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CORRESPONDENCE 

The Editor, 

Journal of Glaciology 

SIR, Barnes I ce Cap and englacial debris in glaciers 

An exchange of letters between Drs Andrews and Boulton (Andrews, 197 I , 1972 ; Boulton, J 97 J , 

1972) on the subject of englacia l debris in glaciers requires further cla rification and the addition of 
presently held data which applies specifically to the Barnes Ice Cap . The data are of three types : 
tempera ture, debris content and flow ra te. 
I. T emperature. With reference to Boulton's (1972, p. 156) suggestion that the difference in thermal 
regimes is responsible for the contras t in discharge of subglacial d ebris of cold and temperate glacier ice, 
recently collected tempera ture data for the Barnes Ice Cap indicate tha t it very likely has the thermal 
characteristics proposed by Weertman (1961 , p. 976) . On the south shoulder at an elevation of a bout 
890 m a.s .l. a 22 m d eep SIPRE core hole was used in 197 1 to measure a temperature profil e. At a 
depth of 20 m below the top of the last superimposed ice surface, the tempera ture was - 8° ± o. 1° C 
which is considerably high er than the m ean annual surface temperature (approximately - 15° C). 
This la rge temperature differen ce is caused by the formation of superimposed ice on the crOWD of the 
ice cap . The extent to which this effect occurs on the South Dom e a rea is es timated to be 7 km at leas t 
either side of the divide. 

R adio echo sounding measurem ents at the bore-hole location (personal communication from S. J. 
Jones) gave an ice d epth of 420 ± 20 m. According to a Robin-type anal ys is (Robin, 1955) which is 
appropriate here, the basal temperature is likely to be at or near the pressure melting point. In the 
marginal ice (elevation 500 m a.s.!' ) tempera ture measuremen ts by Professor R . LeB. Hooke (personal 
communication) indicate tha t the base is well below the pressure melting poin t. With the exception 
of the marginal sections tha t a re breach ed by pro-glacial lakes, the ice-cap m argin has a cold base. 

On some ma rginal sections of the ice cap , debris is emerging on the surface a t a distance of a bout 
100 m from the toe. Because of the dip angle of the dirt layers and the expected curvature of the sub
surface dirt traj ectories, the debris was probably carried from a distance of at least several hundred m eters 
from the presen t margin (er. Andrews, 1972, p . 155). Therefore it might be expected tha t a m echa nism 
like W eertman 's gets materia l into the ice, or, beginning where the vertical stra in-ra te is stretching 
(abla tion a rea), a diffusion mechanism (Weertman, 1968) gets debris into the ice . These observations 
seem to be in accordance with Boulton (1971 , p. 411 ; 1972, p . 156) . 
2. D ebris content. With regard to the dirt content in the margin al ice of the Barnes Ice Cap, I presen t the 
following da ta: in an ice cliff 25 m high near the edge of Gen era tor Lake, a la rge recumbent flow fold 
may be observed . The exposed parts of the limbs a re separa ted by about 10- 12 rn and are outlined by 
wide (0. 1- 2 m ) di r t bands which have been sampled . The content of debris in the ice is 8 ± 3% by volume 
for the ice that is visibly dirty, which for the fold , is about 15 m of th e basal ice. A pre-fold thickness of 
basal di rt would be about 8 m . The dirt content was determined by measuring the percentage of debris 
by weight in several ice samples. Since the largest particle occurring in the ac tual samples was about 
2 cm , a "correction" was applied to account for inaccessible larger-sized particles many of which 
studded the cliff. To do this a "complete" grading curve for the local moraine was used . For the ice 
a bove the dirty zone the content of dirt (percentage by volume) is a bout two orders of magni tude less 
than the folded dirt ba nds (cf. Boulton, 1971 , p. 410). 

It is unclear whether Andrews and Boulton always refer to the same "system", and if they do so 
whether it is relevant to the issue being discussed . First, I understa nd th a t the ice-cored moraines 
(Goldthwai t, 1951) a re the ones effectively detached from the ice cap now. These a re known to be 
covered by a bout 1 m of till. The ice core of these moraines is not deforming sufficiently to be detected 
by conventional means. If Andrews ( 1971 , p . 410) is referring to the same type of moraine, then his 
(estimated) figure of 95% ice by volume (5% d ebris) is time d ependen t, and not rela ted to the value 
given above, which is for presently deforming basal ice. H owever, under no circumstances can my 
figure be taken to apply to all sections of the Barnes Ice Cap m argin . There a re sections which contain 
little or no dirt. 
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Secondl y, the ph ys ical character of the ice-cap marg in varies considerably d epending on the locality. 
It is not sufficien t or acceptable to make a judgement for the whole ice cap based on observations a t on e 
localit y. The existence of well-developed " ice-perched m orain es" (Hooke, (968) m ay correspond to th e 
condition where the base of a vertical flow plane through the ice cap passes from an inner a rea of basal 
melting to the outer zone of basal freezing . The absence of an " ice-perched moraine" may simply 
correspond to the condition where the appropriate flow plane contains all cold ice . H a section of margin 
is modified by local advance and h as incorporated snow, ice and moraine, it is possible that on ly a 
limi ted amount of d ebris is introduced into the ice over the last few hundred meters as Andrews ( 1972, 
p. (55 ) tends to beli eve. 
3. Flow-rate. Embleton a nd King ( 1968, p. 43) d escribed the movement on the Bal'l1es Ice Cap as "very 
sluggish or n egligible"; (p . 96) " ... where the ice is ba rely moving". Andrews ( 1971 ) stated that the 
ice cap has " . . . general low velocities . .. " . 

L0ken and others ( 1968, p. ~)7 ) provided data which show that surface ice-flow rates may exceed 25 
m a - I (ice thickness 300 m ) between the South Dome summit and Generator Lake . The highes t surface 
horizontal flow ra te ye t m easured (1970- 71 ) is about 28 m a - I, where ice flows into Generator La ke. 

Along a 10.5 km traverse from the divide of the south shoulder (bore-hole location) to the ma rgin , 
the horizontal flow rate reaches a maximum of only about 6 m a - I (ice depth 200 m ) at a distance of 
8 km from the divide; then it d ecreases to about 3. 7 m a - I (ice thickness 110 m ) at a distance of 600 m 
from the margin in the direct ion of which the horizonta l flow rate d ecreases towa rds zero. The surface 
long itudinal strain-rate only becom es compressive within the las t 3 km from the ma rg in. 

The temperature data discussed in ( I) may lend credance to the hypothesis of local surges (L0ken , 
(969). 

As more data become availabl e, it will be possible to d etermin e more quantita tively the rates of d ebris 
production for more parts of the ice-cap margin. 

Glaciology D ivision, 
Illland Waters Directorate, 

Department of the Environment, 

No. 8 T emporary B uilding, 
Cm'ling A venue, 

Ottawa, Ontario, Canada 
1 2 M ay 1972 
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