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15 m DEEP TEMPERAT U RES I N THE GLACIERS OF MO T 
BLA NC (FRE NC H A LPS) 

By L. LLlBOUTRY, M. BRIAT, M. CRESEVEUR and M. POURCHET 

(Laboratoire de Glaciologie du CNRS, 2 rue Tres-Cloitres, 3803 ,-Grenoble Cedex, France) 

ABSTRACT. T he top of Mont Blanc is a dry snow zone. The cotd infiltration z one extends between about 
4 300 and 3800 m. Its lower limit is lined by large cracks and ice cl iffs , similar to bergschrunds. Near rock 
faces this limit is the bergschrund, which can descend as far as the o°C isotherm of the mean annual a ir 
tempera ture, 3 100- 3 200 m. At Col du Dome (c. 4250 m), 15 m d eep temperature has increased 1.8 d eg 
between the years 1911 and 1973, probably due to infi ltration which ha ppened there in the last few years. 
The ice in the ablation a rea is entirely temperate, while in dryer areas of the Alps it may be at _ 1°C to 
- 3°C in the vicinity of the firn line. 

R ESUM E. . Les temperatmu a 15 m de profolldeur dans les glaciers du Mont Blanc (Alpes Fran§aises). Le sommet 
du M ont-Blanc est une zone de neige seche. L a zone d'infiltrationfroide s'e tend entre en viron 4300 et 3 800 m. 
Sa limite inferieure est jalonnee de larges crevasses et de fa la ises d e g la ce, comparables a des rimayes. Pres 
des faces rocheuses cette limite, c'est-a-dire la rimaye, peut s'abaisse r jusqu 'a I'isotherm e moyen de I'air 
o°C, a 3 100- 3200 m. Au Col du Dome (c. 4250 m ), la temperature a 15 m de profondeur s'est elevee de 
1,8 d eg entre 191 I et 1973, probablement parce que maintenant il s' y produit d e I' infiltration certa ines 
annees . La glace de la zone d'abla tion est entierement temperee, tand is que clans des regions plus seches 
cl es Alpes el le peut etre entre - 1°C et - 3°C a u voisinage de la ligne de neve. 

Z USAMMENFASSUNG. T emperatllrell in 15 III Tief e auf Gletschern am lvIont Blanc (Franzosische Alpen). Del' 
G ipfel d es Mont Blanc ist e ine Zone mit Trockenschllee. Die Zone mit kal/er Dllrchsickerullg erstreckt sich 
zwischen etwa 4300 m und 3800 m. Ih re untere Grenze ist durch breite Spalten und Brilche, ahnlich d em 
Bergschrund, markier t. Nahe an Felswa nden ist d iese Grenze d el' Bergschruncl, der bis zur lsotherme ooe 
der m ittleren Lufttemperatur in 3 100- 3200 m herunterreichen kann. Am Col du Dome (c. 4250 m ) hat 
die T empera tur in 15 m T iefe zwischen 191 I und 1973 um 1,8 d eg zugenommen, vermutlich als Folge d er 
Durchsickerung wahrend der a llerl etzten J a hre . Das Eis del' Zehrge bietes isl durchwegs temperiert, wahrend 
seine T emperatur in trockeneren Gebieten d er Alpen in der Nahe d e l" Firn linie - 1°C bis - 3°C betragen 
kann. 

THE Laboratoire de Glaciologie of the CNRS cored the snow and firn near the summit of 
Mont Blanc (French Alps) in '973 and 1974 for geochcmical purposes. This difficul t task 
was performed under a contract from the Ministere de l 'Environnement. As part of the 
programme, density and temperature profiles were measured at altitudes not studied since 
the time of J oseph Vallot. 

In 1973, C. Boutron, Y. l\10rin , M. Paillet, and M . Pourchet stayed from 15 to 25 June 
on the site, lodging in the chilly a luminium Vallot hut (4362 m ) of the C lub Alpin Frant;ais. 
In '974, Mme M. Briat, M. Creseveur, Y. MOl'in, and M. Paille t stayed fwm 13 to 21 June, 
lodging in the neighbouring Observatoire Vallot (c. 4350 m ) , a timber hut as chilly as the 
form er, but where they were not disturbed by alpinists (a lthough, as in the previous year, 
they had to assist alpinists in distress) . This Observatoire Vallot is a legacy which was 
transferred in 1974 from the Paris astronomical observatory to our laboratory. We therefore 
hope that our preliminary resu lts will be checked and en larged in the future. 

In this paper, the few measurements of temperatures in glaciers of the A lps will be re
viewed. The knowledge of temperatures is important for ( , ) assessment of the internal 
nourishment of the glaciers (Bazhev, 1973; Lliboutry and Echevin, in press) , (2) explanation 
of some prominent features such as bergschrunds and their change with time, (3) choosing 
places without percolation where past pollution can be studied on cores, as currently done 
in the polar ice caps. 

TEMPERATURES AT ABOUT 4 800 m 

In '973 coring was done to a depth of 16.7 m about 170 m to the east from the summit of 
Mont Blanc (Fig. I). (It could not be done at the very summi t, because the snow is com
pacted and spoilt by alpinists. ) T he altitude of the site is 4 785 m. 200 m further to the east 
the snow a nd ice cap end in an ice cliff overhanging the Glacier de la Brenva by I 100 m. 
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Fig. I. MOllt Blallc area. RockJaces in grey, glaciers ill white. The sites oJ the 1973- 74 corings are plotted X. 

Preliminary data from beta-radioactivity show that the 16.7 m correspond to 12 years of 
accumulation. The mean d ensity is 0.545 g /cm3, which gives as accumulation 760 mm of 
water equivalent. The 1.40 m /year of snow found for this site may be compared with 0.46 m / 
year of snow which was d eposited between 21 June 1973 and 16 June 1974 at a stake on the 
south-west side. At the very summit, a hut erected by Jansen at the end of the last century 
sank at a rate of about 1 m /year. These differences are consistent with the prevailing western 
winds. 
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No sign of past m elting was found. The snow has the same qua lities and consistency as in 
the Antarctic at several hundred kilometres from the coast. T he site is d efinitely in the dlY 
snow zone (Muller, 1962 ; Kotlyakov, 1968, p. 3 IQ), Shumski y's (1955, part Ill , chapter 2) 
rec rystallization zone. 

The temperature was uniform and equal to - 20.2 °C at depth. This value is inconsistent 
with th e temperature measured in a horizontal tu nnel dug 15 m under the summit (4807 m ) 
in 189 1- 92 byVallot ( 1893) : - 16.7°C . 

This difference of - 3.5 deg at 15 m d epth cannot be explained by a secular trend . The 
explanation may be that the site drilled in 1973 was abnormal. At 16.7 m depth the coring 
auger entered an interna l crevasse. We ass ume that very cold air, filtering through the snow, 
was trapped in this crevasse during winter. 

TEMPERATURES AT ABOUT 4 250 m 

The snow was cored to 24.5 m d eep in June 1973 at 4 280 m, between Col du Dom e and 
Obscrvatoire Vallot. T his site is a windy pass, where only 41 cm of snow were deposited 
between 21 June 1973 and 16 June 1974. 

A thick layer of re gelation ice was found , wh ich proves that, in a previous year, percolation 
happened at this site. The temperatures at 0.85,3.45, 14.23 and 17.0 m d epth were found to 
be respectively - 6.70, - 10-40, - IQ.50 and - IO.75 °C (±0.05 deg) . 

In August 19 1 I , Vallot (191 3) dug a pit at the Col du D ome (4 240 m according to Vallot, 
4255 m according to recent surveys) . The temperature was - O.I oC at I m depth (the 191 I 

summer was exceptionally hot), went through a minimum, - I3.2°C at 10 m depth and was 
- 12.8°C at 15 m depth . H e did not find a single regelation layer. 

The 15 m temperature at this site h as thus risen (making a correction of 0.2 deg for the 
diffe ren ce of elevation ) r.8deg between 19 11 and 1973. vVe cannot say whether it is the 
conseq uence of a rise in the mean annual temperature, or a consequence of the abnormal 
percolat ion which happened in recent times, or both . 

Fisher (1955) m easured in 1954 the temperatures in a tunnel dug at 4240 m , 120 m 
below the Silbersattel of M onte R osa, horizontally from the surface to the rock. Near the 
rock the ice was at - 1 3.3°C and , since there is a rock face nearby, he assumed that th is was 
the m can annua l tem perature. This is consistent with Vallot 's observation. In the same 
tunn el, at 30 m from the entrance, tem pera tures as high as - 4.4°C were found. They must 
have resul ted from regelation of m elt water (positive air temperatures, up to + 5.5°C were 
recorded by Fisher) , rather than from geothermal hea t, as this author thought. 

W e may tentatively conclude that in 19 1 I the a lti tude of 4240 m was still in Shumskiy's 
recTJ,stalliz ation- Tegelation z one, where som e melting ha ppens, but th ere is not enough mel t 
water to migrate d ownwards. In this case latent heat is stored in situ betvveen summer and 
winter, a nd the 15 m d eep tempel-a ture equals the mean a ir temperature. In 1955 a nd 1973, 
this a ltitude was in the cold infiltration zone, where melt water percolates. In this zone latent 
heat is transferred from a vani shed superficial layer d ownwards, and th us the 15 m d eep 
tempera ture is higher than the m ean annual temperature. 

T EMPERATURES AT 3 960 m 

In 1974 the snow was cored at 3 960 m on Grand Plateau. The accumulation there is not 
kn own. It may be vcry high, since winter avalanches o r wind-blown snow may feed this site. 
Th is fact should afford abnormally low temperatures. 

D ensity and temperature profil es are given on Figure 2. T he temperature at d epth in 
the snow is - 7.3 °C, significantl y warmer than the m ean air temperature. Many layers of 
regelation ice were found . The site is d efinitely in the cold in/iltration zone. 
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Fig , 2. T emperature alld dellsity profiles Oil Grand Plateau (3960 m ) Oil 20 June 1974. 

T EM PE RATURES AT ABOUT 3 540 m 

On the upper plateau of the Vallee Blanche (about 3 540 m ) near our " R efuge des 
Cosmiques", several pits have been dug in May and June 1960, disclosing many ice layers, 
lenses, and pillars. Nevertheless most of them are formed in the snow layer which disappears 
during the ablation season, Only a few ice layers are found in the firn cores. The firn has 
been cored in 1963, 1966 and 1970, and the entire glacier in 1971 (Vallon and others, 1976), 

There are about 30 m of firn , overlaying 150 m of ice. The winter accumulation amounts 
to 6- 8 m of snow, and the m ean annual balance (1954- 71 ) is 3 180± 46 mm of water per 
year. Below 15 m, firn and ice are always at the melting point. The site is in the temperate 
infiltration zone, as are most of the neves of alpine g laciers. For instance on the J ungfraufirn, 
at 3 460 m , Hughes and Seligman (1939) found the firn temperate at depth. 

Since the mean air temperature reaches o°C at about 3 100-3 200 m, cold infiltration 
zones can be found down to this altitude near exposures of bare rock. The separation between 
the cold ice frozen to the rock and the temperate ice, which slides over its bed , creates the 
bergschrunds. Bergschrunds may be found as low as 3 150 m at the foot of the northern wall 
of Grandes Jorasses. Under R efuge des Cosmiques there is a bergschrund at 3560 m . 

LIMIT BETWEEN THE COLD INFILTRATION ZONE AND THE TE MPERATE INFILTRATION ZONE 

Far from rock faces, the beginning of temperate ice and sliding can either produce an ice 
cliff which ends a hanging glacier, or large and almost uninterrupted crevasses, which must 
be likened to b ergschrunds. A ccording to the data above m entioned, summarized in Figure 
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Fig. 3. 15 III dee/) temperatures found by Vallot (T892-93, 19 T I ) and Laboratoire de Glaciologie ( T96o- 7 I, 1973, 1974) 
versus altitude. The horizontal line corresponds to the various temperatures measured by Fisher ( T955 ) on AtIonte Rosa at 
larger depths. 

3, we must expect to find these features between 3 600 and 3 900 m. Of course the aspect of 
the site and th e downward flow of cold ice can modify this a lti tude. 

As a matter offact large cracks are found at about 3 800 m on the northern face of Aiguille 
du Couter, 3 750 m between Grand Plateau and Petit Plateau, 3 750 m on the northern face 
of Mont Blanc du Tacu!. On the north of Mont Maudit there are ice cliffs at 3 700-3 800 m. 
So we suggest that 3 800 m is the mean altitude of the transit ion between cold and temperate 
glaciers. Not on Mont-Blanc, but in the same r egion, the ice caps of Aiguille Verte (4 122 m), 
of Cimes de R ochefort ( 4015 m ) and the northern slope of Aigui l1e d' Argentiere (3 goo m ) 
should be co ld . 

I t would be worthwhile to study old photographs to see if these features have changed 
since the past century, testifying to a secular trend of cl imate. T he appearance of the lower 
cores from Vallee Blanche have been explained by a raising of th e position of the bergschrund 
about 120 years ago (Vallon and others, 1976) . 

COLD I CE NEAR THE F1RN LINE 

In general at the end of the ablation season we find on a lpine glaciers below the equili
brium line old firn from previous years during which the balance has been more favourable, 
and next old g lacier ice. In the Mont Blanc area, superimposed ice was n ever observed. 
During our borings in the ablation zone we never found cold ice. 

Nevertheless in other areas a nd early in the summer, extensive areas of superimpo ed ice 
may exist, for instance on G lacier de Saint-Sorlin (Crandes R ousses) between 2 700 and 
2800 m . T his superimposed ice looks like that found on Arctic glaciers: very white, with tiny 
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vertical holes everywhere, from which the formation of cryoconite holes starts . It indicates 
that in June melt water percolated to glacier ice which was cold. (Some superimposed ice 
may form in autumn near the firn line, in old soaked firn, but since the ice below was not cold, 
the appearance is quite different) . 

Superimposed ice from spring disappears during the ablation season. At Glaciel" de 
Saint-Sorlin cold ice has never been found in August. Nevertheless Dupuy's (unpublished ) 
measurements of the liquid-water content in ice, when corrected from a systematic error due 
to the stocking time, give 0% of liquid water at 5.5 m deep. Had this glacier ice never been 
subjected to a cold wave, it would have contained at least 0.2 % of liquid water. 

Cold ice in the ablation zone has been found in drier regions of the Alps. H . C. Hoinkes 
(private communication in 1974) has m easured the temperature of the ice of the Hintereis
ferner (Otztal) down to 15 m deep, at 2 800 m, that is 100- 200 m below the equilibrium line. 
It is at - 1°C to - 2°C; only the first metre rises to melting point in summer. The winter 
(October-April) precipitation at the m easuring site is about 500 mm of equivalent water. 

According to H. Rothlisberger (private communication in 1975), - 2°C to - 3°C has 
been m easured at 10 m depth near the edge of the Grubengletscher above Saas Balen (Wallis) . 

Outside the Alps, but still in a mountain glacier of middle lati tudes (Athabasca Glacier, 
Canada), similar and more precise results have been published by Paterson (1972). 

When near the firn line the glacier thickness remains almost uniform, there is no motion 
of ice p erpendicular to the bedrock, no convective cold transfer downwards. Cold penetrates 
downwards by thermal diffusion only. Owing to the liquid-water content of temperate ice, 
there must be a sharp freezing front at d epth. The bottom layers of these glaciers should 
remain temperate. 
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DISCUSSIO 

J. W . GLEN: You have shown how under the summit of Mont Blanc there are substantial 
areas of cold firn. Does this flow down at depth into the outflow glaciers, and specificall y in 
the Glacier des Bossons? 

L. LLlBO UTRY: Probably. T emperatures at depth have never been m easured. [Note added 
in proof, O ctober 1975: According to Y. Morin and L. R eynaud (private communication in 
1975), the ice at the tip of the tongue of Glacier des Bossons, which comes from the very 
summit of Mont Blanc, differs in bubbl e content and grain size from the ice in the ablation 
zone of this glacier and other glaciers of the area. Nevertheless it has become temperate.] 
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