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Englacial debris in glaciers 

One or two comments are necessary in view of Boulton's ( 1971 ) letter in reply to m y original com
mentary. 

The first poin t is that my observations on the sharp contact between ice and the underl ying till is 
not irrelevant because I am talking a bout continuous ice-cliff sectio ns cut by latera l melt-water channels 
that are 1- 3 km in length . These sections indicate that the englacial debris planes for these g laciers a re 
derived from within the first 400 m of th e marg in. In one or two instances, I have noticed isolated debris 
bands further up-glacier that proba bl y do refl ect the incorporation of debris by a freeze-thaw m echa nism. 
T he second point is that m y reason fo r commenting on Boulton 's pa per was to point out that in te rms of 
glaciers on Baffin Island, the absolute amount of englacial debris is not la rge. In fact, I have recentl y 
calculated on th e basis of the volume and age of morain e debris that the average rate of glacia l erosion 
in the a rea is onl y 50 mm/ I 000 years. If we ta ke a glac ier I km2 and a llowed l OO years occupancy time, 
and furth er say that all englacia l debris is restricted to the ablation zone, then on th e bas is of these 
figures there is only 5000 m 3 of debris entra in ed in the glacier at anyone time. This m eans that the 
average concentrat ion of the d ebris is a pproximately 0.05 % by volume in the ablation zone . 

I realize that Boulton's statem ent about th e vel'y considerable difference between sub-pola r and 
temperate g lac iers is partially couched in relat ive terms, but I am concerned that this relative expression 
should not be construed to indicate la rge absolute amounts in the case of Baffin Island g laciers. The third 
point is something of a query, but I think it does have relevance. On a qualitative basis, as a result of 
looking a t late-glacial end and la teral moraines in the Rocky Mountains National Pa rk, Colorado, Arc tic 
Canada, Norway, Italy and the U nited Kingdom, there appears to be a direc t proportional relat ion
ship between the size of these moraines and the present activity index. In other words, morain es that 
I have exa mined in temperate a reas are consid era bly larger than those in a rctic g laciers (that is, for 
late-glac ia l moraines that have no ice core) . If these end- and latera l-moraine compl exes are form ed 
from englacia l debris, as I think they must be, then this relationship appears to be opposite from that 
suggested by Boulton . 

In case there is any doubt, I should add that I think Boulton's paper is extremely importa nt and any 
questions that I a m raising should be construed as being made in a constructive manner. 
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SIR, Englacial debris in glaciers: l"eply to the comments of Dr J. T. Andrews 

All ow me to make three points which I hope will clarify my position for Dr Andrews: 

I. As a maller of observat ion I have sugges ted that cold g laciers and tempera te glac iers transport 
subg lacia lly derived debris in rath er different positions. In the form er, it is disseminated through a 
re lat ively la rge thickness of basal ice ( 100 - 200 ft (30 .5 - 6 , m ) on the Bames Ice Cap), and in th at 
ice has bu lk concentrations whi ch in most cases average about 5 % by volume, although individual 
debris ba nds may contain much higher concentra tions. In temperate glac iers, the d ebris tends to 
be restricted to a thin basal layer rarely more than I m thick. I have not attem pted to contrast the 
debris discha rge of these glaciers, but the position in which debris is carri ed . D r Andrews ' calculation 
of a 0.0 I % debris content in th e who le of the ice of th e ablation a rea is interes ting but not p ertin ent 
to my suggest ion. 
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