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PREFACE TO THE PRESENT EDITION

IN 1859 Professor Forbes collected his scattered essays and
notes relating to his scientific observations on glaciers in a
volume entitled, Occasional Papers on the Theory of Glaciers, now
JSirst collected and chronologically arranged (Edinburgh, A. & C.
Black). Forbes, however, never seems to have thought of
similarly collecting his writings which describe his travels in
the Alps. The present volume is an attempt to fill this gap,
and is thus a companion to that of 1859, the one being purely
scientific and the other purely narrativh.,

The present volume comprises four of Forbes’s chief writings
relating to his Alpine travels :—

1. Travels through the Alps of Savoy and other parts
of the Pennine chain

Originally published at Edinburgh in 1843 by Messrs. Black, a
second and enlarged edition was issued in 1845, and this has formed
the basis of the new edition herewith given to the reading public.
The text has been reproduced in ezfenso, a few misprints being
silently corrected, and the spelling of the place names being brought
into accordance with modern usage. But the entire appendix to the
second edition has been omitted, as it is exclusively scientific, and
has been reprinted in the 1859 work mentioned above. Some of
the chapters in ZTravels deal indeed more or less with scientific
matters, but in a popular fashion, while Forbes’s account of his survey
of the Mer de Glace at Chamonix is too valuable and interesting to
be thrust out of the position to which the author himself assigned it.
The whole of the text has been carefully annotated with the special
view of enabling the reader of to-day to appreciate the full meaning
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of Forbes’s wonderfully interesting narrative. In particular, pains have
been taken to give the most recent determinations of the heights of the
various peaks and passes mentioned, so that the reader may see for
himself how slight are the variations from those obtained by Forbes
half a century ago by the aid of comparatively imperfect instruments.
The present editor’s notes are always enclosed within square brackets,
while the quotations from works of Alpine travel have been carefully
verified, and corrected if necessary.

The large lithographs have not been reproduced, as they are very
old-fashioned. The topographical sketches have been reduced in
size (but not corrected), and are now inserted in the text. The
large map of the Mer de Glace is given without any changes being
made in it, but that of the Pennine Alps has been replaced by a
new large scale outline map, on which Forbes’s route is marked in
red. All the diagrams have been retained in the present edition.

R. Journals of Excursions in the High Alps of Dauphing,
Berne, and Savoy

These journals were printed at the end of Forbes’s Norwey and
its Glaciers wvisited in 1851 (Edinburgh, A. & C. Black, 1853), and
so are but little known to the Alpine reading public. Yet they are
of extreme importance and interest, for they narrate some very
early explorations in the snowy ranges of Dauphiné, the first British
ascent of the Jungfrau, and the first visit by a traveller to the
great Glaciers of Tour and Saleinaz in the chain of Mont Blanc.

As in the case of the Saroy, the large lithographs have been
omitted, but all the other illustrations and diagrams have been
retained. The spelling of the place names has been revised, and the
text fully annotated. Entirely new maps (there were none in the
1853 issue) of the Dauphiné and Bernese Alps (with Forbes’s routes
marked in red) are supplied, as well as an accurate diagram of the
intricate topography of the head of the Tour, Trient, Argentiére,
and Saleinaz Glaciers, since Forbes’s diagram is very faulty, and is
now only of historical interest.

3. Pedestrianism tn Switzerland

This is an article originally printed in the Quarterly Review for
April, 1857, and is a most interesting review by one of the early
pioneers of the principal new works relating to the Alps. It has
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also considerable historical importance, as it appeared nine months
before the foundation of the English Alpine Club.

4. Topography of the Chain of Mont Blanc

This is an article published in the North British Review for March,
1865, and is here reprinted by the kind permission of Mr. Douglas.
It is specially concerned with Mr. Adams Reilly’s map of the Chain
of Mont Blanc, which in a way was the continuation of Forbes’s
own labours on,the Mer de Glace. The reproduction of an early
form of this map is in this edition replaced by a more recent map
of the chain. We have omitted the reproduction of Peter Martel’s
quaint old map, and also the diagram showing the Argentiére, Tour,
and Saleinaz Glaciers, as the more accurate diagram (given under 2
above) completely supersedes it.

It is hoped that the present edition of the Alpine writings
of one of the first British pioneers in the High Alps may be
acceptable to a wide circle of readers. I acknowledge gratefully
much help received from M. Louis Kurz of Neuchétel (the chief
authority on the chain of Mont Blanc), who has read through
all the proofs, especially of that portion of the volume relating

to the chain of Mont Blanc.
W. A. B. CooLIDGE.

GRINDELWALD, February 1900.






INTRODUCTION TO THE PRESENT EDITION

THE PLACE OF FORBES IN THE HISTORY OF
THE EXPLORATION OF THE HIGH ALPS

THERE is a vague idea afloat that the exploration of the High
Alps (t.e. those above the snow-level) has been mainly due to
English travellers. But like many others this idea is so far from
being accurate that it would be truer to assert as a general pro-
position that the contrary was the case. In particular districts
and in the case of some very famous peaks, English climbers
have no doubt been to the fore, as well as in the detailed study
of certain ranges, originally first visited by travellers of other
nationalities. But till about the middle of the fifties English
climbers were few and far between, though since then they have
done their best to make up for lost time and lost ground. Yet
to all general rules there are exceptions, and Forbes 1nerits an
honourable pre-eminence as one of the earliest British explorers
of the High Alps, as the author of the first detailed book in
English relating to such explorations, and as a link between
Saussure and the founders of the English Alpine Club.

Before, however, dwelling on these characteristics of his
Alpine career it may be well to set down the main facts of that
career as contained in his own writings or in his letters and
diary, printed in the interesting Life and Letters which was
compiled by Principal Shairp, Professor Tait, and Mr. Adams
Reilly, and published in 1873.

Born in 1809 of an ancient Scotch family, Forbes was
elected (against Sir David Brewster) to the Professorship of
Natural Philosophy in the University of Edinburgh in 1833,
when not quite twenty-four years of age. This post he exchanged

—
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at the end of 1859 only, and that in consequence of ill health,
for the Principalship of the United College in the University of
St. Andrews, a dignified position which he filled till within six
weeks of his death on the last day of 1868. In the framework
of this life of industrious simplicity are set his frequent visits to
the Alps, one of the chief features of which was that they meant
to him simply the continuation of his studies and researches,
amid different surroundings, but yet on the same lines as in his
quiet home. This feature explains why he always preferred to
travel leisurely, and to make expeditions which might supply
him with information such as his studies required rather than
those which would only serve topographical or gymnastic ends.
In other words, his mountain explorations were made with a fixed
object in view—the study of hitherto more or less unexplained
phenomena of nature, in particular all that relates to glaciers,
their motion, characteristics, etc. This was the primary object
Forbes set before him. In this paper, however, we have not to con-
sider him as a student of the physical sciences, but as a wanderer
among the Alps, a topographical explorer, and an Alpine climber
—that is, in short, to lay stress on what to him were the
secondary objects of his travels. But from this point of view his
place in the history of Alpine exploration is certainly not lower
than that which he worthily occupies in the history of the
Glacier Theory.

In 1826, when but seventeen, he paid his first visit to the
Alps, spending a day at Chamonix, and making an excursion on
the Mer de Glace, the future scene of his remarkable labours.
In 1832 he again visited Chamonix and the Mer de Glace,
pushing on as far as the Jardin, but had to cut his trip short in
order to return home to enter on the contest for the Professorship,
which he succeeded in obtaining. His visits in 1835 to the
Pyrenees, and in 1837 to the Tyrol (including the Dolomites)
do not concern us here, especially as he seems to have reached
no great height during these wanderings. It is in 1839 that
his career as a mountain explorer may be said to begin. From
Marseilles (which he had reached after spending some days
in Auvergne) he made his way up the Durance and Ubaye
valleys to Barcelonnette, and crossed from the head of the latter
valley by the Col de la Cula (c. 9700 feet) to St. Véran (the
highest village in France), and so to Abri¢s in the Guil valley.

~N
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Following the latter valley to its very head he made the “ Tour of
Monte Viso” by several laborious passes—the Col de la Traver-
sette (9679 feet), the Col dei Viso (8704 feet), either the
Sagnette (9761 feet), or the San Chiaffredo Passes (9069 feet),
and the Col de Vallante (9269 feet). He then recrossed from
the Guil valley by the Col de la Croix (7576 feet) to the Wal-
densian valleys of Piedmont, where he spent a few days. Thence
he made his way up the Chisone valley, and crossed successively
the Col de Sestritres (6631 feet), the Mont Geneévre (6083 feet),
and the Col du Lautaret (6808 feet) to the little town of Bourg
d’Oisans in the Dauphiné Alps; hence he made an excursion up
the Vénéon valley to La Bérarde in the heart of the Dauphiné
Alps, being probably the first English traveller to visit that
remote hamlet. Then by way of Grenoble and Geneva he mnade
his way to Chamonix for the third time, once more exploring
the Mer de Glace and the Jardin, and later in the season making
the “ Tour of Mont Blanc” to Courmayeur. Turin was reached
vid Cogne, the Col della Nouva (9623 feet), and Cuorgné. A few
days later Forbes returned to Savoy by the Mont Cenis (6893 feet),
and then crossed from Lanslebourg by the Col d’Iseran (9085 feet)
to the head of the Istre valley, down which he made his way past
Tignes, Bourg St. Maurice, and Moftiers Tarentaise, in order to
gain Chambéry and Lyons. The published notices of this long
journey are very scanty. This is much to be regretted, for it
led him through regions which even now are not very familiar
to English travellers, and in which he was often probably the
first Englishman ever seen. But save on one or two excursions
he did not on this occasion penetrate very far into the high
sSnow regions.

The case is very different with his travels in 1841 and
1842, on which his fame as a mountain climber must rest. In
1841 he went from Grenoble to Allevard, and then by the
Sept Laux (7169 feet) to Bourg d’Oisans. Thence he again
went up the Vinéon valley to La Bérarde, but this time did
not return by the same route. On July 25 he traversed the
high snowy Col du Says (10,289 feet)—this being the first
known passage by a traveller—to the remote Val Gaudemar.
Thence, after a day spent in geologising in the Navettes glen,
he crossed another high glacier pass, the Col du Sellar (10,063
feet), being no doubt the first foreign traveller to achieve this
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expedition—to the Vallouise. A visit to Arvieux in the Queyras
(the scene of the devoted labours of Félix Neff, who had only
died in 1828) was followed by a geological excursion to a remark-
able phenomenon at the foot of the Pic de Combeynot on his way
over the Col du Lautaret to La Grave. The long but easy Col
de I'Infernet (8826 feet) led him to the Mont Cenis road at St.
Jean de Maurienne. This campaign in the Dauphiné Alps is of
very great historical interest, for they were then all but unknown
to English (or indeed to any) travellers, and Forbes’s expeditions
form the starting-point of the later explorations of this district,
many years after his visit. From Dauphiné Forbes hurried by
the Little St Bernard (7179 feet), the Col Ferret (8311 feet),
and the Grimsel Pass (7139 feet) to the Grimsel Hospice to
keep an engagement with Agassiz and his party, then occupied
in studying the Unteraar Glacier. On the very first day he set
foot on that glacier (August 9) Forbes’s attention was attracted
by the striking phenomenon of the veined or ribbon structure of
the ice, a noteworthy instance of his perspicacity. He remained
some time at the Grimsel, or at Agassiz’s hut on the Unteraar
(ilacier (the hut is best known as the “ Hotel des Neuchételois ™),
excursionising to the Gross Sidelhorn (9452 feet) and to the
Rhone (ilacier. On August 20 he crossed the Gauli Pass (10,519
feet) to the Urbachthal, climbing on the way up the Ewig-
schneehorn (10,929 feet), of which the first ascent had been made
a few days earlier by Desor. The whole party on August 27
crossed the Oberaarjoch (10,607 feet) from the Grimsel to the
chalets by the now well-known Miirjelen lake, and next day made
the ascent of the Jungfrau (13,669 feet). This was but the
fourth recorded ascent of this beautiful peak, which had not
been attained since 1828. It was the first ascent of the moun-
tuin in which any other than Swiss took part, and it was not
till 1856 that another native of Great Britain (Mr. Chapman)
attained this summit. Forbes’s Alpine travels in 1841 were
brought to a close by visits to Saas Fee and to Zermatt (where
he made several excursions, including one to the summit of the
St. Théodule Pass), and then by a day’s geologising at Vernayaz
and Salvan.  On the way home he called in upon Agassiz and
Desor at Neuchfitel, and on Professor Bernard Studer at Berne.
In many respects this journey of Forbes in 1841 was the most
important. that he ever made in the High Alps, for the expedi-

N\
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tions were the most difficult he achieved in the course of his
Alpine career; he never attained in later years a greater
height than the Jungfrau ; and (last but not least) his observations
on the Unteraar Glacier induced him to form the project of
himself instituting a systematic and thorough examination of a
great Alpine glacier.

Hence, in 1842, the greater part of his summer was occupied
by such observations on the Mer de Glace at Chamonix, which
he selected as the scene of his labours. The very day (June 24)
he reached Chamonix from St. Gervais by the Col de la Forclaz
(5105 feet) he made the acquaintance of Auguste Balmat (who
had been recommended to him by the Curé of Chamonix), a man
who became his faithful guide and companion during his examina-
tion of the Mer de Glace, and on his later travels, though oddly
enough not on the Col du Géant or on the round with Prof. Studer.
He made a journey to Turin to observe a total eclipse of the
sun, and on his way back stopped some days at Courmayeur,
making excursions to the Cramont (8980 feet) with Chanoine
Carrel of Aosta, the Col de Chécouri (6431 feet), and the Croix
de la Bernarda (8314 feet), as well as to the great Brenva
and Italian Miage glaciers. On July 23, as in duty bound, he
followed in the steps of his revered master, H. B. de Saussure,
across the Col du Géant (11,060 feet), thus regaining his head-
quarters at the Montenvers. A few days later he received a
visit at Chamonix from Prof. B. Studer, whom he agreed to meet
at the Great St. Bernard on August 12.

The friends met at the convent on the appointed day (Forbes
having with him Victor Tairraz of Chamonix), and then set out
on a most interesting journey through the mountains in the direc-
tion of Zermatt. After descending to Orsiéres they mounted the
entire Val de Bagnes, and on August 15 crossed the Col de
Fenétre (9141 feet) to the village of Valpelline above Aosta.
Thence they ascended the Val Pelline to the Prarayé huts, and
on August 17 traversed the little known Col de Collon (10,270
feet) to Arolla and Evolena, names now familiar to summer
travellers, though Forbes was probably the first English traveller
to visit either spot. The bad accommodation at Evolena so
disgusted Prof. Studer that he fled to the Val d’Anniviers, thus
leaving Forbes the honour of making (August 19) the first certain
passage by travellers of the snowy Col d'Hérens (11,418 feet),
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with which he combined the ascent of the Stockhorn (11,795
feet, This pass brought him by the Z’Mutt glacier to Zermatt,
whence he climbed the Iiffelhorn (9617 feet), which he had
tried in 1841, but which had heen first scaled Ly some students
a few days before Forbes’s arrival at Zermatt in 1842. After a
slight detention at Zermatt (due to an injured foot) he started off
again with Prof. Studer to make the “Tour of Monte Rosa.”
This involved crossing the St. Théodule (10,899 feet) to the
village of Val Tournanche, the Col de Portola (7924 feet) thence
to Brusson in the Val d’Ayas, the Col della Ranzola (7123 feet)
to St. Jean de Gressoney, the Col d’Olen (9420 feet) to Alagna
and Riva in the Val Sesia, the Turlo Pass (8977 feet) to Macug-
naga in the Val Anzasca, and the Monte Moro (9390 feet) to
Saas and Visp. On the way Forbes made the acquaintance of
Zumstein and of Gnifetti (two of the early explorers of Monte
Rosa), and visited the Lys and Macugnaga glaciers. He then
returned to Chamonix vid Martigny, not failing to examine the
Argentiére and Trient Glaciers en route. He had accomplished
a splendid summer’s work, whether in carrying out his great
survey of the Mer de Glace or in his Alpine wanderings in un-
frequented parts of the Pennine chain. He himself writes in
his journal that this summer “was the happiest he had ever
spent ” (Life and Letters, p. 155).

All the winter of 1842-43 he was engaged in writing his
Travels through the Alps of Savoy, which forms the first portion
of the present volume. It is mainly devoted to his campaign
of 1842, for the notices of his earlier Alpine travels appeared
only in the form of an “ Appendix” (the second portion of
the present volume) to his book on Norway that was not
published till 1853. The Suvoy book gave him much work,
not erely in reducing his observations, but also in drawing
the splendid map of the Mer de Glace, in the preparation of
the numerous smaller topographical sketches to illustrate the
exact topography of certain parts of his journeys, and in the
superintendence of the reproduction of his larger and smaller
diagrams. The dedication to his friend Prof. B. Studer is dated
July 1, 1843, and on the 4th of the same month Forbes married,
starting at once to pass his honeymoon in the Alps. But his
brilliant Alpine career was now (the pity of it!) to be brought
practically to a close, for on July 20 at Bonn he was struck
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down by gastric fever, and it was only after a most dangerous
illness (and one from the effects of which he never completely
recovered) that, about the middle of August, he at last reached
Switzerland. After spending some time at Bex, where he dis-
cussed glacier problems with Charpentier, he succeeded on
September 4 in getting across the Col de Baline to Chamonix,
where he was warmly welcomed by his many humble friends.
He was even strong enough to resume his observations on the Mer
de Glace in a certain degree. On the way home he crossed the
Gemmi Pass (7641 feet), visited Grindelwald and its Eismeer,
ascended the Faulhorn (8803 feet), and travelled by way of the
Great Scheidegg (6434 feet) and Meiringen to Thun and Berne.
But what a sad contrast was his trip of 1843 to those of
1841-42!

In 1844 Forbes made a tour through the Italian Lakes, and
then entercd Switzerland by the Simplon Pass (6592 feet). He
spent some days at the Simplon Hospice, and on July 22 made
thence, in the company of one of the Austin Canons, his last
important Alpine ascent, that of the Wasenhorn (10,680 feet),
above the Kaltwasser Glacier. A few days later he minutely
studied the Mirjelen lake (known to him from his bivouac near
by in 1841), the Great Aletsch Glacier, and the Massa gorge
through which the Great Aletsch Glacier sends its waters to the
Rhone. Then he spent three weeks at Chamonix and the Mont-
envers, again making a long series of observations on the
various phenomena presented by the Mer de Glace. These
served to complete and to correct his previous work, and are not
unfrequently mentioned in the second edition of his Savoy,
issued in 1845.

Forbes did not go abroad in 1845, but in 1846 he spent a
long time at the Montenvers. On the way thither he visited
Bishop Rendu (a great authority on glaciers) at Annecy. But,
apart from renewed visits to the Brenva and Italian Miage
Glaciers, Forbes that summer did little climbing. He was un-
successful in an attempt to climb the Aiguille du Moine, and
also in another to explore the Tour Glacier. On August 22 he
crossed the Col de Cheville (6273 feet) from Bex to Sion, and
wound up his summer wanderings by visits to the Rhone and
Unteraar Glaciers.

Several years passed by before Forbes in 1850 again caught a
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glitopss: of his telovsl Alpe  He naturally went to his well-
kiwswn haunta at Chamsonix, and on July 17 climted the Aiguille
de: la Gliere ‘c. 83800 fert, in the chain of the Aiguilles Rouges,
north of Chamonix.  And on July 20 he had the satisfaction
of at last carrying out his long-planned exploration of the Tour
Glacier, crossing thence by the Col Blanc 711,162 feet; to the
upper plateau of the Trient Glacier, and then through the Fenétre
de Saleinaz (10,709 feet, to the Saleinaz Glacier, and so to
Orsiéres.  This was bis last expedition in the High Alps, so that
a peak in the neighbourhood was fitly named many years later
the “ Aiguille Forbes ” (11,418 feet) in honour of the first great
British explorer and mountain climber. The narrative (see
Chap. V. of Part II. below) of this expedition is printed in the
Appendix to his Norway book, which is mainly concerned with
the account of a visit to Norway in 1851, and was published in
1853.

In the spring of 1853 his faithful companion, Auguste
Balmat, came to England to see Forbes at Clifton, near Bristol.
That summer Forbes made a short journey to Switzerland, visit-
ing Ziirich and the St. Gotthard,—his last visit, for an attempt in
1857 Lroke down at Folkestone. But though he never again
set eyes on the Alps he loved them to the last. “ My heart,” he
wistfully said, “ remains where my body can never be. . . . My
yearnings towards the Colinton banks” (the home of his youth)
“and towards the Swiss mountains are much on a par—both
home-sickness ” (Life and Letters, p. 340).

Nuaturally, therefore, he took the keenest interest in the
growth and spread in the early fifties of the taste for Alpine
climbing among the younger generation of Englishmen. In
1857 he made the acquaintance of Mr. Alfred Wills (now the
Hon. Mr. Justice Wills), who a few months later was one of the
founders of the club. Forbes made Mr. Wills’s book, Wanderings
among the High Alps, one of the subjects of an article in the
Quarterly Review for April, 1857, on “ Pedestrianism in Switzer-
land ” (reprinted as the third portion of the present volume). At
the instance of Forbes Mr. Wills in 1858 carried out the com-
plete exploration of the Col du Tour, and so rounded off Forbes’s
work in that region. On July 19, 1859, Forbes was elected an
honorary member of the Alpine Club, deservedly the first man
to receive this honour. He appreciated keenly the success (in
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1861) of Mr. F. F. Tuckett in reaching Mont Blanc from St.
Gervais by way of the Bosses du Dromadaire, and the same
mountaineer’s epoch-making explorations in 1862 of the high
glacier passes of Dauphiné, which had been all but totally
neglected since Forbes’s own journey of 1841. He was very
specially drawn towards Mr. Adams Reilly, who had undertaken
to construct a detailed map of the entire chain of Mont Blanc,
and made an early version of it the text of an article on the
“ Topography of the Chain of Mont Blanc” in the North British
Review (reprinted as the fourth portion of the present volume)
for March, 1865, the complete map itself appearing later in the
same year.

Such are the mgin facts of Forbes’s Alpine career, the
keynote of which is given in the enthusiastic words of Charles
Kingsley: “ We have heard Professor Forbes’s book on glaciers
called an Epic Poem, and not without reason. But what gives
that noble book its epic character is neither the glaciers, nor the
laws of them, but the discovery of those laws; the methodic,
truthful, valiant, patient battle between man and Nature, his
final victory, his wresting from her the secret which had been
locked for ages in the ice-caves of the Alps, guarded by cold and
fatigue, danger and superstitious dread ” (Life and Letters, p. 162).

Let me now briefly dwell on the three characteristics which,
a8 I pointed out at the beginning of this paper, seem to me to
distinguish Forbes’s work in the Alps other than his purely
scientific observations on glaciers.

1. He was one of the Earliest British Explorers of the High Alps

His known predecessors are indeed few and far between,
while they all made isolated expeditions, not prolonged tours
among the snow and ice regions. Here are the names of some
of them. In 1786 Mr. Hill crossed the Col du Géant, and his
footsteps were followed by one or two English parties, among
them being Mrs. and Miss Campbell in 1822. Colonel Beaufoy,
in 1787, was the first Englishman to reach the summit of Mont
Blanc, and was succeeded by a bare dozen English parties before
1839. Mr. Cade’s party crossed the St. Théodule in 1800, and
was followed by a few other travellers. Sir John Herschel
ascended the Breithorn in 1822, and Lord Minto in 1830 ;
w b
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while in 1835 Mr. Callander crossed the Mittelgrat or “Old
Strahlegg ” Pass. Mr. Brockedon, between 1824 and 1829,
crossed several high glacier passes in the Tarentaise and the
Maurienne, and in 1845 Mr. Speer made the first ascent of the
Mittelhorn, the highest summit of the Wetterhorn. Mr. A. T.
Malkin’s climbs among the High Alps began in 1839, as did
those of Forbes. But all these were, so to say, “ spurts ” or “ tours
de force,” while it will be noticed as a curiosity that the Scotch
element is very strong among these early Alpine climbers. On
the other hand, Forbes’s climbs are spread over several successive
summers, and were made in widely distant regions of the Alpine
chain. In particular his ascent of the Wasenhorn, in 1844, is
noteworthy as being, so far as I can discover, the earliest “ first
ascent ” of a peak over 10,000 feet ever made by a native of
Great Britain, for Forbes thus beat by just a year his brother
Scotchman, Mr. Speer, on the Wetterhorn. In face of this
enterprise one is surprised that it never seems to have occurred
to Forbes to attempt the ascent of Mont Blanc itself, though
his master Saussure had vanquished it, or even to explore any
portion of that great mountain, despite his many and prolonged
visits to Chamonix and the Mont Blanc range in general.

2. Forbes was the author of the first Detailed Book in English
relating to such Explorations in the High Alps

This may seem astonishing, but I believe my statement is
perfectly accurate. Before 1843 the various English climbers
mentioned above had published very little as to their doings.
Save the pamphlets or booklets given to the world by pretty
well every one of the English parties which had ascended Mont
Blanc, and Mr. Brockedon’s articles in Blackwood in 1836, and
in Fraser in 1839 (for his Journals of Excursions in the Alps
does not deal with the High Alps save as regards the St.
Théodule and Gries Passes), the notes left by the other English
parties were generally published very many years later, and in no
case do they amount to more than notes or short magazine
articles. Forbes's Savoy therefore led the way in the matter of
English works relating to the High Alps, the number of such
works being now very great.

But it must not be forgotten that as non-Englishmen had

pantil
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climbed many peaks, and had crossed many passes in the High
Alps before the time of Forbes, so they had also published
several works relating more or less to their doings; a list of
these (all quoted or mentioned by Forbes himself) is given at
the end of this paper.

3. Forbes was a link between Saussure and the Founders of
the English Alpine Club

Forbes always regarded Saussure as his master, for as he
tells us himself in the early pages of his Sawoy, “ 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.” And his Savey is avowedly an
“endeavour to follow De Saussure in his own country and to
meet him on his own ground ”—in short a continuation (though
of a more special nature) of the Voyages dans les Alpes, both
works treating of scientific subjects as well as giving a narrative
of the excursions during which these scientific observations were
made. There is even a very interesting personal link between
Saussure and Forbes. In Forbes’s journal of his first visit to the
Alps in 1826, he tells us how on his very first exploration of the
snow regions one of his guides was Cachat “le Géant,” who had
travelled so much with Saussure, particularly on his ascent of
Mont Blanc and on his passage of the Col du Géant.

On the other hand, Forbes, while thus looking back towards
Saussure, looks forward towards the younger Englishmen who
were to successfully carry out the minute exploration of the
Alps. We have seen above how he encouraged Mr. Wills, one
of the founders of the Alpine Club and its third President, while
it was to Mr. Wills that Forbes handed on his guide Auguste
Balmat. We have seen too how interested he was in the explora-
tions of Mr. Tuckett and the Mont Blanc map of Mr. Adams
Reilly. No doubt he showed the same friendly encouragement
to many others of the rising English climbers. And thus, whether
by his example, or by his personal help ever generously rendered,
Forbes forms the true link that binds together in one long
golden chain the mountaineers of the eighteenth century who
first systematically attempted to penetrate the secrets of the
world of ice and snow in the Alps with their successors a
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hundred years later, to whom it has been given to complete the
explorations thus set on foot.

For all these reasons, and doubtless others could be added,
Forbes fills a very high position in the history of the exploration
of the High Alps, especially in the British chapter of that
history, so that should a calendar of Alpine worthies ever be
drawn up his name would deserve a foremost place therein,
whether as an Alpine pioneer, as an Alpine writer, or as a link
between past and present Alpine climbers.

W. A. B. CoOLIDGE.

1. Principal Expeditions above the Snow Line made by Forbes

1882. Jardin (9833 feet).
1839. Col della Nouva (9628 feet).
1841, Cols du Says (10,289 feet) and du Sellar (10,063 feet).
Gauli Pass (10,519 feet).
Ewigschneehorn (10,929 feet).
Oberaarjoch (10,607 feet).
Jungfrau (13,669 feet).
1842. Cols du Géant (11,060 feet), de Fenétre (9141 feet), de Collon (10,270 feet),
and d'Hérens (11,418 feet).
Stockhorn (11,795 feet).
St. Théodule (10,899 feet).
1844. Wasenhorn (10,680 feet).
1850. Col Blanc (11,162 feet), and Fenétre de Saleinaz (10,709 feet).

2. Principal Books relating to the Alps which are quoted by Forbes

Agassiz (L.) *‘‘Etudes sur les Glaciers.” Neuchdtel, 1840.

Auwldjo (J.) ‘‘A Narrative of an Ascent to the Summit of Mont Blanc on the 8th
and 9th of August, 1827.” 2nd edition. London, 1830.

Bakewell (R.) ‘‘Travels in the Tarentaise, &c., in 1820-22.” 2 vols. London,
1823.

Ball (John). *‘The Alpine Guide.” Vol.i. ‘‘The Western Alps.” London, 1863.

Baruffi (G. F.) ‘Pellegrinazioni autunnali.” 4 vols. Turin, 1841-43.

Bourrit (M. T.) *Nouvelle Description des Glaciéres, Vallées de Glace, et Glaciers
qui forment la grand chaine des Alpes de Suisse, d’Italie, et de Savoie.” 8 vols.
Geneva, 1785,

Brockedon (W.) ‘‘Journals of Excursions in the Alps.,” London, 1833. 2nd
edition, 1845. :

Browne (J. D. H.) ‘‘Ten Scenesin the Last Ascent of Mont Blanc.” London, 1858.

Charpentier (J. de). *‘Essai sur les Glaciers et le Terrain Erratique du Bassin du
Rhoéne.” Lausanne, 1841.

Charpentier (J. de). *‘ Notice sur la cause probable du transport des Blocs Erratiques
de la Suisse.” Article in vol. viii., 1835, of the ‘“ Annales des Mines.” Paris.

Coleman (E. T.) ‘‘Scenes from the Snow-Fields; being Illustrations from the
Upper Ice-World of Mont Blanc.” London, 1859.

.
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Desor (E.) *‘ Excursions et Séjours dans les Glaciers et les Hautes Régions des
Alpes de M. Agassiz et de ses compagnons de voyage.” Neuchitel and Paris,
1844. '

Ebel (J. @.) ‘ Manuel du Voyageur en Suisse.” 2nd French edition. 4 vols.
Ziirich, 1810-11.

Engelhardt (C. M.) ‘‘Naturschilderungen, Sittenziige, und Wissenschaftliche
Bemerkungen aus den hochsten Schweizer-Alpen, besonders in Siid- Wallis
und Graubiinden.” Paris, Strasburg, and Basel. 1840.

Frobel (Julius). ‘‘Reise in die weniger bekannten Thiler auf der Nordseite der
Penninischen Alpen.” Berlin, 1840.

Godeffroy (Charles). ‘ Notice sur les Glaciers, les Moraines, et les Blocs Errat-
iques des Alpes.” Paris and Geneva, 1840.

Gruner (G. 8.) ‘‘Die Eisgebirge des Schweizerlandes.” 3 vols. Bern, 1760.

Hall (Captain Basil). *‘‘Patchwork.” 3 vols. London, 1841.

Hirzel-Escher. ‘‘ Wanderungen in weniger besuchte Alpengegenden der Schweiz,
und ihrer nachsten Umgebungen.” Ziirich, 1829.

Hudson (C.) and Kennedy (E. 8.) *‘ Where there’s a Will there’s a Way : An Ascent
of Mont Blanc by a New Route and without Guides.” London, 1856.

Hugi (F. J.) *Naturhistorische Alpenreise.” Soleure, 1830.

Latrobe (C. J.) * The Alpenstock: or Sketches of Swiss Scenery and Manners,
1825-26."”, London, 1829. 2nd edition, 1839.

Meyer (J. R. and H.) *“ Reise auf den Jungfrau-Gletscher und Ersteigung seines
Gipfels.” Aarau, 1811. See also Zschokke.

Meyer-Ahrens (Conrad).  *‘ Die Bergkrankheit.” Leipzig, 1854.

Murray’s ‘ Handbook for Travellers in Switzerland and the Alps of Savoy and
Piedmont.” 1st edition, 1838 ; 2nd edition, 1842 ; 7th edition, 1856 ; 10th
edition, 1863.

Necker (L. A.) * Etudes Géologiques dans les Alpes.” Vol. i. (all published).
Paris, 1841.

Rendw (Louis, later Bishop of Annecy). ¢ Théorie des Glaciers de la Savoie.”
Originally published in 1840 at Chambéry in the ‘‘Mémoires de la Société
Royale Académique de Savoie.” Reprinted, with an English Translation, by Mr.
Alfred Wills at London in 1874,

Ruskin (John). ‘On Mountain Beauty ” (vol. iv. of ‘‘ Modern Painters”). London,
1856.

Saussure (H. B. de). *‘Voyages dans les Alpes.” 4 vols. Neuchitel and Geneva,
1779-96.

Saussure (H. B. de). ‘‘ Partie Pittoresque de ses ouvrages.” 3rd edition. Paris, 1855.

Scheuchzer (J. J.) ““ Itinera per Helvetize Alpinas Regiones facta annis 1702-11.”
Collected Edition. Leyden, 1723.

Schlagindweit (H. and A.) ‘‘ Untersuchungen iiber die physicalische Geographie der
Alpen.” Two series. Leipzig, 1850 and 1854.

Schott (Albert). ‘“Die deutschen Colonien in Piemont.” Stuttgart and Tiibingen,
1842,

Sherwill (Markham). ‘* Historical Sketch of the Valley of Chamouni.” Paris, 1832.

Simler (Josias). ‘* Vallesiz Descriptio et De Alpibus Commentarius.” Ziirich, 1574.

Simond (L.) *‘Voyage en Suisse fait dans les Anndes 1817-19.” Paris, 1822.
English translation. 2 vols. London, 1823.

Smith (Albert). *‘‘The Story of Mont Blanc.” 2nd edition, 1854.

Studer (Gottlieb). * Topographische Mittheilungen aus dem Alpengebirge.” With
an Atlas of Mountain Outlines. Bern and St. Gallen, 1843.
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Ulrich (Melchior). ‘‘Die Seitenthiler des Wallis und der Monterosa.” Ziirich,
1850.

Venetz (L.) *‘‘Mémoire sur les Variations de la Température dans les Alpes de la
Suisse.” Ziirich, 1833. Article in vol. i. part 2 of the *‘Denkschriften der
Allgemeinen Schweizerischen Gesellschaft fiir die gesammten Naturwissen-
schaften.”

Welden (L, von). *‘ Der Monte Rosa.” Vienna, 1824.

Windham (W.) and Martel (P.) ‘‘An Account of the Glaciéres or Ice Alps in
Savoy, in Two Letters. One from an English gentleman to his friend at
Geneva ; the other from Peter Martel, engineer, to the said English gentleman.
Illustrated with a map and two views of the place, etc. As laid before the
Royal Society.” London : printed for Peter Martel, 1744.

Wills (Alfred). ‘* Wanderings among the High Alps.” London, 1856.

Zschokke (H.) “ Reise auf die Eisgebirge des Kantons Bern und Ersteigung ihrer
hochsten Gipfel im Sommer 1812.” Aarau, 18138. Compiled from information
given by the Meyers. Compare R. Meyer’s original narrative printed in the
‘¢ Alpenrosen ” (Aarau and Thun) for 1852.
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TO M. BERNARD STUDER

DOCTOR IN PHILOSOPHY, CORRESPONDING MEMBER OF THE ACADEMIES OF BERLIN,
TURIN, AND MILAN, OF THE NATIONAL INSTITUTE OF WASHINGTON,
OF THE GEOLOGICAL SOCIETY OF FRANCE, ETC., ETOC.,

AND PROFESSOR OF GEOLOGY AND PHYSIC8 IN
THE UNIVERSITY OF BERNE

My pEAR SIR— In former times Dedications were usually the
fulfilment of a stipulation, by which Patronage was to be purchased
by Eulogy. But since 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 opportunity to be
valued by a literary man, of expressing publicly his respect for the
talents, and his esteem for the character 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 interest-
ing scenes described in this volume would alone be a good reason for
requesting permission to dedicate it to you, especially as its appearance
is not wholly unconnected with conversations which then passed
between us.

But when I add, that your intimate acquaintance with the Alps
and their structure, derived from many years of unwearied research,
gives you an especial right to judge of a work relating to their
Geography and Natural History—a further reason for this Dedication
will be understood by 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, lst July 1843.







PREFACE TO THE SECOND EDITION (1845)

IN the present Edition the alterations have been chiefly confined
to verbal corrections, and to the addition of some more important
points of recent information in footnotes and in the Appendix.
The text has been as slightly altered as possible, for I have often
observed with regret how new Editions may become new Books
without any corresponding advantage. If a work require to be
so entirely recast, it ought to be.considered as a new one. The
narrative form adopted in the present volume, and its constant
reference to observations and theories made at the time, render
it difficult to incorporate new matter in the same manner as
if it were, or professed to be, a Systematic Treatise. These
Observations and Theories prove their own date:— this
work was written to give them publicity, and I should wish
it still to be considered as the depository of them in essen-
tially the same shape in which they were originally given to
the world.

Of course, this ought not to prevent ambiguities from being
explained or errors corrected. It would be culpable not to take
the opportunity of making such important alterations. I have,
however, found few such to be requisite, though it may be feared
that others have escaped me. But I have had favourable oppor-
tunities of reconsidering the entire subject of the present volume,
and particularly the Facts of observation and Theories connected
with Glaciers, by the aid of subsequent journeys, of comparative
leisure, and of the generally candid and intelligent criticism to
which my work has fortunately been subjected.

- /
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I owe this acknowledgment not only to the Reviews of this
country, of America, and of the Continent, which have done me
the honour of noticing it, and to the highly qualified Translator !
who has introduced it to the German public, but to the numerous
Scientific Friends who, with much kindness and courtesy, have
privately acquainted me with the difficulties and objections
which suggested themselves during the perusal of my work.
From the number and variety of the letters which I have
received, it is probable that no considerable oversight has escaped
my attention. In many instances I have been able to explain
difficulties to the satisfaction of the proposer; if in all cases the
new Edition may not seem to have removed them entirely, it
must not be ascribed to a want of respectful attention, but either
to the remaining obscurity of the subject, or to a wish not to
mix up what I consider to be plain and certain, with explana-
tions merely specious, and theories which a few years might
possibly overturn.

The Map of the Mer de Glace has been verified in many
parts, and considerable additions and corrections have been
made, especially to the part north of the chain of Aiguilles; but
the topography of the upper part of the Glacier du Géant
remains still imperfect, as mentioned at page 109. The height
of the Croix de Flégtre, being questionable, has been removed
from the Table, page 116 ; it is, however, certainly lower than
the Montanvert.?

The facts and laws of the motion and structure of glaciers
contained in Chapters VII. and VIIL, have been not only
verified by myself, but confirmed by independent authorities,
The additional footnotes are, for the most part, distinguished by
brackets, thus, [ ]* The most important are those at p. 145,
on the annual motion of the Mer de Glace; at p. 160, on the
Dirt Bands; and at pp. 164, 165, on the Law of the Crevasses,

! Dr, G, von Leonhard [Stuttgart, 1845).

? [The Flégero is 6158 feot, and the Montenvers 6267 feet.]

* [In the present edition by the date <1845 ; as [ ] indicate notes added by
Mz, Coolidge.)
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illustrated by figures. A fuller detail of recent observations
will be found in the Fifth, Sixth, Seventh, Eighth, and Ninth
Letters on Glaciers, now added to the Appendix, and which form
in themselves a nearly complete supplement to the first edition.!
Part of the close of Chapter VIIL, which was virtually repeated
in Chapter XXI., has been suppressed in order to make room for
the additional notes, and some sentences have been transferred
to that chapter. In this way, the original arrangement of
the matter has been very little interfered with, and the refer-
ences to the pages will be found to be almost the same as
in the First Edition; a convenience which has been studied
throughout.

In the concluding chapter, on the Theory of Glacier Motion,
the only modification requiring notice is a rectification of certain
conclusions drawn from the models described and figured at
pages 378-381 of the First Edition [and of this edition also].
The boundaries of the coloured pastes do not, as Mr. Hopkins
has justly remarked, mecessarily coincide with the surfaces of
greatest tension. I have, therefore, re-written the passage ex-
planatory of them; and I have removed from a footnote into the
text the description of the other and more important models in
which the veined structure is produced by the movement of a
surface strewed with coloured powder. This experiment was
first made whilst the previous edition was in the press, which
will account for its insertion in a note, added after the text was
written. It is now put in a more prominent position, and
illustrated by a figure.

The theory itself has not undergone any alteration, either in
substance or expression, unless a qualification of the efficiency of
the cold of winter as the sole cause of the congelation of the
blue bands in the depth of the glacier may be considered as
such.

1 [These ‘‘ Letters” are omitted in the present edition, as the complete set was
published by Forbes in his Occasional Papers on the Theory of Glaciers, 1859, It
is to this volume that references are given whenever in his ‘‘Travels” Forbes
makes mention of any of these ‘‘ Letters.”)
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I have the pleasure of adding, in Appendix No. V., a short
summary, by M. Studer himself, of his Geological Obeervations
in the part of the Alps which we travelled over together, and
which forms a valuable addition to the statements of Chapter
XVvIL?

! [These ** Geological Observations ~ Lave been omitted in the present edition.]

EDINBURGH, 9th June 1845.
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PART 1

TRAVELS THROUGH THE ALPS OF SAVOY

CHAPTER 1

THE ALPS AND ALPINE TRAVELLERS

Ways of travelling and books of travels—The Alps an unexhausted field—
De Saussure—His successors—The author’s experience—Travelling in
Switzerland—Action and speculation in travelling—Plan proposed—
The Pennine Alps.

MEeN 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 centuries, and the quarto of the eighteenth, and
even of our own time, have melted into the modern duodecimo :
and something like a corresponding change may be traced in
the contents. “Pilgrimages” are out of date, and the traveller’s
portfolio on his return is as light in comparison as his port-
manteau at starting: both are necessarily proportioned to the
rapidity of his movements. The modern 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 Florence. Even the Atlantic is but a highway for loungers
on the 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.

- |
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2 Travels through the Alps of Savoy

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 traveller. 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 re-
mains to be seen and studied in countries, comparatively speak-
ing, accessible to all, than to write detailed descriptions of regions
presenting few natural objects of importance, or of remote tribes,
unvisited perhaps only because uninteresting or dangerous.

To write a book of Travels in the Alps will no 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 several summers, in countries
commonly called the best known in Europe, that I am persuaded
that even in these there is yet much to be seen, much explained,
and much 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 less known or undescribed parts of the most
frequented districts of Europe, which would show what a narrow
line it is—no broader sometimes than the common border on a
coloured mup, separating one province or kingdom from another
—which divides the known from the unknown; the highway
along which roll daily the luxurious travelling equipages of
Russian wealth or English fashion, and the remote valley
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scarcely outlined in our atlases, with a population speaking no
acknowledged European language, and to whom the sight of a
foreign pedestrian 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
workshop or manufactory, so the book of nature, whose pages
are open to all, is read but by a few; and the notoriety of a 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 uamongst the most
enlightened men of their day, frequent 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 phenomena 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 com-
prehensive 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 obser-
vations of detached facts, are the subjects, has finally determined
me to fulfil an early and nearly 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 frequented
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.
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It i a duty wiisl every one w29 wriles owss 10 the public
and v hizeelf v, b Infrmet generally at kast of the labours
A hix prodorsasr: thai b= 1sy net even involuntarily, assume
s bimself crodit for thar which belongs o anoiher, nor invite
atention to that wiich is alnady well known

The duty is not an easy one.  Topozraphical literature, more
thau almost any other, is diffusei over bulky and unindexed
oompilations, or more irrevocatly lost in fogitive pamphlets.
I well know, from some foriper experience, the labour of an
atteiapt v analyse all the writings connected with even a small
district, and, generally speaking, its little value as regards
substantive information ; and 1 soon saw that such an attempt
in the present case would be wholly incompatible with the
propossl extent of this work, and with the time which I
oould 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 whole
works of Simler, Scheuchzer, and Gruner! the older Alpine
historiuns; but T have carefully examined them in many parts,
supeecially those which bear upon the doctrine of glaciers.

The writings? of De Saussure® have been the subject of
perpetusl reference—not only at home, but amongst the very
seenes which he has described, and where it is easy to retrace
the cxactness of his assertions, and the faithful yet sober
colouring of his descriptions.  Himself a man of independence
and station at Geneva, early imbued with a taste for exploring
mountain sconery ; well instructed in the then existing state of
nuturnl  history and the allied branches of physics, he was
oxactly in the proper position for advancing a knowledge of
his own country, and of those natural laws which may best be
studied amongst its mountains.  His journeys were not « tours de

U [Jonlnw Bimler, born 1530, died 1676 De Alpibus commentarius, Ziirich,
1674, J. J. Schewohzer, born 1672, died 1733 ; Itincra per Helvetiac alpinas
regionen fueta annin 1702-1711 ; collected odition, Leyden, 1728.  G. S. Gruner
born 1717, died 1778 3 Die Biagebivge des Schweizerlandes, Bern, 1760.] ’

¥ Pogagea dans lea dlpes, 4 vola in dto [1770-1796] ; also in 8 vols. Svo
[1780-1708). ‘

4 | Horaeo Beénddiot de Saweare was born in 1710 and died in 1799.  Portraits
of him are given at pp. 28and 72 of Mr. C K Mathews' dunals of Mone Blane,
London, 130K%,]

\
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Jforce,” miracles of rapidity and boldness, from which, if anything
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 himself, 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 period of life through which he was able to extend his
laborious researches, trying to most constitutions, and from
which, he states, that even he did not fail to suffer at last.
Owing to his convenient position (for he always resided at
Geneva) he acquired a familiarity 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 Travels. De Saussure had a particular
caution and anxiety about the editorial part of his 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®> De Saussure had seen some other
countries 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

1 See the Advertisement to the first volume of his Travels, dated 1779.

2 The practice which I have long adopted with advantage is this: to carry a
memorandum-book with Harwood’s prepared paper and metallic pencil, in which
notes, and observations, and slight sketches of every description are made on the
spot, and in the exact order in which they occur. These notes are almost
ineflaceable, and are preserved for reference. They are then extended, as far as
possible, 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 catension of memoranda has several great advantages ; it
secures a deliberate revision of observations, whether of instruments or of nature,
whilst the circumstances are fresh in the mind, whilst further explanation may be
sought, and very often whilst ambiguities or contradictions admit of removal by a
fresh appeal to facts. By this precaution, too, the not inconsiderable risk of

losing all the fruits of some weeks of labour, by the loss of a pocket-book, is
avoided.
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not easy ty asceriain from bis poblisksd jourzess. and still less
from the meagre biography which exists of kim by Senebier!
the exart timne which hLe spent nper Lis travels each summer.
As far as 1 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 Genervs,
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 understowd, seemed far more formidable than at present,
when the chief obstacles to such a feat arise from its very
familiarity, and the ostentatious 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 Géant, 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 con-
trasts 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
bhombast as 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 passage of calm
eloquence may he found, 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

U [J. Sencbier, Mémoire historique sur la vie et les éerits de H.-B. de Saussure,
Qeneva, 1301,]

? in 1787.]

3 111,060 feet.]

4 [Mare Théodore Bourrit, born in 1739, died in 1819, His principal work was
Description dex dlpes Peanines ot Rheétiennes, originally published in 2 vols. at
Geneva in 1781, reprinted in 1783 (under the title of Nowuvelle Description des
waciirns, taliers de glaee, ¢t alaciers qui forment la grande chaine des Alpes de Suisse,
o Nalic et de Saowe), and re-published, with additions, in 3 vels. in 1785. In the
Bth vol. of the Aipine Jowraal Mr, Douglas Freshtield has given a more just
appreciation of Bourrit's real importance in Alpiue history.]
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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 present 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 topographical ;
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 faithful than those of Bourrit, are not happy,
and the maps give but an unfavourable impression of the state of
topography or of art at that time in Switzerland.
There is scarcely one of the more modern writers, with whom
I am acquainted, whose writings can be classed with those of the
great historian of the Alps. The reputation of De Saussure
seems to have deterred 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 country scarcely noticed or unmentioned in its pages,
ought rather to have been considered as a commencement 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 accom-
plished since his time for the natural history of Switzerland by
most able and zealous observers in special departments of science,
to which the excellent Journals, and the valuable Academical
Transactions published there,—especially those of Geneva and
of the Swiss Society,”—bear ample testimony. Far be it from
me to overlook the mongraphs, 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
1 [Tt must be remembered that Forbes was writing in 1842.]
2 [Mémoires de la Sociétd de physique et d’histoire naturelle de Genéve.
Denkschriften der allgemeinen schweizerischen Gesellschaft fiir die gesammien Natur-

wissenschaften ; or perhaps Forbes alludes to the Perhandlungen der allgemeinen
schweizerischen naturforschenden Gesellschaft.]



8  Travels through the Alps of Savoy

of Venetz, De Charpentier, Agassiz and Rendu on the subject of
glaciers, which have recalled attention 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 Ktudes
dans les Alpes of Necker.

The former is a singular, we might call it a fantastical work.
With a praiseworthy desire to benefit experimental philosophy,
a8 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, 80 much at variance with those of indubitable
authority, as to render us somewhat 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 com-
panions 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 Pro-
fessor 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 arrange-
ment, is, however, rather systematic than local, and, therefore, it
wants some of the liveliness which characterises the writings of
the author of the Voyages dans les Alpes. Containing, as it

! [Soleure, 1830. Franz Johann Hugi was born 1796 and died 1855.]
2 [L. A. Necker Etudss géologiques dans les Alpes, vol. i.—no more published
—Paris, 1841.]

-
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does, abundant references to the localities of the Alps, to which
the author’s inquiries 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 Saussure. 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
circmnstance 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 scientific details. I can at least plead, in
excuse for an attempt which I feel to border on presumption,—
the endeavour to follow the great historian 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

! For a copious list of works published in Switzerland, see Ebel's Manuel du
Voyageur en Suisse, tome i. Many of these 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 Fribel and Engelhardt, of Brockedon
and Bakewell may be mentioned ; but they do not properly come under the class
of works referred to in the text. [A very complete list of works of travel in Switzer-
land is given in A. Wiber's Landes- wund Reisebeschreibungen, Bern, 1899 :
while a seleet list of similar works relating to all parts of the Alpine chain is given
in Appendix A of Hints and Notes, Practical and Scientific, for Travellers in
the Alps, a new edition — London, 1899—of Mr. John Ball's ‘“ General Intro-
duction ” to his Alpine Guide.]

? [This name properly belongs to Bourrit, to whom it was given by Frederic II.
of Prussia. The Emperor Joseph II., when at Geneva, paid a special visit to
Bourrit, I'historiographe des Alpes.)
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more fully the difficulties of the plan, and to come to its fulfil-
ment after some experience, with moderated expectations of
ultimate success. The habit of observation, I have already said,
is of slow growth,—to use opportunities, we must prepare to
seize them. I had the advantage of receiving my first impres-
sions 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, intersected 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 naturalists and
esteemed friends for my companions, from whose superior know-
ledge I have been happy to gain information as a learner, and by
whose urbanity and kindness the roughest way has been smoothed,
and the longest day beguiled.

I have likewise undertaken similar journeys in other

L [Forbes’ first visit to the Alps took place in 1826, when he was 17 years of

2 The following are the names and directions of these passes [a number of
corrections of various kinds have been made in this list and the latest heights of
the passes inserted. Several of these passes are now traversed by railways,
carriage roads, or mule paths, while but four at the most are ¢ glacier passes "—
Géant, Fenétre, Collon, and St. Théodule], commencing with the Maritime Alpe :—

Col de I'Argentiére (6545 ft.)  From Barcelonnette To Coni (Cuneo).

Col de Vallante (9269 ft.) Abries Castel Delfino.
Col de la Traversette (9679 ft.) Abriés Saluzzo.

Col de la Croix (7576 ft.) Abriés Torre Pellice.
Mt. Genévre (6083 ft.) Briangon Turin.

Mt. Cenis (6893 ft.) Lanslebourg Turin.

Petit St. Bernard (7179 ft.) Moiitiers Tarentaise Aosta.

Col du Bonhomme (8147 ft.) St. Gervais Chapieux.

Col du Géant (11,060 ft.) Chamouni Courmayeur.
Col Ferret (8311 ft.) Martigny Courmayeur.
Grand 8t. Bernard (8111 ft.) Martigny Aosta.

Col de Fenétre (9141 ft.) Chable Valpelline.

Col de Collon (10,270 ft.) Evolena Valpelline.

8t. Théodule (10,899 ft.) Zermatt Chitillon.
Monte Moro (9390 ft.) Saas Macugnaga.
Simplon (6592 ft.) Brieg Domo d'Ossola.
St. Gotthard (6936 ft.) Altdorf Bellinzona.
Spliigen (6946 ft.) Coire Chiavenna.
Stelvio (9055 ft.) Innshruck Bormio.
Brenner (4195 ft.) Innsbruck Bozen.

Velber Tauern (8334 ft.) Mittersill Windisch Matrei.
Mallnitzer Tauern (7910 ft.) Gastein Ober Vellach.
Prebichl (3950 ft.) Eisenerz Bruck an der Mur.

A
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mountainous countries with a view to compare the results. I
have spent & part of ten summers on the Continent, and six of
these in the Alps and adjacent country.! I have thus repeated
my visits to the same spot, and, without almost any exception, I
have found more to enjoy, to admire, and to learn on the
renewal of my acquaintance with it. Most of the places de-
scribed in this volume have been visited twice, and several of
them in four different years. As the mere novelty of travelling
wears off, its deeper charms impress 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 greatness of the objects contemplated ; and if
the solitary pedestrian in foreign parts feels his heart often glow
with thoughts which bear him untiring company, incommuni-
cable, and with which the stranger cannot intermeddle, he may
yet have an honest gratification in attempting to convey to
others some part of his enjoyment in the conquest 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. The
Alps rise to all the elevation which is necessary in order to
convey to the imagination 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 un-
wieldy extent of the Andes or Himalaya. There is no ¢ransverse
valley in the Alps—that is, one leading directly from the plains
to the highest ridge—up which an active man cannot walk in
two days, and the actual passage of the chain may usually be
effected in one. Now, any great 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 con-
ception of an immense hill; and if we accurately examine the
slow progress 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

1 [1826, 1832, 1837, 1839, 1841, 1842, The author is writing in the winter
of 1842-43.]

’n.
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nine-tenths of travellers the most majestic conceptions with
which guch ohjects can at all inspire them.

Add o this, that the artual height of the zone of perpetual
#now is as great as that of any mountains in the world, with one
or two exceptions; for the highest land on the surface of the
alobe: is near the equator, where the corresponding high tempera-
ture raises the limit at which perpetual snow commences 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 Ly the level of the sea, takes the
level of the plain a3 a starting-point, or, if there be no plain, the
level of perpetual snow is a natural index of elevation, which,
connected as it i3 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
23,000 feet—a height which few of them exceed.

The climate of the Alps, as well as their scale, is highly
favourable to ohservation and to personal exertion; and it must
not be reckoned a small advantage, that shelter, if not accom-
modation, is to be found within a moderate distance of the
most retired and wildest scenery. Obstacles to travelling,
whether from rude curiosity or violence on the part of the
inhabitants, are undoubtedly smaller in Switzerland that in any
other country in Europe. The traveller who makes a sojourn
of some length in the remoter parts of even the most frequented
countries, is a8 often subjected to the suspicions of the authorities
as of the people. The mere fact of his traversing mountains
where no one habitually passes, is a sufficient crime in the eyes
of the vigilant police ; and if to this he add a turn for sketching,
or the use of u hammer or barometer, or any such instrument,
he is likely to raise a host of popular prejudices, whose extent
can often only be guessed from the extraordinary conjectures
which he oceasionally finds to be current respecting his character
and pursuits.  Having, at different times, had my own share of
these troubles, I appreciate highly the happy independence of a

sty
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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 often elsewhere in¢luded; 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 admiration, I always feel a satisfaction and a freedom from
restraint when I approach these mountains and their exhilarat-
ing 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 them-
selves transplanted to a new position—time at command—no
interruptions—mno 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, undistracted,
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 languor of towns
to the freshness of the Alps, stimulate the powers of thought;
and thought is without fatigue when each passing event gives a
varied tone to it—when each step furnishes a new subject for its
exercise——when all nature is our laboratory, and we read the
axioms of her 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
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those in which a favourite study has been pursued in the ‘retire-
ment of mountain scenery. Mornings of active exercise, from
sunrise till afternoon, and evenings of quiet thought and specula-
tion, with here and there a day interposed of easy society with
intelligent travellers, or employed in reducing and digesting 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 inac-
tivity, 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-compacted body, the members 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, [and] established in
some mountain shelter with his books, starts on his first 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
staff, 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 wonders, its beauties, and its difficulties,
to be explained, to be admired, and to be overcome.

“Ignotis errare locis, ignota videre
Flumina gaudebat ; 8TUDIO MINUENTE LABOREM.”

It only remains to be added here, that the country which it
is proposed to describe in the present [pages], 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 modern 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 [in the pocket
of the present volume] 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 Hérens and its neighbourhood are
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corrected from Frobel; those of St. Nicolas and Saas from De
Charpentier and Engelhardt; the southern side of Monte Rosa
from von Welden and the new Sardinian Survey ; and the passes
and glaciers between Great St. Bernard and Mont Cervin, from
my own observations, 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 itself as the most
natural field for my inquiries. The Mer 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 multi-
plicity of instruments, the performance of calculations, and the
making of drawings. I know from experience how little of this
can be accomplished in a temporary residence, such as a tent or
hut, without tables, chairs, or a fire; and however amusing such
privations are for a time, and however 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 of pursuing my
inquiries, and I felt the necessity of carrying them out alone. I
employed neither draughtsman, surveyor, or naturalist; every-
thing that it was possible to do I executed with my own hands,
neted the result on the spot, and extended 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 Curé of Chamouni, M. Lanvers,
for having recommended him to me, as well as for many other

1 [In the present edition, a new large scale map of the Pennine chain is given
in place of that compiled by Forbes at a time when no trustworthy maps of that
district existed.]

2 [Forbes and Balmat became acquainted on June 24, 1842, Balmat accom-
panied Forbes in 1842, 1843, 1844, 1846, and 1850, and paid the Professor a visit
in England in 1853. He was born in 1808, and died in 1862.]

ey e
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acts of substantial kindness, 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
observations 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 encouragement 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 parapher-
nalia 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
(Chamouni), the first half of July on the southern side of Mont
Blanc and in Piedmont. I then returned to the Montanvert by
the Col du Géant, and continued my experiments on the Mer
de Glace 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.

! Tt happened very rarely indeed that I required any other assistance than that
of Balmat.



MORAINE NEAR THE MONTANVERT, CHAMOUNI

CHAPTER II
SOME ACCOUNT OF GLACIERS GENERALLY

The snow-line—The waste of ice and its supply in glaciers—Causes of waste
—Motion—Fallen blocks—Moraines, medial and lateral—Glacier tables
and cones—Formation of holes in ice—Veined structure of the ice in
glaciers—The Unteraar and Rhone glaciers—The névé—Cause of glacier
motion—De Saussure’s Gravitation theory—De Charpentier’s theory of
Dilatation-—Objections to each.

‘“ Where so wide,
In old or later time, its marble floor
Did ever temple boast as this, which here
Spreads its bright level many a league around ?”
DYER's Fleece.

It has already been said, that no small part of the present work
refers to the nature and phenomena of glaciers! It may be well,
therefore, before proceeding to details, to explain a little the
state of our present knowledge respecting these great ice-masses,
which are objects of a kind to interest even those who know
them only from description, whilst those who have actually
witnessed their wonderfully striking and grand characteristics
can hardly need an inducement to enter into some inquiry
respecting their nature and origin.?

1 [The standard work on glaciers in general is now Prof. A Heim's Handbuch
der Gletscherkunde, Stuttgart, 1885 ; a very full summary in English was published
by Mr. Tuckett in vol. xii. of the Alpine Journal, pp. 219-240, 300-313.]

2 For some further details than would be consistent with the due length of this
preliminary chapter, I would refer the reader to an article in the Edinburgh
Review, for April, 1842, on the subject of glaciers, which has been admirably trans-

2
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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 the fact s, that the atmosphere
becomes colder as we ascend in it, until that cold reaches a great
and hitherto unmeasured intensity. Consequently, by merely
ascending the slope of a hill, we pass through successive grada-
tions 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 cover-
ing 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 lead to the inference that snow never melts there.
Were that the case, a progressive and unceasing accumulation
would be the result: the position of the snow-line, or what is
often erroneously called ¢ie line of perpetual congelation, is deter-
mined solely by this circumstance, that during one complete
revolution of the seasons, or in the course of a year, the snow
which falls is just melted and no more.

Now, a snow-clad mountain is not a glacier. Whence the
real difference, or how it comes that in some climates glaciers are
produced in situations and circumstances apparently similar to
those which yet do mot produce them in others, is a question
which we do not mean now to handle. But let us first see what
is uuderstood by a glacier in the more familiar sense of the
word.! The common form of a glacier i a river of ice filling a

lated into French in the Annales de Chimir, for October and November, 1842,
From that article (written by myself) I have extracted one or two passages in this
and the next chapter. [This article was for the most part reprinted by Forbes at
the head of his Tour of Mont Blanc and Monte Rose (1855), a reproduction of
the purely narrative portions of hiy Travels through the Alps or Savoy.]

U Glucicr French, Gletscher German, ghiacciaio Italian. But the glaciers have
also provincial names, as Ferner in the Tyrolese Alps, Aluss in Carinthia, vedretta
in part of Italy, bicgio in the Vallais, ruize in Piedmont, serncille in the Pyrenees.
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valley, and pouring down its mass into other valleys 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 as 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 greensward, 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 corn touching the
glacier, or gathered ripe cherries from the tree with one foot
standing on the ice.

Thus much, then, is plain, that the existence of the glacier
in comparatively warm and sheltered situations, exposed to every
influence which can ensure and accelerate its liquefaction, can
only be accounted for 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 termination of the glacier,
which presents a seeming barrier or crystal wall, immovable, and
having usually the same appearance and position, is, in fact,
perpetually changing—a stationary form, of which the substance
wastes—a thing permanent 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 issues 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 first 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 contact with the ice, which probably melts
annually a very small thickness of its mass. This, too, will not

[ Kees” is a better known form of ¢ Kiss,” but “‘biegno” is very rare. ¢ Vedretta”
appears under the form ‘‘ vadret” in the Engadine ; ‘ ruise ” also under the forms
*“roesa, roise, reuse,” and so ‘“ Monte Rosa.” |
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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 superficial 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
streatulets, which unite beneath its mass, and swell the general
stream.  Fourthly, the waste of the glacier itself due to the action
both of sun 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 not in spring or autumn, as would be the
case if they were alimented by rain-water only. On the same
account, the mountain torrents 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 glacieris usually very steep and in-
uccessible. 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 two miles wide, more or
less undulating on its surface, and this undulating surface more
or less broken up by crevasses! which, generally nearly vertical
in their direction, have a width of from 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 resem-
blance 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,

! The translation of the French word crcrvasse into the English crevice ia so
evidently inapplicable to these vast fissured chasms, that we shall constantly adopt
the French spelling.
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even independent of the crevasses; and the traveller who has to
walk for several hours along a glacier, will often 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 have 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
beneath 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 probability, to augment the flood which issues from its
lower termination. Nothing is more striking than the contrast
which day and night produce 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 murmurs and
the roar of their waterfalls gradually subside—and by the time
that the ruddy tints have quitted the higher hill-tops, a death-
like silence reigns amidst these untenanted wilds.

Winter is a long night amongst the glaciers. The sun’s
rays have scarcely power to melt a little of the snowy coating
which defends the proper surface of the ice; the superficial waste
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 immense, and where yet the glacier maintains
its position; but its progress is also well marked by the dis-
placement of great blocks of stone upon its surface, which, from
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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 of a glacier in its middle portion, and
from which the alternate effects of frost and thaw rapidly and
surely separate them. They may be seen to fall almost every
summer’s day, in consequence of the loosening of the icy bands
which hold together fragments previously wrenched asunder by
the irresistible expansion of freezing water. A single promontory
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 unfre-
quently bring down to the reach of the mineralogist specimens
which otherwise would be quite unattainable, 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 gabbro of Saas, which has not yet been found
in situ, but which is discharged by the glacier of Allalin, 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 engraven 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 pro-
gression 500 feet, the block which is now discharged 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 moratnes in
French, Guffer or Gupferlinien in German. The glacier retains
a portion of them on its own surface, and throws up a part upon



Some Account of Glaciers 23

the bank or shore which confines it. If the shore be precipitous,
it will be conceived that the blocks cannot be stranded, and there-
fore either remain on the surface of the ice, or fall into the
occasional vacuities left between the ice and its wall, and there
are grouhd and chafed, acting, of course, in a notable manner
upon the rock, and producing rounded surfaces, the angles being
worn off, and grooves and scratches parallel to the direction of
motion of the ice. All this is an immediate and necessary con-
sequence of the fact of the glacier moving and bearing blocks
along near its edges. When the rocky slope or shore of the
glacier is less steep, since the ice almost invariably sinks towards
the sides, owing to the heat reflected and communicated from the
ground, a portion of the load of blocks falls over, and is accumu-
lated 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 different years. If the
glacier, from any cause whatever, becomes enlarged, and, like a
swollen torrent, occupies its bed to an unusual depth, the moraines
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 neigh-
bourhood of most modern 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 repre-
sents a moraine about a hundred feet above the present level of
the Mer de Glace of Chamouni.

It often happens that two glaciers, having separate sources,
unite in a common valley, exactly as two rivers would do. Each,
of course, has its edging moraine or lisf, and therefore, where the
glaciers unite, the two inner moraines must unite also. This
does not, however, alter their character; as in the case of the
Rhone and Sadne 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 ddébris proper to each unite upon the surface,
and mark by a band of stones, often for miles, the actual separa-
tion of the two ice-streams, which otherwise would (at that
distance) have become undistinguishable. These united bands,
which are equal in number to the junctions of tributary glaciers
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which combine to form a great one, are called medial moraines,
whilst those formerly described are called lateral moraines. The
former have only been distinctly explained of late years, by
Agassiz' and De Charpentier,” 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.?
As these facts are important to be distinctly apprehended,
some slight figures may tend to illustrate them. Thus, Fig. 1
represents a plan of an ideal

¢ ) glacier composed of five streams,
. H ¥ & B¢ D, E each of which has

’ / its lateral moraines, and the union
¥ of these represented by the dotted
a lines, 1, 2, 3, 4, forms the super-
' ficial trains of rocks, which are
, carried along on the surface of
‘ Fig: 1. the ice. A mere prominent rock
or islet in the ice, as that be-
tween D and E, may yield also its
small contribution of blocks. The
section in Fig. 2 represents a
glacier having a steep wall, a,
where, consequently, the débris
are ingulfed between the wall and
the ice, producing friction; and
an inclined shore, &, on which the lateral moraine has been
deposited. There is also shown, at ¢, the position of an ancient
moraine, deposited at a time when the glacier was elevated
enough to have submerged the promontory 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 circumstance to be
mentioned immediately. An exact idea of the general phenomena
of moraines will be obtained from the large map of the Mer de
(ilace of Chamouni accompanying this work.

The presence of these blocks upon the surface of the glacier,
and of the fine sand and débris which is produced by their
trituration, gives rise to a peculiar and striking class of pheno-
mena, easily explained, yet at first sight most astonishing. The
1 Etwdes sur les Glacicrs, 1840, * Essai sur les Glaciers, 1841. 3 Voyages, § 537,
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surface of a glacier is usually divided by numerous rents or
crevasses, and into these rents blocks are continually 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, the 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 some-
times appears like a noble causeway, fit indeed for giants, stretch-
ing away for leagues over monotonous ice, with a breadth of some
hundreds of feet, and raised from fifty to eighty feet above the
general level. Almost every stone, however, rests on ice; the
mound is not a mound of débris, 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 from 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 wher-
ever it is covered by a stone of any size, results from the fact
that its surface is depressed everywhere else by the melting action
of the sun and rain; the block, like an umbrella, protects it from
both ; its elevation measures the level of the glacier at a former
period, and as the depression 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 expand
under the influence of the warm showers, until the cap, becoming
too heavy for the stalk, or the centre of gravity of the block
ceasing to be supported, the slab begins to slide, and, falling on
the surface of the glacier, it defends a new space of ice, and
forthwith begins to mount afresh. These appearances are called
Glacier Tables. Their origin was perfectly explained by De
Saussure [§ 537].

Where sand derived from the moraines has been washed by
superficial water-runs into the deep cavities which are occasionally
formed in the glacier, the accumulation is at length sufficient
to check the progress of the waste of ice, and what was a hole
filled with sand becomes a pyramid projecting above its surface,

! [This frontispiece is omitted in the present edition.]



26 Travels through the Alps of Savoy

and coated with the protecting layer.! These produce glacier
cones, which are amongst the most singular and apparently un-
accountable of this clags of phenomena. They are sometimes
astonishingly regular, 20 or 30 feet in height, and 80 or 100
in circumference ;—but this is one of the rarer appearances.

From what has been said, it will appear that a glacier has a
remarkable tendency to reverse its confour, or to present at one
time the mould or cast of what it was at another; any part of
the surface prominently exposed is sure to be speedily reduced,
and the hollows, whether holes or cracks or water-runs, by being
siltled up are protected from further decay. The valleys are
literally exalted, and the hills levelled. It is owing to, this
beautiful compensation that the glacier maintains a tolerable
evenness of surface.

A converse action, however, may be noticed. It is always
on a small scale, and there are two causes. The first occurs
from the collection 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 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
deepening of cavities in the ice, once formed and filled with
water, but containing no considerable quantity of detritus. These
basins, or baignoires, as they are usually called, appear to be
formed in the following manner, first explained by Count Rumford.
Water, just freezing, is lighter 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 denser descends, and is replaced by water
at 32°. But the water which subsided with a temperature,
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 demser water is thus spent in melting the ice of
the bottom of the cavity, which is deepened by the continual
current.

The ice of which the glacier, in the stage which we have

1 See Agnssiz, Etudes, chap. x.



Some Account of Glaciers 27

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. Lamine, or thin plates
of compact transparent blue ice, alternate in most parts of every
glacier, with lamine of ice not less hard and perfect, but filled
with countless air-bubbles, which give it a frothy semi-opaque
look. This peculiar structure, which gives to glacier ice its
extreme brittleness (which makes the formation of steps with a
common hatchet a very easy task compared to what it would be
in common ice), may be compared to what geologists call the
slaty cleavage of many rocks, rather than to stratification,
properly so called. The distinction is important, and amounts
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 irrespective of stratification or deposition, and
may be communicated to a mass after complete or partial con-
solidation.

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 Unteraar glacier 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

1 [The first observation of this phenomenon by Forbes was made on August 9,
1841. 8Bee Occasional Papers, p. 3; and Life and Lelters, pp. 258, 259, and
546.]
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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 Unteraar glacier, and from that time the
attention of glacial theorists has been generally directed to
this curious, important and quite general phenomenon. M.
(ruyot, an ingenious professor of Neuchéitel, stated, after I had
left Switzerland, 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 provincial meeting of
naturalists at DPorrentruy in France. This Memoir remained
unprinted, and the insulated fact observed on the Gries glacier
was forgotten until I drew attention to its importance and
generality in 1841. It is singular, that not only in the writ-
ings 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 modern literature of the
subject, Hugi’s 7Travels, published in 1830, and the writings of
Agassiz, Godeffroy, De Charpentier and Rendu devoted ex-
clusively 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 (Chap. VIIL), that this appearance is
in many glaciers a striking one. It has, I know, been dis-
tinctly 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 having attached to it
no particular importance, or perhaps from a very natural sup-
position that it must be already described, have published no
account of it. Amongst others, Colonel Sabine and M. Elie de
Beaumont have mentioned it to me as a circumstance which
they recollected to have attracted their attention whilst on the

! [In 1838, at a mecting of the Geological Society of France.]

N



Some Account of Glaciers 29

ice; and Sir David Brewster has shown me a memorandum to
the same effect in 1814.!

As observed on the Unteraar glacier it exhibited an ap-
pearance of almost vertical layers
nearly parallel to the length of the
glacier, inclining outwards a little,
like the rays of a fan, as it ap-
proached 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 \
surface was depressed, and at last
becoming nearly or quite horizontal.
This circumstance was mentioned
by me at the time to M. Agassiz
(who was not present when I visited
the Rhone glacier), and explained in a paper read in December,
1841, to the Royal
Society of Edin-
burgh? It was
illustrated by the
sketch of a ground
plan of the glacier
of the Rhone, Fig.
3, which shows, by
the dotted lines,
how these struc-
tural veins followed
the circumference
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 ideal sections a glacier of this kind.

FIU 4.—IDEAL SBECTIONAL VIEW OF A GLACIER.

! Since the above was written, it appears that Sir David printed his observation
in the Edinburgh Encyclupedia, article *‘ Glaciers.”
% [Occasional Papers, pp. 1-9.]
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My later observations will be detailed in another part of the
present work.

The phenomena we have described belong to the middle and
lower part of glaciers: let us now trace them to their origin
amongst the perpetual 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 understood 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 neighbourhood. 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. In whatever way
the middle and lower glacier may be maintained, it is most
assuredly not by the assimilation into its substance of the fallen
snow of winter, either superficially or laterally.

The case, 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 snow-line 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 in-
sensible 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

! Sece the description of the glacier of Macugnaga in the latter part of [Part i
of this] this volume, and the references to veined structurc in the Index.

A‘
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water; the frost of the succeeding 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 effec-
tually. Thus M. Elie de Beaumont most ingeniously accounts
for the alleged non-existence of glaciers between the tropics,' by
the fact that the seasons there have no considerable variations
of temperature, and the thaw and frost do not separately
penetrate far enough to convert the snow into ice.

The part of a glacier covered with perpetual snow is what I
understand to be meant by the term névé in the writings of the
modern glacialists, although that term is vaguely defined. It
will appear, however, 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 Firn in German[-speaking] Switzerland.
These accumulations of snow produce a true stratification, which
has been recognised by De Saussure, Zumstein, Hugi and all
later writers. I agree with De Charpentier * in thinking that
this stratification is entirely obliterated as the névé passes into
complete ice. Other writers, and particularly M. Agassiz}
have attempted to trace these layers throughout the lower
glacier, and maintain that the whole glacier is stratified horizon-
tally—an oversight which appears to have arisen from the
appearance of the veined structure or the terminal front of the
glacier being nearly in parallel horizontal lines (see Fig. 3,
P- 29), which were imagined to be a continuation of the strati-
fication of the névé, the intermediate structure having been
overlooked.

The granulated structure of the névé 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 effect 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

! Annales des Sciences Géologiques, par Riviére, 1842. 1 find a notice of
ghcziel;&(i’:ilittlg Thibet, lat. 36° N., in Vigne’s Travels in Kashmir, vol. ii. p. 285.

3 «Un autre caractére propre 4 la glace des glaciers et qui tient & son mode de
formation, c'est qu'elle est stratifide,” etc.— Etudes sur les Glaciers, p. 40.
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not lie so long in a powdery state, and the exposed surface
becomes completely frozen. Hence the highest part of Mont
Blane, the Jungfrau, and other summits, is covered with hard
ice, though always of a whitish colour. The floating masses
called icebergs in the polar seas are, for the most part, of the
nature of névé, mere consolidated snow. The occurrence of true
ice is comparatively rare, and is justly dreaded by ships.

The crevasses in the névé 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 stratification. ~The substance is far more easily
fractured than ice, and also more readily thawed and water-
worn ; hence the caverns in the névé are extensive and fan-
tastical, 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
at the surface of the névé, he may see spacious caverns of wide
dimensions, 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 show to far greater advantage,
in consequence of their exquisite transparency and lustre, and
from being illuminated, instead of by a few candles, by the
magical light of a tender green colour, which issues from the
very 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 vegetation, and to the very 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 physical
astronomy, or to the cause of any other natural effect which
commends itself to our attention by its grandeur, its regularity,
and its resistless power. The glacier moves on, like the river,

A
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with a steady flow, although no eye sees its motion; but from
day to day, and from year to year, the secret, silent cause pro-
duces 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 Llasts 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? 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 even a goat shall pick the scanty
herbage.

The theory' which appears at first sight most readily to
account for the leading facts, is that maintained by De Saussure,
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.’

! [For an historical sketch of the various theories as to glacier motion see Heim,
chap. vi., summarised in the Alpine Journal, vol. xii. pp. 232-240. These theories
are classified under two heads :—
1. Those which invoke impelling causes other than gravity, i.c., non-Gravitation
Theories. E.g., Scheuchzer, Charpentier, Hugi, Forel.

2. Those which regard the weight of the glacier isclf as the moving force, i.e.,
Gravitation Theories. E.g., Bordier, Saussure, Rendu, Forbes, Croll,
Tyndall.

An interesting sketch of the history of observations on glaciers and their motion,
from Scheuchzer to Heim, and of the Geological Survey of Switzerland is given by
Professor Theophil Studer in vol, ii. pp. 215-240 of Die Schweiz tm 19ten Jahr-
hundert (Bern and Lausanne, 1899). On p. 226 there is a very generous and
appreciative notice of Forbes’s own work. Many portraits are given, e.g., of Venetz,
Charpentier, Agassiz, Bernard Studer, Escher von der Linth, and Heim, as well as
several curious views. ]

2 T wish to quote De Saussure’s own statement of his views, which is very dis-
tinct : *“ Ces masses glacées entrainées par la pente du fond sur lequel clles reposent,
dégagées par les eaux de la liaison qu'clles pourraient contracter avec ce méme fond,

3
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This theory of motion has been rejected as insufficient by
M. de Charpentier,! 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
form and detail in his hands, we will call “ Charpentier’s Theory
of Dilatation,” as the other may be called “ Saussure’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 innumer-
able fissures which traverse the mass; these are filled with flaid
water during the heat of the day, which the cold of the night
freezes® in these fissures, producing 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.®

soulevees méme quelquefois par ces eanx,! doivent peu-a-peu glisser et descendre en
suivant la pente des vallées ou des croupes gu’elles couvrent. C'est ce glissement
lent, mais continu, des glaces sur leurs bases inclinées, qui les entraine jusques dans les
basses vallées, et qui entretient continuellement des amas de glaces dans les vallons
assez chauds pour produire de grands arbres, et méme de riches moissons.” —
Voyages, § 535. For De Saussure’s very clear views respecting the action of the
heat of the earth, see §§ 532, 533, 534, 535, 739, etc.

! [Jean de Charpentier, from 1813 to 1855 Director of the salt mines at Bex,
born 1786, died 1855 ; his Essai sur les Glaciers was published at Lausanne in
1841. A portrait of him will be found in Die Schweiz im 19ten Jahrhundert, 1899,
vol. ii. p.-220.

¢ The following quotations make it quite plain, that it is to the difference of
the temperature of the day and night alone, that the freezing of the water in the
capillary fissures is attributed :—

‘Il résulte . . . que pendant les jours d'été les glaciers s'imbibent d’eam, et
que celle-ci 8’y congéle pendant les nuits.”—Charpentier, Essat, p. 11.

“Dans la plupart des nuits durant I'été les glaciers augmentent de volume par
1a congélation de I'eau qu'ils ont absorbée pendant le jour.”—10. p. 14.

¢ Cette alternative de gelée et dégel, comme je viens de le dire, a lieu pendant
1a belle saison, surtout & I'époque des jours les plus chauds suivis de nuits fraiches.™
- P 15. Sce also p. 28. Compare Agassiz, Etudes, pp. 165, 211.

3 ¢ Une troisiéme objection contre le mouvement des glaciers par leur propre
poids se tire de leur immobilité pendant ’hiver. Car c'est un fait reconnu et
attesté par tous ceux qui demeurent dans leur voisinage, tels que les habitants de
Chamounix, de Zermatt, de Saas, de Grindelwald, etc., que les glaciers restent
parfaitement stationnaires dans cette saison, et ne commencent & se mouvoir qu'a
la fonte des neiges.”---Charp. p. 36.

‘“ Le mouvement des glaciers suppose des alternances fréquentes de chaud et de

1 This singular expression seems to point to a cause of motion like that developed in a curious

paper on glaciers, published by Mr. Robert Mallet at Dublin in 1888.
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In the Edinburgh Review for April, 1842, I have stated some
leading objections to both of these theories, to which I refer the
reader. I shall content myself with specifying one against each,
which seems conclusive.

1. If the glacier sltde down its bed, why is not its motion
continually accelerated—i.e., why does it not result in an aval-
anche? And is it conceivable that a vast and irregular mass
like a glacier, having a mean slope of only 8° and often less
than 5°, can slide, 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 20° 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 30°.

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 un-
avoidable; and the respectable author of the only intelligible
or precise account of the theory 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 32° Fahr., and
the water in its fissures is kept liquid only by the small quantity
of heat which reaches it by the surface water and by the sur-
rounding 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 when that fluid is reduced to 32° it does not immedi-
ately solidify, but that the abstraction, not of “a small quantity
of heat,” but a very large quantity indeed, is necessary to con-

froid. . . . Il en résulte que I'hiver est pour les glaciers I'époque de repos.” —
Agassiz, p. 175.

“ Pendant l'hiver toute sa masse (c.-a-d., du glacier) est dans un état de
rigidité permanente qui la maintient dans une tmmobilité compléte jusqu'a 1'époque
du retour des variations de la température.”—Agassiz, p. 212,

1 Essai, pp. 9 and 104.
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vert 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: Admitting all the premisses, 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
surfuce 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 in 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 surface, on the supposition that the
cold is sufficiently intense and prolonged to reduce the upper part
of the ice considerably below 32°. The progress of cold and
congelation in a glacier will therefore be, in general, 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
of a summer’s night must therefore be absolutely inefficient on
the mass of the glacier.

I will not stop to consider the attempt made by M. de
Charpentier to show, that the friction of any length of a glacier
upon 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 (Zssai, p. 106). I quote from M. de Charpentier,
not because his defence of the theory of dilatation is more assail-
able than that of others, but because his work is the only one
in which an attempt is made to explain its physical 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 complica-
tion took me by surprise, and 1 soon saw, that to arrive at any
theory which, consistent with the rigour of physical science a$
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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—nanely, the amount of motion of a glacier in
its different parts at different times. A few measures had indeed
been made from time to time by MM. Hugi and Agassiz, of the
advance of a great block on the Unteraar glacier from one year
to another, but with such contradictory results as corresponded
to the rudeness of the methods employed; for in some years the
motion appeared to be three times 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 determined,—a
suggestion which he has, I believe, since put in practice. It
seems very singular that ingenious men, with every facility
for establishing facts for themselves, should have relied on
conclusions vaguely gathered from uncertain data, or the
hazarded assertions of the peasantry about matters in which
they take not the slightest interest. The supposed immobility
of the glaciers in winter,—the supposed 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 observation 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 the few facts admitted 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 II1
ON THE GEOLOGICAL AGENCY OF GLACIERS

Reasons for supposing glaciers to have caused the transportation of
primitive blocke in Switzerland—Playfair—Venetz—De Charpentier—
Agassiz—Action of glaciers upon rocks—The Pierre & Bot—The
blocks of Monthey—Abraded surfaces near the Pissevache—Objections
to the theory of ancient glaciers considered.

¢« Zuletzt wollten zwey oder drei stille Giiste sogar cinen Zeitraum grimmi
Kiillte zu Hiilfe rufen, und aus den hichsten Gebirgsziigen, auf weit in’s Land
hingesenkten Gletschern, gleichsam Rutschwege fiir schwere Ursteinmassen bereiten,
und diese auf glatter Bahn fern und ferner hinausgeschoben im Geiste sehen. Sie
sollten sich, bei cintretender Epoche des Aufthauens, niedersenken und fiir ewig in
fremden Boden liegen bleiben.”
W ilhelm Meistcrs TWanderjahre, edit. 1829.1

TRANSLATION,

Finally, two or three hitherto silent guests called to their aid a period of
intense cold, with glaciers descemding from the highest mountain ranges, far into
the low country, upen which, as on an inclined plane, heavy primitive blocks were
slid farther and farther onwards, so that, at the period of thawing of the ice, they
sank down and remained permanently on the foreign soil.

1 [According to M. de Charpentier (Essai, p. 247), this passage does not occur
in the first edition (1821) of the Ianderjahre, but is found in that of 1829,
revised by Goethe himself. Forbes's translation is somewhat free.]
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It has been stated in the last chapter that glaciers are useful
geological emissaries, 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 extensive glaciers in
those regions.

The occurrence of vast masses of primitive rocks, apparently
without any great wear and tear of travelling, upon secondary or
alluvial surfaces, at great distances from their origin, has been
one of the numerous 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 considerable changes of surface have
occurred since.  These blocks are superficial, naked, deposited upon
bare rock, which has received no coating of soil since, and are
often placed in positions of such ticklish equilibrium that any
considerable convulsion of nature, whether by earthquake
or débdcle, 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 on 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 question-
ing, for no hypothesis seems too absurd to have found a place
amidst their conjectures on the subject. Explosions, without
apparent origin or cause, which projected the primitive 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 mountains, 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 lakes and up hills, and
finally deposited them unshivered, and even with sharp angles
and edges,—such were amongst the speculations proposed to
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account for these phenomena. A more plausible theory was
that of ice rafts, by which (as on the icebergs 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
contour 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
importance of glaciers as geological agents, was my respected
predecessor, Professor Playfair. This indication, which forms
part of the very able note on the Transportation of Stones, in
the Illustrations of the Huttonian ZTheory, 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 :—

“For the moving of large masses of rock,” says Professor
Playfair, “ 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 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 force, of the great
engine by which it was erected. The immense quantity and
size of the rocks thus transported, have been remarked with
astonishment by every observer, and explain sufficiently how
fragments of rock may be put in motion even where there is
but little 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 iwonderful 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. Next in force
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to the glaciers, the torrents are the most powerful 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 pre-
sently to be mentioned respecting the distribution of the travelled
blocks over the plains of Switzerland and on the Jura, we cannot
but give to Professor Playfair the credit of having clearly pointed
out the probability of the former greater extension of glaciers as
the most powerful known agents of transport. This was in the
year 1802, before the author had had the opportunity of per-
sonally 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 Jura, which he unhesitatingly ascribes to
the former existence of glaciers which once crossed the lake of
Geneva and the plain of Switzerland. “ A current of water,” he
says, “ however powerful, could never have carried it (the Pierre
4 Bot, near Neuchiitel) up an acclivity, 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 sharpness of the angles so distinctive of these
masses.”?

Like many other anticipations of new theories, these pointed
and just observations of Professor Playfair lay dormant until the
opinion which he had advanced had been separately originated
and discussed. M. Venetz,? an intelligent engineer of the canton
of Vallais, 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 pub-

v Huttonian Theory, Art. 349. 2 Playfair's Works, vol. i. p. xxix.
3 [Ignaz Venetz, born 1788, died 1859. See his portrait in Dic Sehwei:z im
19ten Jahrhundert (1899), vol. ii. p. 217.]
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lished in the second part of the first volume of their Zrans-
actions.! In this paper, M. Venetz classifies separately the facts
which prove an increase, and those showing a decrease of glaciers
in modern times. The former are certainly the most remarkable
—showing that passes the most inaccessible, traversed now,
perhaps, but once in twenty years, were frequently passed on
foot, sometimes on horseback, between the eleventh and fifteenth
centuries. Thus, the Protestants of the Haut Vallais took their
children across what is now the Great Glacier of Aletsch 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 pro-
cession 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 which the glacier
boundaries have undergone; and as important in showing that
a rvery notable enlargement of these boundaries was consistent
with the limits of atmospheric temperature, which we know
that the European climate has not materially overpassed within
historic times. It 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)

! [This paper is still a storchouse of valuable informatiou, though it needs cor-
rections and additions, It fills pp. 1-38 of Part I, of vol. i., Ziirich, 1838, of the
Denkschriften der allyemcinen  schweizerischen  Gesellschaft fiir die  gesammien
Naturwissenschaften, and is entitled Mémoire sur les variations de la température
dans les Alpes de le Swisse. The Manchjoch reference is at p. 8, and that relating
to the Col d'Hérens at pp. 7, 8, while the Monte Moro is mentioned on p. 9.]

2 [These supposed passages of the Monchjoch have heen disproved by the careful
examination of the baptismal registers of Grindelwald ; the error was due to the
fact that certain natives of the Vallais, resident in Grindelwald, had their children
christened in the Grindelwald church. See Herr A. Wiiber’s excellent article in vol.
xxvii. of the Jahrbuch of the Swiss Alpine Club, pp. 262264, 270-272.]

3 [The passage of the Col d’Hérens in early times by such a procession seems
quite certain, for, in consequence of a petition of the Zermatters to the Bishop, this
procession was altered in 1666 to one to the neighbouring hamlet of Tisch only,
part of the dues in money being payable to the curé of Tdsch, and the rest reserved
to the three churches in Sion to which this pilgrimage was originally made ; the
dues payable at Sion were commuted for a capital sum in 1816 only. There are
other bits of evidence proving early direct communication between Zermatt and the
Eringerthal. See Mr. Coolidge’s Sewiss Tracel and Swiss (fuide-Books, pp. 252, 258.]

N
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from analysing 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 modern glaciers, which indicate
their previously greater extension; an evidence which had
formerly been accepted by De Saussure, especially in the case of
the Glacier des Bois at Chamouni,’ and that of the Rhone?
The remark is important, because it requires us to investigate
the character of a moraine, so as to recognise it wherever 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 certain 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 per-
sonally to M. Venetz in 1832, as the man who had originated
a speculation, which, though it had not then perhaps another
advocate, was acknowledged to be novel, ingenious and bold;
and the reputation which the author of it had acquived, as the
intrepid and skilful engineer of the works on the glacier of
Giétroz (the cause of inundations which threatened the town of
Martigny with destruction), gave it a consequence which might
not otherwise have been conceded to it.

In the second edition of Goethe’s Wilhelm 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.

The further history of the geological theory need not be
detailed. It received in Switzerland the powerful support of
De Charpentier and was yet further pushed by Agassiz, who

V[P, 16 sqq.] * Voyages, § 623. 3 Ib. § 1722,

4 [In 1829 Venetz rcad a paper at the meeting of the Swiss Natural History
Society on the Great St. Bernard ; this paper dealt with the extent of the ancient
glaciers and of their retreat, but it does not appear that it was published in the
Transactions of the Society till 1861—it is entitled Mémoire sur Ucxtension des
anciens glaciers el quelgues explications sur leurs effets remarquables, a posthumous
WOI’:\. Forbes does not mention Charpentier’s most interesting conversation in 1815
with J. I>. Perraudin, a chamois hunter of Lourtier in the Val de Bagnes, who,
says Charpentier, pp. 242, 243, was the first to point out to him the former extension

of glaciers in the Val de Bagnes, and the traces they had left behind them in the
shape of huge boulders, too heavy to be moved by water. Venetz (p. 24), too,
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attempted to extend it, with some variations, to every part of
the temperate zone, and to explain the distribution of the Scan-
dinavian blocks, and those of Great Britain, by a similar action.
We shall 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 absurdity of other suppositions, give some reasons for con-
sidering the former existence of glaciers 100 miles long or more,
as a less extravagant hypothesis than almost any one 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 (1) the diftficulty of admitting a former
condition of climate cold enough to permit so vast an extension
of glaciers as would be required ; and (2) that under any circum-
stances of climate, it is difficult or impossible to conceive that
glaciers could have existed in the particular situations con-
jectured, 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 Blane, and the Glacier of Z'Mutt, 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 further explanation; in others, there

mentions Perraudin as having told him of many ancient moraines in the Val de Bagnes,
now far distant from their respective glaciers, and says of him that he was an
amatcur de ces sortes d'observations.  Charpentier also reports how the same idea was
put before him in 1834 by a Meiringen peasant, and had also been set forth by
various other peasants in the Val Ferret, near Yverdon, and at Chamounix.]

! [The Italinn Miage Glacier is meant. ]

.
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is no want of evidence of their geological power, filling up entire
valleys, and forming lakes, as in the case of the Glacier de
Miage, just mentioned, and that of Allalin in the valley of
Saas.!

The dimensions 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 (judging 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 Schwarzberg,
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 erratics, and which, in that condition, is called
by the German writers Gletscherboden.

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
undeniable 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 1835: “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 excava-
tions they can reach, polishing even overhanging surfaces, which
a current of water, hurrying stones along with it, could not

1 For an account of all these phenomena in this work, see the Index under the
proper names.
2 [Charpentier, pp. 41 and 252 : the block was moved by the glacier in 1818.]
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effect.”! An attentive survey of the glaciers cannot leave the
slightest doubt of this action on the mind of any unprejudiced
person.

There can be no doubt from observation, that a glacier carries
along with its inferior surface a mass of pulverised gravel and
slime, which, pressed by an enormous superincumbent weight of
ice, snust grind and smooth the surface of its rocky bed. The
peculiar character of glacier water is itself a testimony to this
fact. Its turbid appearance, constantly the same from year to
year, and from age to age, is due to the impalpably fine flour of
rocks ground in this ponderous mill betwixt rock and ice. It is
80 fine as to be scarcely depositable. No one who drives from
Avignon 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 turbid Durance, which has carried
into the heart of this sun-burnt region the unequivocal mark of
its birth amidst the perpetual snows of Monte Viso. This is
the pulverising action of ice.

Most erroneously have those argued who object to this
theory that ice cannot scratch quartz—ice is only the setting of
the harder fragments, which first round, then furrow, afterwards
polish, and finally scratch the surfauce over which it moves. It
is not the wheel of the lapidary 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 rock are very generally
covered by moraines, an attentive examination of almost any
glacier affords evidence to the wear of the lateral rocks. We
shall show in future chapters how unequivocally this appears on
the Mer de Glace of Chamouni, and on the glacier of La Brenva.
to which, in the meantime, we refer as evidence of the fact.

Having stated that the transporting and the abrading power
of glaciers is undoubted, we shall now describe some of the

U Notice sur la cause probable du transport des Blocs Erratiques de la Suisse.
Par M. J. De Charpentier. (Extrait du tome viii. des Annales des Mines.)
1835.

% [The reference is to the Guil river, which rises near the foot of Monte Viso ;
but the rare glaciers or snow-patches on that peak feed the Po, or its tributaries,
the Lenta and the Varaita, only.]
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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 Switzer-
land) as to deserve a most careful study before any hypothesis
admitted to be mechanically adequate 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 show that it consists
of three distinct portions—the great chain of Alps; the plain of
Switzerland containing numerous lakes; and the secondary chain
of the Jura, which runs parallel to the Alps, and attains 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 highest part of the Jura is
not less than 80 English miles. Nearly opposite 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 Neu-
chétel, 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 characterises the eastern part of the range of Mont
Blanc, which is also the nearest point where the rock in question
occurs in sifu. It may be dificult 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 approaching 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 as the crow flies. A great belt
of these blocks occupies a line, extending for miles, at an
average height of 800 feet above the level of the Lake of
Neuchitel, and above and below that line they diminish in
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number, although not entirely wanting. They have been most
extensively broken up and removed, for building purposes, or
merely to disencumber the land, and many of them are concealed
amidst the woods which clothe the mountain slope. But
wherever seen they fill the mind with astonishment, when it is
recollected that, as a matter of certainty, these vast rocks, larger
than no mean cottages, have been removed from the distant
peaks of the Alps, visible in dim perspective amidst the eternal
snows, at the very instant that we stand on their débris.  The
most notable of these masses, called the Pierre @ Bot (or toad-
stone), lies in a belt of wood, not far from a farmhouse, about
two miles west of Neuchditel, and near the road to Valangin and
La Chaux de Fonds! The first height above the lake being
gained (vine-clad on its lower slopes), we come rather abruptly
upon a well-cultivated flat or terrace, where the farmhouse 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 thick wood,
in every part of which, not a few, but hundreds and thousands
of travelled blocks may be found; some small and rounded, but
a vast number exceeding a cubic yard in contents, and perfectly
angular, or at least with only the corners and edges slightly
worn, but without any appearance of considerable attrition, or of
violence having been used in their transport. Indeed, such
violence would be quite inconsistent with their appearance and
present position.

The Pierrc & Bot is figured at the head of this chapter, from
a sketch made on the spot. Its dimensions, according to von
Buch, are 50 feet long, 20 wide, and 40 high, containing 40,000
cubic feet (French). It forms a stupendous monument of power.
It is impossible to look at it without emotion, after surveying
the distance which separates it from its birthplace. No wonder
that geologists have vied with one another in attempting to
account for so extensive and surprising a phenomenon. If
transported by water, why do these masses form a band so high
above the plain 2— why, rather, were they nof buried in the

1[It is about half an hour’s walk from Neuchitel.]
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depths of the lake beneath; and why do they show such slight
marks of the friction which they must inevitably have ex-
perienced ? If they slid down an inclined plane, touching the
Alps and Jura, of what was that 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 1° 8’ 50”,
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 floating 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 can-
not be pointed out, consistently with what has bcen 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 sunk by chance on any part of the lake. Nor is
this all : the supposition of a lake washing the base of the Jura
runge, and cold enough to maintain a heavy fleet 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 Charpentier, who attribute this transportation of rocky
masses to a mere extension of glaciers now existing, which are
at this hour depositing terminal moraines of blocks similar to
those upon the Jura, but which are confined to the heads of the
valleys, which they formerly entirely occupied, as well as the
plains beyond. Of course, this recession was not instantaneous,
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 the
actual termination of the glaciers.

If this theory have any foundation, we ought to find con-
firfations 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 making, chiefly in company

1 Charpentier, p. 174.
4
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with M. de Charpentier 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 school-
boy’s slate, and displaying an artificial section 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’Tlliez. The north-western face of that
valley fronts the tide of ice which then flowed through the
rocky defile (on the theory we are discussing), and which bore
upon it with its lateral moraine. The result is not less sur-
prising 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 Neuchatel) from native granite,
but the magnitude of the moraine is proportionally greater. The
“blocks of Monthey,” as they are called, from the village im-
mediately below them, must be seen to be appreciated. I
wandered amongst them for 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 extends
for miles—jyes, for miles along the mountain side ; it is composed
of blocks of granite of thirty, forty, fifty and sixty feet in the
sidle—not a few, but by hundreds, fantastically balanced on the
angles of one another, their grey weather-beaten tops standing
out in prominent relief 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
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the singularity of the phenomenon and the exquisite picturesque
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 leave 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, and the exquisite meadows and orchards which surround
the town of Bex, surmounted by the lofty and imposing summits
of the Grand Muveran and the Dent de Morcles. 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 seemed not hurled by a natural
catastrophe, 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 might 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 appearance higher up, and which gave me a strong con-
viction of the impossibility of currents of water producing these
effects, which I examined carefully in August, 1841. The cas-
cade of the Pissevache between Martigny and St. Maurice, upon
the left bank of the Rhone, is perfectly known to travellers, but
few probably have taken the trouble to ascend to the level of the
higher valley through which the stream (the Sallanche) descends
before being finally precipitated. =~When by a toilsome climb the
higher level has been gained—fully 1500 feet above the Rhone
valley—bare rocks are seen to rise almost precipitously 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

1 One of these afforded shelter to a monomaniac, disappointed in love, whose
sad story is known to many of the inhabitants of the valley who recollect him.
The block which is figured in De Charpentier's work is named from the poor man,
who lived, I think, for forty years under it, Picrre @ Milan. [Charpentier, however,
points out on p. 361 of his work that the block figured thercin as the Pierre @

. Milan is not that boulder.]
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form the mural angle or buttress between the valley of the
Sallanche and that of the Rhone (which are at right angles to
one another), are scored Ly horizontal 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 have 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,
pressed laterally too, with a perpendicular face of 1500 feet be-
neath? 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, however impetuous; a river, however
gigantic; a flood, however terrific, could never do this.

The result of the attrition of fixed rocks attributed to glaciers
is threefold. In the first place, the surface of rock, instead of
being jagged, rugged, or worn into deep defiles, is even and
rounded, often dome-shaped or spheroidal, showing the struc-
ture of the rock in section, and occasionally so smooth as
to be difficultly accessible, as at the Hollenplatte, near the
Handeck. Such surfaces were called Roches Moutonnées by De
Saussure.

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

Thirdly. These polished grooves are often traversed by fine
lines or strie, cut as it were by a hard point, which often cross
one another.

These various phenomena are observed both close to modern
glaciers and in the districts of the Alps and Jura which abound
with erratics.

The strie of the Pissevache are accompanied by the presence
of erratic blocks. They are all, I think, from the neighbouring
mountains to the westward. From this fact, and from the
direction of the marks on the rock, I concluded, in 1841, that
the Val du Trient was formerly occupied by a glacier which
passed by the village of Salvan and joined the great Rhone
glacier, by sweeping round the angle of the Pissevache. This
conjecture will be found to be confirmed by more recent observa-.
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tions in the valley of Vallorcine, 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,
because new recent species (I allude to inhabitants of the ocean)
are being continually found in climates to which they were not
formerly 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 particular 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 Beaumont, 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 probably be so very great, as might at first sight
appear, in order to cover Switzerland with ice. It will be seen
in the course of the present work that many glaciers have under-
gone surprising variations of extent, and covered whole acres
with their débris, within the memory of persons now living, and
this due to causes which, though doubtless energetic, are not
sufficiently developed to enable us to clearly to define them.! It
would not be difficult to show, did space permit, that a great in-
crease of glacier surface must result from a small depression of
atmospheric temperature.

(2) A more formidable objection has been drawn from the
small inclination under which these primitive glaciers must have
moved, and carried down their débris. The mean inclination of

1 See references to the glaciers des Bois, of La Brenva, of the Val de Bagnes, of
Lys, and Schwarzberg in the Index.
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the entire glacier of the Rhone valley has been estimated by De
Charpentier at 1° 8’; but the slope of a great part of its course
must have been much less, 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? Speaking 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 different 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 further illustrations of the subject of this chapter will
be found in the Edinburgh Review 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 shall call attention to two simple woodcuts,
of parallel and similar but very distant phenomena,—the one, of
travelled blocks resting on an ice-worn surface, within a few fathoms
of a modern glacier, by which they have been deposited,—the other
represents a fragment of similar rock, upon a limestone 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.

’
P4

I

BIENNE—JURA.



GRANITE BLOCK ON THE MER DE GLACE.

CHAPTER IV
DESCRIPTION OF THE MER DE GLACE OF CHAMOUNI

Physical geography of the ice-world—Glacier de Léchaud—Glacier du
Géant—Source of the Arveyron—Hameau des Bois—Cote du Piget—
Ancient moraine of Lavancher—Le Chapeau—Mauvais Pas—Cattle
traversing the glacier—Blue colour of ice—Montanvert—Accommo-
dation—The view—Les Ponts—L’Angle-—Passage of the glacier—Les
Charmoz—Trélaporte.

Nec vidisse sat est : durum calcavimus aequor.
Ovip, T'rist, 111, x. 39,

THE glacier which occupies the vast gorge or system of valleys to
the east of Mont Blanc is usually, and, I believe, correctly termed
the Mer de Glace,—the name of Glacier des Bois being confined
to its lower extremity, where, escaping from the rocky defile
between the promontory of the Montanvert and the base of the
Aiguille du Druy, it pours in a cascade of icy fragments, assuming
the most fantastic forms, into the valley beneath, between the fir
woods of Lavancher on the one hand, and those through which
the ususally frequented path to the Montanvert passes on the
other. If I do not always use the Glacier des Bois 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 structure, either in the valley in which the glacier lies, or in
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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 extension ; and if the details into which I shall enter
appear somewhat minute, it may be well to recollect that the
absence of such local knowledge 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 for 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 imagina-
tion to the scene of the experiments 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 icy 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 effect of interminable vastness with which icy plains
outspread for miles, terminated by a perspective of almost shadow-
less snowy slopes, impress the mind. I 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

pra——
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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 imagination 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 fantastic monuments of
the Druid age—or the beautiful veined structure of the interior
of the ice, apparent in almost every crevasse,—these things, so far
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 atten-
tion at once upon all the parts of so wide and glorious a field.
We are not aware, in our ordinary researches in physical
geography, or the natural sciences in general, how much we fall
back upon our gemeral knowledge and habitual observation in
pursuing any special line of inquiry, or what would be our
difficulty in entering as men upon the study of a world which
we had not familiarly known as children. The terms of science
are generally but translations into precise language of the vague
observations of the uncultivated senses. Now the ice-world is
like a new planet, full of conditions, appearances and associa-
tions 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 children of nature—which
guides the Indian on his trail, 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 map
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 Géant, 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 Col du Géant, on the south, and the chain of Aiguilles of
Chamouni ! on the north, commencing nearest Mont Blane with

! I retain De Saussure’s spelling of this familiar name, although I am aware
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the Aiguille du Midi, and terminating with that of the Charmog,
round whose eastern foot the Mer de Glace sweeps. The other
branch, called the Glacier de Léchaud,' has its origin at the foot
of the Grandes Jorasses, one of the highest mountains of the
chain which separates the Val Ferret from that of Chamouni.
This glacier is smaller than its neighbour, although it is swelled
before their junction by the tributary ice of the Glacier de
Tal¢fre, 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
Chamouni 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 correct idea of superficial extent.
The distance from the foot of the Glacier des Bois to the top of
the Glacier de Léchaud might probably be traversed in six or
seven hours, and by the other branch to the Col du Géant,
supposing that the state of the glacier permitted the traveller
constantly to advance (which is not the case), in about nine.
The shortest linear distance from the 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
détours, 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 leading from Chamouni to Argentiére, is exceedingly
striking. The valley of Chamouni is here broad and flat. Three
hamlets of small size are planted in sight of one another,—Les

that the most correct orthography is Chamonix. But I have, in general, preferred
De Saussure’s authority, on the spelling of proper names, to all others, and that
of Chamouni has been usual amongst English, as well as many Swiss authors. The
second syllable is pronounced rather short.

! [This name is now usually spelt ¢ Leschaux,” but as the old spelling causes
no confusion, it is retained in deference to Forbes’s opinion, expressed in the previous
note.

2 ][They have all been climbed since 1842.]
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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 further 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 Montanvert)
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 gentle slope of ground, sweeps round the
foot of the Aiguille & Bochard, and beneath the station called
the Chapeau, when it is again diverted to the west, partly by
the accurnulation of its own moraine in front, and partly by a
projecting rock of a remarkable kind, of which we shall im-
mediately speak. From the village of Les Praz, then, this
cascade of ice is seen directly in front, but the source of the
Arveyron, at its lower extremity, is hid by the mass of the
moraines. The source offers, however, nothing extremely re-
markable, and the views which have been given of it are, in
general, greatly exaggerated. It is an arched cavity, almost
annihilated in winter, and gradually 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 Arveyron flows. The quantity of water varies excessively
at different seasons, and even, I have been assured, on different
days. It is fullest, I think, in July; and, in winter, though
small, I am assured by natives that it is very far indeed from
altogether ceasing, retaining, I was informed, 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, as supposed by De
Saussure ; but it must also be recollected, that the ice 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 glacier-contact does not com-
municate a sensible influence, and the source of the Arveyron is
the natural drainage of the springs of that valley.

The final slope of the Glacier des Bois has a vertical height
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of at least 1800 feet (the height of the summit called Le
Chapeau, 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 fissures, whilst on
the right the precipice above the source of the Arveyron raises
its bare forehead without even a stunted tree or a blade of grass,
for its surface is continually furrowed by avalanches, and its
hollows washed clean by foaming cascades, which both originate
in the diadem of jagged pinnacles of ice by which it is sur-
mounted. 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 stupendous
granitic obelisk of the Dru, which has scarcely its equal in the
Alps for apparent insulation and steepness — a monolith, by
whose side those of Egypt might stand literally lost through
insignificance.

When we approach the foot of the glacier at the Hameaun
des Bois, we are at no loss to perceive that the ice has retreated.
The blocks of the moraine of 1820, in which year the glacier
made its greatest incursion (in modern times) into the valley, lie
scattered almost at the doors of the houses, and have raised a for-
midable bulwark at less than a pistol-shot of distance, where
cultivation and all verdure suddenly cease, and a wilderness 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 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 had very nearly divided itself into
two streams, separated by the promontory marked Céte du Piget.
This promontory commands an excellent view of the extremity
of the glacier. Upon its southern face the glacier has spent its
strength, heaping ridge upon ridge of its moraines against it.
The northern slope is perfectly protected, and trees grow to the
foot of it. One cannot help being reminded of the position of
the Hermitage of St. Salvador, on Mount Vesuvius, round which
the lava streams pass innocuous.

But this hillock has an especial interest. Its resistance to
the pressure of the ice led me to suspect that it is composed of
tirm materials, and is not merely a heap of rubbish. And so it
proved : but whilst the cliffs above the source of the Arveyron
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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 under the gneiss, and at about the
same angle. We find it continued, in exactly the same circum-
stances, a little to the eastward, at the foot of the Aiguille i
Bochard, on the path leading from the village of Lavancher to
the Chapeau. There is there a lime-kiln, and it is burned for
use. The Cdte 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 upon 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 evidence 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 De Saussure,” and
most, if not all, of his followers. There are circumstances
connected with this moraine which render it worthy of most
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 débris, 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 Chamouni above the
village of Les Tines, presenting its convexity towards Chamouni.
Its length, reckoning 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 & Bochard to the opposite side of the Arve from
Lavancher. It has already been said that the valley opposite to
the Glacier des 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 Chamouni ;
but its composition is abundantly testified by the appearance of
its summit, and especially by the section in the ravine through

1 Voyages, § 709. 2 Ib. § 623.
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which the river Arve, descending from the Col de Balme, and
swelled by the glacier streams of Le Tour and Argentiére, 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 disorder, mingled with sand, without
any appearance of stratification. The embankment has been cut
through by the river, so that a portion remains attached to the
northern side of the valley (the slopes below the Flégére 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 further
evidence in the deposit of the alluvial flats which succeed it in
ascending the valley towards Argentiére, 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 Lavancher now
stands.

The entire mound, I have already said, is composed of
materials similar to those of the moraines of glaciers generally,
and of the Glacier des 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 garnished with huge blocks ou its
very top. The largest of these is marked on the map under the
name of la Pierre de Lisboli, and in some places these ridges are
multiplied and parallel, exactly as in a modern moraine. It will
be observed that the ground plan of this mound is very singular,
being convex towards the glacier, instead of concave as is usually
the case. This is an important fact, and requires a special ex-
planation, on the hypothesis (generally admitted) of its being due
to the former extension of the Mer de Glace. The ice must
have descended in such a mass as to have blocked up completely
the whole valley, and abutted against the opposite slopes of the
Flégére. So great was its mass, and so nearly level the valley
of Chamouni into which it descended, that when resisted in front
it spread laterally in both directions, and pushed its moraine up
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the valley as well as down. The presence of the glacier, ob-
structing the course of the Arve, produced a lake, as in other
well-known cases—such as the lake of Combal in the Allée
Blanche, formed by the Glacier de Miage, and that of Mattmark
in the valley of Saas, formed by the Glacier of Allalin. The
almost entire disappearance of the moraine on the western or
lower side of the glacier is no argument against 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 Chamouni, and which were formerly very
numerous indeed, but are every day disappearing with the
progress of cultivation. In external and mineralogical characters
they are identical with those already noticed. A further con-
firmation will be found in the enormous transported blocks which
lie some hundred feet above the level of the glacier on its western
side near the Montanvert, and which are not, I think, alluded to
by any writer. Possibly the glacier once filled the valley of
Chamouni to a great extent, and thus formed its own barrier,
and perhaps we are to look for the proper terminal moraine
much farther down. This is indeed 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 west
side sufficient to produce such an accumulation on the east. De
Saussure’s remark on the smallness of the terminal moraines is
one of the most acute in his work. He says, “ Les blocs de
pierres dont est chargé le bas de ce glacier invitent & une ré-
flexion assez importante. Lorsqu'on considére leur nombre et
que l'on pense qu'ils se déposent et s'accumulent A cette extrémité
du glacier & mesure que ses glaces se fondent, on est étonné qu'’il
n’y en ait pas des amas beaucoup plus considérables. Et cette
obeervation, d'accord en cela avec beaucoup d’autres que je

1 In 1843 I was fortunate enough to discover this moraine. It forms a vast
terrace of débris of rocks exclusively belonging to the central chain, over which the
path from Chamouni to the Montanvert passes for a considerable distance, in fact
nearly all the way from the hamlet of Les Mouilles to that of Planaz (see the
General Map and Occasional Papers, p. 42). The cultivated fields at Planaz
point out plainly the terrace-like form of the moraine, and the rapid bend in the
lower part of the course of the torrents of Grépon and Fouilly, as seen in the map,
is owing to the opposition offered by the mass of débris to their direct descent towards
the valley (1845

3 [Properly Houches, but the older form is retained for the reasons given
above on p. 58 note.]
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développerai successivement, donne lieu de croire, comme le fait
M. de Luc, que l'état actuel de notre globe n’est point aussi
ancien que quelques philosophes I'ont imaginé” (Voyages, § 625).
The reason which we would assign for this remarkable fact is
that the extremity of the glacier having a movable position,
the blocks have been gradually deposited as the glacier retreated
from the lower end of the valley of Chamouni to its present
position.

If we continue our survey of the glacier, ascending the
ancient moraine of Lavancher, we reach 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 sloping southwards exactly at the same angle with the
limestone, namely, about 30°. This limestone is, no doubt, of
the same formation with that which has been noticed in other
parts of the valley of Chamouni, and especially by De Saussure,
as underlying the gneiss of the Aiguilles opposite Chamouni,
towards the hamlet of Blaiticre. 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 Courmayeur,
gives to it a peculiar interest.

When we begin to command the view of the glacier in
approaching the Chapeau, we are struck by the 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
portion 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 the Chapeau, on the precipitous side of which is a
cavern affording some shelter, and an excellent view not onmly
of the glacier, but of the valley of Chamouni which it commands,
and the effect is extremely beautiful, especially in the evening.
This spot, although extremely easy of access, is rarely visited by
tourists,! unless at seasons when the Montanvert is too much

! [Nowadays this spot—5279 feet—is the object of one of the regular excursions
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enveloped in snow to be conveniently reached; but the two
views have very little resemblance, since the portion of the
glacier seen from the Chapeau is the lower part, or Glacier des
Bois, whilst the upper part, or Mer de Glace, is commanded from
the Montanvert, and the other is nearly concealed.

Beyond the Chapeau, the precipices of the Aiguille & Bochard
actually 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 east bank of the glacier; 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
difficult 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 goatherds are in the habit of continually
passing, and there is nothing to daunt any tolerable moun-
taineer, although the spot has acquired the name of the Mauwvais
Pas, which it bears more frequently than its proper one of the
Roche de Muret. This rock (which is exactly opposite to the
extreme promontory of the hill of Montanvert on the west side)
forms one of the barriers of the Mer de Glace above, past which
it pours down the precipice in the manner already mentioned.
Consequently, when the height of the Roche de Muret has been
gained, we have a new reach of the glacier in view, and the ice
begins to assume a connected and consistent appearance, although
still so excessively full of crevasses 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,
unruffled swell of swift water; rushing to precipitate itself
in a mass of foam over a precipice, it has all the forms of

of tourists, who from the Montanvert cross the Mer de Glace, and then go by the
Mauvais Pas, Chapeau, and Lavancher to Chamouni. There is an inn on the
Chapean, reached by a mule-path from Lavancher that comes to an end a short
distance only below the Chapeau.

1 ese form the ‘¢ Mauvais Pas,” which has been much improved since Forbes’s

time, and is farther guarded by a railing. ]

ol
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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 Muret 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. Somewhat farther on a noisy, foaming torrent,

_called the Nant Blanc, descends from a seemingly small glacier,
called the Glacier du Nant Blanc, lodged in a ravine interposed
between the Aiguilles of Bochard and Dru; this torrent is well
seen from the Montanvert—it is most copious in July, and its
appearance is a good index to the state of temperature 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 Aiguille 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 the promontory of Les Echelets, are the
highest stunted pines and .larches 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 cows for a good many weeks in
summer. How a cow can find footing among such rocks, or
ascend and descend pathways which might be pronounced dis-
agreeably precipitous by even a not fastidious traveller, and
whose zigzags are often not half the length of the animal’s
body, may appear sufficiently surprising; but it is nothing
compared to the seeming impossibility of ever bringing them
there at all or removing them. To traverse the Mer de Glace
opposite the Montanvert is at all times a feat of some difficulty
for an unloaded man; it is commonly said that there exists
but a single practicable pathway amongst the 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 rocksman may perhaps
be admitted) to effect this passage with certainty and alone. I
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remember to have found some stray goats, which had wandered
from the shore, quite lost amidst the wilderness of crevasses, and
bleating for help.! The only other access to this pasturage is
by the Roche de Muret, 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 Mauvais Pas, where I have already said the ice is in
the very act of tumbling 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 is to be performed,
and then about thirty peasants assemble to pass as many cows,
and by the aid of ropes succeed, usually without any loss, 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 (1842), and I regretted
extremely that I missed "the opportunity of witnessing so
singular a cavalcade.

I have traversed the Mauvais Pas frequently. 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 Muret to the Montanvert. The thing had never
been done, he said, but there was no reason why it should be
impossible, and at the worst we could but come back. We got
upon the ice ; and after a long and circuitous progress succeeded
in reaching the other side as we proposed; and I often crossed
the glacier afterwards in nearly every direction (excepting just
above the final chute) 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 traverse the ice but in a few directions, and it was
% new to him as to me; but his intelligence and zeal were
Superior to the lazy dogmas of impossibility, which are frequently

even amongst the guides of Chamouni.

Speaking generally, the fissures of the glacier in this part
(bt wween the Montanvert and the Dru) are mostly transversal,

% Cattle are sometimes taken across the glacier at this place, and one of the
]M’l-lupen at Chamouni recounted to me a curious history of the risk which
]:;m:nd s companion had run in transporting a mule. They were assisting him

Topes, and the animal slipping, pulled them both into a crevasse: they
Saped vith difficulty, abandoning the mule to his fate.
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though so interlaced, and forming so many compound fractures,
that the solid part continually thins out into an edge, which at
length becomes evanescent 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 face 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 continuous 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 détours.

It is the east side which is so excessively. crevassed, and that
during the whole length of the united stream of the Mer de
Glace. Whenever 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 porlion, which is derived from the Glacier
du Gdant, moves fastest, and has by far the greater mass. The
other, from the Glacier de Léchaud, 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 occupied,—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 Filiaz}
from the source of the Arveyron, 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 obtained. The ice here is remarkably pure,

1 I do not know the origin of the name. Thinking that it might refer to some
legendary story of a young woman lost at the source of the Arveyron, I once asked
a native of Chamouni its meaning, to which he replied, simply enough,—*Je ne

sais pas si ce n'est parcequon y fils tout droit,” which all who have descended it
will readily admit to be the case,
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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 cases not considered as paradoxical. Most bodies when
powdered have a different hue than when crystallised and com-
pect, the topaz and the iodide of starch change their colour
with temperature, and many bodies change their tint with their
consistency, or lose it altogether when mixed with grosser matter.
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 fine blue at a small
depth (about six inches) wherever pierced by my stick. Nor
could this possibly be due to any atmospheric reflection, for the
gky was of an 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 consider-
able size. Amongst these lie fragments of transported granite,
wherever a ledge exists sufficient to maintain them, and they are
accumulated especially at the 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 there-
fore sheltered from the glacier, these masses are comparatively
rare. They extend quite up to the dwelling of the Montanvert,
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 the Aiguille des Charmoz
to the Montanvert (and which is here called simply Les Charmoz)
is covered with vast débris,—these débris are all ¢n situ, and in
contact with the native rock, a slaty talcose gneiss. These
blocks constitute, therefore, an undoubted moraine, corresponding
to that of Lavancher and Les Tines on the ecast side, and indi-
cating the maximum level of the glacier in very remote times.

1 On the colour of pure water see Newton, Optics, Book I. Part ii. Prop. 10 ;
Humboldt, Peyages, 8vo, vol. ii. p. 133 ; Davy, Salmonia, 3rd edit. p. 317 ; Arago,
Comples Rendu ™ 23, 1838 ; Count Maistre, Edin. .New Phil. Journal, vol. xv.
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I may add, too, for the sake of connection, that the fixed rocks in
the immediate neighbourhood of the house of the Montanvert,
exhibit clear traces of being rounded and furrowed, though too
much weathered to exhibit anything like polish. Such rocks
occur on the descending path to the glacier.

The earliest habitation on the Montanvert is thus described
by De Saussure:—*“ Mais ol couche-t-on sur le Montanvert?
On y couche dans un chéteau; car c’est ainsi que les Chamouni-
ards, nation gaie et railleuse, nomment par dérision la chétive
retraite du berger qui garde les troupeaux de cette montagne.
Un grand bloc de granit, porté la anciennement par le glacier,
ou par quelque révolution plus ancienne, est assis sur une de ses
faces, tandis qu’une autre face se rel¢ve en faisant un angle aigu
avec le terrain, et laisse ainsi un espace vuide au-dessous d’elle.
Le berger industrieux a pris la face saillante de ce granit pour
le toit et le plafond de son chiteau, la terre pour son parquet;
il g'est préservé des vents coulis, en entourant cet abri d'un mur
de pierres siches, et il a laissé dans la partie la plus élevée un
vuide oi il a placé une porte haute de quarante pouces et large
de seize. Quant aux fenétres, il n’en a pas eu besoin, non plus
que de cheminée; le jour entre et la fumée sort par les vuides
que laissent entr'elles les pierres de la muraille.  Voild done
I'intérieur de sa demeure: cet espace angulaire, renfermé entre
le bloc de granit, la terre et la muraille, forme la cuisine, la
chambre A coucher, le cellier, la laiterie, en un mot, tout le
domicile du berger de Montanvert.” (FPoyages, § 627.)

This was in 1778. But it appears that things were soon
improved : for, in one of Link’s excellent coloured views (pub-
lished at Geneva, and very superior to all the more recent ones),
entitled “ Vue de la Mer de Glace et de 'Hopital de Blair, du
Sommet du Montanvert, dans le mois d’Aoust 1781,” a regularly
built cabin, with a weoden roof, is represented, with this inscrip-
tion above the door :—

“ BLAIR'S HOSPITAL
UTILE DUICT —
from whence 1 conclude that this hut was built by an English-
man named Blair, between the years 1778 and 17812
1 [Mr. Blair, an Englishman recident at Geneva, gave four guineas for the con-

struction of & cabin, which was built in 1778 and usd that year by Goethe. It
subwisted till 1812.)
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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 inscription, 4 la Nature. On my first visit to Cham-
ouni this was the only building, but soon after®a much more
substantial and effectual shelter was erected at the expense of
the Commune of Chamouni, and is let to the present tenent,
David Couttet (together with the grazing round), for the con-
siderable sum of 1400 francs. The principal floor consists of an
ample public room, & small kitchen, a guides’ 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 39° F. in
my bedroom, and there was little choice of provisions beyond the
excellent mutton of the Montanvert; yet, on the whole, I pre-
ferred the tranquillity of the arrangements to the bustle of the
hotels of Chamouni, whither I seldom resorted but under stress
of weather.

‘We are 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 Ly thousands of
travellers. For myself, repeated visits and a long residence
have only heightened my admiration 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

! [This house was built in 1795, mainly through the exertions of Bourrit, to
whom Desportes gave 2000 francs for that purpose. It still exists.]

3 Ebel gives the following account of it: ‘M. Bourrit de Genéve, I'aubergiste
Terraz [Tairraz), et les guides Jacques [Balmat) des Dames et Cachat le Géant ont
exceuté le plan de M. Desportes. Le batiment offroit une grande salle pourvue d'une
cheminée, de deux fenétres, de quatre lits de sangle, avec des chaises, des tables, des

glaces, ete. Les frais de I'établissement montérent & 95 louis.” — Manuel du Voyageur
(1810), tome ii. p. 364. i

3 [In 1840, This first inn was replaced in 1879 by the present three-storied
building, which can accommodate from forty to fifty persons. Needless to add
that the rent is now far higher than in Forbes's time. The height of the hotel is

6267 feet.]
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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 any one point.! Besides former visits, I have
this year (1842) 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 Montanvert is easily
accessible, whilst it presents at the same time all the grander
and more remarkable features of glacier ice. The moraine is
abundant, and the crevasses 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 position, 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 steep stony ridge,
about thirty feet high on the landward side, and much more
towards the glacier at its present level. The masses of which
it, and, indeed, all the older moraines of this neighbourhood are
composed 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 conducts us from the house of the Montan-
vert, first nearly down to its level, and then nearly parallel to its
length. By and by we come to pretty smooth faces of rock,
which go down sheer under the ice, evidently ground away by
its friction, or rather that 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 premier et
second Ponts. De Saussure 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 contorted, owing probably to the

! Tt may be seen to most advantage from a station some hundred feet higher on
the Charmoz.
2 [In 1778. Of course the path has since been greatly improved.]
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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 enormous magnitude and great angular
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, that the glacier is here impassable; but
on the 18th September last (1842) I crossed 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
moraine, which partly fills a sinuosity in the outline of the hill;
and, having followed this for some hundred yards, we are met by
a perpendicular cliff, 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 ice,and its contact with
the rock offers some peculiarities worth observation. 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 promontory, which the ice does not immediately fill
up. Here it is easy (occasionally 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 juxtaposition of the power, the tool, and the matter
operated on, is such as to leave not a moment’s doubt that such -
strise must result, even if their presence could not be directly

The Angle is the point noticed by De Saussure as the junction
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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
Aiguille des Charmoz, or to follow the glacier near its western
border, by an intricate 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, arising from
some sudden change in the glacier, with loud noise, which con-
tinued for several minutes. The passage of the Mer de Glace
alnost requires an experienced guide! I know of no better
instance of the confusing 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 so multiplied, yet so
similar, that each seems to rise endlessly “ another yet the same.”
We continually fancy that we recognise 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 again, because a false turn may separate 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 landmarks, such as are used occasionally on moors or
hills subject to fogs. Even one who has great facility in retrac-
ing a path once pursued on 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 embarrassing 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 (1842), 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 idée du nombre

! [One must not forget that Forbes wrote this in 1842.]
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prodigieux des crevasses de cette vallée, que la difficulté den
sortir. Il n’est jamais arrivé de retrouver au sortir le méme banc
de glace par ou l'on est entré; souvent, au contraire, I'on erre
pendant trois quarts d’heure, et les guides étonnés recourent aux
enchantemens pour expliquer cet effet de la multiplicité d’objets
semblables et qu’une longue fréquentation n’apprend point A
distinguer.”? It deserves, however, to be mentioned, as a point
not only curious in itself, but highly important 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 occurrence of moraines, the systems of complex
crevasses, and the formation of superficial watercourses, in any
one season a8 in another. These phenomena, then, are deter-
mined 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 past which the water itself is ever hurrying onwards.
The passage of the Angle is more difficult in some seasons
than others, but it probably varies much more in its character
between spring and autumn of any one year than between
one year and another. This I have, on the unanimous testimony
of the guides, and my observations of three different years con-
firm it.

The Angle past, the most conspicuous object is the imposing
Aiguille 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 part of the Alps. There is
one which is conspicuous from the Montanvert, and which has an
unnatural and exaggerated appearance in most of the engravings,

1 Description des Glaciéres, vol. iii. pp. 106, 107.
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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 Couloir immediately beyond the Angle; I have
found a singular porphyritic rock amongst the fragments, con-
taining felspar and epidote, which it is difficult to refer to any
class of primitive rocks.

From the foot of the high summits of the Aiguille des
Charmoz, a small glacier, which has been already alluded to,
takes its origin. It is one of those short limited glaciers termed
by De Saussure glaciers of the second order! They may be
studied to advantage in these valleys, 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 in-
clination 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 Charpentier has very justly
quoted several examples as proving, that if these glaciers merely
slid over the soil, as De Saussure supposed, these could not for a
moment sustain their position at an angle of 30° or more. In
the higher part of the Mer de Glace, or rather, on the great
chain between the Grandes Jorasses and Mont Mallet, there are
some of the icy masses which seem to hold on to the face of the
rocks by mere adhesion, 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 magnificent relief, when the
stability of these glaciers appeared little short of miraculous.
It would be of importance to ascertain the rate of motion of
such glaciers. I had intended doing so, but the bad weather of
the month of September, 1842, put an end to this as to several
other plans.?

It is evident that the little glacier at the foot of the Charmoz

1 Voyages, §§ 521, 529,
% This I have since done elscwhere, see Occasional Papers, pp. 61-77 (1845).
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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 reappear again
after a series of cold seasons. I noticed [see p. 247 below] on
the Glacier d’Argentiére, at the foot of the Aiguille of the same
name, the vacant bed of a glacier which had melted away. De
Saussure asserts the appearance of new glaciers (§ 540), though
he does not give any instance of them within his own knowledge;
but there is no reason to doubt the fact. From the glacier of
Charmoz' the Passage de I’Etala,? said to be difficult, communicates
with the Glacier of Nantillons, passing between the Aiguille des
Charmoz and the rocky summit called Petits Charmoz.*

A rocky ridge, descending eastwards from the Charmoz,
composes the massive promontory of I'rélaporte, 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 turn 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 Gorner,
at the north foot of Monte Rosa. To pursue 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
divides the glacier into two portions. 'We may, however, ascend
the promontory of Trélaporte itself, which commands a very
interesting view.

! [Called Thendia glacier on M. Kurz's map. ]
2 [Now known as the Col de la Biiche.]

3 [The former summit is now called the Aiguille des Petits Charmoz, and the
latter the Aiguille de I'M.]




CHAPTER V
DESCRIPTION OF THE MER DE GLACE—CONTINUED

Trélaporte—A. traveller crag-fast amongst precipices—The moraines of the
Mer de Glace—** Moulins ”—Discovery of De Saussure’s ladder—Tacul
—Lake—Bivouac under a rock—Thunder-storm—The chamois hunter
—Superb glacier table—Glaciers of Léchaud and Taléfre—Jardin—
Pierre 4 Béranger.

No part of the valley of the Mer de Glace shows better than
the Trélaporte the abrading action of the ice upon the rocks, or
the height to which the glacier has evidently once risen. The
forms are everywhere smoothed and rounded. Vast sheets of
bare granite, nearly vertical, and without a fissure, occur up to a
great height, and a few hundred feet above the glacier level is a
sort of shelf, covered with large detached masses of granite, which
have formed an ancient moraine. On the top of one of these
my surveying station G was actually planted. There is some-
thing 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 year, without any resident shepherd, these poor animals,
straying in search of food, perish in considerable numbers from
famine, or by falling down the cliffs. A singular incident occurred
here in the past autumn, which shows the danger of venturing
into such places without a guide, or at least an attendant.

On September 17, 1842, I walked up to this lonely
promontory, which, as it leads nowhere, is unfrequented, except
by the occasional visit of the shepherd, to carry salt to his
sheep.! Having stopped to sketch the bold outlines of the Dru

1 Accdrdingly, here and elsewhere, a traveller may be incommoded by the im-

portunate earnestness with which the sheep surround and follow him, supposing that
he has brought salt with him. They are as tame as domestic animals.
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and Moine, which form the opposite 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 sur-
prised 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 proceeded in search of him. After some time I
saw him coming up with two lads of Chamouni, whom he had
seen start from the Montanvert in the morning for the Jardin,
and leading between them a man evidently exhausted, confused,
and his clothes torn 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 ke had passed the whole night, he
had placed himself in imminent danger. This person proved
to be an American traveller, who had wandered all alone the
morning of the day before over the hill of Charmoz, above the
Montanvert, and scrambled as far as the solitary precipices of
Trélaporte, unvisited, as we have said, except casually by a
shepherd, and still more rarely by some chamois hunter. To-
wards 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 surrounded by precipices on
every side, where he found himself lodged in a perfectly hopeless
prison. Here he passed the whole night, which, fortunately,
was not cold, and in the morning he succeeded in attracting, by
his cries, the young men of Chamouni, who were on their 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 their united efforts would have been
unequal to rescue him had I not providentially gone, with my
guide, the same morning, to this remote spot. Whilst he was
on a search for the water which I required, he came within
sight of the boys, vainly attempting to extricate the traveller.
Balmat instantly joined them, and by 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 a 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
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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
doubted whether he was not deranged.! I returned with Balmat
to view the exact spot of the adventure, 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, so that
no man, unassisted, could have climbed it. The direction of his
fall was attested by the shreds of his blouse, which were hanging
from some juniper bushes, which he had grazed in his descent,
but for which evidences it would have appeared to me inconceiv-
able 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 so completely that
it was plain he must have fallen obliquely across the precipice,
80 a8 to attain it. The ledge was about twenty feet below the
top of the smooth granitic precipice, to which a cat could not
have clung, and below, the same polished surface went sheer
down, without a break, for a depth of at least 200 feet, where it
sinks under the glacier, whose yawning crevasses would have
received the mangled body, and never would have betrayed the
traveller’s fate. A more astonishing escape, in all its parts, 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 him (it was in
the direction 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 spot, intending to gain a remark-
able cleft * in the rock, conspicuous both from the upper and lower
part of the glacier, and denoted on the map by the mark G*.

1 T regretted to learn afterwards that he had not shown himself generously
sensible of the great cffort used in his preservation.
2 In 1844 I was fortunate enough twice to reach this point, and to take a great

number of angles with the theodolite, for the improvement of the map. The view
is one of the most comprehensive and splendid of the entire glacier (1845).
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There was fresh snow on the rocks, which made the ascent very
disagreeable, and the secondary glacier, which extends for a long
way on the south-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 the ascent
until more favourable weather. This never came, and I was
obliged to quit the Montanvert without accomplishing 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 of the Trélaporte
offers several excellent contacts of the ice 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, or promontory at the bifurcation of the
Glaciers du Géant and de Léchaud. The usual course of proceeding
is, as we have observed above, to cross the glacier before reaching
Trélaporte, until the principal medial moraine is attained. The
whole of the eastern part of the glacier is here much lower than
the western, which 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 and general
parallelism of these moraines, amidst all this confusion and dis-
location, is exceedingly remarkable. From the point we have
now reached, upwards, four of them may be most distinctly traced.
Two descending the Glacier de Léchaud, one from the promontory
of the Tacul, and one the principal medial moraine of the Glacier
du Géant, which, descending from the promontory called La
Noire (see the map), we shall designate by that name. Of
the first two, one descends all the way from the foot of the
Courtes, on the Glacier de Taléfre, and the other is the medial
moraine of the Glacier de Léchaud. The moraine of La Noire
has a remarkable dislocation or lateral displacement, opposite to
Trélaporte, which arises from some cause which I am unable to
determine. Nor do I know whether this apparent dislocation
advances with the progress of the glacier.

Near the same spot are the “Moulins,” which the guides
always take care to point out to travellers going to the Jardin.
They are deep and nearly cylindrical holes in the ice, into which

! [See last note on previous page. ]
[
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the water accumulated in the rills, which form the superficial
drainage of this part of the glacier, is precipitated in a more or
less copious cascade according to the season. Sometimes these
cascades are double in the same hole, or one stream separates into
two cascades; but always, whatever be the state or progress of the
glacier, these cascades or “moulins” are found in almost exactly
the same position, that is, opposite to the same fixed objects on
the side of the glacier. This is an evident proof of the continued
renewal of the glacier as to its state of aggregation, the external
forms remaining fixed, whilst the integrant parts are advancing.

I was greatly struck by the change which I perceived in this
part of the glacier, between the month of June, when I first visited
it last season (1842), and the close of September, when I quitted
it. At the former time the crevasses were comparatively trifling,
and they continued to open more and more the whole summer, so
that at the end many places were nearly impassable, which earlier
I had traversed without difficulty. This is a most important
fact, for it shows that during winter the glacier consolidates, and
that every summer its crevasses open afresh, whilst its continued
adaptation to the external constraint which its walls or bed
impose show that the glacier mass is far more passive and
plastic than 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 have opened in spring attain their
widest extension in July and the beginning of August, and
afterwards by the collapsing of their sides, and the general
softening of the mass, they subside into rounder forms, 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 fragments of wood, evidently much wasted and rubbed,
which he assured me were part of the identical ladder which De
Saussure had used on his memorable journey to the Col du
Géant, forty-four years before. I kept a portion of the wood as
a relic, without, however, attaching very great faith to its
history ; but the incuiries which I made this year (1842) dis-
pose me to believe it probably correct. Couttet and his brother
repeated to me exactly the same story as before, and mentioned
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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 of the thing before.
They further mentioned that there was no question that it was a
ladder, for 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 La 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 Saussure
ascended the glacier on that side, and that he left a ladder
there:* for he tells us (§ 2028) that he was unable to pass by
the western side 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 expedition, and he assured
his sons that the ladder had been left there. Besides, among
the few ascents to the Col du Géant 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 of La Noire. There is indeed
one other alternative,—that the ladder had been used Ly the
crystal hunters, who used to frequent the rocks of La Noire for
the black quartz crystals, which, perhaps, occasioned the name of
the spot. But in this case it is more than probable that the

! The fact that the origin of the medial woraines is familiarly known to the
guides of Chamouni seems equivalent to the possession of a true theory of these
moraines, so strangely misapprehended by De Saussure and most of his followers.
Since a medial moraine may always be traced up to a promontory, and there be
seen to originate, or at least to he combined out of the two lateral moraines which
there unite, it would seem impossible to ascribe to them any other than the true
origin. And that the Chamoniards perfectly understand this, is plain from the
fact that they seek in each moraine the minerals proper to the source whence
it is derived ; for instance, the red fluor-spar in the most easterly moraine of the
Glacier de Léchaud, which has descended the Taléfre, and has its origin at the foot
of the rocks called Les Courtes, where this rare mineral is sought ia sitw.

* [Saussure ascended from the Tacul and descended to Courmayeur, but makes
no mention of having left a ladder. On the other hand, Bourrit, on the occasion of
his passage of the Col in 1787—the year before Saussure’s—had a ladder 14 feet
long with him (see his Description des Cols ou Passages des Alpes, vol. i. p. 115).
From this narrative it is impossible to determine his precise route, though he
passed by the ¢ Tacul,” but Saussure asserts distinctly that the 1787 party passed
by the west side of the Tacul glacier. Yet Bourrit, in his Jtinéraire de (fenéve
(1808 edition, P 71), states clearly that his party ascended ‘‘par le milien du
Blacier.”]
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Couttets themselves, the most experienced crystal hunters of the
valley, would have been aware of the circumstance. On the
whole, then, in the absence of any direct information of any
other ladder having been left in this particular quarter besides
that of De Saussure, it seems reasonable to admit that the ladder
- in question descended from La Noire to the point in question,
near the Moulins, between the year 1788 and the year 1832.
The observation is interesting, as determining so far the mean
motion of the glacier in the interval. By the map, the distance,
allowing for the sinuosities of the glacier, appears to be about
13,000 feet, which, being travelled in forty-four years, gives
nearly 300 feet per annum for the mean motion of this part of
the glacier! We shall afterwards consider the theoretical bear-
ing of this fact.

A little higher up we stand in the centre of three valleys,
and in the most extensive part of 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” of above
350 feet deep. What is perhaps as good a proof as any of the
mass and solidity of the ice, is that I have seen enormous
crevasses and basins holding still water, and therefore completely
closed below. The water was of an exquisite blue colour, inde-
pendent of the colour of the ice? The view from the centre of
the glacier in fine weather is one of the finest which can be
conceived.

In order to reach the promontory of the Tacul, where the
glaciers divide, it is usual to cross the fourth and third
moraines (I shall in future designate them by numbers, counting
from the east), and in the centre the glacier is here easily
traversed. The Tacul® is reached commonly in three hours from
the Montanvert, but & practised walker will do it in two, and I
have descended in much less. The union of the two glaciers
is attended with some circumstances worthy of notice. That

! These numbers are corrected for an error in the position of the point of La
Noire, contained in the first edition. See the remarks on the map in Chap. VI.
(1845). :

? I have described it in my Journal as ¢“ nearly or quite as blue as the Rhone at
Geneva.”

3 [lIt must always be remembered that by ¢ Tacul” Forbes means mnot the
Aiguille of that name, but the base of the ridge projecting from it, where is the
lake between the rocks and the moraines from the Tacul and Leschaux glaciers
that here join.]
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descending from the Géant is by far the most powerful one, and
the other is forced to yield somewhat to its pressure. The mass
of rock forming the lateral moraine of the Glacier de Léchaud is,
however, the most considerable, and this is wildly tossed up
into a lofty medial moraine at the meeting of the ice-streams.
The Glacier de Léchaud clings, as it were, to the rocky wall of
the promontory,—the Glacier du Gi¢ant has thrown up a vast
mound of débris, which prevents it from approaching the rock
within some hundred feet, and leaves a hollow between, part
of which is faced by a huge icy barrier, of considerable elevation,
and difficult to scale. In this hollow—Dbetween the edge of the
Glacier du Géant and the promontory of Tacul—there exists,
at certain seasons of the year, a small lake. T first visited it
in 1842, on the 25th June, when it contained no water, but a
few days of continued hot weather, by melting the ice, filled it,
and it remained more or less full during the remainder of the
season. I have seen it, however, vary exceedingly in level from
one day to another, so that there can be no doubt that it has
an outlet through the moraine under the glacier. Balmat
affirms that the source of the Arveyron is seen suddenly to
burst forth with great vigour, and that this is attributed to the
emptying of the Lac du Tacul,—which is by no means im-
possible. It appears from the testimony of Bourrit (Description
des Qlaciéres, vol. iii. p. 90) that De Saussure was the first
stranger who reached the Tacul.

The point marked B on the promontory of the Tacul was
one of my principal stations, commanding an extensive view of
nearly the whole glacier. It was at a height of 277 feet above
the lake, so that the view embraced not merely the three
branches of the glacier, but that of Tal¢fre, the Jardin
and the mountains beyond, and a portion of the valley of
Chamouni opposite the Montanvert, the range of the Aiguilles
Rouges, and the snowy summit of the Buet peeping over
beyond.

Near the side of the lake, at the foot of the promontory,
lies an enormous block of granite belonging to the moraine of
Léchaud. The cavity beneath its south-west side is a well-
known refuge for chamois hunters, and for the few travellers
who pass the Col du Géant, who usually save from two to three
hours of fatiguing walking by sleeping here instead of at the

>
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Montanvert.! It is, in fine weather, a pretty, tranquil spot.
The glacier is in a great measure concealed by its lofty embank-
ments, which shelter it from the chillest winds. The slopes
round are grassy, and diversified with juniper bushes, and the
little piece of water, when unfrozen, has a cheerful effect. Here
I spent two nights with Balmat, with a view to advance my
survey and the experiments on the ice; for whilst pursuing my
inquiries on the higher glaciers, it was found to make a most
laborious day to ascend so far from the Montanvert (carrying
instruments and food) before the day’s work could be begun,
and to return again in the evening. Day after day I have been
out thus from ten to thirteen hours upon the glacier. A
bivouac was, in favourable weather, a preferable alternative.
The juniper bushes afforded a cheerful and serviceable fire, and
with the aid of a chamois skin to protect me from the damp
ground, and a strong blanket hastily sewed into the form of a
bag, in which I slept, the nights passed not uncomfortably.
But, on both occasions, when I meant to have passed some days
here, I was forced to descend from the bad weather, against
which we had no sufficient protection, the cavity under the
stone being quite open in front. The last 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 thunder-storm I have ever witnessed. We were over-
taken 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 little inter-
mission, whilst the frail building seemed to rock under the fury
of the gale, and vibrate to every peal of thunder. Each tiny
torrent now gave tongue increasingly, until the fitful roar
became a steady din, with now and then a crash arising from
the discharge of stones hurried along by the flood, or an ava-
lanche prematurely torn from the glacier of the Nant Blanc.
It was a Saturday night, and Balmat had gone down to Chamouni
to attend mass next morning. He told me afterwards that the
dazzling effect of the lightning was such, that it was with the

! [Now of course there is the little inn—till lately a club hut only—on the
Col du Géant, besides the inn of Mont Fréty on the Italian side of that pass.]
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utmost difficulty he could keep the familiar path from the
Montanvert, and that he wandered, drenched to the skin, as if
blindfold, through the wood. Next day brought tidings of
disasters from the valley. The road at Les Ouches had been
broken up by the torrents, so as to be impassable ; many cottages
were filled with stones and gravel, and deserted by the in-
habitants; and I believe somne 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 completely bereft of chamois, that, during
the whole summer, I do not recollect to have seen more than
two upon it, though on other less frequented glaciers I have
seen whole herds! The chasseur was very poor, and by no
means young; he gladly partook of the provisions which I could
spare; and learning 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 pursued his thankless toil. Truly
might he say with the hunter in “ Manfred "—

her nimble feet

Have baflled me; my gain to-day will scarce

Repay my break-neck travail.
The poor fellow owned the infatuation of what he called his
“ malheureuse passion”; but he seemed willing to die for it.
Late on the afternoon of next day I met him; his sport con-
sisted in 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 em-
ployed 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 had 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 seeks the limits of the glacier region

1 Singularly enough, during a comparatively short residence in 1844, I saw a
herd of chamois more than once (1845).
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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
day is soon spent in fruitless ambuscades—night arrives—and
his previous shelter is luxury compared to what he has now the
option of ;—a face of rock, or leafless bed of débris 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
bad 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 suc-
cessively lost their lives in the chase;' but such accidents are,
I conceive, now more rare. The value of a chamois 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, as in the soldier, sailor, and gamester; and perhaps the
naturalist has little reason to express surprise at the risks and
privations of the hunter’s life, when his own would appear to so
many persons much less intelligible.

But to return to the glacier. Following the eastern branch
. above the separation at the Tacul, we find ourselves on the
Glacier de Léchaud. Two conspicuous moraines belong to it,
which I have called Nos. 1 and 2. The first is the medial
moraine of the tributary glacier of the Taléfre; the other
comes from the eastern side of Léchaud, above the union with
the Taléfre. It is in connection with the former of these
moraines, and nearly opposite the promontory of the Couvercle,
that there lies upon the ice a very remarkable flat block of

! Voyages, § 736. [All three belonged to Sixt.]

2 [The pecuniary value of a chamois is now far higher, partly in consequence of
the increasing rarity of this animal, partly because of the increased demand for its
skin and horns. ]

3 [Saussure is meant, but the name properly belongs to Bourrit. See note on

p. 9 above.]
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granite, which particularly attracted my attention on my first
visit in 1842 to this part of the glacier. It is a magnificent
slab (marked C on the map, being the position which it occupied
in the month of June), of the dimensions of 23 feet by 17, and
about 3} feet in thickness. It was then easily accessible, and
by climbing upon it, and erecting my theodolite, I made observa-
tions on the movement of the ice. But as the season advanced
it changed its appearance remarkably. In conformity with the
known fact of the waste of the ice at its surface, the glacier sunk
all round the stone, while the ice immediately beneath it was
protected from the sun and rain. The stone thus appeared to
rise above the level of the glacier, supported on an elegant
pedestal of beautifully veined ice. Each time I visited it, it
was more difficult of ascent, and at last, on the 6th August, the
pillar of ice was thirteen feet high, and the broad stone so
delicately poised on the summit of it (which measured but a
few feet in any direction) that it was almost impossible to guess
in what direction it would ultimately fall, although, by the
progress of the thaw, its fall in the course of the summer was
certain. On a still later day I made the sketch in the frontis-
piece,! when probably 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 support, and in the month of
September it was beginning to rise upon a new one, whilst the
unmelted base of the first was still very visible upon the
glacier. )

The Glacier de Léchaud is on the whole pretty, even on its
surface—1I mean that part which lies to the south-west of the
medial moraines. On account of its great elevation it is covered
in its higher part with snow almost the whole year, and until
the month of August it offers very disagreeable walking, on
account of the half-melted snow on the surface, which likewise
conceals the crevasses, and renders it somewhat dangerous. It
is joined by some small tributary glaciers from the Aiguille du

! [Omitted in the present edition.]
2 [Forbes here as clsewhere uses the term ‘‘Switzerland” as equivalent to
‘‘the Alps” ; of course in 1842 Chamouni and the rest of Savoy belonged to the

kingdom of Sardinia. )
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Tacul. Opposite the Glacier de Taléfre occur two “moulins,”
one of which was remarkable last summer for its great depth
and perfect verticality. I had intended to ascertain the depth
precisely, but was impeded by a fall of fresh snow, and broke
the cord which I had lowered with my geological hammer
attached to a weight for the purpose. About an hour’s walk
above the Tacul is station E, on the east side of the glacier,
whence T watched its motion. It is here just passing into the
state of névé, which defines the limit of perpetual snow on the
surface of the glacier, whilst there is true ice beneath. The
view here is very grand. Thelevel is 7926 feet above the sea,
and the glacier, almost free from crevasses, is spread out like a
magnificent level floor, from which rises the tremendous and
inaccessible! wall terminating the view to the southward, of
which the Grandes and Petites Jorasses form a part. The
Grandes Jorasses is the highest mountain of the range, next to
Mont Blanc? and its northern side is quite precipitous. From
the point E it is seen under an angle of 30 degrees, the hori-
zontal distance of its summit being less than two miles. The
origin or feeders of the Glacier de Léchaud are derived from the
right and left. From the immediate top or head it has no
proper feeder except the fallen snows, which cannot adhere to
the rocky precipice before mentioned. To the south-east there
is a tributary glacier, which runs up to between the Petites
Jorasses and the range of the Aiguilles de Léchaud® which
separate the glaciers of Taltfre and Léchaud. It has its
origin at a lofty and remote summit, considerably to the
eastward of the Detites Jorasses, about which I made frequent
inquiries of the guides, and I found that it was called (in
translation from the patois) the Montagne des Eboulements, ou
des Ruines, being, as they assured me, and I daresay with
reason, the summit at the head of the Glacier de Triolet, which
descends into the Val Ferret in Piedmont, and of which the

! [The great wall at the head of the Leschaux glacier has since Forbes's time
been crossed at five points at least.]

2 [““And its satellites,” for the Mont Blanc de Courmayeur, the Ddme du
Goiter, the Mont Maudit, and the Mont Blanc du Tacul all surpass the Grandes
Jorasses in height.]

3 [Forbes evidently includes under this general term the three perfectly distinct
summits of the Aiguilles de Leschaux, de I'Eboulement, and de Talé¢fre, On his
map the name *‘ Aiguille de Léchaud ” is given to the last-named peak, whickr
rises between the Leschaux, Talefre, and Triolet glaciers.]
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fall (partly of the glacier and partly of rocks) was attended
with disastrous consequences about a century ago.! The western
feeder of the Glacier de Léchaud descends from behind the
Aiguille du Tacul, from the serrated ridge which connects it
with the great Alpine chain. This ridge is called ZLes Périades,
and its culminating point, Mont Mallet, which, however, is to
be distinguished from the Aiguille du Géant in its neighbour-
hood, which bears also the name of Mont Mallet on the Italian
side of the Alps, from which it alone is visible. From the
eastern foot of the pinnacle of Mont Mallet the tributary
glacier descends. It is pretty extensive, and not wholly in-
accessible, for the brothers Couttet assure me that they have
thus gained the summit of the Aiguille du Tacul from behind,
which, at the best, must be a very long and difficult journey.
The higher part of the Glacier de Léchaud 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 offers some of the grandest
points of view anywhere to be found on this glacier; nor is
there perhaps in the Alps any expedition 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 Tacul at all. He crosses two
of the medial moraines at the moulins between Trélaporte and
the Couvercle, and higher up he passes the other two, near the
great stone, C. It is difficult to approach the lower part of the
Couvercle 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
eastern half is dislocated excessively, and is all but impassable.
The promontory of the Couvercle itself, opposite C, may be
easily reached, and offers some interest from the visible friction
to which it is subjected by the descent of the glacier. Farther
up we stand in front of the descending ice of the Glacier de
Taléfre, which presents a majestic and perfectly inaccessible

1 [This fall took place on September 12, 1717. See the Latin account by an
eyewitness in Signor Vaccarone's Le vic delle Alpi Occidentall negli antici tempi
(Turin, 1884), p. 118, and the French translation in the Bollettino of the Italian
Alpine Club, No. 50, p. 68.]
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accumulation of icy pyramids and fragments ejected through
the narrow opening which gives vent to the basin of the glacier,
which pours over the precipice in a solid cascade, presenting
a perfect chaos of forms. Of the structure of the ice here I
shall afterwards speak ; but I may observe that the preservation
of 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 cascade, 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 admirable 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 de Taléfre 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 Les Egralets. Above these the view becomes wild, but
very grand. On the left is the Aiguille du Moine? one of the
most elegant and uniformly conical summits of the chain; at its
foot are huge blocks of fallen rock, tenanted by marmots. Look-
ing backwards, we command a large space of the Mer de Glace,
and the grand view up the Glacier du Géant opens, and Mont
Blanc begins to appear for the first time, fortified on this side by
the impassable barriers of the Mont Maudit. The Aiguille du
Midi, from its height, begins to overtop those of Grépon and
Blaitiere, and between it and Ment Blanc the rounded form of
the Doéme du Gofliter is not to be mistaken. In front, the wide
basin of the Glacier de Taléfre, in a great measure concealed
from the Mer de (lace by its height and the steepness of its
outlet, begins to open. It has a singular and interesting appear-
ance. It is shaped almost like a velcanic crater with one side
blown out, and it is surrounded by rocky pinnacles of the wildest
forms, which appear, and for the most part are, totally inacces-
sible. It is certain that no one® has succeeded in passing this

! [As the great shrinkage of the glacier has made the Couvercle more difficult
of access than formerly, despite the iron stanchions fixed on the steepest rocks
of Les Egralets, the route by the left bank of the Talefre icefall and the Pierre 3
Béranger hut is now preferred to that by Les Egralets.]

2 Called Aiguille du Taléfre by De Saussure.— Foyayes, § 630 A.

3 [This and the preceding statement are no longer true.]
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serrated barrier at any point.! The topography of the Glacier
de Taltfre is very ill laid down on all the maps and models.
It is bounded on the west by the chain of peaks visible from the
Mer de Glace, which connect the Moine and Dru. The north-
east barrier, which is the longest, and tolerably straight, passes
through the Aiguille Verte (which separates this glacier from
that of Argentiére), and a single range of very sharp Aiguilles,
called in succession Les Rouges, Les Droites, and La Tour des
Courtes, and it termingtes in the south-east by a remarkable
glacier summit, marked [A] in the map, whence a tributary
glacier descends. Though I have determined the position of
this point, I am unable to give its proper name;® but 1
apprehend that it belongs to the axis of the great chain, and
commands the glaciers of the Val Ferret. It is possibly the
lofty white peak which I saw when I visited the extremity of
the Glacier d’Argentiere, of which it occupies the higher
termination. It is perhaps the Mondelant. The south barrier
of the Glacier de Taléfre is the range of the Aiguilles de
Léchaud, which separates it frumn the glacier of that name.

The glacier of Taléfre is pretty even on its surface, and is
covered, for a great part of the year, with snow; its level,
according to De Saussure, is 1334 toises, or about 8500 English
feet above the sea. In the centre of the snowy basin is a very
large exposed surfuce of rock, of a triangular form, covered with
soil on its lower part, suflicient to maintain a good turf,
enamelled with the usual Alpine flowers, during the few weeks
of the year that it is entirely uncovered with snow. This spot
is called the Jardin (or Cowrtil in patois), and is now the object
of frequent excursions from Chamouni. There is a spring of
water near the lower part, and lying exposed, at a high angle
towards the svuth, it is anything but cold in fine weather.
Indeed I scarcely ever remember to have found the sun more
piercing than at the Jardin. On three different occasions I have
visited it, and on all under the most favourable circumstances, in

1 The Couttets wished to pass to the glacier of Argentiére behind the Aiguille
Verte, but having gained the ridge, they were unable to descend.

2 [1It is really the Aiguille de Triolet (12,717 feet). The ¢“lofty white peak " —the
““Pic Blanc” of Topographical Sketch, No. iv. p. 246—is the Mont Dolent (12,543
feet), which is separated from the Triolet by the rugged ridge—traversed by the
Col du Mont Dolent—separating the Argentiére and Pre¢ de Bar glaciers, Each of
these two peaks dominates four distinct glaciers. Sce below, p. 248.]
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1832,in 1839, and in 1842. The reflection of the heat from
the snowy basin with which it is surrounded, and its comparative
shelter from the wind, probably 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 appear to be, as it is both long and steep. The
top is at a level of 9893 ' English feet above the sea (trigono-
metrically 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 de Taléfre presents two
medial moraines, marked on the map; one takes its origin from
the Jardin itself, the other is derived from Les Droites already
mentioned. These become commingled during the precipitous
descent of the ice, and reappear as one on the Glacier de Léchaud.
From the Jardin it is not difficult to descend to the Glacier
de Léchaud by the south margin of the Glacier de Taléfre. The
passage of the last-named glacier is, however, alinost always wet,
and the foot perpetually bursts through the frail superficial
coating of ice formed in the night, and plunges ankle-deep into
the snow-cold sludge beneath. The lateral moraine gained, it
presents a steep and uneasy descent towards the Glacier de
Léchaud. At about two-thirds of the descent is a grassy shelf
upon which some of the débris of the moraine have accumulated.
One mass is of enormous size, and from its peculiar form is
well seen from the Glacier de Léchaud in all directions. It
is a useful landmark, and is called the Pierre i Béranger,® no
doubt from a M. de Béranger, who is frequently inentioned in
M. Bourrit’s narrative, though I am not acquainted with any
particulars respecting him. The Pierre & Béranger 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 rock
than by the moraine, a bypath not generally known to the guides.
This concludes what I have to say respecting the topography
of the Mer de Glace generally, and of its tributaries of Léchaud
and Talefre. The other great branch, the Glacier du Géant or
du Tacul, remains to be described, but that may properly form a
part of the narrative of the passage of the Col du Géant, to
which I shall devote a separate chapter (XII.).
! [Really 9833 feet.] ? [Near by there is now a recently rebuilt shelter hut.]




CHAPTER VI

ACCOUNT OF A SURVEY OF THE MER DE GLACE AND ITS ENVIRONS'

Object of the survey—The instruments—The base line—The triangulation
—Heights of the stations referred to Montanvert—Slope of the glacier
—Heights of the neighbouring mountains above the sea—Construction
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
experiments 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 slope 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 construc-
tion of the map® which accompanies this work, and which is
based exclusively ® upon my own observations.

1 It may be right to observe that this chapter, which is little likely to interest
the general reader, may be omitted by those who would avoid such details. The
two following chapters on the Motion and Structure of the Ice may also be slightly

over by those who are willing to take for granted the results which will be
found in the concluding chapter of [Part i. of] this volume.

2 [This was the first detailed and careful map of the Mer de Gilace cver made,
and therefore the narrative of the survey is preserved intact, although M. Kurz's
later (1896) map is more accurate than that of Forbes, which, however, possesses

great historical value.]
3 It is scarcely necessary to mention as an exception a single point (the position
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The instrument on which I chiefly depended, as well for the
determination of the movement of the glacier as for its triangula-
tion, was a Kater’s astronomical circle, made for me by the late
Mr. Robinson. It is of the larger size of such instruments,
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 construction 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 instrument, and one
horizontal, and a diagonal eye-piece; there is a spare telescope,
for keeping watch, the working of which was not, however,
satisfactory, and it was seldom used, the steadiness of the
instrument being scrupulously verified by a return to the starting
or zero point. It is further 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 upon the
ice was always attended 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 instrument
more perfectly 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
instrument, 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 Chamouni
Its vast surface presents every variety of glacier structure and
arrangement ; its great length, and its remarkably uniform
breadth, for some distance, adapted it peculiarly to my investi-
gations, 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,

of the Col du Géant) which las been determined from De Saussure’s data, and the
sparing and cautious use of some published engravings in laying down some
natural features,

1 [The frontispiece is omitted in the present edition.]
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aided in determining my choice ;—but beyond all other circum-
stances, the certainty of finding a permanent shelter during all
weathers, and in the immediate vicinity of the ice, such as the
cottage of the Montanvert affords.

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 im-
portant part in the triangulation. The walls of the glacier are
excessively rugged, often inaccessible. 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 valley, whose extremities, independent of mountains, differ
in level by 4400 feet. Finally, the observer — solitary and
without the assistance of any one understanding the use of
instruments—is exposed, even in the finest weather, to alter-
nations of the most intense, almost stupefying, 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
considerations, it is hoped, will be taken into account in esti-
mating the kind of accuracy to be expected in a survey like
this, and the amount of criticisin of which it may be thought
deserving in respect of minuteness 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 England a small sextant and horizon (of which I made no
use), one of Troughton and Simms’ standard steel tape measures,
an ordinary varnished tape measure, waterproofed string and
silk lines; a telescope by Tulley, 21 inches aperture, and a
Kater’s compass, which I found of admirable service.!

1 In addition to these I had, for general purposes, six thermometers, a maximum

{
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I bad originally intended measuring a base line upon the ice,
near the confluence of the Glaciers de Léchaud and du Tacul, which
T proposed to be at once 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 fur
ascertaining the latter point, and soon became convinced of the
inconveniences which would attend such an operation. I ulti-
mately acquiesced in the advice which Mr. Airy had already
given me, to measure my base in the valley of Chamouni, and to
continue the triangulation up the glacier. The main obstacle to
this was the extreme rapidity of the Montanvert, and the diffi-
culty 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 connection of it with the triangles on the
higher level of the glacier the very last. I shall commence,
however, with an account of— :

and two minimum thermometers, one Bunten’s barometer, two improved sym-
piezometers, two photometers, two actinometers, a Russian furnace, with alcohol
for boiling water and a thermometer for ascertaining its temperature, a measuring
chain of 10 métres, borrowed at Chamouni, as well as a jumper, 30 inches long, for
making holes in the ice ; two hammers, three screw-drivers, a hatchet, numerous
staves for station pointers with red and white flags, chisels, red and white paint,
and brushes for marking the stations and other points permanently on the rocks,
two clinometers and compasses, a portable telescope (Fcldstecke) by Plossl, gimlets,
pliers, a hand vice, a protractor, scale, drawing materials and colours, colours for
injecting the ice, viz. logwood, carmine, litmus and lithographic ink. So ample
had been my provision of apparatus that I had no occasion for anything in addition
which was not readily procurable at Chamouni.

It may not be useless to add that in point of clothing, though my wardrobe
was very far from bulky, I seldom suffered from cold. Without any voluminous
cloaks or furs, I found flannel next the skin (doubled if necessary), surmounted by
a complete suit of soft chamois leather to be warmer than it was generally agree-
able to wear even in sleeping in the open air near the glacier in summer. To
avoid the continual risk of exposure to cold during protracted observations after
.a laborious walk, 1 generally found a woollen waistcoat with sleeves, over the one
I usually wear, a sufficient protection ; and together with a light Scotch woollen
plaid, or a common single - breasted greatcoat, sufficient for the worst weather
during exercise. Long worsted stockings over short ones, and fur-lined gloves
without separation for the fingers, which, however, 1 very seldom wore. A straw
hat, on all occasions during exercise, with a velvet cap under, or exchanged for a
soft fur cap during observations. For shoes nothing is equal to London ones with
double soles, continually supplied with fresh nails as the old ones are knocked out.
Square-headed nails or anchor-headed nails, such as are used in Switzerland, to
defend the edges of the leather, are the best. Of late years I have never habitually
used spikes or crampons of any kind for crossing the ice.

k..



Survey of the Mer de Glace 99

The Base Line

It being decided that the trigonometrical base should be in
the valley, 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 des Bois, at once
suggested itself. A nearer inspection confirmed my opinion as
to its fitness. 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 « sufficient length
for my purpose. A mathematically straight line could be
drawn throughout this space upon the road, which was sensibly
level to the eye (its mean inclination being 44’ slanting upwards
towards Les Tines), and which was formed of dry well - com-
pacted gravel. In short, a more eligible spot could hardly be
desired.

The termini of the base, marked N and O 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 asa starting-point. These
pins may probably remain for some years. The first is exactly
at the eastern end of the beam which forms the south side of
the little wooden bridge near Les Praz already mentioned. The
station O is marked by a very conspicuous solitary larch tree,
with its lower branches lopped off, on the south side of the road,
standing quite apart from the wood near ILes Tines. The
terminus at O may be referred to the centre of this larch tree
by co-ordinates perpendicular and parallel to the line O N. Tt
is on the road 5 feet 7 inches nearer to N, and 4 feet 1 inch
north of the said larch.

The interval was twice measured — on ‘September 14 and
23, 1842 —by the aid of a 10-meétre 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 confirmed it so well that T thought it unnecessary for
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the purpose in view to undergo the labour of a third. The
distance was 913 chains, or, more correctly, 914 meétres. 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. There-
fore, though on the whole measurement there appeared a differ-
ence of 5 inches, I considered myself as justified in attributing
it to some mistake in the mode of counting the links, which, in
my first or approximate measurement, was the only method I
had used of estimating 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 inore, 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 inches.

The comparison of the 10-métre chain and the steel tape was
very carefully performed under the wooden gallery of the Hoétel
de I'Union at Chamouni. Both the chain and the tape were
stretched with a weight of about 14 1bs., which is that indicated
as the stretching weight of the tape, and the chain was found
not to yicld 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 41° ¥. 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 radius, that being the mean inclination of the base to
the horizou. This amounts to a shortening of only one twelve
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thousandth 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 Triangulation

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 at 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 instrumental methods was
sufficient to allow me to dispense with the selection of stations,
which would have been requisite in an extensive survey. 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 circumstances under which
they were observed, it will probably be considered as a fair proof
of their exactness that the sum of the angles seldom differs 1’
from 180°, notwithstanding the great deviations from a hori-
zontal plane. The sides of the system of triangles thus deter-
mined 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 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 recognised
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 instrument was placed on some fixed
stone, little likely to be removed. A cross was cut with a
hammer or chisel, immediately below the centre of the instru-
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ment, determined by a station pointer, and that cross was painted
red, with a large capital letter also in red, painted beside it. I
shall briefly describe the position of the stations which served for
the main triangulation, and which are marked on the large map.

Commencing in the valley, the extremities of the base line
marked N and O 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 less 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, and quite above the few trees which
fringe the precipice. The cross is on a flat stone, sunk in the
grass, very near the first fixed rock, at the head of the grassy
ridge. The 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). It was, therefore,
a most eligible connecting point between the valley and the
upper level of the Mer de Glace.

The observed angles of this triangle were—-

NIO 18° 55" 50"
ION 127 54 0
ONI 33 8 40

179° 58° 30"

The next station L is on the rocky ridge, extending above
the Montanvert, towards the Aiguille des Charmoz, which ridge
is itself familiarly called Les Charmoz. 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. It 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 extremity of the
base, and the station I. Tt 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—

OLT
LIO
LOI

36° 18" 207
84 56 21
58 45 40

180° 00’ 21"
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The Montanvert itself was not found to be a commanding
enough position to be selected as a principal station, although it
has been accurately connected with four or five others.

Station F is on the eastern side of the glacier, on the pro-
montory 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 follows :—

LFI 48° 30" 15"
ILF 102 40 10
FIL 28 48 50

179° 59" 15"

Station G is on the ridge of Trélaporte, 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 former boundary of the glacier.
It is on one of these large blocks (but to the south of the largest)
that station G is marked by a red cross and pyramid of stones.
It is one of the most conspicuous stations, and commands the
glacier both ways. Only two angles of the triangle connecting
G with L and F were observed, as follows :—

LFG 122° 37 45"
FLG 28 37 50
161° 15" 35"
LGF 28 44 25
180° 00’ 00”

Station B, 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 Léchaud and the Géant, and
down to the station of Le Chapeau, whence the station B was
distinctly observed, and served as a verification.! The promontory

1 The fluttering of a while tlag seemed superior to any other mark of the
stations. Where too distant to allow the staff bearing the flag to be seen distinctly,
its motion served to distinguish the flag from any mark on the rock, or patches ot
snow which, in the latter part of the season, often rendered the observations difticult
and uncertain. It was, for instance, with the greatest trouble that I succeeded in
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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 below. The cross
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 precipitous nature of the rocks opposite affording no con-
venient station whence F and B could at once be seen. Its
angles are—

GBF 11° 42" 0"

FGB 151 52 25

GFB 16 25 b
179” 59’ 30"

Station H was at the foot of the Couvercle, 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 vege-
tation here is more luxuriant than on most parts of the glacier
banks at so high a level. I observed particularly 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 the 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 66° 40’ 10"
BHG 87 48 5
HGB 26 32 30

180° 00" 45"

Finally, another station was sclected as high up the Glacier
de Léchaud as a fixed rock conveniently accessible could be
found for establishing it. It is on the eastern side of the

obgerving station L from I, partly owing to the badness of the light, partly to the
mark not being seen against the sky, or a distant hill, and partly to the numberless
patches of snow. I was obliged to return repeatedly, and on this and many other
occasions was struck with the far more perfect eyesight of Balmat for distant objects
than my own.
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glacier, exactly opposite a remarkable rock, called Capucin du
Tacul, and about half an hour’s walk above the junction with
the Glacier de 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 its origin determined. The following
triangle connects it with B and H:—

BEH 21° 24" 17
HBE 67 50 40
EHB 90 45 40

180° 00’ 21"

The sides of these various triangles have been calculated by
two computers, and compared by a third. The result gives the
following numbers (subject to the reduction of one 12000th, on
the ground stated above, pp. 100-1):—

Feet. Feet.

N O =299295 G L= 820828
N1 =727578 F B=10853"1
I 0 =5043-04 G B= 650875
L O =8484-49 GH= 598079
LI =728261 H B= 280801
I F =948556 HE= 712797
L F =4686'50 BE= 769566
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 various points of the glacier surface, it became
necessary to ascertain their elevation above some known point,
such as the Montanvert. I accordingly observed carefully the
elevations, and usually also the corresponding 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, become 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
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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 D2

D being the distance between the stations in English miles.

The error of collimation in a vertical direction was ascer-
tained by observation, and found to be

+1' 15"

the readings being too low when the microscope A was upper-
most, and too high when the microscope B was uppermost.

I ' Observed | Cal

culated
Stations. Distance. | Angular Altitude. Bonhton | et
Feet. t.

1 ]

' *Oabove N 0° 44’ 0 383 400
*T ,, N 14 15 45 18495 18478
*I ,, O 19 42 15 | 18060 1807°8
*L ,, I 13 49 45 17926 17898
*F 1 8 40 O 14456 1445°5
*L ., O 22 58 45 35977 35976
*L ,, F 4 11 O 3428 3433
*¢G ,, F 4 48 15 3925 3962 |

G , L +0 22 15 | 545 529 |

G , 1 -7 27 30 | 18431 18427 |
*B ,, F 3 66 45 ' 7486 7506
*B ., G 3 5 30 3515 3544 !
*B ,., H 1 63 0 92-3 966
*H ,, G ; 2 26 22 i 2547 2576

E . G | +3 3 156 | 7079 | 7030
*E ,, B ; 2 26 30 3505 3486
*E ., H e b 3 32 30 4412 4454

M, I 5590 | + 9 20 45 | 9206 922°9

F ,, M 4754 -6 17 45 ! 5235 523°6

G ,, M 9006 - 5 b1 45 9220 9198

B ., M |15450 | - 4 43 45 12782 | 127472

1 M stands for the Montanrert, of which the position and elevation was
determined by reference to these four stations; but as no observations were
taken from the Montanvert itself, these are all single altitudes.

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
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another. There are nine stations, independent of M (the
Montanvert), 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
depression combined. The mode of proceeding is to combine, in
a single equation, all those which contain any one unknown
quantity. From the nine equations thus formed, the unknown
quantities are successively removed by a somewhat tedious
elimination. Great precautions were taken to avoid numerical
errors, and the results are as follows :—

Feet. Feet.

N below M . . 27707 F above M . . 5236

o , M . . 27307 G , M . . 9198

I , M . . 9229 B , M . . 12742

L above M . . 8669 H , M . . 11774
E above M . . . . 16228

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 extending the subordinate triangulation, which was
performed partly with the theodolite, and partly by means of
Kater’s compass. The determinations with the latter are mani-
festly inferior to the former. Some errors, perhaps, were owing
to a local magnetic disturbance of no great amount, and others
to & 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, which are read
off at the instant of observation by the aid of a reflecting 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 Charmoz; it was the earliest
station employed for measuring the motion of the glacier. It is
determined in position by reference to stations L, F, and M.
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2. Station C, on a block of granite on the ice, between the
promontory 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, forming part of the ancient moraine, nearly on a level
with the inn, and distant 60 yards N. 40° E., magnetic, from
the south-east corner of the building. From this point the
motion of the glacier was frequently determined; 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 Arveyron, upon the
moraine of 1820, near the hillock of Cote du Piget. From it
a number of magnetic bearings were taken, for laying down the
details of the lower part of the glacier.

5. La Croix de Flégére; a small building, exactly opposite
to the Montanvert, and at almost 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 B
and the Aiguille du Moine.

7. A station on the border of the Glacier de Taléfre, above
the Pierre & Béranger, marked [y]. It was fixed by reference
to the Aiguille du Moine and the top of the Jardin. This, and
the last station, afforded angles for determining in some measure
the form of the basin of the Glacier de Taléfre.

8. Station K, marked on the south-east side of the Glacier
du Géant, 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 imbedded stone at a considerable height above
the glacier, and which is attained by ascending a steep couloir.
Unfortunately, no second observation was ever made to determine
the motion of the ice, the premature winter in September
rendering it impossible.

9. For the same reason an intended station, marked! G®,

1 As mentioned on page 80, I reached this commanding point in August, 1844,
with the theodolite, and took a great number of angles. They confirmed excellently
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between Trélaporte and the Charmoz, was never attained. By
angles taken from thence the topography of the upper part of
the Glacier du Géant would have been considerably improved.

For the improvement of the map in this edition, and
particularly on the side of the aiguilles next the valley of
Chamouni, two other subsidiary stations have been employed, L*,
on the ridge near the Petit Charmoz, and another on the “ Plan
de I'Aiguille.”

Most of the Swiss models represent the Glacier of Argentiére
as extending altogether behind the basin of the Talé¢fre, and
touching the mountains at the head of the Glacier de Léchaud!
In fact, the upper part of the Glacier d’Argentiére 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 Petites Jorasses, which is marked
Montagne des Eboulements.! The mountains at the head of the
Glacier de Léchaud,—the range called les Périades, which
connects the Tacul with the main chain,—the group of the
Géant and Mont Mallet, and the rather complicated and slender
ramifications in the neighbourhood of the Col du Géant, are all
pretty satisfactorily understood and determined. The summit
of Mont Blanc is entirely cut off from the upper ice basins of
the Mer de Glace by the inaccessible® ridge extending from the
two Flambeaux to Mont Blanc du Tacul. Of the range of the
Mont Maudit, and the origin of the glacier of Iua DBrenva, I
have only vague topographical information; it is therefore not
detailed. Between the elevated and wild rocky summits of the
well the positions already determined in the map, with the exception of those
anticipated in the text; namely, the upper parts of the Glacier du Géant, which
it is impossible to reach except in fine weather, and to which access was denied
me during the latter part of the season of 1842. My observations in 1844 show
that the point of La Noire should be brought down considerably towards the
Tacul, and the course of the Glacier du Géant ought to sweep more rapidly towards
the south. These alterations have not been introduced into the map, because I
am not yet satisfied with the topography of this glacier, and I hope by another visit
to Chamouni to improve it materially. In the meantime, the general features even
of this more imperfect part are tolerably well represented, though the relative spaces
are not quite accurate (1845),

! [This is so, the summit at present named Aiguille de I'Eboulement rising
midway between the Aiguilles de Leschaux and de Tal¢fre—tho latter is Forbes's

Aiguille de Léchaud ; this ridge separates the Talifre and Leschaux glaciers. ]
2 [This epithet is no longer true.]



110 Travels through the Alps of Savoy

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 subordinate glacier on the
north slope. (2) The Aiguilles de Blaitiére 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 elsewhere
(p- 237) advert. (3) The Aiguille de Grépon, which is more
definite : between it and the last there is a small glacier, as well
as to the eastward between it and (4) the Aiguilles des Charmoz,
a many-headed group of sharp points difficult to define. I have
marked on the map the position of two of the chief heads* The
Aiguille des Charmoz branches into two, one arm descending
steeply to Trélaporte, the other embracing the Mer de Glace all
the way to the Montanvert.

FElevations ahove the Sea

It has already been observed that the heights of the various
stations have been referred to the level of the Montanvert, which
thus becomes our starting-point. This level has not hitherto
been very accurately ascertained. De Saussure (Voyages,§ 607)
calls it 428 toises above the valley of Chamouni, 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 de Candolle,® gives
994 toises=6357 English feet,
while Shuckburgh ¢ obtained 5001 English feet above the Lake
of Geneva, or above the sea
. 6231 English feet.

! [This is the Col du Midi, which is neither easy nor safe, but is far from
inaccessible on the Bossons side.]

2 [This is now usually the case.] 3 [The Dent du Requin. ]

4 [Really the Blaiti¢re, the Grépon, and the Charmoz all rise round one and the
same glacier—that of Nantillons.]

5 Hypsométric des Environs de Genéve, p. 63. A most useful work.

¢ [bid. There appears to be some error in De Candolle’s reduction of this
observation to the level of the sea. Compare Phil. Trans., vol. Ixvii. p. 592,
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If 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 observations, we obtain—

Height of Montanvert, mean of Berger, Shuckburgh, and De Saussure,
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 observation 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 com-
parisons. It had been carefully compared by M. Plantamour with
the Geneva barometer, and found (after fourteen comparisons) to
stand only 008 millimétre higher, a quantity so small, considering
the uncertainties of a Syphon barometer (it was of Bunten’s
construction), that I have left it out of account.

Now the mean of twenty-seven comparisons gives

Mm. Att. Ther. Det. Ther.

Montanvert . 610-35 12°:82 Cent. 9°89 Cent.

Geneva Observ. 72850 (reduced to) o 19°04 ,,
whence we obtain the height—

By the tables of the “ Annuaire * . . 496039 English feet.

By Baily’s Table . . . . . 496064 ’

The height of the barometer in the observatory at Geneva is 407 métres
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 advantageous circumstances of the observations. It
is also confirmed in a striking, though no doubt partly accidental
manner, by the measurement of the Col du Géant, which, adopt-
ing 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 11,1465 The

! Hypsonétric des Environs de Genéve, p. 8.

* Meteorological Tables in Bibliothéque Universelle.

3 [The height of the Montanvert is 6267 feet, and that of the Col du Géant
11,080 feet. The level road between Les Praz and Les Tines is 3540 feet.]
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barometer of the Montanvert was hung at the usual height above
the floor of the inn or “ pavillon,” 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.

The mean level of the base line appears to be 3552 feet above
the sea, which is, therefore, the height of the valley of Chamouni
in that place.

Slope of the Glacier.—The source of the Arveyron, according
to De Candolle, is 8056 métres, 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
Chapeau, which is 923 feet below the Montanvert. The height
of that precipice is, therefore, about 1700 feet. The length of
the final sweep of the glacier, from the top of the precipice to
the source of the Arveyron, is about 4500 feet, following the
curve; hence the mean slope of this part of the glacier (which
is much dislocated and confused) is 20° 41’ 41”.

The level of the ice near the western bank, a little below the
position 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 Cabane at the Tacul,
near the level of the lake,is 1003, 990 and 997 feet,! mean 997,
which may be increased 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”.

If we reckon along the glacier, from station A to station C,

1 One day's observations have been neglected which had not corresponding ones,
and of which the result was 70 feet above the mean of the others.
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the “Pierre Plate,” 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 C to station E is a distance of 6800 feet along
the ice. A single barometrical observation gives 1668 feet above
Montanvert for the level of the centre of the glacier there. I
prefer, however, 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 Léchaud, 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 my barometer been unfortunately broken. In particular, 1
regret not to have taken the height ' of the Glacier du Géant, at
the foot of La Noire. But if we reckon the entire course of
that glacier up to the Col du Gédant, we find the distance of the
latter from the Tacul to be 24,700 feet, and its rise 3814 fect,
giving an inclination of 8° 46’ 40”.

Taking the entire length of the Glacier des Bois, Mer de
Glace, and Glacier du Géant from the source of the Arveyron to
the Col du Géant, 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.

Heights of Mountain Tops.—From the various stations several
of the principal mountain tops which admitted of accurate tri-
angulation were observed, and their elevations 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

1 [This is 8258 feet.]

2 | To economise space the column giving the heights of the various peaks above
the Montenvers is here replaced by one giving the absolute heights according to M.
Kurz's excellent map. FKorbes's ¢“Dru 2” is, from the remark at the end of the
tab’s, the Grand Dru, which is visible from Chamonix though not from the Mont-
envers. Forbes's ** Aiguille de Léchaud ” is, according to his map, the true Aiguille

de Taléfre, but the discrepancy in the heights assigned to the same peak contrast
strongly with the more or less close approximations between the two sets of figures.]

8

|
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summit arise almost entirely from the impossibility of determin-
ing the geometrical summit of the hill accurately, not ome 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.

Mean
Station Height Heights
Corrected height !
Mountain. whence Distance. " above t the | On Kurs's:
observed. Elevation. Station.!® S e Map. |

Deg. Min. Sec.| Feet. !
Aiguille du Dru, No. 1 . { 3 25 27 45 (5002 | 12,178 | 12,245
[

. G 9,541 |27 42 15 5012 er |
Aiguille du Dru, No. 2 B 12:916 19 50 15 | 4668 12,245 | 12,320
Aiguille des Charmoz . B 7750025 16 15 |3660 | 10,944 | 11,288
B 7,553 | 24 45 15 |3684
Aiguille du Moine G 7059 |28 45 15 (3875 4| 11,100 | 11,198
E 9250 |19 11 45 3222 ,
Aiguille Verte . . . [S] 12,350 | 26 39 15 {6202 | 13,432 | 13,541
Jardin, highest point. . [B] 1,750 | 11 6 15 |2309 | 9,898 | 98|
Tour des Courtes .. [B] 18,000 [ 14 7 15 (4535 | 12,119 | 12,510 |

8,400 | 22 18 45 |3449
9,760 | 18 42 45 |3308 | 10:914 | 12,268
20174 | 13 58 45 |5030
14100 | 18 31 45 |4730 {| 12,216 | 12,00
14,628 | 17 43 15 |4678
19,786 | 17 32 15 |6261
14556 | 22 44 45 |6106 {| 13,196 | 13,7
9,356 | 30 18 45 |5472
10 15 |3744
6,560 | 28 21 45 |3542f| 11,002 | 1L
11,730 | 23 37 45 5135 | 13,068 | 13,08

Aiguille de Léchaud .

Petites Jorasses .

Grandes Jorasses

Aig. du Tacul, east summit

Mont Mallet

Aiguille du Géant 15,111 | 20 7 45 |5546 ;| 13,099 | 13,170
12,695 | 23 356 15 (5530

18,306 | 17 31 15 5920}
13,200 | 0 32 45| 122 | 6,188 | 6,158

Croix de Flégére.

~EENeoEnoEneENewT
-
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&
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The Aiguille Verte is called the Aiguille d’Argentiére in some maps, I think erroe-
eously, as by Sir George Shuckburgh.—Phil. Trans. vol. lxvii.

It may be doubted whether the Mont Mallet is not as high as the Aiguille du Géant.

The Aiguille du Moine is the Aiguille du Taléfre of De Saussure.

The Promontory of Trélaporte is called Entre la Porte by the older writers.

The Aiguille du Dru, No. 1, is that visible from the Montanvert. No 2 is a higber

summit in the direction of the Aiguille Verte, which is invisible from the
Montanvert.

e |

! [This was not true, even in 1842, of the Flégere.]
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These heights vary in several particulars from those pre-
viously given, especially by De Saussure. Those of the Grandes
Jorasses and Aiguille du Géant in the preceding table have been
verified with especial care. The former is 300 feet greater, the
latter no less than 800 feet less than the previous determin-
ations. According to Pictet and De Saussure, the order of
elevations of mountains, after Mont Blane, would be—

Géant, Verte, Jorasses.

By the preceding table, the heights of the Grandes Jorasses
and the Aiguille Verte are almost the same, and come next to
that of Mont Blanc! whilst the Aiguille du (iéant 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 De Candolle’s Hy _/psométrw des
Environs de Genéve, and reduced them to English feet.

| .
. D Fo Other Authorities.  Kurzs Map,
Eng. Feet. | Eng. Feet. ' Eng. Feet.
Mont Blanc . . . 15,744 | French Engincers I' 15,782
Grandes Jorasses . . 13,496 13,1925 | Pictet 13,797 i
Aiguille Verte . .| 13,432 | 13,402 | Shuckburgh | 18,541
Aiguille du Géant . . 13,099 13,875 | Saussure © 13,170 l
Mont Mallet . . .| 13,068 | 13,085
Aiguille du Midi . . 12,822 | Saussure - 12,608
Petites Jorasses . . 12,246 l 12,002
Aiguille du Dru, No. 2 . 12,245 12,320
Aiguille du Dru, No. 1 . 12,178 12,520 | Pictet . 12,245
Tour des Courtes . . | 12,119 12,510
Col du Géant. . . 11,146 11,172 | Saussure 11,060
Aiguille du Moine . . 11,109 11,198
Aiguille du Tacul . . 11,002 11,280
Aiguille des Charmoz . 10,944 9,131 | Pictet 11,293
Aiguille de Léchaud? . 10,914 12,268
Grands Mulets . . 9,996 | Barry 10,030
Jardin (highest pomt) . 9,893 9,833
Jardin . 9,042 | Pictet
Glacier de Ta]éfre . 8,530 | Pictet
Station G* . . 8,466 8,366
(Aiguille)
Station E ; Léchand . 7,933 I
Station B ; Tacul . . 7,584 i
Tacul, Lake . . . 7,300
Station H ; Couvercle . 7,487
Station C ; Pierre Plate 7,389
Station G ; Trélaporte . 7,230

1 [See note on p. 90 sbove.] 2 [That is the true Aiguille de Taléfre.]
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J.D.F., . Other Anthoriti | Kurr's Ma !
D ‘ er Authorities. [ 5 8;6. PQ',!
Eng. Feet. | Eng. Feet. I [ Eng. Feet_____ !
Station L ; Charmoz . 7177 | l /
Station F ; Echelets . 683 .. |
Station A ; L’Angle . 6,434 ! ! /
Montanvert, level of floor 6,300 ' 6,242 I Mean of 3 6,267 )
(Inn) !
Station I ; Chapeau . 5,387 | .. 5,279 I
Source of the Arveyron . 3,667 | De Candolle i
Station O ; Tines . . 3,578 3,540» /
Station N ; Praz . . 3,639 '
Chamouni . \ 3,425 | Mean of several | 3,418 l
I

A very few words remain to be said respecting the constram «=-
tion of the map [of the Mer de Glace] accompanying this worls
The sides of the fundamental triangles were, as we have see 1,

computed from the observations. They were then laid down o©n
a scale of rgdog of nature. It is much to be regretted thsat
the practice of adopting a natural, instead of an arbitrary scaale
has not yet found its way into maps laid down in this country.

It has the very obvious advantage of at once conveying to the
mind an idea of the real scale on which the map is drawn, which ‘
cannot be the case otherwise, unless the person is acquainted |
with the local measures used as a standard. The scale of six
inches to a mile offers no idea to a person accustomed to a scale
of meétres or of French leagues, but a fractional scale of natum™
is the same in Germany, France, or England, and maps drawn =0
any scale may very readily be reduced to another, provided a com™—" |
venient series of sub-multiples of the natural magnitude be

A scale of 15digy Of nature is 6:336 inches to a mile, or somess®®

what greater than the recent Ordnance Survey of Ireland. TE=—°

details of the ice, and outlines of the glacier, as far up as tEe=—%

Tacul, were also filled-in on the same scale. The more gen

map was drawn out roughly by myself on a scale of 45345 -

was then reduced by the pentagraph to 4y35y, and drawn ouse— b
under my own eye, in a very artist-like manner, by Mr. Kno —%

the principal draughtsman of Messrs. Johnston, engravers 212

Edinburgh. It has been also engraved by them. The aim ha#s
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 endeavomr s
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been made, I hope not ineffectually, to preserve their character
in the engraving.

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
o them, it has for

Latitude . . . . 45° 49’ 58”84 N.

Longitude, East of Paris . . 4° 31’ 42”52 ,,
Greenwich, 6° 52' 6"5

In 1832 I made observations for the latitude and longitude
Of Chamouni, by altitudes of Polaris for the former, and by a
Chronometer for the latter. The details are given in a paper in
the Philosophical Magazine for 1833} and the results are—

Chamouni, Lat, 45° 55’ 54” N,
Long. 6° 51" 15" E. of Greenwich.

In the former edition (1843) of this work the magnetic
Variation was assumed to be 19° W., the same as at Geneva, in
the absence of direct observations for placing the true meridian
on the map. This has been since supplied by direct observations
of altitude and azimuth of the sun from station D, near Mont-
anvert, on September 13, 1843, from which it appeared that
the frue bearing of the line DD 1, is 83° 31”5 E. of N. From
this datum the cardinal points have Leen laid down; but the
map is drawn by the magnetic meridian, the south above, and the
north below.

1 New series, vol. ii. p. 61. To these we may add De Saussure’s determination
©of the latitude of the Col du Géant, viz. 45° 49 54”.— Voyages, § 2036.



CHAPTER VII!

ACCOUNT OF EXPERIMENTS ON THE MOTION OF THE ICE OF THE
MER DE GLACE OF CHAMOUNI

Glacier motion a mechanical problem—Contradictory opinions respecting it—
Experiments commenced—Daily motion detected—Motion by day and
by night—Hourly motion—Centre moves fastest—Table of results—Laws
of glacier motion from observation—As respects the length and breadth
of the glacier—The season of the year, and state of the thermometer—
Changes of level of the ice at different seasons.

The glacier’s cold and restless mass
Moves onward day by day.
Byrox.

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 tests had been applied to ascertain their in-
sufficiency, 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
cause of progression 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 @ priort, or at least indirect.
In 1841 I suggested to M. Agassiz the use of coloured liquors

1 [This chapter is here retained intact, on account of its historical value as
containing the first precise observations as to the motion of a glacier. Many such
measurements have been made later on glaciers in all parts of the Alps, but in this
respect Forbes led the way.]
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to act as the injections of an anatomical preparation, in showing
the fissures and capillary canals of the ice ; but no such satisfactory
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 analysis. The motion is the thing
to be accounted for. Have the laws of the motion been deter-
mined ? 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 baseless specu-
lation. In fact, it never could have existed at all, its very
essence consisting in its comformity to certain facts respecting
the motions of the planets far from obvious, and the result of
elaborate observation and still more elaborate efforts of combina-
tion and reduction. No doubt, many problems 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 un-
hesitating assent—until 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
ascertain the Law of Variation of the Quantity of Motion, in
terms of some of those varying agents which were supposed to in-
fluence that motion. Such a comparsion, such a reduction of ctrcum-
stances to measures, 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
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in terms of their supposed causes, because (in the opinion of most
geologists) the effects and their causes have ceased or been greatly
modified, and, not reproducible by human agency nor recurring
at known periods, & looser kind of induction 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
mechanics—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 produce 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 curious 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 experi-
ment 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 com-
pared to that of the modern paper machine, which, from the
gradually consolidated material of pulp (representing the névé)
at length discharges, in a perpetual flow, the snowy web. The
theory of De Charpentier, on the other hand, represents the
fabrication of the glacier going on within the glacier itself, 80 «m
that each part swells, and the dilatation of each is added to that——mm
which acted upon itself, in order to shove on the section of the=mme
ice immediately in advance. [In the former case, then, the distance ==¢
between two determinate points of the glacier remains the same  =;
in the latter, it will continually increase. Again, on the formemer
hypothesis, the annual progress of any point of the glacier me——is
independent of its position; on the latter, it increases with M,
distance from the origin (the transverse section of the ice deim—=g
the same). The solution of this important problem would “Wbe




Experiments on the Motion of Ice 121

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.” !

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 gquantity of this
motion has in hardly any case been even approximately deter-
mined. 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 affirms? that the glaciers of Chamouni advance at
the rate of 14 feet a-year, and those of Grindelwald 25 feet a-
year ; whereas, as we shall see, such spaces are actually traversed
by most glaciers in the course of a few days. This statement is .
quoted by Captain Hall® 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 itself® 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 Unteraar (ilacier, indicated how such observa-
tions 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 Unteraar Glacier 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’s
observations, that from 1836 to 1839, it moved as far as in the

1 Edinburgh Review, April, 1842, p. 77.
2 Manuel du Voyageur, Art. ‘* Glacier.” 3 Patchecork, vol. i, p. 109,
4 Mém. de la Société royale académique de Savvic, vol. x. p. 95.  [Reprinted at
London, 1874, with a translation hy Mr. Alfred Wills.]
8 [His observations were made in 1827, 1829-30, 1832, and 1836-37 ; those of
iz commenced in 1839. Forbes did not apparently know of Hugi's /ates work,
Ueber das Wesen der Gletscher (1842).]

8 Naturhistorische Alpenreise, p. 371.
7 Agassiz, Etudes, p. 150.
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preceding nine years—that is, three times as fast.' There is
reason, however, to think that M. Hugi’s estimate is the more
correct.

Bakewell * assigns 180 yards per annum as the motion of the
Mer de Glace, and De la Beche ®* 200 yards, on Captain Sherwill's
authority. Rut both of these were hearsay estimates by the
guides. M. Rendu seems to have been more aware of the import-
ance 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-tenth
of the last!—a difference which he attributes to the different
rates of motion of the centre and sides® De Charpentier, so 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 on the Unteraar
Glacier 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 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

1 Agaasiz, Etudes, p. 150.  As conjectured in thetext, Hugi's estimate hasbeen almost
exactly confirmed. Experience too has shown that the motion of glaciers is almost
uniform from year to year. The enormous error of his successors on the Unteraar
Glacier is therefore attributable toa want of the most ordinary attention to accuracy,
and shows how little such considerations were deemed important by them (1845).

2 Trawls in the Tarcntaize, vol. i. p. 365, 3 Gealogical Mannal, p. 60.

4100 yvards, in Philosophical Magazine, January, 13831,

& Mcmoires, ete., vol. x. pp. 85 and 94, 95 [pp. 73 and 84 of the 1874 reprint].
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measured, and I, therefore, felt confident that the laws of motion
of the ice of any glacier in its various parts, and at different
seasons, might be determined from a moderate number of daily
observations.

I went to Switzerland, therefore, fully prepared, 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 com-
mencing my operations earlier than the glaciers are usually
frequented ; and it was evident, that, to detect the effect of the
seasons on the motion of the ice, they could not be too soon begun.
I left Paris on the 9th of June, by the malle poste for Besancon.
After spending a day at Neuchitel, I proceeded to Berne to visit
M. Studer, and from thence I went to Bex, to make the acquaint-
ance of M. De Charpentier, 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 23rd June, for Chamouni, determined
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 Chamouni early on the
following one, I made the requisite arrangements at the village,
and, leaving my baggage 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 determining its position with respect to three fized co-ordinates,
having reference to the fixed objects around; and, by the varia-
tion of these, to judge of the feasibility of the plans which I had
laid out for the summer campaign. One day (the 25th) was
devoted to a general reconnaissance 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 Montanvert, which pre-
sented 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 4%-inch theodolite already described,
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supported on the portable tripod. A point of the ice whose
motion was to be observed, was fixed by a hole pierced by means
of a common blasting iron or jumper, 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 percolation 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 centred upon it by means of a plumb-line, and levelled.
A level run directly to the vertical face of rock gave at once the
co-ordinate for the vertical direction, or the height of the surface
of the glacier. The next element was the position or co-ordinate
parallel to the length or direction of motion of the glacier. This
was obtained by directing the telescope 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 telescope 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
ou the stone with a common pencil, and the positions of successive
pencil marks were carefully measured by a tape or ruler from day—
to day. Marks were then indented in the rock with a chisel or—
pick-edged hamnier, and the mark painted red with oil paint, andiEE
the date affixed. These marks, it is believed, will remain fommm
several years. The station on the ice (marked A on the map——
was distant 250 feet from the rock, and, by repeating the observausms
tion frequently, I found that it could be depended on to aboumm
one-fourth or one-third of an inch.

The third co-ordinate, or that which should measure thl—m
distance of A from the rock, was not so accurately ascertaine—ecd
No ready means offered itself for ascertaining with quickne ==
and accuracy any variation of distance in respect to the bread®l»
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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 unequivo-
cally proved by the direction of the moraines, which are an
external indication of that motion. In general, therefore, I
have measured 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 obser-
vation. The instrument being pointed, and adjusted as already
described, and stationed above the hole pierced in the ice the
day before, when the telescope was turned upon the rock the red
xmark was left far above, the new position of the glacier being
165 inches lower (that is, more in advance) than it had been
twenty-six hours previously. Though the result could not be
«<zalled unexpected, it filled me with the most lively pleasure.
“Xhe diurnal motion of a glacier was determined (as I believe)
for the first time from observation, and the methods employed
eft no doubt of its being most accurately determined. But a
<uestion of still greater interest remained behind. Was this
xnotion & mean and continuous one, or the result of some sudden
Jerk of the whole glacier, or even the partial dislocation of the
amass of ice on which I stood? This could only 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 supposed; for, admitting the possibility of gravity to
overcome such intense 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
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whole theory might turn upon so simple a point, as whether the
glacier flows 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
254 hours the advance had been 17'4 inches, nearly the same,
though somewhat more rapid, than on the previous day. I mo
longer doubted that the motion was continuous, but I hastened
to put it to a still more severe test, and likewise to make an
experiment critical for the theory of congelation and dilatation.
I proposed to compare the diurnal and noctwrnal march. I
fixed its position at 6 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 had already risen to 40°; a
thermometer laid on the ice.stood at 36°. If congelation had
resulted during the night, so as to freeze the water in the
capillary fissures, nearly the whole motion of the twenty-four
hours ought to have taken place whilst the glacier froze: but
not at all: from 6 A.M. to 6 P.M. of the 28th the glacier advanced
9'5 inches, giving a total motion of 175 inches in twenty-four
hours, somewhat greater than either of the preceding days, the
motion appearing to increase as the warm weather continued
and increased in intensity: at least so I interpreted it. The
same afternoon I had no difficulty in detecting the advance of
the glacier, during an interval of an hour and a half. The
continuity of motion was thus placed beyond a doubt. The
marks on the rock indicated a regular descent, 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 flow 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 interest the definite and satisfactory
knowledge of laws which would result from these methods of
observation. '

1 T have found the true opinion, that of constant, insensible motion, to be held
by almost all the intelligent mountaineers with whom I have spoken ; & majority,
I think, of whom also declare that the glacier advances during winter as well as in
summer.
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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 89 inches, making together 174 inches for the
twenty-four hours, & 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 mean motion. The motion in twenty-four
hours for those four days had been:—

152 :—16:3:—175 :—174 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 chosen
for station A, it was surrounded by chasms in every direction,
and the glacier in nearly all its breadth between the Angle and
the Echelets is (in ordinary language) impassable on account of
its dislocated and shattered condition. Yet amidst all this
turmoil and confusion there were no fits of advance, no halts,
but an orderly continuous progression.

But during the last week in June, in which, stimulated by
the extraordinary fineness of the weather, and the fresh interest
of every day's experiments, I 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.
I 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, I believe, have asserted that the sides
of the glacier move faster than the centre! But this seemed
worthy of proof. Stationing my theodolite, not upon the ice
but 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 corner of the house of the Montanvert, 1
levelled it carefully, and then turning the telescope so as to

1 See, for example, Agassiz, Ftudcs, p. 167.
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point across the glacier to the rocks on the opposite side, 1)3,_
unclamping the telescope I caused it to describe a vertical greamm .
circle. I caused a tall cross to be painted in red bordered wiw-_
white on a face of rock opposite, making an angle of 118° wigs

the corner of the Montanvert already mentioned, and dista.me—y ¢
from D 2898 feet. The cross is marked D 1, and is a little -o
the north of a small cascade laid down in the map.

By pointing the telescope upon the cross, and then causi w
it to describe a vertical circle (like a transit instrument adjus te=q
upon a meridian mark) the velocity of the different parts of € M e
glacier could be determined as they flowed past. Two statiowas,
as has been said, were first fixed upon and marked by vertie=szl
holes in the ice renewed from time to time; the first D 2 (=se=e
the map) was about 300 feet from the west bank of the glaci &=,
therefore nearly corresponding in position to station A, whi «=h
was 5200 feet higher up; the other, marked D 3, was 795 fe=—e=t
farther east, or rather beyond the centre of the glacier, bei s ™8
within 150 feet of the first moraine. It is, however, very e =

the centre.
Side (D 2).  Centre (D 8).
From 29th June to 1st July the
motion in 24 hours was . . 175 inches. 271 inchea.

. . r
Here, then, was a difference not to be mistaken, and the nem=—" 1

coincidence of the side station with the result at station A, I
considered at the time confirmatory of its accuracy. Hencefor’ "
I entertained no doubt that the generally received opinion
incorrect, and that the glacier stream, like a river, moves faste ==
towards its centre.

In the same line ucross the glacier with D 2 and D
several other stations were afterwards fixed, with a view to
the modification of velocity depending on the distance from t"e
bank or edge of the glacier. These measures proved that t ¢
velocity of the central parts is nearly alike, and that the greate,.—'"/"”
differences in velocity are close to the side, where friction m=sse=="Y
be expected to act exactly as in a current of water.

My next object was to ascertain the rate of motion of poirme
of the Mer de Glace higher up and nearer its origin. For th=» &
purpose I fixed upon the remarkable large flat stone, «
table, formerly described, and marked C on the map.
the Glacier de Léchaud, between the promontory of the

1

3'
t
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and the Tacul. Trusting to its apparent solidity, I did not
apprehend that its position was likely to be speedily disturbed,
and T fixed my instrument upon it over a red cross marked with
the letter C. 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 the month of August it slipped
off its pedestal of ice. This did not, however, alter the character
of exactness 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, planting 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 Couvercle: I soon, however, abandoned
this -plan, and stationing myself on a commanding spot of the
Promnontory of the Tacul (station B), I directed the telescope
upon a cross marked C 1, painted upon the opposite rock of the
Couwvercle, and causing the telescope to describe a vertical circle,
I noted, exactly as at station D, the progress of the great stone
C, as it flowed on with the glacier. Thus, between the 27th
and 30th June, this mark had advanced 30% inches, or about
10-2 jnches per diem, instead of 17 inches as at the Angle, and
Dear the side of the glacier below the Montanvert, or 27 inches
88 at its centre. Hence it was quite certain that in this par-
ticular case the higher part of the glacier moved more slowly
than the lower. Well aware, however, that this might be due
the variable section of the glacier, I made preparations for
COn Brming it at different points, and still nearer the origin of
the glacier, but at the season I have mentioned the higher parts
Were almost inaccessible from the quantities of half-melted snow
Whic:h concealed the crevasses.
A week of singularly fine weather enabled me to obtain all
the xesults which I have mentioned, and several others, previous
the 1st July, on which day I left the Montanvert, in order
.~ Proceed to Courmayeur and Turin, for the purpose of witness-
Ng  the total eclipse of the sun. In these few days I had
Satisfied myself of the applicability and certainty of the methods
- had employed ; and the mgrks which I left in the ice, with
rections to Auguste Balmat to renew the holes, if necessary,
l_ Promised me fresh results of interest on my return. In the

n
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meantime I communicated to my friend, Professor Jameson, t o
leading results which I had then obtained in a letter, dated t— e
4th July, from Courmayeur, which was afterwards printed in Mie———1;,
Journal!

After my return, the measurements were renewed on Ww— j,
28th July, the holes having been all deepened in my absence Wy
the care of Balmat. The rate of loss at the surface will
mentioned by and by. There was thus determined the mot R «op,
during one monthy of the ice at station A, L'Angle, alresa oy
mentioned ; of two points in the breadth of the glacier at t e
Montanvert ; of station C, amxad
another point in the breadth of
_ 4 the Glacier de Léchaud, marke>d
G Takre gy, B 1, and of a point marked B 2

' q, \B on the Glacier du Géant, opposlﬂ?’
the Tacul, and at about thesan’
distance as C and B 1 from te €
lower end of the glacier; B
and B 2 were observed in th
way already described from stasss— "

morsine. of 1y

=5 tion B.
i L’:-d- At later periods, there wer—"%
Qe “ added the following points =1

observation, all of which ar—"®
accurately laid down on the largmssss— <€
[ antanare map, but which will be momse—""¢
readily understood at a glanc——=+
from the annexed woodeut, which shows their relative position.

D 4, D 5, and D 6, opposite station D, near the Montammmr—wm-
vert; intermediate between D 2 and D 3, as shown on the mass_—Jp.
D 4 and D 5 were on the same part of the glacier, but the mam—1k,
D 4, was suffered to disappear during one of my absences. Tlu -
the order of stations, and their distances were—

E. edge | ! | [ 1'
)Jucu'r( . nbout 850 yd«. Dls . 60 yds, . 1)'4. .7 yds. . D|‘, 120 yds. . D|2' 100 yds. edgo«

On account of the steepness and discontinuity of the g]acier
farther down, it was not thought advisable to attempt to obse=x—ve
its velocity at a lower point.

1 [See Uccasional Pupers, pp. 9-12.]
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Station A at the 4Angle was observed during the whole season,
and the corresponding marks in red paint were continued on the
rock. Between the end of June and the end of September the
motion of the ice amounted to 103 feet.

After the great stone at station C 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
maxk B2 on the small moraine of La Noire on the Glacier du
G-<€ant another point in the breadth of the same glacier was taken
neacr its centre, and in the same right line from station B with
the mark B2, This line was determined by pointing the theo-
dolite from station B upon the mark C 1, painted on the rock of
the Couvercle, and then causing it to revolve through 115° to
the left. The mark in the centre of the Glacier du Géant was
distinguished as B 3. The position of the marks B2 and B3
were determined by angles from H. The only observation of
velocity made during the season 1842 which I have rejected, is
one of B3. The daily velocity from August 2 to August 4 was
32 inches, whilst that of the neighbouring mark B2 was only

14 inches. Although the proximity of the latter to the side of
tl_‘e glacier was a good reason that it should move slower, this
18proportion seemed unlikely, and the experiment was imme-
tely repeated. The next two days gave a velocity of 18 to
the firgt, and 14:25 to the second, a proportion which was nearly
Preserved during the remainder of the season, and the former ob-
Servation was rejected. The mark B 3 was fixed on the 2d August.
The next station, E, formerly described as being at the higher
Parg of the Glacier de Léchaud, was used to determine the velo-
€1ty of the ice at the side and centre of the glacier in that part.
ark, E 1, was placed 210 feet from the east edge of the
Slacier, and another, E 2, about 645 feet farther. These marks
Were established on the 29th J uly. The observation was made
Y fixing the instrument at station E, and directing the azi-
Wuthg] wire of the telescope upon the sharply-defined apex of
fhe singular rock opposite, called Le Capucin du Tacul; the
'eleseope being then moved in a vertical circle, passed over the
m*_"rks Eland E2. A check reference was made to the pro-
Wineyt edge of the Pierre & Béranger, which, on one occasion,
E’mved most serviceable. Owing to their great distance from
he Montanvert, these points were not often visited.
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I also established two corresponding stations on the highe:
part of the Glacier du Géant, on the 6th August, which wen
marked K1 and K 2. Most unfortunately, after my retun
from a journey to Monte Rosa, in the beginning of September
1 was prevented, by incessant bad weather and snow, fron
reaching this remote station, and repeating the observations
which therefore led to no result.

During the absence just alluded to, the holes at all th
stations were visited by Auguste Balmat, and deepened, so as t
preserve them for my return. I must record my gratitude fo
his zeal in accomplishing this fatiguing and not very agreeabl
task during his recovery from a rather severe illness, from whicl
he suffered during my absence, brought on partly, I fear, by th
fatigues and exposure which he underwent in my service.

My habit was to enter my observations in a journal, an
reduce them immediately to the mean daily velocity of each poin
since the last observation, allowing for variations in the hour
at which they were noted, if such occurred. The first of th
following Tables contains the actual progress made by each par
of the glacier, from the commencement of observations upon it
in inches and feet; the second contains the corresponding velc
cities, or motions in twenty-four hours, expressed in Englis
inches.

TABLE I

GLACIER MOTION
RECKONED IN EACH CASE FROM THE COMMENCEMENT OF THE OBSERVATION

Near Montan- Near Montan. | Near Montan. Near Montan- L'Angl
vert (1). vert (2). ! vert (8). vert (4). gle.
1 Da4. | Do. Ds. A
English. . Engliah. I English. . Englisk
Ft. 1842, ' In. ' Ft ‘ 1802 I | ]

|
1842, 1842, 1842, i In.
|

0 |June 29 0 | 0

June 20 July 28 Sept.17| 0 | June2 o0 ¢
July 1 Aug. 1 o 20 59°1 4.9 July 542 45 ,, K
. 28 9 . % 179»-7[14«9 " TT42 645! , :
Aug. 1 o 28 22711189 Aug. 8612l 7, -
9 Sept. 1636 ,, i
Sept. 16 D 5. l » 165'55 July ]
w 17 i " 170'5, Aug. &
18 Sept. 17 i " 18077 I
[ w19 »o 19 " /184°6; Sept. *
Lw 20 n 20 | ; ”
26 w2 |
23 . 28 ' '
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I de Léchaund.| Glacier de Lé- Glacier du i Glacier du Glacier de Lé- | Glacier de L¢é-
Plegre Plate. chaud. Géant. Géant. chaud. chaud.
F ¢’ Bl B2 - BS. E1l E2
: Engliah, English. Bnglish. English, I lEn‘lluh.‘
e | 18 1842, 1842 1842,
| ‘ In Pt iln. . In. Pt In. I Ft. In, Pt In. Ft
:nml 0|0 |Juneso! olo |Jumeso| o 0 [Auwg 1| of olJuy2e oo |Juys| s o
w 30 | 506l 25| Aug. 2:3855|20-¢] Aug. 2 (454 878 ,, 36| 8 |Aug. 2 4587/ Aug. 2|54 4
Aug 2 !;:w 209 ,, 6-805(820 ,, 4482 (40-2| Sept. 17 564| 47 | ,, 8 181109 ,, 8:152 12
Bept.17 1758 68-2| Sept. 17 80866 ,, 6 5105425 | Sept. 25 672 56 .
i : Sept. 17 [M49 7971 ; | ! | i
— — —_— -~
TABLE 1I
MEAN DAILY MOTION
.'I D2 | Ds. Bl
. Inches. | Inches. Inches '
: Junez9 to 1July 175 June 20 to 1July 271 June 30 to 2 Aug. 10'8.I
July 1 — 28 ,, 178 July 1 — 28 ,, 257 Aug. 2 — ¢ ,, 100
» 2 — lAug. 162 ., 2 — 1Aug. 210 , 6 — 17Sept. 97
Aug. 1 — 9 ,, 166 Aug. 1 - 16Sept. 240
» 9 -- 168ept. 180 Sept.16 — 17 ,, 287 |
,' Sept.16 — 17 ,, 169 W 17--20, 208 B2 ;
| s 17T — 18 138 »n 20 — 26 ,, 204 June 30 — 2 Aug. 138
“w 18 —19 ,, 11, 6 -, 295 Aug. 2 — 4 ,, 140
I w19 —20 1638 . w 44— 6, 142
! w20 — 26, 142 » 6 — 17 Sept. 104
v oW 28, 195 | A. )
June 26 — 27 June 152 BS.
D 4. ; .
’ » 21— 28 168
July 38 — 14Aug 210 | h W—2 , 1TB Aug. 4 — 6Aug. 180
Ang 1 — 9 ,, %7 , 20— 30 ,, 174 » 6 — 17 Sept. 126 .
| ,» 80 — 28July 14 |
D 5. July 28 — 1Aug. 186 | ;
Sept.17 — 19 8ept. 18 | Agg. 1 - 9 , 154 ElL ;
»w 19 —20 203 | w9 — 1o 8ept. 130 July 20 -~ 2 Aug. 118
» 20 —2 , 192 Nept. 16 -— 20 ,, 115 Aug. 2 — 8 , 148
» 2 - 28 , 252 | s 8 == 258ept. 113
Dd. C.
Sept. 17 — 208ept. 107 June 27 — 30June 102 Bz !
w 20 -2 , 2071 » 380 — 2 Aug. 99 July 20 — 2 Aug. 185 .
w % — 928 287 Aug. 2 — 17 Sept. 87 Aug, 2 — 3, 18-8
I

From the preceding tables, especially the sccond, we may

gain a great deal of practical information.

The consistency which
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may be shown to subsist between their parts, inspires great con-
fidlence as to the results for this particular glacier, and shows
that @ very few experiments, as carefully made, would suffice to
determine all that it is important to know respecting any other.
A convenient way of representing 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
should have had a curve whose height would have been con-
stantly varying. As it is, we, of course, give to the velocity its
mean value, and suppose it constant during the intervals of
oObservation. An increase 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 careful 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 obser-
vation.

L. The motion of the higher parts of the Mer de Glace s, on
the whole, SLOWER than that of its lower portion; but the motion
of the middle region is slower than either.

I had not failed to point out, when I proposed the deter-
mination 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 Géant and Léchaud, uniting just above the
strait formed by the promontories of Trélaporte and the Couvercle.
Hence results,as we have seen, the great ice-basin, where we have
reason to conclude (as before observed), that the glacier 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, yet being shallower, their area of section
is smaller, and therefore the velocity of the ice will be greater.
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There will, indeed, be always a condensation of the ice within
the triangle BHG (shown on the map), owing 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 effusion and evaporation,
amounting to an actual loss of substance, between any two sec-
tions, and this becomes especially obvious near the lower extremity
of the glacier. It is like the well-known problem of the distri-
bution 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 continued to expand in breadth, as very
many glaciers do, no check would have occurred, and the anomaly
would have disappeared. .

Since we 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 cause 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
below the Montanvert,and at 100 yards from the western edge of
the glacier,—has been that, on the whole, most constantly observed
throughout 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 approximation to the
relative velocities of the different 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, fromn Table I., that the point C of the glacier
moved, between the 27th June and the 17th September, over
7576 inches, whilst D 2 moved over 1579'8 inches, or more
than twice the former. The exact ratio is 479 to 1000, which
may be conveniently expressed by the decimal fraction ‘479 for
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station C; and so of the others. Thus, the velocity-ratios of
the different points are, as in the annexed Table :—

TABLE III.

Relative Velocities of

Names of the Stations. the Ice,

Y
=}
o

HEEEEObooUo .

RO = 0O D) =

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

D2 . . . . . 1000
A .. .. o710
C .. ... 0479
E1 . . . . . 0874

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 all 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 mechanical necessity alluded to. But again,
if the cause 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 de Léchaud (see
the map) to take its origin at the very foot of the Grandes
Jorasses, which is 8000 feet beyond station E; then, on the
Dilatation theory, the motion at E would be due to the expan-
sion of 8000 feet of ice, by the congelation of infiltrated water.
This, we will suppose, produced the mean daily motion of 14-2
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inches in the height of summer. Then, considering only the
influence of length, irrespective of section, the station D 2 is
23,000 feet farther down, or nearly four times as far from the
Grandes Jorasses,—the velocity ought, therefore, to have been
four times greater, or fifty-six inches per day. It was only 166
inches, or one-seventh part greater. And yet we have seen that
the influence of section must have been to accelerate the motion in
the lower part. I do not mean to say that the reasoning just
issued 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 ice-pool, which issues 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 still 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 far greater than the single channel of
eflux. All this happens, as the simple mechanical theory of
discharge without indefinite accumulation would indicate ; but if
we come to combine 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 state-
ment, 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
observations, and not with other or hypothetical cases.! I may
observe, however, that if a glacier widens uniformly, the mere
law of discharge without 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 Géant moves faster than the Glacier de
Léchaud, in the proportion of about seven to six (compare B1

! This First Proposition or empirical law has been carefully restricted to the
¢“Mer de Glace” in particular, as in the above passage, and at pages 133, 135.
But the conclusions regarding the Dilatation Theory have been more than con-
firmed by observations on other glaciers (1845). [See Occasional Papers, pp. 68-77.]
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ith B2 and B3 in Table IIL.). The vast mass of the former
lacier tends to overpower the other, in some measure, and it
ikes the lion’s share of the exit through the strait between
rélaporte and the Couvercle, squeezing the ice of Léchaud and
aléfre united into little more than one-third of the breadth of
ie whole. It is to this circumstance that I impute the exces-
vely crevassed state of the eastern side of all the Mer de Glace,
hich renders it almost impossible to be traversed; the ice is
unultuously borne along, and, at the same time, squeezed laterally
v the greater velocity and mass of the western branch. This
probably, also, the cause of the dislocation of the moraine of
a Noire, opposite Trélaporte, mentioned page 81.

II1. The centre of the glacter moves faster (as we have seen)
.an the sides. When two glaciers unite, they act as a single
1e in this respect, just as two united rivers would do. Now
1is variation is most rapid near the sides, and a great part of
1e central portion of the glacier moves with no great variation
? velocity. Thus we find that four stations taken in order,
om the side to the centre of the glacier (or a little beyond it),
ave (by Table IIL.) the following rates of motion:—

1-000 1-375 1-356 1:398.

r if we compare observations made all at the same season of
1e year (September), we shall find the increase of velocity
| every case—

1-000 1-332 1-356 1-36%.

The first point was 100 yards from the edge of the glacier;
1e next 130 yards farther. In this short space the velocity
id increased above a third part.

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

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

1 See page 137.



140 Travels through the Alps of Savoy

IV. The difference of motion of the centre and sides of
glacier varies (1) with the season of the year, and (2) at diff
parts of the length of the glacier.

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

Relative Velocity, D 8

June 29—July 1 . 1-648

July 1—July 28 . . . . . . 1489
July 28—September 16 . . . . 1-349
September 16—September 28 . . . 1-367

In general, therefore, the variation of velocity diminishe
the season advanced ; we shall presently show that it was
nearly proportional to the absolute velocity of the glacier a
same time.

2. The variation of velocity with the breadth of the gl
is least considerable in the higher parts of the glacier or net
origin. Thus, if we compare the velocities of station C, anc
mark B 1 on the Glacier de Léchaud near the Tacul, the fo
being near the side, the latter near the centre of the gl

we find—
Relative Velocity, B 1
June 30—August 2 . . . . . 109
August 2—September 17 . . . . 1112

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

E2:E1
July 29—August 2 . . . . . 119
August 2—August 8 . . . . . 114

This ratio is indeed a little greater than the prece
which corresponds with the fact which we have already f
that the absolute velocity of the glacier is greater at E th:
C. Hence it is highly probable in every case that the var:
of velocity in the breadth of a glacier is proportional to the ab:
velocity, at the time, of the ice under experiment. This is fu
confirmed by the velocities of the Glacier du Géant at the n
B 2 and B 3, of which the former is near the side, and the 1

near the centre—
Velocity-ratio, B 3
August 4—August 6 . . . . . 130
August 6—September 17 . . . .o121

N\
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Now the absolute velocity of this glacier is greater than that of
Léchaud, but less than that at the Montanvert.

V. The motion of the glacier generally varies with the season
of the year and the state of the thermometer. Perhaps the most
critical consideration of any for the various theories of glacier
motion is the influence of external temperature upon the velocity.
In this respect my observations, though confined only to the
sumner and autumn, are capable of giving pretty definite infor-
mation. Indeed, one circumstance which on other accounts I
had resson to regret, I mean the rigorous weather of the month
of SSeptember, which hindered many of my undertakings, gave
me an opportunity of observing the effect of 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
madle out from my experiments, that thawing weather and a et
state of the ice conduces to its advancement, and that cold, whether
sualcden or prolonged, checks its progress. 1 may appeal generally
to €he curves of page 134 as showing the variations of velocity
with the season. It is to be attended to in looking at these
fig Taxes, that they only represent the mean motion during certain
Intervals which are not exactly the same at the different points,
andl that, therefore, the rises and falls do not appear always to
Coimacide when they might actually do so, being lost in the
Avewyge of a distinct period. A careful examination of them
WL1N, however, show that the variations of velocity have been
l.e‘tlarkably general and simultaneous, and that we are entitled
Yo ook for a common cause.
This cause seems clearly to be found in the femperature of
€ ajr, combined with the degree of moisture which on a glacier
USually accompanies a rise of temperature. The rapid movement
. the end of June which is perceptible at D 2, D 3, A and C,
IS due to the very hot weather which then occurred, and the
Very marked reduction at the end of July, to a cold week which
Occurred at that period. The striking variations in September,
€3pecially at the lower stations, which were frequently observed,
Proved the ¢onnection of temperature with velocity to demonstra-
tion. During the continuance of cold weather, accompanied by
snow, 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
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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 in the height of summer.

This fact is 'surely most important as showing that we cannot
possibly ascribe the motion of the glacier to the effect of congela-
tion; for, saturated as the ice was by the effects of the damp and
changeable weather of the month of September,—when a week
of frost set in, everything must have been exactly in the condi-
tion to acquire a rapid increase of velocity, exactly in propor-
tion as the cold penetrated the mass of the glacier, supposing
that it did penetrate to a considerable depth, which I shall after-
wards endeavour to prove clearly was not the case then, and
«t fortiori never can be the case in the height of summer, when
the glacier motion is most rapid.

But I would further request attention to a still more direct
proof of the dependence of the velocity of the glacier upon the
external temperature. 1 have taken from the register, kept at
the Great St. Bernard, the mean daily temperatures during the
sunmer months of 1842. 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 diminution of mean temperature
18 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 uite as perfect as we can
reasonably 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 134,
which represents the mean temperature of certain periods, with
the curve immediately below, which shows the glacier motion for
the same intervals, will fully justify the assertions just made.

I do not say that the velocity is always the same at the

U [Precisely 1844 feet.]

-,
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same temperature. In autumn the velocity was as great with a
temperature of 0° Centigrade, as in summer with a temperature
of 10° C. This was the case, however, only at the side 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 imbibition, or wetness of the glacier, be the main cause
of the increased velocity, as I believe it is, we can readily under-
stand how mild rain, or thawing snow, produces the same effect
as 1imtense sunshine.

“Whilst it appears probable, or, indeed, certain, from these
facts, that the motion of the ice depends upon the temperature of
the air in contact with it, and that it is greater in warm and
least in cold weather, it does not at all follow, as has in general
beexa too hastily assumed, that the glacier stands still in winter.
On  the contrary, I have long believed that it continually advances,
although in a less degree. The circumstance just mentioned,
that, though hot and cold weather produce relatively the effect of
".’-OCelerating and retarding the movement of the ice, the velocity

38 im 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 favour of this view.
They generally believe, that the glacier pushes itself forward
Wder 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 Jower extremity of a glacier, pressing the snow onwards. I
o not, indeed, lay great stress upon this testimony, considering
the facility with which such persons often adopt wrong opinions ;
but jts 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 as the best conjectures which I can at present form, in
the absence of direct experiments, as to the «nnual 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
summer months alone, it is highly probable that the motion
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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 Géant, at the mark B 2, has been shown above to be
*6'78, or about two-thirds 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 Saussure’s ladder, which
would assign, if true, a velocity of 300 feet per annum to this
part of the glacier; consequently, the comparative advance of the
lower ice would be a half more, or 450 feet. Now, of these 450
feet, only 132 (see Table I.) were performed during the three
hottest months of the year, which barely amounts to the pro-
portional 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. =~ But without supposing
these facts to be more than presumptive 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 find that my guide, Auguste Balmat, 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 . . . . 158 inches,

or very nearly its average summer \elout)
From December 12, 1842, to February 17, 1843, it moved 76 feet ;

Or daily . . . 136 inches
From February 17 to Aprll 4 1843 it mO\ed . . 66 feet;
Or daily . . . . . 172 unhm

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

! The preceding pages were written before I possessed the direct proofs of the
winter motion of the glacier contained in the succeeding paragraphs.

* The following postscript was placed at the end of the first edition, carrying
down the observations to the 8th June:—
““From April 4 to June 8, the great stone, D7, moved . 88 feet 1 inch;
Or daily . . . . . 168 inches.
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I presume that the immobility of glaciers in winter, so long
received as an undoubted fact, as a basis of 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 fall
of great avalanches of ice during that season : such, for instance,
was the fall of the Randa [Bies] Glacier in the valley of St. Nicolas,
on the 27th December, 1819 ;! and such is the direct testimony
of De Saussure in these words: “Les glaciers mettent aussi en
mouvement, et chassent devant eux les terres et les pierres accumu-
lées devant leurs glaces, & leur extrémité inférieure. Je vis ce
phénoméne en 1764, de la maniére la plus évidente, et jeus en
méme temps la preuve que ce mouvement avait liew, méme dans
une saison qui est encore hiver pour ces montagnes® Comme le
glacier et tous ses alentours étaient en entier couverts de neige,
lorsqu’il poussait en avant les terres accumulées devant ses
glacons, ces terres en s'éboulant se renversaient par dessus la

¢ Connecting the observations of pages 143, 144, with those of the motion of
the neighbouring station, D 2, in the summer of 1842 (page 132), we obtain for the
total motion of the lateral part of the Mer de (ilace, at the Montanvert : —

June 29 to Sept. 28 . . . . . . 132 feet,
Oct.20toDec. 12 . . . . . . 70,
Dec. 12to Feb. 17 . . . . . . 76
Feb. 17 to April 4 . . . . . . 66
April 4 to June 8 . . . . . . 8% .
Motion in 322 days . . . . . 432 fect.
Proportional motion for the whole year . 483 feet.

““ The movement of the centre is probably at least two-fifths greater, correspond-
ing cloeely with the intervals of the ¢ dirt bands’ of the glacier ; sce page 158.”

I have now to add (1845), that when I visited the Montanvert in September,
1843, I found the block, D 7, thrown up so close upon the side, that it had scarcely
moved since Balmat had observed it in June. The total annual motion could not,
therefore, be deduced ; but the measurement I then made, showing that the block
had descended on the whole 375 feet since my observation of the previous year,
entirely confirmed the accuracy of Balmat's partial measurements. I have, however,
since obtained measurements, giving the annual motion of the glacier at the Angle,
amounting to 482} feet per annum, and at the Pierre Plate, or station C, in
1842-43, to 260 feet, and in 1843-44, to 288 fect, quantities giving a daily motion
80 near that observed in summer as entirely to bear out Balmat’s observations in
respect to the great amount of motion in winter. Still later, I have received
observations upon two glaciers during the winter 1844-45, showing that the winter
motion is a very large fraction of that in summer (1845).

1 Agassiz, p. 158.

2 This appears most probably to have been in the month of March, 1764, from
a parallel passage in § 520 of De Saussure.

10
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neige, et mettaient en évidence les plus petits mouvements du

glacier, qui se continuérent sous mes yeux pendant tout le temps
»1

-

que je passai i l'observer.
On the Change of Level of the Mer de Glace.
It has already been observed, that one of my first cares o

reaching the glacier in June, was to ascertain the level of thesmmmg—.

ice at station A. These levels were taken from time to time, an
afford unequivocal proof of the depression of the surface of th__ -
glacier during summer, to an extent which has probably NC—— i

been suspected.
The Level had Daily Depression in_
lowered— the Interval.

1842, Feet. Inches. Inches.

June 26 to June 30 . . 1 90 . . 41

» 26 ,, July 28 . . 10 110 . . 36

s 26, Aug 9 . 14 100 . .37

26 ,, Sept.16 . . 24 65 . 25

Now this depression is not necessarily the result of superfie & al
waste alone. I doubt whether it is even mainly due to tkm amt
cause,—and not rather to a subsidence of the entire mass of &= e
ice, which visibly collapses as the warm season advances. Sum «—h
a collapse may be due to several circumstances: (1) the undie=r-
mining of the glacier by the excavating action of the wa €= er
streams which flow beneath it in summer; (2) the fusion of € The
ice in contact with the soil, due to the earth’s heat; (3) & Jhe
lower extremity of the glacier moving faster than its higlmer
portions, and thus extenuating the mass, a cause which acts wi ®h
energy at those seasons when the difference of motions of tIhe
two parts is the maximum. The superficial waste is not so easiIy
measured as at first sight it might appear to be. M. Escher de
la Linth measured it in 1841, upon 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 surface. The last method
we have seen measures several effects instead of one; the former
may lead to the most inaccurate results; for when the stakes
have been exposed to a certain depth, the apparent result is
actually inverted—the hole is deepened. The irregularitios |

1 De Saussure, I'oyages, § 538. iy
(N

by
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resulting from this mode of observation will appear from the
following facts:'—

Inches.
At the mark D 2, the stick rose out of the hole in the ice from
July 1 boJuly 6 . . . . . v
From July 16 to July 28 only . . .5
At the mark D 3, during the first period the stick rose . 224
During the swond period it actually sunk, 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 186 to July 28, it mnk . .2
At the mark B 1, from June 30 to July 16 the stxck rose . . 28
From July 16 to July 29, it sunk . . . . . h

The cause of this anomalous action it is not difficult to
explain. It is, I apprehend, the same as we have pointed out
on page 26, as occasioning the formation and perpetuation of
Tholes 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 spontaneously
deepened, which is one cause of their preservation.

It is evident, that the apparent loss of surface of the ice in
this experiment will be generally too small, and never too great.
Thus it appears, that at stations A and B 1, the superficial loss of
ice was, at least, 29 and 28 inches respectively, during the first
sixteen days of July, or about 1§ inch per day. The actual fall
of the surface at this time was, as we have seen, twice as great;
but this I attribute mainly to the general subsidence. A
méthod, which seems the only sure one of determining the
superficial loss (an important datum), would be to drive
horizontal holes in the vertical walls of conspicuous fissures, and
to measure their distance from the surface of the glacier. At
those stations which did not conveniently admit of running a
level to the side, I employed a different and very simple method
of measuring the absolute depression of the surface. It had the
advantage of being applied at the same time that the motion of

! The holes were examined, and the sticks notched at the level of the ice by

Balmat on the 16th July, when they were also deepened, and the variations were
afterwards measured by m¢
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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
an assistant to descend to the ice with a deal rod, a chisel,
hammer, and pegs of wood. If the motion since the last observa-
tion 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 azimuth of the
opposite mark beyond the ice. A pencil mark and number 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 level of the ice, T had
only to observe from my elevated position the angular depression
of the marks in succession on any particular day. These were,
for example, on the 20th September—

D2.=2200" D6.=11°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 wonderfully regular, it was liable to
local subsidences. Occasionally, I have found as great a depres-
sion a8 a foot per day during wet mild weather in the latter part
of the season. During frost, when the glacier had more con-
sistence, 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 its renewal during that
geason. The comparison of a glacier to a mass of leavened bread
expanding upwards, and thus supplying the superficial waste,
appears to involve an assertion wholly unsupported |
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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.




CHAPTER VIII

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

General facts of structure—Discovery of wave-like bands on the surface of
the glacier—Figures of the structure, and sections of the Mer de Glace
—Details—QGlacier de Taléfre—Crevasses of glaciers—Their monthly
changes—Minute fissures of the ice—Its permeability to water—Veined
structure explained.

SOME account has already been given, on page 28 of this work,
of the structure of ice, which was noticed by M. Guyot of
Neuchitel, in 1838, in the Gries glacier, and which I rediscovered
in 1841, on the Unteraar, Rhone, and other glacters, 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 circumstances, rather than by endeavour-
ing to deduce, @ 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 constitution will be of the utmost
consequence in modifying or confirming our inechanical 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 I proceeded, in 1842, to obtain definite information to bear
upon my speculations, I proposed to myself, as a chief problem,

! [See Occasional Papers, pp. 1-9.]
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to e sradeavour to combine the direct evidence which the observation of
tZe wdocity of the ice in different parts of its mass might furnish as
to &7 cause of motion, with the statical or permanent cvidence, which
t7ee _jorms of the veins or ribboned structure, which pervades its mass,
1¢ vzl oubledly bear to some change operated or operating in its interior.
I am inclined to think, that I have arrived at a result which
coxm bines these independent evidences; and I feel the more
comn fidence in it, because I am conscious of having commenced
1x1)y~  researches with no bias in favour of one theory of glacier
mo tion rather than another, or one cause of veined structure
raatler than another: indeed, I might rather say, that I com-
mexnced them, in 1842, with an equal distrust of all theories pro-
Possed to account for the former, and in ignorance of any theory
Woxthy of the name which should account for the latter. Further
thazum this, I spent some weeks amongst the glaciers in June and
Jualy, 1842, without even approximating to a theory either of
o tion or of structure, until at length I began to fear, that days
and months of incessant observation, or patient thought, would
Yeauve me no wiser about this great problem than when I com-
menced. But, as is often the process of discovery in complicated
YQestions,—when the confusion seems greatest, and the mind is
80 imbued with the subject, that the very multitude of details
tOnfounds, and the antagonism of conflicting speculations sets
order at defiance, then from some unsuspected corner springs up
2 light, unsought, and seemingly casual, but which struggles into
more perfect evidence by being dwelt upon, and at last, throws a
tomplete illumination over the scattered elements which appeared
Undecipherable and unmeaning, only hecause they were dimly seen.
Such information respecting the theory of the glacier struc-
ture, 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
observations and reflections which then came home to me with
so much force, I must endeavour to describe what I had previously
observed with respect to the structure of the ice of the Mer de
Glace in particular.

The external form of the ice, the crevasses by which it is
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fissured, and often divided into transverse slices or pyramidical
blocks, and the finer network of fissures, which we shall also
find to pervade its interior, all these may be described as, in some
sense, the “structure” of the ice. But what we here mean by
“ gtructure ” is something anterior 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 mahogany. The proximate
cause of the ribboned structure of the ice, it has been seen, that 1
ascribed to the alternation of bands, or parallel veins of ice, of
different textures. These bands or veins were conspicuously dis-
tinguished (on the Unteraar Glacier and others) by two characters :
(1) difference of hardness; (2) difference of colour. The former
distinction causes the harder (which are also the bluer) veins to
stand up in ridges, as the ice melts by the action of the sun or
rain, and allows the comminuted 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 sun, acting upon
the sand, caused 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 Angle and Trélaporte. Here the whole
surface seems striated with fine lines; and where groups of the
harder bands occur, there are projecting ridges, with grooves
between, continuous for very many fathoms along the ice, resem-
bling 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 colour, 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 one of those Which e,
like the colour of water, or of air, can only be seen in vast=—=
masses. I have often detached hand specimens of the ice, whiche
if they could be preserved in cabinets, would convey the mos ¢
perfect idea of the structure; there, to be sure, the depth of
colour has nearly vanished, but the bands and the cause of colowar
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remain. If we attempt to look through such a piece of ice across
the direction of the ribboned structure, it looks opaque; but if
we look parallel to the veins, we perceive that semi-opaque bands
alternate with others of glassy purity ; the former appear greenish
white on a great scale—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 in-
termediate portion is, not granular or snowy, as I myself at one
time supposed, but simply frothy or full of air-bubbles 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.
It is a general fact, that, as ice loses the perfection of its
crystalline structure, it passes from blue, through green, 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 wsually 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, but allows a pretty
free passage to the light, it becomes distinctly blue, by transmitted
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 (p.
69 above) observed, that I consider that no further 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 Chapter II, as well as in [Occasional
Papers, pp. 5-8], that the direction 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
the Unteraur, 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 not a very elongated form, and which
enlarges itself suddenly, these bands described oval lines upon
the surface of the ice, as we have already seen, and dipping in-
wards at angles more nearly perpendicular, as the centre of the
glacier was approached, might be compared to sections of inverted
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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 29. Guided by what I saw at
the glacier of the Rhone, I ascribed the apparent fromtal strati-
Jication of the lower extremity of the Unteraar glacier 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 limiting 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.

In 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
against some opposing promontory, the whole structure (preserv-
ing the general trough-shaped section) appeared to lean over in
one direction, as shown in the figure No. V., page 158. 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 structure in question, over as large a
portion of the surface as possible. The labour would have been
great, without some better clue to guide so extensive an
inquiry ; fortunately it had hardly commenced before I obtained
one.

On the evening of the 24th of July, the day following my
descent from the Col du Gdéant, I walked up the hill of Charmoz
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 comparative shadow. This

o

)



Structure of the Ice of Glaciers 155

condition of half illumination is far more proper for distinguish-
ing 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 indiscriminately with the moraines, presenting
an appearance of a succession of waves some hundred feet apart,
and having, opposite to the Montanvert, the peculiar form which
| have attempted to show upon the map, where they are repre-
sented in the exact figure and number in which they occur.
They were evidently distinguished from the general mass of the
glacier by discoloration 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 direc-
tion of the “ veined structure” of the ice that these discoloured
bands probably followed 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.

I had often observed that some parts of the ice were dirty,
and some parts clean, but it was not until I examined its surface
minutely on 25th July that I discovered that the “dirt bands,”
a8 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 surface, in deciding whether I was standing upon
one of the “dirt bands” or on the clean ice, although, from the
inequalities of the surface and local effects of light, it would have
been almost impossible to have traced out, step by step, the formms
of these discolorations. They are like what are called “blind
paths ” over moors, visible at a distance, but lost when we stand
upon them.
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The cause of the discoloration was the next point, and my
examination satisfied me that it was not, properly speaking, a
diversion of the moraine, but that the particles of earth and sand,
or disintegrated rock, which the winds and avalanches and water-
runs spread over the entire breadth of the ice, found a lodgment
in those portions of the glacier where the ice was most porous,
and that, consequently, the “ dirt bands ” were merely indices of a
peculiarly porous veined structure traversing the mass of the glacier
an these directions.! A most patient examination of the structure
of the ice 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 con-
fused to give a ready solution of its real structure. I now found
that the veins appeared gemerally parallel to the moraines and
sides of the glacier, only because the curves representing their
real forms had branches which merged into parallelism, 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 Dby the veins where they meet in the centre, at the
vertex of the curve? After much attention I found that the
normal structure here (though often obscured or annihilated)
turned round and formed a loop exactly 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, transverse section, and
longitudinal section (at the centre of the glacier) of such a
structure would be the following :—

1 From the careful observations of two additional summers, I can positively
affirm the correctness of this reference of the ‘“dirt bands” to the recurrence of a
highly porous structure. The dirt is absolutely superficial, a few blows of a hammer
or axe suffice to disclose the veined structure in its highest purity beneath. What,
then, are we to think of the argument of those who have explained these bands by
the interstratification of impurities lying on the surface of the névé by the super-
position of fresh clean snow ? (1845).
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Opposite to the Montanvert the dip inwards (that is, towards
the origin of the glacier) at @ @ a appeared
to be 45°. This is only through a narrow
space, and is often extremely confused, but
whenever the structure appears clearly this
is its position. The ice is often contorted
in the most fantastic manner, like lime-
stone strata in the Alps, or the veins of
knotty wood.

Of course, after the discovery of these “dirt bands” below
the Montanvert, 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 so perfectly definite that I have repeatedly
counted the bands visible from station L (on the Charmoz, above
the Montanvert), all the way between the ice precipice at the
Chapeau to the promontory of Trélaporte, which are exactly
18 in number as laid down in the map. The lower 10 bands
(including 9 intervals) are contained between the right lines
joining stations L and I, and L and 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 distance 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 intervals are not all alike ; indeed,
they differed sensibly to the eye. The difference, however, for
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this part of the glacier is probably not a tenth part of the mean

for any one interval. The distance between the vertices of the

“_n two dirt bands immediately op-

{ X posite to station D was found

L o, ~ trigonometrically to be 667 feet.
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1. Opposite to the Montanvert, and up to beyond Les
Echelets, the curved loops extend across the entire glacier. They
are single, and therefore cuf the medial moraine, at an angle of
nearly 30°. The structure of the ice to the east of the medial
moraine is nearly parallel to the length of the glacier. It is also

|



Structure of the Ice of Glaciers 159

nearly vertical ; but the whole trough-shaped structure, accom-
modating itself to the irregular form of the glacier, leans over
towards the Angle, as if tilted up by the promontory of Les
Echelets, which is really the case, as shown in the sections
Nos. IV. and V.

2. The vertices of the curves of structure incline towards
the left bank of the glacier, as we approach the promontory of
Trélaporte ; and about that portion of the glacier we begin to
distinguish a separation in the structure of the two confluent
glaciers, which do not appear to be there fully consolidated. The
Glacier du Géant has its own system of curves, and the Glacier
de Léchaud its system, as shown in the map. From about
the position where the dislocation of the moraines is marked on the
map, 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 moraine. On either
side it begins to incline into the trough of its own glacier, as
shown in the sections Nos. ITI. and II. After the glaciers have
thoroughly amalgamated, the structure of the more powerful
glacier (Géant) predominates, and absorbs the other.

3. We have seen that the Frontal Dip, that is, the dip of the
veined structure imwards throughout the very narrow space in
which its direction is ¢ransverse 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 [in Occasional Papers, pp.
1-9], 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
Bossons, of La Brenva, and at the lower extremities of many
other glaciers. Now, just above Trélaporte, on the Glacier du
Géant, though the frontal dip is undistinguishable, yet the curva-
ture 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 Géant higher up, as opposite K, the trans-
verse structure in the centre of the glacier is perfectly distinct, and
the frontal dip s vertical. This is an important fact, and con-
formable to what I have observed on the Glacier of the Rhone.
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4. The Glacier du Géant has a single or simple structure
between Trélaporte 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, cutting
the moraine of La Noire, and stretching quite from side to side.
But as we advance higher up, and approach La Noire, which
separates the great mass of the glacier from the small glacier
descending from the range of Les Périades, we perceive a tendency
to a double structure, as at the union of the Glaciers of Léchaud
and Géant (see Section No. I). I am wunable to state the
exact number of dirt bands between the foot of the ice-cascade
opposite La Noire and the corner of Trélaporte! Under a

1 T am now (1845) able to supply the defective evidence as to the existence and
number of the ¢‘dirt bands” on the Glacier du Géant, and to notice an additional
discovery respecting them, which will
be found detailed in my Fifth Letter
on Glaciers [Occasional Papers, pp. 39-
41]. In 1843, from an elevated station
at the foot of the Aiguille du Moine, I
counted six dirt bands beyond the pro-
moutory of Trélaporte, where my former
reckoning (p. 157) ceased. Then there .
occurred a space equal to that of three =
intervals, in which the bands were undis- —_

: E tinguishable, and beyond this the positionery

H of the bands was evidently marked by them ,
. remains of the last winter's snow lyingy 4
=

in crescent - shaped hollows in the icor=mm
precisely corresponding to the form ane o
intervals of the dirt bands. These wrinkian g
in the ice (seen below in a longitudinm e
section) are evidently an important pa- —am
of the phenomenon of the dirt bands, ar—mm
appear to connect them more closely wi— ¢
the result of periodic change like the annussmy,,
rings of trees, and the wrinkles -0y
the horns of animals. From the fiwm.a/
sweep of the glacier above the Chapesmmy
to the point of Trélaporte there are 78
intervals, extending over 18,300 feet, or
about 740 feet each st
A an average. Above Tré

laporte we have 6 distinet
" B rings, a blank equal t
three which could not be

observed, and 10 more
marked by the snowy wrinkles, making in all 19 in a space estimated at 9000 foet,
or 470 feet for one interval, fully corroborating the remark in the text as to the
remarkable condensation of the bands and their round fronts, in the higher part of
the glacier. These observations were fully confirmed by my visit in 1844 to statim |
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favourable 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 tolerably free of snow. My belief is, however,
that these bands are not only more uniformly curved (as has
already been said), but are compressed, 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 Léchaud from the Moulins, we
have, in the first instance, as has been said, the vertical stratifi-
cation accompanying the medial moraine up to the Tacul. There
are two medial moraines on the Glacier de Léchaud itself; one
coming from the Jardin and the other from the Aiguille de
Léchaud.! The ice between the latter and the Couvercle is the
ice of the Glacier de Taléfre; that between the same moraine
and the Tacul belongs to the Glacier de Léchaud, descending
from the Grandes Jorasses. Now, this moraine (de I'diguille de
Léchand) divides the separate structures belonging to these two
ice-streams, whilst the structure of the ice derived from the
Taléfre 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 Géant. I have not particularly noticed the
dirt bands on the Glacier de Léchaud, but I have carefully
examined its stractural 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 & little below the junction of the steep glacier
descending from the foot of the Capucin du Tacul, and it is
manifestly augmented, and becomes general after the confluence
of the Glacier de Talefre. I have often observed (and believe it
to be a general rule) that where a glacier is contracted and jostled

G¥*, above Trélaporte, which affords incomparably the finest view of the entire
glacier from the Chapeau to the Col du Géant, whence I counted, exactly as in
1842, 18 bands from the precipice below Montanvert to the point of Trélaporte.
The wrinkles of the higher glacier could be seen, although entirely covered with
snow. (1845.)

1 [This is the true Aiguille de Talifre, but the moraine mentioned seems to
proceed rather from the Aiguille de I'Eboulement. ]

11




162 Travels through the Alps of Savoy

by its union with others, if not violently crevassed, there the
structure comes out best. The structure is rather elongated here,
and not so transverse as in the Glacier du Géant.

6. The structure of the ice of the Taléfre, forming the north-
eastern portion of the Glacier de Léchaud, is remarkably well
brought out, and instructive. At the Pierre Plate C, 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 character 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 Taléfre.
The forms of the veined structure are more rounded than in
most other parts of the Mer de Glace: I mean, that the super-
ficial 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 Taléfre. The structure of the ice throughout 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
are 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
Léchaud, a most remarkable and sudden change takes place.
The ice, from fragmentary and fissured, 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. Within the space of a few hundred feet, the transverse
structure becomes developed, the former longitudinal structure 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 C, with the Pierre
Plate.  The convexity of this part of the glacier will be
perceived from Section II., page 158; 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
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structure, exactly as I have described in the Glacier of the
Rhone. These facts, which I have verified in many other
glaciers, conclusively show, that the structure is developed during
the progress of the ice downwards—is subject to the variations
which its momentary conditions of constraint impress—and that
it has not the slightest reference to the snow beds of the névé,
or to any primitive conformation whatever.

7. When we trace the structure up to the icy basin of
Taléfre, we perceive the origin of the linear vertical structure of
the ice which 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, so far as I have
been able to observe it at the most favourable season, when this
glacier is tolerably free of snow, spreads itself upwards, moulding
itself by the forms of the rocky basin which confines it, nearly
a3 represented in the map. The directions remind one irresistibly
of the lines of floating matter upon a current of water converging
towards a narrow outlet. The direction of the crevasses above
the outlet, or icy cascade, is still perpendicular to the direction
of the structure, and therefore their lines of fracture are convex
¥prwards. Higher up the Glacier de Taléfre, as the structure of
the jce becomes more snowy and less crystalline, the ribboned
8PPearance vanishes altogether at the surface, although it is
Probably continued at a greater depth.

Such are the facts which I have been able to observe most
@refully 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
‘_'Ype of all glaciers, as we shall afterwards have occasion to
Nugtrate by examples. In the meantime, I shall say a few
Words respecting the accidents of crevasses, and then endeavour
% 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 irregular 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, through-
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out 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 the
Col du G¢éant, 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 to the glacier, and convex downwards; and
others (as M. Agassiz!) more correctly, that they are most
frequently convex towards the origin of the glacier; but he drew
a wrong consequence in concluding that therefore the motion is
most rapid at the sides. It is by no means so easy as it appears,
to ascertain the general ground plan of a system of crevasses, for
nothing is commoner, in viewing a glacier from a height, and
seeing one system of crevasses, than to lose sight altogether of
another set which cross the former. This is the case opposite
to the Montanvert, where there are two distinct systems of
crevasses, equally inclined to the axis of the glacier, and forming
an angle on its surface of 65° with one another, so that each set
deviates 323° from a line transverse to the glacier. In turning
round the promontory of Trélaporte, a series of fan-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 Echelets 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 is reflected from the rock, and a new set open, corre-
sponding 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 mistake not, between the
Angle and the Montanvert. The old crevasses are sealed up,
and new ones formed, cutting them across, which produce the
tumultuous looking hillocks in that part of the ice.?

U Etudes, p. 167.
? The fact of the general perpendicularity of the crevasses
structure is now so well confirmed, that after the ample details gives
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But still more important are the circumstances attending the
formation and change of crevasses during different seasons. Be-
yond the general admission that crevasses result from a glacier
being pushed over a surface presentmg 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 summer
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

ing the direction of the latter, the former might be, in almost every case, easily
inferred ; nevertheless, since some indefiniteness still prevails as to the law of
crevasses, | shall state it here somewhat more particularly,

In the canal-shaped glacier of uniform breadth (Fig. 1), the crevasses nearest
the banks, intersecting the elon-
gated branches of the structural
surfaces, point slightly up the
glacier, and as they out the
loops nearer the centre of the
glacier, the tendency to point
upwards is slightly increased,
but, as mentioned in the text,
& crevasse is often prolonged in
a direction in which it would
not have originated, and hence
it happens, that the two systems
of lateral crevasses are prolonged
till they meet, and thus form one
system, rudely arched towards
the origin of the glacier. In
one instance I have seen, as the
figure is intended to represent,
two lateral systems, so rigorously
perpendicular to the ground plan
of the ribboned structure as to
be slightly concare to the origin,
met by a third system in the
centre, which, in combination with them, gave the usual character of convexity.

Such a glacier, at its lower extremity, exhibits the phenomenon of Fig. 2
where the crevasses are exhibited upon surfaces of considerable inclination, and pass
in a beautifully graduated manner from transverse to radiating; but still
perpendicular to the veins. The dots in this figure indicate the manmner of
dispersion of the lateral moraines over the surface.

An oval glacier, like that of the Rhone, presents the plienomena figured page 29.

A glacier, like that of Taléfre, emerging from a basin-shaped valley through a
narrow outlet (see the General Map), has a structure in lines diverging towards
the origin, and consequently crevasses throughout in the same direction (1845).

Fia. 1. Fia, ¢,
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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 another—so that a traveller may revisit a glacier
from year to year, and think that he recognises localities on the
ice, he may map the fissures 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 sub-
stance which moulds it is still, remain planted amidst motion, 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 sharpness 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 recently covered 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 Montanvert 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 perceptible in the lower part of the glacier. I have already
adverted to the loss of surface, and to the general subsidence of
the whole mass of the glacier. The several stations where I
made my regular observations on the ice had of course their
topography and peculiarities firmly fixed on my memory, and
there the change of feature within a few weeks was such as
to render them scarcely recognisable. Great cavities or clefts
were entirely soldered up,—others had encroached on their solid
partitions so as to unite with independent ones; precipices had
become gentle inclined planes; the landmarks of great stones
were lost—they had tumbled into crevasses, or been so tossed
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S8OUTH.

NORTH.

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 fissures 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 de- 77 / /

graded in the manner repre- TNV 7
sented opposite, and the
eminences falling into the hollows rendered the passage of the
glacier much easier than it had been some weeks before. This
occurred also in the higher parts: above Trélaporte I observed
crevasges similarly deformed, and at the same time closed, so
that a mere crack now stood in the place of the open
cleft.

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

We have already observed that glacier ice is eminently
fragile—hence the facility 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 fissures—generally invisible—but which
become distinctly seen near the walls and moraines of glaciers,
and wherever the ice is exposed to sudden alternations of
temperature, by being in contact with rocks or stones. 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 fall asunder. But, whilst
the pieces remain thus connected, the fissures impart to the mass
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
1 M. Rendu has made a similar remark. [P. 109 of the 1874 reprint.] |
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been particularly described, and their existence insisted on by
Scheuchzer, Hugi, De Charpentier, 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 Unteraar Glacier 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 inquiry, 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 experiment more
carefully in 1842, and took with me several portable colouring
matters. To these, by the advice of M. Regnault, 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 them, to
the extent of some pints. I shall state the result obtained
the next forenoon in the words in which I noted it at the
time :—

“ With an axe [ carefully cut the ice round the cup of ice in
which the madder infusion had-been put last evening, and also
round another similar one, in which dissolved (diffused) litho-
graphic ink had been placed this morning. Though much colour-
ing matter yet remained in each, much was effectually and
visibly infiltrated into the ice beneath 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 could not be removed by ordinary washing. This

1 The black was poured in in the morning, some hours before the fimal
examination.
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ice is seemingly compact; it does not exhibit obvious traces of
capillary fissures, and mere immersion in a coloured fluid
produces no true infiltration—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 unite the air-cells,
or many of them, though unperceived; even the undissolved
fibres of madder and grains of lamp-black had penetrated to
considerable 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, according to its state of wetness
or infiltration.

Exactly a fortnight after observing the hyperbolic dirt bands
opposite the Montanvert, I walked on the 7th August to the
same spot, and I then obtained an insight into the cause of the
phenomenon of the ribboned structure, and of glacier motion
generally, which I have no doubt is in substance the true one.
The forms 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 basin. The cause of such a form is evidently
the greater rapidity of the centre than of the sides, a rapidity
which, in the case of a viscous fluid, is occasioned by the less
adhesion between its particles than between the fluid and the
vessel in which it is contained ; and in any fluid a similar effect
would arise from the friction of the banks or sides. Then the
reflection naturally occurred—it is not only probable that such
would be the motion of a semi-fluid or pasty mass placed in the
conditions of the glacier, but it is cerfain, from my own experi-
ments already detailed, that the actual motion s such as we have
supposed it might be; it does 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 know that opposite the
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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 1841,—“ 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 further. I considered that [in the case of]
a semi-rigid mass,like a glacier, which has no pretension to be called
a fluid in the common sense of the word, if it do not (as it certainly
does not) move in all its parts parallel to itself, there must be a
solution of continuity Letween the adjacent particles of ice to
enable the middle to move faster than the sides. Imagine the
surface of a glacier to be divided into a number of stripes parallel
to its length, and adjoining but not cohering. If it be ascertained
that each stripe nearer the centre moves faster than its neigh-
bour nearer the side, the stripes will move past one another-
parallel to their length, the central stripes gaining upon them
lateral ones. If we attempt to give such a varying motion te—
the parts of a flat stiff body, as a long sheet of paper, we cannom -
effect it without tearing the paper by rents parallel to its lengthe—
or the direction of movement. Now, such must be the case wit—"
a mass of ice which does not move with a uniforin velocik=
in its transverse section, but where every line of particles has tY—
velocity proper to its position in the ice-stream. The ice w1
therefore, be rent by innumerable fissures whose general direct: <«
will be parallel to its motion, and these fissures becoming fill &
with water and ultimately frozen, will produce the appearance «
bands traversing the general mass of the ice having a differemx
texture.

We have hitherto spoken only of the influence of the sides ©
a canal upon fluid or viscous motion, but the botfom has also its
influence. It cannot, I think, be doubted, after what has been
stated, that the motion of the ice is more rapid at the surface
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 mus¢
retard it; and the less plastic the matter, the farther from the
sides or bottom will the influence of friction extend. The result
must be a tendency to separation of the superficial from the

! Edinburgk Philosophical Journal, January, 1842, [See Occasional Fopert, ‘
p. 7.1
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»wer parts of the ice, just as the central are dragged past the
iteral ones. The consequence must be, in either case, the
rmation of surfaces of discontinuity; and we shall attempt to
how, when we return to the theory in Chapter XXI. below, that
uch surfaces must have the forms already described as character-
sing the veined structure.



CHAPTER IX

THE TOUR OF MONT BLANC—CHAMOUNI TO COURMAYEUR

Glacier des Bossons—Its chief phenomena-—Route to the Montanvert by the
Glacier des Pelerins—Glacier de Taconnaz—Roches moutonnées at Pont
Pélissier—Baths of St. Gervais—Origin of the blocks of the Vallée de
Montjoie—Nantborrant—Col du Bonhomme—Col de la Seigne—Allée
Blanche—Courmayeur.

‘WHAT is called the tour or circuit of Mont Blanc is an easy
journey round its base, beginning and ending at Chamouni 1t
is familiarly 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 &b
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 so as %
cross Mont Blanc at its western shoulder, called the Col du Bon-
homme, where he comes amongst valleys which pour their streams
into the Istre, and thence into the Rhone; turning next to the
eastward, and crossing the Col de la Seigne, he enters the Allée
Blanche, a valley of singular grandeur on the southern side of
Mont Blane, and parallel to that of Chamouni. Here the river
Doire (Dora Baltea) takes its origin, which, joining the Po below
Ivrea, goes to swell the waters of the Adriatic. Courmayeur, 8
Piedmontese watering-place, is situated on the Doire, immediately
behind the chain of Mont Blanc. The map [in the pocket]
contains the route which we are now considering.

The first object of importance after leaving Chamouni is the
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Glacier des Bossons' (the patois form of Buissons, as it is spelt by
De Saussure), of which the exquisite purity is known to all
travellers. 1 shall not stop to describe the phenomena of its
atguilles of ice, and its greenish-blue crevasses, so familiarly known,
but I shall point out shortly what seems most worthy of remark,
especially in connection with the theory of glaciers.

1. The Glacier of Bossons is one, 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 the
principle of the equality of waste and supply (page 19) will
permit. This glacier has brought down beside and beneath it a
great mass of débris 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 embank-
ment, 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 nearly flat, and it is there easily crossed. Quite
at its termination it falls over the slope of its moraine, and forms
deep chasms and lofty pinnacles.

2. The Glacier of Bossons, like most of those in the same
neighbourhood, attained in 1820 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, through the wood, on that
side, and there it lies on a slope surrounded by trees, exactly
like the moraines of the Chaumont, or of Monthey (Chap. IIL).

3. The Glacier of Bossons has no medial moraine. It
descends (a8 De Saussure has remarked) in an unbroken con-
tinuity of ice from the very summit of Mont Blanc. Its great
feeder is the Grand Plateau, and almost the only rocks which
break its passage are the Grands Mulets, the first stage on the

1 Before crossing from the right to the left bank of the Arve, some fine springs
are passed at the foot of the Brévent: they are called Eawx de Gailland. The
temperatare on the 27th August, 1832, was 44-6° Falirenheit.



174 Travels through the Alps of Savoy

ascent of Mont Blanc. The detritus of these is, however, too
inconsiderable to afford any medial moraine, especially as the
glacier is one of the most precipitous, for its extent, in the Alps.

4. The structure of this glacier is generally homogeneous, and
almost snowy, or at least opaque white, with little green or blue
tinge, except near its edges, where it is most icy. The veins, or
bands, are distinct near the sides, and fall towards the centre in
the usual manner. They are not formed in this glacier by a
simple alternation of parallel layers, but the icy bands have all
the appearance of posterior infiltration, occasioned by fissures
thinning off both ways, and filled with frozen water. The icy
cascade above seems to have little or no structure. The struc-
ture is gradually developed as the glacier consolidates and moves
more horizontally, but it is never perfect, owing apparently to
the shortness of its course, and the want of lateral barriers.
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 with a frontal dip diminishing as the
glacier approaches its termination, where the bands are more
distinct, and indeed well defined, inclining altogether forwards
and parallel to the soil on which the ice rests.!

5. The paucity of moraines, and the slightly developed .
structure near the centre of the ice, occasion the extraordinaryw
purity of the Glacier des Bossons, in which it has a remarkable=:
analogy with that of Rosenlaui, in the canton of Berne, whichim
has a somewhat similar course. We have seen that it is thw .
veined structure which intercepts and retains the sand of thum .
moraines. Now, in the case before us, where the glacier is & =
contact with the lateral moraines, we perceive fragments of stoma e
and earthy matters intermixed with the ice to a considerable
thickness, and evidently following in the direction of its cleavagre.
These are, no doubt, the earthy beds of which De Charpentier
speaks,” and which he distinguishes from true stratification, but
of which, nevertheless, he gives a very unsatisfactory account,
supposing that they arise from débris which had fallen into

! No glacier with which I am acquainted shows so convincingly that the
ribboned structure of the ice is the result of a system of mechanical rents, infiltraied
and frozen up, as the Glacier of Bossons. In this respect, as well as the ease with
which the forms of the structural shells and the frontal dip may here be studied,
this glacier merits especial attention. On the platform the fronta o

2 Essui, p. 75.
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crevassses, and which had afterwards become parallel to the sides
of the glacier, or its line of contact with the moraine, by some
process which he does not explain. The real explanation, upon
the theory of these veins which I have given in the last chapter,
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 the icy structure is perfect, owing to the
complete thaw which the near contact of the warm ground
produces, for the lower level of the Glacier of Bossons is un-
usually deep in the valley, not probably more than 3300 feet
above the sea,! or at least 5000 feet below perpetual snow.

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
Origrin, by the formation of fissures into which water being in-
iltrated assumes the appearance of bluish veins, which finally
resent the usual forms of glacier structure, is highly illustrative
'f the views formerly explained. I must add, that the peculiar
‘hemomena of dirt bands on a great scale described in page 155
e pnot here wanting, although from the dazzling whiteness of
he je they may very easily be overlooked. They are best
€em in cloudy weather, when two or three of great breadth may
'©  easily seen traversing the lower end or snout of the glacier
Yhere it dies away in the valley.

The Glacier of Bossons is bounded on the east by a steep
Srassy hill, which rises to the foot of the Aiguille du Midi, where
1t is surmounted by the Glacier des Pélerins. A very interesting
‘“}d by no means dangerous excursion may be made in this
direction from the Glacier des Bossons to the Montanvert, or the
Teverse. Above the chalet of La Para (on the slope just men-

Vioned, 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

! [On M. Kurz's map, 3606 feet.
? [Probably the Aiguille de la Tour, 7566 feet, twenty minutes above the
Pointue Inn, is meant. There is now a mule-path direct from Chamouni to

the Plan de I'Aignille.]
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of the highest part of the Glacier des Bossons, the Gands Mulets
rocks, the Grand Plateau, and, indeed, the whole course of the
route to the summit of Mont Blanc. From thence the Glacier
des Pelerins is crossed (where De Saussure met with one of the
narrowest escapes of his life ') to the Plan de I’ Aiguille, or Sommité
des Croir, another green hill-top which offers a magnificent view;
and continuing nearly on the same level, avoiding or crossing
with precaution the Glaciers of Blaitiére and Nantillons? the
ridge of the Charmoz is gained, along which the descent upon
the Montanvert is easy.

The western side of the Glacier des Bossons is bounded by
the Montagne de la Cote, a very narrow and steep ridge of rock,
covered, however, by many pines, which separates the glacier
just named from that of Taconnaz, 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 Cote,
but it has been found on the whole easier to traverse the glacier.
It was by the Montagne de la Cdte that De Saussure ascended’
and he slept on the summit the first night. The Glacier of
Taconnaz is remarkable from this circumstance, that it appears to
have diminished notably in modern times, whilst that of Bossons
has either increased or perhaps remained stationary. The modern
Glacier of Taconnaz has but small moraines, whilst the ground
below, and indeed the whole neighbouring valley in the direction
of Les Ouches, is strewed with immense fragments of the granite
of Mont Blanc, which, it seems impossible to doubt, have been
transported by this glacier when it formerly attained a greater
bulk, and crossing the Arve, deposited these blocks on its farther
bank, where the river takes a sudden turn to enter the valley of
Servoz. Limestone occurs on both sides of the Arve, in the
neighbourhood of Les Ouches, and is connected with the great
secondary chain to the north of the Brévent. Farther down,
however, it is succeeded by a nondescript quartzose rock, forming
the ridge between Servoz and St. Gervais. Between Les Quches
and the Pont Pélissier, this rock is furrowed and polished in the
most characteristic manner of the glacier action of the Alps,ins
direction parallel to the length of the valley, and which it is
impossible for one moment to doubt being due to the abrasion of

! Poyages, § 675.  * [It is also possible to pass below them.] 3 [In 1767.]
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some heavy superincumbent rubbing body. These forms may be
compared to those produced in ductile plaster by the wooden
mould with which the workman finishes a cornice. They extend
to some height on the western slope, where I first noticed them
in descending from the Col de la Forclaz The whole of this
part of the valley scarcely contains one angular fixed rock—all
are smoothed and polished. Near the Pont Pélissier, and on the
western side of the Arve, are several hillocks presenting precisely
the phenomena of roches moutonnées, and that their forms are due
to glacier action, is rendered the more probable from the occurrence
of blocks amongst them, one of which, of immense size and
angular shape, seems poised on the very top of one of these bee-
hive-like summits; such phenomena have been called by De
Charpentier blocs perchés, and it is impossible to see a better
example than the one I have just mentioned. It is truly
surprising 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 experienced and assiduous observer,
for De Saussure must have passed through this valley dozens, if
not hundreds of times.

Some miles below Servoz, the valley of the Arve is joined by
the Vallée de Montjoie on the left, traversed by the rapid and
cheerful stream of the Bon Nant, which forms a remarkably
pretty and well-known cascade immediately behind the Baths of
St. Gervais. These baths are situated in a deep and picturesque
ravine, a little below 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 sparkling 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 104° to 106° Fahrenheit. They con-
tain iron and sulphur. Like most thermal springs, they issue
near the union of different rocks. The valley on one side heing
composed of slate, quartz rock, and conglomerate, and on the
other of limestone, limestone shale, and thick beds of gypsum,
from which copious springs rise, with a temperature of 51°, at
no great distance from the others. Several excursions of interest

1 Voyages, §§ 499-516.
12
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may be made from St. Gervais, which we will not stop to
particularise ; the views are very striking, although the higher
Alps are concealed, but the limestone range of the Aiguille de
Varens, which rises above St. Martin, is singularly picturesque in
its outline und 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 observed, in the first place, that the valley is
choked, as it were, in its lower part, by a mass of débris, through
which the river has worked its way below the village of St.
Gervais. The rock, where it appears, is usually slaty limestone ;
but the surface of the soil is every here and there strewed with
blocks of granite, some of them insulated and of 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 charac-
terised protogine or granite of the chain of Mont Blanc. An
extensive and well-marked moraine stretches along the face of
the hill in the direction of Sallanches, and on the slope fronting
the valley of the Arve, where it is almost inconceivable that a
torrent could have been embayed, so 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 de Glace of Chamouni.
The ridge just mentioned.is partly grassy, and partly covered
with small trees, but there is ample evidence of its composition
being similar to that of a moraine.

The most direct route fromn Chamouni to St. Gervais is not
by Servoz, but across the Col de la Forclaz, which rises immedi-
ately 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 Lachat svmewhat higher up,
and communicates between the village of Les Ouches, in the
valley of Chamouni, and that of Bionnay in the Val Montjoie,
and commands the prospect of Chamouni and Mont Blano, is,

1 [5105 feet.]




Tour of Mont Blanc 179

therefore, deservedly more frequented. It also gives an oppor-
tunity of inspecting the Glacier of Bionnassay, which descends in
a north-western direction from near the summit of Mont Blanc,
and approaches near the chalets of the same name. The Pavillon
de Bellevue on the Col is nearly 7000 feet above the sea,! and
yet erratic blocks are strewed all around. Not only is it incon-
ceivable that a torrent should have passed over a hill like this,
fit to carry great blocks of granite, but the erratics of the Col mix
insensibly with the modern moraine of the Glacier of Bionnassay
beneath, so that it s impossible to say where the erratic phenomenon
ends, and where the glacial phenomenon begins. This is an
argument, very striking on the spot, in favour of the glacial
theory of erratics, and these very blocks of protogine may be
traced, I believe, without any intermission, down to the Baths of
St. Gervais, and perhaps to Sallanches. There are three, if not
four,? distinct glaciers which occupy the higher parts of valleys
communicating with that of Montjoie: Bionnassay (already
mentioned), Miage ® (to be distinguished from that of the same
name in the Allée Blanche), and Trélatéte, which descends
opposite the chalets of Nantborrant. All of these transport
numerous primitive blocks, and sometimes deposit them upon
insulated summits near the openings of the respective valleys.
From Contamines* (where there is an indifferent inn) to Notre
Dame de la 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 picturesquely clothed with larch and pines;
and here, as is almost universal in valleys containing erratics, the
surface of the rock is worn, rounded, and cut by long smooth
furrows, which resemble those produced by glaciers. The torrent
is passed by a bridge immediately above a fine waterfall, and we

1 939 English feet. See De Candolle, Hypsométric. [The Pavillon de Bellevue,
5843 feet, is some way above the Col de Voza, 5496 feet.

2 [Forbes omits that of Frasse, the ncarest to Contamines, which is the principal
hamlet in the Montjoie glen.]

3 [This is the French or Savoyard Miage Glacier ; that in the Allée Blanche is
the Jtalian or Piedmontese glacier of that name.]

4 [There is now a char road from the Chamouni valley at Le Fayet past the
village of St. Gervais—the Baths lie below in a gorge and have a char road of their
own from Le Fayet to Contamines—and from Contamines to Notre Dame de la

Thence there is a mule-track to Courmayeur. There are now inns at
Nantborrant, La Balme, Chapieux, Mottets, and La Visaille, on the Bonhomme-
Seigne route between Contamines and Courmayeur. ]
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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 Trélatéte. We are now
at Nantborrant, where travellers, making the tour of Mont Blane,
usually pass the night.

Nantborrant is about seven hours’ walk from Chamouni.
The Col du Bonhomme is between two and three hours farther.
The way lies 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 La Balme 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 Nantborrant, that is, they commence with the Glacier of
Trélatéte, thus showing that the transporting cause of these
erratics had its origin, not in the natural prolongation of the
valley (at the Col 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 of the
chain of Mont Blanc, and raises the snow into fearful eddies.
called fourmentes in the French and Guwen in the German Alps,
which are justly feared by those who have been exposed to them.
Here two English travellers lost their lives some years since.!
Their last entry is still to be found in the travellers’ book at
Nantborrant. I have crossed the Col 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 extricated by my referring
to the map and compass, instead of following the directions of
my companion. When the summit?® is gained a wide view is
seen over the valleys [N.] of the Tarentaise, and the traveller
naturally thinks of descending immediately by a path right before

1 [These were the Revs, Richard Bracken and Augustus Campbell, who perished
on September 13, 1830.]

2 [The first pass is 7678 feet in height. It is sometimes called ¢ Col du Bon-
homme,” to distinguish it from the true puss, or the *“Croix du Bonhomme.”]
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him. Let him, however, beware of this, for it will lead him into
the valley of Beaufort, which, most likely, is not his intended
route. If going to Courmayeur, 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
the Croix 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
Istre, stretching away towards the Mont Cenis, are fully in view ;
and conspicuous amongst these is the Aiguille de la Vanoise? a
snow-clad pyramidal summit between Mottiers Tarentaise and
Lanslebourg, and which is undeniably one of the most elegant
mountains in the Alps.

Immediately before the spectator is the very deep valley of
Bonneval, which takes its rise at the foot of the Col de la Seigne,
and which, turning sharply at the chalets of Chapieux (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 Isére. By this route the traveller
reaches the pass of the Little St. Bernard, which he may traverse
to the Val d’Aoste. If, on the other hand, he wish to reach
Courmayeur directly, he may either descend from the Croix du
Bonhomme to Chapieux and ascend to the Hameau du Glacier at
the head of the valley, or he may cross the Col des Fours, which
conducts him by a shorter but rougher road; or, finally, he may
scramble along the rocks by an intermediate path, without descend-
ing so low as Chapieux. The passage of the Col des Fours is
still more savage than that of the Bonhomme, and it is consider-
ably higher# 1 shall long remember an hour spent here in
magnetic and barometric observations in August, 1832, amongst
perpetual snow and exposed to a biting wind. It is about 850
feet higher than the Croix du Bonhomme.” The middle path just

’Redly 8147 feet.]
1t is really the Mont Pourri, 12,428 feet, second only in the Tarentaise to the
Casse, 12,668 feet, the name ** Aiguille de la Vanoise ” having been formerly
:pphed to the htter, a8 it overhangs the Col de la Vanoise.]
ere is now a char road through this glen from Chapxem to Bourg Saint

Maurice. Two-thirds of the way down is the ‘¢ Etablissement™ of Bonneval les
Bains. Bourg Saint Maurice is close to the foot of the Little St. Bernard.)

4 [t is 8891 feet.]

5 [Really 744 feet.]
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alluded to is, in some respects, interesting. Instead of descending
the steep pastures of Chapieux we follow an obscure track amongst
the rocks towards the east, and after traversing for some 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 and overlying them at a considerable angle. Near the
same point there is a magnificent view of Mont Blanc and the
adjacent mountains, seen above the Col de la Seigne, which
appears just in front. It presents the whole range, from the
Grandes Jorasses on the east to the summit called Aiguille des
Glaciers on the west, from which the vast glacier! descends
which occupies the head of the valley of Bonneval.

At the chalets of Mottets the traveller will probably make as
short a stay as possible, and will then proceed to ascend the Col
de la Seigne, which, as has been said, separates the tributary
streams of the Rhone from those of the Po. The ascent is very
casy, but tedious. The summit is 8422 feet above the sea,® by
my observations, and was fortified, as I was informed, when the
French army endeavoured to force this pass. From the top the
extent of the Allée Blanche is well seen, with the great masses
of the chain of Mont Blane, which bound it on the left. Mont
Blanc itself presents a singular appearance in this direction, and
would not be easily recognised by those who know it only in &
northern or eastern direction. The western and southern 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 de Miage, the latter into the Allée
Blanche itself.  The bottom of the valley is here not more than
4000 English feet above the sea, consequently this coloesal
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. Its aspeet is,
therefore, far more imminent and imposing than on the side of
Chamouni, where the eve is greatly deceived as to the actual
distanee 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 buttresses by which
the mountain is supported. and especially one prodigious aiguille

Ui Now mueh shiunken? 2 [Tt is 5242 feet.]
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of granite, called Mont Pétéret,' come out in relief, although, when
a front view is taken from Courmayeur or its neighbourhood, these
pinnacles, thousands of feet in height, are lost against the tower-
ing mass behind, which then seems to rise like a wall. I am
unable 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
Nantborrant, leaving the Aiguille des Glaciers and the greater
part of the Glacier de Trélatéte within the primitive boundary.
To the east the limit is, in a good measure, determined by the
direction of the Allée 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 I'Allée
Blanche of De Saussure. They are upon the left hand in descend-
ing. It is a walk of nearly five hours from the top of the Col to
Courmayeur, during which we traverse the whole length of the
Allée Blanche? It is there met by another parallel valley
which opens exactly opposite to it, and forms, as it were, the
prolongation of the Allée Blanche for about five hours farther.
This is called the Val Ferret, and terminates at the Col Ferret.
The chief glaciers of the Allée Blanche (on the north side)
are the following: (1) the Glacier de I'Estellette ; (2) the Glacier
de I’Allée Blanche; (3) the Glacier de Miage; (4) the Glacier de
la Brenva. 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 ’Allée Blanche is nearly filled up by alluvial matter,
but an extensive flat attests its former existence, together with the
extensive barricade of débris, through which the river now tumbles
in a foaming rapid. The moraine of the Glacier de Miage is,
perhaps, the most extraordinary in the whole Alps,and has given rise
to the Lac de Combal, which will be especially described 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,
1 [Both the Aiguille Blanche de Pétéret—the loftier—and the Aiguille Noire de
Pétéret are seen. The latter is probably the peak meant by Forbes.]
2 De Saussure (§ 854) states that below the Glacier de Miage the name of Allée

Blanche is exchanged for that of Val Veni.
3 [Here is now the little Visaille inn.]
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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 remarkable hill with a conical summit, called the Mont
Chétif, 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 Courmayeur, 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 Allée Blanche, abutting against its opposite side, at
the foot of the Mont Chétif. 1ts appearance and phenomena will
also be described in the next chapter. A chapel, dedicated to Notre
Dame de la Guérison,! 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 confluence 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 situated
village of Courmayeur, after a laborious walk of eleven hours
from Nantborrant.

1 [Or de Berricr. ]
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CHAPTER X
THE GLACIERS OF MIAGE AND LA BRENVA

The awent of the Allée Blanche—Moraine of Miage—Its height and extent
--Chamois—Tributary glaciers—Their structure and forms of union
with the principal one—Scene of desolation on a moraine—La Brenva
—Its remarkable structure—A superimposed glacier—Interesting con-
tact of the ice with the rock beneath—Increase of the glacier of La
Brenva in 1818 —A tradition.

Fiv = * Iam acquainted with only one other scene in the world which can pretend to
A1, ippatural magnificence, the Glacier de Miage ; I mean Niagara.”
Basin HaLv.
C c e g
p %> RyAYEUR would be worth a visit, if it were only for the
B lx M20se of examining in detail the Glaciers of the Allée Blanche.
“;lt this excursion is rarely made. Travellers are usually con-
™ & with what they see of them in descending from the Col de

L . .
> igne, and there are but few guides who have ever traversed

t;r er of these glaciers. A short day is sufficient for visiting
toe Glacier of La Brenva, but it is a laborious day’s work fully

©xamine the Glacier de Miage! 1 shall begin with the latter.
I had twice before passed the Lac de Combal, and the
b [On this glacier Signor Martino Baretti’s monograph, published at Turin in

(}' in the Memorie della Reals Accademia delle Scicnze (i Torino, series ii. vol.
» should be consulted. It +  rams.]

18y
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moraine of the glacier which I have described as pushed out into
the valley which it occupies for several miles in length, nearly a
mile in breadth, and several hundred feet in depth. I had no
small curiosity to see the chasm in the mountains whence this
mass of débris 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 July 15, 1842,
1 left Cowrmayeur at half-past five A.M., on foot, and reached
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the lower extremity of the moraine at the chalets of La Visaille
in about two hours. The Doire there struggles through the
narrow 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 south 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 saw traces of them on a patch
of snow within a short distance. In three hours from Cour-
mayeur I reached the Lac de Combal! where the Doire issues
! [Sce Baretti, pp. 16-18 of the separate reprint, as to this lake.]
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from it (see the Topographical Sketch, No. I). 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 moraine 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 of musketry, erected probably by the
Piedmontese troops in 1794.! Tt is strange to see this applica-
tion of the artificial-looking mounds which the glacier has raised,
and which themselves bear no slight resemblance to a series of
gigantic outworks of an extensive fortification. It is the outer-
most of these ridges which is so occupied. The arrangement of
the others is abundantly singular, forming a series of four semi-
lunar 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
further 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 débris 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 Gressoney, near
Monte Rosa. But as I cannot give any certain explanation, 1
shall not dwell upon it.

Having observed the barometer at the level of the lake, 1
proceeded to ascend the modern moraine, which is higher than
would readily be believed from mere inspection, and when I had
gained the top and commanded 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,

1 [But they are mentioned by P. A. Arnod in his careful report as to the passes
of the Val d'Aosta, written in 1691-94. See Signor Vaccarone's Le vie delle Alpi
Occidentali negli anticki tempi (Turin, 1884), pp. 49, 103.]

2 The height of the Lac de Combal is, by my observation, 2091 feet above Cour-
mayeur, or 6302 feet above the sea. [Really 6365 feet.]
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parallel to the length of the glacier, but dipping inwards 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 the very entrails of the great chain, so that the
head of the valley is considerably to the north-west of the
summit of Mont Blane, which here presents inaccessible escarp-
ments. 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 tributaries
from either side,' which descend with great steepness. One
which I remarked on the right bank of the glacier, at a spot
marked A on Sketch No. I, 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 narrow couloir from the Aiguilles Rouges
(called Mont Suc by De Saussure)® from a great height. The
narrowness of the main valley makes it like an unfinished ex-
cavation intended to have cut the chain of Mont Blanc in two,
and struck me with surprise, although I was somewhat prepared
for it after viewing the prodigious mass of solid matter which
the glacier had poured out into the Allée Blanche. It may be
cited as a most striking instance of excavation by the ceaseless
action of seemingly trifling causes. The continual fall of frag-
ments detached from the neighbouring summits loads the glacier
with débris, which it bears incessantly down from the head of
the valley ; and as we judge of the size of a quarry from viewing
its rubbish heaps, so 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 chamois and her calf cross the glacier, within a very
short distance, towards the Aiguilles Rouges. They were fol-
lowed by eight full-grown chamois, which I could watch all at
once. They were tame, and stopped frequently to look about

! [The three most important descend from Mont Blane and its north-western
vidge.
? [The proper name of the Aizuilles Rouges is - Aiguille de Combal,” of which
the Jower slope bears the name ot - Mont Sue.”]
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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 themselves in. 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 magnitude becomes 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 (§§ 853, 854, 892-897), who is the only
author I have met with who describes this glacier. He particu-
larises a beautiful granitello, composed of crystallised felspar 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 crystallised 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 avalanches 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 contradicted.® Such is the
feeder marked B on the Sketch. After three hours’ walk upon the
ice, I reached a considerable height upon the north-western tribu-
tary of the glacier, which was in this part covered with snow, and,
indeed, passed into the state of névé. I took the height of the
barometer, and found the elevation above the sea, the highest

1 [This mine is much farther up the glacier than Forbes states, and is immedi-
ately under the ““Col (dit) Infranchissable,” which communicates with the head of
the Trélatéte glacier ; three half ruined huts still exist on that slope.]

2 T may mention that carbonate of lime is said to be found, though very rarely,
in the granites in the very heart of the chain ; as at Les Courtes, near the Jardin,
on the Glacier de Talé¢fre. An enormous pricc was asked last summer (1842) at
Chamouni for a large crystallised specimen of this kind.

3 By De Charpentier and Agassiz.
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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-runs, and remarkably free from crevasses, and very care-
fully examined the structure of the tributary glaciers, which fall
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), which I have since abundantly confirmed
in similar cases. Each tributary is, in the jfirst instance, amor-
phous, without any apparent structure, and confusedly thrown
together in fragments, as it descends a steep and very uneven
glope. As it approaches the foot of the steep, it accumulates

2 D oti Fig. 2.
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upon itself in the second stage of the process, and becomes a con-
solidated glacier, in which a wave-like structure is developed, with
convex arcs on the surface, directed downwards, and the bands,
which form these arcs, dipping inwards, and approaching horizon-
tality, 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 advancing 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
third stage, to those of the main glacier, becoming erect, and
repressing the others. 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.! Tt was
from the examination of these that I first drew the conclusion,
which I have since found to be quite general, that the structure

1 [D is the Dome Glacier; and E and F two branches of the Mont Blan
Glacier.]
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of glaciers is developed from time to time, according to the con-
ditions of the ice, that the structure of one part is not necessarily
any modification of the structure of another, and that it is in
vain to attempt to trace the stratification of the névé 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 insignificant dimensions, compared
to the primary glacier; its structure is immediately overpowered,
and becomes subject to the law of the preponderating one. But
where the two streams are comparable in magnitude, the inoscula-
tion 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 Glacier de Taléfre uniting with
the Glacier de Léchaud.

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 Monte Broglia [Mont Brouil-
lard], round which the glacier sweeps, so as to turn sharply
into the Allée Blanche, the whole structure inclines from that
promontory, exactly as I have described in the case of the Mer
de Glace, rounding the promontory of Les Echelets, and as is
figured in the glacier section, No. IV., page 158. The rocks
are smoothed by the action of the 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 Allée Blanche, in order to examine its
wonderful moraines, and if possible 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 T 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, us spread out into the Allée
Blanche, appeared to me to be 34 miles long and 11 wide; but
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I am aware of the uncertainty of these measures. After strug-
gling 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, the stupendous blocks of granite which half choke its
crevasses, and to which the traveller is often glad to cling
when the glacier itself yields him no farther passage. 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 pedestrain 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
nicely poised, “ obsequious to the gentlest 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 underneath
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 sun. 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 frozn
during the night, but now lubricated by the effect of sunshipe.
The fine sand detached loosens the gravel which it supported,
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

allis again still. In walking over ordinary rugged ground or rocks,
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