
CORRESPONDENCE 

The Editor, 

J ournal of Glaciology 

SIR, Melting at the ice-water interface, "Little America" station 

In a recent article, Shumskiy and Zotikov (1963) re-interpreted the ice regime figures I observed 
a t "Little America " station in 195 7 a nd 1958 (Crary, [96 [ ), obtaining a value of annual melting from 
the ice-water interface of 29' 7 cm ., compared with m y original value of 80 cm. Altho ug h in la ter 
reports based on ice regime inland from " Little America" station (Crary and others, [962 ) a nd direct 
measurements in 196 [ (Cra ryand Chapman, 1963), m y original value was reduced to a bout 60 cm., 
the difference from that obta ined by Shumskiy and Zotikov wa rra nts an examina tion of the ir figures. 
I refer only to va lues deduced from the regime equation ra ther than from the tempera ture profi le, 
since their interpre tation of the lat ter is based on assumptions of accumulation and melt values inland 
which are difficult to verify without direct measurem ents. In retrospect , the value of 60 cm . bot tom 
m el t in my orig in a l equation fit s the tempera ture profile much better than 80 cm. , the la tter being 
based mainly on temperature grad ie n ts. 

Shumskiy a nd Zotikov assume there is no cha nge in density with distan ce or time, i .e . ap/ax = 0 

and ap/at = 0, which , with the x-axis taken a t sea-level is not a t a ll realistic. If, on the o ther ha nd, 
the x-axis is ta ken at the shelf surface, the assumptions m ean tha t the de nsity p ro fi le is in var'ia nt with 
time and d ista nce, and any cha nge in the shelf thickness would result from changes in th e thickness 
of constant-density ice in the lower pa rt of the column . This would be the case if the thickn ess cha nges 
were due to m elting on ly, but these changes a re due a lso to icc creep a nd va ria tions in the density 
p ro files . The only fi eld da ta ava ila b le a re the ice thickness-elevation rela t ions in this area, g iven in 
figure [2 of C rary ( [ 96 [ ) a nd fi gure [4 of Cra ry and others ( [ 962) . Ove r la rge a reas of th e R oss Ice 
Shelf the ra tio o f cha n ges of tota l thickn ess of the ice sh elf H with those in elevation a bove sea-level h, 
dH /dh, is a bout 9, w hile in the " L ittle America" a rea the value is close to 6, and this lat ter Ilg ure was 
used in my calcula tio ns of ice regim e. 

For the m ass ba la nce, assuming no change in density p rofi le with d ista nce or time, a nd ice shelf 
eq ui librium, Shumskiy a nd Zotikov show a nnua l accumulat ion of + 23' 7 g. cm.- z, st ra in o f - 45'8 
g. cm .- z and suppl y by movemen t o f + 49' 2 g. cm .-z, leaving - 27' [ g. cm .- 2 for bottom m el t. I agree 
generally w ith their accumula tion a nd stra in values but no t the suppl y o f ice by movement. T his was 

dete rmined by lI (~) p. tan ex where 1I is the annua l fo rward movement o f the ice shec t, 255 m.; pw the 
pw - p b 

density of wa ter , [. 028 g. cm. - 3; p. th e density of surface snow, o' 354 g. cm . - 3; Pb the de nsity of ice 
a t the bottom , 0'9 13 g. cm. - 3 , a nd ta n ex the surface slo pe with refere nce to sea-level, 6' 1 X [ 0 - 4. 

I contend that the contribu tion by movemen t should be represented by 611p ta n Cl. wh et'e p is the 
average density o f th e ice column, 0· 849 g. cm .- 3. Substitu ting values in this rela tio n g ives 79 g. , 
which with the values of accumula tion a nd st ra in above shows a ba la nce of 57 g. a nnua l bo tto m melt. 

In tra nsla ting the regime to rates of a nnua l thinnin g o f the ice shelf, Shumskiy a nd Zotikov give 
accumulation of 66· 9 cm ., thinning due to extension of 50 ' 2 cm. , thinn ing due to d ensiflcation of 
50 ' 5 cm. , a nd supply of ice by m ovem ent of 63 ' 5 cm ., leaving 29 ' 7 cm . for bottom mel t. Again 
I agree genera ll y with the accumula tion a nd extension values, bu t contend that neither the d e nsillcation 
no r suppl y by movem ent a re realis tic. T he formula g iven by Shumskiy and Zo tikov for dens irication is 

w Pb - p~ where w. is the annua l vertical movement of the ice a t the surface relative to sea -level, 
, Pb 

- 82' 5 cm., and the densities a re as given above. I would prefer a d ensification d etermi ned by 

~ p -=- p, where a. is the a nnual accumulation, 23 . 7 g . cm. - 2 yr. - I . This g ives 39 cm. instead o f 50' 5 cm. 
p, p 
Shumskiy and Zotikov contend that m y origina l value of regime omitted th e densification bu t in fact, 
by using 24 cm . o f ice fo r annua l accumulation , I included 43 cm . o f d e nsillcation . Fo r sup p ly of ice 
by movement, Shumskiy a nd Zotikov g ive lI (tan ex - tan (3), but the values of ta n {3, the bot to m slope 
referred to sea-level, was not given . This should be - 5 ta n ex in order to m a ke the thickness-elevation 
ra tio equal to 6 as obta ined from field measurements . U sing th is va lue of ta n {3 in the a bove eq ua tion 
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gives 93 cm. instead of 63 . 5 cm. obtained by Shumskiy and Zotikov. Using these new values, the annual 
bottom m elt would be about 67 cm. 

It is interesting to note that if the density profile relative to the surface is invariant, making 
dH /dh about g, then the bottom melting as calculated above would be about 113 cm . 

The remeasurements made at "Little America" station in 1 g6 1 confi rmed the order of annual change 
in elevation of the moving ice sheet: 63 cm. decrease over a 4' 2 yr. period or 15 cm. y r. - r, and the 
absolu te velocity: 309 m. yr. - I. These two directly measured values strengthen the contention of ice 
shelf equilibrium and h ence the deduced annual bottom melting of about 60 cm. I t is hoped that in 
the future added drill holes can be made for other vertical temperature profiles, particula rly along the 
ice-shelf flow lines. It would be interesting also to have comparative regime figu res for such ice shelves 
as Larsen, West or Amery where the higher annual temperatures should result in considerable difference 
in the strain values, n e t accumulation and perhaps in bottom melting. In the overall regime figures 
for Antarctica, as Shumskiy and Zotikov point out, th e shelf bottom melting is an important factor , 
and more observations, indirect or direct , would be most helpful. 

Office of Antarctic Programs, A. P. CRARY 

National Science Foundation , 
Washingtoll 25, D.G. , U.S.A. 

la September 1963 
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SIR, Long-term ice flow study 

This notice is submitted in order to p lace in a permanent, accessible form the record of an ice flow 
experiment whose completion is not expected until many years hence when the present generation 
of g laciologists will have passed away. Site of this experiment is the Blue G lacier on the northern 
flanks of Mt. Olympus, located on the Olympic Peninsula of western Washington State, U.S.A. 
(lat. 470 48' N. , long. 1230 42' W. ) . 

On g- IO September 1 g63, 32 markers were placed on the firn surface of the two Blue G lacier 
accumulation bas ins. D etails of the marker construction and placement are shown in Figure I. Their 
location s are shown on the sketch map of the accumulation zone of Blue G lacie r in Figure 2 . The 
markers are numbered 1 through I g (s = 37 cm.), and 21 through 33 (s = 56 cm. ) . Marker No. 20 
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Fig . l. Blue Clacier long-term iee flow marker. See text J or f urther details 

https://doi.org/10.3189/S0022143000028690 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000028690

