• Tbese are the DaIlIes given by De SaU88ure, § 2035. 
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boulders exactly opposite to Mont Frety, on the farthest or south 
side of the torrent of Val Ferret, described in the last chapter. The 
section 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 Oourmayeur very interesting to the geologist. I 
have only to add, that the granite of the boulders on Mont Frety does 
not resemble the rock on which they lie, being more crystalline, and 
evidently derived from the neighbourhood of ·the 001 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 the foot of the final ascent after three hours of 
continuous walking without any pause, we halted by a spring to break 
our fast at 30 minutes past 4. 

The SUD was just about to rise, and this was the coldest period of 
the morning; at the height which we had now reached the frost was 
pretty intense, and the herbage white 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 dangerous. I had so completely studied 
the route with the telescope from the Oramont, * that I should have had 
no difficulty in, selecting, had it been necessary, the easiest path. 
There was but one point where it was necessary to touch the snow, 
and that 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 Oouttet felt his breathing a little 
affected, though not distressingly so. This is a symptom very com
mon, and depending much upon the state of health at the time. I 
scarcely felt it even at the top; but in 1841 I was distinctly incom-

• The vignette on the next page gives an imperfect representation of the II8CeIlt of the 
Col du Gt!ant as seen from the Cramont. It is, however, somewhat deficient both in clear
UI'8II and accuracy. 
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moded at a lower level on the ascent oC the J ungfrau. The guides 
say that it depends upon the state of the air; and David Conttet has 
assured me, that on some days, he and his brother have simultaneoully 
Celt inconvenience from the action of the lungs at very moderate eleva

tions. Continuing steadily to 
mount, and invigorated rather 
than incommoded by the sun's 
rays, which now began to beat 
upon us, we reached the sum
mit with scarcely any halt at 
20 minutes past 7 A.X., or in 
5 hours 50 minutes from Cour
mayeur. The vertical elevation 
is 7000 English feet, and it 
never before occurred to me to 
make a long ascent so nearly 
in one right line. The point 
at which we arrived, (marked a 

in the sketch) is the very lowest 
point of the chain, and is pre
ciselyat De Saussure's station. 

The disagreeable feeling of cold had now entirely subsided. The 
sun's rays had taken off the frosty chill, though, in consequence of 
our increased height, the thermometer was only 29°, we established 
ourselves, nevertheless, not uncomfortably, in a hollow oC the rock 
facing the south, where we could rest after this, the most toilsome, 
though not the most difficult part of the day's work, and su"ey the 
astonishing prospect which was spread out before us. 

We were at a height of 11,140 feet above the sea. It is very rare 
to be at this elevation at so early an hour as seven in the morning, and 
still rarer to combine this essential for a distant prospect with such 
magnificent weather as the day in question afforded. The atmosphere 
was, perhaps, as the event proved, too clear for very permanently 
fine weather,-not a eloud-!not even a vapour was visible. The air 
of this lofty region was in the most tranquil state. Range over 
range of the Alps, to the east, south, and west, . rose before us, with a 
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perfect deftnition up to the extreme limit which the actual horizon 
permitted us to see. Never in my liCe have I seen a distant mountain 
view in the perfection that I did this, and yet I have often been upon 
the alert to gain the summits before the hazy veil of day had spread 
itself. 

Perhaps it enhanced my admiration of the seene, that a great part 
of the labyrinth oC mountains were familiar in their forms to my eye, 
and that from having penetrated many of their recesses in different 
journeys, this wide glance filled my mind with a pleasing confusion of 
the images of grandeur and beauty which had been laboriously gathered 
during many pedestrian tours, whose course and bounds I now over
looked at a glance., To the eastward, the Mont Oervin, with its 
obelisk form, never to be mistaken, presented evidently the flame out
line as I had sketched last year, from a point diametrically opposed, 
near Zermatt ;-elose 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, most exquisitely defined in outline, yet with every detail 
delicately subdued by the undefinable blue of immense distance, was 
the whole mass 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 course of the summer. The hirsute and jagged rocks 
of the Valpelline and its neighbourhood formed the base out of whieh 

the chain of Monte Rosa seemed to 
rise; and a little more to the right 
lay the indentation of the Val 
d'Aoste, well marked by the com
plete separation whieh it forms be
tween the mountains just men

tioned and those whieh formed the middle group of the pieture, the savage 
ehain of Cogne to the south of Aoste. These mountains (which I had 
partly traversed in 1839) contain many summits of 11,000 and 12,000 

• I c&IInot poBitiyely _rt thai the 'Mont Cervin is Yiaible from the yery Col. I 
rather thiDk nol, but I 11&" it .. deeen'bod from a little lower level. I yerltled my recog
nition of the monntaiDe, on the spot, by the excellent reduced map of the Sardinian 
Goyermnent irianpJation, connecting France with l&IIIy. 

p 
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feet high, scarcely known even by name, such as the Becca di 
None, 11,738 English feet above the sea, which has been repeatedly 
ascended by M. Carrel of Aoste, who even passed the night of the 7th 
July there, in order to witness the solar eclipse :-the Montagne de 
Cogne, the Grand Paradis, and the Aiguille de la Sassiere, all stream
ing with glaciers. These were flanked on the left by the stem grey 
mountains of Champorcher, and on the right by the snowy wastes of 
the Ruitor. Behind the last rose the vast mass of Mont beran, which 
completely conceals the Alpine chain beyond, and of course the Monte 
Vi80, which I had hoped to have recognised. Hitherward from the 
Ruitor the pass of the little St. Bernard carries the eye to the valley 
of the Isere, whose whole course I had also followed up to its pa
rent glaciers, in the year 1839. Then a fresh range of snowy moun
tains to the right, above which rises conspicuous the Aiguille de la 
Vanoise, (between Moutiers and Lanslebourg,) a mountain which, for 
elegance, vies with any in the whole chain. To the west, and beyond, 
stood forth in clear perspective the yet more distant range of Mont 
Thabor, separating the valleys of the Arc and the Durance; and Savoy 
from France. There, a very well defined, though very distant group 

of familiar forms reached my eye. 
It was the Mont Pelvoux in 
Dauphine, rising proudly from ita 
rugged. basis of lofty hills, the 

'PrqJ/kqf MMIl ~.r. highest mountain between Mont 
Blanc and the Mediterranean, and 

of which I had laboriously made the circuit in 1841, in company with 
Mr. Heath, by passing Cols themselves" above] 0,000 feet iD· height. 
The adjacent mass of Les Grandes RoU88es, sloping towards Grenoble, 
closed this admirable panorama, which was thus cut short exactly 
where it-would have become uninteresting, by the colossal mass of Mont 
Blanc, which, with its huge sentinel, the Mont Peteret, (that vast 
rocky Aiguille which guards it on the side of the Allee Blanche,) 
stood forth in the closest proximity, and still at a height of 4600 feet 
above us. 

I will not stop to describe the appearance of the valleys immediately 
beneath us, and of which the eye seized at once the ground plan from 

• 
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tbe great height at which we stood. It is very rare, as I have ob
served, to find so long and uniform a slope, affording a clear view to 
the very bottom, near 8000 feet deep. The Allee Blanche, with its 
glaciers, its lake, and its torrents, all i. platao, the peaks of the Mont 
Chetif, and even the Oramont, now completely subdued, the monoto
nous length of the Val Ferret, the hamlets of Oourmayeur and La 
Saxe almost at our feet, and the meadows of St. Didier, green as an 
emerald, and set in a solid chasing of precipices, begirt with pines,-all 
these familiar objects scarcely withdrew my attention from the magni
ficence of the wide Alpine view beyond. 

The barometer (one of Bunten's) had been set up on our arrival, 
and whilst admiring the scenery, a second and more substantial break
fast of cold fowl was proceeding 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 Oouttet had 
plentifully provided and liberally partook of. We had yet many hours' 
walk in the heat of the day, over dry snow, where no drop of water ill 
ever seen. 

The barometer had been exposed for forty minutes in the shade, and 
was now carefully observed. It stands .OS millimetre lower than the 
corrected barometer at Geneva Observatory. 

001 du Geant, 1842, } ~ A~er. ~~~. 
2M July, S h. 0 m. A.lI., 507.9 +0.6 29.So 

The following had been the readings at Oourmayeur (hotel de l' Ange, 
second floor) the previous day, during the whole of which the barome
ter had been steadily rising:-

Oourmayeur, 22d July, 4 A.M. 657.5 IS.0 
10 " 

659.4 IS.3 61 
12 " 

659.S IS.1 62 
4 P.lI. 660.25 IS.0 65 
Si " 

660.S5 15.7 55 

12i " 661.35 17.5 50 
The corresponding height of the barometer at Geneva Wall, 

729.85 m.m. at ()O cent. D. T. 17° 2 cent. 
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whence the height of the 001 du G~nt above Geneva is 9803 feet, * 
above the sea 11,146 feet. Above Oourmayeur, by the previous obser
vations, 6979 feet. The 001 du Gea.nt, by observations at the Mon
tanvert, on arriving there, is 4841 feet above that station. This result 
we shall afterwards find to agree with the direct comparison with 
Geneva, and hence we are disposed to place the 001 du Gea.nt at 
11,146 feet above the level of the sea. De Saussure determined it, 
trigonometrically, by reference 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 001 du Geant 1747 
toises, or 11,172 English feet. By his seventeen days' barometrical' 
observations, compared with simultaneous ones at Ohamouni, he ob
tained by the formula of Trembley, 16 toises less, reducing the height 
to 11,070 English feet. I have recalculated his simultaneous observa
tions at the 001 du Gea.nt and Geneva, and have obtained so Iowa 
result as 11,028 feet. 

The rock under which we breakfasted had supported the" Oabane" 
of De. SaU88ure. I pleased myself with contemplating a board which 
yet remained of the materials of his habitation, and a very considerable 
quantity of straw, which lay under the stones which had formed 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 be so old, but it might be a relic of 
another illustrious gu8st,-M. Elie de Beaumont, the last traveller but 
one, who, seven years ago, had passed this wild spot. 

De SaU88Ure's habitation, as figured very intelligibly in the fourth 
volume of his work, consisted of a wretched stone hovel, six feet square, 
and two tents. Here this remarkable man passed sixteen days and 
nights, keeping, together with his son, M. Theodore de Saussure, (the 
only surviving sharer of the expedition,) almost perpetual watch upon 
the instruments which he had undertaken to observe. No system of 
connected physical observations, at a great height in the atmosphere, 

• Calculated both by Baily'. Tablea and those of the French .. Alllluir,." _ 
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has ever been undertaken which can compare with that of De SaUBSu.re. 
At any time such self-denial and perseverance would be admirable"but 
if we looklto the small acquaintance which philosophers of sixty years 
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 Saussu.re and his son arrived at the 001 du GlSant on the 3d. 
July 1788, accompanied by a number of guides and porters, who c&l'

ried two tents, 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 Oourmayeur, having remained seventeen days 
at this great elevation. It may be believed, that those guides who 
remained to share the wretched accommodations or this truly philoso
phical encampment, were not a little exhausted by the tedium or such 
prolonged hardships. De Saussure states, that he believea they 
secreted the provisions appropriated to the day of their descent, in 
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 SaUBSu.re'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 Oourmayeur, that that 
month of July, having been exceedingly dry, the report arose, that the 
sorcerers who had established themselves on the mountain had stopped 
the avenues of rain, and that it was gravely proposed to send a deputa
tion, to dislodge them by force,-a task, probably, of some difficulty, 
for a few men could defend the 001 du Geant against an army. 

H we look to what was accomplished by these indefatigable observers, 
we shall find, that it was fully commensurate to the efforts made to 
attain it. Scarcely a point in the" Physique du Globe," which was 
not illustrated by their experiments. Geology, meteorology, and 
magnetism, were amongst the most conspicuous. I will pause a 
moment to state some of their leading results, which, as respect 
meteorology, are of permanent and, even now, almost of unique interest 
in the science. It were, indeed, to be desired, that the original regis
ters, which are understood to be in the possession of the family, were 
published entire. 
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After mentioning the f'ew observations which could be made on the 
plants and animals of this wild spot, and the rocks of' which the 001 is 
composed, the Meteorological Observations are next disCUSBed.· These 
were conducted every two houre, f'rom 4 A.II. to midnight, by the altel'
nate care of' M. de Saussure and his son. We extract the f'ollowing from 
the simple history of their days, each so like another, as to make the time 
seem to pass with extreme rapidity :-" V ere les 10 heures du soir Ie 
vent se calmoit; c' etoit r heure 0\1 je laissais mon fils se coucher dana 
la cabane ; j'allais alore dans la tente de la boU8801e me blottir dans ma 
f'ourrnre, avec une pierre chaud~ sous mes pieds, prendre des notes de 
ce que j' avais fait dans la journee. Je sortais par intervalle pour 
observer mes instrumens et Ie ciel, qui presque toujours etait alore de 
la plus grande purete. Oes deux heures me paroissaient extreme
ment donces: j'allois ensuite me coucher dans la cabane sur mon petit 
matelas etendu a terre a cote de celui de mon fils; et j'y trouvois un 
meilleur sommeil que dans mon lit de la plaine."t 

The mean height of' the barometer during 85 observations was 
227.355 French lines. t At Ohamouni the corresponding mean height 
was 300.638 lines, and at Geneva 323.668 lines, the temperatures of' 
the air heing 3°.630, 17°.288, and 19°.934 Reaumur, respectively. 
The temperature of' the mercury of the barometer is not given. De 
Saussure clearly established,-at a period, too, when the diurnal varia
tions of' the barometer were little attended to,-that these oscillations 
are 't'tJ'NJr1lJll in tA8i,. directiOfa at great luig"", the barometer standing 
highest at 2 o'clock in the day, and lowest in the moming and 
evening. 

His thermometric observations are not less interesting or original. 
His deduction of the law of decrease of' temperature in the atmosphere 
is, probably, the best that we yet possess, 1° Reaumur f'or 100 toises 
of ascent. He shows, that a decreasing arithmetical progression satie-

• Yoyagu,' 20"9. t § 2032. 
:: Ingenuity nner contrived a more perv_ .yatem of notation than the subdivision. 

of the barometer in the time of De SauMure, who givea hill results in inche&, Iiue&, (or 
twelft.b8,) 16ta of th_ linea, and IOOOtha of these 16tba. I have reduced them &0 

Unell and decimalll. 
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ties the observations better than the harmonic law proposed by Euler; 
he points out the importance of his conclusions to the theory of astro
nomical refractions; he insists on the diminishing range of daily and 
annual temperature as we ascend. and observes, that this 8&W188 a cor-
responding daily and annual change in the rate of decrement with 
height; and he shows that he had a clear idea of IptUJtJ po88essing 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 the 
three stations of the 001 du Geant, Ohamouni, and Geneva. The 
mean daily ranges were 

4° .257 Reaumur, 
10.092, 
11.035, 

or in the proportion of 2 to 5 nearly at the first and last stations. 
The progress of the diurnal warmth is most rapid at the higher station, 
for whilst the lowest temperature of the night occurred at all the sta
tions at 4 A.M., the mean temperature of the day was already attained 
at 6 A.M. at the 001, at Chamouni at 8, at Geneva only at 9 A.M. 

These experiments are amongst the most definite and exact which we 
yet possess on these subjects. * 

On solar radiation the experiments of De Saussure were not 80 con
clusive as on most other subjects. He employed undefended thermo
meters, exposed in the sun and shade, and generally not even black
ened. Hence the difference of these was always trifling, and depended 
fully as much on the force of the wind, (as he himself acutely notices,) 
as upon any other eircumstance. The effect of radiation from the sur
face of the snow, reducing its temperature below that of the surround
ing air, he seems to have particularly noticed; and though he quotes 
Dr. Wilson's paper on the subject, (§ 2054,) it may be inferred, that 
he was not familiar with that curious observation at the time of his 
own experiment. 

• See a paper on the Diminution or Temperature with Height in the Ahn08phere. and 
on tbe Diunlal CurveII.- Trnns. xiv. 489. 
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This remark, however, seeDl8 to have led him to make 80me most 
interesting observations on the temperature of the interior mass of 
snow. He notices, that the hard crust of congealed snow on the 001 
du Geant extended to the depth of only 80me inches, and that below 
that, down to 12 feet, the temperature was continually 0" Reaumur, or 
the freezing point. The following passage, in which De SaU88ure 
reasons respecting the progress of the winter's cold into masses of snow 
and ice, compared to that in common soils, is so important to the 
modem theories of glaciers, and is, I think, 80 just, that I will quote 
it entire :-" La emute gelee," says he, "qui reeouvre les neiges, est 
sans doute plus epaiese en hiver qu' en ete; je ne erois cependant pas 
qu'elle ait plus de dix pieds d'epaisseur, et je suis persuade, qu'au dela 
de cette profondeur les neiges demeurent tendres, et comme en ete, au 
tenne de 180 congelation. En eft'et si I'on adopte Ie principe que j' ai 
pose dane l'article p~edente que la difference entre 180 temperature des 
plaines et celltl des hautes montagnes n' est en hiver que les deux tiers 
de ce qu' elle est en ete, on verra que, puisque 180 temperature 
moyenne du Col du Geant, n' est en ete que de 15 degree plus froide 
que celIe de Geneve, elle ne Ie sera que de 10 en hiver .. Ainsi comme 
nos plus grands froids n' exeedent gueree 15 degres au deB80us de zero, 
ceux du Col n' exeederoient gueres 25, et ceux de 180 eime du Mont 
Blanc 30 ou 31; ce qui est un peu moins que les plus grands froids de 
St. Petersbourg. Or, puisqu' a 180 baie de Hudson, dont Ie climat est 
beaueoup plus froid que celui de St. Petersbourg, la terre ne gele qu' a 
1& profondeur de 16 pieds anglais, environ 15 pieds de France, on ne 
s' eeartera pas beaucoup de 180 verite en supposant que, sur les hautes 
eimes des Alpes, 180 neige ne gele en hiver qu' a ] 0 pieds de prof on
deur; surtout si ron considere que la neige Be laisse penetrer par Ie 
froid plus difficilement que 180 terre."· These views will be found to 
be in accordance with those which have lately been brought forward to 
illustrate the Theory of Glaciers. 

On the electricity of the atmosphere, De SaU88ure made many obser-
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vations on the 001 du Geant, of which it may be said, that the imper
fections were those of every observation of the kind, and that even at 
the present day, it would be cillIicult to suggest very material improve
ments. He found the diurnal variations similar to those at the same 
season in the plains, showing that variation ot temperature merely, is 
not the cause of the dissimilar phenomena presented at different 
seasons. 

A very interesting chapter refers to experiments on evaporation, and 
the dryness 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 cloth on a stretching frame, whose loss of weight, in a 
given time, was 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 diminution of about one
third in the density of the air, doubles the amount of evaporation .... 

Besides these, we have observations of great interest upon clouds, 
the formation of hail, an elaborate series of experiments upon the 
blue colour of the sky, with the cyanometer invented by himself, 
on falling stars, on the colour ot shadows, on the transparency of the 
air, on the scintillation of stars, and on the duration of twilight. 
He observed a sensible twilight when the sun was 45° below the hori
zon, instead of 18°, as is usually reckoned in the plains. Pictet con
cluded, t that this reflected light was derived from an elevation in the 
atmosphere of 121 leagues, where the air must be inconceivably 
rare, if indeed it exist at all. It seems 80 much more natural to 
suppose, as Arago has done, that the light of twilight has undergone 
several successive reflections, from comparatively dense air, that one 
wonders that 80 probable an opinion was not earlier held. De Saussure 
likewise made use ot the influence of light in facilitating certain chemical 
operations, as a measure of the intensity of light at the Col du Geant, 
compared to the level of Geneva. 

• § 2063. t. D. SAIJIBUaz, Voyagu, § 2090, lIok. 
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Besides all these varied subjects of inquiry, we find that De Sau88ure 
devoted particular attention to the phenomena of magnetism on the 
001 du Geant. Indeed, it was one of his chief objects, as was shown 
by the extreme pains which he bestowed on the arrangement and ob
servation of his magnetic apparatus. Seven times was the pedestal of 
his variation instrument constructed before it presented sufficient sta
bility to afford consistent results, and it is not easy to appreciate the 
zeal which, in such trying circumstances, retumed so often to the ful
filment of its object. He found the diumal variations to subsist at 
this height as at Geneva and Ohamouni, and to have generally the same 
direction. Their magnitude did not appear to be considerably altered. 
He was also probably the first person who attempted to inquire, whether 
the terrestrial magnetic intenSity is sensibly diminished at these great 
heights. The observations made at Ohamouni and the 001 du Geant, 
at nearly the same temperature, agree very closely, and do not seem to 
warrant the supposition towards which De Saussure seems to lean 
(though with ~s usual caution), that the diminution was very ap
parent.· 

In reviewing thus hastily the results of the memorable joumey of 
De Saussure, we cannot but be struck with the completeness of a plan 
of observation in terrestrial physics, to which it would be difficult, even 
at the present day, to make any considerable addition, except as to 
metlwd8. Himself on the borders of fifty, and with the assistance only 
of his son, at the age of eighteen, he filled actively the part of geolo
gist, naturalist, and p"yrician, 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 
has ever been considered De Saussure's most popular claim to his de
served reputation, the annals of science will register the residence on 
the 001 du Geant as the more striking, as well as more useful achieve
ment. 

• § 2103. See a1ao a paper by the author, Edin. Tl'IIlIll&Ctions, vol. xiv. p. 22. 
t " Environ 189 toiaes plus MUt que 1& cime du Buet, qui p&III!&it il y a 'luc)'lUeli anneel 

pour 1& IIOmmit4! aceeaaible 1& plusl!levl!e dell Alpea."- VQgagu, § 2032. 
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I left the Col to descend its northern side towards Chamouni at 
8 A..lI. A Cew steps brought me to the edge of the glacier, which may 
be considered as the head of the Mer de Glace in this direction. The 
view, though very grand, wants the effect of distance which the south
ern panol'Qla presented. The summit oC Mont Blanc is perfectly dis
tinct; but it appears close at hand, and its elevation, though still 4600 
Ceet above the spectator, IOS88 somewhat of its grandeur from its appa
rent proximity. The chain of AiguilllB, which separates this branch of 
the Mer de Glace (or Glacier du Geant or du Tacul) from the valley 
of Cbamouni, completely bounds the view to the north, and yet does not 
rise to a great height above the eye. The row oC their summits, 
exactly in the reversed order from that in which they are seen from 
Cbamouni, is, however, abundantly striking. commencing with the 
Aiguille du Midi on the left, succeeded by the Aiguilles de Blai
tiere, Grepon, and Charmoz. The great tooth-like form of the 
Aiguille du Geant, belonging to the chain on which we stood, rose 
imposingly on the right, supported by a mass which completely cut off 
any view in the easterly direction. The comparatively small sum
mits oC the Aiguilles Marbrees, figured by Saussure, occupied the 
foreground in that direction. But perhaps the most striking part of 
the northern prospect was the dazzling mass of glacier upon whose ~
face we were now to walk Cor some hours, which occupied the basin to 
the depth of several thousand Ceet beneath us, intermixed with craggy 
pinnacles, which here and there connected themselves with the rocks 
on either hand, or stood out as islets amidst the breadth of unbroken 
white. 

On rising from breakfast on the Col, we had taken the precaution to 
tie ourselves together with two strong new cords which Couttet had 
provided; and as he took the lead, I being in the centre, and Proment 
behind, about 10 feet apart, we had soon occasion to test their utility. 
The snow had fallen to a considerable depth during the late stormy 
days, and added considerably to the difficulty of detecting hidden 
chasms in the ice; almost the first step that Couttet took upon the 
glacier, he sunk up to his middle in a hole. By dint of reasonable 
precaution in sounding with a staff, even 80 triBing an accident was 
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not repeated, and we passed safely over the beautiful snow beds, slop
ing at first gently towards the north. The map of the Mer de Glace gives 
a tolerably correct idea of the serrated ridges of granite peaks which break 
the monotony of the scene. The first which we passed on our left is called 
La Tour Bonde. This is connected with the main ridge of Alps, a little 
to the westward of the Cabin of De Saussure, where it terminates in a 
remarkably shaped hill, called Le Flambeau. It must be observed, 
however, that there are two rocks of this name, and which resemble 
one another extremely. The one marked on the Map 24 Flambeau, 
is still farther west, and forms part of a transversal, and apparently 
inaccessible, ridge, which stretches quite across from the Glacier of La 
. Brenva on the BOUth to that of Bossons on the north, forming the mass 
o.f the Monts Maudits. These appear effectually to cut off access to the 
summit of Mont Blanc on this side, nor does De Saussura hint at the 
possibility of ascending it from hence. The western, or Second Flam
beau, is a summit conspicuous from several points, whence it could 
hardly be expected to be seen, as, for instance, from the Col de Halme. 

The glacier here, enclosed between La Tour Ronde and the Aiguille 
du Geant, is very broad, but it is only one of the tributaries which ali
ment this branch of the Mer de Glace-another descends from between 
tlJe first and second Flambeau by the foot of a promontory called La 
Capucin, (see 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 called Le Rognon, nearly opposite to the Aiguille 
Noire, and which is surrounded entirely by the glacier. It was up 
this glacier that Col. Beaufoy first, and afterwards 'M. Romilly of 
Geneva, ascended the Aiguille du Midi, at least up to the foot of the 
last rocky summit, which I believe is inaccessible. 

We continued to descend with precaution, though without any in
convenience, excepting from the SUD, which was now high and brilliant, 
and its light reflected with more intensity than I had ever felt it from 
the /ace1188 of the highly crystallised and fresh snow 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 at the part 
of the valley where the three tributary glacien already mentioned 
begin to unite, and are together squeezed through the comparatively 
narrow passage between the Aiguille Noire on the right, and the rock 
which I have marked".t Bogntm on the left. It is difficult to say, 
whether the ascent or descent of such a 'glacier is more arduous; but in 
descending, one is at least more taken by surprise; the eye waoden 
over the wilds of ice sloping forwards, and in which the most terrific 
chasms and rents are hidden lik. the ditch in a Aa-Ata fence. The 
crevaases of the glacier gradually widened; the uniting streams from 
different quartan met and justled, sometimes tossing high theiricy 
waves, at others leaving yawning vacuities. The slope, at first gra
dual, and covered continually with snow, became steeper, 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 almost in a precipice. At the point 
where the glacier is narrowest it is also steepest, and the descending 
ice is tom piece-meal in its effort to extricate itself from the strait. 
Almost in a moment, we found o1l1'88lves amidst toppling crags and 
vertical precipices of ice, and divided from the Mer de Glace beneath 
by a chaos of fissures of seemingly impassable depth and width, and 
without order or number. Our embarrassment was still farther in
creased by the very small distance to which it was possible to command 
by the eye the details of the labyrinth through which we must pass. 
The most promising track might end in inextricable difficulties; and 
the most difficult might chance ultimately to be the oo1y safe one. 

The spectacle gave us pause. We had made for the north-westem 
side of the glacier, near the foot of the Petit .Bogoon, hoping to get 
down near the side of the rocks, although not upon them. But when 
we neared this part of the glacier, even Couttet shook his head, and 
proposed rather to attempt the old passage by the foot of the Aiguille 
Noire, where De Saussure left his ladder,-a passage avoided by the 
guides on account of the steep icy slopes it presents, and the great danger 
which is run from the fragments of stone which, during the heat of the 
day, are discharged, and roll down from the rocks above. These stones 
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are amongst the most dangerous accidents of glacier travels. A stone, 
even if BOOn before hand, may fall in a direction from which the traveller, 
engaged amidst the perils of crevasses, or on the precarious footing of a 
narrow ledge of rook, cannot possibly withdraw 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 half rolling, 
hall bounding down a precipitous slope of a thonsand feet high, they 
strike fire by collision with their neighbonrs-are split perhaps into a 
thousand shivers, and detach by the blow a still greater mass; which, 
once discharged, thunders with an explosive roar upon the glacier be
neath, accompanied by clouds of dust or smoke, produced in the collision. 
I have sometimes been exposed to these dry avalanches; they are 
amongst the most terrible of the ammunition with which the genius of 
these mountain solitudes repels the approach of curious man. * Their 
course is marked on the rocks, and they are most stndiouely 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 glacier to iqspeet 
the passage. But there, barriers still more insurmountable appeared. 
One prodigious chasm stretched quite tMJrOII 1M glaeiw; and the width 
of this chasm was not less than 500 feet. It terminated opposite to 
the precipices of the AiguiUe Noire in one vast en/~ of ice 
bounded on the hither side by precipices not less terrible. A glance 
convinced every one that here, at least, there was not a chance of pass
ing, nuprovided as we were with long ropes or ladders. Nothing re
mained 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 Oouttet stood us in 
good stead, and his presence of mind inspired me with perfect eonfi-

• At .. ]tum quoties iDgenti ponden. iet.u 
ExOlltitur, qualia rupes quam venice montia 
Abacidi" impuJau ventorum adjuta, vetustu, 
Frangit euncta ruena: nee tantum corpora presM 

Eunimat ; totos cum sanguine diuipat artuL 

LUCAN, PluJr. JJ J., 46.5. 
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dence, so that we soon set about ascertaining, by a method of trial and 
error, whether any passage could be forced amongst the labyrinth of 
smaller erevasaes on the northem side of the glacier. A chamois, 
whose track we had followed earlier, seemed here to have been as much 
baSed as ourselves, for he had made so many crossings back and for
ward upon the glacier, and had been 80 often forced to retum upon his 
steps, that we lost. the track for a time. This animal is exceedingly 
timorous upon a glacier covered with snow, since the fonn of the foot 
prevents it from offering almost any resistance when hidden rents are 
to be crossed. We had accordingly passed earlier in many places where 
the chamois had not ventured; but the ease was now different on the 
hard ice. He took leaps upon which we dared not venture; and as we 
were never sure of not being obliged to retrace every step we made, we 
took good care never to make a descending leap which might cut off our 
retreat. Many a time we were obliged to retum, and many a weary oir
cuit was to be made in order to recommence again; but we seldom failed 
ultimately to recover the chamois track, which is the safest guide in such 
situations. The excitement was highly pleasing. The extrication 
from our dilemma was like playing a complicated game, and the diffi
cultyof the steps was forgotten in the interest of observing whether any 
progress had been gained; for now we were obliged to descend into the 
bosom of the glacier, and to select its most jagged and pulverized parts, 
in order to cross the orevasaes where they had become choked by the 
decay and subsidence of their walls. Thus hampered by our icy prison, 
we only emerged occasionally so as to catch a glimpse of what lay 
beyond, and to estimate our slow and- devious progress. At length, by 
great skill on the part of Oouttet, and patience on the part of all of us, 
(for we remained inseparably tied together all this time) by clambering 
down one side of a chasm, up another, and round a third, hewing our 
steps,. and holding on one by one with the rope. we gradually extri-

• A geological hammer sharpened at one end is nearly as good an implement for this 
purpoee as a hatchet. For this reII8On. amongst othel'll, I generally wore it. A penon 10 

proTided. if he rauauninjured into a cre't'UBe. ~ the moat_tialmeana of edriea
&ion. 
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cated ourselves from a chaos which at first sight appeared absolutely 
impenetrable, and that without any very dangerous positions. 

Whilst we were in the middle of this confusion and difficulty, I 
could not help remarking how totally unserviceable any addition to the 
number of guides would have been. On saying as much to Couttet, he 
replied, " ils ne seraient bons que pour mire peur les uns au: autres," 
which was perfectly true. At length, having been for some hours 
engaged in these toils, we saw a comparatively clear field before us, the 
glacier became more level and compact, the crevasses were knit, and 
though no trace of life or habitation, nor the most stunted tree, was 
within any part of our horizon, the familiar localities of the Mer de 
Glace were apparent, the Tacul with the branching glacier, the Cou
vercle, the Jardin, the Charmoz, and the Moine. Here we halted about 
one o'clock, for we had now reached teater, always a joyful sight to 
those who have been long wandering over snow fields. We drank of 
it freely, and the guides added fresh libations of brandy, which caused 
them to complain of intolerable thirst and heat of the head all the rest 
of the way to the Montanvert, 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 
Tacul, I will here add the very few words which it requires. 

The Aiguille Noire, on the south, and the Aiguilles de Blaitiere and 
Grepon, on the north, here bound the Glacier of Tacul (orGeant.) The 
former gives rise io a pretty extensive lateral glacier, which desce,nds 
from the foot of the Aiguille du Geant, and the Mont Mallet. I dis
tinguish these two, as it will be seen is done on the map. But the 
Aiguille du Geant is itself sometimes called Mont Mallet, on the 
BOuth side of the Alps. What I have termed Mont Mallet, on the 
authority of the guides of Chamouni, is a very remarkable peak, a little 
to the north-east of the Aiguille du Geant; and, so far as I can judge 
from a single altitude with the theodolite, somewhat higher, as indeed I 
had suspected, from observing both in different positions. The Geant 
appears to be 13,099 feet above the sea. Mont Mallet 13,068. The 
glacier descending from them is very convex and copious; and, by its 
union with the others, tends to consolidate the whole. It is from the 
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Aiguille Noire, (probably so called from having formerly been visited 
in search of smoky quartz orystals), that the fourth moraine of the 
Mer de Glace, mentioned in a former ohapter, descends. This moraine 
offers a feature similar to that of the Glaciers du Talefre and de Le
ohaud, namely, that it is at first imperceptible, or nearly so, and inoreases 
in distinotnet18 and mass as we descend the glacier. It is several miles 
below its origin, namely, ~ear the" Moulins," that it is best developed. 
This very singular £act admits of no contest, but the mode of explana
tion varies. Some have supposed that it arises from the rejection of 
thclstones through the matter of the ioe, whioh presupposes that the 
fragments have been mixed up with or engaged in the solid ice. I 
believe that it arises from a very simple cause. Where two glaciers do 
not unite at exactly the same level, (the most common ease), or even 
where, the level being the same, the one vastly preponderates, the lower 
or smaller glacier flows or forces itself some waf under the upper or 
greater, and thus the fragments of rook borne by each to the point of 
union, are naturally carried inwards at the sloping junotion, where they 
lie for.a time buried, as in figure 1, page 166, which represents the 
section of the glacier at this place, until the thaw or waste of the 
surface brings them giadually to light. This is attempted to be re
presented on the map, and it is one of the most striking features of 
these accumulations. I must add, that, at the foot of the ioy pre
oipice opposite to La Noire, I found rooks and sand appearing on the 
surface in a way not very easy to comprehend. They were probably, 
or almost certainly, derived from the Petit Rognon, but by what m~ 
ohanism they were brought to light I am unable satisfactorily to decide. 
As soon as the glacier becomes oompact and moderately fissured, the 
veined structure of the ice makes its appearance, and continues the 
whole way down the Mer de Glace, as has been already particularly 
desoribed. 

The Glacier du Geant, below La Noire, is of great and nearly uni
form width. I have, on the present and other occ:asions, traversed it 
in _ous directions. It is little fissured, and conll8Cluently great 
watercourses are formed, whioh pursue their way along the surface 
of the glacier, of which the inequalities are sometimes very consider-

Q 

• 
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able, so that the water at last finds an exit through 80me great funnel, 
or vertical opening in the ice; and here and there it stands in pools to 
a great depth. About half-way from La Noire to the Tacul, there is 
a rocky promontory on the right bank of the glacier, marked K in the 
map, which was one of my points of observation, and opposite to it is 
an ofFset from the range of the Aiguilles of Chamouni, on the left, 
which forms a series of very fantastical summits, one of which might 
deserve a peculiar name, and is figured in the map as the Aigvills dB 
Blaiti~, derrim. 

Truncated glaciers of the second order festoon the wild enclosures of 
the valley on both sides. Those on the left are nearly continuous, and 
may, I believe, be traversed, 80 as to reach the shoulder of the Char
moz, or station G*, from the upper part of the Glacier du Geant, an 
experiment which I was prevented from trying by premature bad 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 I 
was surprised at the distance which separa~ me from the regions 
with which I was then familiar. I must not omit to add, that the 
view in descending the Glacier du Geant is admirable. The picturesque 
mass of the Aiguilles du Moine and Dru, terminating in the enormous 
elevation of the Aiguille Verie, forms a group of singular majesty, 
which cannot be 80 well appreciated from any other point. The basin 
of the Glacier du Talefre is likewise exposed, and the triangular rock 
of the Jardin stands forth in form and dimensions very apparent. 

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 have 
avoided. Soon on the platform &t the confluence with the Glacier de 
Lechaud, all was plain and direct; and I reached the Montanvert at 
a quarier before four P.x., without fatigue, headach, or lassitude. 
Here I remained, intending to spend some weeks. My guides, having 
finished their brandy, d~cended to Chamouni, where their arrival 
created, I was told, some astonishment, as DO one had before crossed 
the Col du Gl!ant in a singl. day, and as it was supposed ~t the lresh 
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snow must at any rate have rendered the attempt impracticable. I 
slept that night somewhat sounder and longer than usual, but rose 
next morning with a freshness and elasticity to which the inhabitant 
of the plains is a stranger. A threatening of inflammation of the 
eyes confined me partly to the house, but it fortunately subsided: I 
felt at first a slight shortness of breathing on ascending a hill, but 
that also disappeared the second day. My guides, as I afterwards 
leamed, entirely lost the 8~in oft' their faces. The barometer on my 
arrival WaI!-

m.m. A.T. D.T. 
Montanvert,1842. July 23. 3 h. 45 m. P.M. 610.8 15.8 C. 51 P. 

5 15 " 610.2 11.4 51 

This, compared with the observation of the Col du Gant, gives ~tl 
feet for its height above the Montanverl, or 11,144 above the sea. 
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CHAPTER XIII. 

FROM OOURMAYEUR TO OHAMOUNI, BY THE OOL 
FERRET AND OOL DE BALME. 

PIRDIIONTESB VAL FBBRB'l'--GLAClBR OF TRIOLBT--V1BW FROM THB COL

BWI88 VAL FBRRBT--MARTIGNY TO CHAIIOUNI-GLAClBR OP TRlBNT-COL 

DB BALMJO--GLACIBR OP ARGENTIBRB. 

IN order to complete our narrative of the tour, or circuit of Mont 
Blanc, I proceed to describe shortly the route by the 001 Ferret &c1'088 

the great chain of Alps, and that from Martigny to Ohamouni by the 
Col de Balme, and those glaciers of the valley of Ohamouni 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 
visited the 001 de Halme, in ·different years. 

The passage of the 001 Ferret is tedious, and perhaps less inter
esting than most others in the Alps; travellers usually, and perhaps 
wisely, prefer the longer round, by Aoste and the Great St. Bernard, 
which offers greater variety. This route, however, completes the 
closer inspection of the great chain of Mont Blanc, which is very com
pletely separated, both geographically and geologically, by the 001 Fer
ret, from the mountains of which Mont Velan forms the culminating 
point. After having ascended the Piedmontese Val Ferret (the pro
longation of the Allee Blanche,) and descended the Swiss Val Ferret 
to Orsieres; and having, either by Martigny or otherwise, reached the 
001 de Halme, and thus passed into the valley of Chamouni, the cir
cuit of Mont Blanc and its chain is complete. U nIess by passing diBi
cult or dangerous glaciers, as in the case of the 001 du Geant, this 
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extensive chain may be considered as impracticable, or nearly so, in its 
whole length.' 

The ascent of the Val Ferret from Oourmayeur seems monotonous 
alter the more varied grandeur of the Allee Blanche and Val de Veni : 
-for here, though there are numerous glaciel'S on the left hand, they 
do not descend completely into the valley except near the head of it, 
and the mural precipices of the J orasses, which separates this valley 
from the tributaries of the Mer de Glace of Ohamouni, although mag
nificent at a distance, rise here so completely overhead as to conceal 
their own elevation, and the magnificent summits by which they are 
crowned. As the secondary mountains on the right hand-forming 
the prolongation of the Montagne de la Saxe, or Mont du Pre-ofFer 
nothing of interest beyond what has been already mentioned in a for
mer chapter, I shall merely enumerate the glaciers which descend from 
the primary chain so far as I was able to ascertain their names from 
native guides. I am aware that the guides of Chamouni differ a little 
in their nomenclature. Eastwards from the Glacier of La Brenv&, we 
have first the Glacier of Mont Frety, and then that of Entreves with 
the Mont Frety between. From the Aiguille du Geant descends the 
Glacier de Rochefort, and between it and the Grande J orasse the Glacier 
de la Grande J orasse. 

The next in order is the Glacier de Triolet, which, as already men
tioned in the fifth chapter, is nearly .opposite to the head of the 
Glacier de Lechaud, and descends from a summit called by the Oha-
mouni guides, "Montagne des Eboulements." The event to which 
the name refers took place, I believe, in 1728, though I failed in 
obtaining at Oourmayeur any auUumtic documentary evidence respect
ing it. According to a small printed work, which was shown to me, 
the avalanche, or sudden descent of the whole glacier, took place on 
the night of the IS-16th August in that year, and completelyover
whelmed the chalets of Pre de Bar, which were situated exactly in 
front of it, destroying of course the inmates and cattle. The modem 
rhalets of Pre de Bar are higher up on the southpm side of the vaIJfly. 
'fhey are very filthy. 
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Beyond the glacier just named is the Mont Ru, which separates it 
from the Glacier of Mondolent, the highest in the vaUey. This ODe 
appeIUII to have greatly retreated of late years. 

There al'8 two pasagtI of the Col Ferret, the Petit Ferret, which is 
a Coot path, and the horse road, which is more circuitous. It is five 
hOQN' walk from Oourmayeur to the Col. The path of the Petit Ferret 
i. close to the junction of the limestone and granite. The former is 
nearly vertical, rising against the latter at an angle of at least 70°. 
The junction i. well marked, and the limestone is a tabular alate. In
deed? tbe chief interest of this route consiet8 in the closene81 with which 
the geological boundary is followed. Behind the Grande J 0ra88e, at a 
point called Pra Sec, two hours from Oourmayeur, is a junction and 
apP"f'8Dt superposition of granite to limestone, which I noticed in 1841, 
and ~n from a distance in 1842. On neither occasion had I any 
dou.bt tbat the limestone actually dipped under the granite as, in the 
inte"al of the two observations, I had establisbed that it does fartber 
west. De Saus8ure, however, who ascended to the junction, maintain. 
tbat the strata rise towards the granite (§ 871) although he seems to 
admit that farther west both the granite and limestone dips inwarda ; 
but be never asserte the superposition distinctly. 

The view from the Col Ferret, looking back, is certainly one of tbe 
finest wbicb I bave Been. The prodigious outworks whiob sustain tbe 
mass of Mont Blanc on the southem side are more conspicuous here 
than from any other point, espeaially the Mont Peteret which stands 
out like a majestic Gothic pinnacle. From hence, as from the Col de 
la Seigne, we see how far thi. side of the chain is from being an abso
lute precipice as it appears when viewed in front, as from the Cramont. 
The descent of the Swiss Val Ferret to Orsierea, offers no great inte
~t, and it is of most tedious length. On the right hand is seen the 
passage of the Col de Fenetres leading to the Great St. Bernard, by 
wbicb the produce of the valley, and especially fire-wood, the property 
of the convent, is conveyed with the aid of mules. 

Several glaciers are passed on the lert; since, however, the side of 
the valley is exceedingly steep, several of these are only seen peeping 
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over the precipicea. One. of them has evidently descended formerly 
into the valley, and has deposited in it an immense transversal moraine 
which now stands alone ;-the glacier having retreated into the upland 
ravine. It is commonly supposed to be from these glaciers that the 
vast granite 11188888 deacended which are still found on all the neigh
bouring slopes at a great height above the valleys, the Blocks of Mon
they and thOle upon the Jura. The Aiguilles to the east of Mont 
Blano are indeed the only ones in this district capable of yielding rocks 
of the kind in question, and the secondary mountains adjoining 
Orsi~1"88 are strewed with 11188888, having evidently a common origin 
with those in ilie valley of the Rhone. These were well known to De 
Sa1l881lre, * and accurately described by his correspondent M. Murrith, 
but they form one of the especial grounds of the theory of Venetz 
and De Charpentier and have been more partioularly described by 
the latter. 

I shall not dwell upon the descent of the Dranse to Manigny, or the 
oircumatances of the debacle of the Val de Bagnes, to whioh I shall 
shortly again recur; but I proceed to describe a joumey which I took 
from Martigny to Ohamouni, in September 1842, in which, avoiding as 
much as possible the common route, I visited the Glaciers of Trient 
and Argentiere. The Glacier of Trient may be reached from Orsieres 
by crossing the Mont Oatogne, or from Martigny by the 001 de la For
claz. In the latter case, the village of Trient being passed, instead 
of tuming to the right in ascending the valley, which would lead to 
the 001 de Balme, I followed the eastern side of the glacier stream, and 
after a rough walk, (having missed the path,) I arrived at a group of 
chAlets. The glacier is then well seen; it descends into .. kiBd of baBin, 
apparently inaeceasible in its higher parts, from granitio pinnacles 
which divide this valley from the Val Ferret. Of these the most 
conspicuous is .. fine point on the right hand, looking towa.rds the h~ 
of the glacier; it was named to me Salena; and is no doubt also at 
the head of the glacier so c~ed, whilst at the same time it separate8 

.. VOY~'J § 1022. 
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the Glacier of Trient from that of Le Tour. I think it most likely 
that this is the Pointe d'Ornex, seen from Orsie1'e8.-

The lower end of the Glacier de Trient is about an hour's walk above 
the village of the same name. It is a wellsprea.d out glacier, with few 
ramifications, and a rather attenuated front; it somewhat refl8mbles in 
contour the Glacier of the Rhone, or that of La Brenva., but it communi
cates more directly with the higher slopes. An inspection of the struc
ture proved it to be quite normal; so much 80, indeed, that I could 
have accurately predicted it before hand, by seeing merely the external 
form of the ice. Suffice it to say, that it corresponds genera.lly to the 
structure figured on page 30. The creV&889S in the lower part are also 
radial, as in every glacier of this order, (see the full lines marked a 
on the figure, page 29.) In its middle or mean portion, the glacier is, 
as usual, most readily travened, and here very easily. I crossed over, 
making observations in difFerent directions, and observing especia.lly 
the character of the granite blocks which come down the western mo
raine from the summit of Salena just mentioned. These blocks are 
remarkably chafed and rounded, no doubt from the friction they have 
experienced between the ice and rocks; but neither in this or in any 
other case have I perceived an approach to pol"" on gla.cier-moved 
blocks, which cannot (I think) for a moment be confounded with those 
BmOf)IA pebbles and boulders plentifully found in the diluvium of all 
countries, and composing many of those gravel heaps which have been 
styled moraines. The nature of the granite, or protogine, appeared 
to me accurately to resemble that of the blocks of Monthey, and 
those on the Jura.. Supposing them to have been derived from the 
Pointe d'Ornex, they may either have descended the Glacier de 
Trient when it filled the va.l1ey of the Tete Noire, and joined that of 
the Rhone below Salvent, or, (as is more probable, from the distri
bution of the blocks,) followed the exterior of the chain by St. Bran
chier and Martigny. 

The highest chalets on the eastern side, named Lali, are somewhat 

---~ -- ----- - ---------------

• See more on this BIIbject in the next Chapter. 
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higher than where I crossed the glacier, and I reached the westem 
bank under the chalets of Chazettes, which are close to a ravine which 
contains a stream from a glacier, which fil!s its higher part, and which 
descends from the ridge of the Aignille du Tour. Finding nothing 
more particularly worth exploring, I proceeded to look for the path 
whieh, I had been infonned, led directly to the 001 de HallOO, without 
descending to Trient. It was, I was told, above the precipices which 
bound the valley of Trient to a great height on its westem side. 
Although I met with no one here to give me information, I succeeded 
in discovering the path, which is a bold and romantic one, and crosses 
the mountain by which the 001 de Halme is separated from the Glacier 
de Trient, at a great height on its precipitous eastem side. In the 
course of this walk, I obtained a more correct idea of the chain to 
which the Dent du Midi of Bex belongs, than I before had. Instead 
of being an insulated pyramid, or a pair of summits, as it appears 
from most points, it belongs to a jagged ridge, which is very elevated, 
and which extends from east to west, including great fields of snow. 
and glaciers of the second order. I arrived early at the little inn upon 
the 001 de Balme, and slept there. 

Next moming I left the 001 de Halme at six, with fine weather, in
tending to explore the Glacier of Argentiere. I had. long had a great 
curiosity to visit this glacier, because, though 80 near Ohamouni, it ~s 
very little known; and still more, because on all the models it is 
represented like an unbroken, perfectly unifonn, nearly level canal, 
extending to the very axis of the Alps; and I was anxious, if possible, 
to detennine its boundaries as respected the barriers of the Glacier du 
TaIefre, to which I understood it to be contiguous. It is a glacier 
little known to the guides of Ohamouni"; but a few of whom frequent 
it for the sake of the crystals, with which it is said tQ abound; but 
the length of the way is so great, and the snow lies 80 long and 80 

deep upon the higher parts, which are sheltered from the sun by their 
northern expl>8ure, that it is an expedition only to be attempted (I 
mean for the search 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 necessary to sleep out, and this is no 
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pleasant task in 80 very wild and remote a spot. So far as t.he report 
of the guides may be believed as to the locality of the minerals, (a 
matter on which the current information is little to be believed,) the 
Glacier d' Argentiere is the richest field in the chain of Mont Blanc; 
and specimens of red Fluor Spar and smoky Quartz,-the most ex
pensive in the cabinets of Ohamouni,-are understood to have been 
brought. from thence, often at imminent peril to those who secured 
them. 

I have said that few of the professed guides have been on the higher 
part of the Glacier d'Argentiere. The makers of the two best models 
of this part of the Alps have admitt.ed to me, that they took their 
design of its locality from the perspective view on the Buet., whioh 
looks right up it. De Saussure, I believe, only mentions it once;. 
and as he speaks of having visited it and the Glacier des Bois in early 
spring, it is certain that he can only have examined its lowest part. 
It is unnoticed, or all but unnoticed, by Ebel and by Pictet. 

Understanding from the innkeeper on the 001 de Balme-himself a 
good mountaineer-that. the Glacier d' Argentiere presented no un
usual difficulties, I cont.ented myself with taking along with me the 
man who usually accompanied me, although he was also unacquainted 
wit.h the way. As we knew that we must again ascend, we unwil
lingly went down the great. depth which separates the 001 de Ralme 
from the foot of the Glacier of Le Tour. 1 then regretted that I had 
not. taken the guide of the 001 de Balme, who offered to conduct me 
by a little known route across the upper part of the Glacier of Le 
Tour, and to descend upon that of Argentiere, near the Aiguille, 
which bears its name. But I was anxious to see the glacier in all its 
length, and not to come upon it in the middle. The Glacier of Le 
Tour has considerably shrunk in its dimensions of late years, as well 
as that of Trient. Beyond the village of Le Tour, which I left on the 
right, a sharp ascent led me t.hrough extensive pastures, up to about 
the level whence we had started, and keeping along about that line, 

• Voyage., ~ 740. 
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we there eame in sight of the Glacier of Argentiere, at a great depth 
below us. I did not deeeend, however, but kept along the face of the hill, 
repreSeDted in the upper left hand corner of the Topographical Sketch 
No. IV., so as not to l08e the height we had gained. The path became 
ema1ler,-then a mere sheep traok,-and that again was sub-divided. 
The mountain face became precipitous, and in some places went sheer 
down to the glacier. As my guide, or rather companion, was somewhat 
nervous on untried excursioDB,-rather, perhaps, from a caution cha
racteristic of the Savoyard peasant, of getting himself into trouble 
by bringing a traveller into danger, than from any want of personal 
courage,-I took the lead both on this occasion and on the previous 
day, and fortunately extricated myself satisfactorily from the preci
pices, which, when seen in the afternoon from the opposite side of the 
glacier, were of a sufficiently dangerous kind, and had we attempted a 
passage either higher or lower, we must have failed. The precipices 
pasaed, a long and fatiguing slope of debris was to be crossed, and then 
a vast lateral moraine of the glacier, covering a great surface with huge 
blocks, which, however, afforded solid and comparatively easy footing, 
after what we had passed. Amongst these blocks I was astonished 
to observe some sheep, which must have been driven across the nearly 
pathless rocks which I had traversed. 

Nearly opposite this moraine, which is marked on the Sketch, the 
glacier is tolerably fiat, and might be traversed from side to side; but 
being precipitous both above and below, I (lontinued along the moraine 
until I came to the foot of the rocks descending immediately from the 
Aiguille d'Argentiere to the glacier. There I made for the ice, having 
had, rather to my surprise, a fatiguing walk of four hours from the 
Col de Balme, before setting foot upon the glacier. 

The Aiguilles of Argentiere and of Chardonnet separate the glaciers 
of Le Tour and Argentiere, and between these Aiguilles there descends 
a steep tributary glacier to the level of the latter. On the ridge con
nected with the Aiguille 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 whiteness of the rock where it has 
been beneath the ice, of which there is now scarcely a trace. 

On the Glacier of Argentiere there is only one 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 on the left, 
which appear to communicate with the Glacier of Le Tour. Having 
gained the ice, I proceeded without difficulty, for on the higher part 
it is not much crevassed, and the higher we ascend the more level it 
becomes. The Aiguille Verte rises in great majesty on the right, and 
£rom its rugged sides some short glaciers descend to meet that of Argen
tiere. I walked on, having reached the neve, or perpetual snow, until 
I had left the Aiguille Verte quite behind me, and was now within a 
short distance of the head of the glacier, that is to say, not much ex
ceeding an hour's walk. The surface is even, and the whole topo
graphy is easily 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 TaIefre, 
which is only separated, as has been said, from the higher part of the 
Glacier d'Argentiere by the range of the Tours des Courtes, which 
appears to be of small thickness, and is one continued precipice on its 
north-eastern side. I can only guess at the height of the upper part 
of the Glacier d'Argentiere, as I was provided with an imperfect in
strument. It is, no doubt, more than 8000 feet above the sea. The 
extremity of the view is terminated by a snowy peak, which I believe 
is probably that marked [A] on the large map of the Mer de Glace, 
and which was also visible at the J ardin,-perhaps the Mondolent. 

The structure of this glacier is very confused. The vertical linear 
bands are, of course, visible throughout up to the neve; but it would 
be difficult to trace the curves. The middle and lower part is exces
sively crevassed; and the extremity near Argentiere has very much 
shrunk of late years. 

Arter a careful examination of the higher part I returned by the 
western side, under the Aiguille Verte, and gained the bank some
wha.t below the tributary glacier on that side. There is a small 
snowy peak to the north of the Aiguille Verte, which is connected 
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with it by a ridge dividing the ice which falls in the direction of the 
Mer de Glace and in that of Argentiere. From the same peak de
scends a small glacier on the north side, called Glacier de la Pendant, 
or de l'Oignon, which, judging from the polished rocks below, appears 
to have been formerly more extensive. From the highest Chalets 
there is a path to the village of Argentiere, and another less easily 
found, which descends near Lavanchi. Both pass through fine fir 
wood. From thence the village or Prieure of Chamouni, is soon 
reached. 
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CHAPTER XIV. 

JOURNEY FROM CHAMOUNI TO VAL PELLINE, BY 
THE VAL DE BAGNES AND COL DE FENETRES. 

TRACES OF ANCIKNT GLACIERS FROM LEa MONTETS TO THE TETE NOIRE-

AJUUVAL AT THE GRBAT ST. BERNARD-FIND M. STUDER-RETURN TO 

ORSIERE8--THE VAL DE BAGNE8--CHABLE-THE INHABITANTII-GLACIER 

OF GETROZ-THE DEBACLE OF 1818--cHALETB OF TORBMBEC--BCONOMY 

OF CHALETS, AND MANNER8 OF THE INMATE8~LACIER OF CHEJll(ONTANE 

-COL DE FE:oiETREB-VJEW INTO ITALY-VALr.EY OF OLLOMONT--GOtTREB 

-ARRIVAL AT VALPELLtNE. 

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 been vaguely discussed between us the year be
fore-of visitinp: thE' neighbourhood of Monte Rosa, and the almost 
unexplored valleys to the westward-should, if possible, be accom
pli~hed in company that summer. M. Studer visited me on the 1st 
August, at the Montanvert, and we then fixed the 12th of that month 
for a rendezeoul at the Convent of the great St. Bernard, he, in the 
meanwhile, making an excursion into the Tarentaise, whilst I re
mained pursuing my survey of the Mer de Glace, and determining 
its motion. Accordingly, on the 11th, I left Chamouni, having en
gaged an active young man, (not a professed guide,) of the neighbour
hood, named Victor Tairraz, to accompany me on the expedition, and 
to carry my haversack and instrumE'nts. M. Studer and myself had 
already decided on taking one man a-piece as a personal attendant, 
and to secure guides from time to time, to assist in carrying the pro
visions,-which he was well aware would be requisite, from having in 
1841 visited the vaDey of Erin, and seen the almost total destitution 
which there exists of the commoner commodities of life. 

I had proposed crossing the chain of Mont Blanc, by the Glacier of 
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Le Tour, to the valley of Orsieres, a pass which has already been 
alluded to; but I was prevented, partly from the difficulties and end
less formalities always made by the guides of Chamouni, when any 
unusual expedition is contemplated, with a view of enhancing their 
services-and partly from a trifling accident to my foot, which yet 
occasioned me some concern, with the prospect of a prolonged and diffi
cult expedition before me. I therefore rode to Martigny by the Tete 
Noire, a route with which I was already pretty well acquainted, but 
which offered me new subjects of remark and speculation connected with 
the ancient extension of glaciers. I observed the distinct prolonga
tion of the ancient moraine of the Glacier d' Argentiere towards the pass 
leading by Les Montets from the valley of Ohamouni into that of V &lor
sine. This moraine seemed to me not less clear in its origin and de
tails than that of the Glacier dee Bois at Tinee; and the low ridge of 
rock separating the two valleys is strongly marked by glacier action, 
which has also deposited a number of. granite bbUlders on the summit 
of the pass. The. whole valley of the Tete Noire shows, from time to 
time, proofs of. having formerly been filled with moving ice, and be
tween thecas~e of La Barbarine and the little inn of Tete Noire, I 
observed the celebrated Valorsine puddingstone rock, which is exceed
ingly hard, beautifully fluted and poliahed, at a great height above the 

. bed of the torrent. 

I slept at Martigny, and next day proceeded in company with 
other travellers as far as Liddee, in a char, whence we walked to the 
convent, where I had the great satisfacuon of finding that M. Studer 
had arrived only half an hour before from the southern side of the 
Alps, together with his tried and faithful attendant, Siegfrid Klaus, 
a peasant of the Oberland, who, for twenty summers, has followed the 
indefatigable Professor of Berne in his geological ramblee, and has 
rendered himself a deserved favourite and friend, by his experieIlce, 
hardihood, simplicity, and that peculiar patience and fertility in expe
dients which characterizes the best guides of German Switzerland, to
gether with an honest warmth, and even. playfulness, which is less com
monly united with it. 

Our greetings were hearty when we met around the hospitable fire, 
which, even in August, is the chief est luxury in the domicile of the 
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worthy Fathers of the great St. Bernard. The evening was partly 
spent in discUStling our plans, to which the priests lent an interested 
ear. One of them, the Ohanoine L'Eglise, almost volunteered to 
accompany us on a part of our journey, but unavoidable engagements 
in the convent prevented it; however, he kindly gave us letters, which 
proved of service. 

The next morning, at eight o'clock, I found water to boil at 199.08 
Fahr., the convent barometer being at 576.1 millimetres, unusually 
high in this position. Accordingly, the Fathers predi~ favourable 
weather for our expedition.-

We walked leisurely down to Orsieres 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. Bernard 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,--of course I 
mean in comparison with other Alpine passes. 

At Orsieres we introduced ourselves to M. Biselx, formerly Prior of 
the Convent, and now Oure of Orsieres, a man known in the scientifio ' 
world by his zeal and acquirements, an intimate friend of M. de 
Charpentier, and partaking his views on glacier theories. Our in
troduction was easy, and the evening passed pleasantly in his 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 one knows, 
but which he most efFectually accomplished on the spot with his own 

, • 1 detennined the geographieal poeitiOll or· the Great at. Bernard, .. I did that of 
Cbamouni in 1832, and found it to be 

Lat. '5° 50' 60 '1 N. Long. jO " '5" E. of Greenwich. 

• 
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hands oVt"r a charcoal ston in the kitchen of the inn; he then bade us 
a hearty farewell 

·At OniUM, we made a CODBiderable provision of food for Olll' joumey, 
£or we were immediately to leave the beaten track. .A guide was en
gaged to go as far as Ohable, the principal village of the Val de Bagnea, 
where M. Studer had already been the preceding year, and had made 
an acquaintance who might be useful in procuring us a person acquainted 
with the higher parts of the valley, and with the Col de Fenetrea lead
ing into Italy. 

At length, all preliminaries being settled, we left Omen., in a 
beautiful moming. The view towards the chain of Moni Blanc was 
particularly fine, as seen by the early smilight.. The landlord of the 
Hotel dee Alpes particularly pointed out to us a conspicuous granite 
pt"H, which he called Pointe d'Omex, and which he assured us was 

known by no other name in these parts. This must, therefore, un·· 
doubtedly be the same as Van Buch referred to in his paper in the 
Berli. Memoi,., on the distribution of erratic blocks, and to the neigh
bourhood of which he referred the origin of the Pierre a Bot and 
other masses of granite on the J ora range. The Mont Oatogne, a 
conspicuous hill between Orsierea and St. Branchier on the left, is 

composed partly of granite, but its eastem face, which is very steep, 
presents a vast triangular ,.~1tJm8nt of limestone, which here, M else
where, rises against the primitive rock, which, as we have seen, bounds 
the Val Ferret in its whole extent. On the face of this limestone 
slope lies one of those vast masses of transported granite described by 
M. de ~arpentier, under the name of bloc. pwcAh, which aft"ord so 
atrong an evidence in Cavour of his theory of glacier extension. This 
vast mass may be distinctly Bet"n, notwithstanding its distance and 
height, from Orsin, on a steep part of the rock, free from the trees 
which nearly surround it. Its position is exceedingly remarkable, for 
it seems impossible to conceive a block of that size deposited by the 
mere force of water at such 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 
carried a provision of rice, bread, and meat, intended for three days. M. 

B 
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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 indications 
required a special correction difficult to determine, and one of those very 
convenient Russian furnaces, made by Stevenson of Edinburgh, which 
proved an invaluable adjunct for melting snow, for making tea, and at 
the same time for ascertaining the temperature of boiling water by a 
thermometer, which I hlLll lLdapted to it, reading from 1850 to 2130 

Fahr., and on which a fiftieth of a degree was capable of estimation. 
This is the only instrument which I have found capable of resisting 
sufficiently the influence of wind and cold to produce boiling water even 
from snow, in almost ,any situation, and it replaced the barometer use
foUy, on several occasions, as will be seen.- Onr appearance was suf
ficiently remarkable to attract the attention of the passers 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 in 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 Ol1r 
course, as far as Chable, lay almost entirely on the shady side of the 
valley of Bagnes, which we entered by turning abruptly to our right, 
before entering the village of St. Branchier, an hour's walk below 
Orsieree. 

The path, which was scarcely traced on the left bank of the rapid 
and impetuous Dranse, passed through woods and meadows, and the 
whole scene was refreshing and peaceful in the highest degree, and 
seemed to augur success to an excursion so happily commenced. Chable 
is a considerable village, very pleasantly situated in a tolerably open 
space, into which the valley enlarges itself, near the foot of the Pierre 
Ii V oie, a conspicuous summit, which separates this valley from that of 
the Rhone, and not far from which a path leads from Chable to Riddt>8, 

• An account or the method ued lor ca1caIa&ing height. from the temperature 01 boillng 
water will be lound in the Edillln&rgA TNI-motu, vol. xv., part 8. I have found that the 
temperature of the boiling point falIa 10 Fahr. lor 650 feet or ucent, tlaVOf'IIIl, for all 
height.. 
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on the Simplon road. The neighbourhood is very fertile, covered with 
fruit and studzted villages; at 

de{;uliarly cheerful aspect. As we. 
(having joinezt road) we were 

the peasantry, numbers wh4> 
met z.ficeasion of the festival. do numerous were they, 
we were not surprised to learn, that within the very small range of the 
Val de Bagnes, which is permanently inhahited, there is a population 
of 9000 souls. All the avenues to the church were crowded with well 
dressed, respectable looking men, the women being chiefly within the 
buildind. ~eeieal and accoutrZytrtrtzJtrttJ some surprise, 
we weee pass unmolesttrjtrR curiosity, to 

the of the place, M. Gard, to 
M. recommended on 
a perso~ etmsequence in the as is not 
usual in similar circumstances in many countries, to make his house 
one of public entertainment, and the resort of the better class of 
peasantry, who, when the service was over, came and called for their 
clwpine of wine, as they would have done in any common inn. 

It Weeo tdink of proceedind in a hurry. Tbe 
meanOR?J was intelligent, and almost sareH13titi. 

requisition; anzt enistent that though 
in procuring one nebuainted with the 

his accompanbinb be considered 
as a favour, and must be upon his own terms. These, however, were 
in due time adjusted with the usual success and conciliation with which 
M. Studer always contrived to effect these negotiations, which he kindly 
undertook to superintend; and after a considerable delay, which had 
not, howeefle the effect of enabling the hottest houee 
very w,ez·m eet forth under Jean Pierre 
who hwt z·eezzmmended by M.z.·lho presented 
specimen bearing and haughty indepenzkm .. e 
which mentioned as charaetnz·ietie inhabitants 
valley. After half an hour's walk from Chable, we reached Champsec, 
a small hamlet, in a great measure destroyed by the catastrophe of the 
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inundation of 1818. Here onr guide lived; and as he had some 
domestic arrangements to complete, we lost the greater part of another 
hour in waiting for him. At last all was complete, and we were fairly 
in marching order. A little way beyond, we gained the northern side 
of the Dranse; and having passed the village of Lourtier, the last in 
the valley, the path ascends rapidly. The river is discharged through 
a sort of chasm, which shows evident marks of the devastating force 
of the torrent on the occasion alluded to. The character of the 
scenery becomes more grand, the walnut trees 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 stream struggles is distinctly marked on its bold 
limestone surface 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 
polished grooves are worn out in a nearly horizontal, slightly declining 
direction, and are oontinUOfU for many yards or fathoms. Superim
posed upon these, on the very same surface, are the marks of wear 
resnlting fron:t the action of floods, probably charged with great masses 

of debris. The water-marks are 
rough and contused, quite in con
trast with the smooth prolong ... 
tion of the other. They also slope 
downwards at an ~gle similar to 
that of the river bed, whilst, as 
has been said, the others are nearly 

t1IoIM'G114 WG16 Jt'lIriU" u-t4M. horizontal. 
A succession of basins and rocky chasms diversifies the length of the 

valley during several hours. I have seldom felt heat more oppressive 
than during the first part of this walk, while toiling up the steeps above 
Lourtier. Having, for several weeks previously, been almost constantly 
on the ice and at a height of 6000 feet above the sea, the contrast of 
temperature was, I suppose, more strongly felt. The chasms presented 
wild cascades, containing the whole body of water in the Dranse; but 

Digitized by Go 
- - - - . - . ---------



GLACIER OF GETROZ, 261 

the picturesque effect was certainly very much injured by the dingy 
. and opaque appearance of the glacier stream, which rendered the sheets 

dull and luatreless, instead of sparkling and transparent. ~e valley 
above Ohable is very confined, and almost untenanted; there are but 
a few chilets inhabited, during a small part of the 'summer, higher 
than Lourtier. Hence the Val de Bagnes, which is very long, acquires 
a wilder and more lonely appearance than many valleys more remote, 
and more difficult 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 meal beside a brook; a little higher the defile became 
suddenly narrow, and presented a bold and picturesque outline. The 
Mont Pleureur stood before os on the left, from which descends the well
known Glacier of Getroz. Still more on the left is the little frequented 
pass called the Col d'Orsera, leading to the valley of Heremence, which 
had 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 high line above its level; from thence the water, 
swelled to its fullest in the month of August by the contributions of 
the various glaciers which we were soon to approach, emerged, some
times in thundering cascades, sometimes pausing in still deep pools as 
it passes under a fine and romantic stone arched bridge, called Pont 
de Mauvoisin, by which we were to pass from the ~ght bank of the 
river, which, since Champsec, we had continually followed, to its left 
bank, on which alone we could pass the defile. The bridge here, like 
almost every other in the valley, was carried away by the Debicle of 
H118, and the present lofty stone one has been since built, with a 
solidity which is rarely met with in such sequestered spots, where but 
a very few persons pass during the entire year. A few huts in front 
-the last built with any degree of solidity--concluded the picture. 

The bridge passed, we slowly gained the elevation of rock on the 
other side. A carefully made path continues fol' somE.' way farther, 
and traverses one of those steep inclines of shingle annually swept by 
avalanches, which require the track to be made afresh every year. This 
path continues on the left bank of the Dranse at a great height above 
it, affording at the same time a. striking view of the Mont Pleureur, 
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and the gJacier which has been the principal cause of so much devasta.
tion. 

I felt some disappointment in viewing the Glacier de Getroz, of 
which I had heard so much, and of which the disastrous effects had 
been so great. I had expected to see one as vast and beautiful as the 
Glacier of La Brenva, for example, where, falling into the Allee 
Blanche, it forms a natural bridge above the torrent, or that of Miage, 
whose stupendous moraine has formed a lake, as the ice of Getroz did. 
Instead of this, I found the defile narrow and confined, and though 
savage, scarcely picturesque. The proper Glacier of Getroz is situated 
at a great height amidst the defiles of the Mont Pleureur, so that its 
extent cannot be appreciated, or its beauty admired, even from the 
elevation of the path opposite. The real source of the mischief is a 
secondary, and very uninteresting looking glacier, which, in its present 
diminished form, scarcely attracts attention in the depth of the valley, 
and resembles the masses of unmelted snow which so often choke ele
vated defiles during a great part of the summer. It is in reality com
posed of the fallen fragments of the true glacier, projected in the form 
of avalanches over a cliff of enormous height, where the true glacier 
terminates, whose mass, as it advances, is broken off, and falls head
long into the abyss. The!llacier remanU which results is soiled, and 
imperfectly consolidated, and still forms a partial bar to the river 
Dranse. It must continue to do so, as long as the stream has no inde
pendent outlet, for the defile is so narrow, and the falling masses of 
the glacier so extensive, that the outlet must inevitably be choked in 
winter 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 1818, is too well 
known to require to be detailed here, and I have no new facts to add. 
It is sufficient to call to mind, that twice in the 16th century a similar 
mishap occurred, and indeed it is difficult to conceive why it should 
not have been much oftener repeated. The year 1818 had been, as 
we have seen, remarkable for the extension which most of the glaciers 
in Switzerland had experienced after a series of cold winters, and in 
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this year the ice beneath the Glacier of Getroz accumulated so much, 
as to have formed, by the stoppage of the Dranse, a lake no less than 
half a league long, 700 feet wide, and at one part, 200 feet deep. The 
impending danger was perceived,-the bursting of the lake with the 
return of spring was a certainty. M. Venetz, the intrepid engineer of 
the V alais, and the founder of the modern Geological Theory of 
Glaciers, proposed to avert it by cutting a canal through the ice, which 
should gradually drain the lake. Between the 10th of May and the 
l!lth of June this was effected, and it was trusted that the channel 
would be sufficiently deepened to let the water gradually escape. But 
water already at 32- bas only a feeble action in eroding ice, and the 
result was, that the cascade tumbling over the icy barrier worked back 
upon it so fast, that the gallery or canal, which had been originally 
600 feet long, was destroyed, and fell away in fragments. Nor was 
this all, the cascade working on the soil beneath had loosened it so as 
to detach the remaining ice from the mountain, and thus precipitated 
the catastrophe. A deluge of 500 millions of cubic feet of water were 
let loose in the space of half an hour, to sweep through a tortuous val
ley full of defiles,-literally with the besom of destruction. A flood 
five times greater than that of the Rhine at Basle filled the 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 scale such as Hutton and 
Playfair would have desired to see, could it have been exerted without 
the destruction of life and property. Bridges yielded; that at Ohable 
dammed back the torrent upon the village, but happily gave way just 
as the houses. seemed doomed to ruin. In this short space of its 
course, (from Getroz to Ohable,) the fall is no less than 2800 feet. 
Its acquired velocity was therefore enormous,-at the commencement 
of its course 33 feet in a second. Its power to ~"O'UJ buildings, 
and to carry teitk ie trees, hay-stacks, barns, and gravel, cannot sur
prise us. But its transporting force upon blocks has probably been 
over-rated. - Enormous masses were certainly 'fIUnea, especially in the 

• On the Debacle or Bagnell, see Bibliotlieqlle UlIiflC1',elle, 1818; Edi". PAil. JOllrnal, 
voL i.; LYELL'. GeolOf}!I, 1st edit-, vol. i. ; CAPTAIN HALL'S" PakAlI.'O'rlc," vol. i. 
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neighbourhood of Martigny, as described by Oaptain Hall and Mr. 
Lyell, who were both on the spot soon after the event. But the. is 
no kind of evidence that these granite masses were brought down fl'8IIl 
the higher valleys by the torrent. On the contrary~ I believe .... 
there is no question but that they lay (having been transported by 
ancient glaciers~ or in some other mode) within a very short distance 
of their present positions, and that some of them were merely rolled 
over a few times by the force of the current. I apprehend that the 
DeMcle of ~roz gives no countenance whatever to the opinion, that 
blocks of 20 or 80 feet of linear dimensions can be transported to 
any distance even by such stupendous currents. 

When we passed the Glacier of Getroz, there were workmen (for 
whose use chiefly, no doubt, this road is kept in -repair,) employed 
in dividing the ice into blocks, by the ingenious pr0eeB8 of Venetz, in 
order to be carried off by the stream, and prevent future accumula
tions.- The pl'Oee88 consists in turning streamlets of water (not ice 
cold) by means of wooden canals upon the ice, 80 as to saw it through 
i-n the required direction, which is effected with rapidity and certainty. 
This operation is annnally repeated. requiring the combined labour of 
several men for many weeks each summer. The expense is bome by 
the Oanton. There is but one way of permanently avoiding the risk 
in future, namely, by constructing a tunnel, or cutting one through 
the rock, by which tht' torrent may have a certain egress, independent 
of the state of the glacier; but this has been considered as too ex
pensive and difficult 'an operation under the circumstances. 

Our way now lay up the bed of the former so formidable lake. The 
bottom of the valley is flat and monotonous, the river wandering from 
side to side, amidst rolled pebbles. Descending to its level, we re

crossed to the eastem bank. Our walk from Chable had cost us nearly 
four hours, and an hour and a half later we reached our humble rest
ing-place for the night, th~ chAlet of Torembec, 5800 feet above the 
sea. 

The accommodation offered in the upland and unfrequented ch&lets 
is everywhere nearly the same, and may therefore be worth describing 
for 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 
fnrnishing to the correlative establishments of a drawing-room and a 
bed-room; the first contains neither tables nor chairs, the latter neither 
mattl'e88 nor pillow. The moming room is more properly a manufac
tory of cheese and butter than a plaee of ordinary accommodation. 
The fire is kept up for the purpose of heating the milk, which is done 
in copper cauldrons, whose size, and weight, and· bright polish con
trast strongly with the want of every ordinary convenience of life. 
A repetition of copper and other vessels for holding milk and raising 
cream occupy most of the spare room in the apartment; the floor is of 
earth and uneven, but, except in Piedmont, not usually dirty. The 
fire-place is a hole in the ground, the fuel is juniper, or serape of larch 
wood where these can be had; and a sort of moveable wooden crane, 
from which the copper pot is hung, is one of the most artificial accom
modations. There·is no chimney, and therefore the fire is usually 
made near the door; nor are there windows of any description. For 
light, they use a little fat, bnrning with a wick in a small vessel, but 
often merely a bit of the more resinous pine wood, which they keep 
on purpose. There is no such thing as a table, unless the top of a 
chance barrel be admitted as the representative of one; nor are there any 
chairs, though the (}IIf6-le$!led ·milking-stool, which affords an inconve
nient repoee to a weary traveller, is an indulgence which.he probably 
owes solely to its indispensability in the great and overweening object 
in which all the uses and habits 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 cattle which yield it; money can procure 
for them Mr6 no luxuries; they count their wealth by cheeses. 

The absolute want of culinary utensils is surprising and embarrass
ing. The only pot is so~etimes that employed for heating milk, and 
of copp6f"; at other times, there is also an iron one; but except certain 
wooden skimming-spoons, nearly square, and five or six inches wide in 
the mouth, there is often no other kind or description of dish, vessel, 
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platter, spoon, or ladle. Where the civilization is a little greater (as 
at Torembec), there are a few IcaeilB, or wooden bowls. Of course 
these deficiencies only created amusement to us, and the rice we had 
brought was boiled with milk and salt (which is kept for the cattle) in 
the only iron pot, and made a most substantial and not unpalatable 
mess for five hungry men, with a surprisingly small consumption of 
our stock. The evening meal being concluded, we betook ourselves to 
early rest. The sleeping apartment, I have said, is usually, as in this 
case, a separate hut, without window, fire, or chimney, built of loose 
stones, and with a door about three feet high, the floor being covered 
with grass more or less dry. On this we arranged ourselves in parallel 
ordiJr, covering ourselves with a sufficiency of the hay. It might have 
been hoped, that here we should have escaped the tormellts of a bad 
bed,-I mean ihe vermin; but we had the inconveniences of a hay
loft without its inestimable 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, seek relief for a while in the 
open air, which was exceedingly mild. 

We were astir by five. But it is impossible, generally speaking, 
to depart in a hurry from a ch81et, any more than from a fashionable 
hotel. It was half-past six before we had breakfasted, and made up our 
packages: and having left our hosts satisfied by a moderate gratuity, 
our caravan. was Ollce more ullder way with the glaciers in our front. 
Before leaving the subject of ch81ets, I may observe that the character 
of the inhabitants is not undeserving of notice. I have always re

ceived, both in Switzerland and Savoy, a gentle, and kind, and dis
interestedly hospitable reception in the chAlets, on the very bounds of 
civilization, where a night's lodging, however rude, is an inestimable 
boon to a traveller. These simple people differ very much (it has 
struck me) from the other inhabitants of the same valleys--their own 
relatives, who, living in villages during the busy trafficking season of 
summer, have more worldly ways, more excitement, wider interests, 
and greater selfishness. The true Pdtre of the Alps is one of the 
simplest, and, perhaps, one of the most honl'8t and trust-worthy of 
human beings. I have often met with touches of character amongst 
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them which have affected me, as I may elsewhflre notice; but, gene
rally, there is an indescribable unity and monotony of idea which fills 
the minds of these men, who live during all the finest and stirring part 
of the year in the fastnesses of their sublimest mountains, seeing scarcely 
any strange faces, and but few familiar ones, and these always the 
same; living on friendly terms with their dumb herds, so accustomed 
to privation as to dream of no luxury, and utterly careless of the fate 
of empires, or the change of dynasties. . Instead of the busy curiosity 
about & traveller's motives and objects, in undertaking strange jour
neys, which is more experienced in villages the more remote they be, 
these simple shepherds never evince surprise, and scarcely seem to 
have curiosity to gratify. Yet far are they from brutish or uncouth; 
they show a natural shyness of intermeddling with the concerns of 
strangers, and a respect for their character testified by their unoffi
cious care in providing and arranging what conveniences they can pro
duce. Their hospitality is neither that of ostentation nor of neces
sity. They give readily what they have, and do not encumber you 
with apologies for what they have not. Every traveller will see in 
this description, strong opposition to the Swiss character as usually 
displayed; my remarks are confined to my experience in the higher 
ckdl8tB of the Alps. Of course, I do not mean to state that exe.eptions 
are not to be met with. 

The same fn6tIIJ96 exists merely on a larger scale, where the .A~ or 
pasture ground is greater. In many an extensive range of cow-houses 
is attached to the enclosure of the chalets. In some places, the cows 
are brought in to be milked; in others, this operation is more pictu
resquely performed by rangiug the cows-(Ran.z deB Vacke8-whence 
the popular name of some Swiss airs)-on green sward terraces on a 
hillside, where they may be seen to the number of some hundreds, tied 
each to a little stake, whilst the shepherds busy themselves amongst 
them with their milk-pails and one-legged stools. But to return to the 
Val de Bagnes. 

At half-past six, we left Torembec, and ascended the remaining 
part of the valley, which opened itself a little higher (the now small 
stream of the Dranse being again crossed to its western or left bank) 
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into a scene of greater majesty than it had yet presented. A corner was 
turned, the valley trending more to the south-east, and several glaciers 
hitherto concealed came into view. The recollection of the heat of 
yesterday made these a welcome sight, and I looked forward with plea
sllre to setting foot on ice again. 

The first glacier visible on the right hand descended in 1821, as our 
guide Feilay informed us, so far into the valley as to approach the 
torrent. It has now retreated to a great height on the mountain side. 
Again, on the opposite or eastern bank a vast glacier descends from the 
lofty chain which separates the Val de Bagnes from that of Heremence. 
It is called the Glacier de la Brena, and is probably that marked "les 
28" in Worl's Map. It now terminates on the bank of debris, which 
it has carried down on the farther side of the torrent, but we were 
assured, that in 1822 it had extended so far as to cross the torrent, which 
made its way under it, and to rise to a great height on the western side. 
Indeed, this was matter of ocular evidence, for our path touched the 
extremity of the enormol18 frontal moraine which it had thrown up,-a 
mound of rocky fragments, from whose top we could clearly BU"ey the 
vast area, of many acres in extent, which the glacier has uncovered 
during the last. twenty years, strewed with fragments, and dcomed to 
sterility. The material of the moraine is a true granite, the first we 
had met with in this valley, for below the rock is a kind of gneiss. 
According to our guide, the ice then presented a front seventy feet 
high. A little farther in advance, an extensive glacier, named Glacier 
de Durand, descended from the Mont Oombin on our right, which it 
was impossible to avoid; we therefore prepared to cross it, which we 
did without difficulty. It descends quite into the valley, and crosses 
the stream as the Glacier de la Brena had done, leaving a free passage 
beneath. The mere crossing of a valley by a glacier, if it be of any 
moderate breadth. is not of itself sufficient to produce a catastrophe like 
that of Getroz. Here is one example; the Glacier of La Brenva in 
the Allee Blanche is another, and that of Allalein in the valley of 
Saas. It is probably the circumstance that the dam was formed by the 
eboulemtmt of the Glacier of Getroz, and not, by the glacier itself, which 
occasions its particular danger. A channel once formed under a gllr 
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\lier is kept continually open, as the glacier advances gradually on
wards, but the falling in of ice may produce an abrupt stoppage. 

The Glacier of Durand presents an even and clean terminal slope, of 
a convex form, with few fissures, and shows the system of veins which 
I have elsewhere described as proper to that foml. 

This glacier crossed, we atrived at the upper Ohalets of Ohermon
tane, at the foot of the glacier of the same name, which fills the entire 
head of the Val de Bagnes, and nearly touches the Glacier de Durand, 
(see the Map, page 1, and Topographical Sketch, No. V., which shows 
the pass of the 001 de Fenetres.) From these chAlets (which are still 
on the westem side of the valley, and at t.he foot of a hill called Mont 
Avril) there is a very fine view; the Glacier of Ohermontane is a 
magnificent sea of ice, nearly or quite unexplored. It appears to have 
three great tributaries; one descending from behind the mountain 
called Ottemma, and where there is every appearance of there being a 
001 or pass: we thought that we clearly saw the summit level. In 
this direction, it is probable that a passage might be effected to the 
Glacier of Lenaret in the Val d'Heremence, or to that of Arolla, 
at the head of the ValMe d'Erin; but the descent on the other 
side would be more difficult. The second branch passes between 
the Trumma de Bouc and the Mont Gele, derived partly from a 
very lofty snow-capped peak, and partly from a short branch imme
diately behind the Mont Gele, which can be of no great extent, since, 
from its direction, it must speedily reach the Val Pelline; and, indeed, 
we were informed that the shortest way to the village of Biona was in 
that direction, but our guide had. never passed there. The third great 
arm of the glacier stretches up to the Col-de Fenetre&, between the 
summit of Mont Gele and Mont Avril, by which we were to pass. 
The Glacier of Ohermontane terminates a little below the Chalet of 
that name. On its farther side is a pretty pasturage, called Ohamrion, 
(OluJmp 1tond) where there are two small lakes-one formed in a hol
low of the hill, the other between the slope of the hill and the ice of 
the glacier, somewhat like the lake Morill on the Glacier of Aletsch. 

I have already said that the upper part of the Val de Bagnes i. 
little visited. I find no notice of it in the writings of De SaU88U1'e; 
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but Bourrit, in his lively work on the glaciers of Savoy, describes his 
having reached the Ohalet of Ohermontane, where he slept two nights, 
and visited the neighbouring glacier, of which he gives a somewhat 
pompous account, and a most exaggerated drawing of the lake; but he 
did not attain any summit or 001: indeed, I have not met with a 
description of the 001 des Fenetres, from personal observation in any 
work. It was by this pass that Oalvin fled in 1541 from persecution 
in A08ta, where he had been established for five years. - Though 
M. Bourrit speaks much of the discoveries which he made during his 
visit to Ohermontane, they appear to amount merely to this: that he 
ascertained the existence of a great glacier, but neither its extent, its 
practicability, nor the connections of the ramified valleys which meet 
near its head. Formerly, it appears that this 001, like many others 
in the higher Alps, was easier passed than at present, and was even 
a common route of commerce. A t that time, it is stated, t the 
Glacier of Durand did not extend so low as to require to be crossed, 
but was avoided. So small is the communication now, that there is not 
even a station of custom-house officers on the pass, though there is at 
ValpeUine. 

We did not stop at Ohermontane, or even go to the chAlets, but 
keeping on our way at a higher level, along the slope of Mont Avril, we 
gradually ascended towards the 001 de Fenetres, always on turf, and 
without any difficulty. The ascent was tedious, and we skirted the 
glacier without going upon it, for the greater part of the way. The 
Glacier de Fenetres is but little inclined or crevassed; in its higher 
part we traversed a portion of it without difficulty, 80 as to gain the 
001 more quickly. We reached the summit in four hours of easy 
walking from Torembec. For its height-which appears to be 9213 
English feet, by M. Studer's observations-this must be considered 
as an easy pass, presenting, in good weather, not a shadow of danger. 

The view towards Italy is wonderfully striking. The mountain. 
beyond Aoete, and the glaciers of the Ruitor, are spread out in 

• Compare Bourrit, II., 76,aod Barufft Viaggio in Piemonte; Lettera, 27-, p. J9. 
t GODEFBOY, Notire .. r 1. GlooNr., p. 63. 
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the distance, and beneath we have the exceedingly deep valley of 
OlJomont, communicating with the Val Pelline, which is itself a tri
butary of the Val d'Aoste. It is enclosed by ridges of the most fan
tastic and savage grandeur, which descend from the mountains on 
either side of the Colon which we stood,-on the north-east; Crom the 
Mont Combin, rising to a height of 14,200 English feet; on the south
east, from the Mont Gelli, which is 11,100 feet high, and almost too 
steep to bear snow, presenting a perfect ridge of pyramidal Aiguillel 
stretching towards Valpelline. The side of Mont Gele towards the 
Col presents an adhering snowy coat so steep, that, seen in front, it 
appears almost vertical; measured laterally with a clinometer, its angle 
was found to be 55°; this appeared to be loose snow. Our course to 
Valpelline required us to skirt the foot of the peaky ridge just described: 
the descent was unusually rapid, and without particular difficulty. We 
passed a small lake partly bordered with snow, and soon after gained 
the pastures. Here we made a hearty meal by a brook, which ex
hausted a good part of our available provisions, and we thence dismissed 
our guide, who had plenty of time to recross the mountain by 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 mostly concealed, covered with exquisite 
verdure, studded with houses, and traversed by lively streams, all seen 
as on a map, for our elevation was still 2000, if not 3000 feet above it. 
Beyond, the mountains near St. Bernard were appar.ent ;-below, the 
village of Vaux which we mistook for Ollomont. There we found 
copper works abandoned; they appear to have been very extensive and 
complete; the ore is a sulphuret, in the (metamorphic!) gneiss of 
which the whole of this district is composed.. There are several other 
villages, and Ollomont itself, composed of but a few scattered houses, 
distinguished by a church, is pleasingly situated. But here, as at 
A~te, the enjoyment of natural beauty is rendered impossible by the 
loathsome deformity of the inhabitants; we were really shocked to 
find that none of the villages through which we passed seemed to con
tain one reasonable human being ;-golt~s and cretinism appeared 
universal and inseparable. Repeatedly I tried to obtain an answer to 
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a simple question from the most rational looking oC the inhabitants
but in vain. This astonished and shocked us, Cor we were still at a 
height oC 4000 English feet above the sea, where these maladies com
monly disappear; and we looked forward with despair to the prospect 
oC obtaining a guide for the dUJieult and unknown country whit'h we 
were next to traverse, Crom amongst such a population. But in this, 
as in very many similar eases, first appearances are not to be inter
preted to th" letter. It was still the rete oC Notre Dame du mi-Aout, 
and the effective population had mostly gone down to Valpelline, the 
chief 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 passed from ice and eternal snow to the channs 
of Italian seenery and climate, with more than Italian verdure. We 
looked anxiously about Cor the village oC Valpelline, which we expected 
to have seen from a distanee,-we feared that our maps had deceived 
us, and that we had yet a considerable walk before U8, when suddenly, 
on tuming a comer, we found ourselves in the valley of Valpelline ; 
the church, with a spire oC the Italian taste, and a few scattered houses, 
mantled with vines and peeping out amidst walnut trees of exquisite 
beauty, proclaimed the little capital oC the district. In descending 
we noticed large Cragments oC true syenitio granite, which appeared to 
have their origin at no great distance, which we hoped that our next 
day's walk would reveal; in the meantime we entered the village. 
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CHAPTER XV. 

FROM V ALPELLINE TO EVOLENA BY THE OOL DE 
OOLLON. 

AIICBNT OP THE VAL PELLINE OR BIONA-GBOLOGY-8YBNITBII--CIIALBTS OF 

PBARAYON -HEAD OP TII1l VALLEY-ASCENT OP THE COL DE COLLON

BDlAIN8 OF TBAVBLLBB8 LOST IN A TOUBMENTll--GLACIEB D'ABOLLA

ITS BTBUCTUBAL BAND&--lIAGNIPICENT VIEW OP lIONT COLLON-oPPOR

TUNE MEETING WITH PBALONG--HISTOBY OP THE VICTIlI8--ABBIVAL AT 

EVOLENA. 

« C'eet Ie domaine des glacea III des neigee, Ie paIaiI de l'hiver, Ie l'O)'UIDle de Ia morio" 
A. DVJU8. 

THE village or hamlet of Valpelline offered little prospect of comfort
able accommodation, but we recollected a letter with which M. Biselx 
had provided U8 at Orsieres, addressed to a proprietor and householder 
of the place, by whom we were received in a manner which I am sure 
that neither M. Studer nor myself will ever forget. The unexpected 
appearance of travellers by so unfrequented a pass, and accompanied 
only by strangers, (for it will be recollected that we had sent back our 
guide to Bagnes) produced a momentary hesitation. The wife of the 
gentleman to whom we were recommended had not returned from 
church, and an awkward pause took place at the door of the house, 
which was locked, whilst our aITival excited some curiosity amongst 
the loitering groups around. At length the lady came, and hearing 
our story and recommendation, instantly set about every arrangement 
which true hospitality could devise to ensure our comfort whilst we 
remained, and to speed our journey when we departed. The afternoon 

8 
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was not far advanced, and we spent it in repose,-in a short stroll 
through the beautiful meadows surrounding the village,-and in convers
ing with our host and his sons, well educated and sensible boys, whilst 
our excellent hostess busied herself in preparing supper and in arrang
ing our apartment, which was the best the house afforded. Meanwhile 
we made inquiry, not without anxiety, as to the possibility of finding 
a trusty and skilful guide who should conduct us across a glacier-pass 
which we understood to connect the head of the valley of V alpelline, 
which is in Piedmont, with th~ V alMe d'Erin in the V allais. This 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 actually passed it, and we had been led 
to think that though guides might be found on the Swiss side, it would 
be much more difficult to procure them in Italy. The specimen we 
had seen of the natives of Ollomont increased our doubts; but the very. 
circumstance of the tete, which had drawn so many to V alpelline, gave • 
us the greater choice of guides, and our host kindly aided us in the 
selection, and by his authority and consequence in the place. procured 
us a most satisfactory guarantee for the capacity and fidelity of any 
one who should accompany us. Amongst the visiters at Valpelline 
that day, was a tall athletic and handsome man, below middle age, who 
passed for being the strongest man of the whole valley, and whose usual 
residence was some leagues higher up. With him our arrangement 
was soon made; he promised to remain all night, and to accompany us 
next day to the head. of the valley of Biona (as the higher part of the 
Val Pelline is called,) whence starting early the following morning, the 
glaciers might be crossed to Erin. He assured us that he was per-
fecdy acquainted with the pass, which he called the Ool de Oollon. 

The village of Valpelline is near the opening of the valley of the 
same name, and only from two to three hours' walk from the Cite 
d'Aoste. It possesses the Italian character of scenery and products, 
although 3040 English feet above the sea. The morning of our 
departure proved the prelude to a very hot day. We were tempted to 
rest longer than usual in our comfortable quarters, and as we had but a 
short journey before us we were in no hurry to depart. Madame A-
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had anticipated all our wants. She had even prevented our servants 
from attempting to procure any of the necessaries which we wanted for 
our arduous journey; by insisting on providing them, much more 
effectually of course, from her own stores. The cordiality and genuine 
kindness of all her arrangements left 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 
mile or two on our way. 

The valley was always narrow, but at Oyace, a little way above Val
pelline, it seems too close, and the village of that name is planted upon a 
rocky barrier which crosses the. 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 hills, outbreaks of syenitic rocks 
which have more or less metamorphosed the neighbouring sedimentary 
deposits, and have confounded all mineralogical characters in the result 
of this supervening action. Such at least was the opinion of my 
learned companion, whose long and close attention to the excessively 
intricate phenomena of Alpine geology entitles it to the greatest 
weight; and to which any observations which I had an opportunity of 
making in his company induce me entirely 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 the Alps into primitive 
and metamorphic, the one of which he has coloured red, and the other 
blue. So far as we could observe, this separation seems indistinct and 
inconclusive; and with the single exception of the true unstratified 
syenites,-such as those of the Glacier of La Brena in the Val de 
Bagnes, and that of Oyace,-the felspathose rocks seem to admit of no 
subdivision, but must be classed under the common denomination of 
Gneiss, whether primitive or metamorphic. 

The boulders already mentioned, and others which occur from time 
to time in the valley, appear to be all derived from the neighbouring 
mountains; and it is exceedingly remarkable, and quite in contrast to 
the appearances in the Val de Bagnes, that we found few or no striated 
and polished rocks, llor great masses of transported materials. 
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Between the villages of Oyace and Biona, we visited a vein of lime
stone, interstratified with the felspathose rocks in a direction parallel 
to the length of the valley, and re-appearing at intervals up even 
to its very highest part, where, as here, it is burnt for lime. Very 
near this, copper is found in the same rock as at Ollomont. 

The village of Biona is the last of any size in the valley,-the last, 
I think, which has a church. The valley takes henceforth the same 
name, Biona. We halted here, and made a hearty meal in the open 
air upon fresh eggs and good Aostan wine. We then resumed our 
march, as the day became cooler, and the scenery, at the same time, 
still more picturesque and interesting. An excellent foot or mule 
path leads all the way up the valley, a convenience which the traveller 
owes to the Jesuits of Aoste, who have extensive property in the higher 
pastures of Biona; and it was at the chilet belonging to them that we 
proposed passing the night. The village of Diona is 5315 feet above 
the sea, by M. Studer's observation. Farther on, the larch trees 
descend into the valley, and the river passes through some picturesque 
defiles. The views looking back were very pleasing, and in front, at 
the head of the valley, rose a lofty chain of mountains, (a mere appen
dage, however, t.o the great chain,) separating the valley of Diona 
from the Val Toumanche; over which we afterwards learned that a 
passage may be effected, though not without difficulty. 

At length we reached the ChAlets of Prarayon, which belong to 
the Jesuits of A08te, and are marked by a lofty crucifix in front. They 
are pleasingly situated in a green meadow near the head of the valley, 
and about six hours walk from Valpelline. There was no one visible, 
and it was some time before we obtained admission into the smaller 
and humbler building, the larger one being locked up. Whilat supper 
was preparing, I walked up alone to the head of the valley, which I 
was anxious to explore, for our guide informed us, that our next day's 
journey did not Jie in that direction, but that we should have to return 
upon our steps a little way, and then turn sharply to the northward. 
It was an hour's walk to the commencement of the glacier, which fills 
the top of the valley, and which descends directly from the great 
chain. Having gained an eminence on the 8Outll-east side of the val-

Digitized by Goog Ie 



CHALETS OF PRARAYON. 277 

ley which commanded the glacier, I saw that the ascent of it must be 
in BOme places very steep, though, I should think, not wholly imprac
ticable. I recognised the limestone which we had found farther down 
the valley. Returning to the ch!lets, I found our evening meal pre
pared; and I observed the temperature of boiling water to be 20r.58, 
whilst M. Studer's barometer stood at 608.3 millimetres. The height 
above the sea is 6588 feet. The general direction of the Valpelline 
is N. 60° E., (true;) but for the upper two leagues N. 75° E., as far 
as the foot of the glacier, after which its course is N. 5° W. 

We passed a comfortable night in a clean hay-loft, and slept longer 
than we intended, for we were not ready to start until 6 A.M. The 
morning was very favourable. Our guide, "rhomme fort de Biona," 
as he was called, or "f!l4bi' rouge," the IOUbriqrut which we had given 
him, from the curious practice of wearing scarlet cloth coats, which is 
common in the Pays d'A08te-gave us at first no small concern. He 
was in low spirits last evening, and in no hurry to start to-day, and 
apparently not averse to draw unfavourable presages of the weather. 
We began to fear that he had undertaken more than he could perform, 
and that the way was perhaps known to him only by report. But our 
doubts gradually vanished. He took to the hill with that instinctive con
fidence which showed that he understood his business, and the farther 
we advanced, the more readily did he go on, and became more communi
cative. We afterwards found that he had been really unwell from the 
results of a drunken fit, from which he had not escaped when we first 
engaged him, and also that some doubt whether we should be able to 
follow him over the glacier and rocks, and a fear that he might be 
brought into trouble through our means, had probably oppressed him. 
We found him gentle, docile, robust, and trustworthy. During a part 
of this day's journey, he carried not 0111yall our provisions, but no 
light share of the contents of Klaus's koUs or basket. His name was 
Diona, as well as that of his native place. 

As we had been told the night before, we returned a little way upon 
our steps; then, following a water-course used for irrigation, we 
turned sharply to the right. All our maps were here at Cault. That 
of Warl especially, the most detailed, presents 110 kind of resemblance 
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outlines even chain, and thqy 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 some degree conjectural, that the 
pass is through the first lateral valley of the Val Biona below its 

We there finKI completely £;°i<Y<Y?:<Ylr~<Y?:}<Y<Ylli 

end; but from <Yf the rocks, it 
than the glaci<Y%~ the Val Bion<Yw 

shepherds' f<Yllowing an we 
to the foot of a on our left, 

the valley with its prodigious moraine, and left a Ilwampy flat above. 
~his passed, we kept to our right hand, having in front of UlI another 

great glacier, which descends from the Col de Collon, and more to the 
left a great and steep glacier, which appears to descend from the group 
0~0f EHGrmtains connected G}~th th4l origin of the Glacier of ChermontaDe. 

4:lirection of the lG3GfJGded was at first and 
we came in sigdt which we Wer4Y 

to N. 250 E. very steep and over 
(without, hOWG<YG£;0 we reache41 where 

it was much more level than in its lower part, and obtained a distant 
view of the Col. The ice was not much fissured, 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 left upon 
our right hand, the mass of mountains which separate this pass from 

head of Valpellipki\ our left new 
began to and rocks 
whioh we We04Y find marked Iron 

shewing that it 
unfrequented by travellers. The only traveller whom I am aware 
of as having passed here is M. Godefroy, the author of an Essay on 
Glaciers, - already quoted. \Ve now also learned the secret of our friend 
"l'habit rouge," being so well acquainted with this obscure route, 

[0~~' Glaciefl, p. 65. 
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(or he admitted that he had frequently passed it with bands of smug
glers, who avail themselves of all the 1688 frequented passes for intro
ducing the articles of free commerce in Switzerland into Piedmont. 
We reached the Col in three hours from the chalet. which was sooner 
than we expected; and as it was only nine o'clock, and a beautiful 
morning, we sat for a long time on the rocks on the weet side of the 
Col, and enjoyed the noble scenery. Although the height is 10,333 
feet above the sea, (barometer, 528.1 millimetres,) it is so much sur
rounded by summits still more elevated as to command no very distant 
scenery. But before U8, to the north, rose 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; arid to the 
eastward, beyond snow-fields of seemingly great extent, rose snowy 
peaks, which afterwards appeared to me to be the same as I saw from 
the Col of Ferpecle, and over which it is just possible that a passage 
might be effected from the Val Biona to tJiat of St. Nicolas, though, 
from the distance, it might probably be impossible to accomplish it 
without sleeping out on the glacier. 

As we 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 the temperature of boiling water, which I found 
to be 195°.15. We spent an hour of great enjoyment, for we now 
saw our way clearly, and all doubts were at an end of accomplishing a 
passage which, not to have performed, would have materially deranged 
our travelling plans; we then set forth in a cheerful mood to 
descend the long stretch of glacier which lay before us. There were 
few crevasses,-though whilst on the 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 abreast of it our guide set up a wild and sonorous 
shout which the rarely wakened echoes of those stupendous precipices 
sent pealing back again in tones yet more fantastic. He added that 
this echo was well known to the smugglers, and that the reverberation 
of Mont Collon served to guide them in foggy weather, in a track 
which must be then singularly perilous, from the great breadth and 
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monotony of the glacier here, and the number of branches into which 
it divides in its higher part, anyone of which might easily be mistaken 
for another. 

Whilst we were amusing ourselves with the discordant shouts of the 
party and responses of the mountain, our attention was 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 yet 
low enough to have entered on the ice, but were still on snow. This 
proved to be the body of a man fully clothed, fallen with his head in 
the direction in which we were going. From the appearance of the 
body as it lay, it might have been presumed to be recent; but when it 
was raised, the head and face were found to be in a state of frightful 
decay, and covered with blood, evidently arising from an incipient 
thaw, after having remained perhaps for a twelvemonth perfectly con
gealed. The clothes were quite entire and uninjured, and, being hard 
frozen, still protected the corpse beneath. It was evident that an un
happy peasant had been overtaken in a storm, probably of the previous 
year, and had lain there covered with snow during the whole winter 
and spring, and that we were now, in the month of August, the first 
travellers who had passed this way-and ascertained his fate. The hands 
were gloved, and in the pockets, in the attitude of a person maintaining 
the last glow of heat, and the bOdy being extended on the snow, which 
was pretty steep, it appeared that he had been hurrying towards the 
valley when his strength was exhausted, and he lay simply as he fell. 

The effect upon us all was electric; and had not the SUD shone forth 
in its full glory, and the very wilderness of eternal snow seemed glad
dened under the serenity of such a summer's day as is rare at these 
heights, we should certainly have felt a deeper thrill, arising from the 
sense of personal danger. As it was, when we had recovered our first 
surprise, and interchanged our expressions of sympathy for the poor 
traveller, and gazed with awe on the disfigured relies of one who had 
so lately been in the same plight with ourselves, we turned and sur
veyed, with a stronger sense of sublimity than before, the desolation 
by which we were surrounded, and became still more sensible of our 
isolation from human dwellings, human hrlp, and human sympathy,-
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our loneliness with nature, and as it were, the more immediate pre
sence of God. Our guide and attendants felt it as deeply as we. At 
such moments all refinements of sentiment are forgotten, religion or 
superstition may tinge the reflections of one or another, but, at the 
bottom, all think and feel alike. Weare 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 others rather 
shrunk,-and though he examined the rigid clothes for the articles 
which they contained, and with our consent took out a knife and 
snuff-box from the pocket, and a little treasury of mixed SwiM and 
Piedmontese small coins, concealed in a waistband all entire and un
touched, (by means of which we could identify the person and restore 
the IDOney to his friends,)-though he performed all this with seeming 
indifFerence, we had no sooner left the spot than he declared that he 
would rather make a circuit home by the Great St. Bemard than re
tum alone by this spot. Indeed it might well require resolution in a 
solitary man, with t.he chances of weather, to pass alone a Col like this, 
where, supposing him caught in a 1orwment6, it would require no vivid 
sensibility to raise the image of the last sufferer before him, and hasten 
the moment of despair, when the spirit yields to the pressure of hunger, 
fatigue, and bewilderment, and subsides insensibly into the sleep which 
knows no waking. 

A very little farther on we found traces of another victim, probably 
of an earlier date ;--some shreds of clothes, and fragments of a knap
sack; but the body had disappeared. Still lower, the remains of the 
bones and skin of two Chamois, and near them the complete bones of a 
man. The latter were arranged in a very singular manner, nearly the 
whole skeleton being there in detached bones, laid in order along the 
ice,-the skull lowest, next the arms and ribs, and finally the bones of 
the pelvis, legs, and feet, disposed along the glacier, so that the dis
tance between the head and feet might be five yards, a disposition cer
tainly arising from some natural cause, not very easy to assign. 

The glacier now enters a regular valley, and leaves the high slopes. 
It is bounded by Mont Collon on the left, sweeping for some miles round 
its base, and on the right by rugged cliffs, chiefly of gneiss, in which we 
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could distinctly see well characterized granitic veins, shooting in irre
gular zig-zags through the mass. The glacier on which we now were 
is the Glacier of Arolla, that which occupies the head of the western 
branch of the Vallee d'Erin. It is very long. Probably we might 
have continued most easily all the way along the ice towards the 
centre; 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 most tedioull and disagreeable part of our day's journey; _ 
but M. Studer was rewarded by finding a mixture of gabbro or diallage 
rock, in immediate connection with real granite and metamorphic 
gneiss, to which he attached considerable importance. 

The structure of the Glacier of AroHa i. perfectly normal, present
ing bands or veins nearly parallel, and vertical throughout a great 
part of its length, which sweep round in the conoidal forms, proper, as 
we have seen, 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 appearance, with the majestic summit 
of Mont Collon towering up behind. The frontal bands are very dis
tinct, and even at a distance of a mile or more, those very marked 
ones which, in describing the Mer de Glace of Chamouni, I have 
called " dirt bands," and which, perhaps, are the annual rings or 
marks of yearly growth of the glacier, are beautifully developed, and 
recur at intervals marked with almost mathematical precision. 

The stream which descends the valley rises from under an arch of 
ice at the foot of the glacier. The bottom of the valley is wide, gra
velly, and waste. A number of desolate and stunted pine trees occupy 
the western bank, and seem chilled by the near approach of the ice ; 
many are dead, and some fallen. They serve to give a scale to the 
majestic scenery behind. Their species is the pinUB cembra, the hardiest 
of their class which grow to any size in Switzerland, and they are conse
quently to be met with at great elevations. This pine has various 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 "Zirbelnusskiefer." It yields an edible fruit, and the wood is 
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soft and well fitted for C8tl'Ving, for which it is preferred, especially in 
the Tyrol and eastern Alps. This wood of pines lies exactly between 
the foot of the glacier of Arolla and a small detached one descending 
from the mounta!n called Pigno d'Arolla, a summit on the wastei'D 
side of the great glacier. 

I ought to have mentioned, that in quitting the northern foot of 
Mont Collon, 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 Heremenoo. We staid some time to contemplate 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 
view of the glacier 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 alluded to. One of our 
first inquiries was connected with the fate of the 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 these 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 benumbed with cold, were left behind,-the 
imperious calls of self-preservation requiring their abandonment. Our 
informant assured us, that he himself was the last to quit these unfor
tunate men in succession, when every effort to stimulate or assist them 
had been tried in vain. We understood that two of the bodies had 
already been recovered; the t.hird was, no doubt, the one that we first 
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uw. The article8 which Diona had taken from the body were after
wards recognised in Evolena, and the money (which did not amount to 
more than three or four French francs) was faithfully paid over to the 
Cure, and measures were taken to have the body brought down for 
interment. 

Our new acquaintance of Arolla gave us other information, which 
interested me as much. Having complimented us on the 8uccessful 
passage we had made, he asked if we were not desirous of attempting 
the more arduous passage from Evolena to Zermatt, which, he 
assured U8, that he and his father had more than once performed, and 
that they were indeed the only persons in the valley who had done so. 
Now this passage had long piqued my curioSity, having a sort of 
romantic interest, which attaches to what has been so seldom per
formed, as to render its possibility almost fabulous. It was certain 
that it must carry the traveller amongst some of the highest and most 
majestic peaks of this almost unknown district. Its elevation and 
character I had already studied in 1841 from the side of Zermatt, and 
had conceived the most lively curiosity to traverse these glaciers, and 
to ascertain the relations of a group of mountains 13 and 14,000 feet 
high, some of which are scarcely indicated on several of the latest 
maps. My great doubt had been as to the possibility of finding any 
guide in Evolena, and therefore, that the first man whom we met with 
in the valley should be the very person who, I knew from Frobel's 
work, was reported to have some personal knowledge of this celebrated 
pass, seemed a piece of good fortune not to be lightly thrown away. 
After a short consultation with M. Studer, I found that the heavy 
marching trim of the worthy Klaus, and his own wish to visit the 
valley of Anniviers, would prevent him from undertaking this journey, 
although we were both eventually bound for Zermatt; therefore after a 
few minutes' arrangement I determined my plan, engaged Pralong to 
come down to Evolena next morning, and thence start with me in the 
afternoon for the foot of the Ferpecle Glacier, where we might sleep, 
and attempt the passage the following day. Pralong desired nothing 
better, and we soon started for Evolena. The walk to Hauderes, 
where the valley of Arolla joins that of Ferpecle, the union of the two 
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forming the V all~ d'Erin, was very agreeable, and at times beautiful. 
At the hamlet of Chatorma we noticed striated and. polished rocks, of 
which, as has been already said, we saw none in the Val Pelline. Below 
St. Barthelemi the way becomes steep, the torrent descends in rapids, 
and the banks are clothed with larch and pine wood; the ravine is 
altogether grand and picturesque. We then came to steep watered 
meadows, and at length, crossing first one stream and then auother, 
we arrived at the hamlet of Haud~res. Half an hour, which seemed 
a tedious while, over a fertile flat, divided into grass fields, and thickly 
studded with barns, brought us to the capital of the valley, the village 
of Evolena, which seemed to us the largest place we had seen for some 
time. A nearer approach shewed that the houses, which looked so 
imposing at a distance, were built of logs, and had dark and uninvit
ing exteriors. But when we came to seek for accommodation, we 
found every anticipation we could possibly have made of discomfort 
and privation much exceeded. 
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CHAPTER XVI. 

~"ROM EVOLENA IN THE V ALLEY OF ERIN TO ZER
MATT IN THE VALLEY OF ST. NICOLAS, BY THE 
GLACIERS OF FERPECLE AND ZMUTT. 

A NIGHT AT EVOLENA-WRETCHED ACCOMMODATIOJlf-DEPARTUIU!: FOR ABRI

COLLA-ASPECT OF THE GLACIER OF FERPECLE-A NIGHT IN THE CHALETS 

-ASCENT OF THE GLACIER--THE MOTTA ROTTA-THE STOCKHORN-MAG

NIFICENT VIEW OF MONTE ROSA AND MONT CERVIN-DANGEROU8 DESCENT 

-PRECIPICES-THE BERGSOHRUND-PRALONG RETURN8-THE GLACIER OF 

ZMUTT--8TRUCTURE OF THE MONT CERVIN-ARRIVAL AT ZERMATT. 

W B knew too well what accommodation might be expected even in 
the capital of a remote Valaisan valley to anticipate any luxuries at 
Evolena. Indeed, M. Studer had already been there the previous year, 
and having lodged with the Cure, forewarned me that our accommoda
tion would not be splendid. A change had, however, occurred in the 
establishment of the" Pfarrhaus," since 1841, by the introduction of 
the Cure's sister, who usually lived at Sion, a person of ungovernable 
temper and rude manners, who seemed to find pleasure in the arrival 
of strangers only &8 fresh subjects whereon to vent her spleen, and to 
show how heartily she despised the inhabitants of her brother's parish 
compared to the aristocratic burghers of the decayed town of Sion. 
Had this been all, and bad 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 greatest difficulty not only in procuring anything to eat, but even 
in being allowed to cook our own provisions. The Cure, a timid 
worldly man, gave us no comfort, and exercised no hospitality, evidently 
regarding our visit as an intMlSion. Indeed, jaded by a fatiguing jour-
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ney, without any prospect of beds, (forwe had been told at once that we 
could not lodge in the O'tlld,) we wished ourselves a hundred times, in 
the course of the evening, at the deserted Chalets of Prarayon, where 
we had spent the former night; whilst the amiable family of A-
at Valpelline seemed, by contrast, to belong to another race of 
beings. The faithful Klaus, too, had been taken unwell during the 
latter part of the day; but there was no alternative but to sit round 
a table, attired as we were, for two hours, before a soup, prepared 
with our own rice, was presented to us. At a late hour in the even
ing we were told that one bed could be had in the village; we gladly 
left the Pfarrhaus, shaking the dust from our feet, and went to the 
destined lodging, where we found civil, and tolerably cleanly people, 
whose jargon, however, it was quite impossihle to understand. There 
was actually but one spare bed in the whole village. We. drew Iota 
for the prize, which fell to me. It was clean, though neither soft 
nor even; but between two suoh journeys as I was undertaking, even 
to undress was a luxury, and I slept till late next morning, when 
I was awakened by M. Studer entering. Where he had slept 
never transpired. He had, however, spent a night of misery, and 
came to communicate his intention of departing immediately for the 
Val d'Anniviers, instead of passing the day in the neighbourhood of 
Evolena, as he had intended. I could not gainsay the propriety of his 
determination, although sorry to part. He left shortly afterwards, and 
we agreed to meet at Zermatt,-he going by Visp, I by Ferpeole. 

Before I had finished dressing, our worthy guide from Valpelline came 
to bid me adieu. During the latter part of our yesterday's walk we had 
become well acquainted, and his simplicity of character had touched us 
both. He had more than once expres.sed a wish to accompany us far
ther, as well as to avoid returning to his own country the same way. 
He urged nothing of the kind now, but quietly bid me good-bye and 
took the road to Hauderes. When I saw him fairly gone, I could not 
but regret having parted with him so easily. I thought that he might 
be very useful in the more d.iffi.cult journey which awaited me, my own 
servant being inexperienced, and the guide of Arolla, though he pro
mised well, being quite unknown to me. I, therefore, ran after" l'habit 
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rouge," and asked if he would accompany me to Zermatt, and return 
home by YZ>lirnanche in he at once as8lilitW"t 

~_o~o~o~._.", or hesitatiulis tuuued back with 
%ZHo'tHU'UHo Yralong joined 

with my three two o'clock, with 
fine weather, intending to sleep at the last ch8.lets of Ferpecle, and to 
cross the glacier the following morning. Before quitting Evolena I 
will say a few words respecting the Valleys of which it is the centre 
and capital. 

The group of valleys of which we speak, and of which Erin is the 
chief, iu Yf>tween the Rhon£:t treat chain of 
Their the valley of thu small and UU"VUddVS~ 

yassed UDnoticed rolling 
his or that of thn almost withulit 
perceiving their existence; yet opposite three well known stages on 
that road, Sion, Sierre, and Tourtemagne, three several valleys proceed, 
the Val d'Erin, or d'Herens, (Eringer ThaI,) the Val d'Anniviers (Ein
fischthal,) and the Vallee de Tourtemagne, (Turtmanthal.) Th€lir 
magnitude and importance are in the order just stated. The Val d'Erin 
divides the vallnh and that of 

V[H;~>U>SS to wit, the glacklif 

di videa int!.> 

The YCHfrtemagne is llUJ'U.ul,,"USSSSSJd, 
minates in a glacier at the foot of the Weisshorn. 

These valleys have not only been hitherto unfrequented by tourisU, 
but are almost unknown even to tra~8, (to make a distinction com
monly and not unjustly drawn in Switzerland.) De Sau88ure says 
nothing Yourrit speaks nlightly that it IDffli 
doubted YliYnna. Ebel melitis}li} 
them """"'SUSSSSS;;'Sll, and Simond is 

tde time I am denuYY~ 
ing, past the middle the Cure informud 
that we were the only strangers who had yet appeared that season at 
Evolena. A pleasant little work, by Frobel, entitled, " Reise in die 
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weniger bekannten Thaler auf der Nordseite der Penninillchen AI
pen,"· has given the first and only detailed account of them worth 
notice, and even his visit was one of but a very few days, and directed 
only to the more accessible points. His work is valuable £rom an im
proved map which it contains, (upon which the index map in this work 
is partly founded,) and which corrects many of the almost incredible 
errors of the best executed maps before ihat time, such as those of 
Weiss, Keller and Worl. I should add, that a work published at 
Basel, also in 1840, by Engelhardt, under the title of" Natur schilder
ungen der hOehsten Schweitzer Alpen," gives some account of these 
valleys, and confirms the unanimous testimony of travellers respect
ing the discomfort and incivility experienced at Evolena. 

It seems to be admitted by all who have mentioned these valleys 
that their population is of a distinct race from their Swiss neighbours~ 
Very different origins have been assigned to them,-that they came from 
the east, and were originally tribes of Huns and Alani, and that they 
settled here in the 5th century, is the most prevalent theory; others pro
nounced them to be Saracenic, dating from the 9th century, whilst Frobel 
inclines (chiefty upon etymological grounds, not perhaps very conclusive) 
to consider them a Oeltic race. That they lived in a very independent 
manner, were heathens long after the conversion of their neighbours, 
became subject to the Bishop of Sion, and were christianized by his 
missionaries, is confidently stated. In modem times we know that 
they have shown a spirit of stubborn independence, and resisted, 
in their unapproachable tastnesses, the incursions of the French armies, 
at a time when the rest of the Vallais had submitted to the yoke of 
Bonaparte. 

Their character does not appear to differ much from that of the Valai
sans, or, indeed, of the Swiss generally. Their hospitality, according to 
Frobel, is seldom disintt'rested, and an intense love of money predomi
nates in all their transactions. A dollar which once finds its way to Erin 
is never changed, and never comes forth again. This feature, supposed 
generally to be an imported vice, conspicuous only on the great and 
frequented roads, is, therefore, not merely the result of English folly 

• BerOO, 1840. 

T 
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and extravagance; and my experience in other remote places confirms 
the opinion. The character of the people is, farther, according to the 
same writer, stiff and pedantic, not unfrequently producing a ludicrous 
appearance of self-importance 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 houses and apartments are amongst 
the worst in the Alps: cleanliness is not amongst their virtues. Much 
of this may be traced to laziness, which Frobel says is the prevailing 
vice: mules are abundant for country uses, and no man walks who can 
possibly ride (even second) on a mule; still less will anyone carry a 
common knapsack without complaint. . Klaus's lwfit8 was the wonder 
of all who met us. Frobel has, indeed, said so much about the im
possibility of obtaining good guides in Evolena, - that I had despaired 
of undertaking any considerable expedition, but Pralong seemed to be 
rather an exception to the usual character, being active, civil, and far 
from exacting; he also displayed, on the whole, much personal courage 
and resolution. 

The language is barbarous, but I doubt whether it is more 80, or 
more decidedly national than in many other remote valleys of the 
Alps. The word "fliithig" for cleanly, which Frobel has mentioned 
as distinctive, I have heard in the valley of Saas, where the popula
tion is, I believe, purely Germa!1. The name Evolena is said to 
mean, in the native dialect, "tepid water," and may be derived 
from a number of very beautiful springs, which rise from the fallen de
bris at the foot of the mountain slope immediately behind the town. 
Borptl8, means brook; biegno, glacier, and pigno, mountain top, which 
last Frobel says is synonymous with the Spanish perum, the French 
pignon, the mons pennin", of the Romans, and the Gaelic hein. 

These valleys, notwithstanding the seeming poverty of their inhabit
ants, annually export a great deal of produce. Evolena is eight hours' 
distant from Sion. Its neighbourhood presents a very lively and fer
tile appearance, the valley being broad and weJl watered, covered with 

• "Die Minner von Evolena Bind oehll'Chte Bergleute." "Zehn bis runrzebn Pfund 
aur den Rucken ZIl haben illt einem Manne von E,'olcna ('ine Ilnerttilgliche Unbequem
(,bkeit," p. 91. 
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and studded witb chalets up to on 
both sides; for although the secondary ranges, those which divide 
Erin from Heremence and Anniviers, are of considerable height, and 
of a fatiguing nature to climb, as those who have passed testify, they 
ale fertile and grassy, affording excellent pasture. The cheerful appear-

indeed diminished ebproach and finb to be 
d1ey-Iofts, without 
we find so mucb 

the exports of 
country are larb1e, very great1b 

ports, although these must include most of what are commonly con
sidered as the necessaries of life: 

Besides the natural entrances to these valleys from the valley of the 
Rhone, which, as we have said, are narrow and unconspicuous, there are 
"".,,,m,,, basses to and feu", parts of these fm'mer 

tbe glaciers were, 

"'''''''''''''};'', and even the 
to have been 

Col 
said 

a passage to tl,,) Chermontane, bave 
been in the direction which we saw in crossing the Col de Fenetre. 
There is also a long pass, but not over ice, into the Val de Bagnes, 
below Mont Pleureur, which M. Studer crossed in 1841. From Anni
viers, it is very doubtful whether any glacier-pass exists; but from 
Tourt"magne, which is a valleb inhabited only in summer, it is pos-

cross the north£,Ufi the Weisshorn of 
above Stalden, 

resume our quitted Evolumfu I 
Handeres, wbeut; Jean Pralong, 

lage is at the junction of the two Borgnes, 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 and ill-furnished, 
the light and air coming in on all hands; but he conducted me up a 

height of Evolena is 
,"""",,,,,,,; with the barometel55 

above the 8<'1\ by 

Bernard. 
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trap-stair to a very tolerable apartment, with clean-looking beds, which 
we should have envied the night before. He offered me wine, and took 
a supply himself for the journey, candles for our use at night, and 
various 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 Ferpeele. We followed narrow wa.ter
courses to abridge our way, and during our ascent I was surprised to 
notice the oriental planQootree and the currant both growing wild. The 
rocks exhibit traces of glacier friction, but neither here nor in the other 
branch of the valley towards Arolla are the transported blocks numerous. 

After two hours' walk from Evolena, we reached the chalets of Fer
peele, the highest and only habitations of this part of the valley. Here 
we proposed to get some hay to form our bed at night, which we con
jectured 'might be a scarce commodity at the still higher station, where 
we proposed sleeping. But this was not· so easy a matter, for this 
seeming village contained not a single inhabitant; the grea~r part was 
composed merely of hay-lofts, which, upon examination, proved to be 
much better secured than at first sight seemed probable. But Pralong 
was not daunted by the resistance of wooden bars and iron shackles, 
and my geological hammer was unscrupulously applied to obtain an 
entrance with the deliberate purpose of pillage. At length one door 
was forced, and a good armful of dry clean hay was secured and carried 
oi', and all else replaced as before. We had now the lower end of the 
Glacier of ]ferpecle immediately before us. The valley is very deep, 
and the soone solitary and striking, but it is impossible to form here 
any idea of the extent of the ice. Keeping always to the left, we be
gan a smart ascent at first over the moraine of the glacier, which here 
as elsewhere seems to have retreated of late years. At length we 
gained a better path, traversing high pastures, and ol"Q8lting the beds of 
several vast torrents. Having now got considerably above the ice, 
we advanced nearly on a level. We also saw rising beyond, groups of 
jagged summits, which separate the Glaciers of Ferpecle and Arolla, of 
which the most conspicuous is a sharp pinnacle called Aiguille de Za. 
Thelie terminate towards the great chain in a range called the Dents 
des Bouquetins. This led us to speak of those animals, and I asked 
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Pralong whether any were ever seen. He replied that they had long 
disappeared, and that the story went that long ago the government of 
the Vallais, desirous to prese"e the race, declared the shooting of a 
Bouquetin to be a capital offence, from which time not one of these 
animals has been seen,-a practicaJ proof, he probably meant to infer, 
of the impotence of extreme legislation. He also began spontaneously 
to talk about the glaciers, and the ca1l88 of their motion, and put seve
ral very pertinent questions. Amongst other things, he affinned dis
tinctly, that the glaciers advance indifferently in summer and in winter, 
and even that if the lower extremity be diminishing, it continues to do 
so-if advancing, to advance also--in winter as in summer. 

As the evening fell we gradually approached-by a path which cer
tainly seemed to lead to no human habitation, but to an endless wilder
ness of ice and roob-the chAlets of Abricolla, which we reached in 
an hour and a half from the chAlets of Ferpecle. The first symptoms 
of human art were two pyramids of stone, (lomma de pierre as they are 
generally called,) which directed us from a distance; then two stone 
huts near together, and one or two others a little beyond. We soon 
found that there were inhabitants, and we were received with sim
plicity, and with that composure and seeming absence of curiosity 
which I have already mentioned as remarkable amongst the Pitre. 
of the higher Alps. A visit even from Evolena is- a rarity, but 
most likely none of them had before seen or lodged a traveller and his 
guides, prepared to cross the glacier to Zennatt. Nevertheless, as their 
reception was far from repelling or suspicious, I was well satisfied with 
their tranquillity about my concerns and objects; and preparing my 
arrangements for the evening, I left my guides, who all spoke different 
native tongues, to satisfy, as best they might, any latent curiosity of 
our hosts. 

It was a channing evening, almost too mild to give quite a favour
able prognostic for the weather. After sunset the moon, which was 
almost full, rose, and threw her light over a scene not to be surpassed. 
These chalets, placed on a broad grassy shelf of ricb verdure, onr
hanging, at a height of several hundred feet, one of the noblest glaciers 
in the Alps, are not much le1J8 elevated tban the Convent of the (Jireat 

Digitized by Goog Ie 



294 EVOl.ENA TO ZERMA1'T BY THE COL D'ERIN. 

St. Bernard,-a position sufficient in most cases to diminish the effect 
of the higher summits, but which here only increases it, so stupendous 
is the scale of nature at this spot. Rising abruptly from the glacier, 
at no great distance on the left, is the grand summit of the Dent 
Blanche, * which is called Hovenghorn as seen from Zermatt. Its 
height is probably unmeasured, but is marked in Keller's map 
13,000 French feet, which, I believe, is rather under the mark. To 
the south the view is bounded by the ridge which I proposed passing, 
from which the glacier descends in some places very steeply, and 
with a striking effect, breaking over a rock called Mottarotta, which 
divides its current for a short space. To the west of this a narrow 
ridge of angular summits very abrupt and bart', divides the glacier 
into two distinct branches. This is called the Mont Mine, and is 
reputed to contain indications of ancient mines. I was surprised to 
learn that sheep are usually conveyed across the glacier to graze upon 
what seems a mass of broken rock. Between the Mont Mine and the 
ridge formerly mentioned as separating the Glaciers of Arolla and 
Ferpecle, the western branch of the Ferpecle glacier descends. This 
ridge is far higher, and more commanding than the Mont Mine. It 
has its origin at the Dents des Bouquetins, near the axis of the chain, 
and it descends to the Aiguille de Za, and continues to its termination 
above Handeres, in the Dent de Visivi. From the considerable height 
at which I stood, the glacier was seen (in its lower part at least) in plan, 
and presented a view of the same description, but more extensive and 
wild, than that of the Mer de Glace from the Montanvert. As now 
seen by moonlight, its appearance 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 very 
similar circumstances. Amongst other things, I did not fail to remark 
the wave-like bands, or "dirt beds," at regular intervals on the surface 
of the glacier, in precise correspondence with what I had observed at 
Chamouni from the Charmoz. Here they were, if possible, more strik-

• See the Topograpbieal Sketeh, No. Vll., for this J'(IUW. 
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ing, more numerous, and not less regular. Instead of 18 bands, I 
here counted 30, at intervals sensibly equal, and in forms like those 
figured on the map of the Mer de Glace. The moonlight was very 
favourable 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 at Evolena; but it was at least freely offered. 
There was no temptation to prolong a stay within doors, unless to 
sleep. I retired early with my guides to the lodging prepared for us 
with the aid of the hay which we had brought. It was a small shed, 
about six feet square, and four high, attached to the principal hut, 
entered by a doorway through which one cou~d creep with difficulty, 
and which was shut up with a piece of cloth. I was placed next the 
wall, and the others slept beside me. The shepherds themselves slept 
in a separate hut a little way removed. Before we went to rest, it 
was agreed that they should call us at 3 A.M., that we might be on 
foot before day, for all reports agreed, that whatever might be ihe 
difficulties of the journey, it was, at least, a very long one. In order 
to awaken us at the right time, they begged to have my watch with 
them for the night, a request which, in some other countries, might 
have been suspicious, (it was a valuable gold chronometer,) but which 
here I granted as readily as it was undoubtingly asked. As we lay 
down I was struck by the conduct of Pralong, who knelt down on the 
hay and said his prayers shortly, and without form or pretension of 
any kind; and we had not been long composed to rest, before we heard 
a solemn, and not unmusical voice proceeding from the neighbouring 
apartment. On inquiry of Pralong I found, that the practice of 
evening prayer is kept up amongst the assembled shepherds; a rare 
but touching solemnity amongst men of tJie common ranks,-for no 
women usually live in the higher chAlets,-separated during so large a 
part of the year from the means of public worship. 

I passed a sleepless, though far from an uncomfortable night. 
Pralong had spoken doubtingly of the weather in the evening, and I 
well knew that any thing like uncertainty in that respect could not be 
hazarded on such an expedition, for which I felt more and more dis-
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posed as I got better acquainted with the scenery of this interesting 
chain. Every change of direction of the moon's rays falling through the 
open walls and roof of our shelter I mistook for a cloud, and felt fresh 
anxiety lest the hour of rising should be overpast, as it bad been at 
Prarayon. I was up before the rest, and whilst the stars were shining 

. bright, the moon having set, I performed my hasty toilet. It was 
some time before breakfast could be got ready, and, as usual, an hour 
and a quarter elapsed before we were fairly under way, exactly at a 
quarter to 5. 

It may not be out of place to mention here what was known respecting 
this pass, which has remained less celebrated than the 001 du Geant, 
or the Strahleck, (both of which it exceeds in height,) because the val
leys between which it communicates are, I believe, little known. I first 
heard of it from a guide at Zennatt, Peter Damatter, who told me, in 
1841, that he had passed it, and that the town of Sion was visible from 
the top. He represented the distance as excessively great, so as with 
difficulty to be accomplished in a day. Venetz, the able engineer of 
the Vallais, (to which canton this country belongs,) wrote, in 1833, 
that this pass was so dangerous that he bad never known but one man 
who had accomplished it;· whilst he mentions it as a proof of the 
great 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 circuit 
of three or four tedious days' joumey by Sion and Visp is by no means 
cheering. Frobel mentions, that some years before he wroie, several 
gentlemen of Sion eft'ected the passage under perilous circulD8tances, 
having passed the entire day, from two. in the moming until evening 
dusk, between the last chAlets of Fe~cle, and the first of Zmutt.t 

• M6noire IIUl' de Ia VariaUon de Temp!r&ture daua IeII Alpe de Ia Sui-, po 7. I quote 
from a ciatiou, not havillg the origm.,t by me. 

t "Die Angaben nber die Gaogbarkeit di_ P_ Bind aehr vel'llCbieden. Wie bei 
aller Gletacherpll8l!en wird anch bier alles yom Jahrgange nnd von der Witternng abhan
gen. Der Herr Domherr Berchtold in Sitten welcher iell nber d_lben befragte, be
merkte mir, f!II 181 in jedem Falle • em AveDbare,' nba- ilm za gehen. "-FBtiBBL, p. 73. 
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Making all customary allowance for exaggeration, I had good reason to 
take all precautions, and to &tart with the early dawn; indeed we were 
scarcely off when Pralong intimated that he feared we were already 
somewhat too late. 

H will be recollected that, besides Pralong, the guide of Evolena, I 
had the trusty Biona of Val Biona, and Tairraz of Chamouni, as my 
attendants. The provisions, and my personal effects, made a burden 
so light for each. that even an Eringer could not reasonably complain; 
and taking leave of our hosts with thanks and remuneration, we 
hastened at a good pace to gain the glacier. But this was not the 
work of a moment. I have already said that the ehilets of Abricolla 
stand on a shelf many hundred feet above the glacier; and, what is 
always disagreeable, our first step to mounting was a steep and uncom
fortable descent. We had not left the chAlets ten minutes when 
we found a foaming torrent to be Cl'088ed. Now, a plunge up to the 
knees in a river even ice-cold is a trifle in ordinary travelling, and 
might be considered a refreshing commencement of a long day's walk ; 
but when that walk is to be of ten or twelve hours on a glacier, and 
over snows 11,000 or 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 at length found, and was 
followed by the wary Savoyard. Without difficultiea worth mention
ing we gained the surface of the ice, having lost, however, in level, a 
height of perhaps 1000 feet; we then patiently and warily proceeded 
on our march,-

To climb steep billa 
Reqairea IIlow pace at 8r& I ADger is like 

A full hot hOl'll8. who, being a1lowed hie -1. 
Sell-meUle tires him.· 

But an unlooked for interruption occurred. My guides were all 
seized with sickness within a few minutes of one another. Their 
breakfast (boiled milk) had probably been prepared in a copper ves
sel, not cleaned overnight; and though all hardy men, with robust 

• HeDr)' VIII. 
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stomachs, and accustomed to the universal milk diet of the Alps, they 
suffered distressingly from the poison. For myself, long experience 
had made me almost wholly avoid these messes, and every preparation 
of milk. I had drunk tea both night and morning, prepared in my 
portable boiler, and had filled my gourd with some of the same invalu
able stomachic, which I now administered with. effect to Tairraz and 
Biona, whilst Pralong declared that his casket, or keg as it would be 
called in Scotland, of red wine, was worth all the tea in the unive1'8e. 
Happily, I suffered no uneasiness, and the others, being probably ac
customed to the disorder, made light of it, and gradually recovered ; 
meanwhile we pursued our way. We were now (See the Topographi
cal Sketch, No. VII.,) close under the rocks which bordered the 
glacier on our left, beneath the lofty peak of the Dent Blanche. 
Before us was the Motta Rotta, the rocky precipice already described 
as rising through the ice. At length the glacier became much cre
vassed, and we had a choice of difficulties, either to skirt the precipi
tous rocks on our left, or to make for the centre of the glacier on our 
right, with the chance of crevasses yet more impassable. Pralong, 
indeed, broached the notion of attempting the ascent of the glacier 
between the Motta Rotta and the Mont Mine, which, he said, would 
l~ad us more directly to the Col; but he did not know that such a 
passage had been attempted, and as, upon examination with the tele
scope, I perceived an enormous Berg-BC"nmd, or well defined crevass, 
which separated the higher summits from the glacier steep, I preferred 
pursuing the direction in which he had already passed. \\" e accord
ingly made for the rocks, and scrambled along and up them for a con
siderable way. We were preceded by a whole troop of Chamois, eleven 
in number, which we startled upon the ice, and which took imme
diately to the cliffs. At length it became difficult to say whether 
the rock or the glacier was the more formidable opponent, and we re
gained, with some difficulty, the surface of the latter, being now more 
than on a level with the chilets which we had left. 

The sun was only now rising behind the ridge of the Dent Blanche, the 
ice was still hard frozen and slippery. The glacier was very steep and 
rugged, but the crevasses were exposed and the walking was more diffi-
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cult than dangerous, although once I was only withheld by my com
panions from slipping into a chasm. But the snow line was soon gained, 
and the surface being still ('risp, our footing was sure, and the bed of snow 
too thick to create any risk from crevasses. We were on the north or 
shady exposure, always the easiest 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 Rotta gained, the Col might be said to be reached, for although 
snow fields of great extent separated 11S from it, they evidently pre
sented no difficulty. It is, perhaps, only in this part of the Alps that 
such a prodigious extent of comparative table-lands of snow are to be 
found at such an elevation. New peaks began to rise before us, and 
especially the Mont Cervin, or Matterhorn, and the Dent d'Erin. 
whilst to the westward, the summits of Mont Co11on, and the neigh
bouring chains peepoo. over the wilderness of snow and ice. The Col 
or pass, lay now, Pralong told' me, considerably to the right, but see
ing just before us a snowy summit, which alone concealed from us the 
view of Monte Rosa, and the great chain of Alps in that direc
tion, I proposed. 8S we had gained this height at a very early hour, 
and with far less difficulty than I expected, to climb to the top of it 
to enjoy the view. Now, Pralong was not one of those teazing. 
pedantic guides who will never listen to any opinion, and who make it 
a point to thwart a proposition merely to show their consequence, the 
more so ifit offer a chance of delay. I liked him for his confidence 
and good temper. He admitted that a traveller's opinion might be 
taken, at least as to the course which would please him best; accord
ingly, we walked right over towards the precipice marked on the sketch 
as stretching from the Dent Blanche to the Stockhorn. As we ap
proached it, I caught one of those glorious bursts of scenery of which 
all description must ever fail to realize the incommunicable grandeur. 
and one sight of which at once and instantly repays the traveller for 
days of toil and sleepless nights. Wandering on alone as near the 
verge of the snow-crowned precipice as I dared venture, (for there an 
unsef'n fissure in the compacted snow, some yards from the very ledge, 
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might readily occasion the detachment of a mass, by the traveller's 
weight, into the abyss,) I gained the summit of the Stockhom, 
of which I had considerably overrated the height from where I first 
proposed the deviation, and was seated on its top exactly at nine 
o'clock. 

I wish I could convey an impression, however faint, of the view to 
the east. The morning was calm, the sky pure, and the sun bright; 
indeed, there was not a breath of wind, though I was here at a height of 
11,760 feet above the sea, or 600 feet higher than the Col du Geant; 
and this stillness, combined with the reflected sun heat, made the air 
feel perfectly mild, although, to my surprise, I found the thermometer 
to be only 34°. The whole range of Monte Rosa, including that pro
matieal summit,. scarcely inferior to it in height, called by some Mon
~ane de Fee, and by others Mittaghorn, filled the eastern distance. 

-' 
' ... ' I I I 

I ! I 
~:;t. HI.-. ::::. _........ If""leoma. 

From the great height at which I stood, there could be no doubt 
about which was the highest point. Although between 3000 and 4000 
feet higher, the distance was so great as to bring the eye apparently 
almost on a level, and in no direction is the relation of these much 
contested summits better seen. The summit which I thus judged to 
be the highest, is exactly the "H5chste Spitze" of Von Welden, 
15,158 English feet above the sea, of which more hereafter. 

The whole lustre of the morning sun shone shadowleas upon these 

• What Von Weldell hIlS caJled " B.!rg X." 
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snowy heights, and upon the Vallt surface of the Glacier of Zmutt, of 
which only a portion can be included in the Topographical Sketch, and 
which lay completely, as in a map, at my feet, separated from me by stu
pendous precipices-" a Vallt vacuity." It is the clift' attempted to be 
shown in the sketch, of which the Stockhom on which I WIIB seated forma 
at once the salient angle and the highest point. A branch of the glacier, 
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 its pre
cipitous height from top to bottom, had a magnificent appearance, and 
from the height which I afterwards ucertained of the point on which I 
stood, I cannot doubt that its reported height (nearly 14,000 English 
feet) is not overrated. Beyond the Dent Blanch~ appeared the elegant 
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-8 the Gabelhomer and other rugged 
mountains, which separate the head of the Val d'Anniviers· from the 
Glacier of Zmutt. But amongst the objects nearer at hand, even the 
Dent Blanche WIIB not the finest. Right opposite, separated from me 
just by the breadth of the Glacier of Zmutt, were the Mont Cemn 
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 all seen 
from Zermatt, will be found in Plate VII.: its unsealed and UDscaleable 
pyramid is, beyond comparison, the most striking object in the Alps. 
The Dent d'Erin forms distinctly a part of the same range, united by 
a continuous and inaccessible precipice, and they are not isolated and 
unconnected masses, as represented in Frobel's map. To the west
ward were seen the mountain groups of the head of the Val Pelline ;-the 
Mont Collon, and the Pigno d'Arolla, the Dents des Bouquetins, and 
the seemingly interminable ice-fields over which (as I have said above) 

• De SaU88ure. M. Berchtold's measurement is Dot sensibly ditrt.'l'eDt-namely, 13,839 
French or 14,750 English feet, a8 stated by Engelhardt in the proceedings of the Swiatl 

naturalists fur I R41. The numbers gi"en in Engelhardt's "Schildcnmgen" are many of 
them inacc\lrate. 
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a passage might possibly be effected to the Col de Collon, above which 
I thought that I perceived the Mont Gele, near the Col de Fenetres; 
but in this I might easily be mistaken. It is probable that the Monts 
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 concealed by the mountains last named. To 
the north was the Glacier of Ferpecle, which we had ascended, 
stretched out in all its length, flanked by its AiguiDes, and descending 
into the depth of the valley, in which we easily 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, none can 
compare with that from the Stockhom of the Col d'Erin, (as I propose 
to call this pass, which has not yet received a name.) The unequalled 
view of Monte Rosa, and the centrical position with respect to three 
summits of the second (if not of the first) order, the Mont Oervin, Dent 
Blanche, and Dent d'Erin, which seem all so near as almost to be tan
gible, are s11fficient to mark its character. The Weisshom and the 
Oima di J azi, as well as Mont Cervin, all border on ] 5,000 feet; so 
that, counting all the peaks of Monte Rosa but as one, we see at once 
at least five distinct mountains hight'r than the Finsteraarhom, long 
esteemed the highest in Switzerland proper. Oompared to the 001 du 
Geant, the view is here more vast and savage, and the individual ob
jects finer and 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 on 
the geography of this part of the chain. By Warl's Map, or that of 
Keller until the edition of 1842, it would appear impossible that such 
a pass can exist as that which I am now describing. The chain of Alps 
(1 write with Wort's Map before me) is represented as turning from the 
Mont Cervin abruptly to the N. W .,-as including the Dent Blanche 
at the southern foot of which the Val PelJine is made to take its rise (!) 
and then, as bending back again towards the head of the Glacier of 
Arolla. Since the Dent Blanche is rightly placed between the Glacier 
of Ferpecle and that ~f the Torrent-tha.l, it evidently would have been 
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impossible to reach Zermatt from Evolena without crossing into Italy, 
and recrossing near the Mont Cervin. Now, without detailing other 
varieties of error, the reality is, that the main chain of Alps is here 
well defined, and nearly straight, extending from Mont Cervin through 
the Dent d'Erin to the nameless summits 80uth of Mont Collon, aqd 
at the true head of Val Pelline or Biona. The whole north face of 
Mont Cervin and the Dent d'Erin is a united and inaccessible preci
pice, which falls into the Glacier of Zmutt, which extends far to the 
westward of both, not rising (as even Frobel inaccurately represents 
it) immediately behind the Mont Cervin, but in the great ice-mass to 
the westward of the Dent d'Erin. Now, just where the GlaCier of 
Zmutt takes its rise, is the commencement of a great lateral chain 
on 80 stupendous a scale, as to create little surprise that it has often been 
mistaken for the great chain. The Glacier of Ferpecle descends from its 
north-westem Bank, where it forms the Col d'Erin and the Stockhom, 
upon which we conceive oUrRelves stationed. It then expands itself into 
the mass of the Dent Blanche, which sends forth the ramification of the 
Dents d'Abricolla and Zatalane, which separate the valleys of Erin and 
Anniviers. From the Dent Blanche the chain takes an easterly direc
iion, forming the summit called Moming in Erin, Triftenhom at Zer
matt, (where the Dent Blanche is called Hovenghom,) which separates' 
the valley of Zinal and that of Zmutt. This part of the chain seemed 
to me quite impassable. Then follow a range of peaks called Gabel
homer, which continue the chain in a north-easterly direction, parallel 
to the valley of St. Nicolas, until we reach the culminating point of 
the Weisshom, a seemingly inaccessible peak of 140,812 English feet, 
which is often mistaken for Monte Rosa. especially from the Pass of 
Gemmi, whence it and the other parts of the chain just mentioned have 
been elaborately figured in von Welden's work as the actual Chain of 
Monte Rosa, and received specific names accordingly, although the 
real Monte Rosa is some thirty miles distant, and wholly concealed! 

I t will thus be distinctly understood that the passage of the Col 
d'Erin is not that of the great chain, but only of this ramification 
of it. 

M. Studer having taken his barometer with him to Anniviers, 1 
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had only the sympiesometer and the boiling water apparatus to de
pend upon for the detennination of the height. I consider the latter 
aa the most certain, and as probably not erring more than 50 feet from 
the truth. It gave (by comparison with the barometer at Geneva) a 
height of 11,770 feet, the temperature of boiling water, being 192°.45, 
(or 191°.93 corrected.) and that of the air 34°. I melted 8now, and 
caused the water to boil with great ease, even at this height, and thus 
supplied the party with plenty of water to drink, which otherwise it 
would have been impossible to procure. 

Stretched upon the snow, we made a hearty meal; and the hour 
and a half which I spent here in observing my instrument, taking 
magnetic bearings of the principal objects, sketching the outline of 
Monte Rosa, and trying effectually to impress upon my memory a 
scene which I scarcely expect ever to S('6 equalled or under circum
stances so favourable, went quickly by, when Pralong modestly invited 
me to depart, aa our taak was far from accomplished; indeed, as it ap
peared, the most iifficult part was to come. 

Our object was now to descend upon the Glacier of Zmutt, of which, 
aa I have endeavoured to explain, and to represent upon the Topogra
phical Sketch, No. VII., the lower or more level part swept along the 
baae of the Mont Cervin and Dent d'Erin, whilst a higher stage of it 
rose to the foot of the lofty precipice above which we stood. Now, 
whilst the lop of this precipice sunk from the summit of the Stockhom, 
westwards to the Col, and then rose a little, the glacier and the fool 
of the precipice rose rapidly and continuously to the westward, 80 

that the top and bottom of the precipice became at length blended 
together, under a snowy sheet. To reach this point, however, would 
have been a long detour, and the glacier appeared dangerously cre
VatlSed. Having, therefore, descended from the Stockhom to the 
Col, (which was not a great deal lower,) Pralong proposed to at
tempt descending the cliff, by which he recollected to have passed 
when he laat crossed, and to have successfully reached the glacier be
low. We began cautiously to descend, for it was an absolute preci
pice: Pralong first, and I following, leaving the other guides to wait 
about the middle, until we should see whether or not a passage could 
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be effected. The precipice was several hundred feet high. Some bad 
turns were passed, and I began to hope that no insmmountable diffi
culty would appear, when Pralong announced that the snow this year 
had melted so much more completely than on the former occasion, as 
to cut off all communication with the glacier, for there was a height of 
at least thirty vertical feet of rocky wall, which we could by no means 
circumvent. Thus, all was to do over again, and the clii' was reas
cended. We looked right and left for a more feasible spot, but des
cried none. Having regained the snows above, we cautiously skirted 
the precipice, until we should find a place favourable to the attempt. * 
At length, the reeks became mostly 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 the glacier beneath. 
The slope was chiefly of soft deep snow, lying at a high angle. 
There was no difficulty in securing our footing in it, but the danger 
was of producing an avalanche by our weight. This, it may be 
thought, was a. small matter, if we were to alight on the glaeier below; 
but such a surface of snow upon rock rarely connects with a' glacier 
without a break, and we all knew very well that the formidable "Berg

schrund," already mentioned, was open to 
receive the avalanohe and its charge, if it 
should take place. We had no laddM', but 
a. pretty long rope. Pralong was tied to it. 
We all held Cast on the rope, having planted 
ourselves as well as we could on the slope of 
snow, and)et him down by degrees, to as-

PtuMg 1M ~nd. certain the nature and breadth of the cre-
Va88e, of which the upper edge usually overhangs like the roof of a. 
cave, dropping icicles. Were that covering to fail, he might be pl1lnged, 
and drag us, into a chasm beneath. He, however, effected the pas
sage with a coolness which I have never seen surpassed, and shouted 

• Upon the roek (rom whence we finally descended I left a bottle containing the namps 

of the party. 

u 
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the intelligence that the chasm had been choked by previous aN

lancha, and that we might pass without danger. He then (having 
loosed himself from the rope) proceeded to explore the footing on 
the glacier, leaving me and the other two guides to extricate our
selves. I descended first by the rope, then Biona, and lastly Tair
ru, who, being unsupported, did not at all like the slide, the ter
mination of which it was quite impossible to see from above. We 
then followed Pralong, and proceeded with great precaution to 
sound our way down the upper Glacier of Zmutt, which is here suf
ficiently steep to be deeply fissured, and which is covered with per
petual snow, now soft with the heat of the morning sun. It was 
a dangerous passage, and required many wide circuits. But at 
length we reached in a slanting direction the second terrace or pre
cipice of rock which separates the upper and lower Glacier of Zmutt, 
and which terminates in the promontory marked Stoekhi in the map. 
When we were fairly on the debris we stopped to repose, and to congra
tulate ourselves on the success of this difficult passage. Pralong then 
said that he wished to ask a favour of me. To my astonishment, this 
was that he might be allowed to return to Erin instead of descending 
the Glacier to Zermatt. He was afraid, he said, of change of weather, 
and did not wish to lose time by going round by Visp. Of COW'8e 
I readily granted his request, and paid him the full sum agreed upon. 
To return all alone (and it was now afternoon) over the track we had 
just accomplished was a piece of spirit which would scarcely have 
entered the imagination 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 all the 
wine, we saw him depart. 

We had still a long, though not a dangerous. stretch of glacier be
fore us. We had, in the first place, to descend the precipices behind 
the Stoekhi to the. lower level of the Glacier of Zmutt. Though steep, 
they were not dangerous like the last, and though the way was new 
to my companions as well as myself, we found no particular difficulty. 
We had now no 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 intersected by ~reV888es, and in many places almost covered with 

vast boulders. During this descent I had an opportunity of examining 

closely the structure of the Mont 
Oervin on this side, which probably 
no mineralogist has had before. 

There seems no reason to doubt that 
it is entirely composed of metamOl-

~~;~I~~I~~ phic secondary rocks. The lower 
;;: "':; =-- part is of the system of !Jf'68f' BlateI, 
•• tftiotfoMtAcN.W: which abound in this part of the 

Alps, and which here pass into serpentine and gabbro, as the moraines 
teetif'y, the higher part of grey and .,,"i18 1laIu, remarkably contorted, 
and probably calcareous. The middle strata of the Mont Oervin 
appear to form, by their prolongation, the Stockhi on which I stood, 
and the 001 d'Erin and Stockhom are composed of a repetition of 
the green slate, which contains so much felspar that it may be 
called gneiss. The whole height of the Mont Carvin, down to the 
level of the glacier, is one continuous precipice, which must be between 
7000 and 8000 feet. The conformation of the Dent d'Erin is similar 

to it. 
The gradual appearance of the moraines upon the Glacier of Zmutt 

was very striking. I mean that they are slowly developed upon the 
surface of the ice, &8 I have described on the Mer de Glace of Oh&
mouni. They come from many quarters, and with a prodigious 
volume; from the Dent d'Erin, the Mont Oervin, the Stockhi, the 
Stockhom, and from other promontories divided by glaciers which £all 
from the range of the Dent Blanche and Triftenhom, they accumulate 
at last upon so narrow a space of glacier as, from a distance, to appear 
to cover it entirely. The usual nearly longitudinal vertical structure was 
developed in the ice where we first descended upon it. Both banks of 
the glacier were too precipitous to attempt to climb them, and for a 
long way we had to pick our steps as we best could on the ice and 
among the moraines. At length we gained the right bank, not far 
above the first chilets of Zmutt, with which I was already acquainted 
by my visit of the previous year. Immediately after, we entered the 
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larch woods, and crossed the river where a very deep ravine is spanned 
by a most pict11l'e8que and insecure bridge, which passes to the village 
of Zmutt on the 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 serves as an inn. I arrived at hall-past five, P.II., or in 
somewhat less than thirteen hours, from Abricolla, including various 
halts. 
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CHAPTER XVII. 

THE ENVIRONS OF ZERMATT. 

VALLEY OF ST. NICOLAS FROII VIBP TO ZIUUIA1"l'--'J'ORRBNTS--THB BIBS 

QLACIBR-POBITION OF ZBRIIA'l"l'-GLACIBB IIABU ON TUB ROCKS

aLACIBR OF OOBNBB--'l'IIB BIFFBLBBRG-VIBW AND BBAlUNGB FROII IT

RETCH 01' THB GBOLOGY OF THIB PART 01' TBB ALPB---SUIPLE IIINBBALB. 

IN 1841 I visited Zermatt, in company with Mr. Heath, by the usual 
route from Visp in the Rhone valley. It is about eight hours' walk; 
one and a hall hours to Stalden, where the valleys of Saas and St. 
Nicolas separate, (see the general map;) two and a half to St. Nico
las; two to Randa, and two to Zermatt. - Between Visp and Stalden 
the country is very pleasing, especially where the river is crossed at 
Neubriick, whence there is a very fine view of a small portion of the 
snowy range which separates the valleys of Saas and St. Nicolas. 
Near Stalden are earth pillars, capped by boulders which have pro
tected the soil beneath from the rain, which has washed all the neigh
bouring parts away, and left these standing, not unlike the marks left 

• By lIOIIle straDge OTerBight it i.e represented, u a leasible eHUl'llion, in both ec1idcma 01 
Mr. Murray'8 valuable Band-Book or Switzerland, to lave V"utp in the IIIOrJIiDg and to 
__ the P_ 01 Mont Cervin (Col de S&. Th6odule) into Piedmont &he __ day. Now, 

&he ucent or &he St. Th60dnle from ~ i.e alone nearly fift houn' haY)' work, 
(a riBe of above 6000 lee&,) 110 &hat were any lackle. traveller to take &hie advice he 

would find himeeIl, dftn' tAirt~ell AOII,.,' Itdlkill9, in the mielet or a vu' glacier 11,000 leet 
abuve the_. 
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by -workmen to show the extent of an excavation. Similar columns 
are likewise to be found near U segne in the Val d'Erin, at St. Ger
vais, at Botzen in the Tyrol, and near Queyras in Dauphine. The 
boulders here seemed to be Gabbro or diallage rock. From Stalden 
to St. Nicolas the valley is somewhat monotonous; but the Weisshorn 
is a striking object. 1 did not trace here any decided marks of gla
cier action. 

Between St. Nicolas and Randa several wild and bridgeless torrents 
have to be cl"08Sed, which, in bad weather, must make this route nearly 
impassable. I noticed particula.rly the mode in which a violent tor
rent accumulates boulders, forming a mound of blocks on either hand, 
which serves, in some measure, to restrain its fury, whilst the level of 
its bed is continually :raised. by the detritus which it accumulates; 
and when, by extraordinary freshes, the barrier is broken, the country 
on either side is, of course, deluged. I only speak now of the wild
est and most powerful torrents descending at a great angle, and which 
act sufficiently on blocks to roll them with the aid of gravity for' a 
great way, and chafe them into irregularly rounded masses, with a 
noise which everyone who has visited the Alps recalls as one of the 
most striking of na.tural sounds, accompanied, as it always is, with 
an impression of irresistible force. Now these rocky accumulations 
have a very striking resemblance to the moraines of glaciers, and this 
is a circumstance which it is well to be aware of, and which has not, 
I think, been prominently stated.. In farm, these mounds resemble 
moraines, the external, and even the internal slope, being in both cases 
usually determined by the a1l{118 oj rep0B6 of the blocks. The matmai6 
of both are also alike ;--angular blocks, more or less rounded by friction, 
never quite smooth or polished, angular gravel, and sharp sand. In 
the diBpolinon of the materials, I have not observed that regularity of 
arrangement which is said to distinguish water-action from that of 
glaciers. On the contrary, the deposit of these torrents seems to be 
wholly devoid of layers of coarser or finer materials, and, as in true 
moraines, the largest blocks often lie uppermost. I may mention the 
great torrent descending from the Dent du Midi, which devastates the 
country above St. Maurice, as another example of this. 
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The village of Randa lies amongst extensive meadows, and although 
on the opposite side of the valley from the Bies-Gletscher, descending 
from the Weisshorn, (which is now left behind on the right,) it has 
twice materially sufFered from the lower part of that glacier giving way 
and filling up the whole bottom of the valley, in 1737 and 1819.
Above the village of Tesch the valley contracts, and a rocky barrier 
has to be surmounted. From thence a grand view of the Mont Cervin 
opens; and soon after, the village of Zermatt, charmingly situated in a 
green hollow, well flanked with wood, and enclosed by snowy summits, 
comes into view. It is at the rocky barrier just mentioned that I 
noticed the first clear traces in this valley of ancient glacier action in 
the polishing and striating of the surfaces,--a remarkably well defined 
result, which may be traced at intervals up to the very foot of the gla
cier. These stria! were distinctly found by M. Agassiz in 1839, under 
the glacier itself. This is one of those cases in which it seems impos
sible to deny this to be a conclusive proof of the ancient extension of 
ilie ice. 

The village of Zermatt, (called Praborgne, in Piedmont,) is near 
the union of three glacier-bearing valleys,-the main valley, at the head 
of which is the great Glacier of Monte Rosa, called also the Glacier of 
Gomer, or Glacier of Zermatt; the valley immediately to the east, 
which contains the Glacier of Findelen, descending from the Saas-grat; 
and that on the right, or to the west, headed by the Glacier of Zmutt. 

The river Visp takes its rise in these several valleys, and especially 
from the great Glacier of Monte Rosa, where it issues, as usual, from a 
cavern in the ice. I measured its temperature in 1841, at different 
points of its length, which I found to be,-

Under the glacier, 33°.3 F. 
At Zermatt, . 35.5. 
One hour below St. Nicolas, 41.0. 
Half an hour below StaIden, 43.0. 

'!'he great Glacier of Monte Rosa terminates at present about three 

* ENUELB.t.RDr Nat.rlCAildtrKngclI, 1'. 175. AOAllllIZ, Etlld~" p. 158. 
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miles above Zermatt. The. lower part is too steep to be ascended, and 
it presents the phenomenon of conoidal bands, not only Calling forwards 
until the frontal dip is nothing, but actually sloping outwards as in 
glaciers of the second order. It rests on serpentine and talc slates, 
and these rocks present exquisite proofs of glacier polish on the sides 
of the Rift'elberg up to a very considerable height above the western 
bank of the glacier. Its breadth is here not great, and the surface is 
crevassed in a remarkable manner, as it rounds the promontory of the 
Riffel, like the rays of a £an which M. Agassiz has well represented in 
his Atlas, as well as the medial moraines on its surface, (which are 
numerous, and well defined,) and their origin at the rocky promon
tories separating the glacier streams which descend from the Breithorn, 
the Lyskamm, and Mente Rosa. It is diffi.cult to ascend the rocks 
on the eastern bank of the glacier, but it is possible; and when the 
upper surCace of the ice begins to be commanded, there are one or two 
ruined huts in which a shepherd seeks a temporary shelter, and which 
may serve as a landmark. Near this the serpentine rocks are beautiCufly 
excavated in nearly horizontal atrial, whilst below, in the immediate 
neighbourhood of the ice, I found not only grooves but scratches well 
marked on the serpentine and talc slates. These scratches visibly 
crossed one another in two series, tmdsr a contiiderahle a'll1lbJ, and this 
must be recent work, because the weather soon wears this rock. 

When the upper level of the glacier is viewed, either from the 
Rurel or from the path up to the 001 of Mont Cervin, it presents a 
noble seene. It is a very vast ice river, whose surface, at the height 
from which it can be most conveniently observed, appears nearly even, 
though diversified by fissures and by structural bands like those on 
the Mer de Glace, which, so far as I can judge from the general view 
which I obtained without walking over it, are most distinct upon the 
southern half, and present complete loops bounded by the medial mo
raine, whilst the northern half (I mean of the breadth of the glacier) 
has probably a similar structure, although less distinct, and in one 
part, near the foot of Monte Rosa, is evidently mach contorted. The 
tributary glaciers descending from the Breithorn have also a well-de
velopt-d 8yste1l1 of bands, quite normal. 
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But the RHfelberg may be more easily ascended by its northern 
slope; there are, indeed, several paths, but it is a stiff walk of nearly 
three hours from Zermatt. The view corresponds to that of the Mont
anvert of Chamouni. Though much more vast, I doubt whether the 
impression of this glacier, and the chain beyond, is alto~ther so in
teresting as the other. Monte Rosa is indeed very high and very 
large, but it presents too many points and too many masses of nearly 
equal height; the view wants concentration to make a picture, and 
variety of form. I except, however, the Mont Carvin or Matterhorn, 
which is seen from hence, but in an opposite direction from Monte Rosa, 
~d which I have already noticed as beyond comparison the most striking 
natural object I have seen,-an inaccessible obelisk of rock not a thou
sand feet lower than Mont Blanc! It is represented in Plate VII. The 
summits of Monte Rosa, distinctly seen from the Riffelberg, are the 
" Nord End," and "Hochste Spitze," of von W elden's map; then 
follow to the westward, the somewhat heavy looking range of the 
Lyskamm and Breithorn, terminating in the Petit Mont Carvin and 
Col de St. Th~odule, a snowy chain of 1l,OOO feet, which is connected 
with the Mont Cervin. To the west is perfectly well seen the Glacier 
of Zmutt, the Col d'Erin, and the range of the Hovenghorn, (Dent 
Blanche,) and Gabelhorner as far as the Weisshorn.· To the north is 
the lateral, though very elevated and all but impassable, range which 
separates the Valley of Saas from that of St. Nicolas, which is called 
the Saas-grat, and of which the culminating point is (according to 
Berchtold of Sion,) no less than 14,574 feet above the sea. It is, I 
believe, variously called by different writers and guides, the Dom, 
Montagne de F~, Mittaghorn, and perhaps by some erroneously, 
aima di Jazi. Nearer at hand are the Strahlhorner, and close to 
the nortit foot of the Riffel is the Glacier of Findelen already men
tioned, which unites to the eastward with the great Glacier of Monte 
Rosa, and which must be ascended in order t~ reach the Weissen 
Thor, a very remarkable pass leading to Macugnaga, which I shan 
mention later. Though the Glaciers of Findelen and Gomer have 
thus a common origin, the former has been retreating, (at its lower 
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end,) the latter advancing for many years; this is a di1Iiculty of 
which I know no plausible explanation. Peter Damatt'er, my guide, 
both in 1841 and 1842, asserts positively, that the Glacier of Gomer 
advances in winter, and more in winter than in summer; but by this 
is to be understood that the lower extremity advances faster into the 
valley; being, of course, protected from thawing inft.uences, its advance 
would be more perceptible. Upon questioning him closely, he de
clared that he had seen the glacier press on the snow before it; and 
that, in January 1840 in particular, it had advanced towards a fixed' 
mark no less than 50 /dafter (fathoms) in three weeks; a result, how
ever, which we must be allowed to doubt. 

The top of the Ri1Felberg is a peak, or "hom" as it is called in Ger
man Switzerland, which long passed for inaccessible, as no guide at 
Zermatt had attained it. In 1841, I attempted it by the westem 
side, and arrived within a few fathoms of the top, when I was stopped 
by a cleft and a precipice which was not to be ascended without incur
ring a needless risk. In 1842, however, some English students of Hof
wyl, clambering about the rocks, found a circuitous path on the eastern 
side, by which the top may be gained without much difficulty; I, ac

cordingly mounted it with Damatter, who had learned the way, and 
proceeded to take some bearings from the summit, which is a narrow 
rugged space. At first I thought Kater's compass pointed wrong; 
the sun, which was near setting, appeared due north! Then I took 
another compass and got the same result. It was clear that there was 
an enormous local' attraction of the hill on the needle. We would 
charitably wish this to be considered as a possible explanation of some 
portion of the inconceivable errors of the more esteemed maps of this 
part of the Alps; errors which something like an oversight of 600 , as 
in the present case, would seem alone capable of accounting for. I 
will, however, preserve the bearings I took, including an azimuth of the 
sun,-which may serve to correct the others, and which may possibly 
be of use. They are expressed in degrees, round the circle from N. 
by E. 
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BEARINGS FROM BIFFBLROBN. 

Stockhom, (Col d'Erin,) 5lo 
Dent Blanche, (Hovenghorn,) 23 
Triften-horn, (Moming,) 54 
Wei88horn, 70 
Mont F~! (Saas-gmt,) 139 
Monte Rosa, (HOehste,) 204 
Petit Mont Oervin, 2891 

. Sun's Azimuth, 21st Aug. 1842, 4h. 34m, 349 
Mont Oervin, 351 

Now, the Riffelhorn bore 12Olo from the Stockhorn. Supposing 
that observation correct, the Stockhom ought to have borne 300lo 

from the Riffel; but it appeared to bear 5lo, (or 365l0,) consequently 
the local error was 65° ! It appears, therefore, that the slaty beds of 
the Riffel are highly magnetic, probably from octahedral iron, which is 
fOIIDd in large crystals on the neighbouring glacier of Findelen. 

I take this occasion of adding a few remarks upon the relations of 
the rocks in this part of the Alps, which have been only incidentally 
mentioned. In doing so we must carefully distinguish statements of 
fact from theoretical statements. The former include the general dis
tribution of rocks of certain mineralogical characters throughout the 
chain, as for instance granites, and the position and arrangement of 
the stratified rocks connected with them. The nomenclature of these 
rocks, and the limits of formations, may at present be considered as in 
some degree hypothetical. 

The granite of the Alps appears at intervals along the chain as if it 
were continuous below, but breaking forth only here and there, and affect
ing various other rocks with which it is intermingled, constituting. as 
M. Studer has most prominently brought into notice, a series of dis
tinct centres, rather than long lines or axes of elevation. At the same 
time, we undoubtedly find a linear arrangement amongst these granitic 
groups, and frequently indications of true granite where the rock does 
not occur in maBS, as in the granite veins of the higher part of the 
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Val Biona, and oC the valley oC Arolla, and at Valorsine. I t is not 
unfrequent that a secondary or parallel outburst oC granite takes place, 
so that the chain appears to have two if not three axes. This is well
marked in the range oC the Aiguilles rouges, near Ohamouni, and some
thing oC the same kind will probably be found in the Val de Bagnes, 
the head of the Val d'Anniviers, 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 granite blocks on the Glacier of Ferpecle, but 
I cannot be certain. The Stockhorn is certainly slaty. Now, though 
slaty rocks containing Celspar are often in contact with Alpine granite, 
it is impossible to consider them as representing universally the gneiss 
formation of other countries. In the first place, the granite as often, 
or oftener, OfHIrlie8 the slate than the contrary. These slaty rocks may 
be distinguished by mineralogical character, but scarcely by any other. 
They are quartzose, or micaceous, or calcareous, or contain serpentine, 
and are in colour white, grey, black, or green, and these colours are 
amongst the most distinctive characters which they present. Thus, 
there are the black-slates of Fiz and the Bonhomme, near Ohamouni, 
while the greater part of the mountains we have lately been describ
ing are composed of regularly stratified alternations-CeIspar-slate, 
(gneiss,) quartz-slate passing into quartz-rock, talc-slate (diBteB tterlI) 
passing into serpentine and dia11age, and calcareous slates passing 
into dolomite, which last occurs in several repetitions in the section 
of strata formed by the valley of the Visp (or Vi~.) The talc
slate also passes into pot-stone, which is worked near the town of 
Viege, (Visp,) and above Evolena. The 001 of Erin is a felspathose 
slate or gneiss; the Stockhi is a white quartzose slate, probably con
taining lime, and this appears to constitute the whole of the higher 
part of the Mont Oervin, whose unapproachable precipices will for 
ever prevent the geologist from a nearer survey. I have already said, 
that the middle strata are contorted, and probably calcareous, and that 
the lower part, together with the Hirli-an accessible promontory at 
the foot of the pyramidical part on the side of Zermatt---is composed 
of the green slates passing into serpentine and Gabbro. The mineralo
gical descriptions of De Saussure of this part of the Alps are intelligible 
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and exact, and, with the exception of his attempt to classify the rocks 
amongst the regular primary deposits, may be considered to be nearly 
88 precise 88 any that could now be given. For the sake of condensa
tion, I may add, that the Riffel, and nearly all the chain of Monte 
Rosa, are composed of similar beds, which generally rise towards the 
eastem points, on the north aide to the south-east, on the south aide 
to the north-east. De Saussure says distinctly, that the beds of th6 
Mont Oervin rise to the north-east at an angle of 45°; my impression 
was, that they are less inclined or nearly horizontal-but De Sans
sure is no doubt correct.· His opinion of the arrangement and mate
rials of the beds composing it I find to coincide accurately with my own 
observations on the spot. 

The highest part of Monte Rosa, judging from specimens brought 
from the last accessible point by M. Zumstein, is mica-slate. The 
whole systemof Monte Rosa, as already said, rises to the east, and the 
first regularly crystalline rocks we meet with are near the Pizzo Bianco, 
above Macugnaga, which will be mentioned farther on. With 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, and rocks of the same 
mineral character, which may be traced continuously into beds containing 
lias fossils, seems to be an arbitrary distinction, and one upon which no 
two observers could exactly agree. The age of the felspathic and mica
ceous slaty rocks, may be considered as open to discussion. The others
namely, the grey and green slates which I have described, are included 
by M. Studer under the general name of Flyd, a widely spread forma
tion in Switzerland, but whose superposition is too irregular and uncer
tain, and the series of formations too imperfect to afford any clue to its 
age, whilst the one or two fossils which have been found in it seem 
to point to an age newer than the lias, and older tban 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 

• YO'~" § 2243. t PR~ 275. 
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perpendicular precipices of thousands of leet on every hand, to be a re

presentative ol the older chalk formation! 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 
Zmntt.· 

Some pretty minerals are collected near Zermatt, principally from 
the moraines of the Glacier of Findelen. The most remarkable is one 
of the talc family, a silicate of magnesia called Pennine, which occurs 
well crystallized in talc-slate. It is blackish green by reflected light, 
and by transmitted light it is dichroitic, being of a brown orange in 
one direction, and of a bright green in another. On the Riffel, I lound 
a large vein ol an imperfectly characterized mineral, which M. Studer 
considers to be a variety of kyanite. A considerable variety of garnets, 
particularly the black kind, are found at Findelen, as well as octohed
ral iron. 

• I am happy to learn from M. Studer, that he baa at length eompleted a first approxi. 
mation to a geological map of the Swiaa Alps, the result 01 twentyyeara' ObllervatiOD. 
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CHAPTER XVIII. 

FROM ZERMATT TO GRESSONA Y BY THE COL OF 
MONT CERVIN. 

DETAINMENT AT ZBRMATT-ABCENT OF THE PASS OF MONT CBRVIN-THE OOL 

-FORTIFICATIONS-THE DESCENT-HIGHLY ELECTRIC STATE OF THE 

ATMOSPHERE-CUSTOM-HOUBE OFFICERS-BRBUIL-VAL TOURNANCHE

CHAMOIX--ClOL DE PORTOLA-VAL D'AYAB-BRUSSONB--COL DB RAKZOLA 

-ARRIVAL AT GRESSONAY-M. ZUMSTBIN. 

Never till now, 
Did I go through a tempest dropping fire • 

• • • • • • • 
A common Blave (yon know him well by Bight) 
Held np hiB left hand, which did flame and born 

Like twenty torches join'd ; and ;yet his hand, 
Not aell8ihle of fire, remain'd WI8OOrch'd. 

JlIli", CeIIar,..4.a 1., Sau 3. 

IN 1841 I hael heen prevented from crosaing the eelebrated pass of 
Mont Cervin along with my friend, Mr. Heath, and in 1842 another 
accident threatened again to make Zennatt the limit of my journey. 
A trifling injury to my Coot, received on the Mer de Glace at Ch~ 
mouni, and which had not appeared to get worse during the Bevere 
walking which I had since performed, assumed a more serious appear-
anee during a day or two of comparative repose which I passed at 
Zermatt, waiting Cor M. Studer's arrival from Visp. I became a close 
prisoner, Cor nearly a week, at the little inn at Zennatt, where I was 
Cortunate in finding much comfort and attention from the worthy 
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Madame Lauber. The weather had altered for the worse, which 
diminished my regret at the detention, and I had the advantage of 
M. Studer's company. My friend was, however, resolved to l08e 
no more time than the weather rendered necessary in resuming his 
journey, and as my foot was now convalescent, I consented to 
accompany him, on a morning of somewhat doubtful promise, when 
we were called by the faithful Klaus, whilst the stars were still shining 
bright through the wild drift of cloud. The impatience of the guides 
on such 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 Zermatt,) suffered the horrors of 8M.i 
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 the minerals 
of Findelen, which he fully counted upon disposing of with a profit of 
200 per cent. at Ohamouni, he very probably would have insisted on 
walking oft" to enjoy the daily fund of summer's gossip of his native 
valley. 

We set forth about half-past 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 Gomer. We gradually attained a considerable 
elevation above its surface, before crossing another torrent, which de
scends from the Boden-Gletscher, which we left upon our right. In 
the preceding year I had ascended thus far, and crossed the Boden 
Gletscher to the foot of the Hirli, where there is a gloomy tam called 
the Schwanzen See, beyond which is a fine view of the northern preci
pice of the Mont Cervin, and of the Glacier of Zmutt. Those who do 
not propose to pass the Col of St. Theodule may thus make a very 
interesting excursion, and retum by the ch41.ets of Zmutt. Now, 
however, we kept right onwards, and a little after seven we reached the 
edge of the glacier which we had to traverse. Its surface is tolerably 
level, it is very extensive and desolate, not being included between bold 
walls as in the lower glaciers, but occupying a sort of vast table land, 
at an average height of nearly 10,000 English feet above the sea. 
We had an opportunity of appreciating its desolation, for we were 
repeatedly enveloped in .. the rolling mists which swept over the Col. 

Digitized by Goog Ie 



TlJE COL OF ST. THEODULE. 821 

.and which appeared to boil up tumultuously from the side of Italy, 
which we were approaching, and to be repelled on the Swiss side by 
an uncertain north wind. This wind secured us, however, a fine 
view of Monte Rosa, and of the chain of the Weisshorn; but I learned 
nothing new of the topography of either from this point, nor does the 
panorama admit of compariSon with that from the 001 d'Erin. Even 
the Matterhorn, (Mont Carvin,) which, however, we saw imperfectly, 
loses its apparent height., since here 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 approached the 
001. The mists closed round us, and a stranger might very easily 
have entirely lost his way, for the defile presented many accessible 
points; our guide, Damatter, however, took the matter very coolly, 
and brought us safely to the 001. The weather was damp and raw, and 
we had no view. We had been five hours and a quartercoDstantly as
cending from Zennatt. We hastened to observe our instruments. The 
temperature of the air was 35° Fahrenheit, and the barometer stood at 
511.53 millimetres, 3. millimetreljl above what I had observed it at 
the 001 du Geant. The height above the sea comes out 10,938 Eng
lish feet, by a comparison with the barometer, both at Geneva a.nd St. 
Bernard. 

The 001 du Mont Oervin, or St. Theodule, consists of felspar slate, 
or gneiss, and exhibits well preserved traces of a rude fortification, 
called "Fort du Saint Theodule." De Saussure says, that it was 
erected two or three centuries ago by the inhabitants of Aoate, to pre
vent an invasion of the Valaisans. "Oe sont," he adds, "vraisem
blablement les ouvrages de fortification les plus eleves de notre planete. 
Mais pourquoi faut il que les hommes n 'aient erige dans ces hautes 
regions un ouvrage aussi durable que pour y laisser un monument de 
leur haine et de leurs passions destructives." Oertainly there is nothing 
more jarring to the impressions of stem grandeur and vast solitude 
than the not unfrequent occurrence of military works in many parts of 
the Alps, 

" High heaven itself our impious rage ~Ia j" 

x 

Digitized by Goog Ie 



322 ZERMA'M' TO GRE880NAY. 

the pass of the Col de la Seigne, at the head of the All~ Blanche, 
and more than one of the very savage Cols near Monte Viso, bear 
witness to this strange anomaly. 

We were disappointed of the fine view which we ought to have seen 
towards Aoste. Fortunately the clouds cleared so Car as to let us see 
our way across the remaining part of the glacier on the Italian side, 
which is much steeper than the other, and consequently traversed by 
extensive rents, which being covered knee-deep with snow freshly fallen 
during the last few days of bad weather, were, in some places, not a 
little dangerous. The pass of the Mont Cervin appeared to me, on the 
whole, a more considerable undertaking than I had expected. Know
ing that it is frequently traversed in favourable seasons by horses and 
mules, I expected to have found the glacier both shorter and easier. 
This season, indeed, no beast of burden had crossed, and it appeared 
almost inconceivable how they ever could; but such is certainly the 
fact, and we saw more than one trace of animals which had per
ished in the passage. Another circumstance which led me to expect 
an easier passage than we found it, was the ludicrous outfit of our 
friend Peter Damatter, the guide of Zermatt, who, instead of bringing 
a good ice pole and cord, as he ought to have done, being aware of the 
fresh snow, had provided himself 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 alleged, that he used it with little dexterity; 
but the snow was literally knee-deep, and we encountered several wide 
crevasses, into one of which Tairraz had almost fallen, although he 
was the last of the party who had trodden in the guide's footsteps. 
Had he unfortunately done so, we should have had difficulty in 
extricating him for want of a rope. When he recovered his footing, 
he looked as pale as a sheet, but proceeded quietly. 

At length we were free of the glacier, and recovered a track by no 
means obvious, which leads to the Chalets of Breuil, leaving upon our 
left hand the longer and more difficult route by the Cimes Blanches, con
ducting to St. Giacomo d' Ayas. The atmosphere was very turbid, the 
ground was covered with half melted snow, and some han began to fall. 
We were, perhaps, 1500 feet below the Col, or still above 9000 above the 
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sea, when I noticed a curious sound, which seemed to proceed from the 
Alpine pole with which I was walking. I asked the guide next me 
whether he heard it, and what he thought it was. The members of 
that fraternity are very hard pushed indeed, when they have not an 
answer ready for any emergency. He therefore replied with great 
coolness, that the rustling of the stick no doubt proceeded from a 
worm eating the wood in the interior! This answer did not appear 
to me satisfactory, and I therefore applied the e:cperimentum C7WU of 
reversing the stick, so that the point was now uppermost. The worm 
was already at the other end! I next held my hand above my head, 
and my fingers yielded a fizzing sound. There could be but one expla
nation-we were so near a thunder cloud as to be highly electrified -by 
induction. I soon perceived that all the angular stones were hissing 
round us like points near a powerful electrical machine. I told my 
companions of our situation, and begged Damatter to lower his um
brella, which he had now resumed, and hoisted against the hail shower, 
and whose gay brass point was likely to become the paraton'Ml'r6 of 
the party. The words were scarcely out of my mouth when a clap of 
thunder, unaccompanied by lightning, justified my precaution. 

At length we got below the level of the clouds, and the first shelter 
we reached was the wretched retreat of two Sardinian dQuanUr8, who 
had lighted a fire under a portion of the remaining arch of what had 
once been a pretty solid edifice, probably a cowhouse; stones being plen
tiful, and wood the reverse, this mode of roofing had been adopted. 
They received us with civility, and allowed us to dine by their fire; 
and as we had been on foot for eight hours, we were entitled to some 
repose. The absolute discomfort in which this class of men live is 
greater than in almost any other profession. Hard diet, constant 
exposure, sleepless nights, combined with personal risk, and still more 
galling unpopularity, great fatigue, and perpetual surveillance, are the 
ordinary accidents of their life. Liable to suspicion when they quit 
the wildest and most inaccessible parts of the chain where a smuggler 
may by possibility pass, posted tor hours together on a glacier 9000 
feet above the sea, and, like animals of prey, taking repose during 
daylight in some deserttld hovel in thf'ir wet clothes---one cannot but 
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conclude the smuggler's life to be luxury compared to the protracted 
sufferings of their detectors. On many 6-ontiers the Douanier. are a 
slovenly and self-indulgent race; but on others I know that this is no 
exaggeNted picture oCtheir lives, even in the finest season of the year. 

We descended to Breuil, a group of chalets pleasingly situated at 
the first green level in the Valley, where we arrived at two o'clock, 
having staid an hour with the DOUfJniw,. The scenery of the head 
of the Val Toumanche, in which we now found ourselves, is very strik
ing. The Mont Cervin, which, owing to the clouds, we saw imper
fectly, is the most conspicuous object, and next to that the excessively 
rugged range which stretches away from the Dent d'Erin as a centre, 
and forms the boundary between the Val Biona and Val Toumanche ; 
the Dent d'Erin itself rose in terrible majesty. We noticed what 
appeared to be an ancient moraine descending from between the Mont 
Cervin and the Col we had passed, exactly where, according to the 
general belief, the former passage existed,-namely, close under the 
Mont Oervin itself. 

We performed the road from Breuil to the village of Val Toumanche 
leisurely, having the aftemoon before U8. In one place the valley be
comes contracted, and the torrent dashe8 through a picturesque ravine, 
which exhibits distinct traces of glacier action as well as the friction 
due to water. Transported blocks are not numerous. Below this oc
cur the first permanent habitations, and Val Toumanche itself, which 
would be a pretty village any where, seems a paradise to one descend
ing from such savage scenery as we had left. The valley, though nar
row, and partly bordered by precipices, has yet an undulating grassy 
bottom, with well watered meadows. The heights are clothed with 
pines, and the cottages peep out through walnut trees, as well as the 
spire of the village church, which has an Italian character. There is 
no inn, but we were received and hospitably entertained by the Be
-reveur des Douanes, with whose subordinates we had dined. 

Next moming we proceeded to cross the lateral chain which separates 
the Val Tournanche from the valley of Ayas or Val Ohallant, to which, 
as has been already said, there is a direct passage from the 001 of St. 
Theodule. This is the first of a series of ridges which require to be 

Digitized by Goog Ie 



CHAMOIX-COL DE PORTALA. 325 

passed in succession by one who would make the circuit of Monte 
Rosa. These lateral passes, though none of them difficult, are gene
rally steep and fatiguing, and render this expedition a far more serious 
one than the circuit of Mont Blanc. There are usually several passes of 
these ridges: in the present case, having accidentally met with the 
Oure of a parish which lay in the way of the pass to Ayae, we left Val 
Tournanche, in company with him, at seven o'clock, A.M., and descended 
the valley a little way farther; we then took a foot path to the left, and 
soon found ourselves in a wood, which covers th~ precipices of that part 
of the valley. Our Oure was a stout walker, and a useful guide, for our 
footpath (which was a alwrt out) soon split into numberless tracks, and 
as we gradually got amongst the rocks, we were glad that we were not left 
to waste time by discovering a way for ourselves. We ascended gradu
ally higher and higher, and all the while, as we walked parallel to the 
course of the valley, the torrent was working itself deeper and deeper, 
so that from each fresh crag we found a greater interval between 
us and it, until at last, turning a rock, we stood above a preci
pice at least 2000 feet high, to which here and there a clinging pine 
seemed to give more steepness, by offering a scale for measuring the 
abyss. This point gained, we rejoiced in the beauty of the morning, 
and of the herbage spangled with drops from the early mists; and as 
we turned round we saw behind us the Mont Oervin rising in unclouded 
grandeur. We then passed from rock and wood to an open Alpine 
pasturage, which seemed cut off by these precipices from the world 
beneath, and here was the home of our Oure, a little village, appro
priately named Ohamoix, one and a half hours distant from Val Tour
nanche. 

From thence, a gentle though pretty long ascent took us to the 001 
de Portala, composed of limestone, and very precipitous on the eastern 
side, where it immediately overlooks the village of Ayae. The height of 
the 001, by M. Studer's observation, is 7995 feet, and that of Ohamoix 
6004 feet above the sea. The descent presented no difficulty, and from 
Ayas, two hours' pleasant walk, took us to Brussone. In the course of 
it we crossed a singular tract of country. It was evidently the site of 
a lake which had been formed by the damming of the waters by a tre
mendous landslip which had taken place from a mountain on the right.-
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At first we thought it a moraine, but we saw evidently that it was but 
a current of debris which had descended from the neighbouring hill, 
disengaged, like that of Goldau, probably by the force of water. The 
scale of it is immense. 

We arrived at Brussone soon after three, and thought of going on 
to Gressonay, which would have been quite practicable. The beauty 
of the spot, however, tempted us to remain, notwithstanding the indif
ferent accommodation which the Lion d'Or offered; but, after aU, we 
might have been much worse lodged. The village is beautifully situ
ated on a frequented mule road from Chatillon to Gressonay, by the 
Cols of Ion and Ranzola; the lower part of the valley also communi
cates with the valley of the Doire, near Fo~ Bard. It appears, how
ever, to be shut in by the highly picturesque mass of Mont Nery, a 
dark mountain, with snow lying in its higher ravines, and which, from 
its general character, is probably in geological relation with the moun
tains of Champorcher on the other side of the great vaHey. 

The next morning was beautiful. It was Sunday, and as we slowly 
ascended the heights above Brussone, we met numbers of peasants 
descending to church, who greeted us in French patois. After 2. 
hours, we reached the Col de Ranzola, which was higher than we ex
pected, being 7136 feet above the sea, whilst the level of Brussone is 
4431. It is a narrow opening in the ridge, from ·whence we suddenly 
obtain a view of the deep and narrow Val de Lys, and, soon after, of 
the village of Gressonay. As usual, (owing to the general western dip 
of the strata,) the east side of the Col is steep. Right opposite, we 
observed the Col of Val Dobbia leading from the Val de Lye to the 
Val Sesia. We ought to have enjoyed a view of Monte Rosa; but 
though the weather was fine, the mountain remained veiled in clouds. 
A rapid descent brought us, in about an hour, to the village of St. 
Jean de Gressonay, the principal place in the valley, where we at once 
perceived, by the appearance of the people in their Sunday costume, 
as 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 colony of Germans. We arrived at comfortable quarters, ckez 
Luscos, in good time for the mid-day meal, and disposed ourselves to 
remain there for the rest of the day. Every thing betokened German 
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neatness and order, and' jn a very short time, what appeared to us a 
sumptuous meal was set on the table, at which sat our host, himself the 
representative of OJle branch of the family of Luscos, one of the most 
djgnified of the valley, and whose stately portraits, mingled with those 
of the reigning sovereigns of their time, graced the walls of the old 
baronial-looking hall with huge stone-arched fire-place, and numberleB8 
windows, in which we sat. The women, as usual, wore 'the more cha
racteristic costume, and especially the caps of gold tissue, so common 
in some parts of Germany. The familiar language talked at table was 
German, though probably all the natives present could talk more or 
less French and Piedmontese. We were received with courtesy, and 
entertained less as gnests at an inn than as at a private house, and we 
found that the charges bore a proportion to the favour thus conferred 
on us. Nevertheless, in such situations, a traveller is generally willing 
to purchase unusual comforts at a higher rate. An intelligent old man 
sat next M. Studer, and after a little conversation, he turned out to be 
M. Zumstein, the well-known ascender of Monte Rosa, whose acquain
tance we had been prepared to make. He entered readily into conver
sation. When, after dinner, I handed him a letter which had been 
sent to me by the ever friendly care of the Ohevalier Plana of Turin, 
he at once offered to devote himself to our service during our stay in 
the Val de Lys, and to accompany us to the glacier. 

In pursuance of this plan, we proceeded next morning to Naversch, 
where M. Zumstein lives, forty minutes' walk above St. Jean, propos
ing to visit the glacier at the head of the valley, and to oross the 001 
d'Ollen to the Val Sesia next day. But the weather was too unfavour
able. The clouds which had hung over Monte Rosa for two days 
now descended into the valley, and by the time we reached M. Zum
stein's house, it rained heavily. We therefore paid him a long visit, 
and obtained some particulars respecting his journeys. His barometer, 
compared with M. Studer's, gave (29th August, 11 A.M.)-

Fr. inch. Linea. Millimetre.. 

M. Zumstein's, 
M. Studer's, 

23 7.8 = 640.5 

';i'f'mperature of boiling water, uncorrected,) 
640.4 
2040 20 F. 
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In the afternoon, M. Studer and I walked down the Val de Lye 
about five miles below St. Jean. We quitted the green slates and ser
pentine, which are the prevailing rocks of Gressonay, and found horn
blende-slate with granite veins; the hornblende contains garnets, which 
are very characteristic of the mountains of Cogne, with which probably 
the Mont Nery is geologica.lly connected. We also observed well-cha
racterised rocMI montomae68, where the valley contracts into a narrow 
ravine, and its level suddenly falls. In general, blocks transported &om 
any considerable distance are rare in this valley. We returned to St. 
Jean to dinner, and M. Zumstein spent the evening with us. M. Studer 
resolved not to wait any longer for fine weather, and to cross at once to 
the Val Sesia. I was unwilling, however, to omit examining the Glacier 
of Lye, and as our routes were to separate, at all events, very shortly, 
he keeping the southern side of the Alps, and I returning by Monte 
Moro into Switzerland, we detennined, though with regret, to part 
here. The day was finer than the preceding ones, though clouds still 
lowered. M. Studer cro88ed the Col de Val Dobbia, whilst I re

ascended the valley to Naversch to join M. Zumstein who good
naturedly accompanied me to the glacier, though the day was far 
from fine. 

.' 
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CHAPTER XIX. 

GRESSONA Y -MONTE ROSA. 

THE GaRMAN VALLEYS OP MONTB BOBA-PBCULIAR RACE OF QUESTIONABLE 

ORlGlN-JI'UEIR MANNERS AND DIALE(,'T-TOPOGRAPUY OF MONTE ROBA

ATTBMPTS TO ASCEND IT BY VINCENT AND ZUMSTEIN-THE HIGHEST POINT 

STlLL UNATTAINED-AN EXCURSION TO THE GLACIER OF LYB-ITS RETREAT 

-ITS STRUCTURE-RETUlL'f TO STAFFEL. 

TUB Valleys of Gressonay, Sesia, and Anzasea, aU in the Sardinian 
domiuions, and to the south of the great chain of Alps, are inhabited, 
in Uteir/dg1uJr pam tmly, by a race of men whose physiognomy, dress, 
and language, alike bespeak a German origin. 

Were the heads of these valleys in immediate communication with 
those of German-Switzerland by easy passes, this would occasion little 
surprise, accustomed as we every day are to see national limits trans
gress natural or geographical boundaries, and the peculiarities of con
terminous races to be softened by an imperceptible gradation. But in 
the Piedmontese valleys of Monte Rosa, the ease is quite otherwise: the 
chain of Alps is their prison, not their portal; for from two out of 
three of them, no human foot has certainly ever passed directly from 
Italy to Switzerland, or the reverse. The German colony must, there
fore, have been introduced through 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 Saussure has, as usual, nearly exhausted what it is of import
ance to say respecting the possible origin of these mountaineers. He 
has classed the existence of the German colony as one of the nine pecu-

" 
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liarities of the district;· he has stated, in a few sentences, what may 
be conjectured as to their origin, and in a few more he has adroitly 
sketched their character. 

De Sauss1lre supposes that they were Valaisans who crossed the 
Monte Moro, (a pass from the Val Anzasea into Switzerland,) at a 
remote period, in order to occupy the higher valleys of Monte Rosa, 
whose rough surface an~ rude climate had repelled the more deli
cate Italians. He describes the 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 were even rarer than at 
present. 

It may be affirmed that the manners of the German settlers have 
improved since the time of De Saussure, which leads us to believe that 
their fault arose from their ignorance and isolation. I met every
where with respectful, and even touching attention. Any traveller 
speaking the German language, is certain to be well received; and it 
is interesting to observe the tenacity with which these descendants of 
an uDknown stock cling to the usages and the speech which form the 
only evidence of their birth, for history and tradition are both silent on 
the subject. Though most of the inhabitants-at least the men
speak several languages, .acquired· during their earlier years of expa
t.dation, they invariably prefer speaking German, which many of them 
do with fluency, and without accent; far better, in short, than most 
persons of a similar class in German-Switzerland. The expatri
ation to which I have alluded, arises from their practice of going 
forth from their valleys at an early age to push their fortunes in 
wealthier lands, and especially in southern Gerlnany. But, almost 
invariably, they at last return to marry, t and to settle in comfort at 
home. Hence, -ease and independence is still more marked here than 
in Swittlerland. Some of the earlier writers, as Scheuchzer, distinguish 
Gressonay as the " Merchant-V alley," t pat' ea:cellenc8; and at one 

• Voyage., § 2243. 
t They have an expnaive proverb &0 this etreet :-

"Weiher und Steine mU88 man 1uaen wo me wlUlbaen." 

::: Krilmer-Thal. 
II 
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time the race of pedlars in southern Gremany were termed " Gres
sonayer" collectively. 

Their habits are cleanly and active, and their houses, built in the 
true German taste, would alone, and at once, distinguish them from 
their Italian neighbours. I spent a Sunday at Gressonay, as already 
mentioned, whioh gave me an opportunity of seeing the holiday c0s

tume of the women, which resembles some of the gayest in Switzer
land~ especially the abundance of gold and silver lace, and the metallic 
helmet-caps. In religion they are striotly Roman Catholics: tlteir 
churches are adorned with frescos in the Italian taste. 

Since De· Saussure called particular attention to the German settlers 
of Monte Rosa, several German authors have written respecting them. 
Of these the chief are Hirzel-Escher, Von Welden, and Schott. Of 
these works now before me, the last is the most elaborate as respects 
the qaestion of population;· but it is tedious. from· its detail, and dia
agreeable to· read, from an affectation of singularity in the spelling 
and printing of the ~ language. 

Schott has given specimens of the Patois of each of the various 
communu of the German valleys-na.mely, Issime and Gressonay in 
the Val de Lys-Alagna, the highest village, which alone is German, 
in the Val Sesia-Rima in the Val Sermellta-Rimella in the Val 
Mastalone-and Macugnaga in the Val Anzasca. That of Gressonay 
appears to be the least impure German; and indeed it is there alone 
that the striking externals of the German. race are to be found in per
fection: nearest to it in this respect is the valley of Anzasca. In 
every case, the Patois is a corrupt mixture of Roman and Teutonic 
roots, of which the author has given an elaborate vocabulary. It is 
curious to observe, that in the proper names of these valleys, the 
family names have preserved pretty generally their German character, 
as Ackermann, Beck, Schwartz, Zimmermann, Zumstein, whilst the 
Christian names are chiefly Italian. 

• Die Deutachen Colonie in Piemont, ihr Land, ihre MUDdart, UDd HerkUDft. Von 
Albert Schott. Stuttgardt, 18.&2. 
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The second of the works above named, that of Von Welden, is inter-
esting from the topographical details which it gives of the complicated 
environs of Monte Rosa, which, till then, were very imperfectly under-
stood,-and not less so from the details of successive attempts to reach 
its highest summit, made by M. Zumstein, (a native of these valleys,) 
and described in his own words. 

The vexed question of the comparative height of Mont Blanc and 
Monte Rosa, was undecided before the survey of Von Welden, which was 
published in 1824.- It required an elaborate operation to determine 
its absolute height, on account of the complication of peaks of nearly 
equal elevation which form its summit, all of which cannot be seen from 
perhaps any point extemal to them, and which must nevertheless be sepa
rately and minutely observed, in order to ascertain which is really the 
highest. Thus De Saussure, as appears evidently from his own view, 
( Voyage., Tom. IV;, PI. V.,) measured not the highest peak, but only 
the third in height, now called the Zumsteinspitze. He" made it 2430 
toises, or 15,540 English feet above the sea.t This was within 200 
feet of the height of Mont Blanc; but later and more precise. observa
tions all agree in making even the highest point considerably lower. 
Von Welden finds it to be 14,222 French, or 15,158 English feet, 
which agrees nearly with the mean of the results of Oarlini, Oriani, and 
Oorabreuf. ! 

Monte Rosa is a union of several mountain chains, rather than one 
summit. The map, page 1, though on a small scale, will give an idea 
of their arrangement. From it, or from .any map based upon Von 
Welden's, it will be seen, that a vast inaccessible ridge stretches nearly 
east and west, commencing at the 001 du Mont Oervin, between Zer--

• Der Monte Roa, eine topographieche und naturhistoriBclle Skizze. Wien, 1824. 
t Voyagu, § 21M. 
::: (MIini, 2M8 toisee. 

Oriani, 2388 -
Von Welden, 2370 -
Coraboeuf, 2379-

Brvgien, Orograplu de r R,m'pe, p. 208. 
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matt and Breuil, and terminating in the Oime de la Pisse, to the east 
of Monte Rosa. This chain includes the Petit Mont Oervin, the 
Breithorn, and the Lyskamm. Another vast ridge, though a shorter 
one, meets this nearly at right angles, stretching from Monte Rosa 
northwards, towards the Cima di Jazi. It also crosses the chain to the 
south, so as to form the ridge of the Col d'Ollen between the Val de Lya 
and Val Sesia. The union or !mot formed by these two chains is the 
locality of the elevated summits properly called Monte Rosa. Of course 
four cavities or angles are left when the transverse chain meets the lon
gitudinal one. The one of 'theSe to the north-eastward, which is the 
most precipitous, and which, indeed,has been compared by De Sauaallre 
to a crater, forms the head of the Val Anzasea, and embosoms the Gla
cier of Macugnaga; the north-western one, vaster, but less precipitous, 
gives birth to the great Glacier of Gorner, or of Zermatt; the south
western angle contains the Glacier of Lys, which descends from the 
Lyskamm - into the valley of Gresaonay; the fourth, or south-eastem 
cavity, is occupied by the head of the Val Seeia, and has also exten
sive, though less prominent glaCiers. 

Thus Monte Rosa is in ground plan like a four-rayed star or cross. 
All the highest summits are. ranged along the northern and southem 
rays, especially the former. The point of union of the rays is not the most 
elevated, though, in some respects, it is the most generally command
ing top. It is the most conspicuous from the I tal~an side of the Alps ; 
it has been called by Von Welden " Signal Kuppe." It is the fourth in 
point of height. The three higher lie all immediately north from it; 
the first in order is the" Zumsteinspitze," the highest which has 
been ascended, which is a snowy blunt summit, mistaken by De Sans
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 connected with the Zumsteinspitze by a lon
gitudinal very sharp icy ridge like a house roof, which, on the eastem 
side, descends with appalling rapidity to an abyss which is scarcely 

• KG"."" a comb-shaped or jaqecl ridge 01 mountaiDII. 
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equalled for depth and steepness in the Alps. Beyond the highest, 
or "Hoohste Spitze," is the second highest, called by Von Welden 
"NQrd-End," which, like the last, has never been scaled. The dift"e
rence of height of these four summits is trifling, amounting to only 
34 toises, or little more than 200 feet, from the highest to the lowest. 
Three other summits of somewhat less height form the southern arm 
of the Oross, namely, the" Parrotspitze,'" "Ludwigshohe," and" Vin
centpyramide," the last of which, and also the lowest, was the first 
ascended of the group. 

Having now endeavoured to give a distinct geographical idea of the 
position of this group of mountains. (which I have seen and sketched 
in almost every direction from whence they are visible,) I will add a 
very few words respecting the attempts which have been made to 
ascend it, which have excited far less interest than those upon Mont 
Blanc; and such is the confusion prevalent on the subject, that Bome 
guides of Ohamouni maintain, that they have ascended the summit of 
Monte Rosa from the 001 of Mont Oervin, which is a good deal more 
ridiculous than if they proposed to seale Mont Blanc by ascending the 
Glacier of Argentiere. 

The explorers of Monte Rosa, in its wilder receeses, were M. M. 
Vincent and Zumstein, the former the earlier, the later the more per
severing and succenful. I can only mention briefly the results of their 
journeys, which may be found contained in an interesting series of 
papers by M. Zumstein in Von Welden'B work. 

The first ascent of the lowest summit was by M. Vincent alone, in 
August 1819, whence his name was justly given to it. Then he and 
M. Zumstein together repeated the ascent, with more favourable 
weather. The chief difficulties experienced were from a huge ice cleft, 
or Berg_ruM, and from the labour of cutting 600 steps with a 
hatchet on a steep ioe slope. The ascent on this, as on all other oc
casions, was made from the side of Gressonay, near the 001 d'Ollan, 
where gold mines are worked above the limits of perpetual snow, and 
where, therefore, a shelter, however rude, could be obtained, at a 
height of 10,800 feet, certainly the highest temporary habitation in 
Europe. 
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The second journey, that of 1 ~20, )VaB performed by Zumtein alone, 
with the purpose of making for the summits farther to the north, and 
also the highest. He was accompanied by a surveyor, with a theodo
lite, who was commissioned by the Turin Academy to make observations 
for the improvement of the maps of Monte Rosa; but the Italian sur
veyor being unused to such excursions, the labour and expense of the 
journey were unavailing, although it clearly appears from the narrative, 
that had Zumstein himself been able to make the observations, he would 
have had ample time and opportunity for doing so,-one proof amongst . 
many of the necessity (which De Sanssure saw and acted on) ofthe direo
tor and chief of such an expedition being not only an experienced moun
taineer, but himself capable of undertaking all the experiments and obser
vations which he desires to be made. Under such circumstances, the 
zeal and sense of responsibility of the traveller a.n.d discoverer himself, 
are alone equal to the task of making observations of any value, or 
rather, not positively mischievous by their inaccuracy. The most 
perfect land-measurer, the most experienced laboratory assistant, are 
alike thrown out when they are expected to make their contacts, verify 
their zero points, record degrees, minutes, and seconds, with as much 
deliberation balanced on a dizzy pinnacle or exposed. to a pinching 
frosty gale, as in their ordinary localities, and with the usual ap
pliances. 

M. Zumstein left the peak which he had before ascended, and several 
others, on his right hand, following the elevated snow valley which 
separates the high range of Monte Rosa from the Lyskamm. It appears 
that these vast snow-fields may be travel'St'd without danger, unless from 
the chance of being overtaken by night or bad weather at 80 great a 
distance from shelter. The valley of Zermatt is visible from them; 
and we find that some peasants of Gressonay, who reached this 
point as early as the time of De Saussure, brought back startling 
reports of an unknown pastoral valley discovered by them amidst the 
wilds of Monte Rosa;- the fact being merely that they saw the woods 

• Compare De SaU88Dre, Voyage., § 21S6, alId Zumstein, in VIm Weld' en, page 124. 
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and meadows of Switzerland, backed by the icy chains of the Col 
d'Erin, Dent Blanche, and Weisshorn. 

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 spent before the loaded guides and the timid surveyor could be got 
forward to the foot of the higher peaks. Here Zumstein had the cou
rage to determine upon passing the night in a cleft of the ice at the 
height of 13,128 French, or 13,992 English feet above the sea,-un
doubtedly the great.est 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, the opportunity of 
making observations was lost, for whilst waiting for the ever-tardy 
engineer, the horizon became clouded. The party perceived, however, 
that they were not, as they expected, upon the highest point, which 
was 750 yards farther north, and 200 feet higher. It appeared to 
them to be inaccessible in this direction. The barometer stood at 16i 
French inches. None of the party experienced the exhaustion and 
other symptoms so often felt on Mont Blanc. They returned to the 
huts after having been forty hours on thE' snow. Twice afterwards, 
M. Zumstein repeated his visits to this peak, but without succeeding 
in making farther progress. 

I shall conclude this chapter with some account of an excursion in 
the valley of Greasonay, where we stopped at the close of the last chap
ter, in the friendly company of M. Zumstein, the mention of whose 
name naturally suggested this digression. 

The Valley of Gressonay, or Lys-Thal, is more contracted and 
mountainous than I had expected to find it, and this is characteristic 
of several of the valleys which diverge from Monte Rosa, which seem 
to be mere cracks or rents without diverging branches of any extent. 
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The sides are steep without being precipitously grand. Near St. Jean 
the valley is Sat and Certile: at Oastel, half an hour's walk above, it 
rises suddenly amongst rocks to a higher level. The distant view of 
Monte Rosa., which ought to be the centre of ~terest, was indeed 
wanting, for it remained impenetrably covered with clouds. Neverthe
less, with M. Zumstein for Ply 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 branches to the right, which affords the easiest 
road to the 001 d'Ollen leading to the Val Sesia on the east. We 
continued a due northerly course, passing several cottages, which, 
though small were elea.nand cheerful. In the lower part of the val
ley are many houses of considerable pretension, and at least three 
storeys high, which are all built of wood, and inhabited by the wealthier 
natives, who have returned with fortunes acquired in foreign countries, 
to pass the remainder of their days at home. Amongst these is Baron 
Peeeoz, who acquired his nobility from the King of Bavaria, and who, 
having made money in trade in Germany, passes the greater part of 
the year at the very head of the valley of Lys, where he can indulge 
what is, with him, an insatiable pasaion for Ohamois hunting. His 
substantial dwelling is the very last permanent habitation in the valley, 
at a spot ea.lled .Am Bett, and within half an hour's walk of the gla.cier. 
He entertained the sons of the King of Sardinia, and their suite, on a 
visit, which they made some years since to Monte Rosa.. Having an 
introduction to him, through M. Pla.na's kindness, I might have availed 
myself of his hospitality, but he was absent upon his favourite sport, 
and M. Zumstein was good enough to secure for me humbler, but most 
comfortable, quarters for the night, in the cottage of a worthy pea
sant of the valley. At a pla.ee ea.lled Staffel, the serpentine unitel! 
with the chlorite slate, and higher up is replaced by red gneiss. At 
a spot called Oour de Lys, are some traces of gla.cier action, namely, 
polished rocks, which, it has been observed, are rather rare in this 
va.lley. At Oastel there are some blocks which appear to have been 
transported; but this evidence is doubtful where the geology is 80 

monotonous. 
y 
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At length we reached the glacier, at a distance of not more than 
two and a half hours' walk from St. Jean. It has retreated continu· 
ally since 1820, and has left a vast enclosure--sharply defined by its 
moraine-a perfect waste, baving (as I judged) not less than a 
square mile of area. Within this area is a kind of rocky precipice, 
above which the glacier has now retired: it is composed of gneiss, 
including quartz veins, and though these have never before been un
covered by the ice in the memory of man, M. Zumstein assures me 
that he has found marks of blast holes where metallic veins had been 
sought for, probably gold, which is still worked in the neighbourhood. 

We ascended on our right the eastern moraine of the glacier, I 
mean its ancient moraine, which extends yet far beyond that of 1820, 
and with some labour and fatigue we gained the level of a kind of 
plateau, which intervenes between the crevassed ice descending from 
Monte Rosa and the final slope of the glacier, at its lower end. Here 
the view ought to have been very grand, but we were now completely 
in the clouds, with a drizzling rain. I wished to cross the glacier, in 
order to examine its structure, and a rise in the mist favoured us. 
The glacier stream is here composed of two great ice flows, derived 
from the two sides of a promontory, called die Nase, or the Nose, and 
the eastern one is itself the result of two others, so that three streams 
of ice appear distinct where we crossed the glacier, with the usual 
belted structure, vertical near the sides, and under the medial moraine, 
and presenting a three-fold convexity in its front, as I have observed 
in other very wide glaciers, where the individual structure is not im
mediately lost. The bands were very well developed. I pOinted them 
out to M. Zumstein, who candidly admitted, that much as he had 
been amongst glaciers, he had never noticed them before. 

The moraines of the Glacier de Lys are composed exclusively of 
gneiss and syenite, without a trace of green slate or serpentine, so 
abundant below. 

Having crossed the glacier, we took refuge for a while from the weather 
in one of the rude cabins, constructed by the shepherds, amongst the 
blocks of the ancient moraine. We then descended the west side; and 
I observed, in the moraine of 1820, several bands or ht'aps of stones; 
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arranged transversely to the glacier, and parallel, like the ridges of a 
ploughed field. I am uncertain whether or not these were deposited in 
the laBe crevasses of the glacier before it disappeared. 

We returned somewhat wet to the village of Staffel, and slept in the 
clean beds which had been provided for us. The guide whom I had 
desired to follow me from St. Jean to cross the 001 d'Ollen next day, 
and to bring provisions, did not appear, and indeed the guides of this 
country seem to be not altogether sure. I ate cheerfully, however, the 
rye bread of the house, baked at Ohristmas 1841, and cut, with a hatchet, 
into morsels like sugar, of a size which could be put into the mouth at 
once. I found it not unpalatable, and even preferred it to fresh bread 
of the same kind. 
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CHAPTER XX. 

TOUR OF MONTE ROSA CONCLUDED-FROM GRES
SONA Y TO VISP, BY MACUGNAGA AND MON'rE 
MORO. 

PASSAGE OF THE COL D' OLLEN-ALAGNA-RlVA-THE COL TURLO-VAL 

QUARAZZA-ITS POLISHED ROCK8-MACUGNAGA-THE PEOPLE AND THEIR 

HABITATIONB--EXCURSION TO THE GLACIER OF MACUGNAGA-THE WEISS 

THOR, A REMARKABLE PA88--8TRUCTURE OF THE GLACIER-GLACJERS OF 

THE SECOND ORDER-GEOLOGY OF THE CHAIN OF MONTE ROSA-PBDRIOLO

GIGANTIC FRAGMENTS OF ROCK-RETURN TO MACUGNAGA-PASS OF MONTE 

MOBO-VIEW OF MONTE ROSA-DI!:8CENT TO SAA8--GLACIERS OF SCHWARTZ

BERG AND ALLALEIN-GARBRO-8AA8-8TALDEN-PEA8ANTS' TREATaI-

CALB--VISP. 

NEXT morning, after taking a cordial leave of M. Zumstein, I started 
soon after dawn from the hospitable roof of my entertainer at Staffel, 
with dull but fair weather, to cross the Col d'Ollen to Alagna, in the 
Val Sesia. A eheerful well-mannered peasant, named J 08eph Skinoball, 
replaced my faithless guide as far as the Col, whence he turned back. 
During the ascent we left upon tile left hand the gold mines of Indren, 
and the spot Darned" Die hohe Licht," so often referred to in Zum
stein's ascents of Monte &sa. The Col d'Ollen might be reached 
either from La Trinit,e or from Staffel, or direct from the Glacier of 
Lys. In fine weather it would not be too long a day's work to go 
{rom St. J e&1\ to the glacier, and thence to Alagna or Riva, to sleep. 
The Col is wild, and composed of jagged rock mingled with snow. I 
ascended in two hours and a quarter from Staffel. Water boiled at 
]95°.70, by the thermometer, whence I find the height to be 9758 feet 
above the sea. Keller makes it 1000 feet less. 
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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 steep and long, (as it lies· much lower than Gree
sonay,) but, at the same time, interesting. The Val Sesia is here very 
narrow, and is included between two serrated chains of mountains, oC 
which the Zuber, on the western, and the Taglia Ferro and 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, (one of the summits of Monte Rosa,) a month before. Alagna 
is a very poor place. ~ much more barbarous German is spoken than 
at Gressonay, and it is so completely on the German boundary, that 
at Riva, only half an hour's walk farther down the valley, Pied
montese is exclusively spoken, so that I was assured that a grea~ 
part of the whole inhabitants of these two commUne8, especially the 
women, are incapable of understanding one another. There being 
no inn at Alagna, I descended the valley to Riva to sleep, al
though I should have to retrace my steps. I had, indeed, intended 
walking farther down the Val Sesia, which is more pleasing than 
the Val de Lys,-for I arrived at Riva before noon; but a violent 
thunder storm, which 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 singular, and not unimportant fact, which every 
native of these valleys whom I consulted agreed in stating, that the 
N. W. and N.N. W. wind brings fine weather, and that the E. wind, 
which in Switzerland (and even at Courmayeur) is dry, is here the 
wet wind. M. Plana mentioned the same as being true at Turin. 

The following morning I was up before daylight, and left Riva at a 
quarter past five. The weather was beautifulJy clear, and the summits 
of Monte Rosa showed finely, with the morning sun above the deep 
wooded valley. Riva is situated at the foot of the Col de Val Dobbia, 
and is, therefore, nearly opposite to St. Jean de Gressonay. The 
church contains some paintings oC a rude kind. I had soon retraced 
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my steps to Alagna, and there was introduced by the Cure to a shep
herd of Biella, who was going to Cl'088 the Turlo pass, and who offered 
to show the way. He was a merry fellow of the true Italian cast, with 
a hroad brimmed hat, and spoke only the Piedmontese jargon. He 
had spent the night over the wine-skin, and patheticaJJy lamented 
the fatigues of the ascent, for which, indeed, he was not in very good 
training, and before we reached the top he declared himself to be "prope 
della morte." About three quarters of an hour's walk above Alagna, 
we passed an extensive establiAhment connected with a gold mine, the 
property of the Sardinian government; but, like most of the others in 
this neighbourhood, it has fallen completely into decay. The only 
gold mines which I believe are now worked to any extent are those of 
Pestarena, in the Val Anzasca. We crossed the stream soon after, 
and commenced the ascent of the Turlo. At a little height, Monte 
Rosa had a grand appearance, of which I made a sketch, Plate VIII., 
the chief summits visible being, (as I judged by the map,) Vincent's 
Pyramid, Ludwig's Hahe, and the Signal Kuppe. A steep zigzag 
leads to the higher chilets seated in an extensive hollow in the hill. 
}I'rom hence, a seemingly endless ascent over s~ish rocks mixed 
with turf, leads to the 001, which remains in· vh.' the whole way. 
Monte Rosa is hid, and there is no variety of view. All travellers 
consider this, and justly, as one of the most tedions passes in· the 
Alps, although it presents no kind of difficulty. The last part of the 
ascent is over fallen masses of rock. I observed a group of chamois 
to the right. The summit is marked by a cross. Here I found the 
temperature of boiling water to be by my thermometer 196°.68; that 
of the air being !ISO at 11 A.M., from which I conclude the height to 
be 9,141 English feet, instead of 8,400 as marked by Keller. 

The view from the Col Turlo is a wild one. The ridge is itself jagged 
and pinnacled in fantastic forms; on the eastern side, the ground falls 
(as usual) much more steeply, and the bottom ofthe Val Quarazza seems 
at an immeasurable depth, separated by an extensive snow field. Monte 
Rosa is still concealed by the mass of the Pizzo Bianco, which rises :m 
the left. A very steep descent, first over snow, and then over fallen 
rocks, brought us, not without fatigue, down a height of several thou
sand feet. When we had reached the level of the highest sheep pas-
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tures, my guide took his leave; he gratefully accepted the trifte which 
I gave him for his safe conduct, and then he started off with the half
cheerful, half-plaintive exclamation,-" We shall meet no more but in 
Paradise;" and so we separated. 

Not long after, I reached the chalets of Plana, which, like most of 
those in the neighbourhood, are inhabited by Piedmontese, and not by 
the German settlers, and consequently are very filthy. I rested awhile 
on the rocks between the chalets and the river, which were very beauti
fully rounded and striated, I have no doubt by glacier action. The 
forms were smooth, undulating ones, and the polish fine; the rock is a 
gneiss, approaching nearly to granite. i may mention that, in the 
Vat Sesia,-that is, in the very small space of it which I traversed,
I observed no glacier marks on the rocks. In the higher part above 
Alagna, I noticed a very beautiful Syenite in blocks; I also observed 
quartz-rock in situ, near the goldworks. Near the Col Turlo there 
occurs a beautiful Mica slate, with crystals of schorl, (which mine
ral I also found on the Glacier de Lys,) succeeded by a granitoid 
gneiss with large felspar crystals. The Val Quarazza, which is a 
tributary of the Val Anzasca, contains in its lower part granitoid 
blocks, probably transported by glaciers. I crossed the torrent a 
little below the chalets of Plana; the valley there becomes pic
turesque and wooded, and a series of cascades occur near the junc
tion of the valleys. Turning to the left, by the village of Isella, 
I reached Macugnaga about 4 P.lII., having travelled very quietly. 
This valley is very pleasing in its appearance, the houses are dis
persed over its surface rather than grouped in villages, but Macug
naga is the last Commune. The people are agreeable, talking Ger
man; the houses neat,· and the hay-harvest gave a lively appear
ance to the scene. For a while I could not get access to the inn, 
until the landlord, a decrepid, hunchbacked, and blind man, though 
still below middle age, made his appearance from laDouring in the 
hayfield, and by his pleasing manner, and his attention, soon gained 
my interest, and made me well satisfied with what his house afforded, 
which, indeed, was more than average comfort, considering the remote
ness of the spot. There was a visiter's book, and I do not think that 
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a dozen travellers of all countries had entered their names since the 
previous year. The landlord1s name is Verra, and his wife is an 
obliging person. 

On the 2d September I rose at five, intending to cross the Monte 
M oro into the Vallais. The weather was superb, and Monte Rosa 
clear. Whilst I dressed I began to regret my purpose; and when I 
descended to breakfast, and got a view of the head of the Valley of 
Maeugnaga, in all its magnificence, I called to mind that I had seldom, 
if ever, regretted a day's delay in the midst of fine scenery, and had 
often cursed the infectious haste of travellers. Therefore, although I 
had lost two days at Gressonay, I ealled my Savoyard, and desired him 
to prepare for a trip to the neighbouring glacier. We were soon on 
foot, with an enchanting morning, the sun was not yet risen on the 
valley, which had a freshness very symptomatic of fine weather, and 
which I had not enjoyed for some time; the northwest wind had 
established itself. A little above the village stands the church of M.a
cugnaga, and beside it a noble and thriving lime-tree, forming an 
excellent foreground to the vast scenery behind, which is, beyond all 
comparison, the finest view of Monte Rosa itself. From thence I passed 
to the village of Pecetto, with its church, which is the last in the val
ley, and both here and at Maeugnaga, I was struck with the unusual 
taste displayed in ornamental gardens at the cottage doors, and with 
the great beauty and luxuriance of some of the choice flowers, especially 
carnations. The inhabitants I met, and who greeted me in German, 
were chiefly females and old men. All the young men leave the val
ley to seek their fortune in France, or elsewhere, as merchants. The 
inhabitants of the Val Sesia are, in like manner, chiefly colporeetw, or 
hawkers. This circumstance explains a curious remark of De Saus
sure, who, wishing to have a heavy ease of minerals transported to 
Vanzone from Maeugnaga, inquired for a man who could carry them. 
He was answered that no man in the valley was equal to the task, but 
that a tCOmaD could easily do it, if it was the same to him. And it 
is certain, he adds, that two women can carry a mule's burden.-

• Vug(/!/U, § 2244. 
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WEISS THOR. 3405 

Beyond Pecetto a charming path lay through fields and woods, with
out habitations, but interspersed with barns; and the great glacier 
which occupies the head of the valley appears conspicuously. I 
ascended a steep wooded slope, which separates the lower end of the 
glacier into two, of which, however, by far the larger is on the right 
hand, the other being only a little overflow. This slope is very high and 
steep; the upper part is entirely composed of the ancient moraines of 
the glacier, which have a singular figure like artificial mounds, (see the 
TopographicaJ. Sketch, No. VIII.,) and embrace a charming weU·watered 
pasture ground. From its uppeor part I crossed the main branch of 
the glacier on the right to the Oh~ets de J azi at the foot of the moun
tain of that name. * From thence the view of the precipitous amphi
theatre of Monte Rosa and the Saasgrat is very fine. Nearly above 
these c~ets I knew must be the celebrated pass of the Weiss Thor 
from Zermatt to Macugnaga. The Piedmontese shepherd who occu
pied the ch~et could give me no information respecting it, and the 
range appears on this side 80 absolutely precipitous, that I could 
hardly convince myst'lf that any track could be found accessible to 
human foot. It is certain, however, that occasionally precipices are 
more practicable than they appear at a distance, and generally less ver
ticaJ.; and after a very careful examination, I detected a passage -of the 
rocks, and only one, which it seemed possible to pursue. This pass is 
mentioned by almost every writer on Monte Rosa. De Saussure says 
that it is very dangerous, but does not state that he conversed with any 
one who had performed it.t In Hirzel! and Von Welden,§ I find no 
particular addition from personal knowledge. EngelhardttU relates the 
account of the passage of the Weiss Thor by his guide at Zermatt, no 
doubt Damatter, who has rt'peatedly assured me that he once passed it, 
that it is very dangerous, much more so than the Col d'Erin. Schott·· 

• The Cirua di Jazi apIllllll'll to corret;pond with the Strahlh6mer, when _II from Zc.·nnatt. 

t Voyage', § 2145. ::: Relic, p. 32. I Alo,," R_, p. 38. 

, &itiUknll'gtfl, p. 195. ... IN De.mdu" '" PitfllOlIt, p. 61. 
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states that this pass was formerly more used than at present, and 
almost exclusively for the purpose of pilgrimage from the Vallais to 
the Monte Sacro at Varese, and this corresponds accurately with what 
I learned from the host Verra at Macugnaga. It is pretty certain that 
it bas been crossed but once in the memory of men now ·living, and 
then by a pretty numerous company. I believe that no one in the 
Val Anzasca has passed it. 

I continued along the western moraine of the glacier for some way 
above the ch41ets, and crossed the foot of the first tributary glacier 
descending from the Monte Rosa, or rather that part of it next the 
Weiss Thor called the Nom End. I t has the usual scallop shell 
structure of steep glaciers. I then crossed to the centre of the gla
cier to examine its structure, and ascended the axis of it up to the 
limit of perpetual snow, (or neve,) having sent my companion to 
await my return on the eastern moraine. 

The general structure of the Macugnaga glacier is quite normal, 
in single waves, as shewn in the sketch of a Ground Plan, No. 
VIII. Higher up, the glacier -descends steeply on a twisted inclined 
plane, occasioned by the barrier which it has itself raised to its ad
vance on the eastern side, by a stupendous moraine several hundred 
feet high, composed of huge blocks. The structure of the ice is 
beautifully developed as it sweeps round this spiral inclined plane, and 
is quite conformable to the cause which I have elsewhere assigned to it. 
Above this the glacier becomes more level. Its surface is thickly 
covered with snow, and this snow is evidently, in many cases, the 
result of avalanches which fan from the steeps of Monte Rosa upon the 
glacier, which De SauBSure has stated to be one source whence glaciers 
derive their sustenance,-a fact which has been rather strangely 
denied. The snow, or neve, is usually disposed in bands or layers 
horizontally deposited, which most likely owe their origin to succes
sive avalanches, or successive snow falls. I wish distinctly to state, 
that I attribute this stratification to nothing like the caulle of the 
veined structure of glacier ice. I got some excellent sections of the 
glacier and neve together; the former under~eath, presenting the 
usual vertical bands; the latter superimposed in true horizontal 

.. 
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strata. On the surface of the ice I found the 
remains of a gravel cone of vast extent, (see page 
26.) I mention this as a glacier phenomenon of 
rather unfrl'quent occurrence. 

From the higher plateau, at the summit of a 

~qft1t.Nhjl1fttM stupendous precipice, several thousand feet in 
OItJt:UIqfM~ height, to which the snow clings difficultly, is seen 

the principal range of summits of Monte Rosa; first, on the left, the 
Signal Kuppe, then the Zumstein-Bpitze, marked in De Saussure's view 
from Macugnaga as the highest. From this to the Nord End, a very con
siderable distance, there runs a sharp snowy ridge, which is broken at 
several points by projecting rocks; the first is a trifling pinnacle, but 
the second is a tremendous rocky tooth, the Hockste Spitze, or highest 
summit, which appears to join on to the snowy ridge before mentioned 
in such a way as to leave great doubt whether, even supposing the foot 
of it to be attainable, it could be ascended. East from t.he Signal 
Kuppe is a se('.()ndary ridge, connecting Monte Rosa with the Cime de la 
Pisse of Von Welden, and which, at the same time, separates the valleys 
of Anzasca and Alagna. From this several secondary glaciers descend, 
and have a short course, with great moraines. I sketched them, (see 
Plate IX.,) as illustrating well the clamshell structure, and this form 
of glacier. From the Cime de la Pisse the ridge turns N. E., and 
joins the Pizzo Bianco, ascended by De Saussure. I had an opportu
nity of examining undoubted specimens of rock, which had descended 
with the glaciers from different parts of the chain. From the highest 
ridge, (Zumstein-Bpitze to Nord End,) the rocks are a fine grained 
gneiss, and a beautiful silvery mica slate. This latter rock was shewn 
to M. Studer and myself at Gressonay by M. Zumstein, as the highest 
attainable one. From the Signal Kuppe and Montagne de la Pisse 
there descends a gneiss, with large felspar crystals, such as I observed 
on the Col de Turlo. In general there is little chlorite, and no trace 
of serpentine or green slate, on this side of Monte Rosa. 

I descended the steep moraine before alluded to, and at length per
ceived the smoke of Il fire, which Victor had lighted below for his 
amusement. Nothing gave me so great an idea of the vast magnitude 
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of the scene by which I was snrrounded~ as the difficulty of distinguish
ing a human figure, and the apparent insignificance of the blocks of 
stone, or, to speak more properly, fragments of mountains with which 
the ground at the foot of the moraine was strewed. These masses which, 
as seen from a distance, lay in indistinguishable heaps, were, I am con
fident, the largest detached blocks of stone which I have ever seen in any 
position,-I mean, which had rolled, or been carried altogether from 
their native bed. That beneath which Victor had prepared our dinner 
was, I suppose, 500 feet in circumference, and it was 120 feet high. 
Since its deposition from lying on an irregular bed, it had broken 
through the middle, and left a serrated gap in the upper part. It 
was surrounded by several others scarcely less gigantic. These blocks 
are described by De Saussure, § 2] 44, and by Engelhardt, who dis
cusses whether they were brought down by the glacier, and form part 
of the moraine. I ineline rather to believe, that they fell from the 
slope of the Pizzo Bianco. The scene was beautiful, and interesting, 
and intensely solitary. These masses rest upon an alluvial well-watered 
flat between the edge of the glacier and the natural side of the valley. 
It is protected from the gla.eier by the vast barrier of debris already 
alluded to, which checks its progress, and, in fact, forms the little val
ley in question, which is covered with the most vivid green, and which 
forms the pasture or Alp of Pedriolo, the name of a few huts farther 
down, and already deserted for the season. With these stones as a 
foreground,-which, recalling past times and physical power, might be 
termed the Druidical monuments of nature,-the extent of gla.eier be
hind, and the chain of Monte Rosa. in the distance, all seems harmon
ized to one scale of immensity, and the eye is satisfied. 

I returned to Macugnaga. by the track which leads over the rocks 
at a great height above the glacier, from the Alp of Pedriolo, and 
having passed two groups of wretched hovels by the way, I descended 
a steep and intricate path, which brought me back to that which I had 
left between Pecetto and the glacier. 

The Glacier of Macugnaga., (called also Anza GletBclIer, or the east
em Glacier of Monte Rosa,) appears to be as large as it has been for a 
long time: it has not shrunk like the Glacier de Lys. 
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The following morning, at half-past five, I was on my way to the 
Monte Moro, the 'easiest passage of the great chain of Alps between 
the great St. Bernard and the Simplon, but yet impracticable for horses 
or mules. Still it appears formerly to have been passed by beasts of 
burden, for there is a carefully constructed pavement visible at various 
parts of the ascent, el!pecially towards the top, which has been noticed 
by De Saussore. and Qther writers, and which it is impossible to mis
take. It is on record, that this pass was in frequent use in the fif
teenth and sixteenth centuries, and the road was maintained at the 
joint expense of the inhabitants of Saas and Antrona.t Although the 
absolnte height of the Moro is greater than that of the Turlo pass, 
it is incomparably less fatiguing, being both shorter and more interest
ing. Indeed, I could not refrain from turning round continually to 
admire the magnificence of the view of Monte Rosa, which, thot1g'h the 

Signal. ZUlU' HOch, Nord WekII 
stein. lIe. EDd. Thor. 

point of view never altered, seemed to rise to a greater height in pro
portion as I ascended. In four hours I gained the top, and having 
melted some snow, I observed the boiling point, which was 196°.30 by 
my thermometer, having been 205°.35 at Macugnaga the evening before. 
The temperature of the air was 41°. Compared with the barometer at 

~ VOII1gU, § 2146. De SaU8llUJ"e seems Dever to have eroeeed the Monte Moro himself. 
t Schott, page 63 ; Engelhardt and Venetz. 
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Geneva and St. Bernard, the height oC Macugnaga above the sea ap
pears to be 4,369 Ceet, and of Monte Moro 9,.641 feet. 

The descent to Saas is singularly easy and pleasant. There is a 
steep bed of snow cro88ed at first, but afterwards a gentle fall leads the 
whole way down to Yisp in the Vallais. On the right hand is the 
great chain of Alps stretching away towards the Simplon. On the 
left is the redoubtable Saaagrat, a lofty chain of inaccessible snowy 
peaks, separating the valley of Saas from that of Zermatt or St. Nico
las, and from which a series oC 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 Oima di J aD or Strahlhorn, 
which must enter the Saaser-thal near Distelberg, the highest group of 
chalets. Damatter assured me, at Zermatt, that there is no other 
practicable pa88 acr088 the Saasgrat. 

I must say a word here respecting the maps of this country, which 
are worse than those of perhaps any other part of the Alps, and are all 
nearly equally bad, though with a great diversity of errors, which, 
showing that the artists have copied neither nature nor one another, 
leaves U8 to consider them as pure fabrications. ThU8, in the map 
of apparently most authority of any-Von Welden's-attached to a 
work profeB8edly geodetical and topographical, whilst the Italian side 
of the mountain and its valleys are neatly and well laid down, the 
northern or Swi88 side is a m&88 of pure invention, in which the most 
obvioU8 features. are no where to be found, .and villages and glaciers, 
lakes and mountains, are jumbled into inextricable confusion. Take 
the easily accessible neighbourhood of Zermatt ;-the great Glacier of 
Gomer is to be recognised only by its name, (Zermatt Gletscher,) and 
~ on a lake which has no existence; the Riffel and the Glacier 
of Zmutt are no where! Nor is the valley of Saas better. The Mat
mark See, a lake below Distelberg, is supplanted by an imaginary 
glacier, composed of tributaries from all sides, and acr088 which the 
path of the Moro is carried. A very pretty and detailed map of the 
Simplon p&88 and its neighbourhood, published by authorit~, replaces 
the great Glacier oC Macugnaga by a great lake! \Vorl, in his map, 
has copied Von Welden's errors. Even the new government map of 
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Sardinia, of which a sheet has lately appeared, has perpetuated 
blunde1'll even worse than Von Welden's, in exquisite engraving. 
Lakes are created, villages are displaced, and othe1'll which have 
no existence inserted where glaciers should be! The Italian side is, 
however, admirably executed, eveu though not quite precise in the 
details of roads and villages. On the whole, the most careful map of 
the Swiss part of the chain is that iu Engelhardt's work;· but the 
author has unfortunately adopted a complex and impracticable system 
of projection, partly picturesque, partly geometrical, which greatly 
diminishes its value. I cannot.help thinking, also, that in this as in 
other maps, the breadth of the Saasgrat is underrated at its upper 
part. It is a very pretty, though certainly not an easy topographical 
problem, to unravel the complication of this chain, of which the moun .. 
tains are so inaccessible, 80 varying in their forms, and each called by 
several different names.-But to resume the descent to Baas. 

Four glaciers are passed by the way. The first is of small size, on 
the right hand, and near the pass. It is steep, but even, and exqui
sitely ribboned in the usual manner. The second glacier is on, the 
left, descending from the summit called on the Sardinian map Monte 
Moro. It chiefly struck me, from the small stream of ptW6 water which 
flowed from under it, as was also the case in the last glacier. 

The third glacier is below the chilets of Distelberg on the left. It 
is called Schwartzberg. It is very remarkable, from its shrunk and 
wasted appearance. The limits of a moraine of recent date stretch 
quite to the eastern side of the valley, (which is here wide,) where it 
has left one enonnous block of green-slate, a cube of about sixty feet, 
slightly rounded on the edges.t As far as I could leam from some 
peasants who were passing, this block was deposited about twenty yean 
ago. The glacier has now retreated quite to the other side of the 
'Ialley. 

The fourth glacier, called Allalein, is the most remarkable of any. 

• Sehilderungen der Hilchaten Alpen, 1840. 
t Thill ill mentioned by De Charpentier (p. 41) under the name of the BJautein ; h. 

cleseribes it as depoaited in 1818, and as having 244,090 eubie feet of oontents. 
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It completely cro88eS the valley (which i8 here rather narrower) with 
its moraine, which, damming up the river, form8 a lake called the 
Matmark See. The moraine supplies the well-known blocks of gab
bro, containing Smaragdite, which are recognized so extensively over 
the plain8 of Switzerland. and which have no native locality in the Alpa 
but here. They are brought down by the glacier from the inaccessible 
heights of the Saasgrat, which near thi8 place rises to about 15,000 
feet, 80 that the rock may probably never be found i", litu. These masses 
are usually much rounded by attrition, notwithstanding their excessive 
hardness. The 8tructure of the Glacier of Allalein i8 well developed, 
and quite regular. It resemble8 generally the Glacier of La Brenva in 
the Allee Blanche, and as in that ease the river passes under it. It 
also resemble8 the Glacier of the Rhone in the way in which it POUJ'lJ 

into the valley, and its conseqnent structure, which i8 represented both 
in Plan and Section in the Topographical Sketch, No. IX. The veined 
structure is especially developed in front---i. e., again8t the opposing 
side of the valley, where the pre88ure is greater than laterally, and 
consequently the ice, seeking the direction of least resistance, is gra
dually swayed down the valley, and takes the particular form shown 
in the map, which, together with the sections, will give a clear idea of 
its whole structure. The direction of the CreVaBBe8 is generally radial, 
or perpendicular to the structural band8. I walked over a part of the gla
cier, but it i8 not easy to advance far. The front of it i8, as I have said, 
pushed by the general ma88 against the eastern wall of the valley. The 
rock, which i8 here soft, is disintegrated and clayey, and it was interest
ing to see that the glacier had left vertical markings or strim upon the 
clay which had lately been uncovered by its melting, exactly as it 
would have done on rock, and in the very same direction as I observed 
them in similar circumstances against fixed rock at La Brenva. 

Below Allalein the road falls more rapidly, and a very wild gorge is 
entered, which continues for a mile or two. The little village of Al
magell i8 the first reached. Here a path on the right leads into the 
Val Antrona. In half an hour longer I was at Saas, where I received 
a hearty welcome from Moritz Zurbriicken, the worthy h08t in wh08e 
house I spent a night last year. The jOllrney had been a short and 
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interesting one, and its fatigues were soon forgotten over a roast leg of 
chamois and a bottle of good wine. 

The neighbourhood of Saas presents one very interesting excursion, 
which I made in 1841, to the Valley of Fee, which is a small branch 
of the Saas-thal, descending from the mountains to the west. The 
easiest ascent is by a foot-path, exactly opposite to the village of Saas, 
and which is distinguished by a series of station chapels at intervals. 
The valley of Fee, like most of those in this neighbourhood, joins the 
principal valley at a higher level; and when that level is gained, 
the view is very striking. The entire head of the valley is bounded 
by a vast glacier, descending from the three lofty mountains, marked 
in Engelhardt's map, Schwartzhom, Feehom, and Stuff en, or Dom. 
The village of Fee, which is inhabited all the year, lies in a beau
tiful green hollow, amidst meadows and trees, which seem to touch 
the regions of ice. Indeed, a few years ago, the glacier dpscended 
110 as to threaten the destruction of the higher cMlets and trees, and 
completely to obstruct the passages to an alp or pasture between two 
branches of the glacier which then closed round it. About 1834, 
the glacier began to retreat, and has continued to do· so since, so 
that it is now at a very considerable distance from the chAlets, which 
it had almost touched. But what interested me most in the valley 
of Fee were the admirable traces of former glacier action through
out its length. RooII8B~. of gneiss occur in the whole of 
the lower part of the valley, scooped out by horizontal grooVel!, 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, 
is capable of producing. Some of these grooves are like elaborate 
chiselling, and, on the whole, it would be difficult to find a better speci
men of the phenomenon in question. It is remarkable, that in the 
valley of Saas, aboee the entrance of the valley of Fee, 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 
friable, is certainly not favourable to the preservation of such surfaces. 
By continuing from Fee, along the westem side of the Valley of Saas, 
a beautiful walk may be followed through the wood, nearly as far as 

z 
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Almagell. The annual flI8 of the valley is held at Fee, on the 8th 
September. 

From Saas to Stalden, there is a great variety of scenery; and in this 
respect the Saas valley is much more interesting than the neighbouring 
one of St. Nicolas. There is a series of green fiats of small. extent, 
separated by gorges of greater or less depth; one of these, in particu; 
lar, about an hour's walk above Stalden, is ext~mely fine. The riveI: 
rushes through a very deep, narrow chasm, overh~g with magnificent 
larch trees, amongst the finest which I have seen in the Alps, and the 
head of the valley is closed by a snowy peak, perhaps the Monte 
Moro. It is also crossed by a little foot-bridge, upon which the tl'$veller 
may stand to view the scene, if he wish to increase its sublimity by no 
visionary sense of danger in his own position; for the bridge is so 
weak that a heavy man might break it, and beneath is _ furious tc>r~ 

rent at a depth of perhaps 200 feet. The view doum the. vaU~y is fine. 
as well as up; the Bietsch-horn, a very elegant mountain north. of th .. 
Rhone, stands in the opening. Where the valley of Saas is mQllt CQn., 
traeted, the gneiss rocks, which fonn mural precipices, are stri4ted 
horizontally to a great height-probably 800 feet. . Glaciers peep 
through the ravines on the western side, but none of them reaeh the 
valley. 

Stalden is beautifully situated, as already mentioned, at the june>. 
tion of the Valleys of Saas and St. Nicolas. I had an opportunity 
of witnessing here a remarkable scene on my las$ visit. A comedy 
was to be acted by peasants dressed in costume, who were to perfOl'D} 
on a stage erected in the open air. There were not lees than forty 
actors, the female parts being performed by men, and the costUPlelf 
were elaborately and ingeniously devised-in some Cl&IijIS ~ot without 
propriety and taste. I was able to remain long enough to. see only 
the opening of the piece named Bola eon T~, which was pre:
luded by a procession of the actors, amongst the most conspicuous of 
whom were three devils attired in tight suits of black, with horns ~" 
tails, the senior wearing goat's horns and the subordinates those of the 
Chamois. The entertainment was under the immediate patronage, and 
even direction of the clergy. The morning mass at 8aas was said. that 
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day at four, instead of five o'clock, in order to allow the pastor and his 
flock to reachStalden in good time, and one of the eicai,,61 of Stalden 
(who correspond to our curates) seemed to be the master of ceremonies, 
for he was frequently seen in earnest conversation with the junior devil 
with the Chamois horns. I must add, that the scene was one of the 
most romantic which can be conceived. Behind the village was a truly 
natural theatre, with a green meadow for the pit, whilst a range of 
low clift's, with a concave front festooned with ivy and brushwood, re
presented the boxes and gallery, and an audience of not less than two 
thousand persons, almost entirely peasants, with their gay costume, 
filled the allotted spaces. The sky was intensely blue, and the sum
mits of the Weisshom and other snowy Alps completed the picture. 

I was obliged to withdraw sooner than I wished, in order to reach 
Visp in time for the Diligence which was to take me to Sion. Thus 
closed one of the most interesting journeys which I have had the good 
fortune to make. Since leaving Orsieres three weeks before, I had 
not even crossed a road which admitted of the passage of a wheeled 
carriage. 
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CHAPTER XXI. 

. AN ATTEMPT TO EXPLAIN THE LEADING PHENO
MENA OF GLAOIERS. 

THB DILATATION THEORY CONSIDERED, AND COMPARED WITH OBSERVATION

THE GRAVITATION THEORY EXAMINED--THE AUTHOB'STHBORY PROPOSBD-

GLACIEBS REALLY PLASTIO--CONDITIONS OF FLUID MOTION~MPABED 

WITH THOSE OF A GLACIER-EFFECT OF VISCOSITY-THE VEINED STRUo

TURE OF THE ICE A CONSEQUENCE OF THE VISCOUS THEORY-ILLUSTRATED 

BY BXPBBlMBNTS--COMPABISON OF A GLACIBR TO A BIVER~NCLUSION. 

" Rien De me parait plus clairement MmOlltri que Ie mouvement ~ des g1aei8l"l 
V8l"I Ie bas de 1& vall4!&, et rien en mble temps De me semble plus difBcile i _voir que 
1& DJ&Dihoe dOllt .'ex6cate ce mouvement ai lent, ai iD4!ga1, qui .'ex6cate IRIl' dee pentee dift'6-
rentes, 11111' un 101 garni. d'aapmUs, et daua deB eaJlIUIl[ dont 1& largeur varie • ehaque iD
&tant. COeet ll, selon moi, Ie phalCllnene Ie moiDa explicable des glaeiera. Marche-t-il 
ensemble comme un bloc de marbre IRIl' un plan iDcIiD4! I Avance-t-il par partiee brilM!ea 

comme lee eailloux qui Be Event daua lee couloirs dee J401ltagDee I S'atrU.e-t-UlRIl'lui

mesne pour couler Ie 10Dg des pentes, comme Ie lanit une lave. la lois ductile et liquids I 

Lea parties qui Be cUt.achent V8l"I lea pentee rapidea aufBaent-ellee. imprimer du mouve

ment • ce1lee qui repoaent IRIl' une IIUl'faee horizontale I Je I'ignore. PeuWtre encore 
poarrait-on dire que daua lee grands froids I'eau qui remplit lee Dombreuaee cre~ 

traDav~ du glaeier V8II&IIt • Be coogeler, prend BOIl ~ent de volume ordinaire, 

JIOUII8 lee paroia qui 1& CODtieUDent, et produit aiDai un mouvement V8l"I Ie bas du eanal 
d'l!coulement. .. 

IN the second chapter of this volume I stated the usually received 
opinions as to the cause of the formation and maintenance of glaciers. 
We found that authors are pretty well agreed in considering that the 
snow which falls on the summits of the Alps becomes converted into 
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iee by successive thaws and congelations, but that the details of the 
process are by no means so well understood, and that the immediate 
cause of the descent of these frozen masses towards the valleys has 
been very differently explained. 

The chief theories we reduced to two; the theory of DILATATION, and 
that of GRAVITATION; On the former ~e ice is supposed to be pressed 
onwards by an internal swelling of its parts, occasioned by rapid alter
nations of freezing and thawing of its parts, or rather by the continual 
formation of minute crevices, into which water, derived from the warmth 
of the SUD, and the action of the air on the surface, is introduced, and 
where it is frozen by the cold of the glacier, whose bulk it thus in
creases. On the theory that gravity or weight is the sale ·cause of 
glacier motion, the ice, lying on an inclined plane of rock, is supposed 
to slide over it, by its natural tendency to descend, aided by the action 
of the earth's warmth, which, on the hypothesis of De Saussure, pre
vents it from being frozen to the bottom. 

It may be proper now to enquire shortly what light has been thrown 
upon these two theories by the observations detailed in a former part 
of this volume. 

Of the facts which have been established in Ohapters VII. and 
VIII., with respect to the motion and structure of the ice of glaciers, 
two seem at least to be not opposed to the theory of DILATATION. I 
mean the more rapid f1&OM1Umt of tII8 !/lacier at ie. C8nWe, (p. 146) and 
the infiltration of ita mlUB by water permeating the capillary fissures, 
(page 174.) The former fact having been unknown to the supporters 
of the dilatation theory, has not been adduced by them in its favour; 
which it is, indeed, only thus much, that a body having a certain con
sistence and variability of form, when subjected to an!! pressure, 
whether internal or external, will yield soonest in those parts which 
are least retarded by friction. This fact, ho~ever, has no direct bear
ing on the CQ1U6 of the pressure. 

The latter fact would be entirely favourable to the theory of De Ohar
pentier and Agassiz, could it be carried out in its consequences, in the 
manner which they suppose. But it is not ~nough that there be capil
lary fil!sures and crevices, and that these be filled with water,-tMt does 
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not help the matter at all,-it must also be shown that that water under
goes conversion into ice, so as to dilate it at the time"and to the extent, 
required for the motion. I conceive that the observations which I h&ve 
made, show such a cause of motion to be inconsistent with the pheno
mena; and this inconsistency is two-fold, first, from the direct evi
dence that, though the ice is permeated'by water, yet the water freezeS' 
rarely, and to an insignificant extent; and, eecondly, from the motion 
of the glacier in its different parts, and at different times, being at 
variance with what inust have held true upon the theory in question. 

1. The water included in a glacier is rarely in a freezing condition. 
I need not now repeat the arguments which have been adduced (page 36) 
to show that upon every principle of the doctrine of heat, especially 
the doctrine of latent heat, it is impossible that the transient cold of 
the night should in any circumstances produce more than a superfitlial 
and most imperfect congelation,-that to suppose any thing else would 
be to suppose in a gla.cier an indefinite supply of cold, • contrary to first 
principles, and to direct observations with the thermometer on the tem
perature of the ice, which has been found by M. Agassiz himaelf to be 
constantly, and at all depths, within a fraction of a degree of 32". 
But besides this, the most direct obaervation shows that the nocturnal 
congelation, which is 80 1I'isible at the surface, drying up the streamlets 
of water, and glazing the ice with a slippery crust, extends to but the 
most trifling depth into the mass of the gla.cier. This is so evident, 
upon consideration, that when fairly placed before him, M. de Char
pentier has been obliged to abandon the idea that the diurnal varia
tions of temperature produce any effect. In truth, there is positive 
evidence that no internal congelation takes place during the summer 
SeaBon, when the motion is most rapid. and when, therefore, the cause 
of motion must be most energetic. Of this I will give one striking 
example. 

Towards the end of September 1842, when, it has been already men
tioned, a premature winter had covered the Mer de Glace with snow, 

* Thi8 argument bas been well put by !\t. Elie de Beaumont, 1\'itb hi8 IIC!CIII!tomed 

elE'amC8ll. 
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and lowered the temperature of the air to 20° Fahrenheit, 1 had occasion 
to make an expedition over nearly its whole extent, in the direction of the 
Glacier de Lechaud, in order to observe the marks which had been placed 
in that direction, and to determine the motion of the higher parts of the 
ice. The eXC1l1'Bion promised to be far from agreeable. The sky was 
lowering when I started from the Montanvert, and it soon began to snow, 
and continued to do so with little intermission during the day. The Mer 
de Glace had been covered wi1h snow for a fD6Il:; at the Montanvert, to ' 
a depth of six inches, but in its higher parts of not less than a foot and 
a half. I was not sorry, hbwever, to have an opportunity of ascertain
ing the conditions of the ice, under circumstances 80 critical for the 
theory of dilatation, for now, if at any time, the freezing and expansive 
eft'ects of cold ought to be visible,the ice having been completely satu
rated hy the preceding wet weather, and, it might be supposed, eft'ec
tually cooled by five days of frost. As the walk promised to be !abo
rioos, if not difficult, ~wing to the thick coating of snow, I took with 
me David Couttet of the Montanvert, and Auguste Balmat, as usual, 
with the instruments and provisions. We started in a lowering mom
ing at half-past six, and in less than an hour it began to snow, with a 
drifting wind, though fortunately without cold. To most persons, the 
journey would have been an alarming one, but we were all three so 
intimately acquainted with the surface of the ice, and the directiou of 
the moraines, that we had no fear of losing ourselves. It required, 
ho.ever, all Auguste'S intimate kno.ledge of the glacier to keep us 
clear of dangerous crevasses and holes; for the snow was often kne&
deep, and the glacier and moraines alike filled with innumerable pit
falls. We crossed the moraines, as usual, near the Moulins, and 
visited the stations Bland O. We then kept nearly under the ice ran 
of the Glacier du Talefre, and reached with precaution the higher glacier 
·of Lechaud, on our way to station E, where I anxiously wished to 
make an observation of the progress of the glacier. But now the bad 
weather increased so much, that we were glad to get behind a great 
stone and eat our breakfast, waiting for a favourable change. The 
wind blew in strong gusts from the Grande J orasse, tossing the snow 
about so as to render all objects at a distance undistinguishable, thus 
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threatening to make our expedition ineffectual, for the rock called the 
Oapucin du Tacul, which was my index for the bearings on the glacier 
from Station E, was hopelessly invisible. After some delay, the storm 

abated, and the Pierre de Bera.nger, whose azimuth I had fortunately 
taken as a cheek, showed itself. We therefore advanced up the glacier, 
but again the storm thickened, and as we got to the foot of the rock 
on which Station E was fixed, David Oouttet (who had hitherto been the 

t chief encourager of the expedition) said quietly, " Nons allons faire une 
betise," and proposed to return, for we were half blinded by the snow. 

I begged, however, that we might at least stop and take shelter as 
before. We did so, and profiting by a few minutes' pause in the drift. 
I fitted up my theodolite, and took an ol'lservation of the motion of the 
glacier since my last visit with due care and deliberation. We then 
returned nearly as we had come, fortunately without accident. and 
reached the Montanvert after nine hours' absence. What struck me 
most in this expedition was, that even at the highest station, which is 
7900 feet above the sea, and in this severe weather, the ice, far from 
being frozen to a great depth, appeared charged with water as usual, 
except at the surface. The stick which marked the point of the glacier 
observed, and which I expected to find firmly frozen into its place, was 
ltanding in tCater in its hole in the ice, and of course quite loose. 
The BUT/ace of the glacier generally was dry,-there was not a rill of 
water in the Moulins, or elsewhere: yet the congelation had scarcely 
penetrated at all. Oouttet and Balmat were all the time afraid of 

treading into a watery hole, and thus getting their feet frozen, an acci
dent which I thought very unlikely to happen; but they both did get 
their feet wet in the course of the day. Hence there can be no doubt, 
that, as Oouttet very distinctly expressed it, the snowy covering kept 
the glacier warm. just as it does the ground, and that the cold pene
trates extremely slowly even when winter arrives. I may add, that near 
the Tacul I found no difficulty in obtaining a draught of water by 
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 colour of snow, men

tioned on page 71, which was most distinctly perceptible by transmit
ted light, whenever the snow was pierced by a stick to a depth of six 
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inches or more. It was at one part of the glacier that this was most 
evident, which I attributed to the particular degree of aggregation 
which it had there, neither very dry nor very moist. 

From the incidents just related, I think it seems to be demonstrated 
beyond a doubt, that, at least, any wamitmt impression of cold is quite 
incapable of converting the infiltrated water into ice at any depth in 
the glacier. 

2. At the same 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, that, if the dilatation theory were 
true, a sudden frost succeeding wet weather must inevitably cause the 
glacier to advance far more rapidly than in summer, or, indeed, at any 
other season; for there could never possibly be more water to be frozen, 
nor could cold ever act with more energy than at the time in question. 
What the facts were, we have already seen in the seventh chapt~r, 
where it appears, both from the tables and figures, (pp. 139-141,) 
that the progress of the glacier was retarded during the cold weather 
which prevailed from the 20th to thfl 25th September, and that it re
advanced when the thaw had taken place some days later. 

3. The motion of the glaciers during winter, established in the same 
chapter, (page 151,) is directly contrary to the conclusions invariably 
drawn by the glacier theorists from their supposed immobility; since 
they consider, that while the glacier is completely frozen, and 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 glacier during the day and night is sensibly uniform, which is 
contrary to the same view. 

5. The rate of motion of the glacier at different parts of its length 
has been shewn (page 144) to be by no means such as the expansion 
of an elongated body, supported at one end, and pushed along its bed, 
would occasion. 

6. The advocates of the theory of dilatati6n have rightly maintained, 
as a consequence olthe theory, that the ice will expand in aU direc
tions, and consequently upwards, that being the direction in which the 
resistance is least of all. They thence conclud~, that whilst the ice 
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wastes by melting at the surface, the surface will be raiaed by the 
inSation of the interior.mass by the expansion of freezing water, ad 
that its absolute level will thus be maintained, or will even rise, not
withstanding the daily waste. They profess to have made experiments 
which confirm this view; but I have already stated, (page 155,) that 
my own are entirely at variance with it, the absolute level of the ice 
lowering with great rapidity during the S8&8on of most rapid motion; 
a conclusion which is entirely confirmed by the observations of MM. 
Martins and Bravais, lately published.· 

On these, amongst other grounds deduced from direct o_nation, 
I consider the dilatation theory maintained by Soheuchzer, De Char
pentier, and Agassiz,.as untenable. 

In the next place, let us consider the sliding theory of Gruner and 
De SaussUle, of which a sufficient account has been given in ()Ihap. III. 

As I understand the GRAVITATION theory, it supposes the mass of 
the glacier to be a rigid one, sliding over its trough or bed in the man
ner of solid bodies, assisted, it may be, by the melting of the ice in 
contact with the soil, which possesses a proper heat of its own, and 
which lubricates in BOme degree the slope, as grease or soap does when 
interposed between a sliding body and an inclined plane. It is only in 
80 far as the theory is considered as applicable to a rigid body, :that I 
bve objections to state.to it. 

1. In the case of the greater Dumber of extensive glaciers, there are . 
notable contractions and enlargements of the channel or bed down 
which they are urged. Let anyone glance at the Mer de Glace, and 
see two extensive glaciers meeting at the Tacol, forming a vast basin 
or pool, from which the only outlet has a less breadth than the nar
~west of the tributaries; the idea of Iliding, in the common legitimate 
aense of the word, is wholly out of the question. 

2. We have already seen that the ice does not move as a solid body, 
-that .it does not slide down with uniformity in different parts of its 
·section,-that the sides, which might be imagined to be most com-

• .Jf •• fIlt. del &it_ ~,par Rmire, 1842. 
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pletely detached from their rocky walls .during summer, move slowest, 
and are, as it were, dragged down by. the .cent.ral parts. All this is 
collSw.ent with motion due to weight or gravitation; but not with the 
.sliding of a rigid ma88 over its bed. 

3. The inclination of the bed is seldom such as to render the over
~ming of such obl!ltacles as the elbows and prominences, contractions 
and irregularities of the bed of glaciers, even conceivable, being, on an 
average of the entire Mer de Glace, only 9°, a slope practicable for 
loaded carts; but the greater part of the surface inclines less than 0·, 
which is below the steepest slope on the .great highway of the Simplon, 
an artillery road. 

4. It has been convincingly proved in Chapter VII., that the 
motion of the glacier varies not only from one SeMon to another, but 
that it has definite (though continuous) changes of motion, simultaneous 

. throughout the whole, or a great part of its extent, and therefore due 
to some general external ehange. This change has been shewn to be 
principally or solely the 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 theory, it should be shewn, that the disengagement of the 
glacier from its bed, depends on the kind of weather which aft'ects its 
surface and te-mperature. In no part of the summer is the glacier 
actually frozen to its lateral walls; the difFerence, then, must be due to 
the action of the earth's heat in gradually melting away the irregulari
ties of the inferior surface of the ice, in contact with the rocky bed on 
which it reposes. I have already said, that I consider such an influ
ence of the proper heat of the earth to be distinctly included in De 
Saussure's theory, as it has beeu stated by himself, and understood by 
his successors.· It was, however, suggested to me very distinctly by 
M. Studer last summer. as not inconsistent with a motion by gravity 
without acceleration; and I admit the ingenuity of the thought, which, 

------------- ----------

• Anyone who carefully reads De 5ausBare'a § 636 in connection with § 533, will be 
convinced, that he gives all due weight (we should be inclined to.y 1II0f'01 than due weight) 
to the eft'eeta of Bubterranean heat in tktaMittg the ice from ita bed, ltlbriMtittg it on ita 
bed, and even demtiflg it over obstacles by the hydroatatie p.-m! of confined water. 
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-as it will be seen in the sequel, I am disposed to allow, may be one fDay 
of glacier motion, though not exactly the MU18 of it. The same 
thought was afterwards 8Uggested to me 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 glacier motion, has 
illustrated it byexperiment.- But this is an'efFect which must remain 
nearly the same at all seasons, being due to the constant flow of heat 
from the interior. 

5. The flow of heat from the interior is so eery trifling that it inay 
be doubted whether it is adequate to produce the particular effect of 
wearing off the prominences of the descending ice, or of moulding it to 
the form of the channel. In order to do so to any effectual extent, it 
would be necessary that prominences of many feet or yards in extent 
should be melted away in a moderately shori space of time. Now, 
what is the fact! M. de Beaumont has t'stimated, t by the theory of 
Fourier, from the observations of Arago on the earth's temperature, 
that the quantity of central heat which reaches the surface of the 
earth, is capable of melting 6. millimetres of ice, or exactly a quarl8r 
6/ an English incA in tlu IJHIC8 of a year. Now, even admitting, (as 
I think we may,) that if the surface of the earth were covered with 
ice, the flow of heat would be somewhat greater, still it must be 
admitted to be capable of disposing of portions of ice insignificant 
compared to the inequalities which oppose its downward progress. 

6. This small quantity of heat is not always applied (as Professor 
BischofFt and M. Elie de Beaumont have justly remarked) to melt the 
ice of glaciers. Below 32° it will simply tend to raise the temperature 
of the ice in contact with the soil, and powerfully adhering to it. 
The almost pnuJant glaciers of the second order, which are seen only 
at great heights, those, for instance, on the precipices of the Mont 
Mallet, (see page 79,) must remain permanently frozen to the rock. 

* Since wliting the above I !ta,'e been indebted to Mr, Hopkins for a farther statement 
of his views, which I wiII farther allude to in Appendx, No. IV. 

t A.aalu du &iftcu G~, par Ri~Un, 18(2. 
::: Wii,.".,lellrt, p. 101, &c. 
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Nevertheless they do actually descend over it, for they continually 
break off in fresh avalanches. This is a fact which neither the theory 
of dilatation nor that of gravity, as commonly stated, is capable of 
explaining. 

After the detailed though scattered deductions which have been made 
in the course of this work, from observations on the Movement and 
Structure of Glaciers, as to the cause of these phenomena, little remains 
to be done but to gather together the fragments of a theory for which I 
have endeavoured gradually to prepare the reader, and by stating it in 
a somewhat more connected and precise form, whilst I shall no doubt 
make its incompleteness more apparent, I may also hope that the can
did reader will find a general consistency in the whole, which, if it does 
Dot command his unhesitating assent to the theory proposed, may in
duce him to consider it as not unworthy of being farther entertained. 

My theory of Glacier Motion then is this :-A GLACIO 18 AN 1111-
PBRFECT FLUID, OR A Vl8COU8 BODY, WHICH IS URGED DOWN 8LOPBS OP A CBR-

TAIN INCLINATlON BY THB lIIUTUAL PREB8UBB OP ITS PARTS. 
The sort of consistency to which we refer may be illustrated by that 

of moderately thick mortar, or of the contents of a ta~ba.rrel, poured 
into a sloping channel. Either of these substances, without actually 
assuming a level surface, will Urul to do 80. They will descend with 
different degrees of velocity, depending on the pt'6IIUf'6 to which they 
are respectively subjected,-the friction occasioned by the nature of the 
channel or surface over which they move,-and the ~'Y, or mutual 
adhesiveness, of the particles of the semifluid, which prevents each 
from taking its own course, but subjects all to a mutual constraint. 
To determine completely the motion of such a semifluid is a most 
arduous, or rather, in our present state or knowledge, an impractiCable 
investigation. Instead, therefore, of aiming at a cumbrous mathema
tical precision, where the first data required for calculation are them
selves unknown with any kind of numerical exactness, I shall endea
vour to keep generally in view such plain mechanical principles as are, 
for the most part, suflicient to enable us to judge of the comparability 
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of the facts of. Glacier motion with the conditions of viscous or semi
fluid substances. 

The quantity of viscidity, or imperfect mobility in the particles of 
fluids, may have every conceivable variation; the extremes are perfect 
fluidity on the one hand, and perfect rigidity on the other. A good ex
ample is seen in theproOO88 of consolidation of common plasterof Paris, 
which, from a consistency not thicker than that of milk, gradually as~ 
sumes the solid state, through every possible intermediate gradation. 
Even water is not quite mobile; it does not run through capillary tubes ; 
and a certain inclination or laJl is necessary to make it jlOfl1. This 
may be roughly taken as an index of the quality of viscidity in a 
body. Water 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 fall of 1 
in 1000; whilst many bodies may be heaped up to an angle of seve
ral degrees before their parts begin·to slide over one another. 

Thus, a substance apparently· solid may, unWlr great pressure, begin 
to yield; yet that yielding, or sliding of the parts over one another 
may be quite imperceptible upon the small scale, or under· any but en~ 
ormous pressure. A oolumn of the body itself is the 80urce of the 
pressure of which we have DOW to speak. 

Even if the ice of glaciers were admitted to be of a nature. perfectly 
inflexible, 80 far as we can make any attempt to bend it by· artificial 
force, it would not at all follow that such ice is rigid when it is acted 
on by a column of its own material several hundred feet in heigh~ 
Pure fluid pressure, or what is commonly called hydrostatical pressure. 
depends not at all for its energy upon· the alope of the fluid, but merely 
upon the tli.1J'er6ru:8 0/ .,. of the· two connected parts or ends of the 
maaa under consideration. If the.body be only eemifluid, this will nO 

lon~r be the case; at least the pressure eommllnica~ from one 'por-. 

:{ 
• According to Dabuat, (Hydraulique, tom. t, P. 64. Edit. 1816,) at a slope a great deal 

lower; bid ita .lIMIt ftlue doea DOt DOW _cam ... 
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tion (say of a sloping canal) to the other, will not be the "'/Wle pres
sure of a vertical column of the material, equal in height to the differ
ence of level of the parts. of the :fluid considered; the consistency or 
mutual support of the parts, opposes a certain resistance to the pres
sure, and prevents its indefinite transmission. It must be recol
lected, that, in the case of glaciers, the pressing columns are enor
mous, the origin and termination of many of the largest having not 
less than 4,000 feet of difference of level; were they, therefore, 
perfectly :fluid,e or suddenly converted into water, the lower end 
would begin to move with the enormous velocity of 506 feet a 
second, or would move over 44 tnillUmI of 1M in 24 hours. Now, 
the velocity of the Mel' de Glace is only about 2 feet in that time, 
a difference so enormous that the :fluidity· of a glacier compared to 
water will not appear 80 prepostel'Ous 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 glacier is 
not coherent ice, but is a granular compound of ice and water, possess
ing, under certain circumstances, especially when much saturated with 
moisture, a rude :flexibility sensible even to the hand. 

Farther, it has been shown that the glacier doeI fall together and 
chokes its own crevasses with "its plastic substance, (p. 173.) 

When a glacier passes from a narrow gorge iuto 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 a narrower channel than that by which it entered. This 
remarkable feature of Glacier Motion, already several times adverted 
to, had not been brought prominently forward, until stated by M. Ren .. 
du, now Bishop of Annecy, who has described it very clearly in these 
words,-" II y a une foule de faits qui" sembleraient faire croire que la 
substance des glaciers jouit d'une espece de ductilite qui lui permet de 
se modBer sur la locali~ qu'elle occupe, de s'amincir, de se retrecir, et 
de s'etendre, comme Ie ferait une pAte molle .. Cependant, quand on 
agit sur un morceau de glace, qu'on Ie frappe, on lui trollve une rigi
di~ qui est en opposition directe avec les apparences dont DOUS venons 
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368 A THEORY OF GLACIKRS. 

de parler. Peut-etre que lea experiences Caites sur de plus grandas 
masses donneraient d'autres resultats." -

Now, it is by observations on the glacier itself that we can best make 
experiments on great f1II.III68 of ice, as here suggested.' 

Tile Motion of a Glacier re88mbla tIIat of a VilCOf.l,8 Flaid. 

All experimental philosophers are agreed as to the facts, that a fluid 
like water, heavy and slightly .n.c;a, moves down an inclined plane or 
canal, with a velocity wlaich varies according to the slope, and which 
varies also from point to point of the section of the stream. The part 
of the stream which moves fastest is the surface, and especially the 
central pari of the surface. The velocity of motion diminishes on the 
surface from the centre to the sides, and f"om the surface towards the 
. bottom. 

The cause of these variations is admitted to be the frictifJ1l of the 
sides and bottom of the canal or bed, which retards the fluid particles 
immediately in contact with them, and the adhesion of these particles 
to their neighbours, that is, their ~Iy, communicates this retarda
tion by certain gradations, which are not correctly known, to the inte
rior mass of the fluid. Hence,-

I. The centre and top of the stream move faster than the sides and 
bottom, especially if tM friction of tM flaid parlicle8 0fJIJI" fJ1UJ anotAer 
be lea eMn t/ui" friction at/aiM tM IideB 01 tile canal. If this be not 
the case-if the friction of the contained mass against the containing 
or supporting walls be leBB than the friction which exists amongst its 
own particles, the mass will 1lid6 oat of ill bed, and will so far act as a 

• Theorie d. Glacie1'8 de ]a Savoie, P. 84. Whilat I am anxioua w mow how far the 
aapciollB viewa 01 H. Rendu coincide with, as they alao preoeded my owu, it ill r.ir w man· 
tion, that all my experiments were made, and indeed by far the greater part of the pre
I18Dt volume was writt.eD, before I aucceeded in obtaining _ to H. Rendu'll work, in 
the 10th volume of the Memoi,., of eM 4eadem, uf CAcutlUr" which I owe at length to 

&be kindn_ of the right reverend au&bOI'. 
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MOTION OF A VISCOUS FLUID. 369 

solid body. If it have a certain mobility amongst its own particles, it 
will, whilst sliding over its bed, alter, at the same time, the relative 
position of its own particles ;-it will move partly as a solid, partly as a 
fluid. We may then fairly call it a .. !fluid or a BSmUolitl. 

II. From this it also evidently appears, that the greater the vis
cosity of the fluid, the farther will the lateral and fundamental retarda
iions be communicated towards its centre, and the general velocity of 
the stream will be more nearly regulated by the limit of the mobility of 
its parts. 

III. In eTery case, the greatest variation of velocity of such a stream 
will take place near the sid81 and bottom, whilst the higher and the 
oenVal parts will move most nearly together.- The position of any 
particle moving with the mean velocity of the entire stream~ has not, I 
believe, been determined; but Dubuat has practi~y found this singu
larly simple result, that the velocity of the top and bottom of a stream 
being known, the mean velocity of the entire stream is the arithmetical 
mean of these two velocities. 

IV. The ·difference of the velocities of a stream at the top and bottom, 
depends upon the actual velocity of the stream, and increases as that 
velocity increases. The rate of increase appears to be as the square 
root of the v.elocity, and is independent of the depth. t 

V. The velocity of the water in a stream increases with its declivity. 
If the bed of a river be highly inclined, the water flows rapidly; and 
again, if the embaying of a river by a strait accumulates the water 
above, there its declivity will be diminished. 

VI. If any circumstance causes the viscosity or consistenoe of a 
fluid to vary, all these phenomena will vary proportionally. Thus, 
warm water is less viscid than cold, and a vessel will be sooner 

• A alight eoDIIideration will show, that dUa might uaturally be uaticipated, yet _ 
eminent writers have mppoeed the velocity to in_ "VDnllly from the ·boUIm to the 
eurface of & etream. The doctrine of the text is folly eonflrmed by direct experiments upon 

the river Rhine, quoted in Mr. Rennie'. &pore Olt HydruwicI, Part II., BriIiM A-'atioll 
Iltport, 1834, p. 467. 

t DUBUAT, Art. 3i, 49, 65. 
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emptied through a narrow aperture the higher the temperature of the 
liquid.-

Now, in all these respects, we have an exact analogy with thefactl 
of motion of a glacier, as observed on the Mer de Glace. 

Fi,.", We have seen that the centre of the glacier moves faster than 
the sides, (p. 146.) We have not indeed extended the proof to the 
top and bottom of the ice-stream, for it seems difficult to make this 
experiment in a satisfactory manner. In. the case of a glacier 600 feet 
deep, the upper hundred feet will move nearly uniformly, on the prin
ciples already mentioned; hence, crevasses, formed from year to year, 
will not incline sensibly forwards on this account, especially as the ac

tion of trickling water is to maintain the verticality of the sides. I 
conceive that this is a perfectly sufficient answer to an objection which, 
at one time, I myself urged against the hypothesis of the surface of the 
glacier moving most rapidly. Of the fact, I entertain no doubt, though 
I see much difficulty in obtaining a satisfactory proof of it. 

I have no doubt that glaciers slide over their beds, as well as that 
the particles of ice rub over one another, and change their mutual 
positions; but I maintain, that the former motion is caused by the 
latter, and that the motion impressed by gravity upon the superficial 
and central parts of a glacier (especially near 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 under 
a smaller declivity than a shallow one of the same fluid. t And this 
consideration derives no slight confirmation in its application to glaciers, 
from a circumstance mentioned by M. Elie de Beaumont, which is 
so true that one wonders it has not been more insisted on,-namely, 
that a glacier, where it descellds into a valley, is like a body pulled 
asunder or stretched, and not like a body forced on by superior pres
sure alone. 

---- -----.- -
• DUBU.t.T, Art. 3. 

t It is well known that the mean hydraulic depth, or the ratio of the aection of a Itre&m 

~ the perimeter of contact with ita bed, is the moat important element (together with the 

decli'rit,y) in determining ita velocity, or the ell'ectuaI moving force which acta upon it. 
Now, in the _ of common friction, that of a IIOlid body, neither the abllOlute nor the rela. 
tive depth of the eliding body can have any inftuence in determiniDg ita motion. 
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Se«mdly, We have already seen (page 367) how enormous would 
be the velocity of a glacier if suddenly converted into a fluid, and how 
prodigious a 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 velocity of a glacier is in conformity to 
the second principle stated above, that the retardation due to friction 
will be more completely distributed over the whole section in propor
tion as the matter is less yielding. 

fiirdly, The chief variation of velocity is, we have seen (page 146) 
near the sides. 

FourtIJy, We have found in page 147 a most remarkable confirma
tion of Dubuat's principle, that the amount of lateral retardation 
depends upon the actual velocity of the stream under experiment; 
whether we consider different points of the glacier, or the same point 
at different times. * 

Fiftldy, The glacier, we have seen, like a stream, has its still pools 
and its rapids. Where it is embayed by rocks, it accumulates-it. d8-
eli_ty diminiMes, and it. Mocity at eke tKJm6 time ;-when it passes down 
a steep, or iBBues by a narrow outlet, its velocity increases (page 145.) 

The central velocities of the lower, middle, and higher regions of the 
Mer de Glace are (page 144)-

1.398 .574 .925 
And if we divide the length of the glacier into three parts, we shall 
find (page 117) something like these numbers for its declivityt-

15° 4io 80 

Ltutly, When the semifluid ice inclines to solidity during a frost, 
its motion is checked; if its fluidity is increalled by a thaw, the motion 
is instantly accelerated, (p.148.) Its motion is greater in summer than 
in winter, because the fluidity is more complete at the former than at 
the latter time. The motion does not cease in winter, (page 151,) 

• Une "ChOl!e ammaute, c'eet que Di Ia grandeur du lit, Di celie de Ia pente n'iufluent en 
rien IAU' Ie rapport dee difl'l!rentee vi~ dont nOUB parlons, fa'" qtU u. rituIu _yelllI .. 
,.au..t U. mefll .. aU celie de Ia lIlll'face est constante." * * • * 

DUBUAT, Art. 6S. 

t These numberB do not expretlll the actualalopea at the poiute whero the velocitietl wen 
meuured, but the slope of the inferior, middll', and superior regions of the glaeier. 
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because the winter's cold penetrates the ice as it does the ground, only 
to a limited extent, (pages 232, 360.) It is greater in hot weather 
than in cold, because the SUD'S heat affords water to saturate the cre
vices: but the proportion of velocity does 110t follow the proportion of 
heat, (pages. 141, 150,) because any cause, such as the melting of a 
coating of snow by a sudden thaw, as in the end of September 1842, 
produces the same effect as great heat would do. Also, whatever cause 
accelerates the movement of the centre of the ice increases the diffe
rence of central and lateral motion, (page 147.) 

Tke Veined Strwtu.re oftke Ice iI a ~ 01 eM VUCOW TIwory. 

We have now to complete what was partly said in Chapter VIII., 
where we endeavoured to illustrate the phenomena of the veined or 
ribboned structure of the ice, and to explain its cause. 

This structure we have seen to consist in the recurrence of alterna
tions of blue and white, or compact and aerated ice in a glaCier, resem
bling the veins in chalcedony, the parts being thin and delicately sub
divided. 

We have seen (pages 177, 181) that this structure has all the appear
ance of being due to the formation of fissures in the aerated ice or con
solidated neve, which fissures having been filled with water drained from 
the glacier, and frozen during winter, have produced. the compact blue 
bands. 

We have farther seen (pages 160, &c.) that this ribboned structure 
follows a very peculiar course in the interior of the ice, of which the 
general type is the appearance of a success,ion of oval waves on the 
surface, passing into hyperbolas with the greater axis directed along Ule 
glacier. That this structure is also developed throughout the thickness 
of a glacier, as well as from the centre to the side, and that the struc
tural surfaces are twisted round in such a manner that the frontal rl~ 
as we have called it, of the veins, as exhibited on a vertical plane cut
ting the axis of a glacier, occurs at 

• :",,011 angle at it. lo~" ex..... 'r--r,r~~, 
mlty, and mcreases rapIdly as we ~_ ~ 
advance towards the origin of the 
glacier, as shown in figure 1. Fig. I. 
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We have also considered glaciers generally as of three kinds, 
whioh, having a common structure, yet exhibit it in different forms 
or modifications. These three glacier forms may be termed the canal 

skaped, the 0Ml, and the glaciers of the second order. Picturesque 
views of these are given in Plates II., IV., and IX., representing the 
M If' d8 Glau, · the ·Glacier of La BrlJ'nM, and the secondary glaciers 
near MfJCU!1M1Ia. The 
annexed figures (one 
of which has been al
ready used) show by 
views with ideal sec
tions of such glaciers, 
the manner in which 
the structural surfaces 
traverse the mass of the 
ice. Figure 2. shows 
the conoidal structure· PIG. t. S_JIg 1M StnIettIrt 'II "" omI GI4cier '" /dtJJ/ St"';" .... 

of a glacier of the oval ,r 
kind. Figure 3. shows j . 

this drawn out, as it 
were, into a canal
shaped glacier. On the 
right hand, in the up
per part of the figu re, 
a small glacier of the 
second order is shown, 
where it apPears that , 
its structure consists of 
a series of superimposed 
shells, nearly parallel 
to the soil, which might 
easily be confounded 
with the annual layers Flo. 3. SJtMOl"!1 tlte at_,.. 'II a CallQUlaptd Gl«itr bit ii/tal S«t1t>1II. 

of the neve. 
All these structures I explain on the common principle of the differ-
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374 A THEORY OF GLACIERS. 

ence of velocity of the higher and lower, as well as of the central and 
lateral parts of the ice; for wherever the parts of a stream, whether 
liquid or semisolid, move with different velocities, there must be a force 
applied to separate them from one another, as I have fully p.xplained at 
page 176. 

But hear Dubuat, an eminent hydrostatical writer. Speaking of 
ordinary rivers, he says, " La viscosit~ de l'eau ou l'adherence que se8 
particules ont entre elles, occasionne une resistance tree-petite, mais 
finie, qui s'oppose sans cease a leur separation: or, il ne peut y avoir 
de mouvement uniforme dans 1'eau, sans que sea filets ne prennent dif
ferentea vitesses, selon qu'i1s sont plus ou moins proches de la paroi, 
qui retarde et rend uniforme Ie mouvement de toute la masse. Cette 
inegalite de vitesses ne peut avoir lieu sans une s~paration mutuelle 
des parties contigues. La viscosite, ou, .si I'on veut, 1& force avec 
laquelle ces parties s'attirent, s'oppose a cette separation; il faut donc 
qu'il y ait constamment une partie de 1& force acooieratrice destinee a 
vaincre cette resistance; et lorsque la force acceMratrice est aesez petite 
pour lui etre seulement epe, Ie mouvement doit cesser,· quoique la 
pente soit finie. S'il existait un Snide dont les parties n'eussent 
aucone adherence entre elles, 1& plus petite pente possible suffimit pour 
lui imprimer un mouvement; maisles difterent& liquides connus eprou
vant plus ou moins l'efFet de la viscosite, la pente a laquelle ils com
mencent a couler est d'autant plus grande que l'adherence de leul'8 
parties les e10igne moins de 1& nature des solides."· 

From this we might expect that we 
should have a separation of the ice par
ticles, a rupture or fissuring of the sub
stance of the glacier every where parallel 
to the resisting walls or bottom, produc-
ing a cross section, as in the annexed Fig. 4. 

figure. 
This is what actually takes place, and especially in glaciers of the 

second order, where the retardation being almost entirely due to the 

• DUBUAT, I. 58. 
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action of the bottom, the successive layers slip over ODe another with 
increasing velocity towards the surface. 

But the question arises, how does this action produce the frvmtal 
dip of Fig. 1 ! why does not the canal-shaped glacier present a series 
of trough-shaped layers, as in Fig. 4, whose bottom l'emains parallel 
to the 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 its 
own wigM. It is falling down an inclined plane by the force of 
gravity. It il'l, however, prevented from moving by the intense fric
tion of the whole of the lower part of the glacier upon its bed. If 
the glacier be solid, there can be no motion, unless there be sufficient 
force to overcome thil'l friction; and this we have seen to be one 
great (and we think inl'lurmountable) difficulty, both of the hypothesis 
of De Sa1ll'l8ure and that of De Charpentier. But the semifluid has 
another mode of progression,-the prel'll'lDre may not overcome the 
friction of the bed, or ell'le the fluid pressure at the lower end may be 
dragging the whole glacier over its bed, t1at il'l immaterial; but any par
ticle in a fluid or semiflnid mass, urged by a force from above, does not 
necessarily move in the direction in which the force impels it, it moves 
diagonally; forwards, in consequence of the impulse; upwards, in conse
quence of the resistance directly in front. Hence a series of SUrfacell of 
I'Ieparation shaped (to use familiar illUl'ltrations) somewhat like the mouth 
of a coa1-8cuttl~, or of a sugar-scoop, will rise towards the surface, varied 
in curvature by the law of velocity of the different layers of the glacier. 
Near the head or origin of the glacier, where the resistance in front is 
~, the tendency of the 86JHIralion planu, which are those of 
apparent cleavage, will be very highly inclined. As the lower end of 
the glacier is approached, the resistance continually diminishes, the line
of least rel'listance becomes more and more nearly horizontal; and 
finally, when the lower end of the glacier is reached, the planes fall away 
altogether, and the upper layers roll over the lower ones, now wholly 
unsupported. Such we have seen to be the actual phenomena of the 
Mer de Glace. 

Imagine a long: narrow trough or canal stopped at both ends, and 
filled to a considerable depth with treacle, honey, tar, or any such vis
cid fluid. Imagine one end of the trough to give way, the bottom 
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still remaining horizontal, if the friction of the fluid agamst the bot-
tom than the friction (lwn particles, th¥l 
stra£,t~ 

whids 
the 

"nll,l llUM in a. conVllll 
llGGlllZ'llill £,he other or clOS%HR 

the whole WOGEd 
run itself on a it assumes n ....... llllll 

conditions which we suppose to exist in a glacier. The greatest distur
bance or maximum separation of the parts takes place at the lower end, 
and there (the retardation at the sides being proportional to the abs0-
lute velocity, see page 147,) the separation will be most violent, and 
the <urface will be mH,tt 
gated, origin the 
less, are more 
This the glacier, 
167.) Fig.5. 

Now, let the trough be a little inclined, so a.s to aid the gravitating 
force derived from the mere depth of the fluid. Each particle wiU be 
urged on by a force due to the slope, diminished by the resistances op
posed to it. The particles near the lower termination of the stream 
have no resistances, except their attachmlJiit to those behind WUllli,,-
they l ,tfPU straight on ; tJae middle of thlJ 
will the weight of a lJiihi3rincumbent SklJtHili 
ice, entire glacier they may do 
bothl lilihoubtedly rise 3urface, and thlli 
upwarih and !Of"tCard8 over the particles immediately in advance. 

Though I am not aware that this form of fluid motion has been 
pointed out, its existence is scarcely to be doubted from very ordinary 
mechanical considerations, and several obvious phenomena also indicate 
it. Thus, such a viscid stream as we have supposed, be it tar, mortar, 

of Paris, mltal, in~ "l'"""ml", 

lJlll'lilinear arrangemlJlltH floating matter, 
l,lglljlUl~ or inequality £mrface. These ,,,",'''"l%'~ 

ties, in,licative of motiulll 

tions which led me, when studying the" dirt bands," (page 162,) to 
discover their nature, must be due to inequality of motion, and to no 
other cause. It is vain to look for any original linear or tabular arrange-
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ment or the particles when a fluid i8 poured from a ladle into a sloping 
channel, and afterwards becomes modified into the curves we have 
described. In the scum or froth on a sluggish current of water, there 
was no original arrangement of particles transverse to the stream, 
which has become tkj'D1"I1UJd into the elongated loops in which the bub
bles arrange themselves, as it were 8pontaneously, during their pro
gress. These curves are the direct result of the unequal mutual pres
sures of the particles; and the whole phenomena, in the ease of any of 
the semifluids I have mentioned, are such as--combined with the evi .. 
dence which I have given, that the motion of a glacier is actually such 
as I have described that of a viscid fluid to be-can leave, I think, no 
reasonable doubt, t1at tk8 creeice8ID1"11UJd by eM lorced aeparation of a 
WI rigid ma.v, tD_ pam ar6 compelled to motl8 atll diffire'nl eelocitisl, 
becomi"9 injilWated atll tDatM, and frozen during fDifller, protlwce 1M 
band. tDAiM me Aaee d8scriW.· 

• The _v.Uke ftgarea of floatiDg matter on a B1uggiab aurr- are not at all to be eon
foaaded with the ao&uaI direetion .of motion of the fluid partioIea. They are ClIll"Y. of dy
forewI,Wl ~1 merely, and are a1_ya moat peroeptible near the Iidu or the atreun, 
wherethevariationa 01 velocity are greateR. A atreun, like a mill-raae,eovered with laW

d~ will abow th.e linear markings ine1iniDg towards the centre of the atreun ; ba~ the 
motioa 01 any8oatiD(l body, asa bi~ of cork, iBllellllibly pa.raIlel to the IIidea. I have proved 
the _ ~ by aduaIly perfonniDg the esperimen~ euggeeted in the WD, 01 pouring 

pluter 01 Paris and glue into a _ 1'8CCangaJar box, and e1uicing it up by a bit of wood, 

remonable a& pIeuure. The IIII'faee of the viIaid _ ",.. &hen strewed, whilBt level, with 

a co1onnd powdar, and the B1uioe withdraWD. The Iiquill lowed esaady .. I have de
eeribed, and the ooloaring matter ",.. drawn ont into threadl, preoIIeIy _bling, on a 

minute -80 in delicMy and -ainuity,.the veined appeuanee 01 the glacier IIUI'faee. The 
explula&ionappea1'll to be tbiB :-tbat the velocity 01 the cenval Btrata tends to pall the 
Jateral .... towarda the centore, .. well .. parallel to the leIIgth 01 the glacier; this pro
dlfCM a alight latenIIas weII .. longitudina1 diIoontinuity, fer the aetuaI modon 01 the Bide 
IItrata towarda the oeutre is ex-mapy8lDall, and (u the phenomena 01 moraines-ten 1IlI, 

which aet like the fI.m.g eork in the experiment above deeoribed) doee not _"hly 
dia&urb the parallelillln of motion of the pIl1B of the iee. In abort, the intemaI move
mentll are of an Older 10 inferior to the general __ & 01 the IIInun, that they_y 

probably be left out 01 accoun~ in deBCribing that general movement, although by the 
ftBIl'8d et.ruature which they induce, they have II1lfBcleut evidence 01 their existence. But 
if the elope and COIII8quen~ h~tic p_ be grat, the movement towuda the 
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I have succeeded in illustrating this theory by constructing models 
or a viscid material, (a mixture or plaster and glue, which does not .
readily,) poured down irregular channels, representing Alpine valleys. 

ceutre fllGl, as IOppoaed in the text, be of an order to modify appreciably the direcRon 
of movement of a partiele. In an ordinary liquid like water, the direction of the ripple 

mark., oocuioned by the friction of a Btream in proceeding from a wider to a narrower 

channel, is an example of the same thing, namely,linea of mubnnm mutual friction of the 

particlea against one auother. They converge rapidly towards the centre of the IIfreun, 

wbiJat the motion 01 the Buid, iDdiC&~ by a Boating body, cleviata(but~liUIe from the diree
&ion of the axis of the channeL 

'l'he same view, tlHlttJtu .wlld.., explains the frontal dip and conchoidal form of the 
banda between the top and bottom of the glacier. There is here aIao a drag acting 

from the upper to the lower strata, and fiasurea are produced in conaequence of the 
lIugiah lower strata mUlling to follow the .witter upper oneil. This may aIao be a 

quantity of an order eo inferior to the actual rate of. motion of. the ice, as to make it 
inappreciable by direet experiment. 

The experiment, on a model deecribed in this note, is more strictly UI&Iogona to the 
glacier phenomena, thaD th_ of a more striking kind deacnibed in the text, page 379, where 

the IO-um of colours, na~ gives to the mind the impreBon of. a primitive IItructure 
near the origin of. the glacier, which is meehanically tUfflrfAfJd into th_ conchoidal lOr

r-. They strikingly recall, however, this important fact, that the direction of. mubnnm 
distension of. the particlea mnat be, not para1IeI to the length of. the glacier, but in the 
direction of. the bnmches of th_ elongated loopa, linea their elongation is the aple 
reaalt of. the meehaniaal tenaion to which they are IObjected ; hence, a motion ill fXI"GlW 
directiona, with .MqIIIJl ve1ocitiee, of. a aeries of. lIDorganized partielee, confaaedIy arrauged, 

mlllt induce a mutual linear. distenaion in 'a directioo inelined to their real motiooa; and 
this being lIDeqaal for adjacent portiona, inducea the delicately flblou arrangement of. the 
powder on the IRII'Iace of. the pluter model, and the lamellar &l'I'Ulg8ID8IIt of. the iea in 

. IF " ior of. the glacier. 

~ least distance which can ever exist between a liM and a 0CIIInJl ptWIick of a aanaI
eIaIpad gJacier, is half the brMdtIl of the glacier. But the lIDeqaal motion of the centre 
II1II1 ____ continually to aeparate them wider apart, and to distend the row of pat'-

tieles which conneeta them. The Btructmal banda are, therefore, perpendica1ar to the 

Hne of. pateat tenaion, and hence cre~ wiD naturally ocear. croaiag eM """"""' I.M 
rigAI artgla, which I have fOllDd empirically to be the cue, (_ page 170, and the linea 

marked II, and which represent ~ in fig. 8, pr 29). In pa1'IIU&IIce of. this principle 
tbe __ in an oval glacier are radiating ones; thOle of a canal-Bhaped glacier mlllt 

be elightly convex upward&, and this is perfectly confirmed by the creV&8led appearance 
whicb the models deacnibed at the commencement of this note present. They are &.ared 
ill a direction exactly perpendica1ar to the strilB of the powdered. aarface. 
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In order to trace the motions better, I composed the streams of alter
nate doses of white and blue fluid, poured in successively. I have 
had a great number of such ex.periments made. The results have 
been preserved, and sections made of them, which I exhibited to 
the Royal Society of Edinburgh in March 1843, and described 
in their Proceedings. It may safely be stated, that the results of 
artificial sections of many of these experimental models, were not to be 
distinguished from the glacier sections transmitted by me from Geneva 
six months before, as the results of my observations, which are reprinted 
from the original woodcuts in the preceding pages, Figs. 1, 4, and 5, 
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, and 
divided 80 as to show its various sections. 

It was objected by M. Agassiz· to this theory of the veins, that 
were it true, so soon as two glaciers united they would each lose their 

• Proceedings of the Ashmolean Society; AtMncnlll JOfIrrwl, February 1843. In thill 
communication, M. Agassiz confil'lllll my observation of the "dirt banda j" adopts the 
name of "annual rings," (Edt •• PAil. JOUrRal, October 1842,) and encleavoUl'll to prove the 
conformity of their intervals to the actnaI. motion of the Glacier of the Aar, &II I had already 

40ne on the Mer de Glace. M. Agaseia lltill inaiata, that glaciers are llratij«l, (see page 81 
of this 'f'Olume,) and he distinguishes these stmta, lIS he calls the annual rinp, from the pro-
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individual structure, and have single loops due to the union or their 
streams, whereas his observations led him to conclude, that the loops 
or two united glaciers remain distinct. Now, in the first place, I reply, 
that though the diStinct structure of the double stream is maintained 
lor a time, it is always finally tcOrn out if the glaeier be long enough, 
and the structure then forms single loops, cutting at an tmgle the medial 
moraine of the two glaciers, (pages 167, 168;) and secondly, I main
tain, that this is precisely what a semiftuid body might be expected to 
do. For the structnre near the centre is a.lways imperfectly developed, 
exactly because tluJre the differential motion is least; I mean, that 
there is least discontinuity of parts, because the velocity is nearly the 
same throughout a considerable space, (page 146;) and if two glaciers 
unite, and move tolerably uniformly together, they will preserve, ror a 
long way, the structure which they had already acquired, before the 

per YeiDed II&ructure of ~e ice. HaviDg mainflllintld, in all his e&rlier wridnp, that a glacier 
ill horizontally stratified throughout ita wbole extent, (Etwlu, page 40,) he nowadopta my 

figure 1 of page 373, for the lower end of his glacier, and eouneata it wi~ ~e n6W, by a 
conyement lI8l'ies of interpoeed strata, flrIIt rising, and ~en falling,.. reprell8Dted in ~e 

aanexed eat, which is accurately copied from ~e original in Leonhard and BI'OIIIIII' Jour-

nal, 1843, HeR 1. I can only limply, but distinctly, deny the reaemblance to nature of 

this acheme, and reitmafllll ~e obeervatlon already eeTera1 times made in this work, 
tbat the IItl'ucQlre of a glacier ill, aad mUBt be formed in ~e glacier iteelf, not in ~e ami, 

From which it is often eeparat.ed by an ice fall, aiM AlII growllll ,., illtlgnJlII ptJrlI o/1Ae 
"~t'i to powider, as in ~e Glacier of La Brenva, (page 201,) ~e Glacier of Miage, (page 
197,) ~e Glacier of Ta1«re, (page 169,) and of AlWein, (page 352,) with many others. 
Not to mention the eection, page 347, of ~e Glacier of Macngnaga, where ~e two struc
tu1'8ll are _ at ouce, and perpendicular to eadl ~r. 

Yat more extraordinary is the UIIlIIlption made by M. Aguaiz, in order to IIOCOaDt for this 
81IPJ1011ed prolongation of the beds of the n~ into the inferior glacier. In order to explain 

~e a1ternafIIII rise and fall of ~e strata, he afBrms, that near ~e origin of the glacier, the 

ice, in eoatut with the bed, moves faAer than at the IRD'face, but everywhere elee, stowel'! 
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new one (representing a single united stream) is superinduced upon it. 
Now this, as we have seen in Chapter VIII., is exactly what tak.ea 
pla.ce at the union of the gla.ciers of Lechaud and Geant,-of the two 
branches of the Gla.cier of TaIefre, and of the Glacier of La Noire and 
Le Geant, all of which, originally double in structure, finaJ.ly become 
single, and cut the separating moraine at an angle. But I appealed 
here also to experiment, and found, that by pouring double streams of 
viscid plaster down a single channel, the separate forms were wry 
BlouJly wom out indeed, and perpetuated far beyond the point of union . . 
of the streams. Thus the proposed objection became a strong confir-
mation of my.theory. One of these models, also shown to the Royal 
Society, is represented in the annexed figure. 

The illustrations now given will, it is hoped, show that there is a 
striking conformity between the facta of motion and the facta of Btrt.u1IfW6 

in a glacier, and that the two, mutually supporting and confirming one 
another, lend strong countenance to a theory which includes both. It 
would be very easy to enlarge upon and multiply these illustrations 
and coincidences, but I am satisfied that I have said enough to put. the 
intelligent reader in possession of tbe strong points of tbe theory, whilst 
to many this chapter will appear already too long. A few circum-
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stances which have not been here insisted on, appear in the lett-ers to 
Professor Jameson in the Appendix. 

TUR 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 several writers, although I was not aware of 
it at the time that I made my theory. In particular, M. Rendu, 'Whose 
mechanical views are in many respects more precise than those of his 
predecessors or contemporaries, speaks of "glaciers d'ecoulement" 
as distinct from "glaciers reservoirs;" and in the quotation at the 
head of this chapter, he evidently contemplates the poBBibiliey of the 
mutual pressures of the parts overcoming the rigidity.- He is the 
only writer of the glacier school who has insisted upon the plasticity 
of the ice, shewn by moulding itself to the endlessly varying form 
and section of its bed, and he is also opposed to his leading contempo
raries in his conjecture that the centre of the ice-stream would be found 
to move fastest. Hut M. Rendu has the candour not to treat his in
genious speculations as leading to any certain result, not being founded 
on experiments worthy of confidence. "The fact of the motion exists," 
he says-" the progression of glaciers is demonstrated; but the man
ner of it is entirely tmhunen. Perhaps by long observations and well 
made experiments on ice and snow, we may be able to apprehend it, 
but t1uJH M.t element. are mil tDanting."t 

I feel bound also to quote the significant expressions of Captain Hall, 
pointing to the conception of a semifluid glacier. "When successive 

* See aIao page 107 of bie work for a comparison between a glacier and a river. 
t "I.e fait du mou.vement exiete, Ia progreMion des Glaci6l'll est dmnont.rte; maia I. 

mode est entierement inconnu. Peut~tre avec de Iongues obeervatioos, dee exJM!riencea 
bien faitee IIII!' Ia glace et Ia neige viendra-t-on a bout de Ie saiBir ; maia _ premiel'li 61!· 

menta nona IIUIIlqnent encore."-TMorie tJu Gla~ier" p. 90. 
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layers of snow," he says, speaking of the Glacier de Miage, "often 
several hundreds of feet in thickness, come to be melted by the sun and 
by the innumerable torrents which are poured upon them from every 
side, to say nothing of the heavy rains of summer, they form a mass, 
not liquid indeed, but s~ch as has a tendency to move down the highly 
inclined faces on which they lie, every part of which is not only well 
lubricated by running streams resulting from the melting snows on every 
side, but has been well polished by the friction of ages of antecedent 
glaciers. Every summer a certain but very slow advance is made by 
these huge, sluggish, slushy, half-snowy, half-icy accumulations.". It 
is plain, I think, that the author had an idea that liquid pressure 
might drag a mass over its rocky bed, which would not move upon it 
as a solid. 

But such speeulatioD,8 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 the 
movement of glaciers to that of a ductile plastic mass, in 1841, when I 
spoke of the Glacier of the Rhone as "spreading itself out much as a 
pailf1l1 of thickish mortar would do in like circumstances,"t and again, 
when I likened the motion of glaciers to that of a great river, or of a 
lava stream.! But I knew very well that such analogies had no claim 
to found a tAeory. I knew ihat the Oft'" of the proof lay with the 
theorist,-(l.) To show that (contrary to the then received opinion) 
the centre of a glacier moves fastest; and, (2.) to prove from direct 
experiment that the matter of a glacier is plastic on a great seale. 
a fact which seems so repugnant to first impressions as lately to 
have been urged in a most respectable quarter,§ as rendering the 

• "PaUIa_i," voL i., p. 10', d uf. The whole ~, which is too long to quote, 
gives an admirable picture of the glacier world. 

t Ed. Piil. JrNrMIl, January 18'2. 
::: Edi.w.rgi~, April 1842, p.54. Both theeo articles were writ~n in 18-1 I. 
§ BiIIliotAeqtle U"itwrull" January 1843. 
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doctrine of semifluid motion untenable. No one had a right to 
maintain the theory of fluid motion as more than a conjecture, until 
at least these preliminary obstacles were removed by direct observa
tions. 

These observations have been made, and the result is the viscous 
or plastio theory of glaciers, as depending essentially on the three 
following olasses of £acts, all of which were ascertained for the first time 
by observations in 1842, of which the proofs are contained in this 
work. 

1. That the different portions of any transverse section of a glacier 
move with varying velocities, and fastest in the centre. 

2. That those circumstances which inorease the jl.idMy of a glacier, 
-namely, heat and wet,-invariably accelerate its motion. 

3. That the stmctural surfaces occasioned by fissures which have 
traversed the interior of the ice, are also the surfaces of maz;m .. 
I8uiott 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 noticed, page 153, the enormous depl'888ion which 
the surface of the ice undergoes during the warmer months of the year. 
We may be sure that, in some manner or other, this is made up for 
during winter and 'Pring. I already suggested, in my fourth letter to 
Professor Jameson, in Appendix, No. II., that this may be partly owing 
to the dilatation of the ice during winter by the congelation of the water 
in its fissures, producing, at the same time, "the veined structure." 
The glacier is very·far indeed from being frozen to the bottom in winter, 
for we have seen that physical principles are opposed to this, as well as 
the fact that the motion continues duriDg 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 produces the usual effects of expansion. I think, however, that 
the explanation, though correct so Car as it goes, is inadequate, and 
that the main cause of the restoration oC the surface is the diminished 
lluidity 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 disproportion of velocity throughout the 
length and breadth of the glacier is therefore less, the ice more pressed 
together, and less drawn asunder; the crevasses are consolidated, while 
the increased friction and viscosity causes the whole to swell, and 
especially the inferior parts, which are the most wasted. Such a hy
drostatic pressure, likewise, tending to press the lower layers of 
ice upwards 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 recurrence of the" dirt bands" npon the 
surface of the glacier. But I forbear to enlarge upon what is only as 
yet to myself conjectural. 

I have no doubt, however, that the convex surface of the glacier, 
(which resembles that of mercury in a barometer tnbe,) is due to this 
hydrostatic pressure acting upwards with most energy near the centre. 
It is the " renllement" of Rendu, the "surface bombee" of Agassiz. 
Exactly the contrary is the case in a river, where the centre is always 
lowest; but that is on account of the extreme lluidity, so that the 
matter runs off faster than it can be supplied; bnt 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 the Swiss 
glaciers, (Chap. 111.,) we find, that the doctrine of semilluid motion 
leads us to this important conclusion,-that as large and deep rivers 
1l0w along a far smaller inclination than small and shallow ones, (a cir
cumstance depending mainly upon the weight increasing with the Beo
tion, aDd the friction, in this particular case, with the line of contaa 

with the channel,) th~ most certain analogy leads us to the same con
clusion in the case of glaciers. We cannot, therefore, admit it to be 
any sufficient argument - against the extension of ancient glaciers to 
the Jura, for example, that they must have moved with a superficial 
slope of one degree, or, in some parts, even of a half or a quarter of 
that amount, whilst in existing glaciers the slope is seldom or never 

.. ELIE DE BEA.UMOIIT, Allllal" tie. &ienu, GlolotJiqllu, par Ririe,." 1842. 

2 II 

• 
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under 3°. The declivity requisite to insure a given velocity, bears a 
simple' proportion to the dimemiom of a stream. A stream of twice 
the length, breadth, and depth of another, will flow on a declivity half 
as ~reat, and one of ten times the dimensions upon I-10th of the 
slope.· 

Poets and philosophers have delighted to compare the course of 
human life to that of a river; perhaps a still apter simile might be found 
in the history of a glacier. Heaven-descended in its origin, it yet 
takes its mould and conformation from the hidden womb of the moun
tains which brought it forth. At first soft and ductile, it acquires a 
character and firmness of its own, as an inevitable destiny urges it on 
its onward career. Jostled and constrained by the Cro88es and inequa
lities of its prescribed path, hedged in by impaBBable barriers which 
fix limits to its movements, it yields groaning to its fate, and still 
travels forward seamed with the scars of many a conflict with opposing 
obstacles. All this while, although wasting, it is renewed by an unseen 
power,-it evaporates, but is not consumed. On its surface it bears the 
spoils which, during the progress of existence it has made its own;
often weighty burdens devoid of beauty or value,-at times precious 
maBBes, sparkling with gems or with ore. Having at length attained 
its greatest width and extension, commanding admiration by its beauty 
and power, waste predominates over supply, the vital springs begin to 
fail; it stoops into an attitude of decrepitude ;-it drops the burdens, 
one by one, which it had borne so proudly aloft,-its di88olution is 

.. This reeulte approximately from the formuhe of Dubuat and Eytelwein,-the velocity 
\'l\riellllB the square root of the slope, and lIB the square root of the mean hydraulic depth. 
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inevitable. But as it is resolved into its elements, it takes all at 
once, a new, and livelier, and disembarrassed form ;-from the wreck 
of its members it arises, "another, yet the same,"--a noble, full
bodied, arrowy stream, which leaps, rejoicing over the obstacles which 
before had staid its progress, and hastens through fertile valleys to
wards a freer existence, and a final union in the ocean with the bound
less and the infinite. 
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APPEND IX. 

No. I. 

ON A REMARKABLE STRUCTURE OBSERVED BY THE AUTHOR IN THE 
ICE OF GLACIERS.· 

" TUB object of the present short communication is little more than to an
nounce and describe a pecnliarity which the Ice of Glaciers frequently exhibits, 
interesting in itself as connected with the theory of their formation and pro
pagation, and perhaps having a bearing upon the explanation of some facts 
long felt by geologists to be perplexing. 

"Had I yielded to my own first impulse, this communication would have 
formed but a part of a much more extensive one, intended to give such an 
account, 88 I best might, of the present views entertained respecting the 
mechanism and conservation of glaciers, and the cnrious and interesting ques
tion of their ancient extension, and perhaps vast geological influence in pro
ducing some of the latest evidences of revolution on the surface of the globe. 
When I considered, however, the great extent which such a communication, 
to be generally intelligible, must necessarily have-tLBd farther, that a large 
share of the material must be drawn from the works and the observations of 
others,-when I recollected, besides, that however earnest and sustained had 
been my investigation of these curious points, there was still much left obscure 
or unproved to my own mind; in short, that the communication I should lay 

-------------------

" Read to ih" Ruyal Society of EdiDburgb on the 6th December 1841, RlIt!l'l,l-E .. !w.1 in 
th" Edinbury" Nrw PhilO8lJpAical JotIntal fur JUluary 1842. 
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L"zfure the Society coulL that completeness, And origi

nality, which could properly entitle it to a permanent place in the Transac
tions of our Body, it seemed to me that the wish which had been expressed 

by very many of those to whose judgment I am most willing to defer, that I 
should make snch a detailed communication, was one with which, in my offi

cial position as Secretary, and having in some degree the control of the onler 
distribution of not properly 
I do not, howevec, idea of laying befzzr:: and even 

'c'lnsiderable length, which I may respect-
the great physical questions now at facts and 

rrAZrnings upon whidz zZAndAzions are founded, Theory, 

whether it regards the present or past history of those mighty and resistless 
vehicles of transport and instruments of degradation, yields to no other physi

cal speculation of the 'Present day in grandeur, importance, interest, and, I 
had almost said, novelty. I look forward to the prospect, which I hope may 

be realized, of extending much farther, during another summer, my direct 
nhAzrvations and the meantime I myself 

the task, by a of the experieuztn Already had, 

a close analysis h",ZD already a.rguz:d 

Should thn A'eeessful, the hence, 
expect the communication of it. li'or the present, I mean coz:hne myself 

to the description of a single fact, which appears generally, if not universally, 

to have escaped the notice of former travellers amongst the Glaciers. 

"Onthe 9th of August ISBt (184<1) I paid my first visit to the Lower Gla

cier of the Aar, upon or near which I spent the greater part of three weeks in 
zznAZpany with ProfnA,,'"'' Neufchatel, and of Cam

It is surprishzgrte see until we 

crossed and reettAZZz",! before, and AttrUZEAr 

in a general wng 

'Z:;;".U.Y of the investlzrrA1Ann 

thrir pheno

iAZIAriance and 
'!mmd some-

thing to remark at every step which had not struck me before; and even in 
the CQurse of the walk along our oeon glacier, (as we considered that of the 

Aar, when we had taken up our habitation upon it,) we found on its vast 
and varied surface something each day which had totally escaped us before. It 
was fully three hours' good walking on the ice or moraine from the lower 

',H',"U"., of the glaci", block of stone, shel-
eourse of this walk, of eight 
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or nine miles, on a moderate computation, allowing for the roughness of the 

way,) on the fil'8t day, I notieed in 80me parts of the ice an appearance which 

I cannot more accurately describe than by calling it a ribboned ,tructur6, 
formed by thin and delicate blne and blueish-white bands or strata, which 
appeared to traverse the ice in a vertical direction, or rather which, by their 

apposition, formed the entire ID88Il of the ice. The direction of these bands 

was pa.rallel to the length of the glacier, and, of course, being vertical, they 
cropped out at the eurfaee, and wherever that surface was intersected and 

smoothed by superficial water-oourses, their structure appeared with the 

beauty and sharpness of a delicately-veined chaleedony. I was surprised, on 
remarking it to Mr. Agassiz as a thing which must be familiar to him, to 

find that he had not distinctly notieed it before-&t least if he had, that he 

had considered it as a superficial phenomenon, wholly unconnected with the 
general structure of the ice. But we had not completed our walk before my 

suspicion that it was a permanent and deeply-seated structure was fully con

firmed. Not only did we trace it down the walls of the crevasses by which 
the glacier is intersected, as far as we could distinctly see, but, coming to 80 

great excavation in the ice, at least 20 feet deep, formed by running water, 

we found the vertical strata or bands perfectly well defined throughout the 
whole mass of ice to that depth. Where the plane of vertical section was 

eroded by the action of water, the harder seams of blue ice stood protuberant; 

whilst the intermediate ones, partaking of a whitish-green colour and granu

lar structure, were washed out. We did not sleep that night until we had 

traced the structure in all directions, even r&r above the position of our cabin, 
and quite from side to side across the spacious Glacier of the Finster Aar. 

" During the whole of our subseqnent residence amongst the glaciers, the 
phenomena and causes of this structure occupied our thoughts very frequently. 

We had much difficulty in arriving at a correct description of the manner of 

its occurrence, and still more in forming a theory in the least plausible respect

ing its origin. 

" Its importance, however, as an indication of an unknown cause, is very 
great; not only because all that can illustrate what is 80 obscure as the man

ner of glacier formation and movement, is 50, but because it is precisely on 

this very point of "What is the internal structure of the ice of a glacier 1" 
that the question now pending respecting internal dilatation as 80 force pro

ducing progression, mainly hangs. Some consider ice as compact, others as 
granular; some as crystallized, others 808 fractured into angular fragments; 
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BOme as horizontally stratified, others as homogeneous; BOme as rigid, others 

as plastic; BOme as wasting, others as growing; BOme as absorbing wa.ter, 
others as only parting with it; and yet no one seems to have observed, or at 

least observed as an object of study, this pervading slaty or ribboned struc

ture, to be found probably in one part or other of every true glacier. 
" With regard to eztent, this structure was observable on the Lower Glacier 

of the Au, from ita lower extremity up to the region of the jim or nefJe, 
where, the icy structure ceasing to exist, it could not be looked for; yet even 

there, where frequent thaws, induced by the neighbourhood of rooks or atones, 

produced a compacter structure, the veins became apparent. In BOme parts 
of the glacier it appears more developed than in others: in the neighbourhood 

of the morainu, and the walls of the glacier, it was most apparent. This 

would seem to infer a relation to the frequency of thaws and reoongelation. 

" It penetrates the tkicknu, of the glacier to great depths. It is an integral 
part of ita inmost structure. That it could not be the production of a single 

season I was speedily convinced, by observing, that where old crevasses fia... 
sured the glacier transversely, the veined structure not only was reproduced 
on either side, but frequently with a ,kift or dislocation, or series of parallel 

fi88ures, presenting sometimes a series of dislocations advancing in one direc
tion. 

" The cour,e of the veined structure was,generall!llJl6Dking, on the Glacier 
of the Au, strictly parallel with ita length. and that with a degree of accu

racy which seems extraordinary, if we attribnte ita prodnction to the remote 

influence of the retaining walls of the glacier. distant at least half a mile. 
Near the inferior extremity, where the declivity becomes rapid, the structure 

varies ita position in a manner very difficult to trace satisfactorily. There 

can be little doubt, however, that the nearly horizontal bands which appear 

on the steep declivity. of the glacier at ita lower termination, are nothiug else 
than the outcropping of these banda, which have there totally changed their 
direction. being tranlfJer.6 instead of longitudinal, and leaning forwards in 

the direction in which the glacier moves at a very considerable angle. The 

ice in this part of the glacier is distinctly granular, being composed of large 

fi.ured morsels, nicely wildged together; and the ribboned structure is greatly 
obscured. There seems no doubt. however. that the horizontal stratification 

in the lower part of glaciers, insisted on by several writers, is merely a 
deception arising from this cause, 80 familiar to the geologist who gets a sec

tion perpendicular to the dip of strata, which, therefore, appear horizontal. 
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Towards the sides or walls of the glacier, at its lower extremity, the veins 
have their plane twisted round a vertical axis, having now their dip towards 
the centre of the glacier, and rising against the wa.lls; and this inclination 
sometimes extends nearly to the axis of the glacier, or the medial moraine. 
where I have observed the veins deviating from the vertical by an angle of 
about twenty degrees, the bands inclining from the centre, (or rising towards 
the walls,) as if the pressure arising from the superior elevation of the glacier 
under the moraine had squeezed them out. The whole phenomenon has a 
good deal the air of being a structure induced perpendicularly to tke linu 0/ 
!Jf'eatut pY'ulUre, though I do not assert that the statement is general. 
Whilst the glacier is confined between precipitous barriers with a feeble 
inclination, the structure is longitudinal. As the glacier, by its weight, falls 
over the lower part of its bed, and moulds itself into the form which the con
tinued action of gravity on its somewhat plastic structure impresses, the lon
gitudinal structure is first annihilated, (for throughout a certain space we 
Could detect no indicatious of one kind or other,) and the bands then reappear 
in a transverse direction, as if generated by the downward and forward pres
sure, which, a.t the lowest part of the glacier, repl800S the tight wedging 
which higher up it received laterally. It is not easy to convey without a 
model a clear idea of the forms of surfaoe here intended, and which yet 
require considerable correction. 

<r I may mention, however, that the Glacier 
of the Rhone, which I have carefully ex
amined, presents a structure in conformity 
with the view thus de,'eloped. It will be 
recollected by all who have seen that mag
nificent mass, that it pours in colossal frag
ments over the rocky barrier which separates 
the Gallenstock from the valley of the Rhone, 
and haTing reached the last-na.med valley, it 

spreads itself acro811 and along it pretty freely! " •. 
-much as a pailful of thickish mortar would \ ~ ... ". "'- "'" __ --... 
do in like circumstances. The form into which ~' I'VJ:'--- ,--- P ____ lion .... . J,/D eutbJ'lbe 

it spreads is rudely represented in the annexed ~;i;tl~ -:3:- .. _ RI .... 
figure. In this particular case, even the 1','11 

\\\ \ Tbe RhoDe. 
strongest partisans of the dilatation theory , 
will hardly deny, that the accumulated ice descending from the glacier 
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cat&ract A would form a centre of pressure at C, and that the lines of equal 
pressure would be found in the direction of the dotted lines, following nearly 

the periphery of the glacier. Now, these dotted lines precisely trace out the 

course of the veined structure alluded to; and, moreover, they bend more and 
more forwards as we proceed from the centre of pressure C, especially in the 

direction of D, the line of greatest inclination of the bed, and down which 
gravity urges the icy IIl888. The front of the glacier, about E D F, presents the 

fallacious appearance of horizontal strata, as in the Aar Glacier; but these are 

found to dip inwards at an angle of 10° or 15°, which angle continually in
creases as we approach the heart of the glacier, rising to 40°, 50°, 60° and even 

70° as we approach C. It cannot be doubted, that these f1wts are so far 
favourable to the view which we have taken, although the establishment of it 

would require far more extensive observation; and in several glaciers which 
I have visited, the observation of the convolutions of the veined structure is 
very difficult and obecure. Before quitting the subject, I must add an obser

vation which I made on the Glacier of the Rhone, and which I am pretty 

confident is well founded. TM linu of jiuuru, or cr6fJaU61, ar6aluJay. pw
p6ftdictdar to tM conical mrfacBI of tM 'HiMtl .tructUr6. These fissures are 

denoted in the figure by the full lines a a a. Perhaps the primary cause of 
these fiBSures is, that the preBBure of the ice at C forces the glacier to distend 

itself into continually widening rings, which its rigidity resists, and therefore 
it becomes traversed by radial creVa8BeB. 

" The veined structure itself, I have already said, arises from the alternation 
of more or leBS compact bands of ice. The breadth of these varies from a 

small fraction of an inch to several inches. The more porous of these bands 
are the likeliest vehicles for the transmission of water from the higher to the 

lower part of a glacier; and that opinion receives some confirmation from the 

fact, that, at a certain depth in creV8II8eB, we may see the veined structure 
marked out and exaggerated by the &ozen stalagmite, which is protruded 

from the section of the more porous layers. 

" In conclusion (for the present,) this structure deserves the attention of 
geologists generally, as showing how the appearance of the most delicate strati

fication, and of sedimentary deposition, may be produced in homogeneous 
maBBe8, where nothing of the kind has occurred. For a short time, iudeed, I 
was of opinion that this structure resulted from true stratification; but a 

closer examination of the m8BB convinced me that, inexplicable as the fact re
mains, it must be accounted for in some other way. We have endeavoured to 
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show an empirical connection which appears to exist between the structural 

planes and the sustaining waJJs of the glacier, and likewise that the recurrenee 

of congelation and thaw appears to strengthen the formation of the bands. 
But this cannot be oonsidered as in Bny degree amounting to an explanation. 

The analogous difficulty of slaty cleavage in rocks, presents itself as not im
probably oonnected with a similar unknown cause, whose action pervaded the 

mBBS of the crystallizing rock undergoing metamorphic change, as this per
~ades the mass of the crystallizing glacier. In the former case, we have 

cleavage planes perfectly parallel, almost indefinitely extending with un

altered features over vast IJIlI'faoos of the most rugged country, changing 
neither direction, dip, nor interval, with hill or valley, clift', or scar, and pBBS

iug alike through strata whose planes of stratification, horizontal, elevated, 
undulating, or oontorted, offer no obstacle or modification to the omnipotent 

energy which has rearranged every particle in the mass mbuquent to deposi

tion. The supposition of Professor Sedgwick, who has minutely described and 

considered this geological puzzle, that " crystalline or polar forees acted on the 
whole mass simultaneously in giving directions, and with adequate power,"· 

can ha.rdJ.y be considered as a solution of the difficulty, until it is shown that 
the forees in question have so acted, and can so act. The experiment is one 
which the boldest philosopher would be puzzled to repeat in his laboratory; 

it probably requires 1IAlre8 for its scope, and years for its aooomplishment. 
May it not be that Nature is performing in her icy domain a repetition of the 

same mysterious proeess, and that in another view from the one which has 

reeently been taken, the Theory of Glaoiers may lead to the true solution of 

geological problems 1"t 

------------------~---- -----

* ~ TM __ io .. , Seeond Seriell, iii. 477. 

t It will be understood that I do not 1lOIII suppose that there is any paraIleliam between 

the phenomena of rocky cleavage and the ribboned ;structure of the ice. On all the other 

points considered in this paper, my opinions are not only unchanged, but entirely confirmed 

by additional experience.-J. D. F., June 1843. 
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No. II. 

FOUR LETTERS TO PROFESSOR JAMESON, CONTAINING AN ACCOUNT OF 

OBSERVATIONS ON GLACIERS, MADE IN 1842.* 

" COUBlUYEUa, PIEDMONT, 4t1 JWI1M2. 

" My DEAR SIB,-Knowing that yoU will be glad to hear of my safe ar

rival amongst the Alps, and of my f'a.rther proceedings, I hasten to give you aD 

account, in a few words, of what I have as yet done. Finding the season 

more than nsually advanced, I hastened to reach Chamouni, in order to aacer

tain whether the Mer de Glace was as yet accessible in all its extent; and I 
arrived at the Montanvert on the 24th June, and remained there for a week. 

I was fortunate enough to convey all my instruments to their destination, 

without. I believe. injury to anyone of them. The Mer de Glace, so con
tinually visited by the curious, but so little studied, seemed to me to offer 

great advantages for the prosecution of the objects which I proposed to my

self. At first sight it appeared to me steeper and more crev8B86d than I 
recollected it to be, and I doubted for a moment whether it was adapted for 

my experiments; but that doubt vanished npon closer examination; and in 
the course of the single week which I have been able to spend there, being 
favoured by most excellent weather, I have obtained results so far definite 

and satisfactory, that, imperfect as they necessarily are, and only the com

mencement of what I expect to accomplish during the remainder of the season, 

I will state them shortly • 
.. You will recollect that, in my lectures on glaciers delivered last December 

and January, and afterwards in an article written by me in the Edinburgh 
Review, I insisted on the importance of considering the mechanism of glaciers 

as a question of pure physics, and of obtaining precise and quantitative mea-

" From TAe &linln",!!1& Nett! PI&ilo,op/litJal Jovrnal for October 1842, and January 1843. 
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sures as the only basis of accurate induction. I pointed out, also, the several 
experiments of a critical kind which might be made; such, for instance, as 
the determination of the motion of the ice at different points of its length, 
in order to distinguish between the theories of De SaUSSDre and De Charpen-; 
tier; for, if the glacier merely slides, the velocity of all its points ought (in 
the simplest ease) to be the same; if the glacier swells in all its mass, the 
velocity of the inferior part ought to be greatest. Of course, I do not now 
advert to the many causes which might accidentally invert this,law, and which 
would require to be fully taken into account; still le88 do I mean to say that 
anything I have now to state can be considered as critically decisive between 
rival theories; bnt my experiments certainly do show that the kind of preci
sion which I desired to see introduced into reasonings abont this subject, is 
practically attainable, even in a far higher degree than I expected. 

" For example :-The motion of glaciers by the measurement of the distance 
of blocks upon its snrface from a fixed point, from one year to another, has 
marked indubitably the annual progress of the ice. I do not know that any 
one has attempted to perform the measurement in a manner which could lead 
to any certain conclusion respecting the motion of the ice at one season com
pared with another, or from month to month; still less has anyone been able 
to state, fDith precuWn, whether the glacier moves by starts and irregularly, 
(as we should certainly expect on the sliding theory,) or uniformly and 
evenly; and if so, whether it moves only at one part of the twenty-four 
hours, and stands still during the remainder (as we should expect on the dila
tation theory, as commonly expounded.) Now, I have already been able-

" bt, To show and measure the glacier motion not only from day to day, 
but from hour to kour, so that I can tell nearly what o'clock it is by the glacier 
index. That yon may have an idea of the coincidence which these experi
ments present, I give you the longitudinal motion of a point on the Mer de 
Glace during fonr consecutive days. 

]5.2 inches. ]6.3 inches. 17.5 inches. 17.40 inches. 

" 2d, This motion, evidently incompatible with sudden starts, takes place in 
the glacier (JI a fckok, undisturbed by the most enormous dislocations of its 
surface, for these measures were taken where the glacier was excessively 
crevassed . 

• , 3d, This motion goes on day and night, and if not with absolute uni-
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formity, at least without any considerable anomaly. On the 28th-29th lune 
the motion 

from 6 P.M. to 6 A.M. W8B 8.0 inches, 
6 A.M. to 6 P.M. 9.5 

29th-80th, 6 P.M. to 6 A.M. 8.5 

6 A.M. to 6 P.M. 8.9 

seeming to show a greater motion during the day. 

" 4tA, In the particular case of the Mer de Glace, the higher part (the 
Glacier de Lechaud) moves ,lOtDer than the lower part near the Montanvert 
in the proportion of 3 to 5. . 

" 5M, The central part of the glacier moves fBBter than the edges in a very 
considerable proportion; quite contrary to the opinion generally entertained. 

.. There cannot be a doubt of the accuracy of these results ""Ili" tke Itmill 
in which the experiment bas been made. They preve how completely pro

blems of a pnrely physical character admit of accurate investigation; and 
when a larger induction shall have freed the results from local errors, it is 

evident that we shall have the solid foundations of a theory. My wish to see 

the total eclipse of the sun on the 8th, has brought me to the south side of the 
.Alps sooner than I could have wished; but I have now fixed so many points 

on the Mer de GlaA:e, that, on my return thither, I shall be able to obtain 

more comprehensive results. But what is most important in the whole mat

ter is this,-that an obse"er furnished with the proper instruments and me
thods may, by spending a few days on a glacier, determine at any particular 
season the amount of its motion at all the essential points, within the limits 

which any glacier theory can require. 

CIU.IIOUKI, IOtA AIIgIIIt 1842. 

" My DUB SIR,-Since I last wrote to you on the 4th July from Courma
yeur, I have examined, in detail, the two principal glaciers of the Allee 

Blanche; and having re-crossed the Alps from Courmayeur by the Col du 

Gea.nt, where I had the satisfaction of still finding the remains of Saussnre's 
Cabane of 1788, I have pursued for a fortnight my experiments on the mo

tion of the Mer de Glace. Being composed, as you know, of several tributa

ries which are in some degree independent, and presenting also a considerable 
variety of surface, this glacier seems as proper as any for detailed experiments, 

such as those which I am attempting. Being about to quit this place on a 
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tour to Monte-Rosa. and the gllWiers east of the Great St. Bernard, I wish to 

explain to you now in what respect my observations differ from those formerly 

undertaken on the glaciers, and to mention a few results, which, of course, 

being as yet only partial, ought not to be considered as altogether decisive of 
the truth or falsehood of any theory; still I believe it will be admitted that 
the facts established in my last, and which farther experience has confirmed, 

militate strongly against some of the received opinions as to the cause of gla

cier motion . 
. " You are aware, that, in 1I1y lectures on glaciers in bece~ber and January 

last, and in an article in the Edinburgh Review for April, I insisted, and 80 

far as I know it was for the first time, on the importance of considering the 

glacier theory as a branch of mechanical physics, by which I mean that the 

cause of movement should be ascertained inductively from the observed motion, 

carefully and numwicallyascertained at different points. It is because authors 

have considered the problem as too simple a one to require a systematic ana
lysis, that we find little or nothing done in this respect ; and it may be affirm

ed, without any disrespect to the ingenious persons who have assigned probable 
causes for the movement of these masses of ice, that their solutions have been, 

like the astronomical theories of the earlier cosmogonists, based upon some
what vague analogies with better understood phenomena, as when the analogy 

of magnetic attrlWtions seemed to offer a parallel to the mechanism of th", hea

vens in the theory of Gilbert, and that of fluid currents gave rise to the Car
tesian vortices. The Newtonian theory was based upon its coincidence with 

the empirical laws of planetary motion. We have as yet no empirical laws 
of glacier motion, consequently no proper mechanical theory can as yet be 

adequately tested. I endeavoured to point out in my lectures how a mecha
nical theory might be deduced from observation, and how these observations 

might be p~cally made. I believe that I have also obtained for the first 
time, the numbers on whose importance I insisted. I am not aware that any 
one had hitherto proposed to lletermine the diurnal velocity of a given point 

of a gllWier with reference to three oo-ordinates. The analogy with the em

pirical laws of astronomy is both striking and just; an exact acquaintance 
with the path described by any molecule of a glacier, will almost as certainly 

lead to a knowledge of the cause of its motion, as the theory of gravitation 

sprung from the three laws of Kepler. We have to deal, indeed, with an 
effect more complex and varied; but the results contained in my last letter, 
already show how much of numerical precision may be attained. I have al
ready determined the diurnal motion of 1 (I points of the Mer de Glace with a 
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probable error, not exceeding, I think, a quarter of an inch in any C&@e; and 
when these observations shall have been pursued, as I expect to do, until the 
end of September, there will be a tolerable basis for sound speculation. 

" In particular, you will recollect that I pointed out last winter two experi
ments for distinguishing between the prevailing theories of De Saussure and 
De Charpentier, those of gravitation and of dilatation. One was the exact 
measurement of a space along the ice to be measured after a certain time, in 
order to ascertain whether any expansion had occurred. The other was the 
determination of the linear velocity of the glacier at any point, which, on tlie 
theory of Sanssure, ought (if the glacier be of nearly uniform section) to be 
uniform throughout; on the theory of Charpentier it ought to increase from 
nothing at the upper extremity of the glacier, to a maximum at its lower 
end. The former experiment had, I have since learned, been suggested by 
Professor Studer to M. Escher last year, and attempted to be put in practice 
(though nnsuccesafully) by the latter, on the Glacier of Aletsch. Admitting 
Charpentier's theory, however, this dilatation would be too small to be suc
cessfully observed in a moderate time, and with the geometrical methods 
whioh the uneven and varying surface of the glacier enables fIe to employ; I 
have therefore not attempted it. The other method, in fact, embraces both 
ends; for if the movement of the glacier in its upper and lower part be deter
mined (by upper I mean near its origin), the difference of the motions 
determines the dilatation or contraction of the intermediate part of the ice, 
and is liable to none of the great errors arising from the measurement of long 
distances. The observation, in the simplest and best form which I employ, 
resembles perfectly that of determining with the transit instrument the pro
gress of a planet. 

" I have already said that my later observations confirm those which I pre
viously oommunicated; any variations, indeed, arise solely from a ohange of 
circumstances or season, and not from errors of observation. (1.) The con
tinuolls imp~reeptible motion of the glacier is entirely confirmed; its bearing 
upon the sliding theory is very obvious. (2.) This motion is not by any 
means the samo, however, from day to day, and from week to week, as indeed 
already appeared from my fil$ results. (3.) This variation of motion ap
pears to be common to every part of the glacier, as well where compact and 
completely even, as where most fissured; nor perhaps is the variation· of 
velocity greater in one case than in the other. (40.) From numerous observa
tions, made in all parts of the glacier, it invariably results as before, that the 
centre moves faster than the sides of the ice-stream. In the lower and faster 
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moving part of the glacier this dispropqrtion is greatest, varying from one
third to one--half of the smaller veloci~y. Near the origin of the glacier it 
appears to be one-fourth or one--fifth oithe smaller velocity. (5.) The varia
tions of glacier motion afFect the central parts most sensibly. (6.) The 
greatest daily motion which I have observed, nearly opposite the Mont&n
vert., amounts to 27.1 inches. (7.) I have ascertained the velocity of motion 
much nearer the origin of the glacier than when I last wrote. This, which 
would appear to be nearly, if not quite an ezperimentum crucu between the 
sliding and dilatation theories, does not yield a result so favourable to the 
latter as I had at first supposed; for though it is undoubtedly true, 88 stated 
in my Iast, that the head of the glacier moves slower than the foot, the mid
dle part moves rather slower than either, owing probably to the greater 
width and thickening of the ice there. This source of error from the varying 
section of the glacier I had fully anticipated; but still, when we push the 
experiment to a limit, and take the velocity very near the origin, the velocity 
ought to diminish, on the theory of Charpentier, with a l'8.pidity not to be 
mistaken. Yet very near the head of the Glacier de Lechaud, the diurnal 
velocity is considerably more than a foot per day. I am far, however, from 
thinking that I am yet in a position to judge finally of the merits of any 
theory; my belief is, that both of those cited will as yet require great modi· 
fieation. 

" By insisting npon the treatment of the problem as one of pure mechanics, 
I am far from denying that the kind of investigations to which the glacier 
theorists have hitherto almost exclusively referred, are also of great value, 
such as those on the temperature and structure of the ice. The latter, in par
ticular, is a sort of standing evidence of its mechanism, and, rightly under
stood, must lead to the most important confirmation of any mechanical 
theory. This you may believe I have made an object of very particular at,.. 
tention. I have now examined 80 many glaciers as to have a very clear idea 
of the empiricall .. ws which that structure follows. Lately. I began to per
ceive a connection between that structure and the facts of motion a.lready 
cited. If these two classes of facts can be well brought into harmony with 
one another, we should have a very good chance of consolidating them into 
something like a theory. In my next letter, I will give you some account, 
at all events, of my observations on the subject, which are sufficiently de-
finite; and probably also (without considering it as proved), of what seem. 

2c 
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likely enough to be its true explanation. I go to-morrow to the Great St. 
Bernard, to meet M. Studer.-Believe me, very sincerely yonrs, 

. JAMES D. FORBES," 

ZBIUIA'l'T, North Side 01 Monte Rou, 
22d AagulllU2. 

" }{y DEAR SIR,-I arrived here two days ago, by a very interesting and 
unfrequented route. I mentioned in my last, that M. Stnder and I had agreed 
to visit together the valleys eastward of the Great St . .Bernard. The Convent 
was our pla.ce of rendezvous, and we afterwards descended to Orsieres, and 
tnrned into the Valley of Bagnes. Crossing the Alpine chain at the head of 
the va.lley, by the Col de Fenetres, we went down to Valpelline on the Italian 
side, and ascended that va.lley quite to its origin. We then crossed to the 
westeru branch of the Valley of Erin, by the Col de Collon or ArolIa, a very 
striking gllWier pass. Thence M. Studer went to the VaJ d'Anniviers, and 
rejoins me here by way of Visp, whilst I ascended the other branch of 
the Eringer Thal from Evolena by way of the Ferp&le gllWier, and crossed 
over the monntains to this place, by a pass higher and ~uch longer than the 
Col du Geant, which presents, certainly, the grandest views I have hitherto 
met with in the Alps. I must not, however, stop to describe, as my present 
object is to fulfll the promise in my last respecting the strncture of gla
cier ice. 

" The internal veined or ribboned structure presented by aJl glaciers in a 
greater or leas degree, appears to be the only true essential structure which 
they po88IlIl8, and which, yon will recollect, I described in a paper printed in 
yonr JonmaJ for January last. The existence of granules divided by capil
lary fiasures, as well as of large crevasses, are equally unessentiaJ to gllWier 
structure, and subordinate to the other. Whatever other reault may flow 
from the examination of gllWiers this summer, by the many persons who are 
probably at this moment directing their attention to them, this, I am sore, 
will be adInitted, that the veined structure is not peculiar to some gllWiers, 88 

eome would maintain, nor to some years, as has been a.lleged by others; but 
that it is perfectly general and systematic, having one general type or form, 
which is varied IWCOrding to external mechanicaJ circumstances. Being then 
the most essential and intimate part of the gllWier formation, as well 88 one of 
its most obvious and universal features (especially on thoee glaciers which 
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are most commonly visited), it is equally singular that it should not have been 
sooner noticed, or if noticed, never once alluded to by the eminent and in
genious authors who have treated of existing glaciers and their effects. 

" With respect to the general type or form of this structure, I am happy to 
say, that I have found not the slightest reason to modify the description which 
I have given in the paper above alluded to, of the conformation of the glacier 
of the Rhone. The description is characteristic, not of that glacier ouly, but 
of every other, with certain modifications similar to the variation of the para
meter of a curve; variations, therefore, not in kind but iu degree. The most 
beautiful structure I have ever met with is in the glacier of La Brenva in the 
Allee Blanche, which was one of the earliest I examined this season, and in 
whichlfound all that I had seen, though imperfectly, on the Glacier 01 the Rhone 
(which it resembles in the circumstances of being derived from an icy cascade, 
and in having a considerable breadth in proportion to its length), developed in a 
manner 80 clear and 80 geometricaJly precise, as gave me the most lively satis
faction. I refer to my fonner paper for the figure and description of that 
structure; I have found the same conoidal surfaces, and the same false appear
ance of horizontal stratification on the terminal face of the glacier, arising 
from the veins dipping inwards at first at an angle of only 5°, rising to 10°, 
20°, up to 60° and 70°, if we follow the medial line of the glacier, or axis 
parallel to its length. The sides of the glacier, in like manner, have their 
cleavage planes or veins dipping inwards towards the centre at an angle de
termined by the declivity of the rock or moraine which supports them, gra
dually becoming more vertical as the centre of the glacier is approached, 
where they twist round by degrees, 80 as to become transverse to its length, 
and to form part of the system of planes dipping inwards first described. Fig. I 
exhibits a section parallel to the length. Fig. 2, a transverse section. 

FIG. 1. FIG. 2. 

" You are already aware that this structure consists in the alternation of 
more or less perfectly crystallized ice in parallel layers, often thinning out alto
gether like veins in marble, not unfrequently parallel and uniform like a rib
boned calcedony or jasper. 
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" I will, for brevity, merely state the modifications which this fundamental 
.type undergoes, bringing together glaciers of all claesee, but reserving the de
tail of eDmples and proofs, of which lily experience baa already furnished me 
with a great number, to anoUler occasion. If a glacier lies long and narrow, 
88 the Lower Aar, or the Mer de Glace of Chamouni, the frontal dip is the 
least conspicuous part of the phenomenon; and if it terminate in an ioy cas

cade, 88 in the second oaae, it might escape observation altogether. The ver
tical planes parallel to the length, or nearly BO, usnrp nearly all the breadth 
of the glacier, and only in the centre is a narrow space, where not unfre

quently the struoture appears quite undefined. I have satisfactorily made 
out, however, in every glacier which I have had the means of eDmining with 
that view, that the conoidal structure, however obscured, exists in all parta of 
the true glacier, modified, according to its length end breadth, in the manner 
which Figs. 3 and 4 indicate. I need not add, that these rude sketches are 

Fig. 3. Fig. 4. 

not intended to be considered as rigorously exact, but only to explain gene

rally my meaning. 
"There is yet another modification, but only a modification, of the above. 

namely, in the oaae of extfemely steep glaciers, but which are coherent, and 
not crevaaaed into· pyramids. There are numberless e:mmples of these in all 
the higher valleys of the Alps, which do not descend into the hollows, but fes
toon the steep sides of snowy mountains. They are. I believe, what Saussure 
called glaciers of the second order, and have no relation to neee., BO far 88 I 
can attach a meaning to that term. They are of hard ioe, and almost invari
ably present an appearance of stratification parallel to the BOil on which they 
rest. This stratification is only apparent; the cleavage planes dip forwards 
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and outwards, instead of dipping inwards, 88 in the terminal portion of gla

ciers of less inclination. The surfaces of crystallization have, in this case, 
absolutely the form of a scallop-shell, the lip or front being always inclined 

below the horizon. I attach importance to the community of feature in ghv 
ciers of every form and inclination, because it indicates that the origin of the 

structure cannot be unimportant, considering its generality; and, in this par
tioular 088e of small steep glaciers, it apperu:s, I think, that ?tl. de Charpen

tier, who h88 justly denied the stratification of glaciers in general, h88 wrongly 
admitted the existence of strata in the 088e in question, which he regards 88 

formed by the intercalation of mud from the soil in some manner, whioh, if I 

recollect rightly, he does not very olearly describe. Now, these seeming 
strata of mud I have examined in a multitude of 088eS, and-found invariably 
to result merely from the percolation of dirt from the moraine, sometimes even 

aooompanied by small fragments of rook, into the more spongy and less cry&
talline veins of the glacier m88S which already existed; and the proof is, that, 

by cutting with a hatchet, we gradually gain the pure ice, equally veined with 
the exterior, but not discoloured. I may observe, in passing, that the fissures 

which, in the lower part and near the sides of glaeiers, form the granules, 
about whioh so muoh h88 been written, are stopped by the independent fonIlllt

tion of the veins in the ice, which thus demonstrate their prior origin. 

" One afternoon I happened to ascend higher than usual above the level of 
the ?tIer de Glace, and W88 struok by the appearance of discoloured bands 
traversing its surface nearly in the form indicated in fig. 4. These shades, 
too indistinct to be noticed when near or upon the surface, except upon very 
careful inspection, are very striking and beautiful when seen at a distance by 

a light not too strong, as in the afternoon or by moonlight. They are evi
dently bands of dirt on the surface of the ice, having nearly the form of very 
elongated parabolas merging in the moraines on either side, widest apart from 

one anoUler in the centre, and confounded towards the edge. For some time 

I was at a loss to conceive how thell8 sort of false moraines could spread from 
side to side of the glacier, but I at length assured myself that it W88 entirely 

owing to the structure of the ice, which retains the dirt diffused by a.aIanches 

and the weather on those parts which are most poroos, whilst the compacter 
portion is washed clean by the rain, so that these bands are nothing more 

than visible traces of the direction of the internal icy structure, and of course 
correspond with what has been already stated as to the fonus in which the 
conoidal surfaces intersect the plane of the glacier. I counted distinctly six-
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teen of thel!e bands on the surfare of the ice then in view. I aCterwarda 
traced them to the higher part of the ie~field ; and the only distinction which 
I there observed waS, that the loops of the curves were leas acnte, or more 
nearly circular, fig. 5. All glaciers do not show this external 
evidence of their structure equaJIy, SB there are some glaciers 
which possess the structure itself more developed than others. 
The cause of the dazzling whiteneas of the Glacier des Bossons 
at Chamouni is the comparative absence of these layers of gra
nular and compact ice; the whole is nearly of uniform consis
tence, the particles of rook searcely find a lodgment, the whole 
is wSBhed clean by every shower. The superficiaJ bands are 
well seen on the Mer de Glace of Cbamouni, and, to quote 
another example, one of the last I have seen, very admirably 
on the Glacier of Ferpeele, in the Valley of Erin, where I 
counted above thirty in view at once. 

FlO. S. 

" I am quite persuaded that these bands, and of COUI'86 the structure which 
they represent, bave their origin in the movement of the glacier; and if the 
laws of movement, ascertained independently, shaJI coincide with, or confirm 
the phenomena of structure, we shaJl be better able, from the comparison of 
the two classes of fiwts, to decide upon the cawe of movement. 

" What I have hitherto stated is matter of fact. I will state very briefly 
what I am disposed to deduce by way of hypothesis. 

" It is impossible to consider these structural bands on the surface of the 
glacier, in combination with the fact established in my former letters, that the 
centre of the glacier moves considerably faster than its edges, without believ
iug that the bands are an indication of the motion, and that tbe motion gives 
rise to the veined structure. These dirt-bands perfectly resemble those of 
froth and scum which every one h8B seen upon the surface of slowly-moving 
foul water; and their fignre at once gives the idea ofjluid motion, freest in the 
middle, 'obstructed by friction towarda the sides and bottom. It will be found 
that the analogies are entirely favonrable: the glacier struggles between a 
condition of fluidity anll rigidity. It cannot obey the law of semifluid pro
gression (maximum velocity at the centre, which is no hypothesis in the C8Be 

of glaeiers, but a fact) without a solution of continuity perpendicnlar to its 
sides. If two persons hold a sheet of paper, 80 as to be tense, by the fonr 
comers, and one moves two adjacent corners, whilst the other two remain at 
rest, or move leas fast, the tendency will be to tear the paper into shreds 
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parallel to the motion; in the glacier, the fissures thus formed are filled with 

percolated water, which is then frozen. It accords with this view, 1. That 

the glacier moves fastest in the centre, and that the loop of the curves 
described coincides (by observation) with the line of swiftest motion. 2. That 

the bands are least distinct near the centre, for there the difference of velocity 

of two adjacent stripes pa.ra.llel to the length of the glacier is nearly nothing ; 
but near the sides, where the retardation is greatest, it is a maximum. 3. It 
accords with direct observation, (see my last Letter,) that the differmc6 of 
velocity of the centre and sides is greatest near the lower extremity of the 

glacier, and that the velocity is more nearly uniform in the higher part; this 

corresponds to the less elongatedtform of the loops in the upper part of fig. 5. 
4. In the highest part of suoh glaciers, as the curves become less bent, the 
struoture also vanishes. 5. In the wide saucer-shaped glaciers already spoken 

of, which descend from mountain-slopes, the velocity being, as in shaJlow 

rivers, nearly uniform across their breadth, no vertical structure is developed. 
On the other hand, the friotion of the base determines an apparent stratifica

tion, pa.ra.llel to the slope down whioh they fall. 6. It also follows immediately, 

(assuming it. as a fiwt very probable, but still to be proved, that the deepest 
part of the glacier moves slower than the surfiwe,) that the frontal dip of the 

structural planes of all glaciers diminishes towards their inferior extremity, 
where it approaches 0, or even inolines outwards, since there the whole pres

sure of the semifluid mass is unsustained by any barrier, and the velocity 
varies (probably in a rapid progressiou) with the distance from the soil; 

whilst, nearer the origin of the glacier, the frontal dip is great, because the 

mass of the glacier forms a virtual barrier in advance; and the struoture is 
comparatively indistinot for the same reason that the transverse structure is 

indistinct, viz., that the neighbouring horizontal prisms of ice move with 
nearly a oommon velocity. 7. Where two glaciers unite, it is a fact, that 
the structure immediately becomes more developed. This arises from the 
increased velocity, as well as friction of each, due to lateral compression. 

8. The veined structure invariably tends to disappear when a glacier becomes 

80 creva.ssed as to lose horizontal oohesion, as when it is divided into pyra
midal masses. Now, this immediately follows from our theory; for 80 soon as 

lateral cohesion is destroyed, any determinate inequality of motion ceases, 
each mass moves singly, and the structure disappears very gradually. 

"I might add more illustrations; but let these suffice for the present. It 
is not diffioult to foresee, that, if my view should prove Qorrect, a theory o{ 
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glaciers may be formed, which, without coinciding either with that of &1l8Bure 
or Charpentier, shall yet have something in common with both. Whether 
that of M. Rendu may not avail something, I am unable to say, not yet 
having been able to procure his work. 

" It yet remains to decide, what is the cause of the succesaion of dirt-bands 
at considerable distances on the surface of the glll(lier, indicating the SU0C88-

sion of waves of more or less com~t ice. In all the glaciers where I have 
yet distinctly observed them, they appear to follow a regulated order of dis
tances, nearly the same for a considerable~, but closer the farther we 
ascend the glacier. I cannot help thinking that they are the true annual 
,,;,ng,* of the glacier, which mark its age, like those of a tree, only increasing, 
instead of diminishing in breadth as the ice grows older, coinciding again with 
the fact which I formerly established, that the higher part of a glacier moves, 
generally speaking, more slowly than its lower extremity. The different 
states of the glacier at different seasons, the presence or absence of suow, or 
even the simple di1ference of velocity at different seasons, would be sufficient 
to account for this alternation of structure. There is no cause so likely to 

produce it as some annual clumtJe. I may add, that some observations which 
I have already made on the distances of these bands, as well as information 
which I have endeavoured to collect, lead me at least to have some doubt as 
t{) the correctness of the opinion generally entertained, that the glll(liers are 
stationary in winter, perhaps even, that there is any very great inequality in 
their march at different times of the year. I am, my dear Sir, yours very truly, 

JAMBS D. FOBBBS." 

GBIOIVA, 5t1 0t:IdNsr 11142. 

" My DUB SIB,-Since my last letter from Zermatt, I have had an oppor
tunity of examining the glaciers on different sides of Monte Rosa, particularly 
those of Lys and Macugnaga, and those near the Valley of Seas; and on my 
return to Chamouni early in September, I devoted a day to each of the gla
ciers of Trient and Argentiere, before resuming my station at th~ Montanvert, 
where I remained until almost the last days of the month. 

" What I think it most interesting now to add as supplementary to my for
mer statements, is, not a description of these various glaciers, but with parti-

• Originally printed IJRllIIlar riJ1911 by a typographical error. See editor's Dote Ed. 
PAil. Jour., April 1843, p. 382. 
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r03ference to the M<303 mention what I?eriod of 
examination which I have been able to give to it has enabled me to conclude 
beyond what is contained in my previous letters, respecting the Theory of 
glacier movement generally. Having accurately observed the condition and. 
motions of this glacier throughout by far the grea.ter part of the season at 
which it, or indeed any glacier is easily accessible, or sufficiently free from 

I,?r accurate also, especially nkk<mth of 
rrlflrnkklJlCr, observed it range 

03tnkkospheric temperatil03?l? 
for basing a upon sound "''''I"ijllllll"1I1 

eIemges which I h??II?? upon its surface? yrriod of 
above three months during which I have studied it, are so great and remark
able, and in some respect.s so unexpected, lIB to be of capital importance in any 
theory which ma.y be proposed. 

" I WIIB very greatly struck with the change in the general appearance of 
the glacier during my absence, from the lOth August to the 10th September. 

it comparatively in the centre, at below 
????"?"2te of its natural moraine by its Ir'iured by 

,e??ee??e?"??,,?? deep and rath??03 well defined On my 
the icy mass h?l,i to have 

cadaverous ",grTneS protruded before 
from its sides, and the ice itself clinging to the moraine at a considerable 
height above its general level, was covered by the fallen masses of stone and 
gravel which had rolled down the inclined plane formed by this central sub
sidence. The whole resembled somewhat the Wye, or some of those narrow 
tidal rivers whose muddy b??nks are left exposed by the retreat of the ocean. 

this subsidence Wee? nkk??asure occasioned of the 
030ntact with the ??alley in which it falling 

???03l??????er of the parts in yidding state, owi??y infil-
of the whole mmr Yuring the warm y03ar, was 

proved by a variety of circumstances which I shall not stop to detail. I may 
mention, however, that the crevasses were wider, but less deep and regular, 
-excessively degraded on the side to which the mid-day ann had free access 
and in many places where several creV1lBBCS nearly joined, the icy partitions 
had sunk gradually towards a level, and thus rendered the fissured parts of the 

more easily travil03l?03I 
fiat the fact of th?? 

1m earlier part of 
???ivancement of th03 
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mentioned in my earliest letter, implies a subsidence of that part, and a con"", 
sequent drain from the lateral ice, to supply the vacuity which it leaves. 

cr It will at once be understood that the change of which I speak in the ex
ternal figure of the ice, its crevasses and inequalities, is an effect due to the 
season, and must be repeated every year. Were the summer considerably 
prolonged, the annihilation of the glacier would take place from a simple con
tinuation of the prooo88, namely, the increased velocity of the central part, the 
exaggeration of the crevasses in width, and the falling of their walls, or rather 
the gradual subsidence of the elevations, softened by the warmth, into the 
hollows which separate them, whilst the moraine would be left in all its con
tinuity &8 a witness of the original boundary of the glacier. The ice must 
possess within itself some reproductive power (if the phrase may be permitted,) 
to restore it in spring to the level from whence it had descended; and since 
crevasses thus form, extend, and again vanish,-perhaps in a single season, but 
certainly in a very few years,-we must consider the glacier as a much more 
plastic body than it has commonly been imagined. 

"I state it, then, as a result of observation the most direct, that, in the 
early part of summer, the glacier level is highest, and the Ji88Ures leas nume
rous. The latter form and widen especially during the months of June and 
July; and, in the beginning-of A.ugust, the glacier is most difficult to traveree, 
(generally speaking,) owing to the multitude and sharpness of these cracks; 
but later, the prolonged sunshine and autumnal rains not only reduce the ice 
to water, and thus carry off a part of its surface, but leave the remainder in a 
softened and plastic state, in which the tendency is to a general subsidence 
of all the elevations, whilst the prolonged excess of velocity of the central 
above the lateral parts, causes an increased hollowness and subsidence there, 
and produces a great fissuring, the lateral ice still clinging to the moraines, 
which it is compelled gradually to uncover. Before spring, by some process 
which it remains to explain, the level of the ice is restored, (supposing the 
glacier not to be permanently wasting.) 

" A.nother mode of considering the successive conditions of a certain portion 
of the glacier, will lead also to the admission of the ever-varying state of its 
aggregation and subdivision. In a. glacier, like the Mer de Glace of Cha
mouni, which presents a great many and well marked" accidents" of surface 
in its different parts, it is yet perfectly well known, that, thongh continually 
moving and changing, the distribution of these c, accidents" is sensibly inva
riable. Every year, and year after year, the water courses follow the same 
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linea of direction,-their streams are precipitated into the heart of the glacier 
by vertical fnnneIs called "moulins," at the very same points; the fissures, 
though forming very different angles with the axis or sides of the glacier at 
different points of its length, opposite the same point are always similarly dis
posed i-the same parts of the glacier, relatively to fixed rocks, are every year 
passs.ble, and the same parts are traversed by innumerable fissures. Yet the 
solid ice of one year is the fissured ice of the next, and the very ice which this 
year forms the walls of a .. moulin," will next year be some hundred feet far
ther forward and without perforation, whilst the cascade remains immoveable, 
or sensibly so, with reference to fixed objects aronnd. All these facts, attested 
by long and invariable experience, prove that the ice of the glaciers is insen
sibly and continually moulding itself nnder the in1luence of external circum
stances, of which the principal, be it remarked, is its own weight affecting its 
figure, in connection with the snrfaces over which it passes, and between .which 
it struggles onwards. It is, in this respect, absolutely comparable to the water 
of a river, which has here its deep pools, here its constant eddy, continually 
changing in substance, yet ever the same in form. 

ft With reference to the yet more essential modifications of Itruchw" I mean 
the veined structure which I formerly described, I showed in my last letter, 
that it is equally mutable and subjected to the momentary conditions of exter
nal restraint, and, that far from being an original structure in the higher part 
of the glacier, variously modified in its snbsequent course, but never annihi
lated, it owes its existence at any moment to the conditions of varying velo
city in different parts of the transverse section of the glacier, and that it is not 
nnfrequently entirely destroyed in one part of the glacier, to be renewed in a 
totally different direction in another. A molecule of ice is as passive and 
structureless a unit as a molecule of water, so far as it has not that structure 
impressed by something external at the time. Like the water in the river, 
myriads succeed one another, and might be mistaken for the same. 

" Few words will suffice to show how intimately what I have stated is con· 
nooted with the first rudiments of a theory of glacier motion, which I endea
voured to sketch in my last letter, and the truth of which all that I have since 
seen has tended greatly to confirm. The centre of the glacier stream is urged 
onwards by pressure from above (how caused we shall immediately consider,) 
which is there resisted less than at the sides and bottom, owing to the compa
rative absence of friction. The lateral parts are dragged onwards by the 
motion of the centre, and mo,'e also, but it is quite compatible with this idea 
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of semi1luid motion, that the bottom of the glooier should remain frozen to its 
bed, as some writers have supposed to be the case, though J am far from BBBert
ing this to be the fact, or even supposing it probable. Why, then, are the 
fissures generally fJ6t'ticai, and also where a glooier is most regular, simply 
traftlfJsrl6, and not convex towards the lower extremity? The first of these 
questions had always till lately appeared to me a serious difficulty. The/act 
stated in the second, combined with the positive certainty that the centre of a 
glooier moves faster than its sides, in the ratio frequently of five to three, 
shows that an auswer mUlt be found, and, therefore, that it offers no insur
mountable objection. The explanation is to be sought in the continually vary
ing condition of the glacier, the perpetual renewal of the crevasses, the action of 
water in tending to preserve verticality, and the really 8ID8.Il variation of velo
city of different parts of the ice towards the centre of a glacier of immense 
depth. From these circumstances it follows that a creva.sse is either renewed 
or altogether extirpated before its verticality is sensibly effected. For the 
same reason, a stick several feet long, inserted vertically in the ice, remains 
sensibly vertical so long lIB it stands at all, for the velocity of the surface is 
sensibly the same as that at 10 or 20, or probably even 100 feet deep in most 
glooiers. It is only near the bottom or bed that the velocity is materially 
affected, as I have found also, that, in respect to breadth, it is in the imme
diate neighbonrhood of the sides that the velocity diminishes rapidly, and that, 
for half its breadth in the centre, the velocity docs not vary by more than 
from -h to ~~ of its amount. It is farther worthy of notice, that whenever 
a glooier is of no great thickness, and, at the same time, highly inclined, that 
is, in circumstances calculated to produce a great difference between the 
motions of points of the glacier in a vertical line, there the fiasures are not 
transverse but radiated, lIB in almost all glooiers of the second order, and, 
therefore, the fissures are not liable to distortion. 

" I might put it rather lIB a direct result of observation than lIB a hypothesis, 
that the motion of a glooier resembles that of a viscid fluid, not being uniform 
in all parts of the transverse section, but the motion of the parts in contact 
with the walla being determined mainly by the motion of the centre; but it 
yet remains to be shown what is the cause of the pressure which conveys the 
motion, whether it is the mere weight of the semifluid mass, or the dilatation 
of the head of the glooier pushing onwards. The answer to this question in
volves the fate of the rival theories of De Saussure and De Charpentier. I 
still entertain the same difficulties with respect to both, which I have stated 
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in an artiole in the EdinblM'!/h RniMD ; but these diffioulties amount," I think,. 

to a proof of insufficiency, if taken in connection with the observations which 

I have made this summer. On the one hand, if it were possible that the gla
cier could slide by the mere action of gravity in a trongh inclined only 3, or 

40, or 5 degrees, it is probable that one of two things would happen: either it 

would slide altogether with an accelerated velocity into the va.lley beneath, or 

else it would move by .fie. and .tare., being stayed by obstacles until these 
were overcome by the melting of the ice beneath, or by the accumulated 
weight of snow abaTe and behind. Now, neither of these things happen; 

the glacier moves on day and night, or from day to day, with a continUOUl 
regulated motion, whioh, I feel certain, could not take place were the sliding 

theory true • 
.. But, if poBSible, still stronger, 88 well 88 more multiplied, objections are to 

be found to the theory of dila.tation, and I trust I shall not be accused of levity 
in thus, 88 it were, in a few lines, dismissing a theory which has so muoh 

prifIUJ 1_ plausibility to recommend it, and which has been maintained with 
so much ingenuity by men such 88 Boheuchzer, De Charpentier, and Agassiz. 

It is essential to the aim of this letter, that I state briefly the grounds of the 
conclusions at which I have arrived, whilst it is equally essential that my 

observations should be confined within small compass. In another place, I 
shall give them all the development that may be requisite. 

tt Summarily, then, (1.) The motion of the glacier, in its several parts, doee 

not appear to follow the law which the dilatation theory would require. It 
has been shown (Edinburgh RefJietD, April 18402, p. 77) that the motion 
ought to vanish near the origin of the glacier, and increase continually towards 

its lower extremity. I have found the motion of the higher part of the Mer 
de Glace to differ sometimes very little from that several leagues farther 

down; whilst, in the middle, owing to the expansion of the glacier in breadth, 

its ma.rch was slower than in either of the other parts. (2.) Whilst I admit 

that the glacier is, during summer, infiltrated with water in all or most of its 
thiokness, (a point on whioh I had lait year great doubts,) I feel quite confi

dent that, during some months of the year during whioh the glacier is in most 

rapid motion, no congelation takes place in the mass of the ice beyond a depth 
of a very few inohes, muoh less during the oold of each night, and least of aU, 
at all times, as appears to be now the opinion held upon the subject. Whilst 

I say that I am confident of this, I will state one proof. Less than ten days 
since I traversed the Mer de Glace np to the higher part of the Glaoier de 
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• Leehaud, while it was covered with snow to a depth of six inches at Montan-

vert, and three times as much in the higher part. It was snowing at the 

time, and for a week the glacier had been in the same state nearly, the ther
mometer having fallen in the meanwhile to 20° Fahr. Yet I had abundant 

evidence that the effect of the frost had not penetrated farther into the ice 
than it might be expected to have done into the earth under the same circum

stances. All the superficial rills were indeed frozen over; there were no cas
cades in the U moulins;" all was as still as it could be in mid-winter; yet even 

on the Glacier de Lechaud, my wooden poles, sunk to a depth of less than a 

foot in the ice, were quite wet, literally standing in water, and consequently 
unfrozen to the walls; and in the hollows beneath the stones of the moraines, 

by breaking the crust of ice, pools of unfrozen water might be found almost on 
the surface. Is it possible, then. that the mere paasing chill of a summer 

night, or the mere cold of the ice itself at all times, can produce the congela

tion which has been so much insisted on ? 
U But, (3.) What was the effect of the congelation, tri8ing as it was, upon 

the motion of the glacier? So sharp and sudden a cold sncceeding summer 
weather, must inevitably, it seems to me, were this theory true, have produced 

an instantaneous acceleration of the mean motion of the glacier. But the 
contrary was the fact; the diurnal motion fell rather short of its previous 

value, and so soon as the severe weather was past, and the little congelation 

which had taken place thawed, and the snow reduced to water, the gla.
cier, saturated in all its pores, resumed its march nearly &8 in the height of 

summer. 

" (4-.) It has been inferred from the dilatation theory. that whilst the surface 
of the glacier continnaJIy wastes, it is at the same time heaved bodily upwards 

from beneath, so that its absolute level is unchanged. My experiments. as 
well &8 the most ordinary observation, (as has been already remarked) dis
prove this hypothesis. I find that, between the 26th June and the 16th Sep
tember, the snrface of the ice near the side of the Mer de Glace had lowered 

absolutely TWENTY-PIVH /eet 1.5 incAu, and the centre had undoubtedly 
fallen more. The observation of the waste of the surface by the protrusion of 

a stick sunk to a determinate depth in a hole, is very inaccurate. and gives 

results belOfD the truth. 
" I am perfectly ready to admit, with M. de Charpentier. that the congela

tion of the infiltrated water of glaciers is an important part of their functions ; 

only, I conceive that it occurs but once a year to any effective extent, instead 
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CJr continually, a.s Every thing which the 
glacier, during cold weather and when covered with snow, confirms the idea I 
have always entertained, that the progress of congelation in the mass of the 
glacier is very similar to that of a mass of moist earth, and that, therefore, 
the daily variations of temperature C80Jl make no sensible impression with re
spect to the mass of the infiltrated ice. The prolonged cold of winter must, 

produce a. very and, considerinh tJ(5mpera-
i\he ma.ss is never E±ity be expected thiit of 

in capillary fissuY'elS the course of miiiitha 
great depth. I there is only an 

its effect is not onwards by 
-for that the friction of so enonnous a body seems evidently to render im
possible-but (what Mr. Hopkins ha.s very well shown is the only alterna
tive, and which he ha.s used a.s an argument against Charpentier's theory) to 
dilate the ice in the direction of least re.mtance-that is, vertically-and con
sequently to increa.se its thickness. The tendency of such a force would, 
""''"',#,,',', be to restore, the thickness the 

less severe, a less 
less expansion wcmld a pennanent "",'m"" 

f3cii#hd result. Nothied certain than the 
m",'n,,'m,lI~" in hiB 10th the glacier does iiierease 

to the snow of avalanches, nor indeed to any snow which falls on the greater 
part of its snrface. 

" In conclusion, the admission of semifluid motion produced by the weight of 
the ice itself, appears to explain the chief facts of glacier-movement-viz., 
(L) That it iB more rapid at the centre than at the sides; (2.) For the most 

rapid near the of glaciers, but with 
tfz#CJziierse section th'iIC (3.) That it is meJ(5e 

,'H',1C'IlI"C. and especially after 
less rapid in ,h.) It iB farther with 

whitt we know of the phiiticity od semisolids generally, especi?,Hy near their 
point of fusion. Many examples will occur to every one, of what they have 
observed of the plllBticity of hard bodies-ench a.s sealing-wax, for example
exposed for a long time to a temperature far below their melting heat, and 
which have moulded themselves to the fonn of the surfaces on which they 

When the iCii fissured, it the 
piiee,l1fii:el1f of the hand, 
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endeavoured to show how such a condition of semirigidity, combined with the 
determined movements of the glacier, aooounts for the remarkably veined struc
ture which pervades it. I am, my dear Sir, yours very trnly, 

JAMBS D. FORBBS." 

PBOFlISiloa J AKBSOR. 

No. III. 

ON SOLAR RADIATION. 

The experiments mentioned in the text, (page 215,) referred to a cnrious 
inquiry which lias occupied my attention for some years, namely, the loss of 
force which the sun's rays experience in passing through the earth's atmos
phere. It might seem, at first sight, an impossible task to determine the 
comparative measure of the SUD'S heat in the state in which it arrives at the 
earth's surface, and that which it would have attained were the atmosphere 
wholly removed. Some approximation to such a result has, however, been 
obtained by a very simple, though indirect method. The thickness of air 
traversed by a sunbeam is, of course, least when the ann is vertical. and great
est when he is near the horizon; at intermediate elevations the heat is inter
mediate. Now. by comparing the thermometric effect of the sun's rays (which 
is the object of the actinometer) at several different thicknesses of atmosphere, 
the la'll} of eztinction is approximately found, and an inference is made as to 
what the intensity would be when the thickness of atmosphere is nothing. 
This inference will be proportionally more accurate 88 the observations are 
pushed to a less thickness of interposed air; and I have shewn in the 
paper already referred to,· that the previous estimates had greatly under-rated 
the intensity of the unimpaired solar beam, and had also under-rated the 
absorptive power of the atmosphere, owing to the observations on which they 
were founded having been made only when the sunbeam had already traversed a 
great thickness of air, when the law of absorption is very different from the 
law at small thicknesses. 

* PMloIop"ical Tmtua<:tiolUfor 1842, page 225. 
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Now, to obtain observations of solar heat at small thicknesses, we must, in 
the first place, 8I!Cend in the atmosphere, and also use the sun's rays when his 
elevation is greatest, that is, near the solstice. I mounted the Cramont in hopes 
of prosecuting these experiments, when the SUD had still 210 of northem de
clination and after having left below me a thickness of 9000 feet of the densest 
part of the atmosphere. Unfortunately, as we have soon, these delicate expe
riments were prevented by indifFerent weather~ 

It will probably surprise many persons to be told, that even when the 
sun's rays shoot vertieaJly through a pure atmosphere, as between the tropics, 
they lose in their passage (owing to the opacity of the air) very nearly half 
their intensity.- The intercepted heat goes, of course, to warm the air. 

The object of this note is, however, to reoord a difFerent set of observations 
performed with an instrument of inferior delicacy to the actinometer, but still 
capable of yielding very remarkable results,-I mean Leslie's photometer. 
Its principle may be briefly described as measuring the difFerence of the heat 
absorbed by a dark and clear thermometer-ball. It is well known that this 
instrument gives, on some occasions, results which appear highly paradoxical, 
but which, if consistent, require to be explained, and ought, therefore, to 
be distinctly established. My observations with it were directed to two 
points. <I' 

I. To ascertain the efFect of the presence of a coating of snow OD the ground 
in magnifying the apparent Solar Radiation. To this efFect has been ascribed 
the extraordinary force of the sun's rays observed in arctic climates, and also 
some singular variatiolls from one season to another, supposed to depend on 
the presence of snow on the ground.t Now, the few experiments which I 
obtained before breaking my instrument last summer (18402) gave me the 
following most striking results :-

Surrounded by grass, and exposed to direct sunshine, the 
photometer indicated, 78° 

. Exposed upon snow'jnstead of grass, it rose to 121° 
The whiteness of the snow is all-important in this respect; dirty snow pro

duces comparatively little efFect, and so does ice. Thus,-
The Photometer, exposed on a dirty part of the Mer de 

Glace, stood at 70' 
Placed upon a neighbouring patch of snow, 1400· 

• Pili I. TreaD., as above. 
t &Ii •. NWJ Phil. Jourwl841. A paper by Dr. Riehardaon, with remark .. 

2 D 
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418 APPENDIX. 

This action fully explains the intensity of the effect of fresh snow upon the 

eyeaight. I have myself found that exposure for aeveral weeks to the mode

rate glare of sunlight reflected from a glacier surface, produced little effect 

upon me, whilst I suffered severely from a single day spent amongst the pore 
snows of the highest summits. 

II. On the photometrio effect of the diffuse light reflected from the sky, 
Professor Kilmtz first, I believe, announced the startling fact, that "all the 
photometrio effect on Leslie's instrument is due to the diffnae light of the sky, 

tbe other halI only being the effect of the direct rays of a bright sun! This 
singular paradox also manifest8 itself by the fact, that cloudy weather, if the 

sun be not itaelf greatly obscured, apparently increaaea the effect of soiaI' 
radiation. Of the truth of hotb of theae facts, I had also, Iaat yeez, sufficient 

evidence, of which I shall quote one or two enmplea. 

On the 28th June, 1842, a warm and olear day, at 6000 feet above 'he 

sea, at ] h. 40m., 
The photometer, in the sun, placed on anow, stood at . ]21° 

An alpine pole, an inch in diameter, was then stuok into the 800W, 

so as to throw its shadow on the instrument, thus intercepting the 
direct Bunbeam only. It fell to 82~ 

Leaving for the direct effect of the sunlight, 39° 

the remaining 82° being derived from the reflection of ecattered sky-
light, and from the 800wy surface. 

At the same place and time, the photometer, in the ann, an1'fOunded 

by grass, stood at 78° 
Shaded by a stick, aa before, 30° 

Direct ann effect, * 48° 
Now, if we look to 78° &8 the total effect of the ann'sligb' and its reflection 

from the ground, in one of the hottest days of JaDe, in a fine climate and 

6000 feet above the aea,-i' appears to be inconceivably small, when we know 
that the same instrument often atancls at 120° in moderately fine weather in 

--~~ .---- --------------------

• The ditrereDC8 of this and the Jut ill probably due In a peat m_ to a defect In 
the principle of the iustrmnent, the momentary increment of heat neceaaary to maintain 
the temperature 10 &boYe 120°, being greater than what ill n-r to maintain it 10 

above 77°, for elWllple. There are likewise other _ of error. 
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Scotland. What is the reaeon? The IIky does not reflect 80 much light when 
it is pure as when it is milky, and its amrfaee being immense, compared to the 

apparent surface of the sun, (100,000 times greater,) a IlIIl8.ll additiou to ita 
reDeetive power inereuea the photometric indication more than the thin haze 
of vapour which produces that effect diminishes the direct lIun-light. 

Again, on the 29th of J nne, a clear and warm day, in the same position, 
at 11, A.M.,-

The photometer standing on snow, 
Shaded from the di,.scl sun, 63" 

Direct 8UB effect, 51 0 

I DeTer observed these effects BO strongly as on the 30th June, a day of the 

moat intenae BOlar heat, when, at a height of 7600 feet, the sky exhibited a 
deep indigo tint, unusual for that moderate elevation. I was engaged, for 

some hours, in making trigonometrieal observations, on an exposed promon
tory of rook, with scarcely any shelter from the piercing 8IID-beams. At 

length I was so exhausted as to be obliged to thrust my head now and then 

behind a atone for protection and relief. Now, at this time, the photometer, 

directly exposed on the rock to the BUD, stood only at 88° 
When shaded from the tli,.sct sun-beam it fell to 22° 

the SJDalleat result for diffnae atmospheric radiation and reDection 

from the soil combined which I have witneSBed. This, it will be 
observed, leaves for tlirsct ann-heat, 66° 

which is large compared with the previous results. It i8 certain from tbese 
experiments that the photometric effects thus measnred bear no kind of p~ 
portion to the phyaiologieal effects of direct and reflected heat. 

No. IV. 

MR. HOPKINS' EXPERIMENT. RUEaRED'1'O, PAGE 364. 

Mr. Hopkius of Cambridge, who has recently espoused the Slidillg Theory 
of De SaUBSnre in opposition to De Charpentier's Theory of Dilatation, haa 

illustrated it by an ingenious experiment. He placed a IIl8S8 of rough icc, 

confined by a square frame or bottomless box, upon a roughly-chiaelled flag
Btone, which he then inclined at a small angle, and found that the gradual 
dissolution of the ice in contact witb tbe stone produced. slow and uniform 
motion, at a \"ery inconsiderable slope, such as a degree, or even leas. .As 
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showing that such a sliding motion may take place without acceleration, this 
experiment is undoubtedly very interesting; but the parallelism to the case 

of a glacier is 80 far incomplete, for the reasons which I have stated in 
the text, and others which might be mentioned, that I cannot suppose it 
possible that any glacier can move as a rigid mass in this manner. At the 
same time, I readily admit, that the motion of the superficial and central parts 

having commenced by their own weight, and being rendered possible hy their 
plasticity, the inferior and lateral portions of the glacier may slide over the 
surface on which they rest somewhat in the manner of the ice in Mr. Hopkins' 
experiment; although I think it may admit of doubt, whether, even in the least 
elevated glaciers, the amount of fusion is sufficient to produce a great effect, 
and whether, in the higher regions, or in glaciers of the second order, it can 
act sensibly. But Mr. Hopkins' views will no doubt soon receive a farther 
development, in which these objections may be more or less removed. 

POSTSCRIPT TO PAGE 152. 

In closing this Volume, I am happy to be able to give the movement of the 
ice near the Montanvert, as observed by Augnste BaJmat, down to the 8th 
June 18403. From the 4th April to the 8th June, the great stone, D. 7. 
moved • 88 feet 1 incb. 
Or, daily, 16.3 inches. 
Connecting the observations of pages 151, 152, with those of the motion of 
the neighbouring station D 2, in the summer of 1842, (page 139,) we obtaiD 
for the total motion of the lateral part of the Mer de Glace at the Montan
vert--

June 29 to Sept. 28, 
Oct. 20 - Dec. 12, 
Dec. 12 - Feb. 11, 
Feb. 17 - April 4, 
April 4 - June 8, 

132 feet. 

70 
76 
66 
88 

Motion in 322 days, 432 feet. 
Proportional motion for the whole year, 483 feet. 

The movement of the centre is probably, at least, two-fifths greater, corres
ponding closely with the intervals of the "dirt bands" of the glacier. See 
page 165. 
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Abrioolla, 293. 
Action &lid apeculatlon, 15. 
AgMU, M.,~, 26 ; on the motion of the Gla-

cier of the Aar, 128, 379, note. 
Aiguille du Gean}l 120. 
Aiguille Vene, hili. 
Aiguille Noire, 240. 
Aiguillea ofChamODDi, 114. 
Alagna, 341. 
Al1alein, Glacier of, 351 ; its Btructure,1Ili2. 
Allee Bl&Dche, 189, et .eq.; Glacier of tbe, 190. 
Alp, its me&Ding,267. 
Alp&, the leas knoWD th&D usually IUppoeed, 3. 
Augle, LI, a ,Promontory on the Mer de Glace, 

76 ; a station on the Mer de Glace, experi
ments at, 130. 

Annivie~ valley of, 288. 
Annual RiDgB, 177. 
Argenti~re, 61acier of, 249 ; Beldom viaited, 

250; lts topography, 251, til .eq.; ancient 
moraine of, ~. 

Aralia, a kind of pine, 282 ; Glacier of, il>. ; ita 
IItructD iJJ. 

Arveiron,r::,urce of the, 61 ; discharge of the, 
62. 

Attrition of rocks by ancient glacien, 03 ; at 
Pont PeJiuier, 1114; in Val de Bagnes, 260 ; 
near Zermatt, 312. 

&Pea. valley of, 258, et 1ItXJ.; Debacle of, 262. 
lJtil.uJt!ll on the motion of tile Merde Glace, 128. 
Balmat, Auguste, 16, et ~ 
Balme, Col de, 249. 
Baae-liDe, meamrement ofa, 103. 
~ranger, ~erre de, 97. 
IHrgIcArutI4, 298 3OS. -
Berrier, Chapell~ de! overthroWD by tbe iDl-

meDle in_ of the Glacier of La Bren..., 
205. 

!JWgrw, 290. 
Bicina, 276. 
Bionauay! !llacier of, 186. 
Bl_~,II14,257. 
Blue oolour of ice,.71 ; of water, 71, 87; of 

IIlOw,711 1601360. 
Bochard, Aigui Ie du,66. 
&is, Glacier dee, 57 ; ancient moraine of, 63. 
Bonhomme, Col du, 187. 
BtWflNo 290. 
Balikml, Glacier of, its remarkable featul't'l, 

I Rn ; caU8C of its purity, 181. 

Bw.rriJ, 6. 
Brena, Glacier of, 268. 
Breull, 324. 
Bl'U8lne,326. 

Calw.,269. 
Capil\ary flamres. See Pi#aru. 
Ch&ble, !58. 
Chllets, EeoDODly of the Alpine, 264, et MJ., 

295. -
Chamois hunter. life, 90. 
Chamois, 325. 
CbamouDi or Chamonix, 60; latitude &lid 

longitude of, 122-
Chapeau, Le, 66. 
Charmoz, Ailruillea des, 78. 
O~, lk, his Theory of DI1atatioh caus

ing the motion of:Sacie~ M, et 18q.-On 
the motion of gI l;as ; his Theory of 
Glacien examined, 35 • 

Chermont&De, great glacier of, 289. 
Chetif, Mont, un. 
Cleavage pl&llea of ice. 28, et 189. 
Cold ~etratea but a 8IIlall depth in ice or 

IDOW 232. 
Col de &ime, 249. 
Col de Collon, pall of the, 278, et 189. ; height, 

279. 
Col d'Erin, ~ of the, 296, et Ittlo; view 

from the, 300 ; d&Dgerous d_nt, 305. 
Col de Fenetres, 269. 
Col dn Gut, JIaB8 of th_lta early historr

ucent from Courmayeur, 220; ita height, 
224, 227 ; View from the, 225.-RemairiI of 
the ca6ouof DeSa~228; hin_deuce 
&lid remarkable obaervatiO~~, et 189.
The descent to Mont&Dvert, :.mIi, et .eq. 

Col du Mout Cervin, 319.-8ee the p~per 
aamea of other Col .. 

Collon, Pus of MODt, 278, &C. 
Combal.Lakeof,l93. 
Cones, Glacier, 25 M7. 
Contae' of Ice and Rock at the Angle, 76 ; a' 

La Bl't!Ilva, 208. 
COte du Piget, 63-
Cbte, Montagne de Ia, 183. 
Courmayeu!l __ ita height, 208; ita mineral
eprin~ WlI.-Geofogy of the neighbour
hood, 209, &c.-The cramont, 213. 

Courtea, Lea, 96. 
Cnuverele, 114. 
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Glacien. See UDder the respective names. 
Glacier&-their phenome,la, 17,-Tbe IU"'" 

~~~~~~~~~:"~~~::~~~ 
Holes in, formed in two _ys, 26, 27. Veined 

:~llt=ti~~;,~~l, ~:=:~;~:i~et.:' "T 
tionary in winter, 35.-Thrurincrease in mo. 
dem times, 43.-Attrition of rocks by, 47. 

£~:~~l~~~l~~a~~li:~~~~~_ 
~n!! ~de~.-See MotitnI, Veined 

GI",fl"" actio" "" lim''''''''''e in V a1 
B""""", 2&J, 

Glacier. of the IIOOOnd order, 7!l. 
GletIclIcrIxxJen, 46. 
God?",,,,,. 
Go"""" Glacio", Glael"" nf Ze""0tt, 312. 
GraciY'''' relationa of to IIeCOndary tUcks a~ 
Counnaleu~209,~ 

Granites of the Alps, 315, 
GM,l~!;on th"'''''h of motio" glacie"', 

Greuonay, 329.-Its German inhabitants, w.-
G;'~::' tnre, 331. 
Guffi'" J~$. 
Guyot, M., 28. 

ft!d~:~a9c::::nti'm 0::2;::::'27, 
and note, 363, 364. 

Heremence, V a1le~ 01, 288. 

~~~:, ~~.;:;;,F:;peri0""",£ illua£m£;'e of£h" 
motion of glaciers, 364, 419. 

H:t; ,~:!, ~h~~:~te motion of the Glacier of 

Ice, oolot" "7, 71. 
Instruments used in 8urveying, &t. 100, 102, 

fIOte. 

Jardl", Eo, 96. 
J oraue, Grande1 93, 246 i-height of the, 120. 
J oraue, Petite, 93. 

La t",,"q, Gffff'"'' of, IFff "fruct""t, getailml. 
2Oi. Contact of ice and rock exposed, 203,-= 
Its great variation8 of dimension, 20&.
Ovel'tnroWll a Chapel, 20/), 

Lad.~"" "f De g"U881Jre g",md in 
Ded""tion the of m"t,'m 
ice, 87. 

Lak,es caneed by moraines, 65,193, 352. 
~~~k:!t~t' 209.-g',mtagne la, Ia, 271. 

Lavanchi, 64. 
Lechaud, Glacier de, IU, &c. ; i&l structare, 

Let~'~~:'~:71e9~ff"" Binks """tinualh 

~:= ;;nh::~~~:'3h..~ue to eevela,E 
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Limeetone beneath guei. or granite, near 
Chamouni, lIS. 66 ; underl,m~ granite, near 
Cbapi~ 189 ; beneath gnea 10 the Val Fer
ret,21U{, 246; age of the limeetones of the 
AIpe, 3 6. 

Liaboli, pierre de 66. 
L,., ~ aI. de, 329, ~ ; Glacier of, 337; ita great 

_tiona of 8IZ8, ill.; ita struotDre, 338: 

Macugnaga, M8; Glacier or. SUi ; ita lmac
tare! 346. 

Map of the Pennine Chain, 15.-<Jonatruction 
of &be map of the Mer de Glace, 12l. 

Mapa of the Alpe defective, 302.-Particularly 
thOle of Monte Rc.a, 360. 

Motet, 189. 
M~Pu,67. 
MGrliru, M., quoted, S6'J. 
.M_rement 01 a bue-Une, 103. 
MM' de GlGc. of Chamonni deeoribed, 57.-

8u"ey of the, 99.-Sectionll of the, 166.
Ita slope at ditferent point&, 1I7.-Ita mean 
slope, 1l8.-E1evationa in the vicinity of &be, 
119, &c.-Ita structure, _ Veifted ~ 
-Ita motion, _ MoIioA of g/oI:i6rI. 

MIage, Glacier or. 192.-lta morainee, 193 ; 
their height andutent, 1~.I98.-Ita mine
rals, 195.-Ita structure, 197. 

Mineral IIprings, 8L Gervaia, 185.-Oourma
year and 8t.~Dldier, 209. 

Models, experimental, 377, 1IOte, 378, &c. 
Montanvert, 72.-Accommodation there, 7S. 

-Ita height above &be -. 1I5. 
Mont Blanc, height of, 120.-Latitude and 

longitude of, 122.-~ of the chain of, 
216.-Inacceasible from the eaat, 236.-8een 
from &be Col de 1& 8eipe, 190.-Tour of, 
179,244, &0. 

Mont Cervin, 301.-Ita geological atructure, 
307.-PIIIIII&g8 01 the, 309 1IOte, 819.-Ita 
height, 321. 

Mont Chetif,212. 
Mont Collon, 282. 
Monte Rc.a, _n from &be Cramont, 215 i from 

the Col du Geant, 225 ; from the Col d Erin., 
SOO i!rom the IWfelberg! SIS; from the Col 
dn lIIont Cervin, 321 ; fI'Om AlagDa, 342 ; 
from Macugnaga, S« ; from Monte More, 
349 ; erroneou8ly suppoeed to be _ from 
the GemIni, 303. 

Monte Rosa, tour of, SI9, tit !"?-Geography 
~ S3"J.--.Aacenta of aome of Ita summita by 
M. Zumatein, 334. 

Monthey, blocks or. 51. 
Moraines, 22.-Medial, 2B.-Immenae one of 

tbe Glacier de Miage, 193, 198.-Ancient, 
01 the Glacier dee Bcia, &S.-Ancient, near 
SL Gervaia, 185. 

More, Monte, 349. 
Motion of Glaciers eumined by obIervationa, 

lUo-The cauae of motion a mechanical 
problem, S7,125.-The surpriaingdiveraitiee 
01 opinion .. to the IBcta of it, 127.-<¥
monl of de Sa~ £bel, Husit ~s, 
Benda. Hall, . lie ~barpentier, BUewell, 
8herwW, 127, 128.-Daily motion detected, 
IS1.-Hourly motion, 138.-Centre of &be 
Mer de Gl.ce movee faater tlum &be llidee, 

1I14,t 146.-Tables of motion ofdifl'erent parts 
of tile Mer de Glace, 139, 140.-~ 
of do., 141.-The facta opposed to the dill
tatlon theory, 146, MI.-Motion of tbe 
Glacier do G6ant faater than Glacier de 
Ucbaud, 146.--Variltion olvelocity ofcen
ire and Ilde vanee with the abeolote velocity 
of &be glacier at ditferent plaoel and timee, 
147 ..... M.otion generally vanee with the tem
perature of the air, 148, &c.-Motion in win
ter, 151, 152, 420. See TMory. 

"Moulina/' Caacadee In the iCe, 85.-Tbeir 
poeition nearly invariable, ih. 

Nant BIInc, Glacier dn, 6S. 
Nantbonrant, 187. 
NtJCktrl. M.,If. 210. 
NEM, 31 ; Cavern. in the, S2. 

Observations, how to record, 5, ... 
Ollen, Col ~ 340. 
Ollomont, 01',0. 
Onieree, 256. 
P_ of the Alpl traY8l'lled by the Author, 

10, ffDA. 
Paataragea oo,ond the glaciers, 69. 82. 
Pltree, or 8hepherds, their life, 264. 295. 
Pennine Chain of Alps, 15. 
Pedriolo, VIIIIt bloob at, 348. 
P6riadee, lee, ~. 
Pierre a Bot, 48. 
Pierre de ~ranp', 97. 
Piaaevache, attrition 01 rocb near the, 58. 
Plaaticity Of Glaci S67. 
Pl.agfait: 41. era, 
PoiDte d~ Ornez, 248 257. 
Polished rocb near P.;t PellsaIer, 184. 
Pont Peiser, 184. 
Ponta, lee, 75. 
Portala, Col de, 125. 
Prarayon,277. 
Precipices, dangeroua, of Trilaporte, 81. 

Qaarazza, Val, S48. 

RansoJa. Col de, 326. 
Rmd., M., Bishop of Ann~, on the motion of 

the Mer de GlaCe, 128 ; hili Inpioul-rieWi 
reapectinJ g1aciera, 356.167.382. . 

Rhone glaciel) 29. 
Riffelbtlrg, S13. 
Riffelhorn, Sl4.-Magnetic rocJra, ih. 
Riva, 341. 
Rivera, glaciers compared to. S82. 
llocIIM MOIIIomte., 53. 
Rflfl!ford, Coat, his ezpIanation of holee in 

iee, 27. 

~tSliO. 
&as; Vall9 oft SIiO L village of, 352-
aa-e. De, /), 6, ", tit pt.JIIim.-HIs th~ 

that glaciei'llllide by gravity, S4, &c.-Hili 
ladd8!z fonnd on the Mer de Glace In 1832, 
86.-ttls memorable stay on the Col dll 
Geant, 228.-HIs obaervationa there, 229, 
&c.-HIs theory of glaciers _inad, 362. 

Scheucbur, 4, 34. 
Sohware.b8rg. Glacier of,36I. 
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SeetioDs of a ISlacier, 164.-01 the Mer de 
GIaee in particular, 166. 

8eigne Col de la, 189. 
s;::;;dl, Cop(., on the motion of the Mer de 

61_,1211. 
Simler, " SiMMIulG, M., 218. 
8now line, 12, lB. 
8now storm, on the Mer de GIaee, 358. 
Stalden, 309, 3M. 
8tations of the IUney of the Mer de Glace, 

their poIIitiom, lOS, &co ; their eleotiom, 
lll, H2.-8ubeidiary stations, 112. 

8t. Bemard, Great, 255. 
.. 8t.. Didier, ita mineral spriJl8l, 209. 

8t. GenIUS, J 85. 
. 8t. Nicolas, .,alley of, 309. 

8tockhom, 302. 
8tructure, _ VeitNd Structure. 
8t. Theodule, Col of, (or MODt Cernn,) 319.-

Electrical j>henomena there, 392. 
Stutkr, M~l2M. 317, _ ptWim. 
Survey of toe Mer de Glaee, account of a, 99. 
Switzerland, Travelling in, 11, 12. 

Tables, Glacier, 26.-Magniftcent one, 92. 
Taooonay, Glacier of, 188. 
Tacul, a promontory of the Aler de Glace, 88, 

&c.-Lac du, ih. 
Talefre, Glacier of, 9Sz 96 ; ita structure, 169. 
Tete Noire, pua of toe, 255.-Tracea of an

cient tl:laciers neart ih. 
Theodolite used for toe survey, 100. 
Theory of Glacier Phenomena, 33,_ Nq., 356._ 

Nq.-Dilatation theory, 34 ; compafed wfth 
obllervation, 357.-Gravitation theory, 33 i 
compared with obeervation, 362.-Theory Of 
viscoUI motion, 365.--Glaciera are plUtic, 
366; move like meld fluids, 368, &0.
Veined structure, how ~roduced, 372.
Experimental models, 377, JIOU, 378, &c. 

Torembec,264. 
T~,l87. 
Tourtemagne, ValleJ of,288. 
Traftllers 100t on the Col de Collon, 280; 

their history, 283. 
Travel., Booke of, 3. 
Trelaporte, Promontory of, BI. 
Triangulation for a survey of the Mer de Glace, 
105.~dea of the Tri8ng1es, llO. 

Trient, Glacier of,24II. 
'l'rigonometrical8urvey of the Mer de Glace, 99. 
Triolet, Glacier de, m. 
Turlo, Col, 343. 
Twillldlt and Moonlight compared with· the 

ligllt of a total eclipae, 221. 

V aloraine, 2M. 
Val Pelline, Valley of, 27 S.--Geology, i6. 
VaI}IIllline, village of, 278.-Hlllpit&lity at, ill. 
Val TournanclKi, ~. 
Variation, Magnetic 123. 
Veined structure of ice, 28, &c.; of the Mer de 

GI_ examined, IS7.-Facta to be explained, 
1S9.-General t)'pe of Jlacier structure, 161. 
-Key to the general diSposition of the.,eins, 
162.-" Dirt Bands," 163; dne to a peen
liarityofthneined structure, 163; structure 
IOmetimes twisted and confuIed 164; __ 
tiona explaining the structun!, 164 ; -.ectiona 
of the Mer de Glace in palticulal', 166.
Frontal dip, what, 167 .--lftructure moat dia
tinct where two glaciers uuite,l68; indicates 
asemifluid motion, 176.-Theory of the struc
ture, 177{ 372.-8tructun! of Glacier des 
Bc.on., Bl; of the Glacier de ~ I,., 
-and ita tributaries, 197; of La Bren.., 
201, et 1flfJ.; of Trient, 248; of ArlIenti4\re, 
252 ; of Durand, 268 ; of AroUa, 282 • Fer
piele,294 ; Zmutt, 307 j Lya, 338; ~
nag&, 346 ; Allalein, 35~ 

Venet.r, M., 43. 
Vene, Algoille, height of the, 120. 
Viscidity 368. 
Viap, or Vi8ge ri.,er, ita temperature, 311. 

Water, not deuaeat at 32", 27; naturally 
blue, 71, 87. 

Weiaahorn, 301. 
Weiaa Thor, MS. 
W~nter, glaciers auppoaed to be stationary dur-

109, 35 ; erroneously, ISl1)S2 1. motion of 
the Mer de GIaee in, 151, ~1, 'llII. 

Zermatt, 309; excuraiona from, Sll~1acier 
of,312. 

Zmutt, Glacier of, ~.L ita moraines, 307 ; 
ita .,eined structure, WI. 

Z""""t.)JI., 327.-Hia &8ClI!MI of Monte 
Rosa, 3M. 
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