
JO U RNAL OF GLAC I OLOGY 

The two equations used take into account a ll possible changes in a steady ice shelf, considered as a 
continuum, at a given poin t. They are : 
for mass changes 
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for thickness changes 
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Every term of the equation has a number placed above it and also has its value at the particular point 
on the Ross Ice Shelf given beneath it . Each term in the first equation corresponds to the term with the 
same number in the second equation, except that there is no term No. 7 in the first equation because 
this term of the second equation expresses the rate of total ice thickness d ecrease due to d ensification of 
ice without change of mass. 

C ra ry does not consider mass and thickness changes duc to movem ent and d ensity gradient (term 
N o. 5 in both equations) a nd prefers to d etermine the rate of thinning due to densification as 

':! i> __ ps = 39 cm . yr. - I. But the ice-shelf thinning due to d ensification is the sum of the thinning of a ll 
ps p 
its individual strata. Our m ethod may be applied to any layer within the ice shelf, or to the sum of 
layers, whereas Crary's m ethod is not applicable to inner layers because of his use of the factor as/ps, 
a nd it underestima tes vertical d ensity gradient b ecause i> replaces p b . 
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SIR, Movement of stones under S/lOW cover 

Movement of loose stones over bedrock surfaces below a cover of snow, such as d escribed from Mount 
Twyna m (Costin and others, 1964) , is characteristic of the area adjacent to the glacier 0sterdalsisen, in 
N orway (lat. 66° 3 1' N., long. 14° 06' E. ) . Stones are moved down slope on the bare rock which lies 
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CORRESPONDENCE 

between the southern margin of the g lacier a nd the moraine which marks the maximum recent extent 
of the ice (c. A. D. 1750) . Movement between one summer and a nother is typ ical. 

T he stone shown in Figure 1 measured a bout 20 cm. X 6 cm. X 4 cm. , and the fresh, white abras ion 
marks up-slope of it were about 25 cm. long on 2 August 1964. The stone had moved approximately 
down the line of greates t slope (about 24 d egrees) , obliq ue to the direc tion of o ld striations on the garnet 
mica schist bedrock. In 1963- 64 the maximum snow depth in the area was a bout 170 cm ., which is of 
the sam e order as the mean of recent years . 

Fig. r. Down-slo/)e movement of stone. Old striations (to/) ) run slightly across the slope; fresh abrasion marks behind the slolle 
rUII down the line q[ greatest slope. PhotograjJh laken 2 August 1964 

During the winters, many stones a re moved over the bare rock surface bordering 0sterda lsisen, 
thoug h few of them show a ny definite ori entation relative to the slope . There seems no doubt that slow 
downhill creep of snow may result in abras ion of the underlying rock by loose stones at the bottom of 
the snow cover. 
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SIR, Co mments Oil Paterson's pa/)er "Variations in velocity oJ Athabasca Glacier w ith time" 

The coupling of a glacier to its bed is a most important current problem in glacier-flo w studies . 
Pa terso n 's ( 1964) paper presents data which contribute to an understanding of this. T he magnitudes of 
ve loc ity flu ctuations for periods of a week to a year on Athabasca G lacier a re consistent with the ve locity
d ispersio n spectrum obtained from m easurem ents made in 1952- 54 on th e neighboring Saskatchewan 
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