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THE VERTICAL RETARDATION OF THE 
ICE OF GLACIERS 

BY E. H. STEVENS 

N the investigation of the motion of glaciers, the fundamental 
determinations are those of the lateral and vertical retardations of 
the ice. The first reliable measurements of the former were made 

in 1842 by Forbes on the Mer de Glace and Agassiz on the Aar Glacier 
by an exact method (use of the theodolite) devised by Forbes and 
recommended to Agassiz by him.1 Both sets of observations showed 
a considerable retardation of the sides of the glacier as compared with 
the centre. But whereas Forbes at once realised the capital-importance 
of this fact, which soon led him to the formulation of his Viscous 
Theory, Agassiz made no comment on his measurements, published 
at first only half of them (3 st~kes out of 6) and for some time con
tinued to cling to his belief in the quicker motion of the sides. 

The relatively easy measurements of this kind have often been re
peated, notably by Tyndall, who not only measured the displacements 
in summer of numerous lines of stakes at various heights on the Mer 
de Glace and other glaciers, but succeeded, in spite of snow storms 
and severe cold, in doing the like in midwinter near Montenvers, 
finding a winter velocity about h~lf that prevailing in the summer. 2 

The comparison of the surface velocity with that of the deeper 
parts of the glacier, ' the vertical retardation,' is obviously a much more 
difficult problem. This too was first solved by forbes, in 1846, by 
means of skilfully executed measurements on the terminal face of the 
snout of the Mer de Glace.3 He found the velocity at the surface, 
143 ft. above the bed, to be Io · 8 in. per day, that at a point 54 ft. 
above the bed to be 9 · 7 in. per day, and at 8 ft. above the bed 
6 · 7 in. per day, or 62 per cent. of the surface velocity. It is in
teresting to note that in 1845, W. Hopkins, a brilliant mathematician 
and the ablest critic of the Viscous Theory, had written : ' If it should 

1 See Forbes's definite statement in Travels through the Alps, ed. I. p. 37, 
ed. Coolidge, p. 37· It is really inexcusable that this vital point \-Vas never 
mentioned by Tyndall in his disparaging comparison of the work of Forbes 
with that of Agassiz (Glaciers of the Alps, p. 273). The matter went so far 
that some authors of repute, especially in the U.S.A. probably inspired by 
Agassiz or his family ventured, but only after Forbes's death, to accuse him 
of having stolen Agassiz's method. It is quite certain that Agassiz, who was no 
physicist, would never have devised such a method himself. It is worth 
remark that Agassiz's measurements and survey were carried out by a p~id 
professional surveyor (Mr. Wild), a paid draughtsman and other assistants, 
whereas Forbes did all his work with no help save that of the zealous but 
untrained Auguste Balmat. (Life and Letters, p. 295.) · 

2 Glaciers of the Alps, p. 294 ; Forms of Water, pp. 88-93. 
3 Occasional Papers,. p. I75· 
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be proved that the velocity of the upper bears a large ratio to that of 
the lower surface, the claims of the Viscous Theory must be at once 
admitted ' 4 (my italics). Next year the proof was afforded ! 

Eleven years later similar measurements were made by Tyndall on 
an ice wall at the side of the Mer de Glace near the Tacul.5 Tliese 
resulted in an almost startlingly exact confirmation of Forbes's figures, 
though Tyndall strangely omitted to point this out. He found the 
velocity at the surface, 141 ft. above. the base, to be 6 in. per day, 
at a point.35 ft. above the base 4· 5 in. per day, and at 4ft. above the 
base 2. s6 in. per day. 

The striking agreement and full import. of these two sets of measure
ments can only be made evident by drawing the corresponding graphs. 
It is remarkable that, as far as I know, no one has done this, though 
Forbes had indicated the probable shape of the curve,6 and Ruski.n 
had expressed his intention of drawing ' the most probable curve ' 
from Tyndall's measurements he seems not to have known of Forbes's 
-but there is no record of his actually doing so. 7 

From the curves as here shown some interesting conclusions can be 
drawn. For example the velocity at 50 ft. below the surface is 95 per 
cent. (Forbes) or 92 per cent. (Tyndall) of the velocity at the surface. 
Again the velocity at 5 ft. above the bed is 52 per cent. according to 
Forbes or 45 per cent. according to Tyndall of the surface velocity. 
Still more important, if we allow a slight extrapolation of the curves 
as shown by the dotted lines, we shall find the velocity at the bed to 
be about 25 per cent. of the surface velocity according to both Forbes 
and Tyndall. Granted that this is a slightly risky proceeding, the 
concordance of the results suggests that the figures obtained are likely 
to be pretty near the truth.8 It is then a striking inference that both 
high up on the Mer de Glace (at the Tacul) and at the actual snout, 
the ice moves along its bed with about one quarter of the surface 
velocity, ~nd 5 ft. above the bed with about one half of that-velocity. 
The rapid diminution of velocity in the last few feet is remarkable. · 

Expressing the chief result in actual figures of the motion instead of 
in percentages, the ice at the Tacul (at the side of the glacier) moves 

' London Phil. Mag. March 1845, p. 250. 
6 Glaciers of the Alps, p. 292. 
6 Occasional Papers, p. s6. 
7 Deucalion, chap. IV, §. 14. In §§ 10, I I there is some delicious banter at 

Tyndall's expense for his highfalutin account of his ascent of the ice wall. 
Ruskin suggested that he perhaps deserved a Victoria crosslet 1 In § 8 Ruskin 
wrote : ' My own conviction is that the ice, when it is of any considerable 
depth, no more moves over the bottom than the lower particles of a running 
stream of honey or treacle move over a plate : but that, in [? nearly] entire 
rest at the bottom, except in so far as it is moved by dissolution, it increases in 
velocity to the surface in a curve of the nature of a parabola, or of a logarithimic 
curve.' A striking forecast I 

8 Practically the same figure (26 %) was also deduced by Bliimcke and Hess 
from their laborious observations on the Hintereisferner, but their calculation, 
being based on the erroneous assumption that the retardation is proportional to 
the depth, is unfortunately of little value. See Hess, Die Gletscher (1905), 
p. 147· 

• 
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,-over its bed at about I · 6 in. per day and at the snout, in the median 
plane, at about zi in. per day. This it probably does by a kind of 
-rolling of parts (? glacier grains) over one another, and by pressure 
melting at various points, rather than by actual sliding. Anyhow the 
·figures are impressively small. . 

The problem was attacked a few weeks after Forbes by Martins 
.and Dollfus. 9 On an ice wall at the side of an affluent of the Aar 
·Glacier they fixed two pegs in a vertical plane, the upper about 3 ft. 
below the surface, the lower about 25 ft. below the upper. In 20 
days the lower peg 'vas o · 20 m. behind the upper, a retardation of 
about o · 4 in. per day. At a similar vertical distance Tyndall's ob
servations at the Tacul give a retardation of o · 2 in. per day, and 
Forbes's at the snout o · 3 in. per day. The retardations are roughly 
proportional to the actual velocities at the corresponding points, and 
it is therefore probable that the downward velociti~s of Martins's 
and Dollfus's pegs · which they did not measure were somewhat 
greater than those observed on the Mer de Glace, and the three 
determinations are in reasonably close agreement. 

9 Nouvelles etudes et experiences sur les glaciers actuels (1847), p. 522. 

BISITUN 

BY H. W. TILMAN 

o far as one can see the seven lean years of the ALPINE JouRNAL 
. and its indomitable Editor are not yet over. Since the war 
ended England has become more than ever like the married 

state those who are out wish to get in, while those who are in wish 
to get out, and find it devilish hard. The Editor therefore must 
continue to gather his material either by fossicking amongst the tailings 
of worked-out mines, or (to vary the metaphor) by gratefully accepting 
for his tally of bricks such odd wisps of straw as have been gleaned by 
·earnest seekers in distant and outlandish alps. Here is a wisp from 
Persia. · 

-After ten months in Irak the chance of a week in Iran was not to be 
missed. Officially I was to accompany the Brigadier on an inspection 
of the Persian defences which the 9th Army had amused itself by 
building during the winter of 1941- 42. A hasty glance at our proposed 
route on the map showed that near one of our stages, l(ermanshah, 
there was a Io,ooo ft. peak called Bisitun. If possible, I determined 
to tarry there awhile, and the Brigadier, who knew on which leg I 
halted, proved agreeable. l-Ie, and another major who was in the 
party, were keen fishermen, and they had been told of a river near 
Kermanshah which, whatever its merits as a defensive line, was noted 
for its trout . 
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